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CHAPTER I 
GENERAL INFORMATION

Introduction
I n  O k l a h o m a ,  t h e  r e s p o n s i b i l i t y  t o  e s t a b l i s h  a n d  

m a i n t a i n  w a t e r  q u a l i t y  s t a n d a r d s  r e s t s  w i t h  t h e  O k la h o m a  

W a t e r  R e s o u r c e s  B o a r d  (82 O.S. S e c .  9 2 6 . 1 , . 1 3 ) .  T h e  p r o c e s s  

f o r  m a k i n g  c h a n g e s ,  a m e n d m e n t s ,  a n d  r e v i s i o n s  t o  w a t e r  

q u a l i t y  s t a n d a r d s  was  s e t  f o r t h  by t h e  f e d e r a l  g o v e r n m e n t  i n  

40  CFR P a r t  1 3 0 . 1 7 .  T i t l e  82  O .S .  1 9 8 1 ,  S e c t i o n  9 2 6 . 6  

p r o v i d e s  t h e  r e q u i r e m e n t s  f o r  S t a t e  r e v i s i o n s .  T h e s e  

p r o c e d u r e s  i n c l u d e d  a  s y s t e m a t i c  t r i e n n i a l  r e v i e w  p r o c e s s  o f  

t e c h n i c a l ,  a d m i n i s t r a t i v e  and  p u b l i c  c o n c e r n s .  The N a t i o n a l  

E n v i r o n m e n t a l  P o l i c y  A c t  ( 8 8 ) ,  t h e  W a t e r  P o l l u t i o n  C o n t r o l  

A c t  ( 8 9 ) ,  t h e  S a f e  D r i n k i n g  W a t e r  A c t  ( 9 0 ) ,  a n d  s u b s e q u e n t  

a m e n d m e n t s  ( 9 1 ) ,  h a v e  a l l ,  s e p a r a t e l y  a n d  c o m b i n e d ,  b e e n  a  

f o r c e  w h i c h  h a s  e l e v a t e d  t h e  r o l e  w a t e r  q u a l i t y  s t a n d a r d s  

p l a y  i n  t h e  m anagem ent  o f  e n v i r o n m e n t a l  q u a l i t y .

W a te r  q u a l i t y  s t a n d a r d s  t o d a y  go f a r  beyond  t h e  c o n c e p t  

o f  e s t a b l i s h i n g  c r i t e r i a  f o r  e n v i r o n m e n t a l  q u a l i t y  o f  w a t e r  

r e s o u r c e s .  They now h o l d  t h e  pow er  t o  i n f l u e n c e  a l t e r n a t i v e s  

a v a i l a b l e ,  a n d  t h e  e v e n t u a l  c o u r s e  o f  e v e n t s  f o r  p r o j e c t s
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w h ich  b o t h  d i r e c t l y  and  o r  i n d i r e c t l y  a f f e c t  w a t e r  u s e s .  An 

e x a m p l e  o f  t h i s  d y n a m i c  r e l a t i o n s h i p  b e t w e e n  t h e  c r i t e r i a  

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

i m p a r t  on  t h e  d e c i s i o n  m a k in g  p r o c e s s ,  c an  be  i l l u s t r a t e d  by 

e x a m i n i n g  t h e  c h a n g e s  w h i c h  h a v e  t a k e n  p l a c e  i n  t h e  d i s s o l v e d  

o x y g e n  c r i t e r i a ;  a p p l i e d  t o  O k l a h o m a ' s  w a t e r  q u a l i t y  

s t a n d a r d s  o v e r  t h e  l a s t  f i f t e e n  y e a r s .  T a b l e  1 c o n t a i n s  a 

s u m m a r y  o f  O k l a h o m a ' s  w a t e r  q u a l i t y  s t a n d a r d s  f o r  f i s h  a n d  

w i l d l i f e  b e n e f i c i a l  u s e s  f o r  t h e  p e r i o d  f r o m  1 9 6 8  t h r o u g h  

1982 .

The Recent History of Oklahoma's Water Quality Stamdards.
T h e  1 9 6 8  O k la h o m a  W a t e r  Q u a l i t y  S t a n d a r d s  (79)  s e t  t h e  

S t a t e ' s  f i r s t  d i s s o l v e d  o x y g e n  (D.O.) c r i t e r i a  a t  4 .0  m g . / I .  

I n  a d d i t i o n ,  a  d i s c l a i m e r  w as  p l a c e d  on  t h e  a p p l i c a b i l i t y  o f  

t h e  s t a n d a r d  i n  a r e a s  b e l o w  w a s t e  d i s c h a r g e  w hen  t h e r e  w a s  

l e s s  t h a n  a  2 Q s /Q e  r e l a t i o n s h i p  ( r a t i o  o f  s t r e a m  f l o w  t o  

e f f l u e n t  f l o w ) .  The  r e l e v a n c e  o f  t h i s  r e l a t i o n s h i p  w i l l  be  

d i s c u s s e d  i n  s u b s e q u e n t  c h a p t e r s .

I n  1973 (80) t h e  f i s h  and  w i l d l i f e  p r o p a g a t i o n  b e n e f i c a l

u s e  c r i t e r i a  i n c l u d e d  tw o  d e s i g n a t i o n s :

^1  F i s h  and W i l d l i f e  P r o p a g a t i o n .

Q2 F i s h  and  W i l d l i f e  P r o p a g a t i o n  t o  t h e  e x t e n t  a l l o w e d

by s p e c i f i c a l l y  s t a t e d  w a t e r  q u a l i t y  p a r a m e t e r s .



Year Description of Benefical Ose and D.O. Criteria
1968 Code C- F i s h  a n d  W i l d l i f e  P r o p a g a t i o n

The  d i s s o l v e d  o x y g e n  c o n c e n t r a t i o n  s h a l l  n o t  b e  l e s s  
t h a n  4 .0  n g . / l . ,  e x c e p t  t h a t  t h i s  l i m i t a t i o n  o f  4 .0  
m g . / l .  w i l l  n o t  b e  a p p l i c a b l e  i n  t h e  i m m e d i a t e  v i c i n i t y  
o f  t h e  p o i n t  o f  w a s t e  d i s c h a r g e  w h en  s t r e a m  f l o w  i s  
l e s s  t h a n  200% o f  t h e  w a s t e  f l o w .  I n  a d d i t i o n ,  t h e  
r e l a t i o n s h i p  o f  d i s s o l v e d  o x y g e n ,  b i o c h e m i c a l  o x y g e n  
d e m a n d  a n d  c h e m i c a l  o x y g e n  d e m a n d  o f  t h e  w a s t e  
r e l e a s e s ,  a n d  t h e  f l o w  c h a r a c t e r i s t i c s  o f  t h e  s t r e a m  
s h a l l  n o t  c r e a t e  c o n d i t i o n s  d o w n s t r e a m  t h a t  a r e  
d e t r i m e n t a l  t o  b e n e f i c a l  u s e s .

1973 G e n e r a l  S t a n d a r d

The  d i s s o l v e d  o x y g e n  c o n c e n t r a t i o n  s h a l l  n o t  b e  l e s s  
t h a n  5 .0  m g . / l .  f o r  a l l  w arm  w a t e r s . . . .  U n d e r  e x t r e m e  
c o n d i t i o n s ,  t h e  d i u r n a l  v a r i a t i o n s  may c a u s e  t h e  d i s 
s o l v e d  oxygen  c o n c e n t r a t i o n  t o  be  a s  much a s  1.0 m g . / l .  
b e lo w  t h e  a b o v e  v a l u e  f o r  s h o r t  p e r i o d s  ( n o t  t o  e x c e e d  
8 h o u r s )  d u r i n g  a n y  2 4 - h o u r  p e r i o d  p r o v i d e d  t h a t  t h e  
w a t e r  q u a l i t y  i s  f a v o r a b l e  i n  a l l  o t h e r  r e s p e c t s .

S p e c i a l  S t a n d a r d s

R e t u r n  Flow S t r e a m s :  D i s s o l v e d  Oxygen-  t h e  d i s s o l v e d
o x y g e n  c o n t e n t  o f  a  r e t u r n  f l o w  s t r e a m  s h a l l  n o t  b e  
l e s s  t h a n  2 . 0  m g . / l .  T h e  d i s s o l v e d  o x y g e n  
c o n c e n t r a t i o n  j u s t  a b o v e  t h e  p o i n t  w h e r e  t h e  f l o w  o f  
t h e  s t r e a m  c o m b i n e s  w i t h  t h e  f l o w  o f  a  s t r e a m  o f  h i g h e r  
d e s i g n a t e d  u s e  s h a l l  n o t  be  l e s s  t h a n  3.0 m g . / l .
M i x i n g  Z o n e s  a n d  Z o n e s  o f  P a s s a g e :  D i s s o l v e d  O x y g e n -
t h e  d i s s o l v e d  o x y g e n  s h a l l  n o t  b e  l e s s  t h a n  2 .0  m g . / l .  
w i t h i n  t h e  m i x i n g  z o n e .

r i "  F i s h  an d  w i l d l i f e  P r o p a g a t i o n .
G e n e r a l  S t a n d a r d  ( a p p l i e s  a s  a b o v e  i . e .  D.O. 5 .0  m g . / l . )

g2~ F i s h  an d  W i l d l i f e  P r o p a g a t i o n  t o  t h e  e x t e n t  a l l o w e d  
y  s p e c i f i c a l l y  s t a t e d  w a t e r  p a r a m e t e r s  ( i . e .  "b"

d e s i g n a t i o n  f o r  r e t u r n  f l o w  s t r e a m  a s  a b o v e  w i t h  2 .0  
m g . / l .  D.O. c r i t e r i a ) .

T a b l e  1 .  S um m ary  o f  O k l a h o m a  W a t e r  Q u a l i t y  S t a n d a r d s  f o r  
F i s h  and  W i l d l i f e  P r o p a g a t i o n  1 9 6 8 -1 9 8 2  (7 9 ,8 0 ) .



Year Description of Benefical Dse and D.O. Criteria
1976 F i s h  and  W i l d l i f e  P r o p a g a t i o n  (S e c .  4 , 3 ) ,

T h e r e  a r e  no  g e n e r a l i z e d  w a t e r  q u a l i t y  s t a n d a r d s  
a p p l i c a b l e  f o r  a l l  k i n d s  o f  f i s h  a n d  w i l d l i f e .  
G e n e r a l l y ,  u n p o l l u t e d  w a t e r s  s u p p o r t  a  d i v e r s e  a q u a t i c  
c o m m u n i t y  w h i l e  o n l y  t o l e r a n t  s p e c i e s  c a n  s u r v i v e  i n  
c o m p a r a t i v e l y  p o l l u t e d  w a t e r s .  The i m p a c t  o f  a  g i v e n  
c h e m i c a l  c o n s t i t u e n t  on a  b i o l o g i c a l  co m m u n i ty  i s  n o t  
m u t u a l l y  e x c l u s i v e  o f  o t h e r  c o n s t i t u e n t s  s i n c e  
s y n e r g i s t i c  i n t e r a c t i o n s  a r e  common.

G e n e r a l  S t a n d a r d s .

A p p l y  f o r  a l l  p e r e n n i a l  s t r e a m s  e x c e p t  w hen  f l o w  i s  
l e s s  t h e n  t h e  s e v e n  d ay ,  tw o  y e a r  low  f l o w  v a l u e .  T h i s  
s t a n d a r d  a l s o  a p p l i e s  f o r  i n t e r m i t t e n t  s t r e a m s  when t h e  
f l o w  i s  l e s s  t h e n  1 .0  c f s .

S e c .  6 . 9 -  D i s s o l v e d  O x y g e n :  The  d i s s o l v e d  o x y g e n
c o n c e n t r a t i o n  s h a l l  n o t  b e  l e s s  t h a n  5 .0  m g . / l .  f o r  a l l  
w a r m  w a t e r s . . . .  I t  i s  r e c o g n i z e d  t h a t  d i u r n a l  
f l u c t u a t i o n s  o f  d i s s o l v e d  o x y g e n  o c c u r  i n  n a t u r a l  
a q u a t i c  s y s t e m s  d u e  t o  p r o d u c t i o n  a n d  r e s p i r a t i o n  
p r o c e s s e s .  Due t o  t h e s e  n a t u r a l  p r o c e s s e s ,  a  1 .0  
m g . / l .  d i s s o l v e d  oxygen  c o n c e n t r a t i o n  d e f i c i t  s h a l l  be  
a l l o w e d  f o r  n o t  m o re  t h a n  e i g h t  h o u r s  d u r i n g  a  t w e n t y -  
f o u r  (24) h o u r  p e r i o d .

A t  a l l  o t h e r  t i m e s  t h e  i n s t r e a m  d i s s o l v e d  o x y g e n  
c o n c e n t r a t i o n  s h a l l  be  m a i n t a i n e d  t o  p r e v e n t  n u i s a n c e  
c o n d i t i o n s  c a u s e d  by mans a c t i v i t i e s .

S p e c i a l  S t a n d a r d s .

M ix in g  Zones:  The d i s s o l v e d  oxygen c o n c e n t r a t i o n  i n  a
m i x i n g  zone  s h a l l  n o t  be  l e s s  t h a n  4.0 m g . / l .

1979 F i s h  and  W i l d l i f e  P r o p a g a t i o n  (same a s  1 9 7 6 ) .

G e n e r a l  S t a n d a r d s  (same a s  1 9 7 6 ) .

S p e c i a l  S t a n d a r d s  (same a s  1 9 7 6 ) .

T a b l e  1 ( c o n t . ) .  Summary o f  Oklahoma w a t e r  Q u a l i t y  S t a n d a r d s  
f o r  F i s h  a n d  W i l d l i f e  P r o p a g a t i o n  1968-1982  (8 1 ,8 2 ) .



Tear Description of Benefical Use and D.O. Criteria
1982 P i s h  and  W i l d l i f e  P r o p a g a t i o n .

S e c .  4 .3  ( a d d e d  o n e  a d d i t i o n a l  s e n t e n c e  t o  t h e  1979  
v e r s i o n ) .  I n  a d d i t i o n ,  w a t e r s  o f  d i v e r s e  h a b i t a t  w i l l  
e x h i b i t  more  s p e c i e s  t h a n  w a t e r s  w i t h  l i m i t e d  h a b i t a t  
v a r i a t i o n .

D i s s o l v e d  Oxygen.

S e c .  4 . 3 ( a ) -  Two d i s s o l v e d  o x y g e n  (D.O.) s t a n d a r d s  a r e  
d e s i g n a t e d  t o  p r o t e c t  t h e  d i v e r s e  warm w a t e r  f i s h e r i e s  
o f  Oklahoma.  S t r e a m s  d e s i g n a t e d  a s  P r i m a r y  Warm W a te r  
F i s h e r i e s  a r e  r e q u i r e d  a t  a l l  t i m e s  t o  m e e t  a  minimum 
d i s s o l v e d  o x y g e n  o f  5 .0  m g . / l .  S t r e a m s  d e s i g n a t e d  a s  
S e c o n d a r y  Warm w a t e r  F i s h e r i e s  a r e  r e q u i r e d  t o  m e e t  a  
m in im u m  d i s s o l v e d  o x y g e n  o f  3 .0  m g . / l .  A l l o w a b l e  
l o a d i n g  d e s i g n e d  t o  a t t a i n  t h e s e  c r i t e r i a  s h a l l  b e  
c a l c u l a t e d  a t  t h e  l o w  f l o w  v a l u e  a n d  c r i t i c a l  
t e m p e r a t u r e  a s  d e f i n e d  i n  A p pend ix  C.

A p pend ix  C.

A l l o w a b l e  Load:  F o r  P e r e n n i a l  S t r e a m s -  t h e  a l l o w a b l e
l o a d  f o r  o x y g e n  d e m a n d i n g  s u b s t a n c e s  s h a l l  b e  b a s e d  
u p o n  a t t a i n i n g  a n  i n s t r e a m  D.O. o f  5 .0  m g . / l .  f o r  
P r i m a r y  Warm W a t e r  F i s h e r i e s ,  3 .0  m g . / l .  f o r  S e c o n d a r y  
Warm W a t e r  F i s h e r i e s . . . .  a t  a n d  a b o v e  t h e  s e v e n - d a y ,  
t w o  y e a r  l o w  f l o w  v a l u e ,  a n d  a t  t h e  c r i t i c a l  
t e m p e r a t u r e .  F o r  I n t e r m i t t e n t  S t r e a m s -  t h e  a l l o w a b l e  
l o a d i n g  f o r  o x y g en  d em an d in g  s u b s t a n c e s  s h a l l  be  b a s e d  
u p o n  a t t a i n i n g  a n  i n s t r e a m  D.O. o f  5 . 0  m g . / l .  f o r  
P r i m a r y  Warm W a t e r  F i s h e r i e s ,  3.0 m g . / l .  f o r  S e c o n d a r y  
Warm W a t e r  F i s h e r i e s . . . .  a t  a n d  a b o v e  1 .0  c f s . ,  a n d  a t  
t h e  c r i t i c a l  t e m p e r a t u r e .  C r i t i c a l  T e m p e r a t u r e :  The
s e v e n  d a y  m ax im um  t e m p e r a t u r e  l i k e l y  t o  o c c u r  w i t h  a 
50% p r o b a b i l i t y  e a c h  y e a r ,  o r  90op.

M i x i n g  Z o n e s :  No D.O. c r i t e r i a  p r e s e n t e d .  New
l a n g u a g e  w a s  a d d e d  a s  f o l l o w s :  I t  i s  r e c o g n i z e d  t h a t
t h e  w a t e r  q u a l i t y  i n  t h e  m i x i n g  z o n e  may b e  u n s u i t a b l e  
f o r  c e r t a i n  b e n e f i c i a l  u s e s .

T a b le  1 ( c o n t ) .  Summary o f  Oklahoma W a te r  Q u a l i t y  S t a n d a r d s  
f o r  F i s h  an d  W i l d l i f e  P r o p a g a t i o n  19 6 8 -1 9 8 2  (84).



T h e s e  tw o  l e v e l s  o f  p r o t e c t i o n  b e a r  a  s t r i k i n g  r e s e m b l a n c e  t o  

t h e  p r e s e n t  198 2  s t a n d a r d s .  T h e  i m p a c t  o f  t h e  r e t u r n  f l o w  

s t r e a m  c o n c e p t  i s ,  a t  l e a s t  f r o m  a n  r e g u l a t o r y  v i e w p o i n t ,  

a n a l o g o u s  t o  t h e  s e c o n d a r y  warm w a t e r  f i s h e r y  d e s i g n a t i o n  

i n t r o d u c e d  i n  t h e  1982 s t a n d a r d s .  The d i f f e r e n c e  b e i n g  t h a t  

t h e  D.O. l e v e l  f o r  r e t u r n  f l o w  s t r e a m s  was 2 .0  m g . / l .  a n d  t h e  

s e c o n d a r y  warm w a t e r  f i s h e r y  d e s i g n a t i o n  i s  3 .0  m g . / l .

I n  197 6  ( 8 1 ) ,  t h e  E n v i r o n m e n t a l  P r o t e c t i o n  A g e n c y  (EPA) 

p r e s s u r e d  t h e  S t a t e  t o  r e m o v e  t h e  r e t u r n  f l o w  c o n c e p t  

r e f e r r e d  t o  a s  l i t t l e  *b*-*an e f f l u e n t  d o m i n a t e d  s t r e a m ”. 

T h e  s e c t i o n  208  s t u d i e s  o f  t h e  C l e a n  W a t e r  A c t  w e r e  i n  f u l l  

s w in g  i n  many p a r t s  o f  t h e  c o u n t r y  i n c l u d i n g  Oklahoma.  T h i s  

a u t h o r  r e m e m b ers  t h e  many m e e t i n g s  h e  a t t e n d e d  a s  a  member  o f  

t h e  E n v i r o n m e n t a l  P o l i c y  A d v i s o r y  C o u n c i l  f o r  t h e  A s s o c i a t i o n  

o f  C e n t r a l  O k l a h o m a  G o v e r n m e n t s  (ACOG). D u r i n g  t h e s e  

m e e t i n g s  t h e  g o a l s  o f  t h e  C l e a n  W a t e r  A c t  ( i . e .  " f i s h a b l e  

s w i m m a b l e  s t r e a m s  b y  J u l y  1 ,  1 9 8 3 ” ) w e r e  e c h o e d  a s  a  f o r c e  

a l o n g  w i t h  p u b l i c  s e n t i m e n t  w h i c h  a s s i s t e d  i n  t h e  e v e n t u a l  

r e m o v a l  o f  t h e  l i t t l e  'b* d e s i g n a t i o n .  T h e  r e s u l t  o f  t h e  

1 9 7 6  r e v i s i o n  p r o c e s s  w a s  a  s t r e n g t h e n i n g  o f  t h e  D.O. 

c r i t e r i a  t o  5 .0  m g . / l .  w i t h  a e i g h t  h o u r  e x c u r s i o n  o f  1 .0  

m g . / l .  t o  4 .0  m g . / l .  d u e  t o  n a t u r a l  d i u r n a l  f l u c u a t i o n s  i n  

d i s s o l v e d  oxygen .  I n  a d d i t i o n ,  when t h e  f l o w s  d ro p p e d  b e lo w  

1 .0  c f s  o n l y  t h e  n a r r a t i v e  s t a n d a r d s  p r e v e n t i n g  n u i s a n c e



c o n d i t i o n s  w o u ld  a p p l y .

I n  1979  ( 8 2 ) ,  a t t e m p t s  t o  r e v i s e  t h e  s t a n d a r d  f o r  D.O. 

w e r e  m i n i m i z e d  by  t h e  f a c t  t h a t  t h e  a p p r o v a l  o f  t h e  1976  

s t a n d a r d s  h ad  t a k e n  p r a c t i c a l l y  t h r e e  y e a r s .  T h i s  m e a n t  t h a t  

t h e  1979 r e v i e w  p r o c e s s  saw no s u b s t a n t i a l  c h a n g e  i n  t h e  D.O. 

c r i t e r i a  f o r  f i s h  and  w i l d l i f e  p r o p a g a t i o n .

T h e n  i n  1 9 8 2  ( 8 4 ) ,  t h e  r e v i s i o n  p r o c e s s  r e s u l t e d  i n  

s t i l l  a n o t h e r  c h a n g e  i n  t h e  f i s h  a n d  w i l d l i f e  p r o p a g a t i o n  

b e n e f i c i a l  u s e  d e s i g n a t i o n .  Two s e p a r a t e  c a t e g o r i e s  w e r e  

i n t r o d u c e d ,  e a c h  w i t h  a  d i f f e r e n t  D.O. c r i t e r i a .  T h e  

c r i t e r i a  w a s  d i v i d e d  b e t w e e n  " p r i m a r y  w arm  w a t e r "  a n d  

" s e c o n d a r y  warm w a t e r "  f i s h e r y  d e s i g n a t i o n s .  P r i m a r y  warm 

w a t e r  f i s h e r i e s  w e r e  a s s i g n e d  a  D.O. c r i t e r i a  o f  5 .0  m g . / l .  

and  d e f i n e d  a s  a r e a s  w i t h  " w a t e r  q u a l i t y  an d  h a b i t a t  a d e q u a t e  

t o  s u p p o r t  s e n s i t i v e  warm w a t e r  f i s h  s p e c i e s  i n  a b u n d an c e " .  

" E n v i r o n m e n t  s u i t a b l e  f o r  a  f u l l  r a n g e  o f  w a r m  w a t e r  

b e n t h o s " .  S e c o n d a r y  w a rm  w a t e r  f i s h e r i e s  w e r e  a s s i g n e d  a 

D.O. c r i t e r i a  o f  3.0 m g . / l .  T h e se  w e r e  d e f i n e d  a s  a r e a s  w i t h  

" w a t e r  q u a l i t y  and  h a b i t a t  n o t  a d e q u a t e  t o  s u p p o r t  s e n s i t i v e  

w arm  w a t e r  f i s h  i n  a b u n d a n c e " .  " T h i s  c a n  r e s u l t  f r o m  t w o  

c o n d i t i o n s :  a )  H a b i t a t  a n d  n a t u r a l  p h y s i c a l - c h e m i c a l

c h a r a c t e r i s t i c s  n o t  s u i t a b l e  f o r  a  f u l l  r a n g e  o f  a q u a t i c  

o r g a n i s m s .  b)  Man i n d u c e d  c o n d i t i o n s  p r e c l u d e  t h e
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a t t a i n m e n t  o f  a  f u l l  r a n g e  o f  a q u a t i c  o r g a n i s m s  i n c l u d i n g  

s e n s i t i v e  w arm  w a t e r  f i s h  s p e c i e s  i n  a b u n d a n c e " .  T h e s e  

s t a n d a r d s  a r e  t o  a p p l y  a t  a l l  t i m e s  i n  s t r e a m s  d e s i g n a t e d  a s  

s u c h .

I t  becom es  a p p a r e n t  f r o m  a n  e x a m i n a t i o n  o f  t h e  v a r i o u s  

c h a n g e s  w h i c h  h a v e  o c c u r r e d  o v e r  t h e s e  15 y e a r s  t h a t ,  t h e  

D.O. c r i t e r i a  h a s  p l a y e d  a n  i m p o r t a n t  r o l e  i n  t h e  p o l i t i c s  o f  

w a t e r  q u a l i t y  m anagem ent  an d  s t a n d a r d s  i n  Oklahoma.  T h a t  i s  

t o  s a y ,  t h a t  t h e  u n d e r l y i n g  t h e m e  b e h i n d  t h e  c o n t i n u e d  

r e v i s i o n  h a s  b een  t o  a c h i e v e  some f l e x i b i l i t y  a p a r t  f ro m  t h e  

r i g i d  a c r o s s  t h e  b o a r d  5 .0  m g . / l .  D.O. s t a n d a r d .

T h e  C l e a n  W a t e r  A c t  (91)  s e t  a s  n a t i o n a l  g o a l s  som e  o f  

t h e  f o l l o w i n g :

1 .  " i t  i s  t h e  n a t i o n a l  g o a l  t h a t  t h e  d i s c h a r g e  

o f  p o l l u t a n t s  i n t o  n a v i g a b l e  w a t e r s  be  e l i m i n a t e d  

by 1 9 8 5 " .

2 .  " i t  i s  t h e  n a t i o n a l  g o a l  t h a t  w h e r e v e r  

a t t a i n a b l e ,  a n  i n t e r i m  g o a l  o f  w a t e r  q u a l i t y  

w h ich  p r o v i d e s  f o r  t h e  p r o t e c t i o n  and  p r o p a g a t i o n  

o f  f i s h ,  s h e l l f i s h ,  a n d  w i l d l i f e  a n d  w h i c h  

p r o v i d e s  f o r  r e c r e a t i o n  i n  a n d  o n  t h e  w a t e r  b e  

a c h i e v e d  by J u l y  1 ,  1 9 8 3 " .

3 .  " i t  i s  t h e  n a t i o n a l  p o l i c y  t h a t  t h e  

d i s c h a r g e  o f  t o x i c  p o l l u t a n t s  i n  t o x i c  a m o u n ts  be



p r o h i b i t e d ” .

T h e s e  w e r e  a d o p t e d  b y  c o m m u n i t i e s  a c r o s s  t h e  c o u n t r y  

i n c l u d i n g  C e n t r a l  O k la h o m a  d u r i n g  t h e  p r e v i o u s l y  m e n t i o n e d  

208 s t u d y  p e r i o d .

I n  s o m e  c a s e s ,  i n  s p i t e  o f  t h e  b e s t  e f f o r t s  o f  

m anagem ent  a g e n c i e s ,  t h e  r o l e  d e c i s i o n  m ak in g  p o l i c y  p l a y e d  

i n  t h e  s e t t i n g  o f  t h e  D.O. c r i t e r i a  l e f t  t h e  r e a l m  o f  s c i e n c e  

a n d  e n t e r e d  t h e  p o l i t i c a l  s e t t i n g  o f  c i t i z e n s  a d v i s o r y  

c o m m i t t e e s ,  p u b l i c  h e a r i n g s  a n d  t h r e a t s  o f  f e d e r a l l y  

p r o m u l g a t e d  s t a n d a r d s .  T h i s  X b e l i e v e  i s  a t  l e a s t  s o m e  o f  

t h e  l o c a l  c o l o r  o f  w h a t  o c c u r r e d  i n  O k l a h o m a  d u r i n g  t h e  

p e r i o d  b e t w e e n  1973  a n d  1 9 8 3 .  The  n u m e r o u s  c h a n g e s  i n  t h e  

s t a n d a r d s  f o r  f i s h  and  w i l d l i f e  b e n e f i c i a l  u s e s ,  d u r i n g  t h a t  

p e r i o d ,  r e f l e c t e d  a  h a r d ,  r i g i d  a p p r o a c h .  T h i s  w as  t e m p e r e d  

b y  t h e  g o a l  o f  t h e  f e d e r a l  l a w  r a t h e r  t h a n  t h e  r e a s o n  a n d  t h e  

c a l c u l a t e d  s u b s t a n t i a t i o n  o f  w a s t e l o a d  a l l o c a t i o n  s t u d i e s  and  

s c i e n t i f i c  e v a l u a t i o n s .

Development of the 1982 Oklahoma Water Quality Standards.
T o w a r d s  t h e  e n d  o f  t h e  20 8  p r o c e s s  i n  O k l a h o m a ,  a n d  

c o n t i n u i n g  s i n c e ,  t h e  a p p l i c a t i o n  o f  w a s t e l o a d  a l l o c a t i o n  

m e t h o d o l o g i e s  h a s  h e l p e d  t o  r e t u r n  t h e  d e c i s i o n  m a k i n g  

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

r e s p e c t a b l e  b l e n d  o f  s c i e n c e  a n d  p o l i t i c s .  I n  t h e  1982
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r e v i s i o n  p r o c e s s ,  s e v e r a l  d e v e l o p m e n t s  u n f o l d e d  w h ic h  s e t  t h e  

s t a g e  f o r  t h e  p r e s e n t  d i c h o t o m o u s  c r i t e r i a  know a s  p r i m a r y  

and  s e c o n d a r y  warm w a t e r  f i s h e r i e s .

F i r s t ,  t h e  r e g i o n a l  w a s t e l o a d  a l l o c a t i o n  p r o c e s s  i n  

C e n t r a l  O k la h o m a  (2) r e s u l t e d  i n  t h e  p r o p o s a l  t o  d e v e l o p  a 

d i s t i n c t i o n  b e t w e e n  t h o s e  r i v e r s  o r  s t r e a m  s e g m e n t s  w h i c h  

c o u l d  s u p p o r t  a  5 .0  m g . / l .  c r i t e r i a  f o r  D.O. a n d  t h o s e  w h i c h  

c o u l d  n o t .  R e a s o n s  f o r  n o t  b e i n g  a b l e  t o  m e e t  t h e  e x i s t i n g  

c r i t e r i a  i n c l u d e d :  p h y s i c a l  l i m i t a t i o n s  ( i . e .  l a c k  o f

a d e q u a t e  h a b i t a t )  a n d  e c o n o m i c  f a c t o r s  ( i . e .  c o s t s  f o r  

t r e a t m e n t  m ore  a d v a n c e d  t h a n  s e c o n d a r y ) .

Second ,  t h e  S t a t e ' s  w a s t e l o a d  a l l o c a t i o n  p r o c e s s  an d  208 

w o r k t a s k  141 (83) r e v e a l e d  s i m i l a r  t h o u g h t s  on t h e  n e e d  f o r  a 

s p e c i a l  c a s e  c r i t e r i a  t o  a l l o w  f o r  a  l o w e r  D.O. s t a n d a r d  i n  

s t r e a m s  r e c e i v i n g  d o m e s t i c  w a s t e .  The  S t a t e ' s  c a s e  w a s  

t e m p e r e d  by  t h e  s t a t u s  o f  n u m e r o u s  f e d e r a l  c o n s t r u c t i o n  

g r a n t s  p r o j e c t s  w h i c h  c o u l d  p o t e n t i a l l y  b e  a f f e c t e d  by  a n y  

c h a n g e  i n  t h e  D.O. c r i t e r i a .  T h i r d l y ,  t h e  i n t r o d u c t i o n  o f  

t h e  new g u i d e l i n e s  on t h e  r e v i s i o n  o f  w a t e r  q u a l i t y  s t a n d a r d s  

b y  EPA,

T h e  n e t  r e s u l t  o f  t h e s e  t h r e e  f a c t o r s ,  a n d  o t h e r  

m a n a g e r i a l  c o n s i d e r a t i o n s  o f  OWRB, w as  t h e  c o n s i d e r a t i o n  o f  

c e r t a i n  s t r e a m s  and  s e g m e n t s  o f  s t r e a m s  f o r  r e d e s i g n a t i o n  a s  

s e c o n d a r y  warm w a t e r  f i s h e r i e s .  I n  t h e  p r o c e s s ,  an  a t t e m p t
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was made t o  u t i l i z e  t h e  d e v e l o p i n g  EPA s u p p o r t e d  u s e  

a t t a i n a b i l i t y  a n a ly s i s  methodology to  c o l l e c t  data  from those  

s tream  segments proposed fo r  p o s s ib le  red e s ig n a t io n .

T h i s  d i s s e r t a t i o n  w i l l  f o c u s  on c e r t a i n  a s p e c t s  o f  t h e  

d a t a  c o l l e c t e d  a s  p a r t  o f  t h e  p r o c e s s  t o  s u p p o r t  o r  c o n t e s t  

t h e  p r o p o s e d  r e v i s i o n s .  An a t t e m p t  i s  m a d e  t o  d e v e l o p  d a t a  

m anagem ent  t e c h n i q u e s  w h ic h  h e l p  d i f f e r e n t i a t e  b e tw e e n  g r o u p s  

o f  r e l a t e d  i n f o r m a t i o n .  T h i s  a p p r o a c h  a t t e m p t s  t o  c l a s s i f y  

t h e  r e l a t i v e  b i o l o g i c a l  a n d  e n v i r o n m e n t a l  a t t r i b u t e s  o f  

s e c o n d a r y  and  p r i m a r y  warm w a t e r  f i s h e r i e s  and  t h e  f a c t o r s  

w h ic h  i n f l u e n c e  t h e i r  o c c u r r e n c e .

The Problem.
T h e  EPA p o l i c y  f o r  t h e  r e v i s i o n  o f  w a t e r  q u a l i t y  

s t a n d a r d s  r e q u i r e s  s u p p o r t i v e  i n f o r m a t i o n  and  d o c u m e n t a t i o n  

f o r  t h e  r e d e s i g n a t i o n  o f  a  b e n e f i c i a l  u s e .  D e t e r m i n i n g  how 

t o  a n a l y z e  O k la h o m a 's  u s e  a t t a i n a b i l i t y  d a t a b a s e  and  d e p i c t  

t h e  p r e s e n t  s t a t u s  o f  a q u a t i c  u s e  a t t a i n m e n t  i s  t h e  p u r p o s e  

o f  t h i s  r e s e a r c h .  T h e  t e c h n i q u e  o f  d e p i c t i n g  t h e  e x i s t i n g  

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

a t t a i n m e n t  i s  r e f e r r e d  t o  a s  " u s e  a t t a i n a b i l i t y  a n a l y s i s  

(UAA)".  T h i s  p r o c e d u r e ,  a s  i n t r o d u c e d  b y  EPA ( 3 5 ) ,  i s  

a d d r e s s e d  i n  m o r e  d e t a i l  i n  a s u b s e q u e n t  c h a p t e r  o f  t h i s  

d i s s e r t a t i o n .
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Much o f  t h e  i n f o r m a t i o n  i n  t h e  Oklahoma UAA d a t a b a s e  i s  

q u a l i t a t i v e  o r  s e m i - q u a n t i t a t i v e  d a t a  s u p p o r t e d  by  t h e  

p r o f e s s i o n a l  j u d g e m e n t  o f  t h e  i n v e s t i g a t o r s .  I n f o r m a t i o n  on 

t h e  c o m m u n i t y  s t r u c t u r e  o f  f i s h  a n d  i n v e r t e b r a t e  s p e c i e s  

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

d e s i g n a t i o n s .  H a b i t a t  a n d  o t h e r  e n v i r o n m e n t a l  v a r i a b l e s  

d i f f e r  i n  l e v e l  o f  m e a s u re m e n t  and  u n i t s  o f  m e a s u r e  a s  w e l l .  

D e v e l o p i n g  a  d a t a  a n a l y s i s  m e t h o d o l o g y  w h i c h  h e l p s  t o  

d e t e r m i n e  t h e  p a t t e r n s  o f  a s s o c i a t i o n  i n  t h e  d a t a ,  a s s e s s  t h e  

d e g r e e  o f  b e n e f i c i a l  u s e  a t t a i n m e n t ,  d i s t i n g u i s h  b e t w e e n  

s e c o n d a r y  a n d  p r i m a r y  warm w a t e r  f i s h e r i e s ,  and  a c c o u n t  f o r  

t h e  f a c t o r s  a f f e c t i n g  t h e i r  o c c u r r e n c e ,  i s  e s s e n t i a l  t o  t h e  

s u c c e s s f u l  d o c u m e n t a t i o n  o f  p r o p o s e d  r e v i s i o n s .

T h e  i m p o r t a n c e  o f  s c i e n t i f i c  d o c u m e n t a t i o n  f o r  

b e n e f i c i a l  u s e  r e d e s i g n a t i o n  c a n n o t  be o v e r s t a t e d .  S e c t i o n  

1 3 0 . 1 7 ( c ) ( 3 )  o f  t h e  F e d e r a l  W a t e r  P o l l u t i o n  C o n t r o l  A c t  

s p e c i f i e d  t h a t  o n e  o f  t h e  f o l l o w i n g  c r i t e r i a  m u s t  b e  

d o c u m e n te d  b e f o r e  any  d o w n g r a d in g  o f  e x i s t i n g  b e n e f i c i a l  u s e s  

c a n  be  a p p r o v e d :

"The S t a t e  may e s t a b l i s h  l e s s  r e s t r i c t i v e  u s e s  t h a n  

t h o s e  c o n t a i n e d  i n  e x i s t i n g  w a t e r  q u a l i t y  s t a n d a r d s ,  

h o w e v e r ,  o n l y  when t h e  S t a t e  c a n  d e m o n s t r a t e  t h a t :

( i )  T h e  e x i s t i n g  d e s i g n a t i o n  i s  n o t  a t t a i n a b l e

b e c a u s e  o f  n a t u r a l  background*;
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( i l )  T h e  e x i s t i n g  d e s i g n a t e d  u s e  i s  n o t  a t t a i n a b l e  

b e c a u s e  o f  i r r e t r i e v a b l e  m a n - in d u c e d  c o n d i t i o n s ;  o r  

( i i i )  A p p l i c a t i o n  o f  e f f l u e n t  l i m i t a t i o n s  f o r  e x i s t i n g  

s o u r c e s  m ore  s t r i n g e n t  t h a n  t h o s e  r e q u i r e d  p u r s u a n t  t o  

S e c t i o n  3 0 1 ( b ) ( 2 ) ( A )  a n d  (B) o f  t h e  A c t  i n  o r d e r  t o  

a t t a i n  t h e  e x i s t i n g  d e s i g n a t e d  u s e  w o u l d  r e s u l t  i n  

s u b s t a n t i a l  and  w i d e s p r e a d  a d v e r s e  e c o n o m ic  and  s o c i a l  

i m p a c t . "

EPA i s s u e d  i t s  f i n a l  r u l e  on w a t e r  q u a l i t y  s t a n d a r d s  r e v i e w  

a n d  r e v i s i o n  on  N o v em b er  8 ,  1983  i n  40 CPR P a r t  1 3 1 .  T h i s  

r e g u l a t i o n  s e t s  f o r t h  t h e  p r e s e n t  r e q u i r e m e n t s  f o r  c h a n g i n g  

b e n e f i c i a l  u s e  d e s i g n a t i o n s .  T h e  d e t a i l s  o f  t h e s e  

r e q u i r e m e n t s  a n d  t h e  f u t u r e  r o l e  o f  UAA i n  t h e  s t a n d a r d s  

r e v i s i o n  p r o c e s s  a r e  d i s c u s s e d  i n  C h a p t e r  IV.

T h e  a b i l i t y  o f  t h e  s e c o n d a r y  w a r m  w a t e r  f i s h e r y  

d e s i g n a t i o n  t o  s e r v e  a s  a n  a d m i n i s t r a t i v e  s h o r t  c u t  a r o u n d  

t h e  r e d e s i g n a t i o n  p r o c e s s  s h o u l d  n o t  b e  i g n o r e d .  H o w e v e r ,  

w h e re  i t  c a n  be  d o cu m en ted  t h a t  t h e  e x i s t i n g  c o n d i t i o n s  a r e  

i n h e r e n t l y  l i m i t i n g  a n d  u n a b l e  t o  s u p p o r t  a d i v e r s e  a n d  

h e a l t h y  c o m m u n i ty  s t r u c t u r e ,  UAA can  s e r v e  a s  t h e  m e th o d  t o  

s u p p o r t  and  d o c u m e n t  a  p r o p o s e d  r e d e s i g n a t i o n .

The Objective.
T he  m a j o r  o b j e c t i v e  o f  t h i s  s t u d y  i s  t o  i l l u s t r a t e
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t e c h n i q u e s  w h i c h  c a n  b e  a p p l i e d  t o  a s s e s s  t h e  v a r i o u s  

c a t e g o r i e s  o f  v a r i a b l e s  i n  t h e  UAA d a t a b a s e .  E m p h a s i s  h a s  

b e e n  g i v e n  t o  t h o s e  a s p e c t s  o f  t h e  d a t a b a s e  w h i c h  c a n  s e r v e  

t o  i l l u s t r a t e  t h e  p o s s i b l e  d i s t i n c t i o n s  b e t w e e n  p r i m a r y  and 

s e c o n d a r y  w arm  w a t e r  f i s h e r i e s  ( i . e .  b i o l o g i c a l  v a r i a b l e s ) .  

I n  a d d i t i o n ,  b e c a u s e  t h e s e  d i f f e r e n c e s  m i g h t  r e f l e c t  t h e  

r e s u l t  o f  n a t u r a l  v e r s u s  man i n d u c e d  c o n d i t i o n s ,  an  a t t e m p t  

i s  made t o  a s s e s s  f a c t o r s  a f f e c t i n g  t h e  v a r i a t i o n s  w i t h i n  t h e  

d a t a b a s e .

Assumptions.
A n a l y s i s  o f  t h e  a t t a i n m e n t  s t a t u s  f o r  f i s h  and w i l d l i f e  

b e n e f i c i a l  u s e s  i s  a  r e l a t i v e l y  n e w  f o r m  o f  a q u a t i c  

a s s e s s m e n t  t e c h n o l o g y .  UAA i s  n o t  l i k e  t h e  c l a s s i c a l  

l i m n o l o g i c a l  i n v e s t i g a t i o n s  w h i c h  s a m p l e d  t h e  b i o l o g i c a l  

c o m m u n i t y  i n  b r o a d  b a s e d  f r a m e w o r k  d e s i g n e d  t o  d e v e l o p  

• b a s e l i n e  d a t a *  f o r  t r e n d  a n a l y s i s .  UAA i s  a  m o r e  f o c u s e d  

f o r m  o f  a s s e s s m e n t .  T h e  m e t h o d s  e m p l o y e d  i n  t h e  O k la h o m a  

s t u d y  w e r e  d e v e l o p e d  by  OWRB s t a f f  u s i n g  EPA g u i d e l i n e s  and  

a s s i s t a n c e ,  a s  w e l l  a s ,  a d v i c e  f r o m  n u m e r o u s  l o c a l  w a t e r  

q u a l i t y  s p e c i a l i s t s  ( i n c l u d i n g  t h i s  a u t h o r ) .  The m ethod  m u s t  

t h e r e f o r e  b e  c o n s i d e r e d  d e v e l o p m e n t a l  a n d  n o t  r i g i d  i n  

a p p l i c a t i o n  o r  e v a l u a t i o n .  The d a t a b a s e  r e p r e s e n t s  t h e  b e s t  

c o n s e n s u s  o f  e f f o r t  a p p l i e d  t o  d a t e  on  a  s t a t e w i d e  l e v e l .  

O k la h o m a 's  UAA p ro g ra m  a t t e m p t s  t o  a s s e s s  t h e  e x i s t i n g  l e v e l
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o f  a t t a i n m e n t  o f  f i s h  a n d  w i l d l i f e  b e n e f i c i a l  u s e s  by 

i m p l e m e n t a t i o n  o f  EPA 's  d e v e l o p i n g  g u i d e l i n e s  on  w a t e r  

q u a l i t y  s t a n d a r d s  r e v i s i o n .



CHAPTER II 
LITERATURE REVIEW

Introduction.
The a b i l i t y  o f  any  g i v e n  s t r e a m  e n v i r o n m e n t  t o  s u p p o r t  

a q u a t i c  l i f e  o f  a  d i v e r s e  a n d  h e a l t h y  a s s e m b l a g e  i s  a 

f u n c t i o n  o f  i n t r i n s i c  a n d  e x t r i n s i c  f a c t o r s .  I n t r i n s i c  

f a c t o r s ,  s u c h  a s  p r o d u c t i o n  and  c o n s u m p t i o n ,  i n t e r r e l a t e  a s  

f o r c e s  w h i c h  a f f e c t  t h e  b a l a n c e  o f  a  g i v e n  s t r e a m  

e n v i r o n m e n t ' s  t r o p h i c  p y r a m id .  T h i s  p y r a m id  i s  a l s o  s u b j e c t  

t o  s t r e s s  f ro m  e x t r i n s i c  f a c t o r s ,  s u c h  a s  p o l l u t i n g  s o u r c e s  

o f  w a s t e  a n d  e x t r e m e  c l i m a t o l o g i c a l  c o n d i t i o n s .  T h o s e  

s t r e a m s  w h ic h  h a v e  t h e  co m b in ed  b u r d e n  o f  b o t h  t h e s e  f o r c e s  

a r e  s u b j e c t  t o  s u b s t a n t i a l  d e g r a d a t i o n .  T h i s  d e g r a d a t i o n  i s  

r e f l e c t e d  by c h a n g e s  i n  t h e  com m u n i ty  s t r u c t u r e  o f  o r g a n i s m s  

i n h a b i t i n g  t h e  s t r e a m .

T h e  f o l l o w i n g  s e c t i o n s  o f  t h i s  c h a p t e r  e x p a n d  u p o n  t h e  

t h e m e  o f  how t o  m e a s u r e  c h a n g e  i n  a  g i v e n  s t r e a m  e n v i r o n m e n t .  

The  m e t h o d o l o g i e s  w h i c h  h a v e  b e e n  e m p l o y e d  i n  t h e  p a s t  t o  

a c c o u n t  f o r  t h e  s t r e s s e s  w h i c h  n a t u r e  o r  man p r o d u c e  a r e  

r e v i e w e d .  T h e re  a r e  t h r e e  m a in  a r e a s  o f  t h i s  r e v i e w .  T h e se  

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

16
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d i s s o l v e d  o x y g e n  t o  f i s h  a n d  t h e  e c o l o g y  o f  s t r e a m  

e n v i r o n m e n t s ,  a n d  m u l t i v a r i a t e  a n a l y s i s  o f  a q u a t i c  e c o l o g y .  

The e m p h a s i s  i s  on d o c u m e n t in g  t h o s e  l i t e r a r y  a c c o u n t s  w h i c h  

h a v e  p o t e n t i a l  f o r  u s e  a s  m e t h o d s  t o  a n a l y z e  o r  e v a l u a t e  

O k lah o m a 's  UAA d a t a b a s e .

The Ose of Biological Indices 
in the Assessment of Bydrobiocenosis 

Introduction.
How s h o u l d  w a t e r  q u a l i t y  b e  m e a s u r e d ?  T h a t  i s  o u r  

c h a l l e n g e .  T h e  u s e  o f  i n d i c e s  a n d  i n d i c a t o r  o r g a n i s m s  h a s  

b e e n  t h e  s u b j e c t  o f  many r e v i e w s  ( 1 5 , 4 2 , 5 8 , 7 1 , 1 1 8 ) .  B ro w n  

e t .  a l .  (15) r e f e r r e d  t o  a n  i n d e x  a s  a  " y a r d s t i c k "  a n d  t h e  

p r o c e s s  o f  m a k i n g  d e c i s i o n s  s u p p o r t e d  b y  a  w a t e r  q u a l i t y  

i n d e x ,  an  a r t  m o r e  t h a n  a  s c i e n c e .  T r a n s l a t i n g  t h e  o f t e n  

r a n d o m  a n d  s e e m i n g l y  u n c o r r e l a t e d  d a t a  o f  b i o l o g i c a l ,  

c h e m i c a l  a n d  p h y s i c a l  i n f o r m a t i o n  i n t o  a  w e l l  i l l u s t r a t e d  

u n am b ig u o u s  a c c o u n t  o f  t h e  q u a l i t y  o f  a  g i v e n  e n v i r o n m e n t  i s  

t h e  f o c u s  o f  t h i s  r e v i e w .  T r a d i t i o n a l  a n d  i n n o v a t i v e  

a s s e s s m e n t  m e t h o d o l o g i e s ,  s u c h  a s  t h e  B i o t i c  I n d e x  (131) and 

Communtiy  D i v e r s i t y  (98 ) ,  w i l l  be  r e v i e w e d  a l o n g  w i t h  o t h e r  

c o m p a r i s o n  t e c h n i q u e s .
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Pollution Indices.
M o n i t o r i n g  o f  c h a n g e s  i n  t h e  a q u a t i c  e c o s y s t e m  and t h e  

a s s e s s m e n t  o f  co m m u n i ty  s t r u c t u r e  h a s  l o n g  b e e n  a s u b j e c t  o f  

i n t e r e s t  t o  t h o s e  i n v o l v e d  i n  w a t e r  q u a l i t y  r e s e a r c h .  

E u r o p e a n  r e s e a r c h e r s  s u c h  a s  K o l k w i t z  a n d  N a r r s o n  ( 6 3 ,6 4 )  

i n t r o d u c e d  t h e  c o n c e p t  o f  t h e  s a p r o b i e n  s y s t e m  i n  1908.  T h i s  

i s  a  fo rm  o f  z o n a l  c l a s s i f i c a t i o n ,  b a s e d  on t h e  o c c u r r e n c e  o f  

s a p r o b i c  o r g a n i s m s .  T h i s  s y s t e m  w a s  l a t e r  m o d i f i e d  by  

L i e b m a n n  ( 6 5 , 6 6 ) ,  a n d  S l a d e c e k  ( 1 0 0 - 1 0 3 )  t o  a c c o u n t  f o r  t h e  

r a n g e  o f  o c c u r r e n c e s  o f  s a p r o b i c  s p e c i e s  and  t h e  s a p r o b i t y  o f  

a  g i v e n  s e g m e n t  o f  a  s t r e a m .

