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PESTICIDE PRECAUTIONARY STATENEXT 

T h i s  p u b l i c a t i o n  r e p o r t s  r e s e a r c h  i n v o l v i n g  
p e s t i c i d e s .  I t  does  n o t  c o n t a i n  recommenda- 
tions f o r  their use, nor does  it imply t h a t  
t h e  u se s  d i s c u s s e d  h e r e  have been r e g i s t e r e d .  
A l l  uses o f  p e s t i c i d e s  must be r e g i s t e r e d  by 
a p p r o p r i a t e  S t a re  a n d l o r  Federal a g e n c i e s  
b e f o r e  t h e y  can  be  recommended. 

C A U T I O N :  P e s t i c i d e s  can be  i n j u r i o u s  t o  
humans , domestic an imals  , d e s i r a b l e  p lan ts  , 
and f i s h  o r  o t h e r  w i l d l i f e - - i f  t h e y  are n o t  
hand led  o r  a p p l i e d  p r o p e r l y .  llse all p e s t i -  
c i d e s  s e l e c t i v e l y  and carefully. Follow 
recommended p r a c t i c e s  f o r  t h e  d i s p o s a l  of  
s u r p l u s  p e s t i c i d e s  and p e s t i c i d e  c o n t a i n e r s  

The use of t r a d e ,  f i r m ,  o r  c o r p o r a t i o n  names i n  t h i s  p u b l i c a t i o n  i s  for t h e  in fa r rna t io r r  
and conven ience  o f  t h e  r e a d e r .  Such use does n o t  c o n s t i t u t e  an o f f i c i a l  endorsement o r  
app rova l  by t h e  U . S .  Depar tment  of  A q r i c u l  t u r e  o f  an,y p r o d u c t  o r  s e r v i c e  t o  t h e  e x c l u -  
s i o n  o f  o t h e r s  t h a t  may be s u i t a b l e .  
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WELCOME ADDRESS 

Welcome t o  t h e  U n i v e r s i t y  o f  Montana and t h e  School of  Fo res t r y .  The symposium w i l l  
examine c r i t i c a l l y  a  number o f  systems t h a t  t oge the r  make up t h e  Rocky Mountain 
Coniferous Forests .  A u n i v e r s i t y  s e t t i n g  i s  t he  i d e a l  one f o r  such a symposium, and, 
though biased, I b e l i e v e  t h e  School o f  Fo res t r y  and t h e  env i rons  o f  Missoula add t o  
t h a t  i d e a l .  If we can do something t o  make your  p a r t i c i p a t i o n  more p roduc t i ve ,  
p lease c a l l  on us, 

Over h a l f  a cen tu ry  ago, A l f r e d  I-otka gave us t h e  u l t i m a t e  i n  a b s t r a c t i o n  o f  env i r on -  
mental systems. I n  h i s  book, "Elements o f  Mathematical  B io logy,"  he developed t h e  
idea of a  system o f  d i f f e r e n t i a 1  equat ions t o  descr ibe  environmental  systems. He 
perce ived  i n  an a1 1 - i n c l  us i ve  way t h e  mu1 t i  tude o f  in te rconnec ted  and i n t e r a c t i n g  
f o r ces  among a1 1 1 i v i n g  organisms and t h e i r  environments. 

N icho las  Rashevsky, another  mathematic ian w i t h  a  b i o l o g i c a l  bent ,  examined a s i m i l a r  
system o f  d i f f e r e n t i a l  equat ions and extended t he  work o f  Lotka. Rashevsky's a n a l y s i s  
o f  t h e  system o f  equat ions l e d  him t o  conclude t h a t  i f  r a t e s  o f  change i n  a system 
a r e  a1 t e r e d  t o  r a t e s  abnormal t o  t h e  system, then i t  cannot be p r e d i c t e d  what t h e  
f u t u r e  s t a t e  o f  t h e  system w i l l  be. 

The work t o  be repo r ted  here i s  l a r g e l y  an e f f o r t  t o  f i n d  o u t  what t h e  r a t e s  o f  
change a r e  i n  t h e  system we c a l l  t h e  Rocky Mountain Coni ferous Forest .  A lso t o  be 
r e p o r t e d  a re  t h e  perce ived  l i m i t s  on t he  a l t e r a t i o n  o f  normal r a t e s  t h a t  can be 
induced w i t h o u t  th row ing  t h e  system i n t o  an undes i rab le  s t a t e .  Viewed f rom t h a t  
perspec t i ve ,  t h e  o r g a n i z a t i o n a l  genius o f  Roland Barger and h i s  comni t tee  comes t o  
l i g h t .  A very  p roduc t i ve  p e r i o d  l i e s  ahead. I hope y o u r  sense o f  a n t i c i p a t i o n  i s  as 
keen as mine. 

BENJAMIN B .  STOUT 
Dean, School o f  F o r e s t r y  
U n i v e r s i t y  o f  Montana 
M i  ssoul  a, Montana 



REW 'ORD 

One of t he  press ing  problems con f ron t i ng  f o r e s t r y  today i s  how t o  more e f f i c i e n t l y  
harvest  and use t h e  t imber resource w i thout  c r e a t i n g  unacceptable environmental i m -  
pacts on the f o r e s t .  The manner i n  which t imber i s  harvested s i g n i f i c a n t l y  in f luences 
almost a l l  aspects o f  t he  f o r e s t  ecosystem--microcliri~ate, n u t r i e n t  a v a i l a b i l i t y ,  
m ic rob io logy  o f  t he  s i t e ,  i nsec t  and disease a c t i v i t y ,  hydrology, and e s t h e t i c  qua1 i t y .  
The s i l  v i c u l  t u r a l  p resc r ip t i on ,  u t i l  i z a t i o n  standard, harves t ing  method, and pos t -  
harvest  treatment a l  1  combine t o  i n f l uence  the  environmental a t t r i b u t e s  o f  the  s i t e .  
Some e f f e c t s ,  such as res idue concentrat ions (and reduct ions) ,  a re  r e a d i l y  apparent. 
Less apparent and o f t e n  unknown are  the e f f ec t s  o f  harves t ing  a c t i v i t y  upon the 
b i o l o g i c a l  c h a r a c t e r i s t i c s  o f  t he  ecosystem. 

Timber harves t ing  i s  t he  most s i g n i f i c a n t  management t o o l  a v a i l a b l e  t o  the  f o r e s t  
manager. The p o t e n t i a l  i s  present  t o  e i t h e r  he lp  o r  h inder  e f f o r t s  t o  meet m u l t i p l e  
resource p r o t e c t i o n  and management goals. The present  concern o f  l and  managers, and 
o f  researchers eva lua t i ng  environmental impacts, i s  t o  i d e n t i f y  t imber harves t ing  
a1 t e r n a t i v e s  t h a t  are compatible w i th ,  and can f a c i l  i t a t e ,  responsib le management o f  
t he  f o r e s t  ecosystem. Research repor ted  i n  t h i s  symposium w i l l  p rov ide  fo res ters  and 
o thers  w i t h  improved knowledge o f  how harves t ing  a c t i v i t i e s  a f f e c t  the  fo res t  eco- 
system. It w i  11 a1 so prov ide  strengthened guide1 ines  f o r  p r e s c r i b i n g  harves t ing  
p rac t i ces  t o  achieve s p e c i f i c  land management ob jec t ives- -ob jec t ives  r e l a t i n g  t o  
es the t i cs ,  stand regenerat ion and development, w i l d l i f e ,  management, hydrology, 
i n s e c t  and disease con t ro l ,  f i r e  management, and o the r  management concerns. 

Most o f  t he  research has been conducted i n  f o r e s t  ecosystems common t o  the lodgepole 
pine, la rch ,  and Doug las- f i r  fo res ts  o f  Wyoming and Montana. I nves t i ga t i ons  o f  env i -  
ronmental consequences have covered an a r ray  o f  harves t ing  systems, s i  1  i v i c u l  t u r a l  
p resc r ip t i ons ,  and u t i l i z a t i o n  standards. Emphasis has been d i r e c t e d  toward de te r -  
min ing the  b i o l o g i c a l  consequences o f  successively more i n t e n s i v e  l e v e l s  o f  u t i l i z a t i o n ,  
and a l t e r n a t i v e  post-harvest  res idue treatments. Although the  research has necessar i l y  
been s i t e - s p e c i f i c ,  t h e  r e s u l t s  have management imp l i ca t i ons  f o r  con i fe rous  fo res ts  
i n  general. 

ROLAND L. BARGER 
Program Manager 
USDA Forest  Service, Intermountain 
Forest  and Range Experiment S ta t i on  
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ENVIRONMENTAL CONCERN -- 
WHAT DOES IT MEAN TO PRACTICING FORESTERS? 

Carl M. Berntsen 

Director of Science Programs 
Society of American Foresters 

ABSTRACT 

Environmental concern grew out of accelerated timber harvesting 
in the Rocky Mountains during the early 1960's. Citizen groups 
concerned about adverse visual impacts were joined by those 
interested in the preservation o f  wild1 ife and wilderness. The 
forestry environmental movement joined the national environmental 
movement to work for  more stringent cangressional legislation 
and federal regulation. The lack of a comparable level of 
technical information far decision makers has been costly in 
terms of dollars and time. 

KEYWORDS: Environment, forest management research, coniferous 
forests, environmental legislation, forest regulation. 

In Montana and the Rocky Mountain Region, a strong sense of individual independence 
and a way of 1 ife seem to say: "This is my country. I want something to say about 
how it i s  used." A decade ago its "use" accelerated. 

In the early 1960's new developments in harvesting and mil 1 ing technology and 
increased lumber demands a1 tered the economic picture for marginal timber stands. 
Lodgepole pine came into its own as a commercial crop, for example, and the oppor- 
tunity to convert old, deteriorating forests to young, vigorous ones was duly noted. 
Conversion would prevent additional losses to insects and diseases, and contribute to 
the public welfare by creating new jobs and suppling lumber for local and national 
needs. 

Most people welcomed the changed social and economic outlook. The lumber industry, 
encouraged by these signs, built timber processing plants at locations adjacent to 
national forests, the main source of timber in the  Rockies. Thousands of acres of 
lodgepole pine and spruce were clearcut--much of i t  in large, conspicuous units. 



By the  mid-1 960's the  apparent ly  unforeseen impacts o f  t imber harvest ing reached t he  
publ i c  and fos te red  organized oppos i t i on  (USDA Forest  Service 1975). The oppos i t i on  
be1 ieved t h a t  cont inued harvest ing i n  the high-a1 t i tude f o r e s t s  would have ser ious 
e f f ec t s  on s o i l ,  water, w i l d l i f e ,  and landscape values. These concerns took on 
spec ia l  currency w i t h  t he  r a p i d l y  increas ing publ i c  a t t e n t i o n  t o  environmental 
q u a l i t y  i n  the  l a t e  1960's. 

The Rockies a re  n a t i o n a l l y  famous f o r  magn i f i cen t  landscapes and r i c h  resources of 
water and w i l d l i f e .  Many c i t i z e n s  consider these the  essen t ia l s  o f  a q u a l i t y  env i -  
ronment. For some, even minor change i s  degradation, and t imber harvest  produces 
more than minor change. Consequently, harvest ing i n  the  Rockies suddenly moved i n t o  
na t i ona l  s ign i f i cance  w i t h i n  t he  con tex t  o f  environmental q u a l i t y .  

THE ENVIRONMENTAL MOVEMENT 

This  scenar io has been repeated again and again i n  hamlets, c i t i e s ,  s ta tes,  and over 
issues i n v o l v i n g  the atmosphere, the sea, the  land, and even the  depths o f  the ear th .  
Environmental issues inc lude  t h e  a i r  we breathe, the  food we eat,  the  c l o thes  we 
wear, the  landscapes we see, the  animals we seldom see, and even th ings  we imagine. 
And we wonder: "Why has t h i s  wave o f  environmental concern swept over our count ry?"  

Indeed, why would the  Supreme Court decide t o  stop cons t ruc t ion  o f  a $120 m i l l i o n  
dam t o  save an endangered bu t  useless l i t t l e  f i s h ?  Why would hundreds o f  thousands 
o f  c i t i z e n s  p r o t e s t  t h e  s laughter  o f  whales and seals they had never seen? Why would 
a p r o v i n c i a l  judge f o r c e  road bu i l de r s  t o  spend m i l l i o n s  o f  d o l l a r s  t o  save a pond 
used by a few dozen endangered geese every w in te r?  

Jacques Costeau (1978) rep1 i e d  t o  these, h i s  own questions, w i th :  "The answer i s  
simple. Today the  pub l i c  i s  r e a l i z i n g  t h a t  the re  i s  an urgent  need fo r  an env i -  
ronmental code of e t h i cs . "  Whether t h i s  i s  a l l  the re  i s  t o  it, I am no t  sure. But 
t he  respect  t h a t  t he  general p u b l i c  has fo r  Costeau c e r t a i n l y  lends c r e d i b i l i t y  t o  
the  environmental movement . 

Q u i t e  poss ib l y  t he  element o f  the  environment t h a t  f i r s t  gave r i s e  t o  pub l i c  concern 
about f o r e s t  management was t h a t  o f  adverse v i sua l  e f fec ts .  Few people i n  the 1950's 
and 1960's understood the  environmental movement, and fewer knew what ecology and 
s i l v i c u l t u r e  meant. But unt idyness was something most o f  us had been condi t ioned t o  
recognize as undesirable.  Adverse v i sua l  impacts became a r a l l y i n g  po in t ,  one t o  
which o ther  elements o f  environmental q u a l i t y  became attached--some w i t h  substance, 
o thers  as whims o f  imaginat ion.  

And t he  environmental movement kept growing. The concern w i t h  f o r e s t r y  grew too. 
Timber harvest ing began shar ing the  spot1 i g h t  w i t h  p rese rva t i on i s t  goals and 
ob jec t i ves ,  Forest ry ,  l i k e  o ther  environmental issues, developed a f o l l o w i n g  t h a t  
i n e v i t a b l y  found i t s  way t o  Congress, f r equen t l y  through a congressman from a 
d i s t r i c t  where environmental degradat ion had occurred. The l e g i s l a t i o n  and regula-  
t i o n  t h a t  fo l l owed i s  unprecedented i n  i t s  impact on soc ia l ,  i n d u s t r i a l ,  and 
po l  i t i c a l  a c t i v i t i e s .  

The environmental movement i s  now a Juggernaut. B u i l t  i n t o  i t s  power s t r u c t u r e  i s  a 
whole new regu la to r y  agency t h a t  must prove i t  can regula te ;  vas t  sums o f  i ndus t r y  
investment t h a t  must be recoverable; a whole new pro fess ion  o f  environmental law, 
w i t h  a more than ample f o l l o w i n g  o f  agressive a t torneys.  



For a l l  p a r t i e s  t h e r e  i s  a s i g n i f i c a n t  economic and s o c i a l  c o s t  t o  t h e  r e s o l u t i o n  of 
environmental  d i spu tes  th rough prolonged l i t i g a t i o n .  Enormous sums o f  p u b l i c  and 
p r i v a t e  money a r e  spent  i n  lobby ing,  l e g a l  fees, and t h e  esca la ted  c o s t s  o f  develop- 
ment o r  c o n s t r u c t i o n  a f t e r  long,  court - imposed de lays .  

E q u a l l y  damaqing t o  s o c i e t y  i s  t h e  growing p o l a r i z a t i o n  between those who suppor t  
e n v i r o n ~ e n t a l  c a u t i o n  and those who see a fundamental c o n f l i c t  between env i ron -  
m e n t a l i s t  goa ls  and t h e  economic and s o c i a l  needs o f  our  s o c i e t y .  I n  t h e  cons t ruc -  
t i o n ,  minir ig, and t imber  i n d u s t r i e s ,  where t h e  impact o f  environmental  programs has 
been ~ o n s i d ~ r a b l e ,  l a b o r  and i n d u s t r y  l eaders  tend t o  rega rd  t h e  environmental  
movement as a "no-growth" p o l i c y ,  d e t r i m e n t a l  t o  business and s o c i e t y .  Env i ron-  
m e n t a l i s t s ,  I n  tu rn ,  see t h e i r  opponents as sho r t - s igh ted ,  i n t r a n s i g e n t ,  and 
s e l f - c e ~ t e r e d  ( T r a i n  1978). Such p o l a r i z a t i o n  i s  subsequent ly  r e f 1  ec ted i n  Conyress, 
and r e s u l t s  i n  f requent  sta lemates and sometimes ques t ionab le  dec i s ions .  

CONGRESS AND ENVIRONMENTAL DECISIONS 

Congress responds p r i m a r i l y  t o  p ressu res - -soc ia l  , p o l  i t i c a l ,  and i n d u s t r i a l  
pressures.  Most members o f  t h e  House and Senate admi t  t h a t  t hey  a r e  s u b j e c t  t o  
pressure  t a c t i c s .  But  Congress i s  desperate t o  f i n d  ways t o  improve decis ionmaking.  

Recent ly  a two-day forum was h e l d  on C a p i t o l  H i l l ,  sponsored by t h e  American Assoc i -  
a t i o n  f o r  t h e  Advancement o f  Science (AAAS) i n  coopera t i on  w i t h  t h e  J o i n t  Senate and 
House Committee on Science and Technology. The s u b j e c t  was " R i  sk/Benef i t Ana lys i s  
i n  Decis ionmaking."  I n v i t a t i o n s  were extended t o  s c i e n t i s t s  and sc ience - re la ted  
i n d i v i d u a l s  and o rgan iza t i ons .  The morninq meet ing of each day was a congress iona l  
hear ing.  Three o r  more Congressmen o r  Senators would i n t r o d u c e  a sub jec t ,  and t h r e e  
s c i e n t i s t s  would respond w i t h  prepared statements.  Then fo l lowed an audience- 
p a r t i c i p a t i o n  d i scuss ion .  The a f te rnoon  meetings were s i m i l a r ,  b u t  l e s s  t i e d  t o  
the  l e g i s l a t i v e  fo rma t .  

A f t e r  29 p r e s e n t a t i o n s  and hours of debate and d i scuss ion ,  no profound conc lus ions  
were reached. A g l impse o f  t h e  dilemma t h a t  e x i s t s  as a p a r t  o f  decis ionmaking i n  
Congress i s  revea led by an opening remark by one Senator: "I have never seen a 
problem, no m a t t e r  how complex, which, when looked a t  i n  t h e  r i g h t  way, i s  n o t  even 
more complex than o r i g i n a l  l y  thought  t o  be. " 

One t h r e e - s c i e n t i s t  panel produced these remarks: 

S c i e n t i s t ,  p o l i c y  and management research:  "Richer i s  
bette-ning t h e  sa fe ty  and h e a l t h  o f  a p o p u l a t i o n  i s  
d i r e c t l y  c o r r e l a t e d  w i t h  t h e  f i n a n c i a l  w e l l b e i n g  o f  t h a t  
popu la t i on . )  

Professor, p o l i t i c a l  sc ience and former newspaperman: 
"The press  has n o t  done i t s  j o b  adequately i n  cove r ing  
science l e g i s l a t i o n  o r  sc ience - re la ted  events.  The p r e s s '  
se l f -appo in ted  a u t h o r i t y  i n  t e c h n i c a l  m a t t e r s  f r e q u e n t l y  
l eads  t o  mis in forming t h e  Conpress and p u b l i c  as w e l l . "  

Professor, law: "There i s  no zero r i s k ,  and r i s k /  
b e n e f i t  d e c i s i o n s  should n o t  be made by s c i e n t i s t s ,  bu t  
by t h e  r e s p o n s i b l e  member(s) o f  Congress. " 



Sc ien t i s t ,  audience: "The Three-Mile I s l and  and DC-10 
accidents were c r i s e s  causing the pub l i c  t o  be more concerned 
about the  ineptness o f  'management' than about danger t o  
human l i f e . "  

And so i t  went, a  d i s j o i n t e d  d ia logue w i t h  a slender thread o f  understandina between 
members o f  Congress and s c i e n t i s t s .  Congress i s  desperate ly  groping f a r  technica l  
i n fo rmat ion  t o  he lp  make l e g i s l a t i v e  dec is ions,  wh i l e  knowing t ha t ,  i n  the  end, the  
dec is ions w i l l  be heav i l y  inf luenced by po l  i t i c a l  pressures. The s c i e n t i s t s  were 
o f f e r i n g  the  best informat ion on hand, and they too  knew t h a t  the  dec is ions w i l l  be 
heav i l y  swayed by pressure t a c t i c s .  

The issue o f  r i s k / b e n e f i t  was summed up by John Giggons, D i r ec to r  o f  the  O f f i c e  o f  
Technology Assessment: "There a re  no s c i e n t i f i c  formulas t o  measure r i  sk--only 
judgement values. For example, on oppos i te  s ides o f  Long I s l and  Sound a re  two s i t e s  
f o r  nuc lear  reac to rs .  On one s ide  the  reac to r  i s  operat iona l ,  on t he  o ther  the 
r eac to r  was n o t  b u i l t - - d i f f e r e n t  judgement values on the  same s c i e n t i f i c  i n fo rmat ion  
by d i f f e r e n t  communities." 

LEGISLATION AND MANAGEMENT CONFLICT 

However f r u s t r a t i n g  i t  may be f o r  Congress t o  make t he  "best"  decis ions,  i t  has n o t  
prevented t he  passage of masses of environmental - r e l a ted  l e g  i s 1  a t i o n  d i r e c t l y  o r  
i n d i r e c t l y  r e l a t e d  t o  f o r e s t r y .  A working group r e p o r t  t o  t he  Pres ident  I s  Interagency 
Task Force on Environmental Data and Mon i to r ing  Programs (USDC 1979) s ta tes  t h a t  
over 70 l e g i s l a t i v e  a c t s  have had an impact on land and na tu ra l  resources. The 
working group on Natura l  Resources and Land Use of t h i s  t a s k  f o r ce  concluded t h a t  no 
cohesive Federal land and na tu ra l  resource po l  i c y  e x i s t s  today. Federal po l  i c y  
among 25 agencies i s  h i g h l y  fragmented, w i t h  d ive rse  goals and missions. 

A few of t he  environment-related l e g i s l a t i v e  ac ts  w i t h i n  the  past  10 years are:  

Natural  Environmental P o l i c y  Act  
Geothermal Steam Ac t  
Wi ld Horses and Burros Act  
Federal Water P o l l u t i o n  Cont ro l  Ac t  
Coastal Zone Management Act  
Endangered Species Ac t  
Forest  and Rangeland Renewable Resources Planning Ac t  
Federal Land P o l i c y  and Management Act 
Safe Dr ink ing  Water Ac t  
Resource Conservation and Recovery Act  
Clean Water Ac t  
Surface Mining Control  and Reclamation Ac t  
S o i l  and Water Resources Conservation Ac t  

The c o n f l i c t s  over the  management o f  Federal land c rea te  problems and issues t h a t  
permeate the  land  and na tu ra l  resource management f i e l d .  One important aspect i s  the  
mu l t ip le -use  p o l i c y  (enacted i n  1964), which invo lves s t r i k i n g  a  balance .between con- 
f l i c t i n g  o r  competing land uses. Whether mineral  and t imber needs outweigh the 
n a t i o n ' s  needs t o  preserve rec rea t i on  and wi lderness i s  an issue i n v o l v i n g  many 
Federal agencies, and one t h a t  does no t  have c l e a r  p o l i c y  guidance. 



Other c o n f l i c t s  between agencies c i t e d  i n  the  r e p o r t  i n  t h e  program area o f  f o r e s t r y  
i nc lude :  

. I ncons is tency  o f  management purpose and e x t e n t  o f  water  r e s e r v a t i o n  on 
p u b l i c  lands.  

. D u p l i c a t i o n  o f  a u t h o r i t y .  

. L i m i t a t i o n  on ELM c l e a r c u t t i n g  guidance. 

.Lack o f  s t rong  p r i v a t e  f o r e s t  development. 

. C o n f l i c t  over RARE 11. 

S i m i l a r  l i s t s  o f  c o n f l i c t s  were developed by t h e  working group f o r  14  o t h e r  program 
areas such as -- water,  a i r ,  and m ine ra l s .  

MEDIATION 

I s  c o m p e t i t i o n  increases f o r  ou r  1  i m i t e d  n a t u r a l  resources,  so w i l l  t h e  need f o r  
o r d e r l y  responses t o  environmental  c o n f l i c t s .  I n d u s t r y  and government can marshal 
s u b s t a n t i a l  resources i n  suppor t  o f  p r o j e c t s  embro i led  i n  l i t i g a t i o n .  But  env i ron -  
m e n t a l i s t s  have e f f e c t i v e l y  countered these by m o b i l i z i n g  broad publ  i c  support  and 
by c a l l  i n g  on a pool  o f  s o p h i s t i c a t e d  a t t o r n e y s  from t h e  new publ  i c - i n t e r e s t  law 
f i r m s .  

Yet, f o r  a l l  p a r t i e s  i nvo l ved ,  a s i q n i f i c a n t  economic and s o c i a l  c o s t  must be p a i d  
f o r  t h e  r e s o l u t i o n  o f  environmental  c o n f l i c t  th rough p r o t r a c t e d  d i spu tes .  The 
ques t ion  has been r a i s e d  by many: " I s  environmental  med ia t i on  a s o l u t i o n ? "  What 
i s  med ia t i on?  I t  can be d e f i n e d  as a v o l u n t a r y  process i n  which those i n v o l v e d  i n  
a  d i s p u t e  j o i n t l y  exp lo re  and r e c o n c i l e  t h e i r  d i f f e r e n c e s ,  employing a  media tor  who 
has no a u t h o r i t y  t o  impose a  se t t1ement . l  

T h i s  pass ive  e x e r c i s e  and o t h e r  techniques have been t r i e d ,  b u t  no se r ious  n a t i o n a l  
e f f o r t  has been made t o  b r i n g  a g r e a t e r  use o f  med ia t i on  t o  environmental  d i spu tes .  

A RATIONALE 

The f o r e s t r y  p r o f e s s i o n  f i n d s  i t  d i f f i c u l t  t o  understand why environmental  groups and 
t h e  general  p u b l i c  do n o t  g i v e  our  m iss ion  of rowinq t r e e s  a t  l e a s t  equal b i l l i n g  

p---T w i t h  c u t t i n g  t rees .  Growing t r e e s  is slow and unspectacu a r  compared t o  t h e  a c t i o n  
assoc ia ted  w i t h  f e l l  i ng ,  l ogg ing ,  road b u i l d i n g ,  and h a u l i n g .  And perhaps t h a t  
p a r t i a l l y  e x p l a i n s  t h e  imbalance between c r e d i t  and c r i t i c i s m .  But  i t  would be 
unwarranted t o  conclude t h a t  t h e  p u b l i c  and concerned groups a r e  n o t  i n t e r e s t e d  i n  
growing t r e e s .  Perhaps t h e  pass ive  na tu re  o f  f o r e s t  replacement i s  seetl as a  "cure," 
and "no comment" should be accepted as endorsement of do ing  what i s  expected o f  t h e  
pro fess ion,  whereas t r e e  c u t t i n g  may be perce ived as  be ing  on t h e  s i d e  o f  " i n j u r y "  
r e q u i r i n g  remedial  a c t i o n  o r  p reven t ion .  

Timber ha rves t i ng ,  as a p a r t  o f  t h e  o v e r a l l  envi ronmental  movement, i s  now caught up 
i n  d i r e c t i v e s ,  r e g u l a t i o n s ,  laws, and t h e  w i l l  o f  s o c i e t y .  These c o n t r o l s  a r e  so f i r m  
t h a t  a l l  f o r e s t  l a n d  p lann ing  must now g i v e  se r ious  c o n s i d e r a t i o n  t o  t h e  p o s s i b l e  
adverse consequences of any management a c t i v i t y .  Are  we wise enough t o  use our  
sc ience and technology f o r  r e a l  r a t h e r  than apparent  progress? I f  we are,  t h e  f u t u r e  
o f  f o r e s t r y  seems u n l i m i t e d .  

lThe  O f f i c e  o f  Environmental Med ia t i on  o f  t h e  U n i v e r s i t y  o f  Washington's 
I n s t i t u t e  f o r  Environmental S tud ies .  



I b e l i e v e  t h a t  t h e  f u t u r e  o f  f o r e s t r y  i s  un l im i ted ,  because I n o t  o n l y  f i n d  a growing 
sense o f  t h e  environmental e t h i c  a m o n g ~ o r e s t e r s ,  but  an a d d i t i o n a l  s e n s i t i v i t y  being 
molded i n t o  t h e  techn ica l  q u a l i f i c a t i o n s  t h a t  seem t o  c h a r a c t e r i z e  our p ro fess iona l  
work force.  Our u n i v e r s i t y ,  i n d u s t r y ,  and government leaders  have i n  no small way 
c o n t r i b u t e d  t o  t h e  m o t i v a t i o n  and substance o f  t h i s  change. 

CONCLUSION 

The environmental e t h i c  i s  n o t  new. Foresters  have always been p r a c t i c i n g  e c o l o g i s t s .  
Many f o r e s t e r s  were w e l l  acquainted w i t h  concepts o f  ecology long before  t h a t  word 
entered popular usaqe. Most o f  us know the  common d e f i n i t i o n  o f  ecology, but  t h e  
d e r i v a t i o n  o f  t h e  word g ives i t  an even g r e a t e r  meaning: OIKOS meaning home o r  house, 
and LOGOS, meaning t o  study. Ecology i s  t h e  study o f  " the  house we l i v e  i n . "  
John Muir  expanded t h a t  concept and b e a u t i f u l l y  implanted i t  i n  our  minds w i t h  these 
words: " I n  such places standing alone on t h e  mountain top  i t  i s  easy t o  r e a l i z e  t h a t  
whatever spec ia l  nes t  we make--leaves and moss l i k e  marmots and b i r d s - - o r  t e n t s  o r  
p i l e d  stone--we a l l  dwel l  i n  a house of one room--the wor ld w i t h  i t s  s t a r r y  firmament 
f o r  i t s  r o o f . "  

The balance o f  na tu re  as w e l l  as i t s  beauty i s  indeed remarkable, bu t  na tu re  i s  n o t  
benign. Though i t  c rea tes  magn i f i cen t l y ,  i t  o f t e n  dest roys wh ims ica l l y  and some- 
t imes d i s a s t r o u s l y .  And so, though we may study na tu re  o b j e c t i v e l y ,  man cannot be 
t o t a l l y  o b j e c t i v e  about i t  on a personal l e v e l  (Seaborg 1970). Man must t o  some 
e x t e n t  tamper w i t h  t h i s  balance o f  na tu re  w i t h i n  eco log ica l  l i m i t s .  The study o f  
" the  house we l i v e  i n "  has helped us understand nature,  and along w i t h  techno log ica l  
advances, has made i t  access ib le ,  usable, and enjoyed by a la rge '  segment o f  our-  
popu la t ion .  
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ABSTRACT 

Since 1974, t h e  In te rmoun ta in  Experiment S t a t i o n  has d i r e c t e d  
a  coo rd ina ted  program o f  research,  t h e  Fo res t  Residues U t i l i z a t i o n  
R&D Program, toward i n v e s t i g a t i n g  a l t e r n a t i v e  t i m b e r  h a r v e s t i n g  
p r a c t i c e s  t h a t  may f a c i l i t a t e  more i n t e n s i v e ,  env i ronmen ta l l y  
compat ib le ,  t i m b e r  u t i l i z a t i o n .  The e v a l u a t i o n  o f  b i o l o g i c a l  and 
resource management consequences o f  a l t e r n a t i v e  h a r v e s t i n g  
p r a c t i c e s  has been a  major  component o f  t h e  Program. Most o f  t h e  
research has been conducted i n  f o r e s t  ecosystems common t o  t h e  
lodgepo le  p ine ,  l a r c h ,  and Douglas- f  i r  f o r e s t s  o f  'rlyoniing and 
Clontana. I n v e s t i g a t i o n s  of envi ronmental  consequences have cov-  
e red an a r r a y  of h a r v e s t i n g  systems, 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  , 
and u t i  1  i z a t i o n  s tandards .  Emphasis has been d i  r e c t e d  toward 
de te rm in ing  t h e  b i o l o g i c a l  consequences of success i ve l y  more 
i n t e n s i v e  l e v e l s  o f  u t i l i z a t i o n ,  and a l t e r n a t i v e  p o s t - h a r v e s t i n g  
r e s i d u e  t rea tmen ts .  A l though t h e  resea rch  has n e c e s s a r i l y  been 
s i t e - s p e c i f i c ,  t h e  r e s u l t s  have management i m p l i c a t i o n s  f o r  
c o n i f e r o u s  f o r e s t s  i n  gene ra l .  

KEYWORDS: f o r e s t - r e s i d u e s ,  wood-ut i  1 i z a t i o n ,  t i m b e r - h a r v e s t i n g  , 
f o r e s t - p r a c t i c e s  

FOREST RESIDUES -- PROBLEM AND OPPORTUNITY 

A major  problem c o n f r o n t i n g  f o r e s t r y  i s  how t o  more e f f i c i e n t l y  h a r v e s t  and 
u t i l i z e  t imber  w i t h o u t  c r e a t i n g  unacceptable impacts on t h e  f o r e s t  envi ronment.  
There a r e  two immediate and r e l a t e d  needs. The f i r s t  need i s  t o  improve t h e  recovery  
and u t i l i z a t i o n  o f  t h e  t o t a l  wood resource,  l e a v i n g  l e s s  m a t e r i a l  as  res idue .  
N a t i o n a l  p r o j e c t i o n s  p r e d i c t  s u b s t a n t i a l  inc reases i n  demand f o r  wood and wood-f iber-  
based products ,  e x p e c i a l l y  softwood housing c o n s t r u c t i o n  m a t e r i a l s .  Envi ronmental  
c o n s i d e r a t i o n s  a l s o  favor  ex tend ing ( o r  a t  l e a s t  m a i n t a i n i n g )  t h e  use o f  wood, a 



renewable resource t h a t  can be processed w i t h  l e s s  energy and l e s s  a t t e n d a n t  p o l l u -  
t i o n  than a1 t e r n a t i  ve m a t e r i a l s .  Ha rves t i ng  p r a c t i c e s  t h a t  f a c i  1  i t a t e  more complete 
u t i l i z a t i o n  of t h e  a v a i l a b l e  wood resou rce  i n  t h e  n o r t h e r n  Rocky Mountain S ta tes  can 
c o n t r i b u t e  s i g n i f i c a n t l y  t o  meet ing  t h i s  demand. 

The second and concu r ren t  need i s  t o  reduce t h e  adverse e s t h e t i c  and e n v i r o n -  
mental impacts of t i m b e r  h a r v e s t i n g ,  assoc ia ted  road  c o n s t r u c t i o n ,  and o t h e r  o n - s i t e  
a c t i v i t i e s ,  Present  u t i l i z a t i o n  standards and l o g g i n g  p r a c t i c e s  l eave  l a r g e  amounts 
o f  res idue - -sma l l  t r e e s ,  c u l l  and broken l ogs ,  tops,  and dead t imber - -on  t h e  ground 
f o l l o w i n g  h a r v e s t i n g  ope ra t i ons .  Road r i g h t - o f - w a y  c l e a r i n g  and t h i n n i n g  ope ra t i ons  
r e s u l t  i n  a d d i t i o n a l  volumes o f  unused wood. These res idues  can c o n t r i b u t e  t o  t h e  
f o r e s t ' s  n u t r i e n t  r e s e r v o i r ,  reduce e ros ion ,  p r o t e c t  seed l ings ,  and p r o v i d e  w i l d l i f e  
cover .  I n  t h e  q u a n t i t i e s  t h a t  f r e q u e n t l y  occur ,  however, t hey  c r e a t e  a f i r e  hazard, 
i n h i b i t  r egenera t i on ,  d e t r a c t  f rom area e s t h e t i c  values,  and rep resen t  waste of a  
scarce  f i ber  resource.  Ha rves t i ng  and t r a n s p o r t a t i o n  p r a c t i c e s  t h a t  improve t h e  
economic f e a s i b i l i t y  o f  u s i n g  more o f  t h i s  m a t e r i a l  can remedy a  major  source of 
undes i rab le  impacts on t h e  area.  

Since 1974, t h e  In te rmoun ta in  Experiment S t a t i o n  has d i r e c t e d  a  coo rd ina ted  
program o f  research,  t h e  Fo res t  Residues U t i l i z a t i o n  R&D Program, toward i n v e s t i -  
g a t i n g  a l t e r n a t i v e  t imber  h a r v e s t i n g  p r a c t i c e s  t h a t  may f a c i l i t a t e  more i n t e n s i v e ,  
env i ronmen ta l l y  compat ib le ,  t i m b e r  u t i l i z a t i o n .  Major  o b j e c t i v e s  o f  t h i s  Program 
have been 

( 1 )  To deve lop  resource i n fo rma t ion - -p resen t  and p r e d i c t e d - - d e f i n i n g  
t h e  l o c a t i o n ,  q u a n t i t y ,  and p h y s i c a l  c h a r a c t e r i s t i c s  o f  m a t e r i a l  
cons idered res idue ,  as a  means o f  s t reng then ing  u t i l i z a t i o n  
o p p o r t u n i t i e s  ; 

( 2 )  To e v a l u a t e  h a r v e s t i n g  and t r a n s p o r t a t i o n  systems t h a t  can 
improve t h e  t e c h n i c a l  and economic f e a s i b i l i t y  o f  r e c o v e r i n g  
and u s i n g  more of t h e  t o t a l  wood resource;  

( 3 )  To e v a l u a t e  t h e  b i o l o g i c a l  and envi ronmental  e f f e c t s  o f  
r e s i d u e  r e d u c t i o n ,  and t h e  i n f l u e n c e  o f  r e s i d u e  r e d u c t i o n  on 
pos t -ha rves t  f o r e s t  management needs and a c t i v i t i e s .  

The p r i n c i p a l  s u b j e c t  o f  t h i s  r e p o r t  and o f  t h e  "Environmental  Consequences ..." 
symposium, i s  t h e  t h i r d  area o f  resea rch - -eva lua t i ng  t h e  b i o l o g i c a l  and management 
consequences o f  a l t e r n a t i v e  t i m b e r  h a r v e s t i n g  and u t i l i z a t i o n  p r a c t i c e s .  

INFLUENCES OF TIMBER HARVESTING ON FOREST ECOSYSTEMS 

The e f f e c t s  o f  t i m b e r  h a r v e s t i n g  and u t i l i z a t i o n  upon t h e  ecosystems a r e  i n  f a c t  
t h e  aggregate e f f e c t s  o f  seve ra l  s u b - a c t i v i  t i e s  ( f i g .  1  ) .  These i n c l u d e ,  

- - t h e  s i  1  v i c u l  t u r a l  p r e s c r i p t i o n ,  which def ines  t h e  p r o p o r t i o n  
of t h e  s tand t h a t  w i l l  be c u t ,  and t h e  n a t u r e  o f  any r e s i d u a l  
stand; 

- - t he  u t i l i z a t i o n  standards s p e c i f i e d ,  which l a r g e l y  determine 
t h e  amount and t y p e  o f  m a t e r i a l  t h a t  w i l l  be l e f t  on t h e  
ground ; 



- - t he  h a r v e s t i n g  method and system o r  systems s p e c i f i e d ,  which 
determines y a r d i n g  o r  s k i d d i n g  p r a c t i c e s ,  assoc ia ted  d i s t u r b -  
ance of t h e  s i t e ,  and t o  some e x t e n t  road requirements;  

- - t he  post -harvest  r e s i d u e  t rea tment ,  which determines t h e  
f i n a l  cha rac te r  and arrangement o f  m a t e r i a l  on t h e  ground, 
and f r e q u e n t l y  s p e c i f i e s  some t ype  o f  o n - s i t e  bu rn ing  a c t i v i t y .  

SILVICULTURAL 
PRESCRIPTION 

HARVESTING 

0 
POST-HARVEST 

SYSTEM TREATMENT 0 
UTILIZATION 

STANDARD 

Figure 1.--The effects of timber hamesting on forest ecosystems are the  
combined e f f e c t s  of fmr components of the to ta l  haruesting process. 

I n  a d d i t i o n  t o  these f o u r ,  a f i f t h  a c t i v i t y - - r o a d  c o n s t r u c t i o n - - i s  f r e q u e n t l y  r e -  
q u i r e d  t o  accompl ish t imber  ha rves t i ng .  New road c o n s t r u c t i o n  on t h e  s a l e  area can 
c o n t r i b u t e  s u b s t a n t i a l l y  t o  v i s u a l  and phys i ca l  e f f e c t s .  

With t h e  p o s s i b l e  excep t ion  o f  f i r e ,  t imber  h a r v e s t i n g  i s  t h e  most d r a s t i c  
t rea tmen t  t h a t  can be imposed on f o r e s t e d  land.  The manner i n  which t imber  i s  
harvested s i g n i f i c a n t l y  i n f l u e n c e s  almost  a l l  aspects o f  t h e  ecosystem--microcl imate, 
n u t r i e n t  a v a i l a b i l i t y ,  m i c r o b i o l o g i c a l  a c t i v i t y ,  i n s e c t  and d isease a c t i v i t y ,  
hydrology,  and o t h e r  such bas i c  a t t r i b u t e s .  The p o t e n t i a l  i s  p resent  t o  e i t h e r  h e l p  
o r  h inde r  e f f o r t s  t o  meet m u l t i p l e  resource p r o t e c t i o n  and management goa ls .  

Concern about  t h e  environmental  e f f e c t s  o f  t imber  h a r v e s t i n g  i s  n o t  new. Some 
o f  t h e  e a r l i e s t  research i n  t h e  Fo res t  Serv ice ,  f o r  example, was d i r e c t e d  toward 
de te rm in ing  e f f e c t s  o f  t imber  h a r v e s t i n g  upon y i e l d s  o r  q u a l i t y  of o t h e r  resources.  
I n  r e c e n t  years,  however, t h e r e  has been a remarkable growth  i n  environmental  aware- 
ness, e s p e c i a l l y  by t h e  p u b l i c  a t  l a r g e .  With t h i s  awareness and i n t e r e s t  has come 
a renewed concern about t h e  impacts o f  any forest-based a c t i v i t y  upon t h e  environment. 
Timber h a r v e s t i n g  and assoc ia ted  road c o n s t r u c t i o n  have been a p a r t i c u l a r  source o f  
concern, because o f  t h e  i n h e r e n t  p o t e n t i a l  f o r  environmental  d e t e r i o r a t i o n ,  i n c l u d i n g  
s o i l  l oss ,  water  p o l l u t i o n ,  v i s u a l  degradat ion,  and l o s s  o r  r e d u c t i o n  of f u t u r e  



p r o d u c t i v e  capac i t y .  Recent l e g i s l a t i o n  d e a l i n g  w i t h  p u b l i c  l and  management has i n -  
c luded e x p l i c i t  requirements t o  eva lua te  and cons ider  t h e  probab le  e f f e c t s  o f  any 
management a c t i v i t y  upon o t h e r  resources and t h e  ecosystems. 

The need t o  recogn ize  and avo id  unacceptable environmental  impacts o f  h a r v e s t i n g  
i s  one reason f o r  c u r r e n t  emphasis upon research t h a t  w i l l  b e t t e r  d e f i n e  and q u a n t i f y  
e f f e c t s .  A  second, and perhaps more bas ic ,  reason i s  t h e  f a c t  t h a t  p r o p e r l y  pre-  
s c r i b e d  t imber  ha rves t i ng  can be t h e  most e f f e c t i v e  t o o l  t h e  p u b l i c  l and  manager has 
t o  manage f o r e s t e d  lands f o r  a v a r i e t y  o f  resources and uses. I n  t h e  Rocky Mountain 
area e s p e c i a l l y ,  t imber  i s  r a r e l y  if ever  harvested from pub1 i c  lands s imply  t o  
o b t a i n  wood f i b e r .  P r i n c i p a l  management o b j e c t i v e s  f o r  t he  s i t e  a r e  more l i k e l y  t o  
r e l a t e  t o  i n s e c t  and disease c o n t r o l ,  w i l d 1  i f e  h a b i t a t ,  r e c r e a t i o n  p o t e n t i a l ,  o r  
watershed p o t e n t i a l .  Typ ica l  p lann ing  g u i d e l i n e s  f o r  t he  c e n t r a l  and n o r t h e r n  Rocky 
Mountain Fores ts  emphasize key values r e l a t i n g  t o  r e c r e a t i o n ,  scen ic  beauty, w i l d l i f e ,  
and o t h e r  non-t imber resources,  toward which management o f  p u b l i c  f o r e s t  lands w i l l  be 
d i r e c t e d .  To make e f f e c t i v e  use o f  t imber  ha rves t i ng  as a  management t o o l ,  however, 
t h e  l and  manager must be a b l e  t o  p r e d i c t  bo th  sho r t - te rm and long-range environmental  
consequences o f  s p e c i f i e d  h a n o s t i n g  p r e s c r i p t i o n s .  

THE RESEARCH APPROACH 

To meet s p e c i f i e d  o b j e c t i v e s ,  Program research has n e c e s s a r i l y  i n v o l v e d  a wide 
v a r i e t y  of s u b j e c t  m a t t e r  and assoc ia ted  d i s c i p l i n e s .  The co re  Program s t a f f  has 
i nc luded  researchers  w i t h  s k i l l s  i n  eng ineer ing ,  wood technology, economics, 
meteorology, m ic rob io logy ,  entomology, and b iomet r i cs .  Other S t a t i o n  research work 
u n i t s  i n  such s u b j e c t  areas as s i l v i c u l t u r e ,  f i r e  management, economics, hydrology,  
and w i l d l i f e  h a b i t a t  have p a r t i c i p a t e d  e x t e n s i v e l y  i n  s t u d i e s  o f  b i o l o g i c a l  and 
management impacts. Other major  p a r t i c i p a n t s  i n  Program b i o l o g i c a l  research have 
inc luded  researchers  i n  o t h e r  Fo res t  Se rv i ce  u n i t s  and researchers  a t  a  number o f  
U n i v e r s i t i e s .  P a r t i c i p a t i n g  o r g a n i z a t i o n s  e s p e c i a l l y  worthy o f  no te  because o f  
t h e i r  ex tens i ve  involvement i n c l u d e  

- - the  Center  f o r  Mycology Research, USFS Fores t  Products 
Labora tory ,  Madison, Wis. 

- - f a c u l t y  and s t a f f  researchers ,  School o f  Fo res t r y ,  
U n i v e r s i t y  of Montana, Missoula,  Mont. 

- - f a c u l t y  and s t a f f  researchers ,  School o f  Fo res t r y ,  
Michigan Techno log ica l  U n i v e r s i t y ,  Houghton, Mich. 

E a r l y  Program p lann ing  was developed around t h r e e  bas i c  cancepts: r e c o g n i t i o n  
t h a t  wood u t i l i z a t i o n  o b j e c t i v e s  and p r a c t i c e s  must extend from, and be compat ib le  
w i t h ,  broad f o r e s t  management o b j e c t i v e s ;  b e l i e f  t h a t  t h e  bes t  approach t o  res idue  
u t i l i z a t i o n  i s  th rough more e f f i c i e n t  i n i t i a l  h a r v e s t i n g  p r a c t i c e s ,  r a t h e r  than 
salvage opera t ions ;  and r e c o g n i t i o n  t h a t  r e s i d u e  r e d u c t i o n  has s i g n i f i c a n t  and d i r e c t  
e f f e c t s  upon the  f o r e s t  ecosystem and subsequent management a c t i v i t i e s .  The t y p i c a l  
procedure f o l l o w e d  i n  p lann ing  and implementing Program research i s  i l l u s t r a t e d  i n  
f i g u r e  2. F i r s t  c o n s i d e r a t i o n  i s  g i ven  t o  d e f i n i n g  t h e  t o t a l  f o r e s t  resource 
management o b j e c t i v e s  f o r  a  p a r t i c u l a r  t imber  stand and s i t e  s i t u a t i o n .  Treatment 
s p e c i f i c a t i o n s  a r e  then developed f o r  t r e e  removal and/or o t h e r  stand o r  s i t e  
cha rac te r  m o d i f i c a t i o n s  ( u s u a l l y  an a r r a y  o f  p o s s i b l e  a1 t e r n a t i v e s )  t h a t  may meet 



management objectives. Harvesting systems, utilization levels, and post-harvest 
treatments that can achieve the selected treatment effects are applied. Finally, 
technical and economic feasibility is evaluated, and the environmental and manage- 
ment consequences of  tested alternatives are determined. A central concern, of 
course, is to apply and test harvesting alternatives that have the capability of 
recovering much of the wood material commonly left on-si te as residue. For 
comparative purposes, the effects of various levels o f  intensive utilization are 
compared to observed effects of conventional sawlog utilization and post-harvest 
residue disposal practices. 
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I O B J E C T I V E S  AND P R E S C R I P T I O N S  I 

INVENTORY AND P R E D I C T I O N  
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E V A L U A T I O N  OF HARVEST ING AND 
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A -- environment 
- -  user values 
-- future management 

7 + 
T E C H N I C A L  CONSEQUENCES 

A L T E R N A T I V E S  ECONOMIC ECOLOGICAL  

1 -- -- 
2 -- -- 
t i  -- -- 

Figure 2.--The Program has emphasized developing and testing harvesting 
and ut.i.Zizat.i.on aZternatives that are eompatibZe with, and facili- 
tate, to taZ forest resource management on the site. 



Much of the  research i n v e s t i g a t i n g  environmental e f f e c t s  has been conducted as 
c l o s e l y  in tegra ted  study ser ies  on spec i f i c  harvest ing s i t e s .  S i tes  were se lected 
t o  represent dominant t imber types, physiography, and stand cond i t i ons  i n  the 
nor thern Rocky Mountains. Most o f  the  research repor ted i n  t h i s  document was 
conducted on four pr imary f i e l d  study s i t e s .  The f o u r  s i t e s ,  and the  harvest ing,  
u t i l i z a t i o n ,  and s i t e  t reatment p rac t i ces  appl ied,  a re  descr ibed below. 

The Coram Study S i t e  

The Coram study s i t e  i s  loca ted  on Coram Experimental Forest ,  on the  Hungry 
Horse D i s t r i c t  of the  Flathead Nat iona l  Forest .  The s i t e  t y p i f i e s  old-growth 
western larch/Douglas- f i r  stands on steep slopes. E levat ions range from 3,900 t o  
5,300 f e e t  (1188 t o  1615 m), and annual p r e c i p i t a t i o n  i s  i n  the  25 t o  35 i n c h  (64  t o  
89 cm) range. Western l a r c h  and Doug las - f i r  are  the  predominant t r e e  species, 
a1 though sub-a1 p ine fir, Engelmann spruce, western hem1 ock, and b i r c h  a1 so occurred 
i n  i n t e rm ix tu re  on the harvested u n i t s .  Management ob jec t i ves  f o r  the  s i t e  (and f o r  
s i m i l a r  s i t e s  i n  t he  nor thern  Rocky Mountains) inc lude :  

- -p ro tec t ing  e s t h e t i c  values; 

- - t ime ly  regenerat ion and stand devel opment ; 

--mainta in ing species d i v e r s i t y ,  e s p e c i a l l y  i n  r e t a i n i n g  western 
l a r c h  i n  the  stand; 

--avoiding h igh road dens i t i es ;  

- -avoiding adverse b i o l o g i c a l  impacts on the  f o r e s t  ecosystem. 

Steep slopes and operat ing cons t ra i n t s  d i c t a t e d  the  use of e i t h e r  a e r i a l  o r  
cable ya rd ing  systems, capable of r e l a t i v e l y  long reach (1,000 - 1,200 f e e t )  (305 - 
365 m) and a t  l e a s t  p a r t i a l  suspension of l ogs  being yarded. I n  the  case o f  t he  
Coram study s i t e  sky l  i n e  ya rd i ng  systems were used--a running sky l  i n e  systems where 
both up- and down-h i l l  ya rd ing  was requi red,  and a  l i v e  sky l i ne  where u p h i l l  yard ing 
alone was adequate. 

Treatments imposed on t he  study s i t e  were developed t o  t e s t  the f e a s i b i l i t y  o f  
p r a c t i c i n g  i n t ens i ve  wood u t i l i z a t i o n  under the  management ob jec t i ves  and operat ing 
cons t ra i n t s  represented. Since the  b i o l o g i c a l  e f f e c t s  o f  t imber harvest ing are t he  
combined i n f l uence  o f  s i l v i c u l  t u r a l  p resc r i p t i on ,  u t i  1  i z a t i o n  standard, and any 
post-harvest s i t e  t reatment,  combinations o f  the th ree  were tested.  S i l v i c u l t u r a l  
p resc r i p t i ons  o r  methods inc luded i n  the  f i e l d  t e s t s  were 

(1 ) c lea rcu t t ing - -harves t ing  a1 1  t r ees  included as merchantable 
under the  designated u t i l  i z a t i o n  standard; 

(2 )  she1 terwood cu t t ing - -harves t i  ng approximately 50 percent o f  
the  merchantable volume, leav ing  a designated overs to ry  t o  
he1 p estab l  i s h  a  new stand. 

(3) group se lec t i on  c u t t i n g - - c l e a r c u t t i n g  a l l  t r ees  designated 
as merchantable under t he  u t i l i z a t i o n  standard, from 
i r r e g u l a r ,  randomly spaced 1 - t o  2-acre ( .40 t o  .80 ha) 
p l o t s .  



Four levels of u t i l iza t ion were practiced under each of the three si lvicu 
prescriptions ( table  1 ) .  Util ization treatments represented successively 
intensive ut i l iza t ion practices, ranging from conventional sawlog u t i l i za  
near-compl e te  uti 1 ization of a1 1 stems. 

1 tural 
more 

tion t 

Table 1.--Timber u t i l iza t ion treatments and post-harvest s i t e  treatments tested 
under each of the three si lvicul  tural methods employed, Coram study s i t e .  

Utilization 
Standard 

Post-Harvest Treatment 
Ma t e r  i a1 Removed Treatment Designation 

Conventional 
saw1 og 

Close log 
ut i l i za t ion ,  
t rees 7" 
(17.8 cm) d.b.h.+ 
(sawtimber t r ees )  

Close t ree  
u t i l i za t ion ,  
t rees 5" 
(12 .7  cm) d . b . h . +  

Close f iber  
uti 1 i za t i on ,  
a l l  t rees 

Green and recently 
dead logs, to  5-112" 
(14 cm) t o p ;  113 or 
more sound. 

Green logs, to 3" x 
8 '  (7.6 cm x 2 . 4  m ) ;  
dead and down logs, 
t o  3" x 8 '  (7.6 cm x 
2 .4  m ) ,  i f  sound 
enough to  yard. 

Green logs, to 3" x 
8 '  ( 7 . 6  crn x 2 .4  m); 
dead and down logs to  
3" x 8 '  (7.6 cm x 
2 . 4  m ) ,  i f  sound. 

Green 1"-5" ( 2 . 5  - 
12.7 cm) d.b.h. 
material t ree  length, 
in bundles ; green 
trees 5" '  (12.7 cm) 
d . b . h . ,  t r ee  length; 
dead and down, t o  
3" x 8 '  (7 .6  cm x 
2 .4  m ) ,  i f  sound 
enough t o  yard. 

Remaining under- 
story slashed; 
broadcast burned. 

Understory pro- 
tected and re- 
tained; l e f t  as i s .  

Remaining under- 
story slashed; 
broadcast burned. 

'Trees 1"-5" (2 .5  - 12.7 cm) d.b.h. cut and pre-bund 
on the s i t e .  

Remaining under- 
story slashed; 
l e f t  as  i s .  

led prior t o  logg ing a c t i v i t y  



S i x  s a l e  area b locks  were logged ( f i g .  3 ) ,  two under each bas i c  s i l v i c u l t u r a l  
system. Each b lock  was subd iv ided i n t o  f o u r  t rea tment  areas upon which t h e  f o u r  
l e v e l s  o f  u t i l i z a t i o n  were app l i ed .  Blocks were l a i d  o u t  t o  take  advantage o f  
e x i s t i n g  and new system roads, and purpose ly  i nc luded  bo th  up- and down-h i l l  ya rd ing .  
Back-to-back y a r d i n g  w i t h  t h e  runn ing  sky1 i n e  system a1 lowed l a y i n g  o u t  t h e  l a r g e r  
u n i t s  up t o  2,000 f e e t  (609 m )  i n  s lope l e n g t h  (b locks  11 and 21 ) .  U t i l i z a t i o n  
t rea tment  areas des ignated f o r  pos t -harvest  broadcast  bu rn ing  were burned t h e  season 
f o l l o w i n g  l ogg ing .  

Figure 3.--Sale area un i t s  haruested t o  meet prescribed levels  of 
ueiZization, on the Corm study s i t e ,  included sheztemood, 
clearcut, and group sezection siZvicuZturaZ prescriptions. 

The Lubrecht  Study S i t e  

The Lubrecht  s tudy s i t e  i s  l o c a t e d  on Lubrecht  Exper imental  Fo res t ,  a S ta te -  
owned and admin is tered area be long ing t o  t h e  U n i v e r s i t y  o f  Montana. The area i s  
e s s e n t i a l l y  d r y  s i t e  D o u g l a s - f i r ,  w i t h  a  s i g n i f i c a n t  i n t e r m i x t u r e  o f  ponderosa p i n e  
and western l a r c h ,  on g e n t l e  t e r r a i n .  The area has a  c u t t i n g  h i s t o r y  o f  s e l e c t i v e  
removal o f  o l d e r ,  l a r g e r  t imber  i n  t h e  l a t e  1800 's -ea r l y  1900's.  The remain ing 
mixed species and mixed age c l a s s  stand i s  b road ly  r e p r e s e n t a t i v e  o f  a major  segment 



of the commercial forest land in the region. In addition, the stand occurs on one of 
the more productive Douglas-fir habitat types (Pseudotsuga m e n z i e s i d / V a c c ~ n ~ m  
caespihoswnl ,  and represents an operating situation and management opportunity in 
which intensive utilization is likely to occur first. The mixed size and age classes 
provide an opportunity for a range of silvicultural and utilization options. 

Major management objectives for timbered 1 ands represented by the site include: 

--reducing probability of catastrophic insect and disease 
damage; 

--achieving acceptable stand regeneration and development 
and retaining species diversity; 

--in parti a1 cuts, improvinq the residual stand through 
selective thinning; 

--protecting esthetic, recreation, and wildlife values; 

--avoiding adverse biological impacts on the forest 
ecosystem. 

Harvesting treatments to be tested were developed to include combinations of 
si lvicul tural practices, utilization level s, and post-harvest site treatments that 
could be considered management alternatives. Silvicultural prescriptions applied 
to harvest units included 

(1 )  Selection cutting--harvesting approximately half of the 
rnerchantabl e volume, 1 eaving a designated overstory o f  
small saw timber and pole stems. Dense sapling and pole 
stands were selectively thinned. The treatment repre- 
sents current common practice in such stands. 

(2) Understory removal --removal of approximately half of the 
merchantable volume (and up to 213 of total cubic 
volume), leaving a designated overstory of the better 
sawtimber and large pole stems. 

(3) Overstory removal --removal of a1 1 sawtimber trees and 
thinning pole stands, leaving the seedling-sapling- 
small pole stems as a residual stand. 

(4) Clearcutting--harvesting a1 1 trees designated as rner- 
chantable under the specified utilization standard. 
All other trees on the unit were slashed and treated 
as prescri bed. 

Four cutting units totaling approximately 60 acres (24 ha) were harvested, one under 
each of the described silvicultural prescriptions (fig. 4). Three o f  the units-- 
those designated for clearcut, overstory removal, and understary removal--were further 
sub-divided into three treatment areas for application of varying utilization and site 
treatment practices. Uti 1 ization standards tested included conventional saw1 og 
uti 1 ization and near-compl ete fiber uti 1 ization (table 2) ; post-harvest treatments 
included broadcast burning ( f i g .  5) and leaving residues scattered on the site. 



Understory Removal 

Figure 4.--EccperimentaZZy harvested un i t s  on the Lubrecht s t u d y  site 
inczuded clearcut, overs tory removal, and understory rmovaZ 
siZvicuZtura2 prescriptions, under uhich intensive ZeveZs of u t iZi -  
zation were practCced. IntensCve utiZizat<on treatments i n  the 
dearcu t  and understory removaZ un i t s  are i t tus t ra ted .  



Table 2.--Timber utilization treatments and post-harvest site treatments tested 
under specified silvicultural prescriptions, Lubrecht study site. 

--- 
Si lvicul tural Utilization Post-harvest 
Prescription Unit standard1 Treatment 

Selection 

Understory 
Removal 

Overs tory 
Removal 

1.1.3 Conventional Machine pile 
and burn 

2.1.1 Conventional None 
2.1.2 Conventional Broadcast burn 
2.2.1 Close None 

3.1.1 Conventional None 
3.1.2 Conventional Broadcast burn 
3.2.1 Close None 

Cl earcut 4.1.1 Conventional None 
4.1.2 Conventional Broadcast burn 
4.2.1 Close None 

'utilization standards applied to trees designated for cutting were: 

Conventional utilization - -  removal of green and recently dead logs from sawtimber 
trees 9" (23 cm) and larger d.b.h. ; utilization to 5" (13 cm) top, and 1/3 or more 
sound. 

Close util ization -- removal of a1 1 green and dead sawlog material if sound enough to 
skid; removal o f  all submerchantable trees 1" (2.5 cm) and larger in d . b . h . ,  tree 
l e n g t h  (hand bunched prior to skidding). 

Figure 5. --ConventionaZ res<due 
disposaZ treatments, BZZustrated 
b y  the broadcast residue burning 
treahenfi  on the Lubrecht study 
s i t e  (pictured),  were included 
on each study s z t e  t o  provide a 
basis for  direct  cornpmison w;th 
residue reduction through inten- 
sive ut iZization.  



Gent le  s lopes and easy access t o  c u t t i n g  u n i t s  made p o s s i b l e  t h e  use o f  ground 
s k i d d i n g  h a r v e s t i n g  systems. A l l  u n i t s  were logged u s i n g  c r a w l e r  t r a c t o r s  t o  accom- 
p l  i s h  sk idd ing .  On areas des ignated f o r  i n t e n s i v e  u t i  1  i z a t i o n ,  sma l le r  t r e e s  (1  " t o  
6"  i n  d iamete r )  (2 .5  t o  15 cm) were bunched by hand p r i o r  t o  sk idd ing ,  and were 
skidded t r e e - 1  ength. U n i t s  des ignated f o r  broadcast  bu rn ing  were burned t h e  season 
f o l l o w i n g  ha rves t i ng .  

The Teton Study S i t e  

The Teton s tudy s i t e  i s  l o c a t e d  on t h e  Gros Ventre D i s t r i c t ,  Br idger -Teton 
Na t iona l  Fores t ,  southwest o f  Dubois, Wyo. The s i t e  i s  t y p i c a l  o f  h ighe r  e l e v a t i o n  
o ld-growth  lodgepo le  p i n e  i n  t h e  c e n t r a l  and n o r t h e r n  Rocky Mountains. The area i s  
a  g e n t l y  r o l l i n g  p la teau  a t  about  9,000 f e e t  (2,743 m) e l e v a t i o n ,  i n  t h e  Abies 
Zasiocarpa/Vaccin~um scopariwn h a b i t a t  type.  The stands a r e  e s s e n t i a l l y  pure,  over -  
mature lodgepo le  p ine,  i n t e r s p e r s e d  w i t h  n a t u r a l  open meadows. Stand volumes a r e  
heavy f o r  lodgepo le  p ine,  averag ing i n  excess o f  9,000 f t3 per  ac re  (254  m3)  i n  
stems 3 inches (7 .6  cm) d.b.h. and l a r g e r .  As a  r e s u l t  o f  endemic i n s e c t  a c t i v i t y ,  
m i s t l e t o e ,  and o t h e r  causes o f  m o r t a l i t y ,  s tand ing  and down dead m a t e r i a l  makes up 
approx imate ly  o n e - t h i r d  of t h i s  volume. 

Management o b j e c t i v e s  f o r  o ld -growth  lodgepo le  p i n e  s i t e s  i n c l u d e  

- - t i m e l y  regenera t i on  and development of a new stand; 

- -avo id ing  o r  reduc ing  p o s s i b l e  i n s e c t  and disease impacts, 
bo th  on ad jacent  stands and t h e  new stand; 

- - p r o t e c t i n g  o r  enhancing e s t h e t i c  and w i l d l i f e  h a b i t a t  
va l  ues ; 

--Avo id ing adverse b i o l o g i c a l  impacts on s i t e  qua1 i t y .  

H i s t o r i c a l l y ,  t h e  lodgepo le  p i n e  t imber  t ype  has been cons idered most impor tan t  f o r  
w i l d l i f e  h a b i t a t ,  h i g h  e l e v a t i o n  watersheds, and o t h e r  such non-t imber uses. More 
r e c e n t l y ,  however, t h e  emphasis has s h i f t e d  t o  recovery  o f  a v a i l a b l e  wood t o  meet a  
growing demand f o r  softwood products.  

Harves t i ng  a c t i v i t y  i n  o ld-growth  lodgepo le  p i n e  o f ten  r e s u l t s  i n  l a r g e  volumes 
of r e s i d u e  because o f  t h e  decadent na tu re  o f  t h e  stands. Consequently, h a r v e s t i n g  
a l t e r n a t i v e s  t h a t  can achieve more i n t e n s i v e  recovery  and u t i l i z a t i o n  o f  t h e  t o t a l  
f i b e r  resource a r e  p a r t i c u l a r l y  impor tan t  t o  successfu l  management o f  t h e  s i t e .  
I n t e n s i v e  u t i l i z a t i o n  can so l ve  a d i f f i c u l t  r e s i d u e  d isposa l -  problem, reduce adverse 
p u b l i c  r e a c t i o n  t o  ha rves t i ng ,  and f a c i l i t a t e  p l a n t i n g  and o t h e r  site-management 
a c t i v i t i e s .  The u l t i m a t e  va lue  o f  i n t e n s i v e  u t i l i z a t i o n  as a management t o o l ,  
however, depends upon t h e  aggregate i n f l u e n c e  upon n u t r i e n t  a v a i l a b i l i t y ,  m ic roc l ima te ,  
b e n e f i c i a l  s o i l  microorganisms, s o i l  mo is ture ,  and o t h e r  s i t e  q u a l i t y  f a c t o r s .  

S i  1  v i c u l  t u r a l  a1 t e r n a t i  ves i n  01 d-growth lodgepo le  p i n e  a r e  g e n e r a l l y  1 i m i  t e d  t o  
c l e a r c u t t i n g  i n  some fash ion,  s i n c e  a  manageable r e s i d u a l  s tand does n o t  e x i s t .  
Treatments a p p l i e d  t o  t h e  s tudy s i t e  s p e c i f i e d  c l e a r c u t t i n g ,  and i n c l u d e d  two l e v e l s  
o f  u t i l i z a t i o n  and f o u r  pos t -ha rves t  s i t e  t rea tmen t  a l t e r n a t i v e s  ( t a b l e  3) .  The i n t e n -  
s i  ve o r  "near complete'' u t i  1  i z a t i o n  t rea tmen t  was in tended t o  eva l  uate a h a r v e s t i n g  
a l t e r n a t i v e  i n  which v i r t u a l l y  a l l  wood f i b e r  on t h e  s i t e  i s  used, e i t h e r  as sawlog 
m a t e r i a l  o r  as ch ips  f o r  p u l p  o r  p a r t i c l e b o a r d .  I n  t h e  absence o f  a c h i p  market, t h e  
p o s s i b i l i t y  o f  c h i p p i n g  res idue  and r e t u r n i n g  i t  t o  t h e  s i t e  ( i n  l i e u  o f  o t h e r  d ispos- 
a l  methods) s t i l l  e x i s t s .  Spreading ch ips  back on t h e  s i t e ,  one o f  t h e  s p e c i f i e d  Post-  
h a r v e s t  t rea tments ,  a l  lows e v a l u a t i o n  o f  t h e  b i o l o g i c a l  consequences o f  t h i s  op t i on .  



T a b l e  3.--Timber utilization treatments and post-harvest site treatments evaluated 
in old-growth lodgepole pine, Teton study site. 

Utilization 
Standard 

Material 
Removed 

Post -harvest 
Treatment 

Conventional Green and recently dead A. Broadcast burn 
sawlogs, to 6" (15 cm) B. Windrow and burn 
top; 113 or more sound. 

Near Colnpl ete All green and dead A. Leave as-is (bare) 
material , tree length, B. Re-spread 
incl udinq down dead chipped residue 
pieces 6 feet (1.8 m) as mulch. 
and longer. 

Four cutting units, each approximately 20 acres (8.1 ha), were harvested (fig. 6). 
Two were logged to conventional utilization standards, using common chainsaw felling, 
bucking, and sawlog skidding. Residue volumes following harvesting on these units 
amounted to over 4,300 ft\er acre (121 m3). The two remaining units were logged to 
a near-complete utilization standard, using a feller-buncher, tree-lenqth skidding 
with rubber-tired grapple skidders, and segregating merchantable logs at the deck. 
A11 material not meeting minimum specifications for sawlogs was chipped, using a 
portable whole-tree chipper at the site. 

Figure 6.--Harvesting -breatments carried 
out Bn old-growth Zodgepole pine on 
the Teton study s i t e  included inten- 
s ive  utiZLzation of v.irtuaZZy a22 
wood fiber. An intensive utiZCza- 
tBon subtreahnent area is shown 
immediate22 fo Ztowing hamesting 
operatCons . 



Each o f  the  f ou r  c u t t i n g  u n i t s  was sub-divided t o  accommodate spec i f i ed  post -  
harvest  s i t e  t reatments.  Residue p i l i n g ,  burning, and ch ip  spreading was accom- 
p l i shed  two years a f t e r  harvest ing was completed. 

The Solo-Hemlock Study S i t e  

The Solo-Hemlock study s i t e  i s  loca ted  on the  P r i e s t  Lake D i s t r i c t ,  Idaho 
Panhandle Nat iona l  Forest ,  approximately 25 m i l es  (40 km) northwest o f  P r i e s t  R iver .  
The s i t e  represents the  cedar-hemlock f o r e s t  type common across nor thern  Idaho and 
pa r t s  of western Montana. Western r ed  cedar, western hemlock, and grand fir make up 
most o f  the  stand, w i t h  western hemlock predominant. The s i t e  i s  on gen t l e  t e r r a i n  
a t  an e l eva t i on  o f  about 4,000 f e e t  (1220 m), and rece ives i n  excess of 50 inches 
(1 27 cm) o f  p r e c i p i t a t i o n  annual ly.  Stand volumes a re  t y p i c a l  l y  high. Merchantable 
sawtimber volume removed from the  study s i t e  was approximately 40 Mbd- f t .  per 
acre (560 m3/hai, and inven to ry  o f  an adjacent con t ro l  area found 13,000 cubic f e e t  
per acre (909 m /ha) o f  standing volume i n  a l l  stems. Because t he  species present 
are p a r t i c u l a r l y  sub jec t  t o  i n t e r n a l  r o t ,  volumes o f  res idue remaining on s i t e  
f o l l o w i n g  harvest ing a re  usua l l y  high. Post-harvest res idue volumes o f  5,000 - 
7,000 cubic  feet  per acre (350 - 490 m3/ha) a re  no t  unusual. 

Management ob jec t i ves  i n  old-growth cedar-hemlock stands are s t r ong l y  o r ien ted  
toward t imber product ion.  Major cons iderat ions inc lude  

--reducing o r  t r e a t i n g  the  t y p i c a l l y  heavy volumes o f  res idue 
t o  f a c i l i t a t e  p l a n t i n g  nursery stock;  

- -ob ta in ing  e a r l y  regenerat ion and development o f  a  new stand; 

--avoiding adverse b i o l o g i c a l  impacts on s i t e  q u a l i t y  and 
p r o d u c t i v i t y ;  

- -avoiding o r  reducing i nsec t  and disease impacts. 

S i l v i c u l t u r a l  a l t e r n a t i v e s  depend upon t he  composit ion and cond i t i on  o f  the 
stand, and upon management ob jec t i ves .  C lea rcu t t i ng  i s  the  most feas ib le  a l t e rna -  
t i v e  i n  o l de r  stands i n  which a manageable res idua l  stand does n o t  e x i s t .  Large 
volumes o f  res idue t h a t  remain f o l l o w i n g  logg ing are a  s i g n i f i c a n t  management 
problem. Consequently, i n t ens i ve  u t i  1  i z a t i o n  a1 t e rna t i ves  a re  o f  p a r t i c u l a r  i n t e r e s t ,  
and can he lp  so lve t he  res idue treatment problem as we l l  as recover add i t i ona l  usable 
wood f i b e r .  

A convent ional  sawlog harvest ing operat ion,  under a c l ea r cu t  s i l v i c u l t u r a l  
p resc r i p t i on ,  had been completed on the  s i t e  j u s t  p r i o r  t o  i n i t i a t i n g  research. 
A ground sk idd ing logg ing  system, us ing crawler  t r a c t o r s ,  had been employed. Three 
treatment subuni ts were se lected f o r  research purposes,. Post-harvest t reatments 
spec i f i ed  f o r  the  se lected subuni ts inc luded s imu la t ing  i n t ens i ve  u t i l i z a t i o n  by 
removal o f  e s s e n t i a l l y  a l l  residue; leav ing  res idue on t he  s i t e  untreated; and 
broadcast burning res idue ( t he  standard management p r a c t i c e )  ( t a b l e  4 ) .  



I Table 4.--Timber u t i l i z a t i o n  t rea tmen ts  and post -harvest  s i t e  t rea tments  eva luated 
i n  t h e  cedar-hemlock f o r e s t  type,  Solo-Hemlock s tudy s i t e .  

U n i t  
U t i l  i z a t i o n  
Standard 

Non-merchantabl e  vo l  ume 
Removed I L e f t  o n - s i t e  

Post -harvest  
Treatment 

Simulated i n t e n s i v e  
u t i l i z a t i o n  

Standard sawl og 
u t i l i z a t i o n  

Standard sawl og 
u t i l i z a t i o n  

None 

None 

Broadcast 
burn  

Due t o  t h e  volume and c h a r a c t e r  o f  r e s i d u e  on t h e  u n i t  des ignated f o r  s imula ted 
i n t e n s i v e  u t i l i z a t i o n ,  removal by s k i d d i n g  was n o t  cons idered f e a s i b l e .  Ins tead,  
r e s i d u e  was removed by b l a d i n g  o f f  t h e  area w i t h  a c r a w l e r  t r a c t o r .  The r e s u l t i n g  
l e v e l  o f  removal was somewhat more i n t e n s i v e  than would no rma l l y  be accomplished 
through y a r d i n g  o r  sk idd ing ,  and rep resen ts  an ex t remely  "c lean"  t rea tment .  The 
i n t e n s i v e  u t i l i z a t i o n  t rea tmen t  i s  in tended t o  eva lua te  t h e  b i o l o g i c a l  consequences 
of app ly ing  a  h a r v e s t i n g  a l t e r n a t i v e  i n  which v i r t u a l l y  a l l  wood f i b e r  on t h e  s i t e  
i s  recovered and used. 

POST-TREATMENT EVALUATION 

Research i n v e s t i g a t i o n s  f o l l o w i n g  h a r v e s t i n g  and r e s i d u e  t rea tments  on s tudy 
s i t e s  i n v o l v e d  a number o f  b i o l o g i c a l  d i s c i p l i n e s ,  and were designed t o  eva lua te  t h e  
e a r l y  pos t -ha rves t  b i o l o g i c a l  and management consequences o f  t h e  r e s p e c t i v e  t r e a t -  
ments. The a r r a y  o f  s t u d i e s  on a  p a r t i c u l a r  s i t e  v a r i e d  w i t h  t h e  resources,  people, 
and o p p o r t u n i t i e s  a v a i l a b l e .  The most i n t e n s i v e l y  ins t rumented and s t u d i e d  s i t e s  
were t h e  Coram (larch-Doug1 a s - f i  r )  and Teton ( lodgepo le  p i n e )  s i t e s ;  t h e  l e a s t  
i n t e n s i v e l y  eva lua ted  s i t e  was t h e  Solo-Hem1 ock (cedar-hemlock) s i t e .  

I n  general ,  t h e  research 
i n c l  uded 

--responses t o  t rea tmen t  
n u t r i e n t  s ta tus ,  hydro 

conducted on t h e  more i n t e n s i v e l y  s t u d i e d  s i t e s  

i n  such areas as biomass, meteorology,  
1 ogy, and m ic rob io logy ;  

--consequences r e l a t i n g  t o  i n s e c t  a c t i v i t y ,  s i t e  p r o d u c t i v i t y ,  
s tand r e g e n e r a t i o n  and development, unders to ry  vege ta t i on ,  
e s t h e t i c s ,  w i l d l i f e  h a b i t a t ,  and f u e l s  management; 

- - i m p l i c a t i o n s  f o r  resource p r o t e c t i o n  and management on t h e  s i t e .  



A concerted effort was made to coordinate the variety of sampling and instru- 
mentation tasks required to obtain data on studied sites. On the Coram site, for 
example, a grid of monumented sampling points was established in each subtreatment 
unit. At each point (or at a subsample of points, depending upon the requirements 
of the particular study) the necessary installations or reference plots were 
established. A typical sampling point (fig. 7) might include insect traps, access 
tubes for neutron probe measurement of soil water, a set of soil water sampling 
tubes, seed traps, and vegetation measurement sub-plots. Large numbers of soil, 
water, and vegetation samples were collected in the field and subsequently analyzed 
in the laboratory. 

Field data and the data generated in lab analyses were identified and placed in 
computerized storage in such a manner that later cross-referencing could be 
accomplished. A researcher investigating regeneration success, for example, can 
retrieve data describing microclimatic conditions, nutrient availability. soil 
moisture, and other site characteristics for specific sub-treatments and sample 
points within the subtreatment. 

INTERPRETING RESULTS 

Defining the environmental consequences of timber harvesting can be approached 
from either of two points of view. One approach is to subjectively observe the 
vegetative responses and biological events that occur on a site following treatment, 
and infer treatment effects from those observations. A second approach is to 
develop a basic body o f  knowledge about how specific treatments affect the physical, 
chemical, and biological character and function of the ecosystem. From that know- 
ledge, hypotheses that link treatment to response can be developed and tested. 
Program research has subscribed to the second approach for three reasons: 

--Basic ecosystem effects such as changes in microbiological 
activity, nutrient levels, and microclimatic conditions 
occur almost immediately foll owing treatment, and can be 
measured and quantified within a short post-treatment time 
period. 

--Developing cause-and-effect relationships between initial 
ecosystem responses to treatment and subsequent biological 
behavior provides a b,etter basis for extrapolating to 
other sites, and for predicting the probable effects of 
new or untried treatments. 

--Understanding basic cause-and-effect relationships provides 
a basis for developing harvesting treatment guidelines and 
specifications to meet site management objectives and 
amel iorate adverse consequences. 

There exists a recognized progression o f  effects i n  response to harvesting and 
residue reduction, beginning with basic environmental responses and ultimately 
leading to implications for resource management. Program research is heavily 
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oriented toward the basic response end of the spectrum for the reasons just discussed, 
but includes research in a1 1 aspects of the progressive process. Research being 
reported here can be broadly classified as addressing 

--First-order responses: basic environmental responses relating 
to soils, water, microbiology, meteorology, nutrients, and 
other basic site attributes. 

--Second-order responses: biological implications of the combined 
effects of first order responses, including site quality changes, 
vegetative development, forest pest activity, habitat changes, 
and other biological consequences. 

--Potential resource impacts: implications for longer-term 
resource protection and management, considering multiple 
resource management needs. 

The information  resented in the remainder of this ~uhlication is orsanized in three - - 

sections corresponding to these categories, and entitled "Basic ~nvironmental 
Responses", "Biological Impl ications" , and "Resource Management Impl ications." . 
Of course, the results discussed in any particular paper may include aspects of 
research ranging all the way from basic responses to resource management guidelines. 

Much of the research initiated by Program participants cannot be considered 
completed in any sense. Biological responses to treatment need to be followed for 
a period of time long enough to establish a reliable basis for long-term prediction. 
Early results provide better information than has been available to date, however, 
and develop a holistic approach to understanding and defining complex interrelation- 
ships in forest ecosystems. 

Program research provides the forester and land manager with significantly 
improved knowledge about the effects of timber harvesting -- including very intensive 
levels of utilization -- on the forest ecosystem. This information in turn affords 
an improved basis for prescribing harvesting practices to achieve desired mu1 ti pl e 
resource management objectives, and avoid environmentally undesirable or questionable 
practices. 



BASIC ENVIRONMENTAL RESPONSES 

Timber harvesting removes biomass from the s i t e ,  reduces vegetative cover, 
disturbs soi l  and  l i t t e r ,  and  increases exposure. In i t i a l  ecosystem responses are 
changes in the basic physical and biological properties and functions of the s i t e .  
Micrometeorological e f fec t s  may include changes i n  temperature, humidity, a i r  
movement, energy exchange, and s igni f icant ly  greater short-term fluctuat ions.  Soil 
and water ef fec ts  may include increased overland and subsurface flows, changes in soi l  
moisture, a n d  changes in soi l  water chemistry and nutr ient  ava i l ab i l i ty .  Microbiolo- 
gical e f fec t s  can include changes in fungal and microbial ac t iv i ty ,  and in associated 
processes related to  decay, nitrogen f ixa t ion ,  and symbiotic plant-fungi functions. 

Predicting the consequences o f  timber harvesting depends upon understanding 
and quantifying these basic cause-and-effect re1 ationshi ps. Program research has been 
heavily oriented toward studying these kinds of responses, termed "1 s t  order responses". 
Improved knowledge of how harvesting a c t i v i t i e s  a f fec t  basic  ecosystem character will 
provide the basis for  prescribing harvesting practices and fo r  predicting the conse- 
quences of a1 ternat ive practices. 

In t h i s  sect ion,  researchers report observed o r  measured basic environmental 
responses to  timber harvesting, under a range of harvesting prescriptions and stand 
conditions. Elapsed time since treatment i s  short on a l l  study s i t e s ;  consequently, 
the resul t s  reported here must be viewed as i n i t i a l ,  short-term resul ts .  Continuing 
studies will track most responses over time, and  may ultimately lead t o  modifying the 
resul t s  reported here. 



WOODY MATERIAL IN NORTHERN ROCKY MOUNTAIN FORESTS: 
VOLUME, CHARACTERISTICS, AND CHANGES WITH HARVESTING 

Robert  E . Benson , Research Fo res te r  
Joyce A. Schl i e t e r ,  Mathematical S t a t i s t i c i a n  

USDA Fores t  Serv ice ,  In termounta in  F o r e s t  and 
Range Experiment S t a t i o n  

ABSTRACT 

I n  mature c o n i f e r o u s  stands i n  t h e  Nor thern  Rockies, t o t a l  volume 
o f  wood 3 inches i n  d iameter  ( 7 . 6  cm) and l a r g e r ,  ranges f rom 
3,000 t o  8,000 f t 3 / a  (210 t o  560 m3/ha). T y p i c a l l y  about  h a l f  o f  
t h i s  volume i s  removed i n  logg ing,  and t h e  remain ing res idues  
i n c l u d e  up t o  50 percent  o r  more sound wood, p l u s  m a t e r i a l  i n  
v a r i o u s  stages o f  decay. I n  Wyoming, Montana, and Idaho over  
450 m i l l i o n  f t 3 ( 1 3  m i l l  i o n  m3) of res idue  may be l e f t  on s i t e  
annua l l y ,  b u t  r e s i d u e  i s  be ing u t i l i z e d  t o  meet demands f o r  wood. 

KEYWORDS: wood volume, wood biomass, l o g g i n g  res idues  

INTRODUCTION 

Dur ing t h e  p a s t  5 yea rs  t h e  Residue Research Program measured and descr ibed 
woody m a t e r i a l  a t  over 3,000 sample p o i n t s  i n  mature f o r e s t s  and logged areas.  T h i s  
paper descr ibes  t h i s  e f f o r t ,  t h e  woody m a t e r i a l ,  and t h e  changes i n  woody m a t e r i a l  
t h a t  occur w i t h  ha rves t i ng .  

I n i t i a l l y ,  t h e  o b j e c t i v e  o f  t h e  s tudy was t o  examine woody m a t e r i a l  a t  s p e c i f i c  
s i t e s  before and a f t e r  l ogg ing ,  as a  basis f o r  e v a l u a t i n g  t h e  p o t e n t i a l  f o r  u t i l i z i n g  
l o g g i n g  res idues  and t h e  subsequent c o s t s  pe r  u n i t  o f  volume. It soon became ap- 
pa ren t  t h a t  w i t h i n  t h e  d i f f e r e n t  d i s c i p l i n e s  i n v o l v e d  i n  our  research  e f f o r t ,  
researchers  descr ibed t h e  f o r e s t  i n  va r ious  terms. The measurement j o b  evolved i n t o  
a  d e s c r i p t i o n  o f  woody m a t e r i a l  be fo re  and a f t e r  ha rves t  a c t i v i t i e s .  T h i s  paper 
summarizes these s tud ies ,  and more d e t a i l e d  da ta  a r e  presented i n  fo r thcoming 
 publication^.^, 

I ~ e n s o n ,  Robert  E. and Joyce A.  S c h l i e t e r .  F o r e s t  res idues  i n  p r i n c i p a l  f o r e s t  
types of t h e  Nor the rn  Rocky Mountain area.  USDA For .  Serv. I n t e r m t .  For .  and Range 
Exp. Stn., Research Paper ( i n  process) .  

2Benson, Robert  E. and Joyce A. S c h l i e t e r .  Volume and weight  c h a r a c t e r i s t i c s  o f  
a t y p i c a l  Doug las- f i r /western  l a r c h  stand, Coram Exper imental  Fores t ,  Montana. 
USDA I n t e r m t .  Gen. Tech. Paper ( i n  process) .  



pr imary  purpose 
res idue  volumes 
e f f o r t s  evo lved 

The f i r s t  

STUDY SCOPE AND METHODS 

I n i t i a l l y  our  i n t e r e s t  was t o  generate d e t a i l e d  data  on woody m a t e r i a l  a t  
ha rves t  s tudy s i t e s  t o  serve as a  bas i s  f o r  v a r i o u s  cos t ,  u t i l i z a t i o n ,  s l a s h  d i s -  
posa l ,  and water  and n u t r i e n t  s tud ies .  The genera t i on  o f  d e t a i l e d  data  remained t h e  

, bu t  we began t o  r e c e i v e  repeated requests  f o r  es t imates  o f  t o t a l  
and t h e i r  u t i l i z a t i o n  p o t e n t i a l .  I n  response t o  these requests ,  our  
i n t o  i n f o r m a t i o n  ga the r ing  on two bases. 

i n fo rma t ion  base cons is ted  o f  p re-  and pos t -ha rves t  data f o r  t h e  
v a r i o u s  s tudy s i  t e s - - u s u a l l y  severa l  l o g g i n g  u n i t s  formed one s tudy s i t e .  The s tudy  
s i t e s  i nc luded  mixed c o n i f e r s  i n  n o r t h  Idaho, D o u g l a s - f i r l l a r c h  stands i n  Montana, 
and lodgepo le  p ine  s i t e s  i n  Montana, Idaho, Wyoming, and Utah. These were used t o  
develop a  broad-based es t ima te  o f  res idue  volumes f o r  severa l  of  t h e  major  f o r e s t  
types i n  t h e  Nor thern  Rocky Mountains. Th is  es t ima te  was made by u s i n g  e x i s t i n g  
f o r e s t  i n v e n t o r y  and management p lan  data  t o  develop area by f o r e s t  t ype  s t r a t a  t o  
which we a p p l i e d  t h e  res idue  data  from i n t e n s i v e  s tudy s i t e s .  

Because o f  t h e  l i m i t e d  amount o f  r e s i d u e  sampling and t h e  way va r ious  data 
sources were combined, t h e  s t a t i s t i c a l  accuracy o f  t h i s  sampling prov ides a rea-  
sonable f i r s t  approx imat ion  o f  volumes and, perhaps more impor tan t ,  a p r o f i l e  o f  
r e s i d u e  c h a r a c t e r i s t i c s  t h a t  should be of va lue  i n  broad-scale p lann ing  and resource 
assessment. 

Our data  a r e  l i m i t e d  t o  o ld-growth  sawtimber stands where t h e  b u l k  o f  t h e  
h a r v e s t i n g  - and most o f  t h e  r e s i d u e  management problems - w i l l  occur i n  t h e  f u t u r e .  
Our s t u d i e s  were l i m i t e d  t o  t h e  s i x  major  f o r e s t  types i n  t h e  Northern Rockies t h a t  
u s u a l l y  present  residue-management problems. The one major  t y p e  n o t  i nc luded  i s  
ponderosa pine,  f o r  i n  most cases, ha rves t  o f  o ld -growth  does n o t  generate l a r g e  
r e s i d u e  volumes o r  pose comparable d i sposa l  problems. 

For each f o r e s t  type,  we es t imated t h e  average volume pe r  ac re  o f  wood 3 inches 
o r  l a r g e r  i n  d iameter (7.6 cm), descr ibed t h i s  m a t e r i a l  i n  terms o f  u t i l i z a t i o n  
p o t e n t i a l .  A d d i t i o n a l l y ,  we developed es t imates  o f  du f f ,  1  i t t e r ,  and t r e e  crowns. 

Standing t rees  were measured u s i n g  convent iona l  survey procedures o f  f i x e d  o r  
v a r i a b l e  p l o t s .  Down m a t e r i a l  was measured u s i n g  t h e  p l a n a r  i n t e r c e p t  method on a  
g r i d  p a t t e r n  o f  random d i r e c t i o n  l i n e s V 3  Crown weights  were computed f rom formulas 
based on t r e e  species and diameter-"These components and t h e i r  volumes f o r  a 
t y p i c a l  D o u g l a s - f i r l l a r c h  stand a r e  shown i n  f i g u r e  1 .  

3 ~ r o w n ,  James. K. 1974. Handbook f o r  i n v e n t o r y i n g  down wcody m a t e r i a l  . 
USDA For. Serv. Gen. Tech. Rep. INT-16. I n t e r m t .  For. & Range Exp. Sta., 
Ogden , Utah 84401 . 

4Brown, James K., J .  A.  K. S n e l l  , and D. L. Bunnel , 1977. Handbook f o r  p re -  
d i c t i n g  s l a s h  weight  o f  western c o n i f e r s .  USDA-FS Gen, Tech. Rep. INT-57. I n t e r m t .  
For.  and Range Exp. Stn., Ogden, Utah 84401 . 



W N  MATERIAL, e 3 " 
(17.7 TONSIA) 

STANDING, 3 " 1 DIA.  ? 

(GREEN & DEAD) 
i m n 3 i ~  7 
(71 TONSIA) Lh 

4 

D O W N W D D D , 3 ' + O I A .  $ 
1641 FT31A 

(16 TONS I A l  

\ i 

DOWN WOODY, 
< 3 "  D I A .  
(4 .1  TONSIAI 

Total = 142 t o n s l a c r e  
(318 metric tons1 ha) 

Figure I . - -  Components of 7mor.Jy rnateriaL in a -tzypicaZ Douglas-f-ir/Zarch stand. 

STUDY RESULTS 

General Findings 

General f indings  of t h e  study a r e  as  follows : 

A typ ica l  mature stand contains  a considerably l a rge r  volume of wood 
than i s  accounted f o r  in  regu la r  f o r e s t  inven tor ies  o r  i n  t h e  usual 
timber s a l e  da ta .  This wood i s  dead, down, and small mater ia l  
normally l e f t  a s  res idue a f t e r  logging. 

Much of t h i s  res idue i s  s u i t a b l e  f o r  a  va r i e t y  of  wood products.  

The amount of wood and i t s  condition i s  widely va r i ab l e ,  p a r t i c u l a r l y  
those components considered res idues .  Although we attempted t o  
i d e n t i f y  c h a r a c t e r i s t i c s  such a s  stand age,  spec ies ,  s i t e ,  and 
aspec t ,  t h a t  might be useful t o  p red ic t  t he  amount and condi t ion of 
res idue material  i n  a given s i t u a t i o n ,  no c h a r a c t e r i s t i c  success fu l ly  
served as  a  usable p red ic to r .  



Th is  r e f l e c t s  ou r  f i n d i n g  t h a t  res idue  i n  mature stands i s  generated 
f rom insec ts ,  blowdown, disease, and o t h e r  f a c t o r s  t h a t  occur a t  
i n f r e q u e n t  and i r r e g u l a r  i n t e r v a l s  . 

4 ,  We were a b l e  t o  p r e d i c t  w i t h  some success t h e  amount o f  res idues  
generated i n  d i f f e r e n t  u t i  1 i r a t i o n  standards o f  1 oggi  ng g i ven  bas i c  
da ta  f o r  a s p e c i f i c  stand.  

Volume o f  Wood i n  Und is turbed Stands 

The t o t a l  volume of wood i n  mature sawtimber stands averages f rom 3,000 
f t 3 / a c r e  (21 0 m3/ha) i n  d r y - s i t e  D o u g l a s - f i r  stands t o  8,000 f t 3 / a c r e  (560 m3/ha) 
i n  grand fir stands ( t a b l e  1 ) .  On t h e  average o n l y  about  h a l f  t h i s  volume i s  green, 
merchantable m a t e r i a l  ( f i g u r e  2 ) .  A h i g h  p r o p o r t i o n  o f  m o i s t - s i t e  western l a r c h  and 
grand fir i s  r o t t e n  m a t e r i a l .  Some o f  t h i s  r o t t e n  m a t e r i a l  i s  crumbly and cou ld  n o t  
be harvested w i t h  convent iona l  equipment; some i s  s o l i d  r o t - - u s u a l l y  a sound c o r e  
surrounded by sapwood r o t .  

There i s  s u b s t a n t i a l  volume o f  sound dead m a t e r i a l  i n  lodgepo le  p i n e  and i n  
spruce-a lp ine fir types,  averaging 60 t o  70 percent  o f  a l l  dead m a t e r i a l  i n  t h e  
s tand.  T h i s  volume probab ly  r e f l e c t s  f a i r l y  d ry ,  coo l  summer c o n d i t i o n s  t h a t  
i n h i b i t  decay. 

One n o t a b l e  f e a t u r e  i n  a l l  stands i s  t h e  r e l a t i v e l y  smal l  p o t e n t i a l  f o r  
u t i l  i z i n g  a d d i t i o n a l  green m a t e r i a l - - t o p s  and smal l  stems. Other than merchantable 
m a t e r i a l ,  much o f  t h e  green volume i s  c u l l  m a t e r i a l ,  which i n  p a r t  i s  s u i t e d  f o r  
f i b e r  products  b u t  i s  t o o  r o t t e n  o r  poor form f o r  roundwood products ,  such as 
saw1 ogs o r  po l  es . 

The l a r g e  amount o f  sound-dead m a t e r i a l  i n  mature lodgepo le  p i n e  stands 
r e f 1  e c t s  r e c e n t  bark beet1 e epidemics. I n  southwestern Idaho, a mountain p i n e  
b e e t l e  epidemic has k i l l e d  up t o  90 percent  o f  t h e  c u b i c  volume i n  some stands. The 
t r e e s  remain s tand ing  and i n i t i a l l y  a r e  sound; then  t h e  r o o t s  decay, t h e  t r e e  fa1  1 s, 
and r o t  se ts  i n .  Frequent ly ,  t h e  t r e e s  become j a c k  strawed and remain severa l  f e e t  
o f f  t h e  ground ( f i g u r e  3 ) .  I n  these  ins tances  t h e  wood remains e s s e n t i a l l y  i n t a c t  
except  fo r  d r y i n g  checks. Much o f  t h i s  m a t e r i a l  can be u t i l i z e d  but ,  i n  i t s  c u r r e n t  
c o n d i t i o n ,  p resents  a f i r e  hazard, i s  d i f f i c u l t  f o r  l a r g e  animals t o  move through,  
and u s u a l l y  i n h i b i t s  regenera t i on .  

I n  o t h e r  f o r e s t  types,  t h e  t y p i c a l  p a t t e r n  seems t o  be a more gradual  decay 
t h a t  c rea tes  res idues  i n  stages o f  d e t e r i o r a t i o n  f rom new, sound dead t o  p a r t i a l l y  
r o t t e d ,  t o  a s h e l l  o f  crumbly, r o t t e d  m a t e r i a l .  



I 
11 Table 1,--Volume of wood by component in mature stands, residue study areas.- 

FOREST TYPE 

Spruce- 
Douglas-fir Grand A1 pine 

1 / 

Component Lodgepole Larch Moist S i te  Dry S i t e  f i r  f i  rY 

+-I 
I 

Green Trees 
Merchantable logs 
Cull 
To P 
Small stems 

Sub t o t a l  

Standi ng Dead 
No defect 

3 I Sound defect- 
Solid rot 
Crumbly ro t  

Sub to ta l  

Down 
No defect 

31 Sound defect- 
41 Solid rot- 

41 Crumbly rot- 
Sub to ta l  

Vo1 ume, f t3/acre 

11 Top volumes and stem volumes for  small t r ees  were compiled from recently 
~ u b l  ished formulae based on species, dbh, and height. ( ~ a u r o t ,  James C . ,  1977. 
Estimating merchantable volume and stem residues in four timber species.  USDA-FS 
Research Paper INT-196. I F&RES, Ogden, Utah 84401 ) . 

21 Breakdown o f  t o t a l  into components estimated. - 
3/ Sound defect includes crook, sweep, fork, s p l i t s  and drying checks tha t  

prevent use for  solid wood products b u t  not for f ibe r  use. 

4/ Solid ro t  includes pieces with rot but tha t  can be handled in logging. 
~rumbiy ro t  i s  material tha t  will not hold together in logging. 



Merchantable Green 

Other Green 

Sound Dead 

F i g u r e  2.-- ~oZwne of  wood 3 inches (7.6 em) 
in dinmeter and Zarger per acre major 
forest types. 

FOREST TYPE 

F i g w e  3.-- Dead and down sound mater.i-a2 .i-n a ZodgepoZe pine stand. 



Small material under 3 inch (7.6 cm) diameter on the ground, and crowns of 
standing t rees  make u p  additional wood biomass. The average weight of t h i s  material 
for  three fores t  types in undisturbed stands i s :  

Doug1 a s - f  i r /  Lodgepol e Grand 
larch pine f i r  

Crowns 
Woody 
Foi 1 age 

Down woody 

TOTAL 

Changes Produced by Harvesting 

Given t h i s  mix of wood materials in the  natural undisturbed fo res t ,  what 
happens when a stand i s  logged? The changes produced by harvesting depend on the 
volume and condition of the preharvest stand, the type of harvesting system, and the 
u t i l i za t ion  standards tha t  d ic t a t e  what will be removed and what will remain on the 
s i t e .  Generally, the more non-merchantable material I n  the original stand, the more 
residue i s  generated. 

Harvesting systems include cutting prescriptions and logging methods. A part ial  
cut--only a portion of the merchantable t rees  are removed--will generate l e s s  residue 
than i f  a l l  stems a re  cut .  In clear-cut study areas an estimated 3200 f t 3  per 
acre (224 m3ha) of residue remained a f t e r  harvesting compared to  2200 f t 3  per 
acre (154 m3/ha) a f t e r  par t ia l  cut t ing.  S i t e s  included i n  the study covered a range 
of stand conditions and fo res t  types. 

ALL RESIDUES 

M -  p GREEN RE5 IDUE 

0 

~ i g u r e  4.-- Proportion o f  z300d left as 
residues with  diffsrent u t iZ ixa tCon  
standards.  

UTIL IZAT ION STANDARD 



The s p e c i f i c  u t i l i z a t i o n  standard has t h e  most in f luence  on res idue  volumes. 
On 37 harves t  a r e a s  t h a t  included both c l e a r - c u t t i n g  and p a r t i a l  c u t t i n g ,  t h e  
res idua l  volumes were 14 percent o f  t h e  t o t a l  pre-harvest  volume i n  c l o s e - u t i l -  
i z a t i o n  u n i t s ,  26 percent in  i n t e r m e d i a t e - u t i l i z a t i o n  u n i t s ,  and 38 percent  i n  
conven t iona l -u t i l  i z a t i o n  u n i t s  ( f i g u r e  4 ) .  

The exact  s tandards  var ied somewhat among s tudy a reas5 ,  b u t ,  g e n e r a l l y ,  
conventional logging required removal of merchantable green sawlogs from t r e e s  9 
inches  (23 cm) d .b .h . ,  t o  a 6 inch (15  cm) diameter end. In in te rmedia te -u t i l -  
i z a t i o n  u n i t s ,  merchantable sawlogs, sound dead, and logs  from t r e e s  down t o  5 
inches (13 cm) d . b . h . ,  were removed. Close u t i l i z a t i o n  removed v i r t u a l l y  a1 1 
m a t e r i a l s  3 inch (8 cm) diameter and l a r g e r .  

Other research p a r t i c i p a n t s  s tudied t h e  amount and kind of mater ia l  removed 
from the  s i t e  compared t o  those  remaining, a s  a bas i s  f o r  eva lua t ing  long-term s o i l ,  
water ,  and n u t r i e n t  regimes. The da ta  we der ived from the study a r e a s ,  c u t t i n g  
u n i t s ,  and sub-treatments i s  t o o  d e t a i l e d  f o r  inc lus ion  i n  t h i s  paper,  but Table 2 
provides a summary of t h e  information.  

Tab1 e 2 ,  --Preharvest  and post  harvest  volume of woody mater ia l  

Harvest Condition Preharvest  Postharvest  Fines 
Vol. 3"+ (7 .6  cm) Vol . 3"+ ( 7 . 6  cm) 

Conventional 
u t i l i z a t i o n  6828 478 261 4 183 10.8 2.4 

Close 
u t i l i z a t i o n  6548 458 11 93 8 3 9 .3  2.1 

P a r t i a l  C u t  

Conventional 
u t i l  i z a t i o n  61 47 430 1834 128 7.8 1.7 

Close 
u t i l i z a t i o n  5373 376 1191 83 6 .I 1.4 

Source : Benson and Johns ton (1 974)  
Benson and S c h l i e t e r  ( i n  process) 

5Benson, Robert E .  and Cameron M. Johnston.  1976. Logging res idues  under 
d i f f e r e n t  stand and harvest ing cond i t ions ,  Rocky Mountains. USDA For. Serv. Res. 
Pap. INT-181, 1 5  p .  Intermt.  For. and Range Exp. Stn . ,  Ogden, Utah 84401. 



Depending on the cutt ing and treatment, 1,200 t o  2,000 f t Q w  acre (84 to  182 
m3/ha) of residue remains on the s i t e .  On an oven-dry weight b a s i s ,  t h i s  represents 
15 t o  35 tons per acre ( 3 . 4  t o  7.8 kg/m2) of material 3 inches ( 7 . 6  cm) and  la rger .  
Fine material - on the ground prior  t o  harvest and crown components lopped or broken 
off during harvest - add t o  another 10 o r  more tons per acre ( 2  kg/m2). In the 
areas where we measured f ine  material loadings, there i s  usually about 2 or 4 tons 
per acre (0.4 t o  0.9 kg/m2) on the ground pr ior  t o  harvest. Harvesting increases 
by several fold the amount of downed branches, twigs, and fo l iage .  

SUMMARY AND CONCLUSIONS 

The data on volumes o f  residue summarized here are  based on u t i l i za t ion  practices 
and standards t h a t  were typical when we began our studies about 5 years ago. Since 
tha t  time substantial progress has been made in residue use, part icularly standing 
dead lodgepole pine for house1 ogs and other products. 

The to ta l  residues generated each year by logging these six principal fo res t  
types in Montana, Idaho, and Wyoming to ta l  355 million f t 3  (10  million rn3) ( f igure 5 ) .  
Another 110 mill ion f t 3  (3.1 mill ion m 3 )  of residues are  formed from harvesting other 
fo res t  types. Some o f  t h i s  residue volume i s  already being u t i l i zed ,  b u t  there i s  
s t i l l  a large volume of material potential ly available.  In the past ,  high cost of 
recovery and low-value product potential precluded removal , b u t  current trends in the 
demand and value of wood for  f ibe r  and energy are rapidly changing the s i tua t ion .  In 
the fu ture ,  more material will be removed from logged areas.  

RESIDUES FROM S I X  MAJOR TYPES 
(OF, WL,LPP,GF.S. AFI 

(3. 1 mi l l i on  Ma ) 

L R E S  I DUES FROMr 
OTHER FOREST TYPES 

Figure 5.-- Wood residues generated annuaZZy from harvesting {n Montana, 
Wyoming, and Idaho. 



The demands for wood fiber combined with the technology o f  harvesting and 
management can result  in the manipulation of on-site residues, and may prove an 
important factor i n  future land management prescriptions. Threshold values and 
guidelines must be developed so the proper amounts o f  residue remain on the s i t e ;  or 
conversely, the proper amount i s  removed t o  optimize a l l  aspects o f  management. 
These guide1 ines should define the amount of residual material as well as i t s  size 
and arrangement. 

Management, i n  i t s  ef for ts  t o  meet resource needs without damaging forest  
ecosystems, will need to  incorporate data on the residue component into the planning 
process. I t  may become as important t o  know the amount and nature of what i s  l e f t  
on a s i t e  as i t  i s  t o  know the volume of merchantable material harvested. 



MICROENVIRONMENTAL RESPONSE TO HARVESTING AND RESIDUE MANAGEMENT 
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ABSTRACT 

Experiment stat ion 

The concept of energy balance i s  useful in analyzing the environ- 
mental changes and in predicting biological responses that  follow 
timber harvesting and residue management. The physical properties 
of the surface have a large effect  on the surface environment. 
Surface conditions such as radiation load and temperature have 
reached lethal levels  following harvesting on several s i t e s .  
Harvesting also aggravates and creates f ros t  pockets that  severely 
1 imit seedling establ ishment. Some predictive models are discussed 
that  aid in prediction of environmental conditions and re la te  to 
biological imp1 ications. Methods of using residue manipulation t o  
a l t e r  the microenvirontnent are suggested. 

KEYWORDS: 1 ogging residue, temperature, net radiation, operational 
environment, energy budget 

INTRODUCTION 

Harvesting has specif ic ef fects  on the mi croenvi ronrnent which in turn influence 
the subsequent development of the s i t e .  The condition o f  a microsite within several 
meters of the surface can vary considerably over space and time. When extreme condi- 
tions are created by harvesting they may hamper seedling establishment and cause 
successional development t o  take an undesirable path. The magnitude, frequency, and 
duration of any harvest-related changes are the crucial factors in relation to seed- 
ling requirements. Quantitative infornlation based on these factors precedes the 
creation of practical model s : model s based on fundamental physical princl ples may be 
appl ied to  a wide range o f  habitat types and harvest s i tuations.  Although universally 
accepted relationships are not yet  fu l ly  developed, research aims a t  modeling bio- 
physical responses t o  harvesting in pursuit o f  predictive model s for  land managers. 



I n  t h i s  paper I examine t he  ef fec ts  of harvest ing and res idue treatments on the  
microenvironment. A c lose  cons iderat ion of the  components o f  an environment and 
c e r t a i n  b iophys ica l  p r i n c i p l e s  i s  necessary t o  an understanding o f  the  na tu ra l  com- 
p l e x i t y  o f  causal r e l a t i onsh ips .  Data r e s u l t i n g  from f i e l d  s tud ies  conducted by t h i s  
program helps t o  c l a r i f y  by quan t i f y ing  r e l a t i onsh ips .  The work o f  o ther  researchers 
on microenvi ronmental responses, manipulat ion,  and/or p r e d i c t i v e  models complements 
my i n t e n t  t o  review p o s s i b i l i t e s  and s t imu la te  a new approach i n  management. 

ENVIRONMENTAL-PHYSIOLOGICAL CONCEPTS 

We reap the  bene f i t s  o f  spectacular developments i n  science and technology every 
day. Since Geiger 's book, The Climate Near t he  Ground, appeared i n  1950, e f f o r t s  t o  
apply  the  p r i n c i p l e s  o f  na tu ra l  science and quantat ive physics t o  b i o l o g i c  systems 
have magnified. Papers and books discuss the p r i n c i p l e s  o f  environmental physics 
w i t h  re ference t o  p l an t s  (Wi j k  1963; Gates 1962; Monte i th  1973; f4unn 1966; Rose 1966; 
Rosenburg 1974; Lowry 1969; Campbell 1977). As a r e s u l t  t he  emphasis and approach 
concerning t he  importance of environment t o  f o r e s t  growth and uses has changed. 
Whi 1 e Toumey and Kors t ian (1  947) recognized the  great  importance o f  environment, 
t h e i r  emphasis was necessar i l y  on qua1 i t a t i v e  determinat ions o f  environment-plant 
responses. Th is  es tab l i shed  t he  importance o f  environment, bu t  a p r e d i c t i v e  under- 
s tanding based on q u a n t i t a t i v e  f ac to r s  was no t  ava i lab le .  

We know t h a t  shade o r  drought o r  genet ic  f ac to r s  a f f e c t  growth, bu t  t h i s  does 
no t  exp la i n  the  process. Environmental processes a f f e c t  p l a n t  processes on1 by 
changing the  i n t e r n a l  processes and cond i t i ons  (Kramer and Kozlowski l 9 6 O e I n  
essence, the  key t o  understanding how p lan t s  respond t o  environmental va r iab les  
depends on t he  i n t e r a c t i o n  w i t h  phys io log ica l  processes o f  t he  p l an t .  I f  we a re  t o  
manage f o r  a c e r t a i n  species o r  community, we must know i t s  requirements f o r  su r v i va l ,  
opt imal  growth, and complet ion o f  i t s  l i f e  cyc le .  

Since the  environment and phys io log ica l  processes o f  organisms a re  r e l a ted ,  how 
do we define environment? I n  the  broadest sense the  environment 5s t he  t o t a l  sur -  
roundings o f  an organism ( A l l e e  and Park 1939), i n c l ud ing  the  d i r e c t  and i n d i r e c  
e f f e c t s  o f  t h e  surroundings. Spomer ( l973) ,  def ines t he  f ac to r s  t h a t  d i r e c t l y  a 
organisms as t h e  operational environment. Th is  operat iona l  environment imp1 i e s  
f ac to r s  t h a t  i n t e r a c t  between an organism's s u r r o u n d i ~ g s  and the  i n t e r n a l  cond i t  
o f  the  organism. The i n t e r a c t i o n  leads t o  an i n t e r n a l  change i n  t he  organism i n  
response t o  i t s  environment. 

t 
f f e c t  

i ons  

The operat iona l  environment i s  character ized by f ac to r s  s i g n i f i c a n t  t o  an 
organism's i n t e r n a l  physiology such a s :  heat, 1 i g h t ,  moisture,  nu t r i en t s ,  gases, and 
mechanical energy. I n d i r e c t  fac to rs  - pH, aspect, e leva t ion ,  temperature, s o i l  
t e x t u r e  - descr ibe t he  p o t e n t i a l  f o r  exchange. These a re  impor tant  on l y  as they 
d i s t i n g u i s h  between causal f ac to r s  and those t h a t  a re  co r re la ted .  Knowledge o f  t he  
exchange 1 eve1 s o f  causal f ac to r s  can es tab l  i sh t he  p o t e n t i a l  phys io log ica l  a c t i v i t y  
o f  an organism. With heat, f o r  example, t he  p o t e n t i a l  a c t i v i t y  depends on the  tempera- 
t u r e  d i f fe rence  between t h e  organism and i t s  imnediate surroundings. The p o t e n t i a l  
f o r  change i s  descr ibed by entropy. Temperature i s  e a s i l y  measured, bu t  entropy i s  
n o t  measurable, However, t he  o v e r a l l  exchange can be c l o s e l y  approximated us ing 
res is tance  t o  f low. 



Where: C s  i s  the  concentration a t  the surface;  
C, i s  t he  concentration in the  atmosphere and 
r' i s  the  resis tance t o  flow 

Table 1 l i s t s  measurable indi rec t  fac tors  for  each of the operational fac tors .  

Table 1 .-- Some operational f ac to r s ,  o r  those capable of being exchanqed, and 
measurable parameters for each. 

Operational fac tors  

Heat 

Moisture 

Measurable parameters 

Soil temperature 
Air temperature 
Radiation 

Water potential 
Soil moisture 
Precipi tat ion 
Evapotranspiration 
Snow accumulation 
Snow me1 t 

Nutrients Soil nut r ien ts  

Gases 

Light 

Mechanical energy 

Oxygen 
Carbon dioxide 

Qua1 i t y  
Radiation 

Wind 
Soil creep 
Frost heaving 

I t  i s  important t h a t  we base our s tudies  on the operational fac tors  so tha t  
models and predict ive relat ionships will be more widely appl icable (Berg1 und 
1974). Further, t h i s  permits us t o  measure only what i s  needed to  answer our spec i f i c  
questions which Federer (1974) c a l l s  the  r i f l e  approach. This i s  opposed t o  the 

I shotgun approach which measures as  many things as possible hoping something will be 
useful . Model s constructed based on these concepts wi 11 have more uni versa1 appl i - 
cabil  i t y .  



METHODS 

Barger (1980) descr ibes the  var ious aspects of t he  s i t e s  and treatments used i n  
t h i s  study. The basic s i l v i c u l t u r a l  p resc r i p t i ons  inc luded group se lec t ion ,  she l t e r -  
wood and c l ea rcu t t i ng .  A t  one s i t e  p a r t i a l  c u t t i n g s  removing both the  overs to ry  and 
t he  understory were used. On a l l  s i t e s  we used an uncut p o r t i o n  o f  the stand as a 
c o n t r o l  , 

Residue and seedbed preparat ion t reatments were superimposed on the c u t t i n g  
u n i t s .  I n t ens i ve  u t i l  i z a t i o n  standards and conventional u t i l  i z a t i o n  standards l e f t  
d i f f e r i n g  amounts o f  d i  f f e r e n t - s  ized residues on the  s i t e s .  Both t reatments were 
broadcast burned a t  one s i t e  ( f i g .  1A). A t  two o ther  s i t e s  residues were l e f t  
unburned ( f i g .  10). One treatment on a l l  areas s tud ied had a1 1 residues and advanced 
regenerat ion removed t o  1 i nch  i n  diameter, l eav ing  on l y  low understory vegetat ion 
( f i g .  1 ~ ) .  A t  one s i t e  residues were chipped and spread back on the s i t e  ( f i g .  ID). 
The f ou r  study s i t e s  represented a v a r i e t y  o f  h a b i t a t  and t imber  types, w i t h  c l i m a t i c  
cond i t i ons  va ry ing  from warmldry t o  co ld lwe t  and e leva t ions  as h igh as 9,500 f e e t  
(2  900 m). 

Fo l lowing a re  b r i e f  desc r ip t ions  o f  each s i t e :  

Coram Ex~e r imen ta l  Forest  i s  near West Glac ier ,  Mont. H a b i t a t  types 
a re  var ibus phases of the  Abies las iocarpa ~ l i n t o n i a  u n i f l o r a  type ( ~ f i s t e r  
and others  1977) on e l e v a t ~ o n s  d from 4, 0 f-m-00 f t  
(1 585 m).  ~ 1 1 .  t reatment areas had an east  f ac i ng  aspect on 40-60 percent 
slopes. 

Lubrecht Experimental Forest  i s  on the  B lack foo t  River  approximately 35 
m i les  nor theast  o f  Missoula, Mont. The h a b i t a t  type i s  b a s i c a l l y  
Pseudotsuga menziesi i /Vaccinium caes i t o s u y  on gen t l y  r o l l i n g  t e r r a i n  a t  
4,000 f t  (1 20 0 m) e l evq t i on  w i t  Ti--- west t o  northwest aspects. 

Solo-Hemlock area i s  i n  extreme eastern Washington near P r i e s t  Lake, 
Idaho. Hab i t a t  type i s  Tsu a hetero h l l a  pachist ima rn r s i n i t i e s  a t  an h -Lent areas a a n o r t  aspect e l eva t i on  o f  4,000 f t  (1 2 
w i t h  10-20 percent slopes. The stand was v i r g i n  t imber  300-400 years o ld .  

Wyoming S i t e  i s  i n  t he  Union Pass area of the  Bridger-Teton Nat ional  
Forest ,  40 m i les  southwest o f  Dubois, Wyo. Hab i t a t  type i s  - Abies lasiocarpa/ 
Vaccinium sco arium. The stand i s  lodgepole p ine a t  e leva t ions  ranging 
- O h 0  m) t o  9,500 f t  (2 900 m), w i t h  an eas t  fac ing aspect 
on slopes from 0-20 percent. 

Our ob jec t i ves  were t o  moni tor  the  operat iona l  f ac to r s  t o  determine t h e i r  
response t o  the  se lected harvest ing and residue treatments, We chose t o  eva luate the 
mic ros i tes  a t  o r  near the  ground sur face and no t  at tempt t o  moni tor  cond i t i ons  
w i t h i n  t he  f o r e s t  canopy. Many o f  the  s p e c i f i c  m ic ros i tes  monitored were se lected 
because o f  o ther  s tud ies on regenerat ion,  microbiology, entomology, e tc .  We a l s o  
chose t o  base our measurements on data t h a t  would a l l ow  us t o  evaluate t he  energy 
budget components described by Geiger (1  950). I n t e r r e l a t i o n s h i p s  between var ious 
energy f l ow  components can be represented by the  f o l l o w i n g  balance equat ion (Gates 
1968; Lowry 1958), c a l l e d  the  energy budget equat ion:  



Figure I.-- Residue treatments used foZZming eonvsnti 
Zeft in place; ( C )  AZZ residue removed down to I i 
on the site. 

Z utiZization: ( A )  Broadcast burning; I B )  Residues 
diameter; (Dl Residues chipped and spread back 



Energy In = Energy O u t  

I n  th is  equation the symbols are explained as follows: 

Rn = the net amount of radiant energy available a t  the surface, called 
net radiation 

ET = the net amount of energy used a t  the surface for evaporation, con- 
densation, freezing, melting and transpiration, called 
evapotranspiration 

H = the net amount of energy released from the surface to the a i r  by 
convection, called sensible heat flux 

G = the net amount of energy transferred from the surface into the 
soil and other materials below the surface, called soil heat 
f l u x  

M = the net amount of energy used in metabolism, including respiration 
and photosynthesis. This term i s  usually so small i t  i s  ignored. 

This balance equation can be used for a canopy surface, leaf surface, animal 
surface or soil surface, I t  permits a real is t ic  assignment of cause for internal 
responses based on energy relationships. 

Other climatic variables were also monitored in conjunct 
studies. Continuous records from 1973 through 1979 have been 
ments a t  Coram. Records a t  Lubrecht and Solo creek have been 
1979 and a t  the Wyoming s i t e  in 1979. The following l i s t  ind 
parameters measured : 

solar radiation 
net radiation 
photosynthetically act 
soil heat flux 
precipitation 

ion with other biological 
kept for certain treat-  
kept from 1977 through 

icates some of the 

residue temperature 
1 i t t e r  temperature 

ive radiation a i r  temperature 
wind speed and direction 
soil  temperature 

Various instruments were used, including a newly-buil t automated system t o  p u t  
data on cassette tapes. As much of this  data has yet to be analyzed and interpreted, 
the results presented here are only prel iminary. 



HARVESTING AND RESIDUE INFLUENCES 

Rad ia t ion  and Energy Fluxes 

C u t t i n g  methods and res idue  o r  seedbed t reatments both  a f f e c t  t h e  amount o f  
s o l a r  r a d i a t i o n  e n t e r i n g  t h e  s o i  1 surface.  Mean monthly (summer) s o l a r  r a d i a t i o n  
t o t a l s  a t  Coram f o r  uncut  and p a r t i a l  c u t  stands were 25% and 65% r e s p e c t i v e l y ,  o f  
t h e  amount rece ived on a c l e a r c u t .  The amount o f  l i g h t  reach ing the  ground i s  a 
func t ion  o f  canopy d e n s i t y  and o f  t h e  percent  o f  t h e  stem removed i n  l ogg ing .  
F i f t y - s i x  percent  of t h e  crown weight  was removed i n  t h e  p a r t i a l  cu t .  So la r  r a d i a -  
t i o n  d i f f e r e n c e s  i n  t h e  w i n t e r  were n e a r l y  t h e  same. 

Stud ies  by Hornbeck (1970), Brown (1972), and McCaughey (1978) i n d i c a t e  t h a t  
albedos a r e  h igher  on c l e a r c u t  surfaces than they  a r e  above the  canopy. Residue and 
seedbed p repara t ion  t reatment  a l s o  a l t e r  t h e  n e t  amount of  1 i g h t  i n c i d e n t  on t h e  
su r face  ( t a b l e  2) .  A g lance a t  t h e  t a b l e  shows t h a t  r e f l e c t i v i t y  d i f f e r s  cons ide rab ly  
among such comnon m a t e r i a l s  as needles ( 6 % ) ,  wood ch ips  (36%), and charcoal  (2%) .  
Other common surfaces such as grass, bare s o i l ,  bark, e tc . ,  a r e  a l s o  q u i t e  d i f f e r e n t .  
The amount o f  s o l a r  and longwave r a d i a t i o n  r e f l e c t e d  a f f e c t  t h e  n e t  amount o f  energy 
( n e t  r a d i a t i o n )  a v a i l a b l e  a t  t h e  surface, 

Table 2. - -Forest  m a t e r i a l s  and t h e i r  shortwave (a1 bedo) and longwave i n c i d e n t  r a d i a -  
t i o n  r e f l e c t i v i t y  ( a f t e r  Rosenburg 1974; Fowler 1974; Lowry 1969). 

Surface A1 bedo Longwave R e f l e c t i v i t y  

Snow ( f resh)  
Sand ( d r y )  
Water ( h i g h  sun) 
Coni ferous f o r e s t  
Deciduous f o r e s t  
F i e l d  crops 
Clay s o i l  ( d r y )  
Peat s o i l s  
Needles (p ine,  d r y )  
Needles (spruce, dry) 
Bark (p ine,  f r e s h )  
Bark (p ine,  o l d )  
Grass ( f r e s h )  
Grass o l d )  
Chips t pine,  f r e s h )  
Charcoal ( I  ump) 



C u t t i n g  methods a t  Coram had a considerable ef fect  on net radiation q t  the 
surface. Daily to ta l s  were nearly the same in the center of a 16-acre clearcut and 
a l-acre clearcut--400 cal /cm2/day and 360 cal/cm2/day, respectively ( f ig .  2 ) .  The 
diurnal progression for both clearcuts was also similar. B u t  net radiation on the 
same day was 70% (1 23 cal/cm2/day) and 46% (219 cal/cm2/day) less  for  the uncut and 
shelterwood areas, respectively. Monthly mean daily amounts showed the same dif -  
ferences part icularly from May through September ( f i g .  3 ) .  Differences during the 
winter months were not as great. I t  i s  interest ing t o  note that  for  some months (i.e. 
December) the net radiation showed a net loss o f  energy. Data from the Lubrecht s i t e  
( f i g .  4 )  showed t he  same differences between the clearcut and uncut treatments. 
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Figure 2.  --DiurnaZ var ia t ion  <n net  radiat.i.on by cu t t i ng  method on 
June 18, 1976, Corm ExperimentaZ Forest. DaiZy totaZs are given 
f o r  each treatment. 
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F i g u r e  3.-- Mean dai ly  net radiation hy month fo r  stands a t  C o r n  ExperimentaZ 
Forest. 

MONTH 

Figure 4.-- Mean daily net  ~adiafiZon by month fo r  clearcut ( 1 5  a c ~ e s )  and 
uncut stands at Lubrecht Exp@rimentaZ Forest, 1978.  



Nigh t  r a d i a t i o n  values f o r  the  c l ea r cu t s  on both s i t e s  were more negat ive than 
they were on the  uncut s i t e s .  Th is  ind ica ted  a greater  l oss  o f  energy from the  
c l e a r c u t  surface, r e s u l t i n g  i n  coo le r  p o t e n t i a l  temperatures. The canopy o f  an uqcut 
stand ac t s  as a  b lanket  ho ld ing  i n  energy. McCaughey (1978) determined t h a t  ne t  
r a d i a t i o n  was reduced 10% by c l ea rcu t t i ng ,  as compared t o  the  d a i l y  t o t a l  above t he  
coni ferous canopy. The ne t  ef fects of c u t t i n g  d i f f e r  above the  canopy and a t  the 
so i  1  surface. 

Methods o f  seedbed preparat ion inc lude  leav ing  residues on s i t e  o r  removing 
var ious amounts of them, and burn ing and mulching. Theo re t i ca l l y ,  each o f  these 
a1 t e rna t i ves  should have a  d i f f e r e n t  e f fec t  on ne t  r a d i a t i o n  vqlues. Pre l im inary  
ana lys is  o f  our  data i nd i ca tes  t h a t  on unburned surfaces where residues were l e f t ,  
ne t  r a d i a t i o n  was g rea te r  than where res idue was removed. Net r a d i a t i o n  i s  s i g n i f i -  
c a n t l y  h igher  over dense res idue surfaces than over burned surfaces. Treatment areas 
w i t h  residues burned had h igher  ne t  r a d i a t i o n  values than unburned areas where residues 
were removed o r  chipped o r  where mineral  s o i l  was l e f t  exposed. Net r a d i a t i o n  over 
areas where vegetat ion had grown back, however, was the  same, whether p rev ious ly  
burned o r  cleared. Data from our  Wyoming s i t e  ( f i g .  5). show t h a t  f l u x  dens i t y  o f  ne t  
r a d i a t i o n  was much h igher  on c leared and burned areas than i n  places s c a r i f i e d ,  o r  
where residues were chipped and spread over the  surface. 

Figure 5. - -  Net radiat ion over severaZ surfaces i n  a d e a r c u t  at t he  
Wyoming s i t e ,  ae noon on JuZy 22, 1979. fie differences between 
burned and cleared and bekween scarified and chip spread probably 
are not sign< f$cant. 

Thermal c h a r a c t e r i s t i c s  o f  surface mate r ia l s  and s o i l  i n f luence  the  d i s t r i b u t i o n  
o f  t he  energy. The mate r ia l s  comnonly encountered a t  our s i t e s ,  a long w i t h  t h e i r  
thermal p roper t ies ,  a re  l i s t e d  i n  t a b l e  3. Our data al lowed us t o  ca l cu l a te  approx- 
imate energy f luxes,  t o  g e t  an i n d i c a t i o n  o f  the  o v e r a l l  energy balance. We used 
Campbell 's (1 977) equations t o  ca l cu l a te  sens ib le  heat f lux ,  and sub t rac t ion  t o  
est imate evaporat ive f l u x  ( f i g .  6) f o r  data on one day i n  a  c l ea r cu t  a t  Coram. 



Sensible heat f lux ,  evaporative f lux and so i l  heat f lux  were a l l  negative s ince 
energy i s  diss ipated away from the surface. Sensible heat f lux  was the l a rges t  
throughout the day. The increase in evaporative f lux  a t  1400 hours may have resul ted 
from instrument locat ion problems. Soil heat f lux generally i s  g rea te r  where net 
radiat ion i s  greater .  Measurements made for one day a t  the Wyoming s i t e  show t h a t  
t he  sensible  heat f lux  component was grea te r  on the burned and cleared treatment 
areas  than on the  chip spread area ( f i g .  7 ) .  The s o i l  heat f lux  component was 
grea ter  on the burned area than on the others .  Because surfaces were dry,  evapora- 
t ion  f luxes under a l l  treatments were lower than sensible  heat f luxes.  

Table 3.  --Forest mater ials  and t h e i r  thermal conductivity and spec i f i c  heat ( a f t e r  
Fowler 1974; Lowry 1969) .  

Specif ic  heat 
Thermal conducf v6 ty l  C 

Material cal/crn-' sec C cal grn-I OC- I  

Peat 0.0001 5 0.44 
Sand ( a i r  dry) 0.0004 0.20 
Sol 1 0.0006 0.20 
Cl ay 0.003 0.70 
Wood 0.0003 0.27 
Chips 0.00014 0.27 
Bark 0.0001 5 0.40 
Needl es 0.00008 0.40 
Charcoal 0.00012 0.20 
Air 0.00005 0.24 
Water 0.001 5 1 . O  
Granite 0.011 0.21 

HOUR 

FLUX 

F;gure 6 .  -- Diurnal variat ion i n  energy baZance 
cowrponants a t  the surface of a broadcask 
burn, Cooram ExperimentaZ Forest, east- 
facing 55% slope, July 28, 1 9 7 6 ,  



C L E A R C U T  

Rn E H 

a *  15% 
CLEARED Figure 7 .  -- Energy balance components: Rn = ne t  

radiation; E: = evapotrampirat;on; H = sensibZe 
heat f lux;  m d  G = soiZ heat flux a t  the  Wyoming 
s i t e  for chips spread, cZeared, broadcast burned 
cmd uncut treatments Z r e c t i o n  of arrows shows 
direct ion of flow and width ind icates  the reZa- 
tive mount. "aM represents the  albedo of the 
surf ace. 

Temperature 

Midsunmer maximum surface temperatures were 25% higher  i n  c learcu ts  &han an 
uncut stands. Temperatures i n  p a r t i a l  cu ts  o f  vary ing i n t e n s i t i e s  were 10 C-15 C 
higher  than i n  uncut areas. Temperature di f ferences between c l ea rcu t  and uncut 
stands were ~ i m i  l a r  i n  d i f f e r e n t  study areas. However, mean maximum temperqtures 
d i f f e r  by 20 C o r  more among study arpas. Da i l y  d i f ferences between temperatures of 
c l ea rcu t  and uncut stands exceeded040 C ( f i g .  8). Da i l y  maximum tempgratures on our 
study s i t e s  f requent l y  exceeded 50 C, and were measured as h i gh  a8 70 C. D a i l y  and 
mean monthly maximum temperatures and the leng th  of t ime above 50 C ( f i g .  9) i n d i c a t e  
p o t e n t i a l  harmful l eve l s  o f  heat f o r  seedl ingso( tab le  4). Maximum temperatures i n  
uncut stands a t  Coram and Lubrecht exceeded 50 C but  never l a s t e d  more than one 
consecutive hour. Conversely, temperatures i n  the  c l ea rcu t  a t  Coram remained 5 0 ' ~  
f o r  4-5 hours. A t  Lubrecht, i n  t heopa r t i a l  cu t s  where the overstory  was not removed, 
temperatures f requent l y  exceeded 50 C, bu t  no t  fo r  mgre than 2 consecutive hours. 
Temperatures i n  the  c l e a ~ c u t  a t  Lubrecht exceeded 50 C f o r  5-6 hours on c l e a r  days 
and sometimes reached 66 C o r  mored Temperatures i n  the  uncut stand a t  Solo Creek 
( m ~ t u r e  hemlock) never exceededo30 C, but  i n  the Solo Creek c l ea rcu t  they exceeded 
50 C f o r  3-4 hours, reaching 56 C. Data from several days i n  Wyoming i n d i c a t e  
temperaturesoin the 9,000 f o o t  c l ea rcu t  exceeded 60 C f o r  several  hours, bu t  remained 
less than 25 C i n  the  uncut stand. 

Figure 8.-- DiurnaZ temperature 
o f  duf f  ~ u r f a c e  for d e a r c u t  
Icontro l l  study areas, Corm 
Forest. 
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Figure 9.-- Mean maximum, mean, and mean m i n i m  surface temperatures 
by month f o r  Lubrecht (A1 in 2978 and So20 Creek I B )  i n  1977 and 
1978. 



Table 4.--Numberoof hours dur ing  the  growing season t h a t  surface temperatures 
were 50 C o r  greater.  

Sol o Lubrecht Coram* 

Uncut 
C l  earcut  

*Not a complete summer per iod.  

From May through October, mean monthly minimum sur face temperatures were 
lower i n  the  c lea rcu ts  than i n  uncut stands. N i g h t l y  temperatures i n  the  Lubrecht 
c l e a r c u t  f requent ly  f e l l  below f r eez ing  i n  the  summer. I n  1978 the  longest  per iod  
between freezes was 3 weeks. There i s  a b i o l o g i c a l l y  s i g n i f i c a n t  di f ference 
between t he  number o f  f r o s t - f r e e  days experienced by the  c l ea rcu t  and uncut study 
areas a t  th ree  o f  our s i t e s  ( t a b l e  5 ) .  As w i t h  maximum temperatures, minimum tempera- 
t u res  f o r  p a r t i a l  c u t t i n g  t reatments f e l l  between those o f  t he  c l ea r cu t  and uncut 
areas. Figure 10 ill us t ra tes  the  r e l a t i v e  temperature d i f fe rences  between t h e  var ious 
t reatments-on co ld  summer n i gh t s  and on the  f o l l ow ing  day. 

Table 5, --Number o f  f r o s t - f r e e  days a t  the  surface f o r  a summer per iod  i n  1978 f o r  
uncut and c l ea rcu t  stands a t  Solo Creek, Lubrecht and Coram. 

Sol o Lubrecht Coram* 

Uncut 173 11 2 - 
Clearcut  98 20 122 

*Data no t  complete f o r  summer per iod.  

OVERSTORY 
REMOVED 

CLEARCUT SELECT l ON 
CUT 

UNCUT UNDERSTORY 
REMOVED 

Figure 1 0 .  -- D a i l y  maximum and minimum surface temperatme8 (OC) by 
cutting un i t  a t  Lubrecht, A u p s t  29,  1978. 



I t  i s  logical that  i f  surface temperatures are different  for  clearcut and uncut 
areas then soil temperatures are also different .  Data from Solo Creek in July 
( f i g .  11 ) show so i l s  under the clearcut t o  be warmer a t  depths t o  20 inches (50 cm). 
Data from Coram shows cl earcut temperatures in midsummer t o  be 6OC-3OC higher from 
1-10 inches i n  depth than those of the uncut stand. Studies a t  Newman Ridge 
(Shearer personal communication) have shown differences of 8OC a t  10 inches below 
clearcut and uncut areas. Increases i n  net radiation and consequently heat flux a t  
the surface of clearcuts produce increases in a i r  temperature. Mean a i r  temperature 
a t  Coram in midsummer a t  standard height increased 4 O C  following clearcutting. Other 
study resul ts  show increased a i r  temperatures close t o  the surface* 

0 7 .  

B C D  

UNCUT C l l T  
Mean a 

!b' / Mean max. 

10 15 20 25 30 35 40 

TEMPERATURE ( O C )  

Figure 11. -- Mean m a x i m  and mean temperature profiles by  depth  for 
J u l y  1978 on uncut and cZearcu;S s i t e s  a t  So20 C m a k .  O2 is -the humus 
Zayer and BCD is brown crwnbly decayed wood. 

Residue treatments and seedbed preparation treatments such as burning and 
scarifying have an additional af fect  on temperature regimes. The placement, color 
and thermal properties of surface materials help determine surface temperatures. 
Highly reflect ive and conductive materials have much cooler surfaces than absorbant 
materials w i t h  low conductivity (Cochran 1969; Fowler 1974; Lowry 1969).  Common 
fores t  materials l ike l i t t e r ,  s o i l ,  logs, chips, charcoal, rocks, e tc .  , have con- 
siderably different  properties (tab1 e 3 ) .  

The following equation i l l  ustrates the relationship between surface properties 
and surface temperature: 

where AT i s  the change in temperature, A G  i s  the change in heat flux, k i s  the thermal 
conductivity and cp i s  the heat capacity. 

Surface temperatures a t  two s i t e s  (Lubrecht and Coram) were very similar in both 
broadcast bugned and cleared areas. Maximum temperatures on both treatments ranged 
from 50 C-60 C ,  and minimum temperatures were also nearly the same for  both t rea t -  
ments. Temperatures a t  9,200 f e e t  ( 2  800 m) i n  Wyoming followed the same pattern. 



Maximum daiay temperatures f o r  the two treatments were w i t h i n  Z'C-3'~ o f  each other, 
reaching 63 C on some days. Maximum temperatures a t  the ch ip  surface were about 10 C 
lower. A t  Lubrecht, mean monthly maximum surface temperatures f o r  the  summer per iod  
were 1 0 ' ~  aower on bare s o i l  than on 1 i t t e r .  D i f ferences i n  d a i l y  maximums were as 
much a s  15 C ( f i g .  12). 

/-' BARE SOIL SURFACE 

20 I ~ l l l l l l l l l l ~  
18 19 20 21 22 23 24 25 26 2 3 4 

JULY AUG. 

DAY AND MONTH 

Figure 12.--Maxim d a i l y  l i t t e r  surface and bare so i l  surface tempmatures 
a t  Lubrecht, for  some JuZy and August 1978 days .  

Since t he  surface temperatures d i f f e r e d  on 1 i t t e r ,  bare so i  1, burned and ch ips-  
spread areas, we expected temperatures above and below the  surface t o  d i f f e r  ( f i g .  13). 
Temperatures above the  surface (20 cm and 137 cm) a t  the Wyoming s i t e  were nea r l y  the 
same f o r  the  cleared, burned and chips-spread treatments. Below the  surface, however, 
temperatures were warmest f o r  the burned treatment and coo le r  f o r  the  c leared and 
chips-spread areas ( f i g .  14 A and B ) ,  Burning by removing some o f  t he  l i t t e r ,  a l lows 
heat t o  penetrate f a s t e r  and deeper. Spreading o f  the ch ips insu la tes  so l1  from 
extreme surface va r i a t i ons .  Clear ing leaves a l a y e r  o f  l i t t e r  deeper than does 
burning, bu t  t h i s  l i t t e r  has l e s s  o f  an i n s u l a t i n g  e f f e c t  than chips,  Figure 15 
shows the  d iu rna l  progression o f  temperatures a t  d i f fe ren t  he ights  and depths w i t h  
respect t o  the  surface, The d a i l y  temperature wave i s  damped a t  20 cm and the  range 
i s  small even a t  5 cm. L im i ted  data a t  Lubrecht and Coram reveal  the same t rend  of 
temperature w i t h  depth f o r  the d i f f e r e n t  surface treaments. Cochran ' s  (1  969) r e s u l t s  
i l l u s t r a t e  the  same trends. 



Chips - 
Clrare!! 

Uncut --- 

Figu~e 13.-- Temperature profiles at, above, and beZow the chip spread, 
cleared (residue removed), broadeast burned, and uncut supfaces for 
0400 hours and 1400 hours, Wyomi.ng site, J ~ Z ~  10, 1979,  
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10 15 20 25 30 35 Figure 14 .  -- ( A )  Suit tempemture 
profile beZow the surface of the  

TEMPERATURE ( "c) cZeared and broadcast burned sCtes 
a t  1130 hours. ( B I  Soil tempera- 
ture profiZe beEow *he ch<p spread 
and cZeared treatments at 1730 
hours. 



Figure 15.-- Diurnal progression of temp- 
erature profiZe above and below the  
chips on JuZy 10, 1979 a t  t he  Wgorning 
s i t e .  Note t ha t  diurnaZ change is 
damped at 20 em. 

Upper surface and underside temperatures of fresh residues were monitored by 
probes inserted 5 mn below the sugface. Maximum temperatures on the upper surface in 
the clearcut a t  Coram exceeded 50 C for several hours on most sunny days from April 
through September ( f ig ,  16). Residue surface temperatures were very similar t o  that 
o f  the l i t t e r  surface a t  Coram. Maximum temperatures a t  the center and underside o f  
4 inch pieces o f  residue were significantly less than those on the surface of the 
residue (f ig .  16 ) .  A t  the clearcut, maximum temperatures throughout a 4 inch piece 
of residue were significantly greater than temperatures on the residue surface a t  the 
uncut stand. 
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Ffgure 16.-- Diurnal change i n  eemperature a t  the surface, center and underside of 
a 4-.inch p.iece of residue suspended above the  s o i l  surface, compared with the 
residue surface i n  the  uncut stand. 73ata from Coram Exper.i.menta2 Forest on 
September 1 4  and 15, 1975,  



Brown, crumbly, decayed ma te r i a l  (BCD) i s  the product o f  the  environment and 
fungal  a c t i v i t y  on f r esh  residues over a per iod  o f  several  hundred years. BCD i s  an 
impor tant  h a b i t a t  fo r  tqycorrhizal a c t i v i t y  (Harvey 1980). Maximum temperatures 
w i t h i n  the  BCD (4 &m below the  surface) a t  Coram l y i n g  on t he  c l ea rcu t  s o i l  surface 
seldom exceeded 30 C i n  midsumer.  Temperatures were g rea te r  and more,varied i n  BCD 
on the  c l ea rcu t  than i n  t he  uncut. Typical  maximums were l e s s  than 25 C ( f i g .  17) .  

25 1 BROWN CUBICLE 
DFCAYED W O W  4 

% I 0  
W CONTROL 

Pfgure 7 7 .  -- EurnaZ change i n  temperature f o r  brolim c m m b l y  decayed wood in 
cZeareut and urtcut fcontroZ) & a d s  a t  Corm, Septemiler 14 and 15, 3975.  

Data from a typical clear day i n  midsummer a t  Lubrecht revealed considerable 
d i f f e rences  between t he  temperatures o f  BCD, humus, and t he  surfaces of residue and 
1 i t t e r  ( f i g .  181. Large temperature d i f ferences occurred between mic ros i tes  , and the  
a i r .  The temperature p r o f i l e  w i t h  respect t o  deptb was d i f f e r e n t  f o r  s o i l  than f o r  
BCD ( f i g .  19).  A t  1100 hours BCD was as much as 6 C warmer a t  a depth of 2 1/2 cm, 
and the  d i f f e rence  between s o i l  and BCD was probably even g rea te r  l a t e r  i n  the  day. 
To t h i s  p o i n t  the  data r e f l e c t  d i f fe rences  i n  c lea rcu ts  i n  f u l l  sun l i gh t .  Obviously, 
sur face shading by residues, vegetat ion,  o r  o ther  ob jec ts  would lower maximum p o t e n t i a l  
temperatures and change the temperatures o f  a1 l mater ia l s  a t  var ious depths. 

Humus 

Decayed 

Residue Bare Soil Litter 

Figure 18.  -- M a x i m  microsi.te temperutmes 2:n L2;zlbrecht cZ,mrcuk, August 4, 2978. 



BCD 

TEMPERATURE ( O C I  

Figure 19. -- Temperature pro f i l e  beneath t he  surface o f  so i l  and brow;! c m h l y  
decayed wood (BCD),  Lubrecht clearcut ,  May 18, 1979, a t  2100 hours, and beneakh 
BCD a t  1200 hours. 

Topographical differences between study s i tes  interacted with the treatment 
induced differences described above. Nighttime temperature typically decreases w i t h  
elevation, and in some si tes  blockages t o  cold a i r  drainage produced localized frost  
pockets. Differences between the minimum surface temperatures and frequency of 
frosts a t  various Lubrecht s i tes  ( f i g .  10 and  20) resulted from radiation cooling 
caused by cutting and cold a i r  sett l ing. Frost-free periods lasted much longer in 
the uncut and partial cut s i tes  because their  canopies retained more heat. 

OVERSTORY 
REMOVED 

CLEARCUT SELECT l ON UNCUT UNDERSTORY 
CUT REMOVED 

Figure 20.-- lVwnber of frost-free days i n  1978 by cutting method, Lubrecht 
ExperimentaZ Forest. Temperatures o f  -lot or  less  a t  the  surface are defined 
as  f ros t .  



A t  Coram, steep harvested slopes had a much longer frost-free period (based on 
a i r  temperature) than d i d  the local creek bottom ( f i g .  21) or two nearby valley 
stations (Hungry Horse and West Glacier). In the clearcut, radiation cooling of 
surfaces depressed minimum temperatures compared t o  those of the uncut stand. 
Clearcuts received freezing temperatures 10 days sooner than uncut areas, but  30 days 
la te r  than the local creek bottom. Di f f e r~nces  were n o t  nearly as  great as a t  
Lubrecht, At  Solo Creek, 1 i ke Coram, freezing temperatures in midsummer were n o t  a 
problem, although clearcutting did decrease the number of frost-free days (f ig .  2 2 ) .  

CLEARCUT 

SHELTERWOOD 
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1 

F?&ww 21.-- m b e r  of days t o  the  f i r s t  frost in the cutting iSreaemeni4s foZZowing 
the  f i r s t  p o s t  i n  *ha o l d  cZeareut beZow t h e  treatments.  Based on a i r  temper- 
atures a t  Corm i n  1976. 

RES l DUE LEFl CLEARED UNCUT 

Figure 22. -- h'umber of frost- free days i n  1978 by cu t t ing  a7zd residue treatment, 
So20 Creek. Temperatures o f  -1 '~  o r  l e s s  a t  the s w f a c e  are defined as 
frost. 



A t  the Wyoming s i t e  radiation cooling and cold a i r  drainage problems also com- 
bined t o  create temperatures we1 1 below freezing (fig.  23 ) .  Nightly surface tempera- 
tures in July 1979 dipped below freezing 17 of 20 days on the chips-spread, 13 of 20 
days on the cleared, and 2 of 20 days on the broadcast burned treatments. The cleared 
and chips-spread treatment areas happened to be in a level area below the burned and 
uncut treatments. Settl ing of cold a i r  along with thermal properties increased 
radiational cooling and added t o  the cutting's effect. The clearcut merged with a 
meadow a t  the drainage, the mouth of which was "damned" by timber, restricting cold 
a i r movement . 

I CLEARED 

Figure 23.-- M i n i m  temperatures at the Wyoming site on J u l y  10, 1979. The Zower 
mzll of numbers represents temperatures at the surface; the upper row represents 
temperatures at 5 cm above the surface. 

Moisture and Wind 

The precipitation regimes of the study s i tes  were considerably different, with 
annual totals of 18 inches a t  Lubrecht, 30 inches a t  Coram, 40 inches a t  Solo Creek 
and 35 inches a t  the Wyoming s i t e .  Our most intensive data came from the Coram s i t e .  
The year before harvesting a t  Coram (1973) was extremely dry, and 1974 was somewhat 
less dry; 1975, 1976, and 1977 were wet years (table 6 ) .  Precipitation among cutting 
units varied considerably because of topographic features. The units were located a t  
the head of a drainage featuring an elevation change of 1,000 feet,  and the upper 
units received 15-20 percent more moisture during the growing season. 

Uncut and partial cut s i tes  receive less rainfall a t  the soil surface because 
trees intercept moisture. Compared t o  clearcuts, the uncut stand a t  Coram received 
an average of 25% less moisture a t  the surface, and the partial cut 15% less ,  during 
growing season. The percentage lost  i s  greater in storms with small amounts of 
precipitation. Newman (1980) discusses these effects in more detail. 

I t  i s  well known that soil moisture storage increases on s i tes  following clear- 
cutting, a t  least  for a few years. This results from the elimination of transpirational 
1 osses. Residue and seedbed preparation treatments often a1 te r  these effects signifi-  
cantly. Treatments that loosen the surface soil may have adverse effects on moisture 
storage, Loosened soil dries quickly, and as soil moisture decreases the surface 
temperature increases (~ochran 1969). Moisture losses are greater from exposed 
mineral soil than from those protected by residues. Soils dry faster 5 cm below the 



sur face of unburned and hard-burned mineral  s o i l  than below a l i t t e r - c o v e r e d  surface 
o r  a  charcoal -covered surface. Hermann (1 963) found the  h ighest  so i  1  moisture tens ion 
occurred i n  s o i l  w i t h  a bare sur face.  Organic layers  conserve s o i l  moisture,  bu t  
produce h igh  sur face temperatures. 

Table 6 , - -Prec ip i ta t ion  rece ived a t  the s o i l  surface a t  Coram, by c u t t i n g  method. 

1975 
June 
J u l y  
August 
September 

To ta ls  

1976 
June 
J u l y  
August 
September 

To ta ls  

1977 
June 
J u l y  
August 
September 

T o t a l s  

The shade o f  vegetat ion reduces evapora t i ve  losses and sur face temperat i res,  bu t  
f requen t l y  no t  enough t o  compensate f o r  the  mois ture used by the  vegetat ion.  H a l l i n  
(1 968) found mois ture tensions a t  18 cm depths i n  revegetated cutovers t o  range from 
18-85 atm and from 3-13 atm where vegetat ion was removed. Some mate r ia l s ,  such as 
BCD, appear t o  a c t  as mois ture s inks (Harvey 1980). Newman (1980) and Packer (1980) 
prov ide more s p e c i f i c  i n fo rmat ion  about the  s o i l  mois ture e f f e c t s  o f  var ious t r e a t -  
ments. 

Eva luat ing wind f low above and w i t h i n  f o r e s t  canopies i s  extremely complex. 
There i s  great  va r i a t i on ,  bu t  t he  di f ferences are important.  We d i d  n o t  evaluate i n  
d e t a i l  the  e f f e c t  o f  harvest ing and residues on wind, bu t  speed and d i r e c t i o n  a t  10 
f e e t  i n  he igh t  were measured a t  Coram f o r  each c u t t i n g  t reatment.  Our data supports 
the  r e s u l t s  i n  the  1 i t e r a t u r e  t h a t  wind speeds i n  the canopies o f  p a r t i a l  and uncut 
stands are l e s s  than those above c learcu ts .  Wind v e l o c i t y  and d i r e c t i o n  a f f e c t  seed 
d ispersa l  and na tu ra l  regenerat ion (Shearer 1980). Much i s  known about the  e f f ec t s  
o f  opening s izes  and canopy height on wind movement. Bergen (1976), O l i v e r  (1971), 
and others  discuss a i r  f l o w  w i t h i n  the  f o res t  canopy. I f  the  understory i s  sparse, 
wind v e l o c i t i e s  a t  the  he igh t  o f  canopies a re  lower than above o r  below cqnopies. 



By changing wind pat terns,  c l e a r c u t t i n g  and p a r t i a l  c u t t i n g  increase the  suscep- 
t i  b i l  i t y  o f  a stand t o  blowdown. Considerable windthrow occurred around the c learcu ts  
and w i t h i n  t he  p a r t i a l  cu ts  a t  Coram. P a r t i a l l y - c u t  s i t e s  on the  Flathead Nat iona l  
Forest, a t  l e a s t  i n  t he  v i c i n i t y  o f  Hungry Horse Reservoir, f r equen t l y  experience 
b l  owdown, 

Residues l e f t  on the  s i t e  slow a i r  movement near t he  ground. The amount, 
character,  and placement o f  residues a l t e r  the  wind speed w i t h  he ight .  As a r e s u l t ,  
evaporat ion and convect ive energy exchanges a re  a1 tered. Decreasing wind movement 
decreases minimum and increases maximum temperatures. 

POTENTIAL BIOLOGICAL CONSEQUENCES 

L i g h t  

The amount, qua1 i ty ,  and dura t ion  o f  1 i g h t  a re  s i g n i f i c a n t  t o  b i o l o g i c a l  pro-  
cesses, L i g h t  af fects p l a n t  growth through both photosynthesis and the thermal 
balance t h a t  con t ro l s  t r a n s p i r a t i o n  and o ther  i n t e r n a l  phys io log ica l  processes. 
L i g h t  l e v e l s  a l s o  a f fec t  t he  d i s t r i b u t i o n  and su rv i va l  o f  o t he r  organisms, 

Photosynthesis depends on a photochemical r eac t i on  t h a t  requ i res  7 i g h t  energy t o  
s p l i t  water molecules. If othe r  f ac to r s  o f  heat and COz a re  no t  1 i m i t i n g ,  photosyn- 
t h e s i s  increases i n  p ropor t ion  t o  1 i g h t  i n t e n s i t y .  Species have d i f f e r e n t  i n t e n s i t y  
requirements a t  which maximum photosynthesis w i l l  occur. Foresters have labe led  
p l an t s  t o l e r a n t  or i n t o l e r a n t .  Cer ta in  of the  chemical processes in photosynthesis 
a re  temperature s e n s i t i v e  o r  COz sens i t i ve .  I f  e i t h e r  o f  these f ac to r s  becomes 
c r i t i c a l  under adequate 1 i gh t ,  photosynthesis w i l l  decrease. Any one of these th ree  
factors  may become l i m i t i n g  i n  nature.  Water i s  a l s o  c r i t i c a l  t o  the photosynthet ic  
r a t e  which can be l i m i t e d  by d r y  o r  c o l d  s o i l s .  The v i s c o s i t y  of water i s  increased 
i n  c o l d  s o i l s ;  t h i s  increases the  res is tance  t o  movement and decreases the  ra tes  of 
chemical react ions.  High 1 i g h t  i n t e n s i t i e s  and h igh  temperatures i n d i r e c t l y  1 i m i  t 
photosynthesis by causing damage t o  t issues.  Excessive suppl ies  of COP cause i n j u r y  
a1 so. 

