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ABSTRACT 

Benthic macroinvertebrate  communities i n  t h e  Coeur dlAlene and 

P o t l a t c h  Rivers  i n  nor thern  Idaho were analyzed t o  determine t h e  e f f e c t  

o f  mine e f f l u e n t s  on t h e  s t r u c t u r e  o f  t h e s e  communities. The organisms 

present  i n  r i f f l e s  i n  pol lu ted  and unpolluted s e c t i o n s  o f  t h e  r i v e r s  were 

i d e n t i f i e d ,  d e n s i t y  and biomass were determined, and spec i e s  d i v e r s i t y  

was ca l cu la t ed  using t h e  Shannon-Wiener func t ion .  The d i v e r s i t y  va lue  

was used t o  compare community s t r u c t u r e  between s t a t i o n s  and yea r s ,  

S i g n i f i c a n t  d i f f e r e n c e s  i n  d i v e r s i t y  were found between c o n t r o l  and t e s t  

s t a t i o n s  i n  both r i v e r s  during t h e  two yea r s  o f  study. No s i g n i f i c a n t  

d i f f e r e n c e s  occurred between yea r s  a t  s t a t i o n s  i n  e i t h e r  r i v e r ,  

v i i i  
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INTRODUCTION 

Wastes from t h e  mines, m i l l s ,  smelters  and towns have been dumped 

i n t o  t h e  South Fork of t h e  Coeur dlAlene River f o r  approximately 85 years .  

The polluted por t ion  of t h e  r i v e r  extends from a s h o r t  d is tance  above 

Wallace, Idaho on t h e  South Fork t o  t h e  mouth o f  t h e  Coeur dfAlene 

River where it empties i n t o  Lake Coeur dlAlene, a d is tance  o f  50 miles. 

E l l i s  (1932) observed t h e  polluted port ions of  t h e  r i v e r  t o  be near ly  

devoid of f i s h ,  benthic  macroinvertebrates and plankton. 

Substances introduced i n t o  t h e  South Fork o f  t h e  Coeur dfAlene 

River a s  a r e s u l t  of mining c o n s i s t  of  rock powder (ranging i n  s i z e  from 

s i l t  t o  c o l l o i d s )  and s u l f i d e s  of heavy metals including Zn, Pb, Fe, Mn, 

Cu and A s .  Zinc appears i n  h ighes t  concentrat ions.  Sappington (1970) 

found i n  using unpolluted North Fork water t h a t  96-hour TLm values f o r  

c u t t h r o a t  t r o u t  f inge r l ings  were 0.09 ppm zinc. Zinc concentrat ions up 

t o  21 ppm i n  t h e  South Fork have been recorded during low water periods. 

The sediment ca r r i ed  by t h e  r i v e r  had reduced t h e  channel depth a t  

Medimont (about 15  miles below t h e  confluence o f  t h e  North and South 

~ o r k s )  from 50 meters i n  1883 t o  12 meters i n  1932 ( E l l i s  1932). Sedi- 

ment of  t h i s  na tu re  destroys t h e  h a b i t a t  f o r  many benthic  inver tebra tes .  

S e t t l i n g  ponds constructed s ince  1932 and during 1969 have s u b s t a n t i a l l y  

reduced t h i s  s i l t a t i o n  i n  t h e  r i v e r .  

In 1968 a proposal t o  evaluate  t h e  b i o l o g i c a l  product iv i ty  of  t h e  

Coeur dlAlene River was approved f o r  support by t h e  Water Resources 

Research I n s t i t u t e  of  t h e  University o f  Idaho. Determination o f  species  

d i v e r s i t y  of benthic  macroinvertebrates was used a s  an approach t o  
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e v a l u a t e  t h e  e f f e c t  on t h e  r i f f l e  communities o f  t h e  p o l l u t a n t s  e n t e r i n g  

t h e  South Fork. The p r o j e c t  was l a t e r  expanded t o  i nc lude  a  s i m i l a r  

s t udy  on t h e  P o t l a t c h  River .  

The o b j e c t i v e s  o f  t h i s  s tudy  were ( 1 )  t o  determine any d i f f e r e n c e s  

t h a t  might e x i s t  i n  macrobenthic community s t r u c t u r e  and d i v e r s i t y  i n  

a l t e r e d  and una l t e r ed  s e c t i o n s  o f  t h e  Coeur d lAlene  and P o t l a t c h  R ive r s ,  

( 2 ) t o  compare d i v e r s i t y  va lues  between y e a r s  i n  t h e  r i f f l e  communities 

o f  bo th  r i v e r s  fo l lowing  t h e  appa ren t  improvement o f  wa te r  q u a l i t y ,  

( 3 )  t o  e v a l u a t e  t h e  Shannon-Wiener d i v e r s i t y  measure a s  a  parameter i n  

d e s c r i b i n g  community s t r u c t u r e .  



METHODS 

Col l ec t ing  Methods 

Coeur d 'Alene River  

Three c o l l e c t i o n  s i t e s  i n  t h e  Coeur dlAlene River  were sampled on 

Sept. 8, 1968 and Sept. 6 ,  1969. These t h r e e  s i t e s  included zones of  

heavy p o l l u t i o n ,  moderate po l lu t ion  and r e l a t i v e l y  c l ean  water  ( ~ i g .  2 ) .  

The s i t e  on t h e  South Fork near  Smel t e rv i l l e  received heavy concentra- 

t i o n s  of heavy meta ls ,  organic sewage, and o t h e r  wastes. The o t h e r  

s i t e s  were a broad,  shallow r i f f l e  a t  Cataldo about  f i v e  mi les  below t h e  

confluence of  t h e  North and South Forks, and a r i f f l e  o f  comparable s i z e  

loca ted  about f i v e  mi les  above t h e  confluence on t h e  unal tered North Fork. 

The Surber  square-foot sampler was used t o  c o l l e c t  ben th ic  organ- 

isms. It  c o n s i s t s  of  a frame which encloses  one-square-foot o f  s u b s t r a t e  

and an  a t tached n e t  i n t o  which organisms a r e  washed a s  t h e  s u b s t r a t e  i s  

turned over and s t i r r e d .  A gr id  measuring 8 yards  by 8 yards  was estab- 

l i shed  i n  t h e  r i f f l e .  Stakes were placed a t  one yard i n t e r v a l s  on two 

s i d e s  of t h e  gr id .  This  r e su l t ed  i n  a g r id  of  64 p l o t s  which was num- 

bered from 1 t o  8 on each s i d e .  Twenty-two p l o t s  were chosen from a 

random numbers t a b l e  and marked on a c h a r t  of t h e  g r id .  A Surber sample 

was co l l ec t ed  from t h e  c e n t e r  of each of  t h e  randomly se lec ted  p lo t s .  

Co l l ec t ing  began a t  t h e  downstream s i d e  o f  t h e  g r id  and proceeded upstream 

t o  avoid d i s tu rb ing  t h e  benthos. The samples were placed i n  8 x 12 x 2 

inch p l a s t i c  t r a y s  with t i g h t  f i t t i n g  l i d s .  Enough 100% isopropyl  alco- 

h o l  was added t o  cover  t h e  sample. 

In  t h e  South Fork t h e  g r id  extended from bank t o  bank and was 50 



f e e t  by 64 f e e t  due t o  t h e  narrowness of  t h e  stream. In  t h e  North Fork 

and Main R ive r ,  which were much wider ,  t h e  g r id  was placed i n  a  r i f f l e  

nea r  t h e  c e n t e r  of  t h e  channel. The g r i d  was placed over  a s  homoge- 

neous an a rea  a s  poss ib le  t o  minimize t h e  v a r i a b i l i t y  i n  t h e  benthos 

due t o  d i f fe rence  i n  subs t r a t e .  

Po t l a t ch  River  

One o f  t h e  ob jec t ives  o f  t h i s  s tudy was t o  compare r e s u l t s  o f  my 

work with t h a t  of  Salskov who s tudied  t h e  benthos i n  t h e  Po t l a t ch  River  

i n  1967 using t h e  screen  and rake  method. This  method was used because 

t h e  stream was t o o  deep i n  s e v e r a l  p laces  during a t  l e a s t  p a r t  of  t h e  

year  f o r  c o l l e c t i n g  using t h e  Surber  sampler. The bottom o f  t h e  screen 

was placed on t h e  stream bed, worked secu re ly  i n t o  t h e  s u b s t r a t e ,  and 

braced a g a i n s t  t h e  l egs  o f  t h e  c o l l e c t o r .  A garden rake was worked back 

and f o r t h  over  an a r e a  two f e e t  wide and s i x  f e e t  long upstream t o  d i s -  

lodge benth ic  organisms from t h e  subs t r a t e .  These were washed i n t o  t h e  

screen  by t h e  cu r ren t .  The screen  and rake  method i s  a  r e l a t i v e l y  i n e f f i -  

c i e n t  method, missing p a r t  o f  t h e  benthos and al lowing some t o  d r i f t  by 

e i t h e r  s i d e  of  t h e  screen.  It is p r a c t i c a l ,  however, i n  a  deep, t o r  

r e n t i a l  stream. Two twelve-square-foot samples were co l l ec t ed  a t  each 

s t a t i o n .  The organisms were removed from t h e  screen  by r i n s i n g  and pick- 

ing  and placed i n  100% a lcoho l  i n  p l a s t i c  t r a y s .  My c o l l e c t i o n s  were 

made on J u l y  2 ,  1969 and compared with Sa l skov l s  d a t a  of June 30, 1967. 



Laboratory Analys i s  o f  Organisms 

I n  t h e  l abo ra to ry  I so r t ed  t h e  con ten t s  o f  each t r a y  us ing  an 

i l lumina ted  magnifying l e n s  and a b i n o c u l a r  microscope. The organisms 

were separa ted  from t h e  d e b r i s ,  segregated and i d e n t i f i e d ,  and s to red  i n  

v i a l s  wi th  75% a l coho l .  Taxa were q u a n t i t a t i v e l y  enumerated. 

S p e c i f i c  i d e n t i f i c a t i o n  o f  t h e  t a x a  is  not  necessary  when us ing  a 

s p e c i e s  d i v e r s i t y  index. A l l  t h a t  i s  necessary  i s  t o  count t h e  number o f  

i n d i v i d u a l s  i n  each taxon  i n  each sample. S p e c i f i c  i d e n t i f i c a t i o n  was 

made f o r  a number o f  t h e  more common s p e c i e s  c o l l e c t e d ,  however. 

