


Llhrary 
p:..+,.. ... ma1 Uretlands ?-- ----h .. Center 

S .  Fish and WiF :< 
720 GdJundomf ::'::. . .a  
Lalayette. La. 7G&0 

The Biological Services Program was established within the U.S. Fish and Wildlife Service to 
supply scientific information and methodologies on key environmental issues that impact fish and 
wildlife resources and their supporting ecosystems. The mission o f  the program is  as follows: 

To strengthen the Fish and Wildlife Service in its role as a primary source o f  information on 
national fish and wildlife resources, particularly in respect to environmental impact assess- 
ment. 

To gather, analyze, and present information that will aid decision-makers in the ~dentification 
and re5olutionof prohlems associated with major changes in land and water use. 

To provide better ecological information and eroluation for Department o f  Interior develop- 
ment programs. such as those relating to energy development. 

Information developed by the Biological Services Program i s  intended for use in the planning 
and decisionmaking process to prevent or minimize the impact o f  development on fishand wildlife. 
Research activities and technical assistance services are based on an analysis of the issues, a 
determination of the decisionmakers involved and theil- information needs, and an evaluation o f  
the state o f  the a n  to identify information gaps and to determine priorities. This i s  a strategy that 
will ensure that the products produced and disseminated are timely and useful. 

Projects have been initiated in the fbllowingareas: coal extraction and conversion: power plants: 
geothermal, mineral and oil shale development; water resource analysis, including stream alteration 
and western water allocation; coastal ecosystems and Outer Continental Shelf development: and 
systems and inventory, including National Wetland Inventory, habitat classification and analysis. 
and information transfer. 

The Biological Services Program consists of  the Office o f  Biological Services in Washington, 
D.C. which i s  responsible for overall planning and management; National Teams, which provide 
the Program's central scientific and technical expertise and arrange for contracting biological 
services studies with states, universities, consulting firms and others; Regional Staff. who 
provide a link to problems at the operating level; and staff at certain Fish and Wildlife Service 
research facilities, who conduct inhouse research studies. 



THE POTENTIAL EFFECTS OF CLEARING 
AND SNAGGING ON STREAM ECOSYSTEMS 

by  
G. R i c h a r d  M a r z o l f  
D i v i s i o n  o f  B i o l o ~ y  

Kansas S t a t e  U n i v e r s i t y  
Manhattan, Kansas 66506 

P r o j e c t  O f f i c e r  
Norman G .  Benson 

N a t i o n a l  Stream A l t e r a t i o n  Team 
Federa l  B u i l d i n g  608 E. Cher ry  

Columbia. M i s s o u r i  65201 

Per formed f o r  
N a t i o n a l  Stream A l t e r a t i o n  P r o j e c t  

O f f i c e  o f  B i o l o g i c a l  S e r v i c e s  
F i s h  and W i l d l i f e  S e r v i c e  

U.S. Department o f  t h e  I n t e r i o r  



DISCLAIMER 

The opin ions,  f i nd ings ,  conclusions, o r  recommendations 
expressed i n  t h i s  repor t /p roduct  a re  those o f  t h e  authors 
and do n o t  necessa r i l y  r e f l e c t  t h e  views o f  the  O f f i c e  of 
B io log i ca l  Services, F i s h  and W i l d l i f e  Service, U.S. Depart- 
ment o f  the  I n t e r i o r ,  nor  does mention o f  t rade  names o r  
commerci a1 products c o n s t i t u t e  endorsement o r  recommendation 
f o r  use by the  federal government. 

For sale by the Superintendent 01 Dmuments, U.8. Governmoot Prlntlng Oam, Warhlngton. D.C. ?OM2 

i i 



ABSTRACT 

C l e a r i n g  and snagging,  t h e  removal o f  o b s t r u c t i o n s  f r o m  streams t o  
i n c r e a s e  t h e  c h a n n e l ' s  c a p a c i t y  t o  convey wa te r ,  i s  conducted t o  d r a i n  
f l o o d p l a i n s  f o r  a g r i c u l t u r e ,  t o  p r o t e c t  c i t i z e n s  f r o m  f l o o d s ,  o r  t o  main- 
t a i n  n a v i g a b l e  waterways.  

T h i s  r e v i e w  examines t h e  w i d e l y  h e l d  c o n t e n t i o n  t h a t  such s t ream a l -  
t e r a t i o n  reduces f i s h  p o p u l a t i o n s  and i s  o t h e r w i s e  d e t r i m e n t a l  t o  t h e  use 
o f  s t ream ecosystems. I t  was prepared f o r  use i n  assess ing  t h e  e c o l o g i c a l  
impac t  o f  c l e a r i n g  and snagging p r o j e c t s .  Because o f  t h e  l a c k  o f  d i r e c t  
q u a n t i t a t i v e  ev idence  a b o u t  c l e a r i n g  and snagging e f f e c t s ,  t h e  mechanisms 
i n v o l v e d  i n  p r o d u c i n g  t h e  e f f e c t s  a r e  d i scussed  i n d i r e c t l y  as p o t e n t i a l  
e f f e c t s .  

Recent concepts  o f  s t ream ecosystem f u n c t i o n  r e l a t e  t h e  f u n c t i o n s  o f  
d i f f e r e n t  groups o f  s t r e a m  organisms t o  o r g a n i c  m a t t e r  s y n t h e s i s  and deg- 
r a d a t i o n  i n  v a r i o u s  s i z e s  and types o f  st reams. T h i s  r e v i e w  emphasizes 
t h e  r o l e s  o b s t r u c t i o n s  ( t y p i c a l l y  removed by  c l e a r i n g  and snagging)  e x e r t  
on these  s t ream ecosystem f u n c t i o n s .  Recent l i t e r a t u r e  a l l o w s  one t o  
i d e n t i f y  p o t e n t i a l  e f f e c t s  o f  c l e a r i n g  and snagging on s t ream f u n c t i o n .  
Some e f f e c t s  a r e  o b v i o u s  vihen viewed i n  t h i s  p r o c e s s - o r i e n t e d  c o n t e x t  
w h i l e  o t h e r s  a r e  l e s s  c l e a r .  For  example, . a ~ b v i o u s  .~pc&gtb&_e.f_fect 
~f clear in^. and snagg ing  would  be t o  decrease t h e  r a t e  a t  wh ich  o r g a n i c  
r n a t t e r ~ l ~ a d s - - _ a r e  degraded..by t h e  s t r e a m  system. A  l e s s  obv ious  p o t e n t i a l  
e f f e c t  would  be the. e f f e c t s  o f  c l e a r i n g  and snagging on t h e  p l a n k t o n  i n  
s t reams.  The d e p r e s s i o n  o f  f i s h  p o p u l a t i o n s  by c l e a r i n g  and snagging po- 
t e n t i a l l y  occu rs  i n  two ways: l )  t h r o u g h  a l t e r a t i o n  o f  t h e  n a t u r e  and 
abundance o f  t h e  organ isms u t i l i z e d  by f i s h e s  as food,  and 2 )  by d i r e c t  
e f f e c t s  on f i s h  b e h a v i o r  ( t e r r i t o r i a l i t y )  and r e p r o d u c t i o n  (spawning 
a r e a s ) .  

T h i s  r e v i e w  i d e n t i f i e s  some p o t e n t i a l  e c o l o g i c a l  i n p a c t s  o f  c l e a r i n g  
and snagging,  b u t  does n o t  y i e l d  q u a n t i t a t i v e  p r e d i c t i o n s  o f  t h e  impacts .  
P e r t i n e n t  r e c e n t  l i t e r a t u r e  on s t ream ecosystem f u n c t i o n  i s  rev iewed  and 
has much a p p l i c a t i o n  i n  impact  assessment. Parameters which c o u l d  be 
measured f o r  q u a n t i t a t i v e l y  e v a l u a t i n g  t h e  e c o l o g i c a l  e f f e c t s  o f  s p e c i f i c  
c l e a r i n g  and snagg ing  p r o j e c t s  a re  d e s c r i b e d .  
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INTRODUCTION 

T h i s  r e p o r t  r e v i e w s  t h e  complex expanding l i t e r a t u r e  o f  f u n c t i o n a l  
s t r e a m  eco logy  and assesses t h e  impacts  o f  c l e a r i n g  and snagging on streams. 
The l i t e r a t u r e  d e a l i n g  d i r e c t l y  w i t h  t h e  e f f e c t s  o f  c l e a r i n g  and snagging 
i s  s c a n t  and p e r i p h e r a l  t o  o t h e r  q u e s t i o n s .  T h e r e f o r e ,  t h e  r e v i e w  f i r s t  
p r o v i d e s  a  c u r r e n t  p e r s p e c t i v e  on s t ream ecosystem f u n c t i o n  so t h a t  ques- 
t i o n s  o f  impac t  can be r e l a t e d  t o  t h i s  m a t e r i a l .  S i n c e  t h i s  p e r s p e c t i v e  
i n c l u d e s  geomorphic and h y d r a u l i c  c o n s i d e r a t i o n s ,  t h e s e  b a s i c  concepts  a r e  
i n c l u d e d  i n  t h e  d i s c u s s i o n .  A d i s c u s s i o n  o f  p o t e n t i a l  e f f e c t s  i s  presented,  
based on t h i s  p e r s p e c t i v e .  Some o f  t h e  e f f e c t s  a r e  obv ious.  O the r  p o t e n t i a l  
e f f e c t s  a r e  l e s s  obv ious ,  and f i r m  s ta tements  s h o u l d  be avo ided  o r  made w i t h  
a p p r o p r i a t e  c a u t i o n .  

The i n t e n s i t y  o f  c l e a r i n g  and snagging ranges from t h e  s e l e c t i v e  r e -  
moval  o f  s i n g l e  f a l l e n  t r e e s  o r  l a r g e  r o c k s  t o  t h e  rep lacement  o f  removed 
t i m b e r  w i t h  a  reve tmen t  t o  r e s t o r e  s t r e a m  bank s t a b i l i t y .  O p e r a t i o n s  o f  
g r e a t e r  magni tude,  i . e . ,  d r a g l i n e  e x c a v a t i o n  t o  deepen and/or  s t r a i g h t e n  
channels  may i n c l u d e  snagging and c l e a r i n g  as p r e l i m i n a r y  even ts ,  b u t  these  
a r e  n o t  c o n s i d e r e d  i n  t h i s  d i s c u s s i o n .  C l e a r i n g  and snagging as d e f i n e d  i n  
t h i s  r e p o r t  r e f e r s  t o  removal  o f  o b s t r u c t i o n s  f ro12  t h e  s t ream channel  and 
s t r e a m  banks, i n c l u d i n g  t h e  removal o f  v e g e t a t i o n  and accumula ted bed load 
m a t e r i a l  t o  i n c r e a s e  t h e  s t r e a m ' s  c a p a c i t y  t o  convey w a t e r .  I t  may i n c l u d e  
t h e  removal o f  sed iment  ba rs ,  d r i f t s ,  l o g s ,  snags, b o u l d e r s ,  p i l i n g ,  p i e r s ,  
headwa l l s ,  and d e b r i s .  Removal o f  v e g e t a t i o n  f rom t h e  s t r e a m  banks and 
f l o o d p l a i n  i s  c o n s i d e r e d  o n l y  when i t  has an immediate d i r e c t  e f f e c t  on 
t h e  stream. 