D se  o f  t h e  s a p r o b i c  s y s t e m  o f  c l a s s i f i c a t i o n  r e q u i r e s  

e x a c t  s p é c i a t i o n  o f  s a m p l e s  w h e t h e r  i n v e r t e b r a t e s  a r e  u s e d  t o  

c a l c u l a t e  t h e s e  i n d i c e s  ( 1 0 4 ,1 0 5 )  o r  d i a t o m s  ( 6 7 ) .  T h i s  

e f f o r t  i s  e x t r e m e l y  l a b o r  i n t e n s i v e  a n d  o f t e n ,  a s  w a s  t h e  

c a s e  w i t h  t h e  Oklahoma UAA s t u d y ,  c o s t  p r o h i b i t i v e .  The u s e  

o f  c o s t l y  t e c h n i q u e s ,  s u c h  a s  s p é c i a t i o n  o f  b e n t h i c  

i n v e r t e b r a t e s  a n d  d i a t o m s ,  r e q u i r e s  p e r s o n n e l  w i t h  h i g h l y  

t r a i n e d  t a x o n o m i c  s k i l l s .  M o s t  r e g u l a t o r y  a g e n c i e s  do n o t  

p o s s e s s  t h e  t y p e  o f  p e r s o n n e l  t r a i n e d  t o  do  t h i s  a n a l y s i s .  

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

by s u b - c o n t r a c t  w i t h  l o c a l  u n i v e r s i t i e s  and  c o l l e g e s .

Biotic Indices.
Another ca tegory  of  c l a s s i f i c a t i o n  in c lu d es  the  B io t ic
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I n d e x ,  d e v e l o p e d  by H o o d i w i s s  (131)  i n  1964  f o r  t h e  T r e n t  

R i v e r  B o a r d .  T h i s  m e t h o d ,  r e p r e s e n t e d  i n  T a b l e  2 ,  i s  b a s e d  

o n  t h e  p r e s e n c e  o r  a b s e n c e  o f  c e r t a i n  c r i t i c a l  g r o u p s  o f  

t a x a .  The i n d e x  c h a n g e s ,  d e c r e a s i n g  i n  v a l u e  f ro m  10 t o  o n e ,  

a s  t h e  s p e c i e s  c o m p o s i t i o n  s h i f t s  f r o m  s a m p l e s  c o n t a i n i n g  

h i g h e r  n u m b e r s  o f  p o l l u t i o n  s e n s i t i v e  o r g a n i s m s  t o  m o re  

v a r i e t i e s  o f  p o l l u t i o n  t o l e r a n t  s p e c i e s .  N u m e r o u s  

a d a p t a t i o n s  o f  t h e  B i o t i c  I n d e x  h av e  b e e n  u t i l i z e d  t o  a s s e s s  

s t r e a m  q u a l i t y .  G rah am  (45)  i n v e r t e d  t h e  s c a l e  o f  t h e  

o r i g i n a l  B i o t i c  I n d e x  an d  s h o r t e n e d  t h e  v a l u e s  w h ic h  r a n g e d  

f r o m  o n e  i n  c l e a n  s t r e a m s  t o  s i x  i n  p o l l u t e d  a r e a s .  The 

c l a s s i f i c a t i o n  s c h e m e  p r e p a r e d  by G ra h a m  i s  p r e s e n t e d  i n  

T a b l e  3 .  C h a n d l e r  (25)  r a d i c a l l y  e x p a n d e d  t h e  B i o t i c  I n d e x  

t o  a  ' s c o r e  s y s t e m '  w h i c h  a s s i g n s  s c o r e s  t o  g i v e n  g r o u p s  o f  

s p e c i e s  p r e s e n t  and  t h e i r  r e l a t i v e  a b u n d a n c e .  The C h a n d le r  

S c o r e  s y s t e m  i s  o u t l i n e d  i n  T a b l e  4.

U n l i k e  t h e  s a p r o b i e n  s y s t e m ,  b i o t i c  i n d i c e s  a r e  l e s s  

d e p e n d e n t  on t a x o n o m i c  c l a s s i f i c a t i o n s  a t  t h e  s p e c i e s  l e v e l .  

C h a n d l e r ' s  S c o r e  u s e s  t a x o n o m i c  g r o u p  l e v e l s  s u c h  a s  o r d e r ,  

f a m i l y ,  g e n u s  and  o n l y  o c c a s s i o n a l l y  s p e c i e s .  T h i s  c o n c e p t  

o f  s c o r i n g  t h e  r e l a t i v e  s i g n i f i c a n c e  o f  t a x o n o m i c  g r o u p s ,  and  

w e i g h i n g  t h e  v a l u e  a s  a  f u n c t i o n  o f  p o l l u t i o n  c a t e g o r i e s  and 

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

C l e a n

P o l l u t e d

TRENT BIOTIC INDEX

NUMBER OP 
SPECIES

P l e c o p t e r a
nymphs

E p h e m e ro p te r a
nymphs
( e x d . B a e t i s l

T r i c h o p t e r a  
l a r v a e  o r  
Baetis
GanflBamg

A s e l l u s

T u b i f i c i d  
worms a n d / o r  
Ch i ronom id  
l a r v a e

A l l  above  
a b s e n t

TOTAL NUMBER OF 
GROUPS PRESENT

0 - 1  2 -5  6 -1 0  1 1 -1 5  16+

> one 
o n l y  one

> one  -  VI
o n l y  one  -  V

> o ne  -  V
o n l y  o ne  IV IV

a l l  above
a b s e n t  I I I  IV

a l l  above
a b s e n t  I I I  IV

V I I  V I I I  
VI V I I

a l l  above  
a b s e n t

some s p e c i e s  
r e q u i r i n g  low 
D.O, may b e  -  
p r e s e n t ( i . e .
£ .  l a n a x )

IX
V I I I

X
IX

V I I
VI

VI
V

I I  I I I

V I I I  IX 
V I I  V I I I

V I I  V I I I  
VI V I I

VI V I I

VI V I I

IV

I I

T a b l e  2 .  T r e n t  R i v e r  B o a r d  B i o t i c  I n d e x  ( 1 3 1 ) .  S a m p l e  
a c c u m u l a t e s  p o i n t s  b a s e d  o n  t h e  p r e s e n c e  o f  t h e s e  g r o u p s  o f  
t a x a  a n d  t h e  t o t a l  n u m b e r  o f  d i f f e r e n t  g r o u p s  o r  o r g a n i s m s  
( i . e .  f a m i l i e s ,  g e n e r a ,  s p e c i e s )  p r e s e n t  i n  t h e  s a m p l e .
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GRAHAM'S BIOTIC INDEX

KEY GROUPS

S t o n e f l i e s  and  n o n - B a e t i d  m a y f l i e s  
p r e s e n t

One o r  b o t h  o f  t h e  a b o v e  a b s e n t ,  
c a d d i s  a n d  s h r i m p s  p r e s e n t

S t o n e f l i e s ,  n o n - B a e t i d  m a y f l i e s  and  
c a d d i s  a b s e n t ,  B a e t i s . s h r i m p s ,  
A s e l l u s . s n a i l s  o r  l e e c h e s  p r e s e n t

A l l  a b o v e  g r o u p s  a b s e n t ,  f a u n a  
r e s t r i c t e d  t o  T u b i f e x  gR#., E i a s  HBb., 
m idge  l a r v a e  o r  b l o o d  worms

No m a c r o i n v e r t e b r a t e s  fo u n d

NUMBER OF 
GROUPS FOUND

10+
0-9

10+
0-9

10+
0 -9

INDEX

1
2

2
3

3
4

Annual  Mean I n d e x  

1-2

2 -3

3-4

4 -5  

5

P o l l u t i o n  C a t e g o r y

A. C le a n

B. Poor

C. P o l l u t e d

D. S e r i o u s l y  p o l l u t e d

E. G r o s s l y  p o l l u t e d

T a b l e  3 .  G r a h a m ' s  B i o t i c  I n d e x  ( 4 5 ) .  A s a m p l e  a c c u m u l a t e s  
p o i n t s  on  t h e  b a s i s  o f  t h e  p r e s e n c e  o f  k e y  t a x o n o m i c  g r o u p s  
and  t h e  t o t a l  number  o f  t a x a  i n  t h e  s a m p le .
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CHANDLER'S SCORE
FEW COMMON ABUNDANT VERY

ABUNDANT
GROUPS PRESENT PRESENT
IN SAMPLE

Planaria aigiaa, 
T a e n i o p t e r y g i d a e ,
P e r l i d a e , I s o p e r l i d a e  
C h l o r o p e r l i d a e  
L e u c t r i d a e , C a p n l i d a e  
Nexnouridae 
( e z d .  Amphlnemural 
E p h e m e r o p te r a  
(exd.aaatis)
Cased  C a d d i s ,  and  
M e g a l o p t e r a
A n c y l u s  s j u  
R b y a c o p h i l a  
D i c r a n o t a , L i m n o p b o r a  
S im ul ium
C o l e o p t e r a , N e m a t o d a  
Amphinemura 
B a e t i s  
Gammarus 
U ncased  C a d d i s  
( e z d .  R b y a c o p h i l a )
T r i c l a d i d a  
(£a. Alcoa)
H y d r a c a r i n a  
M o l l u s c a ( e z d . A n c y l u s ) 
C h i r o n o m id s  
( e z d .  iL. r i p a r i u s ) 
G l o s s i p b o n i a )
A s e l l u s  AfiU.
L e e c h e s ( e z d .  Haemopi s  
6 G l o s i p h o n i a  
Haemopis  s p .
T u b i f e z  s S j .
C hironom us  r i p a r i u s  
A l l  a i r  b r e a t h i n g  s p .
No a n i m a l  l i f e

T a b l e  4 .  C h a n d l e  
t a z o n o m i c  c o m p o s i t i o n  o f  a  s a m p l e  a c c u m u l a t e s  p o i n t s  b a s e d  on 
t h e  n u m b e r  o f  d i f f e r e n t  g r o u p s  ( i . e .  s p e c i e s  o r  g e n e r a )  a n d  
t h e i r  r e l a t i v e  a b u n d a n c e .

90 94 98 99 100

84 89 94 97 98
79 84 90 94 97

75 80 86 91 94
70 75 82 87 91
65 70 77 83 88
60 65 72 78 84
56 61 67 73 75
51 55 61 66 72
47 50 54 58 63
44 46 48 50 52
40 40 40 40 40

38 36 35 33 31

35 33 31 29 31
32 30 28 25 21
30 28 25 22 18

28 25 21 18 15
26 23 20 16 13
25 22 18 14 10

24 20 16 12 8
23 19 15 10 7
22 18 13 12 9
21 17 12 7 4
19 15 9 5 1

0 0 0 0 0

s  B i o t i c  I n d e z " S c o r e " ( 2 5 ) .  T h e
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a t t a i n a b i l i t y  a n a l y s i s .

B a l l o c h  e t .  a l .  (6) c o n d u c t e d  s t u d i e s  on  t h r e e  r i v e r  

s y s t e m s  i n  E n g l a n d .  T h e y  c o m p a r e d  t h e  T r e n t  B i o t i c  I n d e x ,  

G ra h am 's  M o d i f i e d  In d e x  and  C h a n d l e r ’s  S c o r e  w i t h  t h e  num ber  

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

Community D i v e r s i t y  I n d e x ,  and  K o t h e ' s  S p e c i e s  D e f i c i t .  They 

c o n c l u d e d  t h a t  e a c h  m e t h o d  h a s  s p e c i f i c  a d v a n t a g e s  a n d  

d i s a d v a n t a g e s .  C h a n d l e r ' s  s c o r e  w a s  c o n s i d e r e d  t o  b e  t h e  

m o s t  s e n s i t i v e  i n d e x  f o r  d e p i c t i n g  c h a n g e s  i n  w a t e r  q u a l i t y  

b e t w e e n  s a m p l i n g  s t a t i o n s .  Cook (27) a l s o  r e v i e w e d  i n d i c e s  

f o r  com m uni ty  s t r u c t u r e  and  fo u n d  t h e  S h annon-W eave r  i n d e x  o f  

d i v e r s i t y  t o  b e  v e r y  i m p r e c i s e  a n d  C h a n d l e r ' s  S c o r e  a  m o r e  

r e l i a b l e  i n d e x  h i g h l y  c o r r e l a t e d  w i t h  B.O.D. a n d  c o l i f o r m  

c o u n t s .

S t i l l  a n o t h e r  a p p r o a c h  t o  c l a s s i f i c a t i o n  b a s e d  on  t h e  

c o n c e p t  o f  t h e  B i o t i c  I n d e x  was  p r e p a r e d  f o r  t h e  D e p a r t m e n t  

o f  t h e  E n v i r o n m e n t  (DOE), L o n d o n  E n g l a n d  ( 4 8 ) .  H a w k e s '  

t h e s i s  on t h e  b i o l o g i c a l  s u r v e i l l a n c e  o f  r i v e r s  d i s c u s s e s  t h e  

DOB m o d e l  r e f e r r e d  t o  a s  t h e  BMWP S c o r e  ( B i o l o g i c a l  

M o n i t o r i n g  W o r k i n g  P a r t y ) .  T h i s  s c o r e  s y s t e m  i s  m uch  l i k e  

t h e  T r e n t  B i o t i c  I n d e x  i n  t h a t  i t  d e v e l o p s  a  s c a l e  f ro m  1 t o  

10 b a s e d  on t h e  p o l l u t i o n  t o l e r a n c e  o f  b e n t h i c  o r g a n i s m  t o  

o r g a n i c  p o l l u t i o n .  T h e  o c c u r r e n c e  o f  v a r i o u s  t a x a  

a c c u m u l a t e s  p o i n t s  f o r  t h e  s a m p l e  and  t h e  sum r e p r e s e n t s  t h e
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s c o r e  f o r  t h a t  s a m p l e  o r  s t a t i o n .  T h e  B i o t i c  I n d e x  a n d  t h e  

BMWP S c o r e  a r e  e x a m p l e s  o f  d a t a  p r o c e s s i n g  t e c h n i q u e s  w h ich  

s c a l e  t h e  q u a l i t y  o f  t h e  e n v i r o n m e n t  b a s e d  on t h e  p r e s e n c e  o r  

a b s e n c e  o f  t a x a  a n d  t h e i r  p o l l u t i o n  t o l e r a n c e .  T h ey  d i f f e r  

f ro m  C h a n d l e r ' s  S c o r e  and  t h e  d i v e r s i t y  i n d e x  w h ic h  i n c l u d e  

i n  t h e  c a l c u l a t i o n  q u a n t i t a t i v e  a n a l y s i s  o f  t h e  n u m b e r  o f  

i n d i v i d u a l s  i n  t h e  s a m p l e .

J o n e s  e t . a l .  t e s t e d  t h e  u s e  o f  t h e  B i o t i c  I n d e x  i n  

a s s e s s i n g  w a t e r  q u a l i t y  o f  M i s s o u r i  O zark  S t r e a m s  (59).  They 

u s e d  v a r i a t i o n s  on t h e  B i o t i c  In d e x  th e m e  p r e p a r e d  by C h u t t e r  

(26) a n d  H i l s e n h o f f  (50 ) .  They s c o r e d  b e n t h i c  i n v e r t e b r a t e s  

a c c o r d i n g  t o  s p e c i f i c  p o l l u t i o n  t o l e r a n c e s  r a n g i n g  f ro m  z e r o  

t o  f o u r .  The B i o t i c  I n d e x  was t h e n  c a l c u l a t e d  a s  t h e  sum o f  

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

s p e c i e s  and  m u l t i p l i e d  by t h e  number  o f  i n d i v i d u a l s  p r e s e n t  

f o r  e a c h  t a x o n  a t  t h a t  s a m p l i n g  p o i n t .  T h e y  r e m a r k e d  t h a t  

s e a s o n a l  c h a n g e s  i n  b e n t h i c  a s s e m b l a g e s  c o u l d  a f f e c t  

c o m p a r i s o n s  made b e t w e e n  s a m p l i n g  s t a t i o n s .

G h e t t i  and  B o n a z z i  (43) p r e p a r e d  a  c o n v e r s i o n  t a b l e  f o r  

c o r r e l a t i n g  t h e  B i o t i c  I n d i c e s  o f  W o o d iw is s  (1 3 1 ) ,  V e r n e a u x -  

T u f f e r y  ( 1 2 5 ) ,  t h e  S a p r o b i c  I n d i c e s  o f  P a n t l e  a n d  Buck (85)  

a n d  L i e b m a n n  ( 6 5 , 6 6 ) .  The  c o n v e r s i o n  t a b l e  h e l p s  m ake  

a s s o c i a t i o n s  b e tw e e n  B i o t i c  I n d e x  s c o r e s ,  w h ic h  a r e  b a s e d  on
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th e  occurrence of  organisms w i th  s p e c i f i c  p o l l u t i o n  to le ra n c e  

r a t i n g s ,  and th e  va r io u s  sap rob ic  c l a s s i f i c a t i o n s .  Saprobic 

c l a s s i f i c a t i o n s  a r e  based upon id e n t i f y in g  th e  zone or c l a s s  

o f  o r g a n i c  e n r i c h m e n t  from n o n p o l l u t e d  t o  more o r g a n i c a l l y  

enr iched  po lysap rob ic  environments.

W a t e r  b o d i e s  a r e  n o t  s t a t i c  o r  s t e a d y  s t a t e  

e n v i r o n m e n t s .  C l a s s i f i c a t i o n s  s u c h  a s  t h e  S a p r o b i e n  S ys tem  

d e l i m i t  m a j o r  z o n e s  o f  c h a n g e .  T h e se  c h a n g e s  a r e  r e f l e c t e d  

i n  b o t h  t h e  b i o t a  an d  o t h e r  p a r a m e t e r s  a s  w e l l ,  von  T u m p l in g  

( 1 2 6 , 1 2 7 )  d e s c r i b e d  t h e  r e l a t i o n s h i p  b e t w e e n  l e v e l s  o f  

s a p r o b i t y ,  d i s s o l v e d  o x y g e n ,  b i o c h e m i c a l  o x y g e n  d e m a n d  a n d  

ammonia  i o n  c o n c e n t r a t i o n s .  He p r o p o s e d  f o u r  c l a s s i f i c a t i o n s  

b a s e d  u p o n  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  b i o l o g i c a l  s t a t e  

( s a p r o b i d i t y )  an d  oxygen  b a l a n c e  i n  t h e  s t r e a m .  The a b i l i t y  

t o  make a s s o c i a t i o n s  b e tw e e n  t h e  s c a l e  o f  a  p o l l u t i o n  i n d e x  

an d  o t h e r  e n v i r o n m e n t a l  f a c t o r s  s u c h  a s  B.O.D. and  t h e  d e g r e e  

o f  w a s t e l o a d i n g  h a v e  p o t e n t i a l  f o r  a p p l i c a t i o n  i n  UAA.

S c h m i t z  (97)  a d v o c a t e d  t h e  u s e  o f  s i m p l e r  a n d  l e s s  

t e c h n i c a l  m e t h o d s  i n  b i o l o g i c a l  s t r e a m  s u r v e y s  t o  a s s e s s  

w a t e r  q u a l i t y  a n d  a s s i s t  i n  t e c h n i c a l  p l a n n i n g .  He d e s c r i b e d  

5 c l a s s e s  o f  o r g a n i c  p o l l u t i o n  l o a d i n g  b a s e d  upon d e s c r i p t i v e  

s u m m a r i e s  o f  h a b i t a t  f e a t u r e s ,  b i o l o g i c a l  c h a r a c t e r i s t i c s  and  

oxygen  s u p p l y .
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Diversity Indices*
T h e  b a s i s  f o r  c o m p a r i s o n s  o f  c o m m u n i t y  s t r u c t u r e  

i n c l u d e s  a s  a  p r e r e q u i s i t e ,  a c c u r a t e  a n d  t h o r o u g h  s p e c i e s  

i d e n t i f i c a t i o n .  R e s h  a n d  D n z i c k e r  (9 3 )  a d d r e s s e d  t h e  

i m p o r t a n c e  o f  s p e c i e s  i d e n t i f i c a t i o n  f o r  b e n t h i c  

m a c r o i n v e r t e b r a t e s .  H e l l a w e l l  (49)  s u m m a r i z e d  m o s t  o f  t h e  

p r o p e r t i e s  o f  i n d i c e s  u s e d  t o  a s s e s s  c h a n g e s  i n  a q u a t i c  

e c o s y s t e m s .  R e g a r d l e s s  o f  t h e  v a r y i n g  a d e q u a c y  o f  an y  g i v e n  

i n d e x ,  m o s t  i f  n o t  a l l ,  w o u l d  be  a f f e c t e d  by  a p p l i c a t i o n  o f  

e r r o n e o u s  d a t a  c o n t a i n i n g  m i s i d e n t i f i e d  s p e c i e s  w h i c h  a r e  

i m p r o p e r l y  i n c l u d e d  i n  a c c o u n t  o f  o t h e r  s i m i l a r  b u t  p e r h a p s  

e c o l o g i c a l l y  d i s t i n c t  i n d i v i d u a l s .  T h i s  i s  p a r t i c u l a r l y  t r u e  

i n  t h e  c a s e  o f  m i s i d e n t i f i c a t i o n  o f  a p o l l u t i o n  s e n s i t i v e  

s p e c i e s  a s  a  p o l l u t i o n  t o l e r a n t  v a r i e t y .

A s s e s s m e n t  m e t h o d o l o g i e s  w h i c h  u s e  a c c o u n t s  o f  t h e  

p o l l u t i o n  t o l e r a n c e  o f  i n d i c a t o r  o r g a n i s m s ,  s u c h  a s  t h e  

B i o t i c  In d ex  and  t o  a  g r e a t e r  d e g r e e  t h e  S a p r o b i c  I n d e x ,  r e l y  

on  t h e  a c c u r a c y  o f  t a x o n o m i c  c l a s s i f i c a t i o n s .  N u m e r o u s  

a u t h o r s  h a v e  r e v i e w e d  t h e  u s e  o f  t h e  i n d i c a t o r  o r g a n i s m  

c o n c e p t  f o r  d i f f e r e n t  g r o u p s  o f  a q u a t i c  o r g a n i s m s  

( 4 2 , 4 7 , 5 8 , 5 4 , ) .  R e s h  (93)  e x a m i n e d  t h e  a d e q u a c y  o f  t h e  

p o l l u t i o n  t o l e r a n c e  d e s i g n a t i o n s  p r e p a r e d  by  EPA ( 3 4 ) .  I n  

t h i s  c a s e ,  t h e  p o l l u t i o n  t o l e r a n c e  d e s i g n a t i o n s  w e re  a s s i g n e d  

t o  s p e c i e s  o f  b e n t h i c  m a c r o i n v e r t e b r a t e s  a t  t h e  g e n u s  l e v e l .
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Resh  co m p ared  t h e  o u tco m e  o f  a s s i g n i n g  r a t i n g s  t o  o r g a n i s m s  

i d e n t i f i e d  a t  t h e  g e n u s  l e v e l  v e r s u s  w h a t  w o u l d  o c c u r  when  

s p e c i e s  l e v e l  i d e n t i f i c a t i o n s  w e r e  u s e d .  As many a s  61 o f  

t h e  89 g e n e r a  u s e d  i n  t h e  c o m p a r i s o n  h a d  r e c e i v e d  c h a n g e s  i n  

t h e i r  d e s i g n a t i o n  d u e  t o  e n h a n c i n g  t h e  l e v e l  o f  

i d e n t i f i c a t i o n  f r o m  g e n u s  t o  s p e c i e s .  T h i s  d r a m a t i c a l l y  

p o i n t s  o u t  t h e  s e n s i t i v i t y  o f  i n d i c e s  b a s e d  on  p o l l u t i o n  

t o l e r a n c e  t o  b o t h  t h e  a f f e c t s  o f  m i s c l a s s i f i c a t i o n  a n d  

i n a d e q u a t e  l e v e l s  o f  i d e n t i f i c a t i o n .  D i s r e g a r d  f o r  e i t h e r  

c a n  c a u s e  a  d i s t o r t i o n  o f  t h e  t r u e  a c c o u n t  o f  w a t e r  q u a l i t y .

T h e  s e a r c h  f o r  t h e  m o s t  a p p l i c a b l e  i n d e x  t o  a s s e s s  

p e r t u r b a t i o n  an d  d i s r u p t i o n  o f  t h e  i n t e g r i t y  a s s o c i a t e d  w i t h  

a  h e a l t h y  e c o s y s t e m  h a s ,  i n  r e c e n t  d e c a d e s ,  r e l i e d  upo n  t h e  

i n f o r m a t i o n  t h e o r y  p r o p o s e d  by  N a r g a l e f  ( 6 8 , 6 9 ) .  T h e  

M a r g a l e f  I n d e x  a l l o w s  f o r  t h e  c a l c u l a t i o n  o f  d i v e r s i t y  b a s e d  

u p o n  a r e l a t i o n s h i p  am ong  t h e  n u m b e r  o f  s p e c i e s  a n d  t h e  

n um ber  o f  i n d i v i d u a l s  p r e s e n t  w i t h i n  e a c h  s p e c i e s  c a t e g o r y .  

I t  a l s o  a l l o w s  f o r  t h e  c a l c u l a t i o n  o f  b o t h  t h e o r e t i c a l  

minimum and  maximum d i v e r s i t y ,  and r e d u n d a n c y .  Redundancy i s  

t h e  r e l a t i o n s h i p  o f  t h e  t h e o r e t i c a l  maximum t o  t h e  minimum 

d i v e r s i t y .  H igh  r e d u n d a n c y  i n d i c a t e s  d o m in a n c e  by one  g r o u p  

o f  t a x a  w h i c h  s h i f t s  t h e  c o m m u n i t y  s t r u c t u r e  f r o m  t h e  

d e s i r a b l e  b a l a n c e  b e tw e e n  minimum and maximum d i v e r s i t y .
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W i l h m  ( 1 2 8 )  a n d  D o r r i s  ( 1 2 9 )  h a v e  e n h a n c e d  t h e  

a p p l i c a t i o n  o f  M a r g a l e f ' s  t h e o r i e s  t h r o u g h  p r a c t i c a l  e x a m p le s  

o f  t h e  a p p l i c a t i o n  o f  c o m m u n i t y  d i v e r s i t y  i n  m o n i t o r i n g  

p o l l u t i o n  e c o l o g y .  W i lh ^  p e r f o r m e d  c o m p a r i s o n s  o f  d i v e r s i t y  

i n d i c e s ,  s p e c i e s  n u m b e r  a n d  n u m b e r s  o f  i n d i v i d u a l s  d u r i n g  

d i f f e r e n t  s e a s o n s  a l o n g  S k e l e t o n  C ree k  n e a r  E n id ,  Oklahoma.  

He f o u n d  t h a t  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  m e a s u r e m e n t s  

c o r r e l a t e  b e s t  w i t h  t h e  n u m b e r  o f  s p e c i e s  r a t h e r  t h a n  t h e  

number  o f  i n d i v i d u a l s .  As a  r e s u l t ,  many r e s e a r c h e r s  p r e f e r  

t h e  u s e  o f  W i lh m 's  c o m m u n i ty  d i v e r s i t y  f o r m u l a t i o n  t o  o t h e r  

d i v e r s i t y  f o r m u l a s  a s  a n  i n d e x  w i t h  a  l e s s e r  s e n s i t i v i t y  t o  

s a m p le  s i z e .

H u r l b e r t  (56)  c r i t i q u e d  t h e  u s e  o f  d i v e r s i t y  a s  an  

e m p i r i c a l  m e a s u r e  o f  co m m u n i ty  s t r u c t u r e .  Q u o t in g  work  done 

by S a n d e r s  (95) ,  H u l b e r t  p o i n t e d  o u t  how tw o  c o l l e c t i o n s  can  

h a v e  i d e n t i c a l  d i v e r s i t i e s  w h i l e  h a v i n g  r a d i c a l l y  d i f f e r e n t  

s p e c i e s  r i c h n e s s  c u r v e s .  E m p h a s i z i n g  t h e  i m p o r t a n c e  o f  

m e a s u r i n g  t h e  p a t t e r n s  o f  a  g i v e n  s p e c i e s '  p o p u l a t i o n  ( i . e .  

number o f  i n d i v i d u a l s ) ,  and  s p e c i e s  r i c h n e s s  o v e r  d i v e r s i t y ;  

H u r l b e r t  b o l d l y  s t a t e d  " d i v e r s i t y  p e r  s e  d o e s  n o t  e x i s t ”. He 

w e n t  on  t o  s a y  t h a t  t h e  u s e  o f  c o r r e l a t i o n s  o f  d i v e r s i t y  

i n d i c e s  w i t h  e n v i r o n m e n t a l  v a r i a b l e s  w e r e  n o t  t o  be  r e g a r d e d  

a s  e v i d e n c e  o f  t h e i r  u t i l i t y  o r  a p p r o p r i a t e n e s s .

K a r r  ( 6 1 ,6 2 )  H o l c u t t  ( 5 1 , 5 2 )  a n d  o t h e r s  (1 1 2 )  r e f l e c t
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t h e  t h i n k i n g  o f  H u r l b e r t  by  p r o p o s i n g  t h e  u s e  o f  m o re  

q u a l i t a t i v e  m e t h o d o l o g i e s  w h i c h  p l a c e  more  e m p h a s i s  on t h e  

r i c h n e s s  o f  s p e c i e s  c o m p o s i t i o n  t h a n  d i v e r s i t y .  M a t h e m a t i c a l  

f o r m u l a t i o n s  o r  i n d i c e s  a r e  m o s t  e f f e c t i v e  w h en  u s e d  t o  

e v a l u a t e  s p e c i e s  c o m p o s i t i o n  o f  t h e  a p p r o p r i a t e  t a x o c e n e s  

( 5 6 ) .  A t a x o c e n e  i s  a  t a x o n o m i c  s e g m e n t  o f  a  c o m m u n i t y  o r  

a s s o c i a t i o n .  H u r l b e r t  a d v o c a t e s  t h a t  s p e c i e s  c o m p o s i t i o n  be 

e v a l u a t e d  on  a p p r o p r i a t e  t a x o c e n e s .  E v a l u a t i o n  o f  d i v e r s i t y  

o r  s p e c i e s  r i c h n e s s  c a l c u l a t i o n s  n e e d  n o t  a l w a y s  b e  p e r f o r m e d  

o n  a l l  f i s h  o r  b e n t h i c  m a c r o i n v e r t e b r a t e s  a s  a u n i t .  

Community members  a c t i n g  i n  a s s o c i a t i o n  o r  r e l a t e d  by common 

e n c o u n t e r s  i n  t h e  e c o s y s t e m  c a n  b e  s e g r e g a t e d  o u t  f o r  

i n t r a s p e c i f i c  m e a s u r e m e n t .  E x a m p l e s  o f  t h i s  w o u l d  b e  

a n a l y s i s  o f  f i s h  f a m i l i e s  s u c h  a s  C e n t r a r c h i d a e ,  o r  g r o u p s  

s u c h  a s  o m n i v o r e s  a n d  c a r n i v o r e s .  T h i s  t r e n d  t o  f o c u s  on 

g r o u p s  o f  a s s o c i a t e d  o r g a n i s m s  o r  t a x o c e n e s  i s  s e e n  i n  t h e  

EPA g u i d e l i n e s  on u s e  a t t a i n a b i l i t y  a n a l y s i s .

I n  a d d i t i o n  t o  t h e  m a t h e m a t i c a l  p r o b l e m s  a s s o c i a t e d  w i t h  

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

fo u n d  t o  h a v e  i n f l u e n c e  on t h e  d i v e r s i t y  i n d e x .  Hughes (55) 

s t u d i e d  t h e  a f f e c t s  o f  s e v e r a l  f a c t o r s  on t h e  o u t c o m e  o f  

S h a n n o n ' s  I n d e x .  He s t a t e d  t h a t  i n t e r p r e t a t i o n s  a n d  

c o m p a r i s o n s  m ade  w i t h  d i v e r s i t y  i n d i c e s  a r e  a f f e c t e d  by
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s a m p l i n g  m e th o d s ,  t h e  a r e a  s a m p l e d ,  t h e  t i m e  o f  t h e  y e a r ,  a n d  

t h e  t a x o n o m i c  l e v e l  o f  i d e n t i f i c a t i o n .

Q u a n t i t a t i v e  i n d i c e s  s u c h  a s  t h e  d i v e r s i t y  i n d e x  r e q u i r e  

l a r g e  n u m b e r s  o f  s a m p l e s  t o  s e r v e  a s  e s t i m a t e s  o f  p o p u l a t i o n .  

H e l l a w e l l  ( 4 9 ) ,  d e t e r m i n e d  t h a t  a t  l e a s t  10 s a m p l e s  w e r e  

r e q u i r e d  t o  e s t i m a t e  t h e  m e a n  d e n s i t y  o f  t h e  

m a c r o i n v e r t e b r a t e  p o p u l a t i o n  a t  t h e  95% c o n f i d e n c e  l e v e l .  He 

s h o w e d  t h a t  t h e  n u m b e r  o f  i n d i v i d u a l s  r e q u i r e d  t o  e s t i m a t e  

d e n s i t y  w e r e  i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  p e r c e n t  e r r o r .  

A n a l y s i s  o f  i n d i v i d u a l  g r o u p s ,  s u c h  a s  E p h e m e r o p t e r a  

( m a y f l i e s ) ,  r e q u i r e s  much l a r g e r  s a m p l e  s i z e s  t o  e s t i m a t e  t h e  

d e n s i t y  o f  t h e  p o p u l a t i o n  (604 a t  o n e  s t a n d a r d  d e v i a t i o n  f o r  

10% e r r o r ) .

One o f  t h e  d r a w b a c k s  o f  t h e  d i v e r s i t y  i n d e x  i s  i t ' s  

c o m p u t a t i o n a l  d i f f i c u l t i e s .  The a d v e n t  o f  p e r s o n a l  c o m p u t e r s  

a r e  e x p e c t e d  t o  a s s i s t  b i o l o g i s t s  i n  c a l c u l a t i n g  many o f  t h e  

m o r e  c o m p l e x  c o m p u t a t i o n a l  i n d i c e s .  M oore  (75)  r e c e n t l y  

p u b l i s h e d  a  c o m p u t e r  p r o g ra m  i n  t h e  BASIC p r o g r a m i n g  l a n g u a g e  

w h ic h  c a l c u l a t e s  t h e  Shannon I n d e x ,  B r i l l o u i n  I n d e x ,  S im p so n  

I n d e x ,  P i e l o u  E v e n e s s ,  H i e p  E v e n e s s ,  F i s h e r ' s  A l p h a ,  a n d  

some summary  s t a t i s t i c ' s .

C o m p a r i s o n  I n d i c e s .

H e l l a w e l l  ( 4 9 ) ,  i n  h i s  r e v i e w  o f  m a j o r  b i o l o g i c a l  

i n d i c e s ,  p o i n t e d  o u t  t h a t  m o s t  o f  t h e  l i t e r a t u r e  recom m ends
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w a t e r  q u a l i t y  s u r v e i l l a n c e  b y  t h e  m o n i t o r i n g  o f  

m a c r o i n v e r t e b r a t e s  a n d  a l g a e .  T h e s e  a r e  f o l l o w e d  by  

p r o t o z o a ,  b a c t e r i a  a n d  f i s h  r e s p e c t i v e l y .  C h a n g e s  i n  

b i o l o g i c a l  c o m m u n i t i e s  c an  be r e f l e c t e d  i n  e i t h e r  o r  b o t h  t h e  

f o rm  o f  t h e  com m u n i ty  and i t s  f u n c t i o n s .  Changes  i n  fo rm  o r  

s t r u c t u r a l  c h a n g e s  r e s u l t  f r o m  t h e  i n f l u e n c e  o f  p o l l u t i o n .  

T h e s e  f a c t o r s  c r e a t e  a n  i m b a l a n c e  i n  t h e  c o m m u n i t y  a n d  a r e  

r e f l e c t e d  i n  c h a n g e s  i n  t h e  s p e c i e s  c o m p o s i t i o n ,  b i o m a s s ,  and  

d i v e r s i t y .  F u n c t i o n a l  c h a n g e s  a r e  d e t e c t e d  i n  r e l a t i o n  t o  t h e  

e n e r g y  d y n a m ic s  o f  t h e  e c o s y s t e m .  T h e se  ca n  be m o n i t o r e d  i n  

t e r m s  o f  t h e  n e t  p r o d u c t i o n  ( i . e .  p h o t o s y n t h e s i s )  o r  

c o n s u m p t i o n  ( i . e .  r e s p i r a t i o n )  r a t e s .  M o n i t o r i n g  c h a n g e  i n  

t h e  c o n t e x t  o f  H e l l a w e l l ' s  d e f i n i t i o n  m e a n s  s e l e c t i n g  t h e  

a p p r o p r i a t e l y  s e n s i t i v e  i n d e x .

C o m p a r i s o n  i n d i c e s  a r e  a n  a d d i t i o n a l  c a t e g o r y  o f  

m e t h o d o l o g i e s  a p a r t  f r o m  p o l l u t i o n  o r  d i v e r s i t y  i n d i c e s .  I n  

g e n e r a l ,  t h e s e  f o r m u l a  a s s e s s  c h a n g e  by c o m p u t in g  t h e  e f f e c t  

o f  s p e c i e s  p r e s e n c e  o r  a b s e n c e  b e t w e e n  s t a t i o n s .  Two 

e x a m p l e s  o f  t h e s e  a r e  t h e  J a c c a r d  C o e f f i c i e n t  (57)  a n d  t h e  

S o r e n s o n  (107)  I n d e x  o f  S i m i l a r i t y .  T h e  S o r e n s o n  I n d e x  i s  

i n c l u d e d  i n  t h e  Oklahom a W ate r  Q u a l i t y  S t a n d a r d s  a s  a  m e th o d  

t o  a s s e s s  c h a n g e  i n  t h e  b i o l o g i c a l  c o m m u n i t y  s t r u c t u r e ,  

b e t w e e n  s t a t i o n s ,  b e f o r e  a n d  a f t e r  a  p o i n t  s o u r c e  b e g i n s  t o
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d i s c h a r g e  t o  a  s e g m e n t .  U n l i k e  t h e  d i v e r s i t y  i n d e x ,  t h e  

S o r e n s o n  S i m i l a r i t y  I n d e x  h a s  n o  c l e a r  d e f i n i t i o n  i n  

e n f o r c e m e n t  o f  t h e  p r e s e n t  S t a t e  s t a n d a r d s .  T h e  J a c c a r d  

C o e f f i c i e n t  o f  S i m i l a r i t y  h a s  o f t e n  b een  u s e d  i n  m u l t i v a r i a t e  

a n a l y s i s  o f  co m m u n i ty  s t r u c t u r e ( 6 0 , 1 0 6 ) .  T h e s e  a p p l i c a t i o n s  

a r e  d i s c u s s e d  i n  a  s u b s e q u e n t  s e c t i o n  o n  m u l t i v a r i a t e  

a n a l y s i s .

One c o m p a r i s o n  i n d e x ,  r e f e r r e d  t o  a s  t h e  S e q u e n t i a l  

C o m p a r i s o n  I n d e x ,  w as  r e v i e w e d  by C a i r n s  e t .  a l .  ( 1 7 ) .  He 

r e m a rk e d  t h a t  t h i s  m ethod  w as  c a p a b l e  o f  r e c o g n i z i n g  i m p a c t s  

on t h e  b i o t a  s i m i l a r  t o  t h o s e  o r d i n a r i l y  a s s e s s e d  by c h a n g e s  

i n  d i v e r s i t y .  T h e  i n d e x  h a s  t h e  p r o p e r t y  o f  s i m p l i c i t y  

r e q u i r i n g  o n l y  a  c r u d e  d i f f e r e n t i a t i o n  b e t w e e n  o r g a n i s m s  i n  a 

s a m p l e .  T h i s  p r o p e r t y  m akes  i t  p a r t i c u l a r l y  u s e f u l  f o r  u se  

i n  s t u d i e s  w h ic h  u t i l i z e  d a t a  o f  l e s s  t a x o n o m i c  d e t a i l  t h a n  

t h a t  r e q u i r e d  f o r  c a l c u l a t i o n  o f  t h e  d i v e r s i t y  i n d e x .

A r c h i b a l d  (1) u s e d  t h e  S e q u e n t i a l  C o m p a r i s o n  I n d e x  (SCI) 

a l o n g  w i t h  d i v e r s i t y  i n d i c e s  t o  a s s e s s  r e l a t i o n s h i p s  o f  

d i a t o m  c o m m u n i t i e s  t o  p o l l u t i o n .  He s h o w e d  t h a t  a s  t h e  

r e l a t i v e  d e n s i t y  o f  d o m in a n t  s p e c i e s  d e c l i n e d  i n  t h e  s a m p l e s ,  

t h e  SCI im p ro v e d  o r  i n c r e a s e d .  He a l s o  c o m p a re d  t h e  SCI w i t h  

t h e  d i v e r s i t y  i n d e x .  The SCI showed a s e n s i t i v i t y  t o  c h a n g e s  

i n  d i v e r s i t y  w i t h  a  h i g h  p o s i t i v e  c o r r e l a t i o n  t o  B r i l l o u n ' s  

d i v e r s i t y  p e r  i n d i v i d u a l  ( r = 0 . 9 0 )  a n d  a  h i g h  n e g a t i v e
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c o r r e l a t i o n  t o  r e d u n d a n c y  ( r = - 0 . 8 9 )  a n d  S i m p s o n  I n d e x  ( r = -  

0 . 9 2 )  ( 1 2 0 ) .

Fish and Dissolved Oxygen
Introduction.

S e v e r a l  a u t h o r s  h a v e  r e v i e w e d  t h e  e f f e c t s  w h i c h  

d i s s o l v e d  o x y g e n  (D.O.) h a s  on  f i s h  c o m m u n i t i e s  a s  a  r e s u l t  

o f  sew age  d i s c h a r g e  ( 2 9 , 3 0 , 3 1 , 3 3 , 4 0 , 1 2 0 ) .  S u s c e p t a b i l i t y  t o  

t h e  l e t h a l  e f f e c t s  o f  l o w  d i s s o l v e d  o x y g e n  v a r y  am ong  t h e  

s p e c i e s  o f  warm w a t e r  f i s h .  D u r in g  w i n t e r  m o n th s ,  d i s s o l v e d  

oxygen  l e v e l s  o f  1 .0  m g/1 ,  o r  l e s s  w e r e  f o u n d  t o  be  f a t a l  f o r  

m o s t  s p e c i e s  o f  f i s h  e x c e p t  t h e  B la c k  B u l l h e a d  C a t f i s h .  The 

a b i l i t y  o f  f i s h  t o  a c c l i m a t e  t o  l o w e r  D.O. l e v e l s ,  t h e r e b y  

l o w e r i n g  t h e i r  s u s c e p t i b i l i t y  t o  l e t h a l s  h a s  b e e n  

d e m o n s t r a t e d  w i t h  B l u e g i l l  S u n f i s h ,  L a r g e m o u t h  B a s s  a n d  

C h an n e l  C a t f i s h .  F i s h  b e h a v i o r  ( i . e .  a v o i d a n c e ) ,  r e s p i r a t i o n ,  

g r o w t h  a n d  f o o d  c o n s u m p t i o n  a r e  a l s o  a f f e c t e d  by  l o w  D.O. 

l e v e l s  ( 1 2 1 ) .

T s a i  (1 2 1 )  p r e s e n t s  a n  e x c e l l e n t  r e v i e w  o f  D.O. l e v e l s  

p r o p o s e d  f o r  t h e  p r o t e c t i o n  o f  w arm  w a t e r  f i s h .  M ost  

r e s e a r c h e r s  c i t e d  by  T s a i  a d v o c a t e d  a  D.O. s t a n d a r d  o f  5 .0  

m g . / l . ,  w i t h  a  d a i l y  minimum o f  n o t  l e s s  t h a n  3.0 m g . / l .  The 

N a t i o n a l  T e c h n i c a l  A d v i s o r y  C o m m i t t e  o f  t h e  F e d e r a l  W a t e r  

P o l l u t i o n  C o n t r o l  A d m i n i s t r a t i o n  recom m ended  a s t a n d a r d  o f
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5,0  m g . / l .  o r  b e t t e r  f o r  t h e  p r o t e c t i o n  o f  a  d i v e r s e  f i s h e r y .  

T h e  N a t i o n a l  A cadem y  o f  S c i e n c e  a n d  o t h e r s  r e c o m m e n d e d  a  

f l o o r  v a l u e  o f  4 .0  m g . / l .  R e g a r d l e s s  o f  w h i c h  s o u r c e  o f  

s c i e n t i f i c  l i t e r a t u r e  i s  c i t e d  t o  j u s t i f y  a  c r i t e r i a  f o r  

D.O., s e t t i n g  s t a n d a r d s  e v e n t u a l l y  becom es  t h e  a d m i n i s t r a t i v e  

p r o b l e m  o f  t h e  r e g u l a t o r y  a g e n c y .  P u r e l y  s c i e n t i f i c  

r e c o m m e n d a t i o n s  m u s t  b e  b l e n d e d  w i t h  t h e  o t h e r  c o n c e r n s  o f  

t h e  S t a t e  t o  a r r i v e  a t  a  j u s t  a n d  e q u i t a b l e  s t a n d a r d  w i t h i n  

t h e  c o n t e x t  o f  t h e  l a w  a n d  t h e  i n t e n t  o f  a  S t a t e ' s  

e n v i r o n m e n t a l  p o l i c y .  S t i l l  t h e r e  a r e  t e c h n i c a l  i s s u e s  t o  

a d d r e s s  a n d  t h i s  r e v i e w  w i l l  a t t e m p t  t o  a d d r e s s  some o f  t h e  

m ore  c r i t i c a l  i t e m s .

Pish as Indicators of Water Quality.
The u s e  o f  f i s h  a s  t h e  f o c a l  p o i n t  o f  w a t e r  q u a l i t y  

a s s e s s m e n t  h a s  n o t  b e e n  a c c e p t e d  by r e s e a r c h e r s  who b e l i e v e  

t h a t  o t h e r  c o m m u n i t i e s ,  s u c h  a s  t h e  b e n t h i c  i n v e r t e b r a t e s ,  o r  

p e r i p h y t o n ,  a r e  more  s u i t a b l e  i n  d e t e c t i n g  and  a s s e s s i n g  t h e  

a f f e c t s  o f  p o l l u t i o n  ( 3 4 , 4 0 ) .  N o n e t h e l e s s ,  t h e r e  m u s t  be  

so m e  d e g r e e  o f  d i v e r s i t y  a v a i l a b l e  i n  t h e  e c o s y s t e m  i f  

c e r t a i n  f i s h  s p e c i e s  a r e  t o  b e  p r e s e n t  a n d  t h r i v e  i n  

r e a s o n a b l e  a b u n d a n c e .

P r i c e  ( 8 7 )  r e v i e w e d  t h e  a p p l i c a b i l i t y  o f  f i s h  a s  

i n d i c a t o r s  o f  w a t e r  q u a l i t y  a n d  c o n c l u d e d  t h a t  f i s h  a r e  a
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s u i t a b l e  i n d i c a t o r  g r o u p .  He e m p h a s i z e d  t h a t  t h e y  w e r e  

p a r t i c u l a r l y  u s e f u l  i n  m a t t e r s  o f  p u b l i c  i n t e r e s t .  He a l s o  

c o n c l u d e d  t h a t  o t h e r  g r o u p s  ( i . e .  i n v e r t e b r a t e s )  a r e  m o r e  

s u i t a b l e  f o r  d e t a i l e d  a s s e s s m e n t .  H i s  p o s i t i o n  on t h e  u s e  o f  

f i s h  i n  s t u d i e s  o f  p u b l i c  c o n c e r n ,  s u c h  a s  w a t e r  q u a l i t y  

s t a n d a r d s ,  i s  n o t e w o r t h y .

The  p r e s e n t  d a y  a p p l i c a t i o n  o f  f i s h  i n  w a t e r  q u a l i t y  

a s s e s s m e n t  i s  d i v i d e d  among tw o  b a s i c  c a t e g o r i e s  o f  i n t e r e s t .  

T h e  a p p l i c a t i o n  o f  f i s h  a s  t e s t  o r g a n i s m s  i n  b i o a s s a y  

e x p e r i m e n t s ,  b o t h  i n  s i t u  a n d  i n  v i t r o ,  i s  a  g r o w i n g  f i e l d .  

C a i r n s  e t .  a l .  ( 1 8 - 2 0 )  a n d  S p r a g u e  ( 1 0 8 - 1 1 0 )  h a v e  d e t a i l e d  

t h e  a p p l i c a t i o n  o f  f i s h  i n  r e s e a r c h  on  a q u a t i c  t o x i c o l o g y .  

L o c a l l y ,  s t u d i e s  l i k e  t h o s e  c o n d u c t e d  by  B u r k s  (3) f o r  t h e  

A s s o c i a t i o n  o f  C e n t r a l  Oklahoma G o v e rn m e n t s ,  a r e  e x a m p l e s  o f  

r e s e a r c h  d e s i g n e d  t o  a s s i s t  m a n a g e m e n t  a g e n c i e s  i n  s e t t i n g  

c r i t e r i a  t o  p r o t e c t  a q u a t i c  l i f e  f r o m  t h e  a c u t e  a n d  c h r o n i c  

e x p o s u r e  t o  t o x i c  w a s t e s .  A p p l i c a t i o n  o f  t h e s e  d e v e l o p i n g  

t e c h n o l o g i e s  c a n  b e  e x p e c t e d  t o  e x p a n d  a s  t e c h n i q u e s  a r e  

s t a n d a r d i z e d  a n d  i n c o r p o r a t e d  i n  a s s e s s m e n t  m e t h o d o l o g i e s  

l i k e  t h a t  p r o p o s e d  b y  EPA f o r  s e t t i n g  s i t e  s p e c i f i c  

s t a n d a r d s .

K a r r  (61)  a n d  H o c u t t  (52)  a r e  m o d e r n  d a y  p r o p o n e n t s  o f  

m e t h o d o l o g i e s  w h i c h  a s s e s s  t h e  i n t e g r i t y  o f  a q u a t i c  

e c o s y s t e m s  u s i n g  f i s h  a s  t h e  f o c a l  p o i n t  o f  t h e  a s s e s s m e n t
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m e t h o d o l o g y .  T a b l e  5 p r e s e n t s  t h e  c l a s s i f i c a t i o n  

m e t h o d o l o g i e s  u s e d  by  K a r r .  T h i s  a p p r o a c h  c l a s s i f i e s  t h e  

f i s h  c o m m u n i t y  i n t o  a  s c a l e  f r o m  " v e r y  p o o r "  t o  " e x c e l l e n t "  

b a s e d  u p o n  a  d i s c r i p t i o n  o f  a t t r i b u t e s .  A n o t h e r  f e a t u r e  o f  

t h i s  r e s e a r c h  i s  t h e  u s e  o f  q u a l i t a t i v e  an d  s e m i g u a n t i t a t i v e  

l e v e l s  o f  m e a s u r e m e n t .  T h e  u s e  a t t t a i n a b i l i t y  a n a l y s i s  

m e t h o d s  u s e d  i n  t h e  r e s e a r c h  r e l i e d  on  s i m i l a r  l e v e l s  o f  

m e a s u re m e n t  t o  d raw  c o m p a r i s o n s  b e t w e e n  c a t e g o r i e s  o f  f i s h  

an d  e n v i r o n m e n t a l  v a r i a b l e s .