The fo l lowing  a u t h o r i t i e s  con t r ibu t ed  generously o f  t h e i r  t i m e  i n  

making t h e s e  i d e n t i f i c a t i o n s :  D r ,  Merlyn A. Brusven, Un ive r s i t y  o f  Idaho,  

Ephemeroptera; D r .  S tanford D o  Smith,  C e n t r a l  Washington S t a t e  Col lege,  

T r i chop te ra ;  D r .  Glenn B , W i g g i ~ s  , Royal Ontar io  Museum, T r i chop te ra  ; and 

S t an l ey  Jewett , P o r t l a n d ,  Oregon, P lecoptera .  

One t o  f i f t y  i n d i v i d u a l s  o f  each taxon were dehydrated i n  a dry- 

i n g  oven a t  85' C f o r  24 hours  and weighed on a Mettler ba lance  (model 

H-16). The weight o f  a n  average i n d i v i d u a l  was t hen  determined and t h e  

biomass of  each taxon  i n  a sample c a l c u l a t e d .  

Phys i ca l  and Chemical Analyses 

Standard methods were employed f o r  c o l l e c t i n g  and ana lyz ing  wa te r  

t empera ture ,  pH, a l k a l i n i t y ,  and conduc t iv i t y  (Standard Methods 1965). 

Zinc ana lyses  were performed by t h e  A g r i c u l t u r a l  Biochemistry Depart- 

ment, Un ive r s i t y  of  Idaho. Water depth a t  each sample s i te  was measured, 

and width o f  t h e  r i v e r  paced o r  es t imated.  Notes were t aken  on t h e  

n a t u r e  o f  t h e  s u b s t r a t e  a t  each s i te .  Add i t i ona l  phys i ca l  and chemical 



6 

d a t a  were obtained from D r .  Roy E. Williams and Leroy Mink a l s o  working on 

t h e  Coeur dlAlene R ive r  and supported by t h e  Water Resources Research 

I n s t i t u t e .  

D i v e r s i t y  Index 

I n  1957 Margalef proposed a  d i v e r s i t y  index der ived  from t h e  

Shannon-Wiener f u n c t i o n  used i n  in format ion  theo ry  by communication 

eng inee r s  t o  p r e d i c t  t h e  next  l e t t e r  found i n  a  message. 

- 
H z -  ZP i l n  p i  

pi = n i / ~  = t h e  p r o b a b i l i t y  of  s e l e c t i n g  i n  sampling an 
i n d i v i d u a l  of  t h e  ith type.  

D i v e r s i t y  by t h i s  method is i n t e r p r e t e d  a s  t h e  degree  of  u n c e r t a i n t y  

a t t ached  t o  t h e  s p e c i f i c  i d e n t i t y  o f  any randomly s e l e c t e d  i t e m  ( ~ i e l o u  

1966 b ) .  In  a  b i o l o g i c a l  community t h i s  index r e l a t e s  t o  t h e  unce r t a in ty  

involved i n  p r e d i c t i n g  which spec i e s  an animal would be  confronted wi th  

by t h e  nex t  random encounter  (Lloyd, Za r ,  and Karr  1968). The two com- 

ponents o f  t h i s  d i v e r s i t y  index a r e  number o f  s p e c i e s  and spec i e s  equi ta -  

b i l i t y  ( t h e  d i s t r i b u t i o n  o f  i nd iv idua l s  among t h e  s p e c i e s ) .  The d i v e r s i t y  

i s  g r e a t e r  when more s p e c i e s  a r e  p re sen t  and when t h e  number o f  ind iv id-  

u a l s  is d i s t r i b u t e d  evenly among t h e  spec ies .  The g r e a t e r  t h e  d i v e r s i t y  

t h e  g r e a t e r  t h e  u n c e r t a i n t y  o f  t h e  i d e n t i t y  o f  t h e  next  organism. Maximum 

d i v e r s i t y  ( i n fo rma t ion )  occurs  when each i n d i v i d u a l  belongs t o  a  d i f f e r -  

e n t  spec i e s .  

Th i s  index has  been used inc reas ing ly  by e c o l o g i s t s  inc lud ing  

Margalef (1958) wi th  zooplankton, Hairs ton (1959) with s o i l  a r t h ropods ,  

P a t t e n  (1962) with marine phytoplankton, MacArthur (1961, 1964, 1965) 



7 

and Lloyd and Ghelardi  (1964) wi th  b i r d s ,  and Wilhm and Dor r i s  (1966) 

w i th  ben th i c  macro inver tebra tes .  Pe i lou  (1966 a ,  b )  d i s cus se s  t h e  use  

o f  t h i s  method i n  d i f f e r e n t  t ypes  o f  c o l l e c t i o n s .  Advantages over  o t h e r  

indexes a r e  t h a t  it cons ide r s  t h e  r e l a t i v e  abundance, i s  d imens ionless ,  

and i s  l e s s  dependent on sample s i z e  (Wilhm and Dor r i s  1968). 

S ince  formula (1) involves  f i n d i n g  t h e  base  2  logar i thm o f  a 

decimal f r a c t i o n  ( n i / ~ ) ,  c a l c u l a t i o n  is f a c i l i t a t e d  by modi f ica t ion  t o :  

where 3.3219 = conversion f a c t o r  from loglO t o  log2 

N = t o t a l  number o f  i n d i v i d u a l s  o f  a l l  spec i e s  

ni = number o f  i nd iv idua l s  o f  t h e  ith spec ies .  

Tables  a r e  a v a i l a b l e  f o r  f i n d i n g  t h e  va lues  of l og  N and n  log  n  (Cox 

1967, Lloyd e t  a l .  1968) and t h e  remaining a r i t h m e t i c  ope ra t i ons  can  

e a s i l y  be performed wi th  t h e  a id  of a  c a l c u l a t o r .  When log2  i s  used ,  

d i v e r s i t y  i s  expressed i n  b i n a r y  d i g i t s  ( b i t s ) .  One b i t  r e p r e s e n t s  t h e  

information requi red  t o  s p e c i f y  one of two equa l ly  probable  s t a t e s .  A s  

an example, i f  two spec i e s  a r e  p re sen t  each with t h e  same number o f  ind i -  

v idua l s  (no ma t t e r  how many), t h e  index would equa l  1. The va lue  o f  t h i s  

index ranges from 0  i n  a  community o f  one spec i e s  t o  3  - 4 i n  a  square- 

f o o t  bottom sample. D i v e r s i t y  has  no t  been def ined f o r  a  sample o r  

h a b i t a t  wi th  no organisms presen t .  

Another a spec t  o f  t h i s  method i s  t h e  p o s i t i o n  o f  t h e  community 

between maximum and minimum d i v e r s i t y  and i s  c a l l e d  redundancy. Redun- 

dancy i s  i nve r se ly  p ropor t i ona l  t o  d i v e r s i t y ,  being g r e a t e s t  (1.00) when 
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d i v e r s i t y  i s  l e a s t  ( o ) ,  and l e a s t  ( 0 ) ,  when d i v e r s i t y  i s  g r e a t e s t  (N  = m). 

Redundancy i n d i c a t e s  t h e  degree  t o  which one o r  more s p e c i e s  dominate 

t h e  community. Wilhm and D o r r i s  (1966) found t h a t  ( 2 ) ,  t h e  d i v e r s i t y  

p e r  i n d i v i d u a l ,  a l o n e  o r  i n  con junc t i on  wi th  redundancy ( R ) ,  was t h e  b e s t  

means o f  e v a l u a t i n g  t h e  b e n t h i c  community. 



DESCRIPTION OF STUDY AREAS 

Coeur dlAlene R ive r  

The Coeur dlAlene River  i n  no r the rn  Idaho l ies  wi th in  t h e  Spokane 

River  dra inage  bas in  (ROSS and Savage 1967),  (Fig.  1 and 2 ) ,  The head- 

wa te r s  o f  t h e  Coeur dlAlene a r e  i n  t h e  B i t t e r r o o t  Mountains which form 

t h e  border  between Montana and Idaho and a r e  p a r t  o f  t h e  Northern Rocky 

Mountain Province. The r i v e r  d r a i n s  an  a r e a  o f  approximately 4000 square  

mi les .  The e n t i r e  North Fork dra inage  l i e s  i n  t h e  Coeur d'Alene Nat iona l  

Fores t .  The e l e v a t i o n  a t  t h e  confluence of  t h e  North and South Forks i s  

about  2240 f e e t  and t h e  s t ream g r a d i e n t  between t h e  upper  and lower s t a -  

t i o n s  i s  about  8 f e e t  pe r  mile.  

Precambrian sedimentary and metamorphic rocks  u n d e r l i e  t h e  e n t i r e  

dra inage  b a s i n  except  f o r  t h e  few miles from Medimont t o  t h e  mouth o f  

t h e  r i v e r  (about  1 0  m i l e s )  where Columbia River  b a s a l t s  o f  Miocene age  

cove r  t h e  basement complex. A l l u v i a l  d e p o s i t s  o f  r e c e n t  o r i g i n  make up 

t h e  s t ream channels  and f lood p l a i n s  i n  t h e  va l l eys .  In  t h e  South Fork 

v a l l e y  ex t ens ive  f a u l t i n g  and subsequent m i n e r a l i z a t i o n  have r e s u l t e d  i n  

depos i t i on  o f  va luable  minera l s  i nc lud ing  l e a d ,  z i n c ,  s i l v e r  and antimony, 

and sma l l e r  q u a n t i t i e s  o f  copper ,  c o b a l t ,  and gold. This  a r e a  i s  t h e  

Coeur dlAlene mining d i s t r i c t ,  t h e  s i t e  o f  a  major Idaho indus t ry .  The 

popula t ion  o f  t h e  South Fork b a s i n  i s  about  13,000 people. The popula- 

t i o n  i s  less dense below t h e  confluence and t h e  North Fork b a s i n  i s  v i r  

t u a l l y  unpopulated. 

The North Fork s i t e  was chosen a s  a  c o n t r o l .  Environmental con- 

d i t i o n s  inc luding  rock  t y p e s ,  p r e c i p i t a t i o n ,  a l t i t u d e  and temperature  
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a s  w e l l  a s  w a t e r  depth and s u b s t r a t e  s i z e  a t  t h e  r i f f l e s  a r e  e s s e n t i a l l y  

t h e  same a s  t h e  South Fork and Main R ive r  s i t e s .  The width o f  t h e  r i v e r  

a t  t h i s  p o i n t  i s  150 f e e t ,  t h e  average  depth i n  t h e  r i f f l e  i n  bo th  y e a r s  

was 7  inches .  The f low r a t e  was 284 c f s  on Sept .  8 ,  1968 and 219 c f s  on 

Sept .  6 ,  1969. The s u b s t r a t e  c o n s i s t e d  o f  medium cobble  t o  pea g r a v e l  

(Fig .  2 ,  D ) .  