C l e a r i n g  and snaog ing  i s  done f o r  e s s e n t i a l l y  t h r e e  reasons:  1) t o  
d r a i n  f l o o d p l a i n s  f o r  a g r i c u l t u r a l  deve lopment ;  2 )  t o  p r o t e c t  c i t i z e n s  f rom 
f l o o d s ;  and 3 )  t o  m a i n t a i n  n a v i g a b l e  waterways. C l e a r i n g  and snagging i s  
done p r i m a r i l y  t o  s m a l l  ( l o w  o r d e r )  st reams when f l o o d  p r o t e c t i o n  o r  we t -  
l a n d  d r a i n a g e  i s  t h e  o b j e c t i v e  and t o  l a r g e  ( h i g h  o r d e r )  st reams t o  m a i n t a i n  
n a v i g a b l e  channe ls .  

I t  i s  w i d e l y  h e l d  t h a t  c l e a r i n g  and snaggina reduces b o t h  b i o t i c  
p r o d u c t i o n  and d i v e r s i t y ,  presumably by r e d u c i n g  h a b i t a t  d i v e r s i t y .  Data 
f r o m  c o n t r o l l e d  exper imen ts  on streams t o  assess and q u a n t i f y  t h e  mechanisms 
o f  r e d u c t i o n ,  if t h e y  e x i s t ,  have n o t  been p u b l i s h e d .  The va lues  o f  snaqs 
and,.l2_g s t y u c  t u  r es t o  f i s  hes.in&reaos. ..agear j n _ ~ h e  f i&eer js. . , .memen_t- .  
b . t - r a i v r e - ~ o t ~ e f e ~ z - i d  Everha- r~ t ,  ~1953; E u e r h a . r t , ~ g ~ g l ,  9 .. T h i s  
m_a_nnags!ne? t ~ , - ~ ~ e ~ a t u ~ r e e L L  however , :~re f .ers  p r e d o m i n a n t l y  -~ ~~ .~ t o  . t rqu t  s  treanis ; 
warmwater s t reams and r i v e r s  a r e  n o t  as w e l l  uhders tood  So, w h i l e  t h e  
i n t e n t  h e r e  i s  t o  i n q u i r e  i n t o  t h e  p o t e n t i a l  e f f e c t s  o f  e n g i n e e r i n g  modi- 
f i c a t i o n s ,  t h e  i n f o r m a t i o n  a l s o  has t h e  p o t e n t i a l  f o r  use  i n  enhanc ing t h e  
f i s h e r y  o r  o t h e r  a s p e c t s  o f  s t ream ecosystems. 



A CONCEPT OF STREAM FUNCTION: A GENERAL REVIEW 

Over the  pas t  decade o r  so stream b i o l o g i s t s  have been developing 
p r i n c i p l e s  which have l e d  t o  new hypotheses about stream ecosystem func- 
t i ons .  Hypothet ica l -deduct ive techniques a r e  more p o s s i b l e  now, i n  pa r t ,  
because o f  new techniques f o r  hand l ing  and analyz ing l a r g e  amounts o f  
data, bu t  a l s o  because o f  an app rec ia t i on  o f  t he  power o f  experimental  
approaches app l i ed  -- i n  s i t u .  

The under ly ing  p r i n c i p l e s  o f  stream ecosystem f u n c t i o n  a re  geomor- 
phic;  t he  na ture  o f  bedrock and i t s  res i s tance  t o  eros ion,  r e g i o n a l  geo- 
l o g i c a l  h i s t o r y  such as g l a c i a t i o n ,  u p l i f t ,  f a u l t i n g ,  serve as the  u l t i -  
mate independent va r i ab les  c o n t r o l l i n g  channel c o n f i g u r a t i o n  as w e l l  as 
the chemical composit ion o f  water.  That i s ,  the broadest c o n s t r a i n t s  t o  
be p laced on t h e  range o f  p o t e n t i a l  stream ecosystem types  a re  dominated 
by geo log ica l  characters.  The energy expended by runn ing  water  on land- 
scapes i s  d i ss ipa ted  i n  var ious  ways from headwater streams t o  t h e  ciouths 
o f  l a r g e r  r i v e r s ;  i .e .  slope, cur ren t ,  v e l o c i t y ,  turbulence,  discharge, 
and load capac i ty  a l l  change along t h i s  g rad ien t  so t h a t  t he  channel 
assumes the  most e f f i c i e n t  c o n f i g u r a t i o n  f o r  d i s t r i b u t i n g  the  energy. 
The "order"  system o f  stream c l a s s i f i c a t i o n  inc ludes some o f  these para- 
meters (Leopold, \.lolman and M i l l e r ,  1964; Horton, 1945; and S t rah le r ,  
1971). 

To the  geomorphologist a stream o rde r  i s  s p e c i f i c a l l y  de f i ned  as 
a measure o f  t h e  p o s i t i o n  o f  a stream i n  a h ie ra rchy  o f  t r i b u t a r i e s .  The 
h ighest  ( g e o l o g i c a l l y  youngest) channels from t h e i r  p o i n t  o f  o r i g i n  t o  the 
p o i n t  o f  j u n c t i o n  w i t h  another channel, are designated f i r s t  order;  two 
f i r s t  o rder  channels j o i n  t o  form second order  channels; second order  
channels j o i n  t o  form t h i r d  order  channels and so on. App l ied  throughout 
a watershed t h i s  system numbers t h e  t r u n k  stream l e a v i n g  t h e  watershed 
w i t h  the  h ighes t  o rde r  designat ion.  The ana lys is  o f  stream systems 
us ing  t h i s  approach reveals t h a t  t h e  sum o f  t h e  lengths  o f  low order  
channels exceeds the  lengths o f  h i g h  o rde r  channels; about 75 percent  o f  
a l l  stream lengths  are f i r s t  and second order .  However, t he  h i g h  order  
channels have t h e  h ighes t  discharges. 

The most concise and recent  statements o f  ecolo i c a l  f u n c t i o n  o f  stream 
systems i n  t h i s  geo log ica l  contex t  a r e  Vannote (1977 3 and Cumins  (1975), 
though elements o f  t he  view have been appearing f o r  several  decades (e.g. 
Moon 1939 and A l l e n  1951). Vannote and Cummins ( i b i d .  ) recognized t h a t  
b i o t i c  components o f  these systems ought t o  be adapted t o  these geomorphic 
changes and t h a t  the f u n c t i o n a l  components o f  streams might  be expected 
t o  vary along the l e n g t h  o f  a stream i n  some systematic way. Kuehne (1962) 
app l i ed  t h i s  idea t o  the d i s t r i b u t i o n  o f  f i s h e s  i n  a Kentucky watershed. 
Harrel ,  Davis and D o r r j s  (1967) and Har re l  and D o r r i s  (1968) compared d i -  
v e r s i t y  o f  f i s h e s  and i nve r teb ra tes  t o  stream order  i n  Oklahoma. Some 
components, dominant i n  headwaters, disappear bu t  a re  rep laced by o the r  
components w i t h  d i f f e r e n t  f unc t i ons  i n  downstream sec t i ons  o f  t he  r i v e r  



system. Those components which p e r s i s t  i n  t he  e n t i r e  system are genera l l y  
l e s s  dominant i n  downstream reaches (h igh  o rde r  streams) than i n  the head- 
waters ( low order  streams). 

An i n t e r e s t i n g  feature o f  comnunity s t r u c t u r e  i s  t h a t  t h e  geo log i ca l11  - -4- 

y ~ t . ~ ~ o ~ o ~ ~ v p ~ . ~ g & m ~ h ~ ~ w a  ----->-.- t e r s  house some o m  C~U.:.- 
t i o n a r i l y  m s t  p r i m i t j ~ v e  i nsec ts  d e r i v e d f ~ m _ f m s _ f  f&re.strr'al ... oriqln, 
w h i l e  the g e o l o g i c a ~ ~ ~ ~ o l d e r ~ s e c t i ~  a r e  F h a b i t i d  by fewer_Jnse.c_tr, repre- 
sen t i ng  t h e  less p r i m ~ t i v e  groups, and by i n v e r t e  r a t e m a s  mollusc_s., 

With t h e  p o s s i b l e  except ion o f  f i s h e s  and mol luscs, t he  faunas of streams 
and r i v e r s  o f  t h e  Uni ted States are  p o o r l y  known. Perhaps t h e  most t roub le -  
some groups amoung t h e  macroinver tebrates a r e  the  i nsec ts .  Yet they are  
important  t o  t he  assessment o f  c l e a r i n g  and snagging impacts on streams and 
t h e i r  f i s h e r i e s .  I n  terms o f  f u n c t i o n a l  importance i n  s t r e a m  and r i v e r s ,  
t h e  immature l i f e  h i s t o r y  stages r a t h e r  than a d u l t  i nsec ts  a re  t h e  ob jec ts  
o f  a t t e n t i o n .  Unfor tunate ly ,  t he  a d u l t s  a r e  most o f t e n  used by taxonomists 
fo r  i d e n t i f i c a t i o n .  Systematic and taxonomic c l a s s i f i c a t i o n s  o f  stream o r -  
ganisms u l t i m a t e l y  w i l l  be important  t o  our understanding because they denote 
t h e  species t o  be t h e  bas i c  evo lu t i ona ry  u n i t .  On the  o t h e r  hand, Cumins 
(1974) has w i s e l y  po in ted  out, however, t h a t  i t  i s  no t  so c l e a r  t h a t  t he  
species i s  t h e  bas ic  u n i t  o f  eco log ica l  func t ion .  Not a l l  species o r  l i f e  
h i s t o r y  stages are  o f  equal importance i n  streams. For example, l a rvae  o f  
d i f f e r e n t  ages feed on d i f f e r e n t  t h i n g s  i n  d i f f e r e n t  places, and pupae and 
a d u l t  i nsec ts  may n o t  even be a p a r t  o f  t he  aquat ic  system. Furthermore, 
systemat ic  and taxonomic progress l ags  f a r  behind present  p r a c t i c a l  needs. 
Cumins  (1975), B o l i n g  -- e t  a l .  (1975) and M e r r i t t  and Cummins (1978) have 
es tab l ished t h e  beginnings o f  a c l a s s i f i c a t i o n  w i t h  f u n c t i o n a l  c r i t e r i a  
(F ig.  1 The f u n c t i o n a l  view o f  streams considers t h a t  t he  organic resource 
base, w h i l e  always photosynthet ic ,  may e n t e r  the stream e i t h e r  from t h e  
drainage bas in  o r  f rom producers i n  t h e  stream i t s e l f .  Depending on t h e  
na tu re  o f  t h e  resource base, populat ions o f  herb ivores and carn ivores  (o rgan ic  
mat te r  processors) a re  v a r i o u s l y  abundant. If t h e  i npu ts  a r e  i n  t h e  form o f  
leaves and o t h e r  coarse ( l a r g e )  p a r t i c l e s ,  those organisms which can feed 
d i r e c t l y  on them (shredders)  operate f u n c t i o n a l l y  t o  reduce t h e  p a r t i c l e  s i z e  
f o r  u t i l i z a t i o n  by c o l l e c t o r s  and/or expo r t  downstream. 