Photosynthesis and r e s p i r a t i o n  determine growth r a t e  and product ion of biomass. 
Respi ra t ion r a tes  o r  ox i da t i on  o f  the carbohydrates produced i n  photosynthesis a re  
c o n t r o l l e d  by temperature asd o q g e n  l eve l s .  P lants  w i t h  pho to resp i ra t ion  e x h i b i t  
optimum r e s p i r a t i o n  fro! 10 C-25 C. Plants  w i thou t  pho to resp i ra t ion  e x h i b i t  optimum 
r e s p i r a t i o n  a t  about 35 C. Increases i n  temperature a t  c e r t a i n  l e v e l s  increase 
r e s p i r a t i o n  and decrease ne t  photosynthesis. Lee and Sypol t (1974) found t h a t  basal 
area growth o f  a f o res t  i n  West V i r g i n i a  was reduced because h igh  canopy temperatures 
reduced d r y  mat ter  product ion.  These h igh  canopy temperatures r esu l t ed  from h igh  ne t  
r a d i a t i o n  loads and coo le r  so i  1 temperatures, The coo le r  s o i l  temperatures decreased 
water absorpt ion t o  t he  p o i n t  where canopy t r a n s p i r a t i o n  exceeded the  r a t e  o f  water 
absorpt ion.  Lee and Sypol t  (1974) suggested t h a t  h i g h  n e t  r a d i a t i o n  l e v e l s  (g rea te r  
than 0.7 cal/cm2/min) may d i r e c t l y  reduce ne t  ass im i la t ion .  

L i gh t ,  as i nd i ca ted  i n  the  above discussion, can increase the  temperature of a 
p l a n t  l e a f .  Th is  increase i n  temperature increases the  d i f fe rence  between the  vapor 
pressures o f  a i r  and of the  i n t e r n a l  c a v i t i e s  o f  the  lea f ,  thereby, inc reas ing  
t r ansp i r a t i on .  This i s  what took p lace i n  the  above example. L i g h t  a l so  causes the  
stomates t o  open, a l l ow ing  t r ansp i r a t i on .  T ransp i ra t ion  e f f e c t i v e l y  coo ls  t he  



canopy. L i g h t  then i n d i r e c t l y  causes dess icat ion and l e t h a l  e f f e c t s  through i n -  
c reas ing t r a n s p i r a t i o n  and evaporation. 

The i n t e n s i t y  o f  l i g h t  and r a d i a t i o n  outs ide o f  the  v i s i b l e  spectrum increases 
t he  temperature o f  p l an t s  and o the r  ob jects .  P lants  and animals have many mechanisms 
f o r  c o n t r o l l i n g  o r  reducing the  ef fec ts ,  some o f  which w i l l  be discussed l a t e r .  

L i g h t  i s  known t o  have p o t e n t i a l l y  l e t h a l  e f f e c t s  on p l an t s  and t o  be e f f e c t i v e  
i n  con t ro l  l i n g  o r  a1 t e r i n g  p l a n t  d i s t r i b u t i o n .  Reports i nd i ca te  t h a t  h igh  1 i g h t  
i n t e n s i t i e s  i n j u r e  the photosynthet ic  process o f  some s e n s i t i v e  species (Ronco 
1 970), bu t  t h i s  damage may be r e l a t e d  more t o  1 i g h t  qua1 i t y  than i n t e n s i t y .  U l t r a -  
v i o l e t  r a d i a t i o n  i s  increased considerably a t  h igh e leva t ions  and apparent1 y damages 
nuc le i c  ac ids i n  the c e l l s  o f  some species (Caldwell 1971). U l t r a v i o l e t  l i g h t  appears 
t o  a f f e c t  t r e e  development and poss ib ly  in f luences species d i s t r i b u t i o n  (K le i n  1978). 
Other wavelengths o f  l i g h t ,  such as f a r  red, seem t o  reduce germinat ion and a f f e c t  
o t he r  phys io log ica l  processes. Many s tud ies have shown shade t o  be bene f i c i a l  t o  
growth and su rv i va l .  However, i t  i s  no t  s ta ted  whether 1 i g h t ,  temperature, o r  some 
o the r  operat iona l  f ac to r s  were a1 tered, 

Heat 

Heat and energy exchange t h a t  changes temperature regimes a re  b i o l o g i c a l l y  
s i g n i f i c a n t .  Temperature descr ibes a body's p o t e n t i a l  f o r  exchanging heat w i t h  i t s  
surroundings. Our s tudy 's  r e s u l t s  i n d i c a t e  t h a t  d i f f e r e n t  k inds o f  m ic ros i tes  i n  the 
same l o c a l i t y  a t  the same t ime do no t  have the  same temperatures ( f i g .  19).  Too 
o f t e n  we have u n w i t t i n g l y  assumed t h a t  measurement o f  a i r  temperature w i l l  t e l l  us 
what i s  going on a t  a p a r t i c u l a r  loca t ion .  The d i f fe rences  between a i r  temperature 
and t h a t  o f  a p l a n t  o r  p l a n t  p a r t  can be s i g n i f i c a n t .  Small d i f fe rences  about thresh - 
o l d  values can mean 1 i f e  o r  death, o r  produce s i g n i f i c a n t  d i f ferences i n  growth. 

The l e t ha loh igh  temperature f o r  most p l a n t  t i s sue  i s  about 54'~; exposure o f  
seedl ings t o  54 C f o r  about 30 minutes w i l l  cause death. Research has documented the  
occurrence of h igh temperatures k i l l  ing t r e e  seed1 ings (Shearer 1967; S i l e n  1960). 
Our data i n d i c a t e  l e t h a l  temperatures do occur on res idue and l i t t e r  surfaces i n  
c lea rcu ts  i n  the  Northern Rocky Mountain area. Factors such as t he  age o f  p l an t s  and 
the i n s u l a t i o n  p rope r t i es  o f  t h e i r  bark, determine the  p o t e n t i a l  f o r  exchange between 
the  s o i l  surface and t he  organisms. This, i n  turn ,  determines the temperature o f  
t i ssues .  We must recognize again t h a t  the re  are species d i f ferences and these factors  
need t o  be considered. For on l y  a few species do we have complete records o f  maximum 
temperature to lerance and in fo rmat ion  on spec i f i c  hardening behavior. Data i n d i c a t e  
t h a t  temperatures several cent imeters below the surface seldom, i f  ever, reach l e t h a l  
l e v e l s ,  except dur ing  f i r e s  (Shearer 1975). Roots, the re fo re ,  a re  no t  l d k e l y  t o  be 
k i l l e d  by heat. Root growth i s  genera l l y  l i m i t e d  o r  stopped a t  about 35 C (Hermann 
1977). 

Low temperatures a re  o f t e n  l e t h a l  t o  seedl ings and o the r  organisms, al though 
p l a n t  t i s s u e  p roper l y  hardgned o r  condi t ioned t o  low temperatures can wi thstand 
temperatures as low as -55 C. Species d i f fe rences  e x i s t ,  bu t  1 i m i t s  f o r  na t i ve  
species are seldom exceeded. P lan t i ng  of exo t i c  species can lead  t o  disasterous 
r e s u l t s  i f  t o1  erance i s  no t  considered. Young seed1 ings,  a re  p a r t i c u l a r l y  suscept- 
i b l e ,  and unseasonable f ros ts  f requen t l y  are l e t h a l  o r  cause s i g n i f i c a n t  i n j u r y .  
I nsec t  l a r vae  and fung i  can a lso  be harmed by ove r l y  low temperatures. Data f o r  our  
study s i t e s  ind ica tes  t h a t  f requent f r o s t s  do occur as a r e s u l t  o f  harvest ing.  These 



frosts apparently caused considerable mortality to planted stock and natural regenera- 
tion a t  the  Wyoming s i t e ,  and t he  potential exists a t  Lubrecht and in certain localit ies 
a t  Coram. 

Temperature influences moisture balances in several ways. Surface temperatures 
infl uence ai r temperature gradients, and these i nfl uence vapor pressure gradients. 
As indicated ear l ier ,  the vapor pressure gradients between the atmosphere and leaf 
affect transpiration rates and consequently the internal water status of plants. As 
previously mentioned, cooler soi 1 temperatures increase the viscosity of water, 
thereby, increasing the resistance to flow in the roots, which also affects the 
internal water status of plants. Temperatures, therefore, are influential in control- 
1 ing water stress under some circumstances. 

Temperature regimes also influence microorganisms in the soil and elsewhere. 
Mycorrhizal activity,  which enhances water and nutrient uptake, i s  temperature 
related. As Harvey (1980) mentions, s i tes  of mycorrhizal activity sh i f t  during the 
year as a result of temperature and moisture factors. Jurgensen (1980) and Stark 
(1980) discuss the relationship between temperature and nutrient cycling and nitrogen 
production. 

Fungal activity,  important in decomposing residue material, also i s  temperature 
and moisture dependent. Cool temperatures sugpress activity and high temperatures 
are lethal to i t .  Residue temperatures of 60 C or less are lethal t o  some fungi 
(table 7)  and stop activity by other species. High heat loads also evaporate moisture 
and create moisture streses, although fungi can survive and grow under more severe 
moisture stresses than most plants. Vegetative growth and spore germination are 
cr i t ical  to the l i f e  cycle of fungi active in decay (Larsen 1980). Manipulating 
residue temperature and moisture regimes could increase decay rates. 

Fungi t h a t  cause disease a lso  are temperature and moisture sensitive. Harvesting 
act ivi t ies  that a l te r  these factors on various microsites are likely t o  affect 
diseases such as root rots and possibly some canker and foliage diseases. 

Tab1 e 7. --Lethal temperatures for mycel i a  of several species of wood inhabiting 
fungi. 

Species Temperature 

Armillariq mellea 65'~ 

Fomes appl anatus 6 5 ' ~  

Lentinus lepideus (moist) 
(dry 

Merul i us 1 acrymans 50-55'~ 

Fomes pini 65-75'~ 



Moisture 

Mois ture i s  f requent ly  i d e n t i f i e d  as a major f a c t o r  l i m i t i n g  the  growth and 
development o f  f o r e s t  vegetat ion.  Stem e longat ion and d ry  weight product ion can be 
decreased a t  water p o t e n t i a l s  o f  -0.5 bar. And the  growth r a t e  o f  seed1 ings i s  o f t e n  
s u b s t a n t i a l l y  decreased a t  s o i l  water p o t e n t i a l s  o f  -2  t o  -4 bars. I t  i s  no t  uncommon 
t o  reach these l e v e l s  i n  t he  upper l aye rs  of s o i l .  Commonly reached lethal l e v e l s  
can exp la i n  mortal  i t y  o f  seed1 ings and sometimes mature p lan ts .  Large con i f e r s  have 
been observed t o  s p l i t  open as a  r e s u l t  o f  drought (Hungerford 1973). Many good 
a r t i c l e s  d iscuss ing water d e f i c i t s  and p l a n t  growth are a v a i l a b l e  (Kozlowski 1968a, 
1968b, 1972, 1976, 1978; S la tye r  1967). Newmann (1980) and Packer (1980) discuss the 
s p e c i f i c  s i t e  e f f ec t s  o f  water d e f i c i t s .  

Gases 

Carbon d iox ide  i s  needed f o r  photosynthesis and t o  produce d r y  mat ter .  Although 
we know i t s  importance i n  ma in ta in ing  f o r e s t  vegetat ion,  we know very l i t t l e  about 
how COP 1 i m i t s  vegetat ion i n  forested systems. We a l so  know very 1  i t t l e  about how 
f o r e s t  a c t i v i t i e s  such as t imber  harvest ing in f luence  l e v e l s  of carbon d iox ide.  I t  
genera l l y  i s  assumed t h a t  t he  l e v e l s  o f  carbon d iox ide  are adequate, and we know t h a t  
g lobal  suppl i e s  o f  carbon d iox ide  are inc reas ing  (Machta 1972). 

Oxygen concentrat ions a f f e c t  the  r e s p i r q t i o n  r a tes  of organisms. Probably t he  
most s i g n i f i c a n t  a l t e r a t i o n  o f  oxygen and carbon d iox ide  l e v e l s  i n  f o res t s  can occur 
i n  s o i l s .  Various a c t i v i t i e s  such as s c a r i f y i n g  and sk idd ing  can e i t h e r  loosen t h e  
s o i l  o r  compact it, thus a l t e r i n g  gaseous exchange w i t h  the  environment, Corn a c t i o n  
reduces the  exchange, which causes an accumulation of carbon d iox ide  and depe ! e t i o n  
o f  oxygen. The r e s u l t  i s  a  decrease i n  m ic rob ia l  a c t i v i t y  and poss ib ly  r o o t  growth 
( B o l l  en 1974). Reduction i n  m ic rob ia l  a c t i v i t y  can adversely a f f e c t  the n u t r i e n t  
c a p i t a l  o f  the  s i t e .  Residues o r  res idue treatments t h a t  impede aera t ion  o r  cause 
sur face compaction w i l l  a1 t e r  b i o l o g i c a l  a c t i v i t y .  A d e t a i l e d  d iscuss ion o f  such 
r e l a t i o n s h i p s  i s  beyond the  scope o f  t h i s  paper. B o l i n  (1970) discusses the  carbon 
cyc l e  and vegetat ive re1  at ionsh ips;  Harvey (1 980) and Larsen (1 980) discuss mic rob iq l  
re1 a t ionsh ips;  and Jurgensen (1 980) discusses n i t rogen  re1 at i \onships.  

Wind 

Wind speed and d i r e c t i o n  a f f e c t  b i o l o g i c a l  systems i n  many ways, Since some 
species a re  more suscep t ib le  t o  windthrow because o f  r o o t i n g  hab i t s ,  harvest ing 
p resc r t p t i ons  must take l o c a l  s i t u a t i o n s  i n t o  account. If one r e l i e s  on na tu ra l  
regenerat ion f o r  restocking, wind becomes an important f a c t o r  i n  determining t he  
proper s i z e  and method o f  c u t t i n g .  Since species d i f fe rences  e x i s t ,  wind cqn hqve 
d i f f e r e n t i a l  e f f ec t s .  

Wind energy, p a r t i c u l a r l y  a t  h igh e leva t ions  and near coasta l  areas i s  a lso  a 
f a c t o r  i n  d i s t r i b u t i n g  species and damaging vegetat ion.  Wind-carried p a r t i c l e s  o f  
sand, e tc . ,  k i l l  seedl ings,  S a l t  spray from ocean winds a lso  causes damage. Constant 
s t rong  winds, such as a t  h igh  e levat ions,  cause deformit ies.  



Wind speed modi f ies  the exchange o f  heat moisture and gases. An increase i n  
wind speed decreases the  thickness o f  the boundary layer ,  o r  cushion o f  a i r  c lose t o  
a surface, and decreases the  res is tance t o  exchange. When the  res is tance t o  heat, 
moisture, o r  gas exchange i s  reduced more heat, moisture, o r  gas i s  l o s t ,  Increases 
i n  wind speed can be e f f e c t i v e  i n  removing heat and coo l i ng  an ob ject .  Removal by 
wind o f  water vapor being t ransp i red  o r  evaporated from a surface increases water 
loss .  Often t h i s  has adverse e f f ec t s ,  causing dess icat ion and poss ib ly  death i f  the 
supply of mi s tu re  becomes inadequate. During per iods o f  r a p i d  photosynthesis wind 
can be bene f i c i a l  by keeping carbon d iox ide  l e v e l s  h igher  near leaves. I n  s t i l l  a i r ,  
carbon d iox ide  suppl i e s  may be depleted near 1 eaves, depressing photosynthet ic ra tes.  
Some wind near the  ground can he lp prevent f reez ing  a t  the surface. Mix ing o f  the  
a i r  i s  more thorough, reducing r a d i a t i v e  cool ing.  This p r i n c i p l e  i s  o f t e n  used i n  
orchards t o  prevent f r o s t .  

PREDICTING ENVIRONMENTAL CONDITIONS AND CONSEQUENCES 

Managers need f ac t s  about e x i s t i n g  environmental condi t ions,  about vegetat ive 
requirements and how manipulat ion o f  vegetat ion w i l l  a l t e r  condi t ions.  One way t o  
get such facts i s  t o  monitor and measure what goes on. This i s  becoming more f eas i -  
b l e  i n  mqny cases, bu t  we c a n ' t  measure everyth ing i n  a l l  places. Modeling us ing 
e x i s t i n g  informat ion and se lec t i ve  moni tor ing based on s tud ies and experience con- 
s t i t u t e  another a1 te rna t i ve .  While i t  i s  obvious t h a t  ma~y causal environmental 
re1 a t ionsh ips  escape our descr ip t ion ,  we can p r e d i c t  some. Combining moni tor ing and 
mathematical modeling t o  p r e d i c t  environmental condi t ions and b i o l o g i c a l  consequences 
o f f e r s  some powerful management t o o l  s. 

I t  i s  beyond the  scope o f  t h i s  paper t o  discuss the  d e t a i l s  of many models and 
i n teg ra te  them. I w i l l ,  however, present some models and p o t e n t i a l s  f o r  models t h a t  
may be o f  b e n e f i t  t o  managers, l i s t i n g  the source and where spec i f i cs  f o r  use can be 
obtained. Gonsior and U l l r i c h  (1980) present a p o t e n t i a l  method f o r  i n t e g r a t i n g  
s p e c i f i c  models and information. 

Since a l l  ava i l ab le  energy comes from the  sun, i t  i s  Important t o  know how much 
i s  received. Solar  r a d i a t i o n  i s  comnonly measured a t  standard loca t ions ,  bu t  no t  i n  
mountainous t e r ra i n .  Lat i tude,  aspect, slope, and cloud cover a re  i npu t  va r iab les  
f o r  a model described by Sat te r lund  and Means (1978) f o r  es t imat ing  so la r  r ad ia t i on .  
With t h e i r  model mean d a i l y  t o t a l s  can be estimated t o  w i t h i n  8 percent o f  meqsured 
values, The model uses est imates of potent i41 d i r e c t  beqm s o l a r  r a d i a t i o n  described 
by Fons and others  (1960) and c loud cover data from a nearby weather s ta t i on .  Topo- 
graphica l  shading i n  mountainous t e r r a i n ,  and the s izes and shapes o f  openings, a l so  
in f luence  t he  amount o f  s o l a r  r a d i a t i o n  received on the  surface. Sa t te r lund  (1977) 
deyelaped a way t o  p r e d i c t  shadow boundaries w i t h  a programmable ca l cu lq to r .  The 
ou tpu t  o f  t h i s  model can be used t o  ad jus t  the model f o r  i nc i den t  so la r  r a d i a t i o u  
( S a t t e r l  und and Means 1978). 

Halverson and Smith (1974) a l so  descr ibe a computer model t o  ca l cu la te  $hading 
f o r  any combination of date, s lope and aspect a t  l a t i t u d e s  from the  Mexicap t o  the  
Canadian borders. Using t h i s  model one can est imate the  increase or decrease i n  heat 
o r  l i  h t  t o  t he  snow surface o r  I n  the v i c i n i t y  o f  seed1 ings, F isher  and M e r r i t t  
(19797 discuss the  use of a model t o  ca l cu la te  1 i g h t  d i s t r i b u t i o n  i n  small f o r e s t  
openings. The inpu ts  a re  coordinates and heights of t rees  on the  boundary, slope, 
aspect, l a t i t u d e ,  day, t ime i n t e r v a l  and p o i n t  coordinates of i n t e r e s t  i n  the  opening. 



Net rad ia t ion - - the  measure o f  the  amount o f  energy ava i l ab l e  a t  the  sur face-- is  
very s i g n i f i c a n t .  But ne t  r a d i a t i o n  values a re  no t  genera l l y  a v a i l a b l e  f o r  l ong  
terms. As a  r e s u l t ,  many at tem t s  have been made t o  determine ne t  r a d i a t i o n  from 
s o l a r  r a d i a t i o n  (Rosenburg 19747 The accuracy and u t i l i t y  o f  these a re  uncer ta in ,  
however, s ince surface p rope r t i es  a f f e c t  the  exchange, and considerable va r i ab i  1  i t y  
e x i s t s  between s i t es .  These models, a l though emp i r i ca l ,  a re  t he  best  we have. The 
o n l y  o ther  a l t e r n a t i v e  i s  t o  measure r ad ia t i on .  

Temperature regimes, p a r t i c u l a r l y  the  p o t e n t i a l  maximum and minimum temperatures 
by date and mic ros i  te ,  a re  extremely impor tant  t o  vegetat ion development. Considera- 
b l e  work has been done i n  eva lua t ing  l e a f  and canopy temperatures (Gates 1968; Raschke 
1960). Gates (1 975) has developed a  model t h a t  p red i c t s  temperature based on rad ia -  
t i o n  inpu t ,  wind speed, humid i ty  and c h a r a c t e r i s t i c  dimensions, Other equations 
us ing  some d i f f e r e n t  va r iab les  a re  a1 so ava i l ab l e  (Campbell 1977). Energy budget 
concepts can be used t o  evaluate the  var ious energy f luxes. 

Surface temperatures a re  very important f o r  determining vegetat ion development. 
Po ten t i a l  maximum o r  minimum temperatures should be p red i c t ab le  w i t h  a  c e r t a i n  
degree o f  accuracy. A number o f  models have been developed f o r  eva lua t i ng  mois ture 
and heat t r anspo r t  w i t h  respect  t o  t ime  and depth (Fosberg 1975; Rosema 1975; M i t c h e l l  
and others  1975). Most o f  these models are q u i t e  compl icated and requ i r e  considerable 
amounts of data w i t h  very s t r i n g e n t  c r i t e r i a  f o r  measurement. We a re  a t tempt ing t o  
develop a model t o  p r e d i c t  maximum growing season temperatures on a  s i t e .  Such 
temperatures should be p red ic tab l  e  us ing r a d i a t i o n  inpu t ,  thermal p rope r t i es  o f  the  
exposed surface and some cha rac te r i za t i on  o f  temperature a t  a  l e v e l  w i t h i n  the s o i l .  
Other publ ished models may a lso  be ava i lab le .  

The theory  and models f o r  p r e d i c t i n g  temperatures a t  g iven l e v e l s  w i t h i n  the  
s o i l  have been descr ibed i n  d e t a i l  (Wi j k  1963; Campbell 1977; Lowry 1969 and o thers ) .  
Bas ica l l y ,  the  temperature/t ime/depth p r o f i l e  i s  inf luenced by heat i n p u t  a t  t he  
surface and the  thermal p roper t ies  o f  the  s o i l .  

Using conduction theory  and numerical methods we have developed a  model t o  
est imate temperatures a t  any p o i n t  w i t h i n  a piece o f  r es i de  o r  log .  We assume t h a t  
surface temperatues and thermal p roper t ies  are known. With more work and t e s t i n g  
t h i s  model w i l l  a l so  be ab le  t o  est imate moisture leve ls .  Temperature and moisture 
l e v e l s  w i t h i n  residues should prov ide a bas is  f o r  eva lua t ing  p o t e n t i a l  m i c rob io l og i ca l  
a c t i v i t y  and decay. 

Brown (1970) developed a  model t o  evaluate the  change i n  stream temperatures 
r e s u l t i n g  from harvest ing.  I t  i s  based on so la r  r a d i a t i o n  inpu ts ,  glow r a t e  o f  t h e  
stream, and surface area exposed t o  sun l igh t .  P red ic t ions  w i t h i n  3 F o f  the  t r u e  
value a re  possible.  Changes r e s u l t i n g  from harvest ing t reatments o r  p o t e n t i a l  
t reatments can be eval  uated. 

Numerous attempts have been made t o  p r e d i c t  evaporat ion and t ranspl ' ra t ion.  
Equations and models e x i s t  t h a t  accura te ly  est imate water l oss  from water surfaces, 
but  eva lua t ing  losses from p l a n t  and o ther  surfaces n o t  saturated i s  more d i f f i c u l t .  
Some models evaluate p o t e n t i a l  evapot ranspi ra t ion w i t h  good resu l  t s .  Model s based on 
t he  energy bud e t  concept and phys ica l  p r i n c i p l e s  a re  be ing develo ed and used 
(Campbell 19777; a1 though t h e i r  foundat ion and accuracy a re  probab I; y best,  data 
c o l  1  ec t i on  requirements are r a the r  s t r i ngen t ,  A number o f  emp i r i ca l  approaches 
est imate p o t e n t i a l  losses us ing comnon c l i m a t i c  va r iab les  (Rosenburg and others  
1968). These a re  no t  very e f f e c t i v e  i n  determining ac tua l  t r a n s p i r a t i o n  ra tes  i n  t he  
f i e l d .  Methods based on phys ica l  p r i n c i p l e s  such as the  Penman equation, us ing  ne t  
r ad ia t i on ,  vapor d e f i c i t s ,  temperature and d i f f u s i o n  resistances, a re  being r e f i n e d  
and used t o  study ac tua l  s i t u a t i o n s  (Campbell 1977). Much work remains t o  be done in 
fo res ted  s i t u a t i o n s  t o  a r r i v e  a t  more usable models fo r  management purposes. 



Numerous models have been proposed t h a t  re1 a t e  photosynthesis t o  environmental 
var iab les.  Lomnen and others  (1971) have developed a model based on a d i f f u s i o n  
theory  o f  gases and phys io log ica l  considerat ions.  The model i s  extemely usefu l  f o r  
understanding t h e  var iab les  t h a t  con t ro l  photosynthesis under va ry ing  cond i t i ons .  
General p red i c t i ons  o f  phys io log ic  c h a r a c t e r i s t i c s  and environments su i t ed  t o  photo- 
synthes is  a re  possible,  bu t  more research and eval  ua t ion  are needed t o  develop 
models w i t h  more u t i l i t y ,  Est imat ing r a tes  o f  d ry  mat ter  product ion i n  fo res ted  
s i t u a t i o n s  i s  d i f f i c u l t .  Some empi r i ca l  models are i n  use (Stage 1973) and f u t u r e  
refinements o f  models such as t h i s  w i l l  i nc lude  phys ica l  r e l a t i onsh ips .  

HARVESTING AND RESIDUE MANAGEMENT TO MODIFY MICROENVIRONMENT 

As we have seen, var ious c u t t i n g  methods and res idue and seedbed treatments 
s i g n i f i c a n t l y  a f f e c t  mois ture and temperature l eve l s .  These d i f fe rences  r e s u l t  from 
changes i n  the  energy balance. Evaluat ing energy budget terms i n  l i g h t  o f  organism 
requirements should he1 p us meet those requirements w i thou t  producing undesirable 
s ide  e f f e c t s .  Using these p r i n c i p l e s  we can eva luate ways o f  changing t he  micro- 
environment by c u t t i n g  and res idue treatment. Table 8 summarizes methods of a1 t e r i n g  
specl f i c  problem condi t ions.  

I n  the  nor thern Rocky Mountain reg ion we have s i t e s  t h a t  a re  warm and dry,  s i t e s  
t h a t  a re  co l d  and wet, and others  w i t h  a l l  t he  v a r i a t i o n s  i n  between. Surfqce and 
m i c r o s i t e  temperatures can be reduced below l e t h a l  l e v e l s  by reducing the  incoming 
energy. P a r t i a l  c u t t i n g ,  l eav i ng  res idue mate r ia l  and sca r i f y i ng  a re  methods o f  
reduc ing sur face temperatures. Temperatures a t  lower depths w i l l  a l so  be reduced, 
and moisture w i l l  be conserved by reducing evaporat ive f lux ,  On s i t e s  where minimum 
temperatures may be l e t h a l  du r ing  t he  growing season p a r t i q l  c u t t i n g  and l eav i ng  
residues w i l l  reduce r a d i a t i v e  heat losses and keep tempatures from going below 
f reez ing,  

S i t ua t i ons  e x i s t  where temperatures below t h e  surface exceed t h a t  whSch i s  
optimum f o r  growth. I f  sur face temperatures a re  no t  c r i t i c a l ,  mulching w i t h  ch ips 
w i l l  decrease temperatures be1 ow the  sur face wh i le  conserving moisture. Loosening 
mineral  s o i l  w i l l  c rea te  t he  same condi t ions.  These treatments can aggravate the  
s i t u a t i o n  on h igh  e l eva t i on  co ld  s i t es ,  however, by decreasing temperatures. 
Leaving residues o r  p a r t i a l  c u t t i n g  can reduce temperatures i n  t he  r o o t  zone. On 
h i gh  e l eva t i on  o r  co l d  s i t e s ,  temperatures w i t h i n  t he  s o i l  p r o f l l e  may be increased 
by removing l i t t e r  t o  mineral  s o i l ,  by t r a  p i ng  heat through fur rowing and p l a n t i n g  ! on r idges,  o r  by burning. P lac ing  mater ia s w i t h  h igh thermal capac i t i es  near 
seedl ings can increase n i g h t  temperatures. Moisture losses could  be g rea te r  i n  these 
s i t ua t i ons ,  aggravat ing a l ready l i m i t i n g  condi t ions,  But i f  moisture i s  no t  l i m i t i n g ,  
growth cou ld  be increased. 

Mulching w i t h  mate r ia l s  such as wood ch ips o r  o ther  mate r ia l s  h igh  i n  r e f l e c -  
t i v i t y  can decrease the  amount o f  energy ava i l ab l e  a t  the  sur face and increase the  
heat load  above t he  surface. The ef fec t  on seedl ings and o ther  vegetat ion can be 
l e t h a l .  A t  t he  o the r  extreme, burn ing decreases r e f l e c t i v i  ty and causes more energy 
t o  be absorbed a t  the  surface. Temperatures a t  the  surface and below w i l l  be i n -  
creased, which may be good o r  bad depending on previous temperature regimes. Over- 
s t o r y  cond i t i ons  and amounts o f  res idue remaining a1 so e f f e c t  these cond i t i ons .  



Table 5.--Possible solutions for  potential ,  c r i t i c a l  environmental conditions. 

Potential problem Possible solutions 

Temperature 

2. Soi 
I a 
m 
I 

Surface too  hot or  1. Shade 
sumner f r o s t  part ial  cut 

leave residues 
nurse crop 

2 ,  Alter thermal properties 
remove l i t t e r  
remove barriers  to  

a i r  flow 
compact surface 
water 

3 .  Other 
change species 
lighten color o f  surface 

1 temperature 
. Too high 1,  Shade 

part ial  cut  
1 eave residues 
nurse crop 

2. Alter thermal properties 
mulch 
loosen surface 
don ' t  burn 

b. Too l o w  1.  More l i g h t  
open stand 
remove residues 

2. A1 t e r  thermal properties 
remove l i t t e r  
burn 
heat t rap  
p u t  d i f ferent  surface 

3. Other 
darken surface 

Potential problem 

loisture 

I .  Too low 

2 .  Too much 

Light 

1 ,  Too much 

2. Too l i t t l e  

Gaseous 

1.  Atmosphere 
a .  Too much 

too 1 itt 

2. Soil 
a .  Too much 

too l i  tt 

Possible solutions 

1 . Shade 
leave residues 
a r t i f i c i a l  shade 
s ize  of opening 

2 ,  Lower consumption 
remove vegetation 
mulch 

3 .  Other 
i r r i ga t e  
capture snow 

Mi scel laneous 
drainage 
increase evapotranspiration 
increase energy 
remove residues 

1 .  Shade 
par t ia l  cut 
1 eave residues 
s ize  of opening 
a r t i f i c i a l  shade 

Mi scel Ianeous 
open stand 
change species 
remove residues 

o r  Mi scell  aneous 
1 e thin vegetation 

remove residues 

or  Mi scel 1 aneous 
1 e remove res 

loosen soi 
idues 
1 



When major res idue manipulat ions a re  n o t  possible,  o r  when 1 i m i t i n g  cond i t i ons  
a l ready e x i s t ,  one may be ab le  t o  take advantage o f  m ic ros i tes .  I f  h igh temperatures 
are l i m i t i n g ,  p l a n t i n g  behind l o g s ?  stumps o r  o ther  ob jec ts  can be b e n e f i c i a l .  When 
mois ture i s  l i m i t i n g ,  p l a n t i n g  behind logs  and stumps and i n  decayed wood may increase 
chances o f  su r v i va l .  Avoiding low spots and p l a n t i n g  near l ogs  and stumps can a l so  
reduce the 1 i k e l  ihood o f  f r o s t  damage. 
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ABSTRACT 

Three s i lv icul tura l  systems--clearcut, shelterwood, and group 
sel  ec t i  on--were coup1 ed with four residues treatments, ranging 
from intensive t o  conventional u t i  1 i zation and broadcast 
burning, to  evaluate the environmental e f fec ts  of harvesting 
1 arch/Douglas-fir fores ts  in Montana. Effects of the 1 2  
treatment combinations on accumulated prec ip i ta t ion ,  water used 
during the growing season, and so i l  water s ta tus  during the year ,  
were evaluated fo r  the f i r s t  4 years a f t e r  harvesting. The 
study was conducted on a steep eas t  aspect a t  about 4,500 f e e t  
(1  370 m )  elevation. 

S i  1 vicul tural treatments increased the amount of precipi tat ion 
tha t  reached the fo res t  f loor ,  most in clearcuts and g r o u p  
selections and 1 ess in shel terwoods . Snow accumulation 
which accounted fo r  about 50 percent of the annual precipi- 
t a t ion ,  increased about 80 percent in clearcuts ,  50 percent 
in group select ions,  and 40 percent in shelterwoods when 
compared to  uncut mature fo res t .  During the growing season, 
the uncut mature fo res t  used about 75 percent of the total  
annual precipi tat ion.  Differences in water use following 
harvesting were less  than expected. Shelterwoods used about 
4 percent, group select ions 10 percent, and clearcuts 11 
percent less  than the uncut control.  Rapid revegetation on 
a1 1 harvested areas,  the residual stand in the shel terwoods , 
and so i l  water d e f i c i t s  in the uncut fo res t  apparently 
ameliorated some differences between uncut fo res t  and treated 
areas. As a function of differences in accumulated precipi tat ion,  



and water use dur ing  the  growing season, water present  
i n  the  s o i l  p r o f i l e  remained h ighes t  on c l e a r c u t s  and lowest  
i n  uncut  mature f o r e s t ,  w i  t h  shel terwood and group se lec t ions  
fa1  1  i ng between the  two. Residue treatments had r e l a t i v e l y  
m i  nor e f f e c t s  on p r e c i p i t a t i o n  accumulation, water use, and 
s o i l  water s ta tus .  Of these, the two treatments w i t h  broadcast 
burn ing had the  g r e a t e s t  e f fec t .  

KEYWORDS: Water use, p r e c i p i t a t i o n ,  s o i  1  water,  Larix 
occidenkaZis, Pseudoksuga menziesii, 1 arch/Dougl as - f i  r , 
s i l v i c u l t u r a l  systems, res idues management, broadcast 
burning,  c l e a r c u t t i  ng , shel terwood, group s e l e c t i o n ,  
Northern Rockies, evapo t ransp i ra t ion .  

INTRODUCTION 

Hydro log ic  e f f e c t s  o f  ha rves t ing  o r  any o the r  t imber r e l a t e d  a c t i  v i  t y  have long 
been a concern of hydro log i  s t s  throughout the Northern Rockies. DeByl e  ( 1976) noted 
t h a t  hydro log ic  responses such as increased s o i  1 erosion,  channel c u t t i n g ,  and stream 
s i l t a t i o n  have been s tud ied  most and are  bes t  documented. N u t r i e n t  changes as a f f e c t e d  
by s i  1  v i c u l  t u r e  treatments have been addressed by DeByl e  and Packer ( 1972) , Packer 
and W i  11 iams ( l976) ,  Stark  ( l 979) ,  DeByle (1980), Stark  (1980).  However, the  e f f e c t s  
o f  f o r e s t  residues,  o r  l a c k  o f  res idues,  on more s u b t l e  responses such as changes i n  
evapot ransp i ra t ion,  m i  c r o c l  imate, i n s o l a t i o n ,  and s  trearnf low have had 1 i t t l e  study 
emphasis i n  the  Northern Rockies, b u t  are  now r e c e i v i n g  more a t t e n t i o n .  Fowler 
(1974) discusses the  major phys ica l  processes t h a t  c rea te  d i f f e r e n c e s  i n  l o c a l  micro- 
c l i m a t e  and emphasized how f o r e s t  res idues may a f f e c t  microc l imate.  Microc l imate i n  
t u r n  enhances o r  1  i m i  t s  f o r e s t  establ ishment.  Rothacker (1970), C l i n e  and o thers  
(1977), and Packer (1967) po in ted  o u t  the v a r i a b i l i t y  i n  responses as a f f e c t e d  by 
c l ima te ,  s o i  1s , geology, vege ta t i ve  type, s i t e  h i s t o r y ,  and stand t reatment i n t e n s i t i e s  
and discussed s i t e  recovery f o l l o w i n g  stand t reatments.  

A con t inu ing  concern i n  the extens ive l a r c h l f i r  f o r e s t s  o f  the Northern Rockies 
i s  the  i n f l u e n c e  o f  ha rves t ing  a c t i v i t i e s  upon the hydro log ic  a t t r i b u t e s  and func t ions  
and, i n  turn ,  the e f f e c t s  on o ther  f a c t o r s .  This inc ludes  f a c t o r s  such as seed1 i n g  
establ ishment,  a v a i l a b l e  water f o r  vege ta t i ve  growth, p o t e n t i a l  f o r  t r a n s p o r t  and l o s s  
of n u t r i e n t s ,  s o i  1 microb io logy,  s o i  1  s t a b i  1  i t y  , water surpluses and d e f i c i t s  as they 
a f f e c t  s  trearnf low, and o thers .  

The p r i n c i p a l  o b j e c t i v e  o f  the study descr ibed h e r e i n  was t o  eva luate  o n - s i t e  
water use i n a 1 arch/Dougl a s - f  i r (~arix occiden~aZis/Pseu&tsuga menziesii) f o r e s t  as 
a f f e c t e d  by si lvicultural-harvest-cutt ing and residues-management t reatments.  

The purpose o f  t h i s  r e p o r t  i s  t o  p rov ide  some o f  the  bas ic  i n f o r m a t i o n  concerning 
on-s i  t e  hydro1 ogy as af fected by the  aggregate i n f  1  uences o f  th ree  s i  1  v i  c u l  t u r a l  
systems--c learcut ,  shelterwood, group se lec t ion- -and f o u r  res idues t reatments i n  a  
t y p i c a l  l arch/Dougl a s - f i  r f o r e s t  i n Montana. 



STUDY DESCRIPTION 

Area 

The study area i s  loca ted  on the 7,400-acre ( 2  984-ha) Coram Experimental Forest  
on the  Hungry Horse D i s t r i c t  o f  the Flathead Nat ional  Forest ,  i n  northwestern Montana, 
sect ions 25, 35, and 36; T31N, R19W ( f i g .  l ) ,  7 mi les  (11.2 km) NNW o f  Hungry Horse 
Reservoir  Dam and 7 m i les  (11.2 krn) due south o f  the town o f  West Glac ier ,  Montana. 
Coram Experimental Forest  was i n i t i a l l y  es tab1 ished, and has been used, t o  study the 
ecology and s i l v i c u l t u r e  o f  western la rch /Doug las - f i r  f o res t s  (Schmidt and others  
1976), b u t  has had no use fo r  watershed r e l a t e d  research except by Schmidt (1978). 

EXPERIMENTAL -1 
0 PRECIPITATION STATIONS 

FULLY INSTRUMENTED 
WEATHER STATIONS 

9 PARTIALLY INSTRUMENTED 
WEATHER STATIONS 

X SNOW GAGE 

- SNOW COURSE 

Figme I .  --Coram Experimental Forest S tudy  area showing prec ip i ta t ion  s ta t ions  and 
sitvicuZture-residue treatment Zocations . Residue trea-hnents were : ( 2  1 in tens ive  
u t i t i z a t i o n  and bum, ( 2 )  conventionai! u t iZ i za t ion  and burn, ( 3 )  residues removed, 
and ( 4 )  understory protected. 



The main s tudy s i t e  ( f i g .  1) occupies an eas t  f a c i n g  s lope between t h e  e l e v a t i o n s  
of 3,940 f e e t  ( 1  182 m) and 5,300 f e e t  ( 1  590 m) i n  the  n o r t h e r n  most p o r t i o n  o f  
Abbot t  Basin. Slopes on the  c u t t i n g  u n i t s  range i n  steepness f rom 30 t o  80 percent  
( 1 7 O  t o  3g0) and average about 55 pe rcen t  (29').  The mountain s lope  s o i l s  a re  o f  t h e  
loamy-skel e ta1 s o i  1 f a m i l  i e s  (McConnell 1969; Klages and o the rs  1976) d e r i v e d  mos t l y  
from u n d e r l y i n g  Helena (S iyeh)  l imestone and do lomi te  o f  Precambrian Age, and a t h i n  
mant le  o f  g l a c i a l  t i l l  o f  P le i s tocene  Age (Johns 1970). 

The t imber  type on t h e  s tudy area i s  1 a r c h l D o u g l a s - f i r  (Cover Type 212, Soc ie ty  
o f  American Fo res te rs  1954). T h i s  t ype  i s  composed p r i m a r i l y  o f  western l a r c h  and 
D o u g l a s - f i r .  Associated species i n c l u d e  suba lp ine fir ( ~ b i e s  Zasiocarpa) and Engelmann 
spruce ( ~ i c e a  enge2rnann.i.i). The s tudy  area f a 1  1 s p r i m a r i  l y  i n  t h e  Abies Zasiocarpa/ 
C l i n t o n i a  u n i f l o r a  h a b i t a t  type, w i t h  the  f o l l o w i n g  phases represented:  Ara l ia  
nudicaulis, Menz ies ia  ferruginea, CZ in ton ia  unif lora,  and Xerophy Zlwn tenax ( Pf i s t e r  
and o the rs  1977; Bernard 1. Kova lch i  k 1974, unpubl ished data1) .  

The Con t inen ta l  D i v i d e  i s  a p r imary  c l i m a t i c  c o n t r o l  f o r  Coram Exper imental  
Fores t .  Two k inds  o f  a i r  masses g i v e  r i s e  t o  the  two main w i n t e r  c l i m a t i c  events.  
P a c i f i c  mar i t ime  p o l a r  a i r  masses b r i n g  most o f  t he  35 inches (89 cm) of mean annual 
p r e c i p i t a t i o n 2  i n  Abbo t t  Bas in  o f  Coram Exper imental  Fores t ,  50 t o  65 pe rcen t  o f  which 
i s  i n  t h e  fo rm o f  snow, depending upon e l e v a t i o n .  These a i r  masses probab ly  account 
f o r  90 pe rcen t  of a l l  w i n t e r  p r e c i p i t a t i o n  and 70 t o  90 pe rcen t  o f  summer p r e c i p i t a t i o n .  
A r c t i c  c o n t i n e n t a l  p o l a r  a i r  mass i nvas ions  produce l i g h t  amounts o f  snowfa l l  b u t  
t h e i r  main c o n t r i b u t i o n  t o  l o c a l  c l i m a t e  i s  extreme co ld .  

V a r i a t i o n s  i n  summer p r e c i p i t a t i o n  a r e  caused by l o c a l  thunderstorms and upper 
l e v e l  ba romet r i c  lows. P r e c i p i  t a t i o n  f rom thunderstorm events i s  c h a r a c t e r i z e d  by 
bo th  h i g h  i n t e n s i t y  and s p a t i a l  v a r i a b i l i t y ,  whereas p r e c i p i t a t i o n  caused by upper 
l e v e l  baromet r ic  lows i s  t y p i c a l l y  o f  low i n t e n s i t y  and long  d ~ r a t i o n . ~  

Abbo t t  Creek, i n  the  immediate v i c i n i t y  o f  t he  s tudy area, i s  
o n l y  i n  t h e  lower  p o r t i o n  o f  t h e  bas in .  I t  emerges a t  t h e  extreme 
Bas in  and f l o w s  f o r  approx imate ly  950 f e e t  (380 m) before pass ing 
f lume. The stream i s  t y p i c a l l y  non- f lashy and i s  c h a r a c t e r i z e d  by 
sus ta ined  f l ow .  

a pe renn ia l  stream 
lower  end o f  t h e  

through a & f o o t  H- 
low peaks and h i g h  

l 0 n  f i 1 e a t  Fo res t r y  Sciences Laboratory,  Missoula,  Mont. 

From Average Annual Mountain P r e c i p i t a t i o n ,  Montana Map (1953-1967 p e r i o d ) .  

3Personal communication w i t h  Bern ie  Burnham, Me teo ro log i s t ,  U. S .  Department of 
Commerce, NOAA, Na t iona l  Weather Serv ice,  Missoula, Mont. 



Treatments 

The o v e r a l l  des ign o f  t h i s  s tudy coupled t h r e e  s i . l v i c u 1  t u r a l  systems w i t h  f o u r  
res idues t rea tments  f o r  a  t o t a l  o f  12 t rea tment  combinat ions.  I n  a d d i t i o n ,  c o n t r o l  
p l o t s  were e s t a b l i s h e d  i n  the  uncut  ad jacen t  mature f o r e s t .  All t rea tments  and the  
c o n t r o l  s were rep1 i ca t e d  tw ice .  

The t h r e e  s i l v i c u l t u r a l  h a r v e s t - c u t t i n g  systems ( f i g .  2 )  c o n s i s t e d  o f :  

1. Two shelterwoods o f  35 and 22 acres (14 .2  and 8.9 ha) where about  h a l f  
o f  a l l  s tand ing  t imber  was c u t .  

2 ,  Two s e t s  o f  e i g h t  g roup-se lec t i on  c u t t i n g s  ( sma l l  c l e a r c u t s )  , averaging 0.8 
ac re  (0 .3  ha) and rang ing  from 0.3 t o  1.4 acres (0 .1  t o  0.4 ha) ,  where a l l  
s tand ing  t imber  was c u t  w i t h i n  each o f  t he  groups, and i n t e r v e n i n g  t imber  
between the groups was l e f t  uncut .  

3. Two c l e a r c u t s  o f  14 and 17 acres ( 5 . 7  and 6.9 ha) where a l l  s tand ing  
t imber  was c u t .  

Figure 2, --Panorama of the  Znrch/fir stud2 site on Corm Experimental Forest. Shown 
are:  ( 1 )  lower fiheltemood a t  far Zef t ,  (2) lower group se%ection.s at Zeft cenler, 
( 3 )  Zower clearcut a t  Zower r i g h t ,  and (4) upper shelterwood a t  upper r i y h l .  Picture 
was taken thc f f r s t  u i n t s r  a f t e r  logging was cnmpZetsd. 



The fou r  residues u t i l  i za t i on  treatments consisted o f :  

Treatment 

In tense ly  
u t i l i z e d  and 
broadcast burned. 

Conventional l y  
u t i l i z e d  and 
broadcast burned. 

A l l  residues r e -  
moved ( In tens ive  
f i b e r  u t i l i z a -  
t i o n ) .  

Understory t rees 
protected (Under- 
s t o r y  t rees under 
17.8-crn (7-inches) 
d,b.h. were l e f t  
uncut, bu t  were 
sub jec t  t o  damage 
and loss  dur ing  
the cable logging 
process). 

Trees Cut 

A l l  t rees 
except desig- 
nated over- 
s t o r y  shel t e r -  
wood trees. 

A l l  t rees 
except desig- 
nated over- 
s t o r y  shel t e r -  
wood t rees.  

A l l  t rees  
except desi g- 
nated over- 
s t o r y  shel t e r -  
wood t rees.  

A l l  trees 
17.8-cm (7- 
inches) d.b.h. 
and over, 
except desig- 
nated over-  
s t o r y  shel t e r -  
wood trees. 

Harvest Subsequent 
U t i  1 i za t i on  Standard Treatments 

Remove a1 1 mater ia l  Broadcast Burned 
(1  i v e  and dead, stand- 
i n g  and down) t o  7.6- 
cm (3- inch) small end 
diameter , 2.4-m (8- 
f o o t )  i n  length,  and 
1/3 sound. 

Remove a1 1 sawtimber Broadcast burned 
mater ia l  ( l i v e  and 
recen t l y  dead) t o  1974 
Forest Service standards : 
17.8-cm (7 - i  nch) d. b .h. 
and 15.2-crn ( 6 - i  nch) 
top diameter, 2.4-m 
(8 - foo t )  i n  length,  
and 1/3 sound. 

Remove a1 1 mater i  a1 
(1 i v e  and dead, stand- 
i n g  and down) t o  2 .5 -  
cm ( l - i n c h )  d.b.h. 

None 

Remove a l l  mate r ia l  None 
( 1 i ve and dead, s tandi  ng 
and down) t o  7 . 6 ~ 1  (3-  
i nches ) small -end diameter , 
2.4-m (8 - fee t )  i n  length,  
and 113 sound. 

Cu t t i ns  was completed i n  1974 and the prescr ibed burns completed i n  the f a l l  o f  
1975. A l l  o f  the sk idd ing was w i t h  a cable logging system--both u p h i l l  and downhi l l .  



METHODS 

A1 1  i n s t r u m e n t a t i o n  was i n s t a l  l e d  on o r  i n  c l o s e  p r o x i m i t y  t o  the  immediate 
s tudy  s i t e  t o  measure h a r v e s t i n g  and t reatments  e f f e c t s .  O f f - s i  t e  watershed in forma-  
t i o n  was n o t  ob ta ined  excep t  f o r  s t reamf low and average annual p r e c i p i t a t i o n .  I t  i s  
presented as background i n f o r m a t i o n  f o r  t h i s  study.  

P rec i  p i  t a t i o n  

Both  forms o f  p r e c i p i t a t i o n  were gathered con t inuous ly  d u r i n g  the  s tudy ( f i g .  
3 ) .  P r e c i p i t a t i o n  q u a n t i t y ,  d u r a t i o n  and i n t e n s i  t i e s  were measured, b u t  o n l y  q u a n t i t y  
was evaluated.  R a i n f a l l  events g e n e r a l l y  occur red between A p r i l  1 and November 1. 

Figure 3.--Precipitation was measured throughout the study period un this and okher 
a t  2-weather continuous recording prec7:pi t a t i o n  ins  trwnents. 

-81 - 



RAIN 

The major p r e c i p i t a t i o n  ins t rumenta t ion  consisted o f  f i v e  permanently loca ted  
ti ppi  ng bucket record i  ng r a i  n  gauges and e i g h t  sca t te red  Paci f i  c r a i  n  cans. T i  pp i  ng 
buckets were loca ted  a t  f u l l y  instrumented weather s t a t i ons  ( f i g .  1) i n  a lower 
uncut -cont ro l  and group-se lect ion u n i t ,  and i n  an upper c l ea r cu t  and shelterwood 
u n i t .  The i r  char ts  were checked d a i l y  and co l l ec ted  weekly. 

T ipp ing  bucket gauges provided the bu lk  o f  the p r e c i p i t a t i o n  data used i n  
t h i s  study. Dai ly ,  monthly, and annual summaries were prepared by s i  l v i c u l  t u r a l  
t reatment f o r  comparative analys is .  Rain can data served as a  back-up t o  the 
mechanical record ing devices , provided supplementary p rec i  p i  t a t i  on data f o r  the 
unmoni to red  s i l v i c u l  t u r a l  and con t ro l  treatments, and aided i n  the eva lua t ion  o f  
i n d i v i d u a l  storms. P a c i f i c  r a i n  cans were s e t  ou t  seasonal ly i n  con junct ion w i t h  
the  permanent s t a t i ons  and a t  e i g h t  o ther  semi-permanent l oca t i ons  surrounding the 
study s i t e .  Each was checked weekly o r  a f t e r  every major storm. A s i n g l e  snow gauge 
was used year round t o  record  both r a i n  and snow i n  a  c l e a r c u t  adjacent t o  study 
s i t e .  

SNOW 

Twenty-six snow courses ( f i g .  1) were estab l ished w i t h i n  a1 1 s i  l v i c u l  t u r a l  
t reatments and con t ro l  areas t o  measure snow accumulation and me1 t, r e d i s t r i b u t i o n ,  
e l eva t i ona l  e f f e c t s ,  and v a r i a b i l i t y  among and between s i l v i c u l  t u r a l  treatments, 
res idue treatments, and con t ro l  areas. Fol lowing logg ing  snow course sample po in ts  
were randomly selected, permanently marked, and remeasured. 

Samples were taken monthly dur ing  accumulation and weekly dur ing  me1 t w i t h  a 
standard Federal snow sampler d i r e c t l y  downhi 11 from each snow course sample po in t .  
Both depth and water equ iva len t  were recorded t o  the nearest  0.5 inch  (1.3 cm). 
Condi t ion of s o i l  and duff under the snowpack were noted. Supplementary snow samples 
t o  eva luate res idue treatments was performed about the f i r s t  of A p r i l  i n  1977 and 
1978 i n  the two c learcu ts  and shelterwoods by t ak i ng  30 samples w i t h i n  each res idue 
treatment. 

E i gh t  snowmel t lys imeters  (Haupt 1969) were i n s t a l  l e d  to  more p rec i se l y  rnoni t o r  
s i l v i c u l t u r a l  e f f ec t s  on snowmelt ra tes .  Lysimeters were loca ted  w i t h i n  an upper and 
lower con t ro l  area and each of the  s i x  s i l v i c u l  t u r a l  treatments a t  the same aspect 
and e l eva t i on  i n  order  t o  minimize treatment and c l  ima t i c  inf luences. The lys imeters  
were attended almost d a i l y  through the snow accumulation pe r i od  and once o r  tw ice a  
day dur ing  in tense  me1 t periods. 

Snow-water equ iva len t  ( inches)  from the snow courses and l ys imete rs  was used t o  
c a l c u l a t e  annual p r e c i p i t a t i o n  w i t h i n  the t reatment areas and t o  est imate areal  snow- 
water equ iva len t  f o r  s i  l v i  cu l  t u r a l  and res idue treatments. 

S o i l  Water 

Before logging, 10 permanent po in t s  were sys temat i ca l l y  loca ted  a t  100-foot 
(30.5-m) i n t e r v a l s  w i t h i n  each o f  t he  f o u r  residues treatments i n  each of the 
c l e a r c u t  and shelterwood c u t t i n g s  and the con t ro l  areas. F ive po in t s  were loca ted  
w i t h i n  each o f  the  e i g h t  group-se lect ion cuts  (smal l  c l ea r cu t s )  a t  var ious i n t e r v a l s  
w i t h i n  the c u t t i n g ,  depending on the s i z e  o f  opening. 



Hal f  o f  these 280 permanently e s t a b l i s h e d  p o i n t s  were randomly s e l e c t e d  t o  
measure s o i l  water  use w i t h  the  neu t ron  probe. Access tubes were i n s t a l l e d  i n  
d r i l l e d  ho les  a t  each o f  these p o i n t s  up t o  10 f e e t  (3.05 m) deep o r  t o  bedrock, 
as i l l u s t r a t e d  by f i g u r e  4. The r e s u l t i n g  number o f  s o i l  water  sampl ing p o i n t s  were 
5 pe r  r e s i d u e  t reatment,  20 pe r  s i l v i c u l  t u r a l  t reatment,  and 10 p e r  each c o n t r o l  i n  
each o f  the two rep1 i c a t e s .  

Elevation (feet1 
5 120 

4912 

424 

408( 

ABBOT1 BAS IN 

ACCESS TUBES 

Average access tube depth 
(feet) by elevation zone 

U n i t  Upper Rep. Lower Rep. 

Clearcut 4.59 2. 55 
Shelterwood 3.83 2. 59 
Group Sel. 3.29 2. 58 
Controls 2.57 2.84 

F$gure 4.  --Profile o f  the Corarn study s h e ,  showing instaZZation of neutron probe 
access hibes. 

Measurements were made a t  1 - foo t  (30-cm) increments, s t a r t i n g  a t  0.5 f o o t  (15 cm) 
below t h e  s o i l  sur face,  th roughout  t h e  growing season ( f i g .  5 ) .  The neu t ron  probe 
c a l i b r a t i o n  curve was checked before and a f t e r  each d a i l y  measurement w i t h  a s e t  
o f  t r i s  tandards. 



Figure 5.--SG,L. w u w r  zc)as measured wi th  a neutron probe severaZ hirncs during each 
growing season. 

S o i l  moisture loss by measurement period was determined for each residue t rea t -  
ment (5 points) and control (20 points) by the following procedure: 

Total loss (inches) a t  each point soi l  depth Soi l  depth a t  each point 

Water Use 

A simple water balance procedure was used t o  calculate consumptive water use 
during the growing season (May 1 to October 15) on a l l  treatment areas and controls. 
The general equat ion that  describes the process i s :  

Consumptive Use = Input * A Soil Moisture 



where Consumptive Use = evapotranspiration plus interception, Input = precipitation 
(measured in open areas as close t o  the s i t e  as possible); and n Soil Moisture = change 
in soi l  water within the profi le  as determined by a nuclear moisture gauge. 

Although soil  water may have passed through the root zone and mistakenly at tr ibuted 
to consumptive use, most moisture levels were already on the decline a t  the time o f  
i n i t i a l  measurement i n  early spring. We assumed t h a t  no appreciable amounts of water 
were l o s t  below the root zone a f te r  our f i r s t  spring measurement. 

A modif ied N. P.D. C .  (Neutron Probe Data Conversion) computer program was used 
t o  compile total  daily use for  the measurements period. 

Early and l a t e  season daily use ra tes ,  n o t  covered by actual f ie ld  measurement 
(heavy dashed 1 ines i n  figure 6) were calculated in order to provide comparable use 
periods for  each year. This procedure may cause consumptive water use to be over- 
e:. timated as much as 0.5 inch (1.3 cm) per year. However, the errors in total  use 
differences between residues treatments i s  very minor (between 0.1  and 0.2 inches 
i0.25 and 0.51 cm]) per year, well within the precision of th is  study. Due t o  insuf- 
f i c ien t  daily use ra te  near the beginning of the 1975 growing season, total  water use 
was not calculated for that  year. 
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MONTH AND DATE 

Figure 6.--Soil water measurement dates and curnuZuLive precipi tat ion for  the measure- 
menk periods during the 1975 t o  1918 growing seasons. 



S treamf 1 ow 

A &foot  H-flume was in s t a l l ed  immediately below the study area to provide general 
streamflow pat tern and baseline hydrograph data f o r  Abbott Basin on Coram Experimental 
Forest. The flume began operating a t  the beginning of the 1975 water year (October 1,  
1974). This coincides with the completion of most of the treatments ; thus no preharves t 
streamflow data was generated. The nature of the watershed did not permit d i f f e ren t i a -  
t ion  of treatment e f f e c t s ,  so e f f e c t s ,  i f  detectable,  would r e f l e c t  only, a composite 
of a l l  treatments. Streamflow hydrograph data (appendix A )  and general watershed 
parameters (appendix B )  a re  presented as general reference material . These hydrographs 
a re  s imi lar  t o  some other northwestern Montana hydrographs (Montana DNR 1978). 

RESULTS AND DISCUSSION 

These r e s u l t s  i 11 us t r a t e  how s i  1 vi cul ture  and residues treatments di f f e ren t i  a1 ly  
a f f e c t  prec ip i ta t ion ,  so i l  water content,  and amount and periodici ty of water used 
during the growing season. Additional ax i l l a ry  relat ionships a re  a l so  presented. 

Precipi tat ion 

Annual prec ip i ta t ion  on the immediate study s i t e  averaged about 5 percent below 
normal during the period of study compared to the 30-year average annual precipi tat ion 
of 25.3 inches (64.3 cm) (USDA, SCS 1977).  Precipi tat ion averaged 24 inches (61.0 cm) 
( f o r  both calendar year and water yea r ) ,  b u t  varied annually between 29 inches (73.7 
cm) during 1976, and 23 inches (58.4 cm) during 1977 (water year  October 1 to September 
30). About 50 percent of the to t a l  precipi tat ion came in  the form o f  snow. 

SILVICULTURE TREATMENTS 

Harvesting under the three s i l v i c u l t u r e  treatments d i f f e ren t i a l ly  reduced the 
densi ty of the overwood, and consequently i ncreased the amount o f  preci pi ta t ion  
t h a t  reached the f o r e s t  f loor .  However, these differences were a l so  a function 
of storm s i z e  ( in t ens i ty  and durat ion)  and elevat ion.  

Rain 

Precipi tat ion reaching the fo res t  f l oo r  was g rea t e s t  on clearcuts  and group 
se lec t ions ,  intermediate on shel terwoods , and l e a s t  in  the uncut mature f o r e s t  
( t a b l e  1) .  This, however, was d i r ec t ly  re la ted  to r a in fa l l  per 24-hour period. 
As shown in  tab le  1 and appendices C and D, storms tha t  produced only 0.1 inch 
(0.25 cm) i n  the c learcut  openings in a 24-hour period, resul ted in  only about one- 
t h i r d  of i t  reaching the f o r e s t  f l oo r  i n  the uncut mature f o r e s t  and about three- 
fourths in  the shel terwood. However, i f  the storm exceeded 0.5 i nch ( 1.27 cm) , 
two-thirds o r  more reached the f o r e s t  f l oo r  in  the mature f o r e s t  and nearly 90 percent 
reached the f loor  in  the shel terwoods. As indicated in  tab le  1 and appendix D, the 
amount of intercept ion "losses" was d i r ec t ly  related to  the standing t r ee  vol urne. 
The prediction equations (prec ip i ta t ion  i n  0 .Ol-i nch i0.03-cm] increments) describing 
t h i s  re la t ionship  a re :  

Rain reaching f o r e s t  f l oo r  
per 24-hour period in mature f o r e s t  = -0.03826 + 0.75019 ( r a i n f a l l  in c learcut )  

Rain reaching f o r e s t  f l oo r  
per 24-hour period in  shel terwood = -0.01709 + 0.91103 ( r a i n f a l l  in c learcut )  



T A B L E  1.--Rainfall reaching the fo res t  f loor  as a function o f  s i lv icu l tu re  t r ea t -  
ment (including reserve stand volume) and storm s ize  ( r a in fa l l  per 24- 
hour peri od) l 

Rainfall per 24-hour period -- Percent of clearcut  

Cl earcu t She1 terwood Mature She1 terwood Mature stand 
stand 

---- - 
'Standing green timber served as the principal interception on the study area;  

and cubic volume averaged: 

fee t3 /acre  Ms/ha 

Clearcut 
Shel terwood 
Mature Forest 

Snow 

S i  1 vicul tural treatments dramatically affected snow accumulation, part icularly in  
the upper elevation replicates where snow played a very important role ( f i g .  7 ) .  Snow 
accounted for  about 50 percent of the total  precipi tat ion during th is  study. Based 
on the snow water equivalent on April 1, the following tabulation displays the marked 
e f f e c t  of treatments when compared t o  the uncut mature fo res t :  

Increase over the Mature Forest 

Trea tment .- .- 

Clearcut 
Group Selection 
Shel terwood 

Upper Repl i ca t e  Lower Repl i  ca t e  ------------- (Pe rcen t ) - - - - - - - - - - -  



Figure 7.--Snow water equivalent on April 1 of the  upper eZevakion repZicate, by 
siZvicuZture treatment. 

Even though the r e l a t i v e  d i f ferences o f  snow accumulation on the var ious t r e a t -  
ments a re  much the  same on the upper and lower e l eva t i on  r e p l  i ca tes ,  the absolute 
d i f f e rences  by e l eva t i on  a re  subs tan t ia l  . However, data f o r  the lower r e p l  i ca te ,  
p a r t i c u l a r l y  on the  group se lect ions,  were more va r i ab l e  than the upper r e p l i c a t e ,  
poss ib ly  due t o  v a r i a t i o n s  i n  exposure and the e a r l i e r  m e l t  t h a t  normal ly occurs on the 
lower r e p l i c a t e  ( f i g .  8). 



Figure 8.--Snow water e q u i v a l m t  on A p r C L  1 nf the  Zmcr  eLevation r e p l i c a t e ,  by  
sC ZvicuZturc treafiment. 

RESIDUE TREATMENTS 

Rain 

We have no data to show how residues treatment affects  the amount of rain reaching 
the fores t  f loor.  However, we would expect the unders tory-protected treatment to 
intercept s l ight ly  more rainfal l  than other treatments and thus reduce the amount 
reaching the f loor.  

Snow 

No differences i n  snow accumulation or melt could be at tr ibuted to residue 
treatment ef fects .  Snow accumulated about equally on a l l  residue treatments within 
each s i lv icul tura l  treatment. Elevation and aspect were probably responsible for  
more variation in snow accumulation and me1 t than were the individual residue t rea t -  
men ts  . 



Soi 1  Water 

Water present i n  the s o i l  a t  any given t ime was a f unc t i on  p r i m a r i l y  of s i l v i c u l -  
t u r a l  t reatment and seasonal meteorological  events. S i  1 v i c u l  t u r a l  treatments a f f ec ted  
s o i l  water s ta tus  more than res idue treatments. S o i l  water content  under the uncut- 
mature stands genera l l y  s t a r t ed  the growing season w i t h  about 30 percent water (based 
on volume) b u t  dropped t o  about 12 percent  each year  a t  the low p o i n t  ( f i g .  9 ) .  
A1 though depleted t o  about the same mois ture percentage every year, the t ime t h a t  
these low l e v e l s  were reached var ied  by year,  reaching the lowest po in t s  as e a r l y  as 
mid-July and as l a t e  as mid-October. 

MONTH AND DATE 

Figure 9.--Average s o i l  moisture found i n  the  s o i l  p ro f i l e  i n  the uncut mature forest  
and the  she Ztemood, group-se Zection, and cZearcut s i  ZvicuZture treatments. 



As shown in figure 10, soi l  water s ta tus  was relat ively stable in the lower soil  
profiles and more e r r a t i c  in the upper profiles . Of course, the  upper profi les were 
responding to precipitation as well as intensive water consumption by the lower vege- 
t a t i o n .  Since vegetative demand for water was high a t  the beginning of the growing 
season, and soi l  moisture was below f ie ld  capacity, l i t t l e  i f  any precipitation passed 
through the upper soil  profi le  before i t  was extracted by t he  vegetation. 

15 20 25 30 35 15 20 25 30 35 

SOIL WATER (PERCENT VOLUME) 

Figure 10.--Soil water s ta tus  through- 
out the s o i l  p ro f i l e  2 years a f t e r  
harvesting a Zarch/fir forest. Note 
t h ~  seasonal s h i f t  of  the  s o i l  water 
s ta tus  curves a t  a22 s o i l  depths i n  
the uncut control; the s h i f t ,  
primarizy i n  the upper s o i l  pro f i le ,  
o f  the she Ztemood (residues- 
removed subtreatment); and the very 
s l i g h t  seasonu2 s h i f t  i n  the  s o i l  
waker s tu tus  curves o f  the d e a r -  
cu t  (conventionaZ-uti lization-and- 
burn s u b t r e a b e n t )  . 
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SOIL  WATER (PERCENT VOLUME) 



SILVICULTURE TREATMENTS 

S i  1 v i c u l  t u r a l  treatments produced the most d i f fe rences  i n  so i  1 mois ture l e v e l s  , 
as i l l u s t r a t e d  i n  f i g u r e  9. D i f ferences were genera l l y  most apparent a t  the end o f  
the growing season. Clearcuts r e ta i ned  the h ighes t  percentage o f  mois ture and the 
uncu t-ma t u r e  stands the 1 owes t percentage. Soi 1 moi s t u r e  l e v e l  s i n s he1 terwood and 
group-se lect ion treatments ranged between these two extremes. For the 3-year per iod,  
the  c l  earcu t , group-sel e c t i o n  , and shel terwood treatments averaged 14, 8, and 5 
percent more s o i l  mois ture than i n  the mature f o r e s t  a t  the  end o f  the growing season 
i n  the lower e l e v a t i o n  r e p l i c a t e  and 9, 11, and 2 percent  more, respec t i ve ly ,  i n  the 
upper r e p l i c a t e .  More p r e c i p i t a t i o n  was rece ived i n  the upper r e p l i c a t e ,  which 
decreased so i  1 mois ture d e f i c i t s  . 

Snowmel t recharged 
1 eve1 s each year, w i  t h  
c o n t r o l  areas f a i l e d  t o  
S o i l  mois ture l e v e l s  i n  
snowpack t h a t  w in te r  f a  
the uncut con t ro l s  ( f i g  
d e f i c i t  than the cont ro  

the  s o i l s  under a l l  treatments t o  about t h e i r  same respec t i ve  
he except ion o f  the sp r ing  of 1977. This year,  the uncut- 
reach f u l l  recharge by roughly  1.7 inches (4.3 cm) o f  water. 
the fa1  1 o f  1976 were about normal , b u t  a below average 
l e d  t o  produce enough water t o  overcome the fa1 1 d e f i c i t  i n  
9). The harvested areas came i n t o  w i n t e r  w i t h  less  of a . 

1 s ; the snowpack, even though below normal , was adequate t o  
recharge those p r o f i l e s .  For example, a t  the end of the 1976 growing season, so i  1s 
under the uncut -cont ro l  stands needed 5.4 inches (13.7 cm) t o  reach recharge wh i l e  
those i n  the shel terwood and c l e a r c u t  needed 4.1 and 2.6 inches (10.4 and 6.6 cm) , 
respec t i ve l y .  Another c o n t r i b u t i n g  f a c t o r  discussed e a r l  i e r  was i ncreased snow 
accumulation i n  the  c lea rcu ts ,  group se lec t ions  , and shel terwoods i n re1 a t i o n  t o  the 
mature fo res t - -a  r e s u l t  o f  r e d i s t r i b u t i o n .  

RESIDUES TREATMENTS 

No cons is ten t  t rends o r  d i f f e rences  i n  s o i l  water s ta tus ,  could be a t t r i b u t e d  
s o l e l y  t o  the var ious res idue treatments. 

Water Use 

The uncut mature l a r c h l f i r  f o res t  w i t h i n  the study area used about 75 percent  o f  
the  24-i nch (61-cm) average annual on-si  t e  p r e c i p i t a t i o n .  Water use w i  t h i n  the 
treatments was near l y  always l ess  than t h a t  o f  the uncut f o r e s t  b u t  va r i ed  substan- 
t i a l l y  by t reatment and year,  A d e t a i l e d  summary o f  water use by s i l v i c u l  t u r a l  and 
res idue treatment f o r  3 years o f  the study a re  presented i n  appendix E. 



SILVICULTURAL TREATMENTS 

O f  the s i l v i c u l t u r e  treatments, the shel terwoods ranked as the h ighes t  water 
user, fo l lowed by the  group se lect ions,  and then the c learcu ts  ( f i g .  11). During the 
3 years of complete measurements ( 1976, 1977, 1978) shel terwoods on the average used 
4 percent less  water than the uncut forest ,  group se lec t ions  10 percent less,  and 
c l ea rcu t s  11 percent  less .  

CONSUMPTIVE USE BY 5 ILVICULTURAL TREATMENT 

Control Surfaces 

Figure 11.--Average water use on areas treated with three sCZvicuZturaZ methods, the 
second, third, and fourth year after harvesting was completed. 



As i nd i ca ted  i n  f i g u r e  11 and appendix E, the r e l a t i v e  amounts of water used by 
the d i f f e r e n t  treatments remained about the same dur ing  the second, t h i r d ,  and 
f o u r t h  year  a f t e r  the harvest ing was completed. However, the magnitude o f  t h e  
d i f ferences dec l  i ned dur ing  t h a t  per iod.  I n  the second year (1976) a f t e r  harvest ing,  
the  c l ea r cu t s  used 18 percent  l ess  water than the con t ro ls ,  the group se lec t ions  14 
percent less,  and the shelterwoods 8 percent less .  By the f o u r t h  year (1978), these 
d i f f e rences  had dec l ined t o  9, 11, and 1 percent,  r espec t i ve l y .  o f  course, dur ing  
t h a t  same per iod,  understory vegetat ion had begun i t s  r a p i d  recovery and was demand 
subs tan t i a l  amounts o f  water (Schmidt 1980). 

Accumulative water use curves f o r  the d i f f e r e n t  s i  1  v i c u l  t u r a l  treatments para1 
l e l e d  each o the r  e a r l y  i n  the rowing season, bu t  became i nc reas ing l y  d ive rgen t  as 
the  season progressed ( f i g .  12 7 . Very l i t t l e  d i f f e rence  i n  accumulative use was 
apparent between the three s i l v i c u l  t u r a l  treatments u n t i l  l a t e  Ju ly ,  b u t  the uncut 
mature f o r e s t  areas diverged e a r l y  i n  the  growing season. Concurrent w i t h  water use 
divergence was the beginning o f  s i g n i f i c a n t  water use from the lower end o f  the s o i l  
p r o f i l e s .  Heavy f requent  r a i n s  a re  common i n  June, b u t  Ju l y  and August are normal ly 
h o t  and d r y  i n  t h i s  area. 

WATER USE BY S ILV ICULTURAL TREATMENT - 1976 

Figure 12.--AccmZative water use during the growing season on areas 
dif fering silvicuZtura2 treatments, 2 years a f t er  h m e s t i n g  was compZeted. 

The d i f ferences shown between the  treatments and the con t ro l s  (uncut  mature 
f o res t )  a re  conservat ive,  Actual  d i f fe rences  under r egu la r  management would probably 
be g rea te r  f o r  several  reasons. A l i m i t e d  amount o f  preharvest water use data i n d i -  
cated t h a t  preharvest  water use d i f fe rences  ex i s t ed  on some o f  the s i t e s .  For example, 
the  uncut  mature f o r e s t  on the area l a t e r  harvested f o r  a shelterwood, was using more 
water than i t s  corresponding con t ro l .  The s o i l s  on the con t ro l  o f  one o f  the r e p l i -  
cates were shal lower and consequently a  smal ler  t o t a l  water r e s e r v o i r  was ava i l ab l e  



f o r  evapo t ransp i ra t i on .  Our c o n t r o l s  (uncu t  mature f o r e s t )  p robab ly  were n o t  f u l l y  
independent o f  t he  t reatments,  and as a r e s u l t  had l e s s  t o t a l  water  a v a i l a b l e .  We 
had more snow i n  harvested areas than i n  c o n t r o l s  and we must assume t h a t  i t  came 
f rom r e d i s t r i b u t i o n  o f  snow from ad jacen t  uncut  f o r e s t s  where our  c o n t r o l s  were 
1 ocated. As the  summer d e p l e t i o n  proceeded, t h e  h e a v i l y  vegeta ted areas e x t r a c t e d  
t h e  r e a d i l y  a v a i l a b l e  water ,  b u t  as water  became i n  s h o r t  supply,  e v a p o t r a n s p i r a t i o n  
and s o i l  water  use d imin ished.  When the  s o i l  water  supp ly  exceeded the  demand (wa te r  
n o t  l i m i t e d ) ,  such as i n  1976, o u r  water  use data  r e f l e c t e d  the  abi1.i t y  o f  the  on- 
s i t e  v e g e t a t i o n  t o  use water .  The d r y  season o f  1977 r e s u l t e d  i n  about  18 pe rcen t  o r  
3.2 inches (8 .1  cm) l e s s  water  use than the  1976 and 1978 averages, demonst ra t ing  t h e  
e f f e c t s  o f  water  d e f i c i t s  ( f i g .  11). 

RESIDUE TREATMENTS 

Water use on the four  res idue - t rea tmen t  areas l i n e d  up as expected when data  f rom 
a l l  s i l v i c u l t u r a l  t rea tments  a r e  combined ( f i g .  13) .  When water  use i s  ranked most 
t o  l eas t ,  t he  unders to ry -p ro tec ted  t rea tment  used the  most, f o l l o w e d  by t h e  res idues  
removed, i n t e n s i v e  u t i l i z a t i o n  and burned, and convent iona l  u t i l i z a t i o n  and burned. 
Average use d i f f e r e n c e  between the  h e a v i e s t  (unders t o r y - p r o t e c t e d )  and 1  i gh tes  t 
(conven t iona l  - u t i l  i zation-and-burned) users was about  1.7 inches (4.3 cm) o r  about  10 
percent  f o r  t he  3 years  o f  measurement. 

CONSUMPTIVE USE B Y  RESIDUE TREATMEN1 

/ 
Control Surfaces 

97 8 Figure 13.--Water use as affected by 
residues treatments (combining a22 
siZvicuZture treatments) 2, 3, and 4 
years a f t e r  harvesting a Zarch/ 
DougZas-fir forest. 



The most cons is ten t  d i f f e rence  i n  water use was between the  two burned and two 
unburned treatments.  D i f ferences between burned and unburned treatments averaged 1.4 
inches (3.6 cm) the  second year  a f t e r  ha r ves t i n  ( t he  f i r s t  year  a f t e r  burn ing)  , b u t  
d i f fe rences  had decreased t o  1.1 inches (2.8 cm 3 by the f o u r t h  year  (1978). Percent- 
agewi se, these d i f ferences averaged 7 and 6 percent, r espec t i ve l y  , (append1 x D) . 

Si  l v i c u l  t u r e  t reatment ef fects on water use tended t o  overshadow res idue treatment 
e f f e c t s .  Figures 14, 15, 16, and 17 demonstrate the water use pa t te rns  when a l l  
t reatment combinations a re  shown together  f o r  the second, t h i r d ,  and f o u r t h  years 
a f t e r  harvest ing.  

CONSUMPTIVE USE BY TREATMENT AND SUBTREATMENT - 1976 

-oup Selection 

Figure 14 ,  --Water use foZZowing the 12 s i  ZvicuZture and residues treatment combina- 
tions 2 years after &vesting. 



CONSUMPTIVE USE BY TREATMENT AND SUBTREATMENT - 1477 

8 urface 

Figure 15.--Water use foZZou<ng the 12 s iZvicul ture and ~ e s i d u e s  treatment combinations 
3 years a f t e r  harvesting. 

CONSUMPTIVE USE BY TREATMENT AND SUBTREATMENT - 1978 

- Control Surface 

Figure 16. --Water use fottowing the  1 2  si Zviculture and residues treatment wmbinations 
4 years af t e r  harvesting. 



MEAN CONSUMPTIVE USE -ALL YEARS (1976- 1978) 

1 Group Selection 
1 S helterwood 

F igure  17. --Water use summary for the  second through the fourth year  a f t e r  the 1 2  
sC ZvicuZture and res idues trea-bments were imposed in a Zarch/fir forest .  

The most conspicuous water user i s  the understory-protected treatment i n  the 
shel terwood. I t  cons i s t en t l y  used more water than the uncut-control  areas. The 
d i f fe rences  became even more conspicuous as the study progressed. However, t h i s  same 
understory-protected treatment was l i t t l e  d i f f e r e n t  than the o ther  res idue treatments 
on the  group se lec t ions  and c learcu ts .  As i t  turned out,  a1 though there was a deter -  
mined e f f o r t  t o  save the understory t rees and shrubs i n  t h i s  treatment, on ly  i n  the 
shel terwood was t h i s  accomplished very e f f e c t i v e l y .  This i s  shown i n  the ana lys is  o f  
the  understory vegetat ion o f  these treatments (Schmidt 1980). These water use data 
correspond t o  the unders tory-vegetat ion measurements -- the greater  the res idua l  under- 
s t o r y  vegetat ion,  the greater  the water use. 

The residue-removed treatment ranked second i n  water use, bu t  t h i s  was most 
obvious on the c learcu ts  and group-sel ec t i on  cu t t i ngs  . This corresponds d i r e c t l y  w i t h  
the dramatic increase i n  herbs and small shrubs on t h i s  same combination o f  treatments 



and t h e  1 ack o f  t h i s  low-vegetat i  on response on the residues-removed/shel terwood 
treatment combination (Schmidt 1980). A1 though t h i s  t reatment  c o n s i s t e n t l y  used more 
water than i t s  two burned counterpar ts ,  the d i f f e r e n c e s  averaged on ly  about 6 percent  
o r  1.0 inches (2.5 cm) d u r i n g  the study p e r i o d  (appendix E )  . 

There were no s u b s t a n t i a l  d i f f e r e n c e s  i n  water use between the two burned t r e a t -  
ments on the group se lec t ions  and c lea rcu ts  where broadcast burn ing was reasonably 
cons is ten t .  However, on the  shel terwood treatment,  more water was used on the  i n t e n s i v e  I 

u t i l i z a t i o n  and burn than on the  convent ional  u t i l i z a t i o n  and burn. Th is  may be 
r e l a t e d  t o  the  coo ler  burn ing on the i n t e n s i v e  u t i  1 i z a t i o n  and burn ( A r t l e y  and o thers  

I 

1978; Schmidt 1980). However, c a u t i o n  i s  i n  order because o n l y  the upper r e p l i c a t e  
s he1 terwood data are  used here-- the lower rep1 i cate shel terwood was n o t  burned. 

WATER USE PATTERNS 

Water use began e a r l y  i n  the  season, peaked around mid-July,  and tapered o f f  
more r a p i d l y  than i t  had begun. Figure 18 i l l u s t r a t e s  an average d a i l y  water  use 
envelope t h a t  encompasses the  range o f  water use by a l l  t reatments evaluated i n  t h i s  
study. As i n d i c a t e d  i n  t h i s  envelope, d a i l y  use maximums i n  mid-July peaked a t  
n e a r l y  0.16 inches (0.4 cm) and the  minimums peaked a t  about 0.10 inches (0.25 cm). 
As expected, the uncut c o n t r o l s  were i n  the upper l a y e r  o f  the d a i l y  use envelope and 
the  burned treatments on the c l e a r c u t s  and group se lec t ions  were found i n  the lower 
l a y e r  o f  the  use envelope. 

0.02 
I I 1 I I 

M A Y 2  JUNE 1 JULY 1 AUG. 1 SEPT. 1 OCT. 1 

Figure 28. --Aveulage da i l y  water use envelope during *he growing ~ s a s o n  encompassing a 
range o f  siZvicuZture residue treatment combinations in a Zarch/fir forest.  
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Lowest d a i l y  water  use occur red a t  t he  end of t h e  growing season ( p r e v i o u s l y  
d e f i n e d  as May 2 t o  October 17)  when s o i l  mo is tu re  was a t  i t s  seasonal low and the  
f r o s t  had a l ready  taken i t s  t o l l  of t h e  herbs and shrubs. I n t e r e s t i n g l y ,  t he  under- 
s t o r y - p r o t e c t e d  t rea tments  of bo th  c l e a r c u t s  were the  l owes t  water  users a t  t he  end 
o f  t he  growing season, y e t  were h i g h  mid-season users.  I 

The most p r e d i c t a b l e  and l e a s t  v a r i a b l e  use p a t t e r n s  were d i sp layed  by t h e  
residues-removed t rea tmen t  f o l l o w e d  by t h e  conventional-utilization-and-burn and t h e  
unders t o r y - p r o t e c t e d  t rea tments .  

The g r e a t e s t  v a r i a t i o n  i n  d a i l y  water  use occur red c o n s i s t e n t l y  i n  mid-Ju ly  on 
a1 1 rep1 i c a t e s  and t reatments .  Both upper and lower  c l e a r c u t s  c o n s i s t e n t l y  demon- 
s t r a t e d  the  g r e a t e s t  v a r i a b i l i t y  i n  the  p a t t e r n  o f  water  use. Th is  obse rva t i on  i s  
c o n s i s t e n t  w i  t h  t h e  range i n  t rea tmen t  d i v e r s i t y  t h a t  r e s u l  t e d  f rom the  imposi t i o n  o f  
s i  l v i c u l  t u r a l  and r e s i d u e  t rea tment  combinat ions.  

The t rends shown i n  t h i s  s tudy  a r e  i n  agreement w i t h  Tew (1967),  Johnston and 
o the rs  (1969), and Zeimer (1964). They found t h a t  t he  p e r i o d  of g r e a t e s t  water  use 
occur red e a r l y  i n  the  growing season and t h a t  average d a i l y  water  use decreased as 
a v a i l a b i l i t y  of mo is tu re  decreased. Tew (1967) r e p o r t e d  t h a t  4.7 inches (12  cm) was 
used f rom May 25 t o  J u l y  13 w h i l e  1.2 inches ( 3  cm) was used f rom J u l y  13 t o  September 
22. Evapo t ransp i ra t i on  data  f rom two sagebrush watersheds i n  nor thwest  and south-  
c e n t r a l  Wyoming (Sturges 1979) a l s o  f i t s  ve ry  n i c e l y  i n  the  lower  t h i r d  o f  the d a i l y  
use envelope t h a t  we developed i n  t h i s  s tudy ( f i g .  15 ) .  R ich  and Thompson (1974) 
l i s t e d  average d a i l y  e v a p o t r a n s p i r a t i o n  r a t e s  f o r  some mixed c o n i f e r  species i n  d i f f e r -  
e n t  l o c a l i t i e s .  A l l  b u t  t h ree  o f  t h e  r a t e s  l i s t e d  a r e  e a s i l y  encompassed w i t h i n  ou r  
envelope. 

D a i l y  and annual consumptive use r a t e s  a r e  be ing governed by many f a c t o r s .  Kovner 
(1956) suggests t h a t  e v a p o t r a n s p i r a t i o n  o p p o r t u n i t y  i s  u s u a l l y  r e l a t e d  t o  e x t e n t  o f  
cover on an area r a t h e r  than i t s  cha rac te r .  C l i n e  (1974) r e l a t e d  s o i l  mo is tu re  l o s s  
d u r i n g  t h e  growing season t o  n o t  o n l y  degree o f  occupancy and t ype  o f  v e g e t a t i o n  
e x i s t i n g  on a s i t e ,  b u t  a l s o  aspect  and the  r e s u l t i n g  p o t e n t i a l  e v a p o t r a n s p i r a t i o n  f o r  
a p a r t i c u l a r  s i t e .  C l i n e  and o t h e r s  (1977) r e p o r t e d  t h a t  on a south  s lope,  i n v a d i n g  
shrub species r a p i d l y  reoccupiedothe s o i l  mantle, and a f t e r  4 years ,  t he  shrub mono- 
c u l t u r e  probab ly  e x t r a c t e d  more water  f rom the  s o i l  d u r i n g  the  ex t remely  d r y  summer 
than d i d  t h e  o r i g i n a l  stand. E f f e c t s  o f  s lope  and aspect  on s o l a r  r a d i a t i o n  and 
subsequent water  consumption a r e  a l s o  discussed by C l i n e  and o the rs  (1977) as w e l l  as 
Lee (1964, 1967) and Douglass (1967), and a r e  b e l i e v e d  t o  p l a y  a major  r o l e  i n  r e g u l a t -  
i n g  consumptive use. Stearns and Car lson (1960) found t h a t  s o i  1 mo is tu re  c o r r e l a t e d  
b e s t  w i t h  s o i  1 temperature, evaporat ion-pan data,  and s o l a r  r a d i a t i o n .  

S t reamf  1 ow 

There were no n o t i c a b l e  depar tures  f rom expected values i n  e i t h e r  peak f l o w  o r  
base f l o w  o f  Abbot t  Creek. The probab le  reasons f o r  t h i s  are: ( 1 )  t h e r e  were no 
p reharves t  s t reamf low data  f o r  making comparisons, ( 2 )  t h e  watershed i s  n o t  a c losed  
system, ( 3 )  t h e  h y d r o l o g i c  and geo log ic  d i v i d e s  do n o t  co inc ide ,  and ( 4 )  t h e  e q u i v a l e n t  
c l e a r c u t  area was o n l y  5 pe rcen t  o f  t he  gauged watershed. 

The chemis t r y  o f  Abbo t t  Creek ( a t  the f lume) was n o t  s i g n i f i c a n t l y  changed accord-  
i n g  t o  S t a r k  (1979, 1980). 

Other i n f o r m a t i o n  concerning t h e  Abbo t t  Creek watershed appears i n  appendix A and 
B. I t  i s  p resented p r i m a r i l y  t o  document s t reamf low p a t t e r n  i n  t h i s  dra inage and 
geographic area. 



SUMMARY AND CONCLUSIONS 

This report has mainly been devoted to describing the combined effects  of conven- 
tional s i  1 vi cul ture treatments and different  residues management treatments on water 
input, s t a tus ,  and amount and pattern of use during the growing season i n  a larch/f i r  
fores t .  Basic hydrological relationships wi 11 be exarni ned i n  more detai 1 in subsequent 
reports. We feel the important findings in th is  study were: 

Silviculture treatments affected the amount of rain and snow t h a t  reached 
the fores t  f loor.  In the case of ra in ,  these differences were substantial 
with the small rain storms ( <  0.2 inch [0.5 cm] per 24-hour period) and 
relat ively minor w i t h  the larger storms. For example, about a third of 
a 0.1-inch (0.25-cni) rain storm reached the fores t  floor in the uncut 
mature fores t  and about three-fourths reached i t  in the shel terwoods . 
Differences were directly related to amount of standing timber and the 
interception i t  provided. In the case of snow, differences were due to 
redistribution of snow. For both rain and snow, the most water reached the 
fores t  f loor in clearcuts and group selections,  a moderate amount reached 
i t i n shel terwoods , and the l eas t  reached i t in the uncut mature fores t .  

Soils were generally fu l ly  charged w i t h  water a t  the beginning of the 
growing season under a l l  treatments (exception: the uncut mature forest  
did not fu l ly  recharge during one winter) .  Soil water gradually decreased 
during the growing season--first in the upper soil  profi le  and l a t e r  in the 
lower profiles--and reached i t s  lowest poi n t  (about 12 percent) in September 
and October. However, the low point varied by year and s i lv icul ture  
treatment. Soil water content was relat ively s table  in the lower profi les,  
b u t  more e r r a t i c  near the soi l  surface in response to precipitation and 
rapid use. 

The mature larch/f i r  forests  used about three-fourths of the annual precipi ta- 
tion (24  inches [61 crn]) on the study area. All s i lvicul  tura l ly  treated 
areas used less water than the uncut mature fores t .  O f  the three s i lv icul ture  
treatments, clearcuts used the l eas t  water, group selections a moderate 
amount, and shel terwoods the most--18, 14, and 8 percent l e ss ,  respectively, 
than the uncut forest  the second year a f t e r  harvesting. These differences 
diminished the next 2 years, b u t  averaged 11, 10, and 4 percent, respectively, 
for  the ent i re  study period. 

Of the resi dues-management trea trnents , the unders tory-protec ted treatment 
was the biggest water user. I t  was followed by the residues-removed treatment 
and the lowest users--the two burned treatments. These water use data 
corresponded to the amount and type of understory vegetation growing on the 
treated areas--the more vegetation, the greater the water use. In the 
understory-protected treatment, particularly under the shel terwoods , f a r  
more residual trees and shrubs survived logging than in other treatments. 
The residues-removed treatment resulted in a substantial increase in the 
herbaceous and small shrub components. The two burned treatments s e t  vegeta- 
tion back substantially for  this  study period, b u t  i t  was rapidly recuperating 
and i t s  water use can be expected to increase. 

Present trends indicate that  treatment related differences in on-site water 
use, in relat ion to the uncut mature fo res t ,  will be relat ively short-lived. 
The increasing water use on a1 1 treatments, the para1 l e l  rapid revegetation, 
and the differences in effective precipitation on the treatments point i n  
tha t  direction. This trend i s  likely accelerated on this  part icular  study 
s i t e  where treatments are in close proximity and there are opportunities for  
snow redistribution. 



6. Water use began in  Apri 1 , accelerated,  peaked in July,  and rapidly decelerated 
a f t e r  t ha t .  Maximum dai ly  use approached 0.2 inch (0.5 cm) in mid-July. 
Most so i l  water use was in upper so i l  p rof i les  ear ly  in the growing season, 
b u t  t h i s  use gradually moved downward as the growing season progressed. 

7. A1 though speculative a t  t h i s  time, i t  appears t h a t  water use differences due 
t o  s i l v i c u l t u r e  and residues treatments will be r e l a t ive ly  minor as  ear ly as  
10 years a f t e r  treatment under condi t ions simi 1 a r  to  those in t h i s  study . 
Understory vegetation in  1 a r c h l f i r  fores ts  recovers rapidly and apparently 
amel iora tes  d i f f e ren t i a l  treatment e f f ec t s  on water use. 

8. I t  appears tha t  under conditions s imi lar  to  those found in  th i s  study, a t  
l e a s t  10 percent of a drainage could be c learcut  or 20 percent se lec t ive ly  
cu t  with no stream channel degradation from increased peak flows. 

9 .  Snow redis t r ibut ion  between uncut and harvested areas can be expected t o  
continue fo r  a long period, possibly as  long as 50 to  75 years .  However, 
red is t r ibut ion  will gradually decline as the new stand of t rees  approaches 
the height of the adjacent uncut fo re s t .  

10. Soil moisture appears to  be the primary l imit ing f ac to r  f o r  vegetative 
growth i n  l a r c h / f i r  fo re s t s  growing on s o i l s  s imi lar  in depth and character ,  
and comparable prec ip i ta t ion  regimes, as those in  th i s  study area.  Soil 
water i s  e f f i c i e n t l y  extracted throughout the soi 1 p ro f i l e  where vegetation 
f u l l y  occupies the s i t e .  
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APPENDICES 

Appendix A.--Hydrograph f o r  Abbot t  Creek on Coram Experimental Forest--1975 t o  1978. 

ABBOTT CSEEK HY DROGRAPH (CORAM EXPER l MENTAL FOREST) 
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Appendix 6.--Characteristics o f  Abbot t  Basin watershed and study s i t e  on Corarn 
Experimental Forest. 

Gauged watershed 

Study area ( E .  Aspect) 

Area harvested 

Study area as percentage of  gauged watershed 

Harvested area as percentage o f  gauged watershed 

Equi val en t cl earcu t area as percentage of 
gauged watershed 

Aspect of study area 

Mean elevation 
Lower repl i ca t e  
Upper repl i ca te  

Mean basin temp. 

Average annual precipitation - watershed 
( 1955-67) 

Average annual precipitation - study s i t e  
( 1975-78) 

Average annual runoff - calculated (1953-67) 

Average annual runoff - measured (1975-78) 

1,516 acres (452 ha) 

368 acres (149 ha) 

100 acres (40 ha) 

33 percent 

9 percent 

5 percent 

East 

4,310 fee t  (1 314 m) 
5,030 fee t  (1  533 m )  

35 inches (89 cm) 

25 inches (64  cm) 

14 inches (36 cm) 

15 inches (38 cm) 



Appendix C.--Rainfall reaching the soi l  as a function of s i lv icul ture  treatment and 
rainfal l  per day in a larch/f i r  fores t .  

Rainfall per 24-hour period Percent of clearcut Percent o f  mature stand 

Mature Mature 
Cl earcut She1 terwood stand - She1 terwood stand Clearcu t She1 terwood ----------- (Inches)----------- ------------------- (Percent)----- - - - - - - - - - - - - - -  



Appendix D.--The r e l a t i o n s h i p  of t o t a l  r a i n f a l l  pe r  24-hour p e r i o d  t o  t h e  amount o f  
r a i n  reach ing t h e  f o r e s t  f l o o r  i n  c l e a r c u t s ,  she1 terwoods, and uncut  mature f o r e s t s  
( w i t h  corresponding stand c u b i c  volumes) . 

CLEARCUT SHELTERWOOD CONTROL 
(15 Ft31Acre) (1799 Ft31Acre) (4047 Ft31Acre) 



Appendix E.--Water use dur ing  t he  growing seasons (May 1 t o  October 15) of 1976 
t o  1978 by s i l v i c u l t u r e  and res idue treatments. 

Year 

C l  earcu t 
Shel terwood 
Group s e l e c t i o n  
Control  
Average 

C l  earcu t 
Shel terwood 
Group se lec t i on  
Control  
Average 

C l  earcu t 
Shel terwood 
Group se lec t i on  
Control  
Average 

A l l  Years 

C l  earcu t 
Shel terwood 
Group s e l e c t i o n  
Control  
Average 

lThe lower shelterwood was n o t  burned and data from these p l o t s  are n o t  inc luded 
i n  t h i s  summary. 
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ABSTRACT 

I n  the  h igh-e leva t ion  lodgepole p ine  f o res t s  of western 
Wyoming, the most e f f e c t i v e  logg ing  res idue disposal  
t reatment i n  terms of sur face r u n o f f  and eros ion con t ro l  i s  
ch ipp ing the  res idue and respreading i t  as a p r o t e c t i v e  
mu1 ch. Th is  t reatment has ser ious d i  sadvantages--almost 
complete suppression o f  vegetat ion and e l  im ina t i on  o f  
na tu ra l  lodgepole p i ne  reproduct ion.  The most adverse 
so i  1 and vege ta t i  ve c h a r a c t e r i s t i c s  , the  poorest  sur face 
r u n o f f  and eros ion con t ro l ,  and the slowest watershed 
recovery occur where logg ing  res idue has been dozer p i  1 ed 
and burned. Chipping and removing the  chips i s  a super io r  
t reatment f o r  watershed p ro tec t ion ,  bu t  i t s  p r a c t i c a l i t y  i s  
cont ingent  upon a market f o r  chips o r  small t imber products. 
Broadcast burn ing remains the most e f f e c t i v e  res idue t r e a t -  
ment i n  terms of p ro tec t i on  of s o i l  and vegetal  cha rac te r i s t i c s ,  
con t ro l  o f  sur face r u n o f f  and s o i l  erosion, and r a p i d i t y  o f  
watershed recovery f o l l o w i n g  logg ing .  

KEYWORDS: lodgepole pine, logg ing  res idue disposal ,  dozer- 
p i 1  ing,  broadcast burning, so i  1 s t ab i  1 i t y  



One o f  the most e f f i c i e n t  methods of harvest ing mature o r  overmature lodgepole 
p ine  and regenerat ing the  new f o r e s t  i s  c l e a r c u t t i n g ,  fo l l owed by t he  disposal  
o f  logg ing residue, and then by na tu ra l  o r  a r t i f i c i a l  seeding, o r  p l an t i ng .  
Most commercial lodgepole p ine forests  earmarked f o r  t imber product ion do no t  
respond we l l  t o  p a r t i a l  c u t t i n g .  One reason i s  the i n t o l e rance  o f  young lodge- 
po le  p ine  t o  shade; another i s  damage o f  new f o r e s t  growth by dwarf m i s t l e t o e  
i n f e c t i o n  from remaining overs to ry  t rees.  

I n  c l ea r cu t  fo res ts ,  the s o i l  and vegetat ive c h a r a c t e r i s t i c s  t h a t  in f luence 
t he  hydro log ic  s t a b i l i t y  of the  f o res t  f l o o r  can be a l t e r e d  d r a s t i c a l l y ,  
espec ia l l y  i f  logg ing res idue i s  p i l e d  and burned. One immediate e f fec t  o f  
t h i s  t reatment i s  the bar ing  o f  s o i l  surfaces between windrows o f  residue, there-  
by making these surfaces vu lnerab le  t o  the impacts of water erosion. 

Resul ts o f  a recen t  study on e i g h t  harvest  u n i t s  and four  unlogged u n i t s  
of a  larch/Douglas fir f o r e s t  i n  western Montana show t h a t  t r a c t o r  logg ing  
produces changes i n  s o i l  and vegetat ive c h a r a c t e r i s t i c s  t h a t  improve the  hydro- 
l o g y  and s o i l  s t a b i l i t y  o f  the f o res t  f l o o r .  The study a lso  shows t h a t  
broadcast burn ing o f  the logg ing res idue exer ted e f f e c t s  on these s o i l  and 
vegetat ive charac te r i  s t i  cs tha t  a re  det r imenta l  f o r  runo f f  and eros ion con t ro l  . 
However, the  moderate degree o f  r u n o f f  and s o i l  eros ion hazard and i t s  b r i e f  
du ra t ion  i nd i ca tes  t h a t  t h i s  t reatment i s  probably no t  permanently damaging t o  
these watersheds (Packer and W i  11 iams, 1976). 

The ex ten t  t o  which these conclusions apply where lodgepole p ine f o r e s t s  
on s i m i l a r  ( g e n t l y  s lop ing)  t e r r a i n  are c l e a r c u t  and the  logg ing residue i s  
e i t h e r  p i l e d  and burned, broadcast burned, chipped and respread on s i t e ,  o r  
chipped and hauled away, i s  no t  known and needs i nves t i ga t i on .  Th is  paper 
descr ibes the immediate, two-year and four-year  e f fec ts  of these res idue 
disposal  treatments on lodgepole p ine f o res t  watersheds i n  western Wyoming. 

STUDY AREA AND METHODS 

I n  the  summer and autumn of 1971 , four 20-acre t r a c t s  o f  lodgepole p ine  i n  
the Union Pass area of the  Br idger-Teton Nat iona l  Forest  were c l ea r cu t .  Each o f  
these t r a c t s  was d i v i ded  i n t o  f o u r  5-acre blocks and d i f f e r e n t  logg ing  res idue 
disposal  treatments were appl ied.  On two of the  t r a c t s  ha l f  of the logg ing  
res idue was disposed o f  by doze r -p i l i ng  i n t o  windrows t h a t  were burned. The 
o ther  h a l f  o f  the residue was broadcast-burned. Logging res idue on the  o the r  two 
t r a c t s  was chipped. The ch ips were respread un i formly  on the f o r e s t  f l o o r  on 
ha l f  of the blocks i n  these two t r a c t s  and removed completely from the  o the r  ha l f .  

Although the  harvest ing of t imber from these t r a c t s  was completed i n  the  f a l l  
of 1971, the windrowed res idue was no t  burned u n t i l  the f a l l  o f  1972 and the  
broadcast res idue was n o t  burned u n t i l  t he  summer of 1973. The ch ips were spread 
on the blocks designated f o r  t h a t  t reatment i n  e a r l y  summer of 1973. Lodgepole 
p ine p l a n t i n g  and seeding was completed by J u l y  1973. 

Three sets of 60 r a i n f a l l - s i m u l a t i n g  i n f i l  t rometer p l o t s  were es tab l i shed  
on the study areas, one s e t  each i n  1973, 1975, and 1977. Wi th in  each s e t  o f  
p l o t s ,  48 were loca ted  on the  f o u r  c l ea r cu t  t r a c t s  and 12 i n  adjacent unlogged 
f o res t .  Twelve o f  the  48 p l o t s  on the  c l ea rcu t  t r a c t s  were loca ted  on each t r a c t ,  
th ree  on each o f  the  f o u r  blocks comprising each t r a c t .  This study design 
f a c i l i t a t e d  eva lua t ion  o f  the  e f f e c t s  o f  the d i f f e r e n t  logg ing  res idue disposal  
t reatments on s o i l  and vegetal  cha rac te r i s t i c s ,  over land f l ow  and s o i l  s t a b i l i t y  



behav ior .  The design a l s o  p rov ided  means f o r  comparing such behav ior  on logged 
and unlogged f o r e s t  land.  

Except f o r  a  one-t ime measurement o f  s o i l  p a r t i c l e - s i z e  d i s t r i b u t i o n ,  a l l  
s o i l  and vegeta l  c h a r a c t e r i s t i c s  were measured on a l l  p l o t s  each yea r .  Bu lk  
d e n s i t i e s  o f  t he  0-1 i n c h  and 1-2 i n c h  depths o f  t h e  s o i l  mant le  were determined 
f rom rep1 i c a t e d  vo l  ume-weight s o i  1  cores taken a t  random l o c a t i o n s  w i t h i n  t h e  
p l o t s .  T o t a l  pore space was determined f rom t e n s i o n - t a b l e  measurements on t h e  
s o i l  b u l k  d e n s i t y  cores.  S o i l  p a r t i c l e  s i z e  d i s t r i b u t i o n  was determined f rom 
o n e - t h i r d  of t he  composited b u l k  s o i l  samples taken f rom t h e  0-1 i n c h  and 1-2 
i n c h  depths o f  t he  s o i l  mant le  a t  random l o c a t i o n s  w i t h i n  each p l o t .  Water- 
s t a b l e  aggregate d i s t r i b u t i o n  was determined f rom another  o n e - t h i r d  o f  t h e  
cornposited b u l k  s o i l  samples, and s o i l  o rgan ic  m a t t e r  con ten t  was determined 
f rom t h e  remaining one- th i rd .  Vegetal c h a r a c t e r i s t i c s ,  c o n s i s t i n g  o f  l i v e  
p l a n t  cover dens i t y ,  1 i t t e r  cover  dens i t y ,  l o g g i n g  d e b r i s  cover  dens i t y ,  rock  
cover dens i t y ,  ash cover dens i t y ,  depth o f  chips,  and s i z e  o f  bare  s o i l  
openings were measured w i t h  a p o i n t  ana lyze r  on 100 p o i n t s  e s t a b l i s h e d  on 
t r a n s e c t s  w i t h i n  each p l o t .  

A r a i n f a l l  s i m u l a t o r  was used t o  app ly  water  t o  each j n f i l t r o m e t e r  p l o t  a t  
a  cons tan t  r a t e  of 3.26 inches pe r  hour f o r  30 minutes.  Runof f  f rom t rough  
r a i n  gages was c o l l e c t e d  a t  5-minute i n t e r v a l s  t o  p r o v i d e  a  r e c o r d  o f  r a i n f a l l  
amounts and i n t e n s i t i e s .  P l o t  r u n o f f ,  i n c l u d i n g  bo th  water  and eroded s o i l ,  
was caught a t  5-minute i n t e r v a l s  and recorded. Th is  d ischarge was r e t a i n e d  as 
p a r t  o f  t h e  t o t a l  r u n o f f  and eroded m a t e r i a l  f rom each p l o t .  

LOGGING AND RESIDUE TREATMENT EFFECTS 

Both t h e  l o g g i n g  and res idue  d isposa l  t rea tments  s i g n i f i c a n t l y  i n f l uenced  
s o i l  and v e g e t a t i v e  c h a r a c t e r i s t i c s  and a l t e r e d  su r face  r u n o f f  and e r o s i o n  
behavior .  

E f f e c t s  on S o i l  P r o p e r t i e s  

BULK DENSITY 

The e f f e c t s  o f  res idue  t rea tments  on b u l k  d e n s i t y  o f  t h e  su r face  2-inches 
o f  s o i l  a r e  shown i n  f i g u r e  1. The h i g h e s t  b u l k  d e n s i t y  i n  1973 occur red on 
t h e  b locks  where ch ips  were spread over  t h e  sur face.  These h i g h e r  bulk den- 
s i t i e s  were caused by compaction f rom t r a c t o r s  used t o  spread t h e  ch ips .  

The n e x t  h i g h e s t  b u l k  d e n s i t i e s  occur red between windrows on b locks  where 
t h e  l o g g i n g  res idue  was dozer p i l e d  and burned. These b u l k  d e n s i t i e s  a l s o  a r e  
re1  a ted  t o  t r a c t o r  compaction. 

Four years  l a t e r ,  i n  1977, t h e  h i g h e s t  b u l k  d e n s i t i e s  were between windrows 
on b locks  where t h e  l o g g i n g  res idue  was dozer p i l e d  and burned. The lowes t  
bu lk  d e n s i t i e s  were found on c o n t r o l  p l o t s  i n  unlogged areas ad jacen t  t o  t h e  
c l  e a r c u t  t r a c t s .  

I n  general ,  between 1973 and 1977, s o i l  b u l k  d e n s i t i e s  improved on t h e  b locks  
where ch ips  were respread and a l s o  on t h e  b locks  where ch ips  were p i cked  up and 
removed. I n  c o n t r a s t ,  s o i l  b u l k  d e n s i t i e s  on s i t e s  f rom which res idue  had been 
removed by dozer p i  1  i ng f a i  1  ed t o  recover  o r  improve. 
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Figure 2.--Bulk density of the surface 2-inches of so.i.2 associated w i th  various 
residue treatments on ZodgepoZe pine clearcuts . 

TOTAL POROSITY 

The e f f e c t s  of  t h e  res idue  t reatments on t o t a l  p o r o s i t y  of  the  su r face  2- 
inches of s o i l  a r e  shown i n  f i g u r e  2. I n  1973 t h e  lowes t  (poorest )  s o i l  p o r o s i t y  
occur red on b locks where t h e  res idue  was chipped and respread. These, o f  course, 
were t h e  s i t e s  having the  h i g h e s t  b u l k  d e n s i t i e s .  S i m i l a r l y ,  t h e  n e x t  l owes t  
s o i l  p o r o s i t y  occur red on s i t e s  hav ing the  second h i g h e s t  b u l k  d e n s i t i e s ,  namely, 
where the  res idue  was removed by dozer-pi1 i ng .  

By 1977, s o i l  p o r o s i t y  on those s i t e s  where ch ips  had been respread had 
improved s u b s t a n t i a l l y .  On t h e  o t h e r  hand, t h e  lowes t  p o r o s i t y  occur red on s i t e s  
f rom which res idue  had been removed by d o z e r - p i l i n g .  

Between 1973 and 1977, no s i g n i f i c a n t  changes occur red i n  t h e  s o i l  p o r o s i t y  on 
b locks where t h e  res idue had been p i cked  up f o r  ch ipp ing  b u t  n o t  respread, on 
broadcast-burned blocks,  o r  beneath the  burned windrows on dozer p i l e d  b locks.  
By 1977, t h e  h i g h e s t  s o i l  p o r o s i t y  was encountered i n  t h e  ad jacent  unlogged 
f o r e s t  areas where the  b u l k  d e n s i t y  was lowest .  
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Figure 2.--TotaZ porosiky of the surface 2-inches of soi l  associated wi th  varCous 
residue iSreatments on ZodgepoZe pine clearcuts. 

ORGANIC MATTER CONTENT 

The e f f e c t s  o f  t h e  res idue t reatments on o rgan ic  m a t t e r  con ten t  o f  the  
su r face  2-inches o f  s o i l  a re  shown i n  f i g u r e  3. I n  1973, the o rgan ic  m a t t e r  
con ten t  o f  t h e  s o i l  ranged f rom about 5 percent  t o  8 percent .  I n  1975, the 
h ighes t  o rgan ic  m a t t e r  content ,  12 percent ,  was measured on s i t e s  where res idues 
were p icked up f o r  ch ipp ing  b u t  n o t  respread. Th is  increased l e v e l  of o rgan ic  
m a t t e r  i s  b e l i e v e d  t o  be due t o  the  i n c o r p o r a t i o n  o f  f i n e  residue,  such as p ine  
needles, i n t o  t h e  s o i l  d u r i n g  logg ing  operat ions and the subsequent removal o f  
res idue  f o r  ch ipp ing.  By 1977, these f i n e r  o rgan ic  components had disappeared, 
p r i n c i p a l l y  through o x i d a t i o n ,  and the  o rgan ic  ma t te r  con t e n t  had decreased 
t o  about 6 percent .  

I n  bo th  1975 and 1977, the h i g h e s t  organ ic  m a t t e r  content ,  n e a r l y  11 percent ,  
occur red on s i t e s  where t h e  logg ing  res idue  had been chipped and respread. The 
lowest  organ ic  m a t t e r  con ten t  i n  these years  occur red beneath dozer p i l e d  and 
burned windrows. The d e s t r u c t i o n  o f  o rgan ic  ma t te r  near the s o i l  sur face by 
bu rn ing  t h e  l a r g e  concen t ra t i ons  o f  res idue  i n  windrows probab ly  accounts f o r  
these low l e v e l s  o f  organ ic  ma t te r .  

I n  1977, t h e  second lowes t  l e v e l  o f  o rgan ic  m a t t e r  occur red on s i t e s  f rom 
which res idues were removed by dozer-pi1 i ng .  If a grad ing b lade i s  used on a 
b u l l d o z e r  t o  windrow o r  p i l e  l ogg ing  res idue,  a  s u b s t a n t i a l  amount o f  t h e  
sur face s o i l  can be scraped o f f  and added t o  the  windrows o r  p i l e s .  S i g n i f i c a n t l y ,  
du r ing  t h e  4-year p e r i o d  f rom 1973 t o  1977, organ ic  m a t t e r  con ten t  of the  
su r face  2-inches o f  t h e  s o i l  mant le increased where the  res idue  t reatments d i d  
n o t  i n v o l v e  burn ing and decreased where burn ing was p a r t  o f  t h e  d isposa l  t reatment .  
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F i g w e  3.--Organic matter content of the surface Z-inches of s o i l  associated w i t h  
- var ious residue treatments on lo&epo2e pine cZearcuts. 

on the pH of the  sur face 2-inches o f  
f i c a n t  chanae was the  increase 

P H 

The e f f e c t s  o f  t he  res idue t featments 
s o i l  a re  shown i n  f i g u r e  4. The on l y  s i g n i  
i n  pH associated w i t h  burn ing windrowed residues. ~ h e s e  windrowed residues 
burned h o t t e r  than the  broadcast residues. The increased pH i s  a t t r i b u t e d  t o  the 
re lease and concent ra t ion o f  both monovalent and d i v a l e n t  ca t ions  and n i t r a t e s  
as the  residues a re  ox id ized  by f i r e .  These increases have pe rs i s t ed  throughout 
t he  4-years s ince the  windrows were burned. 

E f f e c t s  on Vegetat ive Cha rac te r i s t i c s  

VEGETATIVE COVER DENSITY 

The e f f e c t s  o f  l ogg ing  and residue treatments on the dens i t y  o f  vegetat ion 
cover ing the  ground a re  shown i n  f i g u r e  5. P r i o r  t o  logging, t o t a l  cover dens i t y  
a t  the  ground surface ( i n c l u d i n g  p lan ts ,  l i t t e r ,  and logg ing  res idue)  was s i m i l a r  
t o  t h a t  on the unlogged con t ro l  t rac ts- -about  99 percent. Because the dens i t y  of 
vege ta t i ve  cover on the logged u n i t s  was a l ready near l y  complete, even the 
add i t i on  o f  l a r g e  q u a n t i t i e s  o f  residue had l i t t l e  e f f e c t  on t o t a l  cover dens i t y  
measurements, i nc reas ing  them, on the average, l ess  than 1 -percent. Fo l lowing 
logging, the  cover dens i t i e s  o f  those b locks where res idue was chipped and 
respread were s t i l l  about 100-percent, a l though the cover was main ly  chips r a t h e r  
than p l an t s  and l i t t e r .  Th is  cover o f  chips was s t i l l  i n t a c t  i n  1977, 4-years 
a f t e r  spreading. 
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Figure 4.--pH of khe surface 2-inches of soil associated with  various residue 
treatments on Lodgepole pine dearcu t s .  

On s i t e s  where res idue  was p i cked  up f o r  ch ipp ing  b u t  n o t  respread as ch ips ,  
cover d e n s i t y  i n  1973 was reduced t o  67-percent. I n  1975 and 1977, l a r g e l y  
through the  regrowth o f  grasses and fo rbs ,  cover d e n s i t y  increased t o  between 
80 and 90 percent ,  which i s  s u f f i c i e n t  t o  p rov ide  e f f e c t i v e  watershed p r o t e c t i o n .  

Logging and res idue  removal by broadcast  burn ing i n  1973 l e f t  cover d e n s i t i e s  
o f  f rom 80 t o  90 percent .  D e n s i t i e s  i n  excess o f  80 percent  have p e r s i s t e d  on 
t h e  broadcast-burned b locks through 1975 and 1977. 

On the  windrowed and burned s i t e s ,  cover d e n s i t i e s  a f t e r  bu rn ing  averaged 
47-percent, c o n s i s t i n g  ma in l y  o f  unburned res idue.  Cover d e n s i t i e s  o f  40 t o  48 
percent ,  have p e r s i s t e d  through 1975 and 1977 on these s i t e s .  

On t h e  areas between windrows, where the  res idues were removed by b u l l -  
dozing, cover d e n s i t i e s  averaged 28 percent  i n  1973. By 1977, the  average cover 
d e n s i t y  on these s i t e s  was o n l y  30-percent. I t  i s  s i g n i f i c a n t  t h a t  l i t t l e ,  i f  
any, improvement o f  cover d e n s i t i e s  has occurred on these s i t e s  d u r i n g  t h e  4-year 
p e r i o d  f o l l o w i n g  l o g g i n g  and res idue  d i sposa l .  Th is  f a i l u r e  of p l a n t  cover t o  
respond r a p i d l y  i s  n o t  s u r p r i s i n g  cons ide r ing  the h i g h  a l t i t u d e  (9,600 f t )  and 
s h o r t  growing-season (about 60 days) t h a t  c h a r a c t e r i z e  lodgepole  fo res ts  a t  
Union Pass. P l a n t  recovery on p ro tec ted  b u t  p r e v i o u s l y  overgrazed suba lp ine 
ranges hav ing s i m i l a r  a l t i t u d e  and growing season r e q u i r e s  as much as 50 years  
o r  more ( E l l  i son,  1954). 
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Figure 5. --Density of vegeta t ive  cover associated wi th  various residue treatments 
on ZodgepoZe pine clearcuts  . 

ABOVE-GROUND BIOMASS 

The e f f e c t s  o f  l ogg ing  and residue treatments on the  product ion o f  above-ground 
biomass o f  grasses and fo rbs  i n  1977 a re  shown i n  f i gu re  6. I n  the  unlogged 
con t ro l  areas, the product ion of herbaceous biomass averaged about 310 pounds per 
acre. On s i t e s  where res idue was chipped and respread, herbaceous regrowth was 
r e s t r i c t e d  t o  on l y  about one-eighth of t h a t  on the con t ro l  areas. 

The g rea tes t  product ion,  980 pounds per  acre, was measured on s i t e s  where 
logg ing  res idue was picked up, removed f o r  chipping, bu t  no t  respread. Not on l y  
were these areas opened t o  sun1 i g h t  by c l ea r cu t t i ng ,  bu t  the  e x i s t i n g  understory 
vegetat ion was n o t  damaged by machinery o r  f i r e .  These s i t e s  re ta ined  the most 
p o t e n t i a l  f o r  i nc reas ing  the product ion o f  herbaceous biomass. 

On s i t e s  t h a t  were broadcast burned, herbaceous biomass product ion averaged 
800 pounds per acre. Apparent ly the  q u a n t i t i e s  of res idue l e f t  f o l l o w i n g  logg ing 
were no t  s u f f i c i e n t l y  concentrated t o  support the ho t  f i r e s  t h a t  g r e a t l y  damage 
herbaceous vegetat ion.  

Average product ion o f  herbaceous biomass where logg ing  res idue was windrowed 
and burned was about 400 pounds per acre, almost as low as i n  the  r e l a t i v e l y  
unproduct ive con t ro l  areas. Th is  low product ion r a t e  r e f l e c t s  the  des t ruc t ion  o f  a 
subs tan t ia l  p o r t i o n  o f  herbaceous p l an t s  by h igh f i r e  i n t e n s i t i e s  developed dur ing  
burn ing o f  the  windrows. 
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Figure 6.--Aboue-ground biomass production resulting from residue treatments on 
Zodgepo Ze pine cZearcuts . 

Exc lud ing t h e  b locks  where res idue  was chipped and respread,  t h e  l owes t  
biomass product ion ,  125 pounds p e r  acre,  occur red between windrows. A s u b s t a n t i a l  
p o r t i o n  o f  herbaceous p l a n t s  and l a r g e  areas of sur face s o i l  were removed f rom 
these areas by dozer b lades,  d r a s t i c a l l y  c u r t a i l  i n g  t h e  p o t e n t i a l  f o r  regrowth.  

E f f e c t s  on Surface Hydrology and S o i l  S t a b i l i t y  

SURFACE RUNOFF 

The e f f e c t s  o f  t h e  res idue  t rea tments  on su r face  r u n o f f  a r e  shown i n  f i g u r e  7. 
I n  1973, t h e  sma l les t  amounts o f  su r face  r u n o f f  occur red on s i t e s  where l o g g i n g  
res idue  had been chipped and respread. La rges t  amounts o f  r u n o f f  occur red between 
windrows where res idues,  as w e l l  as some vege ta t i on  and s o i l ,  had been removed 
by b u l l  dozing. 

In 1975, t h e  r e l a t i o n  between d isposa l  t rea tments  and su r face  r u n o f f  were 
e s s e n t i a l l y  s i m i l a r  t o  those i n  1973. 

By 1977, the  s m a l l e s t  amounts o f  sur face runof f  occur red on broadcast-burned 
s i t e s .  Almost as smal l  were t h e  amounts f rom s i t e s  where t h e  res idue  had been 
chipped and respread. I n  bo th  ins tances,  t h e  amount o f  r u n o f f  was about  one -ha l f  
t h e  amount produced by  t h e  unlogged c o n t r o l  areas, showing t h a t  broadcast-burned 
and chipped-and-spread areas p r o v i d e  b e t t e r  su r face  r u n o f f  c o n t r o l  than do s i m i l a r  
unlogged areas. 
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Figure 7, --Surface mnof f  associated with various residue treatments on ZodgepoZe 
pine cZearcuts dwling 30 minukes of infiZtrometer rainfa1 Z at 3.25 inches 
per hour. 

The l a r g e s t  amounts o f  sur face r u n o f f  i n  1977 occurred between windrows and 
i s  probably a t t r i b u t a b l e  t o  p a r t i a l  ba r ing  o f  the s o i l  by b u l l  dozing. 

SOIL EROSION 

The e f f ec t s  o f  the  res idue treatments on s o i l  eros ion a re  shown i n  f i gu re  8. 
I n  each year  o f  measurement, l e ss  than 40 pounds per  acre o f  s o i l  were eroded 
where residues were chipped and respread. These amounts were even l ess  than those 
eroded on unlogged con t ro l  areas. 

The l a r g e s t  amounts of s o i l  e ros ion- - in  excess o f  1200 pounds per acre-- 
occurred between windrows. By 1977, almost as much eros ion per u n i t  area occurred 
from the  windrowed s i t e s  themselves. On c l e a r c u t  s i  tes--wi  t h  t he  except ion o f  
areas on which chips were respread--the most e f f e c t i v e  eros ion con t ro l  was 
provided where residues were broadcast burned. Almost as good con t ro l  was pro- 
vided by s i t e s  where logg ing  res idue had been picked up f o r  ch ipp ing w i t hou t  
spreading the  chips back on the  s i t e s .  Poorest eros ion con t ro l  was obtained on 
s i t e s  where logg ing  residues were dozer p i l e d  and burned. 
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Figure 8.--SoiZ erosion Losses associa$ed with various residue krea&mmts on 
ZodgepoZe pine ctearcuts during 30 minutes of infiltromeker ra in fa l l  at; 3.25 
inches per hour. 

CONCLUSIONS 

The r e s u l t s  o f  t h i s  s tudy show t h a t  t h e  res idue  d isposa l  t rea tments  employed 
on these t r a c t s  produced changes i n  su r face  s o i l  and v e g e t a t i v e  c h a r a c t e r i s t i c s - -  
changes t h a t  sometimes enhanced and sometimes impai red t h e  h y d r o l o g i c  performance 
and s o i l  s t a b i l i t y  behav ior  o f  t h e  lodgepo le  p ine  s i t e s .  I n  general ,  t h e  recovery  
o f  impa i red watershed p r o t e c t i o n  c o n d i t i o n s  does n o t  occur  r a p i d l y  g i ven  t h e  
h igh  a l t i t u d e s  and t h e  s h o r t  growing seasons t h a t  c h a r a c t e r i z e  these f o r e s t s .  
Furthermore, recovery  o f  impa i red c o n d i t i o n s  appears somewhat s lower  on s i t e s  
where t h e  vege ta t i on  and s o i l  mant le  have been d r a s t i c a l l y  d i s t u r b e d  by mechanized 
equipment than on s i m i l a r  s i t e s  where res idue  d isposa l  d i d  n o t  d i s t u r b  t h e  f o r e s t  
f l o o r .  

The most e f f e c t i v e  res idue  t rea tment  i n  terms o f  su r face  r u n o f f  and e r o s i o n  
c o n t r o l  i s  t h e  c h i p p i n g  and respread ing o f  the  res idue  as a  p r o t e c t i v e  mulch. 
T h i s  p a r t i c u l a r  t rea tment ,  however, has se r ious  d i  sadvantages--the a lmost  complete 
suppression o f  vege ta t i on  and t h e  e l i m i n a t i o n  o f  n a t u r a l  lodgepo le  p i n e  rep roduc t ion .  

The most adverse s o i  1 and v e g e t a t i v e  c h a r a c t e r i s t i c s ,  t h e  poores t  sur face 
r u n o f f  and e ros ion  c o n t r o l ,  and t h e  s lowest  recovery  r a t e s  were encountered where 
res idue  was dozer p i l e d  and burned. 



One o f  t h e  l e a s t  d e t r i m e n t a l  res idue  d i sposa l  t rea tments  i n  terms o f  watershed 
c o n d i t i o n ,  performance, and speed o f  recovery  i s  complete removal o f  res idue  f o r  
c h i p p i n g  and subsequent use o f  chipped m a t e r i a l  e l  sewhere. The p r a c t i c a l i t y  o f  
t h i s  t reatment,  however, i s  c o n t i n g e n t  upon t h e  ex i s tence  o f  an economical l y  
f e a s i b l e  market  f o r  ch ips  o r  o t h e r  small  t imber  products .  F i n a l l y ,  t h e  most 
e f f e c t i v e  and economical res idue  t rea tmen t  i n  terms o f  p r o t e c t i o n  t o  s o i l  and 
vegeta l  c h a r a c t e r i s t i c s ,  c o n t r o l  o f  su r face  r u n o f f  and eros ion,  and r a p i d i t y  i n  
watershed recovery  f o l l o w i n g  l o g g i n g  i s  broadcast  burn ing.  
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ABSTRACT 

Studies o f  t h e  impacts o f  f i r e  and logg ing  i n  western Montana have 
shown t h a t  o n l y  t h e  h o t t e s t  f i r e s  a r e  1  i ke l  y t o  have l o n g - l a s t i n g  
n u t r i e n t  losses.  F i r e s  w i t h  sur face s o i l  temperatures of about 
5720 F ( 3 0 0 0 ~ )  can be used i n d e f i n i t e l y  on a 50-year r o t a t i o n  w i t h  
no s i g n i f i c a n t  l o s s  o f  long-term p r o d u c t i v i t y  on t h e  r i c h e r  
f o r e s t  s o i l s ,  A method o f  es t ima t ing  t h e  n u t r i e n t  storage capac i t y  
o f  s o i l  can be used t o  he lp  s e l e c t  management t reatments t h a t  
avo id  excessive losses o f  b i o l o g i c a l l y  essen t ia l  n u t r i e n t s  from 
f i r e  o r  f e r t i l i z a t i o n .  Harvest o f  wood and bark i n  c l e a r c u t s  
on two f o r e s t s  d i d  n o t  remove more n u t r i e n t s  than c o u l d  be r e t u r n -  
ed through p r e c i p i t a t i o n  i n  70-100 years. I n t e n s i v e  harvest  s  
should n o t  remove more n u t r i e n t s  i n  f i b e r  than can be r e t u r n e d  
from p r e c i p i t a t i o n ,  s o i l  s o l u t i o n  a v a i l a b l e  n u t r i e n t s ,  p o l l e n  
and normal decay i n  70 years t ime. Th is  means t h a t  o n l y  wood, 
bark, and branches can be harvested s a f e l y .  Harvest  should 
n o t  be subs id ized by t h e  n u t r i e n t s  re leased from weathering d u r i n g  
a  articular r o t a t i o n  o r  t h e  s i t e  w i l l  never improve i n  product-  

n o t  p e r t i n e n t  t o  n i t r o g e n  o r  

i n t e n s i v e  harvest ,  logg ing,  n u t r i e n t  

i v e  capabi l  i t i e s .  Resul ts  a r e  
phosphorous. 

KEYWORDS: Douglas-f ir , f i r e ,  
dep le t ion .  



INTRODUCTION 

In the early days, the main concern o f  foresters was how to  get the logs out of 
the forest .  As time went on, they realized the importance of achieving good spacing 
and species composition for  maximum growth of reproduction, Today, added t o  these 
s i  1 vicul tural concerns, i s  a growing realization of t he  importance of protecting the 
s i t e  for  future rotations and sustained yields.  In the southeast, intensive harvest 
fo r  pulp wood i s  a rea l i ty .  In the Rocky F~lountains, we are beginning to t h i n k  about 
greater efficiency in the use of energy and resources with each rotation. We are 
asking questions l ike ,  "How much f ibe r  can we remove from a s i t e  before we damage the 
ab i l i t y  of a soil to  support a comparable fo res t  in the same rotation time?", or 
"How frequently can we burn  and a t  what temperatures before irreparable damage i s  
done?" 

Questions l ike  these have been the stimulus of qy research over the past seven 
years, This paper will summarize the h i g h 1  ights o f  tha t  research and provide what 
answers we have. I t  i s  not intended as a survey of the recent l i t e ra tu re ,  b u t  rather 
takes some newly formed theories and develops these i n t o  useful manaqcrial tools 
through the use of extensive f i e ld  and laboratory measurements. 

Three main studies form the basis of th i s  report: 

1. Studies of the ef fects  of different  in tensi t ies  of f i r e  on nutrient cycling 
on soi l  derived from quar tz i t ic  a r q i l l i t e  a t  the Lubrecht Experimental Forest near 
b?issoula i n  western Montana, and n i t r i en t  retention by fores t  so i l s .  

1 ec t  2. Studies of the influence of clearcutting, she1 terwood and group se 
cutting w i t h  4 levels of slash disposal on andeptic cryoboralfs on the Coram 
Experimental Forest near Glacier National Park. 

3 .  The impact of f i r e  and logging on nutrient  cycling and soil  deteriorat  
the Lubrecht Experimental Forest. 

A1 1 three areas are covered by ~oug l a s - f i r  and western 1 arch. 

ion 

ion a t  

THE INFLUENCE OF FIRE ON NUTRIENT CYCLING 

This study began as a simple exploration of the changes in soil  chemistry wrought 
by different  fuel loadings and different  burn intensi t i e s  a t  d i f ferent  times of year. 
The fores t  is  a t  1,464 m elevation on coarse textured, shallow quartzi t i c  a rg i l l  i tes  
w i t h  low c a t i o n  exchange capabil i t ies 2.4 - 9 meq/l00 g. The hab i ta t  type (Pf i s t e r  et 
a1 . 1977) i s  a north slope maturing PSME/VACA ( ~ s e u d o t s u ~ a  menziesii/vaccinium - 
caespi tosum) type w i t h  re la t ively  steep topography (35-42%), heavy snowfall (1.5 m o r  
5 f e e t ) ,  and moderate precipitation (466 mm, 18.3 inches). The fores t  had been undis- 
turbed fo r  70 years (previous logging) and had 2-11 kg/m2 of old rotten residual 
fuels. 



During the study, certain phenomena involving nutr ient  depletion and soi l  de te r i -  
oration which I had studied over the past 1 2  years began to  j e l l  into a ser ies  of 
hypotheses. The f i r s t  involved "di rec t  nutr ient  cycling" or  the transfer  of nutr ients  
in the tropics on extremely poor s o i l s  from dead organic matter via mycorrhizal fungi 
almost completely bypassing the soi l  ( S t a r k  1969) .  This hypothesis has since been 
tested for  the tropics (Herrera e t  a1 . l978), b u t  i s  of 1 i  t t l  e importance t o  the 
Rocky Mountains since on young s o i l s  nutr ients  appear t o  be transferred largely indi- 
r ec t ly  or from the dead organic l i t t e r  t o  the soi l  solution, and thence to  roots or  
mycorrhizae. The importance of d i rec t  nutr ient  cycling here i s  tha t  i t  led t o  the 
second hypothesis. 

The second one involved the concept of the "Biological Life of a So i l , "  This 
term refers  t o  the length of time on the geologic time scale over which a so i l  i s  
chemical ly able t o  support merchantable t r ees ,  regardless of cl imate. This concept 
acknowledges tha t  a so i l  can wear out,  and tha t  excessive harvest or  too frequent 
f i r e s  can accelerate the r a t e  of "wearing out." The logical question for  a nutr ient  
cycling ecologist now working in western Montana was, "Can these f i r e  treatments being 
applied on these s o i l s  cause an acceleration of the decline in the long-term produc- 
t i v e  capabi l i t ies  of the so i l ?"  The data being collected on the loss of nutr ients  
below the root zone in the soi l  water on 20 treatments and 5 controls ,  and precipiia- 
t ion as well as a host of other  related measurements were ideal f o r  answering t h i s  
question ( s t e e l @  1975). About the same time, a th i rd  idea appeared in the author ' s  
mind, tha t  of "nutr ient  shock," Nutrient shock i s  the temporary deficiency of one o r  
more biologically essential  nutr ients  in available form in the s o i l .  The biological 
1 i f e  theory deals with a permanent loss of available and unavailable ( t o t a l )  nutr i-  
ents .  Nutrient shock i s  the condition which could occur on nutrient-poor 
young, th in ,  o r  poorly developed s o i l s  which had had the vegetation destroyed by too 
frequent o r  intense f i r e s ,  o r  by logging. This was a phenomenon which could occur on 
the re la t ive ly  young s o i l s  of the Rocky Mountains, I t  has been observed by the author 
in Nevada (unpublished) . 

The resul t s  o f  the study are  summarized in f ig .  1 ,  Fires were c lass i f ied  by 
surface soi l  temperatures as l i g h t  (<180° C o r  356" F ) ,  medium (180-300' C o r  356- 
572" F)  or hot (>300° C o r  >572' F ) .  No s igni f icant  nutr ient  losses occurred with 
f i r e s  less  t h a n  180" C ,  nor with those ranging from 180-300" C.  The nutr ient  losses 
which did occur were largely replaced by precipi tat ion in 1-2 years time. Those f i r e s  
greater  than 300" C and par t icular ly  those greater  than 500" C (932" F) caused accel- 
erated nutr ient  losses below the root zone f o r  2-5 years. In a l l  of the hot f i r e s  the 
only two elements l o s t  in excess of what was be ing  returned annually i n  precipi tat ion 
were Ca and Mg. Nitrogen was also l o s t  in solution and i n  smoke, b u t  nutr ient  losses 
in smoke were not quantified in t h i s  early study. Nutrient losses below the root zone 
in the unburned control s o i l s  were 20.8 meq/m2 of surface area,  compared t o  
21.2 meq/m2 f o r  precipi tat ion input. Control nutr ient  loss just equalled the annual 
return of calcium from precipi tat ion,  Magnesium showed a s l i g h t  d e f i c i t  on control 
plots  (more routinely l o s t  then added). 

By applying the reasoning of the Biological Life of the Soi l ,  we were able t o  
measure the to ta l  nutr ient  content over a meter square (3  f t 3 )  of surface area t o  the 
depth of the root zone (50 cm, 19.7 inches). This const i tutes the "working cap i t a l "  
in the bank, plus in te res t  (annual additions from weathering). We were also able t o  
measure how much added nutr ient  loss occurred fo r  the hot tes t  f i r e s  (over the level of 
loss by the controls).  This was money expended from the bank account f o r  2-5 years 
a f t e r  each f i r e  over every 50-year f i r e  rotation. A 50-year f i r e  frequency was 
selected in the absence of natural or man-controlled f i r e  frequencies f o r  the sake of 
calculation, Precipitation inputs cancel 1 ed out control 1 osses. 



%pire 1.--Measured concentrations (mg./%.) 
of seZected elements in soiZ water 
under untreated (controZ) conditions, 
and folZowing prescribed burnCng 
treatments. 

The t o t a l  calc ium i n  the  0.G m3 r o o t  zone weighted by the  volume o f  rocks versus 
t he  volume of s o i l  (<2 mm) proved t o  be 75,824 meqi0.6 m3, Losses from ho t  burns t he  
f i r s t  year  post-burn were 46.5 meq/0.6 m3 and t he  second year  they were 23 meq/0.6 m3. 
By the  t h i r d  year, a l l  bu t  2 of t he  h o t t e s t  burns had n u t r i e n t  losses a prox imate ly  ! equal t o  t h a t  below t he  r o o t  zone o f  the  con t ro ls .  Thus 46.5 meq/0.6 m year  1 + 
23 meq/0.6 m3 f i r e  under standing t imber ( n o t  a w i l d  f i r e )  "costs" i n  terms o f  n u t r i -  
ents  i f  the  f i r e  i s  >300° C (572' F) and occurs on l y  once very  50 years. The ser ious- 
ness of t h i s  l o s s  t o  t he  long-tern1 p roduc t i ve  c a p a b i l i t i e s  o f  t h i s  s o i l  can be evalu- 
a ted  by d i v i d i n g  t he  t o t a l  calc ium content  o f  t he  0.6 m3 o f  s o i l  by the  50-year l oss  
f rom burn ing o f  t h i s  type, Th is  g ives a f i gu re  o f  1,092. That f i g u r e  x 50 years 
g ives 54,600 years, o r  the  l eng th  o f  the  remaining B i o l o g i c a l  L i f e  o f  the  S o i l .  Th is  
means, t h a t  t h e o r e t i c a l l y ,  t h i s  s o i l  can support  1  f i r e  w i t h  temperatures >300° C 
every 50 years f o r  50,000 years before a l l  o f  the  a v a i l a b l e  and unavai lab le  calc ium 
per  gram of s o i l  would drop below t h a t  needed t o  support  a merchantable t ree ,  and 
would s i g n i f y  t he  t r u e  end o f  t he  B io l og i ca l  L i f e  o f  t he  So i l .  Recent data show t h a t  
i t  takes a t  l e a s t  10,160 meq Cal0.6 m 3  o f  ava i l ab l e  s o i l  o r  recyc lab le  Ca t o  grow a 
7C: f o o t  Doug las - f i r  t o  16" dbh i n  70 years. Change the  f i r e  frequency, o r  add logg ing,  
and the  remaining B io l og i ca l  L i f e  changes. Perform the  same ca l cu l a t i ons  f o r  Mq, and 
t he  B io l og i ca l  L i f e  i s  reduced t o  33,000 years.  I f  you measure these n u t r i e n t  losses 
under t r o p i c a l  cond i t i ons  on depleted wh i te  sands, you f i n d  on l y  75 t o  275 years of 
t r e e  growing power l e f t .  This i s  s i g n i f i c a n t .  



What i s  the s ignif icance of 54,000 years? In t h a t  time span, there will be 
geologic change, speciat ion,  g lac ia t ion ,  c l imatic  change, migration and a host of 
other  dynamic events which no land manager can an t i c ipa t e .  We cannot manage f o r e s t  
much beyond 1 or  2 ro t a t i ans ,  so t h a t  a remaining Biological Life of 50,000 years ,  
although s t a t i s t i c a l l y  s i g n i f i c a n t ,  i s  of no concern t o  a land manager except where 
the remaining l i f e  i s  l e s s  than 200 years on some poor t ropical  s o i l s .  Measurement on 
s i t e  of the surface downslope movement of so l id s  using land weirs showed t h a t  i t  would 
take about 50,000 years t o  erode away the present root  zone through microerosion 
associated w i t h  50-year burns on this coarse-textured so i l  , 

Rutrient  shock o r  temporary nut r ien t  depletion i s  a more r e a l i s t i c  concern on 
these Montana s o i l s  than i s  the loss  of long-term productive capab i l i t i e s .  The s o i l s  
s tudied a r e  low in to t a l  calcium, and r e l a t i v e  t o  the to t a l  Ca content,  calcium losses  
below the root  zone of the maturing f o r e s t  a r e  qu i t e  high. The north slope i s  cold 
and decay i s  slow. Too much burnlng, o r  too much harvest could deplete  the so i l -p lan t  
system of i t s  readi ly ava i lab le  calcium producing nut r ien t  shock, o r  temporary lo s s  of 
the  a b i l i t y  of this s o i l  t o  grow t r ees .  Nutrient shock can be recognized by low 
ava i lab le  leve ls  of 1 o r  more biological ly  essent ia l  nu t r ien ts  i n  the s o i l ,  and 
s tunted seedlings o r  brush f i e l d s .  I t  does occur i n  the Rocky Mountains and should be 
a major concern t o  land managers in  planning harvest and regeneration s t r a t eg i e s .  
There should be a t  l e a s t  8,000-10,000 meq/m2 of calcium t o  grow the next f o r e s t ,  and 
3 x t h a t  much t o  avoid drawing on nut r ien ts  released through weathering. Understand- 
ing hob/ much nu t r i en t  one s o i l  can s t o r e  a f t e r  f i r e  was not enough. 

O u t  of t h i s  study came a study of the  nut r ien t  re tent ion capab i l i t i e s  of a wide 
range of t ex tu ra l ly  d i f f e r en t  s o i l s .  I t  was the intent ion of t h i s  study t o  develop a 
system t o  predict  how much of each nut r ien t  i n  ash could be held by the  root  zone 
before massive nu t r i en t  losses  would occur below the root  zone. Such losses  in a 
mature f o r e s t  below the root zone are permanent and i r r eve r s ib l e .  A land manager who 
i s  uncertain of the a b i l i t y  of a so i l  t o  hold biological ly  essent ia l  nu t r ien ts  should 
be able,  w l t h  1-6 simple measurements t o  predict  how many to t a l  cat ions in  meq/m2 of 
surface area can be added through ash ( o r  f e r t i l i z e r )  before substantive losses  wil l  
occur. I f  the  s torage capacity of the s o i l  i s  low, and the ava i lab le  o r  t o t a l  nu t r i -  
e n t  s torage i s  low, the land manager may want t o  s e l e c t  fuel loadings, a i r  tempera- 
t u re s ,  fuel moisture, and wind conditions which will  a f f e c t  a 50% fuel reduction o r  
o ther  appropriate fuel reduction t o  avoid overloading the so i l  , A1 te rna t ive ly  , this 
method wil l  allow the land manager t o  s e l e c t  an appropriate f e r t i l  i z e r  level t o  avoid 
excessive cos t  and losses  t o  ground water o r  streams (Stark,  in  press)  

This study on nutrient retent ion i s  'ust in completion. The storage capacity f o r  i' most of 8 cat ions can be predicted with R values of 0.7 t o  0.9 using 1 t o  6 indepen- 
dent var iables .  Total cat ion s torage can be predicted with R2 of 0.69-0.96 and % 
standard e r r o r  of the Y of 12.5-28.7 % f o r  28 s o i l s .  With the perfection of the 
prediction of f i r e  behavior in  d i f f e r en t  fuel types,  weather conditions,  and fuel 
moisture contents,  i t  wil l  soon be possible t o  couple these two approaches and use 
f i r e  in  a more dependable and ecological ly  sound manner. 

THF INFLUENCE O F  F I R E  AND LOGGING ON NUTRIENT CYCLING 

These s tudies  i n  Douglas-fjr/western larch fo re s t s  a t  1,219 m (4,000 ft, ) eleva- 
t i on  on slopes of >4.OX were desl'gned t o  deternine i f  logging and s lash disposal would 
r e s u l t  i n  nu t r i en t  losses  below the root zone o r  t o  the stream, and through harvest.  
Several habi ta t  types occurred i n  the areas ,  but the predominant one was PSMEIVACA 
( P f i s t e r ,  e t  a l .  1977). The soSls a r e  40-50 cm (15.7-19.6 i n )  deep, often underlain 
by l o w - q u a ~ t ~ l i m e s t o n e  o r  a r g i l l i t e ,  and in  places they a r e  andeptic. The annual 
prec ip i ta t ion  i s  763 mm (30 i n ) ,  with approximately one-half coming a s  snow. 



The silvicul tural treatments applied were clearcutting, she1 terwood, and group 
selection cuts. Within each replicate of these were four levels of slash disposal: 
1. slash l e f t  in place; 2. slash removed; 3. slash burned-low intensity burn; 4.  
slash burned-medium-low intensity burn (Barger , this proceedings). 

Abbo t t  Creek i s  an intermittent creek which begins in the study area and then 
goes below ground t o  emerge below the treated areas. None of the treatments appl i e d  
produced significant changes in stream water chemistry, and only minor increases in Na 
content for a few days. These results are not definitive because of the peculiar 
nature of the stream, b u t  other studies have shown 1 i t t l  e stream pollution from log- 
ging and light burns away from the riparian zone. The burns i n  this study had t o  be 
done in unusually wet fal l  weather so that no significant nutrient losses occurred on 
any of the treatments from f ire .  

Clearcutting represents the most severe case of nutrient removal from harvest. 
Table 1 shows that under 0.25 percent of the total soil root zone nutrients were 
removed in the boles as a result of clearcutting. Table 2 shows that harvest removes 
under 15% of the immediately available nutrients except for Zn .  The parent material 
i s  low in Z n ,  and hence, available zinc i s  low. The removal of wood and bark takes 
away low levels of a l l  nutrients, b u t  proportionally large amounts o f  zinc. This 
would have no immediate impact on regeneration or seedling growth because the soil 
s t i l l  has i t s  normal complement of available Zn and i t  will be a t  least  20 years 
before the regeneration begins to make heavy demands on the soil for zinc. The zinc 
in the wood and bark has accumulated there over 70 to 100 years a t  a slow rate. About 
60% of that zinc l e f t  in heavy slash will be returned through decay in the next 70 
years. 

This study, along with others (Carlisle 1975) has shown that the nutrients removed 
throuah the conventional harvest of wood and bark will be restored t o  the soil in 70 
t o  100 years through precipitation, even af ter  clearcutting. The nutrient 1 eve1 s in 
the precipitation a t  Coram are a bi t  higher than  in other areas because of the ions 
added t o  the atmosphere from a nearby aluminum plant. 

If more fiber i s  removed beyond the usual level , the nutrient depletion could be 
more serious, especially on a young, poor soil .  

THE IMPACT OF FIRE AND LOGGING ON 
NUTRIENT CYCLING AND SOIL DETERIORATION 

If we have to resort to heavier utilization to provide fiber for supplementing 
energy shortages through burning pelletized slash in generators for electricity or for 
some other reasons, how much can we safely remove from the forest? How much nutrient 
must be l e f t  to grow the next forest? 

To answer these questions, we must f i r s t  lay some ground rules. We cannot 
accurately measure weathering rates, b u t  we know that weathering i s  occurring. I t  
would seem unwise ecologically to depend on weathering t o  provide any portion of the 
nutrients to grow the next forest. I f  we depend on the nutrients released from weath- 
ering to grow the next forest, then the soil portion of "site" will never improve or 
mature. Since we have largely young so i l s ,  we can anticipate gradual improvement in 
the quality of these soi ls  with each rotation i f  the nutrients released through weath- 
ering are l e f t  behind when we harvest. Changes brought about by weathering will not 
only improve nutrient availability for the next rotation, but  will also increase the 
water and nutrient storage capacities of the soi l .  



Table 1 . - -?ercent  of t o t a l  auan t i ty '  of each element removed from a 1 m2 surface  area through t imbe r  h a r v e s t i ~ ? ,  
on t he  bas i s  o f  a / 0 . 5  m3 f e e d ~ r  root  zone, r e l a t i v e  to  t o t a l  roo t  zone. 

Shel terwood 1 

Group 
Select ion 1 

C l  e a rcu t  1 

N 
U; 
I She1 terwood 2 

Group 
Selec t ion 2 

Clearcut 2 

Percent 

- 

Equivalent 9 of  
Mn N ?Ia Z n  t o t a l  Cations removed 

-- -- - - -- 

'Total quan t i ty  o f  an element r e f e r s  t o  a l l  of the  element nresent i n  t h e  roo t  zone in s o i l  and rock,  i n  both 
ava i l ab le  and  unavai lable  forms: r en ressn t s  t o t a l  nu t r i en t  n o t e n t i a l l y  a v a i l a b l e  throuqh weathering. 

'Fw treatment d e s c r i r t i o n s ,  r e f e r  t o  Barqer, t h i s  oroceedinqs. Treatments a r e  a r r a y e l  l e a s t  t o  most severe :  
2 ,  4, 1 ,  3.  



Table 2. --Percent of t o t a l  quan t i t y1  of each element removed from a 1 m2 sur face area through t imber harvest ing,  
on t h e  basis of q/0.5 m3 feeder r o o t  zone, r e l a t i v e  t o  t o t a l  r o o t  zone. 

Percent 
Equivalent  % 

S i  l v i c u l  t u r a l  o f  Ava i lab le  
p r a c t i c e 2  Tr Ca Cu Fe K % Hn Na P Zn Cations Removed 

She1 terwood 1 2 8.6 13 .5  4.7 14.1 1 1 .  9.9 5.7 1.25 62.7 
4 3.1 5.7 1.9  5.7 9.7 2.9 2.3 0.71 80.1 
1 6.3 11.5 6.6 7.0 6.5 5.1 8.3 0.41 €2.6 
3 4.3 7.9 3.4 6.9 4.6 3.9 3.1 0.96 40.3 

Group 2 7.8 12.8 1 .4  6 .  10.5 6.9 5.3 1.98 64.7 
Se lec t i on  1 4 3.9 9.2 2.4 9.3 5.9 4.9 3.8 1.03 33.6 

1 3.9 6.9 2.0 6.8 4.4 3.4 3.0 0.88 29.6 
3 6.1 10.5 3.0 11.0 6.9 5.6 4.3 1 -10  39.6 

Cl earcut  I 2 2.7 5.3 1.2 5.2 3.2 2.9 2.1 0.34 19.1 
4 9.1 23.5 4.7 10.5 15.8 12.8 7.9 0.94 84.3 
1 12.1 17.3 3.9 27.4 11.2 9.2 6.8 2.01 91.7 

I 
2 

3 5.8 13.9 2.8 9.8 8.8 7.5 5.5 0.58 48.2 
W 
o Shelterwood 2 2 1.7 2.9 1.1 2.6 1 .6  1.6 1 . 2  0.43 15.3 

4 2.5 4.1 1.5 3.9 2.4 2.4 1.7 0.63 20.7 
1 2.6 4.5 1.6 4.1 2.5  2.6 1.9 0.71 24.7 
3 2.3 3.6 1.7 3.7 2.3 2.5 1.9 0.59 14.8 

Group 2 8.3 14.2 4.0 11.4 8.2 7.9 5.6 1.43 65.4 
Se lec t ion  2 4 5.4 8.9 2.5 8 . 2  5.6 4.9 3.8 1.16 35.9 

1 11.7 34.2 5.9 13.4 , 9 . 3  7.7 9.2 1.57 59.0 
3 5.2 8.0 2.3 7.8 5.3 1.1 3.3 0.90 29.8 

'Ava i lab le  q u a n t i t y  o f  an e l  ernent re fe rs  t o  t h e  ammonium aceta te  ex t rac tab le  q u a n t i t y  of t h e  element present 
i n  t h e  r o o t  zone; represents n u t r i e n t  a v a i l a b l e  i n  the  s o i l  a t  one n o i n t  i n  t ime t o  prov ide  imnediate support 
f o r  t r e e  growth. 

 or treatment descr ip t ions ,  re fe r  t o  Barger , t h i s  proceedings. Treatments are arrayed l e a s t  t o  most severe: 
2, 4, 1, 3. 



The basic ground rules 
o f  nutrients made available 
should n o t  seriously reduce 

are that harvest cannot remove any portion of the fraction 
through weathering during the las t  rotation. Harvest 
the available soil nutrients. 