A t  t h e  South Fork s i t e  t h e  s t ream was 50 f e e t  wide,  12 i nches  deep 

i n  1968 and 1 4  i nches  i n  1969. Flow r a t e  was 112 c f s  on Sep t .  8 ,  1968 

and 102 c f s  on Sept .  1 4 ,  1969. The s u b s t r a t e  c o n s i s t e d  o f  l a r g e  t o  

medium cobble  and a  f i n e  sediment ove r l ay  which covered t h e  cobble  by 

s e v e r a l  inches  i n  1968 and l e s s  t h a n  an inch  i n  1969. Th i s  sediment  a l s o  

cove r s  t h e  f lood  p l a i n  o f  t h e  r i v e r  ( ~ i g .  2 ,  E ) .  An a n a l y s i s  o f  t h e  sed- 

iment p r e sen t  on t h e  cobble  i n  1969 showed it t o  be  25% o rgan i c  and 75% 

ino rgan i c  m a t e r i a l .  Observa t ions  i n  1969 i n d i c a t e d  a  n o t i c e a b l e  dec r ea se  

i n  t u r b i d i t y  o f  t h e  South Fork w a t e r  a t  t h e  conf luence  o f  t h e  North and 

South Forks (Fig.  2 ,  B and C ) .  

The Main R i v e r  s i t e ,  about  f i v e  miles below t h e  conf luence ,  n e a r  

Ca t a ldo ,  was s e l e c t e d  t o  measure d i l u t i o n  e f f e c t s  o f  t h e  North Fork upon 

t h e  South Fork water .  The r i v e r  was approximately  150 f e e t  wide a t  t h i s  

l o c a t i o n  and wa t e r  depth was 10  i nches  i n  1968 and 6  i nches  i n  1969. Flow 

r a t e  was 438 c f s ,  on Sept .  8 ,  1968 and 338 c f s  on Sept .  1 4 ,  1969. The 

s u b s t r a t e  c o n s i s t e d  o f  medium cobble  t o  pea g r a v e l  w i th  some s o f t  s ed i -  

ment i n  t h e  s t ream bed and heavy growth o f  a l g a e  on many o f  t h e  s t o n e s  

( ~ i g .  2 ,  A) .  

P o t l a t c h  R i v e r  

The P o t l a t c h  R ive r  l ies w i t h i n  t h e  C lea rwa t e r  d r a inage  b a s i n  i n  
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nor thern  Idaho and d r a i n s  about 200 square  miles (Fig. 1 and 3 ) .  Its 

headwaters a r e  i n  t h e  Northern Rocky Mountain Province where t h e  predom- 

i n a n t  rocks  a r e  g r a n i t i c  rock o f  Cretaceous age,  p a r t  o f  th.e Idaho batho- 

l i t h .  Below B o v i l l  t h e  r i v e r  i s  eroding a  channel  i n  Columbia River  

B a s a l t  which flowed over  t h e  a r ea  during t h e  l a t e  Cenozoic. The por t ion  

o f  t h e  North Fork o f  t h e  P o t l a t c h  included i n  t h i s  s tudy ( S t a t i o n s  1 t o  

4 )  c u t s  t h e  g r a n i t i c  and b a s a l t i c  rocks a l t e r n a t e l y .  The E a s t  Fork 

d r a i n s  pr imar i ly  a  g r a n i t i c  a rea .  S t a t i o n  1 i s  a t  an e l e v a t i o n  o f  2880 

f e e t  and s t a t i o n  7  is  a t  an  e l eva t ion  o f  2720 f e e t  r e s u l t i n g  i n  a  g rad ien t  

o f  17 f e e t  pe r  mile.  The populat ion o f  t h e  e n t i r e  P o t l a t c h  River  drain- 

age b a s i n  i s  about 2000 people. 

The Simplot c l a y  mi l l i ng  p l a n t  near  B o v i l l  processes  t h e  c l a y  from 

t h e  d i s i n t e g r a t e d  g r a n i t i c  rock  i n  t h e  a rea .  Wastes from t h e  m i l l  a r e  

moved t o  two s e t t l i n g  ponds, one near  t h e  p l an t  and one near  t h e  r i v e r .  

A t  t h e  t i m e  o f  t h i s  s tudy t h e  lower pond was completely f i l l e d  with sedi-  

ment. A s  a  r e s u l t ,  waste e f f l u e n t  from t h e  m i l l  was eroding a  channel 

through t h e  sediment and t r a n s p o r t i n g  it i n t o  t h e  r i v e r .  Zinc i s  added 

t o  t h e  e f f l u e n t  t o  combine wi th  and p r e c i p i t a t e  s u l f a t e s .  I r o n  hydroxide 

p r e c i p i t a t e s  phosphates. The e f f l u e n t  con ta ins  z inc  and f e r r o u s  i r o n  i n  

s o l u t i o n  a s  w e l l  a s  suspended p a r t i c u l a t e  matter .  A f e r r i c  hydra te  f loc-  

c u l e n t  is  formed i n  t h e  s t ream, poss ib ly  from t h e  a c t i o n  o f  i r o n  prec ip i -  

t a t i n g  b a c t e r i a  on t h e  f e r r o u s  i r o n  (Salskov 1968). River  and s u b s t r a t e  

c h a r a c t e r i s t i c s  a r e  summarized i n  Table 1. 



Table 1. C h a r a c t e r i s t i c s  o f  t e s t  and c o n t r o l  s i t e s  inves t iga ted  on t h e  
Po t l a t ch  River. 

Width 
S t a t i o n  Feet 

e f f l u e n t  from s e t t l i n g  pond, 

Location 

0.5 

Subs t r a t e  Depth 
Inches 

Sand, g r a v e l ,  s tones  
t o  2 inches diameter.  

Current  
f p s  

2.5 Small t o  medium cob- 
b l e ,  i r o n  f loccu len t .  

0.8 

I 5 0 0  I Grani te  and b a s a l t  
cobble.,  

Large, angular  b a s a l t  
and gravel .  

3.0 

( 4.0 1 Granite  and b a s a l t  

Large g r a n i t i c  cob- 
b l e  and gravel .  

Control s t a t i o n  
one-half mi le  
above e f f l u e n t .  

800 f e e t  below 
e f f l u e n t .  

S i x  mi les  below 
e f f l u e n t ,  50 f e e t  
above confluence, 

Control s t a t i o n  
on Eas t  Fork 100 
above confluence. 

F i f t y  f e e t  below 
confluence. 

Nine miles  below 
e f f l u e n t  and s i x  
mi les  below con- 
f luence.  



FIGURE 1. COEUR D 'ALENE and P O T L A T C H  R I V E R S  



B. Confluence o f  North and 
South Forks Sept. 1968. Note 
heavy sediment load ca r r i ed  - 

by South Fork (white i n  lower 
ha l f  of p i c t u r e )  a s  opposed 
t o  c l e a r  North Fork water  
(dark s t r i p ) .  

C. Confluence o f  North and 
South Forks Sept. 1969 - 
South Fork water  is less 

D. North Fork s t a t ion .  

tu rb id .  

1 

M i l e  

X -  S t a t i o n  

E. South Fork s t a t i o n  and 
view o f  va l l ey  sediments 
and denuded h i l l s i d e s .  

Kel l o  gg 

A. Main River s t a t i o n .  Note 
whi te  sediment depos i t  on 
exposed rubble. 

FIGURE 2. COEUR 0' ALENE R I V E R  





RESULTS 

Coeur d'Alene River  

A,  Phys i ca l  and Chemical Fac to r s  

A summary o f  phys i ca l  and chemical measurements c o l l e c t e d  on f o u r  

s e p a r a t e  d a t e s  i s  presented i n  Table  2  and 3. The changes i n  pH, t e m p e r  

a t u r e  and d i s so lved  oxygen between t h e  two September d a t e s  a r e  n e g l i g i b l e ,  

A pH range o f  6  t o  8  is  considered w i t h i n  t h e  t o l e r a n c e  l i m i t s  o f  most 

organisms, A l l  s t a t i o n s  except  t h e  South Fork i n  1968 were w i th in  t h i s  

pH range. Dissolved oxygen was nea r  s a t u r a t i o n  a t  a l l  s t a t i o n s  and i s  

n o t  l i m i t i n g .  A l k a l i n i t y  remained about  t h e  same except  a t  t h e  South Fork 

s t a t i o n  where it increased  from 3 t o  20 ppm, approximating t h a t  a t  o t h e r  

s i t e s .  E l e c t r i c a l  conduc t iv i t y  i n  1969 decreased from 420 t o  250 micro- 

mhos i n  t h e  South Fork and from 180 t o  90 i n  t h e  Main River ,  I n  1969 

t u r b i d i t y  decreased from 490 ppm t o  0 i n  t h e  South Fork and was 0 a t  a l l  

o t h e r  s t a t i o n s   a able 2). 

Zinc concen t r a t i ons  were very high a s  compared t o  t hose  o f  o t h e r  

meta l  i ons  sampled  a able 3). Concentrat ions up t o  2 1  ppm z inc  i n  t h e  

South Fork a r e  a c u t e l y  t o x i c  t o  l i fe.  No s i g n i f i c a n t  change was observed 

i n  t h e  concen t r a t i ons  o f  any o f  t h e  heavy metal  i o n s  (Zn, Pb, Cu) between 

September 1968 and September 1969. The concen t r a t i ons  o f  Ca and Mg d id  

decrease ,  however, i n  1969. 

The d a t a  i n  Table  3  and informat ion  on flow r a t e s  (Table 2 )  was 

obtained from Williams and Mink. 



Tab le  2,  Some p h y s i c a l  and chemical  f a c t o r s  o f  t h e  Coeur d f A l e n e  R i v e r  1968 - 1969 
- - - - 

Temp. 
O c .  