Co l l ec to rs  a r e  t y p i c a l l y  adapted f o r  f i l t e r i n g  f i n e  p a r t i c l e s  from the  
stream d r i f t  o r  ga the r ing  f i n e  p a r t i c l e s  f rom t h e  sediments. Scrapers 
(=grazers) ,  on t h e  o t h e r  hand, a re  n o t  adapted f o r  u t i l i z a t i o n  of coarse 
p a r t i c l e s  b u t  depend on such organ ic  sources as at tached algae, bac ter ia ,  
o r  f i n e  p a r t i c u l a t e  organ ic  mat te r  deposi ted on surfaces. Predator popula- 
t i o n s  subsequently respond t o  the  abundance o f  prey populat ions.  



THE INTEGRATION OF STREAM CHANNEL STRUCTURE AND ECOLOGICAL FUNCTIONS 

The response o f  b i o l o g i c a l  f u n c t i o n  t o  g e o l o g i c a l  d e f i n i t i o n  only i s  
p r o b a b l y  n o t  p o s s i b l e  s i n c e  o t h e r  env i ronmenta l  f e a t u r e s  (e.g. tempera tu re  
and l i g h t )  a r e  a l s o  s i g n i f i c a n t .  On t h e  o t h e r  hand, c u r r e n t  v e l o c i t y ,  sub- 
s t r a t e  and m a t e r i a l  e x p o r t  seem t o  be r e l a t e d  t o  s t r e a m  o r d e r  d e s i g n a t i o n s ,  
and t h e r e  i s  genera l  agreement t h a t  l o w  o r d e r  s t reams ( c a .  1-3)  i n  most 
r e g i o n s  show common c h a r a c t e r i s t i c s .  Mid-order  s t reams ( c a  . 4-6)  show some 
common t r a n s i t i o n a l  c h a r a c t e r i s t i c s ,  and h i g h  o r d e r  s t reams (ca.  6-12) show 
a n o t h e r  s e t  o f  common f e a t u r e s .  F i g u r e  2  ( f r o m  Cummins, 1975)  i s  a  hypo- 
t h e t i c a l  r e p r e s e n t a t i o n  o f  t h e  s o r t  o f  f u n c t i o n a l  s h i f t s  expected t o  t a k e  
p l a c e  a l o n g  t h e  l e n g t h  o f  a  r i v e r  system. 

The l o w  o r d e r  streams (1-3,  c f .  F i g .  2 )  i n  most ecot-e_gllgins.~are covered  
by .-.~ t h e  canopy . o f   the r i p a r i a n  f o r e s t .  T h i s  c o v e r  has t w  f u n ~ n a l  e f f e c t s .  
E?~Lljq_hh in*-enxi  t y  and t e m p e r a t u r e  a r e  reduced  a n d & c & d , - ~ ~  capo3y- 
pyo_v_i.&s, - t h e  - p r i m a r y  source  o f  c o a r s e  p a r t i c u r a t e  o r g a n i c  m a t t e r  (CPOM) as 
leaves  and t w ~ g s  f a l l  i n t o  t h e  stream. The l e a v e s  do n o t  move downstream 
v e r y  f a r ,  r a t h e r  t k a g q l l e g a t e - ~ t q  f.oOmrm"p_ack_s.~~.~f.coarse m a t e r i a l  on t h e  
ups t re_am. .~ i~&e~~.o f  bou lde rs ,  branches a n d  o t h e r ,  o b s t r u c t i o n s  ( i  .e. snags) : 
Th.i,s,.m&tet-ial i s  t h e  p r i G r y  energy  r e s o u r c e  base f o r  ~. t h e  headwater s t ream 
e c o s y s t e m . . ~ ~ ~ s h e r a n ~ L i k e n ~ , ' ~ T 9 7 2 ; ~ C u n m i ~ n s e t a l . ,  . .. - -~ ....- ~ --- - - ~~ 1973; I v e r s e t i ,  1973).  

Upon f a l l i n g  i n t o  t h e  s t ream,  t h e  leaves  e x h i b i t  an i n i t i a l  r a p i d  l o s s  
o f  w e i g h t ,  presumably t h e  s o l u b l e  and e a s i l y  l eached  o r g a n i c  f r a c t i o n s .  
HcDowell and F i s h e r  (1976)  f o u n d  t h a t  n e a r l y  17% o f  l i t t e r  i n p u t  was r e l e a s e d  
t o  t h e  wa te r  as d i s s o l v e d  o r g a n i c  m a t t e r  (DOM) w i t h i n  t h r e e  days o f  e n t r y .  
B a c t e r i a  and f u n g i  i n v a d e  l e a v e s  o f  any g i v e n  s p e c i e s  r a p i d l y ,  and f u r t h e r  
w e i g h t  l o s s  (decompos i t i on )  t a k e s  p l a c e  a t  a  r a t e  w h i c h  i s  dependent upon 
tempera tu re  (Pe te rsen  and Cummins, 1974) .  Hynerand-  Ka-ushik (19~69) showed 
t h a t  t h e  n i t r o g e n  and p r o t e i n  c o n t e n t  o f  l e a v e s  i n  c o n t r o l l e d  l a b o r a t o r y  
exper iments  i n c r e a s e d  i n  t h e  e a r l y  s t a g e s  o f  decompos i t i on  i f  a  source  o f  
i n o r g a n i c  o r  o r g a G c  n i t r o g e n  was added. H y n e s  ( 1 3 7 0 ) s u @ e s t e d  t h a t  o t h e r  
n u t r i e n t s ,  such as phosphate,  can be i m p l i c a t e d  i n  t h i s  e f f e c t .  Presumably, 
t h e  a c t i v i t i e s  o f  t h e  m i c r o f l o r a  i n c r e a s e  a v a i l a b l e  p r o t e i n  i n  t h e  resource .  
A q u a t i c  i n s e c t  d e t r i t i v o r e s ,  b o t h  sh redders  and s c r a p e r s ,  a r e  l i k e l y  t o  u t i l i z e  
t h e  "enhanced" resource ,  b u t  t h e  r e l a t i v e  impor tance  o f  t h e  l e a f  i t s e l f  a n d / o r  
m i c r o f l o r a  as f o o d  has n o t  been f u l l y  r e s o l v e d .  Shredders,  however, canno t  
grow on s t e r i l e  l eaves ,  and d i f f e r e n t  m i c r o b i a l  s p e c i e s  on leaves  y i e l d  d i f -  
f e r e n t  g rowth  r a t e s  by some d e t r i t i v o r e s  ( B a e r l o c h e r  and K e n d r i c k ,  1973).  

U l t i m a t e l y  t h e  CPOb1 i s  r e s p i r e d ,  d e p o s i t e d  i n  sed imen ts ,  c o n v e r t e d  i n t o  
g rowth  o f  d e t r i t i v o r e s  ( i n v e r t e b r a t e s  and /o r  n ~ i c r o f l o r a )  , o r  e x p o r t e d  down- 
stream. The p a r t i c l e s  e x p o r t e d  downstream a r e  g e n e r a l l y  much s m a l l e r ,  i . e .  
f i n e  p a r t i c u l a t e  o r g a n i c  m a t t e r  (FPCP!) ( i n c l u d i n g  i n v e r t e b r a t e  f e c e s ) .  The 
f a t e  o f  FPOM i s  a  s u b j e c t  o f  s p e c u l a t i o n ,  b u t  t h e  a l t e r n a t i v e s  i n c l u d e :  de- 
p o s i t i o n  and f u r t h e r  decompos i t i on  ( a n a e r o b i c ) ,  u t i l i z a t i o n  by f i l t e ?  f e e d i n s  
organisms ( c o l l e c t o r s ) ,  o r  f u r t h e r  a e r o b i c  d e g r a d a t i o n  b y  m i c r o f l o r a  (Kaush ik  
and Hynes, 1968 and 1971; Cummins -- e t  a l .  -- 1073; and P e t e r s e n  and Cummins, 1974) .  
G e n e r a l l y ,  more o r g a n i c  m a t t e r  e n t e r s  t h e  s t ream and i s  r e s p i r e d  than  i s  p r o -  
duced i n  t h e  s t ream,  r e s u l t i n g  i n  pho tosyn thes is -commun i t y  r e s p i r a t i o n  r a t i o s  



(P/R) o f  l e s s  than  one. Odum (1956) used u n i t y  as t h e  d i s t i n c t i o n  between 
a u t o t r o p h i c  and h e t e r o t r o p h i c  systems. Low o r d e r  streams a r e  t y p i c a l l y  
h e t e r o t r o p h i c ,  b u t  i n  some cases, depending on season o r  geograph ic  r e g i o n ,  
t h e y  may be a u t o t r o p h i c .  

When t h e  s t ream has no canopy c o v e r ,  as may be t h e  case i n  t h e  d e s e r t ,  
s teppe  and i n  v e r y  h i g h  a l t i t u d e s  and l a t i t u d e s ,  t h e n  C P O l i  fron: t r e e s  i s  
reduced, and l i g h t  p e n e t r a t i o n  may s u p p o r t  g r e a t e r  r a t e s  o f  p h o t o s y n t h e t i c  
p r o d u c t i o n  (P/R may exceed 1 .0 ) .  Streams wh ich  have been channeled and 
c l e a r e d  o f  r i p a r i a n  f o r e s t  may a l s o  have P/R va lues  g r e a t e r  than  1.0 
(Gel r o t h  and i l a r z o l  f, 1977) .  

The --- .- int-err!edia.t.e s i z e d  s t r q m s  ( o r d e r s  4 - 6 )  a r e  l e s s  dependent upon 
d i r e c t  t e r r e s t r i a l  i n p u t s  and more Zependent u p o n  p h o t o s y n t h e t i c  o r y n i c  
p r o d u c t i o n  i n  s i t u  and upon t h e  i n p u t  o f  FPOFl f r o m ~ u p s t r e a ~ .  The r a t i o  o f  
p h ' o t o s y n t h e ~ c ~ d u c t i o n  t o  community r e s p i r a t i o n  i s  o f t e n  c r e a t e r  than 
one (P/R ., 1) i n  c o n t r a s t  t o  t h e  headwaters above and l a r g e  r i v e r s  be low 

.. 
i n  wh ich r e s p i r a t i o n  exceeds p r i m a r y  p r o d u c t i o n  (P/ f? < 1 ) .  ihese i n t e r w e -  
d i a t e  s i z e d  r u n n i n g  w a t e r s  can be c h a r a c t e r i z e d  a s :  Producer-grazer-FPObI- 
b a c t e r i a - c o l  l e c t o r  systems. Scrapers  (= g r a z e r s )  and c o l l e c t o r s  i n h a b i t  
s u b s t r a t e s  p r o v i d e d  by  snags and d e b r i s  i n  s t reams and f i l t e r  and g a t h e r  
t h e  suspended l o a d  f r o m  t h o s e  s i t e s .  