The Receiving Stream and Zones of Pollution.
I n  t h e  p a s t ,  t h e  d e s c r i p t i o n  o f  i m p a c t s  f r o m  o r g a n i c  

w a s t e s  on r e c e i v i n g  s t r e a m s  i n c l u d e d  t h e  c l a s s i c  a c c o u n t  o f  

l i t t l e  o r  no  f i s h  p r e s e n t  b e l o w  t h e  o u t f a l l  f r o m  t h e  s e w a g e  

p l a n t s .  B a r t s c h  a n d  I n g r a m  ( 7 )  p r o d u c e d  s e v e r a l  

i l l u s t r a t i o n s  w h ic h  g r a p h i c a l l y  d e p i c t  t h e  c h a n g e s  i n  w a t e r  

q u a l i t y  a n d  a q u a t i c  l i f e  w h i c h  c a n  r e s u l t  i n  a  s t r e a m  a s  a  

r e s u l t  o f  d i s c h a r g e  o f  r a w  d o m e s t i c  w a s t e .  F i g u r e s  1 a n d  2 

s h o w  t h e  c h a n g e s  i n  D.O. a n d  t h e  r e s u l t i n g  e f f e c t s  on  a  

v a r i e t y  o f  a q u a t i c  l i f e  f o r m s  fo u n d  a t  i n c r e a s i n g  d i s t a n c e s  

d o w n s t r e a m .  T h e se  i l l u s t r a t i o n s  d e m o n s t r a t e  t h e  h y p o t h e t i c a l  

c o n s e q u e n c e s  o f  e x c e s s i v e  d i s c h a r g e  o f  r a w  w a s t e s .  T h i s  

r e l a t i o n s h i p  b e t w e e n  o x y g e n  d e m a n d i n g  s u b s t a n c e s  ( i . e .

B.O.D.) a n d  t h e  oxygen  c o n c e n t r a t i o n  o f  a  s t r e a m  h a s  become a
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KARR'S INDEX

VALUE SCALE
QUALITY POINTS:

CATEGORY 

T o t a l  S p e c i e s  

T o t a l  I n d i v i d u a l s  

D a r t e r  S p e c i e s  

S u n f i s h  S p e c i e s  

I n t o l e r a n t  S p e c i e s  

S u c k e r  S p e c i e s  

Omnivores

I n s e c t i v o r e  C y p r i n i d s  

G reen  S u n f i s h  

Top C a r n i v o r e s  

H y b r i d s  

D i s e a s e d  F i s h

C l a s s i f i c a t i o n s  sum o f  v a l u e  s c a l e  o f  q u a l i t y  p i o n t s .

E x c e l l e n t s  5 7 - 6 0  F a i r  t o  P o o r s  3 6 -3 8

E x c e l l e n t  t o  Goods 5 3 -5 6  P o o rs  2 8 -3 5

Goods 4 8 -5 2  Poor  t o  V ery  P o o r s  2 4 -2 7

Good t o  F a i r s  4 5 -4 7  Very  P o o r s  <=23

F a i r s  39 -44

T a b l e  5 .  T h e  K a r r  I n d e x .  A s u m m a r y  o f  t h e  f i s h  c o m m u n i t y  
e v a l u a t i o n  i n d e x  p r o p o s e d  by K a r r ( 6 1 ) .

1 3 5

<=6 >6 < s l 2 >12

<s58 >58 <«106 >106

<1 1 >1

<1 1 >1

<1 1 >1

<1 1 >1

>«56 <56 >=25 <25

< s l 3 >13 <«30 >30

>10 >2 <«10 <«2

<1 >=1 <«4 >4

>»1 - <1

>=1 <1
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K a r r ' s  Index

CLASS ATTRIBUTES

E x c e l l e n t  C o m p a r a b l e  t o  t h e  b e s t  s i t u a t i o n s  w i t h o u t  
i n f l u e n c e  o f  man; a l l  r e g i o n a l l y  e x p e c t e d  s p e c i e s  
f o r  t h e  h a b i t a t  a n d  s t r e a m  s i z e ,  i n c l u d i n g  t h e  
m o s t  i n t o l e r a n t  f o r m s ,  a r e  p r e s e n t  w i t h  f u l l  a r r a y  
o f  a g e  a n d  s e x  c l a s s e s ;  b a l a n c e d  t r o p h i c  
s t r u c t u r e .

Good S p e c i e s  r i c h n e s s  s o m e w h a t  b e l o w  e x p e c t a t i o n
e s p e c i a l l y  d u e  t o  l o s s  o f  m o s t  i n t o l e r e n t  f o r m s ;  
some s p e c i e s  w i t h  l e s s  t h a n  o p t i m a l  a b u n d a n c e s  o r  
s i z e  d i s t r i b u t i o n ;  t r o p h i c  s t r u c t u r e  show s  s i g n s  
o f  s t r e s s .

F a i r  S i g n s  o f  a d d i t i o n a l  d e t e r i o r a t i o n  i n c l u d e  f e w e r
i n t o l e r a n t  f o r m s ,  m o r e  s k e w e d  t r o p h i c  s t r u c t u r e  
( e . g .  i n c r e a s i n g  f r e q u e n c y  o f  o m n i v o r e s ) ;  o l d e r  
a g e  c l a s s e s  o f  t o p  p r e d a t o r s  may b e  r a r e .

P o o r  D o m in a te d  by  o m n i v o r e s ,  p o l l u t i o n - t o l e r a n t  f o r m s ;
h y b r i d s  common; few t o p  c a r n i v o r e s ;  g r o w t h  r a t e s  
and c o n d i t i o n  f a c t o r s  commonly  d e p r e s s e d ;  h y b r i d s  
and  d i s e a s e d  f i s h  o f t e n  p r e s e n t .

V e ry  Poor  Pew f i s h  p r e s e n t ,  m o s t l y  i n t r o d u c e d  o r  v e r y
t o l e r a n t  f o r m s ;  h y b r i d s  c o m m o n ;  d i s e a s e ,  
p a r a s i t e s ,  f i n  d a m a g e ,  a n d  o t h e r  a n o m a l i e s  
r e g u l a r .

No F i s h  R e p e t i t i v e  s a m p l i n g  f a i l s  t o  t u r n  up a n y  f i s h .

T a b l e  5 ( c o n t . ) .  T h e  K a r r  I n d e x .  G e n e r a l  d e s c r i p t i o n s  o f  
K a r r  I n d e x  c l a s s i f i c a t i o n  a t t r i b u t e s  (61) .
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m a j o r  a r e a  o f  e n g i n e e r i n g  s t u d y  and  m a t h e m a t i c a l  s i m u l a t i o n .  

T h e s e  a r e a s  a r e  d i s c u s s e d  i n  s u b s e q u e n t  s e c t i o n s  o f  t h i s  

c h a p t e r .

The z o n e s  o f  p o l l u t i o n  r e f e r r e d  t o  by B a r t s c h  and In g ra m  

r e p r e s e n t  p a t t e r n s  o f  p h y s i c a l ,  c h e m i c a l  a n d  b i o l o g i c a l  

t r a n s f o r m a t i o n s  w h i c h  o c c u r  a l o n g  a  s t r e a m ' s  l e n g t h .  The  

" R i v e r  C on t in u u m  C o n cep t"  (123 ) ,  a s  i t  i s  c a l l e d ,  p u t s  f o r t h  

t h e  v i e w  t h a t  a  r i v e r  i s  a  b l u e p r i n t .  T h a t  i t  i s  m a r k e d  

a l o n g  i t ' s  l e n g t h  by c e r t a i n  b e n c h m a r k s  o r  g r a d i e n t s  o f  

c h a n g e  o r  a d j u s t m e n t .  T h e s e  c h a n g e s  a r e  t h e  s t r e a m  

c o m m u n i t i e s  r e s p o n s e  t o  t h e  e f f e c t s  o f  p o l l u t i o n  l o a d i n g s  and  

c h a n g e s  i n  p h y s i c a l  c h a r a c t e r i s t i c s .  T h e se  b l u e p r i n t s  c a n  be 

l o o k e d  u p o n  a s  o v e r l a y s  c o n s i s t i n g  o f  i n f o r m a t i o n  o n  

c h e m i c a l ,  p h y s i c a l  a n d  b i o l o g i c a l  r e s p o n s e s  t o  c h a n g e s  i n  

w a t e r  q u a l i t y  f r o m  u p s t r e a m  t o  d o w n s t r e a m  p o r t i o n s  o f  t h e  

s t r e a m .

O n l i k e  t h e  m a c r o b e n t h o s  a n d  t h e  p e r i p h y t o n ,  f i s h  o f  

n e c e s s i t y  a n d  o p p o r t u n i t y  m u s t  move a l o n g  t h i s  " c o n t in u u m "  i n  

t h e  p r o c e s s  o f  f u l f i l l i n g  l i f e  c y c l e  f u n c t i o n s  s u c h  a s  

s p a w n i n g ,  p r e d a t i o n  o r  s e a s o n a l  m i g r a t i o n .  T h e y  c a n  be  

t h o u g h t  o f  a s  t h e  b i r d s  o f  t h e  " c o n t i n u u m "  e n v i r o n m e n t .  

P e r t u r b a t i o n ,  w h i l e  d r a s t i c a l l y  a l t e r i n g  t h e  s p e c i e s  

c o m p o s i t i o n  a n d  c o m m u n i t y  s t r u c t u r e  o f  t h e  b e n t h o s  a n d  

p e r i p h y t o n ,  d o e s  n o t  a l t o g e t h e r  e l i m i n a t e  t h e s e  g r o u p s  f ro m
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o c c u r r i n g  a t  a n y  p o i n t  w i t h i n  t h e  " c o n t i n u u m " .  I n d e e d ,  i t  

h a s  b e e n  p o i n t e d  o u t  by  v a r i o u s  r e s e a r c h e r s  ( 7 ,1 2 4 )  t h a t  

m e m b e r s  o f  t h e s e  g r o u p s  a c t i v e l y  p a r t i c i p a t e  i n  t h e  s e l f 

p u r i f i c a t i o n  p r o c e s s  o f  t h e  s t r e a m ' s  e c o l o g y .  F i s h ,  on t h e  

o t h e r  h a n d ,  c an  be  c o m p l e t e l y  e l i m i n a t e d  f ro m  o c c u r r i n g  a t  a 

g i v e n  p o i n t  d u e  t o  e x c e s s i v e  o x y g e n  d e p l e t i o n  by  o r g a n i c  

w a s t e s .

The  i m p o r t a n c e  o f  D.O. t o  t h e  l i f e  o f  f i s h  a n d  t h e i r  

e c o l o g i c a l  d i s t r i b u t i o n  i s  t h e  e s s e n t i a l  e l e m e n t  i n f l u e n c i n g  

D.O. c r i t e r i a  f o r  f i s h  a n d  w i l d l i f e  b e n e f i c i a l  u s e s .  Camp 

( 2 1 ) ,  q u o t i n g  T a r z e l l ,  r e m a r k e d  t h a t  " u n d e r  a c t u a l  s t r e a m  

c o n d i t i o n s ,  a  f i s h  m u s t  m a i n t a i n  i t s  p o s i t i o n  a g a i n s t  t h e  

c u r r e n t ,  f i n d ,  p u r s u e  and  c a t c h  i t s  f o o d ,  a v o i d  i t s  e n e m i e s ,  

and  r e p r o d u c e " .  A d e q u a te  oxygen s u p p l y  i s  e s s e n t i a l  f o r  a l l  

t h e s e  p r o c e s s e s .  W a t e r  q u a l i t y  s t a n d a r d s  d e s i g n e d  t o  p r o t e c t  

f i s h e r y  r e s o u r c e s  m u s t  h a v e  a  minimum o x ygen  l e v e l  w h ic h  i s  

c a p a b l e  o f  s u s t a i n i n g  a l l  l i f e  r e q u i s i t e s  o f  d e s i r a b l e  f i s h  

s p e c i e s .

Factors Affecting Dissolved Oxygen and Fish Distribution.
D.O. i n  a  s t r e a m  i s  a f f e c t e d  by  t e m p e r a t u r e ,  p r e s s u r e ,  

o x y g e n  d e m a n d i n g  c h e m i c a l s  ( i . e .  B .O .D . ,  s u l f i t e s ) ,

r e s p i r a t i o n ,  p h o t o s y n t h e s i s  and  n a t u r a l  r e a e r a t i o n  phenomena 

( 1 2 4 ) .  W i n k l e r  (130 )  s u m m a r i z e d  t h e  p h y s i c a l  e f f e c t s  o f  

t e m p e r a t u r e  and  p r e s s u r e .  Numerous t a b l e s  h a v e  been  d e v e l o p e d
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t o  c a l c u l a t e  t h e  maximum D.O. l e v e l  a t  a  s t a n d a r d  t e m p e r a t u r e  

a n d  p r e s s u r e .  P e r c e n t  s a t u r a t i o n  c a n  b e  c a l c u l a t e d  t o  

r e p r e s e n t  t h e  r a t i o  o f  t h e  a c t u a l  D.O. a v a i l a b l e  a t  a  g i v e n  

t e m p e r a t u r e  t o  t h e  e x p e c t e d  maximum v a l u e .  The  a m o u n t  o f  

d i f f e r e n c e  t h a t  e x i s t s  b e t w e e n  t h e s e  tw o  v a l u e s  i s  r e f e r r e d  

t o  a s  t h e  D.O. d e f i c i t .

T e m p e r a t u r e ,  i n  a d d i t i o n  t o  a f f e c t i n g  t h e  D.O. l e v e l ,  

a l s o  a f f e c t s  t h e  p h y s i o l o g y  o f  f i s h .  The r e s u l t i n g  t o l e r a n c e  

a n d  i n t o l e r a n c e  t o  l o w  D.O. l e v e l s  c a n  a l s o  a f f e c t  t h e  

t o x i c i t y  o f  o t h e r  m a t e r i a l s  a s  w e l l  ( 1 9 ) .  The  s y n e r g i s t i c  

e f f e c t s  o f  l o w  D.O. l e v e l s ,  i n c r e a s e d  r e s p i r a t i o n ,  h i g h  

t e m p e r a t u r e ,  a n d  e x p o s u r e  t o  t o x i c  m a t e r i a l s  r e m a i n s  t o  b e  

i n c l u d e d  i n  f a c t o r s  w h i c h  i n f l u e n c e  t h e  d e t e r m i n a t i o n  o f  

m in im u m  D.O. c r i t e r i a .  P r e s e n t l y ,  m o s t  r e v i e w s  ( 1 1 , 1 2 )  o f  

t h e  D.O. c r i t e r i a  a p p l i e d  i n  w a t e r  q u a l i t y  s t a n d a r d s  a d d r e s s  

t h e  c o n c e p t  o f  l i m i t a t i o n  o f  e c o l o g i c a l  d i s t r i b u t i o n  w i t h o u t  

r e g a r d  t o  t h e  s y n e r g i s t i c  e f f e c t s  r e f e r r e d  t o  ab o v e .

U l t s c h  e t .  a l .  (122) s t u d i e d  t h e  c r i t i c a l  oxygen  t e n s i o n  

r e q u i r e m e n t s  o f  d a r t e r s  ( E t h e o s to m a ) .  T h i s  g e n u s  o f  f i s h  i s  

n o t e d  f o r  p o s s e s s i n g  a  l i m i t e d  e c o l o g i c a l  d i s t r i b u t i o n  (74) .  

They a r e  m ore  c h a r a c t e r i s t i c a l l y  a s s o c i a t e d  w i t h  m o d e r a t e  t o  

h i g h  g r a d i e n t  s t r e a m s ,  c o o l e r  w a t e r  t e m p e r a t u r e  a n d  h i g h e r  

d i s s o l v e d  o x y g e n  l e v e l s .  W i n t e r  a n d  s u m m e r  a m b i e n t  o x y g e n  

l e v e l s  o b s e r v e d  by  U l t s c h  w e r e  a s  l o w  a s  5 .0  m g . / l .  a n d  3 .3
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m g . / l ,  r e s p e c t i v e l y .  They show ed t h a t  members  o f  t h i s  g r o u p  

c o u l d  l o w e r  t h e i r  c r i t i c a l  oxygen  t e n s i o n  t o  c o m p e n s a t e  f o r  

t h e  l o w e r  a m b i e n t  D.O. l e v e l s .  D a r t e r s  s u r v i v e d  p e r i o d s  o f  

s t r e s s  by l o w e r i n g  t h e i r  m e t a b o l i c  r a t e s ,  r e m a i n i n g  i n a c t i v e  

n e a r  t h e  b o t t o m  o f  t h e  s t r e a m s ,  u n d e r  r o c k s  o r  i n  c r e v i c e s ,  

a n d  l o w e r i n g  t h e  c r i t i c a l  oxygen  t e n s i o n  r e q u i r e d  t o  s u s t a i n  

l i f e .

A g e  c a n  b e  a n  i n f l u e n c e  o n  t h e  d i s t r i b u t i o n  a n d  

o c c u r r e n c e  o f  f i s h .  M a t t h e w s  a n d  H i l l  (70)  s t u d i e d  a g e  

s p e c i f i c  d i f f e r e n c e s  i n  t h e  d i s t r i b u t i o n  o f  N o t r o p i s  

l u t r e n s i s . They c o n c l u d e  t h a t  a d u l t s  t e n d e d  t o  o c c u p y  d e e p e r  

w a t e r s  w i t h  m o r e  s h e l t e r ,  w h i l e  j u v e n i l e s  o f t e n  s e l e c t e d  

a r e a s  o f  h i g h e r  t e m p e r a t u r e  an d  D.O..

The i m p o r t a n c e  o f  h a b i t a t  a s  a  c o - r e l a t e d  v a r i a b l e  w i t h  

d i s t r i b u t i o n ,  d i v e r s i t y  a n d  d i s s o l v e d  o x y g e n  i s  f u r t h e r  

i l l u s t r a t e d  by  w o r k  d o n e  by  Gormn a n d  K a r r  ( 4 4 ) .  H a b i t a t  

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

f i s h  d i s t r i b u t i o n  a n d  c o m m u n i t y  s t r u c t u r e  ( i . e .  d i v e r s i t y ) .  

T h e  f u n c t i o n a l  v a l u e  o f  h a b i t a t  a r i s e s  f r o m  i t s  a b i l i t y  t o  

p r o v i d e  e a c h  v a r i e t y  o f  a q u a t i c  l i f e  s h e l t e r  f r o m  s t r e s s .  

H e n c e ,  a  s t r e a m  w i t h  a n  a b u n d a n t  a n d  d i v e r s e  s u p p l y  o f  

h a b i t a t s  i s  f u n c t i o n a l l y  m o r e  c a p a b l e  o f  s u p p o r t i n g  a 

p r o d u c t i v e  f i s h e r y  c h a r a c t e r i z e d  by n u m e r o u s  d e s i r a b l e
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s p e c i e s .  T h e s e  r e s e a r c h e r s  w e n t  on  t o  p o i n t  o u t ,  t h a t  i n  

s t r e a m s  w h e r e  h a b i t a t  h a s  b e e n  m o d i f i e d  by  c h a n n e l i z a t i o n ,  

t h e  a f f e c t s  o f  s e a s o n a l  a n d  man i n d u c e d  c h a n g e s  i n  w a t e r  

q u a l i t y  a d v e r s e l y  a f f e c t e d  t h e  s t a b i l i t y  o f  t h e  f i s h  

com m uni ty .

T s a i  (120) p e r f o r m e d  c o m p a r a t i v e  s t u d i e s  on f i s h  s p e c i e s  

d i v e r s i t y  an d  w a t e r  q u a l i t y  a t  p o i n t s  a b o v e  and  b e lo w  sew age  

t r e a t m e n t  p l a n t s .  Be w a s  a t t e m p t i n g  t o  e s t a b l i s h  c r i t e r i a  

f o r  t h e  p r o t e c t i o n  o f  f i s h  c o m m u n i t i e s  i n  s e w a g e  p o l l u t e d  

s t r e a m s .  I n  a d d i t i o n  t o  s h o w in g  a d v e r s e  e f f e c t s  o f  e f f l u e n t s  

on f i s h  c o m m u n i t i e s ,  h e  a l s o  d e m o n s t r a t e d  t h e  e f f e c t s  w h ic h  

t h e  t y p e  o f  d i s c h a r g e  o u t f a l l  s t r u c t u r e  h a d  on f i s h  d i v e r s i t y  

a n d  w a t e r  q u a l i t y .  He c o n c l u d e d  t h a t  l e s s  c o m p l i c a t e d  

o u t f a l l s ,  l o c a t e d  a l o n g  s t r e a m  b a n k s ,  w e r e  m ore  e f f e c t i v e  a t  

p r o t e c t i n g  f i s h  p o p u l a t i o n s .  The more  s o p h i s t i c a t e d  m u l t i p l e  

o u t l e t  d e s i g n s ,  w h ic h  m ix e d  t h e  e f f l u e n t s  more  r a p i d l y  w i t h  

t h e  r e c e i v i n g  s t r e a m  t e n d e d  t o  p r o d u c e  c o n c e n t r a t e d  z o n e s  o r  

b a r r i e r s  o f  s e w a g e  a c r o s s  t h e  s t r e a m .  T h i s  f a c t o r  a d v e r s e l y  

a f f e c t e d  t h e  f i s h  m i g r a t i o n ,  a n d  c a u s e d  a  n e t  d e p l e t i o n  o f  

t h e  f i s h e r y  r e s o u r c e  a s  m e a s u r e d  by  d i v e r s i t y  a n d  s p e c i e s  

c o m p o s i t i o n .

The  a b i l i t y  t o  r e l a t e  t h e  e f f e c t s  o f  e n v i r o n m e n t a l  

v a r i a b l e s  w i t h  o b s e r v e d  c h a n g e s  i n  t h e  b i o l o g i c a l  com m uni ty  

i s  t h e  f o c u s  o f  u s e  a t t a i n a b i l i t y  a n a l y s i s .  M e t h o d o l o g i e s
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w h i c h  a s s e s s  t h e  r e l a t i v e  h e a l t h  s t a t u s  o f  a  b i o l o g i c a l  

com m u n i ty  can  s e r v e  t o  a s s i s t  r e s e a r c h e r s  i n  d e t e r m i n i n g  t h e  

d e g r e e  o f  i m p a c t  o f  l i m i t i n g  f a c t o r s  s u c h  a s  D.O. R e l a t i n g  

a l l  t h e  p o t e n t i a l  i n f l u e n c e s  f ro m  com pounding  an d  c o m p e t in g  

s o u r c e s  o f  s t r e s s  i n t o  one  c o h e r e n t  a s s e s s m e n t  i s  a  d i f f i c u l t  

t a s k .  Many r e s e a r c h e r s  h ave  a t t e m p t e d  t o  a c h i e v e  t h i s  g o a l  

by i n t e g r a t i n g  many o f  t h e  f a c t o r s  d i s c u s s e d  s o  f a r  w i t h  t h e  

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

s u b s e q u e n t  s e c t i o n .

Mathematical Relationships Governing Dissolved Oxygen 
Concentrations in Streams.

T h e  p r o c e s s  o f  d e o x y g e n a t i o n  a n d  r e a e r a t i o n  o f  

r e c e i v i n g  s t r e a m s  h a s  b e c o m e  a  m a j o r  a r e a  o f  e n g i n e e r i n g  

s t u d y .  S t r e e t e r  an d  P h e l p s  (116 ,117)  s t u d i e d  t h e s e  phenomena 

i n  s t r e a m s  a n d  p r o c e e d e d  t o  u n i f y  t h e s e  c o n t r a s t i n g  

p r o p e r t i e s  i n t o  w h a t  h a s  b e e n  r e f e r r e d  t o  a s  t h e  " d i s s o l v e d  

o x y g e n  s a g  c u r v e " .  T h e s e  r e l a t i o n s h i p s  w e r e  s u m m a r i z e d  by 

C a n t e r  (22) a s  f o l l o w s :

D^=(Ki L 3 / K 2 - K j ) ( 1 0 " ’̂ 1^ -

w h e r e :  « d i s s o l v e d  o x y g e n  d e f i c i t  a t  a n y  f l o w  t i m e  t

e x p r e s s e d  i n  d a y s  ( s a t u r a t i o n  D.O. c o n c e n t r a t i o n  -  

a c t u a l  d i s s o l v e d  oxygen  c o n c e n t r a t i o n ) .

1(1 = c o e f i c i e n t  o f  d e o x y g e n a t i o n ,  d a y - 1 ,
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Iç2 « c o e f f i c i e n t  o f  r e a e r a t i o n ,  d a y - 1 .

^a  « u l t i m a t e  B.O.D. i n  t h e  s t r e a m  a f t e r  m ix in g ,  

« d i s s o l v e d  o x y g en  d e f i c i t  u p s t r e a m  o f  t h e  w a s t e

d i s c h a r g e  ( m g . / l . )

^1 ,  k 2 .  Da an d  Dt a r e  i n f l u e n c e d  by  t e m p e r a t u r e .

S o l v i n g  e v e n  t h e  b a s i c  S t r e e t e r - P h e l p s  e q u a t i o n

r e q u i r e s  e x t e n s i v e  f i e l d  a n d  l a b o r a t o r y  w o r k  t o  d e t e r m i n e  

l e v e l s  o f  D.O.,  B.O.D.,  t i m e  o f  t r a v e l  a n d  r a t e  c o n s t a n t s .  

M c B r i d e  ( 7 2 )  o f f e r r e d  t h e  u s e  o f  n o m o g r a p h s  a s  r a p i d  

s o l u t i o n s  t o  t h e  S t r e e t e r - P h e l p s  r e l a t i o n s h i p .  T h i s  

t e c h n i q u e  l a c k s  t h e  s o p h i s t i c a t i o n  o f  t r a d i t i o n a l  m e t h o d s ,  

y e t  i t  d o e s  h a v e  p o t e n t i a l  f o r  u s e  i n  q u a l i t a t i v e  s t u d i e s  

s u c h  a s  DAA. I n  t h i s  a p p r o a c h ,  a  l i m i t e d  num ber  o f  f i e l d  o r  

l a b o r a t o r y  m e a s u r e m e n t s  c o u l d  be  r e l a t e d  t o  r a t e  c o n s t a n t s  by 

n o m o g r a p h ic  m e th o d s .  T h e s e  c o u l d  t h e n  s e r v e  a s  v a r i a b l e s  t o  

a s s e s s  t h e  s t r e a m s '  l i m i t a t i o n s  f o r  s u s t a i n i n g  f i s h  a n d  

w i l d l i f e  b e n e f i c i a l  u s e s  a t  d e s i r e d  l e v e l s  o f  D.O.

I n  t h e  y e a r s  s i n c e  t h e  d e v e l o p m e n t  o f  t h e  B.O.D. r e m o v a l  

a n d  o x y g e n  s a g  r e l a t i o n s h i p s ,  n u m e r o u s  o t h e r  p h e n o m e n a  

a f f e c t i n g  D.O. r e l a t i o n s h i p s  h a v e  b e e n  r e s e a r c h e d  a n d  

m o d e le d .  V e lz  (124) d i s c u s s e d  t h e  c o n c e p t  o f  D.O. b a l a n c e  a s  

a n  a c c o u n t i n g  s y s t e m .  I n  t h i s  s y s t e m  e a c h  s t r e a m  h a s  

c o m p o n e n t s  o f  d e b t  ( i . e .  o x ygen  dem an d in g  f a c t o r s )  and c r e d i t  

( i . e .  oxygen  p r o d u c i n g  f a c t o r s ) .  T h e se  c o m p o n e n t s  o r  d e b i t s
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a n d  c r e d i t s  a r e  a c c o u n t e d  f o r  i n  t h e  co m b in e d  oxygen  b a l a n c e  

e q u a t i o n  su m m a r iz e d  by i n  Rau a n d  Wooten (92) :

d0.0. /dt=-Kj^L^-Kj^Ln-B-R+P+K2(D.0.g-D.0. )

w h e re  = u l t i m a t e  c a r b o n a c e o u s  B.O.D.

Ln = u l t i m a t e  n i t r o g e n o u s  B.O.D.

^ I c  = r a t e  c o n s t a n t  f o r  u t i l i z a t i o n  o f  c a r b o n a c e o u s  

B.O.D.

^ I c  = r a t e  c o n s t a n t  f o r  u t i l i z a t i o n  o f  n i t r o g e n o u s  

B.O.D.

B= s i n k  r e s u l t i n g  f ro m  a e r o b i c  d e c o m p o s t i o n  o f  

b e n t h i c  m a t e r i a l s .

R= r e s p i r a t i o n  oxygen demand e x e r t e d  by a l g a e  

and  o t h e r  a q u a t i c  p l a n t s .

P= oxygen c o n c e n t r a t i o n  by p h o t o s y n t h e t i c  a c t i v i t y  

o f  a l g a e  a n d  o t h e r  a q u a t i c  p l a n t s  d u r i n g  d a y l i g h t  

h o u r s .

D .O .g « s a t u r a t i o n  d i s s o l v e d  oxygen .

Numerous a u t h o r s  h a v e  r e v i e w e d  t h e  b a s i c  r e l a t i o n s h i p s

o f  c a r b o n a c e o u s  d e m a n d s  ( 1 1 7 , 1 2 4 ) ,  r e a e r a t i o n  ( 7 7 , 7 8 )

n i t r o g e n o u s  d e m a n d s  ( 1 1 3 ) ,  p h o t o s y n t h e s i s  a n d  r e s p i r a t i o n

(53) and  s e d i m e n t  oxygen  demands (1 3 ,1 4 ) .  F u r t h e r  d i s c u s s i o n

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

N e v e r t h e l e s s ,  a l l  t h e s e  f a c t o r s  ( c a r b o n a c e o u s  B .O .D . ,
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n i t r o g e n o u s  B.O.D.,  b e n t h i c  a n d  s e d i m e n t  o x y g e n  d e m a n d ,  

i m m e d i a t e  o x y g e n  d e m a n d s ,  t h e  d i s s o l v e d  o x y g e n  d e f i c i t  a n d  

r e a e r a t i o n )  i n f l u e n c e  t h e  l e v e l  o f  D.O. w h i c h  a  g i v e n  s t r e a m  

se g m e n t  c a n  s u p p o r t .  The w a s t e l o a d  a l l o t m e n t  a s s i g n e d  t o  a 

g i v e n  e f f l u e n t  t h e r e f o r e  a c c o u n t s  f o r  t h e  m a j o r  s o u r c e  o f  man 

i n d u c e d  p e r t u r b a t i o n  a f f e c t i n g  t h e  a t t a i n m e n t  o f  a q u a t i c  

u s e s .

Multivariate Analysis 
in Assessment of Bydrobiocenosis

Introduction.
C l u s t e r  a n a l y s i s  i s  a  f o r m  o f  m u l t i v a r i a t e  a n a l y s i s  

w h i c h  i s  i n t e n d e d  t o  s o r t  o u t  d a t a  i n t o  g r o u p s  ( 9 6 ) .  T h e s e  

g r o u p s  c a n  b e  t h o u g h t  o f  a s  h a v i n g  s i m i l a r i t y  w i t h i n  

t h e m s e l v e s  a n d  d i s s i m i l a r i t y  b e tw e e n  o r  among t h e m s e l v e s  and 

members  o f  o t h e r  g r o u p s  o r  c l u s t e r s .  The i n t e r e s t  i n  c l u s t e r  

a n a l y s i s  a s  a  m e t h o d o l o g y  f o r  p r o c e s s i n g ,  o r g a n i z i n g  a n d  

s u m m a r i z i n g  d a t a  h a s  p r o d u c e d  a  l a r g e  a r r a y  o f  m e t h o d o l o g i e s .  

B l a s h f i e l d  and  A l d e n d e r f e r  (9) r e v i e w e d  t h e  s t a t u s  o f  c l u s t e r  

a n a l y s i s  a n d  r e f e r r e d  t o  i t s  m o d e r n  d a y  a p p l i c a t i o n s  a s  "an  

e x p l o s i o n  o f  i n t e r e s t ”.  T h i s  i n t e r e s t  s t e m s  f ro m  t h e  pow er  

o f  t h e s e  t e c h n i q u e s ,  w h i c h  a s s i s t  r e s e a r c h e r s  i n  o u t l i n i n g  

p a t t e r n s  o f  a s s o c i a t i o n  o r  d i s s i m i l a r i t y  among d a t a  when no 

p r e d e f i n e d  o r  a  p r i o r i  r e l a t i o n s h i p s  a r e  a s su m e d .
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T h e r e  a r e  t w o  b a s i c  t y p e s  o f  c l u s t e r i n g  p r o c e d u r e s .  

H i e r a r c h i a l  m e th o d s  o r g a n i z e  c l u s t e r s  w i t h i n  g r o u p s  o f  o t h e r  

c l u s t e r s .  T h e se  m e t h o d s  c a n  b e  a d a p t e d  t o  p r o c e d u r e s  w h ic h  

g r a p h i c a l l y  i l l u s t r a t e  t h e  s i m i l a r  g r o u p s  o r  c l u s t e r s  w i t h i n  

a  g i v e n  h i e r a r c h i a l  c l a s s i f i c a t i o n  schem e.  Such p r o c e d u r e s  

a r e  r e f e r r e d  t o  a s  d e n d r o g r a m s ,  p h o n o g r a m s ,  o r  h i e r a r c h i a l  

t r e e  d i a g r a m s .  T h e  s e c o n d  m a j o r  c a t e g o r y  c o n s i s t s  o f  

p a r t i t i o n i n g  t h e  c l a s s i f i c a t i o n  b a s e d  upon some p r e d e t e r m i n e d  

j u d g e m e n t  a n d  t h e n  p r o d u c i n g  c l u s t e r s  w h i c h  i m p r o v e  t h e s e  

d i s t i n c t i o n s  u n t i l  t h e  r e s u l t i n g  m e m b e r s  o f  a  c l u s t e r  

r e p r e s e n t  t h e  b e s t  g r o u p  o f  hom ogeneous  m em bers .  T h i s  r e v i e w  

d e a l s  w i t h  t h e  a p p l i c a t i o n  o f  h i e r a c h i a l  c l a s s i f i c a t i o n  o f  

e c o l o g i c a l l y  r e l a t e d  g r o u p s  o f  d a t a .

Cluster Analysis.
As c l u s t e r  a n a l y s i s  m e t h o d o l o g i e s  became m ore  p o p u l a r ,  

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

s t a t i s t i c a l  p a c k a g e s  w e r e  d e v e l o p e d ,  c o m p u t e r i z e d  and a p p l i e d  

i n  a n a l y s i s  o f  b i o l o g i c a l  and  e n v i r o n m e n t a l  d a t a .  S o k a l  and  

S n e a t h  ( 1 0 6 )  a r e  c r e d i t e d  f o r  a d v a n c i n g  b o t h  t h e  

u n d e r s t a n d i n g  o f  s t a t i s t i c a l  t e c h n i q u e s  u s e d  by  v a r i o u s  

c l u s t e r i n g  m e t h o d o l o g i e s ,  a n d  p r o m o t i n g  t h e  u s e  o f  r a p i d  

c o m p u t e r i z e d  s o l u t i o n s  t o  many o f  t h e  v a r i o u s  m e th o d s .  The 

NT-SYS c o m p u t e r  p r o g r a m s  w e r e  d e v e l o p e d  by  R o h l f  e t .  a l .
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(94) .  I n c l u d e d  among i t s  c l u s t e r i n g  a l g o r i t h m s  w e r e  v a r i o u s  

s u b r o u t i n e s ,  s u c h  a s  c a l c u l a t i o n  o f  t h e  J a c c a r d  C o e f f i c i e n t  

o f  s i m i l a r i t y ,  w h i c h  a l l o w  f o r  r a p i d  d a t a  m a t r i x  

t r a n s f o r m a t i o n s .  T h e s e  a n d  o t h e r  f e a t u r e s  o f  t h e  NT-SYS 

s o f t w a r e  p a c k a g e  a l l o w  r e s e a r c h e r s  i n  t ax o n o m y ,  e c o l o g y  and 

b i o l o g y  t o  p e r f o r m  c l u s t e r  a n a l y s i s  a s  a  r a p i d  m e a n s  o f  

c l a s s i f y i n g  i n f o r m a t i o n .

K a e s l e r  and  C a i r n s  (60) s t u d i e d  d a t a  f ro m  l i m n o l o g i c a l  

s u r v e y s  p e r f o r m e d  a l o n g  t h e  P o t o m a c  R i v e r  u s i n g  NT-SYS 

c l u s t e r i n g  m e t h o d o l o g i e s .  They c h o s e  t h e  J a c c a r d  C o e f f i c i e n t  

i n  g e n e r a t i n g  t h e  d a t a  m a t r i x  on s p e c i e s  p r e s e n c e  o r  a b s e n c e  

b e c a u s e  i t  u s e s  b i n a r y  d a t a  ( i . e .  s p e c i e s  p r e s e n c e  o r  

a b s e n c e )  and  b e c a u s e  i t  l e a v e s  o u t  t h e  i n f l u e n c e s  o f  n e g a t i v e  

m a t c h e s .  N e g a t i v e  m a t c h e s  i n  c o m p a r i s o n  i n d i c e s  a r e  

s i g n i f i c a n t  when t h e  s a m p l i n g  t e c h n i q u e s  a r e  t h e  same a t  a l l  

l o c a t i o n s .  T h a t  i s  t o  s a y  t h a t ,  t h e  a b s e n c e  o f  a s p e c i e s  

c a n n o t  b e  a c c o u n t e d  f o r  by  a n y  r e a s o n  a s s o c i a t e d  w i t h  t h e  

d e s i g n  o f  t h e  s t u d y ,  t h e  s a m p l i n g  p r o c e d u r e s  o r  o t h e r  

v a r i a b l e s  i n h e r e n t  t o  t h e  t e c h n i q u e s  u s e d .  T h e r e f o r e ,  t h e  

p r e s e n c e  o f  a  s p e c i e s  i s  c o n s i d e r e d  a  b e t t e r  s t a n d a r d  o f  

c o m p a r i s o n  ( i . e .  s i m i l a r i t y )  t h a n  a b s e n c e  f o r  t h e  r e a s o n  

s t a t e d  ab o v e .

K a e s l e r  a n d  C a i r n s  p r o d u c e d  d e n d r o g r a m s  u s i n g  Q -m ode  

c l u s t e r  a n a l y s i s  o f  f i s h ,  a q u a t i c  i n s e c t s  a n d  a l g a e .  The
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c l u s t e r i n g  m eth o d  u s e d  was  t h e  u n w e ig h te d  p a i r - g r o u p  m ethod  

(UPGNA). DPGMA i s  d i s c u s s e d  by  S o k a l  a n d  S n e a t h  (106) a n d  

was  d e v e l o p e d  f o r  c o m p u t e r i z a t i o n  by R o h l f  (94) i n  t h e  NT-SYS 

s o f t w a r e  p a c k a g e .  A n a l y s i s  o f  t h e  c o r r e l a t i o n  o f  s i m i l a r i t y  

c o e f f i c i e n t s  c o m p u te d  b e t w e e n  g r o u p s  i n d i c a t e d  t h a t  a q u a t i c  

i n s e c t s  and  a l g a e  c o r r e l a t e d  b e t t e r  w i t h  t h e  v a r i o u s  g r o u p s  

o f  o r g a n i s m s  t h a n  f i s h ,  p r o t o z o a  a n d  " o t h e r "  i n v e r t e b r a t e  

s p e c i e s .  T h i s  l e d  t o  t h e  r e c o m m e n d a i o n  t h a t  o n l y  a q u a t i c  

i n v e r t e b r a t e  a n d  d i a t o m  s p e c i e s  b e  u s e d  i n  m o n i t o r i n g  a n d  

a s s e s s m e n t  s a v i n g  s o m e  o f  t h e  c o s t  f o r  a n a l y s i s  f o r  o t h e r  

c o m p o n e n t s .

Gammon e t .  a l .  (41)  s t u d i e d  t h e  f i s h  c o m m u n i t y  o f  t h e  

Wabash R i v e r  u s i n g  c l u s t e r  a n a l y s i s  and  c o n c l u d e d  t h a t  i t  was  

a  " p o w e r f u l  t e c h n i q u e  f o r  i d e n t i f y i n g  s i m i l a r  f i s h  

c o m m u n i t i e s  and  s p e c i e s  a s s o c i a t i o n s " .  Bruno  and  Lowe (16) 

u s e d  c l u s t e r  a n a l y s i s  t o  d e f i n e  f o u r  d i s t i n c t  a s s e m b l a g e s  o r  

c l u s t e r s  o f  d i a t o m  s p e c i e s .  T h e y  w e n t  o n  t o  r e l a t e  t h e  

d i f f e r e n c e s  i n  t h e  d i s t r i b u t i o n  o f  t h e s e  c l u s t e r s  t o  

e n v i r o n m e n t a l  f a c t o r s ,  s u c h  a s  c a l c i u m ,  pH,  a n d  n u t r i e n t s  

u s i n g  r e g r e s s i o n  a n a l y s i s .

C l u s t e r  a n a l y s i s  c a n  b e  u t i l i z e d  a s  t h e  f i r s t  s t e p  i n  

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

w i t h  o t h e r  c a t e g o r i e s  o f  d a t a .  I n  a d d i t i o n  t o  t h e  u s e  o f
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s i m i l a r i t y  c o e f f i c i e n t s ,  o t h e r  m a t r i c e s  s u c h  a s  c o r r e l a t i o n  

c o e f f i c i e n t s  c a n  b e  u s e d  t o  d e v e l o p  c l u s t e r s .  Many 

r e s e a r c h e r s  h a v e  c o u p l e d  t h e  r e s u l t s  o f  c l u s t e r  a n a l y s i s  w i t h  

o t h e r  m u l t i v a r i a t e  m e t h o d o l o g i e s  s u c h  a s  p r i n c i p a l  com ponen t  

an d  f a c t o r  a n a l y s i s  (1 0 ) ,  d i s c r i m i n a n t  a n a l y s i s  ( 4 6 ,7 6 , 1 1 5 ) ,  

a n d  c a n o n i c a l  c o r r e l a t i o n  ( 7 3 ) .  T h e  u l t i m a t e  g o a l  o f  s u c h  

a s s e s s m e n t s  i s  t o  d e c i p h e r  t h e  e c o l o g i c a l  r e l a t i o n s h i p  

b e t w e e n  m e a n i n g f u l  s e t s  o f  v a r i a b l e s .  T h e  u s e  o f  c l u s t e r  

a n a l y s i s  i n  t h i s  r e s e a r c h  w i l l  f o l l o w  t h e  p r i n c i p a l  o f  

a s s i s t i n g  i n  s o r t i n g  o u t  g r o u p s  o f  r e l a t e d  s p e c i e s  a n d  

h a b i t a t  v a r i a b l e s  f o r  u s e  i n  s u b s e q u e n t  m u l t i v a r i a t e  

a n a l y s i s .

Principal Component and Factor Analysis.
P r i n c i p a l  c o m p o n e n t  a n a l y s i s  (PGA) i s  a  m u l t i v a r i a t e  

d a t a  a n a l y s i s  t e c h n i q u e  w h ic h  i s  u s e d  t o  e x h a u s t  p a t t e r n s  o f  

l i n e a r  r e l a t i o n s h i p  among v a r i a b l e s  (111) .  I t  c an  b e  l o o k e d  

upon a s  a  m e th o d  o f  d a t a  e x p l o r a t i o n  w h ic h  h e l p s  t o  d e t e r m i n e  

w h ic h  v a r i a b l e ,  o r  c o m b i n a t i o n  o f  v a r i a b l e s ,  a c c o u n t  f o r  m os t  

o f  t h e  v a r i a t i o n  i n  t h e  o v e r a l l  s e t  o f  m e a s u r e m e n t s .  L i k e  

c l u s t e r  a n a l y s i s ,  PGA a n d  i t s  c o r o l l a r y  f a c t o r  a n a l y s i s  (PA), 

a r e  a v a i l a b l e  i n  n u m e r o u s  c o m p u t e r  s o f t w a r e  s t a t i s t i c a l  

p a c k a g e s .  NT-SYS ( 9 4 ) ,  SAS ( 9 6 ) ,  a n d  SPSS (111)  a r e  t h r e e  o f  

t h e  m ore  commonly u s e  p a c k a g e s .

PGA a n d  FA h a v e  b e e n  u s e d  i n  t h e  a n a l y s i s  o f
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e n v i r o n m e n t a l  v a r i a b l e s  f o r  n u m e ro u s  p u r p o s e s .  S h e rw a n i  and  

M o re a u  (99)  p u t  t o g e t h e r  a  s u m m a r y  o f  s t r a t e g i c  g u i d e l i n e s  

f o r  w a t e r  q u a l i t y  m o n i t o r i n g  p r o g r a m s .  T h e i r  w ork  d i s c u s s e s  

t h e  a p p l i c a t i o n  o f  PCA a n d  FA i n  t h e  a n a l y s i s  o f  w a t e r  

q u a l i t y  d a t a  ( e . g .  f l o w ,  t e m p e r a t u r e ,  BOD, c o l i f o r m s ,  e t c . ) .  

T h e y  p r o p o s e d ,  a n d  i l l u s t r a t e d ,  t h e  u s e  o f  t h e s e  t e c h n i q u e s  

t o  s e l e c t  f r o m  am ong a  g r o u p  o f  w a t e r  q u a l i t y  m o n i t o r i n g  

p a r a m e t e r s  o n l y  t h o s e  w h i c h  a c c o u n t e d  f o r  m o s t  o f  t h e  

v a r i a b i l i t y  i n  t h e  c h a r a c t e r i s t i c s  o f  s t r e a m  w a t e r  q u a l i t y .

PCA a n d  FA e x t r a c t  s e t s  o f  f a c t o r s  w h i c h  c o n t a i n  t h e  

v a r i a b l e s  o f  t h e  s t u d y .  T h e s e  s e t s  a r e  r e f e r r e d  t o  a s  

f a c t o r s  o r  c o m p o n en t s .  W i t h i n  e a c h  f a c t o r  a r e  t h e  l o a d i n g s  o r  

c o r r e l a t i o n s  o f  t h e  c o m p o n e n t s  ( i . e .  v a r i a b l e s )  on  t h e  

f a c t o r .  E a c h  f a c t o r  i s  o r t h o g o n a l  ( u n c o r r e l a t e d )  t o  t h e  

n e x t .  T h e  f i r s t  p r i n c i p a l  c o m p o n e n t  r e p r e s e n t s  t h e  b e s t  

l i n e a r  c o m b i n a t i o n  o f  v a r i a b l e s  w h i c h  a c c o u n t s  f o r  t h e  

l a r g e s t  v a r i a n c e  i n  t h e  c o r r e l a t i o n  m a t r i x .  The  s e c o n d  

p r i n c i p a l  c o m p o n e n t  i s  i n d e p e n d e n t  f r o m  t h e  f i r s t  ( i . e .  

u n c o r r e l a t e d )  a n d  i t  r e p r e s e n t s  t h e  n e x t  b e s t  f i t  o f  l i n e a r  

r e l a t i o n s h i p s  a c c o u n t i n g  f o r  t h e  n e x t  h i g h e s t  d e g r e e  o f  

v a r i a t i o n .  T h i s  p r o c e s s  i s  r e p e a t e d  u n t i l  a s  many p r i n c i p a l  

c o m p o n e n t s  h a v e  been  e x t r a c t e d  a s  t h e r e  a r e  v a r i a b l e s  i n  t h e  

d a t a  s e t .



55

FA u s e s  a  s i m i l a r  i t e r a t i o n  t o  PCA. I n  a d d i t i o n  t o  

p e r f o r m i n g  t h e s e  s t e p s  on  t h e  s t r a i g h t  f o r w a r d  l i n e a r  

r e l a t i o n s h i p  b e t w e e n  v a r i a b l e s ,  FA r o t a t e s  t h e  c o r r e l a t i o n  

m a t r i x  t o  p r o d u c e  a  t e r m i n a l  s o l u t i o n  w h i c h  o f t e n  i m p r o v e s  

t h e  r e l e v a n c e  o f  a  g i v e n  c o m p o n e n t s  l o a d i n g  on  t h e  f a c t o r .  

S P S S  ( 1 1 1 )  p r e s e n t s  a n  e x c e l l e n t  r e v i e w  o f  r o t a t i o n a l  

m e t h o d o l o g i e s  i n  FA.

S t a t i s t i c a l l y ,  o n l y  t h o s e  f a c t o r s  w h ic h  a c c o u n t  f o r  t h e  

v a r i a t i o n  o f  a t  l e a s t  o ne  v a r i a b l e  a r e  c o n s i d e r e d  r e l i a b l e  i n  

i n t e r p r e t a t i o n  o f  co m p o n en t  l o a d i n g s  o f  PCA o r  FA s o l u t i o n s .  

T h i s  i s  i n t e r p r e t e d  by  a  s t a t i s t i c s  r e f e r r e d  t o  a s  t h e  

e i g e n v a l u e .  The  e i g e n v a l u e  i s  t h e  m e a s u r e  o f  t h e  r e l a t i v e  

i m p o r t a n c e  o f  a  p r i n c i p a l  com ponen t  o r  f a c t o r .  The r a t i o  o f  

a  g i v e n  c o m p o n e n t ' s  e i g e n v a l u e  t o  t h e  sum o f  e i g e n v a l u e s  f o r  

a l l  t h e  f a c t o r s  (a  f u n c t i o n  o f  t h e  n u m b e r  o f  v a r i a b l e s )  i s  

t h e  p e r c e n t  o f  v a r i a n c e  a c c o u n t e d  f o r  b y  t h a t  f a c t o r .  

I n d i v i d u a l  l o a d s  < 0 .5 0  a r e  n o t  c o n s i d e r e d  t o  b e  s i g n i f i c a n t  

i n  a c c o u n t i n g  f o r  a  g i v e n  f a c t o r ' s  p r o p o r t i o n a l  v a r i a n c e .