1 8  

1 5  

1 6  

0 

1 

0 

1 0  

9 

8 

1 3  

1 5  

1 4  

Turb. 
PPm 

0 

490 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

- 

Date 

Sept .  8 ,  1968 

Jan .  20,  1969 

- 
May 21,  1969 

Sep t .  6 ,  1969 

pH 

8.0 

5.6 

7 . 1  

7 , l  

6.2 

6 .5  

6 .9  

6.2 

6.8 

7.4 

6.2 

7.4 

S t a t i o n  

North Fork 

South Fork 

Main R i v e r  

North Fork 

South Fork 

Main R i v e r  

- 

North Fork 

South Fork 

Main R i v e r  

North Fork 

South Fork 

Main R i v e r  

- 

Alk. 
PPm 

2 1  

3 

1 4  

- 
- 
- 

- 
- 
- 

2 8 

20 

2 6 

E.C. 
umhos 

5 8 

420 

180  

42 

233 

7 7 

33  

130 

49 

50 

2 50 

90 

DO 
PPm 

9.2 

8.8 

8.9 

- 
- 
- 

9.9 

8 .9  

8.7 

9.0 

8.8 

8.8 

Flow 
c f s  

284 

112 

438 

1700 

560 

2310 

4640 

- 

6210 

219* 

102" 

338:" 
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I I I 
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0 0 0  

m r l m  
d A d 

I l l  

d ' m m  
0 0 0  

m d ' m  
0 0 0 

w a d '  
0 0 0  

r l m m  
d A d 

U k U k 3  
O O >  
L4 L4 .d 

p: 
C C 

2 . 5  
2 g g 

m  
a 
m  
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n 

ri 
m  

h 

g 

m  m  
0 0 0  

I l l  

m m a  
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r- 0 d 
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m  

1 1  1 
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o r l o  

m m d '  
0 0 0 

a a m  
0 0 0  

M m M  
o a r l  

U k U k 3  
0  0  > 
L4 .rl 

p: 
C t s . 5  

g c 2 2  

m  
a 
m  
rl 
e 

0 
CJ 

0 

d 
a 
5 

Q, 
L4 

M 
r: 

m 
v 

x 

=I 
0 

P 
PI 

C 
N 

C 
0  
' rl 

g 
cn 

0, 
C, 
a 
ca 

r l m m  
0 0 0  

m  m  m  
r l m m  

rl 

m m m  
m  0 m  

rl 

m  0 r- 

 COO 
CJ rl 

d ' m m  
o m r l  

o m r l  
P 

d a m  

r l r l r l  

0 0 0 
v v v 

r l r l r l  . 
0 0 0 
V ' J V  

r l o m  
o r l m  v CJ 

k U k 3 Q  
o o >  
L4 L4 'd 

p: 
C 

1 . 5  
g c z g  

m  
a 
m  
rl 
e 

d' 
rl 

C, 
a 
Q, 
cn 

m o o  
m m r l  
O r l o  

1 1  1 

0 a r- 
a 0 C J  

rl 

d ' r - r -  

m r l m  
rl m  

1 1 1  

m  m  
d 4 o  

m  m  
0 rl 

0 0 0  

0 

o m 0  

m  m  
0 rl 

o G 4  
rl 

U U k  
k k Q, 
O O >  
L L a d  

p: 
C s 
x 1 . 5  

c2 2  

CO 
a 
m  
rl 
n 

CO 

0 

C, 
a 
41 
cn 



B. Community S t r u c t u r e  

The t axa  and number o f  i n d i v i d u a l s  f o r  each sample i n  t h e  North 

Fork and Main R ive r  a r e  presented i n  Table  4-6. A few organisms were 

found a t  t h e  South Fork s t a t i o n  i n  1969 whereas none were c o l l e c t e d  

t h e r e  i n  1968. The North Fork s i t e  i s  an example o f  a p roduct ive  and 

d i v e r s e  r i f f l e  community. I n  1968 seven s p e c i e s  i nc lud ing  Tr i chop te ra  

( ~ e p i d o s t o m a  sp. and Hydropsyche sp . ) ,  Ephemeroptera ( ~ p h e m e r e l l a  sp. C 

and B a e t i s  t r i c a u d a t u s ) ,  Dip te ra  (~h i ronomidae  A), and Elmidae (Za i t zev i a  

sp.  and Heter l imnius sp.  , a d u l t s  and l a r v a e )  were observed i n  100% o f  t h e  

samples  a able 5). 

S i x  s p e c i e s  inc lud ing  Tr i chop te ra  (Glossosoma s p . ) ,  Ephemeroptera 

( ~ s e u d o c l o e o n  sp . ,  Rhithrogena sp. and two s p e c i e s  o f  Ephemerella) and 

Dip te ra  (~h i ronomidae  B )  were found i n  90% t o  95% o f  t h e  samples. 

Two s p e c i e s  were observed i n  8 0 % t o  85% o f t h e  samples. These 

were Ephemeroptera (Cinygma sp. ) and Dip te ra  (Ather ix  sp .  ). O f  30 

s p e c i e s  p re sen t  i n  t h e  r i f f le  a t o t a l  o f  1 5  were p re sen t  i n  more t h a n  

80% o f  t h e  samples. Such a l a r g e  number o f  common s p e c i e s  i s  evidence 

o f  a r e l a t i v e l y  homogeneous community ( ~ a u n k a i e r  1934). 

Of t h e  t o t a l  number o f  organisms i n  t h e  r i f f l e  i n  1968, 67% were 

Tr i chop te ra ,  14% Ephemeroptera, 10% Dip te r a ,  5% Coleoptera ,  and 3.6% 

Plecoptera .  These a q u a t i c  i n s e c t s  accounted f o r  99.6% o f  t h e  ben th i c  

organisms and 87% o f  t h e  spec i e s  presen t .  The remaining t a x a  included 

Hydracarina (water  m i t e s )  and sma l l  gas t ropods  and pelecypods (Sphaer- 

i i d a e ) .  Th i s  miscel laneous group cont r ibu ted  less t h a n  0.1% o f  t h e  

biomass. 

The d a t a  on numbers, biomass,  and d i v e r s i t y  o f  t h e  r i f f l e  
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communities is  summarized i n  Table  8. A mean number o f  405 _+ 137 organisms 

pe r  square-foot was p re sen t  i n  t h e  North Fork i n  1968. This  amount i s  

i n d i c a t i v e  o f  an above average l e v e l  o f  f i s h  food organisms (Madsen 1935). 

This  range i n  numbers (117 - 614) i n  a s i n g l e  r i f f le  i s  c o n s i s t e n t  wi th  

t h e  r e s u l t s  o f  o t h e r  i n v e s t i g a t o r s  (~eedham and Usinger 1956, Egglishaw 

1969) and is  i n d i c a t i v e  o f  a contagious (clumped) d i s t r i b u t i o n .  It is  

t h i s  v a r i a b i l i t y  t h a t  makes q u a n t i t a t i v e  sampling of s t ream macrobenthos 

by p re sen t  methods d i f f i c u l t .  A l a r g e  sample must be taken  t o  ach ieve  

s t a t i s t i c a l l y  s i g n i f i c a n t  e s t ima te s  o f  numbers and biomass (Needham and 

Usinger 1956, Hales 1961). 

The d i v e r s i t y  va lues  f o r  each sample a r e  l i s t e d  i n  Table  9. The 

range  f o r  t h e  North Fork i n  1968 was 2.083 t o  3.345 (average 2.970). 

Wilhm and Dor r i s  (1968) have proposed t h a t  a d i v e r s i t y  va lue  o f  t h r e e  

o r  more i n d i c a t e  an  unpol luted s t ream cond i t i on ,  one t o  t h r e e  a moder- 

a t e l y  po l lu t ed  s i t u a t i o n ,  and less than  one a h e a v i l y  po l lu t ed  zone. 

They based t h e s e  c r i t e r i a  on work performed on s t reams i n  t h e  Midwest 

where t h e  o v e r a l l  p r o d u c t i v i t y  d i f f e r s  cons iderab ly  from montane s i t u a -  

t i o n s  such a s  t h e  Coeur dfAlene  and P o t l a t c h  Rivers .  

I n  1969  t h e  s p e c i e s  composition of t h e  r i f f l e  was e s s e n t i a l l y  

unchanged, whi le  r e l a t i v e  abundances var ied  cons iderab ly  from t h e  pre- 

vious y e a r  (Table 6). Two s p e c i e s ,  Tr ichoptera  (Lepidostoma sp . )  and 

Ephemeroptera ( ~ a r a l e p t o p h l e b i a  he te ronea) ,  were found i n  100% o f  t h e  

samples. Two s p e c i e s ,  Ephemeroptera (Cinygma sp. ) and Dip t e r a  (Ather ix  

sp. ), were p re sen t  i n  90% t o  95% o f  t h e  samples. Two o t h e r s  were found 

i n  80% t o  85% of t h e  samples. These were P l ecop te ra  (Claasenia  s a b u l a s a )  

and Elmidae (Za i t zev i a  sp.) .  



Thus on ly  s i x  o f  3 1  s p e c i e s  occur red  i n  80% o r  more o f  t h e  r i f f l e  

samples. The composi t ion by groups was T r i chop t e r a  53%, Ephemeroptera 

15%, Coleopte ra  13%, D ip t e r a  12%, P l e c o p t e r a  4%, and misce l laneous  3%. 

These f i g u r e s  r e p r e s e n t  a dec r ea se  i n  t h e  number o f  t r i c h o p t e r a n s  and 

a n  i n c r e a s e  i n  a l l  o t h e r  groups from 1968. Aquat ic  i n s e c t s  r ep r e sen t ed  

97% o f  t h e  t o t a l  number o f  b e n t h i c  organisms and 87% o f  t h e  s p e c i e s  

p r e sen t .  P l a n a r i a n s  were found i n  t h e  1969 sample i n c r e a s i n g  t h e  num- 

b e r s  and biomass o f  t h e  misce l laneous  group s l i g h t l y .  

A mean number o f  268 - t 192 organisms pe r  s q u a r e  f o o t  (Table  8 )  

was found i n  1969. Dens i t y  d i f f e r e n c e s  between t h e  two y e a r s  r e s u l t e d  

from a r e d u c t i o n  i n  numbers o f  two t r i c h o p t e r a n s  ( ~ ~ d r o p s y c h e  sp. and 

Glossosoma sp. ) .  One ephemeropteran (Rhithrogena sp.  ), which made up 12% 

o f  t h e  mayfly popu l a t i on  i n  1968,  was n o t  c o l l e c t e d  i n  1969. 

The d i v e r s i t y  va lue s  (Table  9 )  range  from 2.518 t o  3.591, a smaller 

range  t h a n  i n  1968 (1.073 and 1.262).  The average  d i v e r s i t y  was 3.035. 

The h i g h e r  average  f o r  1969 r e f l e c t s  t h e  i nc r ea sed  e q u i t a b i l i t y  i n  d i s -  

t r i b u t i o n  o f  i n d i v i d u a l s  among t h e  s p e c i e s ,  

I n  t h e  Main R i v e r  on ly  chironomids were found i n  1968. The d i v e r  

s i t y  v a l u e  f o r  a one s p e c i e s  community i s  z e r o  s i n c e  t h e r e  is no d i v e r  

s i t y .  A t  t h e  same s t a t i o n  i n  1969 t h e r e  were t h r e e  s p e c i e s  o f  a q u a t i c  

i n s e c t s  i nc lud ing  Elmidae a d u l t s  ( r i f f l e  b e t t l e ) ,  A the r i x  sp . ,  a d i p t e r a n  

o f  t h e  f ami ly  Rhagionidae ( s n i p e  f l i e s ) ,  a s  w e l l  a s  t h e  chironomids.  