Large r i v e r s  ( o r d e r s  5-12, F i g .  2 )  t e n d  t o  be t u r b i d  wi?:h heavy sediment 
l o a d s  - -  t h e  c u l n ~ i n a t i o n  o f  a l l  t h e  upst ream processes.  These systems un- 
d o u b t e d l y  possess w e l l  deve loped p l a n k t o n  communit ies,  a l t h o u ~ h  r e s p i r a t i o n  
s t i l l  exceeds p h o t o s y n t h e t i c  p r o d u c t i o n .  These r i v e r s  c o u l d  be c h a r a c t e r i z e d  
as FPOPI-bacteria-col l e c t o r  systenls. 

F i s h  p o p u l a t i o n s  g e n e r a l l y  show a  t r a n s i t i o n  f r o m  co l t iwa te r  i n v e r t i v o r e s ,  
t o  warmwater i n v e r t i v o r e s  and p i s c i v o r e s ,  t o  p l a n k t i v o r e s  ( F i g .  2)  



Figure 1. Diagrammatic rep resen ta t i on  o f  t he  s t r u c t u r e  and f u n c t i o n  i n  
t h e  headwater sec t ions  o f  stream ecosystems. The photosyn- 
t h e t i c  f i x a t i o n  o f  carbon i n t o  organic compounds upon which 
the  stream depends takes p lace  p r i m a r i l y  o u t  o f  t he  stream 
proper on the landscape o f  the watershed. I n  such headwater 
systems algae and vascu lar  hydrophytes c o n t r i b u t e  min imal ly  
t o  the organic f l u x  o f  the system. The organisms shown are 
merely poss ib le  representa t ives  o f  t he  f u n c t i o n a l  groups 
t h a t  have been i d e n t i f i e d .  (Flodif ied  fro^ Cumins 1973, and 
Cumins 1974). 
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F i g u r e  2. T h e o r e t i c a l  d iagrammat ic  r e p r e s e n t a t i o n  o f  c e r t a i n  changes i n  
s t r u c t u r e  and f u n c t i o n  i n  r u n n i n g  w a t e r  ecosystems f rom head- 
w a t e r  t o  t h e  mouth ( s t r e a m  o r d e r  shown a t  t h e  l e f t ) .  The 
organisms p i c t u r e d  a r e  m e r e l y  p o s s i b l e  r e p r e s e n t a t i v e s  o f  t h e  
f u n c t i o n a l  @roups shown. ?he dec reas ing  d i r e c t  i n f l u e n c e  o f  
t h e  a d j a c e n t  t e r r e s t r i a l  component o f  t h e  )watershed and i n -  
c r e a s i n g  impor tance o f  upst ream i m p o r t  f r o m  t h e  headwaters 
( o r d e r s  1-3)  t o  t h e  mouth i s  a  b a s i c  f e a t u r e  o f  t h e  system. 
Coupled w i t h  t h i s  i s  a  decrease i n  shredders  and an i n c r e a s e d  
dominance o f  c o l l e c t o r s .  The m id - reg ion  o f  t h e  r i v e r  s y s t e n  
i s  seen as t h e  m a j o r  r e g i o n  o f  p r i m a r y  p r o d u c t i o n  ( g r o w t h  of 
green p l a n t s )  and a s s o c i a t e d  g r a z e r  p o p u l a t i o n s  ( o r d e r s  4 -6 ) .  
The l o w e r  reaches become more t u r b i d  w i t h  i n c r e a s e d  impor tance 
o f  p l a n k t o n  ( o r d e r s  7 -12 ) .  The f i s h e s  a r e  dominated by  i n v e r t i -  
vores i n  t h e  headwaters, and p i s c i v o r e s  i n  t h e  l a r g e r  s e c t i o n s  
w i t h  p l a n k t i v o r e s  i m p o r t a n t  i n  t h e  h i g h e s t  o r d e r .  





GEOGRAPHICAL CONSIDERATIONS 

The f l ow  c h a r a c t e r i s t i c s  and chemical composit ion o f  streams are  
i n f l uenced  f u r t h e r  by c l i m a t e  ( p r e c i p i t a t i o n ,  evaporat ion, seasona l i t y )  
and by vegetat ion which regu la tes  such water r e l a t e d  phenomena as: run-  
off ,  groundwater i n f i l t r a t i o n ,  and evapo- t ransp i ra t ion .  Vegetat ion e f f e c t s  
a r e  more proximate t o  many b i o t i c  phenomena than the  geo log ica l  cons t ra in t s  
and thus o f f e r  p o t e n t i a l  as c o n t r o l l i n g  va r iab les .  Unravel ing t h e  complex- 
i t i e s  o f  these i n t e r a c t i o n s  i s  one o f  t h e  ob jec t i ves  o f  reg iona l  p l a n t  
ecology, (Kuchler,  1973). F u l l  understanding o f  watershed phenomena i s  
d i f f i c u l t ,  and g e n e r a l i t i e s  are r a r e l y  a p p l i c a b l e  t o  a l l  regions where 
c l i m a t e  and s o i l s  y i e l d  d i f f e r e n t  vegeta t iona l  responses. 

Ba i l ey  (1976) has produced a  c l a s s i f i c a t i o n  o f  vegeta t ion  ecoregions 
o f  t h e  Un i ted  States which incorporates t h e  var ious  in f luences of landforms, 
c l imate ,  s o i l s  and vegeta t ion .  I n v e s t i g a t i o n  o f  t h e  r o l e  o f  logjams and 
d e b r i s  i n  streams should consider t h i s  s o r t  o f  reg iona l  v a r i a t i o n  because 
t h e  vegeta t ion  i s  t h e  raw ma te r ia l  f o r  t h e  "jams", "snags" and "debr is " .  

Stream organisms depend on pulses o f  o rgan ic  mat te r  e n t e r i n g  streams 
f rom the watershed. The r a t e  a t  which t h i s  ma te r i a l  i s  u t i l i z e d  by stream 
organisms i s  dependent upon c h a r a c t e r i s t i c s  o f  t h e  stream, bu t  i t  a l s o  de- 
pends upon the  na ture  o f  t h e  source m a t e r i a l .  For example, leaves from 
d i f f e r e n t  deciduous t r e e  species are  degraded a t  d i f f e r e n t  ra tes  under the  
same condi t ions.  Debr is  from c o n i f e r  f o r e s t s  d i f f e r s  frm t h a t  f r o n  decid- 
uous t rees  and t h a t  . f rom grasslands and deser ts ,  and though the e f f e c t  has 
n o t  been studied,  stream organisms c e r t a i n l y  can be expected t o  vary i n  
o t h e r  ways i n  t h e i r  responses t o  stream processes. 

This  conceptual v iew o f  stream func t i on ,  however, has geographical 
g e n e r a l i t y .  The approach i s  app l icab le  t o  headwater streams wherever t he re  
i s  a  f o r e s t  canopy over  t h e  stream. I n  the  P a c i f i c  Northwest the  ex is tence 
o f  very l a r g e  woody organ ic  debr is  i n  streams has been shown t o  be r e l a t e d  
t o  t h e  h i s t o r y  o f  t h e  t imber  stand through which t h e  stream f lows.  Woody - 
d e b r i s  ----A i n  some casqs t h e  boles,  A o f  l a r g e  t rees ,  lends s t a b i l i t y ,  t o  fhe  
str_e_ay_c_hgne_l and serves t o  r e t a i n  f i n e r  p a r t i c u l a t e  ma te r i a l s  i n  the  
headwaters where:furthe.r degradat ion and u t i l i z a t i o n  occur. The amount .~. -~ - - -. ~~ 

o f  ma te r i a l  i n  these nor thwestern streams seems g rea te r  than e x i s t s  e lse-  
where, and d i f f e rences  i n  t h e  func t i ona l  s i g n i f i c a n c e  may be a  mat te r  o f  
increased scale. That i s ,  the  amount o f  m a t e r i a l  i n  these streams i s  orders 
of  magnitude g rea te r  ( T r i s k a  and Sedel l ,  1975; Sedel l  and T r i ska ,  1977; and 
Anderson, Sedel l  , Roberts and Tr iska ,  1977). 

G i l l e s p i e  (1977) suggests t h a t ,  i n  t h e  low g rad ien t  S a t i l l a  R ive r  o f  
t h e  coas ta l  p l a i n  o f  Georgia, the  a v a i l a b i l i t y  o f  snags prov ides important  
subs t ra te  f o r  macroinver tebrates.  Therefore, .$heabsence o f  t h i s  subs t ra te  
wou ld  s e v e r e l y  1  i m i t  macroinver tebrate h a b i t a t .  N ine ty  percent o f  t h e  macro- 
i n y e r t e b r a t e  biomass was associated w i t h  t h e  snags ( i b i d ) .  The S a t i l l a  R iver  
i s  a  mid-order stream so t h e  observat ions should be c a r e f u l l y  ex t rapo la ted  
t o  t h e  headwater streams. Nevertheless, i n  low g rad ien t  streams, CPOM re ten-  
t i o n  i s  l ess  s i g n i f i c a n t ,  and the  a v a i l a b i l i t y  o f  a  subs t ra te  f r e e  from 



e x c e s s i v e  s i l t a t i o n  i n c r e a s e s  i n  s i g n i f i c a n c e  f o r  m a c r o i n v e r t e b r a t e  c o l -  
l e c t o r s .  Sandy and muddy streams may e x h i b i t  s i m i l a r  s u b s t r a t e  r e s t r i c -  
t i o n s  because o f  t h e  i n s t a b i l i t y  o f  sand s u b s t r a t e s .  The s u b s t r a t e s  
a s s o c i a t e d  w i t h  d e b r i s  dams and log jams i s  un ique and may c o n t r i b u t e  t o  
s t ream ecosystem f u n c t i o n  ( F i g .  3 ) .  

Observa t ions  f r o n ~  streams w i t h  no canopy cover  a r e  t o o  few t o  e i t h e r  
e x t e n d  o r  r e f u t e  t h e  g e n e r a l i t y  o f  t h e  concept .  Never the less,  t h e  r e l a t i v e  
impor tance  o f  s t r u c t u r a l  and f u n c t i o n a l  e lements  unques t ionab ly  i s  a  response 
t o  d i f f e r e n c e s  i n  t h e  o r g a n i c  resource  base. An unders tand ing  o f  t h e  n a t u r e  
of t h e  o r g a n i c  m a t t e r  r e s o u r c e  i s  e s s e n t i a l  t o  unders tand ing  t h e  f u n c t i o n  
t h a t  any s t r u c t u r a l  o r  b i o t i c  component pe r fo rms  i n  t h e  o p e r a t i o n  o f  t h e  eco- 
system ( l l i n s h a l l  , 1967; Nelson and S c o t t ,  1962). 