I n  t h e  w o r k  r e f e r e n c e d  by S h e r w a n i  a n d  M o re au  ( 9 9 ) ,  

t w e n t y  w a t e r  q u a l i t y  p a r a m e t e r s  w e r e  a n a l y z e d  by b o t h  PCA and 

FA. Ten p r i n c i p a l  co m p o n en t  f a c t o r s  w e r e  p r o d u c e d  a c c o u n t i n g  

f o r  95  p e r c e n t  o f  t h e  v a r i a n c e .  O n l y  t h e  f i r s t  f i v e  

a c c o u n t e d  f o r  t h e  v a r i a t i o n  o f  a t  l e a s t  o n e  v a r i a b l e  ( i . e .  

e i g e n v a l u e  > = 1 . 0 ) ,  c o r r e s p o n d i n g  t o  79  p e r c e n t  o f  t h e
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v a r i a n c e .  T h e y  t h e n  r o t a t e d  t h e  m a t r i x  i n  f a c t o r  a n a l y s i s  

u s i n g  t h e  VARIMAX m e t h o d  t o  d e t e r m i n e  i f  b e t t e r  l i n e a r  

c o m b i n a t i o n s  o f  v a r i a b l e s  m i g h t  e x i s t .  T h e s e  r o t a t e d  f a c t o r s  

a r e  c o n s i d e r e d  s t a t i s t i c a l l y  m o re  r e a l i s t i c  t h a n  t h e  s t r a i g h t  

f o r w a r d  ( e m p i r i c a l )  f a c t o r s  e x t r a c t e d  b y  PCA. T h e  r e s u l t s  

p r o v i d e d  a  m e t h o d  t o  e x a m i n e  t h e  i m p o r t a n c e  o f  a  g i v e n  

p a r a m e t e r ' s  l o a d i n g  i n  m o n i t o r i n g  n e t w o r k  d e s i g n s .  C l u s t e r s  

o f  c o l l i n e a r  p a r a m e t e r s  s u c h  a s  o r t h o p h o s p h a t e  a n d  t o t a l  

p h o s p h a t e  w e r e  i d e n t i f i e d .  The n e t w o r k  was  t h e n  recommeded 

w h i c h  c o n t a i n e d  o n l y  t h e  r e l e v a n t  a n d  n o n - r e d u n d a n t  

p a r a m e t e r s  w h ic h  h ad  s i g n i f i c a n t  l o a d i n g  i n  PCA and  PA. T h i s  

p r o c e s s  p r o d u c e d  a  n e t w o r k  w h ic h  s a v e d  money by r e d u c i n g  t h e  

d a t a s e t  r e q u i r e d  t o  m o n i t o r  t h e  e n v i r o n m e n t .

T h e y  a l s o  u s e d  PCA a n d  FA t o  e v a l u a t e  t h e  d a t a  f r o m  

t r e n d  m o n i t o r i n g  s t a t i o n s  a l o n g  t h e  s a m e  s t r e a m .  T h i s  

a n a l y s i s  h e l p e d  d e t e r m i n e  w h i c h  s t a t i o n s  w e r e  n o t  a d d i n g  

a d d i t i o n a l  i n f o r m a t i o n  on d i s s o l v e d  oxygen  l e v e l s .  S t a t i o n s  

w h i c h  d e p i c t e d  s i m i l a r  i n f o r m a t i o n  w e r e  r e c o m m e n e d  f o r  

d e l e t i o n  f ro m  t h e  m o n i t o r i n g  n e t w o r k ,  t h e r e b y  p r o d u c i n g  t h e  

m o s t  c o s t  e f f e c t i v e  d e s i g n .

B o e s c h  (10)  c l a s s i f i e d  t h e  c o m m u n i t y  s t r u c t u r e  o f  

b e n t h i c  i n v e r t e b r a t e s  u s i n g  c l u s t e r  a n a l y s i s  a n d  PCA. I n  

t h i s  r e s e a r c h ,  PCA was u s e d  t o  o p t i m i z e  t h e  c l a s s i f i c a t i o n  o f
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28 s p e c i e s  f r o m  f o u r  c l u s t e r s  w h i c h  w e r e  j u d g e d  t o  b e  

q u e s t i o n a b l e  g r o u p i n g s .  M e e t e r  and  L i v i n g s t o n  (73) u s e d  PCA 

a n d  FA t o  e x p l a i n  t h e  p r o p o r t i o n  o f  v a r i a n c e  a c c o u n t e d  f o r  by 

n u m e r o u s  p h y s i c a l  a n d  c h e m i c a l  v a r i a b l e s .  T h e y  w a n t e d  t o  

r e d u c e  t h e  nu m b er  o f  v a r i a b l e s  c o n s i d e r e d  i n  t h e  r e s e a r c h  t o  

t h o s e  w h i c h  h a d  t h e  m o s t  i n f l u e n c e  o n  e s t u a r i n e  w a t e r  

q u a l i t y .  F o u r  f a c t o r s  w e r e  e x t r a c t e d ,  e a c h  w i t h  s p e c i f i c  

c o m p o n e n t  l o a d i n g s  o r  c o r r e l a t i o n s .  One f a c t o r  w a s  h i g h l y  

i n f l u e n c e d  by  r i v e r  f l o w ,  a n o t h e r  by  t i d a l  a c t i o n .  The  

c o m p o n e n t s  w i t h  t h e  h i g h e s t  l o a d i n g s  o f t e n  h a v e  o t h e r  

v a r i a b l e s  a s s o c i a t e d  w i t h  t h e m .  I n  t h i s  c a s e ,  t h e  f a c t o r  

a f f e c t e d  by r i v e r  f l o w  was  d i r e c t l y  a s s o c i a t e d  w i t h  c o l o r  and  

t u r b i d i t y .

M e e te r  a n d  L i v i n g s t o n  a l s o  e x p l a i n  t h e  u s e  o f  c a n o n i c a l  

c o r r e l a t i o n  b e t w e e n  g r o u p s  o r  c l u s t e r s  o f  f i s h  s p e c i e s  a n d  

p h y s i o c h e m i c a l  v a r i a b l e s .  S e g r e g a t i o n  o f  v a r i a b l e s  i n t o  

g r o u p s  o f  a s s o c i a t i o n  by  c l u s t e r  a n a l y s i s ,  PCA a n d  FA, a n d  

t h e n  p e r f o r m i n g  c a n o n i c a l  c o r r e l a t i o n  on  s e t s  o f  b i o l o g i c a l  

v e r s u s  p h y s i c o c h e m i c a l  v a r i a b l e s  ( i . e .  d e p e n d e n t  v e r s u s  

i n d e p e n d e n t  v a r i a b l e s ) ,  i s  a  f u r t h e r  means  o f  s t r e n g t h e n i n g  

t h e  c o n c l u s i o n s  o f  a s s o c i a t i o n .  T h e s e  a s s o c i a t i o n s  among 

v a r i a b l e s  a r e  j u d g e d  b y  t h e  c a n o n i c a l  v a r i a t e  s c o r e .  

M a tc h in g  t h e  i n f e r e n c e  g a i n e d  by t h e  l o a d i n g s  on t h e  f a c t o r s  

g e n e r a t e d  i n  PCA a n d  FA w i t h  a s s o c i a t i o n s  g a i n e d  i n  c l u s t e r
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a n a l y s i s  a n d  c a n o n i c a l  c o r r e l a t i o n  h e l p s  e n h a n c e  t h e  

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

on  e n v i r o n m e n t a l  q u a l i t y .

S e v e r a l  s t u d i e s  h a v e  b e e n  p e r f o r m e d  i n  O k la h o m a  u s i n g  

PCA an d  FA t o  e l u c i d a t e  a s s o c i a t i o n s  among v a r i a b l e s  r e l a t e d  

t o  f i s h  c o m m u n i t y  s t r u c t u r e .  S t e v e n s o n ,  S c h n e l l  a n d  B l a c k  

(1 1 4 )  u s e d  FA t o  s t u d y  t h e  d i s t r i b u t i o n  p a t t e r n s  o f  w e s t e r n  

a n d  c e n t r a l  O k l a h o m a  f i s h e s .  T h e  p r e s e n c e  o r  a b s e n c e  o f  53 

s p e c i e s  o f  f i s h  and  13 e n v i r o n m e n t a l  v a r i a b l e s  w e re  g ro u p e d  

i n t o  s i x  f a c t o r s  a f t e r  o b l i q u e  r o t a t i o n  o f  t h e  p r i n c i p a l  

a x e s .  E n v i r o n m e n t a l  c o m p o n e n t s  i n f l u e n c i n g  t h e  d i s t r i b u t i o n  

o f  g r o u p s  o f  f i s h e s  w e r e  d i s c u s s e d  a n d  p r e d i c t i o n s  m ade 

r e g a r d i n g  how t h e  e n v i r o n m e n t a l  c o m p o n e n t s  ( e . g .  s a l i n i t y )  

m i g h t  i n f l u e n c e  p a t t e r n s  o f  f i s h  d i s t r i b u t i o n  i f  

c o n c e n t r a t i o n s  o f  l i m i t i n g  s u b s t a n c e s  i n c r e a s e .

E c h e l l e  and  S c h n e l l  (32) s t u d i e d  t h e  a s s o c i a t i o n s  o f  48 

f i s h  s p e c i e s  i n  t h e  K i a m i c h i  R i v e r  d r a i n a g e  i n  s o u t h  e a s t e r n  

Oklahoma.  FA was  u s e d  t o  d e s c r i b e  c o m p o n e n t s  w h ich  i n f l u e n c e  

t h e  d i s t r i b u t i o n  o f  g r o u p s  o f  f i s h .  The  g r o u p i n g  o f  f i s h  

s p e c i e s  was  d e t e r m i n e d  by  t h e  l o a d i n g s  o r  c o r r e l a t i o n s  o f  t h e  

c o m p o n e n t s  i n  e a c h  f a c t o r .  A r e v i e w  o f  t h e  g r o u p i n g  o f  

s p e c i e s  w i t h  t h e i r  d i s t r i b u t i o n s  i n  t h e  b a s i n  s h o w e d  t h a t  

some g r o u p s  w e r e  s e g r e g a t e d  b a s e d  on l o c a t i o n  i n  t h e  d r a i n a g e
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b a s i n .  One g r o u p  was  f o u n d  i n  t h e  u p p e r  p o r t i o n  o f  t h e  b a s i n  

and  a n o t h e r  w as  p r i m a r i l y  r e s t r i c t e d  t o  t h e  m a in  s t r e a m  l o w e r  

p o r t i o n s  o f  t h e  r i v e r  b a s i n .

P e l l e y  a n d  B i l l  ( 3 8 , 3 9 )  u s e d  PCA a n d  FA t o  a s s e s s  

e n v i r o n m e n t a l  p r e f e r e n c e s  o f  10 s p e c i e s  o f  c y p r i n i d  f i s h e s  o f  

t h e  I l l i n o i s  R i v e r  i n  e a s t e r n  Oklahoma.  S e a s o n a l  v a r i a t i o n  

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

h a b i t a t ,  an d  u p s t r e a m  a n d  d o w n s t r e a m  l o c a t i o n s  w e r e  a s s e s s e d .  

T h i s  m e t h o d o l o g y  a l l o w e d  them  t o  d e m o n s t r a t e  w h i c h  c o m p o n e n ts  

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

A p p r o p r i a t e  i n t e r p r e t a t i o n  o f  t h e  c o m p o n e n t s  o f  PCA an d  

FA i s  c r i t i c a l  t o  t h e  s o l u t i o n  o f  t h e s e  m u l t i v a r i a t e  

m e t h o d o l o g i e s .  D i a z  (28)  w r o t e  t h a t  t w o  b a s i c  p h e n o m e n a  

i n f l u e n c e d  t h e  q u a l i t y  o f  r e s u l t s  o b t a i n e d  i n  PCA a n d  FA. 

F i r s t ,  i n h e r e n t  i n  t h e  d a t a  b a s e  i s  t h e  q u e s t i o n  o f  

l i n e a r i t y .  T h i s  p r o b l e m  w a s  r e v i e w e d  b y  A u s t i n  ( 4 ) .  

L i n e a r i t y  i n  a  b i v a r i a t e  s e n s e  i s  s t r a i g h t f o r w a r d ,  b u t  

l i n e a r i t y  i n  a  m u l t i v a r i a t e  a p p r o a c h  m a y  i n c l u d e  t h e  

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

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

l o a d i n g s  o r  c o r r e l a t i o n s  o f  a  g i v e n  c o m p o n e n t  i n  a f a c t o r  a s  

t h e  c a u s e  o f  e f f e c t s  on  d e p e n d e n t  v a r i a b l e s  ( i . e .  f l o w  

a f f e c t i n g  f i s h  s p e c i e s  a b u n d an ce )  s h o u l d  be  a p p r o a c h e d  w i t h  

c a u t i o n .  I f  t h e  a s s o c i a t i o n  b e t w e e n  o n e  c o m p o n e n t  a n d
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a n o t h e r  i s  c l e a r c u t  a n d  d i r e c t  ( s u c h  a s  t h e  c a s e  w i t h  l o w  

D.O. a n d  f i s h  d i s t r i b u t i o n ) ,  a n d  t h e  i n f l u e n c e s  o f  o t h e r  

c o m p e t i n g  c o m p o n e n t s  ( i . e .  p r e d a t i o n ,  d i s e a s e ,  a c u t e  

t o x i c i t y )  a r e  r u l e d  o u t ,  t h e n  s u c h  d i r e c t  p r e d i c t i o n s  o f  

c a u s e  a n d  e f f e c t  a r e  m o re  r e a d i l y  s u b s t a n t i a t e d  and t h e  v a l u e  

o f  m u l t i v a r i a t e  a n a l y s i s  i s  o p t i m i z e d .



CHAPTER III 
METHODOLOGY AND 

ANALYSIS OP USE ATTAINABILITY DATA

Introduction.
The f r a m e w o r k  f o r  Use A t t a i n a b i l i t y  A n a l y s i s  (DAA) was 

d e v e l o p e d  t o  a  l a r g e  e x t e n t  by  EPA. EPA o r g a n i z e d  a  w a t e r  

b o d y  a s s e s s m e n t  g u i d a n c e  w o r k  g r o u p  d u r i n g  1981  t o  h e l p  

d e v e l o p  a p r o g ra m  w h ich  w o u ld  a s s i s t  s t a t e  a g e n c i e s  and  EPA 

i n  s u p p o r t i n g  c h a n g e s  i n  w a t e r  q u a l i t y  s t a n d a r d s .  I n  

O c t o b e r ,  1 9 8 2 ,  EPA i s s u e d  t h e  ÿâÜLSI

( 3 5 ) .  T h i s  d r a f t  p u b l i c a t i o n  s e t  f o r t h  g u i d e l i n e s  

on s e t t i n g  " s i t e  s p e c i f i c  s t a n d a r d s " .  UAA i s  on e  s e g m e n t  o f  

t h e  o v e r a l l  p r o c e s s  w h ic h  a d d r e s s e s  t h e  n e e d  f o r  s e t t i n g  s i t e  

s p e c i f i c  s t a n d a r d s  i n  t h e  s t a n d a r d ' s  r e v i s i o n  p r o t o c o l .  

T a b l e  6 o u t l i n e s  t h e  s t e p s  w h i c h  c o u l d  be  a p p l i e d  i n  a n y  

g i v e n  S t a t e ' s  r e v i s i o n  p r o t o c o l  d e p e n d in g  upon t h e  s p e c i f i c  

n a t u r e  o f  t h e  p r o p o s e d  r e v i s i o n s  a n d  t h e  n e e d  f o r  s i t e  

s p e c i f i c  c r i t e r i a .

61
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PROTOCOL FOR WATER QUALITY STANDARDS 
REVIEW AND REVISION

1. L i s t  w a t e r  b o d i e s  w i t h  w a t e r  q u a l i t y  l i m i t i n g  p r o b l e m s .

2 .  P r i o r i t i z e  w a t e r  q u a l i t y  l i m i t i n g  s e g m e n t s  a n d  s e l e c t  
t h o s e  i n  g r e a t e s t  n e e d  f o r  i m m e d i a t e  a s s e s s m e n t .

3 .  A s s e s s  e x i s t i n g  d a t a  b a s e s  a n d  o r g a n i z e  s i t e  s p e c i f i c  
s u r v e y s .  T h e s e  s h o u l d  b e  f o c u s e d  s u r v e y s  d e s i g n e d  t o  
e s t a b l i s h  a n d / o r  e n h a n c e  d a t a  b a s e s  a n d  d e t e r m i n e  why 
s p e c i f i c  u s e s  may be  p r e c l u d e d .

4 .  R e v i e w  c a u s e s  i m p a i r i n g  d e s i g n a t e d  u s e s .  I d e n t i f y  
c a t e g o r i e s  o f  l i m i t a t i o n  ( i . e .  n a t u r a l  v s .  man i n d u c e d ) .  
D e t e r m i n e  t h e  p o t e n t i a l  f o r  m i t i g a t i o n  b y  e n g i n e e r i n g  
i n t e r v e n t i o n ,

5 .  A s s e s s  t h e  d e g r e e  o f  r e l i e f  d i s c h a r g e r s  may o b t a i n  by 
c h a n g i n g  b e n e f i c i a l  u s e  d e s i g n a t i o n .  D e t e r m i n e  t h e  
a b i l i t y  t o  r e a c h  t h e  d e s i r e d  u s e  i f  t h e  d i s c h a r g e  
q u a l i t y  i s  u p g r a d e d  b y  p e r f o r m i n g  n e c e s s a r y  w a s t e l o a d  
a l l o c a t i o n  s t u d i e s  and r e l a t e d  c o s t  b e n e f i t  a s s e s s m e n t .

6 .  D e t e r m i n e  s u i t a b i l i t y  o f  e x i s t i n g  b e n e f i c i a l  u s e s  f o r  
m e e t i n g  t h e  d e s i r e d  l e v e l  o f  e n v i r o n m e n t a l  q u a l i t y .

7 .  I f  e x i s t i n g  u s e s  c a n n o t  b e  m e t ,  p r o p o s e  a p p r o p r i a t e  u s e  
d e s i g n a t i o n s  and  a s s o c i a t e d  l e v e l s  o f  q u a l i t y  c r i t e r i a .

8. Conduc t  p u b l i c  h e a r i n g s .

9.  R e v i s e  u s e  d e s i g n a t i o n s ,  a d o p t  new  q u a l i t y  c r i t e r i a  f o r  
t h e  s e g m e n t  b a s e d  u p o n  s c i e n t i f i c a l l y  j u s t i f i a b l e  
a s s e s s m e n t s ,  t h e  r e s u l t s  o f  w a s t e l o a d  a l l o c a t i o n s  a n d  
c o s t  b e n e f i t  a s s e s s m e n t .

1 0 .  F o l l o w  t h r o u g h  on  t h e  r e c o m m e n d a t i o n s  o f  w a s t e l o a d  
a l l o c a t i o n s ,  s e t  r e v i s e d  d i s c h a r g e  l i m i t a t i o n s ,  i s s u e  
new  p e r m i t s ,  a n d  f o l l o w  up  w i t h  n e c e s s a r y  m o n i t o r i n g  a n d  
e n f o r c e m e n t  t o  a s s u r e  d e s i g n a t e d  u s e s  a r e  m e t .

T a b l e  6.  P r o t o c o l  f o r  The w a t e r  Q u a l i t y  S t a n d a r d s  Review and  
R e v i s i o n  P r o c e s s ( 3 5 ) .
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Oklahoma's use Attainability Program. 
Introduction.

T h e  UAA p o r t i o n  o f  t h e  s t a n d a r d s  r e v i s i o n  p r o c e s s  i s  

o n l y  o n e  p a r t  o f  t h e  o v e r a l l  g u i d e l i n e s  p r o p o s e d  by EPA. The 

t y p e  o f  UAA u s e d  i n  O k l a h o m a  d u r i n g  t h e  198 2  s t a n d a r d s  

r e v i s i o n  was an  a d a p t a t i o n  o f  t h e  EPA g u i d l i n e s  w i t h  v a r i o u s  

i n p u t  f ro m  r e g i o n a l  EPA, s t a t e  a g e n c y  and  l o c a l  w a t e r  q u a l i t y  

s p e c i a l i s t s .  The c o m p o n e n t s  o f  t h e i r  r e c o m m e n d a t i o n s  w ere  

s t r u c t u r e d  i n t o  a  s a m p l i n g  p r o g r a m  by  OWRB s t a f f .  The 

f r a m e w o r k  o f  s a m p l i n g ,  d a t a  c o l l e c t i o n  an d  f i e l d  d a t a  s h e e t s  

w e r e  p r e s e n t e d  by  OWRB a t  t h e  S i x t h  A n n u a l  M e e t i n g  o f  t h e  

O k l a h o m a  W a t e r  P o l l u t i o n  C o n t r o l  A s s o c i a t i o n  (8) a n d  a r e  

p r o v i d e d  f o r  r e v i e w  i n  A p p en d ix  A.

T a b l e  7 c o n t a i n s  EPA 's  r e c o m m e n d a t i o n s  on t h e  t y p i c a l  

p h y s i c a l ,  c h e m i c a l  a n d  b i o l o g i c a l  c o m p o n e n t s  n e c e s s a r y  t o  

e v a l u a t e  u s e  a t t a i n a b i l i t y  f o r  a q u a t i c  u s e s  ( i . e .  f i s h  an d  

w i l d l i f e  p r o p a g a t i o n ) .  T h e s e  r e c o m m e n d e d  c o m p o n e n t s  an d  

f a c t o r s  d i s c u s s e d  i n  t h e  EPA g u i d e l i n e s  w e r e  t a i l o r e d  i n t o  a 

p r o p o s a l  f o r  s i t e  s p e c i f i c  s u r v e y s  on v a r i o u s  p r i o r i t y  s t r e a m  

s e g m e n t s  f o u n d  i n  O k l a h o m a .  T a b l e  8 l i s t s  t h e s e  p r i o r i t y  

s t r e a m  s e g m e n t s  and  F i g u r e  3 show s  t h e  s t a t e w i d e  l o c a t i o n  o f  

t h e  s a m p l i n g  l o c a t i o n  f o r  t h e s e  s i t e s .

S a m p l i n g  t o o k  p l a c e  a t  t h r e e  l o c a t i o n s  a l o n g  e a c h  

s t r e a m .  T h e s e  l o c a t i o n s  w e r e  d e t e r m i n e d  by  t h e  t e a m
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SUMMARY OP TYPICAL USE ATTAINABILITY ANALYSIS PROGRAM

PHYSICAL FACTORS CHEMICAL FACTORS BIOLOGICAL FACTORS

- S t r e a m  s i z e - d i s s o l v e d  oxygen - f i s h

- f l o w  & v e l o c i t y - t o x i c a n t s - m a c r o b e n t h o s

- t o t a l  vo lume - n u t r i e n t s  a s  
n i t r o g e n  &

- m i c r o i n v e r t e b r a t e s

- r e a e r a t i o n  r a t e s p h o s p h o r u s - p h y t o p l a n k t o n

- s t r e a m  g r a d i e n t - S . O . D . - m a c r o p h y t e s

- p o o l s / r i f f l e s —B.O.D. - d i v e r s i t y  i n d i c e s

- t e m p e r a t u r e - s a l i n i t y - h a b i t a t  s u i t a b i l i t y

- s u s p e n d e d  s o l i d s - h a r d n e s s - t i s s u e  a n a l y s i s

- s e d i m e n t a t i o n - a l k a l i n i t y - r e c o v e r y  in d e x

- c h a n n e l i z a t i o n —pH - p o l l u t i o n  t o l e r a n c e

- s u b s t r a t e - d i s s o l v e d  s o l i d s - o m n i v o r e / c a r n i v o r e

- c h a n n e l  d e b r i s - b i o t i c  p o t e n t i a l

- s l u d g e  d e p o s i t s  

- r i p a r i a n  h a b i t a t

- r e f e r e n c e  r e a c h  
c o m p a r i s o n

T a b l e  7 .  EPA R e c o m m e n d a t io n s  o f  t h e  T y p i c a l  Com ponen ts  o f  a 
A q u a t i c  Use A s s e s s m e n t  P r o g r a m (35) .
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LIST OF SITES CHOSEN FOR OKLAHOMA'S 

1982 USE ATTAINABILITY SURVEYS

STREAM OR RIVER LOCATION FISH AND WILDLIFE
DESIGNATION

UPSTREAM IMPACT RECOVERY
P r y o r  C ree k  
(PRC)

P r y o r P P p
Big C a b in  Creek  
(BCC)

V i n i t a P P p
Coal  C re e k  
(COL)

H e n r y e t t a P S s
Dog C re ek  
(DOG)

C l a r e m o r e P S p
E lk  C re ek  
(ELK)

E lk  C i t y P P p
Rush C reek  
(RSC)

P a u l s  V a l l e y P S

W i l d h o u r s e  Creek 
(WHO

Marlow P P

Muddy Boggy Creek  
(MBC)

A to k a P P p
S o u th  C a n a d ia n  R i v e r  
(SCR)

Norman S S s
N o r th  C a n a d ia n  R i v e r  
(NCR)

Oklahoma C i t y S S p
Wewoka C reek  
(WEC)

S e m i n o l e S S s
L i t t l e  Deep Fork 
(LDF)

B r i s t o w P S p
S k e l e t o n  C reek  
(SKC)

E n id P s p
S t i l l w a t e r  Creek 
(STW)

S t i l l w a t e r P p p
C h is h o lm  Creek  
(CHC)

Oklahoma C i t y P p p
N o r th  C a n a d ia n  R i v e r  
(NCW)

Woodward P p p

T a b l e  8.  L i s t  o f  P r i o r i t y  S t r e a m  S e g m e n ts  S am pled  a s  P a r t  o f  
O k l a h o m a ' s  1 9 8 2  U s e  A t t a i n a b i l i t y  A s s e s s m e n t  P r o g r a m .  
S t a t i o n  c o d e s  a r e  l i s t e d  i n  p a r e n t h e s e s .  P = p r i m a r y  
S = s e c o n d a r y  warm w a t e r  f i s h e r y .



a>

Figure 3. Map of Oklahoma Showing the Location of Streams Sampled as Part of the UAA Program.
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b i o l o g i s t s  and  OWRB s t a f f  and  i n c l u d e d  an  u p s t r e a m ,  i m p a c t ,  

a n d  r e c o v e r y  z o n e  s t a t i o n  o n  e a c h  s t r e a m .  A d d i t i o n a l  

i n f o r m a t i o n  on  s i t e  s e l e c t i o n  i s  d i s c u s s e d  i n  t h e  OWRB 

d o c u m e n t  p r o v i d e d  i n  A p p e n d i x  A. T h e  f o l l o w i n g  s e c t i o n s  

r e f e r  t o  t h e s e  z o n e s  a s  u p s t r e a m  o r  zo n e  1 ,  i m p a c t  o r  z o n e  2 

a n d  r e c o v e r y  o r  z o n e  3 .  T h e s e  c o d e s ,  d e n o t i n g  t h e  s a m p l i n g  

z o n e s ,  and  t h e  t r i p l e x  s t a t i o n  c o d e s  a r e  show n  i n  T a b le  8 a r e  

r e f e r r e d  t o  t h r o u g h o u t  t h i s  d i s s e r t a t i o n  i n  t a b l e s ,  f i g u r e s  

and  d i s c u s s i o n .  S e l e c t i o n  o f  t h e  s t r e a m s  w a s  b a s e d  upon OWRB 

s t a f f ,  OSDH c o n s t r u c t i o n  g r a n t s  p r o g ra m  p r i o r i t i e s ,  r e g i o n a l  

w a t e r  q u a l i t y  m anagem en t  a g e n c y  r e c o m m e n d a t i o n s  ( i . e .  ACOG), 

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

i n t e r e s t  g r o u p s .

Evaluation of Physical Parameters.
E v a l u a t i o n  o f  p h y s i c a l  c o n d i t i o n s  c o n s i s t e d  o f  t h r e e  

m a j o r  c a t e g o r i e s  o f  p h y s i c a l  p a r a m e t e r s .  T h e s e  i n c l u d e d :

1.  C h an n e l  a n d  I n s t r e a m  M e a s u r e m e n t s .

-  mean s t r e a m  d e p t h  ( f t ) .

-  w i d t h  ( f t . ) .

-  v e l o c i t y ( f t . / s e c . ) .

-  f l o w  ( f t . 3 / s e c . ) .

-  w i d t h  t o  d e p t h  r a t i o  ( d i s c r e t e ) .

-  t e m p e r a t u r e  ( o C . ) .
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2, The p r e s e n c e  o r  a b s e n c e  o f  i n s t r e a m  c o v e r  

o r  f i s h  h a b i t a t s .

- p o o l s .  - t r e e  s tu m p s .

- r i f f l e s .  - b r u s h  p i l e s .

- b a c k w a t e r .  - f l a t  r u n s .

- u n d e r c u t  b a n k s .  - r o c k y  a r e a s .

- d e e p  c h a n n e l .  - l a r g e  p o o l  o r  oxbow,

- s u b m e r g e d  l o g s .  - e m e r g e n t  v e g e t a t i o n .

3. The p r e s e n c e ,  a b s e n c e  and  p e r c e n t a g e  o f  

s u b s t r a t e  c o m p o s t i o n .

- o r g a n i c  d e b r i s  and  d e t r i t u s .

- c l a y .

- s i l t .

- s a n d .

- g r a v e l .

- l a r g e  r o c k s .

-m ud  and s l u d g e .

- b e d r o c k .

A ppend ix  A c o n t a i n s  e x a m p l e s  o f  f i e l d  d a t a  s h e e t s .  Members 

o f  t h e  s a m p l i n g  t e a m  c o m p l e t e d  e a c h  p o r t i o n  f o r  t h e  a b o v e  

v a r i a b l e s  p r i o r  t o  l e a v i n g  t h e  s i t e .

Evaluation of Riparian Characteristics and Potential Honpoint 
Source Impacts.

D e v e l o p m e n t  o f  e v a l u a t i o n  c r i t e r i a  f o r  t h e s e
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c h a r a c t e r i s t i c s  w a s  d o n e  by OWRB s t a f f  u s i n g  g u i d e l i n e s  

p r o v i d e d  i n  t h e  EPA handbook  (35) and  s p e c i f i c a l l y ,  a  s y s t e m  

o f  c l a s s i f i c a t i o n  d e v e l o p e d  by  t h e  W i s c o n s i n  D e p a r t m e n t  o f  

N a t u r a l  R e s o u r c e s  ( 5 ) .  R i p a r i a n  a n d  n o n p o i n t  s o u r c e  

c h a r a c t e r i s t i c s  w e r e  e v a l u a t e d  by  t h e  s a m p l i n g  t e a m  a s  

p e r c e n t a g e  e s t i m a t e s  o f  t h e  f o l l o w i n g  c a t e g o r i e s ;

B a n k s i d e  c h a r a c t e r i s t i c s .

- p r o p o r t i o n  o f  c o v e r  com posed  o f  r o c k ,  g r a s s ,  

s h r u b s ,  and  t r e e s .

- p r o p o r t i o n  o f  b a n k s i d e  c o m p o s e d  o f  s a n d  o r  

mud.

- p r o p o r t i o n  o f  b a n k s i d e  w i t h  v e g e t a t i o n .

- b a n k  s t a b i l i t y  a s  a  p e r c e n t a g e  o f  s l o p e  a s  

f l a t ,  m o d e r a t e ,  s t e e p ,  o r  v e r t i c a l .

- e r o s i o n  p o t e n t i a l  a s  p e r c e n t  e v i d e n t ,  l i k e l y  

o r  u n l i k e l y .

- p e r c e n t a g e  o f  i m m e d i a t e  a r e a  l a n d  u s e s  a s  

u r b a n  a g r i c u l t u r a l ,  p a s t u r e ,  c r o p l a n d ,  a n d  

f o r e s t  l i k e .

Evaluation of Community Structure of Fish and Benthic 
Macroinvertebrates.

The f i s h  and  b e n t h i c  com m uni ty  s t r u c t u r e  was s a m p le d  a s  

d e s c r i b e d  i n  t h e  OWRB "O ne  D ay  S i t e  S p e c i f i c  S u r v e y "
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p u b l i c a t i o n  p r o v i d e d  i n  A p p e n d i x  A. T a x o n s  o f  f i s h  a n d  

b e n t h i c  o r g a n i s m s  w e r e  e n u m e r a t e d  a s  p r e s e n t  o r  a b s e n t  a n d  

a s s i g n e d  r e l a t i v e  a b u n d a n c e  d e s i g n a t i o n s .  T h i s  r e s e a r c h e r  

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

r e l a t i v e  a b u n d a n c e  d e s i g n a t i o n s  f o r  a l l  f i s h  s a m p l e s  and some 

o f  t h e  b e n t h i c  s a m p l e s  a s  w e l l .  C o m p o n e n t s  o f  t h e s e  d a t a  

b a s e s  a r e  d i s c u s s e d  f u r t h e r  i n  s u b s e q u e n t  s e c t i o n s  on  e a c h  

d a t a s e t .

Instream Water Quality.
W ate r  q u a l i t y  p a r a m e t e r s  a n a l y s e d  i n  t h e  f i e l d  a t  e a c h  

s a m p l i n g  l o c a t i o n  c o n s i s t e d  o f  d i s s o l v e d  o x y g e n ,  t e m p e r a t u r e ,  

c o n d u c t i v i t y  a n d  pH.

Point Source Data.
A l t h o u g h  n o t  a  p a r t  o f  t h e  OWRB s t u d y ,  d a t a  f o r  t h e  

p u r p o s e  o f  e v a l u a t i n g  e f f l u e n t  q u a l i t y  and  i t ' s  r e l a t i o n s h i p  

t o  t h e  UAA d a t a b a s e  w a s  c o l l e c t e d  by  t h i s  r e s a r c h e r .  T h i s  

i n f o r m a t i o n  w as  o b t a i n  f ro m  t h e  Oklahoma S t a t e  D e p a r t m e n t  o f  

H e a l t h  (OSDH) c o m p l i a n c e  m o n i t o r i n g ,  a n d  i n d i v i d u a l  s e w a g e  

t r e a t m e n t  p l a n t  NPDES m o n t h l y  o p e r a t i o n a l  r e p o r t s .  T h i s  

d a t a ,  e x t r a c t e d  f ro m  OSDH f i l e s  f o r  t h e  p e r i o d s  d u r i n g  w h ic h  

t h e  OWRB UAA s t u d y  w a s  c o n d u c t e d  ( i . e .  A u g u s t  t h r u  O c t o b e r  

1 9 8 2 ) ,  i s  d i s c u s s e d  i n  a  s u b s e q u e n t  s e c t i o n .

OWRB Assessment of Oklahoma's use Attainability Data.
T h e  p r i n c i p a l  m e t h o d  o f  d a t a  a s s e s s m e n t  f o r  t h e
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a f o r e m e n t i o n e d  p a r a m e t e r s  c o n s i s t e d  o f  u t i l i z a t i o n  o f  a  

r a n k i n g  m e t h o d o l o g y .  T h i s  M e t h o d o l o g y  i s  o u t l i n e d  i n  t h e  

r e p o r t  p r o d u c e d  by OWRB p r o v i d e d  i n  A p p e n d ix  A. T h i s  m e th o d  

u t i l i z e d  t h e  p r o f e s s i o n a l  j u d g e m e n t  o f  t w o  c o m m i t t e e s  o f  

p r o f e s s i o n a l s .  One c o n s i s t i n g  o f  t h r e e  p r o m i n e n t  b i o l o g i s t s  

f r o m  s t a t e  and  f e d e r a l  a g e n c i e s ,  and  a  u n i v e r s i t y  p r o f e s s o r .  

A n o t h e r  u t i l i z e d  t h e  e x p e r t i s e  o f  t h e  t h r e e  OWRB s t a f f  

m em bers  who c o m p r i s e d  t h e  s a m p l i n g  t e a m .  The tw o  b i o l o g i s t s  

w h o  p a r t i c i p a t e d  i n  t h e  s u r v e y s  ( w h i c h  i n c l u d e d  t h i s  

r e s e a r c h e r )  a s s i s t e d  i n  a  a d v i s o r y  c a p a c i t y  o n l y .  The  

r e s u l t s  o f  t h e  OWRB s t a f f  e v a l u a t i o n s  w e r e  n o t  u t i l i z e d  f o r  

t h e  p u r p o s e  o f  t h e  a n a l y s i s  p e r f o r m e d  a s  a  p a r t  o f  t h i s  

r e s e a r c h .  T h i s  c h o i c e  w a s  m ade  d u e  t o  t h e  c o n s i d e r a b l y  

g r e a t e r  am ount  o f  f i e l d  e x p e r i e n c e  an d  a c a d e m i c  e x p e r t i s e  o f  

t h e  c o m m i t t e e  m e m b e r s  f r o m  a c a d e m i a  a n d  g o v e r n m e n t .

The e v a l u a t i o n  c o m m i t t e e  r a n k e d  t h e  s t r e a m  f o r  q u a l i t y  

b a s e d  f i s h ,  b e n t h i c ,  h a b i t a t  a n d  w a t e r  q u a l i t y  i n f o r m a t i o n  

o b t a i n e d  d u r i n g  t h e  DAA s a m p l i n g  p r o g r a m .  T a b l e s  3 and  4 i n  

t h e  OWRB r e p o r t  p r o v i d e d  i n  A p p e n d i x  A l i s t  t h e  r a n k s  

a s s i g n e d  by t h e  e v a l u a t i o n  c o m m i t t e e s  an d  f i n a l  b e n e f i c a l  u s e  

d e s i g n a t i o n s  r e s p e c t i v e l y .  T h e se  b e n e f i c a l  u s e  d e s i g n a t i o n s  

a s  p r i m a r y  a n d  s e c o n d a r y  w a r m  w a t e r  f i s h e r i e s ,  w e r e  

i n c o r p o r a t e d  i n t o  t h e  1982 Oklahoma W a t e r  Q u a l i t y  S t a n d a r d s .
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OWRB'S a d m i n i s t r a t i v e  d e c i s i o n s  t o  a s s i g n  s p e c i f i c  b e n e f i c i a l  

u s e  d e s i g n a t i o n s  w e r e  b a s e d  upon t h e  c o m b i n a t i o n  o f  t h e  r a n k s  

p r o v i d e d  b y  t h e  c o m m i t t e e s  a n d  s o c i a l  a n d  e c o n o m i c  

c o n s i d e r a t i o n s  s u c h  a s  t h o s e  m e n t i o n e d  i n  t h e  r e p o r t  p r o v i d e d  

i n  Appendix  A. I t  i s  i m p o r t a n t  t o  n o t e  t h a t  t h e s e  d e c i s i o n s  

d i d  n o t ,  i n  e v e r y  c a s e ,  r e s u l t  i n  d e s i g n a t i o n s  c o n s i s t e n t  

w i t h  t h o s e  o f  t h e  r a n k i n g  c o m m i t t e e s .  T h e  r e a s o n s  f o r  t h e  

d i f f e r e n c e s  i n  t h e  c o m m i t t e e  d e t e r m i n a t i o n s  a n d  t h e  f i n a l  

b e n e f i c i a l  u s e  d e s i g n a t i o n s  a r e  t o  some e x t e n t  e x p l a i n e d  i n  

t h e  r e p o r t  p r o v i d e  i n  A p p e n d i x  A. H o w e v e r ,  s o m e  o f  t h e  

d i s c r e p a n c i e s  b e t w e e n  c o m m i t t e e  r a n k s  a n d  u s e  d e s i g n a t i o n s  do 

n o t  a p p e a r  t o  b e  e x p l a i n e d  i n  t h e  r e p o r t  a n d  a r e  p r e s u m a b l y  

t h e  r e s u l t  o f  o t h e r  f a c t o r s  c o n s i d e r e d  by OWRB.

Analysis of Data.
Introduction.

The  a n a l y s i s  o f  d a t a  c o l l e c t e d  a s  p a r t  o f  t h e  O k la h o m a  

UAA s t u d y  c o n s i s t e d  o f  t w o  m a j o r  c a t e g o r i e s  o f  w o r k .  The  

f i r s t  c o n s i s t e d  o f  t r a n s f e r r i n g  t h e  raw  d a t a  f ro m  f i e l d  d a t a  

s h e e t s  i n t o  c o m p u t e r  d a t a s e t s .  The se  d a t a s e t s  w e r e  c o m p r i s e d  

o f  m a t r i c i e s  o f  48 r e c o r d s  c o r r e s p o n d i n g  t o  t h r e e  s t a t i o n s  

f o r  e a c h  o f  t h e  16 s t r e a m s  s a m p l e d  a n d  ' n '  n u m b e r  o f  

v a r i a b l e s  f o r  e a c h  o f  t h e  f o l l o w i n g  c a t e g o r i e s  ( h e r e a f t e r  

r e f e r r e d  t o  a s  SAS d a t a s e t s ) :
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■Category s a s  D a ta  5 a k  Name

H y d r o l o g i e  V a r i a b l e s  D i s k f i l e . H y d r o

W ate r  Q u a l i t y  V a r i a b l e s  D i s k f i l e . W a t e r

P o i n t  S o u r c e  V a r i a b l e s  D i s k f i l e . P s o u r c e

R i p a r i a n  & N o n p o in t  S o u r c e  V a r i a b l e s  D i s k f i l e . N P S  

S u b s t r a t e  V a r i a b l e s  D i s k f i l e . S u b s t r a t

H a b i t a t  V a r i a b l e s  D i s k f i l e . H a b i t a t

F i s h  V a r i a b l e s  D i s k f i l e . R a w f i s h

I n v e r t e b r a t e  V a r i a b l e s  D i s k f i l e . I n s e c t s

A l l  d a t a  was  e n t e r e d  a n d  v e r i f i e d  o n t o  c o m p u t e r  d i s k  f o r  

s t o r a g e  on t h e  D a ta  G e n e r a l  M600 c o m p u te r  a t  t h e  U n i v e r s i t y  

o f  O k la h o m a  H e a l t h  S c i e n c e s  C e n t e r ,  R e s e a r c h  a n d  E d u c a t i o n  

S y s te m ,  u s i n g  an  i n t e r a c t i v e  d a t a  e n t r y  s y s t e m  (IDES). D a ta  

m anagem ent  an d  s t a t i s t i c a l  a n a l y s i s  was  p e r f o r m e d  u s i n g  SAS 

o p e r a t i n g  i n  OS b a t c h  t h r o u g h  t h e  U n i v e r s i t y  o f  O k l a h o m a ,  

M e r r i c k  C o m p u t e r  C e n t e r .  C o p i e s  o f  t h e  SAS d a t a s e t s  

c o n t a i n i n g  f o r m a t  i n f o r m a t i o n ,  e x p l a n a t o r y  comment s t a t e m e n t s  

a n d  raw d a t a  a r e  p r o v i d e d  i n  A p pend ix  B.

Hydrologie Variables.
A s s e s s m e n t  o f  s t r e a m  c h a r a c t e r i s t i c s  f o r  h y d r o l o g i e  and  

m o r p h o m e t r i c  d a t a  c o n s i s t e d  o f  i n s t r e a m  m e a s u r e m e n t  o f  s t r e a m  

w i d t h ,  d e p t h  a n d  v e l o c i t y .  C a l c u l a t i o n s  w e r e  t h e n  m ade  t o  

d e t e r m i n e  f l o w  a n d  w i d t h  t o  d e p t h  r a t i o .  T a b l e  9 g i v e s  t h e
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V a r i a b l e  N Mean Median STD Min.  Max. Skew. K u r t .

F low 41 1 4 . 9  5 . 0  3 3 . 6  0 . 1  150 3 . 3 2  1 0 .2 3
( c f s . )  38 5 . 8  3 . 8  6 . 3  0 . 1  25 1 . 6 0  2 . 6 2

v e l o c i t y  41 0 . 5  0 . 4  0 . 4  0 . 1  1 . 8  1 . 0 5  0 .8 2
( f t . / s e c . )  38 0 . 4  0 . 4  0 . 3  0 . 1  1 . 2  0 . 5 4  - 1 . 1 0

W id th  41 2 5 . 7  2 3 . 0  1 5 . 3  6 . 0  70 1 . 0 5  0 .7 2
( f t . )  38 2 3 . 4  2 1 . 0  1 2 . 7  6 . 0  60 0 . 9 7  0 .7 2

D e p th  41 1 . 5  1 . 2  1 . 2  0 . 2  6 . 0  1 . 5 6  3 .5 4
( f t . )  38 1 . 5  1 . 1  1 . 2  0 . 2  6 . 0  1 . 5 8  3 . 3 1

W i d t h / D e p t h  41 2 4 . 5  1 8 . 0  1 7 . 3  3 . 0  83 1 . 6 2  2 . 6 1
R a t i o  38 2 3 . 7  1 7 . 5  1 7 . 3  3 . 0  83 1 . 7 8  3 . 2 5

T a b l e  9 .  S u m m ary  S t a t i s t i c s  f o r  H y d r o l o g i e  V a r i a b l e s .  
I n c l u d e d  a r e  t h e  n u m b e r  o f  o b s e r v a t i o n s ( N ) ,  m e a n ,  m e d i a n ,  
s t a n d a r d  d e v i a t i o n  (STD), minimum, maximum, sk e w n e ss (S k e w . ) ,  
a n d  k u r t o s i s ( K u r t . ) .  N»38 d o e s  n o t  i n c l u d e  NCR-OkC s t a t i o n s .
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s u m m a r y  s t a t i s t i c s  f o r  t h e s e  v a r i a b l e s .  S e v e n  o f  t h e  

s t a t i o n s  w e r e  n o t  s a m p l e d  b e c a u s e  o f  e i t h e r  a  l a c k  o f  f l o w  o r  

d i f f i c u l t l y  w i t h  a c c e s s .

The N o r t h  C a n a d ia n  R i v e r  b e lo w  Oklahoma C i t y  r e p r e s e n t e d  

a n  e x a m p l e  o f  a  s e t  o f  v a l u e s  w h o s e  f l o w  w a s  n o t  i n  t h e  r a n g e  

o f  t h e  o t h e r  s t a t i o n s .  The f l o w  f o r  t h e  N o r t h  C a n a d ia n  R i v e r  

w a s  1 1 0 - 1 5 0  c f s  w i t h  a  v e l o c i t y  o f  1 .8  f t / s e c . ,  w h i l e  t h e  

f l o w  f o r  t h e  r e s t  o f  t h e  d a t a s e t  o n l y  r a n g e d  a s  h i g h  a s  25 

c f s  w i t h  v e l o c i t i e s  l e s s  t h a n  1 .2  f t . / s e c .  T a b l e  9 p r e s e n t s  

t h e  s u m m a ry  s t a t i s t i c s  f o r  h y d r o l o g i e  v a r i a b l e s  w i t h  a n d  

w i t h o u t  t h e  NCR-OKC d a t a .  I n  t h e  c a s e  o f  f l o w  a n d  v e l o c i t y ,  

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

s t a n d a r d  d e v i a t i o n ,  s k e w n e s s  and  k u r t o s i s  m a r k e d ly .

F i g u r e  4 show s t h e  d i s t r i b u t i o n  o f  f l o w  by c a t e g o r i e s  

o f  f l o w  m a g n i t u d e  ( e x c l u d i n g  t h e  NCR-OKC). T w e n t y  s e v e n  

p e r c e n t  o f  t h e  s t a t i o n s  h a d  a  f l o w  <1 .0  c f s ,  a n d  53% h a d  

f l o w s  <5.0 c f s .  No u p s t r e a m  s t a t i o n s  h a d  f l o w s  g r e a t e r  t h a n  

10 c f s .  S t r e a m  d e p t h  i s  i l l u s t r a t e d  i n  F i g u r e  5 .  T w o - t h i r d s  

o f  t h e  s t r e a m s  h a d  a  d e p t h  o f  l e s s  t h a n  1 .5  f t .  F i g u r e  6 

sh o w s  t h e  w i d t h  t o  d e p t h  r a t i o  d i s t r i b u t i o n  w h ic h  t e n d e d  t o  

b e  c l u s t e r e d  i n  t h e  r a n g e  o f  10 t o  40 f t .  (69%).

Water Quality Variables.
M easu rem en t  o f  w a t e r  q u a l i t y  c o n s i s t e d  o f  o n l y  a  l i m i t e d  

num ber  o f  m e a s u r e m e n t s .  T h i s  was p r i m a r i l y  due  t o  t h e  l a c k
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STREAM FLOW

PERCENTAGE
3 0 4

J

2 0 4

15 4

10

0

i
%

i iii
< le f s  ]*-2cfs 2Sef s  5 * 1 0 e fs  > 1 0 efs  

MELON
LEGEND: ZONE E 5 3  UPSTREAM ^  IMPACT E S  RECOVERT

F i g u r e  4 .  D i s t r i b u t i o n  o f  S t r e a m  F lo w .
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STREAM DEPTH

KRCENTAGE
4 0 -1

3 5 -

3 0 -

2 5 -

20

1 5 -

1 0 -

5 -

I
a

LEGENO: ZONE

F i g u r e  5 .

< .5 f t  . 5 - 1 . 5 f t  1 .5 - 2 .5 f t  > 2 .5 f t
DEPTH

^UPSTREAM IMPACT E2REC0VERT
D i s t r i b u t i o n  o f  S t r e a m  D e p th .
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STREAM W E)TH/DEPTH RATIO

PERCEMTflGE 
45

4 0 -

35^

304

254

2 0 -

15 •

10 4

1

> 4 0 ft 2 0 4 0 f t  10-20  < 10ft
■ntflllO

LEGEND: ZONE ^ U P S T K M  IMPACT ^RECOVERY

F i g u r e  6 .  D i s t r i b u t i o n  o f  S t r e a m  W id th  t o  D e p th  R a t i o .
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o f  f u n d s  a n d  t h e  t i m e  r e q u i r e d  t o  p e r f o r m  a  m o r e  d e t a i l e d  

w a t e r  q u a l i t y  a s s e s s m e n t .  T h e  v a l u e  o f  i n c r e a s i n g  t h e  

r e p e r t o i r e  o f  p h y s i c a l  a n d  c h e m i c a l  m e a s u r e m e n t s  i n  f u t u r e  

DAA p r o g r a m s  i s  d i s c u s s e d  i n  t h e  f o l l o w i n g  c h a p t e r .  T a b l e  10 

g i v e s  t h e  s u m m a r y  s t a t i s t i c s  f o r  t h o s e  w a t e r  q u a l i t y  

p a r a m e t e r s  s a m p le d  a s  p a r t  o f  t h i s  DAA s a m p l i n g  p ro g ra m .