We can assume from previous studies (Stark 1977) that i f  we did not touch a 
forest ,  the trees would mature, gradually die and fal l  down, succession and weathering 
would occur, and there would always be adequate nutrients t o  grow the next sera1 stage 
until the soil neared the end of i t s  Biological Life and "wore out." If we remove 
only the wood and bark, the Coram and recent Lubrecht studies showed that precipita- 
tion would restore most of the biologically essential nutrients in 70-100 years 
(Stark, 1979 in press), But what i f  we removed the boles for lumber and the slash for 
hog fuel or pelletized fuel? In some o f  the southeastern forests, even roots of small 
trees are being harvested. 

To determine the nutrient impact of whole tree removal, we have to know how much 
of each biologically essential nutrient i s  needed to grow a tree. The normal forest 
shrub-herb component will grow whether we want i t  to or n o t .  Often shrubs such as 
ceanothus v d u t i n u s  (Dougl., tobacco brush) are important to trees because they harbor 
nitrogen fixing bacteria. Shrubs and herbs provide feed for wi1 dl i fe  detracting from 
the possible heavy browsing impact of tree seedlings. So we really must know how much 
of each biologically essential nutrient i s  needed to grow a tree plus i t s  natural 
shrub and herb components. We also need to know how much of each element i s  needed 
for animals and the soil fauna and flora. These l a t t e r  measurements could n o t  be made 
within the scope o f  a 2-year study, b u t  they ultimately must be added to the total .  

If we could examine an area roughly 39 x 39 inches (100 x 100 cm) from the top o f  
the canopy t o  the forest floor and on t o  the depth of the root zone, to include al l  
forest components in their proper proportion, we could see how much calcium i t  takes 
to grow a forest. I mention calcium only because i t  i s  an element often in short 
supply. Ten biologically essential elements have been examined in t h i s  way by col- 
lecting 25 t o  50 samples of each forest component by species (foliage, branches O- 
1/4", 1/4-I", 1-3", >3" sound, >3" rotten, l i t t e r ,  duff, shrubs, herbs, roots, pollen, 
bu1 k precipitation and thrufall , soi l )  and then measuring the amounts of each material 
occurring on a hectare. The concentration of each material and element per hectare 
was divided by 10,000 t o  relate this to the amount o f  element per m2 a s  mg/m2, Mean 
figures were used b u t  final data will include maximum and minimum figures for all  
forest components to characterize range. These data were further converted t o  meq/m2 
by dividing by the equivalent weights of each element studied (except for N and P ) ,  
These ions exist in many forms and cannot be readily converted t o  equivalents. 

Figure 2 shows how the forest components break down for calcium as meq/m2 over 
70 years time (rotation). Since we are considering future rotations and management, I 
have taken the liberty t o  assume 300 t o  400 trees per acre as ideal stocking, with 30% 
ponderosa pine, 30% western larch, and 40% Douglas-fir, planted with proper spacing. 
This i s  n o t  the same as the original forest which was all-aged and poorly spaced. To 
rep1 ace the original forest ~i t h  i t s  thousands of suppressed, bud-worm damaged 
Douglas-fir seedings seems wasteful. Instead, we will aim for a better forest i n  70 
years with Douglas-fir and ponderosa pines approaching 15-16 inches (40.6 cm) and 
western larch reaching 12-13 inches (33  cm) in 70 years. The trees would be 70- 
90 feet t a l l .  This may be overoptimistic for the s i t e ,  b u t  determining the best 
method for estimating the true productive capabilities of a s i t e  i s  the next 
challenge. 
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Some recycling, I ike 1 i t t e r f a l l  , assumes so much measured 1 i t t e r f a l l  for  each ten 
years over 70 years time and complete nutrient release i n  4-6 years for  needles, 
Thrufall and precipitation are  proportioned so that  the f i r s t  20 years of growth would 
receive mostly bulk precipitation (with equal spacing), and the l a s t  50 years the 
fores t  would receive mainly thrufal l  . Tree interception and nutrient re1 ease from 
foliage i s  small i n  the f i r s t  20 years. Root calcium content i s  based on the measure- 
ment of many s ize  classes of roots fo r  calcium, and determining mature root biomass as 
34-44% of the crown weight (Fogel and Hun t  1978, Ovington 1962, Rodin and Bazilevich 
1965, Whittaker and Woodwill 1968). Shrubs and herbs were analyzed together from 
1/10 m2 c l i p  plots since no large shrubs occurred in th i s  forest .  Only 20% of the 
wood >3" on the fores t  f loor will decay i n  70 years (Quick, personal communication). 
A1 1 data on wood includes the nutrients in bark as we1 1. Pollen data are from limited 
studies (1 year) of spring pollen rain. The nutrients in the feeder root tone were 
determined by weak acid extraction as a 1 point in time measure of available ions. 
Since the root tone fo r  the m2 averages 0.6 m deep (o r  a1 ternatively 1 m deep maxi- 
mum),  and the roots cannot access every gram of the total  root tone, avai 1 able soi 1 
, ~ u t r i e n t s  are viewed as only 202 accessible from the  total  root zone. We do not know 
how large a soi l  volume can be extracted by mycorrhizal fungi, b u t  these organisms are 
most abundant in the upper 30 cm. Root growth over 70 years time probably does not 
allow the roots access t o  nutrients from more than 202 of the total  root zone volume. 
Soil microorganisms are not included, b u t  are a main recycling agent in so i l .  Nutri- 
ent  losses from f i r e  are dealt  with separately. 

I f  the merchantable trunk i s  removed, the system loses 253 meq ca/m2 each 70 
years. Precipitation alone would return enough Ca to grow more wood (1,189 meq/m2/70 
years) .  The soil  would make available 16,100 meq/m2 (1 point in time without weather- 
ing inputs).  Decay of the foliage,  s lash,  l i t t e r ,  duff,  shrubs, herbs, and ground 
wood would add about 13,188 meq Ca/m2/70 years. This i s  corrected fo r  an estimated 
220 meq/m2/70 years calcium loss by natural leaching below the root zone. From th i s  
short tern1 study, we cannot t e l l  how long i t  will take the soil water nutrient levels 
to  return to  normal a f t e r  clearcutting (no f i r e )  b u t  the estimates are  2-4 years. The 
shrubs and herbs, because of the many primordia and reproductive structures i n  a small 
space, have more to ta l  ca/m2 than does the wood and bark. A1 1 other elements studied 
would be rep1 aced by precipitation a f t e r  conventional removal of boles. 

I f  we assume the other extreme of total  harvest of a l l  organic matter, we would 
lose over 10,160 meq Ca/m2/70 years and precipitation alone cannot replace th i s  loss.  
In the  absence o f  the decay o f  l i t t e r ,  shrubs, and slash w i t h  the most intensive 
u t i l i za t ion ,  the only nutrients available to  grow the next fores t  would have to come 
from precipitation (and thrufal l  ) , the soil  available nutrients (not recent weather- 
ing),  and 1 i t t e r f a l l  (5% of down fuels ,  10% shrubs, herbs) over 70 years. These would 
return about 24,000 meq/m2 i n  70 years (corrected fo r  leaching losses) ,  o r  barely 
enough to  safely cover the loss of 10,160 meq/ni2 through total  organic removal. 
Although nearly 2 x as  much calcium would appear t o  be l e f t  as would be needed t o  grow 
an ent i re  fores t ,  there could be periods of depletion (nutrient  shock) f o r  rapidly 
growing sap1 ings because these would have to  survive on the nutrients immediately 
available in the soil  and precipitation i n p u t s  until  the shrubs, l i t t e r ,  duff,  and 
other fores t  decay components had become reestablished, grown, died, and provided a 
recycling source. The microbial populations would have to  be reestablished too. The 
time needed t o  begin significant  recycling from reestablished shrubs and l i t t e r  i s  
estimated a t  about 40 years, even though small amounts of annual l i t t e r f a l l  and decay 
would occur. On a to ta l ly  denuded s i t e ,  the soi l  temperatures and moisture conditions 
would be unfavorable fo r  decay until  the t rees  were large enough to provide some shade 
i f  they could grow a t  a1 1. The removal of 1 i t t e r ,  duff, and downed logs would take 
away most of the substrate needed for  nitrogen f ixers  and would almost certainly 



create a nitrogen deficiency during the early years of growth. This i s  essential ly 
the conditions which ex i s t  on many road cuts where to ta l  removal of vegetation has 
occurred. These resul ts  do not take into account the input of biologically fixed 
nutrients such as nitrogen, b u t  only those weathered from rock. 

Removal of roots through intensive ut i l iza t ion would disrupt the soil  and on th i s  
generally level ,  heavy c lay-s i l t  s o i l ,  would not stimulate serious erosion. Bu t  i f  as 
l i t t l e  as a 5% slope were present, and a l ighter  textured s o i l ,  complete organic 
removal could mean certain loss of the f e r t i l e  top soi l  from erosion, making regrowth 
of the original forest  even more diff icul  t. 

Obviously, complete f ibe r  removal i s  not ecologically sound or economically 
feasible. How much should we remove? The data  suggest that  we can safely remove 
trunks, branchwood (585 meq/m2/70 years) ,  b u t  probably no foliage before we need be 
concerned about the next rotation. For a s i t e  to  grow a fores t  on a continuing basis, 
there must be enough of each nutrient  available to  allow harvest, and enough present 
fo r  growing the next ent i re  rotation a t  the time of harvest. That means there must br 
2-3 x the amount of Ca (and other ions) needed to grow a complete forest .  

Remember that  th i s  is a relat ively r ich,  young fores t  soil  ( table  2 ) .  Intensive 
ut i l iza t ion on a much poorer soil  could in terfere  with the next rotation. Theoreti- 
cal l y ,  harvest intensity should not exceed the regular nutrient  additions from 
precipitation--thrufall , and decay (9,000-12,000 meq/2). If t h i s  level is exceeded, 
growth may be subsidized by weathering. 

I t  i s  c r i t i c a l  that  there be the same o r  a greater  level of available nutrients 
in the soil  a t  the end of each rotation. Thus, harvest cannot appreciably reduce the 
levels  of available nutrients present a t  the beginning of that  rotat ion,  o r  there 
could be insufficient  nutrients to  grow the next rotation (nutrient  shock). Weather- 
ing would provide greater levels of nutrients than originally were present i f  the 
fores t  had grown ent i re ly  on the nutrients recycled from decay and added from precipi- 
tat ion and thrufa l l .  The en t i re  weight of the root system i s  thought t o  turn over 1 
t o  2 times i n  100 years, b u t  l i t t l e  i s  known beyond the  fac t  that  feeder roots are 
very short-1 ived. 

I t  takes an average of 145 meq of available Ca/m2 per year to  grow th i s  fores t  
ecosystem. Obviously, this will be less when the fores t  i s  young and more as i t  gets 
older. I f  a t  any time during the rotat ion,  the s i t e  cannot supply the calcium needed 
fo r  growth, then too much available nutrient  has been removed, or  inadequate water i s  
present to  transport the nutrients. I t  i s  essential t o  remember that  the more nutri-  
ents  removed in small -sized, nutrlent  rich ecosystem components, the 1 ess there wi 11 
be l e f t  behind t o  decay. Because foliage releases large amounts of nutrients rela-  
t ively  rapidly, i t  seems unwise to  remove much of the foliage which can provide nutri-  
ents  needed fo r  early t r ee  growth. 

Another way t o  look a t  the effects o f  nutrient loss on cycling i s  through the 
losses in soi l  water. In terms o f  available nutrients ,  sodium, zinc, and copper are 
not abundant i n  th i s  so i l .  Heavy textured so i l s  r e s t r i c t  the losses of large amounts 
of nutrients. In sp i t e  of this, there was insufficient  Na, and marginal amounts of Cu 
and Zn l e f t  i n  the soi l  i n  available form a f t e r  intensive harvest to grow the next 
rotation. This means that  removal of more than boles and possible branches can b r i n g  
about nutrient  shock, o r  temporary available nutrient  depletion. Adequate Ca, Fe, Mg , 
and Mn remained i n  the soil  t o  allow similar types of harvest on a 70-year rotation 

' 

w i t h  no threat  t o  growth. B u t  the fac t  that  1 o r  more ions could be limiting to  
future growth w i t h  intensive harvest (beyond wood removal ) 1s significant  to  
management. 



The value of the data obtained from t h i s  study i s  t h a t  we now know the range of 
nutr ients  i n  a l l  components of th is  fo res t  type. If  we measure the avai lable so i l  
nut r ients  and a few other parameters from other fo res t s  of the same type on d i f f e ren t  
s o i l s ,  we should be able t o  estimate how much f ibe r  can be removed safe ly  from those 
s i t e s ,  and how much nut r ient  will  be released and l o s t  as a r e su l t  of burning. Know- 
ledge of the to t a l  and avai lable so i l  nutrient content will  help us judge whether 
nut r ient  shock i s  l i ke ly  t o  occur from any combination of treatments. Since mainly 
poor s o i l s  are of concern the task of finding these s o i l s  and marking them as 
"chemical 1y f r ag i l e"  i s  the next problem. 
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HARVESTING AND SITE TREATMENT INFLUENCES ON THE NUTRIENT STATUS 
OF LODGEPOLE PINE FORESTS I N  WESTERN WYOMING 

Norbe r t  V .  DeByle 

P r i n c i p a l  P l a n t  E c o l o g i s t  
USDA Fores t  Serv ice,  In termounta in  Fo res t  and 

Range Experiment S t a t i o n  

ABSTRACT 

Four 8 ha u n i t s  were c l e a r c u t  harvested.  Post -harvest  s l a s h  
t rea tments  on c o n v e n t i o n a l l y  harvested u n i t s  i n c l u d e d  broadcast  
bu rn ing  and p i 1  i n g  and burn ing;  near-compl e t e  harvested u n i t s  
r e c e i v e d  no t rea tmen t  o r  were mulched w i t h  ch ips  f rom unmer- 
chantab le  m a t e r i a l .  Samples o f  t h e  s o i l  , t h e  s o i l  s o l u t i o n ,  and 
lodgepo le  p i n e  seed l i ngs  were t a k e n  d u r i n g  t h e  f i v e  growing 
seasons a f t e r  t rea tment .  C l e a r c u t t i n g  and s l a s h  t rea tments  
produced s i g n i f i c a n t  changes i n  t h e  chemical compos i t ion  o f  t h e  
s o i l  s o l u t i o n ,  t h e  su r face  organ ic  s o i l  hor izon,  and t h e  su r face  
m ine ra l  s o i l .  Most o f  these changes were g r e a t e s t  under t h e  
burned p i l e s  o f  s lash.  However, t he  phenol con ten t  o f  t h e  s o i l  
s o l u t i o n  was h i g h e s t  under t h e  c h i p  mulch, where s e e d l i n g  growth 
was t h e  poores t .  The concen t ra t i on  o f  n u t r i e n t s  i n  p i n e  seed l ings  
v a r i e d  l i t t l e  among t reatments ,  d e s p i t e  remarkably d i f f e r e n t  
amounts o f  growth and v i g o r .  

KEYWORDS: Pinus c o n t o r t a ,  s l a s h  d i sposa l ,  p r e s c r i b e d  burn ing,  
ch ipp ing,  s o i l  f e r t i l i t y ,  n u t r i e n t  budgets, biomass, mulching, 
t r e e  regenera t ion ,  s o i l  chemis t ry ,  n u t r i e n t  composi t ion,  s o i l  
s o l u t i o n ,  phenol. 

INTRODUCTION 

Several f o r e s t  types, i n c l u d i n g  lodgepo le  p i n e  ( P i  nus c o n t o r t a )  , a r e  commonly 
harvested by c l  e a r c u t t i n g  t o  i n s u r e  regenera t i on  o f  t h e  harvested sera1 species . 
The p r a c t i c e  i s  s i l v i c u l  t u r a l l y  sound, b u t  i t  o f t e n  leaves l a r g e  q u a n t i t i e s  of 
u n s i g h t l y  d e b r i s .  Th i s  d e b r i s  i s  a  f i r e  hazard, may a f f e c t  t r e e  regenera t ion ,  and 
i s  a  b a r r i e r  t o  subsequent uses of t he  f o r e s t .  Because of t h e  problems a t tendan t  
w i t h  l o g g i n g  s lash,  a coopera t i ve  s tudy between the  USDA Fores t  Serv ice  and U.S. 
Plywood-Champion Paper Company commenced i n  1971 i n  western Wyomi ng.I Th i s  s tudy 
assessed t h e  economic and environmental  f e a s i b i l i t y  of employing e i t h e r  o f  two 
l e v e l s  o f  u t i l  i z a t i o n  coupled w i t h  f o u r  d e b r i s  d isposa l  methods f o l l o w i n g  c l e a r -  
c u t t i n g  o ld-growth  lodgepo le  p i n e  i n  the  Union Pass area on t h e  Br idger -Teton 

lThe use o f  t rade,  f i r m ,  o r  c o r p o r a t i o n  names does n o t  c o n s t i t u t e  an o f f i c i a l  
endorsement o f  o r  approval  by  t h e  U.S. Department o f  A g r i c u l t u r e  o f  any product  o r  se r -  
v i c e  t o  t h e  e x c l u s i o n  o f  o t h e r s  which may be s u i t a b l e .  



National Forest. This paper summarizes the ef fec ts  of treatments 
years on the nutr ient  s t a tus  and associated chemical charac ter is t  
t ree  seedlings, the s o i l ,  and the soi l  solut ion.  

over the f i r s t  5 
i c s  of regenerating 

SITE DESCRIPTION 

The Union Pass area in western Wyoming i s  a gently ro l l ing ,  extensively 
glaciated, high plateau approximately 3000 m in elevation. I t  i s  covered with a 
mosaic of large meadows and coniferous fores ts .  

Slopes on the study area range from 5 t o  25 percent, and elevations from 2800 
t o  2900 m.  The fores t  stands are predominantly lodgepole pine, mostly overmature 
and becoming decadent ( f i g .  1 ) .  As c lass i f ied  by Reed (1969), the stands belong t o  
the Picea engelmanni ilvaccinium scoparium habitat  type. 

Figure 1.--The old-growth Zodgepole pCne forest near UnCon Pass i n  western Wyoming, 
wi th  a Large voZwne o f  dead and down t rees .  

Prior t o  harvest the study area had a l i v e  volume o f  363 t o  501 m 3  per ha 
(5,182 to 7,167 f t 3 / a c )  and standing dead volume of 71 to  78 m 3  per ha (1,014 to  
1,120 f t 3 / a c )  a l l  cruised t o  a top diamter of 15 cm ( 6  i n ) .  Lodgepole pine comprised 
75 t o  90 percent of t ha t  volume, with the remainder being Engelmann spruce (Picea 
engelmanni i  ), subalpine f i r  (Abies lasiocarpa) and 1 imber pine (Pinus f l e x i l i s ) .  
The addition o f  smaller t rees  and dead and down material t o  the above values 
increased to ta l  preharvest volume of  663 to  757 m 3  per ha (9,480 t o  10,825 f t 3 / a c r e )  
(Gardner and Hann 1972). 



The so i l s  on the study s i t e  have developed in glacial t i1  1 .  The surface organic 
horizon in the fores t ,  made u p  largely of decaying pine needles and twigs, i s  2 to 
3 cm thick. Below th i s ,  the surface mineral soil typically i s  loam with a platy 
structure. This grades into sandy to gravelly loam, with coarse fragments ( >  2 mm 
in diameter) making up as much as half the volume below a depth of 112 m .  The 
so i l s  classify as Mollic Cryoboralfs and Mollic Cryochrepts.* Many roots are found 
in the upper 30 to 40 cm of mineral so i l .  Mottled and grey coloration, indicating 
a lack of aeration and sometimes water saturated conditions, frequently are found 
below depths of 1 m. 

METHODS 

Four units of approximately 8 hectares (20 ac)  each were selected for  clear- 
cutting in 1971 ( f i g .  2 ) .  Two units were harvested using methods conventional in 
th i s  region--trees were fe l led ,  limbed, cut to a 15 cm diameter top, and then tree-  
length skidded to landings with crawler t rac tors .  The other two units were harvested 
using a mechanical f e l l  er-buncher; rubber-tired skidders hauled enti re trees to 
landings, where the sawlogs were cut o u t  and the remainder was chipped. All standing 
1 ive and dead trees to 8 cm (about 3 i n )  in diameter, and a1 1 down logs to 15 cm 
diameter, were removed from these two "near complete" units .  

After harvest, each unit was divided into quarters and a1 ternative treatments 
applied to the logging debris. On each of the conventionally logged areas the 
debris was l e f t  as i t  f e l l  for  broadcast burning on two quadrants or piled wi th  
dozer blades into windrows on the remaining two quadrants. These windrows, where 
debris was concentrated on about 18 percent of the area, were burned a year l a t e r ,  
in the f a l l  of 1972. The broadcast slash was burned in June 1973. The "near 
complete" logged units were re1 at ively f ree  of coarse logging slash. The quadrants 
on these were e i ther  l e f t  untouched, or  were mulched with a layer of woodchips 
equivalent in volume t o  the amount of nonmerchantable material that  had been removed. 
~ u l c h i n ~  with chips to an average depth of 10 cm was completed in the spring of 
1973. 

To study tree regeneration, the quadrants on a11 units were divided into 
thirds.  In June 1973, one-thirdkf each quadrant was planted t o  2-0 lodgepole 
pine, one-third was spot seeded t o  lodgepole pine, and  one-third was l e f t  t o  
regenerate natural 1 y .  

In addition t o  the four study units ,  a f i f t h ,  conventionally logged, nearby 
unit was used for comparing soil solution chemistry under and between burned pi les  
o f  logging debris. This unit was clearcut in 1973 and piled and burned in summer 
and autumn of 1974. Soil solution samplers were instal led there in spring 1975. 

Except for  the f i f t h  uni t ,  data from the study area were gathered during f ive 
growing seasons a f t e r  completion of  a l l  treatments. 

Five planted trees and f ive seeded trees were sacrificed from each quadrant of 
each unit in 1977. Each t ree  was dissected into f ive  components: (1 )  needles o f  
current year, ( 2 )  needles of prior years, ( 3 )  terminals of current year, ( 4 )  
remainder of above-ground portion of t ree ,  and ( 5 )  roots. These were oven-dried 
and  weighed, then analyzed quantitatively for  contents of nitrogen , phosphorus, 
potassium, calcium, magnesium, sodium, zinc, iron, ash, and, i n  the case of planted 
stock only, boron. Similar, b u t  less  detai led,  sampling and analyses of lodgepole 
pine regeneration were made in 1975, a f t e r  three growing seasons. All chemical 

2Personal communication with A .  R .  Southard, Utah State Univ., Logan. 
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analyses were conducted us ing  commonly accepted techniques a t  the  S o i l  P l a n t  and 
Water Laboratory,  Utah S ta te  U n i v e r s i t y ,  Logan, Utah. 

Samples o f  t h e  organ ic ,  o r  ash, su r face  s o i l  hor izon,  and t h e  0-5 cm and 5-15 
cm depths o f  minera l  s o i l ,  were taken a t  t h e  i n i t i a t i o n  o f  t reatments i n  1972 and 
1973 and again, i n  1977. A sample f rom each depth was taken f rom every quadrant o f  
a l l  f o u r  u n i t s ,  w i t h  m a t e r i a l  f rom 20 o r  more random l o c a t i o n s  c o n s t i t u t i n g  each 
sample. Four samples f rom each depth a l s o  were taken f rom t h e  und is turbed f o r e s t  
between U n i t s  #3 and #4 ( f i g .  2 ) .  

The su r face  organ ic  o r  ash samples were analyzed f o r  pH and t o t a l  contents  o f  
n i t rogen ,  phosphorus, potassium, calcium, magnesium, and, i n  1977 on ly ,  sodium. 
Most of the  minera l  s o i l  samples were analyzed f o r  a1 1 o f  t h e  above p l u s  o rgan ic  
m a t t e r  content ,  c a t i o n  exchange capac i ty ,  a v a i l a b l e  phosphorus, and t o t a l  e x t r a c t a b l e  
(water  s o l u b l e  p l u s  exchangeable) potassium, calcium, and magnesium. I n  a d d i t i o n ,  
t h e  1977 minera l  s o i l  samples were analyzed f o r  a v a i l a b l e  sodium, boron, z inc ,  and 
i ron. 

With t h e  use o f  ceramic cup e x t r a c t o r s ,  the  s o i l  s o l u t i o n  a t  depths o f  60 and 
120 cm (about 2 and 4 f t )  was withdrawn under vacuum a t  severa l  l o c a t i o n s  and t imds 
each growing season w i t h i n  a l l  t reatments,  i n c l u d i n g  the  und is turbed f o r e s t ,  f rom 
1972 through 1977. The sampl es were analyzed q u a n t i t a t i v e l y  f o r  sodi  um, po tass i  urn, 
calcium, magnesium, n i t r a t e ,  phosphate, t o t a l  phenols, e l e c t r i c a l  c o n d u c t i v i t y ,  and 
PH 

RESULTS 

Q u a n t i t y  o f  Debr is 

Harvest ing and s lash  d isposa l  l e f t  markedly d i f f e r e n t  c o n d i t i o n s  on these 
u n i t s .  Gardner and Hann (1972) and Benson (1974) repor ted  t h e  q u a n t i t i e s  removed. 
The q u a n t i t y  and na tu re  o f  the  biomass remaining i s  o f  p a r t i c u l a r  i n t e r e s t  now. 
The amounts o f  l i t t e r  and d e b r i s  l e s s  than 3 cm i n  d iameter present  on t h e  s o i l  
sur face a f t e r  t reatment  were: 

L i t t e r  we ight  L i t t e r  depth 
Kg/ ha Cm 

Undisturbed f o r e s t  35,494 2.6 
Broadcast burned 34,995 1.8 
P i  1 ed-burned (under p i 1  es) 31,985 1.7 
P i  1 ed-burned (between p i  1 es)  33,222 1.3 
Chi pped-removed 42,213 2.4 
Chi pped-returned 180,582 11.7 

More than 20 samples were used t o  a r r i v e  a t  each o f  t h e  tabu la ted  values. 
W i t h i n  each group o f  20 t h e r e  was enough v a r i a t i o n  t o  mask any d i f f e rences  i n  
weights t h a t  may have e x i s t e d  among most t reatments.  However, one t reatment,  t h e  
r e t u r n  o f  ch ips  t o  t h e  f o r e s t  f l o o r ,  was h i g h l y  s i g n i f i c a n t l y  d i f f e r e n t  than the  
o thers .  

I n  a pos t - l ogg ing  i n v e n t o r y  o f  these u n i t s ,  Brown (1974) found t h a t  near 
complete u t i l i z a t i o n  produced almost as much f i n e  d e b r i s  ( <  8 cm diameter)  as d i d  
convent ional  logg ing;  bu t ,  on t h e  near-complete u n i t s  t h e r e  was o n l y  1 /5  as much 
l a r g e r  d iameter debr i s .  The conven t iona l l y  logged areas had 2.6 t imes more needles 
i n  the  d e b r i s  on t h e  f o r e s t  f l o o r  than d i d  near-complete u n i t s .  



Trees 

F igures 3 and 4 show the  oven-dry weights by components, o f  p lan ted  and seeded 
lodgepole  p i n e  harvested i n  August 1977 f rom each o f  t h e  f o u r  t reatments .  Obviously,  
t h e  c h i  ps- re turned t reatment  produced the  small  e s t  t rees ,  and t h e  p i 1  ed-burned 
t reatment  y i e l d e d  t h e  1 argest .  
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Figure 3. --Weights, b y  eomponsnt, of bypica2 ZodgepoZe pine 5 ysms af ter  pZant.i.ng 
on each treatment. 
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Figure 4.--Weights, b y  component, of typicat todgepote pine 5 years a f t e r  developing 
from seed on each treafment. 

I n  1977, f i v e  growing seasons a f t e r  p l a n t i n g  and seeding, the  s u r v i v i n g  
seed1 i ng d e n s i t i e s  p e r  hectare  were : 

P lanted Spot seeded 

Broadcast burned 1,505 91 4 
P i  1 ed-burned 1,522 81 5 
Chi pped-removed 1,021 51 9 
Chipped-returned 848 395 

Qata courtesy o f  W. C. Schmidt, Forest  Service,  Bozeman, Mont. A dens i t y  o f  
o n l y  one seedl ing per seed spot  i s  assumed i n  t h i s  t a b u l a t i o n .  



Weights of t y p i c a l  t rees  on these treatments a re  m u l t i p l i e d  by the  appropr ia te  
values i n  t h i s  t ab l ua t i on  t o  produce the biomass est imates per  hectare shown i n  
t a b l e  1. 

Tab1 e 1  .--Biomass i n  1977 o f  p lan ted  and seeded lodgepole p ine 

PI anted 
Above ground 48.3 61.2 26.9 11.2 
Roots 7.3 8.8 4.4 2.1 
Tota l  55.6 70.0 31.3 13.3 

Seeded 
Above ground 2.7 11.4 4.0 0.5 
Roots 0.7 2.0 0.6 0.1 

Tota l  3.1 13.4 4.6 0.6 

N u t r i e n t  and ash concent ra t ions i n  the  p lanted lodgepole p ine  are shown i n  
t a b l e  2. Except f o r  i r on ,  the  concent ra t ions d i d  no t  s t a t i s t i c a l l y  d i f f e r  w i t h  
respect  t o  t reatment.  Far less  i r o n  was found i n  the new needles from the  chipped- 
removed and chipped-returned s i t e s  than from the  broadcast burned and pi led-burned 
treatment areas. A s i m i l a r ,  bu t  l e ss  marked, r e l a t i o n s h i p  he ld  t r u e  f o r  t he  i r o n  
contents o f  the  o the r  above-ground t r e e  components. I n  con t ras t ,  the  opposi t e  
occurred i n  the roots ;  the  i r o n  content  of r oo t s  on the  near-complete (chipped) 
u n i t s  was more than tw ice  t h a t  found on the  conven t iona l l y  harvested u n i t s .  

Only f o u r  samples, o f  f i v e  t rees  each, make up each o f  the  observat ions i n  
t a b l e  2. As a  r e s u l t ,  the  s l i g h t e s t  v a r i a t i o n  w i t h i n  t reatments masks any d i f f e r -  
ences among them. The data i n d i c a t e  no marked n u t r i e n t  de f i c ienc ies ,  support ing 
f i e l d  observat ions o f  hea l thy  stock on a l l  b u t  the chipped-returned treatment. 

Mu1 t i p l y i n g  n u t r i e n t  concentrat ions by the weights o f  t y p i c a l  t rees  on these 
treatments produced r e s u l t s  t h a t  show marked d i f ferences among treatments i n  the 
amount o f  some n u t r i e n t s  taken up by the developing t r e e  biomass ( t a b l e  3) .  Bu t ,  
t h i s  d i r e c t l y  r e f l e c t s  the  s i z e  and v i g o r  o f  these t rees,  no t  t h e i r  n u t r i t i o n a l  
we1 1-being. Gram fo r  gram they a l l  may be equa l l y  we l l  nourished. 

S o i l s  

ORGANIC SURFACE 

The n u t r i e n t  content  of the surface organic  l a y e r  (Ao), i n c l ud ing  t h a t  of a l l  
ch ips and debr i s  l ess  than 3 cm i n  diameter, i s  shown i n  t a b l e  4. Over the  5-year 
post-  t reatment timespan, n i t r ogen  and c a l  c i  um contents genera l l y  increased, and 
potassium and magnesium contents decreased. Even though ch ips had lower concentra- 
t i o n s  of most elements than the  usual f o r e s t  1  i t t e r ,  t he  l a r g e  volume o f  ch ips on 
the  chipped-returned s i t e ,  i n  a d d i t i o n  t o  the  res idua l  1 i t t e r  underneath, r esu l t ed  
i n  a l a r g e r  quan t i t y  o f  every n u t r i e n t  on t h i s  t reatment than on any other .  A f t e r  5 
years, t o t a l  n i t r ogen  was l e a s t  under burned p i l e s ,  l a r g e l y  because i t  was 
v o l a t i l i z e d  when the organic mate r ia l  on the s o i l  sur face was burned. Phosphorus 
content  o f  the  f o r e s t  l i t t e r  seems t o  have been unaf fected by treatment. The 



Table 2. --Nutr ient and ash content o f  2-0 lodgepole pine f i v e  growing seasons a f t e r  p lan t ing  
- 

Tree component and treatment PI P K Ca &I Fe 3 Ash 

--------------- Percent--------------- p/m p/m pet 
New needles 

Broadcast burned 
P i  1 ed- burned 
Chi  pped-removed 
Chi pped- r e  turned 

01 d needles 
Broadcast burned 
P i  1 ed- burned 
Chi  pped-removed 
Chi pped-returned 

Terminal shoots 
Broadcast burned 
P i  1 ed- burned 
Chi pped- removed 
C h i  pped-returned 

01 d wood 
Broadcast burned 
P i  1 ed-burned 
Chi pped-removed 
Chipped-returned 

Roots 
Broadcast burned 
P i  1 ed- burned 
Ch i pped-removed 
Chi pped-returned 



p i 1  ed-burned t reatments  were l owes t  i n  po tass i  um content ,  perhaps because t h e  f i n e ,  
n u t r i e n t - r i c h  d e b r i s  ( leaves and t w i g s )  was scraped away o r  burned, and because 
v e g e t a t i v e  recovery  was s lowest  on t h i s  t rea tment .  

Table 3 . - -Nu t r i en ts  and ash i n  biomass p e r  hec ta re  o f  s u r v i v i n g  2-0 
lodgepo le  p ine,  f i v e  growing seasons a f t e r  p l a n t i n g .  

Treatment and t r e e  component N P K Ca Mg Ash 

Broadcast  burned 
Need1 es 
Wood, bark,  buds 
Roots 

Tota l 

P i  1  ed- burned 
Need1 es 
Wood, bark,  buds 
Roots 

T o t a l  

Chi pped- removed 
Need1 es 
Wood, bark, buds 
Roots 

T o t a l  

Chi pped-returned 
Need1 es 
Wood, bark, buds 
Roots 

T o t a l  

The pH o f  each l a y e r  o f  s o i l  sampled i n  1977, 5  yea rs  a f t e r  t rea tment ,  i s  
i l l u s t r a t e d  i n  f i g u r e  5. M ine ra l  s o i l  pH under a l l  b u t  one o f  t h e  t rea tments  was 
e s s e n t i a l l y  t h e  same, averaging 5.2. Under t h e  burned p i l e s  i t  was markedly 
h igher--6.4 i n  t h e  0-5 cm depth and 5.7 i n  t h e  5-15 cm depth. The pH o f  t h e  
o rgan ic  sur face h o r i z o n  was l e s s  uniform. I t  was 5.8 and 6.4 i n  t h e  a s h - l i t t e r -  
d u f f  m i x t u r e  on t h e  broadcast  burned and p i 1  ed-burned t reatments ,  r e s p e c t i v e l y ,  
s t i l l  r e f l e c t i n g  t h e  changed phys i ca l  c o n d i t i o n s  and t h e  re lease  of c a t i o n s  
t r i g g e r e d  by bu rn ing  5 yea rs  e a r l i e r .  I n  c o n t r a s t ,  t h e  s l o w l y  decomposing c h i p  
mulch had a  pH o f  4.6, mare a c i d i c  than t h e  u n d e r l y i n g  minera l  s o i l .  

The yea r  a f t e r  burn ing,  i n  1973, t h e  pH under t h e  burned p i l e s  was 7.2, 6.5, 
and 5.3 i n  t h e  Ao, 0-5, and 5-15 cm s o i l  depths, r e s p e c t i v e l y .  I n  t h e  areas 
broadcast  burned 2 months before sampling, pH was 6.2, 4.8, and 5.0 a t  t h e  same 
depths. Burn ing immediate ly changes t h e  pH of t h e  o rgan ic  su r face  l a y e r .  Leaching 
o f  s o l u b l e  m a t e r i a l  f rom t h a t  l a y e r  by subsequent p r e c i p i t a t i o n  l a t e r  r a i s e s  t h e  
pH o f  t h e  minera l  s o i l  beneath. Those changes were p resen t  a  y e a r  a f t e r  bu rn ing  
and have remained f o r  severa l  years .  Other t rea tments  d i d  n o t  s i g n i f i c a n t l y  
change minera l  s o i l  pH. 



Tab1 e 4. - -Nutr ient  con ten t  of t h e  s u r f a c e  organic  (Ao )  horizon 

Nut r i en t  Year Treatment 

Undisturbed Broadcast P i  led P i l e d  Chipped Chipped 
f o r e s t  burned burned burned removed re turned 

Nitrogen 
1972- ' 73 462 349 129 346 306 - - - 
1977 504 446 288 305 458 569 

Phosphorus 
1972- ' 73 34 56 52 32 41 --- 
1977 39 38 32 27 38 78 

Po tass i  urn 
1972- ' 73 96 118 120 79 132 - - - 
1977 68 66 51 50 73 166 

Cal c i  urn 
1972- ' 73 175 31 8 347 129 188 - -- 
1977 335 41 9 359 220 299 457 

Magnesi urn 
1972- ' 73 61 105 108 90 9 8 - - - 
1977 82 84 64 61 77 7 85 
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F i g u r e  5.--Soil pH some 5 years a f t e r  kreahnent. 

MINERAL SOIL 

To ta l  n u t r i e n t  content  

The t o t a l  amount w i t h i n  the  s o i l ,  p l u s  small increments i n  p r e c i p i t a t i o n ,  make 
up the e n t i r e  supply o f  many e s s e n t i a l  n u t r i e n t  elements. The t o t a l  n u t r i e n t  content  
o f  mineral  s o i l  r e f l e c t s  i t s  m inera log ica l  composi t ion and t h e  composi t ion o f  i t s  
organ ic  component. To ta l  supp l ies  o f  most n u t r i e n t  elements are  e s s e n t i a l l y  s tab le ,  
and were r e l a t i v e l y  constant  across a l l  t reatments i n  t h i s  study. To ta l  n u t r i e n t  
contents  o f  f o u r  essen t ia l  elements i n  t h e  sur face 15 cm o f  these s o i l s ,  averaged 
across a l l  t reatments and years, i n  k i lograms per hectare  were: 

Phosphorus 91 5 
Potassi  um 5 136 
Cal c i  urn 4 529 
Magnesi urn 8 003 

Ni t rogen presents a  spec ia l  case, s ince most o f  i t  i s  t i e d  up i n  the  organ ic  
f r a c t i o n .  As the  content  o f  organ ic  mat te r  va r ies ,  so w i l l  t h e  content  o f  t o t a l  
n i t rogen .  T o t a l  n i t r o g e n  supply i n  1977 was as f o l l o w s :  

Depths 

Forest  962 1  040 2 002 
Broadcast burned 1  359 1  313 2 672 
P i1  ed-burned (under)  1  050 1  288 2 338 
P i  led-burned (between) 1 179 1  221 2 400 
Chipped-returned 1  044 1  180 2 224 



Per u n i t  o f  depth, t h e r e  was almost  t w i c e  as much n i t r o g e n  i n  t h e  su r face  5 cm 
o f  minera l  s o i l  than i n  t h e  n e x t  5-15 cm l a y e r .  

Organic m a t t e r  con ten t  

The con ten t  o f  o rgan ic  m a t t e r  i n  t h e  su r face  5 cm o f  t h e  und is tu rbed  f o r e s t  
s o i l  ranged between 5  and 6 percent .  I n  t h e  5-15 cm l a y e r  i t  d e c l i n e d  t o  h a l f  t h i s  
concen t ra t i on .  The o rgan ic  f r a c t i o n  o f  t h e  su r face  5  cm under each o f  t h e  t rea tments  
were: 

Fo res t  6.0 5.2 
Broadcast burned 7.2 5.9 
P i  1  ed- burned (under )  6.9 4.1 
P i  1  ed- burned (between) 7.1 4.6 
Chi pped-removed 6.6 5.9 
Chi pped-returned 7.1 8.6 

Logging, broke up the  f i n e  o rgan ic  d e b r i s  i n  t h e  A. h o r i z o n  and inco rpo ra ted  
i t  i n t o  t h e  minera l  s o i l  beneath, l i k e l y  causing t h e  i n i t i a l  i nc rease  i n  o rgan ic  
m a t t e r  con ten t  i n  1972-1973. Burn ing and decomposi t ion o f  t h i s  increment (and o f  
t h e  r e s i d u a l  o rgan ic  m a t e r i a l  i n  t h e  su r face  5  cm) no doubt  produced t h e  d e c l i n e  
shown i n  1977 on most t reatments.  Dur ing  t h i s  timespan new p l a n t  growth added 
l i t t l e  o rgan ic  m a t t e r  t o  t h e  s o i l  on these c l e a r c u t  s i t e s ;  hence, t h e  decrease c o u l d  
be expected. 

A v a i l a b l e  n u t r i e n t s  

Table 5 shows t h e  amounts o f  a v a i l a b l e  n u t r i e n t  elements (except  sodium) 
e x t r a c t e d  f rom t h e  1977 s o i l  samples. T o t a l  e x t r a c t a b l e  sodium was t h e  same f o r  a1 1  
s i t es - -app rox ima te l y  0.1 meq p e r  100 g o f  s o i l  a t  bo th  depths. 

A v a i l a b l e  phosphorus was almost  t w i c e  as abundant i n  t h e  su r face  s o i l s  5 yea rs  
a f t e r  l o g g i n g  than i t  was i n  t h e  und is tu rbed  fo res t .  The l a r g e s t  q u a n t i t y  was found 
under c h i p  mulch, f o l l o w e d  by t h e  s o i l  under burned p i l e s .  I n  c o n t r a s t ,  t h e  s o i l s  
between burned p i l e s  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  f rom those o f  t h e  f o r e s t .  

Table 5 expresses potassium, calcium, and magnesium c a t i o n s  i n  t h e  fo rm o f  
m i l l  i e q u i v a l e n t  weights o f  t h e  t o t a l  e x t r a c t a b l e  amounts p e r  100 g o f  s o i l .  The 
t o t a l  e x t r a c t a b l e  amount i s  t h e  sum of  t h e  exchangeable con ten t  p l u s  t h e  water  
s o l u b l e  content .  Exchangeable c a t i o n s  comprised 90 percent  o r  more o f  t h e  t o t a l  
e x t r a c t a b l e  c a t i o n s  i n  these s o i l s .  

E x t r a c t a b l e  potassium was g r e a t e s t  i n  1977 a t  bo th  depths under t h e  burned 
p i l e s  o f  deb r i s .  Otherwise, t h e  amounts of t h i s  element d i d  n o t  d i f f e r  s i g n i f i c a n t l y  
among t reatments.  There was about  20 percent  more potassium i n  t h e  su r face  5 cm o f  
s o i l  than i n  t h e  5-15 cm depth. 

Logging increased s l i g h t l y  t h e  amounts o f  e x t r a c t a b l e  ca l c ium i n  s o i l s .  I n  
1977 t h e  s u r f a c e  5 cm o f  s o i l  under t h e  burned p i l e s  contained almost t w i c e  t h e  
ca l c ium concen t ra t i on  o f  t h e  und is tu rbed  fo res t ,  t h i s  amount--14.6 meq p e r  100 g-- 
was s i g n i f i c a n t l y  g r e a t e r  than a l l  o the rs .  The h i g h e s t  amount o f  ca l c ium i n  the  
n e x t  10 cm l a y e r  a l s o  were found under t h i s  t reatment.  Levels o f  e x t r a c t a b l e  
magnesium, a s i m i l a r  d i v a l e n t  c a t i o n ,  f o l l o w e d  the  same p a t t e r n .  There was o n l y  



Tab1 e 5. --Concentrations o f  avai 1 ab le nu t r ien ts  i n  mineral s o i l  i n  1977 

Avai 1 able Extractable Avai 1 able 
Depth and treatment phosphorus Potassium Calcium Yagnesium Boron Zinc I ron  
0-5 cm: ~ / m  ----------- Meq/lOO g----------- ---------p/m--------  

Forest 31.2 0.50 7.55 1.42 1.65 4.08 230. 
Broadcast burned 50.8 0.58 9.95 1.98 1.58 7.12 206. 
P i  1 ed- burned, under 60.8 0.68 14.60 2.05 1.62 12.25 302. 
P i  l ed- burned, between 48.8 0.50 7.18 7 -62 1 .05 4.45 219. 
Chi pped-removed 59.2 0.58 8.80 1.82 1.82 3.88 247. 
Chipped- returned 67.5 0.55 8.22 1.72 1.78 4.08 446. 

5-1 5 cm: 

Forest 34.8 0.42 4.68 0.98 0.85 1.55 256. 
Broadcast burned 49.2 0.40 5.40 1.25 0.65 2.20 266. 
P i  1 ed- burned, under 56.2 0.60 6.78 I .62 1.50 4.95 305. 
P i  1 ed- burned, between 48.0 0.40 5.72 1.25 1.22 7.32 280. 
Chi pped-removed 55.5 0.45 6.02 1.35 0.95 2.10 284. 
Chi pped-returned 62.2 0.45 6.10 1.40 0.90 2.60 445. 



about a  f i f t h  as much e x t r a c t a b l e  magnesium i n  these s o i l s  as t h e r e  was calc ium, 
however, d e s p i t e  the  f a c t  t h a t  t h e  t o t a l  amount o f  magnesium i s  t w i c e  t h a t  o f  
calc ium. The concen t ra t i ons  o f  t h e  e x t r a c t a b l e  forms o f  bo th  elements were a f o u r t h  
t o  a  t h i r d  g r e a t e r  i n  t h e  su r face  5 cm o f  m ine ra l  s o i l  than they  were below t h a t  
depth. 

I The amounts o f  a v a i l a b l e  boron showed no p a r t i c u l a r  p a t t e r n  w i t h  respec t  t o  
t rea tments  o r  depths. Boron concen t ra t i on  appeared t o  be s l i g h t l y  l e s s  i n  t h e  

I deeper s o i  1  1  ayer  , however. 

Z inc,  i n  t h e  0-5 cm l a y e r ,  was two t o  t h r e e  t imes more concent ra ted under t h e  
burned d e b r i s  p i l e s  than on any o t h e r  t rea tment ,  a h i g h l y  s i g n i f i c a n t  d i f f e r e n c e .  
H igher  z i n c  concen t ra t i ons ,  though n o t  s t a t i s t i c a l l y  s i g n i f i c a n t ,  a1 so occur red on 
t h e  broadcast  burned s i t e s .  Lesser concen t ra t i ons  of t h i s  element occur red i n  t h e  
5-15 cm l a y e r ,  a1 though t h e  same p a t t e r n  seemed t o  h o l d  t r u e .  

I r o n  was s i g n i f i c a n t l y  concent ra ted i n  bo th  l a y e r s  o f  s o i l  under t h e  c h i p  
mulch-- twice as concent ra ted as i n  t h e  und is tu rbed  f o r e s t .  The n e x t  g r e a t e s t  
c o n c e n t r a t i o n  occur red under t h e  burned p i l e s .  Both s o i l  l a y e r s  had about  equal 
concen t ra t i ons  o f  t h i s  re1 a t i v e l y  abundant element. 

Cat ion  exchange c a p a c i t y  

The q u a n t i t y  o f  a v a i l a b l e  m e t a l l i c  n u t r i e n t s  r e t a i n e d  by s o i l  depends upon the  
s o i l ' s  c a t i o n  exchange capac i t y ,  which, i n  tu rn ,  depends upon t h e  na tu re  and amount 
o f  c l a y  and t h e  amount o f  o rgan ic  m a t t e r  i n  t h e  s o i l .  Most o f  t h e  c a t i o n  exchange 
c a p a c i t y  of these s o i l s  i s  i n  t h e  c l a y  f r a c t i o n - - a  parameter n o t  l i k e l y  t o  be a l t e r e d  
much by t h e  imposed t reatments .  The c a t i o n  exchange c a p a c i t y  o f  t h e  s u r f a c e  5 cm 
averaged 18.63 meq and t h a t  o f  t h e  5-15 cm l a y e r  averaged 15.27 meq p e r  100 g o f  
s o i l .  

The four  c a t i o n s  q u a n t i t a t i v e l y  analyzed i n  1977 (potassium, sodium, calc ium, 
and magnesium) occupied a  b i t  l e s s  than h a l f  t h e  average exchange c a p a c i t y  i n  t h e  
und is tu rbed  f o r e s t ,  about  h a l f  o f  t h i s  average under fou r  o f  t h e  t rea tments ,  and 
n e a r l y  t h r e e - f o u r t h s  of i t  under t h e  burned p i l e s .  

S o i l  S o l u t i o n s  

From 1972 through 1977 mare than 600 samples o f  s o i l  s o l u t i o n s  f rom 44 tubes 
under the  s i x  t rea tments  were analyzed. The average concen t ra t i ons  o f  each element 
f o r  t h i s  p e r i o d  a r e  summarized i n  t a b l e  6. Not a l l  t rea tments  were i n  e f f e c t  f o r  
t h i s  e n t i r e  t ime. Only two t r e a t m e n t s - - f o r e s t  and chipped-removed--produced records  
f o r  a l l  6 years;  p i l ed -bu rned  (under )  da ta  cover 3 yea rs ;  convent iona l  c l e a r c u t  o n l y  
1  year;  a l l  o t h e r s  produced 5 yea rs  o f  data.  

Potassium concen t ra t i ons  increased under t h e  c h i p  mulch and under bo th  bu rn ing  
t rea tments  (broadcast  and beneath p i 1  es )  . T h i s  i nc rease  was most permanent, 1 a s t i n g  
up t o  5 years,  under t h e  c h i p  mulch, whereas the  e f f e c t s  d im in i shed  r a p i d l y  a f t e r  2 
yea rs  under t h e  broadcast  burn. Sodium increases due t o  t rea tmen t  were g r e a t e s t  
beneath burned p i  1  es. 

S l i g h t l y  h i g h e r  concen t ra t i ons  of magnesium were observed on t h e  t r e a t e d  s i t e s ,  
e s p e c i a l l y  under ch ipped- re turned and t h e  burns. The d u r a t i o n  o f  these e f f e c t s  was 
s i m i l a r  t o  t h a t  o f  potassium. Calcium l e v e l s  increased and p e r s i s t e d  under a1 1  
t rea tments .  C l e a r c u t t i n g  a lone appeared t o  be t h e  p r imary  cause f o r  t h e  i nc rease  o f  
bo th  ca l c ium and magnesium, w i t h  t h e  c h i p  mulch and t h e  ash concen t ra t i on  under 
burned p i 1  es c o n t r i b u t i n g  a d d i t i o n a l  amounts under these two t reatments .  



Table 6. --Average concen t ra t i ons  o f  n u t r i e n t s  i n  s o i  1  s o l u t i o n s  

Treatment 

P i  1  ed P i l e d  
Broadcast burned burned Chipped Chipped 

N u t r i e n t  Fo res t  burned (under)  (between) removed re tu rned  

Ni  t r a  t e -  
n i  t rogen 0.1 1.5 4.4 1.2 1 .O 0.9 
Potassium 0.6 1.6 2.0 1  .O 1  .O 1.6 
Calcium 2.6 5.3 11.9 4.2 4.2 6.8 
Magnesium 0.7 1.4 3.3 1  .I 1.1 1.6 
Sodi um 1.4 1.1 2.2 1  . O  2.0 1.2 

A l l  r es idue  d isposa l  methods produced increased concen t ra t i ons  o f  n i t r a t e -  
n i t rogen .  The percent  increase v a r i e d  f rom 2- t o  100- fo ld ,  ove r  t h a t  found i n  s o i l  
s o l u t i o n s  under the  und is turbed f o r e s t .  Ten s o i l  s o l u t i o n  samples, e i g h t  o f  which 
were taken f rom beneath burned p i l e s ,  exceeded the  maximum concen t ra t i on  o f  10 mg/l 
es tab l  ished f o r  pub1 i c  water  suppl i e s .  

To ta l  phenol concent ra t ions d u r i n g  t h e  f i r s t  yea r  ranged f rom p r a c t i c a l l y  none 
under und is turbed c o n d i t i o n s  t o  0.622 mg/l under ch ipped-re turned and t o  0.188 mg/l 
under the  chipped-removed t reatment,  Thereaf ter  phenol concen t ra t i ons  dec l i ned  
markedly, reach ing p r e t r e a t m e n t  values by 1975. The phenols came from a breakdown 
and leach ing  o f  f r e s h  o rgan ic  debr is-- f rom t h e  c h i p  mulch and f rom t h e  needles and 
f i n e  debr i s  i nco rpora ted  i n t o  t h e  su r face  minera l  s o i l  on t h e  "near complete'' 
u t i l i z a t i o n  u n i t s .  

DISCUSSION AND CONCLUSIONS 

Growth r a t e s  of both  p l a n t e d  and seeded lodgepole p i n e  d i f f e r e d  markedly among 
t h e  f o u r  c l e a r c u t t i n g  and s l a s h  d isposa l  t reatments .  Hope fu l l y ,  q u a n t i t a t i v e  a n a l y s i s  
o f  s o i l  and p l a n t  t i s s u e  would h e l p  e x p l a i n  some o f  t h i s  v a r i a t i o n .  But, desp i te  
ga the r ing  a weal th  of data  t h a t  descr ibe t h e  t r e e s  and the  s i t e s  upon which they 
were growing, t h i s  pr imary  o b j e c t i v e  was n o t  met. There were no s t a t i s t i c a l l y  v a l i d  
d i f f e r e n c e s  i n  n u t r i e n t  concent ra t ions w i t h i n  these t r e e s  t h a t  e x p l a i n  t h e i r  d i f f e r -  
e n t  growth ra tes .  Admit tedly,  i r o n  concen t ra t i on  i n  t h e  above-ground p o r t i o n ,  
e s p e c i a l l y  i n  new f o l i a g e ,  was g r e a t e s t  on t h e  p i led-burned s i t e s  and l e a s t  on t h e  
chipped-returned s i t e s .  Th is  c o r r e l a t e s  d i r e c t l y  w i t h  t r e e  growth. However, even 
t h e  lowest  i r o n  concent ra t ions appear t o  be more than adequate f o r  s a t i s f a c t o r y  
c o n i f e r  n u t r i t i o n  (Leaf  1973). 

Logging and s lash  d isposa l  d i r e c t l y  a f f e c t  t h e  su r face  (Ao) o rgan ic  ho r i zon  
o f  f o r e s t  s o i l s .  Most obvious a re  phys ica l  e f f e c t s  such as t h e  d is turbance o f  t h i s  
l a y e r  and i t s  p a r t i a l  i n c o r p o r a t i o n  i n t o  t h e  minera l  s o i l  beneath. Logging u s u a l l y  
adds f i n e  d e b r i s  t o  t h e  Aq hor izon.  On one o f  the  t reatments  i n  t h i s  s tudy the re  
was an even g r e a t e r  a d d i t i o n  by mulching w i t h  ch ips .  Broadcast burning,  i n  con t ras t ,  
o f t e n  removes p a r t  o r  a l l  o f  t h i s  hor izon,  and always depos i t s  a l a y e r  o f  ash on the  



sur face.  Use o f  dozers t o  p i l e  l o g g i n g  d e b r i s  has t h e  g r e a t e s t  phys i ca l  impact  on 
t h e  su r face  o rgan ic  l a y e r - - o f t e n  comple te ly  removing i t  and always exacerbat ing  t h e  
phys i ca l  d i s tu rbance  from 1  oggi  ng. 

The immediate phys i ca l  changes i n  the  surface o rgan ic  l a y e r ,  t he  removal of t he  
f o r e s t  ove rs to ry ,  and m i c r o c l i m a t i c  changes a t  and near t h e  s o i l  sur face,  a l l  
c o n t r i b u t e  t o  chemical and phys i ca l  a l t e r a t i o n  of bo th  t h e  su r face  o rgan ic  ho r i zon  
and t h e  minera l  s o i l  beneath. Th is  i s  t r u e  f o r  a  p e r i o d  o f  years  o r  even decades 
a f t e r  c l e a r c u t t i n g  and s l a s h  d i sposa l .  Many o f  t he  changes c i t e d  i n  t h i s  s tudy were 
recorded a t  t h e  end o f  5 years- - long enough a f t e r  t rea tmen t  t o  miss any immediate 
and t r a n s i t o r y  e f fec ts ,  b u t  l a t e  enough f o r  more s u b t l e  and long- term e f f e c t s  t o  
have emerged. For example, t h e  data  i n  t a b l e  4 show an inc rease  i n  potassium i n  the  
A. h o r i z o n  d u r i n g  t h e  f i r s t  y e a r  a f t e r  t rea tment .  The increased amount o f  t h i s  
r e a d i l y  s o l u b l e  element, however, was l a r g e l y  gone a f t e r  5 years .  Dur ing  t h i s  t ime  
span, many o f  t he  l osses  o r  changes i n  the  su r face  o rgan ic  h o r i z o n  e x h i b i t e d  t h e i r  
i n f l u e n c e  on measurabl e parameters i n  t h e  minera l  s o i  1 . For  exampl e, t h e  potassium 
con ten t  o f  minera l  s o i l  had increased under most t rea tments  by 1977 ( t a b l e  5 ) .  

The minera l  s o i l ,  immediate ly a f t e r  l o g g i n g  and s l a s h  d i sposa l ,  i s  l e s s  seve re l y  
impacted than i s  t h e  su r face  o rgan ic  l a y e r .  Nevertheless,  t h e  minera l  s o i l  may be 
p h y s i c a l l y  a l t e r e d .  P o r o s i t y ,  b u l k  dens i t y ,  o rgan ic  m a t t e r  content ,  and r e l a t e d  
h y d r o l o g i c  c h a r a c t e r i s t i c s  a r e  o f t e n  immediate ly changed (Packer and W i  11  iams 1976, 
and this v o ~ w n e ) .  Chemical changes i n  t h e  minera l  s o i l  a r e  most pronounced a f t e r  
thorough leach ing  by r a i n f a l l  o r  snowmelt water .  Th i s  water  d i s s o l v e s  t h e  s o l u b l e  
components i n  t h e  l o g g i n g  s lash,  t h e  ash l a y e r  ( i f  f i r e  was employed a f t e r  l o g g i n g ) ,  
and t h e  su r face  o rgan ic  s o i l  ho r i zon .  The water  then moves these s o l u t e s  i n t o  t h e  
m ine ra l  s o i l ,  where they  a r e  p r e c i p i t a t e d  and p i cked  up by t h e  i o n  exchange system, 
o r  where they  o the rw ise  a l t e r  t h e  chemical c h a r a c t e r i s t i c s  o f  m ine ra l  s o i l  hor izons.  

The pH o f  a c i d  s o i l s  r i s e s  when enough c a t i o n s  a r e  leached from su r face  
m a t e r i a l s .  Th is  a1 t e r a t i o n  l a s t e d  5 years  o n l y  under burned p i l e s  o f  s l a s h  on t h e  
s t u d i e d  s i t e s  ( f i g .  5 ) .  Only here  was the re  a  s u f f i c i e n t  s p i k e  o f  s o l u b l e  c a t i o n s  
t o  have a  l a s t i n g  and measurable e f f e c t .  I t  i s  p o s s i b l e ,  however, t h a t  t h e  lower  
pH o f  t h e  s l o w l y  decomposing wood c h i p  mulch w i l l  r e s u l t  i n  a  decrease i n  minera l  
s o i l  pH on these s i t e s  i n  f u t u r e  years .  

The o rgan ic  m a t t e r  con ten t  o f  t h e  su r face  minera l  s o i l  increased d u r i n g  t h e  
l o g g i n g  opera t ion .  A f te rwards  t h e  l a c k  o f  annual a d d i t i o n s  through 1  i t t e r - f a l l  
caused a d e c l i n e  on most t r e a t e d  s i t e s .  It i s  u n c e r t a i n  a t  t h i s  p o i n t  i n  t ime i f  
o rgan ic  m a t t e r  con ten ts  w i l l  con t i nue  t o  decrease on these t r e a t e d  s i t e s  due t o  
decay r a t e s  exceeding t h e  i n p u t  o f  p l a n t  remains, o r  if r e l a t i v e  s t a b i l i t y  has been 
reached. I n  general ,  t h e  con ten t  o f  t o t a l  n i t r o g e n  and, t o  a  l e s s e r  ex ten t ,  phos- 
phorus w i l l  p a r a l l e l  t h a t  o f  o rgan ic  m a t t e r  con ten t  because almost  a l l  o f  t h e  
n i t r o g e n  and about  h a l f  o f  t h e  phosphorus a re  p a r t  o f  o rgan ic  compounds. 

I n  terms o f  p l a n t  n u t r i t i o n ,  t h e  con ten t  o f  a v a i l a b l e  n u t r i e n t s  perhaps was t h e  
most impor tan t  parameter measured i n  these s o i l s .  I t  must be kep t  i n  mind, however, 
t h a t  t h e  l a b o r a t o r y  techniques used t o  measure a v a i l a b l e  n u t r i e n t s  p rov ide  o n l y  
approximat ions o f  what i s  a v a i l a b l e  f o r  uptake by p l a n t  r o o t s .  They sometimes a r e  
poor  approximat ions,  p a r t i c u l a r l y  f o r  f o r e s t  t r e e  n u t r i t i o n .  

The t reatments- -espec ia l  l y  t h e  p i 1  i n g  and bu rn ing  of s lash- -are  t h e  imp1 i e d  
cause f o r  s i g n i f i c a n t  d i f f e r e n c e s  i n  a v a i l a b l e  n u t r i e n t s  on these s i t e s  i n  1977. 
C l e a r c u t t i n g  and most s l a s h  d isposa l  t rea tments  u s u a l l y  increased a v a i l a b l e  n u t r i e n t s .  
An excep t ion  occur red between burned p i l e s ,  where dozer ope ra t i ons  f requen t l y  removed 
t h e  n u t r i e n t - r i c h  su r face  s o i l  and pushed i t  i n t o  t h e  s l a s h  p i l e s .  These p i l e s  o f  
l o g g i n g  d e b r i s  occupied about  18 percent  of t h e  c l e a r c u t  area. Hence, p i l i n g  caused 
a  f i v e - f o l d  concen t ra t i on  of n u t r i e n t s  h e l d  i n  t h e  s l a s h  and su r face  d e b r i s  on these 



s i t e s .  Burning then transformed t h e  n u t r i e n t s  i n t o  re1 a t i v e l y  so lub le  forms t h a t  
1  eached i n t o  t h e  mineral  s o i l  . 

Mulching w i t h  wood ch ips  may f u r t h e r  increase a v a i l a b l e  n u t r i e n t s  i n  the  
surface mineral  s o i l .  Except f o r  i nc reas ing  ava i  1  ab le  phosphorus and i r o n ,  mu1 ch ing 
w i t h  ch ips  seemed t o  have produced no r e a l  d i f f e r e n c e s  i n  n u t r i e n t  concent ra t ion 5 
years a f t e r  t reatment.  The ch ips  a re  decaying very s low ly ;  as a  r e s u l t ,  they are  
n o t  re leas ing  s t r u c t u r a l  elements very  r a p i d l y .  I n  a d d i t i o n ,  t h e  mulch a l t e r s  t h e  
s o i l  microc l imate,  p o t e n t i a l l y  a l t e r i n g  the  amount o f  some a v a i l a b l e  n u t r i e n t s  as 
we1 1. 

None o f  the  measured n u t r i e n t s  needed f o r  t r e e  n u t r i t i o n  appeared t o  be lack ing .  
Th is  i s  borne o u t  by the  t r e a t e d  s i t e  w i t h  the  lowest a v a i l a b l e  n u t r i e n t  q u a n t i t y  
(between p i 1  es) producing t h e  1  a rges t  t r e e  seedl i ngs. 

The chemical composit ion o f  s o i l  s o l u t i o n s  w i t h i n  t h e  r o o t i n g  zone represents a  
measure o f  water so lub le  nu t - ien ts ,  those t h a t  are  very r e a d i l y  a v a i l a b l e  f o r  use by 
p lan ts .  As w i t h  a v a i l a b l e  n u t r i e n t s  i n  the  s o i l ,  c l e a r c u t t i n g  alone seemed t o  
increase n u t r i e n t  concent ra t ions i n  s o i l  s o l u t i o n s .  Some s lash  disposal  t reatments,  
e s p e c i a l l y  burning,  added t o  t h i s  increase. 

A v a i l a b l e  n i t r o g e n  was n o t  q u a n t i f i e d  i n  the  s o i l  samples because i t  i s  known 
t o  vary too much through the  growing season t o  make a one-t ime measurement very 
meaningful. However, one o f  t h e  most a v a i l a b l e  forms o f  n i t rogen ,  n i t r a t e ,  was 
determined i n  t h e  s o i l  s o l u t i o n  samples. Obviously, the re  was a marked increase due 
t o  f o r e s t  harvest ,  coupled w i t h  an a d d i t i o n a l  increase due t o  burning.  These 
increases cou ld  represent  an increase i n  n i t r i f i c a t i o n  ra tes ,  and a reduc t ion  i n  
n i t r a t e  uptake by p l a n t s  on these t r e a t e d  s i t e s .  The l a t t e r  would exp la in ,  a t  l e a s t  
p a r t l y ,  the  f a c t  t h a t  n i t r o g e n  l e v e l s  were almost t e n  t imes g rea te r  on a l l  t reatments 
than i n  the  und is turbed f o r e s t .  The former would account f o r  even g r e a t e r  n i t r a t e  
q u a n t i t i e s  a f t e r  burning.  

Substances found i n  t h e  s o i l  s o l u t i o n  w i t h i n  t h e  r o o t i n g  zone may s t i l l  be 
present i n  t h i s  s o l u t i o n  a f t e r  i t  moves below the  zone tapped by p l a n t s .  Then, i f  
these substances are  i n  s u f f i c i e n t  concent ra t ion,  they may become p o l l u t a n t s  of 
ground water o r  of i n t e r f l o w  t o  streams and lakes.  I n  t h i s  respect ,  t h e  increased 
n i t r a t e  concen t ra t ion  under burned p i l e s  i s  a  p o t e n t i a l  p o l l u t a n t .  O f  t he  n u t r i e n t s  
measured i n  s o i l  so lu t ions ,  o n l y  n i t r a t e  was concentrated enough t o  be o f  concern, 
and then i n  o n l y  a  few samples f rom the  burned treatments.  Considerable d i l u t i o n  o f  
these n i t r a t e  concent ra t ions i s  v i r t u a l l y  c e r t a i n  by t h e  t ime they reach the  stream, 
however. 

Fresh organ ic  debr is ,  e s p e c i a l l y  t h e  c h i p  mulch, c o n t r i b u t e d  phenols t o  t h e  
s o i l  s o l u t i o n  i n  s u f f i c i e n t  concen t ra t ion  dur ing  the  f i r s t  couple years t o  be o f  
concern. As a  group, phenols are  very  t o x i c ,  and even i n  low concent ra t ions they 
a f f e c t  water odor and may t a i n t  t h e  f l e s h  of f i s h .  Accordingly,  maximum concentra- 
t i o n s  o f  0.1 mg/l f o r  f i s h e r y  h a b i t a t s  and 0.001 mg/l f o r  p u b l i c  water suppl ies  have 
been es tab l i shed  (EPA 1973). I f  l a r g e  areas o f  a  watershed were mulched w i t h  a 
t h i c k  l a y e r  o f  c o n i f e r  wood chips,  i t  i s  q u i t e  conceivable t h a t  p o l l u t i o n  o f  perco- 
l a t i n g  waters and streamflow w i t h  phenols would r e s u l t .  Unfor tunate ly ,  t h i s  study 
design d i d  no t  pe rmi t  the  t r a c i n g  o f  phenol movement beyond a meter depth i n  t h e  
s o i l .  

I n  summary, t h e  n u t r i e n t  s t a t u s  o f  sur face s o i l  l aye rs ,  s o i l  s o l u t i o n ,  and 
lodgepole p ine  seedl ings was measured over  a  5-year pe r iod  a f t e r  c l e a r c u t t i n g  and 
s lash  d isposa l .  General ly ,  ha rves t ing  l e d  t o  an increase i n  the  n u t r i e n t  content  o f  
both  the  s o i l  and the  s o i l  s o l u t i o n s ,  probably because n u t r i e n t  c y c l i n g  was i n t e r -  
rupted. Burning o f  l ogg ing  debr i s  a f t e r  convent ional  c l e a r c u t t i n g  f u r t h e r  increased 



some n u t r i e n t s .  Mu1 c h i n g  w i t h  wood c h i p s  f r o m  unmerchantable m a t e r i a l  a f t e r  "near -  
complete"  h a r v e s t i n g  caused some n u t r i e n t  changes i n  t h e  s o i l ;  b u t ,  perhaps more 
i m p o r t a n t ,  t h i s  mulch c o n t r i b u t e d  a f l u s h  o f  pheno ls  t o  t h e  s o i l  s o l u t i o n .  The 
d i f f e r e n t  amounts o f  s u r v i v a l ,  growth,  and v i g o r  o f  t r e e  s e e d l i n g s  under  v a r i o u s  
t r ea tmen ts  a p p a r e n t l y  had n o t h i n g  t o  do w i t h  d i f f e r e n c e s  i n  n u t r i e n t  s t a t u s .  None 
o f  t h e  measured p l a n t  n u t r i e n t s  appeared t o  be l i m i t i n g  t r e e  g rowth .  
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ABSTRACT 

Decaying and decayed wood has received l i t t l e  a t t e n t i o n  i n  i t s  
r e l a t i onsh ips  t o  the p roper t ies  and func t ions  o f  f o r e s t  s o i l  s, 
a l though i t  i s  recognized t h a t  decay of  woody subst ra tes i n  
fo res ted  ecosystems cons t i t u t es  a  major pathway fo r  carbon and 
n u t r i e n t  recyc l ing .  

Resul ts from our  i nves t i ga t i ons  i nd i ca te  t h a t  brown-cubical decayed 
wood i n  s o i l  i s  more f unc t i ona l l y  unique than p rev ious ly  thought. 
Wood i n  s o i l  e x h i b i t s  func t ions  and c h a r a c t e r i s t i c s  t h a t  qre 
s i m i l a r  t o  those o f  o ther  s o i l  components, bu t  i n  some instances 
performs more e f f i c i e n t l y .  Wood i n  s o i l  i s  an e f f i c i e n t  medium f o r  
s t o r i n g  n u t r i e n t s  and water. I t  a lso  provides a p lace f o r  growth 
o f  t r e e  r oo t s  and c e r t a i n  fung i  t h a t  together  form "mycorrhizae",.. 
s t ruc tu res  essen t ia l  t o  t r e e  estab l  ishment, su r v i va l ,  and growth i n  
western forests .  Decayed wood i s  an important s i t e  f o r  the  b i o -  
l o g i c a l  f i x a t i o n  o f  n i t r ogen  gas from the  atmosphere. Since s o i l  
wood i s  an important p a r t  o f  s o i l  s t r uc tu re  and funct ion,  i t  i s  
necessary t o  determine how much residue (wood) can be removed f o r  
f u r t h e r  u t i l i z a t i o n  and product development w i thou t  p r e c i p i t a t i n g  
s i t e  de te r i o ra t i on ,  By assessing the impact o f  i nc reas ing  l e v e l s  
o f  u t i l i z a t i o n  before f o r e s t  harvest ing and u t i l i z a t i o n ,  l ong  term 
s i t e  d e t e r i o r a t i o n  o r  damage may be avoided. 

KEYWORDS: decay, l i g n i n ,  fungi, bacter ia ,  N2-f ixat ion,  s o i l  wood, 
mycorrhizae, psychrophi les,  n u t r i e n t  c y c l i n g  

' ~ a i n t a i n e d  a t  Madison, Wisconsin i n  cooperat ion w i t h  t he  Uni ye r s i  t y  o f  
W i  sconsin. 



INTRODUCTION 

The use and future needs of wood f iber  in the forms of lumber, paper products, 
chemicals, and as a source of energy have been escalating a t  an alarming ra te .  To 
a l l ev ia te  these demands, wood resources can be increased by (1 )  recycling, ( 2 )  
accelerating timber production, ( 3 )  the replacing of wood and conventional wood 
usage by a1 ternat ive materials,  ( 4 )  intensifying s i lv icul  tural  pract ices,  (51 
intensive u t i l i za t ion  of fores t  residues, and ( 6 )  protection from biological and 
physical degradation. 

Part of our purpose has been to  assess the s igni f icant  long-term imp1 ica t ions ,  
from short- term experimental approaches, of intensive residue (biomass/fi ber) 
u t i l i za t ion .  We are  questioning how much f ibe r ,  in specified quantity, form, and 
d is t r ibut ion ,  can be removed from any given s i t e  by prescribed harvesting wSthout 
precipi tat ing short- or long- term deleterious consequences. 

In addition to f iber  removal by man, natural  agents--notably decay and f ire--  
play an integral ro le  i n  reducing organic resources. While decay i s  usually viewed 
as a long-term process of biomass volume reduction, f i r e  produces immediate and 
long-term environmental e f fec ts  s imilar  to  those of near-complete biomass u t i l i za t ion .  
In any given fores t  ecosystem there i s  a f i n i t e  amount of energy available for 
biomass production, and decay and f i r e  maintaln a balance between production and 
decomposition. Therefore, there i s  a need t o  define the optimum levels  of the  end 
products of decay in terms of s i t e  needs for exist ing or  long-term s i t e  productivity 
and to  integrate these needs into fores t  management. 

THE ROLE OF BIODEGRADATION IN FOREST ECOSYSTEMS 

Decay or biodegradation a re  caused by a variety of pracesses, organisms, and 
interact ions between the two. Decomposition i s  an ongoing, everpresent process i n  
1 iving and dead plants.  A myriad of microorganisms including auto- and heterotrophic 
fungi and bacteria ,  streptomycetes, protozoa, and invertebrates contribute indi- 
vidual l y  or col lect ively toward decay. Climatic weathering and interact ions of the 
substrate with exist ing f lora  a lso  have s igni f icant  impacts. The end products ~f 
biodegradation of woody substrates are  carbon dioxide, water, and a s table  (but 
biodegradable) complex of phenolic components derived from the  l ignin portions of 
woody plants and, i n  some instances, fungal melanines. A major influence of t h i s  
organic matter,  which i s  phenolic i n  nature, i s  the enhancement o f  soil  s t ruc ture  
and function. Therefore, the  principal ro le  of decay i s  the recycling of carbon in  
the ecosystem. During t h i s  recycl ing process, decaying organic matter influences 
the  s t ruc ture  and function of the system and ac ts  as a nutr ient  source. T h e  ra tes  
of decomposition and nutr ient  re1 ease are  functions of the  environment, 

THE N A T U R E  OF CONIFEROUS A N D  ANGIOSPERMOUS WOODY SUBSTRATA 

To understand the  processes of decay and i t s  functional end products, an 
understandi n of the compositions of woody material of angiosperms (hardwoods) and 
gymnosperms 9 softwoods) i s  necessary. Also, the i r  major geographic and climatic 
d is t r ibut ion  appear t o  be of fundamental importance. 



The hardwood or angiospermous timber type i s  confined to eastern a n d  north- 
central United States.  There a re  exceptions however, where elevation o r  other 
s igni f icant  s i t e  factors  ex i s t  and coniferous or gymnospermous t rees  become the 
predominant type. In contrast ,  the western forest--whether in the Intermountain, 
Cascade, or Coast Ranges--is predominantly gymnospermous or coniferous. In terms of 
climatic distribution, hardwood fores ts  predominate east  of the 15+ inch preci- 
p i ta t ion  isobar, while, to  the west o f  t h a t  isobar, coniferous fores ts  a re  prevalent. 
These fores ts  a re  associated with high and low humidities, respectively. 

Structural ly,  wood i s  comprised of three major polymeric substances: l ign in ,  
ce l lu lose ,  and hemicel luloses. A1 t h o u g h  the ce l lu los ic  portions of hardwoods and 
conifers are s imilar ,  there a r e  differences in the quantity and type of l ignin 
content. Lignin i s  a generic name for the complex aromatic polymers tha t  are major 
Components of vascular t i ssues  (stems) of t e r r e s t r i a l  plants (Kirk and Fenn 1980). 
Woods o f  conifers are 24 t o  30 percent 1 ignin ( tab1  e 1 ) , while hardwood i s  19 t o  25 
percent l ignin.  Also, there i s  a fundamental difference in the chemical s t ruc ture  
of l ignins of hardwoods and conifers ( f i g .  1 ) .  Conifer l ignin  i s  formed principally 
from gauiacyl moieties and i s  called "guaiacyl" l ignin .  In contrast ,  most hardwood 
l ignins  in additlon to  guaicyl, contain large proportions o f  syringyl moieties and 
are termed "syringyl" l ignins.  

Table 1 .--Composition of ash-free wood and bark (pc t )  . 

softwoods1 Hardwoods 
Wood Bark Wood Bark 

Li gni n 2  24- 30 45- 55 19-25 40- 50 
Carbohydrate 66-72 30- 48 74- 80 32-45 
Other 2.2-9.6 Up to  25 2.2-5.6 Up t o  20 

' ~ i x t u r e  of the lignin and suberized phlobaphene. 
2Based on extract ive-free material. 
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Figure 1. -- Proposed structure of Zignin po lymer  depicting 
interunit l i n k a g e s  found {n angiospemnous and gymnosper- 
mous Zipins ( K i r k  and Fen 2980) .  

DECAY SYSTEMS 

Types o f  decay i n  t h e  major groups of woody p l a n t s  a r e  o f  two major k inds :  
w h i t e  r o t s  and brown r o t s .  T y p i c a l l y ,  whi t e - r o t  fungi  depolymerize c e l l  u l o s e  and 
hemice l l u lose  a t  s i m i l a r  r a t e s  and l i g n i n  a t  a s i m i l a r  o r  somewhat f a s t e r  r a t e .  
Brown-rot f u n g i  depolymerize c e l l u l o s e  and hemice l l u lose  and 1 eave t h e  1 i g n i n  
e s s e n t i a l l y  unchanged, though t h e r e  i s  demethy la t ion  o f  t h e  olymer and t h e  accumu- 
l a t i o n  o f  l i g n i n  degradat ion products (H igh ley  and K i r k  1980 !' , 

There a r e  a l s o  i n d i c a t i o n s  t h a t  t h e  e x t r a c t l v e  con ten t  o f  heartwood and sapwood, 
p a r t i c u l a r l y  i n  con i fe rous  subst ra ta ,  e x e r t s  a l i m i t i n g  o r  s e l e c t i v e  i n f l u e n c e  on 
t h e  a c t i v i  t i e s  o f  both brown-rot  and whi t e - r o t  fung i .  I n  con i fe rous  res idues,  
i n i t i a l  sapwood decay appears t o  be o f  t h e  w h i t e - r o t  type, which e v e n t u a l l y  s h i f t s  
t o  brown-rot. Heartwood i s  u s u a l l y  decayed by t h e  brown-rot  f u n g i .  The present  
understanding of  t h e  d i s t r i b u t i o n  i s  n o t  a c l e a r  one. 

I n  t h e  in te rmoun ta in  reg ions  o f  t h e  western Un i ted  Sta tes ,  t h e  p r i n c i p a l  decay 
process f o r  large-dimensional  dead con i fe rous  woody m a t e r i a l s  i s  t he  brown-rot  type.  
The end products a r e  apparen t l y  a func t ion  o f  t h e  i n t e r a c t i o n  between li n i n - t y  e, 
temperature-moisture (T-M) regimes, and assoc ia ted decay microorganisms 9 f i g .  2 ! . 



Basic Decay Systems 
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Figure 2.-- Major decay pathways i n  angiosperms and gymosperms. 

P r i  n c i  pal  Environmental Parameters Associated With Decay 

Mois ture and temperature regimes a re  t h e  two pr imary c o n t r o l l i n g  f ac to r s  i n  
wood decay processes. The ef fects o f  both a re  c r i t i c a l  t o  t he  su r v i va l  o f  decay 
fung i  a t  two po in t s  i n  t h e i r  l i f e - c y c l e s :  spore germinat ion and vege ta t i ve  growth. 
The temperature and mois ture requirements a r e  no t  t he  same--spore gerrninatioe and 
i n i t i a l  subst ra te  co l on i za t i on  operate w i t h i n  narrower 1 i m i  t s  than t h e  vege ta t i ve  
growth associated w i t h  decay processes. Because o f  t h e  d i f fe rences  between these 
two stages, spore germinat ion and i n i t i a l  subst ra te  pene t ra t ion  would be a greater  
l i m i t i n g  fac to r  t o  decay. 

TEMPERATURE 

Most decay fung i  a r e  mesophiler and age unable t o  grow vege ta t i ve l y  above 40'~. 
They have temperature optima between 25-30 C.  Jensen (1967) ind ica ted  t h a t  minor 
f l u c t u a t i o n s  i n  temper8ture s t imulated , For many fungi ,  minimum temperatures 

Apparently, fung i  a re  a b l e  t o  extend t he  f o r  growth a r e  below 0 C (Pechmann id.0wth 
vegeta t i ve  fungal body t o  a considerable degree i n  woody t i ssues  dur ing  t h e  w in te r ,  
I n  f a c t ,  exposure t o  co l d  may cause o r  s t imu la te  growth when temperatures become 
opt imal (Pechmann 1966).  



Temperature extremes and moisture d e f i c i t s  have been reported as decay l im i t i ng  
by Hubert (1920) ,  Spaulding and Hansborough (1944),  and Childs and Clark (1953).  
Lohman (1 962, 1965) indicated t h a t  unfavorable temperature-moisture regimes i n  
lodgepol e pine (pinus c o n t o r t a  Doug1. ) s l a sh  were the pr incipal  1 imi t i n g  f ac to r s  t o  
t h e  onset  and cont inuat ion of  decay. Higher temperatures i n  t h e  wood's upper 5 cm 
favored,  by s e l ec t i on ,  Phlsbia p h l e b i o i d e s  (Jack and Deard.) Donk and Gloeophyllum 
seap iar ium,  (Wul f .  ex Fr, 1 Karst. , whereas Haematosterium sanguinolentum ( A 1  b .  and 
Schw. ex Fr . )  Poui!. and Coniophoxa puteana (Shum. ex Fr. ) Kars t . ,  w i t h  low tempera- 
ture optima, were recovered a t  depths in  wood g r ea t e r  than 5 cm. Lohman (1962, 
1965) a t t r i b u t e d  t h e  presence of low-temperature fungi i n  upper pa r t s  of s l a sh  t o  
t h e  occurrence o f  wet and moist periods. Aho (1974)  reported t h a t  few hea t - to le ran t  
fungi a r e  normally found i n  the middle and lower por t ions  of s l a sh  p i l e s .  

Data ( f i g .  3 )  co l l e c t ed  by Hungerford (1980) a l s o  demonstrate t h a t  res idue 
su r f ace  temperatures approach 1 evels  t h a t  would 1 imi t biological  a c t i v i t y ,  par t icu-  
l a r l y  spore  germination and i n i t i a l  co lon iza t ion .  In c o n t r a s t ,  in te rna l  temperatures 
were lower and well w i t h i n  t h e  range of temperatures required f o r  decay a c t i v i t y .  
Temperatures a t  t h e  su r f ace  o f  t h e  underside of se lec ted  res idues  a l s o  were conducive 
t o  fungal a c t i v i t y .  Furthermore, t h e  amelioration of  higher s o i l  temperatures a t  o r  
near the s u r f a c e  by soil-wood was a l s o  noticed.  

A- Surface 

Ib, Soil wood 

5 10 15 20 24 
Hours 

Figure 3. -- ~eZationship of temperatures of suspended residues and 
decayed wood partially buried in t he  so iZ ,  



Natural inoculation of residues may occur in two ways: th rough  spores and 
through vegetative hyphal growth. Spore inoculation may occur on any surface; 
inoculation by vegetative hyphae usually will occur only from soil  or  wood on the  
undersides of residue, I n i t i a l  decay in conifer residue occurs on the underside in 
contact with so i l  and i s  usually of the white-rot type. Decay on the upper surface 
or the  sides i s  usually of the brown-rot type. Aho  (19743 s t a t e s  t h a t  decay pro- 
gresses f a s t e r  in residues in contact with t h e  soil  . 

MOISTURE CONTENT 

Moisture avai labi l  i t y  i s  a primary control 1 i n g  factor  in decay. Pechmann and 
others (1967) reported tha t  substrates with moisture contents below 30 percent or 
above 120 percent were n o t  colonized by most fungi, part icularly decay fungi. 
Etheridge (1958) noted tha t  moisture content of heartwood i s  dependent on species 
and s i t e  and generally i s  l e s s  t h a n  sapwood moisture contents,  although there a re  
exceptions. Etheridge (1958) a lso  noted t h a t  even minor changes in moisture content 
had s igni f icant  e f fec ts  on decay ra tes .  Wood in contact with the soi l  readily 
absorbs moisture from i t .  Other factors  also contribute t o  increased residue 
moisture cbntent and increased decay: shading, north-facing slopes, el evation, 
compaction/stratification of wood residues, amount of soi l  organic matter, and 
temperature. 

As decay progresses, pore volume o f  the woody substrate increases, f a c i l i t a t i n g  
the  to ta l  amount of moisture tha t  potential ly could be present ( f ig .  4 ) .  Figure 5 
r e f l ec t s  the  ef fec t  of pore volume in terms o f  moisture holding capacity on the 
Coram s i t e  between the control and clearcut-intensive u t i l i za t ion  treatment. The 
data indicate the soil-wood moisture contents are  no t  affected by treatment and, as 
a r e s u l t ,  woody residues in t h i s  form would a l l ev ia te  moisture s t r e s s  i n  c learcut  
areas. 
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FCgure 4.-- Relationship between moisture content and d~cay  progression 
i n  brom-rotfed mugZas-fir. Decay associated u i th  Fornitopsis pin-i-coZa. 
( C o r n  Experimental Forest, September 2977. A l l  moisture content 
values significantZy dffferent from each other: sF 0 . 0 1 ) .  - 
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Figure 5.-- Seasonal variat ion of rnoistxre content i n  s o i h o o d .  

HYDROGEN ION CONCENTRATION 

Wood pH i s  c o n t r o l l e d  p r i m a r i l y  by t h e  presence o f  a c e t i c  and fo rm ic  ac ids .  
A c i d i t y  (pH) i n  sound c o n i f e r  wood v a r i e s  between 2.7 t o  8.8. Brown-rot  fungi  
apparen t l y  can w i ths tand  a c i d  c o n d i t i o n s  b e t t e r  than w h i t e - r o t  f u n g i  (Henningson 
1967). H igh ley  (1976) r e p o r t e d  t h a t  funga l  c e l l u l a s e s  and hemice l lu lases o f  brown- 
r o t  f u n g i  were more t o l e r a n t  o f  l ower  pH's than w h i t e - r o t  f u n g i .  Furthermore, 
b rown-ro t  f u n g i  lower  t h e  pH d u r i n g  t h e  decay process th rough o x a l i c  a c i d  p r o d u c t i o n  
(Takao 1965). Also,  w h i t e - r o t  f u n g i  u t i l i z e  a c e t i c  ac id .  Our pH measurements on 
brown-ro t ted  wood agree w i t h  these observat ions .  Decaying and decayed brown-ro t ted  
wood, i n  o r  on s o i l  p r o f i l e s ,  i s  s i g n i f i c a n t l y  more a c i d i c  than  o t h e r  s o i l  components. 
The a c i d i t y  o f  t h i s  s u b s t r a t e  appears t o  have s i g n i f i c a n t  i m p l i c a t i o n s  f o r  f o r e s t  
management, p a r t i c u l a r l y  regenera t i on .  

Microorganisms Assoc ia ted W i  t h  Residue Decay 

s . Ana lys i s  o f  t h e  m i c r o b i a l  f l o r a  assoc ia ted w i t h  r e s i d u e  decay on t h e  Coram 
Exper imental  Forest ,  i n  Montana has p rov ided  some i n s i g h t  i n t o  occurrence o f  decay 
f u n g i  and a1 so i n t o  t h e  a s s o c i a t i o n s  t h a t  e x i s t  between decay fung i ,  yeasts ,  b a c t e r i a ,  
and non-hymenomycetes, The i n f o r m a t i o n  assembled t o  da te  i s  p rovoca t i ve  i n  t h e  
sense t h a t  i t  suggests t h a t  organism a s s o c i a t i o n  (and p o s s i b l e  i n t e r a c t i o n )  may b,e 
i m p o r t a n t  i n  the brown-rot  process produc ing brown-cubical decayed wood. The 
i n t e r a c t i o n s  may a1 so p rov ide  i n s i g h t  i n t o  decay mechanisms + 



On t h e  Coram s i t e ,  b rown- ro t  f u n g i  i s o l a t e d  f rom woody res idues  were more 
numerous t h a n  w h i t e - r o t  f u n g i  ( r a t i o  ca 5 : 3 ) ,  ~ o x i a  placcenta (F r . )  Cooke and 
GJoeophyllum seapiarium (Nu1 f .  ex F r  .) Karst . ,  b o t h  brown r o t t e r s ,  were more con- 
s i s t e n t l y  assoc ia ted  w i t h  l a r g e r  d iameter  m a t e r i a l  ( 4 "  diam. o r  g r e a t e r ) .  Poria 

cinerascens (Bres . ) Sacc . and Syd . , and AJeurodiscus l i v i d o c o e r u l e u s  ( K a r s t ,  ) Lemke, 
b o t h  w h i t e  r o t t e r s ,  were more p r e v a l e n t  i n  small  d imension (up  t o  2" diam.) m a t e r i a l  
These obse rva t i ons  r e i n f o r c e  t h e  v iew t h a t  t h e  c o n i f e r  1  i g n i n  t y p e  and t h e  i nc rease  
i n  e x t r a c t i v e  con ten t  i n  l a r g e r ,  o l d e r  m a t e r i a l s  favors brown r o t  f u n g i .  

PROPERTIES AND FUNCTIONS OF BROWN-CUBICAL DECAYED WOOD 

A f t e r  s t u d y i n g  r e d  spruce ( ~ i c e a  rubens sang.) and y e l l o w  b i r c h  ( ~ e t u l a  a l l e -  
qhaniensis  ( B r i  tt. ) s i t e s  i n  t h e  Adirondack Mountains, McFee and Stone (1  966) 
r ~ e p o r t e d  t h a t  woody res idues  made up 26 percent  o f  t h e  t o t a l  humus l a y e r  and t h a t  30 
pe rcen t  o f  a  24- foot  t r a n s e c t  approx imate ly  one- foo t  deep was comprised o f  woody 
t i s s u e s .  They es t imated t h a t  t hese  "masses" o f  brown-cubical  decayed wood remain i n  
t h e  s o i l  p r o f i l e  f o r  more than  100 years .  

Decaying wood has been i m p l i c a t e d  i n  t h e  process and success o f  t r e e  regener-  
a t i o n  by a  number o f  au tho rs  ( B a r r  1930; Day 1963;  Day and Du f f y  1963).  A 1  1 have 
noted t h e  c l o s e  a s s o c i a t i o n  between r e g e n e r a t i o n  and decaying wood. Mork (1927) 
suggested t h a t  spruce regenera ted on t h i s  s u b s t r a t e  because o f  t h e  abundance o f  
mycor rh izae ( f u n g a l  i n o c u l  urn). Day ( 1  963) and Day and D u f f y  (1  963) have p rov ided  
s u b s t a n t i v e  evidence t o  show t h a t  res idues  w i t h  a h i g h  m o i s t u r e  c o n t e n t  i n  the 
i n te rmoun ta in  reg ions  o f  southern  B r i t i s h  Columbia i n f l u e n c e d  w h i t e  spruce regene- 
r a t i o n .  T h i s  does n o t  p rec lude  t h e  p o s s i b l e  presence and e f f e c t  o f  mycor rh izae i n  
such res idues .  B a r r  ( 1  930) a1 so assoc ia ted  h ighe r  m o i s t u r e  con ten ts  o f  res idues  
w i t h  improved regenera t i on .  

Harvey and o t h e r s  (1976),  w h i l e  s t u d y i n g  t h e  r e l a t i o n s h i p s  between mycor rh izae 
and brown-cubical  decayed wood, r e p o r t e d  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  numbers o f  
myco r rh i za l  r o o t  t i p s  between sampl ing o i n t s  w i t h  brown-cubical  decayed wood and 
those  w i t h o u t  (nonres idue s o i l  p r o f i l e s  7 . T h e i r  da ta  i n d i c a t e d  t h a t  woody res idues  
i n  t h i s  form were a favorab le  p a r t  o f  t h e  s o i l  p r o f i l e  f o r  m y c o r r h i z a l  development 
( f i g s .  6, 7 ) .  They a l s o  showed t h a t  t h i s  s u b s t r a t e  comprised up t o  15 pe rcen t  
o f  t h e  volume o f  t h e  t o p  38 cm o f  a western Montana f o r e s t  s o i l  and a t t r i b u t e d  t h e  
favo rab l  e mycor rh i za l  response t o  t h e  water-  h o l d i n g  c a p a c i t y  o f  brown-cubical  decayed 
wood. Furthermore, t h e  s p a t i a l  d i s t r i b u t i o n  o f  brown-cubical  decayed wood i s  a l s o  
o f  i n t e r e s t .  Tab le  2 summarizes t h e  p r o b a b i l  l'ty t h a t  a t  l e a s t  " x "  amounts o f  r e s i d u e  
w i l l  be  found i n  any 100 - foo t  t r a n s e c t .  
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F<gure 7.-- Percentage of m y c o ~ h i z a Z  tips ( l i t e r )  i n  brow-cubicaZ 
decayed s o i l ~ o o d ,  August, 2976. 



Table  2 . - - P r o b a b i l i t y  ( P )  o f  encounter ing  l i n e a r  f e e t  ( x )  o f  brown-cubical  decayed 
wood i n  100 - foo t  t r a n s e c t s ,  Coram Exper imental  Fores t ,  Montana. 

L i n e a r - f e e t  ( x )  o f  BCD 

P r o b a b i l i t y  ( a t  l e a s t  x) 0.970 0.865 0.644 0.367 0.111 0.0026 0.000 

Decaying l o g s  have been su gested a s  p o t e n t i a l l y  impor tan t  s i t e s  f o r  d i n i t r o g e n  
f i x a t i o n .  Cowl i n g  and M e r r i l l  11 966) suggested t h a t  n i  t r o g e n - f i x i n g  b a c t e r i a  may 
p r o v i d e  an a d d i t i o n a l  source o f  n i t r o g e n  r e q u i r e d  f o r  t h e  decay process.  Cornaby 
and Waide (1973) have shown t h a t  d i n i t r o g e n  f i x a t i o n  occurs i n  decaying ches tnu t  
( ~ a s t a n e a  den ta ta  (Marsh.) Borkh.)  l o g s  and Larsen and o t h e r s  (1978) presented da ta  
showing d i n i t r o g e n  f i x a t i o n  i n  decaying wood o f  dead and down l o g s  and l i v e ,  s tand ing  
c o n i f e r s  decayed by common w o o d - r o t t i  ng f u n g i .  The r e 1  a t i o n s h i  ps between decay 
progress ion ,  n i t r o g e n  f i x a t i o n  r a t e s ,  and n i t r o g e n  con ten ts  a r e  presented i n  f i g u r e  
8. 

Sound Advanced Soil Wood 
?esidue decayed (buried) 

residue 
Incipient Soil wood 
decay (not buried) 

Figure 8.  -- ~ i t r o g e n  content of brown-rot1 ed woody substraee in 
var.i.ous stages of decay. 



Recently Harvey and others ( i n  process),  through 1 4 ~  analysis ,  have shown tha t  
Douglas-fir ( ~ s e u d o t s u p  menziesii (Mirb. 1 Franco) residues pers is t  for 500 years or  
longer, depending on the  s i t e  and depth i n  s o i l .  Our observations, though incomplete, 
indicate tha t  brown-rotted Douglas-fir residue i s  the most pers is tent ,  We ten ta t ive ly  
suggest tha t  resistance to further  decomposition i s  a function of extractives or 
extractive-1 i  ke substances chemically bound t o  the I ignin polymer i n  Douglas-fir--to 
a greater extent than other conifer species. 

Appearance and charac ter is t ics  of brown-cubical decayed wood 

The substrate i s  readily characterized in the f i e ld  by i t s  dark brown to  
reddish-brown color and i t s  texture i s  three-dimensional 1 v checked, forming six- 
sided configurations (often referred t o  as cubica l  ) ( f ig  .- 9) . 

Figure 9. -- Brown-rotted L@ugZas-ffr shoving fissures and 
in the  subs*rate. 

checks 



Recognizable brown-cubical decayed wood i n  t h e  f i e l d  i s  usua l ly  in t h e  form o f  
dead f a l l e n  t r e e s  or logging res idues  g r ea t e r  than 0 .5  m in  diameter o r  l a rge  
enough t o  maintain a reasonable degree of recognizab i l i ty  through t h e  processes of 
decay, weathering, and physical d i spers ion .  Residues of  l e s s e r  dimension a r e  
sub jec t  t o  spreading, d i spers ion ,  and downhill movement i n  s t e e p  t e r r a i n .  Thus, t h e  
l a r g e r  res idues  tend t o  co l lapse  and spread during t h e  de t e r i o r a t i on  process ,  
appearing somewhat e l l i p s o i d a l  in  p r o f i l e  a t  t h e  so i l  su r face .  Tabl es 3 and 4 
summarize t h e  more important p roper t i es  and c h a r a c t e r i s t i c s  of so i l  wood. Ryp'aFek 
and Ryp'ac'kova (1975) note t h a t  humic substances i so la ted  from wood decomposed by 
brown r o t  fungi exh ib i t  p rope r i t i e s  sSmi1ar t o  those  of so i l  humus, and t h a t  d i f -  
ferences  a r e  dependent on the degree o f  wood decomposition. 

Tabl e 3 .--Summary of  brown-cubical decayed so i l  wood proper t i es  and 
c h a r a c t e r i s t i c s .  

Volume 5-25 pct 0.5-0.8 KgN/ha/YR - N 2  Fixation 
Pers i s tence  500 + 12-fold inc rease  in N compared t o  u n -  

decayed wood 
Moisture 300 pct + 5-fold inc rease  in P 
C E C  45-90-MEQ Appreciabl e niacroel ement content  

Per 
100 gm 

Low pH 4-5.5 Lignin content  68 pct 

Tabl e 4.-- Mean percent 1 ign in ,  ash and carbohydrate con ten t s ,  based on 
odw of brown cubical  decayed wood from Coram Experimental 
Forest ,  Montana, 1975. 

--- 
Number Ash Ligni n Carbohydrate 
sampl es content  content  content  

........................................................................... 

" NONDECAY" ACTIVITIES 

In add i t ion  t o  the two major kinds of decay assoc ia ted  with biodegradation of  
woody res idues ,  o ther  a c t i v i t i e s  of  fungi may be considered nondegradative i n  the 
sense t h a t  they a r e  not respons ib le  f o r  major volume o r  weight reduct ions  in  
res idues .  Ecological ly ,  these fungi appear e a r l y  i n  t h e  biodegradative sequence of 
p lan t  ma t e r i a l s ,  They a r e  t h e  primary colonizers  w i t h  t h e  a b i l i t y  t o  metabolize 
t h e  r ead i l y  ava i l ab l e  low-molecular-weight carbon and ni t rogen sources t h a t  a r e  ' 
a v a i l a b l e  in f r e sh  res idues .  Fungal numbers gradual ly  decrease  w i t h  t ime, an increase  
i n  e x t r a c t i v e  content  and, perhaps, increasing a c i d i t y  of subs t r a t e s .  Their ab i l  i t y  
t o  rap id ly  form l a rge  amounts of  biomass within s h o r t  periods of time i s  no t iceab le  
i n  f i g u r e s  10 and 11 .  



Figure 10. -- E'ungus bfornass of AtheZia epiphy ZZa associated w f t h  
fresh residues,  (Corm ExperimentaZ Forest, May 2975). 

F<gure 11.-- Growth o f  AtheZia epiphylZa under psychrophilic eonditions 
associated with fresh residues.  (Corm Experimental Forest, May 2 9 7 5 ) .  

Observat ions i n d i c a t e  t h a t  organisms o f  t h i s  k i n d  p r e f e r  h a b i t a t s  t h a t  are  
r e s t r i c t i v e  t o  most o t h e r  organisms, thus p r o v i d i n g  a c o m p e t i t i v e  advantage. The 
occurence of f i lamentous and nonf i lamentous f u n g i ,  b a c t e r i a ,  e t c ,  under p s y c h r o p h i l i c  
and thermophil i c  c o n d i t i o n s  i s  we1 1 known. 



I Newly formed, smal l -d imension res idues  (1  eaves, tw igs ,  and smal l  branches up t o  
2 t o  3 cm i n  d iameter )  a r e  r e l a t i v e l y  h i g h  i n  a v a i l a b l e  carbon, n i t r o g e n ,  and 
macroel ement n u t r i e n t s .  I n i t i a l  c o l o n i z a t i o n  o f  these m a t e r i a l s  a t  t h e  Lubrecht  
s i t e  was by A t h e l i a  epiphylla Pers. ( f i g s .  11 and 12 ) ,  w h i l e  a t  Coram t h e  p r e v a l e n t  
f u n g i  were ( i n  o r d e r  o f  f requency)  Athelia epiphylla, Leucogyrophana pseudomollusca 
  arm.) Parm., and corticium l ep idum Rom. Pr imary  c o l o n i z a t i o n  occur red under 
p s y c h r o p h i l i c  c o n d i t i o n s  ( f i g .  1 1 ) .  Leaves were more f r e q u e n t l y  co lon i zed  than  
small woody m a t e r i a l s ,  The impact  o f  t hese  fung i  on smal l  d imension m a t e r i a l s  may 
be expressed d i r e c t l y  by changes i n  n u t r i e n t  con ten t  o f  needles ( t a b l e  5 )  and i n -  
d i r e c t l y  by obse rva t i ons  on amounts o f  funga l  biomass produced. 

Tab le  5.--Apparent e f f ec t  o f  t h e  a s s o c i a t i o n  o f  Athelia epiphylla on 
n u t r i e n t  l osses  o f  over -w in tered need1 es o f  subal p i n e  fir, 
Abies lasiocarpa (Hook. ) N u t t ,  , Coram Exper imental  Fores t ,  
Montana, May, 1975. 

- . - . . - 

A. epi ph y l l  am C a Mg K P Ash C N  C/N 

Present*  17,200 71 0  1,9.75 0.086 6.6 34.7 1.18 29: l  
Absent 14,500 1,090 5,750 .14 6.1 44.88 1.18 38:1 
S i  g n i  f i c a n c e  ns** ns p=0.001 p=0.001 n  s n  s  ns p=0.01 

*Values c o r r e c t e d  f o r  we ight  l o s s  o f  a f f e c t e d  f o l i a g e .  
**Not s i g n i f i c a n t .  

DISCUSS ION AND CONCLUSIONS 

We have a t tempted t o  c h a r a c t e r i z e  one part  o f  t h e  o rgan ic  resou rce  o f  Rocky 
Mountain f o r e s t s  i n  some d e t a i l .  The c h a r a c t e r i s t i c s  and amounts o f  wood i n  t h e  
s o i l  a r e  s i g n i f i c a n t  (Jurgensen and o thers  1980; Harvey and o t h e r s  1980) i n  terms o f  
t h e i r  e f f e c t s  on s o i l  q u a l i t y  and f u n c t i o n .  I t  i s  apparent  f rom e x i s t i n g  ( o r  
f o r m e r l y  e x i s t i n g )  f o r e s t  ecosystems t h a t  ecosystem p e r t u r b a t i o n ,  where biomass i s  
removed e i t h e r  by f i r e  o r  i n d i s c r i m i n a t e  h a r v e s t i n g  p r a c t i c e s ,  may be d i r e c t l y  
r e f l e c t e d  i n  t h e  o rgan ic  resources  o f  the s i t e ,  whether t h e y  be pa ren t  m a t e r i a l s  o r  
end products .  

Brown-cubical decayed wood on a1 1 i n v e s t i g a t e d  s i t e s  i s  i n te rchangeab ly  func-  
t i o n a l  w i t h  himus, b u t  t h e  f u n c t i o n a l  importance increases w i t h  t h e  dryness o f  t h e  
s i t e .  Reasonable g u i d e l i n e s  f o r  biomass u t i l i z a t i o n  can be e s t a b l i s h e d  u s i n g  
biomass p r o d u c t i v i t y  es t imates ,  es t imates  of decay r a t e s ,  and assessments o f  o p t i m a l  
volumes o f  necessary s o i  lwood (Harvey and o t h e r s  1980) . These guide1 ines ,  however, 
o n l y  address one form of res idue ,  i . e .  those l a r g e  enough (0.2 t o  0.5 meters)  t o  
emerge as r e c o g n i t a b l  e and p e r s i s t e n t  b rown- ro t ted  wood i n  s o i l  . S i g n i f i c a n t  impacts,  
a t  p resen t  l a c k i n g  adequate assessment, c o u l d  occur by h a r v e s t i n g  o r  premature 
bu rn ing  smal l -d imensional  m a t e r i a l s ,  D e l e t e r i o u s  e f f e c t s  on s i t e  n u t r i e n t  resources  
would be observed because t h e  n u t r i e n t  c a p i t a l  i n  smal l -d imension m a t e r i a l s  i s  
1  arge. 



I n  conc lus ion,  t h e  coni ferous ecosystem has evoloved w i t h  and become adapted t o  
and, i n  some ways, i s  dependent on brown r o t t e d  wood on and i n  s o i l  p r o f i l e s .  S o i l -  
wood performs s i m i l a r  func t ions  as humus l a y e r s  and i n  some ins tances exceeds t h e  
a b i l i t i e s  o f  humus. Forest  managers should t h e r e f o r e  view woody res idues as a 
manageable e n t i t y  w i t h i n  e x i s t i n g  concepts o f  resource management o b j e c t i v e s .  
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ABSTRACT 

The s o i l  m i c r o f l o r a  i s  of c r i t i c a l  importance f o r  the  c y c l i n g  o f  
n i t r ogen  (N)  i n  f o res t  ecosystems. Forest  management p rac t i ces  
such as t imber harvest ing,  res idue removal and prescr ibed burn- 
i n g  g r e a t l y  a f f e c t  t he  a c t i v i t y  o f  these microorganisms. N f i x a -  
t i o n  by f r e e - l i v i n g  s o i l  bac te r i a  i n  the Northern Rocky Mountain 
reg ion  was reduced f o l l ow ing  harvest ing.  T h i s  was p a r t i c u l a r l y  
t r u e  i n  the sur face organic  hor izons and appeared r e l a t e d  t o  low 
mois ture l e v e l s  on the  sur face o f  c leared s i t e s .  Decaying wood 
incorporated i n  the  s o i l  was a  major s i t e  o f  N f i x a t i o n .  The 
es tab l  ishment o f  N - f i  x ing p lan ts ,  such as Alnus, Ceanothus , 
Lu inus and Ast ra  a lus  on logged areas could more than compensate 
' f o r  t e  lower +- N i x a t i o n  r a tes  by s o i l  bac te r ia .  However, the  
occurrence o f  these p l an t s  a re  hab i t a t - t ype  re la ted ,  and most of 
the s i t e s  s tud ied d i d  no t  have a  s i g n i f i c a n t  N - f i x i ng  p l a n t  com- 
ponent. Increases i n  ammonium and n i t r a t e  concentrat ions occurred 
i n  t he  s o i l  f o l l o w i n g  logging, espec ia l l y  when the  s i t e s  were 
burned. Such increases i n  a v a i l a b l e  s o i l  N l e v e l s  could be 
bene f i c i a l  f o r  subsequent regenerat ion establ ishment and growth. 
However, bo th  ammonium and n i t r a t e  concentrat ions re tu rned  t o  
t h e i r  o r i g i n a l  l e v e l s  w i t h i n  several  years a f t e r  c u t t i n g .  Higher 
n i t r a t e  concentrat ions a f t e r  harvest ing cou ld  increase leach ing 
losses o f  N from the  s i t e .  Changes i n  s o i l  organic  mat ter  con- 
t e n t  must be considered when eva lua t ing  the  e f f e c t s  o f  ha rves t ing  
methods on s o i l  N  s t r a t a .  

KEYWORDS: n i t r ogen  f i x a t i o n ,  n i t rogen  mineral  i zat ion,  ammonium, 
n i t r a t e ,  t imber harvest ing,  f i r e ,  1  i t t e r  



N i t r o g e n  (N) i s  no rma l l y  t h e  s o i l  n u t r i e n t  most l i m i t i n g  t h e  p r o d u c t i v i t y  o f  f o r -  
e s t  s tands.  S ince n e a r l y  a l l  N  i n  f o r e s t  s o i l s  i s  p resen t  as a  component o f  va r ious  
types o f  o rgan ic  mat ter ,  t h e  a c t i v i t y  o f  t h e  s o i l  m i c r o f l o r a  i s  p a r t i c u l a r l y  impor t -  
a n t  f o r  N a v a i l a b i l i t y  and subsequent uptake by t r e e  r o o t s .  I t  i s  t h i s  b i o l o g i c a l  de- 
compos i t ion  o f  o r y a n i c  m a t t e r  which make s o i l  N l e v e l s  more s u s c e p t i b l e  t o  
m o d i f i c a t i o n  by  s i l v i c u l t u r a l  p r a c t i c e s  than any o t h e r  n u t r i e n t .  Timber ha rves t i ng ,  
res idue  removal and pos t - l ogg ing  s i t e  p repara t i on ,  such as b u r n i n g  and s o i l  s c a r i f i c a -  
t i o n ,  may d i r e c t l y  modify t h e  s o i l  N s t a t u s .  Less conspicuous, b u t  i n  many ins tances 
j u s t  as impor tant ,  a r e  t h e  s o i l  chemical and phys i ca l  changes f o l l o w i n g  these opera- 
t i o n s  which e f f e c t  t h e  s o i l  microorganisms a c t i v e  i n  t h e  N c y c l e  (Harvey and o the rs ,  
1976). 

Much has been w r i t t e n  about t h e  va r ious  aspects o f  t h e  N c y c l e  and how i t  may 
be a l t e r e d  by  f o r e s t  management a c t i v i t i e s .  A comprehensive t rea tment  of  N r e l a t i o n -  
sh ips  i n  f o r e s t  s o i l s  i s  g i ven  i n  an e x c e l l e n t  rev iew by  Wollum and Davey (1975). 
Rather than t r y  t o  cover a l l  f a c e t s  o f  t h i s  complex sub jec t ,  o n l y  t h e  e f f e c t s  o f  
t imber  h a r v e s t i n g  on b i o l o g i c a l  N f i x a t i o n  and m i n e r a l i z a t i o n  o f  o rgan ic  N i n  var ious  
n o r t h e r n  Rocky Mountain f o r e s t  ecosystems w i  11 be discussed.  F i v e  exper imental  s i t e s  
were used i n  t h i s  s tudy:  

Idaho - Old  growth western cedar - western hemlock stand (Tsuga he te ro  h  1 l a /  
Pachis t ima h a b i t a t  t y p e l )  1  ocated near t h e  P r i e s t  R i v e r  Experimenta 
Forest ,  n o r t h e r n  Idaho Panhandle. 

-+- 
Montana - 200-year o l d  western hemlock s tand (Tsuga heterophy l  l a / C l  i n t o n i a  

u n i f l o r a  h a b i t a t  t ype ) ,  Coram Exper imental  Fo res t  i n  no r thwes te r t~  Montana, 
Montana - 250-year o l d  Douq las- f i  r, western l a r c h ,  s u b a l ~ i n e  fir s tand 

(Abies 1 as ioca rPa /c l  i n t o h a  u n i f  l o r a  h a b i t a t  type) i n  t h e  Coram Exper i -  
mental Forest ,  nor thwestern  Montana. 

Montana - 250-year 01 d  Doug1 a s - f  i r stand (Pseudotsuga menzi e s i  i /Physocarpus 
malvaceus h a b i t a t  t ype )  i n  t h e  Coram Experimental Fores t ,  nor thwestern  
Montana. 

Wyoming - Overmature 175-year o l d  lodgepo le  p i n e  s tand (Abies l a s i o c a r  a/  
Vaccinium scoparium h a b i t a t  t ype )  l o c a t e d  near Union Pass, n o r t  western 
Wyoming . 

-+ 
Detai  1 ed in fo rma t ion  on s tand  c h a r a c t e r i s t i c s ,  s o i  l p r o p e r t i e s  and h a r v e s t i n g  t r e a t -  
ments on these s i t e s  a r e  g i ven  i n  o t h e r  papers of  t h i s  symposium o r  have been p u b l i s h -  
ed e l  sewhere (Harvey and o thers ,  1979) . 

DINITROGEN FIXATION 

Timber and/or  res idue  removal r e s u l t s  i n  a  d i r e c t  l o s s  o f  N f rom a s i t e .  T h i s  N 
l o s s  i s  f u r t h e r  increased i f  p resc r ibed  f i r e  i s  used f o r  s i t e  p r e p a r a t i o n  (Wel ls  and 
o thers ,  1979). Na tu ra l  replacement o f  t h i s  s o i l  N c a p i t a l  i n  t h e  In te rmoun ta in  West 
comes f rom smal l  amounts o f  N (1 -2  kg /ha/yr )  p resent  i n  r a i n f a l l  (Tiedemann and 
o thers ,  1978), and f rom t h e  b i o l o g i c a l  convers ion o r  " f i x a t i o n "  o f  i n e r t  atmospheric 
N2 i n t o  usab le  forms by  s e l e c t  microorganisms f r e e - l i v i n g  i n  t h e  s o i l  o r  p resent  i n  
p l a n t  r o o t s .  I t  i s  these b i o l o g i c a l  N f i x a t i o n  processes which a r e  a f f e c t e d  by 
va r ious  f o r e s t  management p r a c t i c e s .  Such N i n p u t s  by  s o i l  microorganisms a r e  impor t -  
a n t  f o r  l o n g  term s i t e  p r o d u c t i v i t y  and should be considered when e v a l u a t i n g  t h e  en- 
v i  ronmental impact  o f  t imber  removal . 

y ~ a b i t a t  t ype  des igna t ion  accord ing t o  P f i s t e r  and o the rs ,  (1977) o r  Daubenmire 
and Daubenmi r e  ( 1  968) . 



Nonsymbiot ic N  F i x a t i o n  

Free-1 i v i n g  N - f i x i n g  microorganisms, w i t h  t h e  excep t ion  o f  t h e  a u t o t r o p h i c  b lue -  
green algae, a r e  dependent on a  source o f  o rgan ic  m a t t e r  t o  s a t i s f y  bo th  energy and 
carbon requirements.  Wi th  t h i s  n u t r i t i o n a l  c o n s t r a i n t ,  g r e a t e r  a c t i v i t y  o f  t h e  
N - f i x i n g  m i c r o f l o r a  m igh t  be expected i n  s o i l  subs t ra tes  h i g h  i n  o rgan ic  ma t te r .  Such 
a  r e l a t i o n s h i p  was e v i d e n t  i n  a l l  o f  t h e  n o r t h e r n  Rocky Mountain s o i l s  examined. I n  
t h e  example shown i n  F i g u r e  1, t h e  h i g h e s t  N f i x a t i o n  r a t e s  on t h i s  D o u g l a s - f i r l w e s t -  
e r n  l a r c h  s i t e  were assoc ia ted  w i t h  decaying l ogs .  When decayed wood i s  e v e n t u a l l y  
i nco rpo ra ted  i n t o  t h e  s o i l  p r o f i l e ,  i t  norma l l y  r e t a i n s  a  h i g h e r  N - f i x i n g  c a p a c i t y  
than t h e  s u r f a c e  1 i t t e r ,  humus, o r  minera l  s o i l .  However, these N  f i x a t i o n  values 
may be m is lead ing  when t r y i n g  t o  es t ima te  t h e  r e l a t i v e  c o n t r i b u t i o n  o f  each s o i  1  compo- 
nen t  t o  t o t a l  N  i n p u t .  The a c t u a l  amounts o f  N f i x e d  depends on t h e  weight/volume 
r e l a t i o n s h i p  of each s o i l  f r a c t i o n  on t h e  s i t e .  

SUBALPINE F I R  - CLINTONIA  

JULY, 1976 

Figure I . - -  Amounts of lV f h e d  i n  various forest  fZoor and 8oiZ components 
(Montana). 

Nonsymbiot ic N  f i x a t i o n  i n  In te rmoun ta in  f o r e s t  s o i l s  i s  a l s o  r e l a t e d  t o  s tand 
p r o d u c t i v i t y .  As t h e  t imber  y i e l d  p o t e n t i a l  of a  s i t e  increased,  so d i d  t h e  N f i x a -  
t i o n  r a t e s  ( F i g u r e  2 ) .  However, the d r i e r  and poore r  t h e  s i t e ,  t h e  g r e a t e r  t h e  im- 
por tance o f  decayed wood t o  o v e r a l l  s o i l  N  f i x a t i o n  c a p a c i t y  ( F i g u r e  3 ) .  I t seems 
l i k e l y  t h a t  a t  l e a s t  some o f  t h e  increased p r o d u c t i v i t y  o f  t h e  h i g h e r  q u a l i t y  s i t e s  
i s  r e l a t e d  t o  a g r e a t e r  N  i n p u t  f rom t h e  N - f i x i n g  m i c r o f l o r a .  
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Figure 3.-- Relat ive daiZy iV f h t i o n  r a t e  
by  soiZ component on three d i f f e r e n t  
habit& types (Montunu) . 

Figure 2.-- ReZationship of forest s i t e  
productivity t o  amounts of N fixed 
i n  the  forest  f loor and top 5 em of 
mineral soiZ (Montana). 

JULY. 1976 



I n  a  previous paper (Jurgensen and others,  1979a), we speculated t h a t  t imber har- 
ves t ing  would a1 ter  the s o i l  chemical and phys ica l  p roper t ies  t o  favor  the a c t i v i t y  o f  
N - f i x i ng  microorganisms. Pre l im inary  sampling i n  a Douglas- f i r lwestern l a r c h  stand i n  
northwestern Montana tended t o  subs tan t ia te  t h i s  hypothesis.  However, more i n t ens i ve  
sampling throughout the  growing season on several  o ther  s i t e s  i nd i ca ted  t h a t  N f i x a -  
t i o n  r a tes  were a c t u a l l y  lower on harvested s i t e s  as compared t o  uncut con t ro ls ,  es- 
p e c i a l l y  when a post-harvest f i r e  t reatment was used (F igure  4 ) .  

HEMLOCK - IDAHO 

LODGEPOLE PINE - WYOMING 

CONTROL CLEARCUT- CLEARCUT- 
INTENSIVE PRESCRIBED 
UTILIZATION BURN 

Ffgure 4.-- Effects of harmest treatment on JJ f3xation in the surface 
30 ern of forest floor and mineraZ sofZ ( J u l y ) .  

\~ll harvested s i t e s  and the  con t ro l s  showed a  general lower ing o f  N f i x a t i o n  
ra tes  i n  the  summer months. Th is  was due t o  a d ry ing  ou t  of t he  sur face s o i l  l a ye rs  
dur ing  t h i s  period, espec ia l l y  on the  exposed c l ea rcu t  areas (Hungerford, 1980). The 
small amounts o f  N f i x e d  i n  the  02 hor i zon  on the  i n t ens i ve  u t i l i z a t i o n  and burned 
s i t e  r e f l e c t e d  these low s o i l  mois ture l e v e l s  (F igure  5 ) .  A lower ing o f  N f i x a t i o n  
r a tes  on these burned s i t e s  con t ras t  w i t h  several  o ther  s tud ies which i nd i ca ted  a 
s t i m u l a t i o n  o f  N - f i x i n g  microorganisms f o l l o w i n g  f i r e  (We1 1s and others, 1979). D i f -  
ferences i n  s o i l ,  t imber type, c l imate,  s e v e r i t y  of burn, and method o f  measuring 
N f i x a t i o n  r a tes  could account f o r  such va r i ab l e  r e s u l t s .  
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~ i g u r e  5.-- Effects of harvest treatment on N fixation in the  h m s  Zayer ( 0 2 )  
of a cedar-hemlock stand during the  s m e r  (Idaho). 

Changes i n  nonsymbiotic N f i x a t i o n  r a t e s  due t o  t imber  r e ~ o v a l  a l s o  r e f l e c t s  
d i f f e r e n c e s  i n  s i t e  p r o d u c t i v i t y ,  The amounts o f  N f i x e d  i n  a  h i g h l y  product ive ,  
no r the rn  Idaho cedar-hemlock s o i l  were much g rea te r  than i n  a  cold,  h igh a l t i t u d e  
lodgepole p ine  s o i l  regard less o f  harvest  t reatment.  Conservat ive ly  assuming t h a t  t h e  
N - f i x i n g  b a c t e r i a  would be a c t i v e  f o r  on ly  100 days lyr ,  N added t o  t h e  cedar-hemlock 
s o i l  would amount t o  s l i g h t l y  over 1  kg/ha/yr  on t h e  p resc r ibed  burned s i t e s  t o  n e a r l y  
2.3 kg/ha/yr  i n  t h e  uncut stands. However, as the  stands on these c u t  and burned 
areas become reestab l ished,  the  N f i x a t i o n  r a t e s  would l i k e l y  increase t o  preharvest  
l e v e l s .  The l e n g t h  o f  t h e  recovery p e r i o d  i s  unknown. Whi le these N gains a re  smal l  
on an annual bas is ,  t h e  s i g n i f i c a n c e  over a  stand r o t a t i o n  o f  100-150 years would be 
apprec iab le .  I n  con t ras t ,  N added t o  t h e  lodgepole p ine  s o i l s  would be much lower.  
Again assuming a  100 day a c t i v i t y  p e r i o d  f o r  t h e  N- f i x ing  m i c r o f l o r a  ( a  poss ib le  over-  
es t ima t ion ) ,  l e s s  than .25 kg/ha/yr  o f  N would be added t o  the  burned s i t e s ,  and o n l y  
.5 kg/ha/yr  i n  t h e  und is turbed stands. N f i x a t i o n  r a t e s  should a l s o  increase as t h i s  
s i t e  regenerates, b u t  the  recovery t ime would probably be longer  than on t h e  more 
favorab le  cedar-hem1 ock s i t e .  

More immediate N gains on poorer s i t e s  cou ld  be obta ined by conver t ing  unused 
l o g g i n g  residues i n t o  chips.  N f i x a t i o n  r a t e s  associated w i t h  wood c h i p  decay were 
t h e  h ighes t  found i n  any of t h e  wood o r  s o i l  subst ra tes  examined (Jurgensen and 
others,  1979b). The i n s u l a t i n g  p r o p e r t i e s  o f  t h e  ch ips  and t h e  heat  and mois ture  
generated dur ing  fermentat ive  and decay processes would favor  t h e  a c t i v i t y  o f  N - f i x i n g  
organisms throughout the year  ( ~ a r s e n  and others ,  1980). Whi le the  economic o r  p rac t -  
i c a l  f e a s i b i l i t y  of conduct ing such ch ipp ing operat ions i s  quest ionable,  i t  i s  one way 
by which logg ing  residues cou ld  be more r a p i d l y  deconiposed and o v e r a l l  s i t e  p r o d u c t i -  
v  i t y  improved. 



Symbio t ic  N F i x a t i o n  

The es tab l ishment  o f  N - f i x i n g  p l a n t s  such as Alnus, Ceanothus, Lupinus, o r  As t ra -  
galus on logged s i t e s  cou ld  more than compensate f o r  t h e  tow N a d d i t i o n s  by t h e  f r e e -  
l i v i n g  s o i l  b a c t e r i a .  For example, Youngberg and Wollum (1976) r e p o r t e d  t h a t  i n  a t e n  
y e a r  p e r i o d  Ceanothus f i x e d  over  1,000 kg N/ha i n  an Oregon D o u g l a s - f i r  stat!d a f t e r  
h a r v e s t i n g  and s l a s h  bu rn ing .  Apprec iab le  amounts o f  N a r e  a l s o  added t o  f o r e s t e d  
s i t e s  by  o t h e r  N - f i x i n g  p l a n t s  (Youngberg and Wollum, 1970). 

Most o f  t h e  f o r e s t s  i n  t h e  n o r t h e r n  Rocky Mountains do n o t  have a  s i g n i f i c a n t  
N - f  i x i  ng p l a n t  component i n  po l  e - s i  ze stands o r  l a r g e r  (Jurgensen and o thers ,  1979b) . 
When these stands a r e  logged, N - f i x i n g  p l a n t s  may become es tab l i shed ,  b u t  t h e i r  
development i s  hab i  t a t - t y p e  s p e c i f i c .  For example, Ceanothus i s  f avo red  on warm, d r y  
D o u g l a s - f i r  s i t e s  f o l l o w i n g  l o g g i n g  and p resc r ibed  burn ing,  w h i l e  on coo le r ,  w e t t e r  
s i t e s ,  much l e s s  development i s  found.2 S t i ckney  (1980) observed t h a t  - Alnus was 
u r e a t l y  reduced on severa l  c l e a r c u t  and burned suba lp ine  fir s i t e s  i n  western 
Montana. However, Alnus i s  abundant on road cu ts  and o t h e r  s c a r i f i e d  s i t e s  i n  many 
suba lp ine fir h a b i t a t  types.  I n  t h e  southeastern  U. S .  t imber  h a r v e s t i n g  and pre-  
s c r i b e d  b u r n i n g  f r e q u e n t l y  increases the  1  egume component i n  t h e  ground v e g e t a t i o n  
(Cushwa and o the rs ,  1966). I n  t h e  g e n e r a l l y  d r i e r  I n te rmoun ta in  reg ion ,  no such con- 
s i s t e n t  pos t -ha rves t  p a t t e r n  o f  1  egume development i s  e v i d e n t  (Jurgensen and o thers ,  
1979b). 

The use of N - f i x i n g  p l a n t s  t o  r e p l a c e  N  losses due t o  h a r v e s t i n g  o r  f i r e  o f f e r s  
cons ide rab le  management p o t e n t i a l .  Youngberg and Woll  um (1976) have recommended 
u s i n g  Ceanothus f o r  e a r l y  s e e d l i n g  shade p r o t e c t i o n  and s o i l  N  enr ichment f o l l o w i n g  
l o g g i n g  opera t i ons  i n  Oregon. G r i e r  (1975) b e l i e v e s  most o f  t h e  N l o s t  from a severe 
w i l d f i r e  i n  Washington can be rep laced  by Ceanothus becoming e s t a b l i s h e d  on t h e  s i t e .  
The use o f  legumes as a  cover c rop  i n  southern  p i n e  stands f o l l o w i n g  h a r v e s t i n g  i s  be- 
i n g  cons idered f o r  s i t e  N  a d d i t i o n s  and weed c o n t r o l  (Haines and DeBell  , 1979). 
N a t i v e  and in t roduced  legumes a r e  an i n t e g r a l  p a r t  o f  e r o s i o n  c o n t r o l  e f f o r t s  on l o g -  
ged o r  burned s i t e s  (Monsen and Plummer, 1978). However, much more i n f o r m a t i o n  i s  
needed on t h e  response o f  these p l a n t s  t o  s tand man ipu la t i on  and t he  successional  
r o l e s  they  p l a y  on d i s t u r b e d  s i t e s  . 

N MINERALIZATION 

Timber h a r v e s t i n g  has pronounced e f f e c t s  on N  t rans fo rma t ions  w i t h i n  a s o i l  . 
Increases i n  ammonium (NHq) and n i t r a t e  (N03) concen t ra t i ons  were found i n  t h e  s o i l  
f o l l o w i n g  c l e a r c u t t i n g  and p r e s c r i b e d  bu rn ing  on a  suba lp ine fir s i t e  a t  t h e  Coram 
Exper imental  Fo res t  i n  western Montana. The p a t t e r n s  o f  N  r e l e a s e  f rom t h e  humus 
(02)  h o r i z o n  f o r  two yea rs  a f t e r  l o g g i n g  i s  shown i n  F igu re  6. S i m i l a r  changes i n  
a v a i l a b l e  N 1  eve ls  were recorded f o r  t he  m ine ra l  s o i l  hor izons b u t  t h e  amounts were 
much lower  than  found i n  t h e  o rgan ic  l a y e r .  C l e a r c u t t i n g  and i n t e n s i v e  r e s i d u e  r e -  
moval increased NHq and NO3 concen t ra t i ons  over  those found i n  an uncu t  s tand d u r i n g  
t h e  f o l l o w i n g  growing season. These h i g h e r  N values on t h e  c lea red  s i t e s  c o u l d  have 
r e s u l t e d  f rom b o t h  acce le ra ted  o rgan ic  m a t t e r  decomposi t ion and a  l a c k  o f  v e g e t a t i o n  
t o  take  up t h e  N  as i t  was m ine ra l i zed .  The g r e a t e s t  e f f e c t  on a v a i l a b l e  N  l e v e l s  
occur red when t h e  s i t e  was c l e a r c u t  and burned. Such gains i n  a v a i l a b l e  N a f t e r  f i r e  
have a l s o  been r e p o r t e d  f o r  c o n i f e r  s i t e s  i n  Idaho (Orme and Leege, 1976), Wyoming 
(Sku j i ns , 1977), Oregon (Neal and o the rs ,  l 965 ) ,  Ar izona (Campbell and o the rs ,  1977), 
and Europe (Tamm and Popovi c, 1974; V i ro ,  1974). 

/personnel  Communication, S. F. Arno. U. S.  F. S.  F o r e s t r y  Sciences Labora tory ,  
Missoula, Montana. 



Figure 6.-- Effects  o f  harvest treabwnt on m o n i m  and ni trate  concentrations i n  the 
hums layer to2) of a Douglas-fir/western Zarck/subaZpine fir stand (Montuna). 

A c l ea re r  p i c t u r e  o f  the N mineral  i t a t i o n  changes which occur i n  s o i l  f o l l ow ing  
f i r e  was g iven by Mroz and others  (1980) i n  a labora to ry  experiment us ing f o r e s t  f l o o r  
mate r ia l  from the  Coram s i t e  (F igure  7 ) .  This study showed an immediate re lease o f  N 
when t he  organic  layers  were burned, a  r a p i d  immob i l i za t ion  o f  t he  a v a i l a b l e  N w i t h i n  
th ree  days f o l l o w i n g  the  burn, and a  gradual mineral  i z a t i o n  o f  the  organic  N t o  NHq 
i n  the  succeeding f i v e  weeks. These N f l u c t u a t i o n s  a re  l i k e l y  due t o  a r a p i d  expan- 
s i o n  of t he  s o i l  m ic ro f lo ra  a f t e r  t he  f i r e  i n  response t o  increases i n  a v a i l a b l e  



carbon and NHq (Ahlgren,  1974). M i c r o b i a l  a c t i v i t y  may a l s o  be s t i m u l a t e d  by a  r e -  
lease o f  m ine ra l  c a t i o n s  f rom the  burned organic  m a t t e r  and a  decrease i n  soil  a c i d i t y  
(Wells and o thers ,  1979). S o i l  r e a c t i o n  increased over  one pH u n i t  i n  t h e  o rgan ic  
h o r i z o n  o f  t h e  burned s i t e  a t  Coram ( F i g u r e  8) . A sampl i ng o f  the  areas f o u r  years  
a f t e r  bu rn ing  showed t h a t  t h e  pH o f  the  02 ho r i zon  had n o t  y e t  re tu rned  t o  preburn 
l e v e l s .  

0, HORIZON 

DAYS 

0, HORIZON 

DAYS 

Figure 7.-- Anmoniwn concentrations i n  the  forest  f loor tayers  o f  Dougtas-fir/ 
western Zarch/subaZpine fir stand foZZowing burn;ng C&oz and others,  2980) .  
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Figure 8.-- Effects of harvesting treatment on soi l  pH i n  a h u s  Zayer ( 0 2 )  of a 
Doug Zas-fir/western Zarch/subaZpine f f r  s6and (Montuna) . 

The e f f e c t s  o f  pos t -harvest  bu rn ing  t rea tments  on t h e  l e v e l s  o f  a v a i l a b l e  N show 
a d e f i n i t e  r e l a t i o n s h i p  t o  t h e  s o i l  component examined ( F i g u r e  9 ) .  These r e s u l t s  
from t h e  Coram s tudy show t h a t  b e f o r e  t h e  p resc r ibed  f i r e ,  t o t a l  amounts o f  NHq and 
NO3 i n  t h e  o rgan ic  l a y e r s  were approx imate ly  equal t o  t h a t  p resent  i n  t h e  su r face  30 
cm o f  m ine ra l  s o i l .  A f t e r  t h e  f i r e ,  a v a i l a b l e  N l e v e l s  i n  t h e  su r face  organ ic  h o r i -  
zons and decayed wood increased t o  double t h e  amount present  i n  t h e  m ine ra l  l a y e r .  
T o t a l  N a v a i l a b i l i t y  i n  t h e  surface 30 cm o f  s o i l  was h i g h e s t  i n  November-December, 
f o l l o w e d  by  a steady decrease d u r i n g  t h e  w i n t e r  and s p r i n g  months t o  preburn l e v e l s  
(Figure 10). 

Figure 9.-- Nitrogen avaiZabiZity <n various soiZ components a f t e r  cZearcutting 
and prescribed burning i n  a Doughs-fir/western Zareh/subaZp<ne f;r stand 
IMontuna). 



Prescribed f ~ r e  

CLEARCUT - BURN 

CLEARCUT - INTENSIVE UTILIZATION 

F-igure lo . - -  Effects of harvest treatment on auaiZabZe ill content of the  surface 30 ern 
of fores t  f Zoor and minerai! soiZ i l z  a Dnug Zas-fir/mstern Zarch/subalp<ne fir 
stand (Montana l . 

I m m o b i l i z a t i o n  and d e n i t r i f i c a t i o n  by  t h e  s o i l  m i c r o f l o r a  as w e l l  as NHq and NO3 
leach ing  by snowpack m e l t  would account f o r  these w i n t e r  and s p r i n g  N  losses.  Apprec- 
i a b l e  losses o f  N have been r e p o r t e d  f rom some eas te rn  hardwood f o r e s t s  due t o  NO3 
l each ing  a f t e r  t imber  h a r v e s t i n g  (Hornbeck and o thers ,  1975). Whi 1  e  increased NO3 
losses have been r e p o r t e d  f o l l o w i n g  l o g g i n g  opera t i ons  i n  t h e  west, t h e  amounts a r e  
u s u a l l y  t o o  low t o  a f f e c t  s i t e  p r o d u c t i v i t y  (F red r i ksen  and o the rs ,  1975). 

H igher  l e v e l s  o f  a v a i l a b l e  s o i l  N  f o l l o w i n g  c l e a r c u t t i n g  ( F i g u r e  10) cou ld  be 
b e n e f i c i a l  f o r  subsequent regenera t i on  es tab l ishment  and growth on harvested s i t e s .  
T o t a l  amounts o f  a v a i l a b l e  N  present  i n  humus l a y e r s  and in decayed wood a r e  of 
spec ia l  s i g n i f i c a n c e  f o r  t r e e  uptake, s i n c e  mycor rh i za l  r o o t  a c t i v i t y  i s  concent ra ted 
i n  these s o i l  s t r a t a  (Harvey and o thers ,  1980). However, t h e  p o t e n t i a l  e f f e c t s  o f  
t h i s  a d d i t i o n a l  N  would be o f  s h o r t  d u r a t i o n .  A v a i l a b l e  N l e v e l s  i n  s o i l  on bo th  t h e  
i n t e n s i v e  u t i l i z a t i o n  and burned s i t e s  were comparable t o  uncut  stands by t h e  second 
y e a r  a f t e r  ha rves t i ng .  

CONCLUSIONS 

The dynamics o f  N  f i x a t i o n  and N  m i n e r a l i z a t i o n  i n  n o r t h e r n  Rocky Mountain f o r e s t  
s o i l s  a r e  s t r o n g l y  a f f e c t e d  by  t imber  ha rves t i ng .  The impact  o f  these opera t i ons  was 
most e v i d e n t  on N t rans fo rma t ions  o c c u r r i n g  i n  o rgan ic  s o i l  components. Changes i n  
s o i l  o rgan ic  m a t t e r  con ten t  must be considered when e v a l u a t i n g  t h e  e f f e c t s  o f  l o g g i n g  
methods on s o i l  N l e v e l s .  However, t he  s i g n i f i c a n c e  o f  such h a r v e s t - r e l a t e d  N changes 
t o  o v e r a l l  s i t e  p r o d u c t i v i t y  i n  t h i s  r e g i o n  i s  unknown. 



The c a u t i o n  g iven by Harvey and o the rs  (1980) i n  t h i s  symposium on app ly ing  
mycorrhizae r e s u l t s  from t h e  In termounta in  r e g i o n  t o  o t h e r  f o r e s t e d  ecosystems i s  
equal l y  v a l  i d  f o r  s o i l  N r e l a t i o n s h i p s .  D i f fe rences  i n  c l ima te ,  s tand p r o p e r t i e s  and 
s o i l  type a r e  o n l y  severa l  o f  t h e  v a r i a b l e s  which cou ld  a l t e r  the  i n t e n s i t y  and d i r e c -  
t i o n  o f  m i c r o b i o l o g i c a l  processes o c c u r r i n g  on a  s i t e .  
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ABSTRACT 

A c t i v i t y  o f  ectomycorrhizal symbionts depends on t h e  na tu re  of the 
s o i l  and vege ta t ion ,  a s  c o n t r o l l e d  by c l imate  and na tu ra l  o r  man- 
caused d i s tu rbances  over time. Organic m a t e r i a l s  i n  t h e  form o f  
l i t t e r ,  humus ,  decayed wood o r  charcoal t h a t  occur i n  l a y e r s  o r  mixed 
i n  t h e  mineral s o i l  a r e  key f a c t o r s  governing ectomycorrhizal a c t i v i t i e s  
i n  f o r e s t  s o i l  s .  Importance of t h e s e  organic  f r a c t i o n s  t o  ectomy- 
c o r r h i z a l  a c t i v i t y  can be p red ic ted ,  based on t h e i r  q u a n t i t y  and 
d i s t r i b u t i o n  i n  t h e  f o r e s t  f l o o r ,  t h e  season,  and t h e  r e l a t i v e  
p o s i t i o n  o f  t h e  s i t e  along a temperature-moisture g rad ien t .  Organic 
m a t e r i a l s  a r e  most important i n  t h e  ha rshes t  s o i l s .  This appears t o  
r e s u l t  d i r e c t l y  from t h e i r  a b i l i t y  t o  buf fe r  wide v a r i a t i o n s  of pH, 
mois ture  and temperature.  Because t h e  ectomycorrhi zal  a s s o c i a t i o n  
depends on host  t r e e s ,  manipulations of t h e  s tand a l s o  provides 
d i r e c t  control  of ectomycorrhizal a c t i v i t y .  

KEYWORDS : harves t ing ,  r e s i d u e s ,  f i r e ,  b io log ica l  impact, s o i l  
qual i t y ,  ectomycorrhizae. 

INTRODUCTION 

The s t r o n g  p o s i t i v e  e f f e c t  o f  s o i l  organic  l a y e r s  o r  organic  amendments on 
abundance o f  ectomycorrhizae (Mikola 1973; G6bl 1967; Rayner 1936) and t h e  
dependence o f  c o n i f e r s  on t h i s  symbiotic a s s o c i a t i o n  (Trappe and Fogel 1977) 
suggests  a r e l a t i o n s h i p  between organic  m a t e r i a l s  and s o i l  qual i t y .  The a b i l i t y  
of decayed wood t o  support  ectomycorrhizae (Harvey and o t h e r s  1976; Zak 1971 ; 



McFee and Stone 1966; Trappe 1965; McMinn 1963) shows t h i s  material i s  an 
ef fec t ive  organic substrate in fores t  s o i l s .  This report describes the  a b i l i t y  
of various types of organic matter t o  support abundant, ac t ive  ectomycorrhizal 
roots in s o i l s  from a broad range of fo res t  ecosystems throughout the  northern 
Rocky Mountains. 

MATERIALS A N D  METHODS 

Soil sampling methods a n d  analytical procedures have been described in the  
authors'  other pub1 ished reports  (Harvey and others 1979; 1978; 1976). To sum- 
marize, data on ectomycorrhizae a re  based on numbers of act ive associations (root 
t i p s )  contained in measured volumes of various soi l  horizons from soil  cores taken 
randomly t h r o u g h o u t  s ix  experimental s i t e s .  Down woody residues were measured by 
the planar in tersec t  method ( B r o y  1974). Soil moisture contents were determined 
gravimetrically by drying a t  105 C for  24  hours. Acidity was determined electro-  
metrically, using a 1 :2 mineral soil-water r a t i o  or  a 1 :5 organic matter-water 
ra t io .  

Except where otherwise noted in the  figure legends, the  differences among 
treatments and s i t e s ,  e t c . ,  on which we have based our conclusions were s igni f icant  
a t  l e a s t  a t  the 0.05 probability level .  Perhaps more important, these differences 
were generally evident throughout a wide variety of ecosystems from b o t h  paired 
samples and samples taken a t  d i f ferent  times and/or d i f ferent  places. Therefore, 
we feel the patterns and trends shown here provide a true picture of most northern 
Rocky Mountain soi l  s. 

In general, the term northern Rocky Mountains applies t o  ecosystems tha t  can 
be described as "winter-moist" and "summer-dry" . Winter snow accumulations are 
moderate, with very cold temperatures. Soil temperatures, except a t  the so i l  
surface, would be described as moderate to  cold. Any substantial variation from 
t h i s  pattern, even within the  northern Rockies, will l i ke ly  i n f luence  the  relat ion- 
ships described. Thus, great caution should be used in applying these resul t s  t o  
regions with deep snow accumulations, mild winter temperatures, or  regions with 
heavy summer r a i n f a l l .  Also, these data are representative of,mature ecosystems. 
Young or  regenerating stands have n o t  been investigated and may have di f ferent  
charac ter is t ics .  

Precise locations and the geographical, c l imatic  a n d  other features o f  the  
s ix  experimental s i t e s  are  described el sewhere in t h i s  symposium proceedings. 
Approximate locations and some charac ter is t ics  are as follows: 

Priest  River - Cedar-Hemlock S i t e  (TSHE/PAMY)* - approximately 20 miles 
northwest of the  Pr ies t  River Experimental Forest in the  northern Idaho 
Panhandle; northeast aspect; previously undisturbed by man. 

Coram - Hemlock S i t e  (TSHEICLUN) - northwestern corner, Coram Experimental 
Forest in 
by man. 

*Habitat type 

northwestern Montana; northwest aspect; previously undisturbed 

designations (P f i s t e r  and others 1977).  



Coram - Suba lp ine  fir S i t e  (ABLAICLUN) - n o r t h e r n  edge, Coram Exper imental  
Fo res t  i n  no r thwes te rn  Montana; eas t  aspect ;  p r e v i o u s l y  und i s tu rbed  by 
man. 

Coram - D o u g l a s - f i r  S i t e  (PSMEIPHMA) - southwestern co rne r ,  Coram Exper imental  
Fo res t  i n  no r thwes te rn  Montana; south  aspect ;  p r e v i o u s l y  uod i s tu rbed  by 
man. 

Lubrecht  - Doug las- f i  r S i t e  (PSMEIVACA) - U n i v e r s i t y  o f  Montana's Lubrecht  
Exper imental  Fo res t  i n  west  c e n t r a l  Montana ; 1 eve1 t o  undul a t i  ng; 
e x t e n s i v e  h i  s t o r y  o f  1  ogg i  ng . 

Teton - Subalp ine f ir S i t e  (ABLAIvASC) - near  Union Pass i n  no r thwes te rn  
Wyoming; n o r t h  aspect ;  p r e v i o u s l y  und i s tu rbed  by  man. 

F i v e  o f  these exper imenta l  s i t e s  were sampled r e g u l a r l y  th roughout  t h e  
growing season o f  e i t h e r  1975, 1976, o r  1977. Sampl i n g  i n t e n s i t y  v a r i e d  among 
some o f  t hese  s i t e s ,  Sampling c r i t e r i a  were e s t a b l i s h e d  t o  p rov ide  t h e  l a r g e s t  
p o s s i b l e  d a t a  base For an i n t e r m e d i a t e  s i t e  ( " i n t e r m e d i a t e "  be ing  d e f i n e d  w i t h  
rega rd  t o  tempera ture  and m o i s t u r e )  r e p r e s e n t a t i v e  o f  t h e  g r e a t e s t  p o s s i b l e  
p r o p o r t i o n  o f  cornmercral f o r e s t  acreage i n  t h e  n o r t h e r n  Rocky Mountains (Subal p i n e  
f ir h a b i t a t  group).  The o t h e r  s i t e s  were sampled l e s s  i n t e n s e l y  ( t a b l e  1 ) .  One 
s i t e  (Teton)  was sampled o n l y  once, J u l y  6, 1978. 

Tab1 e 1  .--Approximate acres USFS, R-1 l ands  r e p r e s e n t a t i v e  o f  v a r i o u s  h a b i t a t  
s e r i e s  o r  o f  each exper imental  s i t e  (by  h a b i t a t  s e r i e s )  and t h e  
number o f  s o i l  cores  taken f rom each. 

H a b i t a t  S i t e  M i l  1 i o n  Percent  
group Loca t i on  Acres R-1 Fores ts  Cores 

Limber p i n e  
Ponderosa p ine  
D o u g l a s - f i r  

Spruce 
Grand fir 
Cedar hem1 ock 

Suba lp ine  f ir 

Whi t eba rk  p i n e  
Lodgepol e p ine  

Coram, D. fir (PSME/PHMA)~ 
Lubrecht ,  D. f ir (PSEM/VACA) 

- 
Coram, hemlock (TSHEICLUN) 
P r i e s t  R i ve r ,  cedar hemlock 

(TSHEIPAMY) 
Coram, subal  p i n e  f ir (ABLAICLUN) 

Teton, suba lp ine  fir (ABLN~VASC)" 

l ~ a b i t a t  t y p e  des igna t i on .  

*samples taken J u l y  6, 1978 



RESULTS AND DISCUSSION 

To understand how interrelat ionships between various types of soil  organic 
matter, a given s i t e ,  and ectomycorrhizal ac t iv i ty  in terre la te ,  i t  i s  useful t o  
examine 1 ) biophysical d a t a  indicative of the relat ive abil i ty  of the experimental 
s i t e s  to  produce organic matter and 2 )  physical ( f i r e )  and biological (decay) 
forces responsible for regulating soil organic matter accumulation and type. 

E f f e c t  of Environment on Organic Matter Accumulation 

Temperature and moisture are physical factors which most l imi t  the growth of 
bo th  fores t  t rees and the microorganisms o n  which they depend. Figure 1 compares 
the estimated ordination of the s ix  experimental s i t e s  along temperature and 
moisture gradients characterist ic  of the northern Rocky Mountain area. To summarize, 
the Teton s i t e  i s  cold, w i t h  intermediate moisture; the Lubrecht s i t e  i s  warm and 
dry; the Priest  River s i t e  i s  warm and moist; and the other s i t e s  are  intermediate 
with regard t o  both temperature and moisture. The s i t e s '  estimated yield capabi- 
1 i t i e s  generally re f l ec t  the i r  positions along these temperature and moisture 
gradients ( f ig .  2 ) .  

DRY - E F F E C T I V E M O I S T U R E  WET 

(Commercial Forest) 

White Bark- Limber Pine Spruce 

Teton, Subalpine Fir 

Coram, Subalpine Fir 
a 

Coram, Douglas- Fir Coram, Hemlock 
a 

Lubrecht, Douglar- Fir 
a 

Priest River. Cedar- 
Hemlock 

Ponderosa Pine Cedar 

(Commercial Forest) 

DRY E F F E C T I V E M O I S T U R E  WET 

Figure I.-- Ordination of the  experimentaZ sites atong temperature and 
' moistura gmdients representative of +he northern Rocky Mountains. 

Positions are estimates bassd i n  part on actuaZ s o i l  tenrpexature and 
moisture data. 



Figure 2.-- ReZative yield capabiZity estimates of the  experimentat s i t e s  
based on Pf i s t e r  and others (1977)  and R.A. G r a h  (persona2 c o m n i -  
ca-bion) . 

Recycling of accumulated organic matter i s  regulated by temperature and 
moisture gradients as  ref lected in the rapid i ty  of the decay process and  f i r e  
frequency. In recent years f i r e  protection and timber harvesting also have 
influenced organic matter accumulation. Figure 3 compares accumulations of soi  1 
organic matter on the experimental s i t e s .  These measurements show substantial 
accumulations on warm, moist, productive s i t e s ,  and good reserves on intermediate, 
productive s i t e s .  The lowest organic reserves appear on the cold Teton s i t e  a n d  
the r e l a t ive ly  productive b u t  dry Lubrecht s i t e ,  which also has a prolonged 
harvesting history. How much, i f  any, e f fec t  past logging a t  Lubrecht may have 
had on the accumulation of so i l  organic matter,  part icularly wood, i s  not known. 
However, the  disproportionately small amount of wood compared t o  s o i  1 humus may 
indicate t h a t  harvesting had s igni f icant  e f fec ts .  The re la t ive ly  large accumulations 
of t r e e  stem residues not incorporated into the soi l  on the Teton s i t e  (Benson 
and others 1980) indicates the  decay process i s  extremely slow and t h a t  large 
fuel accumulations and associated severe f i r e s  may be responsible for  the low 
so i l  organic matter accumulations. 



LITTER 

Figure 3.-- SoiZ organic matter type and percent occurrence in s o i t  cores. 

The natural balance between f i r e  and decay, as a regulatory process for 
organic matter accumulations on these s i t e s ,  i s  documented by the r e l a t ive  proportion 
a f  decay i n  woody residue ( f ig .  4 ) ,  and by the incidence of charcoal i n  the soi l  
samples ( f igs .  5 and 6 ) .  As we might expect, decay was highest in warm moist 
environments, lowest i n  cold or dry s i t e s .  Conversely, charcoal was most abundant 
in  cold or dry systems and l e a s t  abundant on warm-moist s i t e s .  

This pattern indicates tha t  productive ecosystems regulate organic matter 
accumulation by means o f  those processes having the fewest external constraints .  
Thus, the cold Teton s i t e  i s  temperature-decay 1 imited and f i r e  dominated, while 
the Pr ies t  River s i t e  i s  moisture-decay dominated and f i r e  limited. Under in ter -  
mediate conditions, the  balance between processes i s  more complex. For example, 
since the decay process breaks down organic matter t o  C02 and water, presumably 
moisture may be l e s s  l imit ing t o  the production of soil-wood than temperature. 
In general, high residue accumulations appear t o  be charac ter is t ic  of cool ecosystems. 
More research i s  needed t o  adequately define t h i s  area of residue ecology. 



Figure 5 .  -- Percentage of soCZ-wood samples 
con tah ing  incorporated c h ~ r c o a  2 .  The 
broken bar for the  Teton subaZpine f i r  
s i t e  ( i n  t h i s  fZgure and i n  several 
o thers)  ind ica tes  t ha t  the  data from 
&his sZte are based on a smaZZer s q Z c  
than for the other s i t e s  and represent 
only a singZe point i n  t ime. Therefors, 
although ind ica t i ve ,  the data from the 
Teton sCte i s  not d$rectZy compnrabZe 
t o  t ha t  from the other s i t e s .  

Figure 4.-- Woody residue i n  process o f  
decay, determined by planar i n t e r s e c t  
method (Brown 1 9 7 4 / ,  from the s i x  ex- 
perimental sites. These materia 2s 
uere i n  the form of dead d m n  t r ee  
stems 3 i n  or larger i n  diameter. 
!They have not decayed s u f f i c i e n t l y  t o  
funckion as soil. 

Figure 6 .  -- Percentage of aZZ s o i l  samples 
containing incorporated charcoaZ. 



Figure 7 .  -- Percentuge of annwz Z ectornycorrhizaZ ac t iv i t y  measwed i n  
shaZZow mineral soiZ and i n  organic matter of a22 types. 