Quest ions and comments r e l a t i v e  t o  t h e  impact  o f  c l e a r i n g  and snagging 
o p e r a t i o n s  on streams and r i v e r s  w i l l  l i k e l y  l e a d  t o  u s e f u l  measurements and 
c o n s i d e r a t i o n  i f  t h e y  a r e  communicated i n  t h i s  f u n c t i o n a l  c o n t e x t .  



Figure  3. D i r e c t  and i n d i r e c t  r o l e  o f  logjams and d e b r i s  i n  i n f l u e n c i n g  
subs t ra te  types i n  streams. (From Sedel l  , personal  comnunica- 
t i o n ) .  
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EFFECTS OF CLEARING AND SNAGGING 

HYDRAULIC PROCESSES 

Clear ing  and snagging i s  performed t o  improve the  h y d r a u l i c  charac- 
t e r i s t i c s  o f  t he  stream channel. The bas i c  equat ion o f  h y d r a u l i c  engi -  
neer inq  i s  t he  Manning equat ion: - 

R2/3-s1i2 
v  = 1.49 ( f o r  Eng l i sh  u n i t s )  

( f o r  m e t r i c  u n i t s )  

where v i s  mean v e l o c i t y ,  R i s  h y d r a u l i c  rad ius  (cross s e c t i o n a l  area 
d i v ided  by wet ted per imeter  ... i n  wide shal low streams i t  i s  approxi -  
mated by mean depth) ,  s  i s  slope and n i s  a  roughness c o e f f i c i e n t .  

I n  p rac t i ce ,  t he  r e l a t i v e  roughness o f  a  channel i s  determined by 
cons idera t ion  o f  f l ow  depth as w e l l  as bed p a r t i c l e  s i ze .  As depth i n -  
creases, bed p a r t i c l e  s i z e  becomes l e s s  a  f a c t o r .  Thus, 
ne ls  bed fea tures  are  l ess  o f  a  determinant  o f  res i s tance  

-~ . ~. - ~- . a - ~  . ~ ~ . .  .~ -~ .~ - . ~  - . ~. - . ~ ~ -- ~ - ~ -  ~ -~ 

I n  h igh  order  strea.m_s.~~vhe.redearinq-and snagging p r a c t i c e d ,  the_ 
.ro_ughness coef f~ ic ien t  w i l l  be reduced l e s s  than i n  a  comparable opera t ion  
in a G a l l  stream. Consequently, c l e a r i n g  and snagging w i l l  have l i t t l e  
e f f e c t  on the capac i ty  o f  a  h iah  order  stream t o  convey water .  The re -  .-- 
movar 07 obstac les from l a m e  streams i s  l i k e l v ,  t he re fo re ,  t o  be . i u s t i -  . 1,- - -  f i e d  on ly  on o ther  arounds,'such as navigation: -$...: . - . .-.- . , . 

-> - 
~ ~ ... 

; a  >~. 
-. ~ ... - ,~ -  .-He- 

\ The es t ima t ion  o f  roughness c o e f f i c i e n t s  i s  a  ma t te r  o f  p ro fess iona l  



judgment s ince  t h e  data f o r  c a l c u l a t i o n  (s lope,  depth and v e l o c i t y  fo r  f lows 
o f  d i f f e r e n t  magnitude) a r e  r a r e l y  ava i l ab le .  This  means, e s s e n t i a l l y ,  t h a t  
t h e  es t imat ion  o f  how a  p a r t i c u l a r  c l e a r i n g  and snagging opera t ion  w i l l  a l t e r  
t h e  roughness c o e f f i c i e n t  f o r  a p a r t i c u l a r  channel i s  a  ma t te r  o f  judgment. 
There are  no q u a n t i t a t i v e  t e s t s  o f  t h e  accuracy o f  p red i c ted  a l t e r a t i o n s  i n  
roughness c o e f f i c i e n t s .  Leopold e t  a l .  (1964) discuss the  features o f  stream 
channels which o f f e r  res i s tance  t o f i 6 w  ( d i s s i p a t e  the  st ream's energy) and 
conclude t h a t  t h r e e  c lasses o f  res is tance are involved:  Sk in  res is tance 
(most a f f e c t e d  by t h e  s i z e  and character  o f  t h e  ma te r ia l  i n  the  bed and bank), 
i n t e r n a l  d i s t o r t i o n  res i s tance  ( inc ludes  bars, bends, i n d i v i d u a l  boulders 
and bank protuberances) and s p i l l  r es i s tance  (energy d i ss ipa ted  by l o c a l  
waves and tu rbu lence) .  The d i f f e r e n t i a t i o n  between these p o t e n t i a l  causes 
o f  f l o w  res is tance i s  d i f f i c u l t ;  q u a n t i t a t i v e  study has been l i m i t e d  t o  lab-  
o r a t o r y  experiments. The range i n  magnitude o f  t h e  roughness c o e f f i c i e n t ,  
n  i n  the rlanning equat ion, appears t o  be from about 0.02 t o  0.10. Barnes 
(1967) prov ides a  s e t  o f  c o l o r  photographs o f  stream channels f o r  which rough- 
ness c o e f f i c i e n t s  have been determined. The purpose o f  these photographs i s  
t o  prov ide a  v i sua l  ( e m p i r i c a l )  guide t o  the  e s t i v a t i o n  o f  t h i s  parameter. 
I lorisawa (1968) p rov ided a  readable i n t r o d u c t i o n  t o  stream geomorphology and 
g i ves  t h e  f o l l o w i n g  t a b l e  o f  roughness est imates: 

Values o f  Roughness C o e f f i c i e n t  n  f o r  Natura l  Streams 

Desc r ip t i on  o f  stream normal n  

On a  p l a i n :  

Clean s t r a i g h t  channel, f u l l  stage, no r i f f s  
o r  deep pools 
Same as above b u t  w i t h  more stones and weeds 
Clean winding channel , some pools and shoals 
Sluggish reaches, weedy, deep pools 

Mountain streams: 

No vegetat ion, s teep banks, bottom o f  g rave l ,  
cobbles, and a  few boulders 
No vegetat ion,  s teep banks, bottom o f  cobbles, 
and l a r g e  boulders 

F loodpla ins : 

Pasture, no brush, s h o r t  grass 
Pasture, no brush, h igh  grass 
Brush, sca t te red  t o  dense 
Trees, dense t o  c leared,  w i t h  stumps 

Source: Data adapted from Chow (1959), pp. 112-113. 

I n  summary, t h e  h y d r a u l i c  e f f e c t s  o f  removal r e l a t e  t o  reducing t h e  
roughness c o e f f i c i e n t  and t h e  wetted per imeter  and i nc reas in?  t h e  c ross  
sec t i ona l  area. A1 t e r i n g  these w i l l  i n f l u e n c e  c u r r e n t  v e l o c i t y  which i n  
t u r n  w i l l  i n f l u e n c e  t h e  pa t te rns  o f  e ros ion  and depos i t ion  and the  amounts 



and c u a l i t y  o f  suspended l o a d s  (Campbell  g a., 1971) .  I n  t h e  P a c i f i c  
Nor thwest  t h e  removal o f  woody d e b r i s  may reduce t h e  s t a b i l i t y  o f  t h e  
channel (Swanson and Lienkaemper, 1977). Subsequent e f f e c t s  downstream 
a r e  con:pl i c a t e d  b y  phenomena a f f e c t i n s  t h e  e n t i r e  watershed.  I t  would 
be d i f f i c u l t  t o  observe t h e  e f f e c t s  on a  s i x t h -  o r  s e v e n t h - o r d e r  s t ream 
r e s u l t i n g  f rom c l e a r i n g  and snagging one o f  i t s  f i r s t -  o r  second-order  
t r i b u t a r i e s .  T y p i c a l l y ,  t h e  env i ronmenta l  impac t  assessment process,  
s i n c e  i t  dea ls  w i t h  s i n g l e  even ts ,  canno t  e f f e c t i v e l y  dea l  w i t h  h y d r a u l i c  
e f f e c t s  downstream. Q u e s t i o n s  o f  t h i s  s o r t ,  however, s h o u l d  be asked 
r e l a t i v e  t o  o t h e r  proposed o r  p o t e n t i a l  m a n i p u l a t i o n s  i n  t h e  watershed. 

BIOLOGICAL PROCESSES 

There i s  s c a n t  l i t e r a t u r e  d e a l i n g  d i r e c t l y  w i t h  t h e  e c o l o g i c a l  e f f e c t s  
o f  c l e a r i n g  and s n a ~ g i n g ,  none o f  i t  i n  t h e  r e f e r e e d  l i t e r l t u r e .  P z t e n t i a l  
e c o l o c i c a l  e f f e c t s  o f  c l z a r i n g  and snagging a r e  i d e n t i f i e d  f r o m  t h e  p o i n t  
o f  v i e v  o f  s t ream f u n c t i o n .  P u b l i s h e d  r e s u l t s  a r e  used h e r e  as a  b a s i s  f o r  
reasonable ,  b u t  u n t e s t e d ,  hypotheses o r  p r e d i c t i o n s .  T h i s  i: more an e x e r -  
c i s e  i n  q u e s t i o n  development r a t h e r  than  an a u t h o r i t a t i v e  r e v i e w .  The 
coverage i s  n o t  i n t e n d e d  t o  be d e f i n i t i v e  o r ,  f o r  t h a t  r a t t e r ,  u s e f u l  f o r  
a l l  ~ o n c ~ c i v a b l e  s i t u a t i o n s .  

The l i k e l i h o o d  f o r  v a l i d i t y  o f  t h e  f o l l o w i n g  p o t e n t i a l  e f f e c t s  i s  h i g h  
enough t h a t  t h e  burden o f  r e j e c t i o n  w i l l  l i e  w i t h  t h o s e  who seek t n  a l t e r  t h e  
s t ream by c l e a r i n g  and snagging.  The p o t e n t i a l  e f f e c t s  s h o u l d  t e  s t a t e d  as 
hypotheses t o  be t e s t e d  i n  s p e c i f i c  s i t u a t i o n s  s i n c e  t h e y  i d e n t i f y  v a l i d  
genera l  concerns.  I f  each c l e a r i n g  and snagging o p e r a t i o n  ,&ere cons ide red  
as an exper iment ,  a p p r o p r i a t e  q u e s t i o n s  asked and a p p r o p r i a t e  c o n t r o l s  e s t a b -  
l i s h e d ,  t h e r e  would  soon be a  more reasonab le  b a s i s  f o r  d e c i d i n g  abou t  t h e  
d e t r i m e n t  o r  b e n e f i t  o f  such man-induced changes i n  s t reams.  