T h e  w a t e r  q u a l i t y  m e a s u r e m e n t s  f o c u s e d  o n  t h e  

r e l a t i o n s h i p  o f  d i s s o l v e d  oxygen i n  t h e s e  s t r e a m s .  F i g u r e  7 

s h o w s  a  p l o t  o f  t h e  d i r e c t  r e l a t i o n s h i p  ( i n v e r s e l y  

p r o p o r t i o n a l )  w h i c h  e x i s t s  b e t w e e n  D.O. l e v e l s  a n d  t h e  D.O. 

d e f i c i t  ( r » - 0 . 9 6 ) .  A s i m i l a r  r e l a t i o n s h i p  e x i s t s  b e t w e e n  

D.O. a n d  p e r c e n t  s a t u r a t i o n  ( r = 0 . 9 7 ) .  F i g u r e  8 s h o w s  t h e  

r e l a t i o n s h i p  b e t w e e n  t h e  l e v e l  o f  D.O. a n d  r a n g e s  o f  D.O. 

d e f i c i t  f rom  s u p e r s a t u r a t e d  w a t e r  ( n e g a t i v e  v a l u e s )  t o  p o o r l y  

s a t u r a t e d  w a t e r s  ( v a l u e s  >3 .0) .  Th o se  s t r e a m s  w h ic h  had  D.O. 

d e f i c i t s  >3.0 m g . / l .  c o u l d  be e x p e c t e d  t o  h a v e  D.O. l e v e l s  a t  

o r  b e l o w  t h e  5 .0  m g . / l .  s t a n d a r d  f o r  p r i m a r y  warm w a t e r  

f i s h e r i e s .  The f r e q u e n c y  d i s t r i b u t i o n  o f  s a m p l i n g  s t a t i o n s  

o v e r  t h e s e  c a t e g o r i e s  o f  D.O. d e f i c i t  i s  i l l u s t r a t e d  i n  t h e  

b l o c k  c h a r t  p r e s e n t e d  i n  F i g u r e  9.

T e m p e r a t u r e  and  c o n d u c t i v i t y  h ad  w id e  r a n g e s  i n  t h e  d a t a  

s e t  a s  a  w ho le .  T e m p e r a t u r e  a v e r a g e d  3 .0 o c .  l e s s  i n  u p s t r e a m  

s a m p l i n g  s t a t i o n s  (20oC.) .  I m p a c t  and  r e c o v e r y  zone  s t a t i o n s
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V a r i a b l e  N Mean M edian  STD Min. Max. Skew. K u r t .

T e m p e r a t u r e  43 2 1 . 8  2 1 . 9  5 . 4  9 . 9  3 2 . 5  - 0 . 2 5  - 0 . 2 4
(OC.)

pH 39 — — — 6 . 0 8 . 1 — —

D i s s o l v e d  Oxygen 43 7 . 9  7 . 6  3 . 5  2 . 1  1 8 . 0  0 . 6 8  0 .3 6
( m g . / l . )

C o n d u c t i v i t y  40 1186 1169 636 277 3040 0 . 7 5  0 .5 6
(micromhos)

S a t u r a t i o n  D.O. 43 8 . 8  8 . 7  1 . 0  7 . 2  1 1 . 3  0 . 7 4  0 .3 2
L e v e l  ( m g . / l . )

P e r c e n t  S a t u r a t i o n  43 91 80 44 23 225 0 . 9 8  1 .0 6
D.O. ( m g . / l . )

D.O. D e f i c i t  43 0 . 9  2 . 0  3 . 7  - 1 0  8 . 1  - 0 . 7 5  0 .6 9
( m g . / l . )

T a b l e  1 0 .  Sum m ary  S t a t i s t i c s  f o r  W a t e r  Q u a l i t y  V a r i a b l e s .  
I n c l u d e d  a r e  t h e  n u m b e r  o f  o b s e r v a t i o n s  (N),  m e a n ,  m e d i a n ,  
s t a n d a r d  d e v i a t i o n  (STD), m in im un ,  maximum, s k e w n e s s  (Skew.) 
a n d  k u r t o s i s  ( K u r t . ) .



81

DISSOLVED OXYGEN v s  D. 0 . DEFICIT
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DISSOITED OXTGEN D E F I C I T (* /L )

F i g u r e  7 .  R e l a t i o n s h i p  o f  D i s s o lv e d  O xygen  t o  t h e  D i s s o l v e d  O xygen  D e f i c i t .
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DISSOLVED OXYGEN AND D.O. DEFICIT

BUCK CHRRT OF NERXS

KCOTDIT

UPSTREiW

OI5SOLIED OZTEEN D E F I C I T (* /L )

F i g u r e  8 .  B lo c k  C h a r t  o f  D i s s o lv e d  O xygen  v e r s u s  t h e  D i s s o l v e d  
O xygen  D e f i c i t  by  S a m p lin g  Z o n e .
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DISSOLVED OXYGEN AND D.O. DEFICIT

FKQUENCT BLOCK CHfflT

ZONE 

RECOYERT

UPSTREAM

> - l  <=i >1 <=3 W

OISSOLVEO OXTGEN D EfIC ITI*/L)

F i g u r e  9 .  F re q u e n c y  D i s t r i b u t i o n  o f  S a m p lin g  S t a t i o n s  by  C a te g o r y  
o f  D i s s o lv e d  O xygen  D e f i c i t .
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a v e r a g e d  2 3 o c .  C o n d u c t i v i t y  a v e r a g e d  1 0 1 9 ,  1 2 4 7  a n d  1 2 8 5  

m ic ro m h o s  r e s p e c t i v e l y  f o r  u p s t r e a m ,  i m p a c t  and  r e c o v e r y  zone  

s t a t i o n s .

Point Source Variables.
As m e n t i o n e d  p r e v i o u s l y ,  d a t a  on t h e  e f f l u e n t  q u a n t i t y  

a n d  q u a l i t y ,  f o r  f a c i l i t i e s  w h ic h  d i s c h a r g e  m u n i c i p a l  w a s t e  

i n t o  t h e  s t r e a m s  s t u d i e d  i n  t h e  UAA s a m p l i n g  p r o g r a m ,  w e r e  

o b t a i n e d  f r o m  OSDH c o m p l i a n c e  m o n i t o r i n g  r e c o r d s  a n d  NPDES 

m o n i t o r i n g  r e p o r t s .  T a b l e  11  s u m m a r i z e s  t h e  l i s t  o f  

p a r a m e t e r s  an d  summary  s t a t i s t i c s  f o r  t h e  p o i n t  s o u r c e  d a t a  

b a s e .  The d a t a  p r e s e n t e d  w a s ,  f o r  t h e  m o s t  p a r t ,  o b t a i n e d  a s  

a n  a t t e m p t  t o  c a t e g o r i z e  t h e  l e v e l s  o f  w a s t e l o a d i n g  w h i c h  

w e r e  o c c u r i n g  i n  t h e  v a r i o u s  s t r e a m s  s a m p l e d  a s  p a r t  o f  t h e  

UAA p r o g r a m .  T h i s  i n f o r m a t i o n  s h o u l d  n o t  b e  c o n s i d e r e d  a s  

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

c o n c e r t  w i t h  t h e  o v e r a l l  UAA p r o g r a m .  The  u t i l i t y  o f  

i n t e g r a t i n g  a  w a s t e l o a d  s a m p l i n g  p r o g ra m  i n t o  t h e  UAA p r o g ra m  

f o r  f u t u r e  w o r k  o f  t h i s  k i n d  i s  d i s c u s s e d  i n  t h e  f o l l o w i n g  

c h a p t e r .  N e v e r t h e l e s s ,  t h i s  d a t a  d o e s  s e r v e  a s  a d d i t i o n a l  

i n f o r m a t i o n  t o  h e l p  a s s e s s  t h e  f a c t o r s  i n f l u e n c i n g  t h e  

a t t a i n m e n t  o f  a q u a t i c  u s e s  i n  Oklahoma s t r e a m s .

S e v e r a l  c a l c u l a t i o n s  w e r e  p e r f o r m e d  on t h e  d a t a  t o  

e s t i m a t e  t h e  a p p r o x i m a t e  l e v e l s  o f  o r g a n i c  d e m a n d i n g  

s u b s t a n c e  ( i . e  u l t i m a t e  B.O.D, u l t i m a t e  o x y g e n  d e m a n d .
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V a r i a b l e N Mean Median STD Min. Max. Skew. K u r t

E f f l u e n t  Flow 14 3.2 2.2 2.6 0.6 8.8 0.97 0.07
( c f s . )
S t rea m  Flow 15 6 . 1 5 . 6 5 . 1 0 . 4 15 0 .4 1  - 1 . 3 5
( c f s . )
S t r e a m / E f f l u e n t 14 2 . 4 1 .3 1 . 8 0 . 8 5 . 9 0 . 9 2  - 0 . 6 2
Flow R a t i o  
A v e ra g e  A u g u s t 11 2 4 . 9 2 6 .0 2 . 8 20 28 - 0 . 5 9  - 0 . 9 1
W ate r  Temp, ( o c . )  
E f f l u e n t  D.O. 11 4 . 5 3 . 4 3 . 1 1 . 1 1 1 . 9 1 . 3 6  2 . 1 6
( m g . / I . )
E f f l u e n t  P e r c e n t 10 40 30 26 13 79 0 . 7 4  - 1 . 3 3
S a t u r a t i o n  
B.O.D. ( F i v e  Day) 14 2 4 . 4 2 4 .3 14 1 . 3 5 0 . 7 0 . 3 1  - 0 , 5 4
( m g . / I . )
U l t i m a t e  Carbon 14 3 5 . 8 3 5 . 8 21 2 . 0 7 4 . 6 0 . 3 1  - 0 . 5 3
a c e o u s  B .O .D .  ( e s t .  
U .C .B .O .D.  Load

)
14 902 404 1053 76 3009 1 . 4 7  0 . 6 2

( l b s / d a y  e s t . )  
Ammonia N i t r o g e n 13 7 . 3 6 .3 0 . 1 1 7 . 3 0 . 9 8  - 1 . 6 2
( m g . / I . )
U l t i m a t e  Oxygen 13 70 71 39 2 . 6 143 0 . 0 7  - 0 . 1 4
Demand ( e s t . )
T o t a l  C a r b o n a c e o u s 13 2083 664 2639 101 7429 1 . 2 8  0 . 1 7
N i t r o g e n o u s  Demand 
TKN

( e s t
13

.)
1 1 . 5 1 3 .2 6 . 5 1 . 6 2 2 . 5 - 0 . 1 6  - 0 . 9 3

( m g . / I . )
N i t r a t e  N i t r o g e n 11 4 .0 2.91 3 .7 0 .5 1 1 .1 0 .6 1  - 0 . 7 7
( m g . / I . )
T o t a l  P h o s p h o r u s 12 5 . 4 4 . 7 2 . 1 2 . 7 9 . 5 0 .7 3  - 0 . 3 7
( m g . / I . )
T o t a l  S u sp e n d ed 14 3 0 . 2 1 3 .0 21 3 . 3 7 7 . 5 1 .0 9  1 .0 9
S o l i d s  ( m g . / I . )  
T o t a l  S u sp en d ed 14 861 1006 491 63 3645 1 .8 8  3 . 8 6
S o l i d s  L o a d ( l b s / d a y )  
A l k a l i n i t y  9 218 226 44 157 300 0 . 5 2  0 .1 0
( m g . / l . )
C h l o r i d e 7 123 83 81 40 242 0 .4 7  - 1 . 8 9
( m g . / l . )
C.O.D. 12 74 75 31 23 123 —0 . 1 7  —0 .8 5
( m g . / l . )
T .O .C . 11 1 7 . 3 1 2 .4 13 7 . 4 4 8 .5 1 . 7 4  2 . 5 4
( m g . / l . )

T a b le  11.  Summary S t a t i s t i c s f o r  P o i n t  S o u r c e V a r i a b l e s .
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c o m b i n e d  u l t i m a t e  c a r b o n a c e o u s  a n d  n i t r o g e n o u s  B.O.D.) a n d  

t h e i r  r e s p e c t i v e  l o a d i n g s  f r o m  e a c h  f a c i l i t y .  T h e s e  

e s t i m a t e s  w e re  p e r f o r m e d  a c c o r d i n g  t o  m e th o d s  p r e s e n t e d  by 

P a v o n i  (86) f o r  u s e  i n  w a t e r  q u a l i t y  m anagem ent  p l a n n i n g .

As w as  t h e  c a s e  w i t h  h y d r o l o g i e  v a r i a b l e s ,  t h e  N o r t h  

C a n a d i a n  R i v e r  b e l o w  O k la h o m a  C i t y  r e p r e s e n t e d  v a l u e s  f o r  

w a s t e l o a d i n g  f a r  b e yond  t h e  r a n g e  o f  t h e  o t h e r  s t r e a m s  and  a s  

s u c h  i t  was d e l e t e d  f ro m  t h e  summary  s t a t i s t i c s  p r o v i d e d  i n  

T a b l e  11.  F i g u r e  10 show s a  p l o t  o f  t h e  p a t t e r n  o f  e f f l u e n t  

f l o w  v e r s u s  t h e  l o g  b a s e  10 o f  t h e  o r g a n i c  l o a d i n g .  The  

N o r t h  C a n a d ia n  R i v e r  i n  Oklahoma C i t y  i s  i n c l u d e d  i n  t h e  p l o t  

a n d  h a s  t h e  h i g h e s t  l o a d i n g  v a l u e  a s  a  f u n c t i o n  o f  i t ' s  h i g h  

e f f l u e n t  v o l u m e  (>40 c f s . ) .  F i g u r e  11 s h o w s  t h e  p r o p o r t i o n  

o f  s t r e a m  d i l u t i o n  c a p a c i t y  w i t h  s u b g r o u p i n g  b a s e d  on  t h e  

l e v e l  o f  o r g a n i c  l o a d i n g .  S i x t y  p e r c e n t  o f  t h e  s t r e a m s  h a d  

d i l u t i o n  c a p a c i t i e s  <2.0 .  The m a j o r  c a t e g o r y  o f  w a s t e l o a d i n g  

c o n s i s t e d  o f  t h o s e  e f f l u e n t s  d i s c h a r g i n g  a n  e s t i m a t e d  5 00  

I b s . / d a y  o r  l e s s  o f  c a r b o n a c e o u s  B.O.D. T h i s  i s  r e f l e c t e d  i n  

t h e  m e d ia n  s t a t i s t i c  o f  404 I b s . / d a y  o f  c a r b o n a c e o u s  B.O.D. 

S u b s t r a t e  V a r i a b l e s .

T h e  s u b j e c t i v e  e s t i m a t e s  o f  t h e  e v a l u a t i o n  t e a m  f o r  

p r o p o r t i o n s  o f  s u b s t r a t e  t y p e  a r e  s u m m a r i z e d  i n  T a b l e  1 2 .  

F i g u r e  12 p r e s e n t s  a  h o r i z o n t a l  b a r  c h a r t  o f  t h e  s u b s t r a t e



87

EFFLUEN T FLOW VS ORGANIC LOADING
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F i g u r e  1 0 . E f f l u e n t  F lo w  v e r s u s  O r g a n ic  W a s te lo a d .
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WASTE LOADING
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F i g u r e  1 1 .  S tr e a m  D i l u t i o n  C a p a c i t y  a n d  L e v e l  o f  O r g a n ic  W a s te lo a d .
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V a r i a b l e M
>0

Mean
(%)

STD Mean
>0

STD
>0

Min.
>0

Max
>0

D e t r i t u s 24 4 . 9 5 . 9 8 . 8 5 . 2 2 25

Mud & S l u d g e 19 7 . 5 1 4 . 3 1 6 . 9 1 7 . 6 2 75

C la y 15 1 1 . 2 2 0 . 5 3 2 . 2 2 3 . 3 3 70

S i l t 30 8 . 7 1 1 . 1 1 2 .4 1 1 .5 1 50

Sand 33 4 0 . 7 3 7 . 2 5 3 . 0 3 3 . 8 5 100

G r a v e l 20 8 . 7 1 4 . 1 1 8 . 7 1 5 . 6 5 60

L a r g e  Rocks 21 1 1 . 7 1 9 . 0 2 4 . 0 2 1 . 2 3 80

Bedrock 7 6 . 7 1 6 . 7 4 1 . 4 1 6 . 8 10 60

T a b l e  1 2 .  S u m m a r y  S t a t i s t i c s  f o r  S u b s t r a t e  V a r i a b l e s .  
I n c l u d e d  a r e  t h e  num ber  o f  o b s e r v a t i o n s  >0 (N), m eans  f o r  a l l  
v a l u e s  a n d  m e a n s  f o r  v a l u e s  > 0 ,  s t a n d a r d  d e v i a t i o n s  f o r  a l l  
v a l u e s  a n d  f o r  v a l u e s  >0 (STD),  m i n i m u m s  a n d  m a x im u m s  f o r  
v a l u e s  >0.
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SUBSTRATE TYPE BY ZONE

ID r m w  m m n
Koracx

CUT

MID tSU B G E  

CMTEL

umcEim

KTRITUS

SILT

SAND

k m m m

m m

FKQ
n S o

PERCENT CUM.
PERCENT

7 7 4 .1 4 4 .1 4

15 22 8 .8 8 13 .02

19 41 11 .24 2 4 .2 6

20 » 11 .83 3 6 .0 9

21 02 12 .43 4 8 .52

24 106 14 .20 6 2 .72

30 138 17 .75 8 0 .47

33 169 19 .53 100.00

' " ' " I ......... ' " I  I  ......... ...................

0  S 10 15 20 25 30  35
FIEOUENCT

LEGEND: ZONE CSSSUPSTREAH ^ I I T R C T  B S 3K C 0V E R T

F i g u r e  1 2 . D i s t r i b u t i o n  o f  S u b s t r a t e  T y p e s .
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t y p e s  o r g a n i z e d  i n  a s c e n d i n g  o r d e r  b y  f r e q u e n c y  o f  

o c c u r r e n c e .  Sand w as  t h e  d o m i n a n t  s u b s t r a t e  t y p e  e n c o u n t e r e d  

b o t h  i n  f r e q u e n c y  (33)  a n d  p e r c e n t a g e  o f  c o m p o s i t i o n  (40%).  

I n  c o n t r a s t ,  d e t r i t u s ,  w h ic h  h ad  t h e  t h i r d  h i g h e s t  f r e q u e n c y  

( 2 4 )  o f  o c c u r r e n c e ,  h a d  t h e  l o w e s t  m e a n  p e r c e n t a g e  o f  

c o m p o s i t i o n  ( 4 . 9 % ) .  B e d r o c k ,  w h e n  p r e s e n t ,  t e n d e d  t o  

d o m i n a t e  t h e  s u b s t r a t e  c a t e g o r i e s  w i t h  a  m e a n  v a l u e  o f  41% 

f o r  o b s e r v a t i o n s  >0.

H a b i t a t  V a r i a b l e s .

T h e  p r e s e n c e  o r  a b s e n c e  o f  t w e l v e  c a t e g o r i e s  o f  

p o t e n t i a l  f i s h  h a b i t a t  w e r e  e v a l u a t e d  a t  e a c h  o f  t h e  s a m p l i n g  

s t a t i o n s .  F i g u r e  13 p r e s e n t s  t h i s  d a t a  i n  t h e  f o r m  o f  a 

h o r i z o n t a l  b a r  c h a r t  o r g a n i z e d  i n  i n c r e a s i n g  o r d e r  o f  

o c c u r r e n c e .  T h e  l a r g e s t  n u m b e r  o f  h a b i t a t s  p r e s e n t  a t  a n y  

o n e  s t a t i o n  w a s  9 ,  w h i l e  t h e  l o w e s t  w a s  3 a n d  t h e  mode w a s  5 .  

F o u r  c a t e g o r i e s  o f  h a b i t a t  ( p o o l s ,  b r u s h p i l e s ,  u n d e r c u t  

b a n k s ,  a n d  f l a t  r u n s )  a c c o u n t e d  f o r  h a l f  o f  t h e  h a b i t a t  

r i c h n e s s  a s  d e t e r m i n e d  by  f r e q u e n c y  o f  o c c u r r e n c e .  T h e s e  

w e r e  a b o u t  e q u a l l y  d i s t r i b u t e d  i n  a l l  t h r e e  s a m p l i n g  z o n e s .  

R i p a r i e u i  an d  H o n p o i n t  S o u r c e  V a r i a b l e s .

T a b l e  13 g i v e s  t h e  summary s t a t i s t i c s  f o r  t h e  n o n p o i n t  

s o u r c e  d a t a s e t .  T h e s e  v a r i a b l e s  r e p r e s e n t  e s t i m a t e s  o f  

r i p a r i a n ,  b a n k s i d e  a n d  g e n e r a l  w a t e r s h e d  c h a r a c t e r i s t i c s  

w h i c h  i n  g e n e r a l  may r e f l e c t  t h e  t h e  p o t e n t i a l  f o r  n o n p o i n t
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HABITAT ABUNDANCE BY ZONE

ID TTPE DF HABITAT

ISOLATED POOLS

DEEP CHANNELS

TREE ROOTS

BACKWATERS

EMERGENT VEG.

RFFLES

SUBMERGED LOGS

UNDERCUT BANKS

BRUSHPILES

FRED
FRM

PERCENT CUM.
PERCENT

2 2 1 .06 1 .06

5 7 2 .6 5 3 .7 0

5 12 2 .6 5 6 .3 5

11 23 5 .6 2 12.17

11 34 5 .6 2 17.99

14 48 7 .4 1 25 .40

17 65 6 .9 9 34 .39

IB 83 9 .5 2 43 .92

21 104 11.11 55 .03

24 120 12 .70 67 .72

26 156 14.61 62.54

33 169 17 .46 100.00

ID IS 20 2S 30 
FREQUENCT

LEGEND: ZONE B S  UPSTREAM E S  IMPACT ^  RECOVERT 

F i g u r e  1 3 . D i s t r i b u t i o n  o f  H a b i t a t  T y p e s .
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V a r i a b l e

B a n k s i d e  C om pos t ion

N Mean
♦1

Mean
#2

Min.
>0

Max
>0

V e g e t a t i o n 31 15 22 2 100
Mud 35 45 58 5 100
Sand
P r o t e c t i v e  C a t e g o r y  
F or  E r o s i o n

35 35 46 5 100

E v i d e n t 38 26 31 5 80
L i k e l y 44 29 29 5 80
U n l i k e l y
P r o t e c t i v e  C a t e g o r y  
F or  S l o p e

41 45 48 10 95

F l a t 4 7 78 10 100
M o d e ra t e 33 31 41 5 100
S t e e p 39 44 50 15 90
V e r t i c a l
P r o t e c t i v e  C a t e g o r y  
V e g e t a t i o n  & Rock

33 19 25 5 70

Rock 9 6 29 10 90
T r e e s 42 41 43 2 90
G r a s s 41 27 29 5 90
S h r u b s
Land Use C a t e g o r y

41 26 28 3 75

% S u b u rb a n 22 43 88 50 100
% Urban 8 10 56 10 100
% A g r i c u l t u r a l 3 4 60 50 80
% F o r e s t  L ik e 19 14 32 10 100
% P a s t u r e 30 40 60 10 100
% C r o p l a n d  
P r o p o r t i o n  o f  Cover  
S p a r s e (13.3%) 
M o d e r a t e ( 5 3 .3 )  
D e n s e ( 3 3 . 4 )

12

6
24
15

13 50 20 100

T a b l e  13. Summary S t a t i s t i c s  f o r  R i p a r i a n  and  N o n p o in t  S o u r c e  
V a r i a b l e s .  I n c l u d e d  a r e  t h e  num ber  o f  o b s e r v a t i o n s  (N), Mean 
#1 ( a l l  v a l u e s  i n c l u d i n g  0 ) ,  Mean #2 ( o n l y  v a l u e s  > 0 ) ,  
Minimum and  Maximum f o r  v a l u e s  g r e a t e r  t h a n  z e r o .
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s o u r c e  i m p a c t s  ( e . g .  e r o s i o n  a n d  s e d i m e n t a t i o n ,  u r b a n  a n d  

a g r i c u l t u r a l  r u n o f f ) .  T h e  e s t i m a t e s  a r e  b a s e d  o n  t h e  

s u b j e c t i v e  e v a l u a t i o n  o f  t h e  s a m p l i n g  t e a m .

The  b a n k s i d e  p r o t e c t i v e  c a t e g o r i e s  a n d  w a t e r s h e d  l a n d  

u s e  c h a r a c t e r i s t i c s  w e r e  e v a l u a t e d  u s i n g  t h e  g u i d e l i n e s  and 

c l a s s i f i c a t i o n  s c h e m e s  p r e s e n t e d  b y  B a l l  i n  E P A 's  W a t e r  

Q u a l i t y  Ma n a g e m e n t  H a n d b o o k  ( 7 , 4 4 ) .  I n  g e n e r a l ,  t h e  r a n g e s  

f o r  v a l u e s  o f  v a r i a b l e s  w e r e  c l a s s i f i e d  a s  p o o r ,  f a i r ,  g o o d  

o r  e x c e l l e n t .  F i g u r e s  14 t h r u  18 p r e s e n t  b l o c k  c h a r t s  o f  t h e  

b a n k s i d e  p r o t e c t i v e  c a t e g o r i e s  f o r  p r o t e c t i v e  v e g e t a t i o n  o r  

r o c k s ,  e r o s i o n ,  s l o p e ,  a n d  b a n k s i d e  com posed  o f  s a n d  and  mud.

F i g u r e  14 s h o w s  t h a t  m o s t  o f  t h e  s t r e a m s  t e n d e d  t o  

p o s s e s s  s u f f i c i e n t  b a n k s i d e  s t a b i l i t y  a s  e v i d e n c e d  by  t h e  

h i g h  f r e q u e n c y  o f  s t a t i o n s  w i t h  e x c e l l e n t  r a t i n g s .  F i g u r e  15 

show t h a t  t h e  p r o t e c t i v e  c a t e g o r i e s  f o r  b a n k s i d e  s l o p e  t e n d e d  

t o  c l u s t e r  i n  t h e  m o d e r a t e  t o  s t e e p l y  s l o p e d  r a n g e s  a s  

e v i d e n c e d  by t h e  f r e q u e n c y  o f  good  a n d  f a i r  r a t i n g s .  F i g u r e  

16 s h o w s  b a n k s i d e  e r o s i o n  t e n d e d  t o  b e  c l a s s i f i e d  a s  

e x c e l l e n t ,  e s p e c i a l l y  f o r  u p s t r e a m  a r e a s .  H o w e v e r ,  i m p a c t  

a n d  r e c o v e r y  z o n e  s t a t i o n s  h a d  m o r e  s t a t i o n s  c l a s s i f i e d  a s  

f a i r  o r  p o o r  t h e n  t h e  u p s t r e a m  s t a t i o n s .  T h i s  c o u l d  be  

r e l a t e d  t o  t h e  i n c r e a s e  i n  f l o w  and  t h e  i m p a c t s  o f  s t o r m w a t e r  

r u n o f f ,  w h i c h  w o u l d  b e  l a r g e r  a t  t h e  d o w n s t r e a m  s t a t i o n s .
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PROTECTIVE BANKSIDE VEGETATION

FREQUENCT BLOCK CHRflT

RECOYERT

UPSTREAM

0

0
TRELLENT ' R O D “ FHIT

BANKSIDE VEGETATION PROTECTIVE CATEGORT

Figure 14. Frequency Distribution for Protective Bankside Vegetation.
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BANKSroE PROTECTIVE CATEGORY FOR SLOPE

FNEOUENCT BLOCK CHflRT

UPSTHOH

&
RECBVERT
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&

7BIR ^

6WK5IDE SLOPE PROTECTIVE CRTcSORT

Figure 15. Frequency D istribution  for the Bankside
Protective Category for Slope.
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BANKSDE PROTECTIVE CATEGORY FOR EROSION

FKOUENCT BLOCK CHMT

RECWERT

UPSTREAM

0

Q &
■JBTO FHiH mmr 

BANKSIDE PROTECTIVE CATEGORT FOR EROSION

F i g u r e  1 6 . F r e q u e n c y  D i s t r i b u t i o n  f o r  t h e  B a n k s id e  
P r o t e c t i v e  C a te g o r y  f o r  E r o s i o n .
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BANKSIDE PROTECTIVE CATEGORY FOR MUD

FflEQUEXCT BLOCK OffiRT

UPSTREAM

RECOYERT

IT 080 Finn nwr
KtNXSIDE PROTECTIVE CATEGORT FOR RUD

Figure 17. Frequency D istribution  for  the Bankside
Protective Category for  Mud.
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BANKSIDE PROTECTIVE CATEGORY FOR SAND

FREOItNC! BLOCK CHART

ZONE 

RECOYERT

UPSTRERR

imcon— m
BANKSIDE PROTECTIVE CATEGOTT FOR SAND

Figure 18. Frequency D istr ibution  for  the Bankside
P rotective Category for  Sand.



1 0 0

Mud a n d  s a n d  a r e  i l l u s t r a t e d  i n  F i g u r e s  17 a n d  1 8 .  T h e s e  

f i g u r e s  a l s o  show a  l a r g e  f r e q u e n c y  o f  s t a t i o n s  c l a s s i f i e d  a s  

e x c e l l e n t  a n d  g o o d .  Mud s e e m e d  t o  h a v e  a  h i g h e r  n u m b e r  o f  

l e s s  p r o t e c t i v e  b a n k s i d e  c l a s s i f i c a t i o n s  t h a n  s a n d  (19 v e r s u s  

12).
F i s h  V a r i a b l e s .

T h e  s a m p l i n g  p r o c e d u r e  a n d  r e l a t e d  d e t a i l s  on  t h e  

c o l l e c t i o n  o f  t h e  f i s h  d u r i n g  O k l a h o m a  DAA p r o g r a m  i s  

o u t l i n e d  i n  t h e  r e p o r t  p r o v i d e d  i n  A p p e n d ix  A. E s s e n t i a l l y ,  

t h e  m e t h o d  c o n s i s t e d  o f  a  s t a n d a r d i z e d  l e v e l  o f  e f f o r t ;  o n e  

m a n h o u r  o f  s a m p l i n g  w i t h  s e i n e s  a t  e a c h  l o c a t i o n .  As w as  

t r u e  w i t h  m o s t  c a t e g o r i e s  o f  a s s e s s m e n t ,  n o t  e v e r y  s i t e  was 

s u i t a b l e  f o r  s a m p l i n g .  R e a s o n s  f o r  n o t  s a m p l i n g  f i s h  

i n c l u d e d ,  no w a t e r ,  s e p t i c  o r  u n h e a l t h y  s a m p l i n g  c o n d i t i o n s ,  

w a t e r  w h ic h  was t o o  d e e p  f o r  e f f e c t i v e  s a m p l i n g  and  l a c k  o f  

d o w n s t r e a m  a c c e s s  p r i o r  t o  r e c o v e r y  o r  c o n f l u e n c e  w i t h  

a n o t h e r  s t r e a m  o r  r i v e r .  I n  a l l  35  o f  t h e  48  s t a t i o n s  w e r e  

s a m p l e d  f o r  f i s h .  T a b l e  14 l i s t s  t h e  s p e c i e s  c o m p o s i t i o n  and  

f r e q u e n c y  o f  o c c u r r e n c e  o f  t h e  45 v a r i e t i e s  o f  i c t h y o f a u n a  

f o u n d  a t  t h e s e  s t a t i o n s .

One c a t e g o r y  o f  t h e  f i s h  c o m m u n i t y ,  f i s h a b l e  s p e c i e s ,  

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

c o m m i t t e e  d u r i n g  t h e  1 9 8 2  r e v i s i o n s  o f  t h e  O k la h o m a  W a t e r  

Q u a l i t y  S t a n d a r d s .  F i g u r e  19 i l l u s t r a t e s  t h e  f r e q u e n c y
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FAMILY

C l u p e i d a e
C y p r i n i d a e

C a t o s t o m i d a e
I c t a l u r i d a e

C y p r i n o -
d o n t i d a e
P o e c i l i i d a e
A t h e r i n i d a e

P e r c i c b t h y i d a e
C e n t r a r c h i d a e

P e r c l d a e

S c i a e n i d a e

SPECIES

Dorogoma cep ed lan u m  
CampQgtoma anomalun 
gyprlnug sû isisi flYbognathug p i a c i t u s  
Botemigonug c r y s o l e u c a s
Botropjg atherinoidegBOtrOPig b u c h a n a n l  
BotlPPig l u t r e n s l s  
flg.tlOPig s t r a m i n e u s  
Botropjg perpallidugBOtlOPjg u m b r a t l l l s  
Botrppig sju
Pimepbalcg n o t a t u s  
Pimephaleg pioielag 
Pimepbaleg tenellug 
Pimepbalcg v i q i i a x  
■Caipiodcg carpio 
Ictalurug mciag 
ICtalüfUg n a t a l l s  
I c t a l u r u s  p u n c t a t u s  
BfttUtUg £Xill£
Botucug ngcturnug Pylodictig o l l v a r i s  
Fundulug kangac 
Fundulug o l i v a c e u s  
Gambusia  a f f i n i s  
L a b i d e s t h e s  s i c c u l u s
Henidia Audcng
BfiXPnfi c h r y a o p s  
Lepomig cyanellua 
Lepomig guloaug 
Leppmig magxftsbirug 
lepomig bumilig
Lepomis  m e g a l o t i s
Lepomig microlopbug 
Mlgiflptcrug galmoideg 
PomoAig annularig 
Etbeogtoma giacile 
E th e o s to m a  r a d io s u m
Etbeogtoma gpectabile Etbeogtoma w h i p p i e i  
Percina phOAocepbala 
Peicina gciera 
Aplodinotug grunnieng

COMMON NAME

G i z z a r d  Shad
S t o n e r o l l e r
Carp
P l a i n s  Minnow 
G olden  S h i n e r  
E m era ld  S h i n e r  
G h o s t  S h i n e r  
Red S h i n e r  
Sand S h i n e r  
C o l o r l e s s  S h i n e r  
R e d f i n  S h i n e r  
U n i d e n t i f i e d

FREQUENCY

8
4
6 
6 
3 
9 
3 

32 
7 
3 
1 
1

Su ck e rm o u th  Minnow 4
B l u n t n o s e  Minnow 3
F a t h e a d  Minnow 4
S l im  Minnow 1
B u l l h e a d  Minnow 11
R i v e r  C a r p s u c k e r  9
B la c k  B u l l h e a d  4
Y e l lo w  B u l l h e a d  5
C h an n e l  C a t f i s h  13
S l e n d e r  Madtom 1
F r e c k l e d  Madtom 3
F l a t h e a d  C a t f i s h  3
P l a i n s  K i l l i f i s h  1
B l a c k s p o t t e d  Topmn. 2 
M o s q u i t o f i s h  25
Brook S i l v e r s i d e  4
M i s s i s s i p p i  " 2
W h i te  B a s s  3
G reen  S u n f i s h  23
Warmouth 4
B l u e g i l l  S u n f i s h  15
O r a n g e s p o t t e d  * 12
L o n g e a r  S u n f i s h  26
R e d e a r  S u n f i s h  1
L a rgem ou th  B a s s  6
W h i te  C r a p p i e  7
S lo u g h  D a r t e r  2
O r a n g e b e l l y  D a r t e r  2
O r a n g e t h r o a t e d  " 1
R e d f i n  D a r t e r  3
S l e n d e r h e a d  D a r t e r  3
Dusky D a r t e r  1
F r e s h w a t e r  Drum 3

T a b l e  14.  L i s t  o f  F i s h  S p e c i e s  C o m p o s i t i o n  and  F r e q u e n c y  o f  
O c c u r r e n c e  a t  35 S a m p l in g  S t a t i o n s .
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ABUNDANCE OF FISHABLE SPEC IE S

ID

lEDEAR SUNFISH 

DRW

FLflTHEflD CATFISH 

WITE BASS 

BLACK BULLHEAD 

NAHMBUTH
I

TElLflN BULLHEAD 

CAHP

LAR6EMUTH BASS 

WITE CAArriE 

CHANNEL CATFISH 

BLUE6ILL 

GNEENSUWISH 

LDNCEAA SUNFISH

FISH STECIES

3

a

m

trp r

10
"T"
15

T»r»
250  S 10  15 20

FIEOUENCT
lEKND: ZONE B a U T S T B E M  B S l W N C T

EO % PERCENT
PER&T

I 1 0.B4 0 .6 4

3 4 1 5 2 3 .3 6

9 7 1 5 2 S.BB

3 10 1 5 2 6 .4 0

4 14 3 .3 6 11.76

4 IB 3 .3 6 15.13

5 23 4 .2 0 19.33

B 29 5 .0 4 24 .37

6 35 5 .0 4 29.41

7 42 5.BB 35 .29

13 .5 5 1 0 .92 46 .22

15 70 1 1 6 1 5B.B2

23 93 1 9 .33 78 .15

26 119 2 1 .8 5 100.00
" r
90

eSSBECOVERT

F ig u r e  19 F r e q u e n c y  D i s t r i b u t i o n  a n d  A b u n d a n c e  o f  F i s h a b l e  
S p e c i e s .
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d i s t r i b u t i o n  o f  p o t e n t i a l l y  f i s h a b l e  s p e c i e s  p r e s e n t  i n  t h e  

s a m p l e s .  Pan  f i s h  ( i . e .  B l u e g i l l ,  Green  a n d  L o n g ea r  S u n f i s h )  

d o m i n a t e d  t h i s  c a t e g o r y  f o l l o w e d  by  C h a n n e l  C a t f i s h  a n d  

C r a p p i e .  T o g e t h e r  t h e s e  v a r i e t i e s  a c c o u n t e d  f o r  70 p e r c e n t  

o f  t h e  f i s h a b l e  s p e c i e s .  T h e  s i z e  o f  t h e s e  f i s h  r a n g e d  

w i d e l y ,  f ro m  f o u r  t o  s i x  i n c h  s u n f i s h  t o  a  40 pound  F l a t h e a d  

C a t f i s h .  F u r t h e r  d i s c u s s i o n  o n  t h e  s i g n i f i c a n c e  t h e  f i s h  

s p e c i e s  c o m p o s i t i o n  i s  a c c o m p l i s h e d  i n  s u b s e q u e n t  s e c t i o n s  o f  

t h i s  c h a p t e r .

Invertebrate variables.
The c o l l e c t i o n  o f  i n v e r t e b r a t e  s a m p l e s  was  a c c o m p l i s h e d  

t h r o u g h  a  q u a l i t a t i v e  s t a n d a r d  l e v e l  o f  e f f o r t  c o n s i s t i n g  o f  

o n e  h a l f  m anhour  o f  d i p n e t  s a m p l i n g .  Taxa w e r e  i d e n t i f i e d  t o  

t h e  l o w e s t  t a x o n o m i c  l e v e l  a t t a i n a b l e .  T a b l e  I S  l i s t s  t h e  

c l a s s i f i c a t i o n s  o f  49 t a x o n o m i c  u n i t s  o b t a i n e d  a s  p a r t  o f  t h e  

O k l a h o m a  UAA s t u d y .  I t  s h o u l d  b e  n o t e d  t h a t  t h e  

i d e n t i f i c a t i o n  o f  i n v e r t e b r a t e s  r e s u l t e d  i n  a  m i x t u r e  o f  

v a r i o u s  l e v e l s  o f  tax o n o m y .  M ost  o f  t h e  t a x a  w e r e  i d e n t i f i e d  

t o  t h e  l e v e l  o f  g e n u s ,  w h i l e  o t h e r s  w e r e  m o r e  c o n s i s t e n t l y  

l e f t  a t  h i g h e r  l e v e l  o f  h e i r a r c h y  s u c h  a s  T r i b e  ( e . g .  

C h r i n o m i n i ) ,  a n d  F a m i l y  ( e . g .  H i r u d i n e a ) .  As w a s  t h e  c a s e  

w i t h  t h e  f i s h  s a m p l i n g ,  o n l y  35 o f  t h e  s t a t i o n s  w e r e  s a m p le d  

f o r  s i m i l a r  r e a s o n s .
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CLASSIFICATION TAXON FREQUENCY

T r i c h o p t e r a H y d ro p sy c b e 11
C h eum atopsyche 9
Chimarra 4
H v c t i o D h v l a x 3

4

N e g a l o p t e r a Carydalus 11

E p h e m e r o p te r a Ifi.ony.chia 3
B a e t i s 16
C a l i b a e t i s 3
C lo e o n 1
atenonema 22
Icicoxythcdes 4
Caenifi 14
Bphoron 5

O d o n a ta C a l o p t e r v x 9
( Z y g o p t e r a ) Acsia 30

anaiiagma 2
( A n i s o p t e r a ) OBhiogomphufi 2

Anax
B a s i a e s c h n a

1

E p i a e s c h n a
Macromia

1

4
ZlfiDfia 1

C o l e o p t e r a Dineutus 1
G y r i n u s
B e r o s u s

1

IxQPistecnus 1
H e l i c h u s 7
Cuhiraphia 1
ateneimis 5

T a b l e  15. L i s t  o£ I n v e r t e b r a t e  Tax a  a n d  F r e q u e n c y  o f  
O c c u r r e n c e  a t  35 S a m p l in g  S t a t i o n s .
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CLASSIFICATION TAXON 

D i p t e r a

I s o p o d a

Amphipoda

G a s t r o p o d a

P e le c y p o d a

O l i g o c h a e t a

T u r b e l l a r i a

H i r u d i n e a

Bryozoa

Decapoda

C e r a t o p o g o n i d a e
C u l i c i d a e
S i m u l i i d a e
C b i r o n o m in i
T a n y t a r s i n i
T a n y p o d in i
P e n t a n e u r i n i
N a c r o p e l o p i i n i

L i r c e u s

2h%sa
S p h a e r i i d a e

Limnodrilus
P l a n a r i i d a e

P a l a e m o n e t e s

FREQUENCY

11
8

32
17
14
1
1
5

11

19

13

7

1

2

11

3

T a b l e  1 5 ( c o n t . ) .  L i s t  o f  I n v e r t e b r a t e  T a x a  and  F r e q u e n c y  o f  
O c c u ra n c e  a t  35 Seunpling S t a t i o n s .
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ABUNDANCE OF INVERTEBRATE GROUPS

ID

DIPTEM

EPHEREROPTEfW

OOOiflTR

TRICHOPTQtfl

COLEOPTEfifl

GRSTMPODA

PEUCTPflDB

NEGRLQPTERA

BRTOZfl

MPHIPOOR

OLIGOCHRETfl

ISDPBOfl

KCRPSDR

HIRUOINEfl

TURBELLflRIfl

CLASSIFICRTIBN FRED c u t  PERCENT COM.

as
I

FREQ PERCENT
75 75 2 1 .55 2 1 .55

68 143 19.54 4 1 .09

67 210 19 .25 6 1 3 4

31 241 8.91 6 1 2 5

24 265 6 .9 0 7 6 .1 5

19 284 5 .4 6 81.61

13 297 3 .7 4 85 .34

11 308 3 .1 6 88.51

11 319 1 1 6 91 .67

11 330 1 1 6 9 4 .83

7 337 2 .01 96.84

5 342 1.44 9 1 2 8

3 345 0 .8 6 9 1 1 4

2 347 1 5 7 9 1 7 1

1 348 1 2 9 1 0 1 0 0
  .
10 20  90 40 50  60  70 80

LEGEND: ZONE
FREQUENCY

UPSTRERH E 3  IMPACT RECOVERY

F i g u r e  2 0 .  F re q u e n c y  D i s t r i b u t i o n  a n d  A b u n d a n c e  o f  I n v e r t e b r a t e  C l a s s i f i c a t i o n s  
o r  G ro u p s .



1 0 7

F i g u r e  20 s u m m a r i z e s  t h e  f r e q u e n c y  d i s t r i b u t i o n  o f  

m a j o r  i n v e r t e b r a t e  c l a s s i f i c a t i o n s .  D i p t e r a ,  E p h e m e r o p t e r a ,  

O d o n a t a  a n d  T r i c h o p t e r a  a c c o u n t e d  f o r  70 p e r c e n t  o f  t h e  

i n v e r t e b r a t e  f a u n a  f o u n d  i n  t h e  s t u d y .  F u r t h e r  d i s c u s s i o n  on 

t h e  s i g n i f i c a n c e  o f  t h e  i n v e r t e b r a t e  s p e c i e s  c o m p o s i t i o n  i s  

made i n  t h e  s u b s e q u e n t  s e c t i o n s  o f  t h i s  c h a p t e r .

Biological Indices.
Introduction.

T h i s  s e c t i o n  p r e s e n t s  t h e  u s e  o f  s e v e r a l  p o l l u t i o n  

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

c o m p o s i t i o n .  I n c l u d e d  w h e n  a p p r o p r i a t e  a r e  f u r t h e r  

d e s c r i p t i v e  s t a t i s t i c s ,  a s  w e l l  a s ,  t a b l e s  a n d  i l l u s t r a t i o n s .  

T h e  c h o i c e  o f  w h i c h  i n d i c e s  t o  u s e  w a s  t o  a  l a r g e  e x t e n t  

i n f l u e n c e d  by t h e  q u a l i t a t i v e  n a t u r e  o f  t h e  b i o l o g i c a l  

d a t a b a s e .  T h a t  i s  t o  s a y ,  t r a d i t i o n a l  m e t h o d s ,  w h ic h  r e l i e d  

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

r e q u i r e  e n u m e r a t i o n  o f  t h e  n u m b e r  o f  i n d i v i d u a l s  i n  e a c h  

t a x o n o m i c  u n i t .  The UAA d a t a b a s e  e x t e n d s  f r o m  a  m e th o d o lo g y  

w h i c h  d o e s  n o t  p r o v i d e  f o r  t h e  l e v e l  o f  e f f o r t  r e q u i r e d  t o  

m a k e  s u c h  c a l c u l a t i o n s .  I n  t h i s  c a s e ,  m o r e  e m p h a s i s  i s  

p l a c e d  u p o n  t h e  s p e c i e s  c o m p o s i t i o n  a n d  d i s c r e t e  s p e c i e s  

r i c h n e s s  a t  e a c h  l o c a t i o n .  T h e r e f o r e ,  t h e  c h o i c e  o f  an  

a p p r o p r i a t e  i n d e x  i n c l u d e d  t h e  a b i l i t y  t o  u s e  t h e  e x i s t i n g
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d a t a  w i t h  o n l y  r e l a t i v e  a b u n d a n c e  d e s i g n a t i o n  s e r v i n g  a s  t h e  

s c a l e  o f  d e n s i t y  f o r  e a c h  s p e c i e s .

C h a p t e r  Two d i s c u s s e d  t h e  u s e  o f  p o l l u t i o n  i n d i c e s  i n  

t h e  a s s e s s m e n t  o f  a q u a t i c  h y d r o b i o c e n o s i s .  The T r e n t  B i o t i c  

I n d e x ,  t h e  Graham I n d e x ,  C h a n d l e r ' s  S c o r e  and  t h e  K a r r  I n d e x ,  

w e r e  c h o s e n  t o  s c a l e  t h e  s p e c i e s  c o m p o s i t i o n  o f  f i s h  a n d  

i n v e r t e b r a t e  t a x a  o b t a i n e d  a t  t h o s e  s t a t i o n s  s a m p l e d  a s  p a r t  

o f  t h e  Oklahoma UAA p r o g ra m .

The  K a r r  I n d e x .

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

s p e c i e s  c o m p o s i t i o n  i s  n o t  a s  w e l l  d e v e l o p e d  a s  t h e i r  u s e  i n  

a s s e s s m e n t  o f  i n v e r t e b r a t e  p o p u l a t i o n s .  T h e  K a r r  I n d e x  

r e p r e s e n t s  a n  a t t e m p t  t o  s c a l e  t h e  v a l u e  o f  v a r i o u s  

c a t e g o r i e s  o f  f i s h  s p e c i e s  c o m p o s i t i o n  a n d  r e s u l t  i n  a  

q u a l i t y  i n d e x  i n d i c a t i v e  o f  t h e  f i s h e r i e s  i n h e r e n t  h e a l t h  and 

e c o l o g i c a l  v a l u e .  T h e  c a t e g o r i e s  c h o s e n  b y  K a r r  w e r e  

p r e s e n t e d  i n  T a b l e  5 o f  C h a p t e r  Two. I n  t h e  c a s e  o f  t h e  

Oklahoma UAA d a t a b a s e ,  s e v e r a l  a d j u s t m e n t s  i n  t h e  K a r r  i n d e x  

w e r e  n e c e s s a r y  i n  o r d e r  t o  s c a l e  t h e  q u a l i t y  o f  t h e  f i s h e r y .

K ar r  u t i l i z e d  12 c a t e g o r i e s  o f  co m m u n i ty  a t t r i b u t e s  t o  

s c a l e  t h e  v a l u e  o f  t h e  f i s h e r y .  S e v e r a l  o f  t h e s e  c a t e g o r i e s  

w e r e  n o t  s c i e n t i f i c a l l y  e v a l u a t e d  i n  t h i s  s t u d y  ( i . e .  h y b r i d s  

a n d  d i s e a s e d  f i s h ) .  T h e  s e l e c t i o n  o f  i n t o l e r a n t  s p e c i e s ,  

o m n i v o r e s ,  a n d  t o p  c a r n i v o r e s  w a s  m ad e  i n  a c c o r d a n c e  w i t h
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EPA 's  l i s t s  o f  n a t i o n a l  f i s h  s p e c i e s  f o r  e a c h  c a t e g o r y  ( 3 7 ) .  

T h e  s e l e c t i o n  o f  i n s e c t i v o r o u s  c y p r i n i d s  w a s  m a d e  i n  

a c c o r d a n c e  w i t h  f o o d  h a b i t  d e s c r i p t i o n s  p r o v i d e d  i n  C a r l a n d e r  

( 2 3 , 2 4 )  a n d  M i l l e r  ( 7 4 ) .  T h e  c a t e g o r y  o f  s u c k e r s  w a s  

e l i m i n a t e d  b e c a u s e  o n l y  o n e  member o f  t h i s  f a m i l y  fC a r p io d e s  

c a r p i o )  w as  o b t a i n e d  i n  t h e  c o l l e c t i o n s .  The c a t e g o r i e s  f o r  

s u n f i s h  e x c l u d e d  t h e  G r e e n  S u n f i s h  a n d  o n l y  i n c l u d e d  t h e  

m e m b e r s  o f  t h e  g e n u s  L e p o m i s . D a r t e r s  ( P e r c i d a e )  w e r e  

expanded  t o  i n c l u d e  t h e  g e n u s  Campostoma ( C y p r i n i d a e ) ,  w h ic h  

h a s  a w i d e r  r a n g e  t h a n  m any  o f  t h e  d a r t e r s  e n c o u n t e r e d  i n  

t h i s  s t u d y  a n d  s i m i l a r  h a b i t a t  p r e f e r e n c e s  (37) .

T h o s e  c a t e g o r i e s  w h i c h  a r e  a s s e s s e d  b a s e d  u p o n  t h e  

d e n s i t y  o f  t h e  f i s h  p o p u l a t i o n  w e r e  e v a l u a t e d  by r e c o d i n g  t h e  

r e l a t i v e  a b u n d a n c e  d e s i g n a t i o n s  t o  e s t i m a t e s  o f  t h e i r  minimum 

d e n s i t y .  T h i s  w as  a c c o m p l i s h e d  by  a s s i g n i n g  t h e  f o l l o w i n g  

v a l u e s  t o  t h e  r e l a t i v e  a b u n d a n c e  s c a l e :  r a r e = l ,

o c c a s i o n a l = 5 ,  c o m m on= 10 ,  a n d  d o m i n a n t = 5 0 .  The  c a t e g o r i e s  

w e r e  a s s i g n e d  a  r a t i n g  v a l u e  c o n s i s t a n t  w i t h  t h e  K a r r  s c o r i n g  

p r o t o c o l ,  w h i c h  a s s i g n s  v a l u e s  o f  o n e ,  t h r e e  o r  f i v e  t o  e a c h  

c a t e g o r y .