E f f e c t  o f  Organic Ma t te r  on Ectomycor rh iza l  A c t i v i t y  

S o i l  o rgan ic  m a t t e r  i s  u s u a l l y  t h e  dominant s u b s t r a t e  suppor t i ng  ectomycor- 
r h i z a e  i n  n o r t h e r n  Rocky Mountain f o r e s t  s o i l s .  The degree o f  o rgan ic  m a t t e r  
dominance over  m ine ra l  s o i l  v a r i e s  among s i t e s  ( f i g .  7 ) .  The t o t a l  amount o f  
a c t i v e  ec tomycor rh iza l  r o o t  t i p s  over  a  growing season a l s o  v a r i e s  among s i t e s .  
The q u a n t i t y  of  ec tomycor rh iza l  r o o t  t i p s  i n  s o i l  samples g e n e r a l l y  ref1 ec ts  t h e  
r e l a t i v e  p r o d u c t i v i t y  o f  t h e  ecosystem ( f i g .  8).  The Teton samples were taken  on 
a  s i n g l e  da te  e q u i v a l e n t  t o  t h e  s p r i n g  peak i n  a c t i v i t y  o f  t h e  Coram s i t e  ( f i g ,  
9), and a r e  n o t  comparable t o  seasonal da ta  f rom t h e  o t h e r  s i t e s .  



Figure 8.-- Average numbers of ac t i ve  ecto- 
mycorrhizaZ root t i p s  per core smpZe 
from each of the  s i x  experimenta2 s i t e s .  

Figure 9,--  Percentage of  t o i d  e c t m y -  
corrhixae contained i n  each type of 
s o i l  organic matter through the course 
of a grooing season--Corn subaZpine 
f i r  site, 



Effects of Seasonal Changes on the Distribution of Ectomycorrhi zae 
Among Soil Fractions 

Seasonal changes affected both quantity and the d is t r ibut ion  of ectomycorrhi zal 
root t i p s  among the various soi l  organic matter components ( f i g .  9 ) .  The greatest  
numbers occurred during the spring, when they were concentrated in soi l  humus. 
Smaller numbers occurred during the  r e s t  of the growing season. Most were concen- 
t rated in t h e  soil-wood during the dry season of the  year on the  Coram subalpine 
f i r  s i t e  (Harvey and others 1978). Similarly, the re1 a t ive  number o f  ectomycorrhizal 
root t i p s  in soil-wood from the s i x  experimental s i t e s  were much greater on the  
dry s i t e s  t h a n  on the moister ones ( f i g .  10) .  Thus, a greater proportion of the 
re la t ive ly  small amounts of ectomycorrhizal t i p s  on harsh, dry s i t e s  ( f i g .  8) 
were concentrated in the soi l  wood. This i s  a strong indication tha t  soil-wood 
influences productivity on dry s i t e s  (Harvey a n d  others 1979). 

Although these data emphasize the importance of soil-wood on dry s i t e s ,  a 
substantial proportion o f  ectomycorrhizal a c t i v i t y  occurred i n  t h i s  substrate 
even on the very moist s i t e s .  When data from a1 1 s i t e s  and a l l  seasons were 
analyzed together, so i l  wood proved t o  be the  most important substrate for  ectomy- 
corrhizae in the northern Rocky Mountains, followed by so i l  humus, and then the 
f i r s t  2 in  ( 5  cm) of mineral s o i l .  The l a t t e r  was a t rans i t ional  layer  between 
the humus and the mineral soi l  base, and had re la t ive ly  high organic matter 
content (8-12 percent as determined by loss-on-ignition). 

Figure lo.--  Percentage of ectomycorrhizae i n  soiZ-mod smpZes &ing the 
s m e r  d r y  season on the s<x experimentaZ s i t e s .  



E f f e c t  o f  S o i l  Components on Ectomycorrhizae 

The d i s t r i b u t i o n  o f  ec tomycor rh iza l  r o o t  t i p s  amon t h e  va r ious  s o i l  components 
appears t o  be p r i m a r i l y  a f u n c t i o n  o f  mo is tu re  con ten t  9 compare f i g s .  11 and 1 2 ) .  
However, s i t e  o f  o rgan ic  m a t e r i a l s  a l s o  has an impor tan t  e f f e c t .  The o rgan ic  
component must have s u f f i c i e n t  volume t o  express an i n d i v i d u a l  c h a r a c t e r i s t i c ,  
such as  mois tu re  content ,  o r  p rov ide  a b u f f e r i n g  e f f e c t  w i t h  wide f l u c t u a t i o n s  o f  
temperature and mo is tu re  (Larsen and o the rs  1980). An a c i d  s o i l  r e a c t i o n  i s  
usual 1 y f avo rab l  e t o  t h e  f o r m a t i  on o f  mycor rh i  zae (Theodorou and Bowen 1969 3 
Richards 1961). The r e l a t i v e l y  low pH o f  s o i l  wood may be an a d d i t i o n a l  f a c t o r  
u n d e r l y i n g  t h e  importance o f  t h i s  substance t o  ec tomycor rh iza l  a c t i v i t y  i n  n o r t h e r n  
Rocky Mountain s o i l s  ( f i g .  13) .  
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Figme 12.-- Percentage o f  ectomycorrhizae i n  each so<Z fraction. 
Determined from a22 so i l  .smnpZe data  from a l l  s i t e s .  



Figure 12.-- Percentage mokture content by weight i n  each so i l  
fraction--Corn s i t e s  only. 

Figure 13.-- Reaction (pH)  o f  representative soiZ fractions-- 
Corm s f t e s  only. 



E f f e c t  o f  Organic Ma t te r  Q u a n t i t y  on Ectomycorrhizae 

The r e l a t i v e  percentage o f  a  s o i l  p r o f i l e  t h a t  was occupied by o rgan ic  m a t t e r  
a f fec ted t h e  numbers o f  a c t i v e  ec tomycor rh iza l  r o o t  t i p s - f o u n d  i n  t h a t  p r o f i l e .  
The governing v a r i a b l e  appeared t o  be mo is tu re  con ten t  o f  t h e  o rgan ic  m a t t e r  
r e s u l t i n g  f rom t h e  p r e v a i l i n g  c l i m a t e .  For example, l a r g e  q u a n t i t i e s  o f  o rgan ic  
m a t t e r  were l e s s  r e l a t e d  t o  numbers o f  ec tomycor rh iza l  t i p s  i n  s p r i n g  than i n  
summer o r  f a l l  ( f i g .  14 ) .  S i m i l a r l y ,  l a r g e  volumes o f  o rgan ic  ma t te r  were l e s s  
impor tan t  i n  m o i s t  s i t e s  than i n  d r y  s i t e s  ( f i g .  15 ) .  Large q u a n t i t i e s  o f  wood 
appeared t o  be more e f f e c t i v e  i n  s u s t a i n i n g  ec tomycor rh iza l  a c t i v i t y  than l a r g e  
q u a n t i t i e s  o f  humus ( f i g .  16) .  However, i n  no case  d i d  q u a n t i t i e s  g r e a t e r  than 45  
percent  o f  any t y p e  o f  o rgan ic  m a t t e r  ( t o p  12 inches [30 cm ] o f  s o i l  ) r e s u l t  i n  
h ighe r  numbers o f  ec tomycor rh iza l  t i p s  ( f i g s .  14, 15 and 16) .. 
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Figwle 14 .  -- Avemge nwnbers of active ecto- 
rnycorrh~xal root tips i n  samples repre- 
sentative of various organic matter eontent 
cZasses, data from throughout the grow<ng 
season. W f f e r e n e e  from 30%-45% eZass 
not s<gni f icant . 
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E f f e c t  of Harvest ing on Ectomycorrhizae 

PARTIAL CUT 

Since ectomycorrhi  t a l  f u n g i  a re  ob l  i gate symbionts (Hacskaylo 1973), a r e d u c t i o n  
i n  l i v e  t r e e  r o o t s  r e s u l t i n g  f rom t r e e  ha rves t  would be expected t o  reduce numbers 
o f  a c t i v e  ectomycorrhizae. Such was t h e  case two years a f t e r  a 50 percent  o v e r s t o r y  
removal on t h e  Coram suba lp ine fir s i t e .  Fur ther ,  when t h i s  o v e r s t o r y  removal was 
fo l l owed  by a broadcast  burn one year  l a t e r ,  an a d d i t i o n a l  r e d u c t i o n  occur red 
( f i g .  17).  

3 YEARS AFTER HARVEST, 2 YEARS AFTER BURN 

figure 17.-- Average numbers of ectornycorrhizaZ root t i p s  (per Zi ter) ,  
from matched sampZes o f :  undisturbed forest; a 50 percent overstory 
removaZ with intensive fiber rernovat; and a 50 percent overstory 
removaZ accompanied by broadcast hawing. SompZes taken i n  August 3 
years a f t er  harvest, 2 years a f t e r  burning. Corm subazpine f i r  s i t e .  

D i s t i n g u i s h i n g  between t h e  e f f e c t s  o f  changes i n  t r e e  d e n s i t y  and t h e  e f f e c t s  
o f  changes i n  s o i l  s u i t a b i l i t y  r e q u i r e d  a comparison of numbers of  ec tomycorrh iza l  
t i p s  on a per  t r e e  bas is .  F igure  18 presents such a comparison. Thus, reduc ing 
t h e  basal  area d i d  n o t  reduce t h e  number o f  ectomycorrhizae pe r  t r e e  volume on an 
i n t e n s i v e l y  u t i l  i z e d  s i t e .  However, broadcast  bu rn ing  d i d  cause such a r e d u c t i o n  
i n  a stand sampled two years a f t e r  t h e  burn. 
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3 YEARS AFTER HARVEST. 2 YEARS AFTER BURN 

Figure 18.-- Based on average numbers of ectomycorrhizai! root tips (per 
acre),  caZcuZuted porn same swllpZes as i n  figure 17, ectornporrhizae 
are divided by the  basaZ area o f  the Zive tree  s t m s  (per acre) re- 
maining on the site. *Increase not signif$cant a t  p = 0.05. 

CLEAR- CUT 

As was t h e  case i n  a  p a r t i a l  c u t  s i t ua t i on ,  c l e a r - c u t t i n g  reduced ectornycorrhizal 
t i p s  i n  d i r e c t  p ropor t ion  t o  t he  l o s s  o f  t rees .  When a l l  the t rees  were removed, 
a c t i v e  ectomycorrhizae were e l iminated.  However, low numbers o f  a c t i v e  ectomyc- 
o r r h i z a l  t i p s  pe rs i s t ed  on res i dua l  r o o t s  u n t i l  Ju l y  following a f a l l  harvest  
( f i g .  19). S im i l a r l y ,  t he  number o f  a c t i v e  ectomycorrhizal  t i p s  dropped when we 
sampled from an undisturbed stand i n t o  an adjacent c l  ear-cut-broadcast burn two 
years a f t e r  t reatment ( f i g .  20). I n  f a c t ,  the  presence o f  the  clear-cut  burn 
appeared t o  reduce ectomycorrh i ta l  t i p s  i n  the  border ing uncut stand. This f i n d i n g  
agrees w i t h  t h e  p rev ious ly  noted suppression e f f e c t  o f  broadcast burns i n  p a r t i a l  
cuts.  

How l ong  t h i s  reduc t ion  o f  ectomycorrhizal  t i p s  on burned s i t e s  may be i s  no t  
known. However, we suspect t h a t  t he  burn- re la ted reduc t ion  i s  caused by t he  
increase i n  s o i l  r eac t i on  f o l l ow ing  f i r e  (Jurgensen and others  1980). Th i s  s h i f t  
i n  s o i l  r eac t i on  was as much as a f u l l  pH u n i t  and on one experimental s i t e  values 
were h igher  than t he  c o n t r o l  even a f t e r  f o u r  years. 



F-igwle 19.-- Average numbers of active 
ectomycorrhizat root t ips  fper Zi ter)  
from mtched sampZes o f :  undisturbed 
forest; a clear-cut with intensive fiber 
removal; and a ctear-cut mith fuel Zeft 
in pZace for a broadcast burn. SwnpZes 
taken the growing season a f t e r  an 
October harvest. Corn  subaZpine f i r  
s i t e .  

Figure 20. -- Average nwnbers of  active 
ectomycomhixa2 root tips (per Ziterl 
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CONCLUSIONS 

The quantity and distr ibution of ectomycorrhizal a c t i v i t y  in fores t  s o i l s  a re  
governed by a variety of environmental and stand variables. Most important among 
these a re  stand productivity, stand density, accumulation of various types of soi l  
organic matter ( a s  determined by f i r e  and  harvesting h is tory) ,  season and gross 
climatic charac ter is t ics  of the s i t e  as ref lected in so i l  temperature and moisture. 
We probably can predict the ef fec ts  of these variables and t h e i r  interact ions in 
control 1 ing ectomycorrhi zae. 

The immediate impacts of broadcast burning on ectomycorrhizae proved t o  be 
negative; however, the f e r t i l i z i n g  e f fec t  of a burn may compensate for t h i s  i n i t i a l  
loss.  Intensive f iber  removal had no immediate detrimental e f fec t  on ectomycorrhizae, 
b u t  on s i t e s  with low organic reserves i t  probably would have negative ef fec ts  
over long periods of time. 

The d i rec t  e f fec t  of t r e e  harvesting on ectomycorrhizae i s  a function of host 
density. This symbiotic association i s  usually obligatory for  both conifer and 
fungus. Residual root systems from cut t r ees  can support only a much reduced 
level of ectomycorrhizae for  a short time. 

Adequate colonization of root systems by ectomycorrhizal fungi i s  prerequisi te  
t o  the  growth of conifers in r e l a t ive ly  i n f e r t i l e  fo res t  s o i l s .  Preventing harvest- 
re1 ated excess 1 osses in organic material s which support ectomycorrhizal associations 
will  prevent man-caused s i t e  deteriorat ion.  On the other hand, natural catastrophies 
can also  remove or  disturb organic so i l  components over large areas.  We feel 
natural catastrophies have reduced capacity t o  support ectomycorrhizae oh many 
s i t e s  now managed for  timber production. Harvest, residues and fuel management 
procedures for  these s i t e s  can be designed t o  improve organic matter quantity, 
type, and d is t r ibut ion ,  t h u s  potential ly increasing timber growth beyond the 
capabil i t y  of natural systems. 
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BIOLOGICAL IMPLICATIONS 

Init ial  changes in the physical and biological characteristics of the forest 
ecosystem combine and interact to bring about a secondary series of responses. These 
responses -- termed "2nd order responses" by Program researchers -- include changes 
in s i t e  productivity, in vegetative growth and diversity, and in susceptibility to 
loss from insects, disease, or f i re .  Whether a particular response i s  desirable or 
undesirable depends upon the management objectives for the s i te .  In general, those 
secondary responses viewed as desirable include early regeneration and development of 
a new stand of trees; development of understory vegetation favored by wild1 i fe;  and 
reduced 1 eve1 s of forest pest activity. Generally undesirable responses may include 
reduction in s i t e  productivity; inabi 1 i ty to obtain tree regeneration; excessive 
vegetative competition for natural or planted regeneration ; and development of severe 
insect, disease, or f i r e  hazards. 

In this section, researchers discuss observed or measured biological responses of 
a secondary nature -- those resulting from the combined effects of basic changes in the 
character of the ecosystem. These responses provide an early indication of what the 
aggregate effects of harvesting- induced environmental changes are 1 i kely to be. They 
provide a basis for defining cause-and-effect relationships, and for predicting longer- 
term implications for resource management. 
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ABSTRACT 

The mic rob io log ica l  popula t ions o f  a f o r e s t  s o i l  a re  l a r g e l y  
respons ib le  f o r  i t s  r e l a t i v e  qua1 i t y  and p r o d u c t i v i t y ,  w i t h i n  
l i m i t a t i o n s  o f  c l ima te  and geology. Organisms t h a t  con t r i bu te  
t o  decay processes, n i t r ogen  conversions ( p a r t i c u l a r l y  f i x a t i o n )  
and ectomycorrhizal  a c t i v i t y  prov ide s o i l s  w i t h  impor tant  
b i o l o g i c a l  cha rac te r i s t i c s .  All o f  these organisms a re  depen- 
dent on organic mat ter  (biomass) i n p u t  as an energy source or,  
a f t e r  i t  has decayed, as an organic subst ra te  w i t h  s p e c i f i c  
chemical qnd phys ica l  cha rac te r i s t i c s .  Thus, the re  i s  an 
interdependence between above-ground (organic  mat ter  i nput)  and 
below-ground ( n u t r i e n t  and moisture a v a i l  ab i  1 i t y )  processes, 
and t h i s  interdependence can s t r ong l y  in f luence  s i t e  produc- 
t i v i  t y .  Wood can be a p a r t i c u l a r l y  c r i t i c a l  and f unc t i ona l  
s o i l  organic component; i t s  r e l a t i v e  importance var ies  w i t h  
s i t e .  I t s  r e l a t i v e  i n p u t  t o  a given s i t e  and the  q u a n t i t y  o f  
organic  reserves on t h a t  s i t e  he lp  determine how much wood 
f i b e r  can be removed w i thou t  r i s k  t o  f u t u r e  s o i l  q u a l i t y .  
There i s  an oppor tun i t y  f o r  residues management t o  enhance 
s i t e s  w i t h  inheren t  1 i m i t a t i o n s  t o  organic mat ter  product ion 
and f o r  f i r e  management t o  p r o t e c t  s i t e s  where t h e r e  a re  h igh  
f i r e  r i s k s  t o  ava i  lab1 e organic reserves. 

KEYWORDS: residues, f i r e ,  m ic rob ia l  a c t i v i t y ,  environmental 
impact, f o r e s t  management 



FOREST SOIL BIOLOGY 

The a c t  o f  increas ing harvest ing i n t e n s i t y  has both obvious and sub t l e  poten- 
t i a l s  f o r  causing b i o l o g i c a l  impacts on the  q u a l i t y  o f  f o r e s t  s o i l s .  Perhaps the  
most obvious impacts o f  harvest ing concern the  loss  o f  n u t r i e n t s  contained i n  the 
wood removed and the p o t e n t i a l  f o r  increased mic rob ia l  n i t r i f i c a t i o n  t h a t  can 
increase n i t r a t e s  i n  groundwater. Stark (1980) has ind ica ted  t h a t  i f  modest i n -  
creases of f i b e r  removal i n  the  nor thern Rocky Mountains are l i m i t e d  t o  stemwood 
low i n  n u t r i e n t  content, n u t r i e n t  reserves would be adequate. S im i l a r l y ,  as r e -  
por ted  elsewhere i n  t h i s  symposium (Stark  1980; Jurgensen and others  19801, n i t r a t e  
losses caused by c l ea rcu t t i ng ,  even i n  combination w i t h  i n tens i ve  f i b e r  removal, do 
n o t  appear t o  be a ser ious problem. On the o ther  hand, o ther  factors  r e l a t e d  t o  
n u t r i e n t  c y c l i n g  processes should r e s t r a i n  the  use o f  i n t ens i ve  harvest ing on some 
nor thern Rocky Mountain f o res t  s i t e s .  

M ic rob ia l  processes a re  in f luenced by both n u t r i e n t  inpu ts  and t r ans fe r s  o f  
n u t r i e n t s  w i t h i n  ecosystems. Importance o f  so i  1  n u t r i e n t s  cannot be determined on 
the bas is  o f  content alone. Rather, p l a n t  n u t r i e n t  a v a i l a b i l i t y  must be viewed as 
a dynamic, microbe-related process t h a t  occurs over long  per iods o f  time-equal t o  
the  l ongev i t y  o f  the p a r t i c u l a r  s o i l  components t h a t  support the a c t i v i t y .  For 
example, microorganisms supported by decaying o r  decayed s o i l  wood f i x  atmospheric 
n i t r ogen  (N)  i n t o  forms a v a i l a b l e  f o r  p l a n t  use (Jurgensen and others 3980), and 
o ther  m ic rob ia l  a c t i v i t i e s  supported by such woody mater ia l  s  (ectomycorrhizae) 
f a c i l i t a t e  the  expor t  o f  t h i s  N t o  c o n i f e r  vegetat ion (Larsen and others  1980). 
Therefore, N inpu ts  t o  the  ecosystem must be ca lcu la ted  throughout the 100-500 year  
l i f e s p a n  o f  the decaying wood, Ni t rogen content o f  s o i l  wood a t  any g iven 
t i m e  depends p r i m a r i l y  on the  l e v e l s  o f  m ic rob ia l  activity; therefore,  N content a t  
any one t ime i s  no t  i n d i c a t i v e  o f  the  major r o l e  wood can p lay  i n  p rov id ing  p l a n t  
a v a i l a b l e  n i t rogen.  

The r e l a t i o n s h i p  o f  microorganisms t o  s o i l  p r o d u c t i v i t y  i s  p i v o t a l  t o  t he  
app l i ca t i on  of management a c t i v i t i e s  which a1 t e r  the  nature and quan t i t y  o f  surface 
s o i l  composition. For t h a t  reason, the  types o f  microorganisms most 1  i k e l y  t o  be 
associated w i t h  the  growth o f  f o r e s t  t rees  i n  nor thern Rocky Mountain s o i l s  ( tab le  1) 
were c l ose l y  examined i n  a  number o f  undisturbed and va r i ous l y  d is turbed experimental 
s i t e s  throughout the  Rocky Mountain reg ion (Harvey and others  1980; Jurgensen and 
others  1980; Larsen and others  1980). The general imp l i c s t i ons  o f  these s tud ies  t o  
f o r e s t  management are emphasized i n  t h i s  repor t .  



Table 1.--Factors a f f ec t i ng  s o i l s  o r  tree growth t h a t  are based on s p e c i f i c  micro- 
organisms. 

M ic rob ia l  ac t i on  E f f ec t  

Ni t rogen f i x a t i o n  (symbiot ic and non-symbiotic) Ni t rogen i npu t  

N i t r i f i c a t i o n  Nitrogen 1 oss 

Ectotqycorrhizal symbiosis 

decay (non-pathogenic) 

Decay (pathogenic) 

Nu t r i en t  a v a i l a b i l i t y  
Water a v a i l a b i l  i t y  
Pathogen res is tance 

N u t r i e n t  f l u x  
Production o f  organic base 
Ni t rogen jnput 

Nu t r i en t  f l u x  
Production o f  organic base 
Nitrogen i npu t  
Genetic turnover o f  host 
Vegetation changes 

MICROORGANISMS AND SOIL QUALITY 

As demonstrated i n  t h i s  symposium (Larsen and others  1980; Jurgensen and others  
1980; Harvey and others  1980; F e l l  i n  l98O), microb ia l  a c t i v i t i e s  are i n t e g r a l  t o  both 
p o s i t i v e  and negat ive inpu ts  on s o i l  p roduc t fv i  ty. Decay organisms convert  above- 
ground biomass i n t o  biologically a c t i v e  s o i l  mate r ia ls  and, i n  the  process, recycle 
bound n u t r i e n t s  and support f i x a t i o n  o f  atmospheric N. Various components of the s o i l  
continue, throughout t h e i r  l i fespan, t o  support both N - f i x i n g  and ectomycarrhizal 
a c t i v i t i e s .  The ectomycorrhizal assoc ia t ion i s  necessary t o  the  su rv i va l  o f  coni fers  
i n  i n f e r t i l e ,  na tu ra l  s o i l s  (frappe and Fogel I g V ) ,  as i s  an adequate supply o f  N. 
Conversely, a c t i v i t i e s  o f  c e r t a i n  s o i l  -borne mic rob ia l  pathogens, p a r t i c u l a r l y  r o o t  
decsy organisms, may 1 im i  t p r o d u c t i v i t y  t o  non-suscepti b l  e vegetat ion ( F e l l  i n  1980). 

ORGANIC MATTER AND SOIL QUALITY 

A l l  s o i l  microbe a c t i v i t i e s  are supported by the  organic f r a c t i o n  o f  a s o i l  . In 
terms o f  wood decay, non-symbiotic N - f i xa t i on  and ectomycorrhizae, t h i s  re1 a t ionsh ip  
i s  usua l l y  pos i t i ve ,  i .e. ,  the  more organic mater ia ls  the  greater  the  s o i l  produc- 
t i v i t y .  I n  a developing forest  s o i l ,  p r o d u c t i v i t y  increases w i t h  accumulation o f  
organic matter, a t  l e a s t  w i t h i n  c e r t a i n  l i m i t s  (Harvey and others  1980). Therefore, 
if these organic accumulations a re  no t  l o s t  dur ing harvest ing and s i t e  preparat ion, 



t he  s o i l  w i l l  r e t a i n  i t s  a b i l i t y  t o  support t r e e  growth. If organic mat ter  i s  des- 
troyed, the  p r o d u c t i v i t y  associated w i t h  i t  a lso  i s  destroyed u n t i l  r es to ra t i on  
occurs. I n  instances where organic mat ter  i n  the form o f  pathogen i n fes ted  residues 
i s  responsible f o r  the  spread o f  disease, organic mat ter  removal and the  r e s u l t i n g  
loss  o f  N o r  o f  ectomycorrhizal a c t i v i t y  may be the best choice f o r  product ion o f  
suscept ib le  con i fe rs .  I n  other  words, i n  an ac t i ve  r o o t  disease center,  the  losses 
from r o o t  decay are l i k e l y  t o  exceed any po ten t i a l  ga in  from leav ing  the  i n fes ted  
residues on the  s i t e  i f  a suscept ib le  species i s  the major component o f  the  stand. 
Where possible,  conversion t o  disease t o l e r a n t  species would be t he  p re fe r red  method 
o f  dea l ing  w i t h  pathogen-infested residues if organic mat ter  i s  i n  shor t  supply. 

POTENTIAL HARVEST-RELATED IMPACTS ON SOIL QUALITY 

Since ectomycorrhizal a c t i v i t y  and non-symbiotic N - f i xa t i on  ra tes  vary d i r e c t l y  
w i t h  fo res t  s i t e  p r o d u c t i v i t y  (temperature-moisture) , and are somewhat p red ic tab le  
w i t h i n  s o i l  components, the  importance o f  these components t o  c o n i f e r  growth can be 
estimated. If we assume mic rob ia l  a c t i v i t i e s  provide d i r e c t  support t o  the  growth of 
a stand, as appears t o  be the  case, then one can est imate the cos t  o r  bene f l t  , i n  
terms o f  percent of growth change, from manipulat ing q u a n t i t i e s  o r  types o f  s o i l  
organic mat ter  on a giyen s i t e .  Our present data base provides an appropri>ate 
exampl e . 

Figure 1 ou t l i nes  trends i n  ectomycorrhizal a c t i v i t y  w i t h i n  the  wood and humus 
of th ree  f o r e s t  stands w i t h  adequate organic matter.  Although the  data are no t  
equiva lent  t o  a regression, they are i n d i c a t i v e  o f  we1 1 founded s t a t i s t i c a l  changes 
t h a t  can be expected. I f ,  f o r  instance, we were cons ider ing app l i ca t i on  o f  i n t ens i ve  
f i b e r  u t i l i z a t i o n  p rac t i ces  t o  these three s i t es ,  i t  i s  ev ident  t h a t  the  greatest  
p o t e n t i a l  fo r  negat ive impact would e x i s t  on the Douglas-f i  r /n inebark hab i t q t  type. 
The f igu re  ind ica tes  t h a t  up t o  about 38 percent o f  the seasonal growth on the 
Doug1 a s - f i  r /n inebark s i t e  may be based on ectomycorrhizal a c t i v i t i e s  supported by 
s o i l  wood. Therefore, i f  we removed the source o f  s o i l  wood, there  would be a 
p o t e n t i a l  f o r  reducing growth from the  t ime the e x i s t i n g  wood was dispersed Sn the  
s o i l  u n t i l  new wood could be produced, decayed and re incorporated i n t o  the so i l .  
Turnaround t ime f o r  such processes approximates 150 t o  200 years ( f i g .  2).  If i t  
takes 100 years t o  disperse the e x i s t i n g  s o i l  wood, then there  would be a per iod  of 
50 t o  100 years dur ing which the  growth po ten t i a l  o f  t h a t  s i t e  would be reduced. 
Add i t i ona l l y ,  the re  would be a per iod  o f  t ime dur ing which a lesser  reduct ion i n  
growth, propor t ionate t o  the  gradual loss o r  r es to ra t i on  o f  s o i l  wood, would occur. 



YIELD C A P A C I T Y  ( R 3 1 A C R E  I Y R )  

Figure 1.--ReZative percentage of active ectomycorrhizae in humus and decayed 
wood on three sites in the Corm E~perimentaZ Forest; yCeZd capaciky data 
are from ~fister and others (2977) .  

Figure 2.--Mean c14 age of decayed wood sampZes. 



Since the  best quan t i t y  of organic mat ter  f o r  ectomycorrhizal  development can be 
determined ( f i g .  3), the  advantage o f  increas ing s o i l  wood o r  o ther  s o i l  organic 
f r a c t i o n s  through management o f  residues can a l so  be estimated. Using the  same data 
as an example, on a s i t e  w i t h  ha l f  the  organic reserves o f  the  Doug las - f i r h i neba rk  
experimental s i t e  depicted i n  f i g u r e  2, doubl i n g  s o i l  wood content through residues 
management might even tua l l y  increase the  seasonal growth p o t e n t i a l  o f  t h a t  s i t e  by as 
much as 19 percent. I n  terms o f  cubic f e e t  o f  stemwood on t h a t  h a b i t a t  type, t h i s  
would equal 13 cubic f t /ac re /year  (0.90 m3/ha/yr) ( P f i s t e r  and others  1977). I n  
terms o f  the fu ture value o f  the  increased wood product ion, t h i s  would amount t o  a 
subs tan t ia l  sum; i t  a l so  would represent the  prevent ion o f  a s i g n i f i c a n t  l o s s  by 
avoid ing management p rac t i ces  o r  w i l d f i r e s  t h a t  might have destroyed the s o i l  organic 
mat te r  base. Quan t i f y i ng  t h i s  concept imp l ies  p rec i s i on  t h a t  i s  probably n o t  appro- 
p r i a t e ;  however, i t  serves t o  demonstrate the  p o t e n t i a l  t o  quant i fy  s o i l  b i o l o g i c a l  
and phys ica l  c h a r a c t e r i s t i c s  i n  terms o f  t h e i r  a b i l i t y  t o  support tree growth. 

Figure 3.--fie re lat ive  distr<bution of act<ve ectomycorrhizae i n  soi l  sampZes 
with a specif ic  organic matter content (inctuding Zi*ter, charcoal, humus, 
and decayed wood); smpZes taken from three sites on the  C o r n  ExperimentaZ 
Forest with a gradient of intermediate temperature and moisture reg<mes 
representative of the northern Rocky Mountains. %M re fers  t o  organic matter. 

SITE DIAGNOSIS AND MANAGEMENT 

The r e l a t i v e  a b i l i t y  o f  wood, humus and shallow mineral  l aye rs  o f  nor thern Rocky 
Mountain s o i l s  t o  support se lected mic rob ia l  a c t i v i t i e s  appears t o  be based on a ,ca- 
paci  t y  t o  b u f f e r  changes i n  temperature, mois ture and poss ib ly  pH (Larsen and others  
1980; Jurgensen and others  1980; Harvey and others  1980 a and b) .  This appears t o  



ho ld  throughout a se r ies  o f  h a b i t a t  types f e a t u r i n g  a wide range o f  in termediate  
temperature and mois ture condi t ions.  However, we would expect t h a t  extreme s i t e s  
( i  . e . ,  very cold,  wet, dry, o r  a combination the reo f )  induce d i f f e r e n t  behavior. I f  
the  th resho ld  values o f  temperature, mois ture o r  o ther  cond i t i ons  f o r  the  var ious 
microor  anisms a re  exceeded, the  microorganisms may e i t h e r  become dormant o r  d i e  
( f i g .  4 9 . For example, t he  Teton experimental s i t e  ( l o c a t i o n  and desc r i p t i on  pro-  
v ided elsewhere i n  Harvey and others  11980al t h i s  proceedings) apparent ly  i s  too  c o l d  
o r  t oo  d ry  most o f  the  t ime t o  support decay organisms. As a r e s u l t ,  pe r i od i c  f ue l  
accumulations and w i l d f i r e  f unc t i on  as the  p r i n c i p a l  carbon r e c y c l i n g  agent on t h i s  
s i t e ,  and a l l  types of organic matter,  espec ia l l y  s o i l  wood, tend t o  be i n  sho r t  
supply. Although our data i n d i c a t e  t h a t  in tense ectomycorrhizal  a c t i v i t y  i s  supported 
by accumulations of humus o r  decayed wood, these accumulations r a r e l y  occur on t he  
Teton s i t e .  

THRESHOLD VALUES 

WARM I 1 I 
DRY WET 

MOISTURE 

Figure 4.--Some proposed theoret{cai: factors Zimiting the actk~i-kies of 
soiZ microorganisms and *he predictabiZity of changes in their activities 
over a temperature-moistm gradient. 

The Teton s i t e  provides an exce l l en t  example o f  how f o r e s t  management p rac t i ces  
could: 1)  l i m i t  f u e l  accumulations t o  l e v e l s  t h a t  would minimize t he  occurrence o f  
extremely ho t  f i r e s ;  2 )  l o p  and s c a t t e r  residues t o  get them i n  contact  w i t h  the  
ground f o r  inc reas ing  decay and decreasing f i r e  hazard; and 3 )  p r o t e c t  t he  i n t e g r i t y  
o f  t he  organic accumulations t h a t  have occurred by l i m i t i n g  the  disturbance of u per 
s o i l  layers .  In these ways we might even tua l l y  be ab le  t o  achieve a h igher  l eve  o f  
s i t e  p r o d u c t i v i t y  than would occur through na tu ra l  processes. 

! 



We can also visualize situations on a cold, wet s i t e ,  for example (as depicted 
in the upper right-hand circle of figure 4 ) ,  where the abili ty of soil wood or other 
organic matter to retain moisture could become a problem. I n  such cases the organic 
materials would remain saturated with water, have a very low gas exchange to support 
microbial activity and remain highly acid. Although conjectural, i t  would appear 
prudent to encourage removal of wood from the soil on such a s i te .  On a very hot-dry 
s i  t e a  however, there may rarely be enough moisture available over a sufficient length 
of time to support decay or ectomycorrhizal act ivi t ies  a t  the levels needed to pro- 
vide useful inputs t o  the ecosystem. In such a situation, accumulations of soil wood 
and other organic materials provide fewer benefits b u t  pose no problem except where 
they represent high fuel accumulations. I n  this case, removal of some of these 
materials or modest soil disturbance are n o t  1 ikely to cause adverse impacts, even on 
a harsh s i te .  

In general, useful disturbances to forest ecosystems (e.g., f i r e ,  s i t e  prepara- 
tion, removal of fuels, e t c . ) ,  cause beneficial effects only when they occur in 
moderation. Harsh s i tes  exbi bit  the lowest degree of tolerance to excess disturbance. 
In fact ,  the potential impacts of disturbances a pear t o  conform to the theoretical 
performance curve for perturbed ecosystems recen ! 1y develo ed by Odum and others 
(19791 (fig.  5) .  Site preparation provides an example of ! his relationship. Day and 
Duffy (1 965) provided data regarding the efforts of logging on natural regeneration 
by seedbed type in the Crowsnest Forest, Alberta, Canada, just north of our Coram 
Experimental Forest s i t e .  Their data  (fig.  6 )  i l lus t ra te  that the regeneration of 
some species can occur on a wide variety of seedbed types. Tf  s i t e  preparqtion on 
these logging s i tes  had been extreme (leaving, for example, mostly mineral soil --a 
frequent objective of regeneration management), the regenerat ion that occurred in the  
organic seedbeds would have been lost. In th is  case the organic materials were 
generally the most effective seedbeds for species other than pines. A l i t t l e  mineral 
soil was good, b u t  plowed ground would have been bad for regenerating these s i tes  to 
f i r  and spruce. 

SUBSIDY STRESS GRADlENl 

* 
INCREASED DISTURBANCE 

Figure 5. - - f i e  theoreticat performance curve of a usabZe h p u t  (distur-  
bance) in to  an ecosystem; adapted from Odwn and others (19791. 



SEEDBED AREA TOTAL SEEDLINGS 
(SURFACE1 (PINE, SPRUCE & F I R ,  ALL NATURAL) 

Figure 6.--!The percentage of naturaZ regeneration occurring on various 
seedbed k-gpes on a northern Rocky Mountain ecosystem; data derived from 
Day and Duff3 ( 1 9 6 5 ) .  

CONCLUSIONS 

A f o r e s t  manager should know t h a t  many impor tant  aspects o f  s o i l  qua1 i t y  depend 
d i r e c t l y  on mic rob ia l  a c t i v i t y ,  and t h a t  t h i s  a c t i v i t y  i s  supported t o  va ry ing  deqrees 
(dependent on temperature and- mois ture grad ient )  by s o i l  organic components. - ~ h e k -  
fore, managing the  s o i l  f o r  organic mat ter  d i v e r s i t y ,  i .e., preserv ing o r  c r e s t i n g  a 
v a r i e t y  o f -micros i tes ,  would usua l l y  be the  method o f  choice: I n  no case should s o i l  
d isturbance, organic mat ter  accumulations, o r  deple t ions be extreme over large areas. 
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ABSTRACT 

T h i s  paper r e p o r t s  t h e  response o f  unders to ry  shrubs and 
herbs t o  combinat ions o f  t h r e e  s i  1  v i c u l  t u r a l  ha rves t -  
c u t t i n g  systems--cl ea rcu t ,  she1 terwood, group s e l e c t i o n - -  
and f o u r  res idues  t rea tmen ts - - i n te rmed ia te  u t i l i z a t i o n  
o f  h a r v e s t  res idues  f o l l o w e d  by broadcast  burn ing,  
c o n v e n t i o n a l - u t i l i z a t i o n - a n d - b r o a d c a s t - b u r n  i n t e n s e  
removal o f  a1 1  woody res idues,  and unders to ry -p ro tec ted  
t rea tments .  Volume, cover, and biomass o f  shrubs and 
herbs were eva luated before ,  and a t  2 yea rs  and 4 yea rs  
a f t e r  harves t i ng. 

A1 1  t rea tments  s u b s t a n t i a l  l y  reduced t h e  volume and biomass 
o f  1 i v e  shrubs t o  as l i t t l e  as 3 percent  o f  t h e  p reharves t  
v o l  ume on burned t reatments .  However, a1 1  v e g e t a t i o n  
responded r a p i d l y  under a l l  t rea tments ,  i n  some cases 
approaching p reharves t  l e v e l s  i n  as few as 4  years .  Herbs 
responded e a r l i e r  and more t o  t rea tments  than d i d  t h e  shrubs. 
T o t a l  biomass o f  1  i ve unders to ry  vege ta t i on  ( n o t  i n c l u d i n g  
t r e e s )  averaged over  5 000 kg lha  (4,500 pounds/acre) i n  t h e  
mature f o r e s t ,  reached about  h a l f  t h a t  2 years  a f t e r  ha rves t -  
i n g ,  and about  t h r e e - f o u r t h s  of t h a t  4 years  a f t e r  ha rves t i ng .  

KEYWORDS:  Larix  oceidentiaZCs, Pseudotsuga rnenziesii, l a r c h /  
D o u g l a s - f i r ,  unders to ry  vege ta t i on ,  res idues u t i  1  i za t ion ,  
p resc r ibed  bu rn ing  , shrubs , herbs, s i  1  v i  c u l  t u r a l  system 



INTRODUCTION 

Vegeta t ion  i n t e g r a t e s  t h e  e f f e c t s  o f  b i o l o g i c a l  and phys i ca l  i n t r u s i o n s  i n t o  an 
ecosystem and p rov ides  t h e  b e s t  i n d i c a t o r  o f  response t o  va r ious  t rea tments  t h a t  man 
and/or  n a t u r e  impose on the  system. Vegeta t ion  a l s o  prov ides bo th  d i r e c t  and i n d i r e c t  
b e n e f i t s  t o  man i n  a v a r i e t y  o f  resources rang ing  f rom t imber  products ,  t o  fo rage and 
cover f o r  w i l d l i f e ,  water  r e g u l a t i o n ,  p r o t e c t i o n  o f  t h e  s o i l  mantle, and e s t h e t i c s ,  
T h i s  i s  p a r t i c u l a r l y  apparent  i n  t h e  ex tens i ve  1 arch/Dougl a s - f i r  (~arix occidentaZis/ 
Pseudotsuga mensCesiC) f o r e s t s  of t h e  Nor thern  Rockies where no s i n g l e  resource pre-  
dominates (Schmidt and o the rs  1976).  

Na tu ra l  succession i n Nor thern  Rocky Mountain f o r e s t s  s l o w l y  b u t  i n e x o r a b l y  d r i v e s  
v e g e t a t i o n  toward a g r e a t e r  complement o f  shade-to1 e r a n t  species.  Th is  i s  p a r t i c u l a r l y  
s t r i k i n g  i n  l a r c h / f i r  f o r e s t s  because o f  t he  wide range i n  species and shade-to lerance 
l e v e l s .  Vegeta t ion  c l a s s i f i c a t i o n  schemes c a p i t a l i z e  on these to1 erance d i f f e r e n c e s  , 
and c l a s s i f i c a t i o n s  based on c l imax  stages o f  t he  v e g e t a t i o n  have been developed 
(Daubenmi r e  and Daubenmi r e  1968; P f  i s t e r  and o the rs  1977). Under the  c l  imax concept, 
n a t u r e  has had s u f f i c i e n t  t ime t o  i n t e g r a t e  t ime and space v a r i a t i o n  i n  v e g e t a t i o n  
development. 

Na tu ra l  i n t r u s i o n s  o f  f i r e ,  i n s e c t s ,  d isease,  wind, and o t h e r  f a c t o r s  d i s r u p t  
succession and can e i t h e r  s e t  v e g e t a t i o n  back t o  yea r  one, have l i t t l e  e f f e c t ,  o r  
g r e a t l y  a c c e l e r a t e  succession toward more shade- to le ran t  f o r e s t  vege ta t i on .  However, 
man's a c t i v i t i e s  i n  t h e  f o r e s t ,  p a r t i c u l a r l y  ha rves t  c u t t i n g s ,  now c r e a t e  most phys i ca l  , 
b i o l o g i c a l  , and e s t h e t i c  change. Even-aged s i  1 v i  c u l  t u r a l  sys terns--cl e a r c u t t i  ng , seed 
t r e e ,  and she1 terwood--coupled w i t h  s i t e  p repara t i ons  t h a t  expose m ine ra l  s o i  1 and 
reduce v e g e t a t i v e  competi ti on, have proved most successfu l  i n  r e g e n e r a t i  ng l a r c h /  
Doug1 a s - f i  r f o r e s t s  (Schmidt and Shearer 1973). However, changing management ob jec-  
t i v e s  and wood-uti  1 i z a t i o n  standards have made i t necessary t o  r e e v a l u a t e  some o f  these 
s i l v i c u l t u r a l  systems i n  terms o f  environmental  e f f e c t s .  As u t i l i z a t i o n  o f  woody 
res idues i n t e n s i f i e s ,  t h e  number o f  m i  c r o s i  t es  p rov ided  by ma te r i  a1 fo rmer ly  1 e f t  i n  
t h e  woods decreases, t h e  amount o f  f u e l  f o r  p resc r ibed  bu rn ing  decreases, and the  
amount and form o f  n u t r i e n t s  may be changed. Some o f  these changes may p o s i t i v e l y  
i n f l u e n c e  one resource and n e g a t i v e l y  i n f l u e n c e  o the rs .  There i s  no s i n g l e  combinat ion 
o f  h a r v e s t  c u t t i n g ,  u t i  1 i z a t i o n  l e v e l  , and subsequent c u l t u r a l  p r a c t i c e  t h a t  w i  11 meet 
a l l  f o r e s t  management o b j e c t i v e s .  Combinations o f  these p r a c t i c e s  a r e  d i c t a t e d  by 
economics, pub1 i c  needs, p r o t e c t i o n  o f  t he  b a s i c  s o i  1 resource,  b i o l o g i c a l  and phys i ca l  
p r a c t i c a b i l i t y ,  f o r e s t  type, landform, and a h o s t  of o t h e r  f a c t o r s .  

One resource needing increased ernphasi s  i n f o r e s t  management i s  unders to ry  vegeta- 
t i o n .  I t  serves bo th  a c t i v e l y  and p a s s i v e l y  t o  i nc rease  w i l d l i f e  and e s t h e t i c s  values,  
and t o  p r o t e c t  b a s i c  s o i l  resources.  However, unders tory  v e g e t a t i o n  can a1 so serve as 
competi ti on f o r  t r e e  seed1 i ngs, o f t e n  d e l  a y i  ng t r e e  regenera t i on  f o r  decades (Schmidt 
and Shearer 1973). Th is  paper presents  p r e l  i m i  nary r e s u l t s  demonstrat ing the  e f f e c t s  
o f  t h r e e  d i f f e r e n t  s i  l v i c u l  t u r a l  p r a c t i c e s  combined w i t h  f o u r  d i f f e r e n t  res idue  u t i  li- 
z a t i o n  t rea tments  on unders to ry  v e g e t a t i o n  i n  a larch/Dougl  a s - f i r  f o r e s t  i n  Montana. 
Four years  o f  unders to ry  vegetat ion-response data  a r e  presented.  



STUDY TREATMENTS AND AREA 

The o v e r a l l  des ign o f  t h i s  s tudy coupled th ree  s i  1  v i  c u l  t u r a l  h a r v e s t - c u t t i  ng 
sys tems--cl ea rcu t ,  shel  terwood, and group s e l  e c t i  on--wi t h  f o u r  res idues t rea tments  f o r  
a t o t a l  o f  12 t rea tment  combinat ions.  I n  a d d i t i o n ,  c o n t r o l  p l o t s  were e s t a b l i s h e d  i n  
t h e  uncut  ad jacen t  mature f o r e s t .  A1 1  t rea tments  and c o n t r o l s  were rep1 i c a t e d  once. 

The t h r e e  s i l v i c u l t u r a l  h a r v e s t - c u t t i n g  systems cons is ted  o f :  

1. Two s  he1 terwoods of 14.2 and 8.9 ha (35 and 22 acres ) , where about  ha1 f 
o f  a l l  s tand ing  t imber  was c u t .  

2 .  Two se ts  o f  e i g h t  g roup-se lec t i on  c u t t i n g s  (smal l  c l e a r c u t s ) ,  averaging 0.3 
ha (0.8 ac re )  and rang ing  f rom 0 . 1  t o  0.6 ha (0 .3  t o  1.4 ac res ) ,  where a l l  
s tand ing  t imber  was c u t  w i t h i n  each o f  the  groups, and i n t e r v e n i n g  t imber  
between t h e  groups was l e f t  uncut .  

3. Two c l e a r c u t s  o f  5.7 and 6.9 ha (14 and 17 ac res )  where a1 1  s tand ing  t imber  
was c u t .  

The f o u r  res idues 

Treatment 

1. I n t e r m e d i a t e l y  
u t i l i z e d  and 
broadcast  burned. 

2. Conven t iona l l y  
u t i l i z e d  and 
broadcast  burned. 

3. A1 1  res idues  r e -  
moved ( I n t e n s i v e  
f i b e r  u t i l i z a -  
ti on).  

4. Unders tory  t r e e s  
p r o t e c t e d  (Under- 
s t o r y  t rees  under 
17.8-cm ( 7 - i  nches) 
d,b.h. were l e f t  
uncut ,  b u t  were 
s u b j e c t  t o  damage 
and l o s s  d u r i n g  
t h e  cab le  l o g g i n g  
process) .  

u t i l i z a t i o n  t rea tments  cons is ted  o f :  

Trees Cut 

A l l  t r e e s  
except  des ig-  
na ted over -  
s t o r y  s he1 t e r -  
wood t rees .  

A l l  t r e e s  
except  des ig-  
na ted over -  
s t o r y  she l  t e r -  
wood t r e e s .  

A11 t r e e s  
except  des ig-  
na ted over -  
s t o r y  she l  t e r -  
wood t rees .  

A1 1  t r e e s  
17.8-cm (7-  
inches)  d.b.h. 
and over,  
except  des i  g- 
na ted over -  
s  tory s he1 ter- 
wood t r e e s .  

Harvest  
U t i l i z a t i o n  Standard 

Remove a l l  m a t e r i a l  
( l i v e  and dead, stand- 
i n g  and down) t o  7.6- 
cm ( 3 - i n c h )  smal l  end 
diameter , 2.4-m ( 8 -  
f o o t )  i n  l eng th ,  and 
113 sound. 

Remove a1 1  sawtimber 
m a t e r i a l  ( l i v e  and 
r e c e n t l y  dead) t o  1974 
Fores t  Se rv i ce  standards : 
17.8-cm (7 - inch )  d.b.h. 
and 15.2-cm ( 6 - i  nch) 
top  diameter,  2.4-m 
( 8 - f o o t )  i n  l eng th ,  
and 1/3 sound. 

Remove a11 m a t e r i a l  
( 1  i v e  and dead, stand- 
i n g  and down) t o  2.5- 
cm ( 1 - i n c h )  d.b.h. 

Remove a l l  m a t e r i a l  
( l i v e  and dead, s tand ing  
and down) t o  7.6-cm ( 3 -  
i nches )  smal l  -end diameter,  
2.4-m (8 - fee t )  i n  l eng th ,  
and 113 sound. 

Subsequent 
Treatments 

Broadcast  Burned 

Broadcast  burned 

None 

None 



Because o f  coo l ,  wet weather i n  1975, burn ing c o n d i t i o n s  were unfavorab le .  As a 
r e s u l t ,  none o f  t h e  designated areas burned ve ry  hot ,  and areas designated f o r  bu rn ing  
on t h e  lower  r e p l i c a t e  o f  t he  she1 terwood were l e f t  unburned. A complete d e s c r i p t i o n  
of the  bu rn ing  was repor ted  by A r t l e y  and o the rs  (1978). Some t r e e  regenera t ion  i m p l i -  
c a t i o n s  of  d i f f e r e n t  i n t e n s i t i e s  o f  burn ing have been r e p o r t e d  (Shearer 1975; Shearer 
1980) . 

The s tudy was conducted on the  3 019-ha (7,460-acre) Coram Experimental Forest ,  on 
the  F la thead Na t iona l  Fo res t  i n  nor thwestern  Montana ( f i g .  1). The study s i t e s  a r e  
l o c a t e d  below the  main r i d g e  fac ing e a s t  i n t o  Abbot t  Bas in  ( l a t ,  48' 2 5 '  M - ,  long.  113" 
59' W . ) .  The s i x  b locks shown i n  f i g u r e  1 were cab le  logged i n  1974 and, where des ig-  
nated, broadcast  burned i n  the  f a l l  of 1975. Each h a r v e s t - c u t t i n g  b lock  was f u r t h e r  
d i v i d e d  i n t o  f o u r  subblocks where the  f o u r  res idues u t i  1 i z a t i o n  t reatments were super- 
imposed: (1) in te rmed ia te  u t i l i z a t i o n  f o l l o w e d  by burning,  ( 2 )  convent iona l  u t i l  i z a -  
t i o n  and burning,  (3 )  a1 1 res idues removed, and ( 4 )  unders tory  p ro tec ted .  

BURNED 

Figure 1.--Locatkm of cutting btocks i n  Abbot?:   as in, Corm EqsrimentaZ Forest. 
Timber Mas harvested in 1974 and subsequent treatments were compteted by fa22 1975. 



The t imber  type on t h e  s tudy area i s  l a r c h / D o u g l a s - f i r  (Cover Type 212, Soc ie ty  o f  
American Fo res te rs  1954) .  Th is  type i s  composed p r i m a r i l y  o f  western l a r c h  and Douglas- 
fir. Associated species i n c l u d e  suba lp ine fir  hies Zasiocarpa [Hook . ]  N u t t .  ) and 
Engelmann spruce ( ~ i c e a  engeZmannfi P a r r y ) .  The s tudy area fa1 1s p r i m a r i l y  i n  the  
Abies Zas.Zocarpa/CZinton.ia unifZura habi  t a t  type, w i t h  t h e  f o l  1 owing phases represented:  
AraZia nudicauZis, Menziesia ferruginea, C2;ntonia unifZora, and Xcro hy ZZm tenax 
( P f i s t e r  and o the rs  1977; Bernard L. Kova lch ik  1974, unpubl ished data  'i . 

Topography ranges i n  steepness from 30 t o  80 percent  (17"  t o  39") ,  w h i l e  e l e v a t i o n  
ranges f rom 1 189 t o  1 585 m (3,900 t o  5,200 f e e t )  m.s . l  . S o i l s  a r e  d e r i v e d  from 
impure 1 imestone and u n d e r l y i n g  m a t e r i a l  o f  loamy-ske le ta l  s o i  1 fami 1 i e s  (Klages and 
o t h e r s  1976). 

Methods 

Before logg ing,  t e n  permanent p o i n t s  were s y s t e m a t i c a l l y  l o c a t e d  a t  30.5-m ( 100- 
foo t )  i n t e r v a l s  w i t h i n  each subblock i n  the  c l e a r c u t  and she1 terwood c u t t i n g s  and the  
c o n t r o l  areas. F i v e  p o i n t s  were l o c a t e d  w i t h i n  each o f  t he  e i g h t  g roup-se lec t i on  c u t s  
( sma l l  c l e a r c u t s )  a t  v a r i a b l e  i n t e r v a l s ,  depending on t h e  s i z e  o f  t he  opening. A t  each 
of t h e  280 permanently e s t a b l i s h e d  p o i n t s ,  unders tory  v e g e t a t i o n  was measured before 
l o g g i n g  (1974), and a t  2 and 4 years  l a t e r  ( f i g .  2 ) .  

Figure 2.--Researchers measure thc volume of alL shr?,& vegetation t o  de-termine 4-year 
response o f  various species t o  d i f f e r e n t  comhinakions of s iZv icu l ture  and residues 
management treatments on Coram Experimen ta Z Eores k .  



We determined volume and cover u s i n g  a nested quadra t  system t h a t  s t r a t i f i e d  
v e g e t a t i o n  i n t o  h e i g h t  c lasses ( f i g .  3 ) .  The c lasses o f  v e g e t a t i o n  measured w i t h i n  
each quadra t  were as f o l l o w s :  

Quadra t  i ;eet) K ind and S ize  o f  Vegeta t ion  Measured 
(m) 

5 X 5 (16.4 X 16.4) woody shrubs 2.5 m (8.2 f e e t )  and 
g r e a t e r  i n  h e i g h t  

3 x 3  (9.8 X 9.8) woody shrubs 1.5 t o  2.4 m  (4.9 t o  
7.9 f e e t )  t a l l  

1.5 X 1.5 (4.9 X 4.9) woody shrubs 0.5 t o  1.4 m  (1.6 t o  
4.6 f e e t )  t a l l  

0.5 X 0.5 (1.6 X 1.6) low woody shrub and t r e e  v e g e t a t i o n  
l e s s  than 0.5 m (1.6 f e e t )  t a l l ,  and 
a1 1  herbaceous v e g e t a t i o n  rega rd less  
o f  h e i g h t  

-5 meters- 

No. 2 

Figure 3.--Nesked quadrat method used fo r  measuring vegetation of d i f f e r e n t  size 
cZasses. 



i ned by measuring two 
t o  t h e  top  o f  each shrub crown i n  the  sample. Vo 

Shrub volume was determ h o r i  zon ta l  dimens 
lume was c a l c u l a t e  

i ons  and the h e i g h t  
d f rom these t h r e e  

dimensions, cons ide r ing  the  shrub an e l  1 i pse. Because d i f f e r e n t  shrub spec ies  occupy 
v a r y i n g  h e i g h t  s t r a t a ,  some shrubs were p a r t i a l l y  o r  e n t i r e l y  under the  crowns of 
t a l l e r  shrubs. Where t h i s  l a y e r i n g  occur red (common i n  l a r c h l f i r  f o r e s t s ) ,  shrub 
volume summaries can appear u n r e a l i s t i c a l l y  h igh .  Thus, by d e f i n i t i o n  i n  t h i s  study, 
c u b i c  shrub volume i s  a e r i a l  crown area X t o t a l  h e i g h t  o f  t he  shrub. 

Cover was d e f i n e d  as any f o r e s t  f l o o r  component t h a t  covers the  m ine ra l  s o i l ,  
i n c l u d i n g  p r i m a r i l y  smal l  shrubs less than 0.5 m (1.6 f e e t )  t a l l  , a l l  herbaceous 
vege ta t i on ,  and down woody m a t e r i a l  . 

Biomass equ iva len ts  were determined f o r  shrubs by c o l l e c t i n g  r e p r e s e n t a t i v e  samples 
o f  major  species i n  areas ad jacent  t o  the  permanent sample p l o t s  and then b reak ing  t h e  
shrubs i n t o  th ree  components--leaves, stems l e s s  than 4-mm (0 .16- i  nch) d iameter,  and 
stems more than 4 mm (0.16 i n c h ) ,  Regressions were developed t o  r e l a t e  these biomass 
values be fo re  and a f t e r  t rea tments  t o  volumes measured on the  permanent p l o t s  ( f i g .  4 ) .  

Figure 4. --Researchers co Llect representat.i-z)c sump Les 01 shrub vegetat ion t o  determine 
the reZationship of shrub biomass t o  volume. 



The stems were d i v i ded  a t  4 mm (0.16 inch)  t o  prov ide some est imate o f  p o t e n t i a l  
browse on the area; observat ions o f  big-game feeding on the study area had i nd i ca ted  
near l y  a l l  browsing was on stems less  than 4 mm (0.16 i nch ) .  E lk  ( ~ e r v u s  canadensis) 
and deer (0docoiZeus sp. ) were the pr imary ungulates found i n  the study area. 

To determine biomass of small shrubs and t rees less  than 0.5 m (1.6 f e e t )  t a l l ,  
and a l l  herbaceous vegetat ion,  vegetat ion on two 0.5 X 0.5-m (1.6 X 1 .6- foot )  quadrats 
ad jacent  t o  each permanent s e t  o f  quadrats was c l ipped,  dr ied,  and weighed. 

RESULTS AND DISCUSSION 

The r e s u l t s  presented here h i g h l i g h t  major ef fects o r  t rends found i n  these 
p re l im ina ry  data.  Evaluat ions o f  the vege ta t i ve  response t o  s i l v i c u l t u r a l  and residues 
management treatments w i  11 be emphasized, focus ing on (1 )  shrub response, ( 2 )  cover, 
and (3 )  biomass. Fur ther  analyses of these data i n  subsequent pub l i ca t i ons  w i l l  aim a t  
(1) r e f i n i n g  t h i s  informat ion,  ( 2 )  i d e n t i f y i n g  s i g n i f i c a n t  vegetat ion t rends and t h e i r  
i n t e r a c t i o n s  between s i l v i c u l  t u r a l  and residues u t i  1 i za t i on  treatments, and ( 3 )  eva luat -  
i ng i n d i v i d u a l  species responses. U l t ima te ly ,  long-term vegetat ion responses w i  11 be 
determined from pe r i od i c  remeasurements. 

Vegetat ion responses usua l l y  r e l a t e  c l ose l y  t o  p l a n t  species s ta tus  p r i o r  t o  
treatment. Because of t h i s ,  we measured vegetat ion i n  the undisturbed f o r e s t  immedi - 
a t e l y  before treatments were imposed, and found t h a t  shrub volume averaged 31 100 m3/ha 
( 16,468 yards3/acre) i n  the mature f o res t  p r i o r  t o  harvest - -equiva lent  i n  biomass t o  
4 687 kg/ha (4,180 poundslacre). Shrub biomass was comprised o f  4 063 kg/ha (3,624 
pounds/acre) of l a rge  stems, 348 kg/ha (310 pounds/acre) o f  small stems, and 276 kglha 
(246 poundslacre) o f  1 eaves. Lesser vegetat ion,  which inc luded herbs and small shrubs 
l ess  than 0.5 m (1.6 feet )  t a l l  , accounted f o r  57 percent o f  the sur face cover, w i t h  
1 i t t e r  and woody mate r ia l  accounting f o r  most of the remaining cover. The equ iva len t  
biomass o f  t h i s  57-percent " l i v i n g "  cover averaged 1 184 kg/ha (1,056 pounds/acre). 
Thus, t o t a l  1 i v e  biomass o f  understory vegetat ion ( no t  i n c l u d i n g  understory t rees )  i n  
the  mature f o r e s t  was 5 871 kg/ha (5,237 poundslacre). This i nd i ca tes  a r e l a t i v e l y  
l ush  understory f l o r a ,  about a t h i r d  more than found on nearby l a r c h / f i r  f o res t s  where 
spruce and subalpine fir were more i n  evidence (St ickney [ I n  p ress ] ) ,  and s u b s t a n t i a l l y  
above the 280 kg/ha (250 pounds/acre) biomass measured on a cold, h igh-e l  eva t ion  lodge- 
po le  p ine  s i t e  i n  Wyoming (Schmidt and Lotan 1980). 

As shown i n  Appendix I, 11 t r e e  species, 21 major shrub species, and 58 herbaceous 
species were found on the study area. 

Response of Major Shrubs 

SILVICULTURE TREATMENT EFFECTS 

A1 1 ha rves t - cu t t i  ng systems--she1 terwood, group se lec t ion ,  and c l  earcut--reduced 
average shrub volume t o  l ess  than 25 percent  of preharvest l e v e l s  and as low as 10 
percent  on the  group-se lect ion c u t t i n g s  ( f i g .  5 ) .  These a re  average values t h a t  inc lude  
a1 1 residues treatments w i t h i n  each s i l v i c u l t u r e  treatment. Because p l o t s  were measured 
2 years a f t e r  harvest ing,  they l i k e l y  show somewhat more volume than was present immedi- 
a t e l y  a f t e r  logg ing.  We have no data w i t h  which t o  v e r i f y  t h a t  assumption, bu t  
S t i ckney 's  ( I n  press) data i nd i ca tes  t h i s  i s  genera l l y  t rue .  
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Figure 5.--Effect of three siZvicuTtura2 harvest-cutting systems on understory shrub 
voZwne 2 and 4 years after harvesting a Zarch/fir forest. 

As shown in figure 5,  the volumes measured a t  year two are ranked as one would 
expect for the three harves t-cutting sys tems . The group-selection cutting areas, a t  10 
percent of their preharvest level, had been subjected to highly concentrated falling 
and cable-skidding activit ies because of their small sizes (averaging < 0.3 ha [0.8 
acre]) .  The same was true to a lesser extent on the clearcuts where activity was not  
necessarily as confined, and where no internal trees, such as those in the shel terwood, 
were l e f t  t o  protect the understory vegetation during logging. Conversely, shrubs 
averaged 23 percent o f  their preharves t 1 eve1 on the shel terwoods . She1 terwoods retained 
about one-half their original tree volume. As a result ,  there was n o t  only less falling 
and skidding, b u t  reserve trees provided some protection from the logging activit ies.  

Shrub  volume recovered rapidly on a1 1 three harves t-cutting systems ( f ig .  5 ) .  
However, differences in recovery slopes follow expectations--the greater the release 
from the overstory trees, the greater the percentage shrub recovery. Clearcuts were 
recovering the fastest ,  fol 1 owed by the group selections and shel terwoods . As shown in 
figure 5, shrub volume in clearcuts had returned from 14 percent of preharvest volume 
a t  2 years t o  37 percent in 4 years. Shrubs on the group-selection cuttings went from 
18 percent o f  preharvest volume a t  year two t o  28 percent a t  year four. Although 
shrubs on the shelterwoads had a higher base value a t  2 years--23 percent of preharvest 
volume--than those on the other cuttings, their recovery rate was slower. The mature 
forest showed no detectable change in shrub volume during the 4-year study period. 



RESIDUES TREATMENT EFFECTS 

A s  desc r ibed  e a r l  i e r  , s i  1  v i  c u l  t u r e  t rea tments  , accompl i shed by harves ti ng , reduced 
volume o f  unders to ry  v e g e t a t i o n  on t h e  va r ious  s i t e s  . However, when da ta  f rom the  
t h r e e  s i  1  v i  c u l  t u r a l  t rea tments  were combi ned, we found t h a t  r e s i d u e  t rea tments  a1 so 
s u b s t a n t i a l l y  a f f e c t e d  unders to ry  vege ta t i on .  The res idues  t rea tment  t h a t  sought t o  
p r o t e c t  unders to ry  t r e e s  d u r i n g  h a r v e s t i n g  a1 so r e s u l t e d  i n  s u b s t a n t i a l l y  l e s s  l o s s  o f  
t h e  assoc ia ted  unders to ry  vege ta t i on .  As shown i n  f i g u r e  6, h a r v e s t i n g  w i t h  t h i s  
t rea tmen t  (unders to ry  p r o t e c t e d )  reduced shrub volume 2 years  a f t e r  h a r v e s t i n g  t o  35 
pe rcen t  of i t s  p reharves t  l e v e l .  A t  t he  o t h e r  end of t he  sca le ,  t h e  two t reatments  
t h a t  burned remain ing res  idues reduced shrub volume 2 years  a f t e r  h a r v e s t i n g  t o  l e s s  
than 3 pe rcen t  o f  t h e i r  p reharves t  volume. L i t t l e  of t he  shrub volume l e f t  a f t e r  
h a r v e s t i n g  remained a f t e r  burn ing.  I n t e n s i v e l y  removing a1 1  res idues  r e s u l t e d  i n  an 
i n t e r m e d i a t e  l o s s  i n  shrub volume. 
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Figure 6 .  --Effect of four residues management treatments on understory shmb vo Zwne 
2 and 4 years a f t e r  harvesting i n  a Zarch/fir forest .  



The recovery  r a t e  o f  shrub volume f rom y e a r  two t o  f o u r  was a l s o  most f a v o r a b l e  on 
t h e  unders to ry -p ro tec ted  t rea tment ;  volumes increased f rom 35 pe rcen t  o f  p reharves t  
volume a t  2 yea rs  t o  62 pe rcen t  a t  4 years  ( f i g .  6 ) .  Shrub volume recovery  r a t e s  were 
r o u g h l y  comparable on t h e  o t h e r  th ree  t rea tments ,  rang ing  f rom 12 t o  16 pe rcen t  between 
y e a r  two and f o u r .  

Twenty- three shrub species were found on the  s tudy area b u t  s i x  o f  these species 
accounted f o r  w e l l  over 90 percent  o f  t he  t o t a l  p reharves t  shrub volume. These s i x  
were mountain map1 e ( ~ c e r  gZabrwn) , ninebark  ( ~ h ~ s o c a r p u s  malvaceus) , th imb leber ry  
(&bus pxrvif Zoms ) , rose  ( ~ o s a  gymnocarpa) , a1 de r   nu nus sinuata)  , and s e r v i  ceber ry  
(~meZamhier  a ~ n i f o Z i a )  . T h e i r  r e l a t i v e  importance i n  terms o f  volume was a  f u n c t i o n  
of t rea tment  and number of years  s i n c e  harvest .  The examples shown i n  f i g u r e  7 i l l u s -  
t r a t e  t h e  r e l a t i v e  s t a b i l i t y  of some species and the  responsiveness o f  o the rs  f o l l o w i n g  
t rea tment .  Ninebark, f o r  example, r e t a i n e d  t h e  same r e l a t i v e  amount o f  volume i n  bo th  
t rea tments  shown, whereas s e r v i c e b e r r y  changed 1 i t t l e  on the  unders t o r y - p r o t e c t e d  
t rea tmen t  and changed a  l o t  on t h e  i n t e r m e d i a t e - u t i l i z a t i o n - a n d - b u r n e d  t reatment;  
mountain maple 's re1  a t i  ve amount o f  vo l  ume changed s u b s t a n t i a l l y  on bo th  t rea tments  
( f i g .  7 ) .  
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Figure 7.--Relative response, as measured b y  volume, of the major shrub species t o  
two residues management treatments: ( A )  Understory-protected treatment, ( B I  Inder- 
mediate-utiZization-and-burned treatment. 



Overa l l  shrub recovery ra tes  do n o t  necessar i ly  r e f l e c t  i n d i v i d u a l  species 
responses t o  d i f f e ren t  treatments. Four t y p i c a l  shrub species were chosen t o  i l l u s t r a t e  
r e l a t i v e  changes i n  shrub volumes, bu t  these r e l a t i v e  values should no t  be confused 
w i t h  absolute changes. For example, r e l a t i v e  shrub volume o f  mountain maple could 
dec l ine  even though i t s  absolute values increased. I t  simply i s  no t  growing as f a s t  i n  
r e l a t i v e  terms as the shrub populat ion as a whole. 

As shown i n  f i g u r e  8, mountain maple, a l a rge  shrub, accounted f o r  about three- 
four ths of the t o t a l  preharvest shrub volume on a l l  o f  the d i f f e r e n t  study s i t e s .  A l l  
treatments produced a dec l ine  i n  r e l a t i v e  importance o f  maple, b u t  the treatment t h a t  
protected the understory showed the l e a s t  loss  i n  r e l a t i v e  volume o f  maple a t  2 years.  
The o ther  three treatments reduced maple t o  less  than a t h i r d  o f  the t o t a l  shrub volume 
2 years a f t e r  harvest ing. 
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Figure 8. --Re Zative voZwne response of mountain maple t o  four residues management 
treatments, 2 and 4 bears a f t e r  harvesting. 



More impor tan t  f o r  maple i s  the  t rend  between year  two and f o u r .  As shown i n  
f i g u r e  8, maple volume was on an upward swing on a l l  t h ree  i n t e n s i v e l y  t r e a t e d  areas 
(burned o r  i n t e n s i v e l y  u ti 1 i zed), b u t  i t  was gradual l y  decl  i n i  ng on the unders tory-  
p r o t e c t e d  t reatment .  Th is  i s  l i k e l y  due t o  vigorous r e s p r o u t i n g  f rom r o o t  crowns i n  
t h e  i n t e n s i v e  t reatments.  Many shrubs i n  the  unders tory-pro tec ted t reatment  remained 
r e 1  a t i  v e l y  i n t a c t  and r o o t  s p r o u t i n g  was 1 ess pronounced. 

Ninebark, a medium-size shrub, behaved much d i f f e r e n t l y  than maple ( f i g .  9 ) .  I t  
accounted f o r  o n l y  about 5 pe rcen t  of the preharvest  shrub volume. However, i t  r a p i d l y  
increased i t s  r e l a t i v e  p o s i t i o n  regard less  o f  t reatment,  account ing f o r  as much as 13 
pe rcen t  2 years  a f t e r  ha rves t ing  on the  conven t iona l l y -u t i l i zed -and-burned  t reatment.  
However, i t s  moment of g l o r y  appears s h o r t - l i v e d  because i t s  r e l a t i v e  importance 
d e c l i n e d  between year  two and f o u r  a f t e r  harvest ing,  w i t h  the  most pronounced dec l  i n e  
i n  the  al l - residues-removed t reatment .  

Figure 9.--ReZative voZwne response of ninebark t o  four residues management treatments 
2 and 4 years a f t e r  harvesting. 
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Rose behaved s i m i l a r  t o  n inebark  ( f i g .  l o ) ,  Rose i s  a smal l  shrub and i t  accounted 
f o r  3 pe rcen t  o r  l e s s  o f  t h e  t o t a l  p reharves t  shrub volume. L i k e  n i  nebark, i t s  r e l a t i v e  
importance increased s u b s t a n t i a l l y  2 years  a f t e r  h a r v e s t i n g  on t h e  two burned t r e a t -  
ments, account ing  f o r  a t h i r d  o f  a l l  shrub volume on t h e  intermediate-utilization-and- 
burned t reatment .  However, i t s  r e 1  a t i  ve importance was sho r t -1  i ved ; i t dropped t o  
between 5 and 10 pe rcen t  o f  t h e  t o t a l  volume on a1 1  t rea tments  4 yea rs  a f t e r  ha rves t i ng .  
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Figure 10. --Re Zative vo Zume response of rose t o  four residues management hreatments 
2 and 4 yems a f t e r  harvesding. 



Thimbleberry i s  a pioneer species t h a t  accounted f o r  on ly  about 2 percent o f  the 
preharvest shrub volume. As expected, i t  increased i n  r e l a t i v e  importance on a l l  
t r ea ted  areas, b e n e f i t i n g  most on the most i n t e n s i v e l y  t r ea ted  areas ( f i g .  11). For 
example, i t s  r e l a t i v e  importance increased from 2 percent  t o  over 15 percent  on both 
the  a1 1 -residues-removed and conventional l y - u t i  1 ized-and-burned treatment areas. 
However, i t s  r e l a t i v e  importance changed very 1 i  t t l e  w i t h  the  understory-protected 
treatment, which d is tu rbed  the areas much l ess  than the others  and thus d i d  no t  c rea te  
the  environment most des i rab le  f o r  a pioneer species l i k e  th imbleberry .  
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21.--Relative volume response of thimbleberry t o  four residues managernen* 
treatments 2 and 4 years a f t e r  harvesting. 

Cover 

Cover i s  an impor tant  desc r i p t o r  o f  f o r e s t  surface cond i t i ons .  I n  t h i s  study, 
percent  cover i s  a v e r t i c a l  p r o j e c t i o n  of what occurs a t  the f o r e s t  f l o o r .  I t  inc ludes 
a1 1 herbaceous vegetat ion,  small shrubs less  than 0.5 m (1.6 f e e t )  t a l l ,  and o ther  
cover such as l i t t e r ,  wood, rocks, e tc .  Our study was concerned p r i m a r i l y  w i t h  the 
"1 i v i n g "  cover--herbs and small shrubs. 

Compared t o  the l a rge  shrubs descr ibed e a r l i e r ,  herbaceous vegetat ion comprised a 
l ess  conspicuous bu t  s t i l l  impor tant  segment of the t o t a l  vegetat ion complex. I n  the 
mature stand p r i o r  t o  harvest,  herbaceous vegetat ion accounted f o r  37 percent  o f  the 
cover on the  f o r e s t  f l o o r .  Small shrubs ( l ess  than 0.5 m [1.6 f e e t ]  t a l l )  accounted 
f o r  20 percent  o f  the cover, and the remaining 43 percent was occupied by o ther  surface 
cover, p r ima r i  l y  f o r e s t  1 i t t e r  and woody mate r ia l  . 

Harvest ing,  under th ree  s i  l v i c u l  t u r a l  systems w i t h  four residues management 
methods, created a wide range o f  cond i t i ons  and a1 te red  the cover composit ion o f  the 
small vegetat ion accord ing ly .  Combining values from a1 1 treatments, herbaceous cover 
increased from 37 percent before harvest ing t o  45 percent  4 years a f t e r  harvest ing i n  
response t o  re lease from overtopping t rees  and shrubs. 



Meanwhile, small shrub cover changed very 1 i t t l e  overall , accounting for 20 percent 
before harvesting and 22 percent 4 years af ter  harvesting. The "other" cover reflected 
increases found in the herbs and shrubs--i t decreased from 43 percent preharvest to 33 
percent 4 years la ter .  

SILVICULTURE TREATMENT EFFECTS 

Looking a t  the silvicul tural systems overall , and combining residues management 
treatments, we found t h a t  absolute values of herbaceous cover 4 years af ter  harvesting 
had increased an average of 13 percent on group-selection cuttings, increased 6 percent 
on clearcuts, b u t  decreased 3 percent on shelterwoods. I n  relation to preharvest 
values, t h i s  was equivalent t o  a 38-percent increase on group selections, a 15-percent 
increase on clearcuts, and a 7-percent decrease on she1 terwoods ( f i  g . 12) .  Because 
cover sampl ing was 1 imi ted to 100 percent with our study method, any increases or 
decreases in herbaceous cover were reflected in the cover o f  small shrubs and other 
cover i tems 1 i ke 1 i t t e r  and woody material . Small shrub cover increased most on clear- 
cuts, increased moderately on shelterwoods, and decreased on group selections in rela- 
tion to preharvest values. The "other" cover decreased on a1 1 cutting methods in 
direct response to 

- 
increases in herbs and small shrubs. 
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Fiuure 12.--Posthawest chunge i r z  herb cover in reZation to ppreharvest cover .. 
08tha*vest by si tvicu t t u r e  treatment. 

( i r e w a e t  ) 



RESIDUES TREATMENT EFFECTS 

Residues treatments a lso  a f f ec ted  cover values d i f f e r e n t i a l l y .  Th is  i s  ill us t r a t e d  
by summarizing cover values o f  s p e c i f i c  res idue treatments across a1 1 s i l v i c u l t u r e  
t reatments tes ted.  Herbaceous cover increased on a l l  residues treatments, bu t  removing 
a l l  residues increased herbaceous cover the most--from a preharvest 37 percent  t o  48 
percent  4 years l a t e r .  Undoubtedly, some o f  t h i s  increase was r e l a t e d  t o  the f a c t  t h a t  
t he  i ntense residue-removal t reatment removed some o f  the woody mate r ia l  t h a t  occupied 
the surface. A s i m i l a r  response was noted w i t h  the in termediate-ut i l i za t ion-and-burned 
treatment, a moderate response occurred w i t h  the convent ional  - u t i  1 i zation-and-burned 
treatment, and p r a c t i c a l l y  no o v e r a l l  change occurred w i t h  the unders tory-protected 
treatment.  The 2- and 4-year change i n  herbaceous cover, r e l a t i v e  t o  the  preharvest  
values, probably provides the best  response index. As shown i n  f i g u r e  13, herbaceous 
cover was s t i l l  i nc reas ing  a t  year  f ou r  on a l l  treatments. However, both  the increases 
by year  f o u r  and the upward trends d i f f e r  s u b s t a n t i a l l y  by treatment; the  residues- 
removed and in te rmed ia te -u t i l i za t ion -and-burn  treatments exceed the  o ther  two treatments 
i n both categor ies  . 

Intermediate Utilization and Burned 
*(. All Residues Removed 

A 
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Figure change i n  herb cover i n  re la t ion  t o  preharvest cover 

treatment. 



Biomass 

Regression analyses r e l a t i n g  shrub volume t o  t o t a l  biomass and t o  biomass o f  t he  
shrub components demonstrated s t r o n g  1 i near re1 a t i o n s h i p s  w i  t h  r? values exceeding .90 
f o r  n e a r l y  a l l  ma jor  shrub species.  Th is  corresponds c l o s e l y  w i t h  Brown's (1976) 
f i n d i n g s  f o r  many o f  these same shrubs, Al though Brown's biomass p r e d i c t i o n s  were 
based on shrub basal stem diameters,  and t h i s  s tudy based t h e  biomass p r e d i c t i o n s  on 
shrub volume, bo th  methods accounted f o r  about  the  same amount o f  var iance.  In t h i s  
study,  equat ions  were developed f o r  shrubs growing under mature f o r e s t  c o n d i t i o n s  as w e l l  
as f o r  those growing on t h e  t r e a t e d  areas. Leaf ,  stem, and t o t a l  biomass were a l s o  
determined f o r  herbs and smal l  shrubs. 

T o t a l  biomass fo l lowed t h e  same p a t t e r n  as t h a t  o f  shrub volume and cover values; 
biomass was reduced by t h e  l o g g i n g  and f o l  lowup a c t i v i t i e s ,  b u t  s t a r t e d  recove r ing  
r a p i d l y .  As shown i n  t h e  f o l l o w i n g  t a b u l a t i o n ,  

Average o f  A l l  Treatments 
Mature 

Biomass 

Large shrubs 4 687 1 235 2 049 
(4,180) (1,102) ( 1,828) 

Herbs and smal l  shrubs 1 184 2 052 2 360 
(1,056) (1,830) (2,105) 

T o t a l  l i v e  shrubs 5 871 3 287 4 409 
and herbs (5,236) (2,932) (3,933) 

t h e  r a p i d  recove ry  r e s u l t e d  p r i m a r i l y  f rom t h e  q u i c k  response o f  herbs and smal l  
shrubs, which i n  2 years  n e a r l y  doubled t h e i r  p reharves t  biomass. T o t a l  biomass o f  
herbs and shrubs on t h e  t rea tment  areas reached 56 pe rcen t  o f  p reharves t  values a t  2 
years  and 75 pe rcen t  a t  4 years .  

As shown i n  t h e  f o l l o w i n g  t a b u l a t i o n ,  a h i g h  p r o p o r t i o n  o f  biomass found i n  t h e  
major  shrubs of t h e  uncut  mature f o r e s t  was s t o r e d  i n  the  l a r g e  stems ( >  4 mm [O. 16 
i nch] d iamete r ) .  

Biomass Components o f  a l l  Major  Shrubs i n  t h e  Mature F o r e s t  



Leaf and stem components of the understory vegetation varied greatly by species,  
and as one would expect, a high proportion of the biomass of large shrubs was in 
stems. As shown in f igure 14 ,  mature forests  stored substantial biomass in annual 
leaves of some species, b u t  l i t t l e  in others. For example, thimbleberry leaves accounted 
for  over half of i t s  total  biomass, while i t s  small stems ( l e s s  than 4 mm [0.16 i nch] ) ,  
accounted for  less  than 10 percent, and large stems (more than 4 mm [0.16 inch])  fo r  
about 40 percent. Huckleberry ' s  (Vaccirrium mjrti'lus and Vacciniwn membranaceum) to ta l  
biomass was s p l i t  roughly in thirds between leaves, small stems, and large stems. On 
the other end of the sca le ,  a lder ,  mountain maple, and serviceberry carried small 
proportions of leaves ( 5  percent and under), and small stems ( 5  to 10 percent),  b u t  
stored large proportions of biomass in stems greater than 4 mm (0.16 inch) in diameter. 

, Leaves - - 
= S t e m s 4 4  mm 

S t e m s r 4  mm 1 
Figure 14.--Components--leaves, stems Less than 4 mm (0. 16 i nch )  i n  diameter, and stems 

larger  than 4 rnm ( 0 . 1 6  inch) in,  dfameker--of major shrubs i n  a mature larch/fir forest. 

Biomass of the lesser  vegetation--herbs and small shrubs--was divided into 
two categories: (1) woody stems, and ( 2 )  leaves (leaves included nonwoody stems). 
As shown in the following tabulation, leaves accounted for  about two-thirds and woody 
stems one-third of the lesser  vegetation biomass i n  the uncut mature fo res t .  

Lesser Vegetation - 

Leaves --- Woody stezm- 
kglha 

( poundslacre) 

Total -- 



SILVICULTURE TREATMENT EFFECTS 

Harvest -cut t ing and the f o l  lowup treatments subs tan t i a l l y  reduced the amount o f  
major shrub biomass, fo l low ing  the same pa t t e rn  as t h a t  o f  shrub volume ( f i g .  15) .  
However, biomass recuperated more than i t s  equ iva len t  vo l  ume, w i  t h  each un i  t of shrub 
volume weighing more a f t e r  the shrubs had t ime t o  respond t o  t h e i r  new environment o f  
increased l i g h t ,  water, and poss ib ly  nu t r i en t s .  For example, i f  the biomass of maple 
i n the mature f o r e s t  averaged 1 000 kg/ha (892 pounds/acre) , the same volume o f  map1 e 4 
years a f t e r  c l  e a r c u t t i  ng and broadcast burn i  ng averaged 1 704 k g / h a l ~ o u n d s / a c r e ) ,  
and 4 years a f t e r  she1 terwood c u t t i n g  and broadcast burning averaged 1 351 kg/ha (1,205 
poundslacre) . 
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Figure 1 5 . - - S h b  biomass changes resuz t ing  from siZvicuZture t reaMents ,  i n  reZation 
t o  preharvest vuZues i n  a Zarch/DougZas- f i r  forest .  

S im i l a r  t rends were noted f o r  most o ther  species. Some, such as Menziesk 
ferruginea, more than doubled t h e i r  biomass per u n i t  o f  volume on the c l ea rcu t  and 
broadcast-burned treatment i n  r e l a t i o n  t o  t h a t  o f  the mature f o r e s t .  Some species such 
as Ribes sp. t r i p l e d  i n  biomass, and some such as Rosa quadrupled. 

I n  general , c l e a r c u t t i n g  and group-select ion c u t t i n g  increased the r a t i o  between 
biomass and volume the most, fo l lowed by the shelterwood cu t t i ng .  The r a t i o  remained 
the same dur ing  the same per iod  i n  the mature f o res t .  

Harvest c u t t i n g  produced a decided s h i f t  i n  the l e a f  and stem composit ion o f  major 
shrubs ( f i g .  16). Those shrubs such as maple, whose leaves accounted f o r  very l i t t l e  
o f  the t o t a l  biomass i n  the mature f o res t ,  showed a decided increase i n  the percentages 
o f  leaves and small stems 4 years a f t e r  harvest ing. The same held t r ue  f o r  those 
shrubs such as n i  nebark, whose leaves comprised a moderate percentage o f  biomass. 
However, the re lease of th imbleberry  r esu l t ed  i n  a decrease i n  i t s  percentage o f  leaves, 
an increase i n  percentage of small stems, and almost no change i n  percentage of l a rge  
stems. 



ACER PHYSOCARPUS RUBUS 

Figure 16.--Components--Leaves, stems less than 4 mm (0.26 inch) in.diametsr, and 
sterns Zarger than 4 rnrn (0 .26 inch) in diame8er--of *hrse typicaZ shrubs 4 years 
after harvest cutting in a Zurch/fir forest. 

The biomass of lesser vegetation--herbs and small shrubs--responded more t o  s i lv i -  
culture treatments t h a n  did biomass of the major shrubs in the same treatments. As 
expected, cuttings t h a t  provided the most release from the overstory trees produced the 
most response in the lesser vegetation (f ig .  17) .  After 4 years, and averaging al l  
residues treatments, lesser vegetation in clearcuts had increased 125 percent over 
preharvest values, in group selections i t  increased about 100 percent, and in shelter- 
woods about 70 percent. 

YEAR 

Figure 17.--Biomass change of lesser vegetation (herbs and small shmcbsi in response 
t o  s<ZvicuZture treatments. 



RESIDUES TREATMENT EFFECTS 

Major shrubs responded t o  the  residues treatments i n  about the same manner as they 
d i d  t o  s i  1 v i c u l  t u r e  treatments. The unders tory-protected treatment produced decidedly 
more shrub biomass than the  o ther  th ree  residues treatments, w i t h  biomass o f  the major 
shrubs on the understory-protected treatment a1 ready approaching i t s  preharvest l e v e l  
a f t e r  on l y  4 years ( f i g .  18). Meanwhile, the o ther  th ree  residues treatments reached 
about one- four th  of t h e i r  preharvest l e v e l .  

Understory Protected 

Intermediate Utilization and Burned 
A l l  Residues Removed 
Conventional Utilization and Burned 

0 2 

YEAR 

F i g u ~ e  18.--Shrub biomass changes i n  reZation t o  preharvest vaZues by  residues 
traatmen t. 



All residues management treatments altered the proportions of shrub leaves, small 
stems, and large stems from that  found in the mature fores t .  An example of three 
shrubs that  normally have widely di f ferent  proportions of leaves, small stems, and 
large stems i 1 lus t ra tes  these residue treatment effects  ( f i g .  1 9 ) .  Residue treatments 
that  included burning affected leaf and stem proportions the most. Differences were 
most pronounced in the larger shrubs. As expected, treatments generally effected a 
s h i f t  toward higher proportions of leaves and small stems a t  the expense of large 
stems. For example, leaves accounted for only 4 percent, and small stems 5 percent, of 
the total  biomass of maple in the mature fores t .  Broadcast burning changed th is  to 22 
and 21  percent, respectively, 4 years a f t e r  harvesting. Similar trends were apparent 
in ninebark, a medium-size shrub, and to a lesser  extent in thimbleberry, a smaller 
shrub. 

ACER PHYSOCARPUS RUBUS 

Figure 19.--Components--leaves, smaZZ sterns less than 4 mm (0 .16  inch) diameter,  and 
Large stems more than 4 mi (0.16 inch) diameter--of three typical shrubs 4 years 
after harvest cutting in a Zarch/f-ir forest. 

The understory-protected treatment resul ted i n  a relat ively mi nor s h i f t  in the 
shrub components of maple, b u t  produced a moderate s h i f t  in the other two species a t  
the 4-year measurement. Removing a l l  the residues resulted in a moderate s h i f t  for  
a l l  three species. 



Lesser vegetation--herbs and small shrubs--responded d ramat ica l l y  t o  the a l l -  
residues-removed treatment, where a f t e r  4 years, i t s  biomass had reached 250 percent of 
i t s  preharves t 1 eve1 ( f i g  . 20). This increase t r i p l e d  the correspondi ng increases on 
the  o ther  three residues treatments which increased 75 t o  90 percent over t h e i r  pre- 
harvest  l eve l s .  The removal of a l l  the p re  and post logging residues, coupled w i t h  
1 i t t l e  s i t e  disturbance, apparent ly created very favorable condi t ions f o r  the lesser  
vegetat ion i n  the  a1 1 -residues-removed treatment. The understory-protected treatment, 
which was very favorable f o r  biomass product ion i n  the major shrubs, showed the l e a s t  
biomass product ion i n  the lesser  vegetat ion. 
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Figure 20. --Change in biomass of the Zesser vegetation (herbs and ma22 shrubs) in 
in reZation to preharvest biomass by residues treatment. 



SUMMARY 

The r e s u l t s  presented i n  t h i s  paper b r i e f l y  summarize the major e f f e c t s  o f  s i l v i -  
c u l t u r e  and residues treatments on understory vegetat ion i n  a  1  arch/Dougl'as-fi r fo res t .  
Subsequent r epo r t s  w i l l  analyze complex species trends and i n t e r a c t i o n s  t o  i l l u s t r a t e  
some o f  t he  more bas ic  aspects o f  the study. A1 though the data repor ted  here cover 
on l y  the  f i r s t  4 years a f t e r  harvest ing,  some immediate t reatment e f f e c t s  and trends 
a re  apparent. 

A l l  o f  the harvest  c u t t i n g s  d r a s t i c a l l y  reduced t o t a l  shrub volume and 
biomass, b u t  4 years a f t e r  ha rves t i  ng a1 1 treatments had rega i  ned one- four th  
o r  more o f  t h e i r  shrub volume and one- th i rd  t o  two- th i rds o f  t h e i r  preharvest 
biomass. Clearcuts recouped t h e i r  logging-caused shrub losses most e f f ec -  
t i v e l y .  She1 terwood c u t t i n g s  reduced shrub volume somewhat less  than d i d  the 
c l ea r cu t s  and group se lec t ions ,  bu t  the recovery o f  shrubs was slower on the 
shel  terwood s i t e s  . 
Residues treatments a f f ec ted  shrubs more than s i  1  v i  c u l  t u r e  treatments f o r  the 
f i r s t  4 years. The unders tory-protected treatment stood ou t  as being dramat- 
i c a l  l y  d i f f e r e n t  than the o ther  th ree  residues treatments.  I t  resu l t ed  i n  a  
much smal ler  l o ss  o f  major shrubs dur ing  logging, and i t s  4-year recovery o f  
both shrub volume and biomass f a r  exceeded t h a t  o f  the o ther  three treatments 
Th is  e f f e c t  was p a r t i c u l a r l y  apparent i n  the shel terwood c u t t i n g s  where the 
res i dua l  stand o f  t rees a f fo rded  some p r o t e c t i o n  o f  the understory dur ing  
1 oggi  ng . 
Burni  ng , coup1 ed w i  t h  e4 t h e r  i ntermedi a te-  o r  convent ional  -wood-resi dues- 
u t i l  i z a t i o n  standards, cons i s t en t l y  reduced major shrub vegetat ion more than 
e i  t he r  the  understory-protected o r  a1 1 -residues-removed treatments.  However, 
even on the  burned areas, shrubs recovered s u b s t a n t i a l l y  w i t h i n  4 years a f t e r  
ha rves t ing  . 
The r e l a t i v e  importance o f  d i f f e r e n t  shrub species i n  terms o f  volume and 
biomass var ied  substant ia l ly--some p o s i t i v e l y ,  some nega t i ve ly ,  some showing 
1 i t t l e  change--i n  response t o  the d i f f e r e n t  combinations o f  s i  1  v i  cu l  tu re -  
res idue treatments. 

Lesser vegetat ion,  comprised o f  herbs and small shrubs, responded r a p i d l y  and 
d i f f e r e n t i a l l y  t o  the var ious combinations o f  treatments. Before harvest ing , 
herbs and small shrubs provided cover on 57 percent o f  the s o i l  sur face i n  
t he  mature f o res t ,  and l i t t e r  and woody mate r ia l  accounted f o r  most o f  the 
remainder. Four years a f t e r  treatment, cover on a1 1 treatments averaged 67 
percent.  Most o f  t h i s  increase was i n  herbaceous mate r ia l  . Removing a1 1 the 
residues on the group se lec t ions  increased herbaceous cover the most. A t  the 
o the r  end o f  the scale, herbaceous cover decreased s l i g h t l y  on the she l t e r -  
woods where the understory t rees and shrubs had been p ro tec ted  dur ing  harvest-  
i ng, 

O f  the t o t a l  l i v e  understory biomass ( n o t  i n c l u d i n g  t rees )  i n  the uncut 
mature forest ,  major shrubs accounted fo r  80 percent, and herbs and small 
shrubs the remainder o f  the  understory vegetat ion.  Four years a f t e r  t r e a t -  
ments, an average of a l l  t reatment combination.responses shows t h a t  herbs and 
small shrubs now account f o r  over ha l f  the t o t a l  biomass. C o l l e c t i v e l y ,  
shrubs and herbs re turned t o  56 percent  of t h e i r  preharvest  biomass a t  2 
years and 75 percent  a t  4 years, bu t  a  f a r  l a r g e r  p ropor t ion  was now i n  the 
l esse r  shrubs and herbaceous ma te r i a l .  



Leaf  and stem components o f  the shrubs i n  the mature f o res t  va r ied  g r e a t l y  by 
species. Some l a rge  shrubs had as l i t t l e  as 5 percent  o f  t h e i r  t o t a l  biomass 
i n  leaves--smal ler  shrubs had as h igh  as 50 percent.  On the average, about 
one-fourth o f  the  t o t a l  shrub biomass i n  the mature f o r e s t  understory was i n  
stems less  than 4 mm (0.16 inch)  i n  diameter. 

Leaf and stem composit ion o f  shrubs changed i n  response t o  both s i l v i c u l t u r e  
and residues treatments, bu t  residues treatments had the g rea tes t  e f f e c t  on 
the  components. As expected, the more d r a s t i c  the s i  1  v i  c u l  ture- res idue 
treatment combinations, such as c l e a r c u t t i  ng and broadcast burn ing , the 
g rea te r  the r e l a t i v e  increase i n  l e a f  biomass. 

Shrub b i  omass per u n i t  o f  volume general l y  doubled o r  t r i p l e d  f o l l o w i n g  
treatments, bu t  t h i s  change va r i ed  by species and treatment combi nat ions.  As 
a general r u l e ,  the s i  l v i c u l  t u r a l  t reatment o f  c l  e a r c u t t i  ng, and the residues 
treatment of broadcast burning, changed the r a t i o  o f  shrub biomass t o  volum 
more than d i d  the o ther  treatments. The corresponding shel terwood and 
understory-protected treatments changed t h i s  r a t i o  the l eas t .  

What these d i f f e r e n t  unders tory  vegetat ion responses mean i n  r e l a t i o n  t o  water 
use, w i l d l i f e  forage and shel t e r ,  n u t r i e n t  cyc l ing ,  compet i t ion o r  p ro tec t i on  f o r  the 
young t r e e  seed1 ings,  entomological and mic rob io log ica l  a c t i v i t i e s ,  and o ther  f ac to r s  
w i  11 be the sub jec t  o f  f u r t h e r  analyses. 
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APPENDIX I 

Trees and shrubs found on the Coram E .  F. study area included: 

Trees Shrubs 

Abies Zasiocaqm 
BekuZa papyrifera 
Larix occidentuZis 
Picea engezmannii 
Pinus aZbieauZis 
PCrms eontorta 
P<nus rnonticoZa 
PopuZus t r m  Zoides 
Pseudotsuga menziesii  
Thu ja p l&zata 
Tsuga heterophyZZa 

Acer g Z a b m  
AZnus sinuata 
ArneZanchier aZnifoZia 
Lon-icera utahensis 
Berberis repens 
Menziesia fermginea 
Pachistima myrsini tes  
Phy socarpus maZvaceus 
Ribes Zacustra 
Ribes v i s c o s s i s s i m  
Rosa acicuZaris 
Rosa gymnocarpa 
Rubus p a m i  f Zoms 
S a l k  scouZeriana 
Shepherdia canadensis 
Sorbus scopulina 
Spiraea betuZifo Zia 
Symphorical..pos aZbus 
T a u s  brevifoZia 
Vacciniwn membranacewn 
Vacciniwn myrti  ZZus 

I n  add i t ion  t o  the above t rees and shrubs, 58 herbaceous species were found 
on the study area.  



REGENERATION ESTABLISHMENT I N  RESPONSE TO HARVESTING 
AND RESIDUE MANAGEMENT I N  A WESTERN LARCH--DOUGLAS-FIR FOREST 

Raymond C. Shearer 

P r i nc i pa l  S i l v i c u l t u r i s t ,  USDA Forest Service 
Intermountain Forest and Range Experiment S ta t i on  

ABSTRACT 

Natural  regenerat ion lagged on a l l  s i t e s  on a recent  logg ing  
study, regardless of previous residue u t i l  i z a t i o n  standards o r  
understory and seedbed treatments. Two fac to r s  have reduced 
regenerat ion p o t e n t i a l  : (1 ) 1 i t t l e  mineral s o i l  was exposed 
e i t h e r  dur ing  t imber harvest o r  as a r e s u l t  o f  prescr ibed 
burning, and (2 )  i n  1974 (year o f  logging)  western spruce 
budworm destroyed near ly  a l l  cones except western l a r ch .  

Seed d ispersa l  usua l l y  occurred v i a  thermal s lope winds w i t h  
u p h i l l  motion, beginning i n  September. However, i n  1976 most 
seed was dispersed by e r r a t i c  winds associated w i t h  a d r y  cold 
f r o n t  i n  October. Less than 10 percent o f  the  sound seed 
d ispersa l  i n  t he  f a l l  survived u n t i l  germination. Germination 
and seed1 i n g  su rv i va l  o f  western larch,  Douglas-f i  r, lodgepole 
pine, Engelmann spruce, and subalpine fir was s u b s t a n t i a l l y  
h igher  on burned seedbeds than on unburned seedbeds. Subalpine 
fir was t he  on ly  species t h a t  germinated r e l a t i v e l y  we l l  on 
unburned duff. Surface temperatures were no t  c r i t i c a l  on any 
treatment (except on charred surfaces the f i r s t  year  f o l l ow ing  
prescr ibed burning),  because competing vegetat ion qu i ck l y  
shaded a1 1 cutover areas. 

Douglas- f i r  and Engelmann seed1 ings p lanted dur ing  1976-1 978 
have become estab l ished on a l l  treatments. The e f fec ts  of 
res idue u t i l  i z a t i o n  on understory and seedbed treatments may be 
more important i n  the  l a t e r  growth o f  con i f e r s  than i n  the  
estab l  ishment stage, 

KEYWORDS: residues, t r e e  regeneration, seed product ion, seed 
d ispersa l  , western 1 arch, Douglas-f i r ,  Engelmann spruce, subalpine 
fir. 



INTRODUCTION 

Many western l a r c h  ( L a r i x  occ identa l  i s  Nut t . )  f o res t s  began as a r e s u l t  o f  
ca tas t roph ic  f i r e s  t h a t  f-ed years i n  which l i t t e r  and o ther  flamnable debr is  
had accumulated w i t h i n  matur ing stands. Western la rch ,  the most shade-intolerant 
species i n  the  Northern Rockies, requt res a major disturbance f o r  successful regenera- 
t i o n  (Schmidt and others  1976). Indeed, f ire-exposed s o i l  s enhance the regenerat ion 
o f  most coni fers  i n  the western larch-dominated fo res ts .  

Experience has shown t h a t  western l a r c h  can be regenerated us ing any method o f  
management t h a t  favors even-aged stands if: (1) s o i l  i s  exposed through prescr ibed 
burn ing o r  s c a r i f i c a t i o n ,  (2 )  seed 9 s present, and ( 3 )  favorable mic ros i  t e  condi t ions 
occur dur ing the  year  o f  germination (Schmidt and others  1976). Regeneration o f  
shade-intolerant species such as western l a r c h  i s  l ess  c e r t a i n  when land  managers 
face t he  need t o  modify c u t t i r g  pract ices,  u t i l  i z a t i o n  standards, or seedbed 
preparat ion methods t o  p ro tec t  o r  enhance o ther  mu1 t i p 1  e-use values by reducing 
disturbance o f  the  s i t e .  

OBJECTIVES 

The problem faced i n  t h i s  study was t o  i d e n t i f y :  (1) s i l v i c u l  t u r a l  systems 
t h a t  enhance na tu ra l  regenerat ion o f  western l a r c h  and i t s  associated species, and 
( 2 )  s i t e s  where con i fe r  s tock in  could be increased through p l a n t i n g  Engelmann 
spruce (Picea en elmanni i  Parry 7 , and Douglas- f i r  (Pseudotsu a menzies i i  vsr. + glauca ( ~ e j s s n k  No western l a r c h  p l a n t i n g  stoc was m. 

The ob jec t i ves  o f  the  resenerat ion p o r t i o n  o f  t he  R&D Program were t o  evaluate 
t he  ways in-which s i l  v i c u l  t u r a l  p rescr ip t ion ,  harvest ing methods, and f o r e s t  products I 
res idue reduct ion treatments affected the  regenerat ion of western 1 arch and asso- 
c i a t e d  species. 

STUDY AREA AND TREATMENT 

The study was conducted on the  7,460 acre (3019 ha) Coram Experimental Forest, 
on the  Flathead Nat ional  Forest I n  northwestern Montana ( f i g .  1 ).  The sbudy s i t e s  
were locahed below the  main r l dge  fac ing  east  i n t o  Abbott Basin ( l a t .  48 25 '  N., 
long. 113 59" W. 1, S i x  blocks, ( f i g .  2 1  were logged i n  1974, i nc l ud ing  two c learcu ts  
(14 and 17 acres o r  5.7 and 6.9 ha), two shelterwoods (35 and 22 acres o r  14.2 and 
8.9 ha), and two sets  o f  e i g h t  small c learcu ts  represent ing group se lec t i on  cuts  
(averaging 0.8 acre, o r  0.3 ha). Each b lock was f u r t h e r  d iv ided  i n t o  f ou r  subblocks, 
each o f  which received a d i f f e r e n t  standard o f  t imber and res idue u t i l i z a t i o n  ( f i g ;  
1). O f  the  f o u r  subblocks, No. 1 and 2 were broadcast burned and No. 3 and 4 were 
l e f t  unburned. A description o f  the  u t i l  i z a t i o n  standards and t r e e  c u t t f n g  requ i re -  
ments fo l lows:  
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Figure I.--L;ocation of cutting btoc3:s Cn Abbo$t Basin, Corm ExperimentaZ 
Forest; timber harvested in 1974 and broadcast burned in Sapternher 1975. 



Figure 2. --Lower cutting blocks on the C o r n  
ExperimentaZ Forest: (A1 Block 11, shel ter-  
wood; (BJ Block 2 2 ,  smaZZ clearcuts  
representing group se leetion cut kings 
Iburned, l e f t  column); (C) Block 13, 
c tearcut. 



Subblocks 

1 

Trees c u t  

A l l  t rees  except 
designated overstory  
shelterwood t rees 

All t rees  except 
designated overstory  
shel terwood t rees 

A1 1 
des 
she 

U t i l i z a t i o n  standard 

A l l  ma te r ia l  (1 i v e  and dead, 
s tandin and down) t o  3 inch  
(7.6 cmy diameter, 8 f o o t  (2.4 m) 
length,  and 113 sound, removed 

Sawtimber mater ia l  ( l i v e  and 
recen t l y  dead) t o  1974 Forest 
Service standards--7 i nch  (1 7 
d.b.h., 8 f o o t  (2.4 m) l eng th  
1/3 sound, remved 

t rees  except A l l  ma te r ia l  ( l i v e  and dead, 
i gnated overstory  standing and down) t o  1 inch  
1 terwood t rees  2.5 cm). diameter (. intensive f 

ut i l  i z a t i ~ n ) .  

8 cm 
and 

ber 

4 Trees t o  7 inches A l l  ma te r ia l  (1  i v e  and dead, 
(17.8 cm) d.b.h. e x c e ~ t  standinq and down 1 t o  3 inch 
desi \gnat id overs tory  ' (7.6 cmj diameter; 8 f o o t  (2.4 m) 
she1 terwood t rees  length,  and 1/3 sound, removed 

The t imber  type on the study area i s  larch--Douglas- f i r ,  Cover Ty e 212, 
(Soc ie ty  of American Foresters 1954). Associated species inc lude  suba i' pine  fir 
( ~ b i e s  i a s i o c s r  a (Hook. ) N u t t .  ) and Englemann spruce. The study area fa1 1 s r i m a r i l y  R iii7E d o c a r p a / C l i n t o n i a  u n i f l o r a  hab i t a t  type, w i t h  the f o l l ow ing  p ases 
represented: Aral i a  nudicaul  I s, Menziesia fer rug inea,  C1 i n t o n i a  un i  f l o r q ,  and 
Xero h l l u m  t e ' i i f i s t e r  and others  'I 977; Bernard L. Kovalchik m u n p u b l  ished +- 

The topography ranges i n  steepness from 30 t o  80 percent (-17' t o  39'1, whi le  
the  e l eva t i on  ranges from 3,900 t o  5,200 f e e t  (1189 t o  1585 m) m.s.1. The s o i l s  on 
t he  slopes a re  der ived from impure l imestone and under ly ing mater ia l  o f  loamy- 
s ke l  eta1 s o i  1 fami 1 i es ( K l  ages and others  1976). 

METHODS 

Before logging, 10 permanent po in ts  were sys temat ica l l y  chosen a t  100-foot 
(30.5 m) i n t e r v a l s  w i t h i n  each of the subblocks i n  the c l eq rcu t  and shel terwood 
cu t t ings .  F ive  po in t s  were chosen w i t h i n  each of the e i g h t  small c learcuts ,  a t  
va r i ab le  i n t e r v a l s  depending on s ize  o f  the  opening. A l l  p l o t s  were referenced t o  
these po ints .  

Seedbed 

A companion study ( A r t l e y  1976; A r t l e y  and others  1978) describes the methods 
used t o  determine duff reduct ion and mlneral  s o i l  exposure on resc r ibed  burned 
subblocks i n  the  c learcu ts  and she1 terwood cu t t ings .  A r t l e y  ( ! 976) randomly 
estab l ished f i f t y  4x4 ft (1.2x1.2 m) p l o t s  i n  each subblock ( f i v e  referenced t o  

'on f i l e  a t  Forest ry  Sciences Laboratory, Missoula, MT. 
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each permanent p o i n t )  o f  the  c l e a r c u t  and shelterwood blocks (none was es tab l i shed  
i n  the  group se lec t i on  cu t s ) .  The f o l l o w i n g  preburn measurements were taken a t  each 
p l o t :  (1 )  d u f f  depth, ( 2 )  mineral  s o i l  exposure, ( 3 )  weight of downed woody ma te r i a l ,  
( 4 )  woody shrub weight, ( 5 )  depth of down woody mate r ia l ,  (6)  slope, and (7 )  aspect. 
About one hour p r i o r  t o  i g n i t i o n  samples of du f f ,  downed woody mate r ia l  and herbaceous 
vegetat ion were taken a t  each of t he  permanent po in t s  t o  determine t h e i r  preburn 
water contents. A f t e r  each f i r e ,  the  f o l l o w i n g  measurements were taken: (1) d u f f  
depth, ( 2 )  mineral  s o i l  exposure ( i n  percent o f  area),  and (3 )  weight and depth o f  
downed woody mate r ia l  ( A r t l e y  and others  1978). Du f f  reduc t ion  was est imated on the  
group se lec t i on  c u t t i n g s  (smal l  c l ea r cu t s )  near the  permanent po in t s  by o ther  re -  
searchers, bu t  mineral  s o i l  exposure was no t  measured. 

I n  add i t i on ,  w i t h i n  t he  top  4 inches (10.16 cm) o f  s o i l  on a l l  burned subblocks, 
t he  f o l l o w i n g  were i d e n t i f i e d  near each permanent p o i n t :  ( 1 )  the  amount of s o i l  
water before and a f t e r  each broadcast f i r e ,  ( 2 )  s o i l  hea t ing  dur ing  each broadcast 
f i r e ,  and (3) t h e  number of 1  i v i n g  non-coniferous roo t s  before and a f t e r  each broadcast 
f i r e  ( A r t l e y  and others  1978). 

Cone Product ion 

The p o t e n t i a l  cone crop i n  t he  uncut t imber  was c l a s s i f i e d  from 1973-1978 as 
good, f a i r  o r  poor, us ing a sequent ia l  sampling method (Roe 1966). The best  p o t e n t i a l  
cone-producing t r e e  of each species w i t h i n  a 25-foot rad ius  (7.6 m) p l o t  was examined 
i n  May o r  June of each year.  

Time of Seedfa l l  

Four seed co l l ec to r s ,  each about 32 square f e e t  (3  m2)  i n  surface area, were 
placed i n  uncut t imber  t o  he lp  determine the  t ime of seed fa l l  i n  1974 and 1976. 
Dur ing per iods of peak disseminat ion,  these t r aps  were emptied several t imes each 
day t o  r e l a t e  t he  e f fec t  o f  environmental f a c t o r s  t o  t i m i n g  o f  seed fa l l .  

Seed D i s t r i b u t i o n  

Seed d ispersa l  was measured w i t h i n  the  cutover  aress and t he  uncut stqnds us ing 
6-square-foot (0.5 m2) seed t raps.  There were 40 o f  these seed t r aps  placed w i t h i n  
each o f  t he  two c learcu ts  (one associated w i t h  each permanent p l o t ) ,  20 placed 
w i t h i n  each of the  two shelterwoods ( i n  assoc ia t ion  w i t h  h a l f  t he  permanent p l o t s ) ,  
two placed w i t h i n  each group se lec t i on  c u t  (smal l  c l ea r cu t s ) ,  aed 40 w i t h i n  t he  
uncut t imber.  The seed t r aps  were i n s t a l l e d  w i t h i n  t he  uncut ( c o n t r o l )  t imber  
i n  1973 and w i t h i n  t he  cutover  u n i t s  a f t e r  c u t t i n g  and s i t e  t reatments were completed. 
The seed t raps  were emptied du r i ng  t he  sp r i ng  f o l l o w i n g  seed fa l l .  The t o t a l  number 
and t he  number of f i l l e d  seeds were counted from each seed t rap .  



Seed Loss After Dispersal 

From the time t r e e  seed reaches the ground i n  the f a l l  unti l  i t  germinates the 
f o l l  owing spring, many factors  (chief ly  rodents, birds,  invertebrates and diseases) 
reduce the number o f  seed potential ly capable of germination. The number of viable 
seeds was estimated from seed traps. Seed loss during winter was estimated from 6- 
square-foot (0.5 m 2 )  samples o f  duff and soi l  taken from surfaces about 10 f e e t  ( 3  m) 
from selected seed traps.  These samples were taken in May 1475 a t  16 points within 
each cutt ing method and within the control (uncut) areas,  

The difference between the number of f i l l e d  seed found in the seed traps and 
those found a t  the surface represents an estimate of seed loss.  

Seedling Establishment 

Seed1 ing establishment i s  influenced not only by 
germinate b u t  by a broad range of biological and phys 
par t icular ly  during the f i r s t  year fol lowing germinat 

the number of seeds tha t  
ical  fac tors  af fec t ieg  surv 
ion. 

Establishment of natural regeneration was studied on permanent c i r cu la r  milacre 
plots  (43.56 f t2 ,  or 4.05 m 2 ,  in surface area)  within each subblock; the locations o f  
these plots  were chosen to  r e f l e c t  the conditions of the treatment areas in which 
they were ins ta l led .  The center of each plot  was located 23 f ee t  ( 7  m). from each 
permanent point a t  the lower r ight  corner (looking uphill 1 o f  the 53.82 f t 2  ( 5  m 2 )  
vegetation quadrants. Measurements were made in  the  summers of 1978 and 1979. In 
1979, the sample s i ze  was doubled by establishing temporary points 50 fee t  (15.24 m )  
downhill from each permanent point. Seed-seedling ra t ios  were estimated using the 
seed t rap  closest  to  each natural regeneration plot .  

Seeded Plots 

In order t o  identify the probable causes of seedling mortality, plots  were 
established on each of the seedbed and residue subblocks within a l l  cut t ing blocks 
( f i g .  3 ) .  Two and four plots  were seeded on each of the burned and unburned sub- 
block, respectively. These plots  were sown with 200 seeds of each of the following 
species: western larch, Douglas-fir, Engelmann spruce, subalpine f i r ,  and lodgepol e 
pine ( Pinus contorta Doug1 . ex Loua. ) . A1 1 plots  were sown from mid- t o  late-October 
for  5 consecutive years (1974 - 1978), except those tha t  were unburned in 1974 on 
subunits 1 and 2 of the shelterwood cutt ing (block 11) ,  shown in f i g .  3.  

These plots  were located and marked as soon as  possible a f t e r  the treatments 
were completed--in the fa1 7 of 1974 on unburned seedbeds and i n  the fa1 1 of 1975 on 
burned seedbeds, 

The seeds used i n  t h i s  study were collected near the Coram Experimental Forest 
i n  the f a l l  of 1974, i n  an area o f  the  same habitat  type, elevational zone and 
aspect as the study area. Extraction and cleaning was done a t  the Coeur dlA]ene 
nursery; chemical repellent  coating was not used, so tha t  f i e ld  germination would be 
a s  s imilar  t o  tha t  of natural ly dispersed seed as possible. 



Figure 3.--Marking gemination and checking survivaZ i n  the spring of 1977 
on plots  sown i n  Oc*ober 1976 wi th  200 seeds of each o f  the foZZowing 
species : western Zarch, Doug Zas- f ir, Enge Zmann spruce, subalpine f i r ,  
and ZodgepoZe pCne. 

None of these plots was disturbed; natural conditions were maintained as 
nearly as possible. Data from these plots were used t o  help interpret and extend 
the results obtained from the natural regeneration plots .  

Germinat ion 

Weekly or bi-monthly counts were taken beginning i n  early May to determine peak 
and total germination. Germinated seedlings (those with c~tyledons i n  an upright 
position) were marked, and the times of  their  germination noted, 

Plqnting 

In May of 1976 through 1979, 25 2-0 bare root Douglas-fir and Engelmavn spruce 
grown a t  the U, S. Forest Service, Coeur dlAlene nursery were auger planted on 
subblocks 1,  2 ,  and 3 of each cutting block a t  a 6-foot (1.8 m) average spacing 
( f i g .  4).  Survival and growth characteristics are being evaluated. Growth of 
planted seed1 ings will be compared w i t h  growth of natural regeneration o f  the same 
species, 



Figure  4.--Planting Douglas-fir and E"rzgeZmann spruce i n  holes made by 4 inch 
(20  em) diameter augers, on burned seedbed within the burned portion of 
the  Zower clearcut (block 13)  i n  early May, 2977.  Note that  the compeking 
vegetation has not begun t o  Zeaf out.  

RESULTS 

"Seedbed Treatments 

Each cutting unit had four different s i t e  conditions following timber harvest 
and other s i t e  treatments. 

Timber harvest occurred in 1974. Removal of logs that were not  fully suspended 
above the ground by the skyline yarding system exposed some mineral soil (probably 
less than 5 percent). Mast of this scarification occurred within distinct "skyline 
t r a i l s , "  principally up and down the slope, where passing logs re eatedly tore out ! the vegetation, moved t he  l i t t e r  and duff and exposed mineral soi . This minor 
scarification occurred rather uniformly throughout a1 1 cutting blocks. 

The prescribed burns took place between September 8-13, 1975. These f i res  did 
not accomplish the prescription objectives for duff reduction and mineral soil 
exposure because of the high water content of the duff layer. The water content of 
the upper duff was above prescription limits in a l l  blocks and except for the lower 
group selection cuts (block 12), the average lower d u f f  water content exceeded 100 
percent in a l l  blocks (Artley and others 1978). 

More than twice as much duff was burned on the clearcut and  group selection 
blocks than on the shelterwood cutting because they had relatively drier slash. 
Treatments 1 and 2 (see Study Area and Treatment) were averaged on the clearcuts and 
group selections because the differences in duff reduction and exposed mineral soil 



were no t  s i g n i f i c a n t .  These treatment d i f fe rences  were s i g n i f i c a n t  on the burned 
shelterwood cu t t i ng .  The percentage o f  mineral  s o i l  exposed ranged from 7 percent 
on shelterwood subblock 21-1 t o  20 percent on c l ea rcu t  b lock 23 ( A r t l e y  and others  
1978). Du f f  was reduced an average o f  25 percent ( l ess  than 0.8 inch  (2.3 cm)) on 
a1 1 b l  ocks . 

A more complete discussion o f  prescr ibed burns i s  given by A r t l e y  and others  
(1 978). 

Seed Production and Dispersal 

I n  June, from 1973 through 1978, cone product ion was estimated on spec i f i c  
sample t rees  located w i t h i n  the  con t ro l  blocks. Each year these estimates ( f i g .  5 )  
showed t h a t  western l a r c h  had greater  p o t e n t i a l  cone product ion than Douglas- f i r ,  
Englemann spruce, o r  subalpine fir. The h igh p ropor t ion  o f  t rees  w i t h  poor cone 
crops i n  1974 on the study area was a t t r i b u t e d  mainly t o  the  in f luence  o f  western 
spruce budworm Chori stoneura occ identa l  i s  Freeman 1, which caused heavy defol i a t i o n  
f o r  several seasons + on t e Coram Experimental Forest before i t s  dec l ine  s tq r t ed  i n  
1974. Cone crops o f  a l l  species were genera l ly  good i n  1974 where d e f o l i a t i o n  by 
western spruce budworm was low o r  absent. There are two main ways i n  which the  
western spruce budworm in f luences cone production. F i r s t ,  the  la rvae  feed on the  
buds, flowers, and developing cones, perhaps l ess  on western l a r c h  than on Dou 14s- 
fir, Engelmann spruce, o r  subalpine fir. Second, t op  k i l l  i n  subslpine fir, e 9 i m l -  
nated much o f  i t s  po ten t i a l  f o r  cone product ion f o r  several years. Hence, la rch ,  
Douglas-f i r  and spruce were ab le  t o  respond more q u i c k l y  than subalpine fir i n  cane 
product ion when populat ions o f  western spruce budworm decreased. I t  i s  n o t  known 
what e f fect  repeated heavy defo l  i a t i o n  has on cone production. 

Legend : 

None Poor Fair Good 
0 rn 

- 
2 
5 Western Larch Douglas- Fir 

YEAR OF CONE CROP by t ree  species aLnd year, Coram 
Spruce Subalpine Fir ~&perimen$aZ Forest. 
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Seed dispersal was measured from 1973 through 1977 in the two uncut stands 
(controls). On these s i tes ,  only a few f i l led western larch seeds were dispersed 
per acre in 1973, 1975 and 1977. In 1974, over three-fourths of the total seedfall 
was western larch (table 1 ). This was, in part, an indication of the greater impact 
of the budworm on cones of Douglas-fir, Engelmann spruce and subalpine f i r .  In 
areas with low populations of budworm after  1974, the number of seed dispersed in 
1976 nearly doubled for larch, b u t  increased over 20 times for Douglas-fir. Subalpine 
f i r  cone production will not recover on trees whose tops were killed by the western 
spruce budworm until new tops are formed. 

Table 1 . - -F i l l ed  c o n i f e r  seed (thousands) dispersed per  acre ( h e c t a r e )  wi th in  the 
uncut t imber ( c o n t r o l s ) ,  1973 - 1977. 

Western : Douglas- : Engelmann : Western : 
Larch : Fir : Spruce : Hemlock : Other2 : Total 

LOWER BLOCKS 

1974 13.4 5.4) 0.8 ( 0.3) 2 .0  (0.8) 4 . 0 ( 1 . 6 )  O.e(O.3)  Z 1 . 0 ( 8 . 5 )  
1976 18.6 [7J 4 l . i  (16.7) 16 (0 .6)  
Total  32.8 ( . 3  (17.D) 3.6 ( )  25.9 

UPPER BLOCKS 

1 Only a few western l a r c h  seeds were dispersed i n  1973, 1975, and 1977. 
2Lodgepole pine, western whi te  pine,  ponderosa pine,  and western red cedar .  

Seedfall in the cutover areas was measured starting i n  1974 on the shelterwood 
cuts and the clearcuts, in 1975 on the upper group selection cuttings and f n  1976 on 
the  lower group selection cuttings (table 2) .  Greatest seed dispersal occurred 
within the lower clearcut (block 13). Seedfall was lowest i n  t h e  upper clearcut and 
group selections (blocks 23 and 22) .  



Tab1 e 2. --Fi 11 ed conifer seed (thousands) dispersed per acre (hectare) within the 
various cutting units, 1974-1 977. 

Western : Douglas- : Engelmann : Western : 
larch : f i r  spruce : hemlock : Other : Total 

LOWER SHELTERWOOD CUT 

UPPER SHELTERWOOD CUT 

LOWER GROUP SELECTION CUTS 

UPPER GROUP SELECTION CUTS 

LOWER CLEARCUT 

UPPER CLEARCUT 

'NO sound seed was found i n  1977. 



In the lower clearcut (block 13), dispersal of sound seed from 1974 t h r o u g h  
1977 decreased rapidly for  a distance of 300 fee t  (91 m) upslope from the lower 
timber edge, then decreased slowly t o  500 fee t  (153 m )  from the bottom (about 100 
fee t ,  30 m ,  below the u p  e r  timber edge) ( f ig .  6 ) .  Much less  seed f e l l  within the 
upper clearcut (block 23 7 , b u t  i t  followed a similar, though less  d i s t inc t ,  pattern 
( f i g .  6). This pattern indicated most seed was dispersed by thermal winds with 
upslope motion--the same as has been recorded on other clearcuts a t  Corarn (Shearer 
1959). However, in 1976, seed was dispersed by e r r a t i c  winds associated with a dry, 
cold front  i n  October that  interacted with the upslope winds, An average o f  146,000 
and 17,000 sound seed per acre (361,000 and 42,000 per hectare) f e l l  within the 
lower and upper clearcuts from the 1974, 1975, and 1976 seed crops. This ranged 
from an average of 396,000 and 26,000 sound seeds per acre (979,000 and 64,000 per 
hectare) along the bottom row of seed traps,  t o  51,000 and 14,000 sound seeds per 
acre (126,000 and 35,000 per hectare) along the top row of seed traps within the two 
clearcuts. An estimate of variation in to t a l  sound-seed dispersed over the lower 
clearcut (block 13) through three seed years can be seen by the iso-seed l ines in a 
 map of the clearcut ( f i g .  7) .  

Bottom 
Timber 
Edge 

Upper 
Timber 
Edge 

Figure 6 .  --Average number of sound 
seeds f~housands) dispersed {nto 
two cZearcut blocks from 1974-1977, 
from bot-tom t o  top ,  Coram E q e r i -  
mentaZ Forest. 

DISTANCE FROM BOTTOM TIMBER EDGE (FT) 

Figure 7 .  --DispersaZ of sound seed 
into the Zower cZearcut (Block 131, 
l 9 7 4 - l g 7 7 ,  C o r n  EqerimentaZ Forest. 
Dashed Zines indicate iso-seed Zines 
separating riders fthousandsl o f  
sound seeds, Dots represent pema- 
nen-b sample poin-bs where seed traps 
were Zocated. 



Dispersal  o f  sound seed on the upper shelterwood area (b lock 21) was extremely 
va r i ab l e  from 1974 - 1977, averaging 160,000 seeds per acre (395,000 per hectare),  
bu t  ranging from 8,000 t o  550,000 seeds per  acre (20,000 t o  1,359,000 per hectare) 
a t  the  20 sampling po in ts .  Heaviest seed fa l l  (averaging 204,000 sound seeds per 
acre, o r  504,000 per hectare) occurred on the  south h a l f  o f  the  area. An average o f  
117,000 sound seeds per acre (289,000 per  hectare) f e l l  on the  no r t h  ha1 f o f  the  
area. Because the  heav ier  seed fa l l  i n  1974 was on the area t h a t  was prescr ibed 
burned i n  September 1975, many o f  the  seedl ings t h a t  germinated i n  the sp r i ng  o f  
1975 were k i l l e d  by the f i r e .  

Dur ing t he  per iod  September 23 - October 17, 1974, seed d ispersa l  fo l lowed a 
c h a r a c t e r i s t i c  pa t t e rn  on the  study un i t s .  Greatest  seed fa l l  occurred dur ing  t he  
windy po r t i ons  o f  the day ( f i g .  8) .  

NOON 
HOUR (M. 5. T. I 

Figure 8.--Average number of seed caught per hour in four seed coZZectors 
and average uind veZocity fm.p. h, ) by hour of day, C o r m  ExperimentaZ 
Forest. CoZZections of seed were made during 20 days of the period 
September 23 through October 17, 1974; wind measurements were taken 
each day of the period. 

Temperature, humid i ty  and probably o the r  f ac to r s  in f luenced  the  amount o f  seed 
dispersed. F igure 8 shows averages on ly ;  per iods of h i gh  seedfa l l  usua l l y  were 
associated w i t h  ups1 ope (eas te r l y )  winds o f  g rea te r  than average  el o c i  ty, lower 
than average humid i ty  and warmer than average temperature, Because seed counts were 
n o t  made dur ing  the  hours of 1600 through 0700, an average o f  overn igh t  seed fa l l  i s  
shown i n  f i g u r e  8. Seedfal l  probably increased dur ing  t he  hours o f  2000 through 
2200, ins tead  o f  remaining constant  as shown i n  f i g u r e  8. 

Seed Loss 

The amount of seed eaten o r  otherwise removed from the  seedbed between the t ime 
of seedfa l l  i n  1974 and germinat ion i n  May 1975 was est imated by count ing the seed 
i n  seed t r aps  and i n  adjacent d u f f  samples a t  the t ime o f  e m i n a t i o n  i n  the spr ing.  
The data show t h a t  on ly  about 9 percent o f  the  sound seed 9 most l y  western l a r c h )  
dispersed i n  1974 was ava i l ab l e  f o r  germinat ion i n  May 1975; t he  amounts ranged from 
3 percent on c l ea rcu t s  t o  16 percent i n  uncut t imber. 



Natura l  Regenerati on 

I n  September 1979, 5 years a f t e r  logging,  n a t u r a l  regenerat ion was considered 
inadequate on a l l  areas regard less o f  c u t t i n g  method o r  s i t e  cond i t i ons  ( u t i l i z a t i o n  
l e v e l  and understory o r  seedbed t reatment ) .  Both the  number p f  3- and 5-year-o ld  
seedl ings per  acre and t h e i r  s tock ing  were g rea te r  on the  shelterwood cu ts  ( t a b l e  3 )  
than on t h e  group s e l e c t i o n  c u t s  ( t a b l e  4)  o r  t h e  c l e a r c u t s  ( t a b l e  5 ) .  F i r s t - y e a r  
seedl ings were counted b u t  n o t  i nc luded  i n  these data because they  w i l l  be g r e a t l y  
reduced i n  number through compet i t ion f o r  a v a i l a b l e  l i g h t  and moisture.  

Table 3.--Number o f  3- and 5-year-old seedl ings per acre and percent o f  m i l a c r e  p l o t s  
stocked by them on shelterwood c u t t i n g s ,  by s i t e  cond i t i on ,  September 1979 

S i t e  c o n d i t i o n  Seedlings per  acre  (ha) Stock ing 
U t i l i z a t i o n  Seedbed A1 1 A1 1 

1 eve1 Understory t reatment  WL D F species WL DF species 
Number Percent 

Lower Shel terwood (Block 11 ) 

I n t e n s i v e  Cut Not burn: 650 (2631 250 (101) 900 
Conventional Cut Not burn 900 (364 
Close f i b e r  Cut None 650 (263) 20; 1. 8P{ % 
I n  tens i ve Uncut None 450 (182) 250 (101) 700 

Upper Shel terwood (Block 21 ) 

I n t e n s i v e  Cut Burn 700 (283) 100 ( 40) 800 (324) 20 10 20 
Conventional Cut Burn 1100 (445) 150 ( 61) 1250 (506) 40 15 4 0 
Close f i b e r  Cut None 2 0 Q ( 8 l )  1 5 0 ( 6 1 )  4 0 0 ( 1 6 2 )  1 Q  15 2 5 
Close f i b e r  Uncut None 7 5 0 ( . 6 1 )  5 0 ( 2 0 )  2 0 0 ( 8 1 )  70 5 10 

. .- 

' Subbl ocks were never burned. 



Table $.--Number of 3- and 5-year-old seedlings per acre (hectare) and percent of milacre 1 
plots stocked on group selection cuttings, by s i t e  condition, September 1979. 

S i t e  condition Seed1 ings  per acre (ha] Stocking 
Utilization Seedbed A1 1 A1 1 

1 eve1 Understory treatment WL DF species WL DF species 
Number Percent 

Lower Group Selection (Block 12) 

Intensive C u t  Burn 0 ( 0) 50 (20) 50 (20) 0 5 5 
Conventional C u t  Burn 0 5 5 
Close f ibe r  C u t  None 5 
Intensive Uncut None 50 (20 0 ( 0) 50 (20) 5 0 5 

O 

Upper Group Selection (Block 22) 

Intensive C u t  Burn 50 (20) 50 (20) 100 (40) 5 5 10 
Conventional C u t  Burn 5 5 5 
Close f ibe r  C u t  None 50 "'1 20 1 50 (20 5 0 5 
Intensive Uncut None 0 ( 0). o m  o ( 0 )  0 0 0 

Table 5.--Number of 3- and 5-year-old seedlings per acre (hectare) and percent of  milacre 
plots stocked on clearcuttlngs, by s i t e  condition, September 1979. 

Si te  condi t i  on Seed1 ingf per acre (ha 1 Stock ivg 
Util ization Seedbed A1 1 A1 1 

1 eve1 Understory treatment W L DF spec i es WL DF species 
Number Percent 

Lower Clearcut (Block 13) 

In tens i ve C u t  Burn 200 ( 81) Q 0 300 121 ) 20 0 2 0 t Conventional C u t  Burn 250 (101) 0 0 -  250 1Q11. 15 0 15 
Close f ibe r  C u t  None 0 0 0 
Intensive Uncut None 0 5 5 

Upper Clearcut (Block 23) 

Intensive C u t  Burn 182) 1QQ (40) 550 (223) 10 10 2 0 
Conventional C u t  Burn 20) 50 (20) 100 40 5 5 10 
Close f ibe r  C u t  None 50 20 100 40 

0 1 01 50 1 201 
5 5 10 

In tens i ve Uncut None 0 0 5 



SHELTERWOOD CUTTINGS 

The number o f  3- and 5-year-old seedl ings was g rea te r  on t he  shelterwood cu t s  
( t a b l e  3 )  because of t he  g rea te r  p ro tec t i on  on t h a t  s i t e .  The lower shelterwood s i t e  
had near l y  the same number o f  seedl ings and l e v e l  o f  s tock ing throughout the  study 
because t he  planned f i r e  t reatments had no t  been appl ied.  The upper shelterwood s i t e  
had more seedl ings and g rea te r  s tock ing on the  burned seedbed than on the  unburned 
area. 

GROUP SELECTION CUTTINGS 

The group se lec t i on  c u t t i n g s  regenerated poo r l y  dur ing  t he  f i v e  years f o l l o w i n g  
t imber  harvest  ( t a b l e  4) .  The p o s s i b i l i t y  o f  any sudden increase i n  s tock ing seems 
remote because o f  t he  heavy vege ta t i ve  compet i t ion on 41 1  seedbed condi t tons .  About 
t h e  same amount o f  western l a r c h  and Doug las - f i r  seed f e l l  on both the  lower and 
upper group se lec t i on  cu t s  from 1974 through 1977. The lower groups a lso  had heavy 
western hemlock and western redcedar seedfa l l  i n  1976. P r a c t i c a l l y  no hemlock o r  
redcedar regenerat ion from the  1976 seed crop was found i n  September 1979.. 

CLEARCUTTI NGS 

The number and s tock ing  o f  3- and 5-year-old seed l in  s i n  1979 was g rea te r  on 
the  c l ea rcu t s  ( t a b l e  5 )  than on t he  group se lec t i on  cu ts  9 t a b l e  4), bu t  l e ss  than on 
t he  shelterwood cu t s  ( t a b l e  3). Most seedl ings were found on the  burned seedbeds. 
The number o f  seedl ings found on "the upper c l ea r cu t  decreased w i t h  d is tance from the  
lower  t imber edge, corresponding w i t h  the  seed d ispersa l  pa t te rn .  Th is  r e l a t i o n s h i p  
d i d  no t  ho ld  on the  lower c lea rcu t ,  however, probably because of g rea te r  competitTon 
f o r  mois ture by dense vegetat ion on the  'lower p o r t i o n  of the  c lea rcu t .  

Seed Gemina t ion  and Seedl i n g  Surv iva l  

From 1975 through 1978, germinat ion o f  sown seed on unburned seedbeds was poor 
f o r  a l l  species except subalpine fir. I n  con t rqs t ,  germinat ion improved g r e a t l y  f o r  
a l l  species on the seedbeds t h a t  were burned i n  1975 ( t a b l e  6) .  Surv iva l  of seedl ings 
was usua l l y  much h igher  on burned seedbeds than on t he  undisturbed fo res t  f l o o r .  For 
example, i n  October 1976, subalpine fir t h a t  had germinated the  previous May and June 
averaged 23 percent  su r v i va l  on burned seedbeds, compared t o  5 percent on the undis-  
turbed f o res t  f l oo r .  Because of cons i s t en t l y  low germinat ion f o r  o ther  species, 
s i m i l a r  comparisons were no t  made f o r  those species. 



Table 6. --Germination of conifers by s l t e  condition (1 975-1978). 

: Site Condition Species 
U t i l i z -  : : Engel- : : Lodge- 
ation : Under- : Seedbed : Western : Douglas- : mann : Subalpine : pole  
Level : story : Treatment : Larch : fir : spruce : fir : pine 

Intensive Cut Burn 1 .5  1.1 0.3 14.6 1.7 

Conventional Cut Burn 0.7 0.2 0.6 11.7 1.0 

Close f i b e r  C u t  None 0.1 0.1 0.1 3.9 0.1 

Intensive Uncut None 0.1 0.1 0. 1 2.9  0.1 

Although no attempt was made t o  i d e n t i f y  rodent species o r  populat ion levels,  
much of the  seed- -par t i cu la r l y  Douglas-fir--was eaten by rodents. High s o i l  surface 
temperatures had 1 i ttl e i n f l  uence on na tu ra l  regenerat ion because o f  the  r a p i d  
recovery o f  vegetat ion on the most exposed s i t es .  Frost,  by heqving t he  s o i l  and 
damping of f  fungl, caused some losses i n  the  l a t e  spr ing. I n s u f f i c i e n t  so l1  wqter 
was the  cause o f  most seed1 i n g  m o r t a l i t y  dur ing t h i s  study. Competing vegetat ion 
drew heav i l y  from the  ava i l ab le  water reserves i n  t he  surface s o i l ,  and r ~ ~ t s  of 
many new seedings had d i f f i c u l t y  pene t ra t ing  unburned du f f  and s o i l  r a p i d l y  enough 
t o  ob ta i n  s u f f i c j e n t  amounts o f  water. 

Seed :Seedl i n g  Rat ios 

The number o f  f i l l e d  seed (dispersed on the  study a r e w ) ,  requi red t o  e s t a b l i s h  
one 3- t o  5-year-old seedl ing on na tu ra l  regenerat ion plots var ied  w ide ly  bu t  ene ra l l y  7 r e f l e c t e d  the  d i  f f i c u l  t y  of seed1 i n g  estab l  ishment throughout t he  area ( tab1 e 1. 
Except f o r  the  upper c learcuts ,  the  shelterwood cu t t i ngs  had the  lowest r a t i o  under 
most condi t ions.  Average seed:seedl i n g  r a t i o s  were h ighest  on the  mois ter  h a b i t q t  
types where vegetat ive compet i t ion usua l l y  was extreme, ss shown i n  the  fo l low ing  
tabu la t ion :  

TSHE/CLUN-ARNU 1339:l 

ABLA/CLUN-CLUN 215:l 

ABLAJCLUN-ARNU 409 : 1 

ABLA/ CLUN-XETE 152:l 



A l l  h a b i t a t  types had some p l o t s  o r  e n t i r e  subblocks w i thou t  na tu ra l  regenerat ion, 
where seed:seedling r a t i o s  could no t  be ca lcu la ted.  On each hab i t a t  type the  average 
seed:seedling r a t i o  combined a l l  seeds caught i n  seed t raps  w i t h  a l l  seedlings 
counted on the  nearest na tu ra l  regenerat ion p l o t s  w i t h i n  t h a t  hab i t a t  type. 

New seedlings were found on many p lo ts ,  but  were no t  inc luded i n  t h i s  t abu la t i on  
because t he  p r o b a b i l i t y  f o r  continued m o r t a l i t y  dur ing the nex t  two years i s  high. 

Table 7.--Seed:seedling r a t i o s  as inf luenced by c u t t i n g  method and s i t e  condi t ion.  

S i t e  cond i t ion  
U t i l i z a t i o n  : Intensive : Conventional : Close f i b e r  : Intensive 

Block understory : c u t  : c u t  : c u t  : uncut 
Cut t inq  b lock average seedbed : burned : burned : unburned : usburned 

Lower Shel t e r -  123 : 1 
wood 

Upper Shel t e r -  233: 1 
wood 

Lower Group 2732:: 
Select ion 

Upper Group 429 : 1 
Select ion 

Lower Clearcut 780: 1 289: 1 484: 1 2 2476 : 1 

Upper C l  earcut 75: 1 28: 1 108:l 227:l 258:l 

'Not burned. 

2 ~ o  seed1 ings on p lo ts ;  seed: seed1 i n g  r a t i o s  could no t  be determined. 

P lan t ing  

P lan ta t ions  o f  2-0 bare r o o t  Douglas-f i r  and Engelmann spruce were estab l ished 
i n  t he  spr ing  o f  1976, 1977, 1978 and 1979 on a l l  subunits where understory t rees  
had been cut .  Surv iva l  i n  the  f a l l  o f  1978 was h igh on a l l  subunits:  

Survival ,  f a l l  1978 
Year o f  P lan t inq  Douglas-f i  r Englemann spruce 

Percent Percent 

No d i f fe rences  between subblocks were ev ident  i n  su rv i va l  ra tes.  



Surv iva l ,  growth and form w i l l  be monitored f o r  several years t o  compare these 
c h a r a c t e r i s t i c s  w i t h  those o f  n a t u r a l l y  regenerated trees, 

MANAGEMENT IMPLICATIONS 

Seedfal l  of western l a r c h  i n  1974 and 1976 and o f  Douglas-f i r  i n  1976 was 
su f f i c i en t  t o  expect exce l l en t  na tu ra l  regenerat ion throughout most o f  the  cutover  
blocks. However, seedl ings were slow t o  e s t a b l i s h  under nea r l y  a1 1 cond i t i ons  
created by the  several combinations o f  c u t t i n g  methods, u t i l  i z a t i o n  1 eve1 s ,  under- 
s t o r y  t reatments and seedbed preparat ion.  The combined ef fec ts  o f  s c a r i f i c a t i o n  
dur ing  ya rd ing  (which occurred on probably no more than f i v e  percent of the study 
area) and o f  prescr ibed broadcast burn ing were inadequate f o r  the  establ ishment o f  
s u f f i c i e n t  na tu ra l  regenerat ion.  Most of these seed1 ings a re  found on mineral  s o i l  
exposed dur ing  sky1 i n e  yarding. Resul ts of t h i s  study once again p o i n t  ou t  the  
necess i t y  o f  c rea t i ng  we1 1 - d i s t r i b u t e d  patches of exposed mineral  so i  1 on cutover  
areas w i t h i n  these h a b i t a t  types. 

Dur ing the  e a r l y  19701s ,  t he  western spruce budworm heav i l y  defol  i a t e d  vu lnerab le  
species and probably decimated t he  cone crops w i t h i n  the  study area. I n  June 1974 
( lower  budworm popula t ion)  cone counts showed the crops were f a i r  t o  good i p  western 
l a r c h  and poor t o  f a i r  i n  Douglas- f i r  and Engelmann spruce, bu t  none I n  subalpine 
fir. However, on l y  t he  western l a r c h  cones matured t o  disperse much seed. In 
nearby stands, w i thou t  no t i ceab le  d e f o l i a t i o n  i n  the  e a r l y  19701s, a l l  vu lnerab le  
species produced abundant cones i n  1974. Probably, the  budworm popula t ion on the  
study area i n  1974 was s u f f i c i e n t l y  h igh  and/or the  res idua l  e f fec ts  o f  previous 
years heavy d e f o l i a t i o n  c a r r i e d  over t o  g r e a t l y  decrease the cone product ion the re  i n  
con t ras t  t o  the  nearby areas w i t hou t  no t i ceab le  d e f o l i a t i o n .  Subsequent seed1 i n g  
counts showed t h a t  i n  1975 on l y  l a r c h  regenerated on t he  study area. 

When the  land manager must restock an area through na tu ra l  regenerat ion bu t  
cannot assure adequate s i t e  preparat ion,  t he  shel terwood system provides cond i t i ons  
most favorab le  t o  seedl ing establishment. I t no t  o n l y  produces more seed f o r  the  
area bu t  a l so  amel iorates t he  extremes i n  temperature a t  the  surface and reduces 
evapot ranspi ra t ion.  Once s u f f i c i e n t  regenerat ion i s  es tab l  ished, the  shel terwood 
should be removed t o  op t im ize  growth oppo r t un i t i e s  f o r  seedl ings and t o  mainta in  
dominance o f  shade i n t o 1  e ran t  species. 

Th is  study demonstrates t h a t  any s i t e  prepqrat ion performed usua l l y  increases 
germinat ion r a t e s  and es tab l  ishment o f  seed1 ings.  Wherever mineral  s o i l  was exposed, 
seedl i ngs  a re  now evident.  Prescr ibed burn ing enhanced germinat ion and i n i t i a l  
su r v i va l  o f  seedlings. 

The p lanted Douglas- f i r  and Engelmann spruce seedl ings have surv ived we l l  on a l l  
treatments. I f  o ther  species had been planted, such as western l a r c h  o r  lodgepole 
pine, i n i t i a l  su r v i va l  probably would have been high. The f o r e s t  manager may consider 
p l a n t i n g  more shade-tolerant species on poo r l y  repared s i t e s  because bare r o o t  and 

a re  new1 y regenerated seed1 i ngs. 
e con ta iner i zed  seedl ings a re  no t  as sub jec t  t o  t e mu l t i t ude  o f  adverse s i t e  fac tors  as 

The e f f ec t s  of d i f f e r i n g  res idue u t i l i z a t i o n  standards, o r  o f  d i f f e ren t  under- 
s t o r y  treatments, on growth o f  na tu ra l  o r  p lan ted  t r e e  seed1 ings i s  no t  ev ident  ye t .  
These treatments may be more impor tant  i n  t h e  l a t e r  growth o f  con i f e r s  than i n  t he  
establ ishment stage. 
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ABSTRACT 

Four 1 odgepol e p ine  c l  earcu t s  i n Wyoming were quartered 
and wood residues t rea ted  as fo l l ows :  (1) dozer p i l e d  
and burned ( s c a r i f i e d ) ,  ( 2 )  broadcast burned, ( 3 )  com- 
p l e t e l y  removed, and ( 4 )  chipped and spread over the 
s i t e .  Equal po r t ions  o f  each quar te r  were auger-planted, 
hand-seeded, o r  l e f t  t o  regenerate w i t h  seed dispersed 
from nearby t rees.  

F ive  growing seasons a f t e r  ou tp l  a n t i  ng , near ly  90 percent  
o f  the  seedl ings surv ived on the dozer -scar i f i ed  and the 
broadcast-burned treatments, and on ly  50 t o  60 percent  
surv ived on the chips-spread and complete residue-removal 
treatments. Height growth f o l  lowed the same pat tern- - t rees 
on the s c a r i f i e d  and broadcast-burned treatments grew 
near l y  tw ice  as f as t  as those on the o ther  two treatments. 

Stocking ra tes  and i n i  t i a l  he i gh t  growth f o r  hand-seeded 
spots were about tw ice  as g rea t  on the s c a r i f i e d  and 
broadcas t-burned treatments as on the ch i  ps-spread and 
complete residue-removal treatments. 

Natural  regenerat ion was p l e n t i f u l  on the s c a r i f i e d  and 
residues-removed treatments, and 1 ack i  ng on the chips- 
spread treatment. Lack o f  a good seed crop a f t e r  broad- 
c a s t  burn ing resu l t ed  i n  1 i t t l e  na tu ra l  regenerat ion on 
t h a t  treatment. 

KEYWQRDS: P i  nus contor ta ,  lodgepol e pine, na tu ra l  
regenera ti ~ E t i f i c i a l r e g e n e r a  t i on, residues 
d isposal ,  prescr ibed burning , seed1 i ng development 



INTRODUCTION 

Lodgepole p ine  (Pinus con to r ta )  may we l l  be our most promising species f o r  
increased f i b e r  product ion and sho r t  r o t a t i o n s  on many areas. I t  occurs on m i l l i o n s  
o f  acres i n  the Rockies, much o f  i t  grows on r e l a t i v e l y  gen t le  t e r ra i n ,  and i t s  dual 
serot inous and nonserotinous cone cha rac te r i s t i c s  prov ide a mix tu re  o f  regenerat ion 
opportuni  t i e s  ava i l ab le  f o r  bu t  few species (Lotan 1975a, l W 5 b ) .  C learcu t t ing  i s  
the most v i a b l e  s i  l v i c u l  t u r a l  method o f  regenerat ing lodgepole p ine  (Tackle 1954; 
Lotan 1975b) b u t  l a r g e  amounts o f  res idue l e f t  a f t e r  logging leave the areas un- 
s i g h t l y ,  c rea te  f i r e  hazards, a re  obstacles f o r  f o r e s t  management a c t i v i t i e s ,  and are 
a waste of a wood resource. Lodgepole residues cons i s t  p r i m a r i l y  of branches, c u l l  
logs, and t reetops above the merchantable l i m i t .  There 1 i e s  the problem--what do 
you do w i t h  a l l  the res idue and how does the d i s p o s i t i o n  a f f e c t  the t o t a l  resource? 

I n  1971, the U.S. Fores t  Service Intermountain Forest  & Range Experiment 
Stat ion,  Intermountain Region, and U. S. Plywood Champion Paper Company (now Champion 
1 n t e r n a t i o n a l ) l  s t a r t ed  a cooperat ive study aimed a t  assessing the e f f e c t s  of d i f f e r -  
e n t  u t i l  i zat ion and res idue disposal  methods on es the t i cs  (Benson l974) ,  f i b e r  y i e l d s  
(Gardner and Hann 1972), n u t r i e n t  c y c l i n g  and subsurface water chemistry (Har t  and 
DeByle 1975), s o i l  s t a b i l i t y  (Packer and Wi l l iams l98O), and seedl ing establishment 
and development (Lotan and Perry 1977). This paper i s  a fo l lowup t o  the l a t t e r ;  i t  
repo r t s  the regenerat ion es tab1 ishment and development the f i r s t  5 years a f t e r  
residues treatment. 

METHODS 

Area 

This study was conducted i n  overmature lodgepole p ine stands on the Br idger-  
Teton Nat ional  Forest  i n  northwest Wyoming. This area i s  a gen t l y  r o l l i n g  p la teau 
a t  an e l eva t i on  o f  about 2 850 m (about 9,300 f e e t ) .  I t  f a l l s  w i t h i n  Reed's (1969) 
Picea engelmanni i /Vacc in iu~r l  sco arium habi t a t  type. The c l imate  i s  severe, wi t h  
the mean J u l y  minimum about *F). P r e c i p i t a t i o n  i s  evenly d i s t r i b u t e d  
throughout the year, averaging about 75 cm (30 inches) annual ly  (Baker 1944). The 
area has been heav i l y  g lac ia ted,  and the s o i l s  are shallow, brown podzols (Reed 
1969). 

Four timbered blocks were se lected f o r  c l e a r c u t t i  ng i n  overmature lodgepol e 
pine. Two blgcks were logged t o  conventional u t i l i z a t i o n  standards and two were 
lagged t o  near-complete u t i l  i z a t i ~ n  ( t r ees  were skidded i n t a c t ,  and down and broken 
mater ia l  was brought t o  the landing and chipped). Slash was t r a c t o r  n i l e d  and burned 
on two separate quar ters  o f  each conyent ional ly  logged u n i t ;  i t  was broadcast burned 
on the o ther  two quar ters ,  Two separate quar ters  of each near-complete u t i l i z a t i o n  
u n i t  was l e f t  as i t  was f o l l ~ w i n g  logging ( t he re  was about 11 000 kg per ha ( 5  tons 
per acre) of wood fragments l e f t  on the s o i l  surface);  the other  two quar ters  were 
covered w i t h  10 t o  13 cm ( 4  t o  5 inches) of wood chips roughly equiva lent  i n  weight 

 he use of trade, firm, o r  cprpora t ipn  names does not c o n s t i t u t e  an o f f i c i a l  
endorsement of o r  approyql by the U.S. Department o f  Ag r i cu l t u re  o f  any product o r  
se rv ice  t o  the exc lus ion o f  others which may be su i t ab le .  



t o  the amount o f  res idue  o r i g i n a l l y  removed from the area. To s i m p l i f y  the t r e a t -  
ment terminology, treatments w i  11 be i d e n t i f i e d  throughout the remainder o f  t h i s  
paper as fo l lows:  

Treatment Name Treatment Descr ip t ion  

Scar i f i ed  

Burned 

Residues removed 

Chins spread 

$1 ash from conven t iona l l y  u t i  1  i zed 
blocks was t r a c t o r  p i l e d  and burned 

Slash from conventionaTly u t i l  i zed 
blocks was broadcast burned 

Residues from the near complete 
u t i 1 i za t i on blocks were removed 
from the blocks 

Residues from the near complete 
u t i  1 i zat ion  blocks were removed, 
chipped, and the chips spread back 
on the blocks 

Slash p i  1  i ng , burn ing , and ch ip  spreading were done i n  1972. ~ r o a d c a s  t ' 
burning was done i n  the sp r ing  o f  1973--immediately be fo re  p l a n t i n g  and seeding . 

Each quar te r  b lock was d i v i ded  i n t o  t h i r d s  f o r  the f o l l o w i n g  th ree  treatments:  
(1) auger -p lan t in  o f  about 700 lodgepole p ine  seedl ings i n t o  45 cm (18 inches) 
square scalps, ( 2  4 spo t  seeding o f  12 t o  15 lodgepole p i ne  seeds on each o f  about 
2,500 spots per ha (1,000 per acre)  a f t e r  the spots--45 cm (18 inches) square--were 
scalped f r e e  of competing vegetat ion (Lotan and Dahlgreen 1971), and ( 3 )  l e f t  f o r  
na tu ra l  regenerat ion ( t h i s  study area  had p r i m a r i l y  nonserotinous cones). 