About 97.5% o f  t h e  t o t a l  number o f  b e n t h i c  organisms were chironomids,  

22% more t h a n  i n  1968. Th i s  l a r g e  percen tage  r e s u l t e d  i n  a low d i v e r  

s i t y  va lue  o f  0.214. 

I n  t h e  South Fork,  chironomids appeared i n  t h e  samples c o l l e c t e d  



i n  1969 where none had been found i n  1968. The numbers and biomass were 

low and t h e  d i v e r s i t y  was 0  (Table 8).  The chironomids present  i n  t h e  

North Fork appeared t o  d i f f e r  from those  p r e s e n t  i n  t h e  Main River  and 

South Fork. The taxonomy o f  t h e s e  immature midges i s  d i f f i c u l t ,  making 

p o s i t i v e  i d e n t i f i c a t i o n  ques t ionable .  The chironomid l a r v a e  found i n  

t h e  Main River  and South Fork o f  t h e  Coeur dfAlene  were green i n  co lor .  

The whi te  forms observed i n  t h e  North Fork and P o t l a t c h  were a  ubiqui tous  

group, found i n  nea r ly  a l l  samples. The average number pe r  square f o o t  

was 25 i n  t h e  North Fork f o r  both years .  The average i n  t h e  Main River  

was 125 i n  1968 and 168 i n  1969. This  was t h e  only  group p re sen t  i n  t h e  

South Fork i n  1969 w i t R  an  average o f  36 pe r  square  foo t .  

Duncan's Mul t ip l e  Range t e s t  was appl ied  t o  those  Coeur dfAlene  

s t a t i o n s  wi th  d i v e r s i t y  va lues  g r e a t e r  t han  0. The d i v e r s i t y  i n  t h e  

North Fork was 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 1968 and 1969 (P<.os).  - 
The North Fork d i v e r s i t i e s  were s i g n i f i c a n t l y  g r e a t e r  t han  t h e  Main 

R ive r  va lue ,  however  a able 4).  

Table 4. Resu l t s  of  Duncan's Mul t ip le  Range 
tes t  on Coeur dfAlene  s t a t i o n s .  

S t a t i o n  D i v e r s i t y  

North Fork 1968 2.970 a'\ 
North Fork 1969 3.035 a  
Main River  1969 0.214 b  

*TRose means wi th  d i f f e r e n t  l e t t e r  s u f f i x e s  
d i f f e r  s i g n i f i c a n t l y  (P 2 . 0 5 )  



Table 5. Number o f  i n d i v i d u a l s  per  taxon f o r  each sample 

Taxon Sample 

Tr ichoptera  
Lepidostoma sp. 
Hydropsyche sp. 
Glossosoma sp. 
Apatania sp. 

P l ecop te ra  
Claasenia  sabulasa ( ~ a n k s  ) 

P t e r o n a r e e l l a  sp. 

Ephemeroptera 
Ephemerella sp. A 
Ephemerella sp. B 
Ephemerella sp. C 
Ephemerella sp. D 
Para lep tophlebia  heteronea ( ~ c ~ u n n )  
B a e t i s  t r i e a u d a t u m  
Pseudoeloeon sp.  
Rhithrogena sp. 
Cinygma sp. 

Dip tera  
Ather ix  sp.  
Chironomidae A 
Chisonomidae B 
Simulium sp. 
Tipula  sp. 

Coleoptera (Elmidae) 
Za i t zev ia  sp. 
Heter l imnius sp. 

Hydracarina 
Collemb o l a  
Pelecypoda 
Gastropoda 



in the North Fork o f  the Coeur dlAlene R i v e r ,  Sept. 8, 1968. 

Sample 



Table  6. Number of  i n d i v i d u a l s  pe r  taxon f o r  each sample 

Taxon 

Hydropsyche sp. 
Glossosoma sp. 

P l ecop te ra  
Claasenis  sabulasa  ( ~ a n k s  ) 
Isogenus sp. 
Arcynopteryx p a r a l l e l a  ( ~ r i s o n )  
Arcynopteryx aurea  (Smith) 
A l l o p e r l a  sp. 
P te ronarcys  c a l i f o r n i c a  ( ~ e w p o r t  ) 

Ephemeroptera 
E ~ h e m e r e l l a  sp. A 
Ephemerella sp. B 
Ephemerella sp. C 
Pa ra l ep toph leb i a  he te ronea  (Mc~unn ) 
B a e t i s  t r i c a u d a t u m  
Pseudocloeon sp. 
Centoptilum sp. 
Cinygma sp. 

D ip t e r a  
Ather ix  sp.  
Chironomidae 
Simulium sp. 
T ipula  sp.  
T ipu l idae  
Heleidae 

Coleoptera  (Elmidae) 
Z a i t z e v i a  sp. 
Heter l imnius  sp.  
l a r v a e  

Hydracarina 
Mollusca 
P l a n a r i a  
Ostracoda 

T o t a l  

12 

359 

3 
1 

270 

3 

65 

------ 

1 5  

7 

107 

8 

2 

507 



i n  t h e  North Fork o f  t h e  Coeur dfAlene River ,  Sept. 6 ,  1969. 

Sample 



Tab le  7. Number o f  i n d i v i d u a l s  p e r  t axon  f o r  each sample i n  t h e  Main 
Coeur dTAlene  R ive r ,  Sept .  8 ,  1968 and Sep t .  6 ,  1969. 

T o t a l  

17  
42 
52 
6 1  
97 

102 
102 
106 
143 
1 5 5  
162 
17 3 
193  
197 
2 04 
206 
212 
2 57 
261  
281 
310 
505 

37 88 

Sample 
Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  
17  
1 8  
1 9  
2 0 
2 1  
2 2 

T o t a l  

1968 
Chironomidae 

1 5  
20 
2 0 
25 
25 
3 2 
4 0 
42 
4 3 
61  
6 6 
7 3 
74 
7 5  
8 9 
90 

1 0 5  
213 
364 
365 
42 5 
6 00 

2 862 

1969 
Chironomidae A t h e r i x  Elmid 

1 5  1 1 
4 0 1 1 
50 2 
6 0 1 
9 0 7 

100 1 1 
100 1 1 
100 6 
130 1 3  
150 5 
160 2 
170 3 
190 3 
190 5 2 
2 00 4 
200 5 1 
210 2 
2 50 6 1 
260 1 
280 1 
300 9 1 
500 4 1 

3695 80 1 3  





Table  9. D i v e r s i t y  Index7k v a l u e s  f o r  r i f f l e  community samples i n  t h e  
Coeur d 'Alene River .  

Main R ive r  1969 

0.638 
0.033 
0.166 
0.206 
0.322 
0.249 
0.163 
0.239 
0.030 
0.129 
0.159 
0.076 
0.219 
0.123 
0.090 
0.116 
0.379 
0.139 
0.312 
0.575 
0.063 
0.159 

0.214 

North Fork 1969 

3.039 
3.521 
2.571 
3.189 
3.617 
3.245 
2.754 
3.398 
2.711 
2.634 
2,930 
2.518 
2.827 
3.405 
2.754 
3.036 
3.109 
3.591 
2.731 
2.767 
3.043 
3.329 

3.035 

Sample Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10  
11 
1 2  
1 3  
1 4  
1 5  
1 6  
17  
1 8  
1 9  
2 0 
2 1  
2 2 

Mean 

North Fork 1968 

2.621 
3.056 
3.162 
2.870 
2.694 
3.010 
2.628 
3.199 
2.834 
2.697 
3.232 
2.083 
3.076 
3.023 
2.747 
2.770 
3.166 
2.883 
3.289 
3.345 
3.053 
3.196 

2.970 



P o t l a t c h  R ive r  

A. Phys i ca l  and Chemical Fac to r s  

R e s u l t s  o f  some phys i ca l  and chemical measurements c o l l e c t e d  

J u l y  2 ,  1969, and dur ing  J u l y  1967, from t h e  P o t l a t c h  R ive r  a r e  l i s t e d  

i n  Table  10,  The 1967 d a t a  were based on work performed by Salskov 

(1968) and most va lues  a r e  monthly averages.  The two samples d i f f e r  

on ly  s l i g h t l y  i n  d i sso lved  oxygen, t empera ture ,  pH, and a l k a l i n i t y .  

Information on z i n c  i on  concen t r a t i ons  f o r  J u l y ,  1967 was n o t  a v a i l a b l e  

f o r  a l l  s t a t i o n s ;  however, Salskov r epo r t ed  r ead ings  i n  excess  o f  1 ppm 

a t  s t a t i o n s  3 and 4 with a  decrease  downstream. Zinc c o n t e n t  i n  t h e  

r i v e r  on J u l y  2 ,  1969 d i f f e r e d  l i t t l e  from t h a t  i n  J u l y ,  1967. Analys i s  

of wa te r  samples c o l l e c t e d  i n  October ,  1969 showed 125 ppm z i n c  a t  t h e  

e f f l u e n t ,  17 ppm a t  s t a t i o n  3 and 7 ppm a t  s t a t i o n  4. Water l e v e l s  were 

much lower a t  t h i s  time t h a n  dur ing  t h e  J u l y  c o l l e c t i n g  per iod.  

B. Community S t r u c t u r e  

A l i s t  o f  macro inver tebra te  s p e c i e s  and numbers o f  i n d i v i d u a l s  is 

compiled i n  Table  11 f o r  1969. No c o l l e c t i o n s  o f  organisms were made a t  

s t a t i o n  2 which was t h e  undi lu ted  e f f l u e n t  water.  Large a r e a s  were sam- 

pled i n  t h e  P o t l a t c h  River  (approximately 12 square- fee t )  a s  compared t o  

t h e  Coeur d lAlene  samples (one-square-foot). Two samples were c o l l e c t e d  

a t  each s t a t i o n .  

Chironomidae was t h e  only taxon observed a t  a l l  s t a t i o n s .  A t  s t a -  

t i o n  1, a n  average o f  700 chironomid l a r v a e  was counted pe r  sample 

 a able ll), This  s t a t i o n  is below a po le  m i l l  and r e c e i v e s  some organic  



Tab l e  10. P h y s i c a l  and chemical  f a c t o r s  i n  t h e  P o t l a t c h  R ive r  f o r  J u l y ,  
1967 (Salskov 1968) and J u l y  2 ,  1969. 