The v a l u e s  f o r  e a c h  c a t e g o r y  w e r e  a s s i g n e d  a c c o r d i n g  t o  

t h e  f o l l o w i n g  p r o t o c o l :
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Q u a l i t y  P o i n t s :  1
V a l u e  S c a l e  

3
C a t e g o r y

R e l a t i v e  Abundance <50 >*50 <*100 >100

O m nivorous  S p e c i e s >25 >=10 <«25 <10

Top C a r n i v o r e s <=1 >1 <=5 >5

G reen  S u n f i s h >5 >=1 <=5 <1

I n t o l e r a n t  S p e c i e s <=1 >1 <=5 >5

I n s e c t i v o r o u s  C y p r i n i d s <5 >=5 <«10 >10

S p e c i e s  R i c h n e s s <=6 >6 <=12 >12

S u n f i s h <1 >=1 <=2 >2

D a r t e r s <1 «1 >*2

T a b l e  16 g i v e  t h e  K a r r  I n d e x  s c o r e s  f o r  t h o s e  s t a t i o n s  

s a m p l e d  a s  p a r t  o f  t h i s  s t u d y .  F i g u r e  21 s h o w s  t h e  p l o t  o f  

t h e  K a r r  I n d e x  a s  a d a p t e d  t o  u s e  f o r  t h e  O k l a h o m a  UAA 

p r o g r a m .  I n  K a r r ' s  w ork  a  maximum s c o r e  o f  60 r e s u l t e d  f ro m  

t h e  e v a l u a t i o n  o f  t w e l v e  a t t r i b u t e s .  I n  t h i s  s t u d y  n i n e  

c a t e g o r i e s  o f  a t t r i b u t e s  w e r e  e v a l u a t e d  w h ic h  w ou ld  y i e l d  a  

t o p  s c o r e  o f  4 5 .  I n  p r o p o r t i o n  t o  t h e  q u a l i t y  i n d e x  

d e v e l o p e d  by  K a r r ,  t h e  f o l l o w i n g  c a t e g o r i e s  o f  q u a l i t y  

c l a s s e s  w e r e  d e v e l o p e d :  e x c e l l e n t  ( > » 4 2 ) ,  e x c e l l e n t - g o o d

(<42 >=40) ,  good (<40 >=37) ,  g o o d - f a i r  (<=36 >*34) ,  f a i r  (<34 

> = 3 0 ) ,  f a i r - p o o r  (<30 > = 2 7 ) ,  p o o r  (<27 > = 2 1 ) ,  p o o r - v e r y  (<21 

> = 1 8 ) ,  v e r y  p o o r  ( < = 1 7 ) .  F i g u r e  22 p r e s e n t s  a f r e q u e n c y  

b l o c k  c h a r t  s h o w i n g  t h e  d i s t r i b u t i o n  o f  s t a t i o n
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STATION-ZONE NO. TRENT GRAHAM CHANDLER KARR NO.
INVERT. INDEX INDEX SCORE INDEX PISH

BCC-1 10 5 1 337 31 11
BCC-2 10 5 1 304 — —

BCC-3 13 7 1 590 —

CHC-1 8 6 3 370 21 7
CHC-2 5 4 2 176 19 3
CHC-3 6 6 3 280 23 6
COL-1 12 8 1 447 29 11
COL-3 8 6 3 376 31 15
DOG-1 13 8 1 409 23 4
DOG-3 11 7 2 509 31 12
ELK-1 12 7 2 386 17 4
ELK-2 10 6 1 468 17 5
ELK-3 10 6 1 451 17 6
LDP-1 14 7 2 482 27 12
LDP-2 11 8 1 531 25 9
LDP-3 13 8 1 563 29 9
MBC-1 5 2 4 88 27 8
MBC-2 9 7 2 447 35 14
MBC-3 11 7 3 448 31 11
NCR-1 4 4 3 119 35 14
NCR-2 11 7 2 354 23 10
NCR-3 — — - - 19 7
NCW-1 6 6 3 202 25 12
NCW-2 12 7 2 470 25 10
NCW-3 11 7 2 499 27 14
PRC-1 — ^ «M» - 23 7
PRC-2 6 5 4 117 27 8
RSC-1 13 8 1 872 21 8
R5C-2 5 3 4 172 23 10
SCR-3 10 6 246 23 13
SKC-1 11 7 1 370 21 8
SKC-2 14 6 1 435 17 3
SKC-3 11 7 1 392 17 2
STW-1 6 5 4 173 19 4
STW-2 2 2 25 21 5
WEC-3 17 9 1 955 19 4
WHC-1 7 3 4 238 15 4

T a b l e  1 6 .  S u m m a ry  o f  S c o r e s  f o r  t h e  T r e n t  B i o t i c  I n d e x ,  
G ra h a m 's  B i o t i c  I n d e x ,  C h a n d l e r ' s  S c o r e  and  t h e  K a r r  I n d e x  a s  
A d a p t e d  f o r  U se  i n  t h e  O k l a h o m a  UAA P r o g r a m .  I n c l u d e d  a r e  
t h e  n u m b e r  o f  i n v e r t e b r a t e  a n d  f i s h  t a x a  f o u n d  a t  e a c h  
s t a t i o n .  S a m p l i n g  z o n e s  l = u p s t r e a m ,  2 = i m p a c t ,  3 = r e c o v e r y .  
S t a t i o n  c o d e s  a r e  p r e s e n t e d  i n  T a b le  8.
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THE KARR INDEX FOR FISH
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Figure 21. Plot of the Karr Index versus Number of Fish Species.
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T H E  K A R R  IN D E X  F O R  F I S H
f t  SMPLIHG m . 

FKOOCTUCiaMT

CUISSiriCRTIN BT nm IBEX

lERiran

raOR-TaTPNR

GBD-FAIR

1 /  1
KlBEflH J iW l KCWBT

m .

F i g u r e  2 2 .  F re q u e n c y  D i s t r i b u t i o n  o f  K a r r  In d e x  C l a s s i f i c a t i o n s  
by  S a m p lin g  Z o n e .
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c l a s s i f i c a t i o n  f r o m  g o o d  t h r u  v e r y  p o o r  by  s a m p l i n g  z o n e .  

None o f  t h e  s t a t i o n s  w a r r a n t e d  a n  e x c e l l e n t  r a t i n g .

The T r e n t  B i o t i c  I n d e x .

The a p p l i c a t i o n  o f  t h e  T r e n t  B i o t i c  I n d e x  was  d i s c u s s e d  

i n  d e t a i l  i n  C h a p t e r  Two. T a b l e  2 p r e s e n t e d  t h e  In d e x  a s  i t  

w a s  f i r s t  d e v e l o p e d  by  W o o d i w i s s .  I n  a n y  g i v e n  p a r t  o f  t h e  

w o r l d ,  t h e  a p p l i c a t i o n  o f  an  i n d e x  m us t  t a k e  i n t o  a c c o u n t  t h e  

d i f f e r e n c e s  i n  t h e  c o m p o s i t i o n  o f  s p e c i e s  a n d  t h e i r  

s i g n i f i c a n c e .  The c l a s s i f i c a t i o n s  u s e d  i n  t h e  T r e n t  B i o t i c  

I n d e x  n e e d e d  t o  b e  m o d i f i e d  s l i g h t l y  t o  a c c o u n t  f o r  t h e  

d i f f e r e n c e s  i n  t h e  t a x a  f o u n d  i n  t h e s e  Oklahoma s t r e a m s .

The  f o l l o w i n g  m o d i f i c a t i o n s  w e r e  p e r f o r m e d  on  t h e  

o r g i n a l  W o o d iw is s  s c h e m e  t o  a d a p t  t h e  T r e n t  B i o t i c  I n d e x  f o r  

u s e  i n  e v a l u a t i n g  t h e  s t r e a m s  s a m p l e d  d u r i n g  t h e  Oklahoma UAA 

P r o g ra m .  P l e c o p t e r a  w e r e  n o t  p r e s e n t  i n  any  s a m p l e s  and  a s  a  

r e s u l t  n i n e  w a s  t h e  h i g h e s t  p o s s i b l e  s c o r e ;  The  m a y f l y ,  

S t e n o n e m a . was  t r e a t e d  l i k e  t h e  g e n u s  B a e t i s  on t h e  b a s i s  o f  

i t ' s  p o l l u t i o n  t o l e r a n c e  ( 4 7 , 5 4 ) .  The  I s o p o d ,  A s e l l u s . w a s  

s u b s t i t u t e d  w i t h  t h e  g e n u s  L i r c e u s . The Amphipod,  Gammarus. 

w a s  r e p l a c e d  w i t h  t h e  g e n u s  H y a l e l l a .  T h e s e  l a t t e r  t w o  

s u b s t i t u t i o n s  w e r e  m a d e  b e c a u s e  o f  t h e  d i f f e r e n c e s  i n  t h e  

f a u n a  fo u n d  i n  t h i s  Oklahoma s t u d y  and t h e  s i m i l a r  p o l l u t i o n  

t o l e r a n c e  a n d  e c o l o g i c a l  s i g n i f i c a n c e  o f  t h e s e  O k l a h o m a
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v a r i e t i e s  (47).  None o f  t h e  s t a t i o n s  w e r e  w i t h o u t  any  o f  t h e  

v a r i e t i e s  m e n t i o n e d  i n  t h e  W o o d iw is s  sc h e m e ,  and  a s  a  r e s u l t  

t h e  s c o r e s  r a n g e d  f ro m  tw o  t o  n i n e .

T a b l e  16 l i s t  t h e  s c o r e s  f o r  t h e  T r e n t  B i o t i c  I n d e x  a s  

a d a p t e d  f o r  u s e  i n  t h i s  UAA s t u d y .  F i g u r e  23 p l o t s  t h e  

r e l a t i o n s h i p  o f  t h e  T r e n t  s c o r e s  v e r s u s  t h e  n u m b e r  o f  

i n v e r t e b r a t e  t a x a  f o u n d  a t  t h e  s a m p l i n g  s t a t i o n s .  S i x  

s t a t i o n s  r e c e i v e d  s c o r e s  b e l o w  f i v e .  T h e  c o r r e s p o n d i n g  

s p e c i e s  r i c h n e s s  f o r  t h e s e  s a m p l e s  w a s  f i v e  o r  f e w e r  t a x a  

p r e s e n t ,  i n  a l l  b u t  o ne  o f  t h e  s a m p l e s .

G r a h a m 's  B i o t i c  I n d e x .

T h e  a p p l i c a t i o n  o f  G r a h a m ' s  B i o t i c  I n d e x  f o l l o w e d  

s i m i l a r  m o d i f i c a t i o n s  a s  t h o s e  p r e v i o u s l y  d i s c u s s e d  f o r  t h e  

T r e n t  B i o t i c  I n d e x .  T a b l e  3 i n  C h a p t e r  Two p r e s e n t  t h e  

G r a h a m  B i o t i c  I n d e x .  As w a s  t h e  c a s e  i n  t h e  p r e v i o u s l y  

d i s c u s s e d  i n d e x ,  t h e  m a y f l y  g t e n o n e i p ^ , w a s  t r e a t e d  l i k e  

B a e t i s , a n d  t h e  s a m e  s u b s t i t u t i o n  w a s  m ad e  f o r  t h e  g e n u s  

A s e l l u s  was  made. The A n n e l i d ,  T u b i f e x . was s u b s t i t u t e d  w i t h  

t h e  g e n u s  L i m n o d r i l u s  on  t h e  b a s i s  o f  s i m i l a r  p o l l u t i o n  

t o l e r a n c e  (47).  T a b l e  16 l i s t  t h e  G rah am 's  I n d e x  s c o r e s  f o r  

t h e  s a m p l i n g  s t a t i o n s .  F i g u r e  24 i l l u s t r a t e s  t h e  f r e q u e n c y  

d i s t r i b u t i o n  o f  t h e  G r a h a m ' s  I n d e x  s c o r e s  by  s a m p l i n g  z o n e .  

T h i r t e e n  s t a t i o n  w e r e  e v a l u a t e d  a s  b e i n g  p o l l u t e d ,  m o s t  o f  

t h e s e  s t a t i o n s  h a d  f e w e r  t h a n  t e n  i n v e r t e b r a t e  t a x a  p r e s e n t .
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THE BIOTIC INDEX FOR OKLAHOMA
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F i g u r e  2 3 . P l o t  o f  t h e  T r e n t  B i o t i c  In d e x  v e r s u s  N um ber o f  I n v e r t e b r a t e  
T a x a .
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THE GRAHAM INDEX BY SAMPLING ZONE
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THE GRAHAM INDEX ADAPTED TO OKLAHOMA 
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F i g u r e  2 4 .  F r e q u e n c y  D i s t r i b u t i o n  o f  t h e  C a t e g o r i e s  o f  G ra h a m 's  
B i o t i c  In d e x  S c o r e s  by  S a m p lin g  Z o n e .
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The Chandler Score.
The p r o c e s s  o f  a d a p t i n g  t h e  a p p r o a c h  u s e  by C h a n d l e r  t o  

s c o r e  t h e  q u a l i t y  o f  s a m p l i n g  s t a t i o n  on  t h e  b a s i s  o f  t h e  

n u m b e r s  a n d  t y p e s  o f  i n v e r t e b r a t e  s p e c i e s  p r e s e n t  w a s  

c o n s i d e r a b l y  m o r e  i n v o l v e d  t h a n  e i t h e r  t h e  T r e n t  o r  G rah a m  

B i o t i c  I n d i c e s .  The  s c o r i n g  s c h e m e  u s e d  i n  e v a l u a t i n g  t h e  

O k l a h o m a  UAA s a m p l i n g  s t a t i o n s  i s  p r e s e n t e d  i n  T a b l e  1 7 .  

T a b l e  16 show s t h e  s c o r e s  r e c e i v e d  by t h e  s a m p l i n g  s t a t i o n s  

a n d  F i g u r e  25 i l l u s t r a t e s  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  

C h a n d l e r  s c o r e s  and  t h e  number  o f  i n v e r t e b r a t e  t a x a  p r e s e n t  

a t  e a c h  l o c a t i o n .  S c o r e s  b e l o w  300 a r e  c o n s i d e r e d  t o  b e  

i n d i c a t i v e  o f  p o l l u t e d  a r e a s  (101)  w h i c h  p o s s e s s  f e w e r  

i n v e r t e b r a t e  t a x a  an d  i n c l u d e  t h o s e  members  w h i c h  a c c u m u l a t e  

t h e  l e a s t  p o i n t  v a l u e  i n  t h e  s c o r i n g  p r o t o c o l .  Ten s t a t i o n s  

s c o r e d  b e lo w  t h i s  t h r e s h o l d  v a l u e  w h ic h  d e l i n e a t e s  c l e a n e r  o r  

l e s s  p o l l u t e d  s t r e a m s  f ro m  a r e a s  o r  h i g h e r  p e r t u r b a t i o n ;  a s  

e v i d e n c e d  by a  m ore  d e p r e s s e d  s p e c i e s  c o m p o s t i o n .

Cluster Analysis
Introduction.

T h e  d i s c u s s i o n  o f  r e s u l t s  p r e s e n t e d  i n  t h e  f o l l o w i n g  

s e c t i o n  i s  l i m i t e d  t o  t h e  c l u s t e r  a n a l y s i s  o f  f i s h ,  

i n v e r t e b r a t e ,  h a b i t a t  and  s u b s t r a t e  v a r i a b l e s .  E s s e n t i a l l y ,
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THE CHANDLER SCORE ADAPTED FOR OKLAHOMA ÜAA

GROUPS PRESENT RELATIVE ABUNDANCE
IN SAMPLE RARE OCCASIONAL COMMON ABUNDANT

E p h e m e r o p t e r a ,  e x c l u d i n g  79 84 90 94
and

T r i c h o p t e r a ,  M e g a l o p t e r a  75 80 86 91

S i m u l i i d a e  56 61 67 73

C o l e o p t e r a  51 55 61 66

B a e t i s  and  44 46 48 50

a y a l Æ l i a  40 40 40 40

JEbyga and  S p h a e r i i d a e  30 28 25 22

C h i r o n o m id a e ,  e x c l u d i n g  28 25 21 18
C h i r o n o m in i

25 22 18 14

H i r u d i n e a  24 20 16 12

T u b e l l a r i a  22 18 13 12

C h i r o n o m in i  21 17 12 7

A l l  o t h e r  s p e c i e s ,  19 15 9 5
e x c l u d i n g  B ry o z o a

T a b l e  1 7 .  T h e  C h a n d l e r  S c o r e  A d a p t e d  f o r  U se  W i t h  t h e  
Oklahoma Use A t t a i n a b i l i t y  D a t a b a s e .
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THE CHANDLER SCORE FO R OKLAHOMA
n  ML 8F IMERTEBIMTE TAXA

900:

g I 
800:

8 : 
N
0 TOO:
1 
8

r

8 i
E

500:
A
0
A
P
T 400:
0
T
D 300ÿ 
0f j
B
A
A

0 1 2  3 4
    .
5 6 7 8 9 10 11 12 13 14 15 16 17

MMBER OF INVEATEBROTE TAXA

F i g u r e  2 5 . P l o t  o f  C h a n d l e r 's  S c o r e  v e r s u s  t h e  Num ber o f  I n v e r t e b r a t e  
T a x a .
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tw o  t y p e s  o f  c l u s t e r  a n a l y s e s  w e re  p e r f o r m e d  on t h e  d a t a s e t s .  

T h e  m e t h o d s  e m p l o y e d  c o n s i s t e d  o f  W a r d s ' s  (96)  m in im u m  

v a r i a n c e  h e i r a r c h i c a l  c l u s t e r i n g  m e t h o d  a n d  DPGMA, t h e  

u n w e i g h t e d  p a i r - g r o u p  m e t h o d  u s i n g  a r i t h m e t i c  a v e r a g i n g  

(106) .  T h e s e  tw o  m e th o d s  and  some o f  t h e i r  a p p l i c a t i o n s  w e re  

d i s c u s s e d  i n  C h a p t e r  Two. W ard 's  m e th o d  was  a c c e s s e d  t h r o u g h  

SASf w h i l e  DPGMA w a s  a c c e s s e d  t h r o u g h  t h e  NT-SYS c o m p u t e r  

p r o g r a m s  p a c k a g e .  T h e  m a i n  i n t e n t  o f  t h e  c l u s t e r  a n a l y s i s  

w a s  t o  p r o v i d e  a  m e th o d  o f  c l a s s i f y i n g  v a r i a b l e s  i n t o  g r o u p s  

o f  o b s e r v a t i o n s  o r  c l u s t e r s .

W ard 's  m e th o d  u s e s  a  m u l t i v a r i a t e  d a t a  m a t r i x  w h e r e  t h e  

ro w s  o f  t h e  m a t r i x  a r e  t h e  s a m p l i n g  s t a t i o n s  and t h e  c o lu m n s  

a r e  t h e  v a r i a b l e s  ( e . g .  f i s h  s p e c i e s ) .  T h e  SAS p r o c e d u r e  

u s e d  w as  PROC CLUSTER a n d  t h e  o u t p u t  f r o m  t h e  W a r d ' s  m e t h o d  

w a s  v i s u a l i z e d  by  p r o d u c i n g  t r e e  d i a g r a m s  u s i n g  PROC TREE. 

T h e  r e s u l t i n g  o u t p u t  p r o d u c e d  a  t r e e  d i a g r a m  w i t h  t w o  m a i n  

b r a n c h e s .  E a c h  b r a n c h  w a s  t h e n  s u b d i v i d e d  by  a d d i t i o n a l  

b r a n c h i n g  b a s e d  on t h e  a s s o c i a t i o n s  o f  t h e  v a r i a b l e s  a n d  t h e  

n u m b e r  o f  c l u s t e r s  p r o d u c e d .  The  r e s u l t s  o b t a i n e d  f r o m  

W a rd 's  a n a l y s i s  w e re  u t i l i z e d  i n  a  q u a l i t a t i v e  f a s h i o n  b a s e d  

on t h e  p a r t i t i o n i n g  o f  v a r i a b l e s  i n t o  o n e  o r  t h e  o t h e r  o f  t h e  

tw o  b r a n c h e s  p r o d u c e d .

I n  o r d e r  t o  a c c o m p l i s h  t h e  W ard 's  c l u s t e r i n g  i n  a  m anner  

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



122

v a r i a b l e s  a s  common o r  l e s s  common t o  t h e  d a t a s e t  a s  a w h o l e ;  

d a t a  h a d  t o  f i r s t  be  r e c o d e d  t o  d i s t i n g u i s h  t h e  v a r i a b l e s  a s  

a f u n c t i o n  o f  t h e  f r e q u e n c y  o f  o c c u r r e n c e .  T h i s  w a s  

a c c o m p l i s h e d  by r e c o d i n g  e a c h  d a t a  e n t r y  a s  h a v i n g  t h e  v a l u e  

o f  1 - 1 / n  w h e r e  *n' i s  t h e  t o t a l  n u m b e r  o f  t i m e s  a v a r i a b l e  

o c c u r r e d  i n  t h e  d a t a s e t .  When a  g i v e n  s p e c i e s  o r  h a b i t a t  

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

t h e  d a t a  m a t r i x  r e c e i v e d  a  v a l u e  o f  n e g a t i v e  o n e .  T h i s  

a l l o w e d  t h e  d a t a  t o  b e  c l u s t e r e d  b a s e d  on t h e  f r e q u e n c y  o f  

o c c u r r e n c e  i n  t h e  d a t a s e t  a t  l a r g e ,  r a t h e r  t h a n  t h e  s i m p l e  

b i n a r y  p r e s e n c e  o r  a b s e n c e  a t  a g i v e n  l o c a t i o n .  The r e s u l t s  

o f  W a rd ' s  a n a l y s i s  a r e  d i s c u s s e d  i n  t h e  f o l l o w i n g  s e c t i o n s  a s  

" B ra n c h  A", c o n t a i n i n g  t h e  m o s t  commonly a s s o c i a t e d  v a r i a b l e s  

a n d  "B ranch  B", c o n t a i n i n g  a s e t  o f  v a r i a b l e s  w i t h  a p a t t e r n  

o f  o c c u r r e n c e  d i s t i n c t  f r o m  " B r a n c h  A " ,  w i t h  a l o w e r  

f r e q u e n c y  o f  o c c u r r e n c e .

DPGMA c l u s t e r  a n a l y s i s  w a s  a c c e s s e d  t h r o u g h  NT-SYS, 

I n p u t  d a t a  c o n s i s t e d  o f  p r e p a r i n g  a  b i n a r y  d a t a  m a t r i x  

( Q s a b s e n t ,  l = p r e s e n t )  f o r  e a c h  v a r i a b l e  a n d  d a t a s e t  u s i n g  

SAS. O u tp u t  d a t a  s e t s  w e r e  t h e n  r e a d  a s  i n p u t  f o r  t h e  NT-SYS 

p r o g r a m s .  T h e  f i r s t  s t e p  i n  t h e  c l u s t e r i n g  p r o c e s s  w a s  t h e  

p r e p a r a t i o n  o f  a m a t r i x  o f  s i m i l a r i t y  c o e f f i c i e n t s .  The NT- 

SYS p r o g r a m  'SIMQUAL* w a s  c a l l e d  u p o n  t o  p r o d u c e  t h e  d a t a
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u s i n g  t h e  J a c c a r d  C o e f f i c i e n t .  C l u s t e r  a n a l y s i s  w a s  

a c c o m p l i s h e d  u s i n g  t h e  'TAXON' p r o g r a m  and  t h e  DPGMA m eth o d  

o p t i o n .  T h e  r e s u l t s  w e r e  g r a p h i c a l l y  i l l u s t r a t e d  a s  

d e n d r o g r a m s  u s i n g  t h e  NT-SYS 'PHENOGRAM* p r o c e d u r e .  A 

c o p h e n e t i c  c o r r e l a t i o n  c o e f f i c i e n t  w a s  c a l c u l a t e d  f o r  e a c h  

d e n d r o g r a m .  T h i s  s t a t i s t i c  i s  a  m e a s u r e  o f  h o w  w e l l  

d e n d r o g ra m  r e s e m b l e s  t h e  v a l u e s  o f  t h e  s i m i l a r i t y  c o e f f i c i e n t  

d a t a  m a t r i x  f r o m  w h i c h  i t  w a s  c r e a t e d .  C o p h e n e t i c  v a l u e s  

g e n e r a l l y  r a n g e  f r o m  0 . 6  t o  0 . 9 5  ( 1 0 6 ) .  O n l y  t h o s e

d e n d r o g ra m  w h i c h  had  c o p h e n e t i c  v a l u e s  g r e a t e r  t h a n  0 .70 w e re  

c h o s e n  f o r  i l l u s t r a t i o n  i n  t h e  f o l l o w i n g  s e c t i o n s .  B o t h  Q- 

mode,  w h ic h  c l u s t e r s  t h e  v a r i a b l e s  (e .g .  f i s h  s p e c i e s )  an d  R- 

mode,  w h ic h  c l u s t e r s  t h e  r e c o r d s  (e .g .  s a m p l i n g  s t a t i o n s )  was  

p e r f o r m e d .

P i s h  C l a s s i f i c a t i o n .

The s p e c i e s  c o m p o s i t i o n  f o r  t h e  f i s h  f a u n a  was p r e s e n t e d  

i n  T a b l e  14.  The r e s u l t s  o f  W a rd ' s  a n a l y s i s  o f  t h i s  d a t a b a s e  

y i e l d e d  t w o  d i s t i n c t  g r o u p s  o r  b r a n c h e s .  " B r a n c h  A" w a s  a 

v e r y  s m a l l  c l u s t e r  o f  o n l y  f o u r  s p e c i e s  o f  f i s h ,  N o t r o o i s  

luArensifi, gamWgia affinis» LfiCfimjLs gy.anfill.ug a n d  lacamlg 
me g a l o t i s . T h e  f i r s t  t h r e e  s p e c i e s  l i s t e d  a b o v e  a r e  n o t e d  

f o r  t h e i r  p o l l u t i o n  t o l e r a n c e  ( 3 7 , 6 1 ) .  T h e  L o n g e a r  S u n f i s h  

i s  c o n s i d e r e d  l e s s  t o l e r a n t  o f  p o l l u t i o n  (37)  a n d  i t ' s  

c o m m o n a l i t y  i n  t h e  d i s t r i b u t i o n  may b e  a  r e s u l t  o f  o t h e r
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f a c t o r s  s u c h  a s  h a b i t a t  p r e f e r e n c e .  "B ran ch  B" c o n t a i n e d  a l l  

t h e  r e m a i n i n g  s p e c i e s  a n d  h a d  t h r e e  s u b d i v i s i o n s .  T h e  SAS 

t r e e  d i a g r a m  p r o d u c e d  f ro m  W ard 's  a n a l y s i s  i s  p r o v i d e d  a l o n g  

w i t h  t h e  raw d a t a  f o r  f i s h  v a r i a b l e s  i n  A p p e n d ix  B.

W a rd 's  a n a l y s i s  was a l s o  p e r f o r m e d  on t h e  d a t a b a s e  a f t e r  

s o r t i n g  by  t h e  d e t e r m i n a t i o n  o f  t h e  r a n k i n g  c o m m i t t e e  a s  

s e c o n d a r y  warm w a t e r  f i s h e r i e s .  The t a x a  i n c l u d e d  i n  "Branch  

A* i n c l u d e d  o n l y  t h r e e  f i s h .  T h e s e  i n c l u d e d  N o t r o p i s  

l u t r e n s i s . G a m b u s i a  a f f i n i s , a n d  L ep o m i s  c y a n e l l u s . T h i s  

g r o u p  w i l l  b e  r e f e r r e d  t o  a s  f i s h  c l u s t e r  g r o u p  B ( p o l l u t i o n  

t o l e r a n t  v a r i e t i e s )  i n  t h e  s u b s e q u e n t  s e c t i o n  on f a c t o r  

a n a l y s i s .

F i g u r e  26 r e p r e s e n t s  t h e  d e n d r o g r a m  o f  Q -m ode  DPGMA 

c l u s t e r  a n a l y s i s  o f  f i s h  s p e c i e s  c o m p o s i t i o n .  S e v e r a l  

i n t e r e s t i n g  g r o u p i n g  o r  c l u s t e r s  w e re  r e v e a l e d ,  many o f  w h ich  

go b e y o n d  t h e  s c o p e  o f  t h i s  p r e s e n t a t i o n .  The  f r e q u e n c y  

d i s t r i b u t i o n  o f  o n e  g r o u p ,  r e f e r r e d  t o  a s  G r o u p  A, i s  

p r e s e n t e d  i n  F i g u r e  2 7 .  W i t h i n  t h i s  g r o u p  a r e  s e v e r a l  

c l u s t e r s  w h i c h ,  f o r  t h e  m o s t  p a r t ,  c o n t a i n  t h e  l a r g e s t  

p e r c e n t a g e  o f  p o l l u t i o n  t o l e r a n t  f i s h .  T h e s e  s p e c i e s  a r e  

a l s o  t h e  m o s t  a b u n d a n t l y  o c c u r r i n g  v a r i e t i e s .  Numerous game 

f i s h  a r e  p r e s e n t e d  i n  t h i s  g r o u p  a s  w e l l .  T h e  r e m a i n i n g  

c l u s t e r s  c o n t a i n  c o n s i d e r a b l y  l e s s  t o l e r a n t  s p e c i e s  a n d
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DoroMiM etpadianum 
AplodInotM gwW*n# 
CypriMM cirplo 
Notropla •IharlneidM 
HybegnathM plaeltua 
Notropi* atramlMus 
ManMIa audana 
Uorana chryaepa 
Phanaeobhia aOrablUa 
PImaphalat promaiaa 
NotaaMgonua wyaolawcaa 
Mlcroptania aahnoidaa 
Notropla kilranala 
Lapootia mapaMla 
Lapontia cyanaka 
Qambuala altWa 
Laponda macroehirua 
PImaphaIaa vlpltax 
ktakrua puneiatua 
Lapomia humilia 
Carplodaa carplo 
Pomoxia Bimularla 
Pylodictia oHvarla 
Fundukia kanaaa 
Campoatoma anoraalum 
Notropla buchanani 
Eittaoatoma radiotum 
Noturua nocturrais 
Parebia phoxocaphala 
PImaphaIaa notatua 
Ethaoatoaia whipplal 
Notropla parpalUdua 
Fundukia oUvacaua 
Lapomia mlcrolophua 
Labldaathaa aicculua 
Noturua axIUa 
PImaphaIaa lama Mua 
Notropla umUiratIHa 
Ethaoatoma apaetablla 
Ethaoatoma gracHa 
letakauB maiaa 
Lapomia guloaua 
UnMantlflad Notropla 
kialurua nataUa 
Parebia aciara
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Figura 28. Dandrogram praparad by O-moda UPOMA ckiatar analyala ol Jaccard coafllclanla 
computed from binary data on Ilah diatributlon at 35 aampMng atatlona. Cophanatic 
correlation coaMIclamt la 0.04a
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ABUNDANCE OF FISH  SPEC IES FOR GROUP A
10
R. lu tr e n s is  
L  K M lotlS 
Ç. t f f i n i s  
U  ey o n n ellu s  
L  ta ero ch iru s  
I. M n etotu s  
L  h u i i l i s  
P. v ig i lo x  
H. sth cr in o itfc s  
Curpoides eorp te  
0 . ccp cd iom a  
r .a m w la r is  
t  s tr o iin e u s  
n. s a lM id c s  
H. p lw i t u s  
Cyprinus corp io  
P. p rM elo s  
P. i i r o b i l i s  
P. « I iv o r is  
R. cry so leu cos  
H. d irusops  
R. grunniens  
R. oudens 
r . konsoe

FISH S P t t lB

♦ * * w

LEGEND: ZONE

  .
10 15 20 25 30

FREQUERCT

UPSTHEW B S  IRPfiCT

REQ O K
FItEO

PERGERT CUM.
PERCENT

32 32 13.45 1 1 4 5
26 58 10.92 24 .3 7
25 83 10.50 3 4 .87
i i i t u ILli
13 134 5 .4 6 5 6 .3 0
12 146 5 .0 4 61 .34
11 157 4 .6 2 6 1 9 7

9 166 3 .7 8 6 1 7 5
9 175 3 .7 8 7 1 5 3
8 183 1 3 8 7 1 8 9
7 190 2 .9 4 7 1 8 3
7 197 2 .9 4 82 .77
6 203 2 .5 2 8 1 2 9
6 209 2 .5 2 8 7 .8 2
6 215 2 .5 2 9 1 3 4
4 219 1 .6 8 92 .02
4 223 1.68 9 1 7 0
3 226 1 .2 6 9 4 .9 6
3 229 1 .26 9 1 2 2
3 232 1 .26 9 7 .4 8
3 1 .26 9 1 7 4
2 237 0 .8 4 9 1 5 8
1 238 0 .4 2 1 0 1 0 0

35

j^KCOVEflT

F i g u r e  2 7 .  F r e q u e n c y  D i s t r i b u t i o n  o f  F i s h  S p e c i e s  F o r  G ro u p  A.
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v a r i e t i e s  s u c h  a s  t h e  d a r t e r s  a n d  c e r t a i n  C y p r i n i d a e  w h i c h  

o ccu p y  m o re  r e s t r i c t e d  g e o g r a p h i c a l  r a n g e s  i n  Oklahoma (74) .  

T h i s  f a c t o r  m u s t  be  t a k e n  i n t o  a c c o u n t  i n  an y  c l a s s i f i c a t i o n  

schem e w h i c h  m ix e s  s p e c i e s  whose d i s t r i b u t i o n  o r  f r e q u e n c y  o f  

o c c u r r e n c e  i n  a  d a t a s e t  may b e  more  a  f u n c t i o n  o f  r a n g e  t h a n  

a n y  o f  t h e  l i m i t i n g  f a c t o r s  p r e s e n t  a t  a  l o c a t i o n  ( e . g .  

d i s s o l v e d  o x y g e n ) .

F i g u r e  28 r e p r e s e n t s  t h e  R -m o d e  c l u s t e r  a n a l y s i s  o f  

s p e c i e s  s h o w in g  t h e  c l u s t e r i n g  o f  s a m p l i n g  s t a t i o n s  b a s e d  on 

t h e  s i m i l a r i t y  m a t r i x .  S e v e r a l  g r o u p i n g s  o f  s t a t i o n s  s t a n d  

o u t  a m o n g  t h e  c l u s t e r s .  T h e  g r o u p  a t  t h e  t o p  o f  t h e  

d e n d r o g r a m  w h i c h  c l u s t e r s  t h e  N o r t h  C a n a d i a n  R i v e r  b e l o w  

O k la h o m a  C i t y  (NCR-1, NCR-2) w i t h  t h e  N o r t h  C a n a d i a n  R i v e r  

be lo w  Woodward,  Oklahoma (NCW-2, NCW-3) i s  o n e  e x a m p le .  The 

r i v e r  b e l o w  O k la h o m a  C i t y  r e c e i v e d  a  s e c o n d a y  warm w a t e r  

f i s h e r y  d e s i g n a t i o n ,  w h i l e  t h a t  p o r t i o n  b e l o w  W oodward  

r e c e i v e d  a  p r i m a r y  warm w a t e r  f i s h e r y  d e s i g n a t i o n .  S e v e r a l  

s t r e a m s ,  s u c h  a s  P r y o r  C r e e k ,  C h i s h o l m  C r e e k  a n d  E l k  C r e e k ,  

c l u s t e r e d  a l l  o f  t h e i r  s a m p l i n g  s t a t i o n s  t o g e t h e r .  Rush  

C r e e k  a n d  L i t t l e  Deep  F o r k  f o r m e d  o n e  c l u s t e r .  I n  b o t h  t h e  

a b o v e  i n s t a n c e s ,  t h e  s t r e a m s  had  s i m i l a r  K a r r  I n d e x  v a l u e s .  

T h e  r e s u l t s  o f  t h e s e  R - m o d e  d e n d r o g r a m s  h e l p  t o  s e r v e  a s  

p o w e r f u l  g r a p h i c a l  t e c h n i q u e s ,  w h i c h  d e m o n s t r a t e  how 

d i f f e r e n t  s t r e a m s  o r  s t a t i o n s  a l o n g  t h e  same s t r e a m  c l u s t e r
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Flgur* 28. Oandrograin p r tp ira d  by R-moda UPOMA chialar analyala ol Jaccard  
coafllclanla computad from binary data on Ilah dialrlbullon lor 35 
aampUng atatlona. Cophanatic correlation eoalllclant la 0.765.
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b a s e d  on t h e  s i m i l a r i t y  o f  t h e  f i s h e r y  c o n t e n t .

Invertebrate Classification.
W ard 's  a n a l y s i s  o f  t h e  i n v e r t e b r a t e  t a x a  f o u n d  i n  T a b l e  

15 p r o d u c e d  a  c l u s t e r  o r  b r a n c h  c o n t a i n i n g  20 i n v e r t e b r a t e  

t a x o n s .  T h e  t r e e  d i a g r a m  f o r  W a r d ' s  a n a l y s i s  o f  t h e  

i n v e r t e b r a t e s  i s  f o u n d  a l o n g  w i t h  t h e  raw  d a t a  i n  A ppend ix  B. 

T h e  o d o n a t e ,  A r g i a  a n d  t h e  d i p t e r i a n  t r i b e  C h r i n o m i n i  w e r e  

t h e  t w o  m o s t  c o m m o n ly  a s s o c i a t e d  b e n t h i c  o r g a n i s m s .  The  

s e c o n d  m o s t  common a s s o c i a t i o n  c o n t a i n e d  t h e  m a y f l i e s  

a n d  B a e t i s  a n d  t h e  g a s t r o p o d  Z b y & a .  W a r d ' s  

a n a l y s i s  w a s  a l s o  p e r f o r m e d  on  t h e  d a t a s e t  s o r t e d  by  t h e  

d e t e r m i n a t i o n  o f  t h e  r a n k i n g  c o m m i t t e e  a s  p r i m a r y  o r  

s e c o n d a r y  warm w a t e r  f i s h e r i e s .  The  r e s u l t s  a f t e r  s o r t i n g  

y i e l d e d  o n l y  14 i n v e r t e b r a t e  t a x a  i n  " B r a n c h  A" f o r  t h o s e  

s t r e a m s  r a n k e d  a s  p r i m a r y  a n d  s i x  f o r  t h o s e  r a n k e d  a s  

s e c o n d a r y .  T h e  t a x a  i n c l u d e d  i n  " B r a n c h  A" f o r  t h o s e  

s t a t i o n s  r a n k e d  a s  s e c o n d a r y  i n c l u d e d  t h e  t h r e e  d i p t e r i a n  

t r i b e s  o f  t h e  C h i r o n o m i d a e ,  C h i r o n o m i n i ,  T a n y t a r s i n i ,  

T a n y p o d i n i ,  t h e  o d o n a t e  a n d  t h e  g e n u s

C a e n i s  ( T r i c h o p t e r a ) .

Q-mode DPGMA c l u s t e r  a n a l y s i s  o f  t h e  i n v e r t e b r a t e  t a x a  

i s  p r e s e n t  i n  F i g u r e  2 9 .  T h e  f r e q u e n c y  d i s t r i b u t i o n  o f  o n e  

p a r t i c u l a r  g r o u p  o f  c l u s t e r s  r e f e r r e d  t o  a s  G ro u p  A i s
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Figura 7s. Dandrogram praparad from O-moda UPQUA chialar analyala ol Jaccard  
coalficlania eompulad from binary data  on diatributlon ol aquatic invar- 
tabralaa al 30 aampling atatlona. Cophanatic corralatlon coalllclant la 
0.040
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i l l u s t r a t e d  i n  F i g u r e  3 0 .  Some 50 p e r c e n t  o f  t h e  f r e q u e n c y  

o f  o c c u r r e n c e  o f  t a x a  w i t h i n  t h i s  g r o u p  o f  22 o r g a n i s m s  

c o n s i s t e d  o f  o n l y  s i x  t a x a ,  A i g i a ,  S t e n o n e m a . jghyga, B a e t i s . 

C h i r o n o m i n i  a n d  T a n y t a r s i n i .  T h e  r e m a i n i n g  c l u s t e r s ,  f o r m  

o t h e r  g r o u p s  i n  t h e  d e n d r o g r a m ,  a r e  t o  a  l a r g e  e x t e n t  

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

o c c u r r e n c e  o f  i n d i v i d u a l  t a x a .

F i g u r e  31  s h o w s  t h e  d e n d r o g r a m  f o r  R - m o d e  UPGMA 

c l u s t e r i n g  o f  t h e  s a m p l i n g  s t a t i o n s .  O n l y  t w o  g r o u p s  o f  

s a m p l i n g  s t a t i o n s  a l o n g  t h e  sam e s t r e a m  c l u s t e r e d  a s  one  s e t .  

T h e s e  w e r e  B i g  C a b i n  C r e e k  a n d  S t i l l w a t e r  C r e e k .  T h e r e  i s  

c o n s i d e r a b l y  m o r e  h e t e r o g e n i c i t y  i n  t h e  c l u s t e r i n g  o f  

s t a t i o n s  f o r  i n v e r t e b r a t e s  a s  c o m p a r e d  t o  t h e  f i s h .  T h e  

N o r t h  C a n a d i a n  R i v e r  s t a t i o n s  w e r e  m o r e  d i s p e r s e d  i n  t h i s  

d e n d r o g ra m  c l u s t e r i n g  w i t h  o t h e r  s t a t i o n s  b u t  s t i l l  r e m a i n e d  

f o r  t h e  m o s t  p a r t  i n  t h e  s a m e  l a r g e  g r o u p .  The  p a t t e r n  o f  

c l u s t e r i n g  r e v e a l  s o m e  a s s o c i a t i o n  w i t h  t h e  C h a n d l e r  S c o r e  

v a l u e s  d i s c u s s e d  i n  t h e  p r e v i o u s  s e c t i o n .  Rush C reek  (RSC-1) 

a nd  Wewoka C reek  (WEC-3), w h ic h  c l u s t e r e d  t o g e t h e r ,  had  t h e  

t w o  h i g h e r  s c o r e s ,  9 55  a n d  872  r e s p e c t i v e l y .  T h e  N o r t h  

C a n a d ia n  R i v e r  a b o v e  Woodward (NCW-1), C h i s h o lm  C reek  (CBC-2) 

and  Muddy Boggy C reek  (MBC-1) a l l  c l u s t e r e d  t o g e t h e r  and h a d  

s i m i l a r  C h a n d l e r  S c o r e  v a l u e s  o f  2 0 2 ,  1 7 6  a n d  8 8

r e s p e c t i v e l y .  T h e  i n t e r p r e t a t i o n  o f  t h e  R -m o d e  d e n d r o g r a m



132

ABUNDANCE OF INVERTEBRATE TAXA FOR GROUP A
ID TRXR FKQ CUM. PERCENT CUM.FREQ PERCENT
CHIRONOMINI 32 32 11.55 11.55
ffi&Ifl 30 62 10.83 22.38
STENONEMA 22 84 7.94 30.32
PHTSH 19 103 6.86 37.18
TANYTARSINI 17 120 6.14 43.32
OAETIS 16 136 5.78 49.10
TAHTPOOINI 14 150 5.05 54.15
CAENIS 14 164 5.05 59.21
SPHAERIIDRE 13 177 4.69 63.90
HTOROPSTCHE 11 188 3.97 67.87
HTALELLA 8 8 g ^ 11 199 3.97 71.84
CORTORLUS 11 210 3.97 75.81
BRTOZA 11 221 3.97 79.78
CHEUHATOPSTCHE 9 230 3.25 83.03
CALOPTERTX 9 239 3.25 86.28
SIRULIIORE 8 247 2.89 89.17
PROGOMPHUS 8 255 2.89 92.06
RACROMIR 6 261 2.17 94.22
STENELMIS 5 266 1.81 96.03
TRICORTTHOOES 4 270 1.44 97.47
CHIMMARR 4 274 1.44 98.92
I50NTCHIA 3 277 1.08 100.00

1) 5 10 15 20 25 SO 35

LEGEND: ZONE
FKOUENCT

BaUPSTREM RECOVERYE3IIPKT

Figure 30. Frequency Distribution of  Invertebrate Taxa for  Group A.
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Figura 3 t .  Oandrogram praparad by A-atoda UPOMA ekialar analyaia «I Jaceard 
coaHiclantt eoaiputad Nom bktaty data  on dlatrlbutlon ol hnrarlabralaa 
al 35 aampling alalboa. Cophanatic eerralatlon coalllelant la 0.703.
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f o r  i n v e r t e b r a t e  s a m p l i n g  w a s  s i g n i f i c a n t l y  e n h a n c e d  when 

d o n e  i n  c o n j u n c t i o n  w i t h  r a t i n g s ,  a c h i e v e d  by a p p l i c a t i o n  o f  

t h e  p o l l u t i o n  i n d i c e s  d e v e l o p e d  i n  t h e  p r e v i o u s  c h a p t e r .  

H a b i t a t  a n d  S u b s t r a t e  C l a s s i f i c a t i o n .

A n a l y s i s  o f  s u b s t r a t e  a n d  h a b i t a t  v a r i a b l e s  b y  W a r d ' s  

a n a l y s i s  p r o d u c e d  a  b r a n c h  o f  common v a r i a b l e s ,  " B ra n c h  A", 

c o n t a i n i n g  t h e  t h r e e  m o s t  common h a b i t a t  v a r i a b l e s  ( p o o l s ,  

b r u s h p i l e s  a n d  u n d e r c u t  b a n k s )  a n d  t h e  t w o  m o s t  common 

s u b s t r a t e  v a r i a b l e s  ( s a n d  and  s i l t ) .  The t r e e  d i a g r a m  o f  t h e  

c l u s t e r i n g  o f  s u b s t r a t e  a n d  h a b i t a t  v a r i a b l e s  a n a l y z e d  by 

W a r d ' s  m e t h o d ,  i s  p r o v i d e d  a l o n g  w i t h  t h e  r a w  d a t a  f o r  

h a b i t a t  v a r i a b l e s  i n  A p pend ix  B. The s o r t e d  d a t a  s e t s ,  b a s e d  

o n  t h e  r a n k i n g  c o m m i t t e e ' s  j u d g e m e n t  a s  p r i m a r y ,  y i e l d e d  a 

c l u s t e r  f o r  " B r a n c h  A" c o n t a i n i n g  s u b m e r g e d  l o g s ,  s a n d ,  

p o o l s ,  s i l t ,  r o c k ,  u n d e r c u t  b a n k s ,  b r u s h p i l e s ,  g r a v e l  an d  

l a r g e  r o c k .

Q-mode ÜP6MA c l u s t e r  a n a l y s i s  o f  s u b s t r a t e  i s  p r e s e n t e d  

i n  F i g u r e  3 2 .  S o f t e r  s u b s t r a t e s ,  c h a r a c t e r i s t i c  o f  

d e p o s i t i o n a l  a r e a s ,  c l u s t e r e d  t o g e t h e r .  T h e s e  i n c l u d e d  s i l t ,  

s a n d ,  d e t r i t u s ,  mud a n d  s l u d g e .  H a r d e r  s u b s t r a t e s  s u c h  a s  

g r a v e l  a n d  l a r g e  r o c k  c l u s t e r e d  t o g e t h e r  a s  w e l l .  B e d r o c k ,  

a n d  t o  a  l e s s e r  e x t e n t  c l a y ,  s t a n d  o u t  a s  i n d e p e n d e n t  t y p e s  

o f  s u b s t r a t e .



135

il
U

î
11!



136

R-mode UPGMA c l u s t e r  a n a l y s i s  o f  t h e  s a m p l i n g  s t a t i o n s  

f o r  s u b s t r a t e  v a r i a b l e s  y i e l d e d  g r o u p i n g s  o f  t h e  s t a t i o n s  

b a s e d  on  s u b s t r a t e  s i m i l a r i t y .  F i g u r e  33 s h o w s  t h e s e  

g r o u p i n g s .  T h e  S o u t h  C a n a d i a n  R i v e r  n e a r  N orm an  (SCR-3) 

s t a n d s  o u t  s e p a r a t e  f ro m  t h e  o t h e r  c l u s t e r s .  T h i s  i s  d ue  t o  

t h e  f a c t  t h a t  t h e  o n l y  s u b s t r a t e  e n c o u n t e r e d  a t  t h e  s a m p l i n g  

l o c a t i o n  was  s a n d  w h i l e  o t h e r  s t a t i o n s  had  a t  l e a s t  one  m o re  

t y p e  o f  s u b s t r a t e  a v a i l a b l e .  The  c l u s t e r i n g  o f  t h e  N o r t h  

C a n a d ia n  R i v e r  s t a t i o n s  w i t h  a  h i g h  s i m i l a r i t y  c o e f f i c i e n t  i s  

n o t e w o r t h y .  T h e  a d v a n t a g e  o f  t h i s  d e n d r o g r a m  i s  t h a t  i t  

a l l o w s  f o r  s t a t i o n s  t o  b e  g r o u p e d  on  t h e  b a s i s  o f  s i m i l a r  

s u b s t r a t e .  OWRB g r o u p e d  t h e  s t a t i o n s  f o r  t h e  r a n k i n g  

c o m m i t t e e  e v a l u a t i o n s  on t h e  b a s i s  o f  s u b s t r a t e  t y p e s .  T h i s  

m e th o d  p r o v i d e s  a  m ore  s c i e n t i f i c  m e th o d  o f  d o c u m e n t in g  s u c h  

a s s o c i a t i o n s  p r i o r  t o  e v a l u a t i o n  by r a n k i n g  o r  d e l p h i  t e a m s .