I n  the seeded and p lanted areas, samples o f  7 t o  10 percent o f  the above 
popula t ions were randomly se lected f o r  su r v i va l  and he igh t  development measurements. 
t r ees  were measured i n  the fa1  1 of 1973, summer and fa1 1 o f  1974, fa1  1  o f  1975, and 
f a l l  of 1977. 
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To evaluate na tu ra l  regenerat ion,  16 t o  20 p l o t s ,  4.05 rn- (m i lac re ) ,  were 

randomly loca ted  i n  each u n i t .  Seed1 ings were counted t o  measure seed1 i n g  d i s t r i -  
b u t i ~ n  (peycent m i l ac re  s tack ing)  and seed1 i ng  densi t y .  

I n  a d d i t i o n  t o  the t r e e  measurements, the amount of mate r ia l  i n  var ious cover 
classes of farbs,  grasses and sedges, shrubs, and dead ma te r i a l  was estimated i n  
1975. I n  1977, biomass o f  the l esse r  vegetat ion was measured f o r  each o f  the l i v e  
vegetat ion categor ies .  

Thus, the  two ~ r i r n a r y  t reatment va r iab les  a f fec t ing  the r e s u l t s  i n  t h i s  paper 
were residues t rea  tment and regenera t i on method. Because t h i s  study was o r i g i n a l  l y  
designed f o r  o ther  purposes, the exnerimental design does not permi t  s t a t i s  t i c a l  
inference from these data, However, we f e e l  t h a t  our experience w i t h  o ther  s tud ies 
permi ts  a v a l i d  judgement o f  the s ign i f i cance  o f  these r e s u l t s .  

The study area was fenced t o  keep l i v e s t o c k  out,  and pocket gophers were 
e f f e c t i v e l y  con t ro l  l e d  w i t h  poisoning. tiowever, l a r g e  ungulates such as moose 
(41 ces a1 ces [Nel son] ) , e l  k (Cervus -- canadensi - s [Bai 1  eyl ) , and deer (Odocoi 1  eus 
s n r e t e d  the area. 



RESULTS 

Planted 

Planted seedl ings surv ived very  w e l l  on areas t h a t  had been s c a r i f i e d  o r  
burned, exceeding 95 percent  a t  3 years and R7 percent  a t  5 years ( f i g .  1). ?!@an- 
whi le ,  t h e i r  counterparts fared poo r l y  i n  the residues-removed and chips-spread 
treatments. A1 though p lanted seed1 i ngs i n  the residues-removed treatment were 
su r v i v i ng  a t  the r a t e  of over 90 percent  a t  3 years, they had dec l ined r a p i d l y  t o  59 
percent  su r v i va l  two years 1 a t e r  . Planted seed1 i ngs i n  the ch i  ps-spread treatment 
dec l ined  i n  a s i m i l a r  fashion, dropping from 84 percent s u r v i v a l  a t  3 years t o  49 
percent  a t  age 5. 

-'*chips 
Spread 

YEARS 

Figure 1.- Sumivat of auger-planted 2-year-old Zodqepote pine seedlings under 
dsfferent residues management methods. 



As the following tabulation shows, these declines in survival from age 3 to 5 
were a t  l e a s t  pa r t i a l ly  forecast  by the percent of seedlings poor in vigor a t  3 
years : 

Percentage o f  trees Percentage mortal i  ty 
poor in vigor a t  age 3 between ages 3 and 5 

Scarified 11 !3 

Burned 10 8 

Residues removed 46 22 

Chips spread 40 3 5 

Most of the trees rated poor in vigor a t  age 3 had died by age 5. Although th is  
vigor rat ing was subjective, based on  overall seedling appearance, i t  proved f a i r l y  
accurate in forecasting survival rates  fo r  the next 2 years .  

I n  addition t o  surviving a t  d i f f e ren t  r a t e s ,  planted seedlings grew most on 
scar i f ied  and burned areas and 1 eas t  an resi dues-removed and chips-spread areas 
( f i g .  2 ) .  As shown, height differences already a p ~ a r e n t  a t  age 3 were even more 
~ronounced a t  age 5 ,  Height ra t ios  of trees on the d i f ferent  treatments remained 
about the same, b u t  absolute differences between treatments were s t i  11 widening. 

Figure 2 .  -- Height developmen-b of auger-pZanted 2-year-old Zodgepole pine seedlings 
under different residues managmerzt methods. 



Height  increments o f  p lanted seedlings f o r  the 3- t o  5-year per iod were as fo l lows :  

Treatment Height increment from age 3 t o  5 

(cm ( inches)  

Scar i f i ed  16.8 6.6 

Burned 13.1 5.2 

Residues removed 6.8 2.7 

Chips spread 9.9 3.9 

As one would expect, he igh t  growth o f  seedlings i n  each o f  the treatments 
var ied  subs tan t i a l l y .  However, the same treatment e f f e c t  pat terns he ld  t r u e  fo r  
the  t a l l  es t, most agressive seed1 i ngs : 

T a l l e s t  Seedling Height 

Treatment Tota l  Height Increment age 3 t o  5 

(cm) ( i nches ) (cm) (inches ) 

Scar i f i ed  98 39 32 13 

Burned 9 6 3 8 3 0 12 

Residues removed 62 25 2 2 9 

Chips spread 69 27 28 11 



Soot-Seeded 

Broadcast burning, and scarification accomplished by slash p i  1 i ng , created 
condi tions most favorable for establ ishment of lodgepole pine by spot-seeding 
( f ig .  3 ) .  Stocking rates for spot-seeding on the burned and the scarified treat- 
ment areas were about double those on the residues-removed and chips-spread treat-  
ments. None of the treatments resulted in stocking rates t h a t  exceeded 50 percent 
5 years af ter  seeding. However, these results were probably affected to some 
extent by an  unusually early snowmelt that year, the soil surface had dried beyond 
the moisture 1 eve1 fel t optimum for spot-seedi ng . 
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Figure 3. -- Percent o f  seed spots stocked with Zodgepote pine seedlings under 
different residues n?anqems7zt methods. 



For the f i r s t  5 years, the percent of stocked plots declined in all  treatments, 
b u t  stocking o n  the burned and scarified treatments appeared to have begun leveling 
o f f .  Meanwhile, those in the residues-removed treatment continued a steady decline 
throughout the 5-year period, and those in the chips-spread treatment dropped sub- 
stantially between years 1 and 3,  b u t  declined a t  a slower rate in years 3 t o  5 
t h a n  the previous 2 years. 

Residues treatments influenced the f i r s t  5 years height growth of spot-seeded 
seedlings in much the same manner as they did the stocking rates.  The ta l les t  
seedling in each seed spot served as the monitor. Height growth was twice as 
great in the burned and scarifed areas as in the residues-removed and chips-spread 
areas ( f ig .  4 ) .  These differences were already pronounced a t  3 years, and were 
even more so a t  5 years. 

Figure 4 .  -- Average height of t he  SaZZest seedZCng per seed spot,  by residue 
treatment and year. 



Natural Regeneration 

Natural regeneration was more than adequate on the scarif ied treatment areas, 
averaging about 6,500 trees per ha (2,630 per acre) ,  with a 66-percent stocking ra te  
( t ab le  I ) .  However, except for  the residues-removed areas, both stocking ra te  and 
seedling density were less than adequate on the other treatment areas. A good 
estimate for  the broadcast-burned treatment i s  n o t  possible because a good seed f a l l  
occurred in 1971 immediately following logging, b u t  before burning in the spring of 
1973. I t ' s  l ikely that  nearly a l l  of the seedlings that  germinated in 1972 were 
consumed in the f i r e .  Poor seed production in subsequent years l e f t  the broadcast 
burn with few seed1 ings, even a f te r  5 years. 

TABLE 1 .--Natural regeneration of lodgepole pine a t  3 and 5 years under different  
residues management methods. 

Height of 
domi nant 
seed1 i ngs 

Years 5 years 
a f t e r  M i  1 acre Seed1 i ng a f t e r  

Treatment treatment s tocki ng densi t y  treatment -- 
(nercent) (per h a )  (ner acre) (cm) (i nches ) 

1 Scarified 3 5 6 5,483 2,220 - - 
5 6 6 6,496 2,630 19.0 7 .5  

i Burned 

Residues removed 3 50 4,668 1,890 - - 
5 3 5 2,964 1,200 12.7 5.0 

I Chips spread 3 3 7 4 30 - - 
5 9 568 230 4.1 1 . 6  

Very 1 i t t l e  natural regeneration was apparent a t  3 years on broadcast-burn and 
chips-spread treatments, and even by age  5 only a few poorly distributed seedlings 
were established ( t ab le  1 ) .  However, this  poor showing was at tr ibuted not to 
treatments per se ,  b u t  to the fac t  t h a t  the 1972 seedlings had been burned in the 
broadcas t-burned treatment and covered wi t h  chips in the chips-spread treatment. 

A t  age 3,  natural regeneration had been f a i r l y  successful on the resldues- 
removed treatment areas, b u t  both s tock ing  r a t e  and seedling densi ty decl i ned during 
the following 2 years. A t  age 5,  the area was stocked with nearly 3,000 trees per 
ha (1,2!l0 per acre) ,  with a 35-percent milacre stocking ra te .  

Average seedling heights were closely related to the number and stocking of 
seed1 ings es tabl ished on the di f ferent  treatment areas; those with the g r e a t s  t 
stocking also produced the t a l l e s t  average trees.  Some of the differences in 
height were l ikely a function of seedling age. For example, nearly a l l  seedlings 
in the broadcast-burn areas were es tabl ished about 3 years a f t e r  those in the areas 
receiving the scarif ied treatment. 



Vegetat ive Competi t i o n  

Vegetat ive cover, measured 3 years a f t e r  treatment, averaged 11 percent  forbs 
and 2 percent  grasses and sedges on the s c a r i f i e d  and broadcast-burned treatments, 
and 20 percent  fo rbs  and 9 percent  grasses and sedges on the residues-removed 
treatment. There was p r a c t i c a l l y  no vege ta t i ve  cover on areas rece i v i ng  the chips- 
spread treatment.  

Comparable cover measurements were no t  made a t  5 years, b u t  biomass values 
were determined f o r  lesser  vegetat ion.  As shown i n  f i g .  5, the re  were subs tan t i a l  
d i f ferences i n  amounts of biomass under d i f f e r e n t  treatments, w i  t h  the residues- 
removed treatment areas con t inu ing  t o  have the most biomass, fo l lowed by s c a r i f i e d ,  
burned, and chi ps-spread treatment areas. 

Figure 5. -- Biomass of Zesser vegetation 5 years a f t er  ctearcutting and di f ferent  
residues management methods, compared to biomass categories in a mature forest. 



.4s shown i n  f i g .  5, vege ta t ion  was sparse i n  the study area 's  uncut mature 
f o res t s .  W i  t h  the except ion o f  the chips-spread treatment, a1 1 treatments produced 
more vegetat ion than the uncut  f o r e s t .  

I n  addi t i on ,  r a t i o s  between vege ta t i ve  components va r ied  subs t a n t i  a1 l y  . Whereas 
fo rbs  accounted f o r  about a t h i r d  o f  the biomass i n  the uncut f o res t ,  they predom- 
i na ted  on the t rea ted  areas. For example, i n  the burned-treatment area, forbs 
accounted f o r  over th ree- four ths  o f  the biomass. On the o ther  hand, shrubs accounted 
f o r  a t h i r d  o f  the biomass i n  the uncut f o r e s t  b u t  were p r a c t i c a l l y  nonex is tent  on 
t rea ted  areas. Grasses were p r a c t i c a l l y  nonex is tent  i n  the uncut f o r e s t  and the 
chips-spread treatment areas, b u t  accounted f o r  over a t h i r d  of the lesser  vegeta- 
t i o n ' s  biomass i n  areas rece i v i ng  the s c a r i f i e d  and residues-removed treatments.  

None o f  the  biomass values on any o f  the t reatment areas were h igh.  Even the 
residues-removed treatment, which had the most, had on ly  580 kg per ha (518 pounds 
per acre) .  

DISCUSSION 

When and how we dispose o f  wood residues f o l l o w i n g  c l e a r c u t t i n g  i n  lodgepole 
p i ne  forests  has a pronounced e f f e c t  on subsequent regenerat ion.  This holds t r u e  
f o r  both su r v i va l  and i n i t i a l  development o f  both a r t i f i c i a l  and na tu ra l  lodgepole 
p i ne  regenera t i o n .  The d j  f f e r e n t  e f f e c t s  o f  residues treatments a re  s ti 11 pronounced 
even a f t e r  5 years, and the general t rend dur ing  the f i r s t  5 years h i n t s  t h a t  these 
d i f fe rences  w i l l  cont inue. How long d i f ferences p e r s i s t  can on ly  be speculated a t  
t h i s  t ime. However, s tud ies w i  t h  western l a r c h  ( L a r i x  occ identa l  i s )  under somewhat 
s i m i l a r  circumstances showed seedbed treatments a m i  ng seed1 i ng and sap l ing  
development f o r  10 t o  15 years (Schmidt 1969; Schmidt and others  1976). 

I n  t h i s  study, convent ional  methods of seedbed p repara t ion  i n  lodgepole p ine  
fo res ts  r esu l  ted i n  the h ighes t  r a tes  o f  s u r v i v a l  and seed1 i ng development. Resul t s  
from t h i s  study p rov ide  add i t i ona l  support  f o r  the use o f  s c a r i f i c a t i o n  (dozer 
p i l i n g  and burning of s lash)  and broadcast burning as fa r  as seedl ing establ ishment 
and development a re  concerned. This appears t o  ho ld  t r u e  f o r  a l l  th ree types of 
regenerat ion- -p lant ing , spot-seedi ng, and na tu ra l  . 

Ne i ther  the residues-removed nor the chips-spread treatment has much t o  o f f e r  
as f a r  as regenerat ion dur ing  the f i r s t  5 years i s  concerned. Planted t r e e  su rv i va l  
and growth on areas rece i v i ng  these treatments has been s u b s t a n t i a l l y  l ess  than on 
the  two convent ional  treatments, and trends i n d i c a t e  these d i f fe rences  a re  becomi ng 
g rea te r  r a t h e r  than amel i o r a  ti ng . The same r e l a  t i onsh ip  holds t r u e  f o r  spot-seedi ng 
and t o  a l esse r  ex ten t  f o r  na tu ra l  regenerat ion.  The na tu ra l  regenerat ion p i c t u r e  
f o r  broadcast burning i s  clouded i n  our study because o f  the problems caused by 
delayed burn ing and subsequent l oss  o f  f i r s t - y e a r  seed1 ings.  However, o ther  s tud ies  
have i nd i ca ted  t h a t  na tu ra l  regenera t i o n  r a tes  a re  e s s e n t i a l l y  the same on s c a r i f i e d  
and broadcas t-burned areas, w i  t h  somewhat fewer seed1 i ngs su rv i v i ng  on burned seed- 
beds (A1 exander 1966). 



men 
One 

We cannot explain fully the differences in seedling response t o  the four treat-  
t s .  However, there are a number of possible individual or combi nations of causes. 
obvious possibility relates to differences in soil temperatures. Soi 1s under 

the chips-spread treatment were 5 O  t o  20° cooler than some of those in the open. 
Hungerford (1980) measured minimum temperatures for a July day and showed the 
following variations : 

Treatment Soil Surface 5 cm above soil surface 

Uncut forest  + 6 

Burned + 2 +4 

Residues removed - 6 - 1 

Chips spread -8 -4 

The temperature gradient ref1 ected in these figures corresponds to the survival 
and development of the lodgepole pine seedlings on the different treatment areas. 
As described by Lotan and Perry ( l 9 7 7 ) ,  "cool soil temperatures can inhibit  plant- 
water uptake (Kramer 1942; Babalola and others l 96R) ,  nutrient release and absorption 
(Nielsen and Humphries l966), and retard top growth of plants, nerhaps by inhibiting 
hormone transfers from root to top (Lavender and Overton 1972)." 

Hungerford (1980) also points o u t  July net radiation differences by treatment. 
As expected, the chips-spread treatment has the least  net radiation, most likely 
because of the high albedo from the light-colored chips. However, net radiation 
from the other treatments does not l ine up  in the same manner as the temperature 
gradient. A t  this point, we do not understand fully net radiation implications 
since net radiation incorporates a wide band of wave-1 engths wi t h  different 1 evels 
of a1 bedo and radiated energy. 

Vegetative competition is  usually a n  inhibitor of lodgepole pine seedling 
survival and development (Lotan 01975b). However, with the possible exception of 
the residues-removed treatment areas, vegetative competition does not appear to be 
the culprit  in this area. The relatively low levels of vegetation measured as l ive 
biomass on this study area cast d o u b t  on i t s  role as a strong competitor here. The 
grass component would likely be the primary cornpeti tor ,  b u t  the amounts of grass on 
the scarified treatment (which produced the best tree growth) was essentially the 
same as on the residues-removed treatment (which had poor growth). 

A flush of phenols in 1973, the same year seed1 i ngs were planted and seeded, 
may have layed an active role in retarding seedling establishment and subsequent 
growth. !f so, the high content of phenols--658 parts per billion in the chips- 
spread areas qnd 320 parts per billion in the residues-removed areas--had a long- 
term compounding effect because the phenol levels had returned to normal by 1974 
(Hart and DeSyle 1975). Plant tissue commonly contains phenols (Bate-Smi t h  l962) ,  
w i t h  high concentrations in dead and dying woody plants (Jorgenson 1961; DeGroot 
1966). Phenols qre credi ted wi t h  bgth stimulating (Michniewicz and Galoch 1974) 
and  inhibiting (Mensah 1972; Demos and others 1975) plant growth. 



Interestingly, the high phenol levels on the chips-spread and residues-removed 
areas were associated wi t h  the organic matter 1 evels in the top 5 cm of the soi 1 . 
As described by Packer and Williams (1980), in 1975, organic matter accounted for 11 
to 1 2  percent of the uoper soi l  layer in the residues-removed and  chips-spread t rea t -  
ments as compared to 4 t o  6 percent in the other treatment areas. The increased 
organic matter in the upper soi l  of the residues-removed area was believed due t o  the 
incorporation of f ine  residues, such as pine needles and small limbs, into the upper 
soil  by equipment t r a f f i c  during the intense removal of the larger residues. 

Nutrients are  often f e l t  to be a major cause of d i f ferent ia l  t ree response on 
areas treated with some of the residue disposal methods used in this  study. Broad- 
cas t  burning, having increased 1 evels of potassium, calcium, magnesium, and n i t ra tes  
(DeByl e 1980), may have contributed t o  - the superior qrowth of regenera tion t h a t  
developed as a resu l t  of seeding. However, a corresponding effect  in planted 
seed1 i ngs wasn' t apparent--probably because the flush of avai lab1 e nutrients essen- 
t i  a1 ly disappeared the second season, before the newly planted seed1 i ngs developed 
a root system capable of capitalizing on the nutrients .  

?lu t r i  ent concentrations in planted seed1 i ngs growi ng on the di f ferent  seedbeds 
gave no ready explanation for  growth differences. As 9eByle (1980) noted, there 
were no  s t r i  ki ng nutrient-related differences among the di f ferent  lodgepol e pi ne 
seedling components under the various treatments. However, the dilut ion effect  of 
larger seedlings (nutrients  were evaluated o n  the basis of percentages) found in 
areas with the more favorable treatments makes i t  d i f f i cu l t  to real i s  t ica l  ly evaluate 
nutrient  avai labi l i ty  and disposition. 

Interestingly, the two treatments with the l eas t  t ree response also were the 
treatments with the greatest  percentage of organic matter in the upper 5 cm 
( 2  inches). Much of the nitrogen in th is  s t r a t a  may have been "tied u p "  in the 
decomposition process and as a resu l t  unavailable to the seedlings. Also, there was 
the possibil i ty of t ree  planters getting small woody debris in the planting hole when 
large amounts of debris were present. 

Compaction did n o t  appear to adversely affect  i ni t i a l  es tabl ishment and develop- 
ment on this  study area. Packer and Yilliam's (1.980) d a t a  indicate the most cornpac- 
tion (as measured by bulk density) occurred pn the scarif ied areas--the areas t h a t  
~roduced the best seed1 i ng response. 

SUMMARY 

Several points stand out in this  study that  have a bearing on residues 
disposal : 

1. Differences in seedling survival and f i r s t  5 years of development are 
strongly dictated by the residues disposal method. 

2, Conventional treatments of scarif icat ion (p i l e  and burn  s lash)  and broad- 
cas t  burning are most favorable for  1 odgepol e pine seed1 i ng es tabl i shment 
and  i n i t i a l  development. 

3 .  Spreading a thick layer of chips on s i t e  may have some benefits,  such as 
preventing erosion, b u t  the practice i s  defini tely detrimental to the 
es tabl ishment and development of lodgepol e pine under both natural and 
a r t i f i c i a l  regeneration methods. 



Complete removal o f  residues, as done i n  t h i s  study, d e f i n i t e l y  re ta rds  
es t a b l  ishment and e a r l y  development o f  t r e e  seed1 i ngs . However, reasons 
f o r  t h i s  det r imenta l  e f f e c t  a re  n o t  t o t a l l y  c l e a r  a t  t h i s  po in t ,  and i t  i s  
doub t fu l  t h a t  t h i s  p a r t i c u l a r  study can shed much more l i g h t  on the 
reasons. 

F i ve  years i s  a small segment o f  a t r e e ' s  l i f e  on these co ld  subalpine 
s i  tes , b u t  lodqepol e p ine  es t a b l  i shment and growth trends apparent 5 
years a f t e r  t reatment discourage use o f  the chips-spread and complete 
residues-removal treatments. 

Lodgepole p i ne  i s  a t r u e  pioneer species, capable o f  c a p i t a l i z i n g  on 
h i g h l y  d is tu rbed  cond i t i ons  such as those f o l l o w i n g  s c a r i f i c a t i o n  o r  
burning. These "raw" condi t i ons  may be the very t h i ng  t h a t  helps 
lodgepole p i ne  ma in ta in  i t s  compet i t ive  advantage over many of i t s  
associates . 
A1 1 o f  the na tu ra l  and a r t i f i c i a l  regenerat ion treatments t h a t  were tested 
here a re  acceptabl e and product ive methods of regenerat i  ng lodgepol e 
p i ne  forests .  With na tu ra l  regenerat ion,  the key l i e s  i n  t im ing  s i t e  
p repara t ion  w i  t h  an t i c i pa ted  seed crops. \Ji t h  a r t i f i c i a l  regenerat ion,  
the  key l i e s  i n  proper s i t e  p repara t ion  f o r  both seeding and p l a n t i n g  
and proper handl ing o f  s tock from the nursery through the p l a n t i n g  
process. 

Even if res idue  treatment ef fects on lodgepole p ine  t r e e  and stand 
development do no t  p e r s i s t  beyond the juveni  1 e stage, a number o f  
impor tant  management ob jec t i ves  a re  a f fec ted .  Included are:  g e t t i n g  
t rees  l a r g e  enough t o  r e s i s t  rodent  and l i v e s t o c k  damage, p rov id ing  a 
stand t a l l  enough t o  p rov ide  h i d i n g  cover fo r  game, r e s t o r i n g  a fo res ted  
appearance, and the obvious goals o f  i nc reas ing  wood product ion and 
shor t e n i  ng r o t a  ti ons . 
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EFFECT OF SILVICULTURAL PRACTICES, RESIDUE UTILIZATION, 
AND PRESCRIBED FIRE ON SOME FOREST FLOOR ARTHROPODS 
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ABSTRACT 

The combined e f f e c t s  o f  two s i l  v i c u l  t u r a l  pract ices--she1 terwood 
and cl earcutt ing--and two res idue management p rac t i ces - - in tense  
f i b e r  removal (u t i 1 i z a  t i on )  and res idue removal by pyescr i  bed 
fi re--on f o res t  f l o o r  arthropods (macro fauna) a re  discussed. 
Arthropods most abundant on the  study area and most a f f ec ted  by 
t reatments were sp iders  (Arachnids : Araneida) , ants (Hymenoptera : 
Formicidae) , and beet les  (Coleoptera), e s p e c i a l l y  the fami l  i e s  
Carabidae and Staphyl in idae.  

Although some popula t ions increased between treatments o r  years, 
most t reatments adversely a f f ec ted  most groups o f  macrofauna, 
p a r t i c u l a r l y  t he  second and t h i r d  year,  respec t i ve ly ,  a f t e r  
burning and harvest ing.  Prescr ibed burning o f  residues s t imu la ted  
a resurgence o f  some groups. The f i v e  t reatments s tud ied could  
be ranked i n  a  decreasing impact on f o r e s t  f l o o r  fauna i n  the  
fo l low ing  order :  shel terwood c u t t i n g  and leave residues, shel t e r -  
wood and burn residues, shel terwood and mechanical 1y remove 
residues ( in tense  f i b e r  u t i l i z a t i o n ) ,  c l ea r cu t  and burn residues, 
c l  earcut  and mechanical l y  remove residues. Management imp1 i c a t i o n s  
o f  t he  e f fec ts  of these harvest ing and res idue treatments on 
surface arthropods a re  discussed. 

KEYWORDS: s i l v i c u l t u r e ,  f o r e s t  residue, f i r e ,  arthropods, 
macrofauna 



PREFACE 

I n  the  e a r l y  1 9 7 0 ' ~ ~  the  Forest  Residues Research and Development Program of the  
Intermountain Forest  and Range Experiment S ta t i on  began a 5-year study t o  evaluate 
t he  environmental consequences of the  combined e f f e c t s  o f  s i l v i c u l t u r a l  systems, 
harvest ing,  and res idue disposal  a1 t e rna t i ves  i n  western la rch -Doug las - f i r  stands. 
As p a r t  o f  t h a t  Program several s tud ies i n v o l v i n g  a v a r i e t y  o f  d i s c i p l i n e s  were 
conducted, i nc l  uding two entomological s tud ies  i nvo l  v ing  two groups o f  f o r e s t  insects .  
The r e s u l t s  o f  one study a re  presented i n  t h i s  paper ( F e l l i n  1980b). 

The o b j e c t i v e  of t h i s  study was t o  determine and evaluate the  combined e f f ec t s  
o f  harvest ing methods, s i l  v i c u l  t u r a l  p resc r ip t ions ,  and f o r e s t  res idue management, 
i n c l ud ing  prescr ibed f i r e  on the fauna o f  the  f o r e s t  f l o o r .  Th is  study i s  r e s t r i c t e d  
t o  those s o i l  surface o r  fo res t  f l o o r  arthropods o f t e n  categor ized as macrofauna 
(Ah1 gren 1974). Th is  group cons is ts  o f  the l a r g e r  arthropods--beet1 es ants, c e n t i  - 
pedes, m i l l i pedes ,  spiders,  e tc . - -usual ly  g rea te r  than 10 mn i n  s i ze  lwagner and 
o thers  1977). F i c h t e r  (1941) de f ines  s o i l  surface fauna as "populat ions composed of 
those species which t r a v e l ,  f o r  the  most par t ,  over the  surface of the  ground, and 
though c l o s e l y  associated w i t h  t he  1  i t t e r  as mate r ia l  f o r  abode, cons t i t u t e ,  when 
a c t i v e  ( no t  res t ing ,  h i d i ng  o r  h iberna t ing ) ,  a d i s t i n c t  soc ie ty . "  

Reported elsewhere i n  t h i s  proceedings ( F e l l  i n  1 9 8 0 ~ )  a re  the  p a r t i a l  r e s u l t s  of 
t h e  o the r  entomological study t h a t  was concerned w i t h  the  e f f e c t  o f  harvest ing and 
res idue management p rac t i ces  on f o r e s t  so l  1  arthropods such as mi tes and c o l l  embol a, 
in termediate-s ized organisms o f t e n  r e f e r r e d  t o  as mesofauna (Metz and F a r r i e r  1971 ) . 

This  proceedings a l so  o f f e r s  a rev iew o f  some r e l a t i o n s h i  s of harvest ing,  
res idue management and f i r e  t o  fo res t  i n sec t s  and diseases (Fe f l i n  1980a). The 
rev iew paper summarizes t he  past  and cu r ren t  research concerning t he  e f f ec t s  o f  
f o r e s t  p rac t i ces  on both f o r e s t  f l o o r  macrofauna and f o r e s t  f l o o r  mesofauna. 

INTRODUCTION 

S i v i l c u l t u r a l  p rac t i ces  modify f o r e s t s  by removing a l l  o r  p a r t  of both the  
coni ferous overs to ry  and the  understory.  Management o f  t he  resu l  t a n t  residues, 
i n c l u d i n g  prescr ibed f i r e ,  mod i f ies  t he  fo res t  f l o o r  and fo res t  s o i l  component by 
removing o r  dest roy ing both man-generated residues as we l l  as na tu ra l  f o r e s t  residues, 
o f ten e l i m i n a t i n g  o r  se r i ous l y  in f luenc ing  t he  l i t t e r  and decomposition l aye rs  o f  t he  
f o r e s t  f l o o r .  S i l  v i c u l  t u r a l  and res idue management p rac t i ces  a1 so d rama t i ca l l y  a f f e c t  
macro- and micro-meteorological  cond i t i ons  and i n  t u r n  nea r l y  a l l  f l o r a  and fauna, 
e i t h e r  by k i l l i n g  some p lan t s  and animals o r  by a1 t e r i n g  t he  environment, thus modi- 
f y i n g  t he  behavior o f  organisms. 

The eco log ica l  consequences o f  a1 1 types o f  cut t ings- -espec ia l  l y  c lea rcu t t i ng -  
a re  incomplete ly  understood and a re  t he  subject  o f  increased a t t e n t i o n  and debate, 
C l  ea rcu t t i ng  has been the  s i  1  v i c u l  t u r a l  p r a c t i c e  most w ide ly  employed i n  c ~ n i f e r o u s  
f o r e s t s  of t he  nor thern  Rocky Mountains. 

I n  managed coni ferous forests  i n  the  nor thern Rocky Mountains, s tud ies aye under 
way t o  determine the  e f f ec t s  o f  harvest ing and s i l v i c u l t u r a l  p rac t i ces  on the  two 
most widespread and des t ruc t i ve  i nsec t  species, the  western spruce budworm and the  



mountain p ine  beet le.  These two f o r e s t  i n sec t  species have produced severe economic 
impacts and thus have been t he  focus o f  t he  m a j o r i t y  o f  f o r e s t  i n sec t  research. 
R e l a t i v e l y  1 i t t l e  i s  known, however, o f  the  i d e n t i t y ,  d i s t r i b u t i o n ,  abundance, and 
general ecology of f o r e s t  i nsec ts  t h a t  i n h a b i t  the  sur face and l i t t e r  l a ye rs  o f  t he  
f o res t  f l o o r .  These fauna a re  1 i t t l e  known because o f  t h e i r  innocuous eco log ica l  
n iche and because o ther  more dramatic and popula t ion-exp los ive species o r  groups of 
i n sec t s  have a t t r a c t e d  more a t t en t i on .  

The f o r e s t  f l o o r  and f o r e s t  s o i l  fauna inc lude  d ive rse  species represent ing 
several c lasses o f  arthropods and orders o f  insects ,  each w i t h  i t s  own unique, and 
n o t  mutual l y  exc lus ive  r o l e  i n  the  f o r e s t  ecosystem. Forest  f l o o r  arthropods inc lude  
predators, species t h a t  feed on l i v i n g  p l a n t  t issues,  and other groups invo lved i n  
t he  comminuting and decomposition o f  f o r e s t  f l o o r  residues. Some groups spend t h e i r  
e n t i r e  1 i ves  i n  the f o r e s t  f l o o r ,  wh i le  others,  such as some species of de fo l i a t o r s  
and bark beet les,  use the  f o r e s t  f l o o r  on l y  as a temporary hab i t a t .  Any manipulat ions 
o f  the  f o r e s t  can a f f e c t  the food supply, she1 t e r ,  compet i t ion,  v u l n e r a b i l i t y  t o  
predat ion,  reproduct ion,  and o ther  behavioral  hab i t s  o f  most f o r e s t  f l o o r  fauna. 

STUDY DESIGN 

The study area i s  loca ted  on the 3 019 ha (7,460 acre)  Coram Experimental Forest, 
on the  Hungry Horse D i s t r i c t  o f  the  Flathead Nat iona l  Forest .  I t  i s  access ib le  from 
U.S. Highway #2 a t  Ma r t i n  C i t y  and l i e s  about 40 km (25 m i l es )  nor theast  of K a l i s p e l l ,  
Mont. The c u t t i n g  u n i t s  were estab l ished along the  main r i d g e  f ac i ng  east  i n t o  
Abbott  Basin, sect ions 25, 35, and 36; T31N, R19W (48"25' n o r t h  l a t . !  113"59' west 
long. ) .  Timber was harvested i n  1974 us ing one o r  more running sky1 ~ n e  systems, and 
t he  residues broadcast burned i n  the  f a l l  o f  1975. 

The study area f a l l s  p r i m a r i l y  i n  the  W P a c h i s t i m a  h a b i t a t  type,' w i t h  4 
l e sse r  amount along the bottoms w i t h i n  the  Thuja/Pachistima h a b i t a t  type. S o i l s  a re  
from impure 1 imestone under l y ing  mate r ia l  o f  loamy-skeletal  s o i l  fami l  i es .  Slopes 
on the c u t t i n g  u n i t s  range i n  steepness from 30 t o  80 percent (17" t o  39') and avera e 
about 55 percent ( 2 Y ) .  Eleva t ion  ranges from 1 189 t o  1 585 m (3,900 t o  5,200 feet f  
m.s.1. 

S i x  c u t t i n g  u n i t s  o r  blocks were harvested, o r i g i n a l l y  designed t o  prov ide two 
r e p l i c a t i o n s  o f  th ree  bas ic  s i l v j c u l t u r a l  systems as fo l lows ;  

(1) Shelterwood - Block 11 12 ha (30 acres) 
Block 21 9 ha (22 acres) 

( 2 )  Group se lec t i on  - Block 12 0.5 hq (1.2 acres) 
Block 22 0.5 ha (1.2 acres) 

( 3 )  C learcut  - Block 13 6 ha (15 acres) 
Block 23 6 ha (15 acres) 

l ~ a s e d  on a h a b i t a t  type survey completed i n  1969 by Robert D. P f i s t e r .  
2Bascd on a s o i l  survey completed i n  1969 by R. C. McConnell. 



I n  add i t i on ,  two con t ro l  Blocks, 14 and 24 were estab l ished i n  the  adjacent uncut 
mature f o r e s t  ( f i g u r e  1 ) .  

Wi th in  each s i l v i c u l t u r a l  treatment, f o u r  res idue management t reatments were 
superimposed. The res idue subuni ts,  designed t o  represent f o u r  bas i c  
u t i l i z a t i o n ,  a re  as fo l l ows :  

l e v e l s  o f  

Subunit Trees t o  be Cut 

1 A1 1 designated sawtimber; 
a1 1 understory t rees.  

2 A l l  designated sawtimber; 
a1 1 understory t rees.  

3 A1 1 designated sawtimber; 
a1 1 understory t rees.  (.A1 1 
s lash removed.] 

4 A1 1 designated sawtimber. 

U t i l i z a t i o n  Standard 

I n tens i ve  l o g  u t i l i z a t i o n .  
Remove a l l  mate r i a l  (1  i v e  
and dead, standing and down) 
t o  3" d ia. ,  8 '  length,  and 
113 sound. 

Conventional l o g  and t r e e  
u t i l i z a t i o n .  Remove saw- 
t imber mate r ia l  ( l i v e  and 
recen t l y  dead) t o  cu r ren t  
NFS sawlog merchantabi l  i t y  
standards--6" dia. ,  
10 bd, ft., 1/3 sound. 

In tense f i b e r  u t i l  i t a t i o n .  
Remove a l l  ma te r i a l  ( l i v e  
and dead, standing and 
down) t o  3" dia. ,  8 '  length,  
and 113 sound. 

Leave sub-merchantabl e 
understory.  Remoye a1 1 
mate r ia l  i n  sawtimber t r ees  
(1 i v e  and dead, standing 
and down) t o  3" d ia. ,  
8 '  length,  and 1/3 sound. 

S i t e  o r  Seedbed 
Treatment 

Broadcast burn. 

Broadcast burn. 

Leave a$ i s .  
(A11 s lash 
removed. 1. 

Leaye qs i s .  

The d e t a i l s  of t he  study design discussed above a re  presented i n  a core study 
p l an  prepared by the U , S ,  Forest  Service i nves t i ga to r s  (USDA Forest  Service 1913). 

The entomological study fo l lowed t he  o v e r a l l  study design as presented above avd 
shown i n  f i g u r e  1, w i t h  f i v e  major except ions:  

1. Our s tud ies  were r e s t r i c t e d  t o  two she1 terwood treatments, Blocks 11 and 21, 
and two c learcuts ,  Blocks 13 and 23; we d i d  no t  consider t he  group se lec t ions  pyinci- 
p a l l y  because o f  t h e i r  small size.  

2. Wi th in  the  shelterwood and c l e a r c u t t i n g  u n i t s ,  we considered o n l y  subuni ts 1, 
2, and 3. We d i d  no t  cons'ider subuni t  4 p r i m a r i l y  because o f  t he  d i f f i c u l t y  o f  
1 eav i  ng non-merchantabl e unders tory  t rees  i n  the  cl earcuts  w i t h  t he  sky1 i n e  harvest ing 
system used. 

3. Harvest ing and the  removal o f  designated residues proceeded as planned 
dur ing  the  summer of 1974, w i t h  some 10 t o  15 M bd. ft. o f  t imber  c u t  per  day, begin- 
n i ng  about June 10. The residues scheduled t o  be burned i n  subuni ts  1 and 2 were 
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al lowed t o  cure f o r  1 year o r  more u n t i l  the f a l l  of 1975. I n  September o f  1975, the  
residues i n  subtreatments 1 and 2 were burned i n  c l ea r cu t  blocks 13 and 23 and she1 t e r -  
wood block 21. Poor burning condi t ions,  however, prevented burning the res idue i n  
subtreatments 1 and 2 i n  shelterwood b lock 11, i n  e f f e c t ,  adding another treatment. 

4. In a l l  4 c u t t i n g  blocks, the  d i f fe rences  i n  the  amount o f  residues l e f t  
under t he  two d i f f e r e n t  u t i l i z a t i o n  standards were i n s i g n i f i c a n t .  Because o f  t h i s ,  
and the  s i m i l a r i t i e s  i n  broadcast burning, we considered subuni ts 1 and 2 as a s i n g l e  
treatment. 

5. Our entomological study d i d  no t  begin u n t i l  t he  e a r l y  summer o f  19.75. Hence 
we were unable t o  sample f o r e s t  f l o o r  macrofauna du r i ng  the  season o f  1973, a year  
before harvest ing,  o r  immediately before o r  a f t e r  harvest ing dur ing  the  harvest ing 
season o f  1974. 

Our f i n a l  entomological study design cons is ted o f  5 combinations o f  harvest ing 
and res idue u t i l i z a t i o n  treatments, and a con t ro l  as fo l l ows :  

Harvest ing System 
Treatment # P resc r i p t i on  Block # 

Residue U t i l i z a t i o n  
P resc r i p t i on  Subunit fi 

1 She1 terwood 11 84 21 Intense f i b e r  u t i l  i z a t i o n  3 
2 She1 terwood 11 Residues unburned 1 & 2  
3 Shelterwood 2 1 Residues burned 1 & 2  
4 C l  earcut  13 & 23 Intense f i b e r  u t i l i z a t i o n  3 
5 Clearcut  13 & 23 Residues burned 1 & 2  
6 Undisturbed 14 & 24 None 5 

f o r e s t  

Another element i n  the  o v e r a l l  study design t h a t  could i n f l uence  the  i n t e r p r e t a -  
t i o n  o f  entomological s tud ies was the s i ze  and con f i gu ra t i on  o f  treatments. A l l  
t reatments were rectangular  i n  shape w i t h  the  l ong i t ud i na l  ax i s  p a r a l l e l  t o  the 
slope. The f i v e  t reatments ranged i n  l eng th  from 155 m (510 ft. ) t o  93Q m (3,050 f t . ) ,  
and from 78 m (255 ft. ) t o  155 m (510 f t )  i n  w id th  ( f i g u r e  1 ) .  Moreover, on l y  the 
top, bottom and one s ide  o f  each treatment was adjacent t o  undisturbed fo res ts ;  the  
o the r  s ide  abut ted subtreatment 4 which was no t  considered i n  t h i s  study. 

I t  would seem t h a t  t h i s  con f i gu ra t i on  o f  u n i t s  and treatments could create an 
"edge e f f e c t "  where mobi le arthropods could move i n  from the  edges, o r  between t r e a t -  
ments. However, t h i s  mobil i t y  i s  an arthropod behavioral  t r a i t  t h a t  should con t r i bu te  
t o  the  i n t e r p r e t a t i o n  o f  t reatment e f f e c t .  I f  a t reatment i s  an tagon is t i c  t o  q 
c e r t a i n  group o r  groups, the  t reatment would reduce the  numbers o f  animals as we l l  as 
discourage i n d i v i d u a l s  from the  surrounding areas t o  imnigrate .  On the o ther  hand, 
if a treatment was favorab le  t o  a group, i t  would tend no t  t o  decimate them and may 
prov ide cond i t i ons  favorab le  f o r  immigrat ion t o  the t r ea ted  area. Moreoyer, i f  
treatment e f f e c t s  were r e a l i z e d  on these r e l a t i v e l y  small un i t s ,  one would speculate 
t h a t  e f f e c t s  a1 so woul d occur--perhaps even more dramati c a l  l y - -on  1 arger  t reatment 
u n i t s .  Th is  would occur because most f o r e s t  f l o o r  macrofauna a re  no t  ab le  t o ,  o r  
usua l l y  do no t  f l y .  



FIELD AND LABORATORY PROCEDURES 

To measure the t reatment e f f e c t s  on f o r e s t  f l o o r  arthropods, we i n s t a l l e d  a 
se r i es  o f  196 p i t f a l l  t r aps  throughout t he  study area. The t r aps  were arranged i n  
each c u t t i n g  b lock  and subuni t  so t h a t  they (1 1 gr idded the  u n i t s ,  ( 2 )  had equi-  
d i s t a n t  p l o t  centers,  and (3)  al lowed a 31 m (100-foot) b u f f e r  a long each edge o f  
each subuni t .  There was one t r a p  per  0.15 ha (0.37 acre) .  The number of t raps  per  
t reatment and the  s izes o f  the  u n i t s  were as f o l l ows :  

S i z e  o f  U n i t  
Treatment No. - Block No. o f  Traps Acres Hectares 

The p i t f a l l  t r a p  was made from a galvanized metal can w i t h  a diameter of 25.4 cm 
(10 inches) and a he igh t  o f  30.5 cm (12 inches).  Holes were punched i n  t he  bottoms 
o f  t he  cans t o  a l l ow  f o r  drainage. A 237 m l  (8-ounce) j a r  w l t h  a screw-type 1 I d  wqs 
placed on the  bottom o f  the  can and f i l l e d  w i t h  120 ml (4-ounces) o f  70 percent e t h y l  
a lcohol ,  as a c o l l e c t i n g  conta iner .  A 25.4 cm (10-inch) t i n  funnel  was pos i t i oned  
i n t o  t he  can, w i t h  the top  o f  the  funnel f i t t e d  snugly over the  r i m  of the can and 
t he  neck suspended over the  open j a r .  The funnel was secured t o  the  can w i t h  th ree  
paper-binder c l i p s .  Th is  e n t i r e  assembly was placed w i t h  the  open end f l u s h  w i t h  the  
ground surface. 

The t r aps  remained i n  p o s i t i o n  i n  t he  f i e l d  f o r  2 weeks and were checked p e r i o d i -  
c a l l y  f o r  damage from w i l d  animals, debr i s  i n  funnel ,  j a r s  f i l l i n g  w i t h  r a i n  water, 
e tc .  A t  t he  end o f  the  2-week sampling per iod,  the  c o l l e c t i n g  jars were taken from 
the  t r aps  and removed t o  the l abo ra to r y  fo r  processing. 

I n  processing the  samples, the  contents of each jar were poured i n t o  a f l a t  pan 
and w i thou t  magn i f i ca t ion  the  debr i s  was removed and discarded, and the  l a r g e r  a r -  
thropods removed from the  sample. Then under magni f icat ion,  the  smal ler  remaining 
arthropods were removed from the  sample. A l l  animals were sor ted and t a l l i e d  by 
Class and i n s e c t  Order. The Coleoptera were f u r t h e r  categor ized i n t o  the  two most 
abundant fami 1 ies--Carabidae and Staphyl in idae.  Because of the  nature o f  the p i  t f a l l  
sampl i n g  u n i t ,  smal ler  arthropods, p a r t i c u l a r l y  Col lembola, were n o t  constdered i n  
t h e  sampl i n g  even though many were trapped. 

We r e a l i z e  the  hazards invo lved  i n  ca tegor i z ing  such d ive rse  grou s of f g r e s t  ll f l o o r  arthropods i n  major o r  h igher - leve l  taxonomic groups t h a t  cou ld  e too  hetero- 
genous t o  serve as bases f o r  conclusions regard ing responses t o  environmental change 
(Huhta and o thers  19671, and t h a t  taxonomic general i z a t i o n s  may be mis leading (Ah1 gren 
1974). Notwithstanding the d i f f i c u l t i e s  and time-consuming i d e n t i f i c a t i o n  a t  the  
species 1 eve1 (Ah1 gren 1974), species groups r a t h e r  than h igher  taxonomic groups 
appear t o  be the  most appropr ia te  u n i t s  o f  study (To1 b e r t  1975). No doubt, species 



respond d i f ferent ly  to treatments than do la rger  taxonomic un i t s ;  the abundance of a 
s ingle species may be considerably a l te red  while the overall  abundance of a par t icu lar  
group might be unaltered (Huhta and others 1967). 

Numbers of various taxa col lected are expressed in terms of the mean number of 
individuals per t rap  per col lect ion period f o r  each treatment. As Allen (1977) has 
noted, expressing the data t h i s  way compensates fo r  lo s s  of t raps  o r  t r ap  contents,  
i l l e g i b l e  labels ,  and the f a c t  t h a t  a l l  treatments were not sampled a t  precisely the 
same in terva ls  during the three years.  Data so expressed a l so  in part  compensates 
f o r  the under dispersion of animal communities in  the fo res t  f loor .  

A modified sampling schedule was followed during each of the three years of t h i s  
study even though a l l  196 p lo ts  were sampled a t  each sampling period. In 1975, we 
sampled on seven consecutive 2-week periods, beginning i n  ear ly  July and continuing 
through the middle of October. No sampling was done in the prescribed b u r p  uni ts  in 
September. In  1976, we sampled f o r  one 2-week period each i n  June, July and  August. 
In 1977, a s ingle sample was taken dur ing  a 2-week period in mid-June. 

RESULTS AND DISCUSSION 

During the 3-year course of t h i s  study, we trapped fo res t  f loor  macrofauna re- 
presenting f ive  classes of arthropods and eight  orders of insects .  The most abundant 
animal s were Col eoptera, Hymenoptera, and Araneida. Four arthropod groups were 
ident i f ied  t o  c lass ;  Insecta were ident i f ied  t o  orders ,  and the Coleoptera t o  family. 
A t  t h i s  time, no determinations have beep made below the family unit .  The grwps  are  
as follows: 

Carabi dae 
Staphyl inidae 
Cerqmbyci dae 
Scolyti dae 
Curcul ionidae 
El a ter idae  

g%%j% 
Coccinel 1 idae 
Lvcidae -" - . 

S i l  hidae 
&i dae 
Buprestidae 
Cucu j i dae 



Many of the groups were trapped very infrequently. We will present here the 
resul t s  of fores t  stand and residue treatment on s ix  major categories: to t a l  fauna, 
to ta l  Coleoptera, Col eoptera famil i e s  Carabidae and Staphyl inidae, Hymenoptera (mostly 
Formicidae) , and Araneida (spiders) .  

Seasonal Trends 

There was a downward trend in the  number of macrofauna during the season regard- 
less of year or  treatment. The trend in the undisturbed control areas durtng 1975 
( f igure  2 )  i s  representative of the seasonal trends i n  a l l  units  d u r i n g  1975 and  
1976. 

In 1975, we began sampling in early July, and the peak of macrofauna abundance 
coincided with tha t  sampling date. Sampl ing in 1976 began in June, and in tha t  year 
populations were s igni f icant ly  higher i n  June than in e i the r  July or  August, when 
populations were the lowest. A higher peak may also have occurred in June of 1975; 
however, both seasons featured the same downward trend in the number of to ta l  macro- 
fauna. 

Populations remained re la t ive ly  high through mSd-August of 1975, b u t  dropped 
s igni f icant ly  during the l a s t  two weeks of tha t  month. Most populations resurged 
rapidly again in early September, almost t o  the July level ,  b u t  in l a t e  September and 
ear ly  October dropped off s ignif icantly.  The resurgence in early September may have 
been associated with rain tha t  f e l l  in l a t e  August. 

In clearcut  areas, regardless of residue treatment, to ta l  fauna populations de- 
creased during the season much more rapidly than they did in the undisturbed fo res t ,  

I b u t  generally followed the same trend. 

Effect of Treatment 

The e f fec t s  of harvesting and residue treatments on s ix  groups of fores t  f loor  
arthropods are  displayed in figures 3-8, In each f igure,  the s ix  columns of bars and 
i 11 ustrat ions represent the f ive  treatments and control described earl  i e r  i n  the 
study design section. The top row of columns presents the mean number of arthropods 
per t rap  from four sampling periods between early July and l a t e  August in 1975, prior  
t o  when some units  were burned. The second row presents mean numbers of fauna from 
three sampling periods--June, July, and August--in 1976. The th i rd  row presents data 
from one sampling period in June of 1977. In the subsequent discussion of treatment 
e f fec t s  the word "signif icant"  means s t a t i s t i c a l l y  d i f ferent  a t  the 5 percent level 
of significance. 

TOTAL FAUNA 

In general, neither s i l  vicul tural  nor residue treatment had any s igni f icant  
e f fec t  on to ta l  macrofauna during the f i r s t  season a f t e r  treatment prior t o  burning. 
Populations in a l l  treatments, with the exception of treatment 2 ,  a lower elevation 
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Late Early Late Early Late Early 

Figure 2.--Mean to ta l  marnofauna collected i n  p i t f a l l  traps during a portion 
o f  sumer and e a r l y  faZZ, 2975, i n  an undt!sturbed stand of western larch 
and mug Zas- fir, &ram ~xperimen& Z Forest. 



shelterwood w i t h  residues, were s igni f icant ly  lower than populations in treatment 6 ,  
the undisturbed fo res t  ( f igure  3 ,  top) .  Though not apparent in f igure 3,  in September 
and ear ly  October, t o t a l  faunal populations in treatment 4 were more than twice those 
in the undisturbed fo res t .  Though not shown in the schematic in f igure  3, with the 
exception of treatment 2 and one uni t  of treatment 4, t o t a l  macrofaunal populations 
in a l l  treatments and the undisturbed fo res t  were s ign i f i can t ly  lower during the two 
sampling periods a f t e r  the prescribed burn i n  ear ly  September. This population trend 
i s  shown f o r  the undisturbed stands in f igure  2 .  

In  1976, populations in the undisturbed fo res t ,  treatment 6 ,  were s ign i f i can t ly  
higher than those in any of the treatments; moreover there was no s igni f icant  d i f -  
ference in populations between treatments ( f igure  3 ,  cen te r ) .  I t  i s  of i n t e r e s t  t ha t  
in 1976, there was r e l a t ive ly  no difference between treatment 2 and 3,  where residues 
were e i t h e r  l e f t  o r  burned, respect ively,  in the shel terwood cut t ings .  Populations 
in 1976 were a l so  very s imi lar  between treatments 1 and 4, where residues were me- 
chanical l y  removed in the shel terwood and cl earcut ,  respect ively.  

Total macrofauna populations changed s igni f icant ly  in three treatments between 
1975 and 1976. There was a s igni f icant  and unexplained decrease in populations in 
treatment 2 ,  where the residue remai ned i n  the shel terwood. Populations i>q she1 t e r -  
wood treatment 3 were s ign i f i can t ly  higher i n  1976, while i n  the comparable t r e a t -  
ment 5 Tn the  clearcut, populations were nearly the same i n  both years .  These data 
appear paradoxical, s ince the  cl earcut  burned hot and thoroughly, while the shel t e r -  
wood burned 1 ight ly  and unevenly, due to  an uneven d is t r ibut ion  o f  residues. The 
other  s ign i f i can t  change came in treatment 4 ,  where populations were about 25 percent 
lower in 1976. 

In 1977, one begins t o  see what might be both a harvesting e f f e c t  and a residue 
treatment e f fec t .  Populations in the undisturbed fo res t  were s t i l l  s ign i f i can t ly  
higher than to t a l  macrofaunal populations in any of the 5 t rea ted  areas.  However, 
there were some differences between the treatments. Regardl ess  o f  residue treatments,  
populations in treatments 4 and 5 were s ign i f i can t ly  lower than those i n  treatments 2 
and 3, b u t  not s ign i f i can t ly  d i f f e ren t  from those i n  treatment 1 .  Populations in 
treatments 2 and 3, where shel terwood residues were l e f t  and were burned, respect ively,  
remained about the same. In both the clearcut  and the shel terwood, populations were 
not s igni f icant ly  d i f f e ren t  between areas where residues were mechanically removed or 
prescribed burned. 

In comparing populations in June 1976 with those of June 19.77, w i t h  the excep- 
t ions  of treatments 2 and 3 and the control ,  populations i n  a l l  treatments were 
s ign i f i can t ly  lower in 1977. However, when comparing a1 1 of 1976 t o  June 1977,  
populations in treatments 2 and 3 were not s ign i f i can t ly  lower. This i s  of i n t e r e s t  
s ince of a l l  f i ve  treatments, treatment 2 was most nearly comparable t o  the undisturbed 
fo res t  in terms of the impact of harvesting and residue treatments. 

COLEOPTERA 

In 1975, f o l l  owing cut t ing  and pr ior  t o  burning, Col eoptera populations were 
s ign i f i can t ly  higher in the undisturbed fo res t s  t h a n  in any o f  the treatments (f igure 4 ,  
top) ; and there were only three s igni f icant  population differences between the t r e a t -  
ments. Where the residues were l e f t ,  p r ior  t o  burning, numbers were s ign i f i can t ly  
higher in shel terwood treatment 2, than in shel terwood treatment 3 ,  o r  c learcut  
treatment 5. 



HARVESTING AND RESIDUE MANAGEMENT TREATMENTS 

3.--Mean totaZ .forest fZoor macrofauna coZZected i n  pitfa22 traps ;n - ~ 

- f i v e  harvesting and- residue managmmt  treatment combinations and i n  adja- 
cent undistwbed forests, Coram FxperimentaZ Forest. 
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HARVESTING AND RESIDUE MANAGEMENT TREATMENTS 

Figure 4.--Mean to tal  CoZeoptera coZZected i n  p i t f a l l  t ~ a p s  i n  five harvesting 
and residue management treatment combinations and i n  adjacent undisturbed 
forests, Corm ExperimentaZ Forest. 



Mechanical removal of residues i n  the  c lea rcu t ,  t reatment 4, s i g n i f i c a n t l y  reduced 
t o t a l  Coleoptera numbers as compared t o  mechanical res idue removal i n  the shelterwood, 
t reatment 1. Coleoptera popula t ions were s i g n i f i c a n t l y  lower i n  the  two post-burn 
samples, compared t o  the  las t  pre-burn sample i n  a l l  s i x  treatments, w i t h  the excep- 
t i o n  o f  t reatment 4. 

Populat ions remained s i g n i f i c a n t l y  h igher  i n  the  undisturbed f o r e s t  than i n  any 
o f  the  f i v e  t reatments i n  1976, w i t h  some popula t ion d i f f e rences  between treatments 
( f i g u r e  4, center ) .  Populat ions i n  t reatment 3 were h igher  than i n  any o ther  t reatment 
- - s i g n i f i c a n t l y  h igher  than i n  t he  shelterwood where the res idue was n o t  burned 
( t reatment  2), the  shel terwood w i t h  mechanical res idue removal ( t reatment  1 ) , and the  
burned counterpar t  i n  the  c l  earcut  ( t reatment  5 ) .  Treptment 4, where c l ea r cu t  r e s i -  
dues were mechanical ly removed had the  most s i g n i f i c a n t  impact on Col eoptera papula- 
t i o n s  i n  1976, 

Col eoptera popula t ions remained essen t iq l  l y  t he  same between 1975 and 1976, w i t h  
t h e  except ion o f  s i g n i f i c a n t  increases i n  t reatment 3 and t he  undisturbed f o r e s t  
( t reatment  6). 

Although f o r  the  t h i r d  season i n  a row, Coleoptera popula t ions i n  the undisturbed 
f o r e s t s  were s i g n i f i c a n t l y  h igher  than i n  any of t he  treatments, the re  appeared t o  be 
a harves t ing  t reatment e f f e c t ,  regard less of res idue treatment i n  1977. Both the  
shel terwood mechanical removal o f  res idue (treatment 1 ) and res idue burned ( t r e a t -  
ment 3)  has s i g n i f i c a n t l y  h igher  numbers o f  beet les  than the  c l ea rcu t  counterparts,  
t reatments 4 and 5, respec t i ve ly .  There was no s i g n i f i c a n t  d i f f e rence  i n  bee t le  
popula t ions between the res idue treatments w l t h i n  the  harvest ing treatments. 

For t he  most par t ,  Coleoptera popula t ions i n  a l l  s i x  t reatments d i d  no t  chqnge 
s i g n i f i c a n t l y  between 1976 and 1977. The most no t i ceab le  decreases were i n  those 
treatments (3 and 5) where the  residues were burned. 

CARABIDAE 

Carabid popula t ions d i d  n o t  d i f f e r  s i g n i f i c a n t 1  amgng t reatments f o l l ow lng  
harvest ing and before burning i n  1975 (.figure 5, t op  7 . However, f o l l o w i n g  burning, 
Carabids increased i n  t he  c l ea r cu t  where residues were burned ( t reatment 5) and were 
s i g n i f i c a n t 1  more numerous i n  t he  shelterwood where t he  residues had no t  been burned 
( t reatment  2 f . There was no change i n  t he  shelterwood where the  residues were burned 
( t reatments 3). 

C lea rcu t t i ng  and mechanical removal o f  res idue had the  most pronounced e f f e c t  on 
ca rab id  popula t ions i n  1976; popula t ions i n  t reatment 4 were s i g n i f i c a n t l y  lower than 
i n  any o ther  treatment. Treatment 2 had s i g n i f i c a n t l y  h igher  popula t ions than e i t h e r  
o f  t h e  o the r  two shelterwood treatments 1 and 3. Between 1975 and 1976, popula t ions 
i n  both t reatment 2 and treatment 6, t he  con t ro l ,  increased s i g n i f i c a n t l y .  Popula- 
t i o n s  i n  t he  undisturbed fo res t  were almost th ree  t imes those i n  1975. 

The impact o f  c l e a r c u t t i n g  and in tense f i b e r  removal on carab id  populations 
( t reatment  4)  was s t i l l  pronounced i n  1977. Populat ions i n  t h a t  t reatment were 
s i g n i f i c a n t l y  lower than i n  any o f  t he  o ther  treqtments. Although ground bee t le  
popula t ions i n  the  undisturbed f o r e s t  decreased i n  1977, the re  was no s i g n i f t c a n t  
change between 1976 and 1977 i n  any o f  t he  f i v e  treatments, 



HARVESTING AND RESIDUE MANAGEMENT TREATMENTS 

figwle 5.  --Mean totaZ mrabidae (Cbleoptera) coZZected i n  p i t f a l l  traps i n  
five hamesting and residue management t r eahen t  combinakions and i n  
adjacent undistwbed forests, Corm ExpehnentaZ Forest. 



STAPHYLINIDAE 

As one might expect, popula t ion changes f o r  staphyl  i n i d s  ( rove beet1 es) were 
cons iderab ly  d i f f e r e n t  than f o r  t h e  ground beet les .  I n  1975, rove bee t le  popula t ions 
i n  the  undisturbed f o res t ,  t reatment 6, were s i g n i f i c a n t l y  h igher  than i n  any of the 
t reatments ( f i g u r e  6, top) .  Among the  treatments, popula t ions i n  the  c l  earcut  where 
residues were mechanical l y  removed ( t reatment  4) were more severely and si  gni  f Tcant ly  
impacted than those i n  the shel terwood counterpar t  ( t reatment  1  ) . Among the treatments 
where residues were l e f t ,  popula t ions i n  t reatment 2 were s i g n i f i c a n t l y  g rea te r  than 
i n  e i t h e r  t reatment 3 ( a l so  a  shel terwood) o r  t reatment 5 ( c l ea r cu t ) .  

I n  comparing s t a p h y l i n i d  popula t ions between the l a s t  pre-burn sample and the 
two post-burn samples i n  1975, the re  were no s i g n i f i c a n t  changes i n  any of the  t r e a t -  
ments o r  i n  t he  undisturbed f o r e s t .  In 1976, there a  peared t o  be an e f f e c t  of 
harvest ing,  though no t  o f  res idue treatment on s ta  hy i n i d  p o p u l a t i ~ n s .  R o w  beet les  
were s i g n i f i c a n t l y  more numerous i n  a l l  o f  the  she P terwood treatments, espec iq l l y  
t reatment 3, than i n  e i t h e r  of the  two c l e a r c u t  treatments. There was no significant 
d i f f e rence  i n  popula t ions between c l ea rcu t  t reatments 4 and 5. 

From 1975 t o  1976, popula t ions increased s i g n i f i c a n t l y  i n  a1 1  th ree  shel terwood 
treatments bu t  no t  i n  c l ea r cu t  t reatments 4 and 5; i n  the  undisturbed fo res t  ( t r e a t -  
ment 6 )  rove beet les  increased by 50 percent. Because o f  the  increase i n  the  con t ro ls ,  
t he  imp l i ca t i ons  o f  increases i n  the  th ree  shelterwood t r ea ted  areas i s  uncer ta in .  

E f f e c t s  o f  harvest ing on rove bee t l e  popula t ions appeared t o  cont inue i n  1977 ; 
populat ions i n  a l l  th ree  shelterwood treatments were s i g n i f i c a n t l y  higher than the 
two c l ea rcu t  treatments. However, a res idue treatment e f f e c t  was no t  apparent. 
There was n e i t h e r  a  s i g n i f i c a n t  di f ference i n  rove bee t l e  numbers among the  th ree  
shelterwood treatments nor between t he  two c l ea rcu t  treatments. I n  1977, bee t le  
popula t ions were s t i l l  s i g n i f i c a n t l y  h igher  i n  the  undisturbed f o r e s t  ( t reatment  6)  
than i n  any o f  the  o ther  f i v e  treatments. 

Between 1976 and 1977, popula t jons i n  both burned treatments (3 and 5 )  and i n  
the  c l ea r cu t  w i t h  mechanical res idue removal ( t reatment  4)  showed s i g n i f i c a n t  reduc- 
t i ons .  These popula t ion changes may have b i o l o g i c a l  imp1 i ca t i ons ,  s ince bee t l e  
popula t ions i n  the  con t ro l s  remained s tab le  between the  two years. 

ARANE I DA 

Spider popula t ions were r e l a t i v e l y  s t ab le  i n  1975 ( f i g u r e  7, top) ,  bu t  the re  
were some treatment d i f fe rences .  Only two treatments (1 and 3) were s i g n i f i c a n t l y  
lower than the  con t ro ls .  I n  the  in tense f i b e r  u t i l i z a t i o n  treatments, sp iders  were 
s i g n i f i c a n t 1  more numerous i n  the  c l ea r cu t  ( t reatment  4)  than i n  the  shel terwood 
( t reatment  1  3 . Spider popula t ion changes f o l l ow ing  burn ing i n  1975 were incons is ten t  
w i t h  respect t o  harvest ing o r  res idue treatments. 

Populat ion s t ab i  1  i t y  among t he  f i v e  treatments and t he  undisturbed f o r e s t  con- 
t i nued  i n  1976, though there  was an increase i n  numbers i n  a l l .  s i x  t reatments over 
1975. S i g n i f i c a n t l y  h igher  popula t ions i n  1976 i n  t reatments 3 and 5 would seem t o  



HARVESTING AND RESIDUE MANAGEMENT TREATMENTS 

&gum !?.--Mean totaZ Staphylinidae (CoZeoptera) coZZected i n  pitfa22 traps 
i n  f ive  harvesting and residue management treatmezt combfnations and <n 
adjacent undistwbed fores t s ,  Corm Experi.mentai! Forest. 



HARVESTING AND RESIDUE MANAGEMENT TREATMENTS 

Figure 7 .  --Mean tgtaZ bcmeida f&ae7uzida) coZZected in pitfa22 twlaps in 
five hamesting and residue manugemen t treatment combinations . a d  in 
adjacent undistwbed forests, Corm EqerimentaZ Forest. 



i n d i c a t e  a t reatment e f f e c t  o f  burning. However, popula t ions were a1 SQ s i g n i f i c a n t l y  
h igher  i n  shel terwood treatments 1  and 2 which were no t  burned and where no o the r  
res idue management had been e f f ec ted  between 1975 and 1976. 

Both harvest ing and res idue management treatments seemed t o  have i n f l  uenced 
sp ider  popula t ions i n  1977, Populat ions i n  both c l ea r cu t  u n i t s  though no t  s i g n i f i -  
c a n t l y  d i f f e r e n t  between them were s i g n i f i c a n t l y  lower than those i n  any o f  the  
shelterwood treatments. Moreover, i n  both in tense f i b e r  u t i l i z a t i o n  treatments (1 and 
4), sp iders  were l ess  numerous than i n  the  respec t i ve  res idue burned treatments ( 3  and 
5). As observed w i t h  o ther  groups, the on ly  treatments where sp ider  popula t ions were 
no t  s i g n i f i c a n t l y  lower than those i n  the con t ro l s  were t reatments 2 and 3--the 
t reatments t h a t  most c l o s e l y  resemble the  undisturbed f o res t ,  espec ia l l y  t reatment 2. 

C learcu t t ing ,  regard less o f  res idue treatments, e f f ec ted  the  most dramatic 
change i n  sp ider  popula t ions between 1976 and 1977; i n  both t reatments 4 and 5 sp ider  
popula t ions decreased s i g n i f i c a n t l y  by about 50 percent. 

I n  the  shel terwood, t reatments 1  and 3 (counterpar ts  o f  t reatments 4 and 5 I n  
the  c l ea r cu t )  a l so  showed a decrease i n  sp ider  popula t ions between 1976 and 1977, 
though the  change was i n s i g n i f i c a n t  and no t  near l y  as  pronounced as i n  the c lea rcu t .  

The s i g n i f i c a n t  decrease i n  sp ider  popula t ions on both c l ea r cu t  u n i t s  (and 
perhaps t he  shel terwood as we1 1 ) between 1976 and 1977 may be i n d i c a t i v e  of a t rend  
t h a t  cou ld  cont inue f o r  several  years. I n  a  study i n  Finland, Huhta (1976) concluded 
t ha t ,  ". . . for  a t  l e a s t  t he  f i r s t  7  years a f t e r  f e l l i n g ,  t he  succession o f  the  sp ider  
community i n  a  c l ea r cu t  area cont inues t o  proceed i n  a re t rogress ive  d i r e c t i o n ;  i .e . ,  
d i ve rg i ng  from the o r i g i n a l  s t a t e  p r e v a i l i n g  i n  a c l imax spruce stand." 

O f  a l l  t he  animal groups, the  Formicidae (an ts )  seemed t o  have responded most 
d rama t i ca l l y  t o  some of the  harvest ing and residue management treatments. 

C l  e a r c u t t i  ng and mechanical removal of res idue ( t reatment  4 )  appeared t o  have 
a f f e c t e d  an t  popula t ions most s i g n i f i c a n t l y  the  year a f t e r  t reatment ( f i g u r e  8, top ) .  
I n  1975, popula t ions i n  t reatment 4 were s i g n i f i c a n t l y  h igher  than those i n  the  
undisturbed f o r e s t  as we l l  as  those i n  a l l  the  o ther  treatments. However, i n  the  
l a s t  two sampling per iods i n  1975, ant  populat ions i n  t reatment 4, as we1 1 as those 
i n  the  shelterwood counterpar t  ( t reatment  1)  decreased s i g n i f i c a n t l y .  

I n  bo th  the  c l ea r cu t  and shelterwood un i t s ,  burning the  restdues ( t reatments 3 
and 5) caused a s i g n i f i c a n t  resurgence i n  an t  popula t ions i n  the  e a r l y  f a l l  f o l l ow ing  
t he  burning; the  most s t r i k i n g  increase occurred i n  the  c l ea r cu t  t reatment 5.  Since 
t h i s  change i s  no t  g raph i ca l l y  i l l u s t r a t e d  i n  f i gu re  8 ( t op ) ,  f i gu re  9 shows formic id  
popula t ions throughout the season of 1975, pre- and post-burn for treatments 4, 5, 
and 6. 

For these th ree  treatments, an t  populat ions remained r e l a t i v e l y  the  same from 
e a r l y  ~ u l y  t o  l a t e  August. Populat ions were most abundant i n  t reatment 4, and nea r l y  
t he  Fame i n  treatments 5 and 6, a t  l e a s t  from l a t e  J u l y  t o  e a r l y  August. These same 
re l a t i onsh ips  can a lso  be observed i n  treatments 4, 5, and 6 i n  f i g u r e  7  ( top) .  I n  
a1 1 th ree  treatments, however, an t  popula t ions diminished s tead i  ly dur ing the f o u r  



HARVESTING AND RESIDUE MANAGEMENT TREATMENTS 

Figure 8.--Wan to ta l  Hgmenoptera ImostZy Fomicidae) coZZected i n  pCtfaZZ 
traps i n  five h rve s t i ng  and residue mmzagement treatment combinations 
and i n  adjacent undi.sWbed forests, Corm ExperimentaZ Forest. 
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Figure 9 .  --Hymenoptera populations (mgst Zy Formicidae (an t s )  ) i n  29 75 on 
undisturbed forests  (treatment 6) and on clearcut forests  uhere residues 
were rnechanCcaZZy removed (treatment 4 )  or where t he  residues were Zeft  i n  
<n pZace (treatment 5 )  unt<l early September when t h y  were prescribed 
burned. 



sampling per iods,  and by l a t e  August, were n o t  s i g n i f i c a n t l y  d i f f e r e n t .  Residues i n  
t h e  c l e a r c u t  were burned i n  e a r l y  September, d u r i n g  which t ime no samples were taken. 

The l a s t  two histogram se ts  i n  f i g u r e  9 show Formicidae popu la t i ons  i n  a l l  t h r e e  
t reatments a f t e r  the  p resc r ibed  burn i n  t reatment  5 i n  e a r l y  September. Ant  popula- 
t i o n s  i n  bo th  t h e  und is turbed f o r e s t  and i n  t reatment  4 decreased s i g n i f i c a n t l y  
between the  pre-burn sample i n  l a t e  August and the  two post-burn samples i n  l a t e  
September and e a r l y  October. However, i n  t reatment  5, where res idues had been burned, 
a n t  popu la t i ons  i n  t h e  f i r s t  sampling p e r i o d  a f t e r  burn ing were 10 t imes g r e a t e r  than 
i n  t h e  und is turbed stand, and 2.5 t imes more numerous than i n  c l e a r c u t  t reatment  4, 
where no bu rn ing  had been done. Al though n o t  as s t r i k i n g ,  t h e  same t r e n d  cont inued 
i n t o  e a r l y  October. 

The resurgence i n  f o r m i c i d  po u l a t i o n s  on t h e  burned u n i t s  was s h o r t - l i v e d .  
Notwi ths tand ing t h e  s i g n i f i c a n t l y  !I i g h e r  popu la t i ons  i n  t reatment  5 compared to 
t reatment  6 i n  1976 ( f i g u r e  8, cen te r ) ,  popu la t i ons  o f  an ts  i n  1976 on bo th  t r e a t -  
ments 3 and 5 were n o t  s i g n i f i c a n t l y  d i f f e r e n t  from popu la t i ons  on these same t r e a t -  
ments i n  1975 ( f i g u r e  8, top) .  Ant  popu la t i ons  i n  t reatments  3 and 6 were n o t  
s i g n i f i c a n t l y  d i f f e r e n t  i n  1976, probab ly  r e f l e c t i n g  a l e s s  s i g n i f i c a n t  resurgence 
(as compared t o  t h a t  o f  t reatment  5 ) .  

Besides a s i g n i f i c a n t  decrease of n e a r l y  50 percent  i n  a n t  popu la t i ons  between 
1975 and 1976 i n  t reatment  6, popu la t i ons  a l s o  decreased s i g n i f i c a n t l y  i n  t reatments 2 
and 4 between t h e  two years. 

C l e a r c u t t i n g  and burn ing residues,  a p r a c t i c e  t h a t  s t i m u l a t e d  a n t  popu la t i ons  
f o l l o w i n g  bu rn ing  i n  1975, seemed t o  have t h e  most d e b i l i t a t i n g  e f f e c t  o f  a l l  t he  
t reatments  2 years  l a t e r .  By 1977, a n t  popu la t i ons  were l e s s  than h a l f  as abundant 
as i n  e i t h e r  1976 o r  1975 and s i g n i f i c a n t l y  fewer than on any o f  t h e  o t h e r  t reatments 
i n  1977, i n c l u d i n g  the  shel  terwood burned t reqtment  3, 

Al though we have n o t  done i t  w i t h  o t h e r  groups, i t  i s  i n t e r e s t i n g  t o  compare a n t  
popu la t i ons  i n  1977 ( f i g u r e  7, bottom) w i t h  those i n  1975 ( f i g u r e  7, top ) .  The 
c o n t r o l  popu la t i ons  a r e  e s s e n t i a l l y  t h e  same ( t reatment  6). However, on a l l  o t h e r  
t reatments  popu la t i ons  a r e  lower  i n  1977; on t h e  shel terwood t reatments,  they  a r e  
down about 30 percent  and on t h e  c l e a r c u t  t reatments about 55 percent  o f  what they  
were i n  1975. A1 though popu la t i ons  a r e  lower i n  1977, t h e  t h r e e  shel terwood t r e a t -  
ments and t h e  two c l e a r c u t  t reatments  have e s s e n t i a l l y  t h e  same r e l a t i v e  popu la t i on  
l e v e l s  each season. 

SUMMARY 

The r e s u l t s  o f  t h i s  s tudy i n d i c a t e  t h a t  groups of f o r e s t  f l o o r  macrofauna r e -  
sponded somewhat d i f f e r e n t l y  t o  t h e  d i r e c t  and i n d i r e c t  e f f e c t s  o f  ha rves t ing  and 
res idue  management p r a c t i c e s .  A1 though some popul a t i o n s  increased between t reatments 
o r  years, most t reatments  adverse ly  af fected most groups of  macrofauna p a r t i c u l a r l y  
n o t i c e a b l e  t h e  second and t h i r d  year  a f t e r  burn ing and harvest ing,  r e s p e c t i v e l y .  

I n  1975, one season a f t e r  ha rves t ing  b u t  before p resc r ibed  burning, pqpu la t i ons  
of  most taxa were s i g n i f i c a n t l y  lower  i n  t h e  t reatments  than i n  t h e  und is turbed 
f o r e s t ,  w i t h  t h r e e  except ions:  (1 )  Carabid popu la t ions were e s s e n t i a l l y  t h e  same 
throughout a l l  s i x  t reatments;  ( 2 )  I n  o n l y  two shel terwood t reatments were sp ide r  
popu la t i ons  lower  than those I n  t h e  und is turbed f o r e s t ;  and (3) Formicids were 



equa l l y  abundant i n  a l l  t reatments w i t h  the  except ion o f  the  c lea rcu t ,  and in tense 
f i b e r  removal where numbers were s i g n i f i c a n t l y  h igher  than a l l  o ther  treatments. 

Prescr ibed burn ing i n  the  fa1  1 o f  1975 af fec ted macrofaunal groups d i f f e r e n t l y .  
Populat ions o f  some groups decreased, whi 1  e others  remained the  same. Carabids were 
s i g n i f i c a n t l y  more abundant i n  t he  c l  earcut  f o l  lowing burn ing o f  residues; however, 
du r i ng  the  same per iod,  they a l so  increased on one shelterwood where residues were no t  
burned. I n  t he  c l  earcut  espec ia l l y ,  bu t  a1 so i n  the  shel terwood treatment, prescr ibed 
burning caused a s i g n i f i c a n t  resurgence i n  an t  popula t ions f o l  1  owing the  prescr ibed 
burning. 

I n  many cases, popula t ions o f  some taxa i n  shel terwood treatments where residues 
were l e f t  unburned on the  f o r e s t  f l o o r ,  responded i n  a  manner very s i m i l a r  t o  po u l a -  
t i o n s  i n  t he  undisturbed f o res t .  Th is  may no t  be unexpected s ince t h i s  was the  east  
" d r a s t i c "  o f  t he  f i v e  c u t t i n g  and res idue treatments. 

I 
With the  except ion o f  sp ider  popula t ions which remained s tab le ,  and the  numbers 

o f  an ts  t h a t  resurged on the  burned un i t s ,  popula t ions o f  a l l  taxa on t he  t r ea ted  
areas were s i g n i f i c a n t l y  lower i n  1976 than p ~ p u l a t i o n s  i n  the  undisturbed f o res t s .  

I n  1977, 3 years a f t e r  harvest ing and 2 years a f t e r  prescr ibed burning, popula- 
t i o n s  of a l l  taxa were s i g n i f i c a n t l y  lower on the  t r ea ted  areas than i n  the  adjacent 
undisturbed fo res ts .  H~wever,  i n  a1 1 cases popula t ions o f  a1 1 groups were h igher  i n  
t he  shel terwood u n i t  where the  residues had no t  been burned ( t reatment  2). than i n  any 
o f  the  o the r  f o u r  treatments, Spider popula t ions i n  t reatment 2 were, i n  f ac t ,  mare 

1 abundant than those i n  the  undisturbed f o res t .  

With some taxa, i n  both 1976 and 1977, the re  appeared t o  be both a  harvest ing 
e f f e c t  and an e f f e c t  o f  res idue management. I n  many cases, popula t ions i n  the  th ree  
shel terwood u n i t s  were h igher  than those i n  the  two c l ea rcu t  un i t s ,  regardless o f  
res idue treatments. I n  o ther  cases, popula t ions i n  the treatments where the  residue 
was mechanical ly removed (treatments 1  and 4)  were s i g n i f i c a n t l y  lower than i n  t he  
two treatments where residues were burned ( t reatments 3  and 5 )  regard less o f  the  
harvest ing system. 

With most groups, arthropods are most adversely a f f e c t e d  by those harvest ing and 
res idue manipu la t ion p rac t i ces  t h a t  most d r a s t i c a l l y  a l t e r  t h e  f o r e s t  environment. 
C lea rcu t t i ng  i s  a more d i s r u p t i v e  p r a c t i c e  than shelterwood c u t t i n g s  and i n  most 
cases, t he  i n t ens i ve  and complete removal of residues from a f o res t  have a more 
adverse ef fec t  than e i t h e r  l eav i ng  o r  burn ing the residues. I n  general, one could  
rank t he  5 t reatments from l e a s t  harsh t o  most harsh i n  t he  f o l l o w i n g  order ;  2 ,  3, 
1, 5 and 4. 

The 3-year per iod  covered by t h i s  i n v e s t i g a t i o n  was too  shor t  t o  a l l ow  us t o  
determine t he  long-term e f f e c t s  o f  these harvest ing and res idue treatments on the  
taxa studied. A complete understanding o f  the  e f f ec t s  o f  these treatments and the  
l eng th  o f  t ime requ i red  f o r  ar thropod popula t ions t o  s t a b i l i z e  a t  pre-treatment 
l e v e l s  would r equ i r e  a d e t a i l e d  long-term study o f  a l l  animal species I n  the fo res t  
f l o o r .  



MANAGEMENT IMPLICATIONS 

The combined e f f ec t s  of residue management pract ices  and harvesting systems in 
coniferous fo res t s  not only d i r ec t ly  influence fo res t  f loor  macrofauna, b u t  a1 so 
indi rec t ly  by modifying the environment in which these qnd other  important fores t  
insec ts  l i ve .  The d i f f i c u l t i e s  of analyzing treatment e f f ec t  have been surmarized by 
Huhta (1971) as follows: 

Catastrophes in an ecosystem, such a s  deforestat ion or  burning, 
a l t e r  nearly every environmental fac tor ,  b io t i c  or ab io t i c ,  
in te rac t ing  in such a complex way tha t  i t  i s  very d i f f i c u l t  t o  
dis t inguish the fac tors  which pr inc ipa l ly  account f o r  the 
changes in the animal communities. To discover the primary 
causes o f  the changes in the population dens i t i e s  of the d i f -  
f e ren t  species o r  of t he  successional trends of the  whole 
community, accurate information would have t o  be acquired about 
the  habits and responses of each component species to  each 
f ac to r  a t  the d i f f e ren t  s tages of t h e i r  l i f e  cycles,  together 
with detai led long-term microclimatic records not only in the 
habi tat  in general,  b u t  a1 so separately in the  par t icu lar  
microhabitat of each species.  

Such de ta i led  s tudies  were beyond the scope of the invest igat ion reported in t h i s  
paper. 

Intense removal of f ibe r ,  espec ia l ly  in c learcuts ,  seems t o  s igni f icant ly  
reduce the populations of some taxa, par t icu lar ly  two and three seasons a f t e r  har- 
vesting and residue removal, b u t  we cannot now predict  the complete s ignif icance of 
t h i s  reduction because so many groups a re  involved, and we have only determined the 
taxa involved to  groups a t  the family level o r  above. Groups involved a re  those 
responsible f o r  the mechanical degradation of residues and f o r  providing entry 
courts  f o r  decay micro-organi sms. Other groups a re  phytophagous, feeding on seeds 
and other  plant t i s sues  and others  a re  very ef fec t ive  predators. Further compl i -  
cat ing the complete in terpre ta t ion  of the treatment imp1 ica t ions  i s  a general lack 
of information on food chains, interorganism relat ionships and the biology and 
ecology of the  species involved. Other invest igators  have reported t h a t  100 percent 
t r e e  removal and residue u t i l  izat ion ul tirnately leads t o  impoverishment of s i t e s  
(Moore and Norris 1974). In Europe, some stands with a his tory of repeated removal 
of l i t t e r  from clearcuts  have been observed to  be e i t h e r  chronically infested with 
f o r e s t  pests  o r  predisposed t o  recurrent  mass infes ta t ions  (Francke-Grosmann 1963). 

Some invest igators  have reported t h a t  the most important f ac to r  Snfluencing 
succession of fauna in c learcut  areas i s  whether the f e l l i n g  residues a re  l e f t  on 
the  s i t e  or  removed (Huhta and o thers  1967). 

Prescribed burning of residues, par t icu lar ly  in  c learcuts ,  a l so  severely impacts 
many groups of fo re s t  f loor  fauna by d i r ec t ly  k i l l i ng  the organisms as  well as  
removing the  residues and fo res t  l i t t e r  required by these insec ts  f o r  f ~ o d  and 
she1 t e r ,  In other  coniferous fo res t s  "burning over" o f  resfdues i s  very destruct ive 
t o  a l l  groups of fo re s t  f l oo r  a r t h r o p ~ d s  because of the  heat produced and the bulk 
of some populations may be destroyed (Huhta and others  1967). Some anfmals, depending 
on l i t t e r  f o r  food, have become "ext inct"  in burned over areas once l i t t e r  remaining 
a f t e r  burning had decomposed (Huhta and others 1967). Other invest igators  r e p ~ r t  
t h a t  with the  exception of mesofaunal species and spiders ,  population reductions do 



not seem t o  be d i rec t ly  caused by heat of f i r e  (Ahlgren 1974). The d i rec t  e f fec t  of 
f i r e  on fores t  f loor macrofauna i s  greater in the fores t  environment than in grass- 
lands, n o t  only because of the more abundant fuel in forested areas (Ahlgren 19-74], 
b u t  because "grassland" species probably have evolved with more frequent f i r e s .  

Perhaps one of the more s igni f icant  implications of harvesting and residue 
management practices on fores t  f loor  macrofauna i s  the indirect  e f fec t  of these 
fores t  practices on the interrelat ionships of several groups of fores t  f loor  arthro- 
pods with the western spruce budworm, Choristoneura occidentalis Freeman, the most 
widespread and destructive fores t  defoi i a to r  in the northern Rocky Mountains. There 
a re  perhaps two implications: (1)  many species of fores t  f loor  arthropods are 
predators o f  the spruce budworm, part icularly in the egg, la rval ,  and pupal stages; 
( 2 )  some species of budworm parasi tes  may be "fores t  f loor"  inhabitants for  only a 
portion of t h e i r  1 i f e  cycle, perhaps using understory broadleaf vegetation or fores t  
residues as an a l te rnate  host  or substrate. 

The role of predators and parasi tes  as  full-time or part-time inhabitants of 
the fores t  f loor  i s  n o t  one of "control 1 ing" outbreaks of the western spruce b u d w ~ r m  
(o r  any of the other coniferophagous Choristoneura species) b u t  perhaps in regulating 
low-level populations. Although dozens of native insects  and spider species ea t  
spruce budworm (mostly the i r  eggs and small larvae) ,  none i s  recognized as a prospec- 
t i v e  agent fo r  biological control (Miller and Varty 1975), and "there i s  l i t t l e  hope 
of using parasi tes  and predators in a biological control context against the budworm 
species" (McKnight 1976). In fu l l  -blown epidemics parasi tes  and predators do not 

I seem t o  influence defoliation (Varty 1976) and have l i t t l e  influence in moderatin 
explosive populations (Renaul t and Miller 1972; A1 len 1968; Mlller and Varty 1975 3 . 
This i s  because predators and parasi tes  ( 1 )  a re  unable t o  respond t o  changes in pest 
abundance, and ( 2 )  have c r i t i c a l  habitat requirements and quick1 y reach population 

I levels  beyond which they cannot r i s e ,  no matter how easy i t  i s  to  find budworm prey 
(Mi 1 l e r  and Varty 1975). 

Predators and parasi tes  may help t o  regulate budworm numbers when there are 
only a few thousand larvae per acre--perhaps 5,000-50,000 larvae--or when budworm 
populations are jus t  above the norms of epidemic s ta tus  of about 100,000 larvae per 
acre (Varty 1976; Miller and Varty IgJ'5). In non-epidemic years, the eastern spruce 
budworm i s  usually scarce, inconspicuous and t o t a l l y  harmless; evidently natural 
control mechanisms can be ef fec t ive  for  decades (Miller and Varty 1975),  

Of the fores t  f loor arthropods influenced by harvesting and residue management 
t h a t  could be involved in natural ly  regulating spruce budworm populations, several 
species of ants, spiders, and ground beetles probably are  the most s igni f icant .  In 
the Lake States where the ant species Formica exsectoides I s  extremely abundant, i t  
undoubtedly helps maintain low populations of the jackpine budworm ( A 1  len 1968). 
This Allegheny mound ant  i s  associated with the jackpine budworm only where s o i l s  
a re  sui table (sandy and well-drained) f o r  nest building and where stands are  open 
enough t o  permit sunshine t o  reach the fores t  f loor (Allen and others 1970). Another 
species, Camponotus noveboracensis, i s  a frequent predator of the jackpine budworm 
on the boles and branches of jackpine in stands where excessive ground vegetation 
and lack of insulation on the  fores t  f loor do n o t  prohibit nest building (Allen and 
others 1970). 

In a Montana study of ants  and the western spruce budworm, Bain (1974) found 
nests of Formica cr in ivent r i s  located on the edges of clearings o r  other open spaces 
in ~ t a n d s - ~ ~ l ~ u n l i ~ h t ,  while nests of another species, F. obscuri es  

+' were associated with more shady conditions. In  the present study, t e s igni f icant  resur- 
gence o f  ants  following residue removal by prescribed burning could have some residue 
management impacts. Ants are  apparently highly adapted t o  hot ,  xeric conditions of 
ear ly  postf ire  topsoil and t h e i r  cryptic  habits enable them t o  survive f i r e  below 



t h e  l e v e l  o f  in tense heat. The i r  r a p i d  reestabl ishment on burned f o r e s t s  i s  a l so  
aided by t h e i r  co l on i za t i on  hab i t s  and soc ia l  organizat ion.  M i  11 e r  and Var ty  (1975) 
r e p o r t  t h a t  i t  i s  remotely poss ib le  t h a t  i n  young stands, t he  i n t r oduc t i on  of European 
red  ants  might have some p o t e n t i a l  aga inst  the  eastern spruce budworm, 

Some species o f  Carabids have been recen t l y  repor ted  as predators o f  spruce 
budworm larvae. I n  two whi te  spruce p l an ta t i ons  near Sau l t  Ste. Marie, Ontar io,  a 
species o f  Calosoma has been observed c raw l ing  over the  f o l i a g e  and ea t i ng  budworm 
larvae.  Although no q u a n t i t a t i v e  data i s  ava i l ab l e  on the  impact of these carabids 
on budworm populations, i n ves t i ga to r s  (Sanders and van Frankenhuyzen 1979) f e e l  t h a t  
t he  s ize,  numberq and manner of searching the cu r ren t  fo l i age  suggests t h a t  the 
beet les  may have played an impor tant  r o l e  i n  reducing spruce budworm popula t ions 5n 
these two whi te  spruce p lan ta t ions .  

Another study i nd i ca tes  t h a t  some species o f  ground beet les  are e f f i c i e n t  
predators  o f  spruce budworm l a r vae  t h a t  reach the  f o r e s t  f l o o r  ( K r a l l  and Simmons 
1977, 1979). Th is  happens most comnonly when a l l  the  new f o l  Sage has been consumed 
and budworm la rvae  sp in  down t o  the  ground o r  low vegetat ion.  

Other i nves t i ga to r s  a re  con t inu ing  s tud ies o f  carabids and t he  eastern spruce 
budworm. As a  p o r t i o n  o f  a l a r g e r  study o f  na tu ra l  enemies o f  the  eastern spruce 
budworm (Jennings and o thers  1979), Reeves and Jennings (1 977) a re  s tudy ing carab id  
beet les  associated w i t h  the  spruce budworm. One o f  t h e i r  ob j ec t i ves  i s  t o  determine 
i f  stand composit ion and spruce budworm i n f e s t a t i o n  can be co r re l a ted  w i t h  carab id  
bee t l e  populat ions.  

Although i nve r t eb ra te  f o r e s t  f l o o r  macroarthropods may be e f f e c t i n g  on l y  a 
r egu la to r y  e f f e c t  on the  spruce budworm when i t  i s  a t  low dens i t i es ,  perhaps t h e i r  
g rea tes t  impact, a t  a1 1  popu la t ion  l e v e l  s, concerns predat ion on d ispers ing  stage I 
and I 1  larvae.  I n  o ther  ~ h a s e s  o f  our research, we a re  s tudv ina the in f luences  o f  
var ious s i l v i c u l t u r a l  and' harvest ing p rac t i ces  i n  the  behavior 6 f  d i spers ing  western 
spruce budworm l a r vae  (D. 6 .  F e l l  i n  unpubl ished research). 

We a re  determining the  re l a t i onsh ips  between types o f  cu t t i ng ,  aspects, s lope 
and s i ze  o f  c u t t i n g  un i t s ,  and re l a t i onsh ips  o f  c u t t i n g s  t o  sources o f  i e f e s t a t i o n  
and the  d ispersa l  o f  western spruce budworm la rvae  and subsequent impact on regenera- 
t i o n .  We w i l l  soon be i n t e g r a t i n g  the  r e s u l t s  o f  these budworm d ispersa l  s tud ies 
w i t h  the  r e s u l t s  of harvest ing and res idue management on f o r e s t  f l o o r  fauna presented 
i n  t h i s  paper. 

I n d i r e c t l y ,  the  e f f e c t s  o f  harvest ing and res idue management p rac t i ces  w i  11 
a f f e c t  f o r e s t  f l o o r  fauna as they respond t o  changes i n  vegetat ion and the micro- 
c l  imate. 

Forest  f l o o r  vegetat ion w i l l  p rogress ive ly  have a  g rea te r  i n f l uence  on surface 
animal s as t r ea ted  areas begin t o  regenerate w i t h  both broad-1 eaves and con i fe rs .  
I n  another paper i n  t h i s  proceedings, Schmidt (1980) r epo r t s  an the  response o f  
unders tory  vegetat ion t o  harvest ing and res idue management p rac t i ces .  However, he 
i nd i ca tes  t h a t  the s i gn i f i cance  o f  d l f f e r e n t i a l  understory responses i n  r e l a t f o n  t o  
entomological and o ther  b i o l o g i c a l  systems w i l l  be the  sub jec t  o f  f u r t h e r  analyses. 

New vegetat ion and the  l i t t e r  produced by T t  may d i f f e r  considerably from t h a t  
of t he  previous undisturbed forest ,  and an e n t i r e l y  new group o f  f o r e s t  f l o o r  fauna 
may become estab l ished (Huhta and others  1967). As the  new fo res t  develops, f o r e s t  
f l o o r  fauna w i l l  p rogress ive ly  a t t a i n  a  "steady s ta te" ;  however, 2 l ong  t ime w i l l  
pass before the  f o r e s t  f l o o r  fauna i s  q u a n t i t a t i v e l y  and q u a l i t a t i v e l y  what i t  was 
p r i o r  t o  treatment. The r e t u r n  t o  a "steady s ta te "  o r  "normal assoc ia t ion"  between 
a f o r e s t  and f o r e s t  f l o o r  fauna depends on t he  r e l a t i o n s h i p  o f  the  t r ea ted  area t o  



the undisturbed forests .  Some research shows that the distance between treated 
areas and the undisturbed stand as well as the size of the area treated are both 
significant  in the interpretation of treatment ef fects  on forest  f loor arthropods 
(Newmann 1971). Others indicate that  fores ts  surrounding treated areas are important 
in retarding colonization by species of spiders from open habitats,  which have t o  
overcome the barrier  as aeronauts, while species of semi-open habitats,  occurring 
sporadically in surrounding forest  stands, have the advantage that  they can invade 
the area by land (Huhta 1971). A third investigator concluded that  spiders move 
freely between burned prarie areas and unburned patches, and vice versa, since they 
collected more individuals in transects near the periphery of burned areas than in 
transects located toward the center (Riechert and Reeder 1972). 

The indirect  influence of changing the microcl imate depends on the condition of 
the stand prior to treatment. The removal of a1 1 or part of e i ther  a dense coniferous 
stand or of the subsequent residues where the forest  f loor i s  heavily shaded will 
have more str iking effects  than the manipulation of a more open-grown stand, where 
more l ight  reaches the forest  f loor and where understory vegetation may be more 
abundant. These harvesting and residue practices, part icularly clearcutting, disrupts 
both diurnal and seasonal fluctuations of many physical factors,  principally tempera- 
ture,  moisture, l ight  intensity,  wind, and humidity. Some animal groups, unable to  
to lera te  the new microcl imate, are a t  a disadvantage and disappear. Other groups, 
perhaps by the i r  abi 1 i ty to  reproduce rapid1 y, can survive the environmental change 
and may even benefit as a resul t  of treatment. 

In another paper i n  t h i s  proceedings, Hungerford (1980) discusses the micrp- 
environmental response to  harvesting and residue management. He indicates that  
following harvesting, on several s i t e s  surface condit iws such as radiation load and 
temperature have reached lethal levels. I n  other cases harvesting has aggravated 
and created f ro s t  pockets. Both temperature extremes, and radiation load and other 
factors must certainly influence forest  floor arthropods. 

A t  t h i s  time we are only able to  discuss some general management impl ica t i~ns  
of the ef fects  of harvesting and residue management on fores t  f loor fauna, based on 
our own research and interpreting related research of others. The ful l  management 
implications of these forest  insect studies will only be completely realized when 
resul ts  have been completely integrated with the resul ts  of closely-related studies 
in other disciplines.  
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ABSTRACT 

The combined effects of two si 1 vicul tural practices--she1 terwood 
and c1 earcutti ng--and two residue management practices-- i ntense 
fiber removal (uti 1 ization) and residue removal by prescribed 
f i  re--on forest 1 i t t e r ,  humus, and soi 1 arthropods (mesofauna) 
are discussed. Arthropods most abundant on the study area and 
most affected by treatment were mites (Arachnida, Acarina) and 
springtail s (Insecta, Collembola). These and other arthropods 
coll ected are 1 i sted and their  seasonal and vertical distribution 
presented. Preliminary results of these four treatments are 
presented, and the management imp1 ications of the harvesting and 
residue uti l  ization treatments discussed. 

KEYWORDS: s i l  vicul ture, forest residue, f i r e ,  arthropods, meso- 
fauna 

INTRODUCTION 

Silvicultural practices modify the tree component of the forest by removing a l l  
or part of both the coniferous overstory as well as the understory. Management of 
the resultant residues, including prescribed f i r e ,  chiefly modifies the forest floor 
and f ~ r e s t  soil component by removing or destroying both man-generated residues as 
well as natural forest residues, often eliminating or seriously influencing the 
1 i t t e r  and decomposition layers of the forest floor. 

These silvicultural and residue management practices affect many species of 
insects and other arthropods involved in the ini t ia l  breakdown of woody materials, a 
process vital t o  reforestation. 



Recycling of minerals in forest residues i s  an intricate process that begins 
with the fragmenting of dead material into progressively smaller pieces, followed by 
decomposition into substances that enrich the soil .  Although decomposition i s  largely 
a microbial process, i t s  success depends heavily on the in i t ia l  fragmentation of the 
material, which i s  largely done by arthropods, beginning with beetles and other 
macro-arthropods, and continuing with the mites, Col lembola, and other mesofauna 
(Mi tchell and  Sartwell 1974). 

The forest floor and forest soil fauna include diverse species representing 
several classes of arthropods and orders of insects, each with i t s  own unique, and 
not mutually exclusive role in the forest ecosystem. Because of their  innocuous 
e c ~ l  ogical niche, b u t  a1 so because other more dramatic and popul ation-expl osi ve 
species or groups of insects have had "higher visi bil i ty," 1 i terally and figuratively, 
relatively l i t t l e  i s  known of the identity, distribution, abundance and general 
ecology of that group of forest insects that inhabit the surface and decomposing 
1 ayers of the forest floor and the upper layers of soi 1.  

One purpose of the Forest Residues Research and Development Program that i s  the 
subject of this  symposium was to determine the environmental consequences of the 
combined effects of harvesting methods, silvicultura1 prescriptions, and residue 
management. 

Two entomological studies were conducted as part of that Program. A portion of 
the results of one study are presented in this  paper (Fellin 1980~) .  This study i s  
restricted to those soil surface and forest soil arthropods, mostly intermediate in 
size and often referred t o  as soil mesofauna (Metz and Farrier 1971).  The primary 
objective of this  study was t o  determine and evaluate the combined effects of har- 
vesting methods, si  1 vicul tural prescriptions, and forest residue management, incl uding 

1 rescri bed f i re, on quanti t a t i  ve and qua1 i t a t i  ve characteristics of arthropods in- 
abi ting the soil surface and forest soil (soil mesofauna). Secondary objectives 

were to determine: 1 ) rate of population re-establ ishment following treatments; 
2 )  vertical distribution of mesofauna and 3 )  seasonal changes in taxa in the various 
treated areas. 

Reported elsewhere in this  proceedings (Fellin 1980b) are the results of the 
other entomological study that was concerned with the effects of harvesting and 
residue management practices on forest floor macrofauna, which are larger arthropods 
usually greater than 10 mn in size (Wagner and others 1977). 

This proceedings also includes a review o f  some relationships of harvesting, 
residue management, and f i r e  t o  forest insects and diseases (Fell in l98Oa). That 
review paper offers a summary of past and current research concerning the effects of 
forest practices on forest soil mesofauna and forest floor macrofauna. 

'~esofauna, as defined by Mett and Farrier (1971 ) and Ahlgren (1974), are the 
intermediate size soil or anisms and include fauna such as mites, collembolans and 
other small (100 y - 1 cm 3 arthropods, as compared to microfauna which usually includes 
protozoa and nematodes (less than 100 p) and macrofauna (generally larger than 1 cm) 
such as earthworms, snails, some spiders, beetles and ants. Soil mesofauna include 
those animals t h a t  reside in the forest floor and mineral so i l ,  and spend their  1 i fe  
cycle in either zone or move back and forth between the two. 



STUDY DESIGN 

The study area i s  located on the 3 019 ha (7,460 acre)  Coram Experimental Forest, 
on the Hungry Horse Dis t r ic t  of the Flathead National Forest. I t  i s  accessible from 
U.S. Highway #2 a t  Martin City and l i e s  about 40 km (25 miles) northeast of Kalispell.  
The cutt ing units  were established along the main ridge facing eas t  into Abbott 
Basin, sections 25, 35, and 36; T31N, R19W (48'25' north l a t . ,  113O59' west long.) .  
Timber was harvested in 1974 using one or more running skyline systems, and the 
residues broadcast burned in the f a l l  of 1975. 

The study area f a l l s  primarily in the Abies/Pachistima habitat  type,* with a 
l e s se r  amount along the bottoms within the habitat type. The mountain 
slope s o i l s  a re  from impure limestone loamy-skeletal so i l  
fa mi lie^.^ Slopes on the cutt ing units  range in steepness from 30 t o  80 percent (17 
t o  39") and average about 55 percent ( D o ) .  Elevation ranges from 1 189 t o  1 585 m 
(3,900 t o  5,200 fee t )  rn.s.1. 

Six cutt ing units  o r  blocks were harvested, or ig inal ly  designed t o  provide two 
rep1 icat ions of three basic s i lv icul  tural systems as follows (f igure 1 ) : 

(1 ) She1 terwood -- Block 11 1 2  ha 30 acres)  
-- Block 21 9 ha I 22 acres)  

( 2 )  Group Selection -- Block 12 0.5 ha (1.2 acres)  
-- Block 22 0.5 ha (1.2 acres)  

(3).  Clearcut -- Block 1 2  6 ha 15 acres)  
-- Block 23 6 ha 1 15 acres)  

In addition, two Control Blocks, 14 and 24, were established in the adjacent 
uncut mature fores t ,  

Within each sil vicul tural  treatment, four residue management treatments were 
superimposed. The residue subunits, designed t o  represent four basic levels  o f  
u t i l i za t ion ,  a re  as follows: 

' ~ a s e d  on a habitat type survey completed in 1969 by Robert D. Pfis ter .  

2Based on a so i l  survey compieted in 1969 by R .  C .  McConnell. 



Subunit 

1 

Trees t o  be Cut 

A1 1 designated sawtirn- 
ber; a l l  understory 
t rees. 

A1 1 designated sawtim- 
ber; a l l  understory 
trees. 

A1 1 designated sawtim- 
ber; a1 1 understory 
t rees. ( A l l  s lash 
removed. 

A1 1 designated sawtim- 
ber . 

The entomol og 
shown i n  f fgure 1, 

U t i  1 i t a t i o n  Standard 

In tens ive  l o g  u t i  1 i za -  
t i on .  Remove a l l  
mate r ia l  ( l i v e  & dead, 
standing & down) t o  
3" dia., 8 '  length, & 
1/3 sound. 

Conventional l o g  & 
t r e e  u t i l  i sa t i on .  
Remove sawtimber 
mater ia l  ( l i v e  & r e -  
c e n t l y  dead) t o  cu r ren t  
NFS sawlog merchanta- 
b i l  i t y  standards-- 
6"--dia., 10 bd. ft., 
1/3 sound. 

Intense f i b e r  u t i l i z a -  
t i on .  Remove a l l  
mate r ia l  (1  i v e  & dead, 
standing and down) t o  
3" dia. ,  8 '  length, 
and 1/3 sound. 

Leave submerchantabl e 
understory. Remove a1 1 
mater ia l  i n  sawtimber 
t rees  (1 i v e  & dead, 
standing & down) t o  
3" dia., 8 '  length, 
and 1/3 sound. 

S i t e  o r  Seedbed 
Treatment 

Broadcast burn. 

Broadcast burn. 

Leave as i s .  
(A1 1 s lash removed. ) 

Leave as i s .  

i c a l  study fo l lowed the ove ra l l  study design as presented above and 
w i t h  th ree  major exceptions: 

1. Our study was r e s t r i c t e d  t o  one shel terwood un i t ,  Block 21, one c learcu t ,  
Block 23, and one con t ro l  un i t ,  Block 24. We d i d  no t  consider the  group se lect ions--  
p r i n c i p a l l y  because o f  t h e i r  small s ize--nor shel terwood Block 11, c l  earcut  Block 13, 
o r  con t ro l  u n i t  Block 14. 

2. Wi th in  the  shelterwood u n f t  Block 21 and the c l ea rcu t  Block 23, we considered 
on l y  subunits 1 and 3. A1 though there  were two u t i l i z a t i o n  standards prescribed, as 
subunits 1 and 2, the  amount of residues l e f t  i n  those u n i t s  and the  broadcast burning 
i n  the  two unSts was very s im i la r ,  so we considered these as a s i n g l e  subunit. 
Subunit 4 was no t  considered p r i m a r i l y  because o f  the  d i f f i c u l t y  o f  removing residues 
i n  the  c learcu ts  w i t h  the sky l i ne  harvest ing system. 

3. Th is  entomological study d i d  no t  begin u n t i l  the  f a l l  o f  1975. Therefore, no 
measurements were made p r i o r  t o  o r  dur ing  the  harvest ing i n  the  sumner o f  1974, nor  
fo l low ing  harvest ing dur ing  the  sumner o f  1975. The f i r s t  measurements were made i n  
e a r l y  September 1975, immediately p r i o r  t o  the  prescr ibed burning. 
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Figure 1.--Corn FxperirnentaZ Foorest Abbott Creek Watershed, a study area for 
evaZuat.i.on of atternative hamesting and residue ut i l i za t ion  pwlactices 
shozlling: Zocation of cutting bZoeks, residue management subtreatments 
within the cutting bZocks, cmtroZ areas, accesa roads, Abbott &eek, 
and main r idge .  



Considering the planned and unplanned mod i f i ca t ions  t o  t he  study plan, our study 
design was based around f ou r  combinations of harvest ing and res idue treatments and a 
con t ro l ,  as f o l  1 ows : 

S i  1 v i c u l  t u r a l  
Treatment P resc r i p t i on  Block # Residue Treatment Subunit 

1 C l  earcut  2 3 Residues burned 1 
2 C l  earcut  23 Residues mechanical ly removed 3 
3 She1 terwood 21 Residues burned 1 
4 She1 terwood 21 Residues mechanical l y  removed 3 
5 Undisturbed f o r e s t  24 None 5 

Sampling Design and P l o t  Layout 

To f a c i l i t a t e  t he  pre- and post-  harvest sampling a c t i v i t i e s  o f  a l l  t he  invo lved 
d i s c i p l i n e s  and studies,  a permanent p l o t  l o c a t i o n  system was estab l ished on each o f  
t he  c u t t i n g  blocks. Permanent p o i n t s  were sys temat i ca l l y  loca ted  a t  30.5 meter 
(100 f t )  I n t e r y a l s  w i t h i n  each o f  t he  subuni ts i n  the  c l ea r cu t  and shelterwood blocks 
and a t  va r i ab l e  i n t e r v a l s  w i t h i n  each o f  the  e i g h t  group se lec t i on  cuts,  Twenty 
po tn ts  were a lso  es tab l i shed  i n  each c o n t r o l  area, Blocks 14 and 24. 

For our entomological work, we randomly se lected from the  permanent p l o t  l o c a t i o n  
system th ree  p l o t s  i n  each o f  t he  f o u r  treatments. The p l o t s  were randomly se lected 
w i t h  the  except ion t h a t  i n  t reatments 1 and 3, i f  t he  p l o t  i n i t i a l l y  se lected was 
missed by t he  prescr ibed f i r e ,  the  random se lec t i on  procedure cont inued u n t i l  a p l o t  
was selected t h a t  had, i n  f a c t ,  been burned. 

F i  e l  d and Laboratory Procedures 

Sampl i n g  began a t  t he  study area i n  September 1975 and cont inued through August 
o f  1977. A t  each sampling per iod,  one sample was taken from each o f  t he  p l o t s ,  f o r  a 
t o t a l  o f  15 samples over t he  5 treatments. The sampl i n g  dates were as fo l lows: 

1975 1 September 

1976 4 June 
20 June 

2 Ju l y "  
21 ~ u l y ~  
4 August 

19 August 
6 September 

14 September 

1977 19 J u l y  
29 August 

'No samples were drawn i n  she1 terwood treatments 3 and 4 i n  Ju ly .  



Sampling in 1977 was res t r i c t ed  to  only two sampling dates a s  our e f fo r t s  were being 
extended t o  related studies a t  another experimental fores t .  

The sampling unit consisted of a cylindrical core of l i t t e r ,  humus, and mineral 
s o i l ,  which was extracted froni the fores t  f loor  by driving a hollow, hinged, metal 
cylinder into the ground with a sledge. The cylinder, 5 cm ( 2  i n )  in diameter, was 
driven deep enough t o  penetrate to  a t  l eas t  10 cm ( 4  i n )  into the mineral s o i l .  The 
cylinder and i ts  core were then extracted from the soi l  and the cylinder l a id  on i t s  
side. A hinged section of the cylinder was opened exposing the sample core. 

The core was marked into four subs t ra tes- - l i t te r ,  humus, wood, and mineral s o i l .  The 
temperature was taken with a thermistor probe and recorded fo r  each of the substrates.  
The depth of each substrate was measured t o  the nearest centimeter, and beginning a t  
a point 6 cm (2.25 in )  deep (with some cores in the controls,  the mineral soi l  was 
sampled t o  a depth of 18 cm 17 in] in the mineral s o i l ) ,  each substrate was sl iced off 
In 2 cm (0.75 in )  increments. Each sample was labelled as to:  date, cutting method 
and  subtreatment, plot number, core number, core substrate and substrate sequence, and 
placed i n  a 113- or  226-gram (4- o r  8-ounce) soi l  t i n  for  transport t o  the laboratory, 

Once removed to  the lab,  each substrate core sample was weighed. The sample was 
then placed on a cheese cloth-covered hardware cloth screen in a s p l i t  Tullgren 
funnel. The funnels were placed on shelves with an alcohol vial below the funnel and 
a 40 watt bulb over the top of the cylinder above the funnel. Once the apparatus was 
ready, the l igh t s  were turned on, be inning with jus t  a glow, and by using a regu- 
l a t ing  rheostat,  the l igh t  (and heat 3 intensi ty increased gradually each day. After 
9 days, the v ia ls ,  properly label led, were removed. The substrate samples were oven 
dried a t  60' C f o r  24 hours, weighed, placed in a muffle furnace fo r  24 hours a t  600' C 
and weighed again fo r  combustion analysis.  Soil moisture and organic matter d a t a  were 
recorded. 

As time permitted, the arthropods i n  the v ia ls  were separated from the debris 
tha t  a lso  precipitated into the v i a l s ,  and were sorted and c lass i f ied .  

RESULTS 

A t  t h i s  time, we are only able t o  present and discuss the 1976 data,  without any 
s t a t i s t i c a l  analysis,  from our study area a t  Coram Experimental Forest. Therefore, 
these resul t s  must be tempered accordingly and interpreted as tenta t ive .  The complete 
r e su l t s  of t h i s  study, as well as  a companion study conducted simultaneously and 
subsequently a t  another experimental fores t ,  a r e  not available a t  t h i s  time. When the 
analyses are  completed for  both of these studies,  the  resul t s  will  be publ ished in a 
subsequent paper. 

Arthropods Coll ected 

During the 3-year course of t h i s  study, we collected fo res t  l i t t e r ,  humus,  and 
soi l  mesofauna representing a t  l e a s t  7 classes of arthropods, including 3 orders of 
Arachnida and 12 orders of Insecta. By f a r  the most abundant animals were Acari or  
mites (~ rachn ida ) .  The next most abundant group, though f a r  l e s s  than the mites, were 
three families of Collembola. All other animals, though represented i n  the col lec t ions ,  



were f a r  l ess  numerous and on ly  i n f r equen t l y  co l lec ted.  A t  t h i s  time, no determina- 
t i o n s  have been made below the f am i l y  u n i t ,  The arthropod groups a re  as fo l lows :  

Arac hn i da 
Pseudoscorpioni da 
Arane i da 
Acari  na (Acar i  ) 

Insecta 
Col 1 embol a 

Poduri dae 
Entomobryidae 
Sminthuridae 

Protura 
Thysanura 
Psocoptera 
Thysanoptura 
Hemi p te ra  
Homoptera 
Col eoptera 

adu l t s  
immature 

Tr ichoptera 
Lepidoptera 
Diptera 

adul t s  
immature 

Hymenop te ra  
Di p l  opoda 
Chilopoda 
Other unknown 

Seasonal D i s t r i b u t i o n  of Mesofauna 

Despite the probabi 1 i t y  o f  w i  thin-and-between-treatment e f f ec t s ,  and notwi t h -  
standing the  absence of a sample i n  shelterwood treatments 3 and 4 i n  Ju ly ,  mesofaunal 
populat ions were general l y  higher i n  August and September and s i g n i f i c a n t l y  l ess  i n  
June and J u l y  ( t ab le  1). This increase from June through September i s  probably a 
normal seasonal t rend  f o r  these groups o f  s o i l  animals. One might be i n c l i n e d  t o  
a t t r i b u t e  the  seasonal increase t o  a response to, and resurgence fol lowing, the 
prescr ibed burn i n  the  f a l l  o f  1975. However, mesofaunal populat ions increased as 
wel l  dur ing  the  sumer  of 1976 i n  the non-burned treatments 2 and 4, as we l l  as i n  the 
cont ro ls ,  t reatment 5. A t  t h i s  t ime I have no explanat ion f o r  the  low populat ions i n  
the  undisturbed f o r e s t  i n  J u l y  nor  treatment 1 i n  September. 



Table 1 .--Mean t o t a l  mesofauna populat ions on f ou r  t r ea ted  areas and i n  an undisturbed 
f o r e s t  dur ing the sumer  o f  1976. 

Treatment June Ju ly  August September 

1. Clearcut 
Residue removed by 
p r e r c r i  bed f i r e  

2. Clearcut 
Residue removed 
mechanically 

3. Shelterwood c u t  
Residue removed by 4 1 - - 103 178 
prescr ibed f i r e  

4. Shelterwood c u t  
Residue removed 
mechanical l y  

5. Undisturbed 
Adjacent fo res t  

Ve r t i ca l  D i s t r i  butSon o f  Mesofauna 

Generally, animals tended t o  be concentrated i n  the organic layers  o f  the s o i l ,  
p a r t i c u l a r l y  the  02 o r  humus stratum. Excluding the  incomplete J u l y  samples, more 
than twice as many arthropods were found i n  the 0 2  l a y e r  as i n  the  surface l a y e r  of 
I l t t e r  or 01. The top 6 cm (2.25 i n )  o f  mineral  s o i l  contained on l y  one-fourth as 
many animals as t he  humus and opulat ions i n  the woody l a y e r  were l ess  than one-tenth 
o f  those i n  the  humus ( tab le  2 ! . 
Table 2. --Mean t o t a l  mesofaunal populat ions i n  the 1 i t te r ,  humus, wood, and mineral  

s o i l  l a ye rs  i n  June, August, and September o f  1976. 

Month Horizon 

L i  t t e r  Humus Wood Mineral 
01 0 2 so i  1 

June 64 123 23 24 

August 130 350 63 116 

September 202 451 0 89 



This population d is t r ibut ion  i s  probably a t t r ibu tab le  t o  several fac tors .  The 
humus stratum no doubt contains an abundance of p a r t i a l l y  decayed plant and animal 
matter and d e t r i t u s  tha t  serves as  a source of food. Some of t h i s  may be found in the 
l i t t e r  layers  as  well, b u t  t h i s  surface stratum can be a ra ther  harsh environment as  
i t  i s  p a r t i a l l y  a t  l e a s t  exposed t o  widely f luctuat ing heat,  moisture and other 
changes. A poor food source may account fo r  the generally low arthropod populations 
in the woody stratum. The 1 ignin, tannins and s imi lar  material found in the  wood i s  
unsat isfactory food f o r  most arthropods. Fungi and bacteria f lour i sh  in t h i s  woody 
layer ;  the  wood i s  a l so  a haven for mycorrhizal fungi. 

Another f ac to r  explaining t h i s  ver t ica l  population d is t r ibut ion  i s  the occurrence 
of the various s t r a t a  in the samples over the year. For example, not a1 1 s t r a t a ,  es-  
pecial ly wood, were represented in a l l  samples. Also the  1 i t t e r ,  and a t  times the 
humus, were a t  l e a s t  p a r t i a l l y  consumed by f i r e  in the prescribed burned treatments. 
Had they not been, populations i n  these s t r a t a  would have been even higher than they 
were. 

Effect of Treatment 

The four treatments a re  discussed in order of decreasing sever i ty  o r  reduction of 
mesofaunal populations. Treatment e f f e c t  i s  shown by month in tab le  1 and by month 
and fores t  f l oo r  and so i l  s t r a t a  in f igure 2 (June, July,  and August) and f igure  3 
(September) during the summer of 1976. 

CLEARCUT--RESIDUE BURNED 

This treatment ( # I )  seems to  have had the  most dramatic e f f e c t  on mesofaunal 
populations. As shown i n  t ab le  1 and f igures  2 and 3 ,  populations in t h i s  treatment 
were not only s igni f icant ly  lower than those in adjacent check areas ,  especial ly in 
June, August, and September, but a l so  lower than populations in the  o ther  three 
treatments,  especial ly the two she1 terwood treatments, throughout the  summer. In 
treatment 1 ,  populations were extremely low in June 1976, following the prescribed 
f i r e  in  September of 1975. They peaked in August and then tapered off  i n  September. 

CLEARCUT--RESI DUE MECHANICALLY REMOVED 

Mesofaunal populations were r e l a t ive ly  low in t h i s  treatment (#2)  in June ( t ab le  1 
and f igure 2)  b u t  recovered as  summer progressed and showed no decline in September 
( f igu re  3 )  a s  did populations in treatment 1 .  
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Figure 2. --Mean density of forest floor mesofauna in Jzme, JuZy, and August of 
1976 in cZeareuts and s h d t e m o o d  m t t i n g s  where forest residues had been 
mechanicaZZy removed i n  2974 and prescribed burned i n  1975,  and $n undisturbed 
fores t s ,  C o r m  E*ccperimentaZ Forest. (For September data, see figure 3 ) .  
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Figure 3.--Mean density of forest floor mesofauna i n  September of 1976 
in cZearcuts and she2 terwood cuttings where forest residues had been 
mechcmicaZZy removed i n  1974 and prescribed bumred i n  1975, and in 
undisturbed forests, &ram ExperimentaZ Forest. (For June, Ju ly ,  
and August data, see figure 2). 



SHELTERWOOD--RESIDUE BURNED 

The e f f e c t  o f  t h i s  t reatment ( # 3 )  on mesofaunal popula t ions was genera l l y  i n t e r -  
mediate between the  c l ea rcu t  and burn t reatment ( # l )  and the undisturbed f o r e s t  
( t reatment  #5) .  Throughout the  sampl i n g  per iod  i n  1976, mesofaunal popula t ions on 
t h i s  shelter,wood burned treatment (#3) were genera l l y  h igher  than on e i t h e r  c l ea r cu t  
area, bu t  genera l l y  t he  abundance o f  animals was l ess  than i n  the o ther  she1 terwood 
treatment (#4) o r  the  undisturbed f o r e s t  ( t reatment  f 5 ) .  

I n  t h i s  treatment, as one might  expect, there were many unburned o r  p a r t i a l l y  
burned areas where animals cou ld  have surv ived the  prescr ibed f i r e  and sample cores 
drawn from these areas may have been unrepresentat ive o f  the  t reatment.  We selected 
our  sampling p l o t s  i n  t h i s  t reatment on l y  on the  f o r e s t  f l o o r  where the  res idue had 
been e f f e c t i v e l y  removed by the  f i r e .  Yet, as shown i n  f i gu res  2 and 3, we s t i l l  
found mesofaunal popula t ions i n  the  l i t t e r  s t r a t a  (01) a t  a l l  th ree  sampling per iods,  
June, August, and September. 

SHELTERWOOD--RESIDUE MECHANICALLY REMOVED 

This  t reatment (#4)  was by f a r  the l e a s t  harsh o f  any o f  t he  f ou r  on mesofaunal 
populat ions.  I n  June, popula t ions i n  t h i s  t reatment equal led those i n  t he  undisturbed 
f o r e s t  ( t reatment  .#5) and i n  September were actua l  l y  s l  i g h t l y  h igher  than popula t ions 
i n  t he  undisturbed f o res t ,  even though being concentrated i n  d i f f e r e n t  s t r a t a  than 
popula t ions i n  the undisturbed f o r e s t  ( f i gu res  2 and 3).  

Mesofauna popula t ions i n  the  humus stratum ( 0 7 )  were s i m i l a r  i n  t reatments #4 and 
#5 i n  June. I n  June and August, popula t ions i n  the  l i t t e r  s t ra tum i n  t reatments #3 
and #4 were near l y  i d e n t i c a l .  But i n  June, August and September, popula t ions i n  the  
l i t t e r  s t ra tum (-01) were cons i s t en t l y  and s i g n i f i c a n t l y  h igher  i n  t reatment #4 than i n  
t reatment 83--an i n d i c a t i o n  t h a t  some l i t t e r  was removed by prescr ibed f i r e  i n  t r e a t -  
ment $3. 

DISCUSSION 

I n  t h i s  study th ree  elements might confound, o r  i n t e r f e r e  wi th ,  the  i n t e r p r e t a -  
t i o n  of t reatment e f f e c t s :  d i r e c t  e f f e c t s  o f  treatment, i n d i r e c t  e f f e c t s  of t r e a t -  
ment, and the  i d e n t i f i c a t i o n  o f  taxa. 

Huhta (1971 ) sumar izes  t he  d i f f i c u l t i e s  as f o l l ows  i n  what might be considered 
t h e  i dea l  i zed  i n t e r p r e t a t i o n  o f  t reatment e f f e c t :  

Catastrophes i n  an ecosystem, such as de fo res ta t i on  o r  burning, 
a l t e r  near l y  every environmental f ac to r ,  b i o t i c  o r  a b i o t i c ,  
i n t e r a c t i n g  i n  such a complex way t h a t  i t  i s  very  d i f f i c u l t  t o  
d i s t i n g u i s h  t he  f ac to r s  which p r i n c i p a l l y  account f o r  t he  



changes i n  the  animal comnunit ies. To d iscover  t he  pr imary 
causes o f  t he  changes i n  t he  popula t ion dens i t i e s  o f  the  d i f -  
f e r e n t  species o r  o f  the  successional t rends o f  the  whole 
community, accurate in format ion would have t o  be acquired about 
t he  hab i t s  and responses o f  each component species t o  each 
f a c t o r  a t  the  d i f f e r e n t  stages o f  t h e i r  l i f e  cycles,  together  
w i t h  d e t a i l e d  long-term m ic roc l ima t i c  records no t  on l y  i n  the  
h a b i t a t  i n  general, bu t  a1 so separate ly  i n  the  p a r t i c u l a r  
m ic rohab i ta t  o f  each species. 

D i r e c t  E f f e c t s  o f  Treatment 

Consider ing harvest ing and res idue management procedures, prescr ibed burn ing i s  
probably t he  on l y  t reatment t b a t  d i r e c t l y  a f f e c t s  f o r e s t  f l o o r  macrofauna. Some 
stud ies have concluded t h a t  the  heat o f  the  burning-over i s  very  des t ruc t i ve  t o  a1 1 
grou s, and t h a t  the  bu lk  o f  some popula t ions may be destroyed (Huhta and others  
1957y . Other i nves t i ga to r s  r e p o r t  t h a t  w i t h  the  except ion o f  mesofaunal species and 
spiders, popu la t ion  reduct ions do no t  seem t o  be d i r e c t l y  caused by heat o f  f i r e  
(Ahlgren 1974)-. The d i r e c t  e f f e c t  o f  prescr ibed burn ing i s  n o t  o n l y  i n  k i l l i n g  t he  
organisms, bu t  i n  the  p a r t i a l  o r  complete des t ruc t ion  o f  t he  1  i t t e r  and humus, as 
we1 1 as the  above-ground po r t i ons  o f  low-growing sur face vegetat ion.  In such cases, 
o n l y  scanty mate r ia l  may be l e f t  on the  sur face o f  the  mineral  s o i l  (Huhta and 
o thers  19671. 

I n d i r e c t  E f f e c t s  o f  Treatment 

I n  add? t i o n  t o  d i r e c t  e f f ec t s ,  harvest ing and res idue manipu la t ion p rac t i ces  
have two general i n d i r e c t  e f f e c t s :  a change i n  the  f o r e s t  environment and micro- 
c l ima te  and changes i n  successional development o f  vegetat ion.  

Changes i n  the  microc l imate w i l l  depend on the  cond i t i on  o f  the  stand p r i o r  t o  
treatment. The removal o f  a l l  o r  p a r t  of a  dense coni ferous stand where t he  f o res t  
f l o o r  i s  heav i l y  shaded w i l l  have more s t r i k i n g  e f f e c t s  than t he  manipu la t ion of a  
more open-grown stand where more l i g h t  reaches the  f o r e s t  f l o o r  and where understory 
vegetat ion may be more abundant, 

P a r t i a l  o r  complete removal o f  t rees  and residues a l t e r s  t he  f o r e s t  environment, 
hence i n d i r e c t l y  in f luenc ing  the  f o res t  s o i l  fauna, by changing temperature, moisture,  
l l g h t  i n t e n s i t y ,  wind, and humid i ty  regimens. O f  t he  harvest ing methods, c l e a r c u t t i n g  
no doubt has t he  greatest  impact. However, a l l  treatments d i s r u p t  both d i u rna l  and 
seasonal f l u c t u a t i o n s  i n  these phys ica l  fac to rs .  

Some animal groups, unable t o  t o l e r a t e  the  new microc l  imate, are a t  a  disadvan- 
tage and disappear. Other groups n o t  on l y  su rv ive  t he  environmental change bu t  may 
even increase as a r e s u l t  o f  treatment. Some i nves t i ga to r s  have repor ted t h a t  the  
f ac to r  dec id ing t he  succession o f  fauna i n  c l ea r cu t  areas i s  whether the  f e l l i n g  
residues are l e f t  on the  s i t e  o r  removed (Huhta and others  1969). Some animals, 
dependent on l i t t e r  f o r  food have been known t o  disappear i n  a  burned-over area a f t e r  
t h e  unburned 1 i t t e r  had decomposed. 



In the f i r s t  season o r  two following treatment, surface fauna probably respond 
t o  e i the r  the d i rec t  e f fec t  of treatment or  the indirect  e f fec t s  on microclimate. 
However, fores t  f loor vegetation will progressively have a greater  infl  uence on 
surface animals as t reated areas begin to  regenerate with both broad-leaves and 
conifers.  

In another paper in t h i s  proceedings, Schmidt (1980) reports on the response of 
understory vegetation to  harvesting and residue management practices. However, he 
indicates tha t  the significance of d i f ferent ia l  understory responses i n  relat ion t o  
entomological and other biological systems will be the subject of further  analyses. 

Identif icat ion of Taxa 

In t h i s  paper, we have considered only to ta l  mesofauna, without regard to  
c l a s s ,  order, o r  family. Hence, any discussions, conclusions or  resource management 
interpretat ions must recognize t h i s  overall 1 umping of a1 1 arthropod taxa. 

We rea l ize  the hazards of categorizing such diverse groups of fores t  f loor  
arthropods into major or higher-1 evel taxonomic groups, and recognize tha t  evaluating 
treatment ef fec ts  by 1 arge composite taxonomic groupings can often mask the ef fec ts  
of treatment on specif ic  groups (Wenz 1976). However, a t  t h i s  time the material 
collected in our samples has not been sorted into the lower taxonomic groups. 
Orders, famil ies ,  and even genera are too heterogenous t o  serve as indicators of 
environmental change (Huhta and others l967), and generalizations may be misleading 
(Ahlgren 1974). To determine the most meaningful e f fec ts  of harvesting and residue 
practices on fores t  f loor  and fores t  soi l  mesofauna or  another fores t  insect group, 
the a ~ a l y s i s  should be done a t  the species 1 evel , supported by detailed know1 edge of 
the biology of each species and microbiological changes in the s i t e  (Huhta and 
others 1969). 

Identif icat ion a t  the species level i s  often d i f f i c u l t  and time-consuming 
(Ahlgren 19742, and a species-level analysis with a l l  animal groups would be an 
extremely laborious task. Notwithstanding the d i f f i c u l t i e s ,  species groups, rather  
than higher taxonomic groups, appear t o  be the most appropriate units  of study 
(To1 bert 1975). Species will probably respond di f ferent ly  t o  treatment than larger  
taxonomjc units ;  the abundance of sing1 e species may be considerably a1 tered,  whi 1 e 
overall abundance of a group i s  unal tered (Huhta and others 1969).  Closely-related 
species (o r  genera o r  fami 1 i e s )  may, and often do, have d i f ferent  physiologies, 
dispersal habits,  feeding behavior, ecological and habitat requirements, and diurnal 
and seasonal population vagaries. Hence, by grouping species, and genera and famil ies ,  
into larger  taxonomic units ,  one r isks masking the influence of treatment on the more 
def in i t ive  and meaningful taxonomic units. S t i l l  another consideration i s  the 
differences i n  requirements between l i f e  stages (larvae and adul ts )  of the same 
species. 

Subsequent papers a re  planned to  deal with the influence of these s i lv icul tura l  
and residue management treatments on some fauna, par t icular ly  the Acari and Collembola, 
a t  the family, genera, and species level.  



MANAGEMENT IMPLICATIONS 

I f  we consider f o r e s t  f l o o r  and f o r e s t  s o i l  mesofauna t o  be bene f i c ia l  organisms 
--and we r e a l l y  have no evidence o r  reason no t  to--what we have learned so f a r  
suggests t h a t  some o f  our c u t t i n g  and res idue management p rac t i ces  may be more 
favorab le  t o  some arthropods than others.  

Even though no data have been analyzed and on ly  a few general f i nd i ngs  have been 
presented, some p r e l  iminary  recomnendations can be made. These recomnendations a re  
s o l e l y  entomological and based on the  incompletely analyzed and i n t e rp re ted  data o f  
t h i s  study. O f  t he  f ou r  t reatments studied, a  shelterwood c u t t i n g  accompanied by a 
near-100-percent removal and u t i l i z a t i o n  of nonmerchantable res idue and understory 
appears t o  be the most des i rab le  treatment. The second best t reatment would be a 
she1 terwood c u t  fo l lowed by the  burning o f  residues. 

Pre l im inary  data i n d i c a t e  t h a t  1  year fo l l ow ing  burning under a  shelterwood cu t ,  
mesofaunal popula t ions a l ready have recovered t o  the  l e v e l s  of those i n  adjacent 
undisturbed fo res ts .  With t h i s  p resc r i p t i on ,  apparent ly  the re  a re  s u f f i c i e n t  unburned 
r e f u g i a  t o  a l l ow  reco lon i za t i on  o f  burned areas f a i r l y  r a p i d l y .  

O f  t he  f ou r  treatments, the  l e a s t  recommended would be c l e a r c u t t i n g  fo l lowed by 
burn ing of residue. C l  ea r cu t t i ng  accompanied by 100-percent mechanical res idue 
removal would be more favorable t o  s o i l  mesofauna than c l e a r c u t t i n g  and burn ing 
residues. 

I n  summary, the  seemingly i n s i g n i f i c a n t  animals o f  t he  f o r e s t  f l o o r  and s o i l  
should no t  be ignored i n  e i t h e r  t he  harvest ing system o r  t he  management o f  residue. 
As noted by Wenz ( l976) ,  "Disrupt ions o f  s o i l  microarthropods have p o t e n t i a l  long- 
term consequences t o  decomposition and n u t r i e n t  c y c l i n g  processes and should be 
weighed c a r e f u l l y  when cons ider ing f o r e s t  management opt ions. "  

We should favor  those resource and u t i l i z a t i o n  p rac t l ces  t h a t  s a t i s f y  our  
inc reas ing  needs and demands f o r  wood f i b e r  wh i l e  min imiz ing adverse impacts to ,  and 
i nsu r i ng  the  continued f unc t i on i ng  o f ,  p l a n t  and animal f o r e s t  ecosystems. I nso fa r  
as so4 1-1 i t t e r  animals a re  concerned, we have acceptable management opt ions,  
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A REVIEW O F  SOME INTERACTIONS BETWEEN HARVESTING, 
RESIDUE MANAGEMENT, FIRE, A N D  FOREST INSECTS A N D  DISEASES 
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ABSTRACT 

Many species of insects and diseases create residues that pre- 
dispose forests to f i re .  Conversely, natural factors such as 
f i r e ,  wind-throw, and other agents create forest residues that 
predispose forests to diseases and insects, including bark and 
cambium beetles, wood borers, and others. Man-made residues 
also predispose forests t o  insects and disease. 

Harvesting practices, residue management, and f i  re management 
n o t  only influence the behavior and impact of forest insects, 
b u t  also can be used t o  suppress some insect and disease popu- 
lations. These practices a1 so have a profound infl uence-mostly 
negative--on forest floor and forest soil arthropods, many of 
which (in concert with wood-destroying fungi) are involved in 
both the micro- and macro-deterioration and dispersion of forest 
residues, Opinions vary concerning the value of removing residues 
through prescribed f i r e  t o  manage forest insects and diseases. 
Harvesting, residue management, and f i r e  management are inextricably 
tied to forest succession. 

The interactions between harvesting, residues, f i r e ,  insects, 
and diseases have many implications for the resource manager. 
Future research should provide a better understanding o f  these 
interactions and w i l  l l ikely enhance our opportunity to  reduce 
the negative impacts of many species of indigenous insects and 
diseases in managed forests. 

KEYWORDS: arthropods, disease, f 
silviculture 

i re ,  residue, harvesting, 



INTRODUCTION 

Harvesting, res idue management, and prescr ibed f i r e  can have both p o s i t i v e  and 
negat ive e f f e c t s  i n  the  removal o f  standing green o r  dead trees, the  removal of 
f o r e s t  residues, which through na tu ra l  decomposition and decay form the  humus and 
f o r e s t  s o i l ,  o r  the  consumption o f  residues and the  r e s u l t a n t  e f f e c t  on f o r e s t  f l o o r  
and f o r e s t  s o i l  f l o r a  and fauna. 

The i n t e rac t i ons  between harvest ing a c t i v i t i e s ,  res idue treatments, f i r e  (both 
prescr ibed and w i l d ) ,  and f o r e s t  i n sec t  and disease behavior and a c t i v i t y  are ex- 
t remely var ied,  usua l l y  complex, and most o f t e n  mutua l l y  i n c l u s i v e  and reve rs i b l e .  
Th is  paper i s  a review o f  the  l i t e r a t u r e  and an i n t e r p r e t a t i o n  o f  some o f  these 
i n t e rac t i ons ,  w i t h  a d iscuss ion o f  the  management imp l i ca t ions .  Because of t he  
breadth o f  these i n t e r re l a t i onsh ips ,  the  contents o f  the  paper i s  presented below: 
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INSECT AND DISEASE INTERACTIONS 

Insec ts  and diseases have many associat ions,  o f t e n  w i t h  the  p o t e n t i a l  t o  s t ab i -  
1 i z e  popula t ions o r  t o  a l t e r  the  f unc t i on  o f  these organisms i n  the  fo res t  eco- 
system. I n  a d d i t i o n  t o  t h e i r  o f t e n  d i r e c t  interdependence i n  dead p l a n t  mate r ia l s ,  
i n sec t s  and diseases i n t e r a c t  through t h e i r  mutual o r  i n d i v i d u a l  e f f ec t s  on l i v e  
t rees.  I n  some cases, diseases predispose l i v i n g  host t r ees  t o  i nsec t  a t t ack  ( M i l l e r  



and Keen 1960; F e l i x  and o the rs  1971, 1974; Thomas and Wright  1961 ; Rudinsky 1962). 
I n  o t h e r  cases, i n s e c t  a t t a c k  predisposes l i v i n g  t r e e s  t o  diseases (Wagner and 
M ie lke  1961; L o r i o  1966; Molnar 1965; P a r t r i d g e  and M i l l e r  1972). I n  s t i l l  o t h e r  
cases, i n s e c t s  and diseases may combine t o  k i l l  o r  damage t r e e s  (Shea 1971). 

Many i n s e c t s  u t i l i z e  fung i ,  u s u a l l y  sporocarps, as t h e i r  p r imary  food base 
(Fogel 1975). I n  the process o f  e a t i n g  fungal  sporocarps, t h e  i n s e c t s  i n g e s t  spores, 
which sometimes s u r v i v e  passage through t h e  d i g e s t i v e  t r a c t  (Nuorteva and La in  
1972). Thus, t h e  fungus-eating i n s e c t  has t h e  a b i l i t y  n o t  o n l y  t o  des t roy  b u t  a l s o  
t o  d i sperse  and b u i l d  fungal  popu la t ions,  The fung i  a f fec ted  i n  these ways a r e  
f requen t l y  t r e e  pathogens (Powel 1  and o the rs  1972; Molnar 1965; W i l l  house 1919), 
ectomycorrhizae (Zak 1965; Weiss and West 1920), o r  major  decay f u n g i  (Ackerman and 
Shenefel t 1973). 

I n s e c t s  and fungi  can be mutual i s t i c .  The a b i l i t y  of  many i n s e c t s  t o  e x p l o i t  
e i t h e r  1  i v e  o r  dead wood as a food source ma be e n t i r e l y  dependent upon a  b e n e f i c i a l  
a s s o c i a t i o n  w i t h  s p e c i f i c  f u n g i  (Graham 19673. Moreover, many species of  i nsec ts ,  
p r i n c i p a l l y  bark bee t les  and wood borers,  c o n t r i b u t e  d i r e c t l y  t o  the  d i s p e r s a l  and 
e f f e c t i v e n e s s  o f  many decay fung i .  By i n g e s t i n g  and macerat ing woody t i s s u e  (Witkamp 
1975; Graham 1925), and by t h e i r  t u n n e l i n g  and b o r i n g  a c t i v i t i e s ,  i n s e c t s  n o t  o n l y  
i n t r o d u c e  f u n g i  ( f i g .  1)  b u t  a l s o  c rea te  avenues o f  e n t r y  o r  " i n f e c t i o n  c o u r t s "  f o r  
s t a i n i n g -  o r  wood-destroying fungi  (Thomas 1955; Orr 1959; Graham 1922) .  I n  f i r e -  
i n j u r e d  o r  f i r e - k i l l e d  Douglas- f i r ,  Pseudotsuga -- nienz ies i i  B r i t t o n ,  i n  .Oregon, p i n  
ho le  borers  (ambrosia b e e t l e s ) ,  and sap-s ta in ing  fungi ,  Cera tocys t i  s minor  (Hedge. ) 
Hunt Sntroduced by t h e  D o u g l a s - f i r  b e e t l e  Dendroctonus pseudotsugae H m s  (~ immey  
and Furn iss  1943) s e r i o u s l y  degraded sapwood causing i t  t o  t u r n  dark  a few weeks 
a f t e r  a t t a c k  (Fu rn i  ss 1937). 

Figure 1. --GaZZaries of ambrosia beetles  
and associated stain. Bee&Ze gaZleAes 
and fungi cause degrade and hasten 
wood deterioration. Fungi a lso  seme 
as source of food for these bsattes, 



Borden and McLaren (1970) r e p o r t e d  t h a t  the year  a f t e r  D o u g l a s - f i r  b e e t l e  
a t tacks ,  hyphae o f  Polyporus vo lva tus  Peck ex t rude through b o r i n g  ho les  made by t h e  
beet les ,  suggest ing t h e  p r e d a t o r n o c h i l a  v i rescens v a r  c h l o r o d i a  (Mann. ) (Osto- 
midae) as a 1  i k e l y  vec to r .  A few years  l a t e r ,  C a s t e l l o  and o the rs  (1976) i s o l a t e d  
P, v o l  vatus f rom D o u g l a s - f i r  bee t les  t rapped i n  f l  i g h t  ; t h e i r  evidence suggested - 
t h a t  t h e  D o u g l a s - f i r  b e e t l e  i s  the  major vec to r  o f  P. vo lvatus ,  a  common cause of 
sapwood r o t  i n  b e e t l e - k i l l e d  t r e e s .  A t  o t h e r  t imes, t m  r o t  fungus, Fomes 

i n i c o l a  (Schw. ex Fr. ) Cke, i s  t h e  most ser ious d e t e r i o r a t i n g  agent i n  D o u g l a s - f i r  
b y  t h e  Douglas- f i r  b e e t l e  (Wr ight  and Harvey 1967). I n  some cases t h e  b lue  
fungus, Cera tocys t i s  i l i f e r a  (F r . )  Moreau s t a i n s  sapwood, and t h e  r e d - r o t  fungus, 
Stereum san uinolentum h A1 and Schw. ex Fr.  ) Fr., causes decay i n  b e e t l e - k i l l e d  m~* 

I n  s tudy ing  the  r a t e  o f  d e t e r i o r a t i o n  o f  Englemann spruce, Picea en elrnannl 
Parry,  k i l  l e d  by t h e  Englemann spruce beet le ,  Dendroctonus ruf ip- 
(=obesus Mann. ), i n  Colorado, M ie l  ke (1950) i n d i c a t e d  thaE severa l  r o o t  r o t  fung i  
may have weakened the  t r e e s  be fo re  they were k i l l e d  by bee t les ,  An u n i d e n t i f i e d  
species o f  b l u e  s t a i n  fungus t h a t  was probab ly  c a r r i e d  i n t o  the  t r e e s  by  the  bee t les  
d i d  n o t  appear t o  be a  se r ious  defect .  Al though t h e  r a t e  o f  d e t e r i o r a t i o n  f rom 
decay i n  f a l l e n  t r e e s  was f a i r l y  rap id ,  M ie l  ke a n t i c i p a t e d  t h a t  a  h i g h  percentage of  
b e e t l e - k i l l e d  t r e e s  would remain s tand ing  and sound f o r  a t  l e a s t  20 years.  

On t h e   asp; pen insu la  i n  eas te rn  Canada, spruce k i l l e d  by t h e  eastern  spruce 
beet le ,  Dendroctonus i cea  erda, l o s t  8.7 percent  o f  the  merchantable volume t o  
decay i n  / t o  8 years  f-7- RI ey 19401, w h i l e  spruce k i l l e d  by t h e  European spruce 
sawfly, D i  r i o n  hercyn iae ( ~ t g , ) ,  l o s t  48.3 percent  d u r i n g  t h e  same'period ( R i l e y  
and Skol +-?- ko 9 2) .  

Insect -d isease i n t e r a c t i o n s  a l s o  have been r e p o r t e d  i n  wind-thrown wh i te  fir, 
Abies conco lor  (Gord. and G l  end. ) , and Cal i f o r n i a  r e d  fir, Abies ma n i f i c a  A. Murr. , 

I n  one s tudy (Gordon 1973), i n s e c t s  were a t t r i b u t e d  --"In as i l i n g  many 
t r e e s  t h a t  were under p h y s i o l ~ g i c a l  s t r e s s  caused by r o o t  d iseases o r  dwarf  m i s t l e -  
toe, Arceuthobium americanum N u t t a l  ex Engelmann ; mi s t 1  e toe  i n f e c t i o n s  were judged 
t o  have severe ly  reduced t h e  v i g o r  o f  34 percent  o f  t h e  t r e e s  k i l l e d  by bark bee t les .  
Other t r e e s  p h y s i o l o g i c a l  1 y s t ressed  and mechanical l y  weakened were wind-thrown ; had 
they  n o t  been blown over, Gordot? f e e l s  they  would have been k i 1  l e d  by bee t les .  I n  
another  study, Wickman (1965) r e p o r t s  t h a t  b lue  s t a i n  i n t roduced  by bark  bee t les  and 
f latheaded borers  was t h e  most impor tan t  s i n g l e  cause o f  degrade e f f e c t i n g  an e s t i -  
mated 50 percent  d e t e r i o r a t i o n  i n  t h e  f i r s t  and second years  a f t e r  t h e  blowdown 
(Wickman 1965). 

There a r e  several  r e p o r t s  o f  diseases assoc ia ted w i t h  t r e e s  damaged by one o r  
more species o f  spruce budworm, Chor istoneura spp. Decay i n  grand f ir, Abies grand is  
(Doug1 . ) L i n d l  . , t o p - k i l  l e d  by t h e  western spruce budworm, C. occ iden ta l  i s  Freeman, 
r e s u l t e d  i n  a  se r ious  l o s s  i n  volume, w i t h  young saw t imber -s i zed  t r e e s  s u f f e r i n g  a 
h i g h e r  percenta e o f  l o s s  than o l d e r  growth t r e e s  F e r r e l l  and Scharpf 1979). 
S t i l  l w e l l  (1 956 4 found ba l  sam-f i r ,  Abies b a l  samea L. ) Mill. ? t o p - k i l l e d  by the 
eas te rn  spruce budworm, 5. fumi ferana Clem,, t o  have a hSgh ~ n c i d e n c e  of  decay. 
B u t t  r o t  has a1 so been r e p o r t e d  i n  ba l  Sam fir d e f o l i a t e d  by t h e  eastern  spruce 
budworm; t h e  r o t  i s  apparen t l y  r e l a t e d  t o  h i g h  r o o t l e t  m o r t a l i t y  (S te rne r  1970). 

I n s e c t s  and f u n g i  a l s o  can be a n t a g o n i s t i c .  A t  t imes t r e e s  do n o t  appear t o  be 
predisposed t o  d isease as a  r e s u l t  o f  i n s e c t  a t tack ,  n o r  predisposed t o  i n s e c t  
a t t a c k  when diseased. I n  t h e  west, Wickman and Scharpf (1972) found t h a t  wh i te  f ir 
damaged by t h e  D o u g l a s - f i r  tussock moth, Orqyia seudotsu a t a  McDunnough, f a i l e d  t o  w $how t h e  presence o f  t y p i c a l  decay, a1 though i n  o u t  o f  21 top-damaged t rees,  the  
common brown r o t  fungus was present.  I n  t h e  eas t ,  Basham (1971 ) found no s i g n i f i c a n t  
h e a r t  r o t  i n  eastern  wh i te  p ine,  Pinus s t robus L, , damaged by t h e  te rm ina l  weev i l ,  



Pissodes strobi  Peck, I n  a thinned red-pine, Pinus resinosa Ai t . ,  plantation in 
Ontario, stumps attacked by fungi appeared to  be unsuitable or  unattractive to  
insects ,  preventing the encroachment of bark- and wood-feeders (Martin 1 9 6 5 ) .  Brown 
rots  and carbonizing decays tha t  attack cel lulose seem t o  r e s t r i c t  insect a c t i v i t y ,  
in contrast  t o  white ro ts  tha t  do not seem t o  do so (Kimmey and Furniss 1943). 
Earl ier  in t h i s  Symposium, Dr. Mike Larsen discussed the r e l a t ive  significance of 
brown and white ro ts  in the fores t  ecosystem. Some insect species parasitized by 
fungi ref1 ec t  other cases of apparent antagonism (Roberts 1973).  

Many insect  and disease relationships in the fores t  ecosystem are  very benefi- 
c ia l  in tha t  they contribute d i rec t ly  to  the carbon and nutr ient  recycling process 
in dead plant residues and to  the development of fores t  soi l  organic layers. Other 
Snsect-disease relationships are responsible for  mortality and retarding growth i n  
fo res t  stands, An integrated insect-disease approach i s  often needed to  fu l ly  
understand the to ta l  fores t  pest  impact (Wickman and Scharpf 1972 ) .  An excellent 
example of t h i s  concerns the need to very careful ly consider the impact of dwarf 
mistletoe when contemplating par t ia l  cut t ing of lodgepole pine, Pinus contorta var 
l a t i f o l i a  Engelm., stands t o  manage the mountain pine beetle,  Dendroctonus ponderosae 
.-D. Cole 1978). 

INSECTS CREATE RESIDUES AND PREDISPOSE FORESTS TO FIRE 

Insects and diseases k i l l  fores t  trees and create dead plant bodies o r  residue. 
This material may decay, thus contributing t o  the recycling process by creating a 
reservoir both for nitrogen f ixat ion as well as  for  pest inoculum. Or, these large 
accumulations of residues ( fue l s )  may burn  violently ( f ig .  21, consuming a l l  o r  most 
of the residue as well a s  k i l l ing  any l iving t rees  l e f t  in the insect  or  disease 
centers. Such wildfires a f fec t  the immediate recycling of nutr ients  as well a s  the 
removal of the pest inocul urn; however, wi 1 dfi  res a1 so increase genetic turnover 
because the survival potential of  individuals w i t h  possible insect  and/or disease 
r e s i s t an t  genotypes i s  negated by the i r  increased probability of being burned. An 
ecosystem with these insect-disease-fire interact ions may preserve endemic insect  
and disease ac t iv i ty ,  perhaps as a means of shortening the turnover time for  avai la-  
bl e genes in 1 ong-1 ived trees.  

Figure 2.--In August of 2961, a Zightning ignited wi2d;Fire roared through 
28,000 acres of jack-strawed ZodgepoZe pine residue, The trees had 
been kiZZed by the mountain pine beetle be-tween 5926 and 1938 on the 
Bitterroot and adjacent Na-tConaZ Forests in western Montana. 



Bark Beet les 

O f  a l l  f o r e s t  i nsec ts  t h a t  a re  repor ted  t o  predispose f o r e s t s  t o  f i r e  by c r e a t i n g  
residues,  var ious species o f  bark beet les  a re  perhaps t h e  most s i g n i f i c a n t .  I n  t h e  
nor the rn  Rocky Mountains, as w e l l  as i n  t h e  P a c i f i c  Northwest, t h e  mountain p i n e  
b e e t l e  has been i n  t h e  pas t  and i s  c u r r e n t l y  respons ib le  f o r  k i l l i n g  m i l l i o n s  o f  
lodgepole pine,  Dead t rees,  which as snags o r  w i n d f a l l s ,  add t o  excessive res idue 
( f u e l s )  and increase t h e  danger o f  devasta t ing f o r e s t  f i r e s .  Once i g n i t e d ,  the  
r a t e  o f  consumption i s  magni f ied by these h i g h l y  combustible f u e l s  (Boag and Evans 
1967). 

Josef  Brunner, an e a r l y  day f o r e s t  entomologist  i n  t h e  nor the rn  Rockies, recog- 
n i z e d  t h e  p r e d i s p o s i t i o n  o f  bark b e e t l e - k i l l e d  t rees  t o  f i r e .  I n  1917 he descr ibes 
(Brunner 1917) t h e  k i l l i n g  o f  m i l l i o n s  o f  p i n e  and Douglas- f i r ,  by t h e  mountain p ine  
b e e t l e  and Doug las - f i r  beet1 e, r e s p e c t i v e l y ,  and says, "These b e e t l e - k i l  l e d  t rees  
f a l l  t o  t h e  ground and form a v e r i t a b l e  network o f  h i g h l y  combustible m a t e r i a l  
sub jec t  t o  i g n i t i o n  by l i g h t n i n g  o r  o t h e r  causes, which, o the r  favorab le  cond i t i ons  
be ing present, r e s u l t  i n  c o n f l a g r a t i o n s  t h a t  k i l l  a l l  o f  t h e  remaining 1  i v i n g  t imber  
w i t h i n  i t s  path." It was c l e a r  t o  Brunner t h a t  " the re  has been a most i n t i m a t e  
i n t e r r e l a t i o n  o f  d e s t r u c t i v e  - bark bee t les  and f o r e s t  f i r e s  i n  t h e  denudation o f  t h e  
vas t  areas o f  once h e a v i l y  f o r e s t e m  i n t h e k M o u n t a i T F e g i o n .  " ---- 

A c l a s s i c  example o f  t h i s  p r e d i s p o s i t i o n  o f  bark b e e t l e - k i l  l e d  f o r e s t s  t o  f i r e ,  
and p r o o f  o f  Brunner 's p r e d i c t i o n ,  was t h e  Sleeping C h i l d  burn (Mine F i r e )  on the  
B i t t e r r o o t  Nat iona l  Forest  i n  western Montana. Between 1926 and 1938, a mountain 
p i n e  b e e t l e  epidemic k i l l e d  lodgepole p ine  t r e e s  on 1.3 m i l l  i o n  acres on t h e  B i t t e r -  
r o o t  and ad jacent  Nat iona l  Forests.  I n  August of 1961, 1  i g h t n i n g  i g n i t e d  t h a t  
res idue,  and t h e  r e s u l t a n t  f i r e  consumed 28,000 acres o f  t h e  b e e t l e - k i l  l e d ,  j ack -  
strawed f u e l  (Lotan 1976). E a r l i e r  i n  t h e  Symposium, D r .  f l e l l i e  Stark  used t h i s  
f i r e  as a c l a s s i c  example o f  t h e  impacts o f  w i l d f i r e s  on s o i l  n u t r i e n t  regimens. 