Z inc  
PPm 

1967 1969 

- 0.008 

- 4.85 

- 2.25 

- 1.55 

- 0 

- 0 

- 0.45 

S t a t i o n  

1 

2 

3 

4 

5 

6 

7 

pH 

1967 1969 

6.6 7.6 

3.5 5.2 

5.8 7.2 

7.3 7.5 

8.0 7.8 

7.6 7 .5  

8.2 7.8 

A l k a l i n i t y  
PPm 

1967 1969 

30 20 

0 4 

24 1 8  

1 6  20 

32 26 

35 22 

33 22 

DO 
PPm 

1967 1969 

5.2 5.9 

2.8 - 

5.4 9.3 

7.6 8.8 

7.4 9.0 

8.4 6.6 

8.4 9.9 

Temp. 
OC , 

1967 1969 

1 9  1 9  

2 0 - 
20 20 

25 17  

20 1 8  

20 1 9  

25 1 5  



Table  11. Number o f  i nd iv idua l s  p e r  taxon f o r  each s t a t i o n  and sample - P o t l a t c h  R ive r  1969 

Tr i chop te ra  
Lepidostoma sp. 
Hydropsvche sp. 
Glossosoma t rav ia tum 
Brachycentr idae 
Helicopsychidae 

P l ecop te ra  
P te ronarcys  c a l i f o r n i c a  
Arcynopteryx sp. 
I s o p e r l a  sp.  
S e t i p a l p i a  

Ephemeroptera 
Heptegenia e l egan tu l a  
Epeorus sp. 
~ a r a l e ~ t o p h l e b i a  d e b i l i s  
Tr icory thodes  sp. 
Ephemerella (simplex) 
Ephemerella ( b i c o l o r )  
Pseudocloeon sp. 
B a e t i s  sp. 
B a e t i s  b icauda tus  

D ip t e r a  
T ipu la  sp. 
Antocha SD. c - 

Chironomidae 
Simulium sp. 
A the r ix  sp. 
Chaoborinae 
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m a t e r i a l  from t h e  ba rk  removing process .  A t  s t a t i o n  3 t h e  chironomids 

were e s s e n t i a l l y  t h e  only i n s e c t  p resen t .  The s i n g l e  t r i c h o p t e r a n  and 

ephemeropteran observed t h e r e  were probably a d v e n t i t i o u s  i nd iv idua l s .  

A t  s t a t i o n  4 ,  chironomids averaged 75 per  sample. They were p re sen t  i n  

low numbers a t  t h e  most d i v e r s e  s t a t i o n s  ( 5  and 6 )  and increased aga in  

a t  s t a t i o n  7. 

Four s p e c i e s  inc lud ing  Ephemeroptera ( ~ e p t e g e n i a  sp.  ), Diptera  

(Tipula  sp.  and Simulium sp .  ) and Coleoptera  ( ~ l m i d a e )  were found i n  58% 

o f  t h e  samples. The Simulidae,  Rhagionidae and Ha l ip l i dae  found a t  

s t a t i o n  4 are organisms t h a t  exh ib i t ed  a wide t o l e r a n c e  f o r  changing 

cond i t i ons  o f  water  q u a l i t y  (Gaufin and Tarzwel l  1956). 

Twenty-two s p e c i e s  were observed a t  s t a t i o n  5 ,  2 1  a t  s t a t i o n  1 and 

1 8  a t  s t a t i o n  6 (Table  12).  Nine spec i e s  were c o l l e c t e d  a t  s t a t i o n  7 ,  

f i v e  a t  s t a t i o n  4 and t h r e e  a t  s t a t i o n  3. Aquatic i n s e c t s  accounted f o r  

66% o f  t h e  s p e c i e s  and 93% o f  t h e  numbers a t  s t a t i o n  1, 91% o f  t h e  spec i e s  

and 98% o f  t h e  numbers a t  s t a t i o n  5,  and 95% o f  t h e  spec i e s  and 98% o f  

t h e  numbers a t  s t a t i o n  6. Crayfish (Astacus sp . )  were found a t  s t a t i o n s  

1 and 5 adding cons iderab ly  t o  t h e  biomass. 

The d i v e r s i t y  va lues  demonstrate t h e  same r e l a t i o n s h i p  between s t a -  

t i o n s  f o r  bo th  y e a r s  (Table  12).  The g r e a t e s t  d i v e r s i t y  o f  s p e c i e s  i s  

found a t  c o n t r o l  s t a t i o n  5 and t h e  l e a s t  a t  s t a t i o n  3 n e a r e s t  t h e  e f f l u e n t .  

Cont ro l  s t a t i o n  1 probably i s  not  a s  product ive an a r e a  a s  c o n t r o l  s t a -  

t i o n  5 where t h e  volume o f  flow i s  g r e a t e r .  No i n c r e a s e  i n  d i v e r s i t y  

occurred i n  1969 except  a t  c o n t r o l  s t a t i o n  5 and s t a t i o n  7 where t h e  

e f f e c t s  o f  p o l l u t i o n  a r e  minimal. 

Duncan's Mul t ip le  Range t e s t  was used t o  compare d i v e r s i t y  va lues  



f o r  s t a t i o n s  and y e a r s  (Table  12) .  S t a t i o n  3 had a  s i g n i f i c a n t l y  lower 

d i v e r s i t y  va lue  t han  a l l  o t h e r  s t a t i o n s .  The d i v e r s i t y  a t  s t a t i o n s  4 and 

7  was s i g n i f i c a n t l y  l e s s  t han  a t  s t a t i o n s  5  and 6. This  i n d i c a t e s  a  

g e n e r a l  r educ t ion  i n  p o l l u t i o n  downstream from t h e  e f f l u e n t .  There was 

no s i g n i f i c a n t  d i f f e r e n c e  i n  d i v e r s i t y  indexes between y e a r s ,  l e ad ing  

one t o  i n f e r  t h a t  no improvement h a s  occurred i n  t h e  a q u a t i c  communities 

a t  any o f  t h e  s i t e s  s i n c e  1967. 

Table  12. D i v e r s i t y  va lues  f o r  each s t a t i o n  i n  t h e  P o t l a t c h  R ive r  i n  1967 
and 1969 and mean numbers of  organisms p e r  s t a t i o n ,  1969. Duncan's 

Mul t ip le  Range t e s t  appl ied  t o  s t a t i o n s  bo th  years .  

a ~ e c a l c u l a t e d  from Salskovl  s d a t a .  

S t a t i o n  Spec ies  (m) I * 

*Those s t a t i o n s  wi th  d i f f e r e n t  l e t t e r  s u f f i x e s  d i f f e r  
s i g n i f i c a n t l y  ( P  1 . 0 5 ) .  

-- 

1 9 6 7 ~  
D i v e r s i t y  

D i v e r s i t y  

- 

Numbers ( N )  



DISCUSS I O N  

The s t r u c t u r e  o f  an e c o l o g i c a l  community may be descr ibed  by t h e  

numbers and biomass o f  spec i e s  p re sen t  and by t h e i r  r e l a t i v e  abundance 

and d i s t r i b u t i o n .  R e l a t i v e  abundance, o r  t h e  manner i n  which organisms 

a r e  d i s t r i b u t e d  among s p e c i e s ,  i s  measured by s p e c i e s  d i v e r s i t y .  I n  t h i s  

s t udy  I u t i l i z e d  taxon numbers, d i v e r s i t y  indexes and biomass t o  d e s c r i b e  

t h e  s t r u c t u r e  o f  r i f f l e  communities. 

The d i v e r s i t y  o r  number o f  spec i e s  o f  p l a n t s  o r  animals  i n  a com- 

munity u s u a l l y  i n c r e a s e s  dur ing  succession.  Niches i n c r e a s e  i n  number 

and narrow i n  scope. Each t ends  t o  become occupied by a s i n g l e  s p e c i e s  

i n  accordance wi th  t h e  p r i n c i p l e  o f  compet i t ive  exc lus ion  ( p a t t e n  1962 ) . 
D i v e r s i t y  (Ti) is  an  index o f  succession.  The d i v e r s i t y  i n  a community 

i s  a func t ion  o f  i n c r e a s e  i n  v a r i e t y  o f  n i c h e s ,  p r o d u c t i v i t y ,  biomass,  

and complexity o f  t h e  food chain.  A high d i v e r s i t y  i s  a s soc i a t ed  wi th  a 

s t a b l e ,  unpol lu ted ,  succes s iona l ly  mature community ( p a t t e n  1962 ). 

Addi t ion  o f  smal l  amounts o f  o rganic  m a t t e r  t o  an  o l i g o t r o p h i c  

s t ream may a c t u a l l y  i n c r e a s e  p r o d u c t i v i t y  with a consequent i n c r e a s e  i n  

d i v e r ~ i t y .  On t h e  o t h e r  hand, l a r g e  amounts o f  o rganic  m a t e r i a l ,  t h e  

a d d i t i o n  o f  heavy meta l  i ons  o r  l a r g e  sediment l o a d s  such a s  t hose  which 

occur  i n  t h e  Coeur d lAlene  and P o t l a t c h  R i v e r s ,  a l t e r  ben th i c  communities 

and reduce d i v e r s i t y .  

Wilhm and D o r r i s  (1966), working on a s t ream rece iv ing  domestic 

and o i l  r e f i n e r y  e f f l u e n t s ,  found t h a t  spec i e s  d i v e r s i t y  ( a s  determined 

by t h e  Shannon-Wiener f u n c t i o n )  was a b e t t e r  measure o f  s t ream cond i t i ons  

t h a n  t r a d i t i o n a l  parameters  (numbers o f  t a x a ,  i n d i c a t o r  s p e c i e s ,  d e n s i t y ,  

o r  biomass). 
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To b e s t  desc r ibe  a  n a t u r a l  o r  po l lu ted  a q u a t i c  ecosystem, a  number 

of  d i f f e r e n t  b i o t i c  communities should be inves t iga t ed .  These would 

inc lude  t h e  aufwuchs o r  plant-animal a s s o c i a t i o n s  on t h e  rocky s u b s t r a t e ,  

protozoan assemblages i n  pool a r e a s ,  f i s h  popula t ions ,  and macroinverte- 

b r a t e s  i n h a b i t i n g  r i f f l e s .  P a t r i c k  (1961) has  attempted t o  inventory  

a q u a t i c  communities on a  l a r g e  s c a l e  by employing teams o f  b i o l o g i s t s ,  

chemists and s t a t i s t i c i a n s .  

I chose t o  use ben th i c  macro inver tebra tes  t h a t  i n h a b i t  r i f f l e  

a r e a s  because t h e y  a r e  r e l a t i v e l y  sedentary  and more e a s i l y  i d e n t i f i e d  

t h a n  diatom assemblages c o l l e c t e d  from rock  su r f aces ,  Chemical t e s t s  o f  

t h e  water  a lone  r e v e a l  water  q u a l i t y  cond i t i ons  only a t  t h a t  po in t  i n  

time. The d i v e r s i t y  of ben th i c  i n v e r t e b r a t e s ,  on t h e  o t h e r  hand, r e f l e c t s  

p a s t  a s  wel l  a s  p re sen t  condi t ions .  