P o t e n t i a l  E f f e c t s  on Pr imary  Producers  (A lyae  and P!acrophytes) 

Removing t h e  Canopy. Ldhen t h e  canopy over  l ow o r d e r  s t reams i s  reduced 
because o f  c l e a r i n c  t h e  r i p a r i a n  f o r e s t  a long  t h e  stream, t h e  l i g h t  i n t e n s i t y  
r e a c h i n g  t h e  s t ream w i l l  i n c r e a s e  and so w i l l  t h e  tempera tu re  o f  t h e  s t ream 
( C i n g l e r  and H a l l ,  1975).  L i g h t  t y p i c d y . j s  t h e  l i r i t i n o  ~. .~ .*~- f a c t o r  i n p h o t o -  .~~ . 

s y n t h e t i c  - .. - ...- p r o d u c t i o n  . _ .  . -. i n - t h e s e  s i t u a t i o n s . s o  i n c r e a s e d  i n s o l a t i o n  w i l l  a l s o  
r e s u l t  i n  ~ n c r e a s e d  pho tosyn th& is  and a  g r e a t e r  magni t u d e  a f  d i u r n a l  oxygen 
f i u c t u a t i o n s  ( G e l r o t h  and ~- i l a r z o l f ,  ~ 1977). 

Iiynes (1970) ,  Kaushik and Hynes (1971),  Pe te rsen  and Cummins (1974) and 
F i s h e r  and L i k e n s  (1972) c o n s i d e r  t h a t  t h e  leaves f a l l i n g  f r o m  t r e e s  o v e r  
and near  a  s t r e z n  supp ly  a  h i g h l y  s i g n i f i c a n t  f r a c t i o n  o f  t h e  energy and 
m a t e r i a l  f o r  t h e  b i o l o r i c a l  a c t i v i t i e s  i n  l ow o r d e r  s t reams.  The shading 
e f f e c t  f r o m  t r e e s  i s  p r o b a b l y  secondary.  The removal o f  shade may r e s u l t  
i n  an i n c r e a s e  o f  p r o d u c t i o n  i n  t h e  s t r e a n  i t s e l f ,  b u t  t h e  n a t u r e  o f  t h e  
o r n a n i c  m a t t e r  r e s u l t i n g  f r o m  t h e  p h o t o s y n t h e s i s  o f  a l g a e  i s  v e r y  d i f f e r e n t  
i n  q u a l i t y  f r o m  t h a t  produced by t r e e s .  Organic  m a t t e r  produced From t h e  
two sources w i l l  r e q u i r e  v e r y  d i f f e r e n t  consuner co roonen ts  i n  t h e  stream 
system. The Fauna o f  headwater streams a r e  adapted t o  t h e  m a t e r i a l  f rom 



t h e  t r e e s ,  a t  l e a s t  i n  those  streams wh ich  have been i n v e s t i g a t e d  c l o s e l y .  
The f a u n a l  changes wh ich  o c c u r  w i t h  a s h i f t  t o  a u t o t r o p h i c  a l g a l  produc- 
t i o n  have n o t  been i n v e s t i g a t e d .  

A l t e r a t i o n  o f  P l a n k t o n  P r o d u c t i o n .  .. ... Removal -. . . ~  . o f  l og jams  and d e b r i s  dams 
~ h i . c k  s low cu . r ren t  v e l o c i t i e s  w i l l  d i m i n i s h  t h e  l i k e l i h o o d  t h a t  p l a n k t p n  
a l g a e  p o p u l a t i o n s  w i l l  be a b l e  t o  m a i n t a i n  themselves i n  t h e  i n c r e a s e d  c u r -  . ~ ~ - ~  
r e n t .  Such p r o d u c t i o n  w i l l  no l o n g e r  be p o s s i b l e ,  and t h e  n a t u r e  o f  t h e  
e x p o r t e d  n u t r i e n t  m a t e r i a l  w i l l  be changed, i .e.  m a t e r i a l s  t h a t  would  o t h e r -  
w i s e  have been i n c o r p o r a t e d  i n t o  a l g a l  p r o d u c t i o n  w i l l  be d i v e r t e d  e lsewhere.  

The r e l a t i v e  impor tance  o f  a  p l a n k t o n i c  component i n  streams i s  n o t  
w e l l  unders tood.  lkiynes (1970) ,  Blum (1956) and o t h e r s  have g i v e n  ample e v -  
dence t h a t  l a r g e r  more s l u g g i s h  r i v e r s  do have a  p l a n k t o n  component. The 
f a c t o r s  which d e t e r m i n e  t h e  p r o x i m i t y  t o  t h e  headwaters t h a t  p l a n k t o n  a l g a e  
can occur  a r e  n o t  w e l l  unders tood,  and t h e r e  a r e  open q u e s t i o n s  abou t  t h e  
source o f  t h e  c e l l s  t h a t  become p l a n k t o n i c .  Whatever t h e  u l t i m a t e  r e s o l u -  
t i o n  o f  these  q u e s t i o n s ,  i t  w i l l  undoub ted ly  i n v o l v e :  1) t h e  e x i s t e n c e  o f  
s low wa te r  r e f u g i a  f o r  p l a n k t o n i c  e x i s t e n c e ,  and 2 )  t h e  e r o s i o n  o f  b e n t h i c  
t a x a  which a r e  adapted t o  c o n t i n u e d  e x i s t e n c e  as p l a n k t e r s  (:wanson and 
Zachmann, 1?7C). 

A l t e r a t i o n  o f  S u b s t r a t e  Type. The sediments d e p o s i t e d  around o b s t r u c -  
t i o n s  which would  be removed by c l e a r i n g  and snagging a r e  o f t e n  t h e  s u b s t r a t e  
f o r  s p e c i f i c  k i n d s  o f  b e n t h i c  a l g a e  (Round, 1964) .  C l e a r i n g  and snagging,  
then ,  r e s u l t s  i n  t h e  e r o s i o n  and e x p o r t  downstream, n o t  o n l y  o f  t h e  sub- 
s t r a t e ,  b u t  a l s o  o f  a l g a l  p o p u l a t i o n s  g row ing  on i t .  S i m i l a r l y ,  t h e  sub- 
s t r a t e  p r o v i d e d  by  woody d e b r i s  i t s e l f  i s  i n h a b i t a b l e  by a l g a e  (Sladecekova, 
1962; and Round, 1964) .  I f  t h e  m a t e r i a l  i s  removed, t h e  k i n d s  o f  a l g a e  
s p e c i f i c  f o r  t h e s e  s u b s t r a t e s  w i l l  no l o n g e r  be p r e s e n t .  

S ince  a l l  o f  t h e s e  e f f e c t s  on a l g a e  o c c u r  a t  t h e  base o f  t h e  f o o d  r e -  
sources f o r  s c r a p e r s  (=  g r a z e r s )  and c o l l e c t o r s  o f  f i n e  p a r t i c u l a t e  o r g a n i c  
m a t t e r ,  h i g h e r  t r o p h i c  l e v e l s  a r e  t h e r e f o r e  s u b j e c t  t o  p o t e n t i a l  i n f l u e n c e .  
I f  t h e  e f f e c t  on h i s h e r  t r o p h i c  l e v e l s  i s  n o t  d i r e c t  (wh ich  i t  i s  bound t o  
be i n  some cases)  t h e n  changes i n  c o m p e t i t i v e  advantages,  g rowth  r a t e s  ( f o o d  
q u a l i t y  and t e m p e r a t u r e )  and r e p r o d u c t i v e  success a r e  l i k e l y  t o  have a d d i -  
t i o n a l  l o n g  range e f f e c t s .  

A l t e r a t i o n  o f  H a b i t a t  f o r  Rooted Macrophytes.  I n  cases where t h e  s e d i -  
r rents d e p o s i t e d  a round  o b s t r u c t i o n s  t o  be removed by c l e a r i n q  and snacq inq 
s e r v e  a s ' s u b s t r a t e  f o r  r o o t e d  macrophyte growth,  t h e  remova l -o f  t h e  o b i t r i c -  
t i o n  w i l l  r e s u l t  i n  t h e  e r o s i o n  o f  t h e  s u b s t r a t e  and t h e  d e s t r u c t i o n  o f  t h e  
macrophytes.  E p i p h y t e s ,  p l a n k t o n  and  f i s h e s  wh ich  make up c o r n u n i t i e s  asso- 
c i a t e d  w i t h  macrophyte  beds would  d i sappear .  The e x i s t e n c e  o f  macrophyte 
beds may be a  genera l  c o n d i t i o n  i n  m i d - o r d e r  streams, and t h e i r  e x i s t e n c e  
s h o u l d  always be c o n s i d e r e d  ( I l e s t l a k e ,  1975) .  

P o t e n t i a l  E f f e c t s  on Decompos i t ion  and Organ ic  F l a t t e r  P r o c e s s i n g  

One of t h e  most s i g n i f i c a n t  f u n c t i o n a l  r o l e s  o f  o b s t r u c t i o n s  i n  streams 
( p a r t i c u l a r l y  l o w  o r d e r  s t reams)  i s  t h e  r e t e n t i o n  o f  p a r t i c u l a t e  o r g a n i c  



mat ter .  When t h i s  coarse m a t e r i a l  i s  re ta ined  i n  t h e  headwaters, fungal  
and b a c t e r i a l  popu la t ions  can invade i t  and begin the  degradat ion process 
immediately. I f  the  ma te r ia l  i s  n o t  re ta ined,  i t  i s  obv ious ly  expor ted 
dohmstream. T y p i c a l l y ,  t h e  leaves which f a l l  i n t o  t h e  stream are  main- 
t a ined  near t he  p o i n t  where they f a l l  by j u s t  such o b s t r u c t i o n s  as those 
which are  removed by c l e a r i n g  and snagging operat ions. Headwater streams 
are-&ll~.~eturbuleni. t h a n  h ighe r  o rder  streams inx%-~tJGinage 'basin, 
and reoxygenation by phys ica l  a e r a t i o n  i s  m o r e e f f e c t i v e  a t  ma in ta in ing  
, -.- . . - 
oxygen i n  e q u i l i b r i u m  w i t h  t h e  atmosphere. The headwater stream, there fore ,  
i f - m o r e ~ a 6 T e t o  w i ths tand decomposit ion with depression^ o f  d i s s o l v e d  
oxygen. TT;f;-on-'th< o ther -hand,  t h e  organic ma te r i a l  i s  expor ted downstream 
Brid'Xeposited i n  sedimentary areas which are  n o t  adequately reoxygenated, 
then those areas w i l l  become anaerobic and exe r t  a  h ighe r  oxygen dercand on 
the  stream. The l i k e l i h o o d  o f  o rgan ic  mat te r  depos i t i on  i n  poo r l y  aerated 
areas i s  very g rea t  s ince depos i t i on  and low exchange c o e f f i c i e n t s  are bo th  
associated w i t h  low cu r ren t  v e l o c i t y .  I t appears. t he re fo re ,  t h a t  t he  CPOM 
r e t e n t i o n  fea tu re  i s  one o f  t h e  c r i t i c a l  r o l e s  o f  obs t ruc t i ons ,  serv ing  t o  
reduce organic load ing  o f  h igher  o rde r  reaches downstream. 