The Sleeping C h i l d  w i l d f i r e  and o thers  l i k e  i t  a l s o  p rov ide  examples o f  the 
complex r e l a t i o n s h i p s  between lodgepole p i n e  and o t h e r  c o n i f e r s ,  t h e  mountain p ine  
b e e t l e  o r  o t h e r  bark beet les,  and w i l d f i r e .  Many f o r e s t s  become predisposed t o  
b e e t l e  i n f e s t a t i o n s  because o f  dense, overcrowded stands and compet i t ion between 
t r e e s  (Weaver 1961). At  times, dense stands develop as  a r e s u l t  of ca tas t roph ic  
f i r e ,  o r  because f i r e  has n o t  n a t u r a l l y  th inned them; a t  o the r  t imes overcrowding 
occurs i n  f o r e s t s  p r e v i o u s l y  k i l l e d  by i n s e c t s  (Weaver 1943). If bark b e e t l e  ou t -  
breaks occur d u r i n g  per iods  o f  drought, concurrent  w i l d f i r e s  may check t h e  excessive 
mu1 t i p 1  i c a t i o n  o f  bee t les  (Craighead 1925).  W i l d f i r e s  a1 so p rov ide  a n a t u r a l  check 
on i n s e c t s  and disease; according t o  Lotan (19761, " the  Sleeping C h i l d  burn w i l l  be 
r e l a t i v e l y  f r e e  o f  t h e  mountain p ine  b e e t l e  and dwarf m i s t l e t o e  fo r  decades." 

F i res ,  such as Sleeping Chi ld ,  may serve t o  c rea te  lodgepole p ine  f o r e s t s  t h a t  
may be predisposed t o  another mountain p i n e  bee t le  outbreak i n  several  decades, due 
t o  t h e  eco log ica l  s i g n i f i c a n c e  o f  t h e  serot inous cone h a b i t  o f  lodge o l e  pine.  O r ,  g cone s e r o t i n y  may lead  t o  heavy overs tock ing and may a c t u a l l y  de lay  e e t l e  problems. 
Since t h e  Sleeping C h i l d  f i r e ,  lodgepole p i n e  has es tab l i shed  i t s e l f  over  n e a r l y  a l l  
o f  the burned area, ". . . much o f  i t  w i t h  a dens i t y  o f  tens o f  thousands of seedl ings 
per  acre" (Lotan 1976). I n  the  f i r s t  year  o f  succession f o l l o w i n g  t h e  f i r e ,  lodge- 
po le  p i n e  seedl ings averaged over 8,500 per  acre (Lyon and St ickney 1976). 

The mountain p i n e  b e e t l e  i s  now k i l l i n g  m i l l  i ons  of lodgepole p i n e  t r e e s  i n  

! a r t i c u l a r l y  on t h e  G a l l a t i n ,  Beaverhead, Kootenai, Lolo, and Flathead 
Nat iona l  o r e s t s  and i n  G l a c i e r  and Yellowstone Nat iona l  Parks; more than 1.4 m i l l i o n  
acres o f  f o r e s t s  are  infested,  There i s ,  however, disagreement over whether these 
b e e t l e - k i l l e d  fo res ts  w i l l  be predisposed t o  huge f o r e s t  f i r e s  (Kugl i n  1980). Some 



foresters feel as t h o u g h  " I t ' s  1 i ke a gas01 ine tank ready to explode out there" 
(Kugl in 1980). However, in 1979, concerns that the dead lodgepole could constitute 
an explosive f i r e  hazard failed to materialize despite an unusually long and hazardous 
f i r e  season (Schwennesen 1979). Cl i f f  Martinka, research biologist in Glacier National 
Park, indicates that the relationship between f i r e  and the mountain pine beetle i s  
" . . , more complex than simply having an ignition source and a lo t  of dead trees" 
(Schwennesen 1 979). 

Early observations by Brunner (1917) might be an indication of what could 
happen on the Flathead and other National Forests where mountain pine beetle-killed 
trees are so numerous. I n  1910 he observed the progress of two serious forest f i res  
burning in beetle-killed timber. The f i r s t  was in the Litt le S t .  Mary region, 
northeast of Be1 ton, within Glacier National Park, where Douglas-fi r had been kill ed 
by the Douglas-fir beetle between 1904 and 1910. In the second case, a f i r e  burning 
i n  mountain pine beetle-kil led ( b u t  s t i l l  standing) western white pine, Pinus monti- 

Dougl., was so explosive that i t  jumped the north fork of t h e  ~ l a t h m i v e r  
..nd burned several sections of timber in Glacier National Park. Brunner I s  observa- 
tions indlcate that the length of time trees had been killed influence the potential 
f i r e  danger. He says, "those which had been killed longest, previous to the f i r e ,  
were burned to snags and those which had been dead b u t  a season had the bark burned 
o f f  to  the very tops," 

While National Park Service managers view the mountain pine beetle as just 
another protected species of wildlife (Kuglin ?980) ,  Forest Service foresters are 
developing management plans t o  salvage beetle-kil led trees as  we1 1 as accelerate the 
harvest o f  green lodgepole pine. On the Flathead forest alone, 160 mill ion board 
feet will be harvested between 1980 and 1982. According t o  Flathead Supervisor John 
Emerson, " I t ' s  time we s t a r t  managing the beetle instead of lett ing i t  manage us" 
(Emerson 1979).  The USDI Fish and Wildlife Service has recently been criticized by 
wildlife managers and co~servationists for ruling t h a t  a proposed 22 million board 
foot salvage sale of beet1 e-ki 1 led 1 odgepol e pine would not  jeopardize endangered 
w i l d 1  i fe  species such as grizzly bear and wolves (Schwennesen 1980). 

I n  Oregon, the Forest Service i s  considering a 21-year, $133 mill ion project t o  
remove mountain pine beetle-killed lodgepole pine to lessen the chance t h a t  a massive 
f i r e  will cause further economic and aesthetic dqmage (Baum 1976). Over the 21 -year 
period, potential resource damqge and f i r e  suppression costs have been estimated a t  
$260 mil 1 ion (Western Cons, Jaur. 19761 ; the chance of a large f i r e  i s  predicted t o  
be multiplied 10 times i f  the dead tree residue i s  not removed (Baum 1976). Opponents 
argue that the expense of the salvage work i s  unjustified because the mountain pine 
beetle i s  nature's way of harvesting overmature trees (Western Cons. Jour. 1976; 
Baum 1976).  I t  remains t o  be seen whether bark beetles have predisposed these 
forests t o  f i r e  through the creation of some 1.4 mil 1 ion acres of lodgepole pine 
residue. 

Defoliators 

Some species of defoliating insects also produce forest residues that either 
decay and provide humus- and soil-building components, or-- i t  i s  believed by some-- 
fuel for wildfires. (Like bark beetles, outbreaks ~f defol iating insects a1 so 
provide "fuel " for controversy. ) 



I n  t h e  no r the rn  Rockies and t h e  P a c i f i c  Northwest, t h e  two i n s e c t  species 
i m p l i c a t e d  i n  pred ispos ing f o r e s t s  t o  w i l d f i r e s  a r e  t h e  western spruce budworm and 
t h e  Doug1 a s - f i  r tussock moth; t r a n s c o n t i n e n t a l  l y ,  t h e  e n t i r e  spruce budworm complex 
i s  invo lved.  I n  a l l  cases, t h e  i n s e c t - r e s i d u e - f i r e  i n t e r a c t i o n  i s  i n e x t r i c a b l y  
r e l a t e d  t o  t h e  p o l i t i c a l ,  s o c i a l ,  and emotional issues surrounding t h e  use o f  i n s e c t i -  
c ides.  

I n  Canada F e t t e s  and Buckner (1 976) r e p o r t  t h a t  t h e  eastern  spruce budworm n o t  
o n l y  k i l l s  t r e e s  w i t h i n  3 t o  5 years  o f  extreme d e f o l  i a t i o n - - b u t  a l s o  increases t h e  
t h r e a t  o f  vas t  f i r e s  as an a f te rmath  o f  epidemics. Others have a1 so repor ted  t h a t  
many major f o r e s t  f i r e s  have been assoc ia ted w i t h  budworm outbreaks (USDA, FS 1975b). 
Notwi ths tand ing these c la ims, I am n o t  aware o f  any s i t u a t i o n s  i n  t h e  no r the rn  Rocky 
Mountains where e i t h e r  t h e  f o r e s t  res idues created by d e f o l i a t i o n  o r  t r ees  k i l l e d  by 
t h e  western spruce budworm have predisposed fo res ts  t o  major  w i l d f i r e s  ( f i g .  3 ) .  

Figure 3 . - -A  western spruce budworn Zarva ~%ed{ng on DougZas-fir 
foZ<age. Though not substantiated 2 tha northern Rockies, it 
is reported t ha t  many major foxes* fcres huve been aswcz"ated 
with sprmce budworm outbreaks (USDA, FS 1975bl. 



The large aer ia l  spray programs against the eastern spruce budworm haye been 
jus t i f i ed ,  in par t ,  by the claim tha t  not  t o  take some kind of d i rec t  action would 
be t o  r i sk  the development of thousands of acres of dead spruce-fir fores ts  tha t  
when blown down could create a tangle, piled l i k e  criss-crossed matchsticks, that  
would not only create a tremendous f i r e  hazard b u t  a l so  would make f i re- f ight ing  
nearly impossible (Maine Forestry Dept. 1973). I t  has been said t h a t  "while such 
destruction has occurred h is tor ica l ly  and nature would in time heal the wounds, the 
r i sk  in the present context of millions of Americans with a l l  t h e i r  needs and desires 
i s  qui te  unacceptable" (Maine Forestry Dept. 1973). 

Most of us are aware of the controversy generated by using DDT against the 
Douglas-fir tussock moth in Oregon early in the 1970's. Not so we1 1 known are 
claims tha t  the residues created by tha t  insect predisposed defoliated stands to  
wildfire .  Heavily-damaged stands were reported t o  be especial l y  susceptible to  
wildfire  (USDA, FS 1975a), and increased f i r e  r i sk  and f i r e  protection costs  were 
l i s t e d  among the several disadvantages t o  not using d i rec t  control w i t h  DDT or  other 
chemicals (Ellefson 1974). In addition to 852 million board fee t  of merchantable 
timber ki l led by the Douglas-fir tussock moth (with a loss value of $28.1 mi l l ion) ,  
an additional $30.8 mill ion in losses occurred I n  the form of damage to  immature 
t rees ,  reduced growth, increased reforestation expense, and increased f i r e  protection 
costs  (USDA, FS l975a) .  (.One might in terpre t  these as economic losses only i f  they 
actual ly  reduced the a1 1 owabl e cut ,  ) Senator Robert Packwood (Oregon) was quoted as 
saying, "had we used DDT l a s t  year, we would not have seen the awesome increase in 
defol iat ion and environmental damage leading t o  increased f i r e  damage in the affected 
areas tha t  we did" (Crisp 1974). And Oregon's State Forester,  Ed Schroeder, estimated 
tha t  the " to ta l  economic impact on Oregon in terms of timber and growth l o s t ,  reha- 
b i l i t a t ion  cos t ,  increased f i r e  protection cas t ,  and diminished land value i s  $9.5 
mil 1 ion. " He continued tha t  "the es the t ic  and recreational appeal has been reduced, 
because of these fores t  residues and Oregonians will face increased f i r e  danger fo r  
20 years" (Crisp 1974). Again, as with the mountain pine beetle,  i t  remains to  be 
seen how serious the predisposition of Oregon fores ts  t o  wildfires  has been o r  will 
be, as a r e su l t  of the Douglas-fir tussock moth. 

Other Insects 

In his unpubl ished manuscript, Brunner (1 91 7 )  provides some interest ing examples 
of insects  contributing t o  the predi sposi t ion of t rees  t o  fire--1 ess dramatic perhaps 
than the bark beet1 e and defol i a t o r  s i tua t ions  discussed above. He mentions several 
species of insects  tha t  feed in the cambium a t  the base of t rees  k i l l ing  the bark in 
patches, In such cases, even l i g h t  surface f i res  igni te  and burn  off the dead bark, 
especially of the resinous conifers,  leaving basal wounds, which are  often mistaken 
for  f i r e  wounds. He describes one s i tua t ion  where carpenter ants ,  Camponotus sp . ,  
often appropriate tunnels vacated by roundheaded wood borers, Pachyta sp. ,  and " . . . 
so honeycomb the bark with t h e i r  mines as to provide a d ra f t  through i t  fo r  a f i r e  
which, on t h i s  account, i s  able to  scorch the  cambium underneath, even on t rees  with 
very thick bark." 



RESIDUES PREDISPOSING FORESTS TO INSECTS AND DISEASES 

N a t u r a l l y  Created Residues 

RESIDUES CREATED BY FIRE 

As r ecen t l y  as 1970, some researchers long- invo lved w i t h  f i r e  ecology f e l t  
t he re  was l i t t l e  knowledge o f  i ~ s e c t - f i r e  ecology (Komarek 1970). O f  the s tud ies i n  
t h e  f i e l d  o f  f i r e  ecology t h a t  had evolved by the mid 19701s, those deal ing w i t h  
p l an t s  and p l a n t  by-products predominated almost t o  t he  exc lus ion o f  any o ther  type 
(Clayton 1974). 

Brown and Davis (1 973) remind us t h a t  the re  a re  so many var iab les  opera t ing  on 
a f o r e s t  f i r e  t h a t  genera l i za t ions  on s p e c i f i c  f i r e  e f f e c t s  can be mis leading i f  
taken by themselves. Lyon and St ickney (1976) i n d i c a t e  t h a t  most f i r e s  are charac- 
t e r i z e d  as va r i ab l e  both i n  pa t t e rn  and i n t e n s i t y .  Further,  they say t h a t  "on ly  i n  
large,  in tense w i l d f i r e s  does v a r i a b i l i t y  approach a cons is ten t  and p red i c t ab le  
l e v e l .  Given such a f i r e ,  the crowns o f  both overs to ry  and understory vegetat ion 
a re  destroyed and the  organic mant le i s  reduced t o  mineral  ash." 

Some f i r e  e f f e c t s  a re  inmediate ly  apparent, and o thers  o n l y  years l a t e r ,  r e -  
f l e c t i n g  both d i r e c t ,  phys io log ica l  i n j u r y  t o  t rees  and long-term changes i n  the  
f o r e s t  environment (Brown and Davis 1973). When a f i r e  passes through an area, i t  
can r a d i c a l l y  a1 t e r  both p l a n t  and animal elements, no t  on l y  by d i r e c t  k i l l  b u t  a l so  
through sudden changes i n  food, she1 t e r ,  compet i t ion,  1 i g h t  , t e r r i t o r i a l  i t y ,  repro-  
duct ion,  r a d i a t i o n  i n p u t  and o the r  fac tors  (Komarek 1967). 

F i r e s  a l s o  may dest roy hab i t a t s  fo r  na tu ra l  enemies o f  insects ,  a t  t imes a l low ing  
popula t ions of some i nsec t  species t o  t h r i v e  a f t e r  burns (Ahlgren and Ahlgren 1941 ) 
( f i g .  4). I n  a study of woodpecker popula t ions i n  a Douglas- f i r /ye l low p ine f o r e s t  
near Libby, Montana, Blackford (1 955) found th ree  species of woodpeckers-hairy, 
Dendrocopos v i l l o s u s ,  black-backed, Picoides a r t i c u s ,  and three-toed-, P. t r i d a c t y l u s ,  
and red  shaf ted f l i c ke r s ,  Cola tes  c a f e r , d  l o c a l l y  f l u c t u a t i n g  popuJ$tions t h a t  + were greq te r  on a burned area an on unburned areas. One year fo l l ow ing  the burn, 
however, he was no t  ab le  t o  f i n d  even one woodpecker. I n  another study, wood 
borers pe rs i s t ed  i n  burned areas because charcoal, ashes, and r e l a t e d  f i r e  debr i s  
deter red p o t e n t i a l  compet i tors and na tu ra l  enemies (L i ns l ey  1943). 

Figure 4 .  --WiZdfires i n  undisturbed 
forests o7ten create residues 
predisposing stands t o  a variety 
of insect  species. WiZdfire 
utters both plant and animaZ 
habitat as weZZ as habitats for  
eke naturaZ enemies of insects ,  
a t  times aZZming some insect 
speck s  t o  thrive foZZming the 
f;re. 



Weakened l i v i n g  t rees ,  o r  t r e e s  k i l l e d  and reduced t o  res idue  by f i r e ,  p r o v i d e  
a medium i n  which i n s e c t s  and disease can t h r i v e  (Ah lgren and Ahlgren 1941) and 
cause d e t e r i o r a t i o n  o f  t h e  f i  re -c rea ted  res idues,  The r e l a t i o n s h i p s  between f o r e s t  
f i r e s  and disease o r  i n s e c t  a t t a c k  " .  . . a r e  exceed ing ly  widespread, common and 
a l s o  complex" (Brown and Davis l%'3), and a r e  considered by some t o  be so i n t i m a t e l y  
connected i n  causing d e t e r i o r a t i o n  o f  res idues t h a t  t hey  shou ld  be considered i n  
combinat ion r a t h e r  than separa te l y  (Kimmey 1955; Kimmey and Fu rn i  ss 1943). 

F i  re -c rea ted  Residues Predisposed t o  Diseases 

The most comprehensive s tudy o f  d iseases i n  f i r e - c r e a t e d  res idues  was conducted 
by  W a l l i s  and h i s  co l leagues (1971 ) ;  t hey  s t u d i e d  r a t e  o f  decay i n  Doug las - f i r ,  
western hem1 ock, Tsuga h e t e r o p h y l l  a (Raf . ) Sarge, and western redcedar,  Thuja p l  i c a t a  
Donn., a f t e r  a  w i l d f i r e ,  t h e  T a y l o r  R ive r  burn, i n  B r i t i s h  Columbia. Three yea rs  
a f t e r  t h e  burn, t h e  upper bo le  of Doug las - f i r ,  8 inches and l e s s  i n  d iameter,  was o f  
l i t t l e  economic va lue and 12 percent  o f  t h e  volume was decayed. F i v e  yea rs  l a t e r ,  
n e a r l y  a l l  o f  t h e  sapwood was decayed and s i g n i f i c a n t  d e t e r i o r a t i o n  o f  the  heartwood 
had begun, By 7 years, salvageable m a t e r i a l  was u s u a l l y  l i m i t e d  t o  t h e  l ower  b o l e  
and d e t e r i o r a t i o n  was complete a f t e r  11 years.  They found no c o r r e l a t i o n  between 
t h e  e x t e n t  o f  sap r o t  and i n s e c t  a t t a c k  i n  these t h r e e  t r e e  species 29 months a f t e r  
t h e  f i r e .  

The r a t e  of d e t e r i o r a t i o n  i n  western hem1 ock and western redcedar d i f f e r e d  from 
t h a t  i n  Doug las- f i r .  D e t e r i o r a t i o n  o f  western hemlock progressed f a s t e r ;  n e a r l y  
3 months f o l l o w i n g  t h e  f i r e ,  24 percent  o f  t h e  volume was decayed. I n  western 
redcedar, a l t hough  some b lue  s t a i n  was found i n  most samples, no l o s s  due t o  v i s i b l e  
decay was p resen t  3 yea rs  a f t e r  t h e  f i r e .  Wall i s  and o t h e r s  (1971) concluded t h a t  
funga l  d e t e r i o r a t i o n  o f  mature, f i  r e -  k i  11 ed western redcedar may n o t  be s i g n i f i c a n t  
f o r  many yea rs  beyond t h a t  r e p o r t e d  f a r  Doug las - f i r .  

There were two r e p o r t s  i n  t h e  1930 's  o f  decay assoc ia ted  w i t h  f i r e s .  Three 
yea rs  a f t e r  t h e  Great  T i l l amook  burn i n  Oregon i n  1933, salvage o f  western hemlock 
was h a l t e d  because o f  advanced decay and assoc ia ted  i n s e c t  a c t i v i t i e s  (Fu rn i ss  
1937a). I n  an e a r l i e r  study, i n v e s t i g a t o r s  found t h a t  i n  t h e  f i r s t  y e a r  f o l l o w i n g  a 
w i l d f i r e ,  t h e  sapwood o f  D o u g l a s - f i r  was s t a i n e d  by a fungus (Ascomycetes) t h a t  
des t royed c e l l  con ten ts  r a t h e r  than wood f i b e r  (Beal and o t h e r s  1935). 

F i  re -c rea ted  Residues Predisposed t o  I n s e c t s  

As a  r e s u l t  o f  h i s  research work w i t h  bark  b e e t l e  problems i n  t h e  n o r t h e r n  
Rockies i n  t h e  e a r l y  19001s, Brunner (1917) wro te  t h a t  " t h e r e  i s  a  c u r r e n t  be1 i e f  
t h a t  outbreaks o f  s e r i o u s  i n s e c t  devas ta t i ons  f requen t l y  f o l l o w  i n  t h e  wake o f  
f i r e s . "  He main ta ined t h a t ,  i n  h i s  o p i n i o n  and t h a t  o f  h i s  associates,  t h i s  t e n e t  
cannot  be main ta ined when s u b j e c t  t o :  1 )  t h e  " a c i d  t e s t "  o f  c a r e f u l  observat ion ,  2 )  a 
knowledge o f  t h e  h a b i t s  o f  t h e  i n s e c t s  and 3 )  i n f o r m a t i o n  concern ing i n s e c t  c o n d i t i o n s  
p r i o r  t o  t h e  occurrence o f  f i r e s .  He says t h a t ,  "heavy k i l l i n g  near  a  burn  a f t e r  a  
f i r e  .. . .", u s u a l l y  taken as p r o o f  t h a t  t h e  f i r e  s t a r t e d  the i nvas ion ,  ". . . i s  
b u t  a c e n t r a l i z a t i o n  of an i n v a s i o n  which was a l ready  i n  ex i s tence  be fo re  t h e  f i r e  
occurred."  Not o n l y  d i d  he be1 i e v e  t h a t  se r ious  i nvas ions  a r e  n o t  dependent on 
f i r e s ,  bu t ,  i n  f a c t ,  t h a t  ". . . f i r e  may be t h e  means t o  end an impending i n f e s t a t i o n  
o r  a t  l e a s t  t o  keep t h e  k i l l i n g  o f  t imber  by t h e  b e e t l e s  a t  a  nominal f i g u r e  f o r  
many years."  



In the more than 60 years since Brunner conducted his research, many investiga- 
tors  have reported on the interaction of f i r e  and the predisposition of forests  to  a 
wide variety of insect species, principally bark and cambium beet1 es, wood borers, 
wood wasps, and other groups of lesser  economic importance. 

Bark and cambium beetles.--In the northern Rockies and other areas in the 
western United States,  wildfires have predisposed fores ts  to several species of bark 
and cambium beetles. In most cases, bark beetles, while present in large numbers, 
cause no di rect  damage (Gardiner 1957) ; they do, however, permit the entrance of 
wood-staining fungi that  cause limited deterioration--changes affecting the original 
character of the wood b u t  w i t h  the wood s t i l l  being suitable for  use as low-grade 
lumber--(Kimmey and Furniss 1943; Furniss 1937b). 

The increased suscepti bil i ty  of f i re-injured Douglas-fir to the Douglas-fir 
beetle i s  probably the most notable example in the northern Rockies of f i r e s  predis- 
posing forests  to  bark beetles. In a study in southern Idaho, Furniss (1965) found 
70 percent of the trees on a 9urned area had been attacked w i t h i n  1 year a f t e r  the 
f i r e ,  b u t  decreased abruptly with outright f i r e  k i l l .  The larger trees and those 
with most severe f i r e  damage t o  the crown and cambium had the highest incidence of 
beetle attacks; however, t rees killed by f i r e  were less  frequently attacked. 

Elsewhere in the West, part icularly i n  Oregon, the Douglas-fir beetle i s  the 
most important and abundant bark and phloem feeder in Douglas-fir predisposed by f i r e  
(Furniss 1937b; Kimmey and Furniss 1943). Beetles not only attack most o f  the f i r e -  
killed t rees ,  b u t  a lso scorched t rees  that  survive the f i r e  (Furniss 1937b), and a t  
times healthy green trees surrounding the burn (Kimmey and Furniss 1943). Following 
the great Ti1 lamook f i r e  o f  1933, many of the dead trees on the b u r n  were attacked 
by tha t  f a l l ,  more were attacked the following summer, and by the end of 1934 nearly 
a l l  of the dead trees were infested by a t  l eas t  a few beetles (Furniss l937a). 
Douglas-fir beetle populations developed in the scorched trees on that  b u r n  and 
kil led some 200 mill ion board fee t  o f  green timber in adjacent forests  (Furniss 
1941). 

Following wildfires, t ree k i l l ing of ponderosa pine by the western p ine  beetle, 
Dendroctonus brevicomis Leconte, usually increases (Craighead 1925; Connaughton 
1936; Stevens and Hall 1960) and i s  often catastrophic (Miller and Patterson 1927; 
Sqlman 1934; Miller and Keen 1960). A1 though mortality o f  fire-injured trees varies 
w i t h  the amount of damaged cambium and foliage (Salman 1934), trees most often 
attacked are  usually those that  have l o s t  more than 50 percent of the i r  foliage 
(Miller and Pattersen 1927; Salman 1934). A t  other times, t rees w i t h  l ight- to-  
medium f i r e  injury a t t r a c t  more beetles than other trees i n  burned areas (Miller and 
Patterson 1927), and t rees attacked are those t h a t  appear mwt l ikely  to survive the 
f i r e .  Fire-killed t rees  are not a t t r ac t ive  to  the western pine beetle (Furniss and 
Carolin 1977). 



Most western pine beetle at tacks in t rees  predisposed t o  f i r e  occur during the 
f i r s t  season a f t e r  the f i r e  ( ~ i l l e r  and Patterson 1927), often accompanied by a 
decrease in the number of beetle attacks in the surrounding fo res t  (Craighead 1925). 
Post-f ire  t ree  k i l l ing  usually goes on a t  epidemic levels  in the burned areas for 2 
or 3 years (Mi 1 l e r  and Keen 1960) and then wanes a f t e r  3 years (Connaughton 1936). 
The decline of at tacks in burned areas has been a t t r ibuted  t o  high mortality of 
beetle broods (Craighead 1925). The cessation o f  beetle a c t i v i t y  in the burned 
areas i s  often accompanied by an increase in beetle ac t iv i ty  in the surrounding 
fores t  (Miller and Patterson 1927), often developing into outbreaks in the nearby 
green timber (Stevens and Hall 1960). With prescribed f i r e ,  the season when the 
burning i s  conducted i s  an important factor  influencing the occurrence, the duration, 
and  severi ty of beetle at tack on fire-weakened ponderosa pine (Fischer In press) .  

The mountain pine beetle also i s  a t t rac ted  t o  f i r e -k i l l ed  or  weakened western 
pines (Jaenicke 1921; Stevens and Hall 1960); in some cases beetle infestat ions are 
reported t o  have increased as much as 1,000 percent a f t e r  "1 ight burning" (Jaenicke 
1921). More recently, Cronin and Gochnour ( In  Press) report two instances of in- 
creased ac t iv i ty  of the mountain pine beetle following f i r e  on the Kootenai National 
Forest in northern Idaho. They found: 1 ) a higher percentage of burned trees--  
lodgepole, ponderosa, Pinus ponderosa Laws., and western white pine--successfully 
attacked t h a n  t rees  t h a t  were no t  burned, and 2) t h a t  the larger  diameter t rees  were 
more often successful l y  attacked. Craighead ( 1  925) reported tha t  the mountain pine 
beetle was no t  a t t rac ted  t o  fire-scorched t rees .  

A few other species of bark beetles are a t t rac ted  t o  pines predisposed by f i r e .  
Sizeable populations of the red turpentine beetle, Dendroctonus valens LeConte, are 
often associated with fire-scorched t rees  (Eaton and Lara 1967) * c a n  hasten the 
mortal i t y  of severely defol iated t rees  (Herman 1950). 

Southern pines injured by f i r e  are also very a t t r ac t ive  t o  bark beet les ,  resul t ing 
i n  cpncentrations of beetles in scorched t r ees ,  as well as  t h e  ki l l ing  of l ive  green 
t r ees  surrounding burns (Beal and Massey 1945). 

In addition t o  the bark beetles discussed above, a t  l e a s t  one species of engraver 
beetles ( f i g .  5)  i s  associated w i t h  t rees  predisposed by f i r e  to  at tack.  I n  the 
northern Rockies, the pine engraver beetle,  Ips pini (Say), a t  l eas t  during years of 
limited a c t i v i t y ,  not only confines i t s  a c t i v i t i e s  to  slash but also t o  the ". . . 
tops of mature t rees  and smaller groups of standing saplings-and pole s i ze  t rees  
tha t  often have been damaged by the f i r e  or broken off by wind o r  snow" (Schmitz and 
Taylor 1969). Ips beetles are a1 so becoming an increasingly important problem in 
connection with prescribed f i r e .  I f  flame length i s  no t  careful ly managed, crown 
scorch predisposes small, pole-sized ponderosa ine t o  at tacks by pine engravers 
(personal communication with Will iam C .  Fischer 7 . 

The discussion above describes the predisposition of burned fores ts  t o  bark and 
cambium beetles t h rough  the weakening, scorching or ki l l ing  of standing t r ees ,  
usually in mature fores ts .  Fires may also predispose fores ts  to  bark beetles in an 
indi rec t  way when dense fores ts  of a fire-associated species, such as lodgepole 
pine , regenerate on the burned areas and become "beet1 e-suscepti bl e" several decades 
l a t e r  (Lotan 1976). 



F i g u m  5. --Egg m d  ZarvaZ gatZeries of the f<r engraver ScoZytus 
ventxd is  Leconts. Though not characte~sticaZZy associated with 
trees and stands pred-isposed by f i re ,  this enpaver infests tress 
infected with root rot fungus and trees defoZiatsd by the DougZas- 
fir tussock moth. n e  sngravsr a280 breads i n  sZash and windthrowz 
tress (Fumiss and CaroZin 19771. 

Wood borers.-- In the  Rocky Mountains and elsewhere i n  the West, w i l d f i r e s  
c rea te  a res idue of dead and dying trees t h a t  are o f t e n  predisposed t o  a v a r i e t y  of 
wood-boring insec ts  (Wall i s  and others  1974). I n fes ta t i ons  of wood borers have been 

f o r  example, (1 ) burned f o res t s  o f  Douglas- f i r  and ponderosa p ine i n  
M i l l e r  and Patterson 1927) ; ( 2 )  f i r e - k i l  l e d  p ine i n  Ontar io (Gardiner 
3)  i n  f i r e - k i l l e d  wh i te  spruce, Picea lauca (Moench) Voss, i n  Saskatche- 

wan ( ~ h l g r e n  and Ahlgren ,945). Most wood b K  b i n  f i r e k i l l e d  con i f e r s  are 
"secondary" forms usua l l y  incapable of causing the death o f  the  host; they usua l l y  
i n f e s t  on l y  dead o r  dy ing t rees  (Gardiner 1957). The seve r i t y  of a t t ack  by bor ing 
insec ts  var ies  w i t h  the  per iod  o f  f l i g h t  a c t i v i t y ;  due t o  the d ry ing  and subsequent 
detachment o f  bark, the f u r t h e r  i n  t ime the f i r e  i s  removed from t h e  f l i g h t  per iod  
the  less severe the a t t a c k s  ( ~ u t t r i c k  1912). 



The g a l l e r i e s ,  o r  mines, o f  wood borers can se r i ous l y  degrade some products, 
p r i m a r i l y  pee le r  grade 1 ogs, bu t  seldom become abundant enough t o  cause c u l l  before 
f ung i  render t he  wood useless f o r  lumber (Kirrmey 1955). Wood borers  r e l a t e d  d i r e c t l y  
t o  t he  general d e t e r i o r a t i o n  o f  wood i n  f i r e - k i l l e d  t rees  by p rov id ing  entrance 
holes and g a l l e r i e s  through which decay fung i  can ga in  d i r e c t  and e a r l y  access t o  
wood t i ssues  (Elasham 1956; Gardiner 1957; Stevens and Ha l l  1960; Wa l l i s  and o thers  
19747. 

"The most des t ruc t i ve  wood borers belong t o  two f a m i l i e s  o f  beet les :  the  
roundheaded borers and t he  f la theaded borers. Both groups conta in  a  g rea t  many 
species, some o f  which a re  a t t r a c t e d  t o  f i r e - k i l l e d  t imber  even before the  f i r e  i s  
ou t "  (Stevens and Hal 1  1960). 

Roundheaded wood borers (Cerambycidae) . --Several species o f  beet1 es i n  t h i s  
group a t t ack  sound heartwood, o f t e n  o f  f i r e - k i  11 ed o r  weakened t rees .  Roundheaded 
borers a re  usua l l y  t he  most impor tant  i nsec t s  t o  consider i n  determining t he  salva- 
b i l  i t y  of f i r e - i n j u r e d  t rees  (Kimmey and Furniss 1943). Most heartwood damage t o  
f i re-pred isposed t rees  i s  caused by a  l a r g e  roundheaded borer,  Ergates sp icu la tus  
Leconte (Beal and others  1935). Beet les o f  t h i s  species usua l l y  do no t  become 
abundant i n  f i r e - k i l l e d  t r ees  u n t i l  5 o r  6 years f o l l o w i n g  t he  f i r e ;  bee t l e  a t tacks  
cont inue as l ong  as t he  wood remains sound (Kimmey and Furn iss  1943). 

The roundheaded borer, Cr ioce ha1 us roductus Leconte, causes considerabl  e 
damage t o  t he  heartwood o f  Doug --f--%-- a s - f i r  p re  isposed by f i r e  (Kimmey and Furniss 
1943). Adul ts  o f  t h i s  group a t t ack  t rees  the  f i r s t  year  a f t e r  a  f i r e  (Kimmey and 
Furn iss  1943), o f t e n  wh i l e  the  t rees  a re  s t i l l  smoldering (Furn iss  1937b). By the  
t h i r d  o r  f o u r t h  year  a f t e r  a f i r e ,  bee t l e  la rvae  usua l l y  have no t  penetrated t he  
heartwood o f  t r ees  o f  average t o  l a rge  size, bu t  i n  the  smal ler-to-medium-sized 
f i r e - k i l  l e d  t rees,  these borers  w i l l  have done considerable damage (Furn iss  1937b). 
Another borer, Leptura ob l  i te ra ta ,  a long w i t h  several o ther  wood-boring species and 
t h e i r  associated fungi ,  dest roy t he  sapwood and a t t ack  t he  heartwood o f  some con i f e r s  
i n  t he  t h i r d  year  a f t e r  f i r e  has predisposed them t o  a t t a c k  (Beal and Kimmey 1935). 

Roundheaded wood-boring species o f  the  genus Monochamus a1 so damage f i  r e - k i  11 ed 
con i f e r s  by excavat ing tunnels  i n t o  the heartwood usua l l y  a f t e r  feed ing f o r  a t ime 
on the i nne r  bark and ou te r  l aye rs  o f  sapwood (Gardiner 1957). I n  a  study o f  Mono- 
chamus damage t o  th ree  species o f  f i  re-pred i  sposed pine--eastern wh i te  pine, red  pine, 
and jack  pine, Pinus banksiana Lamb. ,--Gardiner ( 1  957) summarized: 1  ) t he  e f f e c t  
o f  t he  f i r e  on wood borer  damage va r i es  w i t h  the t r e e  s ecies;  2)  the  s e v e r i t y  o f  
t he  burn governs the  spread and nature o f  t he  a t tack ;  3 ! t he  s e v e r i t y  o f  t he  burn, 
which in f luences  t he  a t t ack  pat tern,  i nd i ca tes  when t rees  should be harvested. I n  
B r i t i s h  Columbia, Monochamus o re  onensi s  Leconte damage f i r e - k i l l  ed wh i te  spruce (Ross 

p i ne  (Bess 1943). 
+ 1960), and i n  New Hampshire M scute l a t u s  Say a t tacks  spruce as sever l y  as i t  does 

Flatheaded wood borers (Buprest idae) . --Probably the  most notab le  f 1 atheaded 
borers associated w i t h  f i  re -p red i  sposed con i f e r s  a re  var ious species o f  the  genus 
Melanophila, o r  metal1 i c  wood borers ( f i g .  6 ) .  A1 though 1 l v i ng ,  un in ju red  green 
t r ees  a re  e i t h e r  r e s i s t a n t  t o  ( L i ns l ey  1943) o r  n o t  k i l l e d  (Furn iss  1937b) by Melano- 

h i l a ,  these beet les  a re  d e f i n i t e l y  a t t r a c t e d  t o  t rees  predisposed by wi ld f i rep 
Evans 1966, 1971). F- 

Perhaps t he  most i n t e r e s t i n g  r e l a t i o n s h i p  between beet les  i n  the  genus Melanophila 
and f i re-pred isposed t r ees  i s  how the insec ts  a re  a t t r a c t e d  t o  t he  f i r e .  Some 
i nves t i ga to r s  f ee l  t h a t  these beet les  are a t t r a c t e d  by v o l a t i l e  ma te r i a l s  associated 
w i t h  smoke (L i ns l ey  1943). Recent s tud ies i n d i c a t e  t h a t  they a re  a t t r a c t e d  t o  heat 
(Evans 1971), because heat i s  always a d i r e c t i o n a l  s t imulus bu t  smoke i s  a f f ec ted  by 
wind and i s  soon d iss ipated.  Melanophila beet les  apparent ly  a re  ab le  t o  de tec t  



i n f r a - r e d  r a d i a t i o n  f o r  a d i s tance  of  several  m i l e s  through p a i r e d  sense organs on 
t h e  mesothorax (Evans 1964; Boag and Evans 1967); t h e  organs a r e  so s e n s i t i v e  t h a t  
extraneous r a d i a t i o n  f rom sources o u t s i d e  o f  the temperature range o f  w i  1 d f i  r e s  i s  
e f f e c t i v e l y  f i l t e r e d  (Evans 1966). Th is  f e a t u r e  a l l ows  Melanophi la t o  be among t h e  
f i r s t  i n s e c t s  t o  reach f i r e - k i l l e d  t r e e s - - u s u a l l y  be fo re  compet i tors--and has r e s u l t e d  
i n  t h e  H o l a r c t i c  d i s t r i b u t i o n  o f  a t  l e a s t  one species, M. acuminata (Evans 1971). 
Buprest ids  o f  t h e  genus Melanophi la a r e  known i n  some areas o f  Nor th  Carol i n a  as 
" f i r e  bugs," and have been observed l a n d i n g  on stumps t h a t  were s t i l l  g lowing ( L i n s l e y  
1943). Another f l a theaded  borer,  Asemum atrum Esch., i n f e s t e d  t h e  sapwood of  the  
m a j o r i t y  o f  f i r e - k i l l e d  t r e e s  on t h e  Great T i l lamook burn i n  Oregon i n  1933 (Furn iss  
1937b). 

Figure 6 .  --Larvae and gnZZeries of '~3ze f Zatheaded f<r borer, ~eZanophiZa 
dmumnondi (Kirby) . T h i s  species fmquents fire- k i t  led or otherwise 
injured trees. L m a ~  bore in to  *he inner bark forming very chmaoter- 
istic frass-packed gaZZerks. 



Other wood borers. --Several species of ambrosia beet1 es ,  or  pinhole borers, are 
associated with conifers predisposed by wildfire  t o  beetle at tack.  Usually r e s t r i c t ed  
t o  the sapwood, ambrosia beetles begin the process of wood deteriorat ion (Beal and 
others 1935) through a combination of the i r  ga l ler ies  and an associated staining 
fungus (Kimmey and Furniss 1943); these beetles usually do not make wood completely 
useless (Furniss 1937b). In Colorado, some Engelmann spruce t rees  ki l led by the 
Engelmann spruce beetle showed evidence of ambrosia beet les ,  but most of the defect 
caused by these borers in the sapwood was removed with the slabs when the t rees  were 
cut  into 1 umber (Miel ke 1950). 

Wood wasps (Si r ic idae)  are  also at tracted to  f i re-k i l led  t r ees ,  and may often 
severely damage the cuter  heartwood (Wallis and others 1971) ( f i g .  7 ) .  S i r i c ids ,  
along with roundheaded borers, produce larger  holes than ambrosia beetles and are  
usually of more economic concern, even though t h e i r  populations in the same t r ee  may 
be lower. If  lumber cut from fire-salvaged t rees  i s  not kiln-dried, s i r i c i d s  may 
emerge a f t e r  the product i s  in use (Wall i s  and others 1971). 

Other insect species.--Besides the more abundant and economically important 
bark  beet les  and wood borers, wildfires  i n  coniferous fores ts  a t t r a c t  a variety of 
other insects ,  some predatory, some scavengers (Boag and Evans 1967). Many species 
are a t t rac ted  to  f i r e s  by smoke and heat (Evans 1971); among those reported to  be 
associated with f i r e  are three species of Empidid or  Platypezid smokeflies--Hermope- 
*, and Microsania occidental i s  (Komarek 1969) and M. imperfectus (Snoddy and 
Tippins 1968). 

RESIDUES CREATED BY WINDTHROW 

Windthrow represents a natural and often catastrophic event tha t ,  l i k e  wi ldf i re ,  
predisposes coniferous fores ts  t o  insects and disease by creating tremendous amounts 
of residues. Throughout the West, as well as el sewhere on t h e  Continent, several 
species of bark beetles and wood borers are known to  degrade downed timber result ing 
from windthrow, and t o  threaten standing timber a f t e r  breeding in the downed residues 
(Wickman 1 9 6 5 ) .  

All known major outbreaks of the Douglas-fir beetle in western Oregon and 
Washington have been triggered by severe fores t  disturbances, par t icular ly  by residues 
created from extensive blowdown during storms (Wright and Harvey 1967). During the 
winters of 1949-1 950 and 1950-1 951, wind storms blew down some 10 mi 11 ion board f e e t  
of sawtimber a n d  in the following 3 years another 3 b i l l ion  board feet  of standing 
timber were ki l led by beetles (Wright and Lauderbach 1958). A windstorm of hurricane 
force struck the Pacific Northwest on October 1 2 ,  1962, and in northern California 
alone blew down nearly a b i l l  ion board fee t  o f  coniferous timber. Wickman (1965) 
caught, reared, or  trapped a t  l e a s t  46 d i f ferent  species of insects  degrading wood of 
those windblown trees.  Species of Melanophila were the most numerous wood borers, 
and several species o f  & a n d  Dendroctonus were the most common bark beetles. As a 
r e su l t  of tha t  storm, Dougl3s-fir beetles attacked injured t r ees  (those fe l l ed ,  
broken off o r  leaning), and then spi l led over into l ive  surrounding t rees  (Johnson 
and Be1 1 uschi 1969). 

Windthrown ponderosa pine-as we1 1 as  logging residue--is a7 so predisposed t o  
at tacks by the western pine beetle (Mitchell and Sartwell 1974). Usually there i s  
1 i t t l e  population increase in such residues (Patterson 1927; Beal 1935), however, and 
over the course of many years residue-associated beetle damage has been rather  minor. 



F i p 8  7. --An adutt homtaii! Isimk.idael Zaying eggs 2*n fire-kiZZed eree. 
Eggs are Zayed deepZy into the wood through the Zong, fZexibZe oui- 
positor of the female. A t  timss they are unable t o  extract the$r 
ovipositor from the wood and d$e i n  this position. AduZt horntails 
are known t o  smrge from dimension lwnber cut fiom f i r s - k i l l e d  
tress,  a t  timss creating emergence hoZes i n  waZZs, floor, and oeit-  
inge (Fumiss and CaroZ<n 1977) .  



Deterioration of spruce (Picea a. ) and jack pine blowdown in northern Ontario 
between 1969 and 1972 was caus- several species of wood borers, especially 
Tetro ium m. and sawyer beetles, Monochamus m. (Gardiner 1975). Milling studies 
&O t o  20 percent loss in a l l  material combined, 1 and 2 years af ter  the 
storm. In this  case, trees l e f t  standing af ter  the storm were n o t  attacked due i n  
part t o  rapid salvage of the  windthrown material as well as the attraction of emerging 
beetle populations to fresh breeding material provided by further blowdown (Gardiner 
1975). 

In the central Rocky Mountains, major outbreaks of the Engelrnann spruce beetle 
have generally been associated with residues created by windthrow, as well as residues 
created by logging (~assey  and Wygant 1954; Schmid and Beckwith 1972). A severe 
wind storm in Colorado in mid-June of 1939 blew down groups of Engelmann spruce in 
which comparatively large populations o f  the Engelmann spruce beetle subsequently 
developed. Beet1 es spread from the w i  ndthrow residue to the surrounding forests, 
and by 1948, 4 billion board feet of spruce timber had been killed (Mielke 1950). 

Perhaps the most notable occurrence of windthrown forests creating residues 
redisposed to insects in the northern Rocky Mountains involved the Engelmann spruce 

geetl e . During the fall  of 1949, hurricane-force winds whipped through northern 
Idaho and northwestern Montana, transforming cwntless stands of Engelmann spruce 
into large volumes of spruce residue. Severe epidemics of the spruce beetle developed 
i n  much o f  this  downed timber during 1950 and 1951, spreading in 1952 t o  standing 
spruce throughout most of the Engelmann spruce timber type in the northern Rockies 
(fig.  8). As a result ,  approximately 2.5 billion board feet of spruce timber was 
attacked by this  beetle between 1952 and 1956 (Tunnock 1959). During this  same 
perlod, the forest management plan was modified on several national forests as 
thousands of acres o f  spruce forests were clearcut in northern Idaho and western 
Montana to salvage damaged and/or beetle-kil led trees, bo th  standing and windthrown. 
The outbreqk steadily declined following i t s  peak in 1953; by the la te  1950's no 
infestations were reported in many forest compartments. 

F<gw?s 8. --Bes<des f ire,  windelwow is another naturaZ and catastrophic 
agent t ha t  creates residuss and predisposes forests to insects, In 
mstern Montana, beween 1952 and 1956, 2.5 bizZion board feet of 
green spmcs timber was kiZZed bu beetles  &veZoping in residues 
created by  hwricane- force winds in 1949. 



There a re  a t  l e a s t  th ree  i n t e r e s t i n g  and s i g n i f i c a n t  res idue management imp1 i c a -  
t i o n s  r e l a t e d  t o  t h i s  Engelmann spruce bee t l e  outbreak; the f i r s t  invo lved the 
u t i l  i z a t i o n  of these wind- and bee t l  e-created residues, While f o res te r s  were s t rug-  
g l i n g  t o  remove the  standing and downed res idua l  t rees  before they de te r i o ra ted  too  
badly, several species of woodpeckers--known t o  increase t h e i r  numbers i n  such 
outbreaks (Yeager 1955)--were feeding on the beet les  i n  the i n f es ted  standing t rees .  
However, t o  reach t he  beet les  i n  the  cambium, the  woodpeckers removed l a r g e  q u a n t i t i e s  
of t he  sca ly  bark. Th is  accelerated checking and s u b s t a n t i a l l y  reduced the per iod  
of t ime t h a t  res idue t r ees  could  be salvaged f o r  sawtimber ( F e l l i n  1955). A s i m i l a r  
ins tance was repor ted  from the  Gasps Penninsula i n  eastern Canada, where bee t le -  
k i l l e d  spruce d r i e d  more r a p i d l y  when woodpeckers removed the bark i n  search of 
bee t l  e  1  arvae ( R i  1  ey 1 940). 

The second res idue management i m p l i c a t i o n  was both b i o l o g i c a l  and s o c i o - p o l i t i c a l ;  
a t  i ssue  was whether the  removal of bee t le - in fes ted  t rees  from the  fo res t  would 
e f f e c t  some control--assuming t h a t  the beet les  were s t i l l  present i n  the t rees - -o r  
would the  removal be s t r i c t l y  a  residue-salvage s i t u a t i o n .  This was an exceedingly 
v o l a t i l e  issue because f o r e s t  pest "con t ro l  " funds were a v a i l a b l e  f o r  access and 
removal o f  t r ees  t h a t  were s t i l l  bee t le - in fes ted ,  bu t  no t  t o  remove the residue o r  
salvage the  trees. 

One of the  most con t rovers ia l  Engelmann spruce stands was i n  Bunker Creek, a  
roadless area about 15-20 mi les  from the  Spotted Bear Ranger S ta t i on  and contiguous 
t o  the  western edge o f  t he  Bob Marshal l  Wilderness. Proponents argued t h a t  a  road 
must be b u i l t  t o  remove t he  bee t le - in fes ted  trees; opponents argued t h a t  whether the  
t r ees  were in fes ted  o r  not,  a road i n  t h a t  area would jeopard ize the wi lderness. I 
persona l l y  spent 15 days i n  t h a t  f o r e s t  i n  1956 w i t h  a  bark bee t le  survey crew. We 
determined t ha t ,  i n  f a c t ,  t h e  standing t rees,  though they had been in fested,  were 
now residue; and the beet les  were gone. As a r e s u l t  o f  our survey f ind ings ,  pest 
" con t ro l "  funds, though requested, were no t  author ized t o  access those b e e t l e - k i l  l e d  
spruce. I n  1971, 15 years l a t e r ,  a road was b u i l t  and Bunker Creek was made accessi-  
b l e .  The Engelmann spruce bee t l e  residues were salvaged and ended up a t  the  Hoerner- 
Waldorf pu lp  m i l l  i n  Missoula, Montana. Payne ( l969) ,  i n  d iscuss ing the  r o l e  of 
p o l i t i c s  i n  the  con i ferous fo res ts ,  c i t e d  the Bunker Creek cont roversy as a c l a s s i c  
example of how pressure and p o l i t i c a l  groups are invo lved  i n  the  management dec is ions 
i n  nor thern Rocky Mountain fo res ts .  

The Engelmann spruce windthrow i l l u s t r a t e s  a  t h i r d  i m p l i c a t i o n  of res idue 
management: how our f o r e s t  i n sec t  and disease problems change as old-growth fo res ts  
a re  converted t o  stands o f  young trees. As the  Engelmann spruce bee t l e  problem 
diminished w i t h  the  logg ing  o f  p rogress ive ly  more mature and over-mature s ruce 
dur ing  the  pas t  two decades, an inc reas ing  number of c l ea r cu t s  have been p 1 anted t o ,  
o r  have n a t u r a l l y  regenerated wi th ,  young Engelmann spruce. Damage t o  these y w n  
t r ees  by the  Engelmann spruce weevi l ,  Pissodes s t r o b i  (Peck) (=engelmanni Hopkins 
has s t e a d i l y  increased. These small weev i ls  a t t ack  and k i l l  o r  se r i ous l y  i n j u r e  

7 
termina l  shoots of young trees, causing crooks i n  the t r unk  o r  a  stunted, forked, 
and wor th less tree (Keen 1952). By 1966, te rm ina ls  destroyed by weevi ls  were no t i cea-  
b l e  i n  most stands o f  spruce reproduct ion i n  the Northern Rockies; some were recur -  
r e n t l y  damaged (Tunnock 1966). By 1971, the  weevi l  was d i s t r i b u t e d  throughout young 
spruce stands i n  t h i s  reg ion  (McGregor and Quarles 1971) and termina l  k i l l i n g  w w  
p reva len t  i n  many areas. I n  some young trees, repeated a t tacks  t o  l i v e  po r t i ons  o f  
the main bo le  k i l l e d  the  t rees  o u t r i g h t ,  o r  predisposed them t o  death by secondary 
insects .  " I n  some areas," according t o  McGregor and Quar les (1971), " la rge  blocks' 
o f  young even-aged spruce o f f e r  i dea l  cond i t i ons  f o r  bu i ldup  and maintenance o f  
weevi l  populat ions."  No doubt t h i s  weevil  w i l l  cont inue t o  be a ser ious problem i n  
t he  management o f  young Engelmann spruce i n  t he  Northern Rockies, 



The  eruption of Mount Saint Helens has raised fears of windthrown residues 
predisposing forests  t o  insects. High winds accompanying the 18 May 1980 eruption 
blew down mill ions of board feet  of Douglas-fir timber growing on the mountain. 
Foresters are now worried that the downed residues may become infested with the 
Douglas-fir beetle, which may then spread to standing healthy trees farther from the 
mountain. Frank Kopecky, deputy regional forester  in Portland, Oregon, says that  
the beetles could become "a major problem" in two or three years (Missoulian 1980). 

RESIDUES CREATED BY OTHER AGENTS 

Lightning may predispose trees and forest  stands to  insect attack when the 
struck t rees  do not ignite and burn. I n  the northern Rockies, Schmitz and Taylor 
(1 969) document an instance where a 79-foot-tall , 24-inch-diameter (24 m, 0.6m) t ree  
struck by lightning was infested along i t s  ent i re  length by bark beetles--the upper 
two-thirds by the pine engraver beetle, the mountain pfne beetle a t  near mid-bole, 
and the western pine beetle and a pine engraver in the lower bole. Moreover, 76 per- 
cent o-F t h e  immature t rees  within 80 fee t  (24.3 m )  of the struck t ree  were attacked 
and became infested with pine engraver beetles (fig. 9 ) .  Schmitz and Taylor (1969) 
speculated that  the infested t rees  surrounding the lightning-struck t ree  suffered 
lightnin damage to the i r  roots, predisposing them to  pine engraver beetle attack. 
Schmi t z  9 personal communication) be1 ieves that  a 1 ightning-struck t ree  i s  probably 
the  most a t t r ac t ive  of what we ca l l  "weakened" trees.  

Figure 9.  --Lightning, Cn addition +o 
ignit ing fires predisposing forests 
to insects ,  o f ten  predisposes struck 
trees (when not ignited) and those 
surrounding them t o  various species 
of bark and engraver beetles.  In  
the opinion of D r .  R. P. S c h & t z  
(persona2 comnica t ion l  , Zightning- 
struck trees are probab2y the most 
a t t ~ a c t i v e  t o  some insect  species of 
those trees we caZZ "weakened", b y  
one cmse or anoeher. 



I n  t h e  South, t h e  southern p i n e  beet le ,  Dendroctonus f r o n t a l i s  (Zimm.), and Ips 
spp. a r e  a t t r a c t e d  t o  1  i g h t n i n g - s t r u c k  t r e e s .  Hodges and -1 971 ) be1 i e v e  
t h a t  l i g h t n i n g  s t r i k e s  a re  impor tan t  i n  s u s t a i n i n g  popu la t i ons  of  t h e  southern p i n e  
bee t le .  H e t r i c k  (1949) has presented evidence t h a t  o n l y  when t h e r e  i s  e l e c t r i c a l  
i n j u r y  t o  t h e  r o o t s  o f  p ines a r e  t h e  t r e e s  a t tacked by t h e  southern p i n e  bee t le ;  
e l e c t r i c a l  i n j u r i e s  conf ined o n l y  t o  t h e  tops and t r u n k s  o f  t r e e s  a r e  n o t  fo l l owed  
by b e e t l e  a t tacks .  I n  t h e  West, Hopping (1925) found f i r e - s c a r r e d  o r  1 i g h t n i n g -  
s t r u c k  p ines t o  be more suscep t ib le  t o  i n s e c t  a t t a c k  than t r e e s  weakened by f u n g i  o r  
m i s t l e t o e .  

Residues Created by Man 

I n  the  no r the rn  Rocky Mountains, t h e  most s i g n i f i c a n t  f o r e s t  i n s e c t  problems 
assoc ia ted w i t h  f o r e s t  res idues c rea ted  by man's a c t i v i t i e s  have developed as a 
r e s u l t  o f  precommercial t h inn ing ,  p a r t i c u l a r l y  i n  species o f  p ine.  Probably t h e  
most widespread p rob l  em i n v o l  ves p i n e  engraver b e e t l  es i n  ponderosa p i n e  t h i n n i n g  
s lash.  

I n  many cases, popu la t i ons  o f  engraver beet les ,  I& spp., develop i n  t h i n n i n g  
residue,  o f t e n  depending on the  t h e  a t  which res idue  i s  created. I n  t h e  Northern 
Region (.Tunnock, ersona l  c o m u n i c a t i o n )  as  w e l l  as i n  t h e  P a c i f i c  Northwest ( S a r t -  Y w e l l  1970; Mi tche 1  and S a r t w e l l  1974), t h i n n i n g  s lash- res idue depos i ted i n  the  
s p r i n g  and summer i s  p a r t i c u l a r l y  a t t r a c t i v e  t o  engraver beet les .  But if t h e  
m a t e r i a l  i s  th inned e a r l i e r ,  i n  March f o r  example, t h e  res idue  i s  u n a t t r a c t i v e  by 
t h e  t ime beg in  f l y i n g .  

Whether o r  n o t  & broods t h a t  develop i n  the  t h i n n i n g  res idue  " s p i l l  over"  
and i n f e s t  c rop t r e e s  o r  green t r e e s  i n  ad jacent  unthinned f o r e s t s  u s u a l l y  depends 
on t h e  weather. If t h e r e  has been a so -ca l l ed  "wet sp r ing " ,  r e s i d u a l  crop t r e e s  a re  
u s u a l l y  n o t  i n fes ted ,  However, if the  s p r i n g  has been "dry" ,  p a r t i c u l a r l y  d u r i n g  
Apr i l -June,  t h e r e  w i l l  u s u a l l y  be s i g n i f i c a n t  m o r t a l i t y  t o  r e s i d u a l  t rees.  Th is  
l a t t e r  s i t u a t i o n  has occur red i n  t h e  no r the rn  Rockies, most r e c e n t l y  i n  1977. A lso 
i n  t h e  P a c i f i c  Northwest, r e s i d u a l  t r e e s  a re  k i l l e d  when drought accompanies t h i n n i n g  
s l a s h  t h a t  i s  h e a v i l y  i n f e s t e d  w i t h  engraver bee t les  (Dolph 1971 ). 

I n  nearby A1 ber ta ,  " f l a s h  i n s e c t  outbreaks i n  lodgepole p i n e  stands f requen t l y  
r e s u l t  f rom t h e  breeding o f  c e r t a i n  bark b e e t l  es. . . " [ p r i m a r i l y  several  species o f  
IJX) i n  s l a s h  remaining a f t e r  l o g g i n g  operat ions (Reid 1955). 

Graham (1922), i n  d i scuss ing  i n s e c t s  t h a t  breed i n  res idues and consequently a re  
p o t e n t i a l l y  i n j u r i o u s  t o  s tand ing green t imber,  c i t e s  I s i n i  Say as a species t h a t  
o c c a s i o n a l l y  k i l l s  a few t rees.  Says Graham (1922): A+ .. . t  s species o n l y  k i l l s  
l i v i n g  t r e e s  when i t  occurs i n  such l a r g e  numbers t h a t  t h e  a t tacked  t r e e  i s  q u i c k l y  
g i r d l e d ,  thus s topp ing the  f low o f  r e s i n . "  

Besides engraver beet les ,  some bark bee t le  popu la t ions develop as a r e s u l t  o f  
res idues c rea ted  by man. I n  1970 and 1971, popu la t i ons  o f  t h e  Doug las - f i r  b e e t l e  
b u i l t  up i n  res idues r e s u l t i n g  from c l e a r i n g  operat ions assoc ia ted w i t h  the  const ruc-  
t i o n  o f  Dworshak Dam near  Orofino, Idaho. Between 1972 and 1975, 111 m i l  1 i o n  board 
fee t  o f  s tand ing Doug las - f i r  were k i l l e d  i n  f o r e s t s  ad jacent  t o  t h e  r e s e r v o i r  
(McGregor and o t h e r s  1974). 

I n  t h e  i n t e r i o r  o f  B r i t i s h  Columbia, i n f e s t a t i o n s  o f  t h e  Doug las - f i r  b e e t l e  a r e  
u s u a l l y  found where excess res fdue had been produced by logg ing  operat ions,  as w e l l  
as i n  overmature stands (Wal t e r s  and Graham 1952) .  



Bark and engraver bee t les  i n f e s t i n g  t h i n n i n g  and logg ing  res idue a re  o n l y  a few 
o f  a s e r i e s  o f  i n s e c t  species t h a t  success ive ly  i n h a b i t  and feed on s lash  and o t h e r  
f o r e s t  res idue  u n t i l  t h e  wood has d i s i n t e g r a t e d  completely (Adams 1915; Savely 
1939). Thomas (1955) l i s t s  a  s e r i e s  o f  f o u r  groups o f  ar thropods t h a t  success ive ly  
i n f e s t  red  and wh i te  p i n e  logg ing  s lash:  1 )  bark beet les ,  2 )  borers and weev i ls  o f  
t h e  fami 1 i e s  Cerambycidae, Buprestidae, Pythidae, and Curcul ionidae, 3 )  pa ras i tes  , 
4)  predators  e n t i r e l y  dependent f o r  food on the  presence o f  i n s e c t s  i n  the  f i r s t  two 
groups, 

I n  a d d i t i o n  t o  bark and engraver beet les,  t h i n n i n g  and logg ing  s lash  predisposes 
f o r e s t s  t o  o t h e r  types of f o r e s t  i n s e c t s  ( f i g .  10). I n  Montana, F e l l  i n  and Schmidt 
(1 966) observed a very c lose  re1 a t i o n s h i p  between res idues created by t h i n n i n g  young 
lodgepole p ine  stands and i n f e s t a t i o n s  o f  a needl e-eat ing weevi l ,  Magdal i s  g e n t i l  i s  
Leconte. Although they  were apparent ly  n e i t h e r  feed ing on o r  breeding i n  t h e  residue, 
weev i ls  were a t t r a c t e d  t o  the  th inned stands and f e d  on c u r r e n t  year  needles o f  c rop 
t rees ,  o f t e n  r e s u l t i n g  i n  a  l o s s  o f  75 t o  100 percent o f  the  f o l i a g e .  Fel l i n  (1973) 
found t h a t  t ime of t h i n n i n g  was s i g n i f i c a n t  i n  determin ing whether these crop t r e e s  
would be infested;  when res idues were n o t  c reated before  l a t e  J u l y  t o  mid-August, 
Magdal i s  i n f e s t a t i o n s  d i d  n o t  develop. I n  1974, Magdal i s popula t ions were a t t r a c t e d  
t o  lodgepole p i n e  t h i n n i n g  s lash  throughout 700 acres l n  the  Moose Creek drainage of 
t h e  Lewis and C l a r k  Nat iona l  Forest  i n  west -cent ra l  Montana. There was heavy d e f o l i a -  
t i o n  o f  t h e  1974 growth i n  most areas; i n  some stands 100 percent  o f  t h e  new growth 
was destroyed (Hamel and McGregor 1974). 

Figure 10. --AZthough f ire,  wCndthrow, and other natumZ factors create 
substantiaZ amounts of residue, predisposfng forests t o  insects,  
man--through h i s  own management actions--atso creates vast amounts 
o f  forest residue though 2ogg-i-ng dash ,  precommciat thinnings, 
etc., predieposing forests t o  a wide vade t y  of insect  species. 

I n  r e d  p i n e  stands i n  Ontar io,  Ma d a l i s  p e r f o r a t u s  causes damage t o  young t rees  
as a r e s u l t  o f  a d u l t  feeding, bu t  popu -f- a t i o n  increases a r e  u s u a l l y  r e l a t e d  t o  prun ing 
operat ions o r  m o r t a l i t y  i n  young stands and n o t  t o  t h i n n i n g  i n  o l d e r  stands (Mar t in  
1965). 

I n  t h e  Southeast, o t h e r  species o f  weev i ls  a re  in f luenced by f o r e s t  residues,  
i n c l u d i n g  stumps, a l s o  depending on when t imber  i s  harvested. I n  east  Texas, That- 
cher  (1960) determined a r e l a t i o n s h i p  between the  season i n  which p ines were c u t  and 
emergence o f  t h e  p i  t ch -ea t ing  weevi l  , Pachyl obius p i c i v o r u s  ( ~ e r m a r )  . Later ,  Speers 



(1974) determined t h a t  the  t ime o f  yea r  i n  which t imber  i s  harvested a f f e c t s  t h e  
s e v e r i t y  o f  k i l l i n g  o f  p i n e  seed l ings by bo th  the p i t c h - e a t i n g  weev i l  and t h e  pa les  
weev i l ,  Hy lob ius  p a l e s  (Herbst ) .  I n  p i n e  c u t t i n g s  made a f t e r  June and through the  
summer and f a l l ,  o l d e r  weev i l s  were a t t r a c t e d  t o  t h e  f r e s h  stumps, f rom which they  
emerged t o  a t t a c k  newly w in te r -p lan ted  seed1 ings.  

Residues created by p run ing  i n  r e d  p i n e  f o r e s t s  a l s o  have been assoc ia ted w i t h  
popu la t i ons  o f  t h e  p i n e  r o o t  c o l l a r  weev i l ,  Hy lob ius  r a d i c i s  Buchanan, b u t  were 
r e l a t e d  t o  a  decrease, r a t h e r  than an increase,  i n  o m n s  and damage (Wi lson 
1967). Based on h i s  prev ious research (Wi lson 1966 ! , and behav iora l  s tud ies  w i t h  
t h e  weevi l  , Wilson pruned the  lower  3-5 whor ls  of branches f rom young r e d  p ines.  
Th is  pruning,  a long w i t h  d u f f  removal and s o i l  scraping,  a l lowed heat and l i g h t  t o  
pene t ra te  t h e  no rma l l y  cool ,  dark  daytime h a b i t a t  o f  t he  weev i l ,  reduc ing l a r v a l  
popu la t i ons  below an economic l e v e l  f o r  a t  l e a s t  1 year  (Wilson 1967). Branch 
p run ing  t o  snow depth a l s o  has been r e p o r t e d  ( M i l l e r  1967) t o  adequately and perma- 
n e n t l y - c o n t r o l  popu la t i ons  of t h e  European p i n e  shoot moth, Rhyacionia buo l iana  
( S c h i f f )  . 

The sequoia p i t c h  moth, Vespamima sequoiae Hy. Edw., which i n f e s t s  pruned 
c o n i f e r s ,  p rov ides  an i n t e r e s t i n g  example o f  f o r e s t  res idues pred ispos ing t r e e s  t o  
i n s e c t s  through in tense  c u l t u r a l  p r a c t i c e s .  Fresh p run ing  scars, o f t e n  assoc ia ted 
w i t h  fue l -break p run ing  (Powers and Sundahl l W 3 ) ,  and assoc ia ted r e s i n  f l o w  where 
the  l i v i n g  l imbs  a r e  at tached, a t t r a c t  t h e  p i t c h  moth (Weidman and Robbins 1947). 
P i t c h  moth a t t a c k s  cause an a d d i t i o n a l  accumulation of  p i t c h ,  b u t  l a r v a e  and pupae 
bo th  t o l e r a t e  i t  and a re  n o t  drowned i n  t h e  excessive amwnt  o f  p i t c h  exuded by 
a t tacked  t r e e s  (Weidman and Robbins 1947). A1 though p i t c h  moths u s u a l l y  do n o t  k i l l  
t rees ,  t h e i r  a t t a c k s  may weaken t r e e s  and render  them more s u s c e p t i b l e  t o  bark 
beet les ,  Dendroctonus and I s (Weidman and Robbins 1947). Aes the t i c  changes i n  
t rees ,  r e s i n  masses, and f f- owing p i t c h ,  may be the  most impor tan t  consequences o f  
p i t c h  moth a t t a c k s  (Powers and Sundahl 1973). P i t c h  moths a r e  a l s o  a t t r a c t e d  t o  t h e  
l a r g e  f l o w  o f  r e s i n  a t  sapsucker d r i l l i n g s  (Weidman and Robbins 1947) and t o  t h e  
wounds i n  t h e  t r e e  bo les  r e s u l t i n g  f rom increment bo r ings  made by the  i n v e s t i g a t o r s  
(Powers and Sundahl 1973). 

I n  t h e  stumps and s l a s h  o f  khinned r e d  p ine  i n  Ontar io ,  M a r t i n  (1965) found 
t h r e e  groups o f  i n s e c t s  o f  p o t e n t i a l  economic importance--wood borers,  bark bee t les ,  
and weev i ls .  Al though t h e  wood borers  a re  u s u a l l y  economica l ly  impor tan t  because 
they  downgrade sawn products,  t h e  r e d  p ine  t h i n n i n g s  i n  t h i s  case were used f o r  
pulp,  and wood borers  were n o t  o f  p a r t i c u l a r  importance. One species o f  weev i l ,  
Pissodes approximatus, breeds i n  stumps, s lash,  logs,  and dead s tand ing  t rees ;  i n  
M a r t i n ' s  study, t h i s  species k i l l e d  many t r e e s  t h a t  may o therwise have su rv i ved  
drought, disease, p l a n t i n g  shock, o r  o t h e r  f a c t o r s .  M a r t i n  (1 965) found t h a t  i n s e c t s  
avoided o r  were n o t  successful  i n  e s t a b l i s h i n g  themselves i n  l i v i n g  stumps t h a t  were 
r o o t - g r a f t e d  t o  1  i v i n g  t rees.  

I n  eas te rn  Canada, many ba l  Sam fir t r e e s  damaged by the  eastern  spruce budworm 
a r e  r e p o r t e d l y  k i l l e d  by t h e  secondary a t t a c k s  o f  t h e  balsam bark  bee t le ,  P i t y o k t e i n e s  
sparsus Leconte. More t r e e s  a r e  k i l l e d  by t h e  b e e t l e  i n  l o g g i n g  areas, i n d i c a t i n g  
t h a t  l o g g i n g  res idues a r e  assoc ia ted w i t h  an increase i n  b e e t l e  a c t i v i t y ,  s ince  
fewer t r e e s  were k i l l e d  by bee t les  i n  areas where bo th  l o g g i n g  and s lash  were absent 
(Graham 1922). I n  many areas o f  Montana and Utah, opu la t i ons  of P i t  ok te ines  and 
P i t  o enes build up i n  l o g g l n g  and t h i n n i n g  slash, ! hen move t o  t h b r a n c h e s  
h e s i d u a l  ponderosa pine.  I n  some areas, n e a r l y  every  branch i s  a t tacked  
d u r i n g  t h e  year  when res idues a r e  created,  w i t h  some branch k i l l i n g  the  f o l l o w i n g  
year .  Popula t ions appear t o  wane a f t e r  t h e  second year.  



In t h e  northern Rockies, one conifer with minimal residue-insect problems, i s  
western larch, Larix occidental i s  N u t t .  Though  standing, 1 ive western larch has 
essent ia l ly  no bark beetle (Dendroctonus) problems, long-butt residues are a t t r ac t ive  
t o  and sui table as  a breeding substrate fo r  the Douglas-fir beetle ( R .  F. Schmitz, 
personal communication). 

HARVESTING PRACTICES INFLUENCE BEHAVIOR A N D  IMPACT OF FOREST INSECTS 

Many species of fores t  insects are known t o  be influenced by the environmental 
changes brought about by s i l  vicul tural and stand management practices such as thin- 
ni n g ,  overstory removal, cl earcutting, and prescribed burning. The ecological 
consequences of a1 1 types of cuttings--but especially cl earcutting, which has been 
most intensively and most widely employed in coniferous fores ts  of t h e  northern 
Rocky Mountains--are incompletely or only pa r t i a l ly  understood and are  the subject 
of increasing at tent ion and debate. Changes in the fores t  a l t e r  micro ( a n d  macro) 
meteorological conditions such as 1 i g h t ,  wind, temperature ( a i r  and soi l  1, evapo- 
t ranspirat ion ra tes ,  and in turn af fec t  nearly a l l  f lora  and fauna e i the r  by outr ight  
k i l l ing  of some plants o r  animals or  by a l te r ing  the environment, resul t ing in a 
modification of the behavior of the organism. The combined influence of a l l  or some 
fores t  rnanipul at ions usual 1 y increases or  decreases most species of fores t  insects 
by influencing the food supply, she1 t e r ,  competition, vul nerabil i t y  t o  predation, 
reproduction, and other behavioral habits,  such as oviposition, dispersal ,  and 
feeding ( f i g ,  1 1 ) .  

Figure 11.--A sheZtemood and a clearcut  with i n t ens i ve  residue 
u t i l i z a t i o n  lmechanicaZZy removed). These harvesting practices,  
coupled u i t h  in tens ive  f iber  u t i z i z a t i o n ,  have varying e f f e c t s  
on the behavior and impact of a var ie ty  of f ly ing,  surface, and 
soiZ in sec t s .  

In the northern Rockies, two widespread and destruct ive fores t  insects  have 
plagued resource managers for  decades--the western spruce budworm, principally in 
Douglas-fir and several other economically valuable species, and the mountain pine 
beetle,  principally in 1 odgepol e pine. Managers are interested in stand management 
practices that  will reduce or  ameliorate the impacts o f  e i the r  of these two, or any 
other insect species, 



Western Spruce Budworm 

I n  t h e i r  most recent  western spruce budworm management plan, resource managers 
i n  t he  Northern Region have chosen " s i l v i c u l t u r a l  p rac t i ces "  over o ther  a l t e rna t i ves ,  
i n c l ud ing  the  use of chemicals (USDA, FS 1977). Th is  dec is ion  was l a r g e l y  i n t u i t i v e  
because few s tud ies have been made and 1 i t t l e  in fo rmat ion  e x i s t s  r e l a t i v e  t o  the  
r e l a t i o n s h i p s  o f  stand manipu la t ion and the behavior and impact o f  the western 
spruce budworm. Pursuant t o  the  needs of resource managers, the  e n t i r e  western 
spruce budworm research e f f o r t  i n  t he  nor thern Rockies i s  designed around s i l  v i c u l  t u r a l -  
entomological ob jec t i ves .  We a re  i n  our  second year o f  th ree  c l o s e l y  r e l a t e d  and 
coordinated s tud ies i n v o l v i n g  1 )  the  rec ip roca l  r e l a t i onsh ips  among the  western 
spruce budworm and cone and seed product ion,  2 )  the  in f luence  o f  stand manipulat ions 
on behavior of the  budworm, p a r t i c u l a r l y  d ispersa l  pa t te rns  o f  both l a r vae  and 
adu l t s ,  and 3)  t he  impact o f  the  budworm on regenerat ion and res idua l  stands w i t h i n  
a  m a t r i x  o f  va r iab les  i n v o l v i n g  c u t t i n g  systems, f o r e s t  ser ies,  s i ze  o f  cu t t i ngs ,  
e tc .  (USDA, FS 1978a). 

Mountain Pine Beet le  

Based on emp i r i ca l  models t h a t  i d e n t i f y  stand c h a r a c t e r i s t i c s  conducive t o  
mountain p ine  bee t le  epidemics, W. Cole (1978) fee ls  t h a t  harvest ing o r  management 
s t r a teg ies  can be app l ied  t o  prevent mountain p ine bee t l e  epidemics i n  lodgepole 
p i ne  stands. Managers a re  faced w i t h  the  chal lenge o f  l ower ing  the  r o b a b i l i t y  t h a t  

rl epidemics w i l l  occur w i t h i n  any given stand. W. Cole (1978) f e e l s  t a t  managers can 
p r e d i c t  these p r ~ b a b i l  i t i e s  from stand s t r uc tu re - - i  ,e. p r i n c i p a l l y  diameter d i s t r i b u -  
t i o n  and phloem d i s t r i b u t i o n  w i t h i n  diameters. I n  cons ider ing the  a l t e r n a t i v e s  
presented, the  manager must ", . .decide how much r i s k  he i s  w i l l i n g  t o  accept i f  he 
des i res  l a r g e  diameters, o r  be w i l l i n g  t o  accept and manage f o r  smal ler  diameter 
stands" (W. Cole 1978). Amman (unpublished data) l i s t s  f ou r  main cond i t i ons  t h a t  
must be met f o r  epidemics o f  mountain p ine  bee t le  t o  occur i n  lodgepole p ine stands. 
These cond i t i ons  are:  1)  s u f f i c i e n t  numbers o f  l a r g e  diameter t rees,  2)  t h i c k  
phloem i n  many o f  the  l a r g e  trees, 3)  opt imal temperature fo r  bee t le  development, 
and 4) opt imal t r e e  age. 

Other researchers agree t h a t  losses are r e l a t e d  t o  t r e e  diameter and phloem 
thickness, bu t  f e e l  t h a t  the  most important fac tors  i n  s u s c e p t i b i l i t y  a re  reduct ion 
o f  t r e e  v i go r  and associated res is tance;  t h i s ,  they feel, i s  why l a r g e r  t r ees  a re  
successful l y  attacked. D. Cole (1 978) recognizes the  c i r cumstan t ia l  evidence presented 
by both groups, but  says ". . .ne i t he r  has proved i t s  case, especially as t o  whether 
managed stands w i l l  be more o r  l ess  suscept ib le  t o  a t t ack  than unmanaged stands and 
whether they w i l l  be suscept ib le  sooner o r  l a t e r  than unmanaged stands." Not unex- 
pectedly,  t h i s  research controversy presents t he  p r a c t i c i n g  s i l v i c u l t u r i s t  w i t h  a 
ser ious d i  1  emma i n  determining the  ac tua l  consequences o f  s p e c i f i c  p rac t i ces  intended 
t o  minimize losses. 

D. Cole (1 978) discusses several  s i  l v i c u l  t u r a l  p rac t i ces  fo r  reducing losses 
from the  mountain p ine  bee t l e  i n  lodgepole pine. He i nd i ca tes  t h a t  p rac t i ces  a re  
a v a i l a b l e  i n  each regenerat ion system f o r  reducing losses e i t h e r  by lower ing r i s k  o r  
recover ing losses; however, the  p rac t i ces  must be c a r e f u l l y  se lected and appl ied.  
He issues some reminders: 1  ) managers must be extremely caut ious when us ing p a r t i a l  
cu t t i ng ,  f o r  an purpose, i n  1  odgepole p ine  stands where sustained t imber  p r o d u c t i v i t y  
i s  important;  2 3 p rac t i ces  implemented f o r  reducing mountain p ine  bee t le  losses must 
be compatible w i t h  the  major requirements o f  lodgepole p ine  s i l v i c u l t u r a l  management 
systems; 3)  " I t  i s  the  f o r e s t  t ha t  must be the  pr imary focus o f  lodgepole p ine  



management, and not the beetle." If  we fa i l  t o  recognize th is ,  " . . .si lvicultural  
recommendations may evolve that are t o o  narrow in scope--perhaps solving some imme- 
diate problem, b u t  creating greater 1 ong-term forest management problems" (D. Cole 
1978). 

A t  the present time, management of lodgepole pine stands in the northern Rockies 
i s  directed toward prevention, with emphasis on green stands and concurrently sal-  
vaging infested stands (McGregor 1979) .  I n  addition, research continues to develop 
methods 1) to  prevent outbreaks from developing, 2 )  to obtain maximum wood and fiber 
production, 3 )  t o  develop knowledge o f  beetle-host tree interactions, and 4 )  t o  
determine desirable stocking levels of insect and disease-free growing stock o f  
desired species (McGregor 1979). 

Researchers and managers in the northern Rocky Mountains and elsewhere in the 
West are also concerned with the mountain pine beetle in ponderosa pine forests. In 
Montana, McGregor (1 973) indicates that thinning of second-growth ponderosa pine 
stands prior t o  beetle infestation will reduce suscepti bil i t y  of individual trees t o  
attack and decrease the number of attacked trees. As an example, on the Ninemile 
Ranger District in western Montana, second-growth ponderosa pine stands that were 
thinned to a basal area of 120 or less were no t  infested with the mountain pine 
beetle. A t  the same time beetles continued to infest stands with a basal area of 
more than 120, even more severly where the basal area exceeded 150. 

In Oregon, Sartwell (1970, 1971) established that the severity of tree killing 
by the mountain pine beetle in second-growth ponderosa pine stands was related t o  
stand density, and that thinning dense stands could be used to prevent outbreaks. 
He believes that beetles kill a larger proportion o f  trees in dense, overcrowded, 
and less vigorous stands, than in sparsely stocked stands. Sartwell (1971) and 
Sartwell and Stevens (1 975) establ ished t h a t  stands with we1 1-spaced, thr i f ty  trees 
can resis t  even the infestation pressures of an outbreak population. 

Western Pine Beetle 

Fi fty-five years ago, Craighead (1  925) recognized t h a t  each species o f  Dendroc- 
tonus presented a different problem in different regions as well as in different 
forest types, so that "control" methods could not be generalized t o  envelop the 
entire genus. Because the western pine beetle prefers overmature, sl ow-growing, 
decadent trees on poorer s i tes  , Crai ghead suggested short rotations and cutting 
practices t o  encourage more rapid growth; light cutting in narrow str ips ,  he said, 
"would largely prevent losses from the the beetle." 

The Pine Engraver 

I n  Alberta, Reid (1957) studied the bark beetle complex, especially Ips pini 
Say associated with slash created by five different cutting ractices. He concluded 
t h a t :  1 )  cutting t o  a diameter limit of 6.5 inches (16.5 cm ! does n o t  produce 
enough residue t o  constitute a beetle hazard; 2 )  clearcutting, or similar treatments, 
result in large volumes of slash and create the greatest beetle hazard; and 3)  selec- 
tion .cutting, t h o u g h  creating large volumes o f  residue, r ~ v i d e s  environmentq] 
factors that favor predators and parasites of Ips, there y reducing the beetle 
hazard t o  residual stands. 

I 



RESIDUE AND FIRE MANAGEMENT TO "CONTROL" INSECTS AND DISEASE 

A m u l t i t u d e  o f  i n t e r a c t i o n s  w i t h  several  d i f f e r e n t  diseases and a v a r i e t y  o f  
i n s e c t  species and groups ( w i t h  d i f f e r e n t  h a b i t s  and economic impact)  e x i s t  w i t h  
both  res idue and f i r e  management. I n  d iscuss ion some o f  these i n t e r a c t i o n s ,  I use 
t h e  word " c o n t r o l "  w i t h  cau t ion  and i n t e r p r e t  the  word " res idue"  very  broadly.  

Diseases 

The most noteworthy examples o f  f i r e  and res idue mangement i n v o l v e  t h r e e  f o r e s t  
diseases: brownspot need1 e b l  i g h t ,  S c i r r h i a  a c i c o l a   e earn. ) Siggers, dwarf m i s t l e -  
toe, and r o o t  pathogens, p r i n c i p a l l y  Fomes an-Fr.) Cke. 

As noted by M a r t i n  and o thers  (1977) and M i l l e r  (1978), p resc r ibed  burn ing t o  
c o n t r o l  brownspot needle b l i g h t  on long  l e a f  pine, Pinus p a l u s t r i s  L.,  seedl ings 
prov ides a c l a s s i c  and outs tand ing example of the use o f  f i r e  t o  c o n t r o l  disease. 
F i r e  has been i m p l i c a t e d  i n  many aspects o f  t h e  spread and i n t e n s i f i c a t i o n  o f  dwarf 
m i s t l e t o e s  (Alexander and Hawksworth l975) ,  and f i r e  i s  o f t e n  used t o  burn t h e  s lash  
o f  i n f e c t e d  t r e e s  i n  o rder  t o  reduce t h e  i n f e c t i o n  o f  new seed1 ings  (Mar t in  and 
o thers  19771. In discuss ing f i r e  and dwarf m i s t l e t o e  r e l a t i o n s h i p s  i n  t h e  nor the rn  
Rocky Mountains, Wicker and Leaphart (1 976) plead f o r  p lann ing  management act-ivi t i e s  
on t h e  bas is  o f  h a b i t a t  types. The authors a re  convinced t h a t  a1 though f i r e ,  pests,  
and p l a n t s  should be managed, "Man should s t r t v e  t o  mana e t h e  t o t a l  f o r e s t  ecosystem 
and n o t  t o  c o n t r o l  o r  e rad ica te  c e r t a i n  segments o f  i t "  9 Wicker and Leaphart 1976). 
Repeated burn ing i s  known t o  have a suppressive e f f e c t  on c e r t a i n  r o o t  pathogens 
( F r o e l i c h  and o thers  1478). Prescr ibed f i r e  reduces t h e  inc idence o f  Fomes annosus 
r o o t  r o t  (Mar t in  and o thers  1977) and c o n t r o l s  many o t h e r  p l a n t  d i s e a s m a r d i s a n  
1976; Haryey and o thers  1976). 

There a r e  some o t h e r  f i r e - d i s e a s e  i n t e r a c t i o n s .  F i r e  can a c t  as a s t e r i l i z i n g  
agent i n  c o n t r o l l i n g  some p l a n t  diseases by des t roy ing  i n s e c t s  a c t i n g  as p l a n t  
d isease vectors  (Ahlgren and Ah1 ren  1960). F i r e  scars can serve as avenues o f  
e n t r y  f o r  many f o r e s t  pathogens 9 Harvey and o thers  1976j., and i n f e s t e d  res idues a c t  
as r e s e r v o i r s  t h a t  tend t o  propogate and increase pa tho log ica l  a c t i v i t y  (Nelspn and 
Harvey 1974; M i t c h e l l  and Sar twe l l  1974; Parmeter 1977). In some cases f i r e  may 
f a v o r  t h e  Increase o f  disease by producing t h i c k  stands o f  t h e  host  p l a n t ,  thereby 
induc ing  mu1 t i p 1  i c a t i o n  and spread (Ahlgren and Ahlgren 1960). 

Insec ts  

I n  the l a t e  1800's and e a r l y  1900's, entomologists used p resc r ibed  f i r e  t o  
suppress i n s e c t  popula t ions (Komarek 197O), b u t  f i r e  p reven t ion  campaigns and i n s e c t i  - 
c i d a l  developments i n f l  uenced 1 a t e r  generat ions of entomol o g i s t s  t o  use methods 
other  than f i r e .  "Today, modern f i r e - u s e  technology and renewed i n t e r e s t  i n  a l ' te rna-  
t i v e  methods make f i r e  a t t r a c t i v e  again as an i n s e c t  management t o o l "  ( M i l l e r  1978). 
Komarek (1970) summarfzes t h e  a c t i o n s  of f i r e  on r e g u l a t i n g  i n s e c t  popula t ions and 
l i s t s  several  v a r i a b l e s  t h a t  must be considered when s tudy ing o r  eva lua t ing  t h e  
e f f e c t  o f  f i r e .  Yet, he concludes t h a t  ". . . t o  what e x t e n t  and how these changes 
occur has n o t  been invest igated, "  and "There appears t o  have been ve ry  l i t t l e  



investigation regardin controlled burning and i t s  e f fec t  on regulating fores t  
insects '  (Komarek 1970 ! . Moreover, i f  an insect pest i s  t o  be controlled with f i r e ,  
i t s  l i f e  history must be known i n  detai l  in order for  f i r e  to  be used a t  the most 
appropriate time (Lyon and others 1978). I will summarize a few fire-residue-forest 
insect  relationships-- bark and engraver beetl es , wood borers, weevi 1 s and others .  

BARK BEETLES 

Of a l l  the fores t  f i re- fores t  - residue-forest insect interact ions in the 
northern Rocky Mountains, probably the most interest ing , controversial and socio- 
pol i t i ca l  event involves the tremendous amounts of 1 odgepol e pine residues created 
by the mountain pine beetle and f i r e  management related t o  those residue. 

D. Cole (1978) recomnends considerqtion of prescribed f i r e  4s an important 
1 ang-range management a1 ternat i  ve in integrated programs fo r  control 1 ing 1 osses t o  
the mountqin pine beetle i n  commercial lodgepole pine fores ts  in the northern Rocky 
Mountains. S t a g ~ a t e d  stands, past the point of responding t o  cultural  treatments, 
eventually will be susceptible t o  the beetle. I n  these kinds of stands, D .  Cole 
(1978) indicates t h a t  ". . .prescribed f i r e  can be a valuable s i lv icul  tural  practice 
for  bringing the stands under management by ' s t a r t ing  over1"--a d i f ferent  aspect of 
insect  control t h rough  prescribed f i r e .  Martin and others (1977) report tha t  f i r e  
may be used t o  c o n t r ~ l  spacing and thus reduce the severi ty of at tacks by the moun- 
ta in  pine beetle.  

Management of lodgepole pine residues--created by the mountain pine beetle--in 
Glacier National Park and the adjacent Flathead National Forest i s  a t  t h i s  time 
embroi 1 ed i n  controversy. One element of the controversy invol ves restraining the 
"spread" of the infestat ion.  A t  t h i s  time there are  some 30-40 mill ion dead lodge- 
pole pine trees--standing residue--killed by the mountain pine beetle on the eas t  
s ide of the Flathead River in Glacier National Park (Scott Tunnock, personal com- 
munication) . Mark McGregor, a Forest Service entomologist, " i s  i r r i t a t e d  because 
t h e  Nationql Park Service did nothing to  stop the beetles from spreading ..." from 
iqside the Park to in fes t  thousands of acres on the adjacent Flathead National 
Forest (Kuglin 1980). McGregor fee ls  tha t  "the infested stqnds could have been 
logged in an attempt t o  stem the infestat ion."  Na t i~na l  Park Service biologist 
Robert Hall responds tha t  the national park manages i t s  fo res t s ,  not t o  produce 
timber but for  people to enjoy. Hall said,  "Tourists are curious when they see 
thousands o f  red-brown trees.  We t r y  to  explain to  people tha t  t h i s  i s  a natural 
thing and tha t  we don' t  log i n  National Parks" (Kuglin 19801. 

Another element o f  the controversy involves the use of prescribed f i r e  i n  
managing t h e  lodgepole pine residues. D u r i n g  the sumer of 1979, park personnel 
planned to  prescribe-burn patches of the residues t o  breqk up and diversffy the 
stands. [One of the a l te rnat ives  of the park 's  f i r e  management plan i s  t o  introduce 
f i r e  where a specif ic  major need i s  demonstrated (Glacier Nat. Park 19-78]]. The 
plan was n o t  effected because of an extreme f i r e  season. While some parks qllow 
certain wildfires t o  burn under a pre-determined prescription--a " l e t  burn  policyH-- 
some c r i t i c s  considered the Glacier Park burning plan tantamount t o  fores t  manage- 
ment, thus wnt ra ry  to  national park management phi 1 gsophy. 

In other fire-residue-insect relationships, Mitchell and Sartwell (1974) c i t e  
several authors who general ly  have supported the recommendation t h q t  t r ee  k i  11 ing 
can be prevented by b u r n i n g  or  otherwise remoying bark beetl e-infested residues from 



which beetle progeny presumably emerge and attack live standing trees (f ig .  12). 
Contemporary investigators, as well as some who worked in the 19201s, feel that this  
"build up" philosophy i s  too simplistic, that residues a t t rac t  beetles and concen- 
trates them in smaller areas where they can do more damage to standing trees than i f  
widely dispersed. They support their  contention by citing the behavioral patterns 
of the Douglas-fir beetle, when outbreaks of this beetle develop, ". . .many standing 
trees are killed during the time nearby residues are under attack" (Mitchell and 
Sartwell 1974).  

Figure 12.--A sheZtemood cut with intensive residue utiZization 
CrnechanicaZZy removed) and residues being burned, RemovaZ and 
utiZLzation of residues obviousZy eliminates the probZems of 
insects  deveZoping i n  the residue. Prescribed bwrzing of the 
residues usual Zy prepares the site for regeneration, and kiZZs 
most ttdestrmctive't as weZZ as ttbeneficiaZv species inhabiting 
the residues. 

An interesting twist t o  bark beetle control through f i r e  has been reported with 
the western pine beetle in ponderosa pine. Miller and Patterson (1927) reported 
that a1 though fire-injured trees attracted beetles to concentrate within trees in 
the burned area, the trees afforded a very unfavorable breeding ground for the 
insects and in the end contributed toward an actual reduction of their numbers. 
Nevertheless, Mi 11 er and Patterson (1 927) concluded that f i res  do not markedly 
ass i s t  in eliminating populations o f  the western pine beetle unless the f i res  are 
severe enough t o  kill the trees. 

ENGRAVER BEETLES 

The philosophy that f i r e  may be used to destroy infested residue or logs, 
aiding in the control of insects  a art in and others 1977), often applies t o  engraver 
beetles, especially Ips spp., in some pine species. I f  crop trees are only scorched, 
however, prescribed burning may merely predispose them to Ips attack. Some species 
of engraver beetles spend part of their l i f e  cycle in the forest f loor (duff); the 
deeper the 1 i t t e r ,  the  better the protection for the beetles. El iminating prescribed 
f i r e  in pine stands where slash has been created not  only benefits beetles in the 
residue b u t  a l so  those aestivating i n  the forest floor (R.  F. Schmitz, personal 
communication). 



WOOD BORERS 

M i t c h e l l  and Mar t in  ( I n  Press) suggest t h a t  prescr ibed burning t o  reduce f ue l  
loads o f  residues serves two func t ions :  1 )  i t  no t  on l y  consumes the  residues, bu t  
a l so  2 )  a t t r a c t s  wood borers t o  t he  l a r g e r  p a r t i a l l y  burned o r  unburned logs .  
Borers w i l l  i n i t i a t e  decomposition by loosening the  bark, c rea t i ng  holes i n  the  wood 
and i n t r oduc ing  wood-destroying fung i .  Evans (1  971 ) suggests t h a t  the r o l e  o f  
Melano h i l a  wood borers  should be considered i n  any prescr ibed burn program, n o t  
h e  o f  t h e i r  usefulness i n  residue d e t e r i o r a t i o n  bu t  a lso  because o f  t h e i r  
c o n t r i b u t i o n  t o  f i re - induced  increases i n  species d i v e r s i t y .  Dahl (1971) found no 
r e l a t i o n  between t he  m o r t a l i t y  o f  Monochamus wood borers and the he ight  o f  lodgepole 
p ine  s lash above the ground i n  prescr ibed f i r e s  o f  low and moderate i n t e n s i t y ,  
a1 though a t  the  ground l e v e l  Monochamus m o r t a l i t y  was increased. 

OTHER INSECT SPECIES 

Several species o f  weevi ls,  some cone and seed i nsec t s  and some o ther  insec t  
species t h a t  spend a p o r t i o n  o f  t h e i r  1  i f e  cyc le  i n  the  f o r e s t  f l o o r ,  a re  a lso  
invo lved  i n  the  i n t e r a c t i o n s  o f  res idue and f i r e  management. 

E a r l i e r  1 mentioned t h a t  the  k i l l i n g  o f  p ine seedl ings by two weevi ls,  the  
pa les weevi l  and p i t c h e a t i n g  weevi l ,  i s  in f luenced by the  t ime o f  year dur ing  which 
t imber  i s  harvested. Fox and H i l l  (1975) s tud ied the  e f f e c t s  o f  prescr ibed burning 
i n  standing and cutover  areas on the  behavior o f  these two weevi l  species and found 
t ha t :  1) the  pales weevi l  showed a p o s i t i v e  preference f o r  cutover  areas, bu t  
residues and debr i s  burned a f t e r  logg ing were a de te r ren t  f o r  t h i s  species; and 
2) both  burned and cutover  areas were a t t r a c t i v e  t o  the  p i t chea t i ng  weev i l .  These 
di f ferences i n  the  r e l a t i v e  a t t r ac t i veness  of burned and unburned areas can i n f l uence  
t he  management o f  p i ne  f o r e s t  land, espec ia l l y  when prescr ibed f i r e  i s  used i n  
prepar ing t he  s i t e  (Fox and H i l l  1973). 

Prescr ibed f i r e  can aggravate damage t o  c o n i f e r  seedl ings by another species o f  
weevi l .  I n  B r i t i s h  Columbia, the weevil ,  Steremnius ca r ina tus  Boh. r ecen t l y  began 
causing s i g n i f i c a n t  damage t o  seed1 ings.  m e d  burning of surface residue, 
". . .o f t en  necessary t o  reduce brush compet i t ion f o r  seedl ings,  destroys the  na tu ra l  
vegetat ion and ma te r i a l s  t he  weev i ls  normal ly  eat ,  and focuses t he  a t t e n t i o n  o f  t he  
weev i ls  on newly p lw t t ed  seed1 ings"  (Condrashoff 1969). " I n  some p lan ta t ions ,  
weev i ls  have k i l l e d  Qr damaged over 40 percent of Doug las - f i r  seedl ings p lanted on 
r e c e n t l y  logged and burned s i t e s  along the  west coast of Vancouver I s l and  (LeJeune 
1962). 

Logging and res idue removal has been s h ~ w n  t o  k i l l  sugar p ine cone beet les,  
Con0 hthorus lambert ianae Hopkins. In the  labora to ry ,  Bedard (1966), found h igh  
+tes i n  these beet les  exposed t o  temperatures g rea te r  thqn 47" C,  i n d i -  
c a t i n g  t h a t  h igh  tem eratures from d i r e c t  sun l i gh t  cou ld  have the  same e f f e c t .  e Bedard (1966) noted ha t  when logg ing  operat ions open up t he  t r e e  canopy, and when 
t he  res idues have been removed, i dea l  cond i t i ons  o f  radiat ion are  estab l  ished f a r  
h igh  temperature mortality o f  t h i s  beet le .  I n  seed product ion areas i n  the Lake 
States,  burning i s  repor ted t o  be e f f e c t i v e  i n  c o n t r o l l i n g  the  red  p ine  cone bee t l e  
( M i l l e r  1978). 



I n  the  Lake States Simmons and others  (1977) determined t h a t  prescr ibed burn ing 
t o  con t ro l  the  maple l e a f  c u t t e r  Paraclemensia ace r i f o l  i e l l a  ( F i t c h ) ) ,  which pupates 
i n  t he  f o r e s t  f l o o r ,  was more e f f e c t i v e  + t an i n s e c t i c i d e  t reatments.  

RESIDUE AND FIRE MANAGEMENT--SOME OPINIONS 

Since the  e a r l y  19001s, the re  has been an evo lu t i on  i n  phi losophy and s t r a tegy  
concerning t he  management o f  f o r e s t  residues. Two issues a re  invo lved:  1 )  res idue 
management and u t i l i z a t i o n  as i t  invo lves  p ro tec t i on  from w i l d f i r e ,  and 2)  residues 
t r i g g e r i n g  f o r e s t  I nsec t  and disease outbreaks. 

I n  the  e a r l y  19001s, M i t c h e l l  (1913) i nd i ca ted  t h a t  i n  C a l i f o r n i a  t he  p i l i n g  
and burn ing o f  res idue was t he  accepted method because o f  1 )  a des i re  t o  render the  
cutover  area as f i r e p r o o f  as possible,  2 )  the  b e l i e f  t h a t  p ro tec t i on  o f  l i t t e r  was 
n o t  necessary t o  insure  reproduct ion,  and 3) a des i re  t o  make the area as s i g h t l y  as 
poss ib le .  There was considerable controversy as t o  whether t he  increased p ro tec t i on  
from w i l d f i r e  by prescr ibed burn ing o f f s e t  the  danger involved, the  expense, and t he  
damage t o  reproduct ion and standing t imber. 

The issue of the  expense o f  burning f o r e s t  res idue was echoed the f o l l o w i n g  
year  by Koch (1914) i n  the nor thern  Rocky Mountains. C i t i n g  examples on the Lo lo  
Nat iona l  Forest  i n  western Montana, Koch 1 )  questioned the  r i s k  ( t o  w i l d f i r e )  o f  
unburned residue, and 2)  chided t he  Forest  Service f o r  " . . .p i l i ng  brush j u s t  because 
we have always p i l e d  brush.. . ," adding, "it i s  t ime f o r  us t o  q u i t  b l i n d l y  f o l l o w i n g  
precedent and a t  l e a s t  make a ser ious i n v e s t i g a t i o n  o f  the  p o s s i b i l i t y  o f  l e ss  
expensive methods of p ro tec t ion .  " 

Sho r t l y  the rea f te r ,  Hopping (19151 acknowleged M i t c h e l l  ' s  and Koch's concerns 
about p ro tec t i on  and cost -benef i  ts ,  bu t  mentioned another p ro tec t i on  aspect--the 
dangers of i n s e c t  i n f e s t a t i o n s  t h a t  can r e s u l t  f r ~ m  des t ruc t i ve  i nsec t s  breeding i n  
unburned f o r e s t  residues. C i t i n g  several examples t o  support  h i s  po in t ,  Hopping 
concluded by saying t h a t  ".,.the cons idera t ion  o f  the  burn ing o r  non-burning o f  
brush must be taken up from a broad p ro tec t i on  s tandpoin t  and no t  from the  s tandpoin t  
o f  f i r e  r i s k  o r  cos t  alone." 

Later ,  i n  s tudy ing res idue management i n  the  l ake  States, M i t c h e l l  (1921 ) 
advocated i n t ens i ve  r o t e c t i o n  r a t h e r  than prescr ibed burning. He f e l t  t h a t  des- 
t r o y i n g  t he  res idue E y burn ing d i d  no t  m q t e r i a l l y  reduce the  f i r e  hazard because 
1 )  of t h e  1 i t t e r  a c c u m u l a t i ~ n  normal ly  present  and 2) .  t he  c lose  u t i l i z a t i o n  o f  cedar 
and spruce f o r  pu lp  and posts  r esu l t ed  i n  1 i . t t l e  r es l de  created. Moreover, M i t c h e l l  
be l ieyed  t h a t  prescr ibed burn ing a c t u a l l y  increased t he  f i r e  hazard by k i l l i n g ,  bu t  
no t  c~nsuming, reproduct ion,  as we l l  as  damaging o r  dest royfng t he  s o i l  organic  
1 ayer. 

The f o l l o w i n g  year, Graham (1 922) discussed t he  entomologicql aspect of the 
res idue management problem, and po in ted ou t  t h a t  1)  "...we a re  burn ing up va luable  
humus i n  our  s lash p i les , "  2 )  smal ler  p ieces o f  residues a re  unfavorable t o  i nsec t  
deyelopment, w h i l e  l a r  er branches, tops and broken logs are the  most s u i t a b l e  
breedlng plqces, and 3 3 l a r g e r  pieces o f  res idue aye more d i f f i c u l t  t o  burn, do no t  
m a t e r i a l l y  increase t he  danger o f  w i l d f i r e ,  and a f t e r  burn ing usua l l y  remain on t he  
ground uncharred. Graham (1922) concluded t h a t  i n  t he  Northeast prescr ibed burning 
i s  n o t  the  best  way t o  manage residue, nor  can i t  be recomnended o r  i s  ". . .as e f f e c -  
t i v e  a f ac to r  i n  f o r e s t  i n sec t  con t ro l  as has been genera l l y  be1 ieved." 



S t i l l ,  by 1938, there was a feeling that f i r e  was c~mmonly used for forest 
insect "control" (Haig l938), and as recently as 1973 the disposal of forest residues 
by f i r e  was often being prescribed to prevent insect populations from developing in 
forest residue, or t o  prevent insect populations from moving from the residue to 
green standing timber (Brown and Davis 1973). 

Prior t o  conc] uding this discussion of f i r e  and residue management opinions, I 
must mention that Mitchell (1913) n o t  only had strong feelings of how residues 
should be managed in California, but also o f  the kind of labor that should be used. 
His words are rather strong and may be as controversial now as they probably were 
then. Sixty-six years ago, Mi tchell (-1 91 3 )  wrote: 

"In California foreign labor, preferably Italian,  for this class of 
work i s ,  i f  properly supervised, probably the cheapest. There are two 
fundamental reasons for this aside from wages. In the f i r s t  place, 
the foreigner i s  usually n o t  afraid of work, and in the second does 
n o t  consider his work beneath him. In addition, he i s  usually as 
quick to grasp the idea of how the work i s  t o  be done as the average 
"white man" and can generally be trusted n o t  t o  soldier on the job .  
On the other hand, the average woods worker who has not raised himself 
o u t  o t  the "swampers" class i s  too  often either lazy, incompetent, o r  
b o t h .  As a rule, too, he i s  tqo  good for his job, takes l i t t l e  or no 
interest in his work, and i f  l e f t  alone i s  pretty apt t o  spend his 
time in seeing how l i t t l e  he can accomplish." 

In concluding these thoughts, observations, and opinions concerning residue 
and f i r e  management in relation t o  insects and diseases, we are reminded that there 
are some who feel that f i res  have historically kept pest populations a t  1 ~ w  levels 
before the Forest Service existed (USDA, FS 1 9 1 5 ~ ) .  

IMPACT OF HARVESTING RESIDUE MANAGEMENT AND F IRE  
ON FOREST FLOOR A N D  FOREST SOIL ARTHROPODS 

Of all  the interactions among forest residues, f i res ,  and insects, probably 
none has received less attention and i s  as casually dismissed as the interaction 
among residues, f i r e ,  forest floor, and forest soi 1 arthropods. Research scientists 
and land managers i n  the western States recently considered this  as one o f  9 dozen 
areas of f i re  ecology research needs (Kickert and others 1976) .  

I t  i s  a common practice in the northern Rocky Mountains and el sewhere t o  burn  
forest residues and unmerchantable trees after logging. Such f i res  consume varying 
levels of duff, exposing proportionate amounts of mineral so i l ,  Partially or corn- 
pletely exposing mineral soil Is  desirable as a seedbed for germinating mqny species 
of trees and as a planting s i t e  for coniferous seedlings. Burning also removes 
vegetation t h a t  competes w i t h  developing young trees,  and  logging followed by pre- 
scribed burning usually provides desirable habitat fer  wild1 i f e ,  particularly 
ungulates--a habitat that often i s  more fayorable t h a n  that provided by dense 
forest cover, 



While providing a desirable environment both for forest regeneration, and for 
many forest animals, f i res  also influence other forest flora and fauna, and f i r e  
variabil i ty  makes general izations concerning f l r e  effects diff icul t  (Lyon and 
others 1978). However, f i res  not  only affect the flora and fauna within deteriora- 
ting residues, b u t  also the habitat of the fauna that ut i l ize  the forest floor and 
the upper layers of mineral soil by altering the environment and food supply on and 
in the ground. Generally, invertebrates, often "undesirables," decrease in number 
following a burn (Reichert and Reeder 19721, usually because the animals or their  
eggs are killed by flame or heat, and their  food supply and she1 te r  are diminished. 
The effects of f i r e  on invertebrate populations may be transitory or long lasting, 
as well as selective and varying among species; in some cases burning also destroys 
natural predators of pest species. Analyzing the effect of residue management and 
prescribed f i r e  on forest floor and soil invertebrates i s  compl icated by the fact 
that we s t i l l  do no t  always know which are our friends and which are our enemies. 

Most of the organisms that 1 ive in forest residues, the forest floor, and 
forest so i l ,  are decidedly beneficial. The species and groups involved include n o t  
only natural enemies of pests, b u t  also organisms t h a t  decompose residues. The 
series of events in the decomposition and fragmentation of residues i s  initiated by 
several species of beetles t h a t  loosen the bark on the resfdues as well as introduce 
wood-decaying fungi. As described by Mi tchel 1 and Sartwel 1 (1 9741.3 

"This i s  followed by a progression of other arthropods, each con- 
tributing t o  the fragmentation of the material (Wickman 1965; Elton 
1966). Following bark beetles are wood borers such as ambrosia 
beet1 es (Scolytidae), f l  at-and round- headed borers (Buprestidae and 
Cerambycidae) , term1 tes (.Isoptera), horntai 1 s (Siricidae) , carpenter 
bees (Apidae)., and carpenter ants (~ormicidae) . These insects bore 
holes deep into the w o ~ d  and a1 so introduce wood-destroying fungi 
(Boyce 1923, Shea and Johnson 1962, Wright and others 1956, Wright 
and Hqrvey 1967, Kimey and Furniss 19431." 

Although decomposition i t se l f  i s  largely a microbial process, fragmentation of the 
material i s  largely an arthropod process. This fragmentation may increase the area 
of residues exposed to microblal activity by up t o  15 times compared t o  unfrag- 
mented residues ( WStkamp lgJl)-. Moreover, the fecal material produced by these 
species of arthropod "fragmenters" encourages the growth of decomposing microbes, 
particularly bacteria (Crossley 19701. 

Following the arthropod "fragmenters" , forest floor and forest soil mesofauna 
(intermediate-sized organisms) are the next arthro od group in the decomposition 
process; most are vqrious species of mites and Col r embola w t t h  a wide variety of 
feeding habits. Mqny are saprophytes that feed on bacteria,  fungal hypae, or 
other living plsnts or animals. Although they do not directly contribute t o  chemical 
decomposition of 1 i t t e r  nor to the turnover of plant nutrients, they play a mafor 
role in the rocess by breaking organic tissue Snto smaller pieces. The smaller 
these partic ! es become, the more susceptible they are t o  action by other organisms, 
such as bacteria, and fungi, involved directly In the decomposition process (Metz 
and Farrier 1971 1. 

"Harmful" forest floor or forest soil fauna can ~ n l y  be categorized as such 
insofar as they act or feed i n  a way t h a t  i s  in competition with, or counter t o ,  
what man wants out of the resource. For the most part,  harmful insects include 
those t h a t  feed on seeds, seedlings, or sprouts of desirable coniferous and broad 
1 eaf species. 



D i f f e r e n t  i nves t i  gators  have used several systems t o  categor ize the  arthropods 
i n  the f o r e s t  f l o o r  and fo res t  s o i l .  I n  the fo l low ing  discussion, I w i l l  r e f e r  t o  
those inver tebrq tes  t h a t  i n h a b i t  and move about i n  t he  f o r e s t  l i t t e r  as f o r e s t  
f l o o r  macrofauna, (su r face  arthropods) and t o  those t h a t  a re  genera l l y  smal ler ,  
l e s s  mobile, and occupy the humus and fo res t  s o i l ,  as f o res t  s o i l  mesofauna. 

Forest  F loor  Mqcrofauna 

Many s tud ies  have been made throughout the Uni ted S ta tes  concerning t he  impact 
o f  harvest ing,  res idue management, and f i r e  on f o r e s t  f l o o r  macrofauna. Some o f  
these s tud ies were concerned w i t h  the  e f fec ts  of mqcrofauna on d i r e c t  seeding. 
Though n o t  designed t o  determine e f f e c t s  o f  res idue and f i r e  management, r e s u l t s  o f  
these s tud ies  could have imp l i ca t i ons  i n  the management o f  residues and prescr ibed 
f i r e ;  the  s tud ies  w i l l  be reviewed here. 

RESEARCH IN  THE NORTHERN ROCKY MOUNTAINS 

I n  the  nor thern Rocky Mountains th ree  s tud ies i n  the  past  10 years haye focused 
on t h e  e f f ec t s  o f  f o r e s t  res idue and prescr ibed f i r e  management o r  w i l d f i r e  on 
f o r e s t  f l o o r  macrofauna ( F e l l  i n  and Kennedy 1912; Clayton 1975; and F e l l  i n  1980b). 

I 
These t h ree  s tud ies  were preceded by, and r e l a t e d  to ,  several s tud ies  i n v o l v i n g  
f o r e s t  f l o o r  macrofauna and d i r e c t  seeding and p lan t ing .  

Tn t he  nor thern Rockies, most evidence t h a t  insec ts  a re  invo lved i n  d i r e c t  o r  
i n d i r e c t  seeding e f f o r t s  has been c i rcumstan t ia l  (Kennedy and F e l l  i n  1969). Wahl en- 
berg (1925) surnmqrized t he  r e s u l t s  o f  a s t  d i rect -seedlng p ro j ec t s  i n  the  nor thern g Rocky Mountain reg ion  and q t t r i  buted t e death o f  an undetermined number of western 
wh i te  p i ne  seed]i>ngs t o  cutworm la rvae .  Haig (19361, and Ha ig  and others  (1941) 
noted t h a t  so i  1 insects ,  c h i e f l y  cutworm (Noctuidae=Phal aenidae) 1 arvae, were one 
of the  most impoytqnt d i r e c t  agents of c o n i f e r  seedl ing m o r t a l i t y  i n  the  western 
wh i t e  p ine  type i n  nor thern  Idaho. Schopmeyer (19391, and Schopmeyer and Helmers 
(1947), determined t h q t  e i t h e r  c u t t i n g  o r  c l i p p i n g  were the  major k inds o f  i n j u r y  
t o  direct-seeded western wh i t e  p i ne  dur ing  t he  f i r s t  growing season. They observed 
several f o m s  of c u t t i n g  i n  both screened spots and unscreened s p ~ t s ;  they speculated 
t h a t  "cutworms, grasshoppers, and o ther  i nsec t s  may have had a p a r t "  i n  causing t h e  
damage. 

F e l l  i n  and Kennedy ( 1  972) stud ied the  abundance of  some a r t h r o p ~ d s  i n h a b i t i n g  
t h e  f o r e s t  f l o o r  i n  th ree  c l e a r c u t  areas t h a t  were prescr ibed burned i n  1960, 1961, 
and 1962, i n  nor th -cen t ra l  Idaho. General ly, they found more arthropods present 
and more tax4 represented an the  o lder  burns, and a t t r i b u t e d  t h i s  greater  r e l a t i v e  
abundance o f  i n d i v i d u a l  s t o  movement from adjacent unburned fo res ts ,  and re opul a t i o n  
from Z U ~ Y ~ Y O P ~  w l t h i n  the burned areas. The most abundant ar thropod i n  s o i r  samples 
on t he  o l des t  burn was the  carabid,  Amara e r r a t i c a  (Sturm). A p r o j e c t i o n  based on 
swnple dqta from t h e  1960 burn i n d i c a t e d t h e r e  cou ld  have been up t o  100 cqrabids 
per  squsre ya rd  (0.836m2) of s o i l  surface. Because of the abundance o f  t h i s  carab id  
--and i t s  seed-eating behavior-and because of one o r  more species o f  grasshoppers 
and cutworms, Kennedy and F e l l i n  (1969) recommended t h a t  d i r e c t  seeding of western 
wh i te  pine and perhaps o ther  c o n i f e r s  be done the  f i r s t  o r  s e c ~ n d  season a f t e r  
prescr ibed burning. 



The second research program on forest floor macrofauna in the northern Rockies 
was conducted by Clayton (1975). He studied forest floor insects where a wildfire 
had been a1 lowed t o  burn as a "prescribed f i re"  in a wilderness f i r e  management 
area. The f i r e  was ignited by 1 ightning on August 10, 1973, burned for 43 days 
and eventually covered 1,200 acres (486 ha). A1 though the f i r e  did burn intensely 
in some stands of trees, most of the area was only lightly burned by surface f i re .  
By summer of 1974 one had t o  look closely in places t o  see exactly where the f i r e  
had burned and where i t  had not .  

Regardless of the 1 ight burn, Clqyton (1975) found that 7 o u t  of the 13 groups 
of arthropods studied showed a significantly greater number of individuals in the 
burned areas of hill sldes and streamside than in unburned areas. On the other 
hand, four groups were more numerous in the control areas than in the burns. 
Clayton concluded t h a t  the effects of even a relatively 1 ight f i r e  on the arthropod 
cormunity can be easily seen a year later.  

The third study o f  forest residues, prescribed f i r e  and forest floor macrofauna 
was done between 1975 and 1977; results of t h a t  study are reported el sewhere in 
this proceedings (Fellin 1980b). 

RESEARCH ELSEWHERE IN THE UNITED STATES 

Probably the f i r s t  research done i n  this  country concerning prescribed burning 
and forest flaor fauna was done by Pearse (1943) on the Duke University forest. He 
found t h a t  earthworms, centipedes, millipedes, ants, and nesting pollinators were 
"signi ficantly--often seripusly--reduced ' in numbers af ter  a prescribed f i r e .  
Moreover, mechanical removal of 1 i t t e r  was even more detrimental to these organisms 
than was prescribed burning. One deficiency in Pearse's study was that samples 
were hand-sorted without magnification, so many small arthropods were no doub t  
overlooked in his sampling. 

Several researchers have reported the effects of macrofauna on seeds and 
seedlings. The importance of soil-inhabiting invertebrates i n  the destruction o f  
sown Douglas-fir seed in Washington was clearly demonstrated in a detailed study of 
the f a t e  of 440 radio-tagged seeds by Lawrence and Rediske (1962)-. Soil-surface 
invertebrates were found to have destroyed 11 percent of the seeds observed over a 
period of 22 weeks. In a northern California study of 3,200 tagged seeds, 29 percent 
were destroyed by soil-surface-inhabiting invertebrates (-3ohnsqn and others 1966). 
A1 so in Cal i fornia, cutworms damaged pine seed1 ings  o ow el 1 s I W O ) ,  usually by 
c l i p p i n g  seedlings in groups. In Florida, ti er moth larvae Apantesis radians Wl k. 
(Arcti idae) damaged pine seedlings (Ebel 1967 7 . In a study of seedspotting in 
Oregon (Frank1 in and  Hoffman l968), insects and other animals (rodents, birds, 
slugs, and shrews) were belleyed responsible for one-thlrd o f  the mortality of 
western white pine germinants. 

Several studies have shown t h a t  populations of surface arthropods (macrofauna), 
Sn the forest floor decreased af ter  f i re .  Buffington (1 967) compared populations 
of inyertebrates in the forest floor and surface soil o f  burned and non-burned 
areas abou t  q year af ter  a wildfire in the pine barrens of New Jersey. His samples 
from unburned areas were usually richer than those from burns, in numbers of b o t h  
taxa and indiyiduals. In an area of shrub steppe vegetation in southeastern Washing- 
t o n ,  two species of beetles were significantly reduced by a wildfire (Rickard 
1970). In Australia, b o t h  wild 4nd prescribed f i res  reduce populations of phasmatids 



i f  the fores t  f loor  i s  completely consumed (Campbell 1961 ),  and "fuel reduction 
f i r e s "  of low intensi ty substantial ly reduce populations of fores t  f loor  fauna (Leo- 
nard  1977). In African so i l s ,  burning destroys populations of termites and resul t s  
in impoverishment of these tropical s o i l s  (Reichert and Reeder 1972) .  

Although most groups of macrofauna are reduced by f i r e ,  i n  some instances, pre- 
scribed burning, often i n  pra i r ies  and grassland, increases arthropod density and 
biomass. Following a prescribed b u r n  in a grassland area (formerly a pine-hardwood 
f o r e s t ) ,  populations of herbivores (phytophagous) increased, presumably as a r e su l t  
of an increase in the food supply; a t  the same time, other groups such as predaceous 

ing (Hurst 1970). spiders, f l i e s ,  and scavengers showed l e s s  response t o  b u r n  

There are a t  l e a s t  three reports of grasshoppers being more numerous in burned 
than unburned areas. I n  the northern Rockies, Clayton (1975) found the orthopteran 
family Acrididae to  be more numerous in burned than in unburned coniferous fo res t s ,  
and Hurst (1970) reports grasshoppers to have increased in numbers a f t e r  p ra i r i e  and 
grassland f i r e s .  In a northern Minnesota jack  pine burn,  grasshoppers increased 
a f t e r  a f i r e ,  possibly due t o  recolonization from adjacent unburned fores ts  or  from 
survival i n  patches of unburned ground (Ah1 gren 1974). This recolonization from 
without or  repopulation from within burned areas could be a very s igni f icant  behavioral 
mechanism regarding the long-term effects  of f i r e  on fo res t  f loor  macrofauna. 

There are some interest ing evol utionary adaptations and imp1 icat ions among some 
groups of insects surviving f i r e s  o r  inhabiting or  recolonizing burned areas. In 
Montana, Clayton (1 975) coll ected grasshoppers from burned and unburned areas, ranked 
them from dark t o  l i g h t  and determined tha t  out of 60 specimens, the 20 most darkest 
were from the burned area. Several investigators have reported melanistic forms of 
grasshoppers and other orthopterans, pentatomid bugs  and noctuid larvae t o  inhabit 
burned areas i n  African savannas (Reichert and Reeder 1972). Many species of rodents 
and birds in grassland f i re  environments have color patterns tha t  harmonize with 
burned o r  pa r t i a l ly  burned yegetation. Such camouflage i s  useful t o  these species, 
since some predators seem a1 so to  be adapted to  f i r e s ,  and will congregate a t  f i r e s  
t o  feed on prey animals previously o u t  of s ight  in  the grass (Stoddqrd 1963; Komarak 
1969). 

RESEARCH ON IMPORTANT ARTHROPOD GROUPS 

Of the fpres t  f loor  macrofauna influenced by hqrvesting residue and f i re  manage- 
ment practices, a t  l e a s t  three orders of a r t h r ~ p o d s  deserve special at tent ion because 
of t h e i r  feeding behavior o r  t h e i r  response t o  s i lv icul tura l  o r  residue treatment. 
They are:  Coleoptera (beet les) ,  Hymenoptera (.main7y an t s ) ,  and Arqneida (spiders).  

Col eoptera 

Of a11 the fores t  f loor rnacrofauna, the beetles are probably the most abundant. 
Two t o  four families usually predominate. In a study of so i l  invertebrates in two 
aspen fores ts  in northern Minnesota, Wagner and  others (-1 977 1 c ~ l  1 ected 22 famil ies  
of beetles in the soi l  1 i t t e r  environment. The numerically dominant taxa were rove 
beetles (Sta  hyl idnidae), ground beetles ( ~ a r a b i d q e )  , cl ick beetles (Elateridae)  , g and so ld ier  eetles (Cantharidae). In a recent study i n  Montana (Fell in 1980b), 
carabids apd staphyl inids were the predominant fami 1 i e s .  



Some i nves t i ga to r s  have found t h a t  burning reduces bee t l  e populat ions.  Ah1 gren 
( 1  974) r epo r t s  t h a t  i n  fo res ted  areas f i r e  reduced most bee t l e  genera a t  l e a s t  tem- 
p o r a r i l y ;  she found fewer beet les  on burned than on unburned land  the f i r s t  three 
months a f t e r  prescr ibed burning i n  Minnesota jack  p ine stands. I n  southern p ine 
stands, a  60 percent decrease i n  bee t l e  popula t ions was no t i ced  i n  burned areas 
(Pearse 1943; Heyward and T i sso t  1936). I n  the  New Jersey p ine  barrens, f ou r  times 
more bee t l  es were found on unburned than on burned l and  ( ~ u f f i n g t o n  1967). 

I n  o ther  studies,  researchers r e p o r t  t h a t  bee t l  e popula t ions increased f o l l  owing 
burning: 1  ) Tester  and Marshal l  (1961 ) found bee t le  numbers t o  increase fo l low ing  
burn ing i n  a  Minnesota p r a i r i e ,  2)  beet les  increased i n  number on burned transmission 
l i n e s  i n  M i ss i ss i pp i ,  and 3 )  i n  an I l l i n o i s  p r a i r i e ,  a f t e r  an i n i t i a l  reduct ion,  
beet les  reco lon ized r a p i d l y  fo l l ow ing  burning (Rice 1932). Ahlgren (1974) r epo r t s  
t h a t  bee t l e  popula t ions i n  grasslands and p r a i r i e s  a re  n o t  as affected by f i r e  as 
they a re  i n  t he  f o res t ,  p a r t l y  because of lower s o i l  temperatures dur ing  f i r e s  and 
p a r t i a l l y  because o f  the  sa fe t y  i n  p a r t i a l l y  burned grass tussocks, I t  w w l d  appear 
t h a t  i n  prescr ibed burning i n  con i ferous f o res t s ,  p a r t i c u l a r l y  i n  p a r t i a l  c u t t i n g s  
where res idue i s  no t  as abundant, t h a t  beet les,  as we l l  as  other  arthropods, could 
seek re fuge from which burned areas could  be q u i c k l y  repopulated f o l l o w i n g  burning. 

I n  Finland, Huhta and o thers  (1962) found the dens i t y  of a d u l t  Coleoptera t o  be 
very  h igh  the  f i r s t  year  a f t e r  c l e a r c u t t i n g  and t o  remain h igh  a l so  dur ing  the  second 
year,  bu t  t o  begin t o  decrease i n  the t h i r d  year  a f t e r  c l ea r cu t t i ng .  Subsequent 
burn ing apparent ly  had no ser ious e f f e c t  on the  beet les,  These i nves t i ga to r s  f e l t  
t h a t  a d u l t  beet les  a re  so s w i f t  t h a t  they can presumably escape danger by running 
i n t o  cracks and holes, which if deep enough, w i l l  a l l ow  the  animals t o  su rv ive  u n t i l  
t he  f i r e  passes by. Later ,  i n  comparing types of c l ea r cu t t i ng ,  Huhta (19761 found 
bee t les  ( o the r  than ~ t a p h y l i n i d a e )  t o  be most abundant i n  a  young c l ea rcu t  area 
stocked w i t h  p ine  seedl ings and w i thou t  a shrub layer .  A l l  c l ea r cu t  areas harbored 
s i g n i f i c a n t l y  lower numbers of bee t l e  la rvae  than the  unt reated con t ro l  s i t e .  Huhta 
(1976) c i t e s  o ther  i nves t i ga to r s  who r e p o r t  a decrease i n  t o t a l  dens i t y  of Coleoptera 
a f t e r  c u t t i n g .  

Coleoptera (Carabidae).--probably one of the most important groups of f o r e s t  
f l o o r  arthropods a re  t he  ground beet les,  o r  carabids. Though a few species c l imb, 
f l y ,  o r  both, most are r e s t r i c t e d  t o  the  ground level (Kulman 1974) and are vulnera- 
b l e  t o  harvest ing,  residue, and f i r e  management p rac t i ces .  Among the numerous species 
a re  those t h a t  a re  both " b e n e f i c i a l "  and "harmful". I would l i k e  t o  review f ou r  
aspects o f  ca rab id  ecolo y: 1)  as a f fec ted  by f i r e ,  2). as b i o l o g i c a l  con t ro l  agents, 
3)  as seed eaters,  and 4 3 as in f luenced  by the  f o r e s t  environment. 

Carabids and f i re.--As w i t h  some o ther  groups o f  Coleoptera, some species o f  
carabids a re  inf luenced by prescr ibed burning and w i l d f i r e ,  I n  an area where w i l d -  
f i r e  had been al lowed t o  burn i n  western Montana, Clayton (1975) found carabids t o  be 
more numerous on unburned con t ro l  areas than on burned s i t e s .  Wi th in  the burned 
area, he found more carabids i n  a r i p a r i a n  woodland along a creek bank than on a 
south slope ponderosa p ine savanna. I n  a study of carabTds i n  F l o r i da  p ine  f o res t s  
which had e i t h e r  been burned annual ly  o r  unburned f o r  10 years o r  longer,  Ha r r i s  and 
Whitcomb (1974) c o l l e c t e d  85 percent o f  t he  beet les  ( represent ing 7  species i n  4 
genera) i n  p l o t s  t h a t  had no t  been burned f o r  10 years, and where lea f  l i t t e r  was 
present fo l l ow ing  f i r e ,  c~mpared t o  annual ly  burned fo res ts .  I n  Aus t ra l i an  Pinus 
r a d i a t a  p lan ta t ions ,  French and K e i r l e  (1  969) found t h a t  c a r a b i d ~  were reducedimme- 
d i a t e l y  a f t e r  f i r e ,  bu t  they were t he  f i r s t  group of i n sec t s  t o  reco lon ize burned 
areas. 



Carabids as biological control agents.--Many species of carabids feed on other 
insects  near, on,  or in the ground, as well a s  larvae t h a t  drop t o  the fores t  f loor  
from t rees  above (Kulman 1974). As such, they e f fec t  a certain amount of biological 
control against several species of fores t  insects ,  including the gypsy m o t h ,  Porthe- 
t r i a  dispar (1. ),  the eastern spruce budworm, and a species of sawfly. - 

Kulman (1974) c i t e s  e a r l i e r  investigators who report tha t  in some areas the 
ground beetle,  Calosoma sycophanta was the most important s ingle control factor  of 
the gypsy m o t h .  More recently, however, Campbell (1 967) considers tha t  C. sycophanta 
probably can be an ef fec t ive  population influencing fac tor  only in areas where dense 
host populations have persisted fo r  several years. 

Calosoma frigidum (Kearby), i s  reported as  a predator of the eastern spruce 
budworm. In two white spruce plantations near Saul t Ste. Marie, Ontario, these large 
black carabids were observed crawl ing over the fol iage and eating budworm larvae; 
they a l so  seized and a t e  larvae placed in f ront  of them ( f i g .  13).  A1  t h o u g h  no 
quanti tat ive data i s  avai lable on the impact of these carabids on budworm populations, 
investigators (Sanders and Van Frankenhuyzen 1979) feel tha t  the s ize ,  numbers, 
and manner of searching the current foliage suggests t h a t  the beetles may have played 
an important ro le  in reducing spruce budworm populations in these two white spruce 
plantations. 

As a portion bf a larger  study of natural enemies of the eastern spruce budworm 
(Jennings and others 1979) Reeves and Jennings (1977) are studying carabid beetles 
associated with the spruce budworm. One of t h e i r  objectives i s  t o  determine i f  stand 
composition and spruce budworm infestat ion can be correlated with carabid beet1 e 
populations. Other s tudies show t h a t  some species of ground beetles are e f f i c i en t  
predators of spruce budworm larvae tha t  reach the fores t  f loor (Krall and Simmons 
1977, 1979). This happens most commonly when a11 the new fol iage has been consumed 
a n d  budworm larvae spin down t o  the ground o r  low vegetation. 

In a study of two 'ack pine stands l igh t ly  infested with Neodiprion swainei 
Midd., Tostowaryk (1973 3 found three species of Pterostichus preyed'to a limited 
amount on sawfly cocoons, but the ground beetles preferred Tly puparia. Tostowaryk 
(1973) concludes t h a t  these carabids are  probably only of minor importance in the 
control of N. swainei. 

Carabids a s  seed eaters.--Many species of carabids are phytophagous (plqnt 
feeders) ,  often feeding on conifer seeds or seedlings. Johnson and Cameron (1969) 
l i s t  159 species of Carabidae belonging t o  33 genera tha t  are known t o  use vegetable 
matter as  food in varying degrees, with some species u s i n g  i t  almost exclusively. 
Certain genera feed on berr ies ,  seeds, tender shoots, and pollen and fol iage of 
plants ( ~ s s i g  1942). Species in the genera Harpalus, Zabrus, Omophran, and Amara ea t  
cereal and seeds of plants (Imms 1948). Of those s p e c m a t  use vegetable matter 
as  food, species in nine genera a re  known t o  feed on coniferous seeds and seedlings. 

In the northern Rockies, Kennedy and Fell in (1969) found the carabid, Amara 
er ra t ica  t o  be the principal insect  destroying western white pine seeds a f t e r d i r e c t  
seeding in clearcut  areas tha t  had been prescribed burned in northern Idaho. They 
indicated tha t  spring sowing o f  seeds treated with Endrin, Arasan, and aluminum 
powder prevented carabid damage t o  seeds. However, Johnson and others (1966) indi- 
ca te  tha t  "apparently the protective coatings currently in use fo r  reducing seed 
losses t o  birds and rodents have l i t t l e  adverse e f fec t  on the ground beetles." 

In Washington, Johnson and others (1966) found the carabid, - Amara sp. t o  be of 
minor importance as a seed-eater, b u t  a t  l e a s t  s ix  other species of carabids were 
found t o  feed on conifer seed. One species was most abundant in o en areas and 
recently logged habitats;  another spec ies  a t e  seeds over which bar ! or  wood chips had 



Figure 13.--Ground beetles (Cmabidael are one of the more important 
groups of forest floor ar+hropods. Some species feed on plant 
materials, incZud<ng conifer seeds. Most species are predators, 
peding on insects and other arthropods on the so i l  smface,  as 
m Z Z  as larvae, such as spmce buchom, that drop t o  the forest 
floor from trees  above IKuZman 1974 ) .  



been p laced f o r  p r o t e c t i o n  f rom rodents  (D ick  and Johnson 1958). One species,  Harpa- 
l u s  cautus ( ~ e ~ e a n )  was o f t e n  found under p ieces o f  bark  o r  wood l y i n g  on t h e  ground, - 
b u t  my moved t o  a new p lace  of she1 t e r  i f  the  wood c h i p  was removed. Th is  be- 
h a v i o r a l  t r a i t ,  p robab ly  common t o  many c a r a b i d  species, has i m p l i c a t i o n s  i n  res idue  
management p r a c t i c e s  and f o r e s t  regenera t i on  programs. 

Seed cach ing has been r e p o r t e d  f o r  a t  l e a s t  3 s e c i e s  o f  carabids--Har a l u s  
enns l v a n i c u s  (DeGeer), y. e r r a t i c u s  Say ( K i r k  1972 , and 5 nuchus sp. Y 7-pecies, even though they cache seeds, apparent  y do n o t  e a t  them. 

Carabid b e e t l e  damage t o  c o n i f e r  seed i s  common i n  Europe (NUss l in  and Rhumbler 
1922; Gzbler  1954). Har a l u s  pubescens (MU1 1 )  feeds on seed and seed1 i n g s  of  c o n i -  
f e rs  ( u s u a l l y  chewing --%I-- see rngs o f f  j u s t  above t h e  ground surface).  Species o f  
P te ros t i chus ,  Calathus, Poec i lus ,  Bembidian, and Harpalus feed  on seed i n  n u r s e r i e s  
(NUssl i n  and Rhumbler 1922; ~ i ' b l e r 1 9 6 4 . ) B e e t l e s  i n  t h e  genus Harpalus have des- 
t r o y e d  up t o  80 percent  o f  t h e  seeds and seed l ings  i n  nu rse ry  beds. 

Carabids and t h e  f o r e s t  environment.--Several i n v e s t i g a t i o n s  have shown some 
impor tan t  r e l a t i o n s h i p s  between t h e  f o r e s t  environment and c a r a b i d  behav ior .  Johnson 
and h i s  c o l l  eagues (1  966) s t u d i e d  t h e  r e l a t i v e  abundance and seasonal occurrence of  
s i x  species of P t e r o s t i c h u s - - a l l  seed e a t e r s - - i n  t h r e e  v e g e t a t i ~ n  cover types near 
Chehal i s ,  Wash. Of t h e  s i x  species, P. a l g i d u s  ( ~ e C o n t e )  was t h e  most abundant, 
e s p e c i a l l y  d u r i n g  October i n  an open grown and r e c e n t l y  logged h a b i t a t .  Another 
species, P. v u l g a r i s  was the  most abundant f rom J u l y  t o  September and a l s o  more 
abundant ?n open stands aqd on r e c e n t l y  logged land  than i n  dense f o r e s t  cover.  Peak 
numbers occur red d u r i n g  t h e  p e r i o d  o f  n a t u r a l  seed fa1 1 and p r i o r  t o  t h e  t ime  t h a t  
d i r e c t  seeding would take  place.  

From t h e  r e s u l t s  o f  a s tudy o f  carab ids  i n  t r e m b l i n g  aspen, Po u l u s  t remulo ides 
Mich., stands d e f o l  i a t e d  by t h e  f o r e s t  t e n t  c a t e r p i l l a r ,  Malacosoma 9s i s s t r i a  Hiibner, 
Kulman, G r i m ,  and W i t t e r  ( I n  press)  speculated t h a t  severa l  species of ground b e e t l e s  
p re fe r red  stands w i t h  l e s s  ground cover and g r e a t e r  humid i ty -bqth  f q c t o r s  be ing 
r e l a t e d  t g  l e s s  exposure o f  t h e  f o r e s t  f l o o r  i n  non-defo l ia ted stands. Stands exposed 
and grassy f rom 4 yea rs  of d e f o l  i a t i o n  were apparen t l y  u n a t t r a c t i v e  t o  q t  l e a s t  t h r e e  
species s tud ied.  

S tud ies  i n  Minnesota show t h e  r e l a t i o n s h i p s  of t r e e  s 
fauna. In  n o r t h e r n  Minnesota, Kulman and Cushwa ( I n  Press 
Say t o  be most abundant i n  aspen stands and Calathus 
i n  j a c k  p i n e  stands. P t e r o s t i c h u s  a d s t r i c t u s  was t h e  most abundqnt b e e t l e  i n  a l l  
stands. I n  southern Minnesota, t h e  abundance of severa l  c a r a b i d  species v a r i e d  
between stands o f  r e d  oak, Quercus borea l  i s  Mich.,  t r e m b l i n g  aspen, and sugar maple, 
Acer saccharum Marsh (Kulman, W i  t t e r ,  and Skalbeck, I n  Press).  

M a r t i n  (1965) s t u d i e d  t h e  abundance o f  cqyabids i n  r e d  p i n e  p l a n t a t i o n s  o f  
v a r y i n g  ages i n  four  stages of development: 1) es tab l ishment ,  2 )  t r a n s i t i o n a l ,  
3)  monoculture, and 4 )  young f o r e s t  stages. He found four  species t g  ij peqr o n l y  i n  
t h e  open or semi-open c o n d i t i o n s  p r i o r  t o  crown c l o s u r e  (s tages 1 and 2 _ .  7 Several 
species o f  Har a l u s  were abundant o n l y  p r i o r  t o  crown c losu re .  Several species were re found i n  a1 four  developmental stages, though most common o r  ex t remely  abundant i n  
t h e  l a t t e r  stages o f  stand development. 

I n  h i s  t r e a t i s e  of ca rab ids  and t h e i r  environments, T h i e l e  (1977)- no tes  t h a t  
" c h a r a c t e r i s t i c  s o c i e t i e s  of ca rab ids  can be assigned t o  some f o r e s t  p l a n t  communi>ty", 
b u t  t h a t  " i t  i s  n o t  t o  be expected t h a t  a p a r t i c u l a r  species be found e x c l u s i y e l y  i n  
any one p l q n t  c o m u n i t y . "  I n  Europe, c a r a b i d  fauna i n  f o r e s t s  hqs l i t t l e  i n  common 
w i t h  t h a t  of  a d j o i n i n g  f i e l d s  ( T h i e l e  1977). 



coleoptera-Staph1 inidae. --A1 though probably not as imp~rtant as carabids, 
some species of staphyl inids (rove beetles) are influenced by forest management 
practices. In Finland, Huhta (1976) found the density of staphyl inids t o  be very 
high in some clearcut areas where stocked pine saplings had failed t o  grow, b u t  
where spruce, birch, and mountain ash formed a sparse shrub layer. Ten years 
ear l ier ,  Huhta and others (1967) reported a strong b u t  transitory increase in 
Staphylinfdae soon af te r  clearcutting. H u h t a  (1976) c i tes  other authors who report 
a decline i n  staphyl inid populations, accompanied by alterations i n  species composi- 
tion, in clearcut areas in Poland. 

Hymenoptera (Formici dae) 

The fomicids, or ants, are a1 so an important component of the 
macrofauna. Like the carabids, ant populations are known t o  be inf 
and many species of ants are effective predators. 

forest floor 
1 uenced by f i re, 

Ants and fire.--Although most groups of forest floor arthropods are either 
decimated or reduced by b u r ~ S n g ,  several investigators have reported ants t o  be 
more numerous in burned areas. According to Ahlgren (1974)., ants are less affected 
by f i r e  than many other groups because of their adaptations to hot xeric conditions 
of early postfire topsoil. Moreover, their cryptic habits enable them t~ survive 
f i r e  below the levels o f  intense heat and their colonization habits and social 
organization adapt them t o  rapid re-establ ishment on burned land. Even t h ~ u g h  ant 
populations are destroyed by f i r e  or are less numerous in burned areas, they are 
often the f i r s t  to recolonize burned areas (French and Keirle 1969) ,  a t  times 
within 1 hour af ter  a f i r e  (Komarek 1970). 

Two studies in the northern Rockies report t h a t  ants were generally more 
abundant on burned than unburned areas. In his study in western Montana where a 
wilderness wild-fire was allowed to b u r n ,  Clayton (1975) found that by both numbers 
of individuals and species ants were more numerous on the burned than on the unburned 
areas. Of five genera studied, he found: 1 ) three genera to be more numerous on 
burned s i tes ,  2 )  one genus more abundant in an unburned ares, and 3 )  one genus with 
no difference in populations between burned and unburned areas. More recently 
Fell i n  ( 1  98Ob) reported F~rmicidae were more numerous in burned weas a f t e r  prescribed 
f i r e  than in unburned areas. 

Studies elsewhere also report ants t o  be a b u n d a n t  in burned areas. Although 
bo th  Pearse (1943) in the long l e a f  pine region, and Buffington (1967) in New 
Jersey reported a reduction i n  ant populations fol lowing burning, Pearse reported 
an increase in the species proportion on the burned area and Buffington found two 
ant species strikingly more numerous on burned land. In the pine regions of the 
South ,  Heyward and T ~ S S Q ~  (1936)- found more ants in burned 0 to 2 fnch mineral soil 
layers t h a n  in unburned soil .  I n  grass and prairie habitats, both Rice (1932) and 
Hurst (1 970) found ants t o  be more numerous following f i r e  or on burned areas. 

Ants as predators.--Several species of ants qre reported t o  be associated as 

E redators of both the eastern and western spruce budworm and the jack pine budworm. 
nts also interact with bo th  carabids and spSdeys i n  a predaceous or c~mptetitive- 

type relqtionship. 

In his studies with the jack pine budworm, Allen (1968) f~und Cam onotus 
noveboracensis (Fitch) to be a common inhabitant in a l l  jack pine stan +k- s studied, 
and two species of Formic4 were also associated with j a c k  pine budworm po ulations. 
A t  some s i tes ,  A l l e m  from 100 to 400 nests gf r. exsect~ides (Forel 7 per acre 



w i t h  every t r e e  i n  the  stand c o n t i n u a l l y  covered w i t h  ants, Budworm la rvae  f a l l i n g  
t o  t he  ground were imnediate ly  a t tacked by a worker ant  and dragged t o  a  nest,  and 
ants  would commonly scur ry  down s i l k  threads a f t e r  budworm l a r vae  sp inn ing down 
from a feeding s i t e ,  A l l e n  and h i s  col leagues (1970) r e p o r t  t h a t  both C. novebora- 
cens is  and r. exsectoides had l i t t l e  success prey ing on budworm l a r vae  i n  the  
f o l i a g e  because o f  the  l a r v a l  feed ing tunnels  and the  s i l k  surrounding them. Th is  
i s  probably why n e i t h e r  an t  species was ab le  t o  i n f l uence  jack p i ne  budworm popula- 
t i o n s .  Jennings (1971) r epo r t s  t h a t  6 species o f  Formica a c t i v e l y  preyed on l a t e  
i n s t a r  j a c k  p ine budworm when the  la rvae  were dis lodged from t h e i r  feeding s i t e s  
w i t h  long  poles. 

I n  a study o f  the  in t roduced wood ant, Formica lugubr i s ,  McNeil and h i s  asso- 
c i a t e s  (1978) found t h a t  l a rge  numbers o f  the  eastern spruce budworm were removed 
from the  popu la t ion  by t he  ants.  They be l i eve  t h a t  t h i s  in t roduced wood an t  could 
p l a y  a  role i n  an i n t eg ra ted  con t ro l  program against  the  spruce budworm. 

I n  Montana, Bain  (1974) s tud ied  the r e l a t i o n s h i p  o f  two wood an t  species, 
Formica obscuripes  o or el ) and E. c r i n i v e n t r i s  (Wheeler) w i t h  the  western spruce 
budworrn. He found t h a t  ants foraging i n  the f o l i a g e  o f  budworm-infested t rees was 
an impor tant  f a c t o r  i n  causing l a r vae  t o  f a l l  t o  the ground where they were f u r t h e r  
preyed upon by ants. Ba in  est imated t h a t  dur ing  the  per iod  o f  l a r v a l  development, 
as many as 12,000 budworm la rvae  could be gathered by the  ants  from a s i n g l e  nest.  
He acknowledges t h a t  wh i l e  t h i s  pressure may no t  be s u f f i c i e n t  t o  completely suppress 
t he  budworm populat ion,  predat ion by ants  represents a  formidable f a c t o r  i n  s lowing 
t he  r a t e  o f  i>ncrease i n  budworm populq t ions and reducing t he  o v e r a l l  economic 
damage caused by the  budworm. 

Populat ions of predaceous an ts  are a lso  repor ted t o  i n f l uence  carab id  numbers 
i n  some hab i ta ts ,  bu t  apparent ly  t o  have l i t t l e  i n f l uence  on spiders,  Th ie l e  
(1977) r epo r t s  t h a t  ants  can e x e r t  a considerable in f luence  on carab id  p o p u l a t i ~ n s  
and the  hab i t a t s  they occupy. Carabids a re  at tacked and sever l y  i n j u r e d  by ants;  
i n  t he  v i c i n i t y  of Formica nests, there was a sharp decrease i n  numbers of both 
species and i n d i  v i d m  carabids. A1 t h ~ u g h  some i nyes t i ga to r s  have repor ted a 
competi t i ve - t ype  re1 a t i onsh ip  between ants and spiders,  Yan der A r t  and DeWi t 
(1971) found no s i g n i f i c a n t  d i f f e rence  i n  t he  composit ion o f  the  fauna of  wandering 
spiders,  o r  i n  t he  t o t a l  number of spiders caught between a h a b i t a t  i n  which ants 
were numerous and a c~mparab le  h a b i t a t  w i thou t  ants. 

Ants and the  f o r e s t  environment. - - I n  h i s  s tud ies discussed e a r l  i ey ,  Mar t in  
(1965) l i s t s  f i v e  species of ants  i n  four genera tha t  genera l l y  occur p r i o r  t o  
crown closure,  wh i l e  two o ther  species o n l y  appeared i n  the las t  two stages of 
stand dew1 opment, macrocul t u r e  and young fo res t  stages. Wagner and o thers  (1 977) 
observed 12 species o f  ants, most ly  woodland species, i n  two aspen fo res ts  i n  
nor thern  Minnesota. 

Araneida (Spiders 1 

A t h i r d  group o f  impor tant  f o r e s t  f l o o r  macrofauna a re  the  spiders.  As w i t h  
t he  beet les  and ants, many species o f  spiders are known t o  be predaceous. S ~ m e  
species a re  associated w i t h  f o r e s t  development and popula t ions o f  many species a re  
af fected by f i r e .  



Spiders and f i re . - -Severa l  s tud ies o f  the  e f f e c t s  o f  f i r e  on spiders have been 
made i n  t h i s  country;  however, the  most exhaust ive research on sp ide r - f i r e  i n t e rac -  
t i o n s  has been done i n  Finland. 

I n  the  nor thern Rockies where a w i l d f i r e  had been al lowed t o  burn, Clayton 
(1975) found sp iders  t o  be more numerous i n  areas t h a t  had been burned than i n  
con t ro l  areas, Wi th in  the  burned areas, spiders were d e f i n i t e l y  more numerous and 
more species were represented i n  a r i p a r i a n  woodland than on a south slope ponderosa 
p ine  savanna. E l  sewhere i n  these proceedings, F e l l  i n  (1 98Ob) r epo r t s  the  r e s u l t s  
o f  a  recent  study o f  the  e f f e c t  o f  prescr ibed burning and harvest ing p rac t i ces  on 
sp iders  and o the r  f o r e s t  f l o o r  macrofauna i n  western Montana, 

Reicher t  and Reeder (1972) s tud ied the  immediate and long-term e f f e c t  o f  
burn ing on sp iders  i n  Wisconsin p r a i r i e s ,  They found t h a t  species a c t i v e  on the  
surface a t  the  t ime o f  burning were e l iminated,  wh i l e  those occupying subsurface 
burrows, o r  sacs under rocks o r  cl umps o f  dense vegetat ion escaped thermal damage. 
The g rea tes t  decrease i n  numbers was no t i ced  two weeks a f t e r  the  burn, fo l lowed by 
a slow increase. Even a f t e r  45 days, however, the numbers i n  the  burn were no t  
equal t o  those i n  the  con t ro ls .  

Reicher t  and Reeder (1972) recognize t h a t  some sp ider  species may be i n d i r e c t l y  
a f f ec ted  by a  burn through changes i n  the  p l a n t  cgver and t h a t  "seasonal a c t i v i t y  
pa t te rns  1 a rge l y  determine the  d i f f e r e n t  response of sp ider  popula t ions t o  the 
immediate e f fec ts  o f  burning. " They concl uded t h a t  the  abundance and species 
composit ion o f  sp iders  a re  both r e l a t i v e l y  s tab le ,  and t h a t  species i n h a b i t i n g  the  
p r a i r i e  have adapted t o  t he  e f f e c t s  o f  p e r i o d i c  burning. 

I n  o the r  studies,  Pearse (1943) considered sptders, a long w i t h  roaches and 
ants, t o  be we l l  adapted f o r  ex is tence i n  a burned area; bu t  Rice (1932), Bu f f i ng ton  
(1967), and Heyward and T i sso t  (1  936) thought sp iders  t o  be one of t he  groups l e a s t  
we l l  adapted t o  burning. Algren (1974) c i t e s  several authors i n  r e p o r t i n g  t h a t  
spiders,  p r ima r i  l y  surface dwel lers,  a re  d ras t i c81  l y  reduced by f i r e  i n  most areas, 
w i t h  popu la t ion  decreases of from 9 t o  31 percent. I n  one study, Hurs t  (1970) 
repor ted  an increase, p r i m a r i l y  ground and wolf spiders,  f o l  l ow ing  f i r e .  

Huhta (1965, 1971 ) has i n t e n s i v e l y  s tud ied ecology of sp iders  i n  the  1 i t t e r  
and s o i l  o f  F inn ish  fo res ts ,  mos t l y  i n  r e l a t i o n  t o  s i l v i c u l t u r a l  p rac t i ces  and 
prescr ibed burning. He found t h a t  after c lea rcu t t i ng ,  the  abundance o f  t y  i c a l  

l l  species decreased, and species f o r e i g n  t o  the  o r i g i n a l  fauna spread i n t o  t e cutover  
areas; though t he  species were var ied,  t he  t o t a l  numbers of i n d i v i d u a l s  were about 
60 percent l e s s  than i n  t he  uncut area (Huhta and o thers  1967). Fol lowing burning, 
which almost t o t a l l y  destroyed most o f  the  o r i g t n a l  popula t ions (Huhta and others  
1967), the  number o f  i n d i v i d u a l s  remained cont inuous ly  low and the  composit ion o f  
t h e  fauna was unstable; most species were markedly l ess  frequent a f t e r  burning and 
occurred o n l y  spo rad i ca l l y  i n  t he  burned s o i l  (Huhta, 19651.. Between years 7  and 
13,  f o l l o w i n g  c u t t i n g  and burning, t he  composit ion of the  sp ider  comnunity rever ted  
towards t he  o r i g i n a l  f o res t  s i t ua t i on .  I n  a more recent  study, Huhta (19.76) con- 
f irmed h i s  e a r l  i e r  observat ions t h a t  t h e  dens i t y  of sp iders  decreased cons iderab ly  
a f t e r  c l ea r cu t t i ng ,  bu t  i n  two o f  h i s  c l ea r cu t  areas, he was no t  ab le  t o  show signs 
o f  sp ider  recovery. 