The spec i e s  represented i n  r i f f l e  communities vary cons iderably  

throughout t h e  y e a r  depending on t h e  t ime of  ha tch ing  and emergence o f  

t h e  var ious  a q u a t i c  i n s e c t s  t h a t  comprise most o f  t h e  fauna. I n  Convict 

Creek, C a l i f o r n i a ,  Kennedy (1967) observed maximum numbers and biomass 

between October and June. Other  i n v e s t i g a t o r s  have observed maximum 

biomasses i n  sp r ing ,  e a r l y  w in te r ,  o r  w in te r  a t  var ious  loca t ions .  Pro- 

nounced v a r i a t i o n  i n  numbers may occur  between y e a r s ,  apparent ly  a s  a  

r e s u l t  o f  changes i n  environmental f a c t o r s  such a s  temperature and volume 

of  flow. Kennedy observed a  41% inc rease  i n  t h e  a q u a t i c  i n v e r t e b r a t e s  

t h e  second y e a r  o f  h i s  study. A i r  and water  tempera tures  were 0.5 F 

warmer, and volume of flow was 21% g r e a t e r  t h e  second year .  

I n  t h e  North Fork of  t h e  Coeur dlAlene I found a  34% reduct ion  i n  

d e n s i t y  and a  37% reduc t ion  i n  biomass t h e  second yea r ,  Severa l  s p e c i e s  



( ~ ~ d r o p s y c h e  sp . ,  Glossosoma sp . ,  Bae t i s  sp . ,  and Pseudocloeon sp . )  

which had been very abundant i n  1968 showed a cons iderable  decrease i n  

1969 (Tables 5 and 6) .  Other taxa increased i n  1969 (Cinygma sp . ,  

A l lope r l a  sp. , Para leptophlebia  sp. , and Elmidae). D ive r s i ty  increased 

s l i g h t l y  due t o  an  inc rease  i n  e q u i t a b i l i t y .  

Chironomids were t h e  most abundant i n v e r t e b r a t e s  i n  t h e  pol lu ted  

zones o f  t h e  Coeur d'Alene and P o t l a t c h  Rivers.  An exact  count  o f  t h e  

number of  spec ies  of chironomids p resen t  was not  made because o f  t h e  

d i f f i c u l t y  i n  i d e n t i f y i n g  immature forms. I was a b l e  t o  sepa ra t e  two 

spec ie s  from t h e  North Fork by d i f f e rences  i n  t h e  head capsules .  These 

midge l a r v a e  have small  worm-like bodies  with no e x t e r n a l  r e s p i r a t o r y  

s t r u c t u r e s ;  gas exchange i s  by cutaneous r e s p i r a t i o n .  They feed on, 

and form pupal cases  from, organic mat te r  such a s  was p resen t  i n  t h e  

South Fork. These i n s e c t s  a r e  no t  smothered o r  otherwise harmed by a 

l imi ted  amount o f  f i n e  sediment t h a t  would bury and des t roy  forms with 

g i l l s  and d e l i c a t e  appendages. These adap ta t ions  enabled them t o  s u r  

v ive  t h e  condi t ions  o f  p o l l u t i o n  p resen t  i n  t h e  South Fork and main Coeur 

d 'Alene River. 

Another i n s e c t  present  i n  near ly  a l l  samples from t h e  Coeur d'Alene 

River i n  1969 was t h e  l a r v a  of  t h e  sn ipe  f l y  Ather ix  sp. This  is  t h e  

only aqua t i c  genus of  t h e  family Rhagionidae. It lacks  e x t e r n a l  append- 

ages and b rea thes  by cutaneous r e s p i r a t i o n .  This  predaceous form prob- 

ab ly  f eeds  on t h e  midge la rvae .  

The t h i r d  i n s e c t  present  i n  small numbers (Table 7 )  i n  t h e  Main 

River  i n  1969 was a spec ie s  of  r i f f l e  b e e t l e  o f  t h e  family Elmidae. 

These b e e t l e s  a r e  common i n  t h e  moderate t o  f a s t  water  o f  r i f f l e s  while  



most o the r  aquat ic  b e e t l e s  occur i n  t h e  q u i e t  water of  stream margins, 

eddies o r  pools. They u t i l i z e  atmospheric oxygen by r i s i n g  t o  t h e  sur- 

f ace  and c o l l e c t i n g  a bubble of a i r  which i s  held under t h e  e l y t r a .  The 

elmids feed on a lgae  and mosses which were abundant i n  t h e  Main River 

r i f f l e s .  

Black f l y  l a rvae  (Simulium sp. ), mosquito l a rvae  (Chaoborinae), 

and an a i r  breathing b e e t l e  ( ~ a l i p l i d a e )  were present  a t  s t a t i o n  4 i n  

t h e  Pot la tch  River i n  add i t ion  t o  t h e  chironomids. These forms have 

been reported i n  polluted sec t ions  of  drainages where dissolved oxygen 

l e v e l s  a r e  low ( ~ a u f i n  and Tarzwell 1956). Chaoborinae have a caudal  

r e sp i ra to ry  tube  with which they penet ra te  t h e  surface  t ens ion  membrane 

and u t i l i z e  atmospheric oxygen, whereas Simulium a t t a c h e s  i t s e l f  t o  t h e  

rocky subs t ra t e  by a caudal  suc t ion  d i s c  and brea thes  by means of  respi ra-  

t o r y  f i laments on t h e  thorax. 

L i t t l e  i s  known about t h e  e f f e c t s  of  heavy metal ions  on macro- 

inver tebra tes .  Warnick and B e l l  (1969) inves t iga ted  acute  t o x i c i t y  of  

some heavy metals t o  t h r e e  aquat ic  insec t s .  The organisms, a t r ichop- 

t e r a n ,  a plecopteran and an ephemeropteran, were unaffected by concentra- 

t i o n s  up t o  64 ppm of most metals a f t e r  16 days exposure. The most sensi- 

t i v e  organisms were mayfl ies  i n  the  genus Ephemerella which showed a 24- 

hour TLm of 0.32 ppm of copper bu t  survived f o r  10 days a t  16 ppm zinc.  

These aqua t i c  i n s e c t s  a r e  l e s s  s e n s i t i v e  t o  heavy metal ions ,  apparent ly ,  

than  a r e  most f i s h .  Copper was present  a t  a l l  s t a t i o n s  i n  t h e  Coeur 

dfAlene a t  concentrat ions of l e s s  than 0.1 ppm and z inc  a t  21  ppm i n  t h e  

South Fork an t h e  sampling dates  included i n  t h i s  study (Table 3). 

Benthic organisms absorb s i g n i f i c a n t  amounts o f  metal ions which a r e  



t r a n s f e r r e d  through t h e  food cha in  (warnick and B e l l  1969). 

O f  t h e  phys i ca l  and chemical f a c t o r s  measured i n  t h i s  s tudy ,  

t u r b i d i t y ,  and t h e  r e s u l t i n g  s i l t a t i o n ,  was probably t h e  most important  

l i m i t i n g  f a c t o r  i n  prevent ing co lon iza t ion  o f  t h e  r i f f l e s  i n  t h e  Coeur 

dlAlene River.  Chironomids were found i n  t h e  South Fork and Atherix sp. 

and Elmidae colonized t h e  Main River  fol lowing a  decrease  i n  t u r b i d i t y  

i n  1969. This  change could e a s i l y  be  reversed.  Monitoring t h e s e  r i f f l e  

communities w i l l  r e v e a l  whether o r  n o t  t h e  change i s  cont inuing.  D i s -  

solved oxygen and food m a t e r i a l s  were abundant? Given a  s t a b l e  s u b s t r a t e  

and l a c k  of  t o x i c  cond i t i ons ,  t h i s  r i v e r  could probably suppor t  a  more 

d i v e r s e  b e n t h i c  fauna. 

On t h e  o t h e r  hand, a n a l y s i s  of  t h e  P o t l a t c h  River  revealed t h a t  

t h e  environmental s i t u a t i o n  i s  e s s e n t i a l l y  t h e  same a s  it was i n  1967. 

If improvements had been accomplished by t r ea tmen t  o f  t h e  c l a y  m i l l  

e f f l u e n t ,  t h e y  were no t  r e f l e c t e d  i n  improved macrobenthic communities. 

S t a t i s t i c a l  t e s t s  showed t h a t  t h e  1969 d i v e r s i t i e s  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 t h o s e  o f  1967. 

Another purpose of  t h i s  s tudy was t o  compare d i v e r s i t y ,  a s  meas- 

ured by t h e  Shannon-Wiener func t ion ,  with t h a t  c a l c u l a t e d  by t r a d i t i o n a l  

methods. The number of  spec i e s  b) i s  t h e  s imples t  measure o f  spec i e s  

d i v e r s i t y .  I n  t h e  North Fork of  t h e  Coeur dlAlene River  and t h e  c o n t r o l  

s t a t i o n s  i n  t h e  Po t l a t ch  River ,  t h e  l a r g e  number of  spec i e s  p re sen t  was 

an adequate i n d i c a t o r  o f  c l e a n  water  condi t ions .  However,; i s  n o t  a  

p a r t i c u l a r l y  s e n s i t i v e  measure, and i f  gradual  d e t e r i o r a t i o n  of  water  

q u a l i t y  should occur ,  it would be  more qu ick ly  revealed by a  change i n  
- 
H than  by a  decrease  i n  _m. A s  a n  example, t h e r e  were 22 spec i e s  p r e s e n t  
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and an H of 3.174 a t  s t a t i o n  5  while a t  s t a t i o n  1, with 21 spec ies ,  t h e  
- 
H was only 1.515. The ji values i n d i c a t e  t h a t  t h e r e  was a  l a r g e  d i f f e r  

ence i n  product iv i ty  between t h e  two s t a t i o n s ,  whereas - m does not  r evea l  

t h i s .  In t h e  main Coeur d  'Alene River i n  1969, - m was small  ( t h r e e  spe- 

ties), b u t  t h e  d i s t r i b u t i o n  of t h e  individuals  among t h e  species  was so  

unequal t h a t  t h e  value was only 0.214. If t h e  individuals  had been 
- 

d i s t r ibu ted  equally among t h e  t h r e e  species ,  H would have been about 1.5. 

One more ins tance  where con t r ibu tes  unique information was a t  

s t a t i o n s  3  and 4  o f  t h e  Pot la tch  River i n  1967. There, two species  were 

present  a t  both s t a t i o n s ,  b u t  t h e  number of  individuals  was g r e a t e r  a t  

s t a t i o n  3. The H, however, was lower a t  s t a t i o n  3  (0.149) than a t  s t a t i o n  

4  (0.721), r e f l e c t i n g  t h e  f a c t  t h a t  a  majori ty o f  t h e  individuals  belonged 

t o  one species.  A d i f f e r e n t  s i t u a t i o n  exis ted  a t  s t a t i o n s  1 and 6  i n  1969 

where - m was s l i g h t l y  l a r g e r  and N was much l a r g e r  a t  s t a t i o n  1, while 

was l a r g e r  a t  s t a t i o n  6. The Ti value,  then,  represents  an a d d i t i o n a l  

parameter use fu l  i n  describing community s t ruc tu re .  