0 - m o d e  UPGMA a n a l y s i s  o f  t h e  h a b i t a t  t y p e s  y i e l d e d  a 

d e n d ro g ra m  w i t h  t h e  h i g h e s t  c o p h e n e t i c  c o r r e l a t i o n .  F i g u r e  

34 i l l u s t r a t e s  t h e  h a b i t a t  c l u s t e r i n g  i n  w h i c h  p o o l s ,  

b r u s h p i l e s  a n d  u n d e r c u t  b a n k s  c l u s t e r  a p a r t  f r o m  h a b i t a t s  

l i k e  d e e p  c h a n n e l s  a n d  t r e e  s t u m p s  o r  r o o t s .  T h e  d o m i n a n c e  

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

t h e  o v e r w h e l m i n g  a b u n d a n c e  o f  t h e  s u n f i s h ,  e s p e c i a l l y  t h e  

L o n g e a r  S u n f i s h .  R o c k s  a n d  r i f f l e s  c l u s t e r e d  t o g e t h e r ,  a n d  

a s  s u c h ,  t h e i r  e x c l u s i o n  a s  a  s e t ,  f r o m  a  s t r e a m  may a f f e c t
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Figure 33. Dcndrogrem prepared by R-mode UPCHA clutter enelyilt of Jaccerd coefflclentt 
computed from binary data on distribution of substrate types at 3S sampling stations 
Cophenetic correlation coefficient Is 0.733.
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t h e  d i s t r i b u t i o n  o f  s p e c i e s  w h i c h  s e l e c t  s u c h  h a b i t a t  o v e r  

p o o l s ,  b r u s h p i l e s  a n d  u n d e r c u t  b a n k s .  R - m o d e  c l u s t e r  

a n a l y s i s  y i e l d e d  a  c o p h e n e t i c  v a l u e  l e s s  t h a n  0 .7 0  a n d ,  

a l t h o u g h  t h e  s i m i l a r i t y  c o e f f i c i e n t s  a r e  o f  u s e  i n  c o m p a i r i n g  

s t a t i o n s ,  t h e  d e n d r o g r a m  w a s  n o t  s e l e c t e d  f o r  i l l u s t r a t i o n  

f o r  r e a s o n s  d i s c u s s e d  i n  t h e  i n t r o d u c t i o n  t o  t h i s  s e c t i o n .  

Combined  C l a s s i f i c a t i o n .

I n  an  a t t e m p t  t o  g a i n  some p i c t u r e  o f  how t h e  b i o l o g i c a l  

v a r i a b l e s  f o r  f i s h  a n d  i n v e r t e b r a t e s  g r o u p  w i t h  h a b i t a t  a n d  

s u b s t r a t e  t y p e s ,  a  Q - m o d e  UPGMA c l u s t e r  a n a l y s i s  w a s  

p e r f o r m e d  f o r  a l l  f o u r  c a t e g o r i e s  o f  d a t a  co m b in ed .  F i g u r e s  

3 5 a  a n d  3 5 b  i l l u s t r a t e  t h e s e  g r o u p i n g s  i n  a l a r g e  

m u l t i v a r i a t e  d e n d r o g ra m  o f  c o m m u n i t y  a s s o c i a t i o n s .  F i g u r e  

3 5 b  i s  p a r t i c u l a r l y  s i g n i f i c a n t  b e c a u s e  i t  c o n t a i n s  t h e  

c l u s t e r s  o f  m o s t  o f  t h e  common o r g a n i s m s ,  s u b s t r a t e s  a n d  

h a b i t a t s  t y p e s .  A t  t h e  t o p  o f  t h e  d e n d r o g r a m  i n  F i g u r e  3 5 b  

i s  a  c l u s t e r  o f  e i g h t  f i s h  s p e c i e s .  Four  o f  t h e s e ,  Dorosoma 

££P.edlanumf Aplodinotus grunniene, BajiPJig chrysops a n d  

M e n i d i a  a u d e n s , a r e  m o re  c h a r a c t e r i s t i c  o f  l a k e  e n v i r o n m e n t s  

( 2 3 ,2 4 ) .  The n e x t  l a r g e  g r o u p i n g  o f  c l u s t e r s  e x t e n d i n g  f ro m  

N o t r o p i s  l u t r e n s i s  t o  T a n y p o d i n i  i s  t h e  m o s t  s i g n i f i c a n t  

g r o u p i n g  i n  r e s p e c t  t o  t h i s  r e s e a r c h .  T h i s  g r o u p  c o n t a i n s  

n i n e  o f  t h e  12 h a b i t a t  t y p e s ,  s e v e n  o f  t h e  e i g h t  s u b s t r a t e
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c a t e g o r i e s ,  a n d  e s s e n t i a l l y  a l l  o f  t h e  m o s t  f r e q u e n t l y  

o c c u r r i n g  f i s h  an d  i n s e c t s .  F i v e  o f  t h e  f i s h  s p e c i e s  a r e  o f  

f i s h a b l e  v a r i e t y  a n d  t w o  a r e  g am e  f i s h ,  t h e  C h a n n e l  C a t f i s h  

a n d  t h e  L a rg e m o u th  B a s s .

F i g u r e  3 5 a  c o n t a i n s  g r o u p s  o f  c l u s t e r s  w h o s e  

a s s o c i a t i o n s  a r e  l i n k e d  t o  t h e i r  r e l a t i v e l y  l o w e r  f r e q u e n c y  

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

f a c t o r s  s u c h  a s  r a n g e .  One g r o u p  c l u s t e r s  t h r e e  s p e c i e s  o f  

d a r t e r s  ( P e r c i d a e )  w i t h  C o m p o s to m a  a n o m a l u m  ( C y p r i n i d a e ) .  

T h i s  i s  n o t e w o r t h  s i n c e  i t  h e l p s  s u p p o r t  t h e  i n c l u s i o n  o f  t h e  

S t o n e r o l l e r  w i t h  t h e  d a r t e r s  i n  t h e  a d a p t e d  K a r r  I n d e x .  A 

d e t a i l e d  a n a l y s i s  o f  t h e  e c o l o g i c a l  s i g n i f i c a n c e  o f  e a c h  

c l u s t e r  i s  b e y o n d  t h e  s c o p e  o f  t h i s  r e s e a r c h .  R a t h e r ,  t h i s  

d e n d r o g r a m  i s  p r o v i d e d  a s  a n  a t t e m p t  t o  c l a s s i f y  t h e  b a s i c  

a s s o c i a t i o n  o f  t h e  common s t r e a m  co m m u n i ty .  The l a r g e  g r o u p  

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

m o s t  o f  t h e  common a s s o c i a t i o n s  o f  v a r i a b l e s  i n c l u d i n g  many 

p o l l u t i o n  t o l e r a n t  s p e c i e s  o f  i n v e r t e b r a t e s  and  f i s h .  T h i s  

c l u s t e r  c a n  s e r v e  a s  a n  a r t i f i c a l  r e f e r e n c e  c o m m u n i ty .  T h i s  

c o m m u n i ty  o f  common f i s h ,  i n s e c t s ,  h a b i t a t s ,  and  s u b s t r a t e s  

i s  i n d i c a t i v e  o f  t h e  d e g r e e  o f  u s e  a t t a i n m e n t .  T h e  

s i g n i f i c a n c e  and o t h e r  a p p l i c a t i o n s  o f  c l u s t e r  a n a l y s i s  i n  

UAA i s  d i s c u s s e d  i n  t h e  l a s t  c h a p t e r  o f  t h e  d i s s e r t a t i o n .
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F a c t o r  A n a l y s i s

Introduction
T h e  f o l l o w i n g  s e c t i o n  a t t e m p t s  t o  s u m m a r i z e  t h e  

a p p l i c a t i o n  o f  f a c t o r  a n a l y t i c a l  t e c h n i q u e s  i n  t h e  e v a l u a t i o n  

o f  O k la h o m a 's  QAA d a t a b a s e .  C h a p t e r  Two p r e s e n t e d  a  d e t a i l e d  

r e v i e w  o f  t h e  n u m e r o u s  a p p l i c a t i o n s  o f  p r i n c i p a l  c o m p o n e n t  

a n d  f a c t o r  a n a l y s i s .  T h e  u s e  o f  f a c t o r  a n a l y s i s  f o r  t h e  

p u r p o s e  o f  t h i s  r e s e a r c h  i s  l i m i t e d  t o  t h e  a s s e s s m e n t  o f  

a s s o c i a t i o n s ,  o r  p a t t e r n s  among t h e  v a r i a b l e s .  An e x a m p l e  o f  

s u c h  an  a s s o c i a t i o n  m i g h t  i n c l u d e  t h e  c l u s t e r i n g  o f  s i m i l a r  

v a r i a b l e s  i n  o n e  f a c t o r  (e .g .  s e v e r a l  d i f f e r e n t  m e a s u r e m e n t s  

o f  t h e  b i o l o g i c a l  c o m m u n i t y  s t r u c t u r e ) .  A n o t h e r  e x a m p l e  

m i g h t  i n c l u d e  t h e  c l u s t e r i n g  o f  s e t s  o f  d e p e n d e n t  a n d  

i n d e p e n d e n t  v a r i a b l e s  ( e . g .  f i s h  s p e c i e s  r i c h n e s s  a n d  t h e  

d i s s o l v e d  o x y g e n  d e f i c i t ) .  T h e s e  a s s o c i a t i o n s ,  a n d  t h e  

e x t e n t  o f  t h e  l o a d i n g s  on  g i v e n  c o m p o n e n t s  o r  f a c t o r s ,  c a n  be  

u s e f u l  i n  e v a l u a t i n g  t h e  v a r i a t i o n  i n  d a t a .

M u l t i v a r i a t e  m e t h o d o l o g i e s ,  s u c h  a s  f a c t o r  a n a l y s i s ,  do 

n o t  t o l e r a t e  m i s s i n g  v a l u e s  f o r  o b s e r v a t i o n s .  M i s s i n g  v a l u e s  

c a u s e  a  r e c o r d  t o  b e  d e l e t e d  f r o m  c o n s i d e r a t i o n  i n  t h e  

c o n s t r u c t i o n  o f  t h e  c o r r e l a t i o n  m a t r i x  u s e d  t o  e x t r a c t  t h e  

f a c t o r s .  T h i r t y  tw o  r e c o r d s  w e r e  c h o s e n  f o r  c o n s i d e r a t i o n  on 

t h e  b a s i s  o f  h a v i n g  c o m p l e t e  d a t a  f o r  b o t h  f i s h  a n d  

i n v e r t e b r a t e  s p e c i e s  c o m p o s i t i o n .  The N o r t h  C a n a d ia n  R i v e r
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b e l o w  O k l a h o m a  C i t y  w a s  d e l e t e d  d u e  t h e  e x t r e m e  v a l u e s  f o r  

f l o w .  I n  a l l  28 o b s e r v a t i o n s  w e r e  s u i t a b l e  f o r  u s e  i n  f a c t o r  

a n a l y s i s .

S e v e r a l  i t e r a t i o n s  o f  a n a l y s i s  w e r e  c o n d u c t e d  u s i n g  SAS 

PROC FACTOR p r o c e d u r e s .  The f a c t o r  m e th o d  s p e c i f i e d  w as  t h e  

p r i n c i p a l  f a c t o r  m e th o d .  The c o r r e l a t i o n  m a t r i x  was s i n g u l a r  

a n d  a s  a  r e s u l t  t h e  e s t i m a t e s  o f  p r i o r  c o m m u n a l i t y  f o r  e a c h  

v a r i a b l e  w e r e  s e t  a t  t h e  m ax im um  a b s o l u t e  c o r r e l a t i o n  w i t h  

a n y  o t h e r  v a r i a b l e  ( P r io r s = M a x ) .  The i n p u t  d a t a s e t  c o n s i s t e d  

o f  a n y  c o m b i n a t i o n  o f  v a r i a b l e s  o t h e r  t h a n  t h e  b i n a r y  d a t a  

f o r  f i s h ,  i n v e r t e b r a t e ,  a n d  h a b i t a t  v a r i a b l e s .  T h e  f i r s t  

t h r e e  t o  f i v e  f a c t o r s  f ro m  e a c h  i t e r a t i o n  w e r e  a n a l y z e d  f o r  

a s s o c i a t i o n s  among v a r i a b l e s .  Component l o a d i n g  v a l u e s  >0.50 

a n d  < - 0 . 5 0  w e r e  f l a g g e d  a s  h a v i n g  p o t e n t i a l  s i g n i f i c a n c e  i n  

t h e  v a r i a t i o n  a c c o u n t e d  f o r  by  t h e i r  r e s p e c t i v e  f a c t o r .

The  r o t a t i o n  p r o c e d u r e ,  VARIMAX, w a s  u t i l i z e d  i n  a n  

a t t e m p t  t o  s i m p l i f y  t h e  v a r i a t i o n  am ong  t h e  v a r i a b l e s .  I t  

w o r k s  i n  s u c h  a  w ay  t h a t  e a c h  o r t h o g o n a l  f a c t o r  e x t r a c t e d  

m a x i m i z e s  t h e  v a r i a n c e  o f  t h e  s q u a r e d  l o a d i n g  o f  e a c h  

v a r i a b l e .  The g o a l  o f  r o t a t i o n  i s  t o  s i m p l i f y  t h e  s t r u c t u r e  

o f  e a c h  f a c t o r  and  a c c o u n t  f o r  t h o s e  v a r i a b l e s  w h ic h  p l a y  t h e  

l a r g e s t  r o l e  i n  a  g i v e n  f a c t o r ' s  v a r i a n c e .  E x a m i n a t i o n  o f  

t h e  l o a d i n g s  f ro m  r o t a t e d  f a c t o r s  r e s u l t e d  i n  t h e  s e l e c t i o n
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o f  t h e  v a r i a b l e s  w h i c h  a c c o u n t  f o r  m o s t  o f  t h e  v a r i a t i o n  i n  

t h e  ÜAA d a t a s e t .

Factor Analysis of QAA Data.
R e c o rd s  f ro m  t w e n t y  e i g h t  s a m p l i n g  s t a t i o n s  c o n t a i n i n g  

f i f t y  o n e  v a r i a b l e s  w e r e  f a c t o r  a n a l y z e d .  T a b l e  18 p r e s e n t s  

t h e  l o a d i n g s  f o r  t h o s e  v a r i a b l e s  w i t h  s i g n i f i c a n t  c o r r e l a t i o n  

w i t h i n  e a c h  f a c t o r .  F a c t o r  o n e  ( P F l )  c o n t a i n e d  s e v e r a l  

c a t e g o r i e s  o f  v a r i a b l e s  w i t h  s i g n i f i c a n t  l o a d i n g s .  T h e s e  

c o n s i s t e d  o f  i n v e r t e b r a t e  c o m m u n i t y  v a r i a b l e s ,  d i s s o l v e d  

o x y g e n ,  r i p a r i a n  a n d  n o n p o i n t  s o u r c e  v a r i a b l e s .  The p e r c e n t  

o c c u r r e n c e  o f  t h e  c l u s t e r  o f  p o l l u t i o n  t o l e r a n t  f i s h  ( c l u s t e r  

g r o u p  B) h ad  some l o a d i n g  a s  w e l l .

R o t a t i o n  o f  f a c t o r  o n e  (PFIR) by  t h e  VARIMAX m e t h o d  

s i m p l i f i e d  t h e  a s s o c i a t i o n s  by r e o r d e r i n g  t h e  l o a d i n g s  f o r  

i n v e r t e b r a t e  c o m m u n i ty  m e a s u re m e n t  an d  m o s t  o f  t h e  r i p a r i a n  

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

r e s p e c t i v e l y .  D i s s o l v e d  o xygen  had  t h e  h i g h e s t  l o a d i n g  a f t e r  

r o t a t i o n .  The  p e r c e n t a g e  o f  b a n k s i d e  e r o s i o n  a s  e v i d e n t  o r  

u n l i k e l y  a l s o  i m p r o v e d .  T h e s e  t w o  s e t s  o f  c o l l i n e a r  

i n d e p e n d e n t  v a r i a b l e s  (some i n v e r s e l y  p r o p o r t i o n a l )  c l u s t e r e d  

i n  f a c t o r  o n e  t o  a c c o u n t  f o r  t h e  o r t h o g o n a l  g r o u p  w i t h  t h e  

h i g h e s t  e i g e n v a l u e  and  p r o p o r t i o n  o f  v a r i a t i o n .

F a c t o r  t w o  (PF2) i n i t a l l y  c o n s i s t e d  o f  m i x t u r e  o f  

v a r i a b l e s  f o r  f i s h  co m m u n i ty  s t r u c t u r e ,  G rah am 's  I n d e x  and
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VARIABLE

D i s s o l v e d  Oxygen 
P e r c e n t  S a t u r a t i o n  
% E r o s i o n  E v i d e n t  
F i s h  C l u s t e r  B 
D.O. D e f i c i t  
% E r o s i o n  U n l i k e l y  
I n v e r t .  S p e c i e s  R i c h n e s s  
T r e n t  B i o t i c  I n d e x  
C h a n d l e r ' s  S c o r e  
I n v e r t e b r a t e  C l u s t e r  A 
I n v e r t e b r a t e  C l u s t e r  B 
G r a h a m 's  B i o t i c  I n d e x  
% B a n k s i d e  Sand 
% S u b s t r a t e  Sand 
T e m p e r a t u r e  
F i s h  C l u s t e r  A 
% B a n k s i d e  S l o p e  F l a t  
% B a n k s i d e  S h ru b s  
W id th  t o  D epth  R a t i o  
S u b s t r a t e  V a r i e t y  
K a r r  I n d e x
F i s h  S p e c i e s  R i c h n e s s  
% S u b s t r a t e  L a r g e  Rocks 
% B a n k s i d e  T r e e s  
% F o r e s t  A rea  
% S u b u r b a n  Land A rea  
V e l o c i t y
% S u b s t r a t e  Mud & S l u d g e  
% B a n k s i d e  Mud 
% Urban  Land A rea

E i g e n v a l u e
P r o p o r t i o n
C u m u l a t i v e  P r o p o r t i o n

FACTORS

P F l  PFIR PF2 PF2R PF3 PF3R

66
75

55
-73
-50
58

69

67
-50
61
55

84
81
73
50

-80
-77

50

66

74
78

94
91
90
87
70

-81

59
67
52

51

50

51

7.56
23.5

-51

5 .57  5.07 
17 .3  15.8 

-  3 9 .3

5.44
16.9
3 4 . 2

74
68
68
60
58
52
50

- 5 8

4.38 5 .02
13.6  16.0
5 2 . 9  5 0 . 2

T a b l e  1 8 .  P r i n c i p a l  F a c t o r  A n a l y s i s  L o a d i n g s  f o r  UAA 
D a t a s e t .  I n c l u d e d  a r e  t h e  l o a d i n g s  f o r  v a l u e s  < - 0 . 5 0  o r  
>0.50 f o r  t h e  f i r s t  f i v e  p r i n c i p a l  f a c t o r s  (PF1-PF5) and  t h e  
l o a d i n g s  a f t e r  VARIMAX r o t a t i o n  (P F 1 R -P F 5 R ) .  L o a d i n g s  a r e  
m u l t i p l i e d  by 100 and  ro u n d e d  t o  t h e  n e a r e s t  i n t e g e r .
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FACTORS

VARIABLE PF4 PF4R PF5 PF5R
D i s s o l v e d  Oxygen -5 6
P e r c e n t  S a t u r a t i o n  
% E r o s i o n  E v i d e n t  
F i s h  C l u s t e r  B 
D.O. D e f i c i t
% E r o s i o n  U n l i k e l y  52
I n v e r t .  S p e c i e s  R i c h n e s s  
T r e n t  B i o t i c  I n d e x  
C h a n d l e r ' s  S c o r e  
I n v e r t e b r a t e  C l u s t e r  A 
I n v e r t e b r a t e  C l u s t e r  B 
G ra h a m 's  B i o t i c  I n d e x  
% B a n k s i d e  Sand 
% S u b s t r a t e  Sand 
T e m p e r a t u r e
F i s h  C l u s t e r  A 55
% B a n k s i d e  S l o p e  F l a t  
% B a n k s i d e  S h r u b s  
W id th  t o  D ep th  R a t i o  
S u b s t r a t e  V a r i e t y
K a r r  I n d e x  81
F i s h  S p e c i e s  R i c h n e s s  78
% S u b s t r a t e  L a rg e  Rocks 53
% B a n k s i d e  T r e e s  - 7 3  66
% F o r e s t  A re a  56
% S u b u rb a n  Land A re a  51
V e l o c i t y  - 5 6
% S u b s t r a t e  Mud & S lu d g e  
% B a n k s i d e  Mud
% Urban Land A rea  55

E i g e n v a l u e  3 . 9 9  4 . 4 2  3 . 1 8  3 . 7 3
P r o p o r t i o n  1 2 . 4  1 3 . 8  9 . 9  1 1 . 6
C u m u l a t i v e  P r o p o r t i o n  6 5 .3  6 4 . 0  7 5 . 1  7 5 . 6

T a b l e  18 ( c o n t . ) .  P r i n c i p a l  F a c t o r  A n a l y s i s  L o a d in g s  f o r  UAA 
D a t a s e t .  I n c l u d e d  a r e  t h e  l o a d i n g s  f o r  v a l u e s  < - 0 . 5 0  o r  
>0.50 f o r  t h e  f i r s t  f i v e  p r i n c i p a l  f a c t o r s  (PF1-PF5) and  t h e  
l o a d i n g s  a f t e r  VARIMAX r o t a t i o n  (P F 1 R -P F 5 R ) .  L o a d i n g s  a r e  
m u l t i p l i e d  by 100 and  r o u n d e d  t o  t h e  n e a r e s t  i n t e g e r .
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t h e  p e r c e n t a g e  o f  s u b s t r a t e  a s  mud o r  s l u d g e .  T h i s  f a c t o r  

w a s  r e a s s e s s e d  by  r o t a t i o n  t o  e x c l u s i v e l y  i n c l u d e  o n l y  t h e  

i n v e r t e b r a t e  c o m m u n i t y  s t r u c t u r e  v a r i a b l e s .  T h i s  f a c t o r  

(PF2R) a c c o u n t s  f o r  a b o u t  t h e  s a m e  a m o u n t  o f  v a r i a t i o n  a s  

f a c t o r  o n e  ( P F I R )  b u t ,  i t  c o n s i s t s  o f  a  c l u s t e r  o f  

e s s e n t i a l l y  c o l l i n e a r  b i o l o g i c a l  v a r i a b l e s .

F a c t o r  t h r e e  (PF3) c o n s i s t e d  o f  s e v e r a l  i n v e r t e b r a t e  

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

r e l a t i v e  num ber  o f  s u b s t r a t e  t y p e s  ( i . e .  s u b s t r a t e  v a r i e t y ) .  

R o t a t i o n  o f  f a c t o r  t h r e e  (PF3R) y i e l d e d  a  g r o u p  o f  v a r i a b l e s  

c o n s i s t i n g  o f  m o s t l y  r i p a r i a n  m e a s u r e m e n t s ,  t e m p e r a t u r e ,  t h e  

f r e q u e n c y  o f  o c c u r r e n c e  f o r  m em bers  o f  f i s h  c l u s t e r  g r o u p  A 

( s e e  F i g u r e  3 5 b ) ,  s u b s t r a t e  a s  s a n d ,  a n d  w i d t h  t o  d e p t h  

r a t i o .  The l o a d i n g s  f o r  m o s t  o f  t h e s e  v a r i a b l e s  was n o t  v e r y  

h i g h .  T h e r e f o r e  t h e  a s s o c i a t i o n s  s h o u l d  b e  c o n s i d e r e d  

w e a k e r .

The p r o p o r t i o n  o f  v a r i a t i o n  m e a s u re d  by f a c t o r s  f o u r  and  

f i v e  a r e  b e t t e r  r e p r e s e n t e d  i n  t h e  r o t a t e d  f a c t o r s  (PF4R and 

P F5R ) .  F a c t o r  f o u r  c o n s i s t e d  o f  f i s h  v a r i a b l e s  a n d  a  w eak  

a s s o c i a t i o n  w i t h  s u b s t r a t e  a s  l a r g e  r o c k .  F a c t o r  f i v e  

c o n s i s t e d  o f  a  g r o u p  o f  r i p a r i a n  a n d  n o n p o i n t  s o u r c e  

v a r i a b l e s  w i t h  a  weak n e g a t i v e  l o a d i n g  by s t r e a m  v e l o c i t y .

T h ese  f i v e  f a c t o r s  a c c o u n t e d  f o r  75% o f  t h e  v a r i a t i o n  o f
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t h e  e i g e n v a l u e s .  I n t e r p r e t a t i o n  o f  t h e  r e m a i n i n g  7 f a c t o r s  

h a v i n g  a  m i n i m u m  e i g e n v a l u e  o f  1 . 0  d i d  n o t  s h o w  a n y  

m e a n i n g f u l  g r o u p i n g  o f  v a r i a b l e s  w i t h  h i g h  l o a d i n g s .  T h e se  

f i v e  f a c t o r s  a r e  d o m i n a t e d  by  t h e  c l u s t e r i n g  o f  c o l l i n e a r  

d e p e n d e n t  v a r i a b l e s  ( i . e .  b i o l o g i c a l  d a t a )  o r  i n d e p e n d e n t  

v a r i a b l e s  ( e . g .  D.O. o r  % e r o s i o n ) .  T h e r e  i s  e s s e n t i a l l y  

l i t t l e  o r  no g r o u p i n g  o f  d e p e n d e n t  and  i n d e p e n d e n t  v a r i a b l e s  

i n  t h e  s a m e  f a c t o r .  The  a b i l i t y  t o  a s c e r t a i n  c a u s e  a n d  

e f f e c t  r e l a t i o n s h i p  o f  f a c t o r s  i n f l u e n c i n g  t h e  b i o t i c  i n d e x  

s c o r e s  o r  f i s h  s p e c i e s  r i c h n e s s  i s  n o t  p o s s i b l e  w i t h o u t  h i g h  

l o a d i n g s  i n  t h e  same f a c t o r .

The r e s u l t s  o f  t h i s  a n a l y s i s  d i d  n o t  e x t r a c t  e v i d e n c e  o f  

a n y  s t r a i g h t f o r w a r d  l i n e a r  r e l a t i o n s h i p  b e t w e e n  b i o l o g i c a l  

and  e n v i r o n m e n t a l  v a r i a b l e s .  I n s t e a d  i t  p o i n t s  o u t  t h a t  m o s t  

o f  t h e  m e a s u re m e n t  o f  v a r i a t i o n  was m e a s u r e d  i n  t e r m s  o f  t h e  

b i o l o g i c a l  p a r a m e t e r s ,  31% i n  PP2R a n d  PP4R c o m b i n e d .  

D i s s o l v e d  o x y g e n ,  s u b s t r a t e ,  r i p a r i a n  a n d  n o n p o i n t  s o u r c e  

v a r i a b l e s  made up m o s t  o f  t h e  r e m a i n i n g  v a r i a t i o n  d i s t r i b u t e d  

am ong  t h e  o t h e r  t h r e e  f a c t o r s .  A t t e m p t s  t o  p l o t  f a c t o r s  

a g a i n s t  o n e  a n o t h e r  t o  s e e  i f  b i o l o g i c a l  a n d  e n v i r o n m e n t a l  

v a r i a b l e s  c l u s t e r e d  t o g e t h e r  d i d  n o t  i m p r o v e  t h e  e s s e n t i a l  

o r t h o g o n a l  r e l a t i o n s h i p s  b e t w e e n  t h e  b i o l o g i c a l  a n d  

e n v i r o n m e n t a l  m e a s u r e m e n t s .  The i m p o r t a n c e  o f  i m p r o v i n g  t h e  

a b i l i t y  t o  c o r r e l a t e  e n v i r o n m e n t a l  m e a s u r e m e n t s  w i t h
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b i o l o g i c a l  d a t a  i n  f u t u r e  UAA s t u d i e s  i s  d i s c u s s e d  i n  t h e  

f o l l o w i n g  c h a p t e r .



CHAPTER IV 
SDHMART, COHCLDSIOHS AND RECOMMENDATIONS 

Introduction.
T h e  m a i n  f o c u s  o f  t h i s  r e s e a r c h  h a s  b e e n  t o  d e v e l o p  d a t a  

m a n a g e m e n t  t e c h n i q u e s  w h i c h  a s s e s s  t h e  p r e s e n t  s t a t u s  o f  

a q u a t i c  u s e  a t t a i n m e n t  i n  O k l a h o m a .  T h e  d a t a b a s e  u s e d  

i n c l u d e d  i n f o r m a t i o n  f r o m  16 s t r e a m s  d i s t r i b u t e d  a c r o s s  t h e  

S t a t e .  T h e  i n f o r m a t i o n  a n a l y z e d  r e p r e s e n t e d  t h e  o n l y  

e x i s t i n g  d a t a  c o l l e c t e d  f o r  t h e  s p e c i f i c  p u r p o s e  o f  

e v a l u a t i n g  t h e  a t t a i n m e n t  s t a t u s  d u r i n g  low  f l o w ,  h i g h  s t r e s s  

p e r i o d s .  T h e  c o n c l u s i o n s  d r a w n  a r e  r e p r e s e n t a t i v e  o f  

c o n d i t i o n s  e x i s t i n g  i n  t h e s e  s t r e a m s .  E x t r a p o l a t i o n  o f  t h e  

i n f o r m a t i o n  g a i n e d  f r o m  t h i s  s t u d y  t o  t h e  S t a t e  a t  l a r g e  

s h o u l d  o n l y  b e  d o n e  f o r  t h o s e  e n v i r o n m e n t s  h a v i n g  s i m i l a r  

i m p a c t s  and  a t t r i b u t e s .

On N o v e m b e r  8 ,  1 9 8 3 ,  t h e  EPA i s s u e d  t h e  r e v i s e d

r e g u l a t i o n s  on w a t e r  q u a l i t y  s t a n d a r d s  i n  40 CPR P a r t  1 3 1 .  

T h i s  r e g u l a t i o n  i s s u e s  t h e  g u i d e l i n e s  f o r  t h e  p r o c e s s  by  

w h ic h  S t a t e s  may p r o p o s e  t o  ch an g e  e x i s t i n g  b e n e f i c i a l  u s e s .  

The  r u l e  s p e c i f i c a l l y  s t a t e s  t h a t ,  "EPA i s  r e q u i r i n g  t h a t
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S t a t e s  c o n d u c t  and  s u b m i t  t o  EPA a  u s e  a t t a i n a b i l i t y  a n a l y s i s  

i f  t h e  S t a t e

(a) i s  d e s i g n a t i n g  u s e s  f o r  t h e  w a t e r  body s u c h  t h a t  t h e  

w a t e r  body w i l l  n o t  h a v e  a l l  t h e  u s e s  w h i c h  a r e  i n c l u d e d  

i n  S e c t i o n  1 0 1 ( a ) ( 2 )  o f  t h e  A c t ,

(b) m a i n t a i n i n g  u s e s  f o r  t h e  w a t e r  b o d y  w h i c h  do  n o t  

i n c l u d e  a l l  o f  t h e  u s e s  i n  S e c t i o n  1 0 1 ( a ) ( 2 )  o f  t h e  A c t ,

(c )  r e m o v i n g  a  u s e  i n c l u d e d  i n  S e c t i o n  1 0 1 ( a ) ( 2 )  o f  t h e  

A c t ,

(d) m o d i f y i n g  a  u s e  i n c l u d e d  i n  S e c t i o n  1 0 1 ( a ) ( 2 )  o f  t h e  

A c t  t o  r e q u i r e  l e s s  s t r i n g e n t  c r i t e r i a " .

T h i s  docum ent  g o e s  on t o  r e q u i r e  t h a t  i n  e a c h  t r i e n n i a l  

r e v i e w  p r o c e s s .  S t a t e s  r e v i e w  t h e  b a s i s  f o r  n o t  i n c l u d i n g  

u s e s  f o r  a  s p e c i f i c  w a t e r b o d y .  S t a t e s  n e e d  n o t  r e p e a t  UAA 

b u t  t h e y  m u s t  d e m o n s t r a t e  * t h a t  c i r c u m s t a n c e s  h a v e  n o t  

c h a n g e d .  T h a t  i s  t o  s a y ,  " p r o t e c t i o n  a n d  p r o p a g a t i o n  o f  

f i s h ,  s h e l l f i s h ,  an d  w i l d l i f e  a n d / o r  r e c r e a t i o n  i n  an d  on t h e  

w a t e r  r e m a i n  u n a t t a i n a b l e ”.

EPA i s s u e d  t h e  f i n a l  v e r s i o n  o f  t h e  W a t e r  Q u a l i t y  

S t a n d a r d s  Handbook (36) i n  December  o f  1983.  A s u p p l e m e n t a l  

p u b l i c a t i o n  e n t i t l e d  T e c h n i c a l  Sup p o r t  M a n u a l ;  W a t e r  BadjC 

Surveyg and Assessments lax Cenducting Use Attainability 
A n a l y s i s  ( 3 7 ) ,  w a s  r e l e a s e d  i n  N o v e m b e r  o f  1 9 8 3 .  T h e s e  

p u b l i c a t i o n s  o n l y  b e c a m e  a v a i l a b l e  t o  t h i s  a u t h o r  i n  l a t e
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F e b r u a r y  1984,  As a  r e s u l t  t h e y  h a v e  n o t  b e e n  f u l l y  u t i l i z e d  

i n  t h i s  r e s e a r c h .  The  f o l l o w i n g  s e c t i o n s  r e f e r e n c e  t h e s e  

p u b l i c a t i o n s  w hen  t h e y  h e l p  p r o v i d e  r e c o m m e n d a t i o n s  w h i c h  

m i g h t  e n h a n c e  f u t u r e  UAA p r o g r a m s  i n  Oklahoma.

The s e c o n d a r y  warm w a t e r  f i s h e r y  d e s i g n a t i o n  r e p r e s e n t s  

a  m o d i f i c a t i o n  o f  t h e  f i s h  a n d  w i l d l i f e  p r o p a g a t i o n  c r i t e r i a  

w h i c h  w e r e  p r e s e n t  i n  t h e  1 9 7 9  O k la h o m a  S t a n d a r d s .  The  

s u p p o r t i v e  d o c u m e n t a t i o n  f o r  t h e s e  c h a n g e s  m u s t  i n c l u d e  some 

i d e n t i f i c a t i o n  o f  t h e  c h a r a c t e r i s t i c s  w h i c h  d i f f e r e n t i a t e  

s e c o n d a r y  f ro m  p r i m a r y  warm w a t e r  f i s h e r i e s .  T h i s  r e s e a r c h  

h a s  a t t e m p t e d  t o  c h a r a c t e r i z e  t h e  r e l a t i v e  d e g r e e  o f  a q u a t i c  

a t t a i n m e n t  t h r o u g h  an  a n a l y s i s  o f  O k la h o m a 's  f i r s t  s e t  o f  UAA 

d a t a .

The o b j e c t i v e  o f  t h i s  r e s e a r c h  was  t o  d e v e l o p  a s s e s s m e n t  

a n d  d a t a  m a n a g e m e n t  t e c h n i q u e s  w h i c h  s u m m a r i z e  t h e  

e n v i r o n m e n t a l  and  b i o l o g i c a l  a t t r i b u t e s  o f  a  s e t  o f  s t r e a m s  

c o n s i d e r e d  a s  c a n d i d a t e s  f o r  r e d e s i g n a t i o n .  The r e s u l t s  o f  

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

f o r  s u ch  c a n d i d a t e  s t r e a m s .  The d e c i s i o n  f o r  r e d e s i g n a t i o n  

r e m a i n s  t h e  a d m i n i s t r a t i v e  t a s k  o f  t h e  S t a t e  ( s u b j e c t  t o  EPA 

a p p r o v a l ) .  R e c o g n i t i o n  o f  t h e  e x i s t i n g  c o n d i t i o n s  i s  an  

e s s e n t i a l  p a r t  o f  t h e  s u p p o r t i v e  d o c u m e n t a t i o n  f ro m  w hich  t h e  

p r o p o s a l  f o r  r e d e s i g n a t i o n  a r e  d e v e l o p e d .  The f i n a l  p h a s e  o f
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t h e  r e d e s i g n a t i o n  p r o c e s s  c o u p l e s  i n f o r m a t i o n  on s o c i a l  and  

e c o n o m ic  i m p a c t s  w i t h  i n f o r m a t i o n  r e v e a l e d  i n  UAA. T a b l e s  19 

s u m m a r i z e s  t h e  m a j o r  c o n c l u s i o n s  w h i c h  a r e  d i s c u s s e d  i n  m ore  

d e t a i l  i n  t h e  f o l l o w i n g  s e c t i o n s .  I  h o p e  t h a t  t h e  

e v a l u a t i o n s  p r o v i d e d  i n  t h i s  r e s e a r c h  w i l l  g i v e  g u i d a n c e  t o  

f u t u r e  UAA p r o g r a m s  i n  Oklahoma.

Hydrologie Variables.
T he  h y d r o l o g i e  e v a l u a t i o n  r e p r e s e n t e d  a n  a t t e m p t  t o  

c h a r a c t e r i z e  t h e  r o l e  w h i c h  f a c t o r s  s u c h  a s  f l o w  and  w i d t h  t o  

d e p t h  r a t i o  p l a y  i n  t h e  p o l l u t i o n  e c o l o g y  o f  t h e s e  O k l a h o m a  

s t r e a m s .  The s k e w n e s s  o f  d a t a b a s e  t o  t h e  l e f t  i n d i c a t e s  t h a t  

m o s t  o f  t h e  d a t a  r e f l e c t s  c o n d i t i o n s  o f  f l o w  l e s s  t h e n  5 .0  

c f s .  I n  f a c t ,  b a s e d  u p o n  t h e  m o d e ,  t h e  m o s t  f r e q u e n t l y  

e n c o u n t e r e d  c o n d i t i o n s  c l u s t e r e d  i n  t h e  1.0  c f s  r a n g e .  T h i s  

f l o w  r e g i m e  w a s  n o t  r e s t r i c t e d  t o  u p s t r e a m  a r e a s .  S e v e r a l  

s t r e a m s  s h o w e d  a l o s s  o f  f l o w  a t  d o w n s t r e a m  s a m p l i n g  

s t a t i o n s .  T h e  l o w  f l o w  a n d  l o w  v e l o c i t y  c o n d i t i o n s  m i g h t  

a c c o u n t  f o r  t h e  d o m i n a n c e  o f  p o o l  t y p e  h a b i t a t s  a n d  

d e p o s i t i o n a l  s u b s t r a t e s .  T h e se  c o n d i t i o n s  a r e  r e f l e c t e d  i n  

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

common m embers  o f  t h e s e  s t r e a m s .

Hater Quality Variables.
The p a r a m e t e r s  u s e d  t o  a s s e s s  w a t e r  q u a l i t y  f o c u s e d  on 

D.O. a s  a  m a j o r  d e t e r m i n i n g  f a c t o r  a f f e c t i n g  t h e  d e g r e e  o f
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MAJOR CONCLUSIONS

1 .  T h e  d o m i n a n c e  o£ l o w  f l o w ,  l o w  v e l o c i t y  a n d  l o w  g r a d i e n t  
s t r e a m  c o n d i t i o n s  i n f l u e n c e d  t h e  h a b i t a t  v a r i e t y  a v a i l a b l e  t o  
f i s h  and  b e n t h i c  o r g a n i s m s .

2 .  D.O. l e v e l s  r a n g e d  f r o m  b e t w e e n  h i g h l y  s a t u r a t e d  t o  p o o r l y  
o x y g e n a t e d  l e v e l s .  T h i s  r e p r e s e n t e d  o n e  o f  t h e  m o s t  
s i g n i f i c a n t  l i m i t i n g  e n v i r o n m e n t a l  f a c t o r s  a f f e c t i n g  t h e  
a c h i e v e m e n t  o f  m o r e  d e s i r a b l e  l e v e l s  o f  u s e  a t t a i n m e n t  i n  
t h e s e  Oklahoma s t r e a m s .

3 .  T h e  s t u d y  s t r e a m s  w e r e  d o m i n a t e d  b y  p o o l  t y p e  h a b i t a t s  a n d  
d e p o s i t i o n a l  s u b s t r a t e s ,  f a c t o r s  w h ic h  w e r e  r e f l e c t e d  i n  t h e  
s p e c i e s  c o m p o s i t i o n  common t o  t h e s e  s t r e a m s .

4 .  P o o r l y  p r o t e c t e d  b a n k s i d e  c o n d i t i o n s  may h a v e  a f f e c t e d  t h e  
l e v e l  o f  u s e  a t t a i n m e n t  a s  a  r e s u l t  o f  e r o s i o n  a n d  
s e d i m e n t a t i o n  w h ic h  r e s t r i c t s  t h e  q u a l i t y  o f  b e n t h i c  h a b i t a t  
by s i l t a t i o n .

5 .  S u b s t r a t e  c a t e g o r i e s  w e r e  d o m i n a t e d  by s a n d ,  s i l t  a n d  mud. 
The l a c k  o f  m ore  s t a b l e  s u b s t r a t e s ,  su ch  a s  g r a v e l  and  r o c k ,  
r e s t r i c t  t h e  v a r i e t y  o f  a q u a t i c  l i f e  t o  t h o s e  a d a p t e d  t o  l e s s  
s t a b l e  d e p o s i t i o n a l  h a b i t a t s .

6 .  F i s h  c o v e r  was  p r e d o m i n a t l y  com posed  o f  p o o l  t y p e  h a b i t a t s .  
T h e  r e s u l t i n g  f i s h  s p e c i e s  c o m p o s i t i o n  w a s  c o m p r i s e d  o f  
v a r i e t i e s  w h ic h  p r o s p e r  b e s t  u n d e r  s u c h  c o n d i t i o n s .

7 .  T h e  a p p l i c a t i o n  o f  b i o t i c  i n d i c e s  p r o v i d e d  a  r a p i d  
q u a l i t a t i v e  m e a n s  o f  d i f f e r e n t i a t i n g  t h e  q u a l i t y  o f  t h e  
s t r e a m s  a s  r e f l e c t e d  i n  t h e  s p e c i e s  c o m p o s i t i o n .  T h e s e  
m e t h o d o l o g i e s  c a n  s e r v e  t h e  S t a t e  i n  d o c u m e n t i n g  a n d  
r e d o c u m e n t i n g  t h e  l e v e l  o f  u s e  a t t a i n m e n t  a s s e s e d  by UAA.

8 .  C l u s t e r  a n a l y s i s  o f  f i s h  a n d  a q u a t i c  i n v e r t e b r a t e  s p e c i e s  
p r o v i d e d  a  c h a r a c t e r i z a t i o n  o f  t h e  a s s o r t m e n t  o f  a s s e m b l a g e s  
o f  common a n d  r a r e  s p e c i e s  w h ic h  e x e m p l i f y  t h e  d e g r e e  o f  u s e  
a t t a i n m e n t  am ong  t h e s e  r e d e s i g n a t i o n  c a n d i d a t e s .  T h e  
c o u p l i n g  o f  b i o t i c  i n d i c e s  w i t h  c l u s t e r  a n a l y s i s  p r o d u c e s  
r e s u l t s  w h ic h  can  s u p p o r t  p r o p o s a l s  f o r  r e d e s i g n a t i o n .

9 .  M o s t  o f  t h e  m e t h o d s  u s e  i n  t h i s  UAA p r o g r a m ,  w h i l e  a d e q u a t e  
i n  t h e  d e s c r i p t i o n  o f  t h e  e x i s t i n g  c o n d i t i o n s ,  w e r e  n o t  
a p p r o p r i a t e  i n  t h e i r  p r e s e n t  f o r m  t o  c o r r e l a t e  c a u s e  a n d  
a f f e c t  r e l a t i o n s h i p s  w h i c h  d i f f e r e n t i a t e  p r i m a r y  f r o m  
s e c o n d a r y  warm w a t e r  f i s h e r i e s .

T a b l e  1 9 .  Summary o f  M ajo r  C o n c l u s i o n s .
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a q u a t i c  u s e  a t t a i n m e n t .  T h e  i s s u e  o f  w h a t  t h e  a p p r o p r i a t e  

c r i t e r i a  f o r  D.O. s h o u l d  b e  w a s  n o t  t h e  i n t e n t  o f  t h i s  

r e s e a r c h .  T h e  l e v e l s  o f  D.O. w h i c h  c a n  b e  a t t a i n e d  a r e  

b e t t e r  a d d r e s s e d  t h r o u g h  a  t e c h n i c a l  e v a l u a t i o n  o f  t r e a t m e n t  

r e q u i r e m e n t s  i n  t h e  o v e r a l l  w a s t e l o a d  a l l o c a t i o n  p r o c e s s .  

T h i s  s t u d y  f o c u s e d  upon t h e  r o l e  t h a t  D.O. l e v e l s  p l a y  i n  t h e  

p r e s e n t  d e g r e e  o f  a t t a i n m e n t  o f  f i s h  an d  w i l d l i f e  b e n e f i c i a l  

u s e s .

D.O. l e v e l s  f l u c t u a t e  w i d e l y  i n  Oklahom a s t r e a m s .  T h e se  

r a n g e s  i n  D.O. c r e a t e  a  s p e c t r u m  o f  c a t e g o r i e s  o f  D.O. 

d e f i c i t .  One m i g h t  e x p e c t ,  t h a t  i n  any  g i v e n  s t r e a m ,  r e g i o n s  

o f  e i t h e r  h i g h l y  s a t u r a t e d  o r  p o o r l y  s a t u r a t e d  w a t e r s  c o u l d  

b e  o c c u r r i n g .  T h e  c a u s e  o f  s u p e r s a t u r a t e d  D.O. l e v e l s  w e r e  

n o t  e v a l u a t e d  by t h i s  p r o g r a m .  F u t u r e  s t u d i e s  s h o u l d  a t t e m p t  

t o  a c c o u n t  f o r  t h e  i m p a c t s  o f  s u c h  a r e a s .  T h i s  c o n d i t i o n  

r e p r e s e n t s  a n  a b n o r m a l i t y  d u e  t o  e x c e s s i v e  o x y g e n a t i o n  by 

a l g a l  p h o t o s y n t h e s i s .  T h i s  s o u r c e  o f  o x y g e n  i s  n o t  a 

r e l i a b l e  a s s e t .  A l g a l  r e s p i r a t i o n  d u r i n g  t h e  n i g h t  t i m e  

h o u r s  c a n  s i g n i f i c a n t l y  r e d u c e  t h e  l e v e l  o f  D.O. a v a i l a b l e  t o  

f i s h  an d  o t h e r  a q u a t i c  o r g a n i s m s .  F u t u r e  s t u d i e s  s h o u l d  p l a n  

t o  c o l l e c t  d a t a  on  p r i m a r y  p r o d u c t i o n  r a t e s  a n d  a l g a l  

r e s p i r a t i o n  v i a  l i g h t  a n d  d a r k  b o t t l e  t e s t i n g .

D e o x y g e n a t io n  c a u s e d  by t h e  d i s c h a r g e  o f  o r g a n i c  w a s t e s
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r e p r e s e n t s  a  more  o v e r t  s o u r c e  o f  p e r t u r b a t i o n .  The i m p a c t  

z o n e  s t a t i o n s  w e r e  d e p i c t e d  i n  F i g u r e  8 t o  h a v e  a  m ean  D.O. 

c o n c e n t r a t i o n  o f  3 .6  m g . / l .  w hen  t h e  D.O. d e f i c i t  w a s  i n  

e x c e s s  o f  3 .0  m g . / l .  T h i s  l e v e l  o f  D.O. i s  j u s t  a b o v e  t h e  

3 .0  m g . / l .  c r i t e r i a  e s t a b l i s h e d  f o r  s e c o n d a r y  w arm  w a t e r  

f i s h e r i e s .

The 1982 S t a n d a r d s  rem oved  t h e  1.0 m g . / l .  D.O. e x c u r s i o n  

d u e  t o  n a t u r a l  d i u r n a l  f l u c t u a t i o n s .  The  l e v e l s  o f  D.O. 

d e f i c i t  d e t e r m i n e d  i n  t h i s  s t u d y  s e r v e  t o  i n d i c a t e  t h a t  

d i u r n a l  f l u c t u a t i o n s  may a l s o  r e p r e s e n t  a  p r o b l e m  f o r  u s e  

a t t a i n m e n t .  F u r t u r e  s t u d i e s  s h o u l d  c o l l e c t  d a t a  on n o c t u r n a l  

D.O. l e v e l s  a s  w e l l  a s  24 h o u r  D.O. p r o f i l e s  i n  u p s t r e a m ,  

i m p a c t ,  r e c o v e r y  and  r e f e r e n c e  a r e a  s i t e s .  The n e c e s s i t y  t o  

r e i n s t a t e  t h i s  e x c u r s i o n  i n  f u t u r e  r e v i s i o n s  s h o u l d  be  b a s e d  

on t h e  e v a l u a t i o n  o f  s u c h  d a t a .

T e m p e r a t u r e  p l a y s  a  r o l e  a s  a  f a c t o r  i n f l u e n c i n g  D.O. 

s a t u r a t i o n  l e v e l s .  None o f  t h e  s t r e a m s  had  t e m p e r a t u r e s  i n  

e x c e s s  o f  t h e  c r i t i c a l  t e m p e r a t u r e  o f  90o  F. s e t  by t h e  1982 

S t a t e  s t a n d a r d s .  O t h e r  s t u d i e s  i n  O k l a h o m a  (2 )  h a v e  

d e m o n s t r a t e d  t h a t  d a i l y  maximum t e m p e r a t u r e s  c a n  e x c e e d  t h i s  

c r i t e r i a  a n d  a s  a  r e s u l t  t h e  a f f e c t  o f  t e m p e r a t u r e  on u s e  

a t t a i n m e n t  c a n  n o t  be  r u l e d  o u t .

C o n d u c t i v i t y  s eem s  t o  b e  more  a f u n c t i o n  o f  t h e  d r a i n a g e  

s y s t e m  w i t h i n  w h i c h  a  g i v e n  s t r e a m  i s  l o c a t e d .  I t  may
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r e p r e s e n t  a  p r o b l e m  i n  u s e  a t t a i n m e n t  on  a  s i t e  s p e c i f i c  

b a s i s .  The pH r e m a i n e d  w i t h i n  a c c e p t a b l e  r a n g e s  e s t a b l i s h e d  

i n  t h e  S t a t e  s t a n d a r d s .

P o i n t  S o u r c e  V a r i a b l e s .

The v a l u e  o f  r e l a t i n g  c o n c l u s i o n s  o b t a i n e d  by a n a l y s i s  

o f  t h e  p o i n t  s o u r c e  d a t a b a s e  w a s  h a m p e r e d  by t h e  f a c t  t h a t  i t  

r e p r e s e n t e d  a  s e p a r a t e  d a t a  c o l l e c t i o n  e f f o r t .  As m e n t i o n e d  

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

q u a l i t a t i v e .  F u t u r e  s t u d i e s  s h o u l d  a t t e m p t  t o  i n c o r p o r a t e  

e f f l u e n t  a n d  r e c e i v i n g  s t r e a m  m o n i t o r i n g  i n t o  t h e  UAA 

s a m p l i n g  f r a m e w o r k .  M u l t i v a r i a t e  t e c h n i q u e s  s u c h  a s  f a c t o r  

a n a l y s i s  c o u l d  t h e n  b e  u t i l i z e d  t o  i d e n t i f y  s e t s  o f  f a c t o r s  

c o n t a i n i n g  i n f o r m a t i o n  o n  t h e  r e l a t i o n s h i p  o f  e f f l u e n t  

q u a l i t y  a n d  i n s t r e a m  b i o l o g i c a l  v a r i a b l e s .  I f  s u c h  

t e c h n i q u e s  a r e  e m p l o y e d  i n  f u t u r e  a n a l y s i s ,  c a r e  s h o u l d  b e  

t a k e n  t o  e l i m i n a t e  d a t a  p o i n t s  w h ic h  r e p r e s e n t  o u t l i e r s .  The 

N o r t h  C a n a d ia n  R i v e r  b e lo w  Oklahoma C i t y  r e p r e s e n t e d  v a l u e s  

f o r  s t r e a m  f l o w ,  e f f l u e n t  f l o w  a n d  w a s t e l o a d i n g  f a r  b e y o n d  

t h e  v a l u e s  o b t a i n e d  f r o m  o t h e r  s a m p l i n g  s t a t i o n s .  T h i s  

c o n d i t i o n  r e s u l t e d  i n  t h e  e x c l u s i o n  o f  t h e  NCR-OKC d a t a  f ro m  

d a t a  a n a l y s i s  m e th o d s  s u c h  a s  p r i n c i p a l  f a c t o r  a n a l y s i s .