E l  sewhere i n  Europe, Brabetz (1 978) s tud ied the  ef fec ts  o f  c o n t r o l  1 ed burning 
i.n some uncu l t i va ted  grasslands. I n  March and A p r i l  of 1975 and 1976, two parce ls  
o f  land  (20 x 56 meters) were burned, and two parce ls  s e t  as ide as a con t ro l .  I n  
t he  sp r ing  and summer a f t e r  the  f i r s t  burning, s i g n i f i c a n t l y  more sp iders  were 
t rapped i n  the  burned area; however, a f t e r  t he  second burning, spiders were more 
numerous i n  unburned areas. 



Spiders as predators.--Studies have shown that several species and groups o f  
spiders are associated as predators of the spruce and jack pine budworms, Though 
a l l  of these studies have involved spiders in the arboreal, rather than the forest 
floor environment, many species do move from the duff and l i t t e r  on to  the boles and 
into the crowns. 

Some studies began when i t  was discovered that spiders constituted about 
90 percent of the total invertebrate predator fauna and that in New Brunswick spider 
populations may have been as high as 250,000 per acre. These early studies indicated: 
1) a functional response of spider predation t o  budworrn populations, 2 )  a seasonal 
pattern of predation, 3) the relative importance of various spider families, and 
4 )  an explanation for previously unknown mortal i ty. Investigators establ i shed that 
spiders may significantly infl uence budworm populations (Loughton and West 1962; 
Loughton, Derry and West 7963). 

In a study of invertebrate predators of  the j a c k  pine budworm, Allen (1968) 
collected 51 species of spiders representing 15  families from the foliage and bark 
of jack pine; of those collected, nearly 75 percent were 5 families of hunting 
spiders with some potential as predators (Allen and others 1970). Several species 
of  the important groups collected on the tree boles were actually ground dwellers 
that foraged on t h e  boles and exerted some predatory influence. The spiders were 
commonly observed below tanglefoot barriers or scurrying around the bases of trees 
in the duff. 

Although i t  has been reported that the selection of moving prey by spiders 
precludes their having any effect on the egg stage of the budworm so ought on, Derry 
and West 1963), i t  has been recently determined that spiders do prey on spruce 
budworm egg masses (Jennings and Houseweart 1972) .  

The impact of spiders as predators of other soil-dwelling invertebrates i s  
poorly known (Wagner and others 1 9 7 7 ) ,  b u t  there qre some data that spider predation 
i s  an important subtractive process acting on populations of some faunq. After 
removing spiders from enclosed experimental areas, Clarke and Grant (1 968) found  
centipedes and Collembola, known spider prey, a t  higher densities t h a n  i n  the 
controls. Millipedes, no t  taken by spiders, were not consistently higher on areas 
where spiders had been removed. Although one spider species i s  reported t o  prey on 
certain species of carabids, ground beetles do not account for a large pa r t  of the 
prey (Jhlele 1977).  

Spiders and the forest environment.-Tolbert (1975) studied the preference of 
insects and spiders inhabiting the forest floor on one or more slopes and aspects 
on a small mountain in the Southeast. He found 20 of 34 species demonstrated 
shif ts  t o  slo es offering different exposures with t ime .  Southfacing slopes were E preferred by 0 percent of the species collected, while southeast and northwest 
exposures were least  preferred. Tolbert (1975) recognized that since plants have 
distributional preference, the herbivorous arthropods may have been responding t o  
specific food plants rather than slope conditions. Likewise, predaceous species 
may have been responding t o  the distribution and abundance of prey. 

Physical aspects of deciduous forest l i t t e r  habitat, either as structural 
micro-habitats or refuges from predation, are suggested as being important i n  
regulating within-habitat species diversity with some species o f  wandering spiders 
(Uetz 1975). A distinct l i t t e r  layer i s  important in the seasonal and daily activity 
of forest floor fauna in different habitats; the layer, in wooded areas, provided 
extra food and retreats during periods of inactivity (Williams 1959b).  



During four stages in the development of red pine plantations, spider and 
harvestmen (Phalangida) made up about one third of the arthropod fauna during the 
f i r s t  two stages-establ ishment and transitional . However, i n  the la t te r  two 
stages--macrocul ture and young forest--of community development, spiders made u p  
50 percent of the total arthropod fauna (Martin 1965). 

Forest Soi 1 Mesofauna 

Many studies, principally in North America and Europe, have dealt w i t h  the 
effect of harvesting, and residue management, and f i r e  management on forest soil 
biota. Most o f  the research has involved the effect of f i r e ,  bo th  prescribed and 
wildfire, on soil mesofauna, b u t  some investigators have studied the response o f  
mesofauna t o  silvicul tural practices. There i s  a general feel ing t h a t  harvesting 
stimulates the development of soil organisms, while prescribed f i r e  substantially 
reduces opulations, a t  least  temporarily. Recovery i s  usually fair ly  rapid, 
especial ! y in the upper layers of soil (Bell and others 19741.. I will review the 
studies o f  harvesting, residue management and f i r e  as related t o  soil mesofauna by 
geographic regions, and conclude the section by discussing soil and surface tempera- 
ture during f i res  and i t s  effect on mesofauna. 

RESEARCH IN WESTERN UNITED STATES 

In the northern Rockies, Fell in and Kennedy (1972) studied the relative abundance 
of forest soil fauna 1,  2 ,  and 3 years a f te r  western white pine forests were clearcut 
and prescribed burned. Considering a1 1 taxa, the total number of individual s 
collected in samples from the  1962 burn was nearly half again as great as samples 
from either the 1961 or 196Q burn. Excluding the mites (Acarina), arthropods i n  
samples from the 1960 burn outnumbered those from the 1961 burn by more t h a n  five 
times and were nearly four times more abundant t h a n  those from the 1962 burn .  The 
Acarina--which comprised 77 percent of the total fauna--were most abundant oe the 
1962 burn,  more than twice as numerous as on the 1960 burn ,  and 25 percent more 
abundant t h a n  on the 1961 burn. 

A recent study investigated the effects of harvesting and residue management 
practices, including prescribed f i re ,  on forest soi 1 mesofauna in northwestern 
Montana, Partial results of that study are presented elsewhere i n  th is  proceedings 
 ellin in 1980~) .  

Vlug and Borden (1973) studied soil Acari qnd Callembola populations for 
1 year i n  clearcut areas t h a t  were burned and n o t  burned, and in adjacent unlogged 
areas, in a coastal British Columbia western hemlock and western redcedar forest. 
They found the density of mites, Collembola, and other arthropods was reduced by 
logging, and was even further reduced by slash burning. P~pulation levels and 
diversity i n  the logged and burned areas was relatively high, however, indicating 
t h a t  neither treatment induced total mortal i ty. Moreover, there was a rapid reinva- 
sion of treated areas. The density of some mites and of Qne family of Callembola 
i n  the l i t t e r  and upper two layers of soil was progressiyely reduced by logging and 
slash burning, b u t  papul ation densities increased in the third and fourth soil 
levels. This indicated t h a t  ei ther  migration t o  deeper levels or adaptation t o  
conditions further be1 ow the surface had occurred. 



A t  l e a s t  two studies  have been made of mesofaunal populations in California 
f o r e s t  s o i l s .  Price ( l W 3 ) ,  in a study o f  the  fauna i n  the organic and upper so i l  
layers  under a ponderosa pine stand near Grass Valley, Cal i f .  showed a population 
densi ty of about 200,000 arthropods per square meter o f  f o r e s t  f l oo r .  About 150 spe- 
c i e s  were encountered, mostly mites (primarily o r i b a t i d s ) ,  followed by spr ingta i l  s 
(Col lembola). Wenz (1 976) investigated the  e f f e c t s  of wi ldf i re  on fo res t  so i l  
microarthropod populations in California.  He found tha t  of two wi ldf i res  studied 
both reduced v i r tua l ly  a l l  arthropod groups, and the e f f e c t s  were s t i l l  evident 2 
and 3 years a f t e r  the f i r e s .  

RESEARCH I N  EASTERN UNITED STATES 

Some of the  most comprehensive research i n  t h i s  country on the  e f f e c t  of 
s i  1 vicul tural  pract ices  and prescribed f i r e  on soi 1 mesofauna has been conducted by 
Metz and h is  co-researchers ( f i g .  14) .  Metz and Farr ier  (1971, 1973) presented the  
f i r s t  information concerning the e f f e c t s  prescribed burning of fo re s t  residues has 
on f o r e s t  so i l  mesofauna under defined conditions and frequency. Metz and Farr ier  
define the  f o r e s t  f l oo r  as  a l l  organic debris  overlying the mineral s o i l ,  and 
divide i t  in to  three  layers :  the  L, o r  l i t t e r  layer ,  made up of f resh ly  fa l len  
undecomposed material;  the  F ,  o r  fermentation layer ,  consis t ing of p a r t i a l l y  decom- 
posed L s t i l l  recognizable a s  t o  or ig in ;  and the H, o r  humus layer ,  consis t ing of 
we1 1 -decomposed organic rnqtter unrecognizable as  t o  or igin.  

In t h e i r  f i r s t  study (1971 ) ,  they found t h a t  mite populations were reduced 
more in the  surface 3 inches (75 mm) of mineral so i l  than i n  the  fo res t  f loor ,  
while numbers of collembolans decreased in the fo res t  f l oo r  with 1 i t t l e  change in 
t h e  mineral s a i l .  In 1973, Metz and Farr ie r  studied mesofaunal populations in 
unburned areas and in periodical ly and annually burned areas.  They found annual 
burns had the  most ser ious impacts on animals, whlle the  number of animals on the 
periodical ly burned p lo ts  was s igni f icant ly  greater .  The number of animals in the  
control s was not significantly d i f f e ren t  from those in the periodical ly burned 
areas.  They conclude t h a t  there a re  more mesofauna 1 )  in  a coniferous fo res t  f l oo r  
than in the so i l  beneath i t ,  2 )  i n  the surface of the  mineral so i l  than i n  the 
underlying layers ,  3) in the  lower layers  of the f o r e s t  f l oo r  t h a n  in the  surface,  
and 4 )  when sampled immediately before and a f t e r  burning on annwl ly  burned p lo t s ,  
t he  number of animals was reduced d ras t i ca l ly .  Metz and Fa r r i e r  (1973)  point out 
t h a t  there a re  no data in the l i t e r a t u r e  to  indicate  t h a t  t h e i r  r e su l t s  a r e  applicable 
t o  other  f o r e s t  types o r  burning regimes, 

H i l l ,  Metz, and Fa r r i e r  (1975) reviewed the e f f ec t s  of four s i lv i cu l  tural  
prac t ices- - fer t i  1 i ze r s ,  insec t ic ides ,  f i r e ,  and cutting--on f o r e s t  f l o ~ r  mesofauna. 
With respect t o  f i r e ,  they note t h a t  when f i r e  destroys much of the fo res t  f l oo r ,  
the  mesofauna a re  considerably reduced, e i t h e r  as  a r e s u l t  o f  death from heat and 
suffocation o r  by the removal of much of t h e i r  food supply and l iv ing  space. They 
indicate  t h a t  l i g h t  prescribed burns where only the L and par t  of the F layers  a re  
consumed, and where there i s  no erosion problem, have no l a s t i n g  e f f e c t s  on mesofauna, 
b u t  t ha t  the  e f f ec t s  of wi ldf i re  a re  more d ras t i c  and longer l a s t ing .  Metz and 
Dindqhl (1 975) report  t h a t  species d ivers i ty  of collembolans wqs increased by both 
annual and periodic f i r e s .  Concerning cut t ing  (mostly c l ea rcu t t ing ) ,  Hi1 1, Metz 
and Farr ie r  (1 975) a f t e r  c i t i n g  somewhat contradictory r e s u l t s  of several s tudies ,  
indicate  t h a t  mesofauna usually a re  decreased a f t e r  cu t t ing ,  and slowly return t o  
normal a f t e r  a number of years.  



Figure 14.--Prescribed b m i n g  of forest residues under a shelterwood 
siZvicuZtura2 system. Harvesting and siZvicuZturaZ practices, as we22 
as various residue managwen-t: treatments, including prescribed f&e, 
have dif ferentia2 e f f e c t s  on soiZ arthropods. CoZZemboZa and mites 
m e  the predominant groups of soiZ arthropods and most species are 
deeidedZy beneficiaZ . 



In the long-leaf pine fores ts  in the southeast, Heyward and Tissot (1936) 
compared fauna from "areas protected from f i r e  for  10 years o r  longer and similar  
s o i l s  subjected to  frequent f i r e s . "  They found 5 times more mites and col lembolans 
in the fo res t  f loor  of the non-burned than the burned-over areas.  In both the A0 

horizon and the upper 5 cm of mineral s o i l ,  mites and collembolans were 11 and 
3 times more abundant, respectively, in the non-burned than in the burned areas. 
They also found tha t  mites made u p  between 71 percent and 93 percent o f  the  fauna 
in unburned s o i l ,  and between 30 percent and 72 percent in burned s o i l ,  depending 
on depth. Rice (1932) a lso  found that  mites and Col lembola are  reduced by burning. 

Pearse (1943) hand sorted samples taken every 3 months from s i t e s  where l i t t e r  
had been burned over, raked o f f ,  o r  l e f t  undisturbed in North Carolina. His samples 
were 36 feet  square (3.3 m 2 )  and 6 inches (150 cm) deep. In a l l  instances, he 
found the la rges t  populations of both mites (90-95 percent) and collembolans (85- 
94 percent) in the fores t  f loor  and surface inch (2.54 cm) o f  mineral s o i l .  

RESEARCH ABROAD 

The majority of research concerning harvestin , residue, and f i r e  management 
and soi I mesofauna has been conducted by European predominantly Scandinavian) 
researchers; one study i s  reported from Australia. 

9 
In Finland, Huhta and others (1967) found that  the changes in the  s o i l  faun4 

as a r e su l t  of clearcutt ing were not too signif icant .  They found a decrease in the 
number of individuals, b u t  t he  same species were dominant. The number of species, 
in f a c t ,  increased because of an influx of new species from surrounding areas. 
Huhta and others (1967) demonstrated tha t  burning of the residues following t r e e  
harvesting was very destructive to  a l l  groups of soi l  animals, and tha t  the so i l  
and humus environment could be so changed tha t  the reinvasion by soi l  fauna could 
be delayed. They found tha t  many groups were permanently affected--ori bati d popul a- 
t ions were low for  7 years a f t e r  burning--but they suspected tha t  other animal 
groups might find conditions more favorable a f t e r  the b u r n i n g  and woul d experience 
a more or l e s s  temporary population resurgence i f  the organic layer was deep enough 
t o  remain a t  l e a s t  part ly unaffected by the f i r e .  In a l a t e r  study, H u h t a  and 
others (1969) fwnd the populations of some mites and Collembola to  be greater  in 
burned areas. 

Burning has been shown to  have some rather  dras t ic  e f fec t s  on one family of 
mites--the Oribatidae. 4 year following t h e  burning p f  residues on clearcut  fores ts  
with thick, raw humus layers, populations of oribat id mites were greatly reduced 
(~a rp innen  l957), showed no signs of recovery 5 years a f t e r  the burn ,  and were 
s t i l l  a t  low levels  7 years a f t e r  burning (Huhta and others 1967, 1969). The steep 
decl i n e  in or i  batid mite populations following burning persisted. In deep layers 
of s o i l ,  or ibat id populations were s t i l l  below pre-burning levels  27 years a f t e r  
the  burning (Karpinnen 1957). 

In a mwe recent study of the ef fec ts  of clearcutt ing,  
the biomass of so i l  invertebrates was a t  o r  even below orig 
a f t e r  cut t ing.  

Huhta (1976) found tha t  
inal levels ,  9 t o  13 years 

Another Scandinavian investigator reported mites t o  be 
than in burned fores ts  in northern Sweden, b u t  ascribed the 
population variation (Forssl und 1951 ).  

more numerous Sn unburned 
difference to  n~rmal 



I n  a study i n  Aust r ia ,  mi tes were found t o  be l ess  abundant i n  burned, than 
non-burned, areas (Jahn and Schimi tschek 1950). 

Fo l lowing a w i l d f i r e  i n  Aus t ra l  i a ,  s o i l  faunal popula t ions i n  severely burned 
areas were reduced when compared t o  popula t ions i n  l i g h t l y  burned areas (French and 
Kei r l  e 1969). 

Summarizing e s s e n t i a l l y  European research, Be1 1 and o thers  (1 974) repor ted 
t h a t  a l l  a v a i l a b l e  research i nd i ca tes  t h a t  numbers o f  s o i l  organisms ( a l l  b i o t a )  i n  
general a re  g r e a t l y  s t imu la ted  by cu t t i ngs .  Often, i n  some Scotch pine, Pinus d- 
v e s t r i  s, stands a f t e r  both she1 terwood and group se lec t i on  f e l  l ing, the  s t imu la t i on  
increases w i t h  t he  i n t e n s i t y  of the  f e l l i n g .  However, t he  response of s o i l  fauna 
t o  cu t t i ng ,  res idue treatments, and f i r e  t reatments appears t o  d i f f e r  from the  
response t o  c u t t i n g  only,  by b io ta ,  as Bell and others  have reported. 

MESOFAUNA CAN SURVIVE SURFACE FIRES 

Several i n ves t i ga to r s  have repor ted t h a t  many s o i l - i n h a b i t i n g  animals can 
surv ive  sur face f i r e s .  I n  t he  Southeast, Heyward and T i ssa t  (1936) i nd i ca ted  t h a t  
even very ho t  surface f i r e s  rare7y heat the  under ly ing s o i l  beyond 176" F t o  194" F 
(80" C t o  90" C )  a t  a depth g rea te r  than 114-inch (0.62 cm) below t he  surface. 
According t o  Heyward and Tiissot (1936), ". . .if e i t h e r  t he  animals themselves o r  
t h e i r  eggs were o n l y  1/4- t o  1/2- inch (1.2 crnl beneath the  s o i l  surface, they would 
stand i n  exce l l en t  chance o f  escaping harm dur ing  the  f i r e . "  

A recen t  study on an experimental area where c l e a r c u t  logg ing s lash exceeded 
100 tons/acre, prescr ibed burned i n  l a t e  Ju ly ,  du r ing  hot, d r y  weather i n  the  
nor thern  Rocky Mountains, showed t h a t  an extremely ho t  surface f i r e  can generate 
temperatures as h igh as 300' F (149' C) a t  a depth o f  5/8-inch (16 mm) (R. C. Shearer, 
personal communicatlon~. No doubt, most i nsec t s  w ~ u l d  hqye t o  have been deeper 
than 5/8 i nch  under the  s o i l  t o  su rv ive  such temperatures. However, because the 
i n t e n s i t y  o f  heat var ied,  average and maximum temperatures a t  a depth o f  5/8-inch 
i n  p a r t s  o f  the  burn were c ~ n s i d e r a b l y  lower, and s o i l  i nsec ts  i n  these po r t i ons  o f  
t h e  burn cou ld  have survived. 

Reicher t  and Reeder (1972) found surface temperatures dur ing  f i r e s  i n  p r a i r i e s  
t o  be between 120" C and 200" C, and the  dura t ion  o f  l e t h a l  temperatures was shor t - -  
70 t o  140 seconds. Subsurface s o i l  temperatures a t  0.5 and 1.0 cm (16°C t o  20°C) 
were y i r t u a l  l y  unaf fected by the  b r i e f  heat ing a t  t he  surface. Reicher t  and Reeder 
(1972) suggested t h a t  sp iders  below t he  s o i l  surfqce a re  we l l  pro tected from d f r e c t  
heat ing,  and usua l l y  cou ld  escape heat darnqge. 

Brown and Dayis (1973) noted t h a t  the  heat ing o f  s o i l  by f i r e s  t o  a l e v e l  
l e t h s l  t o  l i v i n g  protoplasm usua l l y  occurs on l y  c lose  t o  t he  s o i l  surface. They 
continue, "repeated f i r e s  can reduce t he  number o f  s o i l  organisms near t he  surface, 
w h i l e  increased average s o i l  tem eratures f o l l ow ing  burning can increase the  number 
o f  organisms present." Coul ts ( I; 945) found t h a t  i n  t h e  t op  i nch  of South A f r i can  
ve ld  s o i l  popula t ions o f  a m a j o r i t y  of t he  i nve r t eb rq te  species surv ived burning. 



RESIDUES, FIRES, INSECTS, AND FOREST SUCCESSION 

It i s  genera l l y  accepted t h a t  nor thern Rocky Mountain f o r e s t s  have evolved i n  
t h e  presence o f  repeated f i r e s .  The pa t t e rn  o f  f o r e s t  succession f o l l o w i n g  f i r e s  
i n  the  nor thern Rockies has been def ined as ". . .a sequent ia l  development o f  vegeta- 
t i o n  i n  which the  more r a p i d l y  matur ing and o f t e n  shade- in to lerant  p l an t s  assume 
i n i t i a l  dominance, and, i n  turn ,  a re  dominated by t a l l e r ,  slower growing, and o f t e n  
more s  hade-to1 e ran t  species" (Lyon and St ickney 1976). 

Natural  f i r e s  have been a major i n f l uence  on p l a n t  succession (Houston 1973). 
However, the re  i s  evidence t h a t  suppressing f i r e s  i n  areas managed f o r  "naturalness" 
may be a ser ious d i s r u p t i o n  o f  na tu ra l  processes (Mutch and A l d r i c h  1974). I n  
Ye1 lowstone Nat iona l  Park, a reduct ion i n  f i r e  frequency through f i r e  suppression 
has resu l t ed  i n  a  g rea te r  expression o f  " c l i m a t i c  c l imax"  vegetat ion,  and f o r e s t  
succession has changed the r e l a t i v e  abundance o f  species and increased the  dens i t y  
and d i s t r i b u t i o n  o f  fo res ts .  Coni fers  have increased, bu t  c o n i f e r  succession could  
be re turned t o  a  more na tu ra l  s t a t e  i f  f i r e  was e i t h e r  re in t roduced (Houston 1973), 
o r  a l lowed t o  more nea r l y  p l ay  i t s  na tu ra l  r o l e ;  f i r e  has always been present bu t  
i t s  r o l e  has been se r i ous l y  l i m i t e d  due t o  successful f i r e  con t ro l  (W.  C. Fischer, 
personal communicati on). Ea r l y  photographs i n  the  Sel way-Bi t t e r r o o t  W i  1  derness 
show numerous f o r e s t  successional stages, a t t e s t i n g  t o  the  past  incidence o f  f i r e ,  
bu t  more recen t  photos i n d i c a t e  ". ..a l oss  o f  l i f e f o r m  d i v e r s i t y  because o f  a 
gradual homogenous character  r esu l  t i n g  from f i r e  suppression a c t i v i t i e s "  (Davis 
1977). 

There i s  recent,  growing i n t e r e s t  i n  the na tu ra l  r o l e  o f  f i r e  as an in f luence  
on ecosystems, p a r t i c u l a r l y  i n  wi lderness and o ther  areas managed more f o r  amenity 
values than f o r  t imber product ion.  There i s  p a r t i c u l a r  i n t e r e s t  i n  the  e f f e c t  of 
pe r i od i c  f i r e s  i n  ma in ta in ing  stands o f  f i r e - d e  endent t rees  and i n  the  d i v e r s i t y  
o f  the  f o r e s t  i n  general (Habeck and Mutch 1973 7 . These i n t e r e s t s  a re  r e f l e c t e d  
both i n  t he  Nat ional  Forest  Management Act and i n  the  rev ised  Forest  Service f i r e  
management po l  i c y ,  which has evolved from one o f  f i r e  con t ro l  t o  f i r e  management 
(USDA, FS 1978b). The f i r e  management p o l i c y  a l lows t h a t  c e r t a i n  w i l d f i r e s  can be 
designated as prescr ibed f i r e s  if they burn under pre-se lected cond i t i ons  and i n  
pre-determined areas--ca l l  ed f i r e  management areas. 

These i n t e r e s t s  and concerns, a1 ong w i t h  cu r ren t  f i r e  rnangement po l  i c i e s ,  have 
ser ious imp1 i c a t i o n s  r e l a t i v e  t o  f o r e s t  residues and associated i nsec t  and disease 
i n t e rac t i ons ,  t o  successional changes i n  our fo res ts ,  and t~ our  p r i n c i p a l  f o r e s t  
i n s e c t  and disease problems i n  the  nor thern Rockies. I f  we accept t h a t  na tu ra l  
ecosystems have evolved i n  the  presence o f  f i r e  and a re  a t  l e a s t  p a r t i a l l y  dependent 
on f i r e  f o r  cont inued su rv i va l ,  we must a lso  accept t h a t  animals, i n c l ud ing  fo res t  
Insects ,  l i v i n g  i n  these f i re-adapted ecosystems may a lso  be adapted t o  t he  presence 
o f  f i r e  (Clayton 1974). Hard (1974), i n  d iscuss ing nor thern con i ferous f o res t s  i n  
southeast Alaska,  po i n t s  ou t  t h a t  the f o l l y  o f  i nd i sc r im ina te  con t ro l  of a l l  w i l d f i r e  
i s  analogous t o  the p o l i c y  o f  " c o n t r o l l i n g "  i nsec t  outbreaks, and says, " the lesson 
here i s  t h a t  i t  may no t  always be wise t o  at tempt t o  con t ro l  a f a c t o r  t h a t  i s  an 
i n t e g r a l  p a r t  o f  a  na tu ra l  system." 

The most s i g n i f i c a n t  f o r e s t  res idue- f i re-success ional  i n t e r a c t i o n s  w i t h  f o r e s t  
i n sec t s  i n  the  nor thern  Rocky Mountains invo lve  the  mountain p i ne  bee t l e  and the  
western spruce budworm. The i n t e r a c t i o n  of the role o f  f i r e ,  t he  succession o f  
lodgepole pine, and the  m ~ u n t a i n  p ine bee t le  i s  very complex. I n  t h i s  region, 
1 ight-medium f i r e s  and the  mountain p ine bee t le  are respons ib le  f o r  successionql 
developments i n  lodgepole p ine stands and f o r  the  maintenance of lodgepole p ine  as 
a widespread f o r e s t  type (D. Cole 1978). Foresters t r ace  the  cu r ren t  mountale 



p ine  bee t l e  problem i n  the nor thern Rockies t o  ca tas t roph ic  (s tand replacement) 
f i r e s  o f  near l y  a  century  ago. They ( t h e  f i r e s )  t r i gge red  the  growth o f  l a r g e  
stands o f  lodgepole which a re  now about the  same age over vast  areas of western 
Montana, nor thern Idaho and i n  Yellowstone Nat ional  Park (Kugl i n  1980). A t  t h i s  
t ime, an appreciable percentage o f  logdepole p ine stands, near and east  o f  the  
Cont inental  D iv ide  i n  Montana, con ta in  from two t o  several  age classes, main ly  
because o f  t he  mountain p ine beet1 e / f i  r e  h i s t o r y  and severe cond i t i ons  t h a t  exc l  uded 
o the r  species (D. Cole 1978) ( f i g .  15). 

I n  many areas where na tu ra l  f i r e s  have been suppressed, f o r e s t  residues r e s u l t i n g  
from mountain p i ne  bee t l e  epidemics accumulate u n t i l  ho t  f i r e s  occur. According t o  
D. Cole (1978), "such f i r e s  a re  normal ly  more des t ruc t i ve  than ones t h a t  would have 
otherwise occurred i f  f i r e s  had no t  been suppressed, and they tend t o  perpetuate 
f u t u r e  extremes i n  the  mountain p ine beet le/ lodgepol  e p i n e / f i r  i n t e rac t i ons . "  
Several op in ions have been expressed t h a t  the  bark bee t l e  epidemics now rampant i n  
t he  Rockies and Intermountain West may be a product o f  f i r e  exc lus ion (Schwennesen 
1979). I n  G lac i e r  Nat iona l  Park, t he  mountain p ine bee t l e  epidemic took such a  
s t rong  ho ld  because f i r e  suppression programs were so successful and t rees  t h a t  
o r d i n a r i l y  might have burned are now mature and r i p e  f o r  the  beet les  (Kugl i n  1980). 

Figure 15.--Along the ContinentaZ Divide i n  Montana, an appre&abZe 
percentage of pure ZodgepoZe pine stands contaGa f ~ o m  too  t o  severaZ 
age ctasses, mainZy because of the  rnoun-tain pine beetZe-fire hiskory 
and severe s i t e  conditions I D .  Cole 1978) .  

Western spruce budworm i n f e s t a t i o n s  i n  the nor thern Rockies a re  in f luenced  no t  
on l y  by the  i n t e r a c t i o n  o f  f o r e s t  residues, f i r e  and succession, bu t  a lso  by the  
i n t e r a c t i o n  o f  the  budworm and the  mountain p ine beet le .  One recommendation f o r  
ame l io ra t ing  t he  impact o f  the  western spruce budworm i s  t o  r e t u r n  the  more x e r i c  
Doug las - f i r  s i t e s  t o  p i ne  (.Williams and others  1971 ) .  However, i n  many young 
ponderosa p ine  stands, the  mountain p ine bee t l e  no t  on l y  k i l l s  many des i rab le  crop 
t r e e s  and creates understocking i n  the  stand, bu t  a lso  appears t o  be conver t ing t he  
stands from ponderosa p ine t o  Doug las - f i r  (McGregor 1973). Th is  succession could  
predispose such stands t o  be more suscept ib le  t o  the  western spruce budworm. The 
same successional s i t u a t i o n  can be created by s i l v i c u l t u r a 1  p rac t i ces  t h a t  harvest  
p i ne  and favor  Doug las - f i r  o r  the  t r u e  f i r s .  



In the spruce-fir stands infested with the eastern spruce budworm in the 
Maritime Provinces, f i r e  i s  also involved in the successional relationships. In 
the absence of f i r e  the budworm kill s primarily shade-tolerant trees,  and these 
species tend to regenerate. I f  f i res  occur often within the regeneration period, 
the shade-intolerant species regenerate instead, and these species are less preferred 
hosts of the eastern spruce budworm ( F l  ieger 1970). Essentially, then, in eastern 
Canada, in the Lake States, and in other areas where the spruce budworm occurs, 
outbreaks may have been less prevalent in primeval times because f i r e  may have 
curtailed the expansion of shade-to1 eranl cl imax species. 

In the West, the f i  re-residue-insect-successional interaction a1 so infl uences 
outbreaks of the Douglas-fir tussock m o t h .  Forest managers and investigators have 
been concerned that f i r e  exclusion i n  some coniferous forests may have increased 
the susceptibility to the Douglas-fir tussock moth by a1 lowing the number of true 
f i r  understory components to increase (Kickert and others 1976). In studying the 
l a s t  two tussock m o t h  outbreaks in Oregon and Washington, Williams (1978) found 
infestations most common in stands, where f i r e  was excluded. There, f i r  stands 
developed under the pine and eventually dominated the site--a s i t e  ordinarily too 
dry for either Douglas-fir or true f i r s .  Recently, research has begun to see i f  
f i r e  could, in fact,  be used to reduce Douglas-fir tussock moth  damage by preventing 

7 rowth of susceptible Douglas-fir and true f i r s  on s i tes  more suitable to pine 
Martin and others 1972). 

Fire, understory, and residue created by beetle attacks are also involved in 
the successional interactions of the western pine beet1 e and ponderosa pine. 
Weaver (1943) believed that f i res ,  in combination with pine beetle attacks, frequently 
controlled the density, age classes, and composition of ponderosa pine stands. He 
also seems t o  have answered a question asked by land managers: "Would f i r e  exclusion 
in ponderosa pine stands yield denser stands and more host material for bark beetles?" 
(Kickert and others 1976). Weaver (1951, 1955) indicated that as a result of f i r e  
excl usion, more intolerant white f i r ,  incense cedar, L i  bocedrus decurrens Torr. , and 
western 1 arch increase and develop into densely reproducing stands that compete 
with the overstory pines for moisture, thus predisposing the overstory pines t o  
bark beetle attacks. 

I n  other situations, wildfires in forest residues created by beetle-killed 
pine have killed reproduction, changing the pine habitat t o  an aspen type, The 
pines eventually return, along with f i r  and spruce; the pines eventually are killed 
by the western pine beetle, leaving only the f i r  and spruce (Craighead 1925).  

Another interesting f i  re-forest residue-successional interaction involves 
insects causing deterioration in fire-killed trees in the Pacific Northwest. 
Excessively dry or wet fire-killed trees do no t  a t t ract  insects. In a normally dry 
forest, recurring f i res  keep down regeneration, a1 lowing f i re-kil 1 ed trees t o  
become too dry. I n  normally wet  coastal forests, f ire-kil  led trees protected by the 
cover of a green forest are too wet for the deterioratian causing insects; however, 
i f  recurring f i res  destroy the cover, the dead trees will dry ou t  enough t o  bec~rne 
attacked (Kirnney and Furniss 1943). 

In a longleaf and slash pine, Pinus caribwa Morelet, forest in the southeqst, 
the only known epidemics of engrave-&- spp., occurred in a stand t h a t  
had not been burned annually for over 70 years. Transpiration by mixed hardwoods 
that in other areas had been removed by prescribed burning a parently weakened the 
pine, predisposing them t o  attacks by the engraver beetles ( I? omarek 1970). 



The use o f  p resc r ibed  f i r e  t o  d i s r u p t  normal succession p a t t e r n s  and c o n t r o l  
unders tory  vege ta t ion  ( M a r t i n  and o the rs  1977) o f t e n  has b e n e f i c i a l  e f f e c t s  on 
f o r e s t  i nsec ts ,  such as  descr ibed above, w i t h  Ips problems i n  p i n e  and aspen stands 
i n  t h e  southeast. The use o f  f i r e  i n  i t s e l f ,  besides reduc ing shrubs and herbaceous 
p l a n t s  t o  increase t r e e  growth ( M a r t i n  and o the rs  1977), has se r ious  impl  i c a t i o n s  
f o r  f o r e s t  i nsec ts .  F i r e  exc lus ion  cou ld  i n f l uence  t h e  inc idence o f  p a r a s i t i s m  i n  
some cases by a1 t e r i n g  the  species composi t ion of f l ower ing  and f r u i  t - b e a r i n g  
ground cover  which i s  impor tan t  as as food source f o r  a d u l t  p a r a s i t o i d s ,  such as 
t h e  ichneumonids. I n  o t h e r  cases, f i r e  exc lus ion  cou ld  i n f l  uence cone-seed o r  
o t h e r  "harmfu l "  i n s e c t s  t h a t  spend p a r t  of t h e i r  l i f e  c y c l e  i n  t h e  l i t t e r  ( K i c k e r t  
and o the rs  1976). 

SOME MANAGEMENT IMPLICATIONS 

Throughout t h i s  paper, I have descr ibed some of t h e  i n t e r a c t i o n s  and r e l a t i o n -  
sh ips  between harvest ing,  f o r e s t  res idues and f i r e  management, and f o r e s t  i n s e c t s  
( t o  a l e s s e r  ex tent ,  d iseases),  p a r t i c u l a r l y  i n  t h e  no r the rn  Rocky Mountains. 1 
a l s o  have se lec ted  and descr ibed some c l a s s i c ,  o r  a t  l e a s t  rep resen ta t i ve ,  examples 
o f  some o f  these i n t e r a c t i o n s .  I w i l l  d iscuss t h r e e  management impl  i c a t i o n s  o f  
these v a r i e d  i n t e r a c t i o n s :  mqnagement o f  f o r e s t  residues,  f i r e  management, and 
s i  l v i c u l  t u r a l  ' p rac t i ces .  

Management o f  Fo res t  Residues 

From t h e  d l  SCU ss ions above, i t  i s  apparent t h a t  f o r e s t  res idues c o n s t i t u t e  a 
h a b i t a t ,  subst ra te ,  and food f o r  a wide v a r i e t y  o f  i n s e c t  species-some "harmful" ,  
and some " b e n e f i c i a l  "-as w e l l  as f o r  a v a r i e t y  o f  decay organisms, many s y m b i o t i c a l l y  
assoc ia ted w i t h  one o r  more i n s e c t  species. In t h e  no r the rn  Rocky Mountains and 
el sewhere, t h e r e  a re  management impl  i c a t i o n s  assoc ia ted w i t h  bo th  n a t u r a l  and man- 
made res idues t h a t  i n v o l v e  what we may c a l l  "harmful"  i nsec ts .  

NATURALLY CREATED RESIDUES 

A t  l e a s t  f o u r  s i g n i f i c a n t  n a t u r a l  f a c t o r s  c r e a t e  res idues i n  t h e  no r the rn  
Rockies-- insects,  windthrow, f i r e ,  and diseases. f w i l l  d iscuss t h e  f i r s t  th ree,  

Residues Created by I n s e c t s  

Wi thout  a doubt, a t  t h i s  t ime the  most se r ious  and far - reach ing management 
problem a t t r i b u t a b l e  t o  i nsec t -c rea ted  f o r e s t  res idues concerns t h e  mi 11 i o n s  o f  
dead lodgepole  p i n e  (s tand ing  and prone). k i l l e d  by t h e  mountain p i n e  bee t le .  



Recently, Senator John Me1 cher (Montana) sponsored a controversial bi 11 t o  
encourage better utilization of forest residues, The bil l  would encourage the sale 
of wood residues l e f t  af ter  harvesting, a l l  of which would be hauled to a central 
collection yard and sold. Melcher's bill was prompted by the fact that many western 
forests are infested with the mountain pine beetle. Melcher has said, "that wood 
should be harvested now so we can get on with forest regeneration." He has emphasized 
that there are markets for dead trees, and " I  believe the Forest Service should 
expedite the harvesting of these trees before rot, wind, or f i r e  further diminish 
their  value" (Hodges 1979). "Beet1 e-kil 1 ed lodgepol e can be harvested for several 
years b u t  there i s  substantial devaluation" according to Jack Usher, former Timber 
Management Chief in the Northern Region of the U.S. Forest Service (Kuglin 1980). 
Dead lodgepole produces sawlogs with sp l i t s ,  and the beetles also stain the wood 
with a fungus which reduces the value. 

The harvest-salvage of mountain pine beetle-created residues in lodgepole pine 
forests may have far-ranging resource management implications. Although the Forest 
;ervice i s  in some areas responding t o  the problem by accelerating timber harvest 
t o  salvage beetle-kill ed timber and making uninfested stands "beetle-proof", "this 
means more roads, more clearcutting and more complaints from environmentalists1' 
(Kuglin 1980). On the positive side, foresters say that the beetle "epidemic gets 
rid of old trees and permits regeneration of other species, opens meadows which 
provide elk and deer forage and even provides housing for snag-nesting birds" 
(Kuglin 1980). 

Residues Created by Wi ndthrow 

Should Melcher's bill pass and become law, i t s  effect on forest management 
plans in the Northern Region would be similar t o  that created by the thousands ~f 
acres of Engelmann spruce that were windthrown and relegqted t o  residue and t o  
subsequent infestations by the Engelmqnn spruce beetle in the northern Rockies in 
1949. I have discussed the residue utilization, biological, socio-political, and  
forest successional aspects of this  Engelmann spruce beetle problem, as well as 
other impl ications in the Rocky Mountains of windthrown Douglas-fir, Engelmann 
spruce, and ponderosa pine. I have also discussed some of the entomol~gical and 
management implications of windthrown timber i n  the Pacific Northwest, 

Although a t  t h i s  time there are no serious, widespread insect problems asso- 
ciated with forest residues caused by windthrow, my future windthrow-created 
residues wi 11 have even more significant forest insect management impl ications 
because of the economics of residue utilization, and current markets for forest 
residue. 

Residues Created by Fire 

The most important management imp1 ication re1 ated t o  fire-created residue 
concerns the prompt salvage, or harvest, of f i  re-ki 11 ed or fire-weakened trees,  
The early removal of these trees i s  necessary for two reasons. Fire-killed or 
f i  re-weakened trees are more 1 i kely t o  be attacked by a variety of w o ~ d  borer 
species; subsequent riddling of wood and the associated deterioration-causing fungi 
can rapidly degrade these trees for lumber and other products. In one sense, 
woodboring species are very beneficial in t h a t  they are the primary fragrnenters in 
the natural cycling process t h a t  tranforms residues into humus and soi l .  I t  i s  



o n l y  when wood borers compete w i t h  man f o r  mate r ia l  having economic value t h a t  they 
become "harmful." Because of a  d r i e r  c l imate,  n e i t h e r  the  borer  nor  the  associated 
d e t e r i o r a t i o n  problem i s  as acute i n  the nor thern Rockies as i n  the  P a c i f i c  Northwest. 

The second reason f o r  prompt ly removing fire-weakened t rees  i s  t o  prevent the  
bu i ldup  of bark bee t le  popula t ions t h a t  o f t e n  s p i l l  over t o  a t t ack  and k i l l  green 
t r ees  i n  surrounding fo res ts .  Oftentimes, t he  speed a t  which f i r e - k i l l e d  o r  f i r e -  
weakened t r ees  need t o  be removed i s  determined no t  o n l y  by t he  species o f  i n sec t  
involved, bu t  a l so  by the  t r e e  species involved. The problems o f  i nsec ts  i n  f i r e -  
k i  11 ed o r  f i  re-weakened t rees  i s  of i nc reas ing  importance s ince more prescr ibed 
burn ing i s  being done i n  p a r t i a l  c u t t i n g s  ( W .  C. F ischer,  personal communication). 
F ischer  (1n press) discusses i n  d e t a i l  t he  f i r e  management imp l i ca t i ons  o f  bark 
beet1 e  problems i n  ponderosa p i ne  stands. 

RESIDUES CREATED BY MAN 

Although usua l l y  no t  as ser ious o r  widespread as residues created by na tu ra l  
fac to rs ,  man a t  t imes has created management problems f o r  h imse l f  i n  the  form o f  
residues generated by harvest ing o r  t h i nn i ng  operat ions.  With some coni  f e r s  , 
p a r t i c u l a r l y  ponderosa and lodgepole pines, managers need t o  be aware o f  p o t e n t i a l  
problems w i t h  engraver beet les  and t o  pay p a r t i c u l a r  a t t e n t i o n  t o  weather cond i t i ons  
and the  t ime o f  year when t h i n n i n g  o r  harvest ing creates residues. 

Entomological l y  speaking, the re  i s  s t i  11 some disagreement, and apparent ly  
always has been, concerning t he  hazards o f  f o r e s t  residues i n  a t t r a c t i n g  l a rge  
numbers of t r e e - k i l l  i n g  insec ts -o f ten  serv ing as a  breeding medium f o r  some pest  
species--and the  use o f  prescr ibed f i r e  i n  managing those residues, We have a l ready 
po in ted  ou t  some o f  the  vary ing ph i losophies o f  us ing prescr ibed f i r e  t o  manage 
res idues i n  the  l a t e  teens and e a r l y  1920's. Recently, M i t c h e l l  and Sar twe l l  
(1974) po in ted  ou t  t h a t  according t o  some and i n  some regions, the  t h r e a t  o f  outbreaks 
posed by insec ts  breeding i n  residues i s  genera l l y  overrated. They went on t o  say: 

"Conclusions a re  t h a t  c e r t a i n  residues i n  Doug las - f i r  and ponderosa pine 
o f t e n  c rea te  ser ious pest  problems t h a t  should be considered i n  res idue 
management programs. But t he  bene f i c i a l  aspects o f  i nsec ts  associated 
w i t h  residues may have more s i gn i f i cance  t o  man's ob jec t i ves  i n  the  l ong  
run. " 

I n  terms o f  the  impact o f  res idue management on b e n e f i c i a l  organisms, our con- 
cerns a t  t he  present t ime seem t o  be 1 )  the  r e l a t i v e  me r i t s  o r  drawbacks o f  removing 
a1 1 o r  m ~ s t  fo res t  residues from a s i t e ,  e i t h e r  mechanical ly o r  by prescr ibed f i r e ,  
p a r t i c u l a r l y  i n  terms o f  impact on f o r e s t  s o i l  b io logy;  and 2 )  how s i l v i c u l t u r a l  
treatment, superimposed on res idue treatments would a f f e c t  i n s e c t  and disease 
re l a t i onsh ips .  

Most research has shown t h a t  f i r e s  reduce the popula t ions o f  most s o i l  and 
f o r e s t  f l o o r  fauna, t h e  m a j o r i t y  o f  which a re  genera l l y  bene f i c i a l .  Complete 
u t i l  i za t i on ,  o r  removal o f  res idue by prescr ibed f i r e ,  both a c t  i nd isc r i rn inan t l y  
and nonse lec t i ve ly  on bene f i c ia l  organisms. The d i s r u p t i o n  of b e n e f i c i a l  ar thropods 
would have p o t e n t i a l  long-term consequences on a l l  phases of res idue decomposition 
and n u t r i e n t  c yc l  ing;  these consequences should be considered i n  res idue management 



plans. Since f i r e ,  too, i s  a decomposing and nutrient cycling agent, the need 
for decay and nutrient cycling organisms could be diminished for a short period of 
time following f i re .  

The decimation of beneficial insects could be prevented, or a t  least ameliorated, 
i f  burning were done so that patches of material could be l e f t ,  from which the 
burned areas could be repopulated. Partial utilization and/or light burns under a 
partial cutting, shelterwood, or selection prescription, may achieve the manager's 
objectives as well as provide more optimum conditions for beneficial forest insects 
and fungi. 

Fire Management 

Our past preoccupation with attempting t o  suppress a l l  wildfires may have had 
some. subtl e ,  b u t  serious, infl uences in predisposing some of our northern Rocky 
Mountain forests to insect and disease infestations, through the disruption of 
natural f i r e ,  insect, and disease, successional processes. 

Recently, researchers have expressed concern and have attached considerable 
importance "...to the problem of genetic response of plants t o  changes in natural 
f i r e  frequency and the form taken by adaptations t o  f i r e  t o  sustain species diversity 
and ecosystem stabil i ty" (Kickert and others 1976) .  

Howe (1974) presents examples of how some trees and shrubs cannot assume their  
natural ecological roles in the absence of f i res  because of mechanisms that have 
developed specifically in response t o  the selection pressure of f i re .  One possible 
adaptive mechanism ( t h o u g h  perhaps less obvious than others) concerns the control 
of native insect and disease pests, which may prevent the development of strong 
genetic resistance in trees. "That i s , "  Howe (1974) states,  " f i re  may have consis- 
tently removed the selection pressure of an insect or disease pest before enough 
host generations were exposed t o  i t  t o  build genetic resistance. " 

"Forest protection" usually and historically encompasses f i r e ,  insects, and 
diseases. I t  appears that our past wildfire control policy, though necessary t o  
prevent serious economic loss, may have predisposed forests t o  insect and disease 
problems, the other two targets of our forest protection efforts.  The implications 
for management are that the diversity of ecosystems as a result of past wildfires 
has been gradual l y  rep1 aced by more homogenous forests because of f i r e  suppression 
activit ies.  

D. Cole (1978) suggests that a deliberate program of f i r e  management and 
prescribed f i r e  can be instituted to moderate the mountain pine beetle-lodgepole 
pine-fire interaction cycle. His premise i s  t h a t  both wildfire and prescribed 
f i r e  management plans can be developed to use f i r e  t o  "create a mosalc of regenerated 
stands within extensive areas of large timber that have deyeloped," 0. Cole (1978) 
be1 ieves that prescribed f i res  can create these ecosystem mosaics more effectiyely 
than wildfires. With the recent change from f i r e  control t o  f i r e  management, 
managed wildfires will be, in fact ,  prescribed f i res .  



Si 1 vicul tural Practices 

Five years ago, one researcher sunmed up  the impl ications of silvicul tural 
practices on insect and disease problems; in my opinion those impl ications are 
equally applicable today. The discussion that follows i s  essentially from Hard 
(1 974). 

The forest manager's current, most real is t ic  approach to insect and disease 
management in virgin stands, based on biological and economic considerations, may be 
t o  do nothing to suppress widespread outbreaks. Perhaps we should l e t  outbreaks run 
their  course, b u t  establ ish a flexible harvesting pol icy that permits salvaging good 
quality timber in damaged areas and converting non-productive old growth to more 
productive even-aged stands (Hard 1974). In their  most recent p l a n  for the manage- 
ment of the western spruce budworm in the Northern Region, resource managers have, 
in fact,  selected the alternative of "current management" (interpreted by some as 
"do nothing") in many western budworm-infested forests (USDA,  FS 1977). 

Silvicultural practices and other stand manipulations are a desirable alterna- 
tive in averting potential pest problems. However, "since many of the requirements 
and  limiting factors for the potential pest species are as  yet unknown, effective 
s i  1 vicul tural practices cannot a1 ways be prescribed'' (Hard 1974). 

Notwithstanding these unknowns, the manager's goal in insect and disease manage- 
ment in intensively managed stands shoul d be prevention, and, i f  necessary, suppres- 
sion. As Hard (1974) has said, "Probably the least expensive approach in the long 
run, environmentally as well as monetarily, i s  to anticipate pest problems and 
attempt t o  forestall them th rough  cultural manipulations of the forest and natural 
control factors. " 

There are several elements of silvicultural practices that have implications in 
resource management. Two of them are 1 ) insect and disease resistance and 2)  changing 
forest insect problems. 

INSECT AND DISEASE RESISTANCE 

In some respects, know1 edgeabl e harvesting can replace pests and f i r e  in accom- 
pl i shing desired genetic turnover. Pest resistance can be encouraged through pre- 
scribed f i r e  management procedures that promote consumption of infested residue 
while protecting potentially resistant trees. Where non-infected residues have 
accumulated in sufficient quantity (Harvey and others 19791, they represent an 
opportunity for increasing fiber production from our forests. Therefore, through 
intelligent harvesting, prescribed f i re ,  and residue management, we have an oppor- 
tunity t o  increase productivity of our forests and possibly raise the pest resistance 
1 eve1 of second- and third-generation forests. 
- Accumulation of resistance can a1 so be enhanced through planting resistant 
stock and protecting this  resistant stock from wildfire. Geneticists and managers 
must real ize, however, that in accepting pest-resi stant strains or increased produc- 
t ivi  ty of genetically improved varieties, we are substituting ar t i f ic ia l  for natural 
evolution, and because of this a r t i f i c i a l i t y ,  we must watch for unforseen problems 
in the future. Until we know more, extensive plantings of an improved or resistant 
strain should be avoided, and some mix of varieties maintained, even i f  growth 
potential or pest resistance i s  sacrificed (Shea 1971 ).. 



CHANGING FOREST INSECT PROBLEMS 

Insects, diseases, and their  host trees have evolved together for centuries, 
each responding to changes in the other. Though antagonistic t o  individual trees, 
insects and diseases may be beneficial t o  the virgin forest ecosystem, acting not as 
intruders, b u t  as a natural, and necessary component of the system. 

As more virgin forest i s  harvested and converted t o  managed stands, what once 
were only potential insect and disease pests may become real pests for a variety of 
reasons, primarily because of increased competition with the forest manager for a 
resource in which he i s  investing time and money and expects maximum return (Hard 
1974). 

One might concur with Heinselman (1970) that f i res  have destroyed many old 
forests and kept a significant proportion of each region in young stands, and that 
these young stands are less susceptible to certain insects and diseases. However, 
i t  i s  equally important to point out that young, intensively managed stands are much 
more susceptible t o  some pests than are old-growth forests. 

Young, intensively cultured forests differ markedly from the natural forests. 
Therefore, i t  i s  n o t  surprising that new insect and disease problems are arising. 
In the  past, managers have focused their attention primarily on pests that kill 
trees; now and in the future, we must place greater emphasis on pests that reduce 
growth or predispose trees t o  other damaging agents (Shea 1971). 

RESEARCH NEEDS 

The most significant and widespread forest insect problems in the northern 
Rockies a t  this  time are the western spruce budworm and mountain pine beetle. 
Nearly a1 1 of our entomological research efforts and a sizeable s i l  vicul tural research 
effort  i s  being directed toward these two pests. The entire spruce budworm effor t ,  
and a sizable portion of the mountain pine beetle research, i s  entomologically- 
s i  lvicul tural ly oriented. The research needs for these two insect species are, 
compared to the overall insect research effort ,  relatively we1 1 -covered. 

Two other areas related t o  residue and f i r e  management merit additional research: 
forest floor and soil arthropods, and insects affecting regeneration. 

With respect t o  forest floor and soil arthropods, we need information on 1 ) spe- 
c i f ic  habitat requirements, 1 i f e  histories, and interspecies relationships of key 
faunal species or groups; 2)  group systematics; 3) roles and importance of groups in 
nutrient cycling and conversion of residue t o  humus and so i l ;  4 )  influence of physical 
factors on reinvasion and reporduction rates in burned areas; 5)  effects of various 
residue management and silvlcul tural practices; and 6) the ways in which so i l ,  
l i t t e r ,  or residue can be treated to reduce or ameliorate the impact of "harmful" 
insects or disease organisms that complete a t  least  a portion of their  l i f e  cycles 
in one or more of these substrates. 



We know very  l i t t l e ,  i n  some cases nothing, of the  r o l e  f o r e s t  i nsec ts  and 
diseases p l a y  i n  the  management o f  young f o res t s  o f  seedlings, sapl ings,  and po le-  
s i zed  t rees  i n  the  nor thern  Rocky Mountains. I f  we wish t o  minimize damage and 
losses caused by these agents i n  young coni ferous stands, where much o f  our  f o r e s t  
management e f f o r t  i s  d i rected,  more research must be devoted t o  the  study o f  the 
b io logy,  ecology, and impacts o f  i nsec ts  and diseases a f f e c t i n g  f o r e s t  regenerat ion.  
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RESOURCE MANAGEMENT IMPLICATIONS 

The need t o  recogn ize  and a v o i d  unacceptable environmental  impacts i s  one 
reason f o r  pu rsu ing  research t h a t  w i l l  b e t t e r  d e f i n e  and q u a n t i f y  e f f e c t s  o f  ha rves t -  
ing .  A more compe l l i ng  reason, however, i s  t h e  f a c t  t h a t  p r o p e r l y  p resc r ibed  t imber  
h a r v e s t i n g  can be t h e  most e f f e c t i v e  t o o l  a v a i l a b l e  t o  manage f o r e s t e d  lands f o r  a  
v a r i e t y  o f  resources and uses. Timber i s  r a r e l y  harvested f rom p u b l i c  l ands  s imp ly  
t o  o b t a i n  wood f i b e r .  P r i n c i p a l  management o b j e c t i v e s  f o r  t h e  s i t e  a r e  more l i k e l y  
t o  r e l a t e  t o  i n s e c t  and disease c o n t r o l ,  f u e l s  management, w i l d 1  i f e  h a b i t a t ,  rec rea -  
t i o n  p o t e n t i a l ,  o r  watershed p o t e n t i a l .  

Ha rves t i ng  systems and p r a c t i c e s  -- espec ia l  l y  i n t e n s i v e  l e v e l  s o f  wood 
u t i l  i z a t i o n  -- must be compat ib le  w i t h  broad mu1 t i p 1  e resource management o b j e c t i v e s .  
Beyond t h e  immediate pos t -ha rves t  i n f l  uences (1st orde r  responses), and sho r t - te rm 
b i o l o g i c a l  e f f e c t s  (2nd orde r  responses), t h e r e  i s  a  need t o  develop r e l i a b l e  
p r e d i c t i o n s  f o r  l onger  pe r iods  o f  t ime. The manager's u l t i m a t e  concern i s  t o  p r o t e c t  
o n - s i t e  resources,  and t o  produce a s p e c i f i e d  mix o f  resources and use o p p o r t u n i t i e s  
over  t ime. The e x t e n t  t o  which t imber  h a r v e s t i n g  a c t i v i t i e s  can be p resc r ibed  t o  meet 
these long- term resource management goa ls  i s  o f  c r i t i c a l  importance. 

I n  t h i s  sec t ion ,  researchers  and l a n d  managers exp lo re  t h e  i m p l i c a t i o n s  o f  
a l t e r n a t i v e  t imber  h a r v e s t i n g  and r e s i d u e  management t rea tments  f o r  broad resource 
management. Researchers a r e  faced w i t h  i n t e g r a t i n g  and e x t r a p o l a t i n g  f rom s i t e -  
s p e c i f i c  "case" s tud ies :  l a n d  managers e x t r a p o l a t e  i n  a s i m i l a r  f a s h i o n  f rom t r i a l  
and experience. 
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FUELS AND FIRE MANAGEMENT 

James K. Brown 

Research Forester,  USDA Forest  Serv ice 
In termounta in  Forest  and Range Experiment S t a t i o n  

ABSTRACT 

Fuel and f i r e  behavior p o t e n t i a l  i n  c l e a r c u t  lodgepole p ine  and i n  
Douglas- f i r11 arch under c l  e a r c u t t i n g ,  group se lec t ion ,  and she1 terwood 
s i l  v i c u l  t u r a l  systems were compared a f t e r  1 ogging t o  near-compl e t e  and 
convent ional  u t i l  i z a t i o n  standards. Fuels and f i r e  behavior p o t e n t i a l s  
were una f fec ted  by s i l v i c u l t u r a l  systems b u t  v a r i e d  s u b s t a n t i a l l y  by 
u t i l i z a t i o n  standards and method o f  sk idd ing.  Pred ic ted r a t e s  o f  
spread on convent ional  u n i t s  were 3-4 t imes g rea te r  than on near- 
complete u n i t s .  P red ic ted  f i r e l i n e  i n t e n s i t i e s  were 6-10 t i m e s  g rea te r  
on t h e  convent ional  u n i t s .  Conventional u t i l  i z a t i o n  l e f t  f i r e l  i n e  
i n t e n s i t i e s  exceeding c a p a b i l i t i e s  fo r  d i r e c t  f i r e  c o n t r o l  f o r  3-5 
years  up t o  20 years or more. Whole t r e e  sk idd ing  w i t h o u t  s lash ing  
reduced hazard t o  acceptable 1 eve1 s by tramp1 i ng and t r a n s p o r t i n g  
m a t e r i a l  from t h e  s i t e .  Fuel l e s s  than 0.25 inches i n  diameter was 
reduced t o  0.4 o f  t h a t  c reated by c u t t i n g  w h i l e  a l l  f u e l  l e s s  than 3 
inches i n  diameter was reduced t o  0.7 o f  t h a t  c reated by c u t t i n g .  
Whole t r e e  sk idd ing  coupled w i t h  s lash ing  l e f t  unacceptable hazards 
fo r  3-5 years. Near-complete u t i l  i z a t i o n  l e f t  acceptable l e v e l s  o f  
hazard b u t  a1 so l e f t  i n s u f f i c i e n t  fuel  f o r  prescr ibed burning. Methods 
w i t h  which l a n d  managers can appra ise f u e l  and f i r e  behavior p o t e n t i a l s  
on s p e c i f i c  c u t t i n g  u n i t s  are  presented. Deciding "how much f u e l  i s  
acceptabl el' i s  discussed. 

KEYWORDS: Fuel appra isa l  , fuel  management, s lash hazard, res idue,  
u t i l i z a t i o n  standards 



INFLUENCE OF HARVESTING AND RESIDUES ON 
FUELS AND FIRE MANAGEMENT 

Timber harves t ing  produces f r r e s t  fuels w i t h  f i r e  behavior p o t e n t i a l s  o f  
great  concern t o  land  managers. F i res  i n v o l v i n g  s lash  f ue l s  can be p a r t i c u l a r l y  
d i f f i c u l t  t o  con t ro l ,  generate h i gh  costs  o f  suppression and threaten resource 
values. Fuel q u a n t i t i e s  from harves t ing  vary  s u b s t a n t i a l l y  and can be excessive, 
depending on volumes c u t  and methods o f  harvest  (Howard 1973; Benson and Johnston 
1976).  U t i l  i z a t i o n  standards and methods o f  sk idd ing o f f e r  t h e  manager oppo r t un i t i e s  
t o  modify fuel  hazards, because they i n f l uence  f ue l  loading, s i ze  d i s t r i b u t i o n ,  
c o n t i  nu5 ty ,  and compactness. 

L i t t l e  has been documented on t he  ex ten t  t o  which harvest ing methods can 
a l t e r  f u e l  c h a r a c t e r i s t i c s  and f i r e  po ten t i a l s .  However, techniques developed 
over t he  past few years f o r  measuring and p r e d i c t i n g  f u e l s  and f l r e  behavior have 
made i t  poss ib le  t o  appraise s lash  f ue l s .  This paper describes how d i f f e r e n t  
harvest ing methods a l t e r e d  f ue l s  and f i r e  p o t e n t i a l  on two study areas and discusses 
how managers can appraise f ue l s  on any c u t t i n g  area before s lash  i s  created. 

CASE STUDIES AT UNION PASS AND CORAM 

Study Procedures 

Ef fects  o f  harvest ing on fuel and f i r e  behavior p o t e n t i a l  were evaluated a t  
two l oca t i ons :  Union Pass on t h e  Br idger-Teton Nat ional  Forest  i n  Wyoming, and 
Coram Experimental Forest  on t he  Flathead Nat ional  Forest  i n  Montana. Forest  
cond i t i ons  and study designs were d i f f e r e n t .  

UNION PASS 

Two mature, even-aged lodgepole p ine stands were studied. I n  each stand, two 
20-acre harvest ing u n i t s  were estab l ished.  One u n i t  was c l ea rcu t  t o  "conventional I' 
u t i l  i z a t i a n  standards, t h e  o ther  t o  u t i l i z a t i o n  standards t h a t  were c a l l e d  "near- 
completeI1 . On both t h e  convent ional  and near-compl e te  harvest ing u n i t s  a1 1 sound 
t r ees  t o  a merchantable t op  diameter o f  6 inches were removed. I n  add i t i on ,  on 
t he  near-complete u n l t s  ch ips were produced from: ( a )  tops o f  a l l  merchantable 
t rees; (b) a l l  remaining l i v e  and dead sound standing t rees  w i t h  a d.b,h. o f  3 
inches o r  l a rge r ;  and ( c )  a11 ma te r i a l  remaining on the  ground t h a t  was more than 
6 inches i n  diameter a t  t he  l a r g e r  end, more than 6 f e e t  long, and sound enough t o  
permi t  skidding. On t he  convent ional  u n i t s ,  t rees  were l imbed and bucked where 
f e l l e d ,  then skidded by crawler  t r a c t o r  t o  t h e  landing. On t h e  near-complete 
un i t s ,  t rees  were f e l l e d  and then bunched and skidded t o  a cen t ra l  p o i n t  where t he  
sawlog mate r ia l  was removed. The remaining t op  mate r ia l  was then skidded t o  the 
chipper. 



CORAM 

Mature Douglas-fir/larch stands were divided into s ix  cutt ing units  . Clearcut, 
shelterwood, and group selection cutt ing methods were each applied t o  two units .  
In addition, each unit  received four levels  of u t i l i za t ion  ranging from current 
standard u t i l  ization ("intensive t ree"  and "sawlog") t o  near-compl e t e  removal o f  
t r e e  material ( f i g .  1 )  as follows : 

Util ization level Treatment and u t i l  ization standards 

Intensive t r e e  

Intensive log 

Near-compl e t e  

Trees down t o  5 inch d.b.h. cut ;  a l l  
material [live and dead, standing and 
down) 3 inches in diameter and 8 f e e t  
long or larger  removed; smaller t r ees  
slashed. 

Trees down t o  7 inches in d.b.h. cut ;  
logs t o  a 6 inch top diameter ( l i v e  
and recently dead) removed ; small e r  
t rees  s l  as hed. 

Trees down t o  7 inches d . b . h .  cu t ;  
logs (1 ive and dead, standing and 
down). t o  a 3 inch top diameter and 8 
fee t  long removed; smaller t r ees  
protected (no slashing) . 
All t r ees  down t o  1 inch d.b.h, cut ;  
a l l  material ( l i v e  and dead, standing 
and down) t o  1 inch removed. 

Harvesting was accompl ished using a running sky1 ine system tha t  provided 
l i f t  and travel to  the  suspended load. Trees u p  t o  8-10 inches i n  d.b.h. were 
skidded whole. Larger t r ees  were bucked before skidding; t h e i r  tops were l e f t  in 
the woods consistent with u t i l i za t ion  standards. 

Downed woody fuels  were inventoried before and a f t e r  logging using the  planar 
in tersec t  method (Brown 1974b) . Additionally, a t  Coram, 1 oadi ngs of slash fuel s 
were predicted from an inventory of t r ees  and crown weight relationships (Brown 
1978). This permitted a comparison of worst possible f i r e  potential and actual 
f i r e  potential created by the harvesting. Sampling design and procedures are  
described in de ta i l  for  Union Pass by Brown (1974b), and for  Coram by Benson and 
Schl e i  t e r .  

Isenson, Robert E., and Joyce Schlei ter .  Volume and weight charac ter is t ics  of a 
typical Douglas-firlwestern larch stand, Coram Experimental Forest, Montana. 
USDA For. Serv. Gen. Tech. Rep. INT ( i n  process). 



F<gure 1.--The sawZog treatment (above) and nea+compZete treatment IbeZm) 
iZZustrate the range i n  fueZ quant<ties and s f z e  encountered i n  the Corm 
Doug Zas- f <r/Zarch s tudy .  



F i r e  behav ior  was p r e d i c t e d  f o r  i n v e n t o r i e d  and p r e d i c t e d  f u e l s  u s i n g  mathema- 
t i c a l  models descr ibed by Rothermel (1972) and A l b i n i  (1976a and 1976b). I n  f i r e  
behav ior  modeling, mo is tu re  con ten ts  were h e l d  a t  5-7 percent ,  and s lopes were 
averaged f o r  t h e  s tudy areas. Wind speeds shown i n  t a b l e s  and f i g u r e s  a r e  f o r  
wind a t  mid- f lame he igh ts .  S lash a t  5 years  o f  age has been reduced i n  depth t o  
0.7 o f  t h e  depth f o r  1 -yea r -o ld  s lash;  r e t a i n e d  f o l i a g e  has been reduced t o  0.2 o f  
t h a t  i n  1 -yea r -o ld  s l a s h  (A1 b i n i  and Brown 1978). 

Union Pass Resu l ts  - Lodgepole Pine 

The main d i f fe rences between t h e  two h a r v e s t i n g  t rea tments  concerned t h e  
amount of  m a t e r i a l  over  3 inches i n  d.b.h. and t h e  depth o f  f u e l  l e f t  a f t e r  l ogg ing .  
A f t e r  c u t t i n g  on t h e  near-complete u n i t s ,  l o a d i n g  o f  m a t e r i a l  over  3 inches was 
reduced t o  9 tons  per  acre,  o n e - t h i r d  o f  t h e  p re logg ing  amount. On t h e  convent iona l  
u n i t s ,  l o a d i n g  increased t h r e e  t imes- - f rom 16 t o  44 tons  pe r  acre .  Al though t h i s  
;ize would c o n t r i b u t e  l i t t l e  t o  t h e  spread ing f lame f r o n t  o f  a f i r e ,  i t  would 
c o n t r i b u t e  measurably t o  t o t a l  f i r e  i n t e n s i t y  and r e s i s t a n c e  t o  c o n t r o l .  I t  a l s o  
would c o n t r i b u t e  i n d i r e c t l y  t o  f i r e  spread by h e l p i n g  suppor t  sma l le r  s i z e d  fue l  
a t  a more flammable l e v e l  o f  compactness. Fu r the r  d i scuss ion  o f  f u e l  changes have 
been desc r ibed  by  Brown (1974a) . 

Rate o f  spread and f i r e l i n e  i n t e n s i t y  f o r  t h e  propagat ing  f lame f r o n t  o f  a 
f i r e  ( t h i s  excludes s p o t t i n g  o f  f i r , e  brands) were es t imated u s i n g  t h e  i n v e n t o r i e d  
fue l  data. The p r e d i c t i o n s  showed t h a t  r a t e  o f  spread would be about 3-4.5 t imes 
g r e a t e r  on t h e  convent iona l  u n i t s .  Byram's f i r e l i n e  i n t e n s i t y  ( r a t e  o f  heat  
r e l e a s e  per  l i n e a r  f o o t  o f  t h e  propagat ing  f lame f r o n t )  would be about  6 t imes 
g r e a t e r  on t h e  convent iona l  u n i t s  f o r  any wind speed and fue l  mo is tu re  ( f i g .  2 ) .  

F i r e 1  i n e  i n t e n s i t y  i s  p robab ly  t h e  most u s e f u l  c h a r a c t e r i s t i c  o f  f i r e  behav ior  
f o r  e v a l u a t i n g  s l a s h  fue l  hazard. A t  f i r e 1  i n e  i n t e n s i t i e s  o f  500-700 B t u l s / f t  ./s, 
d i r e c t  a t t a c k  becomes i n e f f e c t i v e  and s p o t t i n g  begins t o  be a p r ~ b l e r n . ~  A t  1,000 
B tu l s / f t . / s ,  crowning and se r ious  s p o t t i n g  can be expected. Cons ider ing  500-1000 
B tu l s / f t . / s  t o  rep resen t  an unacceptable hazard, f i g u r e  2 shows t h a t  f o r  a t  least 
one year  a f t e r  c u t t i n g ,  convent iona l  l o g g i n g  c rea tes  unacceptabl e hazards. By 5 
years, hazard i n  convent iona l  u n i t s  reduces t o  an acceptab le  l e v e l  due t o  l o s s  o f  
needles and s e t t l i n g  o f  s lash.  F igu re  2 shows t h a t  hazard i n  t h e  near-complete 
u n i t s  i s  always acceptable.  

Coram Resu l ts  - D o u g l a s - f i r l l a r c h  

S I LV I CULT11 RAL SYSTEFlS 

A f t e r  ha rves t i ng ,  f u e l  q u a n t i t i e s  and f i r e  behav ior  p o t e n t i a l s  were s i m i l a r  
f o r  t h e  shelterwood, group s e l e c t i o n ,  and c l e a r c u t  s i l v i c u l t u r a l  systems. Q u a n t i t i e s  
o f  f u e l  l e s s  than  3 inches i n  d iameter  w i t h i n  h a r v e s t i n g  u n i t s  v a r i e d  g r e a t l y ,  
t hus  masking p o s s i b l e  s t a t i s t i c a l  d i f f e rences  among s i l v i c u l t u r a l  systems. For 
l i k e  t rea tments ,  t h e  r a t e s  o f  spread i n  t a b l e  1 show t h e  s i m i l a r i t i e s  among s i l v i c -  
u l  t u r a l  systems. 

2 ~ a l  E. Anderson, Lesson Plan f o r  Advanced F i r e  Behavior  O f f i c e r  T r a i n i n g  
S-590. USDA For. Serv. 1978. 



N E A R  COMPLETE 

Figure 2.--Byrmnts f<reZine in tensi ty  for  1-and 5-year-old 
ZodgepoZe pine fueZs Zeft a f t e r  Zogg<ng t o  conosntionaZ (C) 
and near-compZete utiZCzation standards (NC) a t  Union Pass. 
Shaded areas warn of unacceptab Ze hazmd. 



Table 1.--Rate of spread for  post-logging Douglas-fir/larch s lash 1 year and 5 years 
a f t e r  cu t t ing  a t  0 ,  5 ,  10, and 15  mi/h windspeed, Coram. 

S i l  vicul tu ra l  
Treatment Sys tern 

1 year 
0 5 10  15 

5 year 
0 5 10 15 

Feet per minute----------- 

Intensive S he1 terwood 26 32 42 56 10 13 16 19 
Group sel ection 39 49 65 87 14 18 22 26 
Cl earcut  29 36 49 65 10 12 15 19 
Average 31 39 52 69 11 14 18 21 

Saw1 og She1 terwood 40 51 68 90 17 21 -26 31 
Group sel ection 27 34 46 60 13 16 20 23 
Cl earcut  33 41 55 72 13 16 20 24 
Average 34 42 56 74 14 18 22 26 

Intensive She1 terwood 17 21 28 35 9 12 14 16 
1 0!3 Group se l  ection 12 15 20 26 5 6  7 8 

Cl earcut  12 15 19 25 5 7  8 9 
Average 14  17 22 29 6 8 10 11 

Near-compl e t e  She1 terwood 7 9 12 15 4 4  5 6 
Group select ion 9 12 15 20 4 5  6 7 
Cl earcut  8 10 14 19 3 3  4 5 
Average 8 10 14 18 4 4  5 6 

COMPARISON OF UTILIZATION LEVELS R E F E R R E D  TO AS TREATMENTS 

Intensive t r e e  and saw1 og treatments,  both having understories slashed (small 
t r e e s  cu t  and l e f t  on the  ground), showed s imi la r  f i r e  behavior predictions.  
Slashing created a major portion of  the  f ine  fue ls .  Although the  u t i l i z a t i o n  
standards for  the sawlog treatment allowed more residues,  t h i s  additional fuel was 
not great  enough t o  produce f i r e  behavior predictions d i f f e r en t  than those of t he  
intensive t r e e  treztment. Consequently, fo r  t he  remainder of t h i s  paper 's d i s -  
cussion of treatment e f f ec t s  on f i r e  behavior, intensive t r e e  and sawlog u t i l i z a t i o n  
leve ls  wil l  both be referred t o  as  "slashed" treatment. 

As a t  Union Pass, near-complete u t i l  izat ion resul ted In subs t an t i a l l y  l e s s  
f i r e  behavior potential  than the  other treatments.  For example, predicted r a t e  of 
spread for the near-complete treatment was approximately 0.25 of t h a t  for  slashed 
and 0.6 of t h a t  for  no s lashing ( in tens ive  log)  treatments ( t a b l e  1 ) .  F i re l ine  
in t ens i ty  f o r  the  near-compl e t e  treatment was approximately 0.1 of t h a t  fo r  
slashed and 0.25 o f  t h a t  f o r  no s lashing treatments ( f i g .  3 ) .  



Figure 3.-- Bymrmrs f ireZine intensity i n  1-year and 5-year-old 
Douglas-fir/larch s lash for  slashed IS), no sZashing (US), and 
near compZete (NC) k ~ e a h e n ~ s .  fie s k d e d  areas s igna l  
unacceptabZe hazard. 

Loading of fuel  smal ler than 3 inches i n  diameter was l ess  f o r  near-complete 
harvest ing than f o r  o ther  treatments. This f u e l  bed was a l so  more compact as 
i l l u s t r a t e d  by the r e l a t i v e  compactness i n  Table 2, Both f ac to r s  con t r ibu ted  t o  
1 ower p red ic ted  burning ra tes.  The fuel  bed under the  near-complete treatment 
became very  compact--twice t h a t  o f  the sawlog treatment--due t o  extensive t rampl ing 
and removal o f  residues. The s lash ing t reatment 's  fuelbed a l so  was very compact 
because o f  the absence o f  a f l u f f y ,  slashed understory. The l e a s t  compact (most 
porous) f u e l  bed resu l t ed  from the sawlog treatment t h a t  had the  l a r g e s t  merchantable 
diameter 1 im i  t s  along w i  t h  a slashed understory.  

Un l i ke  lodgepole p ine a t  Union Pass, loadings o f  3 inch  and l a r g e r  f u e l s  were 
l e f t  a t  reasonable l e v e l s  i n  a l l  treatments ( t ab le  2 ) .  The reason f o r  t h i s  i s  t h a t  
the u t i l  i za t i on  standards spec i f i ed  removal o f  merchantable sound dead wood. 



Tab1 e 2. --Loadings and re1 a t ive  compactness of downed woody material by treatment, 
averaged over s i l  vicul tural  systems a t  Coram 

3 inches a n d  greater Less than 3 inches 

Pre- Post- Pre- Post- Relative 
Treatment 1 oggi ng 1 oggi ng change1 logging 1 ogging change1 comp- 

actness2 
- .  - 

( T/a i (TIa) pct . ( Tla (TIa) pct. 

Intensive t r e e  17.1 15.1 -1 2 3.90 10.77 176 1.2 

Saw1 og 16.5 17.0 3 4.18 10.74 157 1 . O  

Intensive log 16.4 13.0 -21 4.40 10.60 141 1.6 

Near-compl e t e  19.2 10.4 -46 3.87 7.66 98 2.1 

l ~ e r c e n t  change i s  100 Postlo ( g9prelogging i n g  - Pre'Ogging) 
2Based on fuel bed bul k densi t ies  for  1-year-old slash.  Sawl og treatment was 
a common divisor .  

Whole t r e e  skidding removed considerable s lash from the surface fuelbed by 
transporting i t  o f f - s i t e  and grinding i t  into the  fores t  f loor and s o i l ,  Because 
whole t r e e  skidding ef fec t ive ly  reduced fuels ,  the no slashing treatment showed 
only s l igh t ly  greater f i r e  behavior potentials than near-compl e t e  harvesting 
(,table 1 and figure 3 ) .  

For group selection a n d  c l e a ~ c u t t i n g  systems, the only unacceptable hazards 
expected t o  l a s t  for  about 5 years resulted from the slashing treatments ( intensive 
t r e e  and sawlog). After t h a t ,  hazard f e l l  t o  an acceptable level ( f i g ,  3 ) .  Under 
shelterwood, where protection o f  the  overstory i s  important, the  no slashing 
treatment m i g h t  have l e f t  unacceptable hazards depending on the f i r e  resistance of 
the remaining t rees .  Near-compl e t e  harvesting under a1 1 s i l  vicul tural  systems 
resulted in acceptable fuel s and hazards. 

OTHER TREATMENTS OF FIRE POTENTIALS 

Considerably greater  f i r e  potentials  could be expected from harvesting tha t  
leaves a l l  tops and limbs on-site such as  would resu l t  from ground lead skidding 
of only bucked and limbed merchantable pieces. For example, fuel and f i r e  behavior 
were predicted for the  two slashing treatments assuming a l l  residues less than 3 
inches in diameter remained on the  s i t e .  A comparison of f i r e  behavior for  a l l  
fuels  present with tha t  fo r  fuels  from actual harvesting showed ra tes  of spread 
tha t  were 2-4 times greater  for  a l l  fuels  present. Firel ine in tens i t i e s  with a l l  
fuels  present were approximately 4 times t h a t  produced by the  Coram harvesting 
[ f i g .  4 ) .  



F5qure 4.  --Byramrs fireZ-Cne in tens i t i e s  i n  2-year and 5-yeup-old 
Dougtus- fir/Zarch d a s h  f o r  a2 2 potential fue 2s present and for 
actuaZ f u d ,  afeer partiaZZy whoZe tree skidding. Shaded areas 
Cndicate unacceptabZe hazard. 

Unacceptable hazard 1 eve1 s pe rs i s t ed  beyond t he  5-year p r e d i c t i o n  and could  
be expected t o  ho ld  f o r  20 o r  more years. 

PREDICTED VERSUS ACTUAL LOAD1 NGS 

Actual s lash loadings (post  I oggi ng m i  nus prel oggi ng i nven to r i es )  o f  a1 1 
mate r ia l  less than 3 inches i n  diameter averaged 0.7 o f  t h e  p red ic ted  loadings. 
In te res t ing ly ,  ac tua l  load ings o f  branchwood 0-0.25 inches i n  diameter averaged 
0.4 o f  t he  p red ic ted  loadings. Thus, p a r t i a l l y  whole t r e e  sk idd ing removed 
cons iderab ly  more f i n e  f ue l  than l a r g e r  branches from the  s lash f ue l  bed. 
Apparently, more f i ne r ,  flammabl e branchwood than l a r g e r  mate r ia l  i s  trampled i n t o  
t he  fo res t  f l o o r  dur ing  skidding. 



Fire Management Imp1 i cations 

The following implications on f i r e  management were apparent from the Union 
Pass and Coram studies: 

1. Conventional Utilization Without Fuel Treatment. Conventional harvesting 
1 eaves unacceptable hazard levels with f ire1 ine intensity exceeding capabil i  t i e s  
for d i rect  f i r e  control. Depending on species and volume cu t ,  excessive hazards 
can exis t  for 3-5 years u p  t o  20 years or  more. There are ways to reduce hazards 
to an acceptable level.  For example, u t i l iza t ion standards calling for removal of 
most bolewood and some dead material can mitigate hazards. If  large-sized fuels 
are expected t o  be a problem, removal of some dead material i s  necessary t o  a l levia te  
hazard. B u t  i t  i s  important to remember that  whole t r ee  skidding coupled with 
slashing produces an unacceptable hazard for 3 to 5 years. Costs of skidding 
unmerchantable material may exceed the benefits of reduced hazard. This l a t t e r  
poss ibl i l i ty  should be evaluated on a case by case basis. 

2 .  Near Complete Utilization. Logging t o  near-compl ete u t i l iza t ion standards 
reduces f i r e  behavior potential to a point requiring no further fuel modification 
for hazard reduction. In fac t ,  insufficient  fuel may exis t  for prescribed burning 
t o  meet si lvicultura1 objectives. The same applies t o  whole t r ee  skidding under 
conventional u t i l iza t ion standards without slashing, even though whole t r ee  skidding 
results  i n  somewhat greater f i r e  potential than near-complete harvesting. To 
f ac i l i t a t e  prescribed burning a f te r  whole t r ee  skidding, understory slashing would 
be an asset  and perhaps a necessity. 

Although complete u t i l iza t ion can probably be rel ied upon to reduce f i r e  
hazard t o  an acceptable level ,  as i t  did in these studies, the des i rabi l i ty  of 
complete u t i l iza t ion also depends on the need for residue material to carry pre- 
scribed f i r e ,  s tabil  i z e  so i l s ,  shade seed1 ings, and recycle nutrients .  

3 .  Conventional Uti 1 i  zati on, with Fuel Treatment. Broadcast burning and 
pi1 ing and burning both reduce f i r e  hazard to  an acceptable level . Except for 
time limitations in scheduling, broadcast burning i s  a more desirable treatment 
because i t  causes less  disruption of soil and leaves more large pieces of residue 
scattered throughout an area to provide s i t e  protection and a source for nutrients. 

A t  Union Pass, lopping of slash solely for hazard reduction appeared unnecessary 
because natural deterioration alone should reduce hazard t o  acceptable 1 eve1 s .  
However, lopping may be desirable for bringing large pieces in contact with the 
soil  t o  hasten decay a n d  for aesthetic or other reasons. 

4. Prediction of Fire Behavior. When predicting fuel and f i r e  potential 
using procedures described in the next section of t h i s  paper, over-estimates are 
1 i  kely because material less  than 0.25 inches in diameter i s  trampled out of the 
slash fuel bed. The significance o f  t h i s  problem varies with harvesting method 
and should be evaluated for individual si tuations.  

METHODS FOR APPRAISING SLASH HAZARD 

Procedures for estimating fuel quantities and f i r e  behavior potential are 
available for appraising slash hazard on specif ic land units .  Land managers who 
wish t o  appraise slash hazard should f i r s t  decide on how accurately they need to  
know fuel quantity and  f i r e  behavior potentials.  Then, one of the following 
methods can be used to  help appraise slash hazard. 



1. Nomographs o f  Rate o f  Spread, F i r e  I n t e n s i t y ,  and Flame Length, Using 
nomographs developed by A l b i n i  (1976b), f i r e  behavior a t  va r i ab l e  f ue l  mois ture 
and wind speed can be p red ic ted  f o r  low, medium, and heavy logg ing  s lash.  These 
nomographs were developed f o r  s lash l e f t  a f t e r  logg ing t o  an &- inch t o p  and skidded 
us ing a  ground lead  system. Resolut ion i n  t he  f i r e  behavior estimates i s  r e l a t i v e l y  
broad s ince t he  method recognizes on l y  t h ree  l e v e l s  o f  f ue l  quan t i t y .  

2. Photo Ser ies.  A se r ies  o f  photographs dep i c t i ng  a wide range o f  s lash 
cond i t i ons  i d e n t i f i e d  by est imates o f  f ue l  loadings and f i r e  behavior r a t i n g s  were 
developed by Koski and Fischer (1979) f o r  t h i n n i n g  s lash i n  nor thern Idaho, and by 
Maxwell and Ward (1978a, 1978b) f o r  f o r e s t  residues i n  Washington and Oregon. U. 
S. Forest  Serv ice Region 1  and Region 6 a lso  have developed a photo se r ies .  These 
photos i n  f i e l d  manual e d i t i o n  can be compared w i t h  e x i s t i n g  s lash  accumulations. 
By se lec t i ng  the  photo t h a t  most nea r l y  compares w i t h  what i s  seen on the  ground, 
one can est imate fuel l oad ing  and f i r e  behavior po ten t i a l s .  This method affords 
more r e s o l u t i o n  than t he  preceding one, bu t  i t s  accuracy i s  unknown and probably 
somewhat l i m i t e d .  The method i s  appropr ia te  where t he  most accurate o ther  method 
ava i l ab l e  i s  no t  needed. 

3. Computer Analysis Using Program HAZARD. Estimates o f  head . f i r e  spread 
ra te ,  per imeter growth ra te ,  flame length,  crown scorch he ight ,  f i r e 1  i n e  i n t e n s i t y ,  
and o ther  f i r e  c h a r a c t e r i s t i c s  can be obtained us ing a computer program, HAZARD, 
t h a t  can be accessed through t he  USDA Forest  Service Computer Center a t  Fo r t  
Co l l i ns ,  Colo. Procedures for  making the  hazard assessment a re  descr ibed i n  a 
users1 guide publ ished by t he  U.S. Forest  Service Northern Region [Puckett  and 
o thers  1979). 

Operation of the  HAZARD program requ i res  est imates o f  downed woody f u e l s  
e x i s t i n g  before, and debr i s  expected from a  c u t t i n g .  I f  necessary, e x i s t i n g  f u e l s  
can be i nven to r i ed  us ing t he  p lanar  i n t e r s e c t  method (Brown 1974b). Expected 
q u a n t i t i e s  o f  debr i s  can be est imated us ing tab les  developed by Brown and o thers  
(1977) f o r  some western U . S ,  Forest Service Regions, us ing a computer program 
c a l l  ed DEBMOD. This program furnishes p red i c t i ons  o f  debr i s  from t imber  stand 
i nventor ies .  

Of a l l  cu r ren t  methods, HAZARD provides maximum r e s o l u t i o n  and accuracy. It 
permits assessment o f  s lash  problems before they are created and i s  f l e x i b l e  
enough t o  apply  t o  a v a r i e t y  o f  ha rves t ing  systems through an adjustment o f  fuel  
i npu ts .  

HOW MUCH FUEL IS  ACCEPTABLE 

F i r e  managers commonly want t o  know t h e  tonnages o f  f ue l  t h a t  are acceptable. 
Th is  quest ion i s  d i f f i c u l t  t o  answer because f i r e  behavior depends n o t  o n l y  on 
f i r e  po ten t i a l  a t  one l o c a t i o n  bu t  a lso  on o ther  fac to rs ,  such as d i s t r i b u t i o n  o f  
f u e l s  and f i r e  behavior p o t e n t i a l  over surrounding areas t h a t  may cover one o r  
more drainages. Acceptable f ue l  l oad ing  depends on resource values, management 
ob ject ives,  pa t t e rn  o f  l and  ownership, suppression c a p a b i l i t y ,  and mu1 t i - resource  
considerat ions.  Professional judgment i s  c e r t a i n l y  needed t o  determine acceptable 
f ue l  tonnages. 



Decision Steps 

Deciding how much f ue l  i s  acceptable requ i res  one t o  i n t e g r a t e  many fac to rs  
( f i g .  51. Th is  can be done sys temat i ca l l y  as fo l l ows :  

FUEL APPRAISAL 

- F I R E  
D E S C R I P T I O N  P O T E N T I A L  

Figme 5. -- Factors to consider when dec<ding how much fueZ Cs aceephble.  

OTHER CONCERNS 
N U T R I E N T  C Y C L I N G  

W I L D L I F E  H A B I T A T  

G R A Z I N G  I M P A C T S  

R E C R E A T I O N  

1. Consfder management ob jec t i ves  and values a t  r i s k .  For t h e  l a t t e r ,  one 
considers both resource values and the  r i s k  o f  a  f i r e  causing damage dur ing  a h igh  
f i re-danger  period, 

1 

OTHER FIRE FACTORS 
S U R R O U N D I N G  FUELS 

S U P P R E S S I O N  C A P A B I L I T Y  

F I R E  HISTORY 

F I R E ' S  ROLE 

2. Appraise f u e l s  by (a)  desc r ib ing  f ue l s  f rom inven to ry  and p r e d i c t i o n  and 
(b) i n t e r p r e t i n g  f i r e  behavior p o t e n t i a l s  such as r a t e  o f  spread, flame 1 ength, 
i n t e n s i t y ,  and scorch height.  



3. Consider o ther  f i r e - r e l a t e d  f ac to r s  such as f u e l  and f i r e  behavior p o t e n t i a l  
on adjoi'ning areas, suppression c a p a b i l i t y ,  frequency and s e v e r i t y  o f  h i s t o r i c a l  
f i r e s ,  and f i r e ' s  eco log ica l  r o l e .  Acceptable f ue l  load ings can depend t o  a h igh  
degree on these factors .  For example, a heav ier  f ue l  l oad ing  would be acceptable 
on a  u n i t  surrounded by sparse fuels w i t h  l i t t l e  chance o f  i g n i t i o n  than on a u n i t  
surrounded by heavy f u e l s  w i t h  a  h igh  chance o f  i g n i t i o n .  

4. Consider requirements o f  n o n f i r e  f ac to r s  f o r  a t t a i n i n g  land  management 
ob jec t i ves .  For example, some downed woody ma te r i a l  i s  needed as a  source o f  
n u t r i e n t s - - p a r t i c u l a r l y  n i t rogen.  Debris f u l  f i l l s  h a b i t a t  needs f o r  some w i l d l i f e .  
Too much debr i s  adversely a f f e c t s  grazing, w i l d1  i f e ,  and rec rea t iona l  oppo r t un i t i e s .  
An optimum quan t i t y  of downed woody ma te r i a l  c e r t a i n l y  e x i s t s  and w i l l  vary  by 
1  ocal  i t i e s ,  Determining t h i s  optimum requ i res  profess ional  judgment i n t eg ra ted  
over several d i s c i p l i n e s .  Impor tant ly ,  debr i s  fuels represent an organic reserve 
t h a t  has a v i t a l  r o l e  i n  t he  f unc t i on i ng  o f  ecosystems. They a re  more than j u s t  a 
f i r e  problem. 

Cost-Benefi t Analysis 

Cost -benef i t  ana lys is  o f  f u e l  t reatment a1 t e rna t i ves  can he1 p  a manager 
decide how much f ue l  i s  acceptable. However, t he  v a l i d i t y  o f  cos t - bene f i t  ana lys is  
r e s t s  on several weakly q u a n t i f i a b l e  f ac to r s .  S p e c i f i c a l l y ,  d o l l a r  values of  some 
n o n f i r e  concerns are d i f f i c u l t  t o  estab l  i sh. Improvement i n  p ro tec t i on  due t o  
f ue l  t reatment requ i res  considerable speculat ion.  F i n a l l y ,  r i s k  o f  a  f i r e  occurrence 
i s  a  very  low p r o b a b i l i t y  event o f  considerable uncer ta in ty .  

Cost- benef i  t ana lys is  of f ue l  t reatment investments on t he  Lo1 o  Nat ional  
Forest  (Wood 1979) and Clearwater Nat ional  c ore st^ have shown t h a t :  

1. Bene f i t s  due t o  f ac to r s  o ther  than f i r e  p ro tec t i on  can s t r o n g l y  
in f luence the  outcome. 

2. Fuel t reatment may be j u s t i f i e d o n  high-value s i t e s  bu t  i s  d i f f i c u l t  
t o  j u s t i f y  on low-value s i t e s .  

3. When bene f i t s  accrue o n l y  t o  t r ea ted  areas, f u e l  mod i f i ca t i on  i s  
d i f f i c u l t  t o  j u s t i f y .  Where possible,  fue ls  must be t r ea ted  so 
l a r g e r  than the  area bene f i ted  by reduced f i r e  con t ro l  costs  and 
losses i s  l a r g e r  than t he  area t rea ted .  For example, by t r e a t i n g  
f ue l s  on a  s t r a t e g i c a l l y  loca ted  100 acres, f i r e  con t ro l  costs and 
losses may be reduced on a surrounding 500 or more acres. 

I n  conclusion, t h i s  study shows t h a t  fuel quan t i t y  and f i r e  hazard can vary  
s u b s t a n t i a l l y  w i t h  u t i l i z a t i o n  standards. Often, convent ional  u t i l i z a t i o n  standards 
r e s u l t  i n  unacceptable f u e l  and f i r e  hazard. However, by implementing a h igh  
degree of u t i l i z a t i o n ,  acceptable f u e l s  can r e s u l t .  I nc l ud ing  an appra isa l  o f  
f u e l s  i n  preparat ion of harvest ing p resc r i p t i ons  o f f e r s  managers a  way t o  deal 
w i t h  fuel problems before they a re  created. 

3Memo from the  Nat ional  Fuel Inven to ry  and Appraisal  Systems Pro jec t ,  Rocky 
Mountain For. and Range Exp. Sta., Fo r t  Co l l i n s ,  Colo. t o  t he  Clearwater 
Nat ional  Forest. 
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ABSTRACT 

The pub l i c  concern about t imber  harvest ing emphasizes i t s  e f f ec t  
on the v isua l  appearance o f  an area. The es the t i c  impact o f  
d i f f e r e n t  harvest and u t i l  i z a t i o n  a1 t e rna t i ves  were evaluated by 
t he  Scenic Beauty Est imat ion method t h a t  uses c o l o r  s l i des  ra ted  
by panels o f  viewers t o  provide a q u a n t i t a t i v e  measure o f  pub l i c  
1 i kes and d i s l i k e s .  I n  general, the  l ess  an area shows logg ing  
debr is  and signs o f  s o i l  disturbance, the  b e t t e r  the area i s  
1 i ked. Es the t i c  qual i ty improves as t rees  and o ther  vegetat ion 
regenerate i n  the years a f t e r  logging o r  road const ruct ion.  These 
evaluat ions can prov ide guide1 ines f o r  harvest ing, especial  1y i n  
v i s u a l l y  sens i t i ve  areas, and a means f o r  eva luat ing the  e f f ec -  
t iveness o f  a1 t e r n a t i v e  harvest ing methods i n  meeting v isua l  
ob ject ives.  

KEYWORDS: es the t i cs ,  scenic qual i t y  , fores t  1 andscapes , logg ing  
impacts 

INTRODUCTION 

During the  past  few years the pub l i c  and l and  managers have d isp layed increasing 
concern about the impact o f  t imber harvest ing. E f f e c t s  on s o i l ,  water, and w i l d l i f e  
a r e  p a r t  of t h a t  concern; bu t  perhaps the  one aspect most no t i ceab le  t o  people i s  the 
v isua l  impact of harvest ing. 

Th is  paper summarizes s tud ies t h a t  were undertaken t o  determine i f  d i f f e r e n t  
l e v e l s  o f  v i sua l  impact e x i s t  f o r  a l t e r n a t i v e  harvest  and u t i l i z a t i o n  methods. 
A1 though the  eva lua t ion  of pub1 i c  preferences might be considered as a socioeconomic 
undertaking, our  i n i t i a l  s tud ies i n d i c a t e  t h a t  pub l i c  r eac t i on  t o  harvest ing +is t i e d  
t o  phys ica l  and b i o l o g i c a l  impacts. 



Important and r a p i d  progress has been made i n  the f i e l d  o f  v i sua l  p lanning and 
management of f o r e s t  resources. For example, the v isua l  management system used by the 
U. S. Forest Service and s i m i l a r  e f fo r ts  by o ther  land  managers combine landscape 
design p r i nc i pa l s ,  pub l i c  concern, and a v a r i e t y  o f  land management t o o l s  t o  p ro tec t  
and enhance the  v isua l  f o r e s t  resource. Guidel ines and p r i n c i p a l s  f o r  var ious a c t i v i -  
t i e s  a re  introduced a t  the ground l e v e l  o f  p r o j e c t  planning. I n  r e l a t i o n  t o  these 
planning and management e f f o r t s ,  the s tud ies repor ted here are intended t o  provide a 
de ta i  1 ed and q u a n t i t a t i v e  appra isa l  o f  a narrow segment o f  v i sua l  management-- 
harvest ing and r e l a t e d  a c t i v i t i e s .  The r e s u l t s  can be used f o r  planning harvest 
a c t i v i t i e s  t o  meet v isua l  qua1 Sty object ives,  and t o  prov ide a means by which a1 terna-  
t i v e  harvest a c t i v i t i e s  can be weighed and evaluated. 

SCOPE AND METHODS 

The s tud ies deal p r i m a r i l y  w i t h  the harvest o f  old-growth coni ferous fo res ts ,  and 
road cons t ruc t ion  associated w i t h  harvest. The ob jec t i ve  i s  t o  evaluate pub l i c  
op in ion  o f  var ious harvest treatments as seen f i r s t  hand--along a road o r  t r a i l .  The 
l o c a t i o n  and shape o f  u n i t s  seen from a d is tance a l so  inf luence pub l i c  op in ion and 
landscape planning, bu t  our  aim was t o  evaluate harvest and res idue a1 te rna t i ves  from 
an "up close" perspective. 

A t  the  outset,  we sought a method o f  eva luat ing treatments, and i n  our f l r s t  
study we t r i e d  noth ing more soph is t i ca ted  than a 0 t o  100 r a t i n g  o f  d i f f e r e n t  t r e a t -  
ment by a landscape a r c h i t e c t .  

By coincidence, a t  the same t ime researchers i n  Arizona were developing and 
t e s t i n g  the  Scenic Beauty Est imat ion F1ethod.l Th is  technique proved i dea l  f o r  our 
measuring needs and because the SBE s tud ies  were used i n  so much o f  our work, I ' d  l i k e  
t o  b r i e f l y  descr ibe the  method. 

A l a rge  number o f  s l i d e s  were taken a t  random po in t s  i n  the treatments we wanted 
t o  evaluate. We then selected a sample o f  these s l ides ,  5 t o  10 i n  each treatment, 
and arranged them i n  random order i n  the s l i d e  t r ay .  We resented the s l i des  t o  
viewers who were asked t o  r a t e  each s l i d e  on a 0 ( d i s l i k e  ! t o  9 ( l i k e )  scale. 

From these ra t ings ,  a r i t hme t i c  means o f  viewers r a t i n g s  were developed f o r  each 
scene, and an SBE score. The SBE score i s  a soph is t i ca ted  measure o f  the  viewers'  
response based on mathematical t ransformat ion t h a t  r e f l e c t  the f a c t  t h a t  viewers use 
the r a t i n g  sca le  di f ferent ly--some may use the  whole 0 t o  9 range, wh i l e  others use 
on l y  the  3 t o  8 range f o r  the same scenes. 

For homogeneous groups o f  observers, a r i t hme t i c  mean r a t i n g s  and SBE scores are 
c l o s e l y  re la ted.  I n  a l l  the panels used i n  our studies, the  mean ra t i ngs  and the SBE 
scores gave v i r t u a l l y  the same resu l t s .  The mean r a t i n g s  are used here t o  present 
r e s u l t s  because they are somewhat eas ie r  t o  understand, and the  r e s u l t s  a re  repor ted 
i n  the  same u n i t s  of measurement the  viewers used t o  r a t e  the scenes. It should be 
noted, however, t h a t  the  means could n o t  be used w i t h  confidence i f  we had n o t  devel- 
oped and compared the SBE scores. 

lDanie1, Terry  C .  , and Ron S. Boster 1976. Measuring Landscape Esthet ics :  The 
Scenic Beauty Est imat ion Method, USDA Forest Service Research Paper RM 167. Rocky M t .  
For. & Range Exp. Sta. 



The various s t a t i s t i c a l  data on SBE, arithmetic means, and t e s t s  of significance 
are  on f i l e  a t  the Forestry Sciences Laboratory. These analyses were performed in 
cooperation w i t h  the Arizona researchers and the University of ~ o n t a n a . ~  

RESULTS 

The results  summarized here are based on study areas in Wyoming, Montana, and 
Idaho. Evaluations were made by 15 viewer panels that  included timber industry 
representatives, pub1 i c  school teachers, and university psychology students. The 
findings that  could have a d i rect  bearing on management a c t i v i t i e s  are included i n  the 
following summary. 

Undisturbed Forests - The Baseline 

Often when construction or a timber harvest i s  planned, the visual impact i s  
compared t o  the undisturbed natural condition. We found t h a t  typical scenes i n  four 
mature, undisturbed forest  types, (lodgepole pine, grand f i r ,  western larch, and 
Douglas-fir) were rated by viewers a t  the 1 i ke end of the scale,  usually between 6 and 
8 ( f ig .  1 ) .  However, when we looked in detai l  a t  the lodgepole pine rat ings,  we found 
that  a t  the edge of a typical stand, such as along a meadow, the rating was highest; 
within a dark and enclosed mature stand, ratings were lower; and in a decadent stand 
with dead and fal len material, the ratings were actually on the dis l ike  side of the 
scale. This suggests that  a preference fo r  the "undisturbed natural condition" actu- 
a l l y  meant a 1 iking fo r  green, neat conditions and a d is l ike  fo r  the c lu t t e r  and 
debris that  occurs even in nature. 

LARCH 
GRAND F I R  
DOUGLAS- F I R 
LODGEPOLE P INE 

Meadwedge 
M-ture 

Decadent 

dislike l1 

MEAN RATING 

Figure I . - -  Mean rating of rnahre forest  
types from 0 (d<sZike) t o  9 ( l i k e ) .  

2 ~ e s i g n  and analyses were results  of cooperative studies w i t h  the University of 
Montana, w i t h  Dr. James Ul 1 rich as principal investigator, 



tlarvested Areas 

What happened when harvest and postharvest treatments were undertaken? A large 
number of combinations of treatments were undertaken in our research, b u t  esthetic 
evaluations were made on harvesting methods--cl earcuts or partial cuts--util ization 
1 eve1 s , and postharvest treatments. 

In an area of lodepole ine clearcuts, the ratings were based on evaluations by 
6 panels (table 1 and fig. 2 ! . Ini t ia l ly ,  a11 postharvest treatments were rated low, 
on the dislike end of the scale. By the f i f th  year a f te r  harvest, ratings for piled 
and burned residue had increased f r o m  1.5 to 2.5; ratings for residues chipped and 
spread on s i t e  remalned steady a t  2; and ratings for near-complete removal of residues 
increased from 2.1 to 3.6. 

A1 though these ma1 1 differences are s ta t i s t ica l ly  significant, from a practical 
point of view we would have t o  conclude that a l l  treatments on these cold, dry s i tes  
were disliked af ter  harvest, and improve only slightly a f te r  5 years. 

Table 1, --Mean esthetic rating of lodgepol e 
pine harvest treatments, Teton 
National Forest, Wyoming 

Treatment Rating1 

k a n  Range 

Mature, uncut 5.0 
1 s t  year postharvest 

Residues removed 2.1 
Residue chipped & spread 2.7 
Residue piled & burned 1.7 

5th year postharvest 
Res i due removed 3.6 
Residue chipped 2.3 
Residue piled/burned 2.8 
Residue broadcast burned 2.5 

IBased on 0 (dislike) to 9 (1 i ke) 
scale, treatments rated by 6 panels. In 
the 5th year broadcast burned, residue 
removed and residue chipped were rated by 
one panel only. 



Mature Forest, uncut 
Residues : 

Removed, yr. 5 
Removed, yr. 1 
Piled & burned, yr. 5 
Chipped & spread, yr. 1 
Chipped & spread, yr. 5 
Broadcast-burned, yr. 4 
Piled & burned, yr. 1 

MEAN RATING 

Figure 2.-- Mean rating of harvesting a l t e r m t i v e s  in lodgepoZe pine. 

A Doulgas-fir/larch stand in a moist Montana 1 ocation harvested by sky1 ine showed 
more rapid response i n  ratings ( table 2 and f i g .  3 ) .  All treatments improved signi- 
f icantly from year to  year; by the third year unburned clearcut treatments were rated 
exactly between 1 i ke and dis l ike ,  and she1 terwood treatments were on the 1 i ke side of 
the rating scale. 

Tab1 e 2,  --Mean es thet ic  rating of Douglas-fi r/l arch har- 
vest treatments, Coram Experimental Forest, 
Plontana. 

Treatment Mean Rating 

1 s t  year 2nd year 3rd year 

Uncut stand 6.9 6.9 6.9 

Clearcut 
Residue burned 1.9 2.7 * 
Res S due removed * 3.2 4.7 
Understory protected * * 4.7 

She1 terwood 
Residue burned 2.9 4.0 * 
Residue removed 3.9 6.1 5.8 
Understory protected * * 5.3 

*Not rated 



UNCUT 
SHELTERWOOD 

Protect understory, yr. 3 
Residue removed, yr. 3 
Residue removed, yr. 1 
Residue burned, yr. 1 

CLEARCUT 
Protect understory, yr. 3 
Residue removed, yr. 3 
Residue removed, yr. 2 

' Residue burned, yr. 2 
I,;,,,,,, 

MEAN RAT I NG 

F i p r e  3.-- Mean rat ing of harvest azternatives in DougZas-fir. 

F i r s t  year  eva luat ions o f  a 2-year o l d  study i l l u s t r a t e  some d i f fe rences  o f  type 
o f  harvest  c u t  u t i l i z a t i o n  l e v e l  i n  p u b l i c  preference ra t i ngs .  Because t h i s  study 
area (Lubrecht Experimental Forest, Montana) i s  used heav i l y  f o r  cross-country sk i ing ,  
t reatments were evaluated i n  w in te r ,  when the  res idue treatments were covered w i t h  
snow. Cu t t i ng  methods were r a t e d  as fo l l ows :  

Uncut 5.2 
Understory c u t  5.0 
Overstory c u t  4.5 
Cl earcu t 4.1 

We subsequently evaluated these areas i n  the  sumner, when res idue treatments were 
v i s i b l e .  These were the  f i r s t  year  r e s u l t s  : 

Mean Rat ing 

Residues removed Residues l e f t  

Uncut 
Understory c u t  
Overstory cu t  
C l  ea rcu t  

Again, p a r t i a l  c u t t i n g  was p re fe r red  t o  c l  ea rcu t t ing ,  and res idue removal was 
ra ted  h igher  than s lash on s i t e .  I n t e r e s t i n g l y ,  the  areas where on l y  the  understory 
was c u t  and residues were removed ra ted  h igher  than the  uncut stand. 



Other studies 

In addition to harvest studies, evaluations of roads also have been attempted. 
Because our f i r s t  efforts were n o t  well designed and other studies are only recently 
underway, results are limitedV3 Indications are that leave s t r ips  along roads must be 
dense enough to actively screen a logged area: the often-seen scraggly, narrow str ips  
are of no esthetic value. Also, roads with vegetal regrowth on modest cut and f i l l  
slopes, may actually be more attractive than plain, undisturbed mature forests seen 
from the roadside. Fresh cuts and f i l l s  along new road construction are disliked. 

Although evaluating the viewing point and distance were not part of our study, i t  
appears that esthetic appeal of a comon and monotonous forest areas can be enhanced 
i f  the sky, ridges, and drainage patterns can be seen. 

CONCLUSIONS AND POTENTIAL APPLICATIONS 

Although the studies cited are limited in time and scope, the findings are 
consistent with research based on other methods and well-established landscape-design 
principles, Basically, people prefer naturalness and order1 iness in their  forest. 
Debris and disturbances are generally rated low, and the more rapid the vegetal 
regrowth, the quicker the area approaches acceptable level s of pub1 ic  esthetic 
ratings. 

Although measuring anything as elusive as public preferences for esthetic 
qua1 i t i e s  i s ,  a t  best, inexact, esthetic impacts are different among a1 te rna t~ve  
harvest systems. To this  extent our ini t ia l  study objectives have been validated. 

Fig. 4 i l lustrates  one example of how these findings might be applied. Using the 
SEE method, we have developed a time profile for two forest types, Douglas-fir and 
lodgepole pine, that begins af ter  harvest and continues through the l i f e  of the 
stand. These areas were clearcut and the logging slash burned. 

1 
I I  I 1  I A l  

0 5 10 15 20 30 to 50 Mature 
Figure 4. - -  Time response of mean rakirtg 

foZZowing harvest. YEARS AFTER HARVEST 

3~enson, Robert E. and James Ullrich. Visual impacts of forest management 
activit ies:  Interim findjngs on public preferences. INT Research Paper (in process). 
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Ini t ia l ly  the areas are rated low. By the f i f th  year-roughly when tree regen- 
eration and other vegetation begins to "green upM--the s i t e  received higher ratings. 
Between 10 to  15 years af ter  harvest, ratings on the moist Douglas-fir s i t e  reach the 
mean point between dislike and l i  ke; for lodgepole pine, this  takes about 15 years 
longer, A t  age 30 to 50, both types peak a t  a 7+ rating. Then, when the stand 
becomes over mature with dead and down trees, pub1 i c  preference ratings decline. 

If harvesting a1 ternatives are available, such as partial cutting or removal of 
residues, the ratings a t  year 0 may be shifted from curve A to curve I3 in fig. 5. The 
manager has a quantitative measure of esthetic response against which he can weigh the 
time lost  or gained i n  reaching an acceptable esthetic level against the costs of the 
a1 ternative, 

HARVEST METHOD B 

Figure 5. - -  Comparing increase i n  e s t h e t i c  
rating of aZternative hdmest systems 
A and B.  

TIME - 
If an a1 ternative either enhances or diminishes the capacity of the s i t e  to 

produce vegetative regrowth, then the esthetic response curve may sh i f t  as in fig.  6. 
In this  case, the manager can weigh the time lost  or gained i n  reaching an acceptable 
esthetic level against the costs or benefits o f  the a1 ternatives used. 

HARVEST MFTHOD B 

\,,-- 
Figure 6.-- Comparhg time gained i n  reaching 

a given e s t h e t i c  rat ing with aZternative 
hamest systems A and B .  

One study (not yet complete) will evaluate esthetic impacts of different 
harvesting methods on the same area, usSng SBE ratings of a r t i s t s '  sketches of the 
alternatives, Prior to t h i s  study, the SBE method was used t o  measure how well such 
sketches can portray actual scenes. This study was a1 so t i e d  to visual management 
objectives and i n  general, the SBE scenes correlated closely with "naturalistic," 
"retention," or "deterioration" of the area, 

There i s  a great deal of research underway in the f ie ld of scenic visual qua1 i ty .  
Evaluating esthetfc impacts has come of age i n  land management planning. The findings 
of these in i t ia l  studies and the development of quantitative measurements show promise 
o f  being valuable tools t o  aid in visual management planning and evaluate the 
effectiveness of di fferent harvest and residue treatment a1 ternati ves . 



INFLUENCES OF TIFIBER HARVESTING AND RESIDUE 
FlAFJAGE!lENT ON B I G  GAME 

L. Jack Lyon, Research N i l  d l  i f e  B i o l o g i s t  
Joseph V. Gasi le,  Eange S c i e n t i s t  

Intermountain Forest  and Range Experiment S ta t i on  

Road cons t ruc t ion  and t imber harves t ing  d isp lace  e l k  and g r i z z l y  
bears a t  l e a s t  temporar i ly .  E l k  sometimes accept logg ing  d i s -  
turbances, b u t  usua l l y  do no t  r e tu rn  u n t i l  ha rves t ing  ends. 
Increased con tac t  between g r i z z l y  bears and humans i s  
undesirable. 

Logging s lash  may increase cover, bu t  normal ly  o n l y  obs t ruc ts  
animal movement. Broadcast burn ing produces more food p l an t s  
f o r  both e l k  and g r i z z l y  bears than o ther  s lash treatments, 
A1 though increased veh i c l e  t r a f f i c  adversely a f fec ts  e l k  and 
g r i z z l y  bears, road closures should be c a r e f u l l y  planned t o  
achieve s p e c i f i c  r e s u l t s .  

Development o f  pos t  l ogg ing  b i g  game h a b i t a t  i s  a long-term 
process i n v o l v i n g  complex and dynamic re1 at ionsh ips,  n o t  merely 
forage product ion.  Elk,  g r i z z l y  bears, and o the r  b i g  game 
requ i r e  year-around h a b i t a t  t h a t  s a t i s f i e s  d a i l y  and seasonal 
needs. 

KEYWORDS: t imber  harvest,  roads, s lash, e l k ,  g r i z z l y  bear 

Road const ruct ion,  t imber harvest ing,  and s lash disposal  a re  o f  con t inu ing  
concern t o  b i g  game managers i n  the  nor thern Rocky Mountains. H i s t o r i c a l l y ,  the 
most product ive b i g  game h a b i t a t  i n  t h i s  reg ion  has been sera1 f o res t  vegetat ion 
developing a f t e r  f o r e s t  f i r e s .  P l an t  communities t h a t  develop fa1 lowing 1 agging 
normal l y  prov ide comparable product1 ve vegetat ion.  Yet, p o s i t i v e  b e n e f i t s  t o  b i  g 
game f o l l o w i n g  logg ing  have been d i f f i c u l t  t o  v e r i f y  , w h i l e  the negat ive in f luences  
have generated a subs tan t i a l  volume of 1 i tera tu re .  



The primary reason for this discrepancy i s  that timber harvest consists of a 
series of events, each of which can produce positive or negative responses by 
animals and may have radically different effects in different seasons. Road con- 
struction and logging activity,  slash treatnient, road management, and postlogging 
habitat development must be considered individually and in concert. I t  i s  espe- 
cially necessary t o  recognize that big game animals do not rely solely on habitat 
within treated s i tes .  Any treatment evaluation requires simul taneous eval uation of 
treated and untreated habitat in relation to species requirements, And, herein l ies  
a further problem in that habitat requirements are n o t  well defined for most spe- 
cies. In this paper, we summarize some of the more recent research in timber man- 
agemen t/big game relationships and specify areas where additional research seems 
most urgently needed. We confine the discussion almost entirely t o  the Rocky 
Mountain elk (cervus elaphus ne lson i )  and the grizzly bear (ursus arctos horri- 
b i l i s ) .  This i s  a narrow perspective, b u t  the alternative would require discussion 
of a t  least  11 species for which adequate Snformation i s  n o t  readily available. 
This limitation i s  not intended t o  suggest that the elk i s  a representative ungulate 
and the  grizzly a representative carnivore. We prefer to stress that other big game 
species and their responses to timber management must be evaluated specifically 
rather than by imp1 ication. 

GENERAL CONSIDERATIONS 

In a broad sense, Rocky 1"luntain elk and grizzly bears do provide justification 
for  a generalized logic of habitat management based on maintenance of diversity in 
the forest environment. In addition t o  food, cover, and water -- needs common t o  
a l l  big game --elk and grizzly bears ut i l ize  some fair ly  specialized habitat (breed- 
ing areas for elk, denning areas for bears). A mosaic of vegetation types and edges 
i s  considered indicative of productive big game range (Biswell and others 1952; 
Leopold 1948; Stelfox and Taber 1969; Rackie 1978). A1 though elk can adapt t o  a 
variety of habitat conditions, a heterogenous mosaic i s  most 1 i kely t o  contain a l l  
the required components. I n  many areas of Pontana, Idaho, Oregon, and Washington, 
specific proportions and juxtapositions o f  elk forage and cover areas have been 
defined. 

Less i s  known of the specific habitat required by grizzly bears, b u t  current 
research suggests that diversity of vegetation types i s  as important for bears as 
for elk (Martinka 1976; Varney and others 1976). I n  the Yellowstone Park area, some 
radio-monitored bears have annual home ranges in excess of 777 km2 (300 square miles) 
(Knight and others 1978). Studies in this area (Mealey 1975; Graham 1978; Knight and 
others 1978) corroborate findings el sewhere (Mundy and Fl ook 1973) that the grizzly 
i s  an opportunistic omnivore. Food selection is  often seasonally specific and con- 
centrated within preferred habitat niches constituting a small proportion of the 
annual range. The remaining, larger portions apparently serve as travel routes and 
buffer zones. Presumably, the size of an individual range i s  dictated by the variety, 
qua1 i ty, abundance, and juxtaposition of these habitats, rautes, and zones and their 
combined capability to meet the bear's needs. Again, a diverse mosaic appears most 
1 i kely t o  contain the required components. 



T:s a basic guideline for  timber harvest on any big game range, managers should 
avoid the creation of large areas of any single type or successional stage. The 
wi 1 dl i fe  habitat  objective should be t o  maintain a continuing diversity of habitats 
while simultaneously preserving the integri ty of niches important to part icular  
species. In grizzly bear management, an equally important objective i s  to reduce 
the probabi 1 i ty of encounters with man. 

ROAD CONSTRUCTION AND TIMBER HARVEST 

Road construction and timber cutting consti tute a major disturbance of the 
fores t  environment. El k ,  particularly on summer range, have responded by moving 
form 0.8 t c l  6 .4  km (0.5 to 4 miles) from the source of the disturbance (Beall 1974,; 
Karcum 1975; Lyon 1975; Ward 1976; Lonner 1978). Specific movement patterns have 
n o t  been described, b u t  research results  suggest t h a t  the location of the distur-  
bance i s  more irriportant than intensity i n  determining the distances moved, Elk 
appear t o  move only as f a r  as necessary t o  escape line-of-sight contact with men and 
equipment (Karcum 1975; Lyon 1975; Ward 1976). 

Under most circumstances, displacement i s  temporary, b u t  the time elk require 
t o  return has proved extremely variable. Some elk will remain quite close t o  a 
logging area and return during the night and on weekends (Beall 1974; Narcum 1975; 
Kard 1976). Others may leave fo r  a short period and gradually return while logging 
i s  in progress (&@all  1974). In a study of winter logging in British Columbia, 
McLellan (1978) recorded increases in overnight use of active logging areas as 
compared with elk use of the same areas before logging began. Some elk may even 
become habituated to 1 ogging act iv i ty  d u r i n g  day1 i g h t  hours (Beall 1974; McLell an 
1978). 

Most comnonly, a t  l eas t  some of the displaced elk return within a few days t o  
weeks a f t e r  the disturbance has ended. Karcum (1975) has noted that  animals forced 
t o  move great  distances to  find security are less l ikely to  return imxdiately , and 
Lyon (1979b) has speculated that  repeated disturbance in the same area over several 
consecutive years can result  i n  avoidance behavior for  one o r  more years a f t e r  
logging i s  completed. To date, a l l  studies indicate that  elk will eventually reoc- 
cupy logged areas. 

In summary, i t  appears t h a t  temporary displacement i s  a significant  b u t  not 
fa ta l  inconvenience for  elk. If movement patterns are  well known, i t  may be possi- 
ble to  protect key areas and time logging operations t o  avoid disturbances while elk 
are in those areas (Roberts 1974). Providing an adjacent security area (Lyon 1975; 
Marcum 1975), concentrating management ac t iv i ty  i n  to the shortest  possible period o f  
time (Black and others 1976), and confining the area of ac t iv i ty  to  a single drain- 
age (Ward 1976; Black and others 1976) should mitigate most of the apparent dis- 
placement problems. 

Me are unaware of any study explaining how logging and road building affects  
grizzly bears; however, we can speculate t h a t  in many instances the bear's charac- 
t e r i s t i c  shyness will keep i t  from the logging area fo r  the duration of the activ- 
i ty,  Displacement may be for much longer periods i n  specialized areas. For 
instance, bears seek den s i t e s  f a r  isolated from man's a c t i v i t i e s ,  presumably 
because the bear 's  lethargic s t a t e  imedia te ly  before and during hibernation renders 
i t  particularly vulnerable t o  man (Craighead and Craighead 1972b). Students of the 
European brown bear -- a conspecific of our grizzly -- suggest that  logged areas may 
be abandoned as denning s i t e s  for  many years (Zunino and Herrero 19'12). 



f n contrast t o  displaced bears, some individual bears are easi Jy conditioned t o  
man's presence, and logging activit ies may n o t  deter bear use for very long  near 
preferred foraging s i tes .  Conditioning t o  man i s  also enhanced by logging camps 
where carelessness with food supplies, refuse disposal, pets, a n d  pet food can 
a t t rac t  bears and easily create a "nuisance bear" situation. The unfortunate result 
of repeated bear/ man encounters i s  t h a t  the bear loses i t s  shyness and becomes 
dangerous (Jcnkel and Servheen 1977). The inevitable consequence i s  kil l  ing of the 
bear to protect human l i f e  or property. Thus, prevention of bearlman encounters i s  
important. 

Studies of several grizzly populations show a strong seasonal use of certain 
habitat components: an early spring attraction t o  avalanche chutes for the vegeta- 
tion green-up, and  t o  ungulate wintering areas t o  feed on dead or dying animals; a 
mid- to late-spring attraction to elk calving grounds for carrion or easy prey; a 
l a te  spring a n d  early summer use of meadows for succulent herbs; movement t o  streams 
a t  spawning times; a summer and early fa l l  preference for patches o f  ripe berries; a 
fa1 1 attraction t o  hunter camps. Recognition of these seasonally specific feeding 
s i t e s  provides a means of protecting bears and reducing Dear/man encounters by 
deferring 1 ogging during periods of bear use. 

SLASH TRELTMENT 

Following completion of a timber sale, variable amounts of limbs, branches, and 
other waste materials remain on the ground. The influence o f  this slash on big game 
use of logged areas has been reported from several areas. Generally, untreated 
slash impedes el k movement (Pengel ly 1972; Eeall 1974), especially when windrowed 
along roads. Slash within logging units has also been reported as a barrier t o  elk 
use of clearcut openings (Reynolds 1969; Cay 1973; Lyon 1976) and of selectively 
logged areas (Beall 1976). 

The  recommended solution, of course, i s  some kind of slash treatment   lack and 
others 1976; Lyon 1976). This treatment can take a number of forms: broadcast 
burning or piling and  burning, on-site crushing, piling, chipping, or removal from 
the s i t e .  Regardless of the method, the treatment will have bo th  an immediate 
physical effect and an additional long-term influence on vegetal development. Clack 
and others (1976) have suggested t h a t  windrowed or piled slash might provide some 
cover and  help break u p  long sighting distances in openings; and Reynolds (1966a) 
found t h a t  undisturbed light slash made openings more attractive f o r  deer. Few 
other authors suggest a specific method of slash treatment, a n d  i f  reducing barriers 
t o  elk movement i s  the  only consideration, most methods are probably acceptable. 

A different viewpoint i s  suggested by the number of publications on postfire 
forage development on elk ranges (Leege 1968, 1969; Leege and l!ickey 1971; Lyon 1971a; 
Basile and Jensen 1971; Asherin 1976; Irwin !976; ldittinger and others 1 9 7 7 ) .  
By implication, slash should be reduced by f i r e  because burning produces the most 
satisfactory response in forage plants. 

Foraging opportunities for  grizzlies are also enhanced by slash burning because 
f i r e  often produces a greater abundance and variety of food items t h a n  other treat-  
ments. Broadcast burning i s  preferable t o  p i  1 ing and burning, particularly where 
rhizomatous berry producers (mainly the vacc in ium)  are conspicuous contributors t o  
the sera1 comnunity. If piling i s  necessary, a brush blade i s  recommended t o  mini- 
mize disturbance of rhizomes, Slash i s  probably only a minor deterrent t o  bear 
travel and  may be o f  some value as cover. 



ROAC HANAGEFIENT 

More than any o t h e r  s i n g l e  f a c e t  of f o r e s t  management, road cons t ruc t ion  and 
the post-logging management of those  roads has been repor ted as a problem in  e l k  
management and i n  g r i z z l y  bear  management. During t h e  19601s ,  g r e a t l y  acce le ra ted  
t imber ha rves t  on Kational F o r e s t s ,  and an expanding network of new roads ,  made e lk  
more vulnerable  t o  hunters  and harassment (Wyoming Fores t  Study Team 1971). 
Unwanted s i d e  e f f e c t s  included reduct ion i n  t h e  length  and q u a l i t y  o f  hunting sea- 
sons ,  l o s s  o f  h a b i t a t ,  overharvest  and dec l ines  i n  e l k  populations (Janson 1973; 
Stankey and o t h e r s  1973; Thiessen 1976; Hershcy and Leege 1976; Coggins 1976; Perry 
and Overly 1976). 

In recent y e a r s  i t  has been repeatedly  confirmed t h a t  e l k  avoid h a b i t a t  ad ja -  
c e n t  t o  t r a v e l  1 ed roads. The width of t h e  area avoided depends on t h e  k ind  and 
amount of t r a f f i c  and t h e  a v a i l a b l e  cover. Apparently, e l k  w i l l  become accustomed 
t o  t h e  c o n s i s t e n t  movement of highway t r a f f i c  and a r e  most d i s tu rbed  near  secondary 
roads with slow-moving o r  e r r a t i c  and noisy t r a f f i c  and people o u t s i d e  veh ic les  
(Eurbridge and Neff 1976; Ward 1976). Habi ta t  ad jacen t  t o  p r imi t ive  and d i r t  roads 
i s  n o t  as  p e r s i s t e n t l y  avoided, poss ibly  because i t  i s  d i s tu rbed  l e s s  o f ten  (Perry  
and Overly 1976, Rost  and Bailey 1979). Elk avoidance of any road i s  g r e a t e s t  i n  
nlcadows and openings and l e a s t  i n  heavy o r  dense cover (Perry  and Overly 1976, Lyon 
1975).  

Unlike t h e  temporary displacement of e l k  by logging a c t i v i t y ,  avoidance of 
h a b i t a t  ad jacen t  t o  roads i s  s i g n i f i c a n t  and continuous while t h e  roads a r e  open t o  
veh ic les .  Perry  and Overly (1976) pointed o u t  t h a t  more than 2 .6  km2 (640 ac res )  of 
h a b i t a t  can be a f f e c t e d  by 1 . 6  km (one mi le )  of road,  and Lyon (1979a) ca lcu la ted  
t h a t  a s  l i t t l e  a s  1.86 km/km2 ( 3  miles per s e c t i o n )  of open road can terminate  e l k  
use. In many circumstances,  e l k  can r e t r e a t  t o  undisturbed h a b i t a t ,  but t h i s  avoid- 
ance response may e n t a i l  some n u t r i t i o n a l  r i s k  i f  an expanding road system r e s t r i c t s  
animals t o  substandard h a b i t a t  (Rost and Bailey 1979). 

In addi ti on t o  obvious m i  ti g a t i  on through road c losures  , 1 t has been recom- 
mended t h a t  roads be loca ted  i n  timber r a t h e r  than openings (Ward 1976; Black and 
o t h e r s  l W 6 ) ,  designed t o  have minimum cuts and f i l l s ,  no long s t r a i g h t  s t r e t c h e s ,  
t h e  s m a l l e s t  poss ib le  widths ,  and cons t ruc t ion  f e a t u r e s  f a c i l i t a t i n g  e f f e c t i v e  
c l o s u r e  (Black and o t h e r s  1976; Lyon 1975). 

Cespi te  t h e  volume of information showing negat ive  e l k  response t o  open roads ,  
t h e  expected p o s i t i v e  response following road c l o s u r e  has no t  been f u l l y  i n v e s t i -  
gated.  Marcum (1975) repor ted  increased e l k  use followin c l o s u r e  of logging roads 
i n  t h e  Sapphire Elountains i n  flontana; Burbridge and l e f f  71 976) de tec ted  increased 
use i n  t h e  c losed u n i t  o f  pa i red  a r e a s ;  and Lyon (1979b) repor ted  t h a t  elk use of a 
logged drainage re turned t o  prelogging l e v e l s  a f t e r  road c losure .  In both of t h e  
1 a t t e r  s t u d i e s ,  weather was considered an important f a c t o r  in f luenc ing  e l k  movement. 

Several i n v e s t i g a t o r s  have displayed an interest i n  e l k  and hunter  response t o  
road c1 osures  during t h e  hunt4 ng season. Such t r a v e l  r e s t r i c t i o n s  have general  ly 
been successful  i n  improving t h e  perceived q u a l i t y  of  t h e  hunt (Coggins 1976; Gasi le  
and Lonner 1979; Stankey and o t h e r s  1973). Closures ,  however, have n o t  r e s u l t e d  i n  
t h e  c r e a t i o n  of refuge a r e a s  (Eurbridge and Neff  1976; Coggins 1976) with the  poss i -  
b l e  exception t h a t  e l k  emigration from a r e a s  of s p a r s e  cover is  reduced when hunters 
a r e  1 imited t o  f o o t  t r a v e l  ( B a s i l e  and Lonner 1979). 



Quant i ta t ive  data on gr izz ly  behavior with respect t o  road ranagewent a re  
lacking, Circumstantial evidence, however, i s  qui te  convincing t h a t  most bears 
avoid habi ta t  adjacent t o  roads i n  d i r e c t  correspondence t o  the in tens i ty  of t r a f -  
f i c ,  roadside a c t i v i t y ,  and lack o f  protective cover. Unrestricted use of roads and 
roadsides may disrupt  the bear ' s  normal foraging, travel , and d is t r ibut ion  patterns 
and resul t  in habi ta t  loss .  

Authorities agree tha t  i so la t ion  is a major ingredient f o r  grizzly bear sur- 
vival ,  t ha t  today's remaining populations owe t h e i r  existence t o  the paucity of 
resource exploi tat ion in the bears ' current range, and tha t  s igni f icant ly  increased 
roading wil l  lead inevitably to  the disappearance of the gr izz ly  (Varney and others 
1976; Mundy and Flook 1973; Jonkel 1975). Support f o r  t h i s  strong condemnation of 
an expanded road network i s  found i n  the s t r ik ing  paral lel  between the shrinkage of 
gr izz ly  range and numbers i n  North America and s imi lar  losses of the brown bear in 
Europe. Bear declines i n  I t a ly  (Zunino and tierrero 1972), Norway (Elgmork 1976), 
Sweden (Burmann 1974 as c i ted  by Elgmork 1976), Finland (pull iainen 1972) and 
Estonia (Kaal 1976) have each been a t t r ibuted  t o  a combination of agr icul ture ,  
mechanized fores t ry ,  f o r e s t  roads, and accompanying human ac t i  vi t i e s  . 

POSTLOGG I NG HABITAT DEVELOPMENT 

Fol lowing timber harvesting, substant ial  increases i n  forage production have 
been reported (Reynolds 1969; Patton 1974; Basile and Jensen 1971 ; Leege 1968, 1969; 
Leege and Hickey 1971; P.sherin 1976; Irwin 1976; Wittinger and others 1977). 
However, the benefits produced for  b i g  game depend on forage and cover relat ion-  
ships,  s lash treatment, road management, and other fac tors  tha t  determine whether 
the increased forage can ac tua l ly  be used or  whether i t  was even needed in the f i r s t  
place. Elk response t o  habi ta t  manipulation i s  more complex than the uncri t ical  
assumption tha t  food i s  a l imit ing fac tor  (Lyon 1971b; Allen 1971 ; Pengelly 1972). 
Modifications i n  w i ld l i f e  habi ta t  cannot be evaluated on the basis of a s ingle  
envi ronniental condition. Thus evaluation o f  postlogging habi ta t  i s  vi r tual  ly  always 
an equivocal comparison of prelogging, irmnediate postlogging, and expected habi ta t  
changes over a period of years.  

One area of concern is  exemplified by the number of reports describing the s i z e  
of opening preferred by elk. Tolerance fo r  large natural parks and open s i d e h i l l s  
i s  widely recognized ( ~ u r i e  1951 ; Anderson 1958; Boyd 1970; Ward 1973), but the 
majority of invest igators  have reported e l  k preference f o r  smal l e r  openings 
(Reynolds 1962, 1966b; Miller 1974; Lyon 1976). In speci f ic  s i tua t ions ,  elk have 
demonstrated a preference fo r  large clearcuts  (Hershey and Leege 1976), f o r  unroaded 
brushfields over clearcuts  with more abundant forage (Leege and Hickey 1977), and 
consistent  refusal t o  use clearcuts  of any s i z e  (Marcum 1975). 

These apparent discrepancies in elk behavior show a considerable degree of 
adaptabi l i ty  t o  habi ta t  modification and demonstrate t h a t  elk use of c learcut  open- 
ings does not depend sole ly  on opening s ize .  Several s tudies  have shown t h a t  open 
roads and untreated slash reduce elk use of any habi ta t ;  other studies i l l u s t r a t e  
the importance of vegetation age and sera1 development (Pengelly 1963; Lyon 1966; 
Mueggler 1967). Peak use by e lk  m i g h t  occur within 5 (Pengelly 1972) o r  10 years 
(Hcrshey and Leege 1976), terminate within 12 years (Pengelly 1972), o r  continue f o r  
several hundred years (Lyon 1966). 



During the years of high forage production in clearcuts, snow in the opening 
may prevent utilization by elk. Elk begin t o  experience difficulty a t  snow depths 
of 46-61 cm ( 1  8-24 inches) (Gaffney 1941 ; Telfer and k 1  sall  1971 ; Beall 1974; Leege 
and Hickey 1977). Piovement to areas with less snow, t o  lower altitudes or uncut 
timber, appears t o  occur without regard for forage availability (Bcall 1974; Leege 
and Hickey 1977). Beall (1974) reported that elk in the winter have a strong asso- 
ciation with cover types and less association with forage. Stelfox and others 
(1976) found no winter use of 17-year-old clearcuts in Alberta and estimated that 
summer use was less than 10 percent of capacity because cover was so poor. And in 
Montana, Lyon and Jensen (1980) reported that cover a t  the edge o f  clearcuts a s  well 
as cover h e i g h t  inside the opening was an important determinant of  e lk  use. 

The grizzly bear evolved from i t s  forest-dwelling Pleistocene ancestors (Kurten 
1968) into a species adapted to treeless habitat (Herrero 1972; Martinka 1976) a t  a 
time when prinlitive man posed no threat. In  response t o  modern txan's capacity t o  
annihilate i t ,  the grizzly today shows an apparent dependence on timber cover in 
proximity to foraging areas (Graham 1978; Knight and others 1978) and den s i tes  
(Craighead and Craighead 1972a). The amount of cover necessary for security remains 
t o  be defined. 

liuch of the unused portion o f  the bear's range i s  in broad expanses of conifer- 
ous forest. O f  apparently minor value for feeding, and presumably in excess of 
minimurr~ cover needs, these forests appear to offer the potential for creating new 
foraging s i tes  through 1 ogging and subsequent successional devel opment . Rl though 
the f lor is t ics  of sera1 stages in the various habitat types are not we1 1 documented, 
i t  i s  reasonable to assume that prudence in the timing and spacing of  logging opera- 
tions wi 11 maintain a heterogeneity of conditions beneficial to the bear. The 
challenge i s  whether this  can be done without adversely affecting the bear. We need 
additional knowledge of habitat components, of a1 ternate food sources, of travel 
corridors, of minimum buffer zones, and of how t o  maintain the integrity of these 
collective habitat components. Meanwhile, we can only recommend a cautious and 
conservative approach to 1 ogging in grizzly range. 

The influence of postlogging habitat development on big game can be described 
as the most important and complicated influence of harvesting and residue manage- 
ment. Road construction, timber harvest, slash treatment, and road management are 
short-term problems for which partial solutions are a1 ready available. Repeated or 
prolonged timber sale activity will compound the negative effects on elk and grizzly 
bears, b u t  when the disturbance is over, the slash treated, and the roads closed, 
the habitat will represent some combination of cover, forage, and diversity with an 
abi l i ty  to support both species. This capability may be higher or lower than that 
before timber harvest, and i t  will change constantly as forest vegetation grows and 
changes. 
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ABSTRACT 

Following logging and residue treatments, there is a successional 
sequence of small mammal species in response to the availability 
of cover and food. Small mammals increase dramatically during 
the first few years after logging. Species composition is 
related to habitats resulting from harvesting methods. Small 
mammal impacts on forest regeneration may be reduced by not 
creating optimum habitat for problem species during harvesting. 
Small mammals may a1 so play beneficial roles. A vegetative 
mosaic in species and structure is recommended for areas where 
wildlife management is of high-priority. 

KEYWORDS: small mammal s, logging, residue treatments, fire, 
northern Rocky Mountains 

INTRODUCTION 

Small mammals were of little interest to foresters until their potential affects 
on forest regeneration after logging became evident. Results of studies in cut-over 
plots and in the adjacent forest showed that small mammals were more numerous in 
logged areas than in the uncut forest, and they were consuming significant amounts of 
conifer seeds and seedlings. Methods of direct control were found effective only for 
the duration of the sustained effort. Small mammal populations rebounded as soon as 
the trapping or poisoning ended. 

Presently, many silviculturalists consider the habitat requirements of small 
mammal s that retard forest regenera tion and, where feasible, select harves t i  nq methods 
that do not provide optimum habitats for problem species. 



The importance of small mammals in the forest ecosystem i s  gradually becoming 
understood. The symbiotic relationship of small mammals with the forest community may 
be important for forest regeneration. In addition, the public has become increasingly 
interested in nongame species for s t r i c t ly  aesthetic reasons. People enjoy seeing 
porcupines and photographing chipmunks. This interest i s  underscored by new nongame 
programs, which emphasize the aesthetic values of small mamma1s- 

SMALL MAMMAL HABITAT REQUIREMENTS 

The response of small mammal populations t o  logging and slash disposal depend on 
the extent of habitat alteration. Structure of the vegetation and food seem t o  be the 
most important aspects of small mammal habitat. 

Removal of vegetation has profound effects on small mammals. Physical barriers 
are created or removed. More sunlight reaches the ground and the range of tempera- 
tures a t  the ground surface increases. Moisture regimes are altered by changes in the 
amount of precipitation reaching the ground, evaporation, dew, and transpiration 
rates. Over the long-term, increased light and moisture result in abundant growth of 
forbs, grasses, and shrubs, which favors increased numbers of small mammals. 

Most species of small mammals are adversely affected by the short-term effects of 
logging and f i re :  injury or death from logging and'burning, loss of food a n d  cover, 
di splacement, and increased predation (Lawrence 1966). Hawks (Baker 1940) and small 
carnivores are attracted t o  recent burns. The blackened ground improves thermals 
for soaring raptors, and the removal of ground vegetation makes surviving small 
mammals more visible. Carnivores may be attracted b the smell of decomposing car- 
casses of animal s killed during burning (Motobu 1978 3 , Over the long-term, 
populations of most small mammals increase following logging and f i r e .  Small mammals 
m u 1  t iply rapid1 y in favorable habitats because they reach sexual maturity early, and 
they have short gestation periods, large l i t t e r s ,  and potential for several l i t t e r s  
each year. 

The small marmals found in the successional stages following clearcut logging and 
burning are shown in figure 1 .  Each species has specific habitat requirements. Some 
are more adaptabl e than others, b u t  each has 1 imiting requirements. For example, tree 
squirrel s depend on mature forests. Flyin squirrel s (~Zaucomys spp. ) must have trees 
with cavities for nesting. Red squirrels 7 Tmiasciums hudsonicus) use cone-producing 
trees for food and she1 ter .  Cl earcutting el iminates essential habitat, and di spl aces 
bo th  of these arboreal mammal s .  The microtines, red-backed voles (~ZethrZonomys 
gapper:') ,  and voles of the genus Mfcrotus, are creatures of the orqanic layer on the 
ground surface. Important elements of their environment are a mat o f  ground cover, 
palatable herbaceous plants, and moisture. Logging improves the growth of forbs by 
increasing light and ground moisture. After logging, increased numbers of Micro-Lus 
can be expected, however, CZeihrionomys populations may be suppressed by the removal o f  
the forest canopy and the loss of adequate surface moisture (Odum 1944). Occasionally, 
red-backed vole populations remain high until logging slash i s  burned. After burning, 
populations decline (Gashwiler 1959). 

The shrews    or ex spp.) generally require a mat of ground vegetation for cover, 
a1 t h o u  h ,  as insectivores, they are less dependent on vegetation types t h a n  the micro- 
tines ? Rickard 1960). Shrews and microtines are temporarily eliminated by a hot f i r e  
t h a t  removes duff and ground vegetation and will no t  reinvade until herbaceous 
vegetation i s  reestablished. 
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Deer mice ( ~ e r o m ~ s c u s  man&uZatus) are  present in most stages of plant succession, 
b u t  not always in great numbers. They are  a pioneering species that  proliferate on 
newly burned clearcuts soon a f te r  the ash has se t t led .  Their d i e t  a t  t h i s  time i s  
insects, conifer seeds, and other seeds that  remain in the soil a f t e r  burning. As the 
vegetation develops, the seeds o f  herbaceous plants are  eaten. Apparently the 
nocturnal habits (LoBue and Darnel 1 1959) and e r ra t i c  movements of these mice provide 
some protection from predators. Deer mice are  most abundant in clearcuts about f ive 
years a f t e r  logging, b u t  decrease with time and vegetal development. Sometimes t h i s  
decrease i s  rapid. Numbers in closed-canopy fores ts  are usually quite low. 

Open areas are preferred by pocket gophers ( ~ h o m o m ~ s  ta lpoides)  and Columbian 
ground squirrel s ( ~ p e m o ~ h C Z u s  colwnbianus) . The protective burrow systems of these 
animals enable them t o  invade and use large open areas that  lack s h r u b  or tree cover. 
Opening of the forest  canopy and coincident development of herbs resul ts  in optimum 
habitat conditions. 

Go1 den-mantl ed ground squirrel s ( ~ ~ e r r n o ~ h i ~ u s  ZateraZis) and chipmunks (fitmias 
spp. ) prefer open areas, b u t  they are reluctant to venture where cover from boulders, 
fal len t rees ,  limbs, or  shrubs i s  lacking. The numbers of these animals increases in 
partial cuts  and clearcuts where some residue remains on the ground (Davis 1976). 



Cottontail (~~ZviZagus spp. ) populations may increase in cl earcuts where there 
dense tree regeneration or shrubby and herbaceous undergrowth. Windrowing slash 
benefits this species (costa and others 1976). 

Snowshoe hare ( ~ e p u s  amertkanus) and porcupine (~rethizon dorsatwn) reoccupy 
logqed areas af ter  t h e  establishment of shrubs and sap1 ings needed for food and cover. 

EFFECTS OF HARVESTING METHODS : CLEARCUT VS.  PARTIAL CUT 

Clearcuts and partial cuts both result in an increase of l ight and available 
moisture, with the resul tant re1 ease of understory vegetation. The major difference 
i s  that habitat modification in a clearcut i s  more extreme than in a partial cut. 
Extreme habitat modification results in the displacement of some species and unusual 
increases i n  numbers of other species. For example, although tree squirrels are dis- 
placed from cl earcuts, ground squirrels and pocket gophers, which prefer open areas 
and scarified so i l ,  increase i s  cl earcuts (Barnes 1974). 

The impacts of microtines and deer mice on forest regeneration are-not as siqnifi-  
cant on partial cuts as on clearcuts. Generally, habitat changes are less dramatic on 
partial cuts than on clearcuts. The results are less pronounced changes in small 
mammal populations. Figure 2 shows the small mammal species that may be found af ter  
different harvesting and residue treatments. 

EFFECTS OF RESIDUE TREATMENTS 

Broadcast Burns 

Broadcast burns may result in the nearly complete removal of living vegetat 
and a scattering o f  unburned slash. Under the ashes are roots, corms, bulbs, rh 
dormant seeds, and spores. Many of these sprout immediately, stimulated by f i r e  
increased light,  moisture, nutrients, and the lack of competition. 

ion 
i zomes , 
3 

Most burrowing small mammals survive a f i r e  due to the insulation of the so i l ,  i f  
their burrows are sufficiently ventilated. In a Montana study, subsurface temperatures 
a t  2 inches were 118°F (48'C) in spite of 500°F (260°C) soil surface temperatures 
(Halvorson in press). Howard and others (1959) found subsurface temperatures of 
140°F (60°C) to be lethal to caged rodents buried beneath a chapparal f i r e .  In 

. unventilated burrows or where the relative humidity was above 50 percent, death 
occurred around 1 20°F (49'C) (~awrence 1966). 

Species 1 iving above ground may escape by fleeing (Komarek 1969). However, large 
and small mammals and birds, are sometimes killed by a hot, fast-moving f i r e  
(Kipp 1941). A burn i s  reoccupied soon af ter  the ash set t les  i f  species habitat 
requirements are met (Tevis 1956d). Other animals may remain in adjacent unburned 
areas, where as newcomers they are more vulnerable t o  predation than the resident small 
mammals (Metzgar 1967). Where fire has removed a1 l ground cover, deer mice are 
usually the only species t h a t  will become immediately established in s i  nificant 
numbers. Other species will return as vegetation becomes established. Dimock 1974, 
Tevi s lgS6d). 

? 
Incompletely burned residue in broadcast burns usually provides a better d i s t r i -  

bution of cover than concentrated incomplete burning of piled slash. Chipmunks and 
golden-mantled ground squirrels benefit from this distribution of slash. 
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Windrow, Slash Pile, and Jackpot Burns 

Burning windrows and slash piles often results in large areas between piles where 
the vegetation i s  unaffected by f i r e .  Because of this ,  small mammal populations in 
these unburned areas remain essentially unchanqed. Jackpot burning (the burning of 
slash concentrations), i s  similar t o  burning piled slash in that large areas are l e f t  
unburned. However, jackpot burning has the additional benefit t o  chipmunks, golden- 
mantled ground squirrels and shrews of leaving residue in the unburned areas. Since 
there i s  less soil disturbance with jackpot burning, this  treatment may be used t o  
discourage pocket gopher populations which tend t o  increase with scarification 
(Barnes 1974, Volland 1974). Columbian around squirrels and pocket gophers are 
attracted t o  forest openings and do not  seem t o  be significantly affected by the 
presence or absence of slash. Voles, shrews, and deer mice increase in response t o  
increasing herbaceous and seed-producing ground cover. 

When slash i s  piled several months before being burned, i t  provides a home for 
small mammals (Tevis 1956d). When these slash piles are burned, more animals may be 
killed than in a broadcast or jackpot burn.  

Slash burning has been used in attempts t o  control some small mammal populations 
(Tevis 1957d, Motobu 1978, Fala 1975). However, the potential reproductive rate of 
small mammals i s  so great that fire-induced mortality only has a short-term effect on 
population levels (Tevis 1956a). 

MECHANICAL REMOVAL OF RESIDUES 

Lit t le  has been published on the effects mechanical slash removal has on small 
mammal populations. The l i terature  suggests that many species of small mammals will 
continue t o  inhabit areas where residues of 3 inches diameter and larger are removed 
mechanically i f  the mat o f  ground vegetation i s  not a1 tered appreciably. The 
exceptions t o  this prediction are shrews, chipmunks, and go1 den-mantled ground 
squirrels, which may become less numerous with removal of large woody materials. Red- 
backed vole populations may be suppressed by the removal of t he  forest canopy, and the 

I 

removal of large woody residues further reduces their habitat (Gashwiler 1959, 1970, 
Tevis 1956c, Gunderson '1959). Voles of the genus Microkus will flourish because o f  
the retention of ground cover. Deer mice will increase, as will pocket gophers and 
Columbian ground squirrels. The presence o f  rabbits, hares, and porcupines w i l  l depend 
on the availability of brush or young trees for cover and food. 

LEAVING RESIDUES 

Leaving residues can be disadvantageous in view of f i r e  and insect hazard, and 
hampered b i g  game movements. Yet leaving residues can provide ideal habitat for small 
mammals. Removal of the overstory releases the growth of herbs, grasses, and shrubs, 
b u t  protection from predators i s  s t i l l  provided by the slash. Where residues are n o t  
removed, the numbers of most small mammal species already present could be expected t o  
increase with the exception of the red-backed voles, which are generally associated 
with forest communities. Porcupines probably would be restricted unless, or unt i l ,  
there are saplings or brush for food. 



EFFECTS OF SMALL MAMMALS O N  FOREST REGENERATION 

1 Beneficial Effects 

Animals tha t  have evolved with specif ic  plant communities frequently impart 
benefits to ,  as  well as  receive benefits from, the plant communities. These benefits 
include soi l  disturbances tha t  improve opportunities for  germination and growth of 
some species of t r ees  (Tevis 1956b, Larrison 1942). Burrowing animals such as pocket 
gophers and ground  squi r re ls  bring mineral so i l  t o  the surface and introduce organic 
matter below the surface. They a lso  improve soi l  aeration and reduce erosion by 
improving water i n f i l t r a t i o n .  Because of a preference fo r  perennial forbs with deep 
or bulbous roots ,  numbers of pocket gophers usually increase where heavy grazing by 
ungulates has destroyed the turf  and allowed an increase of these forbs. This 
relat ionship has sometimes implicated pocket gophers as  the cause of erosion and 
range deteriorat ion tha t  was actual ly a r e su l t  of over-grazing by 1 ivestock 
(El 1 i son 1946). 

Forest mycologists have suggested tha t  dispersal of mycorrhizal fungi by small 
mammals may be c r i t i c a l  t o  the survival and growth of t rees  on some unfavorable s i t e s  
(Maser and others 1978a, b ,  Trappe a n d  Maser 1977). These fungi a s s i s t  plants in 
absorbing water and nutr ients  from the soi l  and often protect roots from disease. I n  
return,  the fungi obtain t h e i r  nutr i t ion from the t rees .  Most green plants are 
dependent on these fungi,  There appears to  be a successional sequence of fungi 
correlated with fo res t  succession. Truffles are  the reproductive bodies of the 
mycorrhizal fungi commonly found in clearcuts .  Because t r u f f l e s  are  ent i re ly  under- 
ground, they a re  dependent on animals for  spore dispersal .  The consumption of 
t ru f f l e s  by small mammals and subsequent excretion of viable spores has been 
documented. Since the v iab i l i ty  of spores of many fores t  fungi i s  1 imited t o  about a 
year,  small mammals are  important a s  dispersal agents for  these spores. (Trappe and 
Maser 1977). 

In some areas, unrecovered seed caches of qolden-mantled ground squi r re ls  and 
chipmunks (~u tamias  spp. ) a re  the primary source of germinating ponderosa pine (pinus 
ponderosa) (Saigo l968), and bi tterbrush (hrshCa t r iden ta ta )  (West 1968). Despite 
rodent consumption of cached seeds, some caches qerminate and develop into clumps of 
seed1 ings. An Oregon study reported a t  l e a s t  50 percent of pine regeneration was from 
rodent seed caches. This source of regeneration was considered especially important 
in areas where logging, road building, or  f i r e  had occurred (Saigo 1968). 

Small mammals e a t  a s igni f icant  number of insects ,  including insects that  damage 
t rees .  Some of these small mammals a re  usually thought of as  seed ea ters  and are  not 
recognized as  being insectivores a s  we1 1 . A study in the tamarack swamps of the Lake 
States documented a greater  consumption of larch sawfly prepupae by voles which are  
primarily herbivores than by shrews, which a re  known for  t h e i r  insectivorous food 
habits (Graham 1928). Balch (1937) s t a t e s  tha t  small mammals, by consuming up t o  
36 percent of the cocoons in eastern Canada, a re  the only signif icant  natural fac tor  
in the control of the cocoon stage of spruce sawflies. 

In contrast ,  Morris and others (1958) in a 10-year study on the response of avian 
and mammal ian predators to  spruce budworrn density , found tha t  small mammal populations 
fluctuated independently of budworm density. They f e l t  t ha t  predators were of l i t t l e  
control during the budworm outbreak. Hamil ton and Cook (1940) estimated tha t  a 
moderate population of small mammals (100 per acre)  could consume as much as 
266 pounds of insects per year. In a Montana study, chipmunks, red squi r re ls ,  and 
golden-mantl ed ground squirrel s were observed eating spruce budworm larvae ; one 
golden-mantled ground squirrel had 179 budworm larvae in i t s  stomach (Pi1 lmore and 
others 1970). 



Detr imental  Ef fec ts  

Harmful e f f e c t s  o f  small mammals on f o r e s t  regenerat ion inc lude  the  harvest  and 
caching o f  cones by r ed  s q u i r r e l s  (Schmidt and Shearer 1971). Un l i ke  the  seed caches 
o f  golden-mantled ground s q u i r r e l s  and chipmunks, the  p r o b a b i l i t y  o f  c o n i f e r  seed 
germinat ion from undisturbed red  s q u i r r e l  cone caches i s  very  low. However, these 
cone caches a re  f r equen t l y  a seed source f o r  res tock ing  programs. 