P o t e n t i a l  E f f e c t s  on Macroinver tebrates -. 

The r o l e  o f  macroinver tebrates i n  t he  processing o f  coarse p a r t i c u l a t e  
organic mat te r  i s  c l o s e l y  geared t o  t h e  r e t e n t i o n  o f  t h e  m a t e r i a l  i n  low 
order  streams and t h e  i nvas ion  o f  t he  ma te r ia l  by a  m i c r o f l o r a  which i s  
a l so  used as food by the  i n v e r t e b r a t e  d e t r i  t i v o r e .  I n g e s t i o n  o f  deconiposing 
leaves w i l l  be accompanied by i n g e s t i o n  o f  the decomposers. - Iversen Q973) -- - . . 
d i ~ c e v e y e d - t h a t t h e n i t r a g e n  content  o f  beech leaves increased d u r ~ n g  the  
F i r s t  ~. -.- month - .. ~.~ i n  a stream i n  -associati-on with, m jc rob ia l  i nvas ion  o f  tN leaves. 
A t r i c h o p t e r a n  shredc!y_which fed  upon the  lea~ves d i d  n o t  b e g i n  t o  do so . -...- 
u n t i  1 thiFni€-ro$en content  had increased. The macroi nver tebra tes  which 
I-. 

u t i l i i e t l i e  coarse p a r t i c u l a t e  organ ic  mat te r  (CPOP) a r e  known f u n c t i o n a l l y  
as shredders. The crane f l y  l a rva ,  T ipu la ,  some l i m n e p h i l i d  caddis f l i e s  and 
some plecoptera are examples. One o f  t h e  r e s u l t s  o f  feed ing  a c t i v i t y  by 
shredders i s  t h a t  l a r g e  p a r t i c l e s  are  broken i n t o  smal l  p a r t i c l e s  ( i n c l u d i n g  
shredder feces)  which are  expor ted downstream and u t i l i z e d  by o t h e r  elements 
o f  t hesys tem.  There i s  a  h ighe r  r a t i o  o f  shredders t o  scrapers i n  the head- 
water reaches; c o l l e c t o r s ,  which use f i n e r  p a r t i c l e s  o f  o rgan ic  mat te r  i n  
t ranspor t ,  a re  more abundant i n  h ighe r  order  reaches. 

D i r e c t  E f f e c t  o f  Snag Removal on CPOM Retent ion. The e f f e c t s  o f  
c l e a r i n g  and snagging on macroinver tebrates which u t i l i z e  coarse p a r t i c u l a t e  
organic ma t te r  a re  c l o s e l y  t i e d  t o  t h e  e n t i r e  assoc ia t i on  (CPOA, m i c r o f l o r a  
and macroinver tebrates)  which disappears when the  o b s t r u c t i o n s  which r e t a i n  
them i n  the stream are removed. Th is  i s  p o t e n t i a l l y  t h e  mechanism o f  sub- 
s t a n t i a l  changes i n  t he  bas ic  s t r u c t u r e  and f u n c t i o n i n g  o f  stream ecosystems. 
Changes th rea ten ecosystem i n t e g r i t y .  

I n d i r e c t  E f f e c t s  by Changes i n  Sediments. The f i n e  sediments which 
w i l l  be eroded i f  obs t ruc t i ons  are removed (T r i ska  and Sede l l ,  1978) a lso  
serve as s p e c i f i c  substrates f o r  burrowing i nve r teb ra tes ,  e.g. annel ids,  
chironomids, burrowing mayf l ies ,  d ragon f l i es ,  amphipods, crustacea, and 



pe lecypod  m o l l u s c s  (Hynes, 1970; Anderson - e t  - a l . ,  1977). Obv ious ly ,  t h e  
e r o s i o n  o f  t h e  h a b i t a t  w i l l  s t i m u l a t e  t h e  e m i g r a t i o n  o f  these  p o p u l a t i o n s .  

D e t r i t i v o r o u s  i n v e r t e b r a t e s  u t i l i z e  t h e  o r g a n i c  m a t t e r  and/or  t h e  m i c r o -  
f l o r a  o f  f i n e  sed iments  as a  f o o d  r e s o u r c e  (Chapman and Derory ,  1963; B o l i n q  
e t  a l . ,  1974; and Anderson e t  a l . ,  1977) .  The p r o d u c t i o n  o f  i n v e r t e b r a t e s  .- - - - 
i n  d e p o s i t i o n a l  areas can be s u b s t a n t i a l  and i n  some cases r e a t e r  t h a n  
t h a t  o f  r i f f l e s  ( I d y l l ,  1943; and N i i s o n  and La r imore ,  19733. I f  u t i l i z e d  
as food  by  b o t t o m  f e e d i n g  f i s h e s ,  t h e n  l o s s  o f  t h e s e  groups can r e p r e s e n t  
a  s u b s t a n t i a l  r e s o u r c e  base r e d u c t i o n  f o r  Some spec ies  i n  t h e  f i s h e r y  
(K laassen and M a r z o l f ,  1971; and A l l e n ,  1942). 

D i r e c t  E f f e c t  o f  Snag Removal on M a c r o i n v e r t e b r a t e s .  - - C o l l e c t o r s ,  ~- such 
as  n e t  s p i n n i E q  ngca;ddi.sflies a n d s i p h l ~ u r ~ d  mayf l~ ies ,  s c r a p e r s ,  e.g. hep ta -  
@ n i  i d  m a y f l i e s . ,  and i n s e c t  p r e d a t o r s ,  e.g. s t o n e f l  i e s  a n d  h e l T g r a M i t e s  a r e  
a l l  common i n h a b i t a n t s  o f  l og jams  and d e b r i s  dams (Hynes, 1970; McLachlan, 
1970) .  I n  l a r g e r ~ . s t r e a m s  and r i v e r s  w h e r e  sand s u b s t r a t e s  a r e  u n s t a b l e ,  
woody s u 6 s t r a t e s  a r e  t h e ~ o n l y  h a b i t a t  a v a i l a b l e  f o r  these forms. It i s  
a ~ x i o m a t i c  t h a t  t h e  d e s t r u c t i o n  o f  h a b i t a t  causes t h e  e m i g r a t i o n  o r  dea th  o f  
t h e  organisms dependent on t h e  h a b i t a t .  S ince  these  i n v e r t e b r a t e  forms a r e  
o f t e n  t h e  most i m p o r t a n t  f o o d  f o r a g e  i t ems  f o r  f i s h e s ,  any s h i f t  o r  reduc-  
t i o n  i n  t h e i r  p o p u l a t i o n s  w i l l  a l t e r  t h i s  p o r t i o n  o f  t h e  resource  base and 
r e d u c e  t h e  p r o d u c t i v i t y  o f  t h e  e x i s t i n g  f i s h  p o p u l a t i o n s  t o  t h e  e x t e n t  t h a t  
t h e y  a r e  dependent upon i n v e r t e b r a t e s  as a  f o o d  r e s o u r c e  (e.g. Hansen and 
Muncy, 1971). Other  s p e c i e s  a r e  l i k e l y ,  t h e r e f o r e ,  t o  g a i n  a  c o m p e t i t i v e  
advantage i n  t h e  a l t e r e d  s i t u a t i o n .  The f a c t  t h a t  f i s h e s  t e n d  t o  be oppor-  
t u n i s t i c  i n  t h e i r  f e e d i n g  h a b i t s  may a l l o w  some l a t i t u d e  i f  a l t e r n a t i v e  
f o o d  sources a r e  a v a i - l a b l e ,  say, f rom t e r r e s t r i a l  h a b i t a t s .  

P o t e n t i a l  E f f e c t s  on F i s h e s  -- 

The p r e c e d i n g  paragraphs demonst ra te  t h a t  s t ream ecosystems canno t  be 
f u l l y  c o n s i d e r e d  w i t h o u t  a t t e n t i o n  t o  t h e  i n v e r t e b r a t e  fauna and f o o d  r e -  
sources  wh ich  s u p p o r t  t h e s e  fauna. F i shes ,  o f  course,  respond t o  changes 
i n  t h e  n a t u r e  o f  t h e i r  f o o d  resources ,  b u t  t h e  e x i s t e n c e  o f  v e g e t a t i o n  
and d e b r i s  has e f f e c t s  on f i s h e s  o t h e r  t h a n  those  media ted th rough  t r o p h i c  
s t r u c t u r e .  

Cover and S h e l t e r .  The ev idence i s  s t r o n g  t h a t  t h e  a v a i l a b i l i t y  o f  
c o v e r  and s h e x e r  has d i s t i n c t  i n f l u e n c e s  on f i s h e s  i n  streams. Boussu 
(1954)  and E l s e r  (1968) d i s c u s s  t h e  responses o f  t r o u t  p o p u l a t i o n s  t o  t h e  
i n t r o d u c t i o n  o f  a r t i f i c i a l  s t r u c t u r e s .  I n  b o t h  o f  t h e s e  cases t h e  removal 
o f  n a t u r a l  c o v e r  was i m p l i c a t e d  i n  t h e  r e d u c t i o n  o f  t r o u t  p o p u l a t i o n s .  
B u t l e r  and Hawthorne (1968)  and McCrimmon and Kwain (1966) have made obser -  
v a t i o n s  o f  i n d i v i d u a l  t r o u t  responses t o  t h e  e x i s t e n c e  o f  c o v e r  and t o  t h e  
l e v e l s  o f  a c t i v i t y  and u s e o f  cover  a t  d i f f e r e n t  l i g h t  i n t e n s i t i e s .  Saunders 
and Smi th  (1962)  i d e n t i f i e d  s h e l t e r  as a  c o n s i d e r a t i o n  when a l t e r i n g  streams 
t o  enhance t r o u t  p r o d u c t i o n .  Hickman .- ~ (1975)  has assessed  t h e  p o p u l a t i o n  
ce.sponses of s-one warmwater spec ies  t o  t h e  a v a i l a b i l i t y  of cover  i n  a  
Mi.ssouri s t ream. The - t o t a l  f i s h  p o p u l a t i o n  a t  s t a t i o n s  w i t h o u t  snags was 
25 p e c c e n t . l o w e r  t h a n  a t  s t a t i o n s  w i t h  snags. When t h e  a n a l y s i s  was r e -  . .. -- 
. s t r i c te .d .  - . - ~ .  t o  c a t c h a b l e  f i s h  the re .  were 5 1  p e r c e n t  f e w e r f i s h  a t  s t a t i o n s  
w i t h o u t  . sna$i. Funk (1955) d i scussed  t h e  movements o f  warmwater f i s h  i n  
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st reams and r e l a t e d  h i s  o b s e r v a t i o n s ,  i n  p a r t ,  t o  t h e  p o s i t i o n  i n  t h e  
s t ream (headwaters vs. l o w e r  reaches)  and t o  p h y s i c a l  c o n d i t i o n s  i n  t h e  
stream. Congdon (1970) and Funk and Robinson (1974) f u r t h e r  d i scussed  
t h e  changes i n  f i s h  p o p u l a t i o n s  i n  r i v e r s  wh ich  have been channe l i zed .  