A more accura te  descr ip t ion  of  a  community i s  a t t a ined  by including 

numbers o r  biomass than by H alone. For example, a  community o f  10 spe- 

c i e s  with an ni of  10 would have t h e  same value a s  a  community o f  10  

species with an ni o f  100 o r  1000 (each would be  3.32). M would be t h e  

same i n  each case  a l s o ,  b u t  N and biomass woul-d revea l  important addi- 

t i o n a l  information. 

Sample s i z e  is  a  problem when dealing with species  d i v e r s i t y  meas- 

ures. Hairston and Byers (1954), working with s o i l  ar thropods,  found 

t h a t  v a r i a t i o n  i n  sample s i z e  a f fec ted  a l l  d i v e r s i t y  indexes used. They 

a t t r i b u t e d  t h i s  t o  t h e  s p a t i a l  d i s t r i b u t i o n  of  organisms, s p e c i f i c a l l y  
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t h e  clumping of r a r e  species .  MacArthur (1965) s t a t e s  t h a t  t h e  d i v e r s i t y  

measure H is  l e s s  dependent on sample s i z e  t h a n  is  spec ie s  count s i n c e  

r a r e  spec ies  add l i t t l e  t o  H. 
Pie lou  (1966 b )  summed N and ni f o r  a patchy populat ion of  s e s s i l e  

organisms, increas ing  t h e  sample s i z e  u n t i l  an  asymptote was reached. A t  

t h i s  l e v e l ,  t h e  e f f e c t  o f  new r a r e  spec ie s  and more ind iv idua l s  o f  com- 

mon spec ie s  balance each other .  Thus 1, a t  t h e  asymptotic l e v e l ,  was a 

good es t imate  of  t r u e  community d i v e r s i t y .  P i e lou  found 95% of  t h e  asymp- 

t o t i c  a f t e r  5 square-meter samples i n  a t r a c t  o f  woodland. Wilhm and 

Dorr i s  (1968), working wi th  macrobenthos i n  a s t ream, found t h e  asymptote 

was reached by t h e  f o u r t h  Surber  square-foot sample. A smal l  sample s i z e  

i s  d e s i r a b l e  when many c o l l e c t i n g  s i t e s  a r e  included i n  a study. 

A f t e r  s o r t i n g  and counting t h e  22 square-foot samples from t h e  

North Fork of  t h e  Coeur dlAlene i n  1968, I accumulated t h e  N and ni val- 

ues f o r  each sample and constructed a curve a f t e r  t h e  method of  Pielou.  

Since a d e f i n i t e  asymptote was no t  reached with a sample o f t h i s  s i z e ,  I 

was unable t o  p r e d i c t  t h e  minimum number o f  samples necessary t o  desc r ibe  

t h e  community. I n  both 1968 and 1969, 95% of  t h e  t o t a l  d i v e r s i t y  o f  22 

samples f r o m t h e  North Fork was not  reached u n t i l  18  samples were analyzed 

 a able 13 ,  Fig. 4). However, t h e  asymptotic l e v e l  o f  t h e  curve was no t  

a t t a i n e d ,  and,  a f t e r  considering t h e  r e s u l t s ,  I d i d  not  f e e l  j u s t i f i e d  i n  

reducing t h e  number o f  samples i n  1969. 

The l a r g e  number o f  samples necessary t o  desc r ibe  t h i s  community 

i s  c o n s i s t e n t  with t h e  f ind ings  o f  Needham and Usinger (1956). They 

observed t h a t  a minimum of  73 square-foot samples were necessary t o  

ob ta in  s i g n i f i c a n t  f i g u r e s  a t  t h e  95% l e v e l  o f  s i g n i f i c a n c e  on t h e  



number o f  organisms i n  a  r i f f l e  community i n  P r o s s e r  Creek, C a l i f o r n i a .  

My s tudy  has  shown s i g n i f i c a n t  d i f f e r e n c e s  between tes t  and con- 

t r o l  s t a t i o n s  i n  both t h e  Coeur d lAlene  and P o t l a t c h  Rivers .  The 

un t r ea t ed  wastes  contaminat ing t h e s e  waters  has  g r e a t l y  a l t e r e d  t h e  com- 

p o s i t i o n  of  t h e  ben th i c  communities. There was no s i g n i f i c a n t  improvement 

dur ing  t h e  two yea r s  o f  s tudy  i n  e i t h e r  r i v e r  a l though a  s l i g h t  improve- 

ment i n  d i v e r s i t y  a t  t h e  Coeur dlAlene t es t  s t a t i o n s  may i n d i c a t e  a  t r end  

toward recovery t h e r e .  

The Shannon-Wiener func t ion  proved t o  be  a  u s e f u l  method i n  des- 

c r i b i n g  d i v e r s i t y  i n  t h e  ben th i c  communities s tud ied .  If a smal l  number 

o f  samples a r e  c o l l e c t e d  and t h e  d i v e r s i t i e s  averaged,  t h e  r i f f l e  commu- 

n i t y  can be  adequate ly  descr ibed  by t h i s  method. The number of s p e c i e s ,  

d e n s i t y  and biomass a r e  o t h e r  parameters  u s e f u l  i n  desc r ib ing  ben th i c  

communities. 

Small changes i n  t h e  community s t r u c t u r e  inc lud ing  changes i n  num- 

b e r  o f  s p e c i e s  and s p e c i e s  e q u i t a b i l i t y  a r e  revea led  i n  a  change i n  E. 

The )I values  can be  compared s t a t i s t i c a l l y  and s i g n i f i c a n t  d i f f e r e n c e s  

i d e n t i f i e d .  



Table  13. Accumulated d i v e r s i t y  v a l u e s  f o r  t h e  
North Fork o f  t h e  Coeur d lAlene  R ive r  from 

c o l l e c t i o n s  made on Sept .  8 ,  1968 and 
Sept .  6 ,  1969. 

1969 

3.036 
4.228 
4.531 
4.644 
5.069 
5.332 
5.464 
5.727 
5.817 
6.016 
6.066 
6.142 
6.175 
6.368 
6.474 
6.601 
6.707 
6.866 
6.909 
6.966 
7.052 
7.155 

Sample 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
12 
1 3  
1 4  
1 5  
1 6  
17 
1 8  
1 9  
2 0 
2 1  
2 2 

196 8 

2.624 
3.860 
4.551 
4.893 
5.179 
5.461 
5.591 
5.847 
6.006 
6.136 
6.27 5 
6.348 
6.471 
6.597 
6.674 
6.767 
6.823 
6.913 
7.016 
7.119 
7.195 
7.278 



F i g u r e  4. Accumulated D i v e r s i t y  f o r  Twenty-two Samples from t h e  
North Fork o f  t h e  Coeur d 'Alene R i v e r ,  1968 and 1969. 

1968 

2 
1 2 3 4 5 6 7 8 9 1 0  11 1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  20  2 1  22 

Number of Samples 
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SUMMARY 

1. C o l l e c t i o n s  o f  macrobenthos were made from r i f f l e s  i n  t h e  North Fork,  

South Fork,  and main Coeur d fAlene  R ive r  on Sep t .  8 ,  1968 and Sep t .  6 ,  

1969 and a t  6  s t a t i o n s  i n  t h e  P o t l a t c h  R ive r  on J u l y  2 ,  1969. 

Standard wa t e r  c h e m i s t r i e s ,  t e s t s ,  and measurements o f  p h y s i c a l  

f a c t o r s  were a l s o  made a t  a l l  c o l l e c t i n g  s i t e s .  

2. The organisms c o l l e c t e d  were s q r t e d ,  counted and weighed. Individ-  

u a l s  were i d e n t i f i e d  t o  t axon  ( i n  some c a s e s  t o  s p e c i e s ) .  

3 .  Spec ies  d i v e r s i t y  va lue s  (H), us ing  t h e  Shannon-Wiener f u n c t i o n  

der ived  from in fo rma t ion  t h e o r y ,  were determined f o r  each sample 

and t h e  average was c a l c u l a t e d  f o r  each s t a t i o n  f o r  each yea r .  

Biomass and d e n s i t y  were a l s o  es t imated .  

4. The H va lue s  were compared us ing  Duncan's Mu l t i p l e  Range Tes t .  

S i g n i f i c a n t  d i f f e r e n c e s  a t  t h e  5% l e v e l  were found between pol- 

l u t e d  and unpol lu ted  s t a t i o n s  i n  bo th  r i v e r s .  No s i g n i f i c a n t  d i f -  

f e r e n c e s  were found between y e a r s  a t  s i t e s  i n  e i t h e r  r i v e r .  

5. An a t t emp t  was made t o  p r e d i c t  optimum sample s i z e  i n  t h e  North 

Fork o f  t h e  Coeur d fA lene  R i v e r  us ing  accumulated H values .  No 

conc lu s ive  r e s u l t s  were ob ta ined  a s  a  d e f i n i t e  asymptote was n o t  

reached a f t e r  22 sample va lue s  were accumulated.  

6. Adapta t ions  f o r  s u r v i v a l  i n  i n s e c t s  p r e sen t  i n  zones o f  moderate t o  

heavy p o l l u t i o n  i n  bo th  r i v e r s ,  and t h e  e f f e c t s  o f  var ious  t ypes  o f  

p o l l u t i o n  on a q u a t i c  i n s e c t s  were d i scussed .  

7. It was concluded t h a t  s i l t a t i o n  had been t h e  main l i m i t i n g  f a c t o r  

i n  p reven t ing  t h e  c o l o n i z a t i o n  o f  r i f f l e s  i n  t h e  South Fork and 1 
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main Coeur dlAlene River  by macrobenthic fauna. Zinc ion concentra- 

t i o n s  were h igh  enough, however, dur ing  t imes o f  low water  i n  t h e  

South Fork (below t h e  z inc  s m e l t e r )  t o  be  a c u t e l y  t o x i c  t o  most 

macroinvertebrates  . 
8. I n  t h e  P o t l a t c h  River ,  i r o n  f l o c c u l e n t  had destroyed t h e  ben th i c  

h a b i t a t  a t  s t a t i o n  3 ,  and z inc  ion  concent ra t ions  had been high 

enough dur ing  low water  per iods  t o  be a probable l i m i t i n g  f a c t o r .  

These f a c t o r s  may have a f f e c t e d  t h e  ben th i c  community a t  s t a t i o n  

4 a l s o .  
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