Small mammals and b i r d s  consume a l a r g e  percentage o f  c o n i f e r  seed before i t  
germinates. Schmidt and Shearer (1971) found t h a t  small f o r e s t  animals consumed 24 
ou t  o f  25 mature ponderosa p i ne  seeds. Red s q u i r r e l s  harvested 66 percent  o f  the 
mature cones. A f te r  seeds were dispersed, deer mice, chipmunks, and b i r d s  consumed 
t he  equ iva len t  o f  an add i t i ona l  30 percent.  Gashwiler (1967) found t h a t  o n l y  12 per-  
cen t  o f  Douglas-f i r  seed surv ived u n t i l  t he  end of the  germinat ion per iod  i n  Oregon. 

Small mammal s cont inue t o  a f f e c t  c o n i f e r  regenerat ion a f t e r  germinat ion.  Tree 
seed1 ings a re  eaten by small mammals, b i rds ,  and ungulates (Saigo 1968). Although 
pocket gophers expose the mineral  s o i l  necessary f o r  the  germinat ion o f  some c o n i f e r  
seed, they may ea t  r o o t  systems o f  young t rees.  They a1 so g i r d l e  and ea t  seed1 ings 
below the  snow sur face dur ing  the  w in te r .  Tevis (1956b) found t h a t  the  g rea tes t  l o ss  
o f  r e d  fir ( ~ b i e s  rnagnifica) seed1 i n  s  r esu l t ed  from r o o t  exposure t o  the  a i r  i n s i d e  
pocket gopher tunnels ,  Hooven (1971 repor ted s i m i l a r  e f f ec t s  on ponderosa p ine  i n  
Oregon. 

3 
Young t r ees  a re  sub jec t  t o  g i r d l i n g  by mice and r a b b i t s .  Red s q u i r r e l s  i n  

northwestern Montana g i r d1  e the  tops of western l a r c h  (Lurix occidentaZis) . ' 
Porcupines can be very  des t ruc t i ve  t o  t r ees  o f  a l l  ages. 

SMALL MAMMAL MANAGEMENT 

Trapping, Poi sons, Insec t i c ides ,  and Herbic ides 

Trapping and po ison ing a re  temporary measures f o r  reducing small mammal popu- 
l a t i o n s  t h a t  r e t a r d  con i fe r  regenerat ion.  These measures a re  n o t  genera l l y  considered 
p r a c t i c a l ,  long-term so lu t i ons  (Tev is  1 %6b, Hooven 1971, Smith and Aldous 1947). The 
e f f e c t s  o f  these treatments p e r s i s t  on l y  as  long as t he  e f f o r t  i s  sustained 
(Tev is  1 9 5 6 ~ ) .  

Insec t i c ides ,  i n  s u f f i c i e n t  concentrat ions,  w i l l  cause mar ta l  i t y  i n  small mammals 
(Mor r i s  1970). Unfor tunate ly ,  small mammals which ea t  i nsec t s  rece ive  d i sp ropo r t i on -  
a t e l y  h igh concent ra t ions of these poisons. 

The e f f e c t s  o f  he rb ic ides  on small mammal popula t ions a re  genera l l y  i n d i r e c t .  
The k i l l  i ng  o f  vegetat ion may e l  im ina te  essen t ia l  food o r  cover requ i red  by c e r t a i n  
species. I n  a  Colorado study, range treatment w i t h  2,4-D improved the  growth of 
grasses and k i l l e d  t he  forbs.  Th is  r esu l t ed  i n  a  sharp reduc t ion  i n  pocket gophers 
t h a t  f ed  on forbs,  and an increase i n  montane vo les ( ~ i c r o t u s  montanus), which p r e f e r  
close-canopied grass cover (Johnson and Hansen 1969). 

'personal Communication: C u r t i s  Halvorson, USDI, F i s h  and Wild1 i f e  Service, 
F t .  Co l l i n s ,  Colo.; George Wilson, G lac i e r  View Ranger S ta t ion ,  Columbia F a l l s ,  Mont. 



Hab i t a t  Manipu la t ion 
I 

Small mammals have evolved w i t h  the communities t h a t  they i n h a b i t  (Bendell  1974). 
Mutual c o m p a t i b i l i t y  i s  a r e s u l t  o f  t h i s  evo lu t ion .  D is rup t ions  such as f i r e  o r  
logg ing  may cause ser ious imbalances (Tev is  1956b): some animal popula t ions may be 
e l iminated,  new species may invade, some species w i l l  g r e a t l y  increase i n  numbers. 

F i r e s  o r  logg ing may i n i t i a t e  an e a r l y  successional stage as a d isc l imax .  Th is  
may be perpetuated by recu r ren t  f i r e ,  unusual l y  h i gh  rodent populat ions,  heavy graz ing 
by l a r g e  mammals, o r  edaphic f a c t o r s .  Special cons iderat ion,  i n c l ud ing  a1 t e r n a t i v e  
harvest ing methods, should be g iven t o  s i t u a t i o n s  w i t h  t h i s  p o t e n t i a l .  

To reduce impacts on f o r e s t  regenerat ion,  small mammal con t ro l  i s  best  imple- 
mented by no t  c rea t i ng  s u i t a b l e  h a b i t a t  f o r  p o t e n t i a l l y  des t ruc t i ve   specie^.^ 
Considerat ion should be g iven t o  the  k ind  o f  h a b i t a t  c reated by d i f f e r e n t  t reatments 
and the  p rox im i t y  o f  logg ing t o  p o t e n t i a l l y  co l on i z i ng  popula t ions.  For example, 
pocket gophers invade and m u l t i p l y  i n  c l ea r cu t s  where they damage and dest roy tree 
seedl ings.  Retent ion o f  500-foot wide b u f f e r  s t r i p s  i n  lodgepole p ine f o r e s t s  has 
been suggested t o  a1 l e v i a t e  t h i s  s i t u a t i o n .  Another a1 t e r n a t i v e  f o r  d iscourag ing 
pocket gopher populat ions,  i s  p a r t i a l  c u t t i n g  t o  ma in ta in  p a r t i a l  shade and minimal 
s o i l  d is turbance (Barnes 1974). 

Golden-mantl ed ground s q u i r r e l  s a re  considered a t h r e a t  t o  r e f o r e s t a t i o n  because 
of t h e i r  seed-eating hab i t s .  H i s t o r i c a l l y ,  i n  northwestern C a l i f o r n i a ,  these 
s q u i r r e l s  occurred on l y  i n  open g r a n i t e  outcroppings and avoided the  v i r g i n  Douglas- 
fir (~seudotsu~a -baxifoZia) and wh i te  fir ( ~ b i e s  concolor) f o res t s .  A f t e r  t h e  
i n i t i a t i o n  o f  harvest programs, golden-mantled ground s q u i r r e l s  spread from these 

I i s o l a t e d  areas through v i r g i n  f o r e s t  i n t o  c l ea r cu t s  2-1/2 m i l es  d i s t a n t  (Tevis 1956a). 

I n  areas where a1 1 vegetat ion has been removed by c l e a r c u t t i n g  and burning, as 
much as 100 percent o f  on - s i t e  c o n i f e r  seeds have been consumed by w i l d l i f e  
(Tev is  1 9 5 6 ~ ) .  Halvorson ( I n  Press), Tevis (1956c), and S u l l i v a n  (1979) have sug- 
gested t h a t  leav ing  some patches o f  unburned vegetat ion would prov ide a l t e r n a t e  food 
sources and might  reduce seed depredat ion.  Unburned patches a l l ow  more species o f  
small mammals t o  su rv ive  the  f i r e ,  bu t  the re  i s  a l s o  a wider v a r i e t y  o f  food remaining 
t o  b u f f e r  the e f f e c t  o f  seed consumption. 

The ef fec t iveness o f  a e r i a l  seeding i n  nor thern  Montana was improved by de lay ing  
seeding u n t i l  snow was on the ground. Th is  made the  seed unava i lab le  t o  rodents 
u n t i l  sp r ing  when small mammal popula t ions a re  a t  a seasonal low. Seed was a lso  
unava i lab le  t o  b i r d s  because i t  penetrated i n t o  t h e  snow. Germination occurred i n  the  
sp r ing  a f t e r  snow me1 t, thereby reducing the t ime the  seed was exposed t o  
depredat ion.  

If w i l d l i f e  h a b i t a t  i s  a major cons idera t ion  i n  f o r e s t  management, p r i o r i t y  
should be g iven t o  t he  c rea t i on  o f  a vege ta t i ve  mosaic o f  species composit ion and 
vege ta t i ve  s t ruc tu re .  Bene f i t s  o f  a vege ta t i ve  mosaic inc lude:  

a )  Va r i e t y  of food and 
b )  Edge e f f e c t s .  

cover. 

2Personal Communication; W i  
O f f i ce ,  Missoula, Mont. 

9 Personal Communication: G. 

11 iam Beaufai t, USDA Forest  Service, Regiona 

Wilson. 



c )  P r o t e c t i o n  from ca tas t roph ic  f i r e .  
d) P r o t e c t i o n  from disease and i n s e c t  damage t h a t  can occur 

i n  monotypes. 
e )  Increase of dew and a h igher  water content  of herbs i n  

new openings. 
Wild1 i f e  species d i v e r s i t y .  
Long-term s t a b i  1 i ty  o f  predator  popula t ions.  

CONCLUSION 

Small mammals have evolved as a component o f  t h e  f o r e s t  community i n  which they 
l i v e .  Fo l lowing logg ing  o r  f i r e ,  t h e r e  i s  a successional sequence of small mammal 
species i n  response t o  t h e  a v a i l a b i l i t y  o f  cover and food. Unusual d e n s i t i e s  o f  
small mammals may r e s u l t  from severe h a b i t a t  a l t e r a t i o n .  I n  these instances small 
mammals may r e t a r d  regenerat ion.  P o t e n t i a l  problems should be considered i n  p lann ing 
c u t t i n g  u n i t s  and, where feas ib le ,  modif i c a t i o n s  made t o  discourage the  increase o f  
species o f  small mammals t h a t  may r e t a r d  regenerat ion.  I f  w i l d l i f e  management i s  a 
h i g h - p r i o r i  t y  cons iderat ion,  a v e g e t a t i v e  mosaic o f  species composi t ion and , s t r u c t u r e  
i s  recommended. 
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ABSTRACT 

Coram Exper imental  Fo res t  (CEF) p l o t s  on which d i f f e r e n t  
h a r v e s t i n g  p r e s c r i p t i o n s  and r e s i d u e  u t i l i z a t i o n  i n t e n -  
s i t i e s  were a p p l i e d  i n  1974 were s tud ied  d u r i n g  1974-1979 
t o  determine impacts on n e s t i n g  and feed ing a c t i v i t i e s  o f  
c a v i t y  nesters ,  espec ia l  l y  woodpeckers. Uncut c o n t r o l  s  on 
t h e  CEF and on o t h e r  s i t e s  i n  t h e  F la thead Na t iona l  F o r e s t  
and G l a c i e r  Na t iona l  Park  a l s o  were s tud ied .  C a v i t y  nes te rs  
p re fe r red  western l a r c h ,  ponderosa p ine,  b lack  cottonwood, 
paper b i r c h ,  o r  aspen n e s t  t r e e s  w i t h  heartwood decay. 
Fo res ts  w i t h  a component of o ld -growth  western l a r c h  sup- 
p o r t e d  t h e  h i g h e s t  d e n s i t y  and d i v e r s i t y  o f  c a v i t y  nes te rs .  
Uncut c o n t r o l s  r e c e i v e d  t h e  h i g h e s t  % o f  feeding use. 
She1 terwood c u t s  and uncut  i s l a n d s  w i t h i n  group s e l e c t i o n  
p l o t s  r e c e i v e d  r e l a t i v e l y  h i g h  feed ing  use. C lea rcu ts  
rece ived  l i t t l e  use, rega~rd less  o f  t h e  i n t e n s i t y  o f  r e s i d u e  
u t i l i z a t i o n .  

KEYbJORDS: b i r d  management, c a v i t y  nesters ,  01 d  growth, 
r e s i d u e  management, t imber  ha rves t i ng ,  western l a r c h  

INTRODUCTION 

Fores te rs  a r e  p l a c i n g  increased emphasis on t h e  u t i l i z a t i o n  o f  t r e e s  t h a t  a r e  
dead (snags), dying, de fec t ive ,  diseased, o r  down; such t r e e s  a r e  termed 5D wood by 
McMichael (1975). These f o r e s t  components o f t e n  are r e f e r r e d  t o  as wasted resources 
i f  they  a r e  unused by man. 

Old-qrowth f o r e s t s  which produce a l ower  annual increment of wood than do young- 
e r  stands f r e q u e n t l y  a r e  viewed as  obs tac les  p reven t ing  e f f i c i e n t  f o r e s t  management. 
On commercial Rocky Mountain f o r e s t s ,  management o b j e c t i v e s  u s u a l l y  c a l l  f o r  conver-  
s i o n  of n e a r l y  a l l  o l d  growth t o  s h o r t - r o t a t i o n  stands as r a p i d l y  as p o s s i b l e .  Yet 
l a r g e  o l d  t rees ,  which c o n s t i t u t e  t h e  o ld-growth  component i n  f o r e s t s ,  and 5D wood 
a r e  e s s e n t i a l  elements of s u i t a b l e  h a b i t a t  f o r  c a v i t y - n e s t i n g  b i r d s  and a  number o f  
smal l  mammals. About 25% o f  t h e  b i r d  species n e s t i n g  i n  n o r t h e r n  Rocky Mountain 



f o r e s t s  a re  c a v i t y  nesters.  They a re  espec ia l l y  s e n s i t i v e  t o  t imber harvest ing 
p rac t i ces  because o f  t h e i r  need f o r  nes t ing  and roos t i ng  c a v i t i e s  w i t h i n  snags o r  
l i v e  t r ees  w i t h  hear t ro t .  Th is  group o f  b i r d s  i s  l a r g e l y  insect ivorous.  Thus 
harvest ing and res idue u t i l i z a t i o n  p rac t i ces  t h a t  a f fec t  i n sec t  popula t ions a lso  
i n f l uence  c a v i  t y -nes t ing  b i r d  popula t ions.  The b i r d s  a f f e c t  i n sec t  numbers through 
predat ion and may mainta in  endemic popu la t ion  l e v e l s  o f  some f o r e s t  insects ,  o r  a t  
1  east  1  engthen i n t e r v a l  s  between epidemics (Beebe 1974). But cons idera t ion  of c a v i t y  
nesters,  o r  any o ther  1  i f e  form, should no t  be conf ined t o  poss ib le  economic bene f i t s  
o f  the speci.es o r  group (Ehrenfe ld  1974). Ecological  , s c i e n t i f i c ,  and e s t h e t i c  values 
a l s o  a re  essen t ia l  fac to rs ,  though n o t  e a s i l y  quan t i f i ed .  The f a c t  t h a t  c a v i t y  nest -  
e r s  a re  a na tu ra l  p a r t  o f  f o r e s t  ecosystems i s  by i t s e l f  s u f f i c i e n t  reason f o r  f o r e s t  
managers t o  g i ve  them carefu l  cons iderat ion.  Perpetuat ion o f  c a v i t y  nesters  w i t h i n  
a f o res t  subjected t o  harvest ing i s  poss ib le  on ly  w i t h  ca re fu l  p lann ing based on 
know1 edge o f  the environmental consequences o f  the  proposed manipu la t ion.  

Conner and Crawford (1  974) s tud ied woodpecker fo rag ing  i n  Appalachian c l  earcuts.  
Conner e t  a1 . (1975) evaluated the  i n f l uence  o f  c u t t i n g  on woodpecker nes t ing  h a b i t a t  
i n  V i r g i n i a .  Other s tud ies have d e a l t  w i t h  the  impact o f  c u t t i n g  on both open and 
c a v i  t y -nes t ing  b i r ds :  Ha a r  (1 960) i n  Cal i f o r n i a ;  Franzreb (1978) i n  Arizona; 
T i t t e r i n g t o n  e t  a1. (19793 i n  Maine; Kessler (1979) i n  Alaska. 

The study descr ibed i n  t h i s  r e p o r t  was designed t o  prov ide some o f  t he  basic 
in format ion needed by managers concerned w i t h  the we l fa re  o f  c a v i t y  nesters  i n  
western larch/Douglas- f i r1  f o res t s .  Study ob jec t i ves  were: 1 )  t o  eva luate the  i n -  
f luence o f  a l t e r n a t e  t imber harvest ing and res idue u t i l i z a t i o n  p rac t i ces  on the  nes t -  
i n g  and feeding a c t i v i t i e s  o f  cav i t y -nes t ing  b i rds ;  2 )  t o  q u a n t i f y  va r iab les  descr ip -  
t i v e  o f  the  t imber, character  of dead ma te r i a l ,  t he  area, and o f  harvest ing p resc r ip -  
t i o n  and res idue u t i l i z a t i o n  t h a t  s i g n i f i c a n t l y  i n f l uence  cont inued use by c a v i t y  
nesters;  3 )  t o  prov ide recommendations f o r  modi fy ing harvest ing and u t i l i z a t i o n  prac- 
t i c e s  t o  minimize adverse impacts on these species. 

I n  t h i s  study students and I have concentrated on "pr imary" c a v i t y  nesters,  the  
woodpeckers ( f i g .  I ) ,  a l l  of which a re  capable of excavat ing t h e i r  own nes t ing  c a v i -  
t i e s  w i t h i n  t rees .  Most secondary cav i t y -nes te rs  (e.g., b lueb i rds,  small owls 
( f i g .  2),  some swallows and ducks) must r e l y  on t he  woodpeckers o r  on na tu ra l  decay 
processes f o r  product ion o f  nes t  and r o o s t  c a v i t i e s .  

' s c i e n t i f i c  names a re  l i s t e d  i n  the Appendix. 



STUDY AREA 

General 

The s tudy focused on the  Corarn Experimental Fo res t  (CEF) , l o c a t e d  approx imate ly  
9 m i l e s  (14.5 km) eas t  o f  Columbia F a l l s ,  i n  northwestern Montana. L a t i t u d e  i s  
approx imate ly  N 48" 2 5 '  and l o n g i t u d e  W 114" 00 ' .  The CEF ( p a r t  o f  t he  Flathead 
Na t iona l  F o r e s t )  encompasses 7,460 acres (3,019 ha), 811 acres (328 ha) o f  which a r e  
s e t  as ide  as  a n a t u r a l  area. E leva t ions  range from 3,500 t o  6,300 f e e t  (1,067 t o  
1,920 m). Mean annual p r e c i p i t a t i o n  i n  the  c e n t r a l  ( ~ b b o t  Creek) bas in  i s  35 i n  (89 
cm). The mean annual temperature i s  42°F (5.6"C). The western la rch/Douglas- f  ir 
f o r e s t  cover t y p e  predominates. Average number o f  t r e e s  per  acre, mean d. b. h., and 
mean h e i g h t  f o r  t r e e  species (based on sarnpl i n g  u n i t s  t o t a l  1 i n g  80 acres (32.4 ha ) )  
on t y p i c a l  s i t e s  i n  t h e  CEF a r e  shown i n  t a b l e  1. Timber, t e r r a i n ,  s o i l s  and w i l d -  
l i f e  a r e  r e p r e s e n t a t i v e  o f  many areas i n  western Montana and n o r t h e r n  Idaho. More 
d e t a i l e d  d e s c r i p t i o n s  o f  va r ious  environmental parameters on t h e  CEF study s i t e  a r e  
g i ven  l a t e r  i n  t h i s  paper o r  have been presented i n  e a r l i e r  papers i n  t h i s  symposium. 

TABLE 1 .-- Number o f  t r e e s  (4 9 i n  (23 cm) d. b.h. ) pe r  ac re  based on t o t a l  sample o f  
80 acres (32.4 ha), CEF. 

Tree species Trees pe r  R e l a t i v e  Mean dbh Mean h e i g h t  
ac re  (ha) d e n s i t y  (%)  i n  (cm) f t  (m > 

Douglas-f ir 
Subalpine fir 
Engelmann spruce 
Western l a r c h  
Western hemlock 
Lodgepole p i n e  
Western wh i te  p i n e  
Western redcedar 

A l l  woodpecker feed ing  observat ions and general b i r d  censuses were done on the  
CEF, p r i m a r i l y  i n  and near u n i t s  harvested i n  1974. We searched f o r  a c t i v e  n e s t  t r e e s  
on t h e  CEF and o the r  areas o f  t h e  Flathead Na t iona l  Forest ,  and i n  G l a c i e r  Nat iona l  
Park. 

1974 Harvest ing Treatments 

Two se ts  o f  t imber  ha rves t ing  u n i t s  were logged i n  1974 by t h e  sky1 i n e  method. 
I n  each set ,  i n  t h i s  r e p o r t  termed the  lower  u n i t s  (average e l e v a t i o n  approx imate ly  
4300 f t (1311 m) and h igher  u n i t s  (average e l e v a t i o n  approx imate ly  5030 f t  (1534 m ) )  
t h e r e  were c o n t r o l ,  she1 terwood, group se lec t ion ,  and c l e a r c u t  u n i t s .  U n i t  t reatments 
were as f o l l o w s :  

CONTROL: No manipu la t ion .  Uncut f o r e s t  ad jacent  t o  c u t t i n g  u n i t s  was sampled. 
No p r e c i s e  boundaries were deslgnated i n  the  c o n t r o l s .  

SHELTERWOOD: About 50% o f  the  merchantable t imber  was removed i n  1974. The 
remainder i s  t o  be removed a f t e r  a new stand becomes es tab l i shed .  Lower u n i t :  
34.1 acres (13.8 ha). Higher u n i t :  21 - 5  acres (8.7 ha). 



GROUP SELECTION:  A 1  1 merchantab 
(0.4 t o  0.8 ha)  irregular plots. 

l e  trees were harvested in 8, 1 t o  2 acre 

CLEARCUT: A1 1 merchantable trees were harvested. Lower unit: 11 - 5  acres ( 4 . 7  
ha). Higher unit: 1 2 . 6  acres (5.1 ha). 

Residue Subtreatments 

Within al l  harvesting treatments, 4 levels of residue utilization were applied 
(table 2 ) .  I n  tables 2-and 3 ,  subtreatments are l isted in order of increasing % of 
original wood volume removed. For example, in the higher shelterwood unit, 86% of the 
original volume remained in the sawlog subtreatment af ter  logging and only 42% in the 
near complete subtreatment. However, in terms of absolute volume remainina, increas- 
ed utilization or original volume did n o t  always result in less volume remaining on 
the s i t e  because of differences in the pre-logginq volume. The amount of woody 
material available (as substrate for insect prey), n o t  the % of original material 
removed, i s  the parameter relevant t o  woodpecker feeding opportunities. Therefore, 
the sequence of subtreatment units in most of  the remaining figures and tables shows 
decreasing amounts of woody material remaining af te r  logging and subtreatment. The 
wood-fiber utilization specification for any unit can be traced back t o  table 2 ,  
regardless of i t s  place in the sequence. 

TABLE 2. Specifications for the 4 residue utilization subtreatments. 

Utilization 
Su btrea tmen t Specification 

"Sawlog" (SL)--current sawlog Trees > 7 in (17.8 cm) dbh were cut; logs > 6 in 
utilization standards (1  5.2 Fm) small end diameter were removed and  the 

area was burned* af ter  harvest. 

"Intensive log" ( I L )  Trees > 7 in (17.8 cm) dbh were cut; logs > 8 f t  
(2.4 mr long  and > 3 in (7 .6  cm) small end-diameter 
uti l  ized and rema7ning trees and understory were pro- 
tected as far  as possible and l e f t  as advanced regen- 
eration. 

"Intensive tree" (IT) All material 2 8 f t  (2.4 m )  long with > 3 in (7 .6  cm) 
small end diameter was removed ( th is  included trees 
> 5 in (12 .7  cm) d b h )  and the area was burned* af ter  - 
harvest . 

"Near complete1' ( N C )  All trees > 1 in ( 2 . 5  cm) dbh were cut and removed and 
the area was l e f t  "as is"  af ter  harvest. 

*Su btreatments in 1 ower she1 terwood were n o t  burned. 



Figure 1.--A neskling PiEeatcd Voodpecker calls from a nest cavity in a 
ponderosa pine snag. 

~ig.ure 2.--A Saw-whet GuZ pews from a nes t  hole in a live western Zareh, 
me cavi-ty was excavated Zy a PiZeated Woodpecker. 



TABLE 3. Pre- and pos t - l ogg ing  volume o f  wood - > 3 i n  (7.6 cm) diameter i n  s h e l t e r -  
wood u n i t s .  

% o f  o r i a i n a l  
U t i l i z a t i o n  Pre-1 ogging Post-1 ogging volume remaining 
Su btreatrnent f t 3 / a c r e  m3/ha f t 3 / a c r e  m3/ha a f t e r  t reatment  

LOWER SHELTERWOOD 

Sawlog (SL) 4,972 (348) 3,669 (257) 74% 
I n t e n s i v e  Log ( I L )  5,280 (369) 3,645 (254) 69% 
I n t e n s i v e  Tree ( I T )  6,841 (478) 3,849 (269) 56% 
Near Complete (NC) 5,862 ((4101 2,763 47 % 

TOTALS 22,955 1605 - 13,926 Mean -6i% 

HIGHER SHELTERWOOD 

Sawlog (SL) 4,410 (309) 3,778 (265) 86% 
I n t e n s i v e  Log ( I L )  4,961 (347) 3,794 (266) 77% 
I n t e n s i v e  Tree ( I T )  6,719 (470) 3,863 (270) 57% 
Near Complete (NC) 4,558 (319) 1,911 (133) 42% 

TOTALS 20,648 13,346 (0 Mean 65X 

The pre-1 oaging measurements were made by Fores t  Serv ice  personnel d u r i n g  
1973-1 974. Harvest  was i n  the  summer of 1974, and pos t - l ogg ing  measurements were 
taken i n  1975-1 977. 

METHODS 

Locat ing and Desc r ib ing  Nest S i t e s  

A c t i v e  n e s t  s i t e s  were l o c a t e d  by us ing  v i s u a l  and a u d i t o r y  cues ( f l i g h t  paths  t o  
t o  and f rom nests,  sounds of excavat ing or drumming, v o c a l i z a t i o n s  o f  a d u l t s  near the  
n e s t  t ree,  and n e s t l i n g s '  c a l l s  from the  nes t  c a v i t y ) .  Only those t r e e s  i n  which t h e  
n e s t i n g  sequence reached a t  l e a s t  i ncuba t ion  stage were considered a c t i v e ,  s i t e s  . 
A f t e r  con f i rma t ion  as a a c t i v e  n e s t  s i t e  (and u s u a l l y  a f t e r  f l e d g i n g  so t h a t  t h e  r i s k  
of  n e s t  abandonment was avoided) a s e r i e s  of measurements was taken a t  t h e  n e s t  t r e e  
and surrounding h a b i t a t .  These inc luded:  1 ) t r e e :  c o n d i t i o n  ( f i g .  3 ) ,  species, dbh, 
he ight ,  % bark, lean, evidence of decay, and f i r e  evidrnce;  2)  nes t  ho le :  o r i e n t a -  
t i o n ,  h e i g h t  from ground, surrounded by bark?, n e s t  ho l  elcanopy r e l a t i o n s h i p ,  and 
number o f  o t h e r  n e s t  ho les  i n  t ree ;  3 )  s i t e :  slope, aspect, a l t i t u d e ,  l o c a t i o n  on 
slope, d i s tance  t o  water, canopy he ight ,  % canopy cover, unders tory  d e s c r i p t i o n ,  and 
basal area o f  surrounding f o r e s t .  



i n tac t  top broken top broken top intact 
dead top 

intact 
l i v e  top 

SNAGS L lVE TREES 

Figure 3 . - -  Five nest t ree  corzditions based on uhether tree is Zive or dead and 
cond;t$on o f  khe -bop. 

Woodpecker Feeding A c t i v i t y  

Each o f  the  c o n t r o l  (uncut )  u n i t s  and t h e  c u t t i n g  u n i t s  i n  bo th  t h e  lower  and 
h igher  u n i t s  were observed f o r  a t  l e a s t  60 hours ( t o t a l  f o r  summer 1977 and sp r ing  
and summer 1978). Feeding woodpeckers were detec ted by v i s u a l  and a u d i t o r y  cues. 
Once located,  a b i r d  was observed u n t i l  i t  l e f t  t he  feed ing s i t e .  B i r d  species, feed- 
i n g  methods, t o t a l  t ime  t h e  b i r d  fed, feeding subst ra te ,  subs t ra te  species, and sub- 
s t r a t e  dbh were recorded. Observat ion t ime spent i n  each u n i t  and i t s  4 subtreatments 
was d i v i d e d  between walk ing and s t a t i o n a r y  observat ion.  As n e a r l y  as poss ib le ,  equal 
t ime  was devoted t o  each u n i t  and subtreatment, d u r i n g  s i m i l a r  weather c o n d i t i o n s  and 
hours o f  the  day. The shelterwood u n i t s  and t h e  group s e l e c t i o n  u n i t s  were observed 
f rom t r a i l s  and rou tes  through and around areas. S u i t a b l e  vantage p o i n t s  were chosen 
from which t o  v iew the  c l e a r c u t  u n i t s .  In a l l  u n i t s ,  i f  i t  was p o s s i b l e  t o  hear o r  
see feed inq b i r d s  i n  more than one subtreatment, t he  same observat ion t ime was record-  
ed f o r  both. The t o t a l  t ime  each woodpecker species was observed feed ing i n  each u n i t  
and subtreatment w i t h i n  a u n i t  was ca lcu la ted .  T o t a l  f eed ing  t imes were then de r i ved  
f o r  species, u n i t ,  and subtreatment. 



Censuses 

Censuses f o r  a l l  species ( c a v i t y  and open n e s t e r s )  were conducted on 2 v a r i a b l e  
w i d t h  s t r i p  l i n e  t ransec ts .  One t r a n s e c t  passed through t h e  lower  u n i t s  and one 
through t h e  h ighe r  se t .  Both t r a n s e c t s  r o u g h l y  fo l lowed a  con tou r  1  i ne .  The observ-  
e r  walked a  slow, even speed f o r  25 paces, stopped f o r  15 seconds, then cont inued.  
B i r d s  were de tec ted  by v i s u a l  and a u d i t o r y  cues. Census s t r i p  w i d t h  v a r i e d  w i t h  t h e  
subtreatment and u n i t ,  from 90 t o  700 ft (27  t o  213 m), due t o  t h e  d e n s i t y  of t r e e s  
and shrubs and r e s u l t i n g  v a r i a b i l i t y  i n  l i m i t s  o f  d e t e c t a b i l i t y  o f  f eed ing  woodpeck- 
e rs .  Censuses were conducted i n  t h e  e a r l y  morning, d u r i n g  f a i r  weather. D i r e c t i o n  
o f  t r a v e l  was changed on a l t e r n a t e  days. A t o t a l  o f  16 censuses were r u n  between 
27 June 1979 and 24 J u l y  1979. B i r d  species d i v e r s i t y  was c a l c u l a t e d  u s i n g  t h e  
fo rmula :  D i v e r s i t + y  = l /cpi: ,  where p = the  p r o p o r t i o n  o f  t h e  t o t a l  number o f  b i r d s  
represented by t h e  i t h  species (Munger 1974). 

RESULTS AND DISCUSSION 

Nes t ing  

Western l a r c h  was se lec ted  as a  nes t  t r e e  t o  a much g r e a t e r  degree than would be 
expected from i t s  r e l a t i v e  abundance ( f i g .  4 ) .  Doug las- f i r  i s  about  5  t imes more 
abundant than western l a r c h  (based on t o t a l  counts o f  t r e e s  , 9 i n  (23 cm) dbh on 80 
acres  (32 ha) o f  sample p l o t s  on t h e  CEF). But  l a r c h  n e s t  t r e e s  outnumbered 
D o u g l a s - f i r  approx imate ly  17 
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Figure 4.-- Nest t r e e  species preferences and r e l a t i v e  density of  t r e e  species, 
a22 hole-nesting bird species combined. 



The p r imary  reason f o r  l a r c h  s e l e c t i o n  and apparent  avoidance o f  D o u g l a s - f i r  i s  
r e l a t e d  t o  decay c h a r a c t e r i s t i c s  o f  t he  two species.  A f t e r  t r e e  death, D o u g l a s - f i r  
sapwood decays r a p i d l y  a long w i t h  t h e  heartwood (Wr igh t  and Harvey 1967). A p r o t e c -  
t i v e  " s h e l l "  o f  sapwood i s  m iss ing  i n  snags of t h a t  species.  I n  western l a r c h ,  t h e  
sapwood decays v e r y  s low ly ,  pe rpe tua t i ng  a s h e l l  around decaying heartwood f o r  many 
years .  C a v i t i e s  i n  D o u g l a s - f i r  d e t e r i o r a t e  more r a p i d l y  and a r e  more s u s c e p t i b l e  t o  
p r e d a t i o n  (a p reda to r  i s  a b l e  t o  g a i n  access t o  t h e  n e s t  chamber by e n l a r g i n g  t h e  
entrance, which i s  i n  decaying wood). No l i v e  D o u g l a s - f i r  were used as n e s t  s i t e s ,  
b u t  1 i v e  l a r c h  were used more o f  ten than were l a r c h  snags. Nest c a v i t i e s  i n  1 i v e  
l a r c h  were u s u a l l y  excavated through l i v i n g  wood t i s s u e  i n t o  decaying heartwood 
r a t h e r  than i n  a dead t o p  o r  a dead branch. With one excep t ion  (a  Black-backed Three 
- toed Woodpecker nes t ) ,  D o u g l a s - f i r  snags were used o n l y  by t h e  "weak" excavators  
( f l i c k e r s ,  chickadees, and nuthatches) .  They seem t o  r e q u i r e  v e r y  s o f t  wood f o r  
successful comple t ion  o f  c a v i t i e s .  I n  ins tances where t h e  weak excavators nested i n  
t r e e s  spec ies  such as western l a r c h ,  t hey  t y p i c a l l y  used c a v i t i e s  abandoned by 
s t ronger  excavators.  Mountain Chickadees and Red-breasted Nuthatches u s u a l l y  nested 
i n  o l d  n e s t  ho les  o f  Y e l l o w - b e l l i e d  Sapsuckers (woodpeckers n e a r l y  always excavate a 
new n e s t  c a v i t y  each s p r i n g ) .  

I n  western l a r c h ,  s e l e c t i o n  r e l a t e d  t o  t r e e  c o n d i t i o n  was d i r e c t e d  toward 
broken tops ( f i g .  5) .  A l though the re  were n e a r l y  equal numbers of i n t a c t - t o p  and 
broken-top l a r c h  snags (and mean dbh o f  bo th  groups exceeded 15 i n  (38 crn)) , t h e r e  
were about  5 t imes more nes ts  i n  broken-top snaqs. T h i s  s e l e c t i o n  process probab ly  
i n v o l v e s  decay presence. A broklen top  p rov ides  an avenue o f  e n t r y  f o r  decay orqanisms 
(Hept ing  1971 ) . Top breakage i n  western l a r c h  commonly r e s u l  t s  f rom 1 i q h t n i n q  
( f i g .  6), snow o r  i c e  accumulat ion,  o r  windstorm. Broken tops  a l s o  may r e s u l t  f rom 
breakage a t  a p o i n t  weakened by p r e - e x i s t i n p  decay o r  t h e  presence o f  a n e s t  c a v i t y  
(Conner e t  a1 . 1975). 
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Figure 5. -- D e e  corzdikion preferences, western larch nest t rees ,  a l l  
hole-nesting bird species cornb<ned. 



Fbgure 6.-- Lightn<ng and other stomn events o f ten  produce broken tops resuZting ;n 
exposure of heartwood. Spores of decay fungi then may enter and i n i t i a t e  the 
decay process tha* creates suitabZe substrate for  nest cavbty excavation. 

Charac te r i s t i c s  of a c t i v e  nes t  t rees  loca ted  on the  CEF and adjacent areas o f  the  
Flathead Nat iona l  Forest  and G lac i e r  Nat iona l  Park a re  shown below i n  t a b l e  4. 

TABLE 4. Nest t rees  by t r e e  species and cond i t i on  ( a l l  cav i t y -nes t ing  species 
combined. 

Tree Condi t ion 
-v CI 

a ~ 3 ,  " % U 
0 

O cr 0 m 
CI u a  & a  

C O  C O  
CI E E " +3 

I U  I W  I Q) 1 -7;  7 

Cnm m Y  a r  QIW a W  
m u  m o  S O  . r g  .g.z g 
C E  E l L  . r L .  

% 
Tree Species v ) . ~  V,O w -I- I- - 
Western l a r c h  15 6 9 5 7 2  2 20 183 56 
Paper b i r c h  0 17 2 3 1  0  41 13 
Aspen 4 13 8 1  14 4 0  12 
Ponderosa p ine  1 15 1  0  0 17 5  
Black cottonwood 0 12 0 1 0 13 4 
Douglas-f i r  3 7 5 0  0  10 3 
Subalpine f ir 0  5 0 1  1  7 2 
Engelmann spruce 1  3 1 0 0 5 2 
Western hem1 oc k 0 1  1 1 0  3 1  
Western redcedar 1  0 0 1  0 2  < 1  
Whi tebark  p ine  0 2 0 0 0 2 < 1  
Limber p ine  0 2 0 0 0 2 < 1 
Lodgepol e p ine  0  1 0 0 0 1 < 1  
Grand fir 1  0 0 0 0 1 < 1 
Telephone po le  

TOTALS 



Nest t r e e  species se lec ted  by each b i r d  species a r e  shown i n  t a b l e  5. O p t i r n u ~  
h a b i t a t  occur red i n  f o r e s t s  w i t h  an o ld-growth  component (mean basal area f o r  a1 1 
n e s t  s i t e s  was 105 f t 2 / a c r e  (24 m2/1ia). Most c a v i t y  nes te rs  used l a r g e  dbh n e s t  
t rees .  The mean dbh f o r  54 P i l e a t e d  Woodpecker n e s t  t r e e s  was 29.5 i n  (75 cm). 
The Y e l l o w - b e l l i e d  Sapsucker and Common F l i c k e r  se lec ted  n e s t  t r e e s  w i t h  a mean dbh 
g r e a t e r  than 20 i n  (51 cm).  Ha i ry ,  Downy, Black-backed Three-toed, and Nor thern  
Three-toed Woodpeckers used t r e e s  l e s s  than 15 i n  (38 crn) dbh. 

TABLE 5. Nest  t r e e s  used by each b i r d  species,  l i s t e d  by t r e e  species.  

Goldeneye sp. 1 1 
American K e s t r e l  5 
Saw-whet Owl ( r o o s t )  1 
Common F l  i c  k e r  1 5 3 2 3 2 1  
P i l e a t e d  Woodpecker (nes ts )  29 4 12 8 
P i 1  eated Woodpecker ( r o o s t s )  8 2 
Lewi s ' IJoodpec ke r  1 1 
Ye1 low-be1 1 i e d  Sapsucker 79 10 29 1 1 
N i l  1 iamson's Sapsucker ! j 
H a i r y  Woodpecker (nes ts )  I3 1 1 
H a i r y  Woodpecker ( r o o s t s )  
Downy Woodpecker 3 
B l  ac k-bac ked Three-toed 

Woodpecker '1 1 
Nor thern  Three-toed 

Woodpecker 
Tree Swal 1 ow 1 1 4  2 1 1  
B l  ac k-capped Chickadee 1 3 7  
Mountain Chickadee 33 1 1 1  
Chestnut-backed Chickadee 1 
Red-breasted Nuthatch 19 3 1 5 
Brown Creeper 2 
House Wren 1 
Mountain B l u e b i r d  2 

TOTALS ~ ~ T T ~ T ~ D - T ~ T T ~ T T T T  

% 5 7 1 2 1 2  5 5 3 2 1 1 1 < 1 < 1  <1 <1 <1 

Black-capped Chickadees se lec ted  t h e  sma l les t  n e s t  t r e e s  (8 i n  (21 cm)dbh) and 
commonly excavated c a v i t i e s  by e n t e r i n g  t h e  t o p  o f  a broken-top paper b i r c h ,  making 
a v e r t i c a l  en t rance t o  t h e  n e s t  chamber. 



P i l e a t e d  Woodpeckers on the  CEF nested o n l y  i n  western l a r c h  and o n l y  i n  stands 
w i t h  an old-growth component o f  l a r c h  and Doug las - f i r .  One n e s t  was on t h e  edge o f  
the  lower shelterwood u n i t .  Common F l i c k e r ,  Mountain and Black-capped Chickadee and 
Red-breasted Nuthatch nests  were found i n  stubs l e f t  i n  c u t t i n g  u n i t s .  Yellow- 
b e l l i e d  Sapsuckers occas iona l l y  nested i n  paper b i r c h  l e f t  i n  she1 terwood u n i t s  o r  
even i n  c lea rcu ts .  

The c u t t i n g  u n i t s  i nvo lved  i n  t h i s  study were r e l a t i v e l y  small;  t h e  e f f e c t s  on 
o v e r a l l  n e s t i n g  popula t ions appeared t o  be minor because o f  an abundance o f  o ld -  
growth f o r e s t  l e f t  between and ad jacent  t o  t h e  c u t t i n g  u n i t s .  Shelterwood u n i t s  i n i -  
t i a l l y  cont inued t o  p rov ide  both nes t ing  and feed ing s i t e s  f o r  many b i rds ,  b u t  when 
the  remaining l a r g e  t rees  a re  removed (10-20 years a f t e r  t h e  f i r s t  c u t t i n g )  such 
u n i t s  w i l l  l o s e  t h e i r  usefulness t o  species t h a t  need a denser canopy o r  l a r g e  t rees.  

I n  c u t t i n g  u n i t s  where few snags and stubs were l e f t ,  t h e  a v a i l a b i l i t y  o f  
hole-nest  s i t e s  probably was a l i m i t i n g  f a c t o r  f o r  some ho le  nesters .  I n  uncut 
western la rch /Doug las - f i r  f o res ts ,  food r a t h e r  than n e s t  s i t e s  i s  probably the  
1 i m i t i n g  fac to r  f o r  woodpeckers. On any u n i t  where t imber  harvest ing tends t o  e l  i m -  
i n a t e  western l a r c h  l a r g e r  than 20 i n  (51 cm) dbh, and o ther  snags and c u l l  s, t h e  
impact on c a v i t y  nesters  w i l l  be s t r o n g l y  negat ive.  

Feeding A c t i v i t i e s  

Dur ing 1977 and 1978, c o n t r o l  u n i t s  and logged u n i t s  (3 and 4 years a f t e r  har -  
v e s t i n g )  on the  CEF were observed f o r  a t o t a l  o f  569 hours, a minimum o f  60 hours i n  
each u n i t .  The f o l l o w i n g  woodpecker species were observed feeding:  P i1  eated , Hairy,  
Downy, and Northern Three-toed Woodpeckers, Common F l i c k e r ,  and Ye l low-be l l i ed  and 
N i l  1 iamson's Sapsuckers. I n  general, feed ing a c t i v i t y  was g r e a t e r  i n  t h e  lower u n i t s  
than i n  t h e  h igher  u n i t s  and g r e a t e r  i n  t h e  c o n t r o l  (uncut )  u n i t s  than i n  t h e  har-  
vested u n i t s  ( t a b l e  6 ) .  The absence of paper b i r c h  i n  t h e  h igher  u n i t s  may account 
i n  p a r t  f o r  t h e  reduced feeding on those s i t e s .  Ye l low-be l l i ed  Sapsuckers feed 
h e a v i l y  on b i r c h  sap dur ing  t h e  summer months. Overa l l  feed ing a c t i v i t y  was s l i g h t l y  
1 ess i n  the  summer of 1978 (1.9%) than i n  t h e  summer o f  1977 (1.6%). Conner and 
Crawford (1974) found a much h igher  percentage o f  a c t i v i t y  i n  Appalachian c lea rcu ts .  
They recorded woodpecker feed ing t ime of 55%, 43%, and 9% o f  sampling t ime i n  c l e a r -  
c u t s  1-year o ld ,  5-years o ld ,  and 12-years o l d  r e s p e c t i v e l y .  However, they  a l s o  
inc luded a c t i v i t i e s  such as  preening and cour tsh ip .  

TABLE 6. Percent o f  samplinq t ime t h a t  woodpeckers were observed feed ing i n  lower 
and h igher  t reatment  u n i t s .  

Harvest ing Treatment 

Group Sel e c t i o n  A l l  u n i t s  
Treatment e l e v a t i o n  Cont ro l  Uncut I s lands  Cut She1 terwood C l  ea rcu t  Combined 

Lower 4300 f t  (131 1 m) 6.9 2.7 0.1 5.9 0.1 3.5 
Higher 5030 f t  (1534 m) 4.4 2.6 -0- 1.3 -0- 1.4 

Both 5.g1 2.7 0.1 3.7 0.1 2.5 

'Not t h e  mean between lower and h igher  u n i t s  because o f  unequal t o t a l  observa- 
t i o n  t imes, 



T o t a l  volume o f  woody m a t e r i a l  remain inq i n  harvested u n i t s  i s  compared w i t h  
woodpecker feed ing  t ime  i n  f i g u r e  7. A 1  though a s u b s t a n t i a l  amount o f  woody m a t e r i a l  , 
p a r t i c u l a r l y  l o g s  L 6 i n  ( 15  cm) d iameter,  remained i n  bo th  lower  and h ighe r  c l e a r -  
cu ts ,  v e r y  l i t t l e  f eed ing  a c t i v i t y  was observed. Wood-f iber u t i l i z a t i o n  i n t e n s i t y  
had no apparent  i n f l u e n c e  on woodpecker feed ing  t ime i n  t h e  c l e a r c u t  p o r t i o n s  o f  t h e  
group s e l e c t i o n  u n i t s  o r  i n  t h e  c l e a r c u t  u n i t s  ( t a b l e  7 ) .  There were however, major  
d i f f e r e n c e s  i n  the  shel terwood subtreatments.  

Observed woodpecker feeding 
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Down, dead, unsound wood 26 in 4 500 

LOWER UNITS I 400 

10 [ ii 691 UPPER UNITS 

8 

SILV!CULTURAL PRESCRIPTION 

Figure 7.-- Woodpecker feeding tfme and volume of woody materia2 in control 
am? cut uni t s  a f t e r  Z q g i n g .  



TABLE 7. Percent o f  sampling t ime t h a t  woodpeckers were observed feeding i n  subt reat -  
ments u n i t s  of d i f f e r e n t  i n t e n s i t i e s .  

Lower 
Treatment Un i t s  

Group Sel ec t i on 
Subtreatments Cont ro l  Uncut I s lands  Cut She1 terwood C l  earcut  

None 6.9 2.7 - - - - - - 
Saw1 og - - - - 0 - - 6 .6  0.3 
I n t ens i ve  Log - - 0.4 11.3 

- - 0 
In tens ive  Tree - - 0 5.0 

- - - - 0 
Near Complete 0 0.2 0 

Higher 
Treatment Un i t s  

None 
Sawl og 
In tens ive  Log 
I n tens i ve  Tree 
Near Complete 

Comparisons were made between woodpecker feed ing t ime and var ious components o f  
t o t a l  wood f i b e r  remaining on shelterwood u n i t  subtreatments a f t e r  logg ing.  There was 
no apparent r e l a t i o n s h i p  between feeding t ime and number o f  t rees  per acre ( f i g .  8 ) .  
Comparison o f  feed ing t ime w i t h  volume o f  woody mate r ia l  2 3 i n  (7.6 cm) diameter 
i nd i ca tes  "near complete1' removal" i n t e n s i t y  i n  the lower u n i t  may be associated w i t h  
a major reduc t ion  i n  woodpecker feed ing oppo r t un i t i e s  ( f i g .  9) .  That assoc ia t ion  
i s  n o t  as c l e a r  i n  the  h igher  u n i t .  Several components make up the  o v e r a l l  wood v o l -  
ume measurements and these were compared w i t h  woodpecker feeding t ime i n  an at tempt 
t o  determine which component most d i r e c t l y  in f luences  feeding oppor tun i t i es .  Amount 
of woody ma te r i a l  5 3 i n  (7.6 cm) diameter i s  p l o t t e d  w i t h  feed ing t ime i n  f i g u r e  10. 
The r e s u l t s  a re  s i m i l a r  t o  t h e  comparison i n  f i g u r e  9 (mate r ia l  2 3 i n  (7.6 cm) diam- 
e te r ) ,  w i t h  a d e f i n i t e  drop i n  woody ma te r i a l  and feeding a c t i v i t y  i n  the  "near com- 
p le te ' '  1 ower u n i t  treatment. Because more woodpecker feeding (a1 1 woodpecker species 
combined) occurred on logs  l a r g e r  than 6 i n  (1  5 cm) diameter, a comparison o f  t h a t  
component o f  remaining wood f i b e r  and woodpecker feed ing t ime would be expected t o  show 
show a strong r e l a t i o n s h i p  ( f i g .  11) .  I n  both u n i t s  the  h ighes t  l e v e l  of feeding 
took p lace where the  g rea tes t  volume o f  ma te r i a l  was ava i lab le .  When feeding t ime and 
woody ma te r i a l  volume fo r  both shelterwood u n i t s  were averaged, the  negat ive i n f l uence  
of the "near complete1' u t i l i z a t i o n  t reatment was i nd i ca ted  ( f i g ,  12). 
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The only clear  relationships evident in these comparisons are: 1 )  when consid- 
ering a l l  woodpecC:er species together, feeding in shelterwood units and  uncut por- 
tions of group selection units was substantial although less  than in control (uncut) 
units.  There was l i t t l e  feeding ac t iv i ty  in the clearcut units .  2 )  Wood f iber  
u t i l iza t ion levels influenced woodpecker feeding time only in shelterwood units .  
"Near complete" u t i l iza t ion seemed to reduce woodpecker feeding opportunities to a 
much greater degree than the other 3 less  intense levels .  3)  A much longer term 
study will be needed i f  the relat.ionships between bird feeding opportunities and 
residue ut i l iza t ion levels are  to  be quantified in a manner useful in predicting 
di f ferent  consequences of the various level s .  

Each woodpecker species has d i f ferent  feeding habits.  The analysis of total 
tvoodpecker feeding time may obscure feeding s i t e  differences between species. The 
only species recorded feeding in the cl earcut area was the Ye1 low-be1 1 ied Sapsucker 
( table  8 ) ,  which fed upon paper birch l e f t  within the unit .  Common Flickers often 
were seen feeding in clearcuts outside the study area; they were n o t  seen in the 
1974 clearcuts. They fed within uncut stands, although always within several hundred 
fee t  of a cutting edge. Conner and Crawford (1974) recorded f l i cker  feeding during 
30% of 60 hours sampling time in a 5-year old clearcut in Virginia. 

TABLE 8. Percent of sampling time t h a t  woodpecker species were observed feeding in 
d i f ferent  treatment uni ts ,  lower and higher units  combined. 

Treatment Unit All units  
Species Control Uncut Islands C u t  Shelterwood Clearcut Combined 

Yellow-bell ied Sapsucker 4.0 0.7 0.1 1.9 0.1 1.3 
Pi 1 eated Woodpecker < O .  1 <O.  1 -0- 1.2 -0- 0.4 
Hairy Woodpecker 0.3 0.5 -0- 0 .2  -0- 0 .2  
Downy Woodpecker 0.5 0.6 -0- -0- -0- 0.2 
Common F l  icker 0.3 0.2 -0- 0.3 -0- 0.2 
Northern Three-toed 

Woodpecker 0.8 0.1 -0- 0.1 -0- 0.1 
Nil 1 iamson's Sapsucker -0- 0.6 -0- -0- -0- 0.1 

TOTAL 5.9 2.7 0.1 3 . 7  0.1 2.5 

Recorded feedinq time of Pileated ldoodpeckers was low in control units ,   roba ably 
because Pileateds have very large feeding t e r r i t o r i e s  in north-western Montana 
(500 t o  1000 acres (200 to  400 h a ) ) .  Pileateds spend most of the i r  feeding time in 
fores ts  with an old-growth component and high basal area. The concentration of 
Pileated feeding time in the she1 terwood unit was a t  l eas t  par t ia l ly  due t o  a nest 
location on the edge of t h a t  unit .  Overall, table 8 shows a l l  species avoided 
clearcuts fo r  feeding s i t e s ,  and that  the shelterwood units  were used substantial ly,  
a1 though generally less  than the control s .  



Table 9 shows feed ing t ime i n  t h e  lower shelterwood u n i t  subtreatments. Only 
Ha i ry  Woodpeckers f e d  i n  the  most i n t e n s e l y  u t i l i z e d  u n i t  ( "near complete") .  
Ye l low-be l l i ed  Sapsuckers f e d  most h e a v i l y  i n  " i n t e n s i v e  l o g "  and " i n t e n s i v e  t r e e "  
subtreatments because o f  paper b i r c h  l e f t  w i t h i n  those u n i t s .  The b i r c h  were used 
as both nes t  and feed ing s i t e s .  

TABLE 9. Number of minutes woodpecker species were observed feeding i n  subuni ts  of 
d i f f e r e n t  i n t e n s i t i e s  o f  wood f i b e r  u t i l i z a t i o n  i n  low e l e v a t i o n  s h e l t e r -  
wood c u t t i n g  u n i t .  

Lower She1 terwood 

Ye1 1  ow-be1 1  i e d  Sapsucker 3 9 105 70 0 21 4 
P i  1  eated Woodpecker 85 32 3 0 120 
Common F l  i cker  6 2 5 0  0  31 
Ha i ry  Woodpecker 0 0  0  3  3 

To ta l  s  130 165 73 3 368 

1979 CENSUS 

Although t h i s  study focused on c a v i t y  nesters,  a s e r i e s  of a l l - s p e c i e s  censuses 
was conducted us ing  1  i n e  t ransec ts .  Th is  was done i n  1979, 5 years a f t e r  logg ing,  
t o  p rov ide  a  general p i c t u r e  o f  species, dens i ty ,  and d i v e r s i t y  d i f f e r e n c e s  i n  t h e  
c u t  and uncut  u n i t s .  

Numbers o f  b i r d s  per 100 acres (40 ha) represent  averages f o r  1 6  censuses 
( t a b l e  10).  B i r d  species d i v e r s i t y  was c o n s i s t e n t l y  h igher  i n  t h e  uncut  o r  s h e l t e r -  
wood u n i t s  than i n  t h e  c l e a r c u t s  ( f i g .  13). A comparison o f  b i r d  species d i v e r s i t y  
and volume o f  woody m a t e r i a l  remaining a f t e r  l ogg ing  e x h i b i t e d  an anomaly i n  t h e  
group s e l e c t i o n  - small c l e a r c u t / r e g u l a r  c l e a r c u t  r e l a t i o n s h i p  ( t a b l e  11 ) .  The 
h igher  d i v e r s i t y  i n  t h e  group s e l e c t i o n  cuts ,  i n  s p i t e  o f  a  lower volume o f  woody 
m a t e r i a l ,  p robably  was r e l a t e d  t o  t h e  ve ry  small s i z e  o f  t h e  group s e l e c t i o n  c u t s  
and edge e f f e c t s .  I n  t h e  CEF study s i t e  i n  general, M a c G i l l i v r a y l s  Warbler, 
Swainson's Thrush and Dark-eyed Junco -were t h e  most common species. Red-breasted 
Nuthatch and Mountain Chickadee were t h e  most common c a v i t y  nesters ,  



TABLE 10. D e n s i t i e s  o f  b i r d s  on d i f f e r e n t  c u t t i n g  u n i t s ,  1979, i n  No./100 acres 
(40 ha). 

Lower U n i t s  Higher U n i t s  

B i r d  Species 

Cooper's Hawk 0.5 8* 
B lue Grouse 
Spruce Grouse 
Rufous Hummingbird 
Common F l  i c ke r  
P i1  eated Woodpecker 
Y e l l o w - b e l l i e d  Sapsucker 4 16 1 
H a i r y  Woodpecker 
01 i ve -s ided  F l y c a t c h e r  
Gray Jay 
Common Raven 
B l  ack-capped Chickadee 
Mountain Chickadee 
Red-breasted Nuthatch 
Brown Creeper 
Win ter  Wren 
American Robin 
Var ied  Thrush 
Swainson's Thrush 
Golden-crowned K i n q l e t  
Ruby-crowned K i n q l e t  
S o l i t a r y  V i reo  
Warbl ing V i r e o  
Orange-crowned Warbl e r  
Ye1 1 ow-rumped Warbler 
Townsend ' s Warbler 
MacGi l l  i v r a y  ' s  Warbler 
W i l son ' s  Warbler 
Western Tanager 
Black-headed Grosbeak 
P ine Grosbeak 
P ine S i s k i n  
Dark-eyed Junco 
Chipping Sparrow 

TOTAL 

DIVERSITY ( 1 ) 
CPi" 

* a r t i f a c t  o f  n e s t  l o c a t i o n  



Group Selection Group Selection 

TYPE OF CUTTING UNIT 

UPPER UNITS 
L 

Figure 13.--Bird species d i v e r s -  
i t i e s  in control and cut uniks.  
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TABLE 1 1 .  Comparison of amount of woody material remaining after logging and bird 
species diversity in different types of cuts. 
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LOWER UNITS 

ms/ha post-logqinq Bird species 
( 2 3  in (7.6 cm) diam.) diversity index1 

Control (uncut) 
Shel terwood 
Group Selection (cut) 
Clearcut 

HIGHER UNITS 

Control (uncut) 
Shel terwood 
Group Selection (cut) 
Cl earcut 

1 
'~ird species diversity index formula: 



The Dark-eyed Junco and MacGillivrayls Warbler were found i n  uncut units  and in 
a1 1 treatment unit  types (she1 terwood, group selection and cl earcut ) .  The Orange- 
crowned Warbler, Winter Wren, Varied Thrush and Blue Grouse were found only in uncut 
units ;  Wilson's Warbler was found only in shelterwoad uni ts .  

SUMMARY OF RESULTS OF SPECIAL IMPORTANCE TO MANAGERS 

1 )  In  the study area, western larch is  the most important nest t r ee  species for  
cavity nesters ( f ig .  14). Paper birch, aspen and black cottonwood are local ly impor- 
t an t .  Ponderosa pine i s  heavily used as a nest t r ee ,  b u t  i t  i s  uncommon i n  the study 
area. Grand f i r  may be an important nest t r ee  where larch and ponderosa pine are  
absent. 

Figure 14.--A western Zarch nes t  $ m e  w i th  
numerous PiZea+ed Woodpecker nes-b hoZes. 
Comon F l i c k e m  and red squimeZs used 
abandoaed c a v i t i e s  and osprey nested 
on t h e  broken top .  

2 )  Douglas-f 
study area,  i s  se 
feeding s i t e s .  

i r ,  which i s  more common than western larch on most sections of the 
ldom used as a nest t r ee ,  b u t  Douglas-fir snags are important a s  

3)  In nearly a l l  nes t  t rees ,  heartwood decay precedes n e s t  cavity excavation. 
Heartwood decay was the most consistent  charac ter is t ic  present in nest t r ees .  Decay 
softens the heartwood and makes possible the excavation process. Sapwood remains 
r e l a t ive ly  undecayed as a She1 1 around the nest cavity in western larch ( f i g .  15) .  



Figure 15. -- A Hairy Woodpecker nest 
cavity in a wes*em Zarch snag, The 
caviQ (A) was excava*ed ;n weZZ- 
decayed heartwood. f i e  nest entrance 
(C) passes through reZativeZy unde- 
cayed sapwood I B ) .  

4 )  Broken-top larch nest trees had a high incidence o f  heartwood decay. ~ctric;- 
fomes Zaracis or PheZZinus pini were evident in most larch nest trees. Broken tops 
or f i r e  scars provide access for the spores in i t ia l ly  and broken tops allow water 
entrance which hastens decay. Douglas-f i r  i s  less suitable than larch because decay 
proceeds more rapidly and involves the sapwood. 

5)  The broken top  characteristic i s  a useful key t o  the nest-site potential of 
both  snags and 1 ive trees. Seventy-three percent of 328 nest trees had broken tops. 
Intact-top snags are important as drumming and perching s i tes .  

6) Western larch nest trees are typically old and large. The mean dbh of a l l  
western larch nest trees was 26.4 in (67 cm). 

7) Fomes fomentmius or Fomes ign.i.arius decay are usually present 7n paper birch 
and aspen nest trees. 

8)  The Ye1 low-bell ied Sapsucker i s  the most common woodpecker i n  western larch/ 
Douglas-fir forests. The Pileated Woodpecker i s  the most sensitive t o  timber harvest- 
ing (McCl el 1 and 1979). 

9)  Fifty-four active Pileated Woodpecker nest trees were located. The nest tree 
"search image" for the Pileated (the largest woodpecker in the Rocky ,Mountains) i s  a 
western larch, ponderosa pine, or black cottonwood snag (with a broken top), greater 
t h a n  24 in (61 cm) dbh ,  t a l le r  t h a n  60 feet  (18.3 m )  (usually much t a l l e r ) ,  with bark 
missing on a t  least  the upper half of the snag, heartwood substantially affected by 
decay, and within an old-growth stand with a basal area o f  a t  least  125 ft2/acre 
(28.6 m 2 / h a ) .  



10) P i l e a t e d  Woodpeckers used feed ing  areas rang ing  f rom 500 t o  1000 acres 
(200 t o  400 ha) i n  t h e  s tudy area. They fed i n  small  group s e l e c t i o n  o r  she1 terwood 
c u t t i n g  areas where l o g s  and snags were l e f t ,  b u t  r a r e l y  nested i n  open s i t e s .  The 
species fo raged about  50% o f  i t s  feeding t ime on logs  2 6 inches i n  d iameter.  The r e -  
main ing 50% was spent  o b t a i n i n g  i n s e c t s  ( u s u a l l y  ca rpen te r  ants ,  wood borers ,  o r  p i n e  
b e e t l e s )  f rom snags o r  l i v e  t r e e s .  

11 ) Yellow-be1 l i e d  Sapsuckers f e d  on i n s e c t s  found on t h e  bark  o f  a  v a r i e t y  o f  
t r e e  species.  Sapsuckers cons t ruc ted  sapwel l  f eed ing  s t a t i o n s  i n  western hemlock and 
D o u g l a s - f i r  i n  t h e  s p r i n g  and i n  paper b i r c h  i n  the  summer. Paper b i r c h  i s  an impor- 
t a n t  species f o r  bo th  n e s t i n g  and feed ing.  Sapwell f eed ing  s i t e s  i n  b i r c h  a r e  impor- 
t a n t  t o  a  h o s t  o f  i nsec ts ,  smal l  mammals, and b i r d s  ( e s p e c i a l l y  hummingbirds) 
( f i g .  16) .  

12)  U t i l i z a t i o n  i n t e n s i t y  had no apparent  i n f l u e n c e  on woodpecker feed ing  a c t i v i -  
t y  i n  any c l e a r c u t  subun i t .  

13) U t i l i z a t i o n  i n t e n s i t y  c h a r a c t e r i z e d  as "near complete" r e s u l t e d  i n  a  reduc-  
t i o n  o f  woodpecker feed ing  a c t i v i t y  i n  t h e  lower  shel terwood u n i t .  

14)  Subs tan t i a l  f eed ing  occur red i n  c o n t r o l  (uncu t )  u n i t s  and shel terwood u n i t s .  

15) Feeding a c t i v i t y  recorded i n  t h i s  s tudy covered a  v e r y  s h o r t  p e r i o d  o f  t ime  
( o n l y  s p r i n g  and summer, and o n l y  3 and 4 yea rs  a f t e r  l o g g i n g ) .  The obse rva t i ons  can 
o n l y  i n d i c a t e  impacts on feed ing  o p p o r t u n i t i e s  f o r  woodpeckers d u r i n g  a  b r i e f  p e r i o d  
on t h e  temporal sca le  and a t  p a r t i c u l a r  l o c a t i o n s  i n  a  s p a t i a l  framework. General 
e x t r a p o l a t i o n s  f rom t h e  obse rva t i ons  on f e e d i n g  r e p o r t e d  here i s  n o t  p o s s i b l e .  The 
d i f f i c u l t y  i n  i n t e r p r e t i n g  t h e  r e s u l t s  o f  f eed ing  a c t i v i t y  observat ions  emphasize t h e  
need f o r  s t u d i e s  o f  much longer  te rm and t h e  problems o f  q u a n t i f y i n g  i n  a  meaningful 
way woodpecker feed ing  o p p o r t u n i t i e s  w i t h i n  complex environments, where s u b t l e  
changes may have major  impacts. I n  a d d i t i o n  t o  amount and s i z e  o f  woody m a t e r i a l ,  i t s  
d i s t r i b u t i o n  i s  a l s o  impor tant .  

16)  Old-growth western l a r c h / D o u g l a s - f i r  supports t h e  g r e a t e s t  number o f  ho le -  
n e s t i n g  b i r d  species i n  t h e  s tudy area.  S i t e s  near water  a r e  more h e a v i l y  used than 
a r e  d r y  s i t e s .  Optimum h a b i t a t  i s  i n  t h e  p r o d u c t i v e  v a l l e y  bottoms where t imber  po- 
t e n t i a l  i s  a l s o  h ighes t .  

MANAGEMENT SUGGESTIONS 

1  ) Large western l a r c h ,  ponderosa p i n e  and b lack  cottonwood snags a r e  i n t e n s e l y  
sought by f i r ewood  c u t t e r s  and need spec ia l  p r o t e c t i o n .  Post - logg ing road c losu res  
may be necessary a t  many s i t e s ,  i f  snags a r e  t o  be saved. 

2 )  Simply sav ing e x i s t i n g  sni9g.S i s  n o t  s u f f i c i e n t  if h a b i t a t  management f o r  c a v i -  
t y - n e s t i n g  b i r d s  i s  t o  be taken s e r i o u s l y ,  T h i s  approach concent ra tes  on h a b i t a t  
components t h a t  r e s u l t  from e c o l o g i c a l  processes r a t h e r  than t h e  processes themselves. 
The l o g i c a l  management o b j e c t i v e  i s  t h e  p e r p e t u a t i o n  o f  a d i v e r s i t y  o f  f o r e s t  h a b i t a t s ,  
a  mosaic p a t t e r n  which (on t h e  F la thead Na t iona l  F o r e s t )  i nc ludes  o ld-growth  l a r c h  
and ponderosa p i n e  stands, b lack  cottonwood stands on r i p a r i a n  s i t e s ,  and aspen groves. 

3 )  Where P i l e a t e d  Woodpeckers a r e  t o  be mainta ined,  a  manager should p l a n  f o r  
stands w i t h  an o ld-growth  component o f  l a r c h ,  ponderosa p ine,  o r  b lack  cottonwood 
c o n s t i t u t i n g  a  minimum o f  10% o f  t h e  t o t a l  f o r e s t  area i n  which those species t y p i -  
c a l l y  occur (McClel land e t  a l .  19'79). A s i m i l a r  approach has been descr ibed by B u l l  
(1978) f o r  Wallowa-Whitrnan, Malheur, U m a t i l l a ,  and Gchoco Na t iona l  Fores ts  i n  Oregon. 
Gu ide l i nes  f o r  those f o r e s t s  c a l l  f o r  5% of t h e  t o t a l  of each t imber  t ype  t o  be man- 
aged as o ld-growth  and stands a r e  t o  be no l e s s  than 20 acres (8.1 ha) i n  s i ze .  



~ < g u r e  16.--Sapsucker sapwe22 use in a paper birch, ( A )  YeZZow-beZZied 
Sapsucker, fB) ~ e d  squirrel, ( C )  mfous Hwrrm<ngbird, 



~ 4 )  Old-growth units  should not be isolated with vast s tretches of clearcuts  o r  
short rotat ion stands separating them. Ideally, old-growth uni ts  of 50-100 acres 
(20 to 40 ha) should be connected with fo res t  corridors a t  l e a s t  300 f t  (91 m )  wide. 
In many cases corridors could follow creeks, also achieving protection of aquatic eco- 
systems and providing travel lanes and escape cover for  other wi ld l i fe .  

5 )  High stumps support carpenter ant  colonies and provide feeding s i t e s  for  wood- 
peckers. Wherever carpenter ant  ac t iv i ty  i s  identif ied in a cut t ing uni t ,  a 0.1 acre 
(0.04 ha) c i r cu la r  area of high stumps could be l e f t  around tha t  point i f  provision 
of woodpecker food i s  an objective. 

6 )  Thinning can be detrimental to  hole-nesting birds when feeding s i t e s  on and 
near the ground are covered by cut  t rees  and branches. Thinned material and residues 
should not be piled so as  t o  cover log feeding s i t e s .  

7 )  The relevance of the concept of bird species d ivers i ty  has been appropriately 
questioned in re la t ion  to  resource management objectives (Wiens 1978). Diversity per 
se i s  a measure insensi t ive to  which species are  present. The species tha t  require 
large t e r r i t o r i e s  (e .g . ,  raptors or Pileated Woodpeckers) may receive l i t t l e  at tent ion 
i f  emphasis i s  on high bird species d ivers i ty ,  par t icular ly  over small units  of land- 
scape. However, basic habitat d ivers i ty  over large fo res t  areas,  i s  an essential  
element of consideration fo r  resource managers. Certain components of the original 
diverse fo res t s  which existed in northwestern Montana are  being great ly reduced as 
a r e su l t  of current timber harvesting practices. Original stands of old-growth west- 
ern larch,  fo r  example, have been reduced by nearly one half since timber cutt ing 
began. Where old growth i s  el iminated over vast areas,  many birds dependent on i t  may 
be extirpated. The importance of perpetuating habitat d ivers i ty  i s  therefore a r e l e -  
vant and necessary concern of fo res t  resource managers. Old-growth stands in national 
parks, wilderness, and natural areas are n o t  suf f ic ient  in themselves because they 
could increasingly take on the character of islands surrounded by great seas of 
short-rotation stands. These "is lands,"  par t icular ly  the smaller ones, will probably 
be incapable of sustaining the same richness of bird species d ivers i ty  tha t  i s  present 
in larger  stands. Therefore, on commercial fores ts  the perpetuation of an old-growth 
component needs t o  be incorporated as  a legitimate goal of the management process. 
Based on studies a t  the CEF and nearby areas ,  we suggest tha t  a b o u t  10% of fo res t  
planning units  in the western larch/Douglas-fir fores ts  be managed as old growth .  
This can be accomplished by long rotat ions,  par t ia l  cutting to  encourage larch ( b u t  
retaining a high basal area in large-diameter c l a s ses ) ,  not re-entering she1 terwood or  
seed t r ee  cuts ,  or other methods tha t  can be devised by sk i l l fu l  interdiscipl inary 
teams. 

8 )  The ecological relat ionships between birds and the fo res t  may never be comple- 
t e ly  understood, b u t  recognition of the ecosystem concept requires tha t  hol e-nesting 
birds and t h e i r  habitats  be perpetuated. I f  for  no other reason they should be per- 
petuated simply because ( t o  paraphrase Aldo Leopald) the f i r s t  precaution in i n t e l l i -  
gent management i s  t o  keep every cog and wheel. Sufficient  data are  now available to  
enable fores ters  t o  prepare timber harvesting and residue management plans tha t  a re  
more responsive t o  the needs of cavity-nesting birds and other members of the wild- 
l i f e  community. 
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APPENDIX 

TABLE 13. Common and S c i e n t i f i c  Names 

Trees 

Western 1 a r c h  
Ponderosa p i n e  
Lodgepole p i n e  
Whi teba rk  p i n e  
Limber p i n e  
D o u g l a s - f i r  
Subalp ine fir 
Grand fir 
Engelmann spruce 
Western hem1 oc k 
Western redcedar 
Aspen 
Paper b i r c h  
B lack  cottonwood 

B i r d s  

Goldeneye sp . 
Osprey 
Cooper's Hawk 
American K e s t r e l  
B lue Grouse 
Spruce Grouse 
Saw-whet O w l  
Rufous Hummingbird 
Common F l  i c k e r  
P i l e a t e d  Woodpecker 
Lewis ' Woodpecker 
Ye1 low-be1 1 i ed Sapsucker 
W i  11 iamson ' s Sapsucker 

Larix occiden tnZis 
Pinus punder~osa 
Pinus contorta 
Pinus a2birrzuZ-l~ 
Pinus f l e x i l i s  
Pseudotsuga rnenziesii 
Ah$es ZasCoca~pa 
Abies grandis 
Ficea engeZmannii 
Tsuga heterophy ZZn 
Thu ja p l i ca ta  
Populus tremu loides 
BetuZa pnpyrifera 
PopuZus tr~ichocarpa 

Rucepha la  s p  . 
Pandion ha Z iam tus  
Accipi ter  cooperi i  
FmZco sparuerim 
Uendragapus obscurus 
Canachites crznrzd~n.sis 
Aego 1 i u s  acudicus 
Se Lasphorus rufus  
Co lap Les auratus 
Uryocopus p i  leatus  
MeZanerpes Lewis 
:;phyrapicus var+us 
Sphyrapicus thy-ro-i-deus 



Hai ry  Woodpecker 
Downy Woodpecker 
Bl ac k-bac ked Three-toed Woodpecker 
Northern Three-toed Woodpecker 
01 ive-s ided F lycatcher  
Tree Swal low 
Gray Jay 
Common Raven 
Blac k-capped Chickadee 
Mountain Chickadee 
Chestnut-backed Chickadee 
Red-breasted Nuthatch 
Brown Creeper 
House Wren 
Winter Wren 
Robin 
Var ied Thrush 
Swainson's Thrush 
Mountain B lueb i rd  
Golden-crowned K ing le t  
Ruby-crowned King1 e t  
Sol i t a r y  V i reo 
Warbl i n g  V i reo 
Orange-crowned Warbler 
Ye1 low-rumped Warbler 
Townsend ' s Warbl e r  
MacG i l l i v r ay l s  Warbler 
W i  1 son ' s Warbl er 
Western Tanager 
Black- headed Grosbeak 
Pine Grosbeak 
Pine S i sk i n  
Dar k-eyed Junco 
Chipping Sparrow 

Picoide:: vf I Zosus 
Picoides pub~scens 
P{coCdes nrct icus 
Ficoides t r idacty  Zus 
Nut t:aZ Lornis boreaZis 
Iridoprocne bico lor  
Perisoreus canadensis 
Corvus corax 
Pams atricrxpi I Zus 
Parus gambe Z i  
Parus ru fescens 
S i t t a  canadensis 
Certhia famil iaris  
TrogZodytes aedon 
Troglodytes trogZodytes 
Turdus migratorius 
Ixoreus naevius 
Hy ZocichZa: us tu la ta  
SiaZia currucoides 
ReguZus s a t r a p  
ReguZus ca Zendu la  
Vireo so l ikar ius  
Vireo giZvus 
Vermivora ce Zata 
Dendro ica auduboni 
Dendroica tomsendi  
Qorornis to  Zmiei 
lu'i Zsonia pusi 2 Za 
Piranga Zudoviciana 
Pheucticus rneZanocephaZus 
Pinico La enucleator 
Spinus pinus 
Junco oreganus 
SpizeZZa passerina 
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ABSTRACT 

Forest  managers face i nc reas ing l y  compl i c a t e d  problems i n  se l ec t i ng  
among harvest  t reatment a l t e rna t i ves .  Managers must be ab le  t o  
p r e d i c t  the  environmental consequences o f  a1 t e r n a t i  ves, so as t o  
make i n t e l l i g e n t  and defens ib le  choices. 

Research r e s u l t s  are usua l l y  l i m i t e d  t o  a narrow spectrum of s i t e  
condi t ions,  treatmenf a1 te rna t i ves ,  and subject  mat ter ;  and they 
a re  o f t e n  repor ted  i n  a manner t h a t  renders them d i f f i c u l t  t o  
acqui re  and i n t e r p r e t .  Needed a re  methods whereby research 
r e s u l t s  can be r e a d i l y  i n t eg ra ted  and ext rapola ted,  so t h a t  
managers can s imulate  t reatment a l t e r n a t i v e s  i n  t h e i r  p a r t i c u l a r  
s i t u a t i o n s  and p r e d i c t  the outcomes. Some poss ib le  ways o f  
meeting t h i s  need are presented and discussed. 

KEYWORDS: Forest  dec i  sionmaki ng, environmental consequence pre- 
d i c t i o n ,  i n t e g r a t i o n  o f  research resu l t s ,  i n t e r a c t i o n  of env i ron-  
mental components, model s, model 1 i n g  



THE SITUATION 

Forest  l and  managers must choose among a1 t e rna t i ves  i n  an atmosphere o f  i n -  
c reas ing c o n f l i c t  and exposure. Once management ob jec t i ves  f o r  a  p a r t i c u l a r  t r a c t  o f  
l a n d  are establ ished, i t  ought t o  be r e l a t i v e l y  easy t o  choose the  best  s t ra tegy  f o r  
s a t i s f y i n g  those ob jec t i ves .  Unfor tunate ly ,  and espec ia l l y  w i t h  respect  t o  p u b l i c  
f o r e s t  lands, t he  ob jec t i ves  o f  f o r e s t  management are seldom s u f f i c i e n t l y  c l e a r  o r  
s p e c i f i c  t o  enable a manager t o  def ine h i s  ava i l ab l e  a l t e rna t i ves .  

I n  most s i t u a t i o n s  a t r a c t  o f  forested l and  has merchantable t imber growing on 
it, o r  i s  otherwise deemed ready f o r  o r  i n  need o f  some harvest ing t reatment.  De- 
c i d i n g  which t r ees  should be cut,  which t r ees  and residues should be removed, the  
method f o r  e x t r a c t i n g  the  f ibe r ,  and what subsequent t reatment o f  the  residues and 
s i t e  should be undertaken, becomes a mat te r  o f  weighing the  environmental and economic 
consequences o f  var ious a1 t e r n a t  i ves. 

When one views a t reatment as a  spec i f i c  combination of s i l v i c u l  t u r a l  p resc r i p -  
t i o n ,  removal spec i f i ca t i on ,  ha rves t ing  method and post-harvest s i t e  p resc r i p t i on ,  
the  number o f  t reatment a1 t e rna t i ves  becomes very large,  For example, even when a 
manager considers on ly  two s i l v i c u l t u r a l  p resc r ip t ions ,  two removal spec i f i ca t i ons ,  
two harvest ing methods and two inmediate post-harvest s i t e  treatments, t h a t  manager 
i s  faced w i t h  choosing from among 2' = 16 t reatment a1 te rna t i ves .  And if he o r  she 
f u r t he r  considers the  s ize,  shape, and placement o f  harvest ing u n i t s  and the  subse- 
quent s i l  v i c u l  t u r a l  t reatment a1 t e rna t i ves  h i s  o r  her successors w i l l  face a t  var ious 
t imes i n  the  fu tu re ,  the  a r ray  of choices becomes astronomical i n  s ize.  

Assume t h a t  f o r  each a l t e r n a t i v e  spec i f i ed ,  t he  manager cou ld  p r e d i c t  w i t h  a  
h i gh  degree o f  accuracy t he  costs, the  revenues, the  env i  ronmental consequences, and 
some measure of associated p u b l i c  reac t ions  a t  var ious po in t s  i n  time f o l l o w i n g  
treatment,  How could  the  manager synthesize t h i s  massive q u a n t i t y  o f  in format ion,  
and by what process would he o r  she seek a defens ib le  dec is ion? We w i l l  no t  at tempt 
t o  answer t h i s  quest ion here, bu t  note t h a t  good dec is ions can be made n e i t h e r  i n  a 
vacuum nor  i n  a  morass of in format ion.  A manager must be provided with,  o r  must 
se lec t ,  t h a t  and on l y  t h a t  informat ion re l evan t  t o  a  given dec is ion.  The a b i l i t y  t o  
c u l l  in format ion i s  f a r  more impor tant  than the a b i l i t y  t o  gather informat ion,  The 
recen t  Nobel P r i ze  winner Herbert  Simon (1957) has suggested t h a t  most managerial 
dec is ions are made i n  the s p i r i t  o f  s a t i s f  i n  the  cons t ra i n t s  r a t h e r  than op t im i z i ng  + some predetermined value. It appears t h a t  umans are incapable o f  us ing a l l  ava i l ab l e  
informat ion.  In format ion must be g r e a t l y  s i m p l i f i e d  (organized) i n  o rder  t o  be 
e f f e c t i v e l y  u t i l i z e d .  

We suggest t h a t  a considerable e f f o r t  should be made t o  address the problem o f  
how managers u t i l i z e  informat ion.  It f s  not  s u f f i c i e n t  t o  prov ide in format ion;  i t  
must be provided i n  the  r i g h t  q u a l i t y  and kind. Note t h a t  we mean no t  t o  prescr ibe 
how dec is ions should be made bu t  merely t o  study how dec is ions are made. 

HOW INFORMATION I S  USED I N  THE DECISIONMAKING PROCESS 

We fee l  s t r ong l y  t h a t  when t r y i n g  t o  speci fy how In fo rmat ion  i s  t o  be used, i t  
i s  imperat ive t h a t  the decisionmaking process be considered. Green, o f  t he  Wharton 
School o f  Business, and Wind, o f  B e l l  Laborator ies,  have, we t h i nk ,  e loquent ly  
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charac te r i zed  the  deci  sionmaking process f a c i n g  execut ives  i n  market ing i n  a way 
which i s  p a r t i c u l a r l y  appropos t o  the f o r e s t  manager. We quote and paraphrase f rom 
t h e i r  book, Mu1 t i a t t r i b u t e  Decis ions i n  Marke t ing  (Green and Wind 1973) : 

The t r a d i t i o n a l  view o f  modeling execut ive  decis ion-making behav ior  i n  
terms of the  o b j e c t i v e s  and ac t ions  o f  economic man i s  a l s o  be ing cha l -  
lenged as too  narrow a concep tua l i za t ion .  . . . (The) more recen t  models 
recognize t h a t  o r g a n i z a t i o n a l  dec is ion  making, . . . , i s  a complex, mu1 ti- 
v a r i a b l e  process t h a t  cannot be captured by any s i n g l e  f u n c t i o n  such as 
co rpo ra te  p r o f i t  maximizat ion,  enhancement o f  s o c i a l  responsi  b i  1  i t y ,  o r  
the  1 i k e .  Rather, execut ive-cho ice behavior  i n v o l v e s  mu1 t i p l e  i n f l uences  
and goa ls  and p o t e n t i a l l y  c o n f l i c t i n g  ob jec t i ves .  Not s u r p r i s i n g l y ,  m r e  
recen t  (decis ionmaking) models high1 i g h t  the mu1 t i a t t r i  bu te  na tu re  o f  
a1 t e r n a t i v e s  i n v o l v e d  i n  managerial dec is ions.  

The framework i n  which a f o r e s t  manager's dec is ions  a re  viewed seems t o  p a r a l l e l  
c l o s e l y  t h a t  descr ibed by Green and Wind. S i m i l a r l y ,  we w i l l  examine the  dec is ion -  
making o f  f o r e s t  managers as a  " d e s c r i p t i v e  approach t o  i n d i v i d u a l  r i s k l e s s  cho ice 
i n v o l v i n g  m u l t i a t t r i b u t e  a l t e r n a t i v e s  i n  a  more o r  l e s s  s t a t i c  . , .choice s i t u a t i o n . "  
(Green and Wind 1973). A number o f  a1 t e r n a t i v e  c h a r a c t e r i z a t i o n s  o f  t h e  dec is ion -  
making process are  i l l u s t r a t e d  i n  f i g u r e  1. 

DECISION MAKING 

A 
Descriptive Prescriptive 

A 
l ndividual Group 

Riskless Uncertain 

Multi- attribute ~ i n y l e  ~ t t r i b u t e  

Figure 1. --Characterization of t he  decisionmaking process. 

Decisionmaking may be s tud ied  us ing  e i t h e r  a p r e s c r i p t i v e  o r  a  d e s c r i p t i v e  
approach, The f i e l d s  o f  operat ions research and economics a re  p r e s c r i p t i v e  i n  t h a t  
they  a r e  concerned w i t h  making dec is ions c o n s i s t e n t  w i t h  some s e t  o f  c r i t e r i a - -  
f r e q u e n t l y  u t i  1  i ty  maximizat ion,  Whatever the  c r i t e r i a ,  a  s p e c i f i c  reconrnendati on 
i s  made on the  course o f  a c t i o n  which should be taken. Th is  course o f  a c t i o n  i s  
c o n s i s t e n t  w i t h  some e x p l i c i t l y  def ined s e t  o f  assumptions thought t o  be r a t i o n a l .  



I n  the desc r i p t i ve  approach, however, i n t e r e s t  i s  focused on how decis ions are 
made r a t h e r  than on how decis ions should be made. Research a t t e n t i o n  i s  on how de- 
cisionmakers behave, and no judgments are made about how they should behave. The 
desc r i p t i ve  approach i s  c h a r a c t e r i s t i c  o f  many models, such as Simon's " s a t i s f i c i n g  
model" mentioned e a r l i e r .  

No hard and f a s t  d i s t i n c t i o n s  can be made between the  desc r i p t i ve  and p rescr ip -  
t i v e  models; indeed, the p r e s c r i p t i v e  approach may provide on ly  a descr ip t ion  o f  an 
i dea l  decisionmaker. It i s  important t o  r e a l i z e  t h a t  t h i s  d i s t i n c t i o n  between 
desc r i p t i ve  and p r e s c r i p t i v e  models i s  f requent l y  qu i t e  b lur red.  

We be1 ieve  t h a t  examining how f o r e s t  managers make deci sions--what in format ion 
they use and what in format ion they ignore- -w i l l  suggest s t r a teg ies  f o r  emphasizing 
and de-emphasizing p a r t i c u l a r  research resu l t s ,  I n  examining the decisionmaking 
process, i t  w i l l  be convenient t o  represent the outcome o f  each treatment a l t e r n a t i v e  
as a vector  

where Xi r e f e r s  t o  the  l e v e l  o r  s t a te  o f  the ith a t t r i b u t e .  We assume the dec is ion-  

maker judges some a l t e rna t i ves  as more valuable than others;  the r e s u l t s  o f  t h i s  
judgment process can be represented as a u t i  1 i t y  f unc t i on  

The mere a c t  o f  making choices among a se t  o f  m u l t i a t t r i b u t e  a l t e r n a t i v e s  i s  s u f f i -  
c i e n t  t o  guarantee the existence o f  such a funct ion, 

It should be emphasized t h a t  the number o f  a t t r i b u t e s  t h a t  p o t e n t i a l l y  can be 
u t i l i z e d  by the decisionmaker o r  f o r e s t  manager i s  astronomical i n  s ize. I n  such a 
case, n would be extremely large.  

A g rea t  deal o f  psychological  research on decisionmaking has ind ica ted  t h a t  the  
number o f  a t t r i b u t e s  u t i l i z e d  by people making decis ions i s  q u i t e  small. Perhaps 
t he  decisionmaker's u t i l i t y  func t ion  could be described as 

where m i s  some small number. There may be on ly  a small d i f f e rence  between decis ions 
made by a u t i l i t y  func t ion  w i t h  a l a rge  number o f  a t t r i b u t e s  and one made w i t h  a few 
sa l  i e n t  a t t r i b u t e s .  

The problem, o f  course, i s  t o  reduce the number o f  a t t r i b u t e s  t o  a manageable 
size; hence, the  need t o  study the process o f  decisionmaking by f o r e s t  managers. 
Many decisionmakers would deny t h a t  they look on ly  a t  a few ' c r u c i a l  ' a t t r i b u t e s  
when making a decis ion-- they argue, co r rec t l y ,  t h a t  th ings  are more complex. The 
decisionmaker may on ly  u t i l i z e  a small number o f  a t t r i b u t e s ,  bu t  t h a t  decisionmaker 
must understand each of those a t t r i b u t e s  thoroughly if the decis ions are going t o  be 
i n t e l l i g e n t  ones. 



I An Example 

Consider the  purchase o f  an automobile as an example o f  the decisionmaking 
process and as a weak analogy t o  the so r t s  o f  dec is ions faced by fo res t  managers. 
To t he  person choosing a ca r  the most re levan t  a t t r i b u t e s  might be mileage, s ize,  
s t y l e  and p r i ce .  Not everyone makes i d e n t i c a l  choices and no t  everyone uses the 
same a t t r i b u t e s ,  bu t  most choices among automobiles are made on the  bas is  o f  com- 
par ing  a few h i g h l y  s a l i e n t  features o f  those cars. 

I f  a dec is ion  i s  t o  be made on the bas is  o f  a few a t t r i b u t e s  (and research 
i nd i ca tes  t h a t  dec is ions are) ,  then the in fo rmat ion  contained i n  the summaries o f  
those a t t r i b u t e s  should be w e l l  understood i f  the  dec is ions are going t o  be good.' 
The so-ca l led simple a t t r i b u t e s  of mileage, s ize,  e tc .  are r e a l l y  more complex. 
What i s  meant by mi leage-- is i t  EPA f i g u r e s  f o r  c i t y  d r i v i n g ,  f o r  highway d r i v i n g ,  
f o r  c i t y  and highway d r i v i n g  combined, a t  55 mph, 70 mph, w i t h  ca r  i n  tune, ou t  o f  
tune--what? What i s  "s izeu--cub ic  fee t ,  weight, headroom? 

Each o f  these a t t r i b u t e s  has an i n f r a s t r u c t u r e  behind it. Mileage can be 
considered i n  a un i fo rm manner a t  the top  l e v e l ,  but  f o r  complex dec is ions i t  i s  
impor tant  t o  have ava i l ab l e  more d e t a i l e d  knowledge about the summary f i gu res .  The 
decisionmaker may on l y  examine one f i n a l  mileage f igure- -say EPA overa l l - -bu t  t h a t  
decisionmaker must be con f iden t  i n  t h a t  s i ng l e  f i gu re ;  and the  best  way o f  c rea t i ng  
confidence i n  t h a t  f i n a l  f i g u r e  i s  t o  prov ide the more d e t a i l e d  in format ion.  The 

I i n fo rmat ion  about the  choice o f  automobiles cou ld  be organized as i n  f i g u r e  2.  

< CAR IN-TUNE 

/ t P A  Highway 
CAR OUT- OF- TUNE 

Figure 2,--Selecting information for an automobCZe purchase dedsion. 

The decisionmaker should have summary f i gu res  about mileage, s ize,  e t c .  ava i l a -  
b l e  when making the  dec is ion,  bu t  must be conf ident - - i .e . ,  must be able t o  examine 

I t h e  more d e t a i l e d  in fo rmat ion  i n  a convenient form. 

For automobiles i t  i s  no t  so important t o  be ab le  t o  d i g  deeply i n t o  depths o f  
the  var ious a t t r i b u t e s ;  bu t  f o r  f o res t  managers who are expected t o  make de fens ib le  
dec is ions i t  i s  very impor tant  t o  have d e t a i l e d  in fo rmat ion  i n  a usable form, We 
suggest t h a t  t he  in format ion t h a t  fo res t  managers need should be organized i n  a 
h i e r a r c h i a l  fash ion as depic ted i n  the example w i t h  automobiles ( f i g .  2 ) .  

'where "good" means t h a t  the dec is ions s a t i s f y  some c r i t e r i a .  



ORGANIZ ING INFORMATION 

One d i f f e rence  between the  f o r e s t  manager's s i t u a t i o n  and our  automobile analogy 
concerns t he  quan t i t y  of a v a i l a b l e  informat ion.  Much more in fo rmat ion  i s  ava i l ab l e  
t o  the  f o r e s t  manager, and i t  can on ly  be managed through organizat ion.  Disorganized 
o r  poo r l y  organized in fo rmat ion  i s  useless--what good would a d i c t i o n a r y  be i f  words 
were presented no t  a lphabe t i ca l l y ,  bu t  i n  the order of the  number o f  l e t t e r s ?  

We suggest t h a t  a f o r e s t  manager's in fo rmat ion  could  be organized e f f i c i e n t l y  
i n  a h i e r a r c h i a l  fashion. At  the  very top  one could  d i sp l ay  the  most surnmaried, 
most general, and l e a s t  de ta i l ed  informat ion;  a t  t he  very bottom would be the most 
techn ica l ,  most de ta i led ,  and most spec i f i c  in format ion,  Th is  h i e r a r c h i a l  arrange- 
ment would enable a decisionmaker t o  u t i l i z e  the general informat ion as i t  i s ,  o r  t o  
examine i t  more deeply as he o r  she requi res.  I f  a decisionmaker wishes t o  have 
more in fo rmat ion  about a s p e c i f i c  t o p i c  the re  are po in te r s  o r  references t o  more 
d e t a i l e d  in fo rmat ion  a t  every l e v e l ;  the decisionmaker may gather more d e t a i l  about 
a s p e c i f i c  t o p i c  o r  choose t o  accept the  in format ion as presented. F igure 3 i s  a 
general example and f i g u r e  4 i s  a more s p e c i f i c  example o f  the se lec t i on  process and 
in fo rmat ion  h ie ra rchy  we envis ion.  

BY FOREST MANAGER 

SELECTION OF CRITICAL ATTRIBUTE 
BY FOREST MANAGER 

(Flora, fauna. water, economics) 

I 
PRESENTATION OF DATA 

By computer model, handbook, graph. tables. 
o r  verbal summaries. Most data wi l l  include 
t ime projections,all  wi l l  include pointers to 
more specific summary articles. 

I 
PRESENTATION OF SUMMARY REPORTS 

These reports are wr i t ten to summarize vast amounts 
of data: they are wr i t ten by teams of scientists on  
specific projects. The proceedings of th i s  symposium 
exemplify these types of reports. 
They contain references to more specific articles. 

ORIGINAL SCIENTIFIC ARTICLES 
(Journals, technical reports,and other sources) 1 
-- - 

Figure 3,--SeZection process mzd i n f o m a t i o n  



(Tree growth) 

VIEW DATA 

I EACH DATA SET BACKED UP 
BY RESEARCH SUMMARIES I 

( (Summary of t r e e  g r o w t h  r e s e a r c h )  1 

O R I G I N A L  SCIENTIFIC ARTICLES 
( S c i e n t i f i c  l i t e r a t u r e  on Tree Growth) 

F;gure 4. --ExmpZe of se Ze &on process and Cnf omnation hferarchy . 
O f  course, f i g u r e  4 represents an i dea l i zed  s i t u a t i o n  and i s  based on the 

assumption t h a t  the q u a n t i t y  and q u a l i t y  of basic informat ion w i l l  enable outcome 
p red i c t i ons  (e.g. t r e e  growth) t h a t  are defens ib le .  Th is  assumption may be unwar- 
ranted. Indeed, apar t  from the  problem o f  acqu i r ing  and synthes iz ing basic research 
in fo rmat ion  t o  p r e d i c t  enviromental outcomes i s  the  more fundamental problem o f  
in format ion qua1 i t y .  Much fo res t  research 1 i t e r a t u r e  describes observat ions i n  the 
absence o f  general ized theor ies  regard ing cause and e f f e c t ,  and the reader i s  o f t e n  
admonished t o  "use cau t ion  i n  ex t r apo la t i ng  the  r e s u l t s  t o  o ther  circumstances. I' I t  
may be t h a t  the  f a i l u r e  o f  decisionmakers t o  u t i l i z e  e x i s t i n g  research in fo rmat ion  
i s  n o t  so much because o f  i t s  1 i m i  t ed  a c c e s s i b i l i t y  as because o f  i t s  I i m i t e d  appl i - 
c a b i l i t y .  

I n  the  f o l l o w i n g  we examine some a1 t e rna t i ves  f o r  o rgan iz ing  and i n t e g r a t i n g  
research in fo rmat ion  t o  meet decisionmakers' p r e d i c t i o n  requirements, and we suggest 
methods whereby s c i e n t i s t s  might  p l an  and conduct t h e i r  research t o  be compatible 
w i t h  these p r e d i c t i o n  requirements. 

INTEGRATING AND EXTRAPOLATING INFORMATION 

Forest  managers need organized informat ion t h a t  p red i c t s  the  environmental 
consequences o f  a l t e r n a t i v e  dec is ions through i n t e g r a t i o n  and ex t r apo la t i on  o f  
research r e s u l t s  and reasoned speculat ion.  The fundamental concern i s  vegetat ive 
succession and development f o l l o w i n g  treatment. Th is  i s  because the vegetat ive 
complex most d i r e c t l y  in f luences  use oppor tun i t i es ,  and vegetat ion i n t eg ra tes  and 
r e f l e c t s  the i n t e r a c t i o n s  of a l l  environmental components. 



As has a l ready been stated, the f o r e s t  l and  manager must be able t o  p r e d i c t  the  
outcomes o f  those a l t e r n a t i v e  harvest  treatments he wishes t o  consider. Th is  means 
t h a t  he needs t o  know what the s ta tus  o f  p a r t i c u l a r  environmental c h a r a c t e r i s t i c s  
w i l l  be over t ime a f t e r  treatment. F igure 5 might represent such a c h a r a c t e r i s t i c  
vs. t ime re l a t i onsh ip .  

TREATMENT TIME 

Figure 5. -- ~ n v i r m e n t a 2  characteristic versus time. 

It would be i dea l  i f  we could  f a c t o r i a l l y  apply a broad a r ray  of t reatments t o  
a  v a r i e t y  o f  f o r e s t  types and hab i t a t s  and moni tor  f o r e s t  development through r o t a t i o n  
t o  ob ta i n  a d i r e c t  measure o f  vegetat ive response, Th is  obv ious ly  i s  impossible. 
Therefore, i t  seems necessary t h a t  we moni tor  more fundamental environmental charac- 
t e r i s t i c s  over shor t  t ime per iods and at tempt t o  c o r r e l a t e  these c h a r a c t e r i s t i c s  
w i t h  vegetat ive change t o  ob ta in  a bas is  f o r  p red i c t i on .  The major problem we see 
f o r  researchers and s t a f f  s p e c i a l i s t s  doing t h i s  concerns i n t e g r a t i n g  pr imary env i ron-  
mental c h a r a c t e r i s t i c s  i n t o  a  h o l i s t i c  model t o  p r e d i c t  no t  on l y  vegetat ive succes- 
sion, but a l s o  o the r  environmental consequences fo l low ing  treatment. 

Most readers a re  fami 1  i a r  w i t h  model s f o r  p r e d i c t i n g  vegetat ive succession and 
stand development. Mode l l i ng  e f f o r t s  have been ongoing f o r  several years now, and 
have resu l t ed  i n  such products as Stage's (1 973) Stand Development Prognosis Model 
and t he  Grassland Simulat ion Model ( I n n i s  1978). One purpose o f  such models i s  t o  
meet the ob jec t i ves  we are concerned w i t h  here-- that  i s ,  p r e d i c t i o n  o f  the s t a t e  o f  
t h e  environment ( o r  a t  l e a s t  of c e r t a i n  pa r t s  o f  the  environment) a t  var ious po in t s  
i n  time. We w i l l  n o t  at tempt t o  make an exhaust ive review o r  c r i t i c i s m  of such 
models here. Instead, we wish t o  discuss the  general issue of environmental response 
p red ic t ion ,  and t he  i n t e g r a t i o n  and ex t r apo la t i on  of bas ic  environmental i n t e r a c t i o n s  
toward t h a t  end. 

We a re  n o t  prepared t o  suggest how the many environmental c h a r a c t e r i s t i c s  can 
be combined i n  a  de te rm in i s t i c  model t o  p r e d i c t  t h e i r  s ta tus  over t ime on a  spec i f i c  
s i t e ,  no r  a re  we convinced t h i s  i s  even p rac t i cab le .  Nevertheless, we can suggest 
some ways f o r  coping w i t h  environmental i n t e r a c t i o n s  and es t imat ing  r e l a t i v e l y  
shor t - term changes. 



B i  11 ings (1 970) has described the complexity o f  environmental i n t e rac t i ons  w i t h  
the diagram reproduced i n  f i g u r e  6. His charac te r i za t ion  o f  a p l a n t  o r  p l a n t  com- 
munity and i t s  environment i s  useful i n  por t ray ing  the problem we are addressing, 
bu t  i t  i s  n o t  very he lp fu l  as a format f o r  i t s  so lu t ion .  Based on t h i s  character iza-  
t i o n ,  and i n  l i g h t  o f  our own conclusion t h a t  the decisionmaker's focus i s  u l t i m a t e l y  
on vegetat ive response, we might suggest a ma t r i x  format ( f i g .  7 )  i n  which the  s t a t e  
o f  the var ious components o f  the vegetat ive c o m u n i t y  a t  a  c e r t a i n  p o i n t  i n  t ime are 
l i s t e d  down the l e f t  (as  row headings), and the s ta te  o f  the  i n f l uenc ing  environmental 
factors  a t  the same p o i n t  i n  t ime are l i s t e d  across the top  (as column headings). 

Figure 6 .  --lihviromenta2 interactions ( f rom BiZZings 2970, p .  91. 



Figure 7.--Matrix of interactions between vegetation and 
environmentaZ characterCstics. 

Our pr imary ob jec t i ve  i s  t o  p r e d i c t  the s ta tus  o f  vegetat ion a t  some later 
time, bu t  because a l l  the other  environmental f ac to r s  may be changing, i t  i s  neces- 
sary t o  p r e d i c t  t h e i r  s ta tus as we l l .  Thus, the i n t e g r a t i o n  process becomes one o f  
assessing the in f luence  o f  each environmental f a c t o r  on each recognized p lan t  species 
o r  type, and " i n teg ra t i ng "  across the  respect ive rows t o  determine the new s ta tus  o f  
vegetat ion a t  some l a t e r  time, t + A t .  Likewise, we must " i n teg ra te  down" each 
column t o  ob ta in  the new status o f  the p a r t i c u l a r  environmental f a c t o r  a t  the t ime 
t + At. These new values then serve as " inpu ts "  t o  a new ma t r i x  represent ing the 
s ta tus  a t  t ime t + A t ,  and the process i s  repeated ( f i g .  8).  

L Etc. 

Figure 8.--Suecessiue prediction scheme. 



I We are  n o t  suggest ing here t h a t  the i n t e g r a t i o n  process would be a d d i t i v e ,  
mu1 t i p 1  i c a t i v e ,  no r  anyth ing e l  se--merely t h a t  t h i s  i s  a reasonable format fo r  
d e a l i n g  w i t h  the  e f fec ts  o f  var ious environmental f a c t o r s  on vegetat ion and f o r  
rep resen t ing  the  s t a t u s  o f  t h e  vegetat ion and environmental f a c t o r s  a t  var ious 
p o i n t s  i n  time. 

Some major weaknesses are  apparent i n  t h i s  approach. One i s  t h a t  t h e  in f luences  
o f  c e r t a i n  p l a n t s  on o t h e r  p l a n t s  are  n o t  prov ided f o r ,  though t h i s  cou ld  be handled 
merely by adding columns rep resen t ing  t h e  p l a n t  community. Another weakness i s  t h a t  
t h i s  approach provides a method f o r  assessing i n t e r a c t i o n s  o n l y  between var ious 
environmental f a c t o r s  and vegetat ion.  As an a l t e r n a t i v e ,  we suggest a  m a t r i x  
format ( f i g .  9)  i n  which both t h e  row and column headings represent  t h e  s ta tus  o f  
each recognized environmental component a t  t h e  same p o i n t  i n  t ime, and each c e l l  
represents t h e  i n f l u e n c e  o f  the  respec t i ve  column component on the  change (or r a t e  
o f  change) o f  the  respec t i ve  row component. By " i n t e g r a t i n g "  across each row, one 
cou ld  est imate t h e  r e s u l t i n g  change i n  s ta tus  o f  the  corresponding component over 
t h e  ensuing t ime per iod,  ~ t :  

Figure 8 .  -- Comp Zeta environmenka Z i n t en t ion  matrix. 

Again, we emphasize t h a t  the  nature  o f  t h i s  i n t e g r a t i o n  process i s  y e t  t o  be 
def ined. Nevertheless, t h i s  format would seem t o  prov ide a mechanism whereby a l l  
i n t e r a c t i o n s  cou ld  be accounted for. 

The s implest  view one can take o f  environmental i n t e r a c t i o n s  i s  based on 
L i e b i g ' s  Law o f  Minimums. From t h i s  view, one i s o l a t e s  and uses as a bas is  f o r  
p r e d i c t i o n  t h a t  p a r t i c u l a r  environmental c h a r a c t e r i s t i c  t h a t  l i m i t s  change i n  the 
c h a r a c t e r i s t i c  i n  which one i s  p r i m a r i l y  i n te res ted .  Thus, g iven the c u r r e n t  s t a t e  
o f  an environment represented by XI, X 2 ,  . . .X.. where X ,  represents  the  s ta tus  o f  

I1 1 ' 

t h e  ith environmental component, one must i s o l a t e  t h a t  component--say t h e  j th  
component-- which, under the  given condi t ions,  w i l l  c o n s t r a i n  o r  most d i r e c t l y  

a f f e c t  the  change i n  t h e  ieh component ( f i g .  10) .  For example, suppose XI represents 



understory biomass densi ty,  X 2  represents s o i l  n u t r i e n t  concentrat ion, X g  represents 
average s o i l  moisture content, and XI+, X g ,  ... Xn represent the  remainder of the 

f o r e s t  environment being considered. Suppose f u r t h e r  t h a t  we know the  l e v e l  o f  s o i l  
n u t r i e n t s  1 im i  t s  understory growth i n  t h i s  s i t ua t i on ,  and t h a t  a1 1 o ther  environmental 
components t h a t  would promote growth are a t  o r  above c r i t i c a l  l e v e l s  wh i le  a l l  t h a t  
would r e t a r d  growth are a t  o r  below c r i t i c a l  l e v e l s  (e.g. , inc reas ing  s o i l  moisture 
would n o t  accelerate growth). I n  t h i s  s i t ua t i on ,  we would simply conclude t h a t  the 
change i n  XI ,  say A X 1 ,  over the ensuing t ime period, A t ,  would be determined by the 
l e v e l  of nu t r i en t s ,  X 2 ,  dur ing  the same period. The amount o f  change, AX1 = A X 1 2 9  

would be based on data from the research l i t e r a t u r e  or,  i n  i t s  absence, on profes- 
s ional  opinion. Th is  same thought process would be fo l lowed f o r  each o f  the n 
environmental components. r e s u l t i n g  i n  an est imate o f  AXi f o r  each, and a corre-  
sponding est imate o f  i t s  new status,  o r  

where Xi i s  the s ta tus  of the  ith component a t  t i n e  t; and Xi,t+At i s  the s ta tus  , t 
o f  the ith component a t  some l a t e r  time, t + A t  ( f i g .  11 ). 

Figure 10. --Pt-edictions based on - 
Zimitina interactions. 

- 
x 1 

Figure 11. --IZZustration of  quat ti on 4. 
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O f  course, i t  may be very d i f f i c u l t  t o  i s o l a t e  the l i m i t i n g  component f o r  each 
"dependent" component, so we w i l l  t r e a t  t h i s  problem more genera l ly .  We recognize, 
o r  t h i n k  we know, t h a t  the  s ta tus  o f  any p a r t i c u l a r  environmental component i s  a 
funct ion of a l l  environmental components and time. I dea l l y ,  we would l i k e  t o  con- 
s t r u c t  a funct ion f o r  the s t a t e  o f  each component as 

( 5 )  

where 

It seems h i g h l y  u n l i k e l y  t h a t  we w i l l  ever de f ine  such a func t ion ,  however, f o r  
both mathematical and o ther  reasons. But given t h a t  we know the  s ta te  o f  an environ- 
ment a t  a p a r t i c u l a r  p o i n t  i n  time, t, and given a se t  o f  assumptions about the near 
fu tu re - -p r inc ipa l  l y  w i t h  regard t o  macrocl imate- - i  t seems cons iderab ly  more 1 i ke l y  t h a t  
we could  est imate the r a t e  of change i n  the s t a t e  o f  a p a r t i c u l a r  environmental com- 
ponent. Expressed fo rma l l y ,  

D i f f e r e n t i a t i n g  equat ion 6 w i t h  respect t o  time, t, we ob ta in  an expression fo r  
the  r a t e  o f  change o f  the  r a t e  o f  change, o r  

d2x d f .  a f .  dxl a f i  dx, 
i - 1 

af, dxi 
+ - -  + . . . + -  - + . . .  
d t 2  d t  ax, d t  " a x 2  d t  a x  d t  

i 

I n  a f i n i t e  d i f f e rence  format, equat ion 7 can be w r i t t e n  



or, by rearrangement, 
r 

A X .  I afi Ax, t t -~t  
1.t = AXi, t -~t  + - + -2 a f .  A x & t - ~ t  + .  . . 

~t n t  I ax, n t  a x 2  a t  

ax, at ax 
j 

A t  

Instead of dealing with ,rates o f  change, we can rewrite equation 8 to fac i l i ta te  
predictions of change per - se, or - 

where AXi  ,t-At represents the change in s t a t e  of the j th  environmental characteris- 
t i c  during the previous time interval from t - A t  to t ;  and AXi,, represents the pre- 
dicted change in s ta te  of the i th environmental characteristic during the next time 
interval from t t o  t + A t .  Of course, the time intervals (At) are equal in each 
iteration. T h a t  i s  

A t  = t - ( t - A t )  
and A t  = ( t + A t )  - t . 
afi/aX . i s  the partial derivative o f  the rate of change i n  X i  with respect t o  X 

"l Y 
during the interval from t to t+At (see fig. 1 2 ) .  

Figme 12 .  --Chunge in dX;/dt given a 
change i n  Xj onty . 



I f  we were t o  p l o t  dXi/dt ( o r  A X ~ / A ~ )  as a f u n c t i o n  o f  the  va lue o f  X j and assume 

no change i n  any o t h e r  environmental component d u r i n g  t h e  i n t e r v a l  A t ,  we cou ld  ap- 
proximate t h e  r e l a t i o n s h i p  w i t h  a l i n e a r  f u n c t i o n  ( f i g .  13) o r  

Figure 13.  --linear approrimation of 
dXi/dt vs. Xj, 

Accordingly,  

Therefore, we may w r i t e  
r 

where AX i,b = 'i,t+~t - X i,t 

and = X -X  
Axj,t-~t j , t  j , t - A t  

The r e s u l t  i s  t h a t  we can w r i t e  a l i n e a r  equat ion f o r  the  change i n  s t a t e  o f  

t h e  ith component d u r i n g  the  ensuing per iod,  A t ,  a s  a f u n c t i o n  o f  the  change i n  
s t a t e  of a11 components d u r i n g  t h e  prev ious t ime  i n t e r v a l .  



DISCUSSION 

It i s  impor tant  t o  note t h a t  f o r  the u n l i k e l y  s i t u a t i o n  wherein t he  change i n  
s t a t e  of a p a r t i c u l a r  component, X i ,  during any t ime i n t e r v a l ,  A t ,  i s  unaf fected by 

e i t h e r  i t s  own s t a t e  o r  the  s t a t e  o f  any o ther  environmental component ( i  . e m ,  t h a t  
b = 0; j = 1 ,... ,n) equat ion 12 merely p red i c t s  t h a t  
i j 

o r  t h a t  the  change i n  Xi du r ing  the i n t e r v a l  from t t o  t + A t  equals the  change i n  Xi 

du r ing  the previous i n t e r v a l  from t - A t  t o  t - - no t  an unreasonable outcome. 

Note a l so  t ha t ,  f o r  the  s i t u a t i o n  wherein the  change i n  s t a t e  o f  the  ith com- 
ponent i s  a f f ec ted  o n l y  by i t s  cu r ren t  s ta te ,  and no t  by the  s t a t e  o f  any o ther  
component, equat ion 12 reduces t o  

An example of t h i s  l a t t e r  s i t u a t i o n  would be one where the  r a t e  o f  growth i n  
popu la t ion  o f  a p a r t i c u l a r  organism i s  e i t h e r  re tarded o r  accelerated on l y  by the  
l e v e l  of i t s  cu r ren t  popul a t ion - - the  exponent ia l  growth func t ion .  

F i n a l l y ,  we should e laborate  on the meaning o f  t he  biits, and the  corresponding 

chal lenge t o  researchers and s t a f f  spec ia l  i sts.  ~ e f e r r i n ~ -  t o  f i gu re  14, note t h a t  
b i s  the  instantaneous slope o f  dXi/dt under the  cond i t i on  t h a t  no th ing  i n  the  
i j  

environment i s  changing except X and dXi/dt. S i m i l a r i l y  bix i s  the instantaneous 
j 

slope o f  dXi/dt g iven t h a t  no th ing  i s  changing except Xk and dX 1 . /dt .  When us ing a 

1 i nea r  approximation as i nd i ca ted  i n  f i g u r e  13, however, we a re  a c t u a l l y  de f in ing  
b as the  average slope o f  the  dXi'/dt vs. X . r e l a t i o n s h i p  dur ing  the t ime i n t e r v a l  
i j 3 

A t .  The u n i t s  of byj  are the  dimensions o f  dXi/dt d i v i ded  by the  dimensions o f  X 
j' 

Geometrical interpretation of f i r s t  partial derivatives 

Figure 14. --&ornetria2 inteqpretation of 
first part ial  deriva+iues. 



Bas ica l l y ,  the quest ion being asked of the researcher i s  : Would a pe r t u rba t i on  

on l y  i n  the  s t a t e  o f  the j t h  component dur ing  the i n t e r v a l  A t  have an e f f e c t  on the  

r a t e  of change i n  the ith component? I f  the answer i s  no-- that  i s ,  i f  i t  can be 

concluded t h a t  the ith component would change a t  some average ra te ,  AXi/At = constant,  

regard less o f  the  l e v e l  o f  X; du r ing  the  t ime i n t e r v a l  A t  (prov ided t h a t  the range 
J 

o f  cons idera t ion  of X i  i s  w i t h i n  the  l i m i t s  of change t h a t  i t  w i l l  undergo dur ing  
J 

t he  same t ime i n t e r v a l ) - - t h e n  bij = 0. But i f  the answer i s  yes, then the  value o f  

b .  . must be estimated. 
J J  

Est imat ion o f  b,, depends on both the  s t a t e  of the  environment and A t .  That " J 
i s ,  the  i n f l uence  o f  a change i n  s t a t e  o f  one component (say, s o i l  n u t r i e n t s )  on the 
r a t e  o f  change i n  s t a t e  o f  another component (say, biomass dens i t y )  depends on the 
age o f  the  biomass ( t ime  a f t e r  t reatment)  as we l l  as the  s t a t e  o f  many o ther  env i ron-  
mental components. It a1 so depends on the t ime i n t e r v a l ,  A t ,  being considered, f o r  
t h e  slope of the  AX; /At  vs. X 4  r e l a t i o n s h i p  w i l l  probably be d i f f e r e n t  i f  A t  = one 

A J 

week than i f  A t  = 1 year. I n  t h i s  regard, one might conclude t h a t  we have no t  
s i m p l i f i e d  the  problem o f  environmental consequence p red i c t i on ,  i n  t h a t  the  values 
o f  bij must be modelled as func t ions  both o f  t ime and o f  t h e  s ta tes  of a l l  other  

environmental components, We be1 ieve, however, t h a t  t h i s  approach r e a d i l y  lends 
i t s e l f  t o  more d i r e c t  understanding o f  the documented and assumed irifl uences o f  
environmental components on each other ,  and provides a simple and t rackab le  mechanism 
f o r  i n t e r p r e t i n g ,  i n t eg ra t i ng ,  and ex t r apo la t i ng  research r e s u l t s  and exper t  op in ion,  

Obviously, f o r  most decisionmaking purposes, the  p red ic ted  s ta tus  of on l y  a few 
key environmental components over t ime needs t o  be displayed. But, if need be, t he  
assumptions used i n  cons t ruc t ing  these re l a t i onsh ips - - t ha t  i s ,  the  est imates o f  t he  
var ious b ' s  f o r  var ious t ime in te rva ls - -can  be t racked and documented. 

ij 

We see the  above format as p o t e n t i a l l y  usefu l  i n  research as we l l  as fo res t  
management s i t ua t i ons .  S e n s i t i v i t y  analyses could be made us ing  t h i s  type of approach 
i n  o rder  t o  determine which va r iab les  need t o  be studied. And, i n  mu l t i f unc t i ona l  
research e f f o r t s ,  t h i s  approach might be used as an o rgan iza t iona l  p lann ing t o o l .  

O f  course, our  p r i n c i p a l  concern i s  w i t h  regard t o  f o r e s t  l and  management 
dec i  sionmaking , and the  i n t e g r a t i o n  o f  know1 edge p e r t a i n i n g  t o  the  environmental 
ef fects of a1 t e r n a t i v e  treatments. U l t ima te ly ,  we can env is ion  computer-assisted 
procedures whereby the  manager needs on l y  t o  speci fy the  t reatment a1 t e r n a t i  ves he 
wishes t o  consider, the  s i t u a t i o n  he i s  p lanning t o  t r e a t ,  and the environmental 
c h a r a c t e r i s t i c s  he wants d isp layed over time. U n t i l  such t ime as t h i s  can be accom- 
p l ished,  we can on ly  suggest in termediate  approaches t h a t  might  be he lp fu l  i n  i n t e -  
g r a t i n g  and ex t r apo la t i ng  research r e s u l t s  and professional  op in ion.  The approaches 
suggested here in  are intended t o  be o f  t h i s  type. 
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IMPLICATIONS FOR RESOURCE MANAGEMENT 

A PANEL REVIEW 

Forest  land  managers are faced d a i l y  w i t h  the  chal lenge of making resource 
management dec is ions t h a t  w i l l  f a c i l  i t a t e  producing a v a r i e t y  o f  goods and serv ices 
from fo res ted  lands, wh i l e  avo id ing  unacceptable environmental impacts. Decisions 
regard ing t imber  harves t ing  a re  p a r t i c u l a r l y  impor tant  because harvest ing and asso- 
c i a t e d  a c t i v i t i e s  almost always r e s u l t  i n  s i g n i f i c a n t  changes i n  the  environment. 
The in f luences  o f  ha rves t ing  on t he  s i t e  can prov ide t he  manager w i t h  a powerful t o o l  
w i t h  which t o  e f f e c t  des i red changes i n  the ecosystem. Broad mul t i - resource manage- 
ment ob jec t i ves  r e l a t i n g  t o  stand regenerat ion,  w i l d l i f e  hab i t a t ,  watershed management, 
i n sec t  con t ro l ,  and o ther  such concerns a re  usua l l y  dependent upon ca r r y i ng  ou t  
c l o s e l y  prescr ibed t imber  harvest ing a c t i v i t i e s .  

The purpose o f  t h e  research being repor ted i n  t h i s  symposium i s  t o  prov ide the 
l and  manager w i t h  an improved body o f  knowledge and strengthened gu ide l ines fo r  pre-  
s c r i b i n g  t h e  most appropr ia te  harvest ing p rac t i ces .  B i o l og i ca l  research must neces- 
s a r i  l y  begin by i n v e s t i g a t i n g  bas ic  environmental responses and cause-and-effect 
relat ionships--consequences t h a t  w i l l  d i r e c t l y  a f f e c t  the  product ion o f  wood, water, 
w i ld1  i f e ,  and o ther  resources cm t h a t  s i t e ,  The manager's a b i l  i t y  t o  s e l e c t  harvest ing 
t reatments and t o  p resc r ibe  p rac t i ces  t h a t  best  s a t i s f y  mu1 t i p l e  ob jec t i ves ,  wh i l e  
avo id ing  unacceptable impacts, i s  dependent upon being a b l e  t o  re1 i a b l y  p r e d i c t  
consequences o f  a1 t e r n a t i v e  act ions.  

I n  the  papers t h a t  fo l l ow,  a  panel o f  f o r e s t  l and  managers addresses the  imp l i ca -  
t i o n s  o f  t h i s  kind of research f o r  broad resource management. These i n d i v i d u a l s  
represent  t h ree  major f o r e s t  l and  ownership c lasses i n  the  Northern Rocky Mountains-- 
Federal lands, S ta te  lands, and lands managed by l a r g e  p r i v a t e  corporat ions,  Resource 
management ob jec t i ves  d i f f e r  somewhat among ownerships, depending upon t he  expressed 
p r i o r i t i e s  and ob jec t i ves  of the  respec t i ve  owner-user groups. For a1 1 ownerships, 
however, l and  managers are faced w i t h  the  comnon task o f  assessing a l t e r n a t i v e  manage- 
ment s t ra teg ies ,  ba lanc ing resource use o r  product ion against  environmental p ro tec t i on  
and s i t e  maintenance requirements, and u1 t i m a t e l y  choosing an a1 t e r n a t i  ve ca lcu la ted  
t o  most nea r l y  s a t i s f y  both shor t -  and long-term resource management goals, 



Richard T. Wick 

Burlington Northern Inc. 
Timber and Land Department 

Operations in the timber and land department of Burlington Northern Inc. are 
organized around the mu1 t ip le  uses of forest lands. Primary emphasis i s  on the 
sustained production of forest products under s i l  vicul tural , environmental , social , 
and economic guide1 ines. Our department, consisting of 157 permanent employees, i s  
essentially s p l i t  into separate, b u t  complementary, areas of land management, timber 
management, and administrative services. About  100 of these employees have bachelors 
or advanced degrees. Besides foresters, special i s t s  in the f ie l  ds of engineering, 
wil dl i fe  biology, geology, economics, silviculture, and land use planning are repre- 
sented. Further division i s  between the Cascades District, which i s  headquartered in 
Seattle and covers four separate management units totaling about 400,000 acres 
(161,880 ha) in western and central Washington and northwestern Oregon, and the Rocky 
Mountain District, headquartered in Mi ssoula, Mont, , and covering seven separate 
management units total ing about 1,100,OO acres (445,170 ha) I n  northeastern Washington, 
north Idaho, and western Montana. O f  this  1.1 mill ion acres, about 840,000 acres 
(339,948 ha) are located in Montana. The management units previously mentioned are 
the hub  of BN's day-to-day operations. Each unit i s  operated as a separate profit 
center, with a l l  act ivi t ies  designed to accomplish set  goals within guidelines 
established in annually updated 5-year plans. Annual budgets provide the basis for 
coordinating the overall act ivi t ies  in the department. 

Prior to the development o f  any forest t ract ,  we go through an extensive in- 
house planning process. We util ize a1 1 avai lab1 e resource management tool s ,  including 
computers, topographic maps, inventories, f ie l  d surveys, aerial photos, and so on. 
Our process begins internally with our departmental land classification system. All 
lands are classified into one of seven major categories according to their  available 
resources, topography, 1 ocation, and soi 1 and environmental constraints. A1 1 classi- 
fications are re-evaluated on an annual basis. Land parcels in certain classes have 
management limitations imposed which shape the extent to which those lands can be 
managed. The seven classes are as follows: 

1.  multiple use class 
2. water resource class 
3. scenic area class 
4. limited use class 
5. prescribed development class 
6. existing development class 
7. quarry mining class 

This land classification system i s  recorded and utilized in two forms: a visual* 
map format, and a computer printout by 10-acre ( 4  ha) t racts .  The land classification 
system provides us a uniform basis from which t o  generate specific forest management 
prescriptions. 

All company act ivi t ies  are planned t o  maintain or enhance resource values and 
preclude unacceptable environmental impacts. To further assure that a complete j o b  
of preplanning has been done and that a l l  foreseeable impacts are considered, we 
conduct an environmental assessment. This procedure i s  prepared i n  a report form 
entitled "Environmental Assessment Report" or "EAR". This report i s  completed by a 
management u n j t  and reviewed by the d is t r ic t  level s taff .  I t  focuses attention t o  
potential effects any development may have on a i r  and water quality; f ish and wild1 i fe ;  
soils and productivity; aesthetics; recreation; historical and cultural resources as 
well as any legal constraints. Input i s  solicited from specialists from other 



agencies, from the company s t a f f ,  o r  from outside consul tants  when additional exper- 
t i s e  concerning some aspect of the proposed ac t iv i ty  i s  needed. As part  of t h i s  
process, State f i s h  and game departments a re  contacted fo r  comments and recommenda- 
tions. 

Fol 1 owing compl etion of the on-the-ground a c t i v i t i e s ,  reviews are  conducted to  
compare actual resul t s  with those anticipated in the EAR.  We believe tha t  t h i s  i s  
not only a useful performance measurement, b u t  a l so  an essential  feedback mechanism 
which a1 lows us to continually re-eval uate pol i c i e s  and requirements. 

Although serious environmental impacts are  normally prevented by such a check 
system, some environmental impacts do invariably occur as  a resul t  of resource manage- 
ment a c t i v i t i e s .  This i s  a s igni f icant  issue which i s  inherent t o  the land management 
f ie ld .  The important f ac t  i s  tha t  an evaluation process i s  in operation to  address 
the  costs and benefits of a l l  project proposals. 

The nature of our intermingled landowners h i p  pattern (checkerboard) with other 
Sta te ,  Federal, and private owners provides an additional challenge to  how we approach 
timber harvesting. Such factors  as  land access, the not-so-complementary relationship 
of property l ines  vs. natural physical features and stand components, and external 
influences of adjacent landowner objectives, a l l  have an influence on how we plan and 
conduct timber management operations. Being a corporate 1 andowner a1 so has imp1 ica- 
t ions in how the public resources such as f i s h ,  wi ld l i fe ,  a i r ,  and water are  managed. 
We have determined tha t  i t  i s  necessary t o  assume responsibi l i ty t o  help sustain 
these public values as an obligation of landownership. The company fee l s  strongly 
tha t  i f  private owners do not take public values into account when managing lands, 
then regulatory legis la t ion  will be enacted tha t  will then l imi t  the landowner's 
options and management f l  exi bil i ty .  

A continuing responsibi l i ty of a l l  department employees i s  t o  monitor and 
evaluate research and technological developments fo r  adaptabil i ty t o  company programs. 
In addition t o  the monitoring, we sometimes part icipate d i rec t ly  in research e f fo r t s .  
Some examples of d i rec t  part icipat ion are  elk-logging studies in western Montana and 
s o i l s  and water research in other areas. Whether our part icipat ion i s  d i rec t  o r  
indi rec t ,  we be1 ieve tha t  resource managers and researchers need t o  be constantly 
exchanging ideas t o  insure the quali ty of the job get t ing done on the ground as well 
as  the research being performed. 

What, then, are the " Impl ications For Resource Fianagement" of the environmental 
consequences of timber harvesting? To answer t h i s ,  private land managers will most 
l ike ly  have t o  ask themselves, "What are  the consequences o f  not hapvesting?" These 
two questions s e t  base parameters by which we begin our cost /benefi t  analyses. We 
be1 ieve the "Impl icat ions For Resource Management" question can be summed up i n  two 
parts .  F i r s t ,  evaluation of the  environmental consequences of our a c t i v i t i e s  makes 
us a l l  much more knowledgeable of the interrelat ionships of the resources we are  
managing. We will make bet ter  decisions. Secondly, we can make resource decisions 
with more jus t i f ica t ion  and convictions, although we simultaneously rea l i ze  tha t  
these decisions become more complex every day. For every new parameter o r  concern 
tha t  enters  the land manager's consciousness, a new se r i e s  of mental evaluations are 
performed t o  weigh advantages and disadvantages of a technique. Such a s i tua t ion  
immediately connotes increased cos ts  in performing such analyses. However, we have 
been and will continue t o  be, beneficiaries of much more valuable information tha t  
will  aid us in maintaining our productive land base. 

In l i s tening to  the presentations, one senses some s igni f icant  challenges before 
us in  completing the many research hypotheses and verifying t h e i r  resul t s  in the 
f i e l d  f o r  use by management. A par t icular  f rus t ra t ion  one perceives in 1 istening t o  
the  presentations i s  the apparent conf l ic t  tha t  can a r i s e  between the resources 



themselves, the  t r a d i t i o n a l  i ndus t r y  pract ices,  the  compl iance w i t h  State  and Federal 
laws, and w i t h  pub l i c  opinion. It i s  here t h a t  the  communication channels among 
researchers, the  disseminat ing agencies, and the  l and  managing agencies a re  most 
important, as l and  managers must thoroughly understand these c o n f l  i c t s  and manage 
them accord ing ly .  

As a p r i v a t e  f o r e s t  l and  manager i n  most o f  the  major f o r e s t  types i n  the  
nor thern Rockies, we place s i g n i f i c a n t  importance t o  research e f f o r t s  t h a t  at tempt t o  
charac te r i ze  these types. It i s  r e f r esh ing  t o  see a comprehensive approach t o  the 
research presented here. 

The environmental consequence quest ions w i l l  cont inue t o  be pu t  before us and i t  
i s  t he  qua1 i t y ,  appl i c a b i l  i ty ,  comprehensiveness, understandabi l  i ty ,  and cos t  e f f e c -  
t iveness o f  t he  a l t e r n a t i v e  approaches which w i l l  be most use fu l  t o  us i n  the  f o r e s t  
management profession. 

Chuck Seeley 

Champion Timberlands-Champion I n te rna t i ona l  

B i o l og i ca l  and environmental cons t ra i n t s  g r e a t l y  a f f e c t  resource management 
p rac t i ces  used on Champion Timberlands fee ownership lands. The cons t ra i n t s  have a 
p o s i t i v e  in f luence.  They serve as guide1 ines w i t h i n  which I can make management 
dec is ions t h a t  he lp  t o  produce t imber w i t h  a minimum o f  damage t o  the  environment. 

To demonstrate t h e  cons t ra i n t s  i n  act ion,  consider our  procedures f o r  l a y i n g  ou t  
a t y p i c a l  l ogg ing  block:  

I. Planning t he  Timber Harvest 

F i r s t ,  t he  land  manager se lec ts  a harvest ing method o r  methods t h a t  w i l l  accom- 
p l i s h  t he  goals he has i n  mind. He devises a p lan  t h a t  w i l l  produce t he  most e f f i -  
c i e n t  and p r o f i  tab1 e t imber harvest, wh i l e  ensur ing t h a t  b i o l o g i c a l  and environmental 
needs o f  t he  area a re  considered and protected. I n  determining the  proper harvest 
p lan  f o r  an area, the  l and  manager would consider t he  f o l l ow ing :  

Is t he  ob jec t i ve  o f  t h i s  sa le  a t h i nn ing  f o r  re lease, a regenerat ion 
c u t  t o  e s t a b l i s h  new growth, o r  a salvage c u t  t o  remove dead and dy ing 
t imber? 

Is t he  sa le  v i s i b l e  from a major highway and i f  so, can the  v i sua l  
impact o f  t he  logg ing  be minimized? 

Have we minimized the  d i s rup t i on  o f  streams by s k i d  t r a i l s  o r  logg ing  
debr i s?  

W i l l  we c rea te  a f r o s t  pocket o r  compact t he  s o i l ?  I f  so, what are our  
a1 t e rna t i ves?  

Does the  t e r r a i n  preclude use o f  c e r t a i n  types o f  equipment, and which 
type o f  l ogg ing  w i l l  cause the  l e a s t  s o i l  eros ion? 



6. Do the streams, f ragi le  so i l s ,  visual impacts, o r  steep terrain indicate 
the need to use l ine  machines? (Such machines drag only one end of the 
log on the ground and thereby minimize skid t r a i l  damage. ) 

11. blri t ing the Sil vicul tural Prescription 

The second step in harvesting a timber sale i s  carried out by the d i s t r i c t  land 
manager, who writes the s i l  vicul tural prescription and then di rects  the tree-marking 
crew. The marking crew will be instructed to mark within the directives of the 
s i l  vicul tural plan and to make on-the-ground mo'difications such as leaving buffer 
t rees  around wet  draws and springs, leaving trees with birds ' nests, or leaving more 
t rees  on south-facing slopes where reproduction i s  slow. Hi gh-qua1 i ty  t r ee  marking 
crews are ensured by requiring that  crew members are foresters or forest  technicians. 

111. Control During Logging 

Only a short time period elapses between the sa le  layout and logging. The dis-  
t r i c t  land manager writes the contract specifications for  the logger for  each logging 
block. For example, the contract will t e l l  the logger how the area has been marked; 
the marking that  designates trees to be l e f t  o r  cut;  the t ree  cutting technique 
(she1 terwood, seed t ree ,  e tc .  ) ; and special constraints such as wet draws, springs, 
skid t r a i l  locations, and dens and nests of wildlife.  The land manager walks the 
area with the logger t o  ensure that  the terms of the contract are understood. Most 
of our contractors have logged for  us many years, and because of the close, long-term 
working relationship with the loggers, we are able to move them into a sa le  that  will 
b e s t  u t i l i z e  the type of equipment they own. As the blocks are logged, the d i s t r i c t  
land manager periodically checks the area to ensure compliance with the terms of the 
sa le  and logging contract. 

IV. Cleanup and Regeneration 

Finally, when the sa le  i s  logged, the d i s t r i c t  land manager makes sure the re- 
sult ing slash i s  disposed of in a manner which will minimize t he  f i r e  hazard and 
prepare the s i t e  for  optimum tree  regeneration. For most logged areas t h i s  enta i ls  
burning the piled slash in the spring or f a l l  a year or two a f t e r  the logging has 
been cornpl eted. Whi 1 e most areas regenerate naturally, some areas will require hand 
planting with seedlings from our nursery in Plains, Mont. Once a new crop of t rees  
has sprouted and i s  flourishing, the d i s t r i c t  land manager and his successor will 
d i rec t  the course of the forest  back to a harvestable s t a t e  through three carefully 
planned and timed procedures: 1 )  the precommercial thinning, 2 )  the commercial 
thinning, and 3)  f ina l ly  the harvest of yet another generation of t rees .  

The main advantage o f  th i s  system i s  that  the land manager works so closely w i t h  
the forest  and the logging operations, that  he becomes f inely attuned to the cycles 
and needs of the healthy and productive forest .  He quickly learns the techniques 
which best support a vi tal  fores t ;  in a very short time his s i lv icul tura l  prescrip- 
tions turn into a marked cutting area, and then to  a logging area, and f inal ly  into 
an area prepared to begin the growth of the next generation of fores t .  From th i s  
process, with i t s  almost imedia te  feedback, come the continually refined and tested 
techinques by which we s t r ive  t o  insure healthy, productive forests .  

Biological and environmental constraints a1 so influence road construction. We 
t r y  not to build more logging roads than absolutely necessary, s tr iving for  minimum 
spacing o f  a quarter of a mile apart.  We also t ry  to lay out roads to  take advantage 
of skyline logging opportunities on steep terrain.  This will avoid disturbing streams 
or  sloughs and prevent the logging areas and roads from being visible from major 



highways. O f  course, a l l  roads a re  const ructed t o  minimize s o i l  erosion. Our po 
i s  t o  i n s t a l l  gates on new road systems en te r i ng  drainages no t  r e a d i l y  access ib le  
veh ic les  i n  t he  pas t .  

1  i c y  
t 0 

Champion Timberlands i s  invo lved  i n  several  programs t o  improve cond i t i ons  f o r  
p l an t s  and animals i n  the fo res ts .  We a re  and have been an a c t i v e  cooperator w i t h  
o ther  agencies and p r i v a t e  i nd i v i dua l s .  By l i m i t i n g  areas t o  walk- in  hunt ing on ly ,  
we can improve p ro tec t i on  f o r  game animals and prov ide b e t t e r  hun t ing  f o r  the  pub1 ic. 
A t  present, we a re  invo lved  i n  t he  Hoodo, Chamberlain, and Morr ison wa lk - in  hunt ing 
areas. Also, I am now working w i t h  the  Montana F ish  and Game Department t o  ob ta i n  
t h e i r  he lp  i n  en fo rc ing  i n d i v i d u a l  road c losures on o l d  road systems. By doing t h i s ,  
we can prov ide continuous l i m i t e d  access t o  drainages r a t h e r  than having the  whole 
drainage opened o r  completely closed. Champion has a1 so been ex tens ive ly  invo lved i n  
t he  B lack foo t  Cor r ido r  proposal w i t h  t h e  p r i v a t e  landowners and t he  f i s h  and game 
department t o  he lp  regu la te  r ec rea t i on  on the  Blackfoot  River.  Other examples o f  
environmental ly suppor t ive ac t ions  t h a t  occur d a i l y  are:  l eav i ng  snags f o r  b i r d s  
t h a t  nes t  i n  t r e e  holes, p r o t e c t i n g  and 1 i m i t i n g  logg ing  i n  areas where ba ld  eagles 
nest .  I n  one case, we moved a road 200 f e e t  (61 m) downhi l l  t o  avo id  r u i n i n g  an 
Oregon junco 's  nest  t h a t  had been found on the  ground. These a re  no t  i s o l a t e d  
exampl es, each fo res te r  has h i s  p a r t i c u l a r  w i l  d l  i f e  s t o r y .  

F i n a l l y ,  we work w i t h  the  A i r  Q u a l i t y  Bureau t o  p r o t e c t  Montana's a i r  q u a l i t y  
dur ing  the  f a l l  s lash-burning season. Th is  year  we a re  the  l o c a l  a i rshed coordina- 
t o r s .  As cooperators we a re  requ i red  t o  send i n  a  burning p l an  t h a t  inc ludes sect ion,  
township, range, e leva t ion ,  f ue l  tons per acre and t o t a l  acres o f  each burn. The 
coord ina to r  w i l l  be i n  d a i l y  communication w i t h  the  A i r  Q u a l i t y  Bureau and w i l l  
n o t i f y  groups on days when weather cond i t i ons  would cause s lash  burning t o  c rea te  
excessive a i r  p o l l u t i o n .  

I n  sumary,  we a t  Champion Timberlands a re  a t tempt ing t o  meet the  environmental 
and b i o l o g i c a l  requirements o f  the  forest  i n  such a way t h a t  when new r e s t r i c t i o n s  
a re  necessary, we can assure t he  pub l i c  t h a t  Champion has a l ready  pu t  these r e s t r i c -  
t i o n s  i n t o  e f f e c t  and they are a p a r t  o f  our  day-to-day operat ions.  

Ear l  Salmonson 
Chief, Forest  Management Bureau 

Department o f  Natural  Resources & Conservation 
D i v i s i o n  o f  Fores t ry  

We i n  the  D i v i s i o n  o f  Fores t ry  a re  respons ib le  f o r  t h e  management of approx i -  / 

mately 490,000 acres (198,303 ha) o f  State-owned f o res t  land. We are  a l so  respons ib le  
f o r  p rov i d i ng  techn ica l  f o r e s t r y  assistance t o  owners o f  small p r i v a t e  woodlands. We 
have several f o res te r s  t ak i ng  advantage o f  t h i s  symposium, which i s  an i n d i c a t i o n  o f  
our  s t rong  i n t e r e s t  i n  the  var ious papers t h a t  were presented. 

1 ands 
mu1 t i p  
Pol i c y  
1 ands. 
sented 
S ta te  

The D i v i s i o n  o f  Fores t ry  i s  mandated by State  l a w  t o  p r o t e c t  and manage S ta te  
t o  prov ide a sustained income t o  the  t r u s t ,  as we l l  as t o  prov ide f o r  the  
le-use of  these lands. We a re  a l s o  mandated by t he  Montana Environmental 
Act  t o  prov ide an environmental ly sound program i n  t he  management o f  these 

A1 though we c u r r e n t l y  a re  apply ing t he  r e s u l t s  o f  some o f  t he  research pre-  
here, a  considerable amount o f  new knowledge w i l l  he lp  us t o  b e t t e r  manage 

lands and f u l f i l l  our o b l i g a t i o n  t o  the  t r u s t .  



Several of the papers presented these past 3 days emphasized the need to leave 
an optimum level of residue on the ground af te r  harvest as a source o f  nutrients, t o  
maintain and promote soil mycorrhizae, and t o  promote the presence of beneficial 
insects. 

The papers pointed out the superiority of prescribed broadcast burning t o  dozer 
pi1 ing and burning for slash disposal and s i t e  preparation. Land managers should be 
doing more broadcast burning wherever i t  i s  feasible to do so. Broadcast burning i s  
less disruptive t o  the land than dozer piling and scarification, particularly in 
forms of soil erosion and water quality. I t  also promotes recycling of nutrients, 
regeneration of browse, maintenance of soil mycorrhizae, and the presence of benefi- 
cial insects, Broadcast burning i s  perhaps the only practical method for slash 
disposal and s i t e  preparation on steep slopes. However, modifying harvest practices 
to enhance wild1 i fe  or aesthetics may increase the difficulty and expense of burning 
for slash disposal and s i t e  preparation. 

On State lands timber sales are assessed certain fees t o  be expended for hazard 
reduction, s i t e  preparation, and reforestation. When these project funds are spent, 
there are no other sources t o  finance the work. We have t o  balance the risk and 
potential costs with our ab i l i ty  to avoid or control escape f i res  over the long term 
with limited funds. In spite of the improvement in technology in the use of f i r e ,  
occasional ly unprecedented freak winds or weather results in escape f i res .  Weather 
forecasting must be improved before broadcast burning can be done economically on a 
broader basis. 

O f  special interest was Dr. Fell in ' s  presentation on the spruce budwom. I have 
long f e l t  that spruce budworm spray programs have been something less than successful. 
With the current high cost of suitable chemicals, spraying i s  uneconomical and merely 
buys us a 1 i t t l e  time. I feel we have to learn to live with this  insect and manage 
our forests accordingly. I believe the answer t o  the spruce budworm problem i s  t o  
work towards long-term management t o  keep the budworm in balance with nature. Ne 
will  have to expect reduced growth rates and accept a certain amount of losses due t o  
mortality and manage accordingly. 

Roger Hungerford's paper, "~icroenvironmental Response to Harvesting and Residue 
Management," a1 so interested me. I have observed situations where clearcutting or 
heavy cutting practices were applied several years ago on h o t  dry s i tes  or frost  
pocket situations. Regeneration did not occur or i s  extremely slow due t~ the severe 
microenvironment created by the harvest. Partial cutting to provide more shade and 
leaving more debris on the ground would have probably resulted in much more successful 
regenerat ion. 

Research and education in the past 10 to 15 years has done much to improve our 
capabilities t o  predict the consequences of management actions on the various forest 
resources and values. There i s  s t i l l  need for more research t o  further improve our 
predictive and management sk i l l s  to solve the many management problems and avoid 
mistakes. 

I t  would be impossible to comment on a l l  of the papers that were presented in 
the time allowed. Many of these papers will require further study and analysis, I 
am sure that we will integrate a lo t  of the resource findings into our management 
program. 



Darre l  L. Kenops 
D i s t r i c t  Ranger 

USDA Forest  Service, Sel way Ranger 
D i s t r i c t ,  Nezperce Nat iona l  Forest  

When eva lua t ing  research resu l  t s  and p r e d i c t i v e  models re levan t  t o  rrly management 
s i t ua t i ons ,  I ask these questions: 

1. Is t he  research r e s u l t  o r  p r e d i c t i v e  model c l e a r l y  defined and the  env i ron-  
mental consequence i l l u s t r a t e d ?  Does t he  environmental consequence threaten t o  
endanger e i t h e r  long-term o r  shor t - term p r o d u c t i v i t y ?  

2. Does the  new in fo rmat ion  c o n f l i c t  w i th ,  o r  does i t  compliment, e x i s t i n g  
in fo rmat ion?  

3 .  Is t he  in format ion su f f i c i en t  so data and mon i to r ing  requirements are c l e a r l y  
understood? Do the  d i s t r i c t  and f o r e s t  management team members understand the  pre-  
d i c t i v e  model and i t s  impact? 

4. A t  what l e v e l  o f  program implementation i s  t he  research r e s u l t  app l i cab le?  
How should i t  be inc luded i n  s i l v i c u l t u r e  p resc r i p t i ons  f o r  stands being entered and 
managed? How and when do we r e f l e c t  t he  environmental consequence i n  t he  f o r e s t  
t imber  management p lan? 

5. How w i l l  i t  a f f e c t  t he  t imber growing base, r o t a t i o n  length,  and associated 
resource outputs? 

6. Who i n  t he  forest  and d i s t r i c t  organizat ions w i l l  be respons ib le  f o r  imple- 
mentation; and how much time, t r a i n i n g ,  new equipment, and cos t  i s  invo lved? 

7. What changes would be needed i n  sa l e  area improvement plans, t imber  sales,  
and s i l  v i c u l  t u r a l  con t rac ts?  

8. How w i l l  we inc lude  research f i nd i ngs  i n  environmental assessments r epo r t s  
and i n t e r d i s c i p l i n a r y  team ac t i on?  Should i t  be used as a gu ide l ine,  eva lua t ion  o r  
dec is ion  c r i t e r i a ,  o r  as  a rnonl tor ing requiremeut? 

9. How do we inc lude  spec ia l  i n t e r e s t  groups, t h e  general pub l i c ,  government 
agencies, e lec ted  o f f i c i a l s ,  and communities a f fec ted by implementation of the  r e -  
search r e s u l t  o r  p r e d i c t i v e  model ? 

10. What p rac t i ces  o r  p o l i c i e s  must be changed? For example, how do we leave 
snags fo r  cav i t y -nes t ing  b i r ds ,  y e t  comply w i t h  sa fe t y  p rov is ions  i n  t imber  sa le  
con t rac ts?  

11. How do we insure  t h a t  managers w i l l  use t he  i n f ~ r m a t i p n  e f f e c t i v e l y ,  bu t  
drop o r  rep lace i t  when i t  becomes obsolete? 

My experience i s  t h a t  the  most va luable  in fo rmat ion  and imp l i ca t i ons  are those 
t h a t  can be app l ied  i n  reaching management dec is ions a t  t he  p r o j e c t  l e v e l ,  i n v o l v i n g  
stand and/or watershed analyses. 



Currently we are  using the following environmental consequence information t o  
assess timber sa le  a c t i v i t i e s :  

Water y ie ld  and i t s  impact on stream channel s t a b i l i t y .  
Cover/forage ra t ios  fo r  elk, deer, and moose. 
01 d-growth management 1 evel s ,  using the pi leated woodpecker as  
an indicator  specie. 
Sediment production and i t s  impact on anadromous f ishery habitat .  
Fuel and f i r e  behavior potentials .  
Timber growth and yield. 
Habitat type informati on fo r  predicting regeneration success and 
selection of planting stock. 
Visual qua1 i ty  standards. 
Road closures and t h e i r  e f fec t  on big game populations. 

In reviewing the abs t rac ts  of papers presented, I see poss ib i l i t i e s  f o r  using new 
information re la t ing  t o  mycorrhizae, soi l  nutr ients  (ni trogen),  and c r i t i c a l  micro- 
environmental fac tors ,  and a1 so possibly expanding use of information now avai 1 able 
in fuels  management programs. Considering the use of such information a lso  impl ies  
tha t  land managers could be collect ing new data tha t  require sophisticated equipment 
and analysis technique. Several papers indicate tha t  broadcast burning i s  superior 
t o  dozer pi1 ing in benefits for  mycorrhizae, soi l  and water, and wi ld l i fe .  

Right now, our use of research findings i s  fragmentary and uneven. This i s  due 
t o  fac tors  such as  1 )  the need to  develop new environmental consequence information 
i n  l i g h t  of numerous laws; 2 )  the need t o  improve interdiscipl inary relationships so 
tha t  comprehensive plans are  devised; and 3)  the need to  assure suff ic ient  time fo r  
t ra in ing,  and t o  implement environmental considerations in timber harvesting plans. 

Land managers, s i l v i c u l t u r i s t s ,  and s t a f f  people are very willing t o  adopt and 
use the resul t s  of environmental studies. To assure tha t  environmental consequences 
are  understood and used i n  designing timber harvesting and other s i lv icul tura l  
a c t i v i t i e s ,  however, we need t o  take several actions. We should support the recom- 
mendations of the recent "Forest Service Technology Transfer Workshop" held in 
Tucson, Ariz., February 13-15, 1979. 

We should imnediately impl ement recommendations f o r  refining techno1 ogy t ransfer  
in the "Forest Service Program Planning and Budgeting System" (recomendations 2 ,  11 , 
18 and 29) .  We should then carry out recomendations t o  include technology t ransfer  
i n  program and ac t iv i ty  reviews and to include accountabi 1 i t y  within the performance 
rat ing system fo r  national fo res t  managers, s t a f f  o f f i ce r s ,  and sc ien t i s t s  (recommen- 
dations 5,  6 ,  8 and 15). These actions would be in addition t o  our current e f fo r t s  
t o  gain understanding through symposia, f i e l d  t r i p s ,  and personal contacts.  

We a1 so need to  develop the  recommendations outlined in the Intermountain 
Forest and Range Experiment Station and Mi ssoul a Equipment Development Center special 
report "Evaluating The Need For Environmental Monitoring To Predict Timber Harvest 
Impacts" (Hungerford and Babbitt 1976). 

The concepts expressed will be useful in formulating s i lv icul tura l  prescriptions 
fo r  land management treatments a t  the stand and watershed 1 evel s of deci sion-making , 
and will help t o  provide a framework for  gathering and displaying environmental 
information so i t  can be of use in s i lv icul  tural prescriptions and environmental 
assessment reports ,  This framework will a1 so give us the opportunity t o  explain the 
complex ecosystems and management a c t i v i t i e s  inherent in national fores t  programs. 



I n  t he  f u t u r e  we w i l l  see our  const i tuenc ies use environmental i n fo rmat ion  more 
ex tens ive ly  i n  t h e i r  responses t o  resource management a c t i v i t i e s .  Th is  w i l l  l ead  t o  
more s t r uc tu red  approaches f o r  adopt ing environmental i n fo rmat ion  i n t o  our  d a i l y  
operat ions.  One approach i s  t he  execut ive decision-making as out1 ined  i n  the 
Northern Regions's r u l e s  and opera t ing  procedures (FSM 1206.2ZC). In fo rm and Invo lve  
plans w i l l  be developed more f r equen t l y  so as t o  strengthen the  understanding and 
adopt ion o f  environmental in format ion.  F i e l d  tou rs  t o  s i t e s  where environmental 
consequences a re  d isp layed f o r  s p e c i f i c  ranger d i s t r i c t  and f o r e s t  management teams 
and s p e c i a l i s t s  w i l l  increase d rama t i ca l l y  and be more s t r uc tu red  and a c t i o n  or iented.  
The pub l i c  w i l l  a l so  be more invo lved  i n  v i s i t s  t o  such s i t es .  

I f  we can assure t h a t  environmental consequences a re  qnderstood and displayed, 
and i n t eg ra ted  i n t o  the  decision-making process i n  a t i rne lg ' fash ion,  we w i l l  gain a 
c l e a r e r  understanding o f  environmental consequences o f  t imber  harvest ing and t h e i r  
imp1 i c a t i o n s  f o r  resource management. 
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The Intermountain Station, headquartered in Ogden, 
Utah, is one  of  eight regional experiment stations charged 
with providing scientific knowledge to help resource 
managers meet human needs and protect forest and range 
ecosystems. 

The  Intermountain Station includes the States of 
Montana, Idaho, Utah,  Nevada, and western Wyoming. 
About 231 million acres, or  85 percent, of the land area in the 
Station territory are classified as forest and rangeland. These 
lands include grasslands, deserts, shrublands, alpine areas, 
and well-stocked forests, They supply fiber for forest in- 
dustries; minerals for energy and industrial development; arid 
water for domestic and industrial consumption. They also 
provide recreation opportunities for millions of visitors each 
year. 

Field programs and research work units of the Station 
are maintained in: 

Boise, Idaho 

Bozeman, Montana (in cooperation with Montana 
State University) 

Logan, Utah (in cooperation with Utah State 
University) 

Missoula, Montana (in cooperation with the 
University of Montana) 

Moscow, Idaho (in cooperation with the Univer- 
sity of Idaho) 

Provo. Utah (in cooperation with Brigham Young 
University) 

Reno, Nevada (in cooperation with the University 
of Nevada) 
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