A t t r a c t i o n  t o  s h e l t e r  seems t o  be more pronounced i n  l a r g e r  streams 
and r i v e r s  where, a c c o r d i n g  t o  Hynes (1970)  f i s h e s  o f  many spec ies  con- 
g r e g a t e  "near o b s t r u c t i o n s ,  i n  bays and a l o n g  t h e  banks, o r  anywhere 
e l s e  t h a t  o f f e r s  some s h e l t e r . "  The f l a t h e a d  c a t f i s h ,  as i t  grows l a r g e r ,  
i s  a s s o c i a t e d  w i t h  w a t e r  o f  i n c r e a s i n g  d e p t h  and l a r g e r  s h e l t e r  o b j e c t s .  
L a r g e r  specimens a r e  a s s o c i a t e d  w i t h  f a l l e n  t r e e s  ( M i n c k l e y  and Deacon, 
1959).  

T e r r i t o r i a l i t y  and O r i e n t a t i o n .  The presence o f  f i x e d  r e f e r e n c e  
p o i n t s i n  streams seems t o  a i d  f i s h  i n  m a i n t a i n i n g  t h e i r  p o s i t i o n  i n  t h e  
stream. Newel l  (1957) showed t h a t  t r o u t  a r e  seden ta ry  i n  streams and 
La r imore  (1954) ,  S c o t t  (19491, Muncy (1958)  and Hansen and Muncy (1971) 
have p r o v i d e d  s i m i l a r  i n f o r m a t i o n  f o r  c e n t r a r c h i d s  and c a t f i s h e s .  Hynes 
(1970) comments t h a t  many spec ies  o f  f i s h ,  wh ich  a r e  t e r r i t o r i a l  i n  
r u n n i n g  w a t e r  cease t o  be so when t h e  f l o w  i s  s lowed o r  s topped.  

C l e a r l y ,  then, f i s h  b e h a v i o r  i n  response t o  s u b s t r a t e  f e a t u r e s ,  t e r r i -  
t o r i a l i t y ,  and response t o  s h e l t e r  may be o f  o v e r r i d i n g  impor tance  con- 
t r o l l i n g  t h e  response o f  f i s h  t o  c l e a r i n g  o r  snagging o f  s t r e a m  channe ls .  
If f i s h  b e h a v i o r a l  response t o  such changes i s  s i m p l y  t o  l e a v e  t h e  a rea  
because t h e y  a r e  no l o n g e r  a b l e  t o  o r i e n t  t o  t h e  h a b i t a t  ( o r  f o r  o t h e r  
reasons a s s o c i a t e d  w i t h  t e r r i t o r i a l i t y ) .  i t  i s  c o n c e i v a b l e  t h a t  a l l  o f  t h e  
h y p o t h e t i c a l  f o o d - r e l a t e d  i n f l u e n c e s  on f i s h e s  ment ioned e a r l i e r  i n  t h i s  
r e p o r t  a r e  i m m a t e r i a l  t o  t h e  e x i s t i n g  f i s h  fauna. Feed ing  c o n s i d e r a t i o n s ,  
then,  would  o n l y  a p p l y  t o  t h e  f i s h  fauna wh ich  deve lop  i n  t h e  s t ream a f t e r  
a l t e r a t i o n .  M i t i g a t i o n  s t r u c t u r e s  such as d e f l e c t o r s  o r  w i n g  dams can be 
used t o  r e s t o r e  some o f  t h e  h a b i t a t  f e a t u r e s  wh ich  a d v e r s e l y  i n f l u e n c e  
f i s h  b e h a v i o r  (Lund, 1976).  

Spawning Areas. The spawning a c t i v i t y  o f  a  g r e a t  many f i s h  spec ies  
i s  r e l a t e d  t o  t h e T h z r a c t e r  o f  t h e  sed iments .  C l e a r i n g  and snagging ac- 
t i v i t i e s  a l t e r  s t ream c u r r e n t  v e l o c i t i e s  and consequen t l y  a l t e r  sediment 
p a r t i c l e  d i s t r i b u t i o n s .  For  some f i s h e s ,  e.g. c a t f i s h e s ,  t h e  c a v i t i e s  
p r o v i d e d  by  l o g s  a r e  used d i r e c t l y  as spawning s i t e s .  I f  spawning areas 
a r e  o b l i t e r a t e d ,  even i f  f i s h e s  remained i n  t h e  stream, t h e i r  reproduc-  
t i v e  c a p a c i t i e s  would be reduced. 



SUMMARY AND CONCLUSIONS 

A l though  t h e r e  i s  a  l a c k  ( i n  t h e  l i t e r a t u r e )  o f  q u a n t i t a t i v e  e c o l o g i c a l  
d a t a  on t h e  d i r e c t  e f f e c t s  o f  c l e a r i n g  and snagging i n  streams. i t  i s  p o s s i b l e  
t o  p r e d i c t  t h e  p o t e n t i a l  e f f e c t s  f rom r e c e n t  concepts  o f  s t ream ecosystem 
f u n c t i o n .  These concep ts  r e l a t e  e c o l o g i c a l  f u n c t i o n s  t o  geo~i io rph ic  processes 
and  c o n s i d e r  t h e  source  and u t i l i z a t i o n  o f  t h e  o r g a n i c  r e s o u r c e  base ( f r o m  
p h o t o s y n t h e s i s )  i n  d i f f e r e n t  s i z e s  and t ypes  o f  st reams. It i s  p o s s i b l e  t o  
d e v e l o p  geograph ica l  g e n e r a l i t y  by  u t i l i z i n g  g e n e r a l  concepts  o f  s t ream 
ecosystem f u n c t i o n  f o r  p r e d i c t i o n .  

H y d r a u l i c  processes i n  streams a r e  g e n e r a l l y  d e s c r i b e d  by  t h e  Mannin? 
e q u a t i o n  t o  deve lop  t h e  roughness c o e f f i c i e n t  ( n ) .  C l e a r i n g  and snagging i s  
p r a c t i c e d  t o  reduce  t h e  v a l u e  o f  n. 

P o t e n t i a l  e f f e c t s  o f  c l e a r i n g  and snagging on p r i m a r y  p roducers  ( a l g a e  
and macrophytes) i n c l u d e :  1) removing t h e  v e g e t a t i v e  canopy t h u s  a d m i t t i n g  
g r e a t e r  l i g h t  i n t e n s i t y  t o  p h o t o s y n t h e t i c  organisms and r a i s i n s  w a t e r  te~:l- 
p e r a t u r e s ;  2 )  a l t e r i n g  p l a n k t o n  p r o d u c t i o n  by  i n c r e a s i n g  s t ream v e l o c i t y ;  
3 )  a l t e r i n g  s u b s t r a t e ;  and 4 )  a l t e r i n g  r o o t e d  macrophyte h a b i t a t .  P o t e n t i a l  
e f f e c t s  on decompos i t i on  and o r g a n i c  m a t t e r  p r o c e s s i n g  i n c l u d e  r e d u c i n g  t h e  
c a p a c i t y  o f  t h e  s t ream e c o s y s t e n  t o  r e t a i n  i n p u t  m a t e r i a l  i n  t h e  headwaters 
where d e g r a d a t i o n  o f  CPOM i s  e f f i c i e n t .  T h i s  a l s o  p o t e n t i a l l y  i n c r e a s e s  
t h e  downstream o r g a n i c  l o a d .  M a c r o i n v e r t e b r a t e s  would  be i n f l u e n c e d  by 
a l t e r i n g  t h e  source  o f  f o o d  ( l e a v e s  and r e l a t e d  decompos i t i on  p r o d u c t s ) ,  
b y  chang ing  sediments,  and by removing h a b i t a t s  such as l o q s  and d e b r i s .  
F i s h e s  would  be i n f l u e n c e d  by  removing cover  and s h e l t e r ,  by  changing 
t e r r i t o r i a l  and o r i e n t a t i o n  behav io r ,  and by removing spawnin? areas.  
F,11 p r e d i c t i o n s  can be suppor ted  by l i t e r a t u r e  c i t a t i o n s  b u t  judgn;enI: must 
be used i n  i d e n t i f y i n g  e f f e c t s  o f  s p e c i f i c  c l e a r i n g  and snagging p r o j e c t s .  
T a b l e  1 summarizes b i o l o g i c a l  consequences o f  v a r i o u s  p h y s i c a l  m o d i f i c a t i o n s  



TABLE 1. SUMMARY OF POTENTIAL EFFECTS OF CLEARING 
AND SNAGGING OM STREAM ECOSYSTEMS 

PHYSICAL MODIFICATION 

Reduction o f  phys ica l  h a b i t a t  
d i v e r s i t y  through decreasing 
h y d r a u l i c  roughness o f  stream 
channels 

Removal o f  canopy 

Changes o f  stream subs t ra te  

Removal o f  snags, logs ,  and 
shore1 i n e  vegeta t ion  

BIOLOGICAL CONSEQUENCES 

Moves decomposit ion o f  o rgan ic  
mat te r  ( leaves,  tw igs )  downstream 
Reduces benthos produc t ion  
Reduces spawning and nursery 
h a b i t a t  
Reduces f i s h  cover and s h e l t e r  
D i s rup ts  f i s h  t e r r i t o r i a l i t y  
and o r i e n t a t i o n  
Reduces p lank ton  produc t ion  by 
reducing amount o f  q u i e t  water  

Increases l i g h t  which increases 
stream temperature and encourages 
growth o f  ben th i c  algae and 
macrophyte growth 

Decreases organ ic  mat te r  ( leaves ,  
branches) i n p u t  from t e r r e s t r i a l  
vege ta t i on  

Changes p roduc t i on  and k inds  o f  
ben th i c  a lgae and macrophytes 
Changes d i s t r i b u t i o n  and species 
composi t ion o f  ben th i c  nacro in -  
ve r teb ra tes  

Reduces h a b i t a t  f o r  nest -  and 
case -bu i l d i ng  macro inver tebrates 
Reduces h a b i t a t  f o r  accumulat ion 
and decomposit ion o f  orpanic  
mat ter ;  r e s u l t s  i n  l e s s  food f o r  
macroi nve r teb ra tes  
Reduces d i v e r s i t y  and amount o f  
f i s h  food 
Reduces f i s h  cover  and spawning 
h a b i t a t  
D i s rup ts  f i s h  t e r r i t o r i a l i t y  and 
o r i e n t a t i o n  
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