H o s t  o f  t h e  s t r e a m s  s a m p l e d  i n  t h i s  p r o g r a m  h a d  

e s t i m a t e d  w a s t e l o a d s  i n  t h e  r a n g e  o f  5 0 0  l b s . / d a y  o f
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c a r b o n a c e o u s  B.O.D. E x a m i n a t i o n  o f  c o m p l i a n c e  m o n i t o r i n g  

d a t a  s h o w s  t h a t  t h e r e  w a s  a  c o n s i d e r a b l e  r a n g e  i n  t h e  

c o n c e n t r a t i o n s  o f  n i t r o g e n o u s  w a s t e s .  F u t u r e  s t u d i e s  may 

w a n t  t o  c o l l e c t  d a t a  on t h e  i m p a c t s  o f  n i t r o g e n o u s  w a s t e  b o t h  

f r o m  t h e  s t a n d  p o i n t  o f  t h e i r  r o l e  i n  o x y g e n  d e p l e t i o n  a n d  

e u t r o p h i c a t i o n .

The p r o b le m  o f  i n s u f f i c i e n t  d i l u t i o n  f l o w  h a s  been  t h e  

f o c u s  o f  m a j o r  c o n c e r n  i n  O k l a h o m a .  T h i s  p r o b l e m  w a s  

a d d r e s s e d  by OWRB i n  t h e  S t a t e  208 Work Task  141 (83) .  More 

t h a n  h a l f  t h e  s t r e a m s  i n  t h i s  s t u d y  h a d  l e s s  t h a n  a 2 : 1  

r e l a t i o n s h i p  o f  s t r e a m  d i l u t i o n  c a p a c i t y .  T h i s  c o n d i t i o n  

p l a c e s  m ore  o f  t h e  b u r d e n  o f  t r e a t m e n t  on t h e  p h y s i c a l  p l a n t  

p r o c e s s e s  o f  t h e  i n d i v i d u a l  t r e a t m e n t  f a c i l i t y .  The  f a c t  

t h a t  t h i s  c o n d i t i o n  i s  u s u a l l y  s e a s o n a l  d o e s  n o t  c h a n g e  t h e  

r e q u i r e m e n t  t o  m e e t  D.O. c r i t e r i a  d u r i n g  l o w  f l o w  p e r i o d s .  

Oklahoma h a s  a t t e m p t e d  t o  g a i n  r e c o g n i t i o n  o f  t h i s  f a c t o r  i n  

p r e v i o u s  S t a t e  s t a n d a r d s  (1 9 6 8  a n d  1 9 7 6 ) .  T h e  d e g r e e  t o  

w h ic h  t h i s  l a c k  o f  d i l u t i o n  c a p a c i t y  i n f l u e n c e d  t h e  l e v e l  o f  

a q u a t i c  a t t a i n m e n t  a s s e s s e d  i n  t h i s  s t u d y  i s  n o t  c l e a r .  

T h r e e  o f  t h e  s t a t i o n s  (CHC-2, SKC-2 a n d  S T W -2 ) ,  w i t h  K a r r  

I n d e x  s c o r e s  c l a s s i f i e d  a s  p o o r ,  h a d  d i l u t i o n  r a t i o s  < 2 .0 .  

E v a l u a t i n g  t h e  r o l e  w h ic h  i n s u f f i c i e n t  d i l u t i o n  c a p a c i t y  h a s  

on  t h e  a t t a i n m e n t  o f  a q u a t i c  u s e s  i n  O k l a h o m a  s h o u l d  b e  

a p p r o a c h e d  i n  m ore  d e t a i l  i n  f u t u r e  s t u d i e s .
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Riparian and Potential Honpoint Source Variables.
A n a l y s i s  o f  t h e  i n f o r m a t i o n  on r i p a r i a n  c h a r a c t e r i s t i c s  

y i e l d e d  d e s c r i p t i o n s  o f  v a r i o u s  l e v e l s  o f  b a n k s i d e  p r o t e c t i v e  

c a t e g o r i e s .  M o s t  o f  t h e  s t a t i o n s  w i t h  n u m e r o u s  c a t e g o r i e s  

r a t e d  a s  f a i r  o r  p o o r ,  h a d  a c c e p t a b l e  s c o r e s  f o r  b o t h  f i s h  

a n d  i n v e r t e b r a t e  i n d i c e s .  C h i s h o l m  C r e e k  (C B C -2)had  b o t h  

p o o r  r a t i n g s  f o r  m o s t  o f  t h e  b a n k s i d e  p r o t e c t i v e  c a t e g o r i e s  

a n d  p o o r  r a t i n g s  f o r  t h e  C h a n d l e r  S c o r e  an d  t h e  K a r r  I n d e x .

T h e s e  b a n k s i d e  p r o t e c t i v e  c a t e g o r i e s  a r e  u s e f u l  i n  

d e s c r i b i n g  t h e  r e l a t i v e  d e g r e e  o f  b a n k s i d e  p r o t e c t i o n .  The 

a b i l i t y  t o  s c a l e  t h e  r e l a t i v e  i m p a c t  f ro m  p o o r l y  p r o t e c t i v e  

b a n k s i d e  c h a r a c t e r i s t i c s  was n o t  a d d r e s s e d  i n  t h i s  r e s e a r c h .  

A t t e m p t s  t o  c o r r e l a t e  t h e s e  v a r i a t i o n s  i n  f a c t o r  a n a l y s i s  

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

s i g n i f i c a n t  v a r i a t i o n  i n  t h e  o v e r a l l  s e t  o f  UAA m e a s u r e m e n t s .  

F u t u r e  s t u d i e s  s h o u l d  c o n c e n t r a t e  on  p r o d u c i n g  a  m o r e  

q u a n t i t a t i v e  s c a l e  o f  m e a s u r e m e n t  f o r  c a t e g o r i e s  s u c h  a s  

b a n k s i d e  e r o s i o n .  The t e s t  o f  t h e  a p p r o p r i a t e  m e a s u re  c o u l d  

t h e n  b e  a s s e s s e d  b y  d e m o n s t r a t i n g  r e l a t i o n s h i p s  w i t h  

b i o l o g i c a l  v a r i a b l e s  v i a  f a c t o r  a n a l y s i s  o r  c a n o n i c a l  

c o r r e l a t i o n .

I n  g e n e r a l ,  m o s t  l o c a t i o n s  s a m p le d  w e r e  r u r a l ,  s u b u r b a n ,  

a n d  a g r i c u l t u r a l  a r e a s .  M o s t  o f  t h e  u r b a n i z e d  a r e a s
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c l u s t e r e d  n e a r  t h e  t r e a t m e n t  p l a n t s .  B a n k s i d e  v e g e t a t i o n  was  

m o s t l y  m o d e r a t e  t o  d e n s e  c o v e r .  P r o t e c t i v e  c a t e g o r i e s  f o r  

b a n k s i d e  e r o s i o n  a n d  p r o t e c t i v e  v e g e t a t i o n  s h o w e d  

c o n s i d e r a b l e  v a r i a t i o n .

Substrate Variables.
T h e  m o s t  f r e q u e n t l y  o c c u r r i n g  t y p e s  o f  s u b s t r a t e  

e n c o u n t e r e d  i n  t h i s  r e s e a r c h  i n c l u d e d  s a n d ,  s i l t  a n d  

d e t r i t u s .  S a n d  d o m i n a t e s  t h e  p r o p o r t i o n  o f  s u b s t r a t e  

d e n s i t y .  T h e  h i g h  f r e q u e n c y  o f  d e p o s i t i o n a l  s u b s t r a t e s  

a c c o u n t s  f o r  a b o u t  h a l f  t h e  d e n s i t y  a n d  o n e  t h i r d  t h e  

f r e q u e n c y  o f  t h e  s u b s t r a t e  v a r i e t y  a v a i l a b l e  i n  t h e s e  

s t r e a m s .  ÜPGMA c l u s t e r  a n a l y s i s  show ed g r o u p i n g  o f  s t a t i o n s  

on  t h e  b a s i s  o f  s u b s t r a t e  s i m i l i a r l y .  The  c o m m o n a l i t y  o f  

s u b s t r a t e s  s u c h  a s  s a n d ,  s i l t ,  d e t r i t u s  a n d  mud o r  s l u d g e  

v e r s u s  t h e  c a t e g o r i e s  o f  g r a v e l ,  r o c k  a n d  c l a y  m ay  b e  

r e s p o n s i b l e  f o r  t h e  o c c u r r e n c e  o f  s p e c i f i c  s p e c i e s  o f  f i s h  

and  i n v e r t e b r a t e s .

The  EPA t e c h n i c a l  m a n u a l  on  UAA (37) d i s c u s s e s  many o f  

t h e  r e l a t i o n s h i p s  o f  s u b s t r a t e  c o m p o s i t i o n  an d  t h e  o c c u r r e n c e  

o f  a q u a t i c  o r g a n i s m s .  I n v e r t e b r a t e s  a r e  a f f e c t e d  by t h e  

c o m p o s i t i o n  o f  t h e  s t r e a m b e d .  S a n d  i s  c o n s i d e r e d  t o  b e  t h e  

p o o r e s t  h a b i t a t .  G r a v e l ,  b e d r o c k ,  and  c l a y  r e p r e s e n t  b e t t e r  

s u b s t r a t e s  w h i c h  s u p p o r t  a l a r g e r  b i o m a s s .  One f a c t o r  n o t  

a c c o u n t e d  f o r  i n  t h i s  p r o g ra m  i s  s i l t a t i o n .  The t e m p o r a r y  o r
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p e r i o d i c  c o v e r i n g  o f  b e n t h i c  h a b i t a t  b y  s i l t  a n d  s a n d  c a n  

r e d u c e  o r  e l i m i n a t e  c o l o n i e s  o f  b e n t h i c  o r g a n i s m s .  The  

d o m in a n c e  o f  t h e  s i l t  and  s a n d  s u b s t r a t e s  s e r v e s  t o  i n d i c a t e  

t h a t  s i l t a t i o n  p r o b a b l y  i s  a  f a c t o r  i n f l u e n c i n g  t h e  s p e c i e s  

r i c h n e s s  o f  t h e  b e n t h i c  com m uni ty .  F u t u r e  s t u d i e s  may w a n t  

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

c o r r e l a t i o n  w i t h  b i o l o g i c a l  v a r i a b l e s .

S u b s t r a t e  c o n d i t i o n s  ca n  h a v e  s i m i l a r  a d v e r s e  i m p a c t s  on 

t h e  f i s h  c o m m u n i t y .  I n  g e n e r a l ,  f i s h  a r e  l e s s  c o n f i n e d  t o  

t h e  d e p e n d e n c e  on a  s p e c i f i c  t y p e  o f  s u b s t r a t e  (37) .  C e r t a i n  

s p e c i e s  ( e . g .  S t o n e r o l l e r s )  u t i l i z e  g r a v e l  a r e a s  o f  r i f f l e  

h a b i t a t s  t o  d e v e l o p  n e s t s  and  l a y  e g g s .  S t r e a m s  d o m i n a t e d  by 

s a n d y  b o t t o m  p o o l s  c o m p l e m e n t  t h e  n e s t  b u i l d i n g  h a b i t s  o f  

s p e c i e s  l i k e  t h e  B l u e g i l l  S u n f i s h  a n d  t h e  L a r g e m o u t h  B a s s .  

The d o m in a n c e  o f  t h e  s u n f i s h  v a r i e t i e s  i n  t h e s e  s t r e a m s  may 

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

c o n t a i n i n g  l a r g e  a m o u n t s  o f  s o f t  s a n d  and  s i l t .

Habitat Variables.
EPA p r e s e n t s  a  d i s c u s s i o n  on t h e  s i g n i f i c a n c e  o f  h a b i t a t  

v a r i a t i o n  o n  t h e  a q u a t i c  c o m m u n i t y  i n  t h e  p r e v i o u s l y  

r e f e r e n c e d  t e c h n i c a l  s u p p o r t  m a n u a l  f o r  c o n d u c t i n g  ÜAA. 

A n a l y s i s  o f  t h e  h a b i t a t  c a t e g o r i e s  by c l u s t e r  a n a l y s i s  show ed 

a  d o m i n a n c e  o f  p o o l  t y p e  h a b i t a t s .  A s s o c i a t e d  w i t h i n  t h e
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c l u s t e r  c o n t a i n i n g  p o o l s  a r e  b r u s h p i l e s  a n d  u n d e r c u t  b a n k s .  

P o o l s  p r o v i d e  a  r e s t i n g  a r e a  f o r  f i s h  f r o m  t h e  p r e s s u r e  o f  

p r e d a t i o n .  The  a d d i t i o n  o f  u n d e r c u t  b a n k s  a n d  b r u s h p i l e s  

h e l p s  t o  d i v e r s i f y  t h e  c o m p o n e n t s  o f  t h e  p o o l  e n v i r o n m e n t  and  

p e r h a p s  t h e  r e s u l t i n g  v a r i e t y  o f  f i s h  s p e c i e s  a s  w e l l .

T h e  d i s t r i b u t i o n  o f  h a b i t a t  f r e q u e n c i e s  s h o w s  t h a t  a 

l a c k  o f  b a l a n c e  e x i s t s  b e t w e e n  p o o l  t y p e  h a b i t a t s  a n d  t h e  

f a s t e r  f l o w i n g  r i f f l e  a r e a s .  P o o l s  o u tn u m b e r  r i f f l e  h a b i t a t s  

by  a  f a c t o r  o f  m o r e  t h a n  t w o  t o  o n e .  T h i s  i s  a  d i s c r e t e  

r a t i o .  I t  i n d i c a t e s  t h a t  t h e r e  i s  a  s i g n i f i c a n t l y  h i g h  

p r o b a b i l i t y  o f  e n c o u n t e r i n g  a  s t r e a m  w i t h  l a r g e  r e a c h e s  w h ic h  

a r e  d e v o i d  o f  r i f f l e  h a b i t a t s .  T h i s  p r o g r a m  d i d  n o t  a s s e s s  

t h e  i n t r a s p e c i f i c  d i v e r s i t y  o f  h a b i t a t  f r e q u e n c i e s  a t  e a c h  

s a m p l i n g  l o c a t i o n  ( i . e .  * o f  p o o l s  v s .  # o f  r i f f l e s ) .  F u t u r e  

s t u d i e s  may w a n t  t o  e x p a n d  t h i s  m e a s u r e m e n t  t o  i n c l u d e  

a c c o u n t i n g  f o r  t h e  v a r i a t i o n  i n  t h e  n u m b e r  o f  h a b i t a t  t y p e s  

p r e s e n t  w i t h i n  a  g i v e n  r e a c h  o f  s t r e a m .

Fish Community Structure.
C h a r a c t e r i z a t i o n  o f  t h e  f i s h  com m u n i ty  s t r u c t u r e  f o r  t h e  

s t r e a m s  s a m p l e d  a s  p a r t  o f  t h i s  s t u d y  w a s  a c c o m p l i s h e d  

t h r o u g h  c l u s t e r  a n a l y s i s .  The u s e  o f  t h e  K a r r  I n d e x  a l s o  

a s s i s t e d  i n  t h e  e v a l u a t i o n  o f  t h e  f i s h  com m u n i ty  by s c a l i n g  

t h e  f i s h e r y  c o n t e n t  o n  t h e  b a s i s  o f  n i n e  a t t r i b u t e s .  EPA 

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

t e c h n i c a l  s u p p o r t  m a n u a l  f o r  c o n d u c t i n g  UAA ( 3 7 ) .  F u t u r e  

a t t e m p t s  t o  s c a l e  t h e  f i s h e r y  i n  UAA u s i n g  t h e  K a r r  I n d e x  

s h o u l d  ex p an d  upon t h e  s e t  o f  a t t r i b u t e s  u s e d  i n  t h i s  s t u d y .  

I n c l u s i o n  o f  t h e  p r o p o r t i o n  o f  o m n i v o r e s  a n d  i n t o l e r a n t  f i s h  

s p e c i e s  s h o u l d  be  b a s e d  upon a  s i m i l a r  l i s t  o f  S t a t e  s p e c i e s  

f o r  e a c h  c a t e g o r y .  T h i s  c o u l d  b e  a c c o m p l i s h e d  b y  t h e  

c r e a t i o n  o f  a  b i o l i g i c a l  w o r k i n g  g r o u p .  T h e i r  t a s k  w o u ld  be 

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

u s e  i n  f u t u r e  i n d i c e s .

The  c l u s t e r  a n a l y s i s  o f  f i s h  r e p r e s e n t e d  i n  F i g u r e  26 

w a s  d e v e l o p e d  t h r o u g h  UPGHA c l u s t e r  a n a l y s i s  o f  J a c c a r d  

C o e f f i c i e n t s .  T h i s  g r o u p  o f  24 f i s h  s p e c i e s  c o n t a i n s  t h e  

g r o u p  o f  m o s t  commonly a s s o c i a t e d  f i s h  s p e c i e s  a s  d e t e r m i n e d  

by  t h e  1 9 8 2  UAA s a m p l i n g  p r o g r a m .  T h r e e  s p e c i e s  a r e  t o p  

c a r n i v o r e s ,  s e v e n  a r e  m e m b e r s  o f  t h e  n a t i o n a l  l i s t  o f  

o m n i v o r e s ,  t e n  a r e  p o t e n t i a l l y  f i s h a b l e  v a r i e t i e s  an d  one  i s  

a  member o f  t h e  n a t i o n a l  l i s t  o f  i n t o l e r a n t  f i s h  s p e c i e s .

T he  c l u s t e r  p r e s e n t e d  i n  F i g u r e  26 c a n  s e r v e  a s  t h e  

r e f e r e n c e  g r o u p  o f  f i s h  s p e c i e s  w h i c h  c h a r a c t e r i z e d  t h e  

d e g r e e  o f  u s e  a t t a i n m e n t  o n  t h e  b a s i s  o f  c l u s t e r  a n a l y s i s .  

T h e  r e m a i n i n g  c l u s t e r s  i d e n t i f i e d  i n  F i g u r e  26  r e p r e s e n t  

g r o u p s  o f  s p e c i e s  whose o c c u r r e n c e  a t  a  g i v e n  l o c a t i o n  may be
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a  f u n c t i o n  o f  r a n g e  l i m i t a t i o n .  I n c l u s i o n  o f  m embers  such  a s  

t h e  P e r c i d a e  a n d  s o m e  o f  t h e  C y p r i n i d a e  a s  m e m b e r s  o f  t h i s  

g r o u p  i n  a  s e p a r a t e  r e f e r e n c e  com m uni ty  f o r  e a s t e r n  Oklahoma 

s h o u l d  b e  c o n s i d e r e d .  E v a l u a t i n g  t h e  r e f e r e n c e  co m m u n i ty  f o r  

u s e  a t t a i n m e n t  v i a  c l u s t e r  a n a l y s i s  s h o u l d  b e  p e r f o r m e d  on an  

o n g o i n g  b a s i s  d u r i n g  e a c h  t r i e n n i a l  r e v i e w .  E x p a n d i n g  t h e  

UAA d a t a b a s e  t o  i n c l u d e  m o r e  s t r e a m s  m i g h t  w e l l  p r o d u c e  a  

c l u s t e r  w h i c h  e x c h a n g e s  o r  a d d s  d i f f e r e n t  s p e c i e s  t o  t h e  

r e f e r e n c e  co m m u n i ty .  The m a j o r  e m p h a s i s  o f  t h i s  r e s e a r c h  was  

t o  i l l u s t r a t e  t h e  c a p a b i l i t i e s  o f  t e c h n i q u e s  l i k e  c l u s t e r  

a n a l y s i s  i n  m e e t i n g  t h e  c o m p l e x  d a t a  m a n a g e m e n t  n e e d s  

i n h e r e n t  t o  UAA. T h e  p r o d u c t i o n  o f  t h i s  g r o u p  s e e m s  t o  

i l l u s t r a t e  t h i s  u t i l i t y  q u i t e  w e l l .

T h e  c o u p l i n g  o f  R -m o d e  UPGNA c l u s t e r  a n a l y s i s  w i t h  

i n d i c e s  s u c h  a s  t h e  K a r r  I n d e x  c a n  h e l p  s u p p o r t  

r e c o m m e n d a t i o n s  f o r  r e d e s i g n a t i o n  by a s s o c i a t i n g  s t a t i o n  w i t h  

s i m i l a r  f i s h e r y  c o n t e n t s  and  o r  K a r r  I n d e x  s c o r e s .  The h i g h  

l o a d i n g  o b t a i n e d  b y  t h e  K a r r  I n d e x  i n  f a c t o r  a n a l y s i s  

i n d i c a t e s  i t  i s  a  good c h o i c e  f o r  m e a s u r i n g  s a m p l e  v a r i a t i o n .  

T h i s  v a l u e  i s  s i g n i f i c a n t l y  e n h a n c e d  by t h e  a s s i g n m e n t  o f  t h e  

q u a l i t y  i n d e x  c l a s s i f i c a t i o n s  a s s o c i a t e d  w i t h  t h i s  i n d e x .

T h e  c o m b i n e d  c l u s t e r  a n a l y s i s  o f  f i s h ,  i n v e r t e b r a t e ,  

h a b i t a t  a n d  s u b s t r a t e  v a r i a b l e s  p r e s e n t e d  i n  F i g u r e  3 5 b  

c o n t a i n s  80% o f  t h e  s p e c i e s  r e f e r e n c e d  i n  t h e  p r e v i o u s
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p a r a g r a p h .  T h i s  c l u s t e r  p r e s e n t s  t h e s e  f i s h  s p e c i e s  i n  

a s s o c i a t i o n  w i t h  t h e  c o m m o n l y  o c c u r r i n g  v a r i e t i e s  o f  

i n v e r t e b r a t e s ,  h a b i t a t s  a n d  s u b s t r a t e s .  T h e  d o m i n a n c e  o f  

p o o l  t y p e  h a b i t a t s  a n d  d e p o s i t i o n a l  s u b s t r a t e s  a r e  p l a c e d  

w i t h i n  a  c l u s t e r  a s s o c i a t i n g  s p e c i f i c  v a r i e t i e s  o f  f i s h  and  

i n v e r t e b r a t e  t a x a .

I n v e r t e b r a t e  Community S t r u c t u r e .

A s s e s s m e n t  o f  t h e  c h a r a c t e r i s t i c s  o f  t h e  i n v e r t e b r a t e  

com m u n i ty  s t r u c t u r e  c o n s i s t e d  o f  t h e  a p p l i c a t i o n  o f  c l u s t e r  

a n a l y s i s  a n d  t h e  u s e  o f  b i o t i c  i n d i c e s .  I n v e r t e b r a t e s  w e r e  

d i s c u s s e d  i n  C h a p t e r  Two a s  h a v i n g  b e e n  r e c o g n i z e d  by m any  

r e s e a r c h e r s  a s  h a v i n g  b e t t e r  s u i t a b i l i t y  f o r  a s s e s s m e n t  o f  

w a t e r  q u a l i t y  t h a n  t h e  u s e  o f  f i s h .  The q u e s t i o n  o f  w h e t h e r  

t o  u s e  i n v e r t e b r a t e  o r  f i s h  i n d i c e s  t o  r a n k  t h e  q u a l i t y  o f  

t h e  b i o l o g i c a l  a t t r i b u t e s  h a s  t o  b e  a d d r e s s e d  by  t h e  a g e n c y  

m a k i n g  t h e  f i n a l  r e c o m m e n d a t i o n  o n  t h e  c h o i c e  f o r  

r e d e s i g n a t i o n .  A c o m p a r i s o n  o f  t h o s e  s t r e a m s  r a n k e d  a s  p o o r  

by  t h e  K a r r  I n d e x  w i t h  t h o s e  r a n k e d  a s  p o o r  by  t h e  C h a n d l e r  

S c o r e  s h o w e d  a g r e e m e n t  f o r  9 o u t  o f  t h e  21 s t a t i o n s  r a n k e d  

p o o r  by  b o t h  i n d i c e s .  I n  a d d i t i o n ,  t w o  o f  t h e  s t a t i o n s  

r e c e i v e d  o p p o s i t e  s c o r e s  f o r  f i s h  and  i n v e r t e b r a t e  i n d i c e s .

C l u s t e r  a n a l y s i s  o f  t h e  i n v e r t e b r a t e  t a x a  g r o u p e d  t h e  

o r g a n i s m s  on  t h e  b a s i s  o f  DPGHA c l u s t e r i n g  o f  J a c c a r d
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C o e f f i c i e n t s .  F i g u r e  29 p r e s e n t e d  t h e  c l u s t e r  o f  t h e  m o s t  

co m m m only  a s s o c i a t e d  g r o u p s  o f  i n v e r t e b r a t e  t a x a .  H o s t  o f  

t h e s e  o r g a n i s m s  a r e  a l s o  p r e s e n t  i n  t h e  c o m b i n e d  

c l a s s i f i c a t i o n  p r e s e n t e d  i n  F i g u r e  3 5 b .  T h e  d i s p l a y  o f  t h e  

R-mode c l u s t e r  a n a l y s i s  o f  t h e  i n v e r t e b r a t e s  y i e l d e d  a  l o w e r  

c o p h e n e t i c  c o r r e l a t i o n  c o e f f i c i e n t  t h a n  t h a t  c a l c u l a t e d  f o r  

t h e  f i s h  d e n d r o g r a m .  N o n e t h e l e s s ,  c o u p l i n g  t h e  B i o t i c  I n d e x  

an d  C h a n d l e r  S c o r e  v a l u e s  w i t h  t h e  a s s o c i a t i o n s  i l l u s t r a t e d  

b y  c l u s t e r  a n a l y s i s  c a n  p r o v i d e  a d d i t i o n a l  s u p p o r t i v e  

d o c u m e n t a t i o n  f o r  p r o p o s i n g  r e d e s i g n a t i o n .

The Secondary Warm Water Fishery.
The g o a l  o f  DAA i s  t o  i d e n t i f y  t h e  p r e v a i l i n g  c o n d i t i o n s  

p r e s e n t  i n  s t r e a m s  c o n s i d e r e d  by S t a t e s  t o  b e  c a n d i d a t e s  f o r  

m o d i f i c a t i o n  o f  b e n e f i c a l  u s e s .  The  s e c o n d a r y  w arm  w a t e r  

f i s h e r y  d e s i g n a t i o n  i n t r o d u c e d  i n  t h e  1982 r e v i s i o n s  o f  t h e  

Oklahoma W a te r  Q u a l i t y  S t a n d a r d s  r e p r e s e n t s  a  m o d i f i c a t i o n  o f  

t h e  f i s h  a n d  w i l d l i f e  b e n e f i c a l  u s e  c r i t e r i a  a p p l i e d  i n  

p r e v i o u s  s t a n d a r d s .  T h e  a b i l i t y  o f  t h e  S t a t e  t o  s u p p o r t  

t h e s e  r e d e s i g n a t i o n s  w i t h  so u n d  t e c h n i c a l  s c i e n t i f i c  d a t a  i s  

r e f e r r e d  t o  a s  s u p p o r t i v e  d o c u m e n t a t i o n .  The  m e t h o d s  

e m p l o y e d  i n  t h i s  r e s e a r c h  a r e  m e a n t  t o  s e r v e  a s  h e l p f u l  

s t e p p i n g  s t o n e s  w h i c h  c a n  a s s i s t  t h e  s t a t e  i n  c o m p i l i n g  

s u p p o r t i v e  d o c u m e n t a t i o n  d u r i n g  f u t u r e  UAA s t u d i e s .

EPA d e f i n e s  t h e  c u r r e n t  l e v e l  o f  a q u a t i c  u s e  a t t a i n m e n t
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a s  " t h e  r e s i d e n t  b i o t a " .  "The  p r e v a i l i n g  c h e m i c a l  a n d  

p h y s i c a l  a t t r i b u t e s  w i l l  d e t e r m i n e  w h a t  b i o t a  w i l l  be  

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

d e s c r i b e  c u r r e n t  u s e s "  (37) ,  T h i s  a t t i t u d e ,  r e f l e c t e d  i n  t h e  

ab o v e  q u o t a t i o n  t a k e n  f r o m  EPA's UAA m e th o d s  m a n u a l ,  d i r e c t s  

t h e  e m p h a s i s  o f  UAA t o  s e r v i n g  o n l y  a  d e s c r i p t i v e  r o l e .  T h i s  

r e s e a r c h  f u l f i l l e d  t h a t  g o a l .  The  a b i l i t y  t o  a n s w e r  t h e  

q u e s t i o n  o f  w h a t  " s e c o n d a r y "  w arm  w a t e r  f i s h e r i e s  a r e  a n d  

w h a t  f a c t o r s  d i f f e r e n t i a t e  t h e m  f r o m  " p r i m a r y "  warm w a t e r  

f i s h e r i e s  d o e s  n o t  s e e m  t o  f a l l  w i t h i n  t h e  p r e s e n t  r a n g e  o f  

a s s e s s m e n t  t e c h n i q u e s  a p p l i e d  i n  UAA. T h i s  c o n c l u s i o n  i s  

r e i n f o r c e d  i n  t h i s  r e s e a r c h  by t h e  i n a b i l i t y  t o  a s s o c i a t e  

e n v i r o n m e n t a l  a n d  b i o l o g i c a l  v a r i a b l e s  i n  f a c t o r  a n a l y s i s .  

F u t u r e  UAA w h ich  s e e k  t o  d i f f e r e n t i a t e  s e c o n d a r y  and  p r i m a r y  

w a r m  w a t e r  f i s h e r i e s  s h o u l d  e n h a n c e  t h e  q u a l i t y  o f  

e n v i r o n m e n t a l  m e a s u r e m e n t .  C o u p l i n g  UAA w i t h  w a s t e l o a d  

a l l o c a t i o n  m o n i t o r i n g  c o u l d  h e l p  p r o v i d e  t h e  n e c e s s a r y  d a t a  

t o  c o r r e l a t e  c a u s e  a n d  e f f e c t  b a s e d  on  w a t e r  q u a l i t y  a n d  

w a t e r  q u a l i t y  m o d e l i n g  d a t a .

O k lah o m a 's  UAA s t u d y  was c o n d u c t e d  i n  a  f o c u s e d  m anner .  

I t  was  d e s i g n e d  t o  a s s e s s  t h e  c u r r e n t  b i o l o g i c a l  h e a l t h  o f  16 

r a t h e r  p o l l u t e d  s t r e a m s .  T h e  c l u s t e r s  o f  f i s h  a n d  

i n v e r t e b r a t e s  d i s c u s s e d  i n  C h a p t e r  T h r e e  d e p i c t  t h e
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a s s o c i a t i o n s  o f  b i o t a  w h i c h  c o m m o n l y  o c c u r r e d  i n  t h e s e  

s t r e a m s .  D e t e r m i n i n g  t h e  d e s i r a b l e  s p e c i e s  w h i c h  a  g i v e n

D.O. c r i t e r i a  a r e  t o  p r o t e c t  i s  t h e  f i r s t  s t e p  i n  t h e  p r o c e s s  

w h i c h  may w a r r a n t  o n e  s t r e a m ' s  b i o t a  m o r e  p r o t e c t i o n  t h a n  

a n o t h e r .  M e t h o d s  s u c h  a s  c l u s t e r  a n a l y s i s ,  a n d  B i o t i c  

I n d i c e s  c a n  s e r v e  t h e  n e e d s  o f  t h e  S t a t e  i n  d e t e r m i n i n g  w h ic h  

s t r e a m s  t o  r e d e s i g n a t e  an d  w h ich  s t r e a m s  r e q u i r e  m a i n t a i n e n c e  

o f  e x i s t i n g  s t a n d a r d s .

I f  s e c o n d a r y  warm w a t e r  f i s h e r i e s  e x i s t  i n  Oklahoma t h e n  

t h e  c l u s t e r s  o f  common f i s h  a n d  i n s e c t s  ( F i g u r e s  26 a n d  29)  

d i s c u s s e d  i n  C h a p t e r  T h r e e  p r o v i d e  so m e  r e f e r e n c e  o f  t h e  

m a k e u p  o f  t h e s e  c o m m u n i t i e s .  T h e  d e c i s i o n  t o  e v e n t u a l l y  

r e d e s i g n a t e  o n e  s t r e a m  s t i l l  r e m a i n s  an  a d m i n i s t r a t i v e  

r e s p o n s i b i l i t y  w h ic h  b l e n d s  t h e  s c i e n t i f i c  d a t a  f ro m  DAA w i t h  

o t h e r  f a c t o r s  s u c h  a s  e c o n o m ic  i m p a c t s .  The q u e s t i o n  o f  w h a t  

b i o t a  a r e  b e i n g  a f f o r d e d  p r o t e c t i o n  c an  now be  a n s w e r e d  an d  

t h e  j u s t i f i c a t i o n  o r  l a c k  o f  j u s t i f i c a t i o n  f o r  r e d e s i g n a t i o n  

c a n  t h e r e f o r e  b e  b a s e d  on t h i s  s c i e n t i f i c  d o c u m e n t a t i o n .  As 

a  r e s u l t  t h e  q u e s t i o n  o f  w h a t  a  " s e c o n d a r y "  w arm  w a t e r  

f i s h e r y  i s  r e m a i n s  u n a n s w e r e d  b y  UAA. I t  i s  l e f t  up  t o  t h e  

p u b l i c  f o ru m  o f  t h e  s t a n d a r d s  s e t t i n g  p r o c e s s  t o  d e c i d e  s u c h  

a  d e s i g n a t i o n .  Now a t  l e a s t ,  t h i s  c a n  be  a c c o m p l i s h e d  w i t h  a  

f u l l  d i s c l o s u r e  o f  t h e  e x i s t i n g  a t t r i b u t e s  o f  t h o s e  s t r e a m s  

c h o s e n  a s  c a n d i d a t e s  f o r  r e d e s i g n a t i o n .
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Recommendations For The Fntore.
The f u t u r e  o f  UAA f o r  Oklahoma u n d o u b t e d l y  w i l l  r e q u i r e  

r e f i n e m e n t s  w h i c h  e x t e n d  t h e  d e t a i l  o f  a n a l y s i s  t o  a n s w e r  t h e  

q u e s t i o n s  p o s e d  d u r i n g  e a c h  S t a n d a r d s '  r e v i s i o n .  T h i s  

r e s e a r c h ,  w h i l e  a n s w e r i n g  many o f  t h e  q u e s t i o n s  r e g a r d i n g  how 

t o  a n a l y z e  a n d  p r e s e n t  t h e  d a t a  c o l l e c t e d  t h r o u g h  t h e  

a p p l i c a t i o n  o f  DAA, r a i s e s  t h o u g h t s  i n  t h e  m i n d  o f  t h i s  

r e s e a r c h e r  w h ic h  a r e  p r e s e n t e d  i n  t h e  fo rm  o f  r e c o m m e n d a t i o n s  

f o r  u s e  i n  f u t u r e  UAA s t u d i e s  a n d  O k l a h o m a  S t a n d a r d s '  

r e v i s i o n s .  T h e s e  a r e  s u m m a r i z e d  i n  T a b l e  20.

T h e  m a j o r  t h r u s t  o f  t h e s e  r e c o m m e n d a t i o n s  a r e  t h e  

e l i m i n a t i o n  o f  t h e  t e r m s  " p r i m a r y "  and  " s e c o n d a r y "  warm w a t e r  

f i s h e r i e s  a n d  t h e  f o r m a t i o n  o f  a n  a c a d e m i c  a d v i s o r y  g r o u p  

r e f e r r e d  t o  a s  a  b i o l o g i c a l  w o r k i n g  p a r t y .  R e p l a c e m e n t  o f  

t h e  p r e s e n t  t e r m i n o l o g y  by c a t e g o r i e s  o f  warm w a t e r  f i s h e r i e s  

f o l l o w s  t r e n d s  s e t  by  s t a t e s  s u c h  a s  W i s c o n s i n  w h i c h  a r e  

o u t l i n e d  i n  EPA 's  HAtRX ORflllty Standardg Bandbsok (36). 
T h e s e  c a t e g o r i e s  a l l o w  t h e  S t a t e  t o  s e t  D.O. c r i t e r i a  a t  

v a r i o u s  l e v e l s  b a s e d  on t h e  a s s e m b l a g e  o f  a q u a t i c  o r g a n i s m s  

i n h a b i t i n g  t h e  s t r e a m  a n d  t h e i r  r e l a t i v e  t o l e r a n c e  o r  

s e n s i t i v i t y  t o  p o l l u t i o n .  The b i o l o g i c a l  w o r k i n g  p a r t y ,  when 

f i r s t  c o n v e n e d  by  t h e  S t a t e ,  w o u l d  d e v e l o p  t h e  s u p p o r t i v e  

d o c u m e n t a t i o n  on t h e  l i s t s  o f  b i o t a  w h ic h  c h a r a c t e r i z e  e a c h
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c a t e g o r y  o r  a r e  u s e d  i n  a  s p e c i f i c  i n d e x  t o  s c a l e  t h e  q u a l i t y  

o f  t h e  f i s h ,  i n v e r t e b r a t e  o r  a l g a l  s p e c i e s  c o m p o s i t i o n .

The c o n t i n u e d  u s e  o f  t h e  t e r m s  " s e c o n d a r y "  a n d  " p r i m a r y ” 

a s  f i s h  and  w i l d l i f e  b e n e f i c i a l  u s e s  i n  Oklahoma w i l l  r e q u i r e  

t h e  S t a t e  t o  b e t t e r  d e f i n e  t h e s e  t e r m s  i n  r e s p e c t  t o  t h e i r  

i n d i v i d u a l  b i o l o g i c a l  a t t r i b u t e s .  T h i s  r e s e a r c h e r  d o e s  n o t  

b e l i e v e  t h a t  a  " s e c o n d a r y "  ( seco n d  r a t e )  com m u n i ty  e x i s t s  i n  

Oklahoma.  R a t h e r ,  and  a s  I  b e l i e v e  t h i s  r e s e a r c h  p o i n t s  o u t ,  

l e v e l s  o f  b i o l o g i c a l  i n t e g r i t y  p e r s i s t  i n  t h e  e n v i r o n m e n t  

b a s e d  o n  t h e  d e g r e e  o f  p o l l u t i o n  t o l e r a n c e  w h i c h  a n  

a s s e m b l a g e  o f  s p e c i e s  i n h e r e n t l y  p o s s e s s e s .  T h e s e  

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

s e g r e g a t e d  by r e c o g n i t i o n  o f  c l a s s e s  w h ic h  a r e  s u b d i v i s i o n s  

o f  one  e c o l o g i c a l  d e f i n i t i o n ,  t h a t  o f  t h e  warm w a t e r  f i s h e r y .  

I f  n o t  t h e n  O k l a h o m a  t r u l y  i s  t h e  b i r t h p l a c e  o f  a  new a n d  

u n d o u b t e d l y  d i s t i n c t  e n v i r o n m e n t a l  c a t e g o r y .
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MAJOR RECOMMENDATIONS

1 .  The t e r m s  " p r i m a r y "  and  " s e c o n d a r y "  warm w a t e r  f i s h e r i e s  

s h o u l d  be  e l i m i n a t e d .  D e t e r m i n a t i o n  o f  D.O. c r i t e r i a  f o r  

s t r e a m s  w h i c h  c o n t a i n  a s s e m b l a g e s  o f  m o r e  p o l l u t i o n  

t o l e r a n t  a q u a t i c  o r g a n i s m s  s h o u l d  b e  done  a s  p a r t  o f  t h e  

o v e r a l l  s i t e  s p e c i f i c  s t a n d a r d s  d e s i g n a t i o n  p r o c e s s .

2 .  Warm w a t e r  f i s h e r y  d e s i g n a t i o n s  s h o u l d  be  s u b d i v i d e d  on 

t h e  b a s i s  o f  t h e  b i o l o g i c a l  a t t r i b u t e s  o f  t h e  a s s e m b l a g e  

o f  a q u a t i c  o r g a n i s m s  i n h a b i t i n g  t h e  s t r e a m  p r o p o s e d  f o r  

r e d e s i g n a t i o n .

3 .  DAA s h o u l d  s e r v e  a s  a  r a p i d  q u a l i t a t i v e  a s s e s s m e n t  

t e c h n i q u e  d e s i g n e d  t o  i d e n t i f y  t h o s e  s t r e a m s  ( o u t  o f  t h e  

l i s t  o f  r e d e s i g n a t i o n  c a n d i d a t e s )  w h i c h  a r e  p r e s e n t l y  n o t  

s u p p o r t i n g  t h e  m o s t  d e s i r a b l e  l e v e l  o f  u s e  a t t a i n m e n t .  

T h e se  s t r e a m s  t h e n  e n t e r  t h e  p r o t o c a l  f o r  p r o p o s i n g  s i t e  

s p e c i f i c  s t a n d a r d s  w i t h  t h e  d e s i g n a t i o n  o f  a p p r o p r i a t e  

q u a l i t y  c r i t e r i a .

4 .  C a t e g o r i e s  o r  c l a s s e s  o f  warm w a t e r  f i s h e r i e s  s h o u l d  be 

d e v e l o p e d  w h ic h  s t a g g e r  t h e  D.O. c r i t e r i a  s e t  t h r o u g h  t h e  

s i t e  s p e c i f i c  s t a n d a r d s  p r o c e s s .

T a b l e  20.  M a jo r  R e c o m m e n d a t io n s  f o r  C o n d u c t i n g  DAA S t u d i e s
a n d  R e v i s i o n s  i n  P i s h  an d  W i l d l i f e  B e n e f i c i a l  D ses .
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MAJOR RECOMMENDATIONS 

P r o p o s e d  warm w a t e r  f i s h e r y  c l a s s e s :

C l a s s  A- Warm w a t e r  f i s h e r y  c a p a b l e  o f  s u p p o r t i n g  a  d i v e r s e  
a s s e m b l a g e  o f  i n t o l e r a n t  s p e c i e s  o f  f i s h  a n d  
m a c r o b e n t h o s  a n d  d e s i r a b l e  s p o r t  f i s h .  D.O. 
c r i t e r i a  a t  o r  a b o v e  5.0  m g . / l .

C l a s s  B-  Warm w a t e r  f i s h e r y  c a p a b l e  o f  s u p p o r t i n g  a  l i m i t e d  
n u m b e r  o f  i n t o l e r a n t  f i s h  a n d  m a c r o b e n t h o s .  Some 
d e s i r a b l e  s p o r t  f i s h  p r e s e n t .  D.O. c r i t e r i a  s e t  
t h r o u g h  s i t e  s p e c i f i c  s t a n d a r d s  d e s i g n a t i o n  p r o c e s s  
and r a n g i n g  b e t w e e n  5.0  and  3.0 m g . / l .

C l a s s  C- Warm w a t e r  f i s h e r y  d o m i n a t e d  by  t o l e r a n t  f i s h  a n d  
m a c r o b e n t h o s .  D e s i r a b l e  s p o r t  f i s h  a r e  r a r e l y  
p r e s e n t .  D.O. c r i t e r i a  s e t  b y  s i t e  s p e c i f i c  
s t a n d a r d s  p r o c e s s  a t  o r  b e lo w  3 .0  m g . / l .

I n  t h e  l a t t e r  t w o  c l a s s e s ,  t h e  S t a t e  w i l l  d e v e l o p  p l a n s

t o  i m p r o v e  t h e  l e v e l  o f  u s e  a t t a i n m e n t ,  w h e r e

e c o n o m i c a l l y  f e a s i b l e ,  a s  p a r t  o f  i t s  c o n t i n u i n g  p l a n n i n g

p r o c e s s  f o r  w a t e r  q u a l i t y  m anagem ent .

5 .  F u t u r e  DAA s t u d i e s  s h o u l d  d e v e l o p  a  b i o l o g i c a l  d a t a b a s e  

on t h e  s p e c i e s  c o m p o s i t i o n  o f  r e f e r e n c e  s t r e a m s .

6 .  The S t a t e  s h o u l d  c o n t r a c t  w i t h  t h e  a c a d e m i c  com m uni ty  i n  

t h e  S t a t e  t o  o r g a n i z e  a  b i o l o g i c a l  w o r k i n g  p a r t y .  T h i s  

g r o u p ,  w o r k i n g  w i t h  a g e n c y  b i o l o g i s t s ,  w o u l d  h a v e  t h e  

r e s p o n s i b i l i t y  o f  d e v e l o p i n g  t h e  l i s t  o f  r e p r e s e n t a t i v e  

b i o t a  w h i c h  e x e m p l i f y  t h e  l e v e l  o f  u s e  a t t a i n m e n t  

t y p i c a l l y  f o u n d  i n  t h e  t h r e e  warm w a t e r  f i s h e r y  c l a s s e s .  

T h i s  g r o u p  w o u l d  a l s o  h a v e  t h e  r e s p o n s i b i l i t y  t o  

f o r m a l i z e  l i s t s  o f  t a x a  f o r  u s e  i n  s c a l i n g  t h e  q u a l i t y  o f  

t h e  s t r e a m s  by  a p p l i c a t i o n  o f  b i o l o g i c a l  i n d i c e s  ( e . g .  

K a r r  I n d e x ,  and  C h a n d l e r  S c o r e ) .

T a b l e  20 ( c o n t . ) .  M a j o r  R e c o m m e n d a t i o n s  f o r  C o n d u c t i n g  UAA
S t u d i e s  and R e v i s i o n s  i n  F i s h  and w i l d l i f e  B e n e f i c i a l  U ses .
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SECTION 1

INTRODUCTION

The purpose of doing one day s i te  specific  surveys is  to assign 

beneficial uses to  streams fo r a re la tiv e ly  low cost. I t  is  not 

economically feasib le  to do surveys of a ll streams in a s ta te  using 

expensive intensive stream surveys.

All s ta tes  have assigned beneficial uses in the p as t, sometimes based on 

in su ffic ien t data. In order to  assign r e a l is t ic  and relevant beneficial 

uses to  a s ta te 's  streams, su ff ic ie n t data must be obtained. Stream 

data are d i f f ic u l t ,  time consuming and expensive to  acquire. Therefore, 

i t  is  cost e ffec tive  to use d iffe re n t levels of data acquisition 

depending on the d iff ic u lty  in assigning beneficial uses.

F irs t , a l ite ra tu re  survey must be performed on a ll  streams. This 

survey should review a ll  available data to determine the s u ita b ility  of 

beneficial uses assigned in the standards. A basis fo r determining the 

s u ita b ility  of beneficial uses is  described in the Oklahoma Water 

Resouces Board (OWRB) Task 141. In a majority of cases, the 

recommendation from th is  previous process will be e ith e r  no changes in 

the assigned beneficial uses or changes which tend to  make the Water 

Quality Standards more stringen t. In these cases the recommendations 

are submitted to the Standards revision process without fu rther review. 

However, in some cases, changes in beneficial uses which tend to  make 

the Standards less stringen t w ill be recommended. When th is  occurs the
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OTie day s i te  specific  survey must be performed. I t  will be shown that 

in a majority of cases beneficial uses can be submitted to the standards 

revision process using th is  technique. However the one day survey is  

not adequate for some streams, and for these a complete survey as 

recommended in the ERA guidelines must be used to  make adequate 

beneficial uses recommendations.

During the recently completed Oklahoma Water Quality Standards revision 

process, a l ite ra tu re  survey was performed for more than half the s ta te  

streams. Sixteen streams were identified  for changes In the beneficial 

uses which could resu lt in less stringent standards.

All these streams were impacted by pollution from m unicipalities (Figure 

1). Site specific  surveys were completed along these streams during 

September and October, 1982, to estab lish  the existing physical, 

chemical and biological conditions in these streams. The resu lts  of 

these surveys were used to decide what uses were attainable with 

technology based control (TBC) for point source pollution and best 

management practices (BMP) for nonpoint source pollution (FR 

210:49234-49240, October 29, 1982).

The s ite  specific  surveys addressed three kinds of beneficial uses: 1)

primary or secondary warm water fisheries ; 2) primary or secondary body 

contact recreation; and 3) public and private water supply (Appendix A). 

I t  was the objective of the surveys to  co llec t adequate local 

information to  assign re a lis t ic  uses with minimal expenditures of time 

and resources. The methodology of the surveys reflected  th is  objective.
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Figure I . Locations of the streams surveyed during the one day s i te  
specific  surveys and the associated m unicipalities.
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Tht surveys were one day qua lita tive  assessments of the biological 

health , water quality , and physical hab ita ts of the streams (Table 1). 

The pollu tion impacts of the m unicipalities were assessed by sampling a 

s i te  in the control zone (upstream from the m unicipality), impact zone 

(below the municipal treatjeent works), and recovery zone (some distance 

downstream where the b iota had recovered to  the condition equivalent to 

th a t of the control zone). A basic assumption of the study is  th a t  each 

s i te  reflec ted  the conditions of the stream in th a t zone.

SECTION 2

SURVEY TEAM PERSONNEL

Surveys were completed by f ie ld  teams consisting of e ith e r three or five 

individuals. ' The team consisting of five individuals included: 1) a

team leader who coordinated f ie ld  t r ip s ,  maintained a work schedule, 

selected sampling s i te s ,  end also collected f ish ; 2) a b io log ist who 

collected  fish  and f ie ld  iden tified  the fish  species; 3) a b io log ist who 

collected benthos and f ie ld  iden tified  benthos taxa, usually to the 

level of genera; 4) a hydrologist who made Hydrolab# and hydrological 

measurements; 5) and a b io lo g is t who assisted  in benthos co llections. 

The three man team consisted of: 1) a team leader who also co llected

fish ; 2) a hydrologist who also collected f ish ; and 3) a b io log ist who 

collected benthos. Biological collections made by the three man team 

were iden tified  in the laboratory.
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Table 1. Component: of the one day s i te  specific surveys.

PUBLIC AND PRIVATE WATER SUPPLY PRIMARY BODY CONTACT RECREATION

Presence of: Ease of access
Upstream discharge Adequate depth
Downstream reservoir Acceptable substrate
Perennial flow Signs of human use
High conductivity values

PRIMARY/SECONDARY FISHERIES

Descriptions of:
Composition of stream substrate 
Fish habita t 
Benthos habitat 
Potential f ish  species 
Potential benthos taxa 
Fish collections and Identifications 
Benthos collections and iden tifica tion  
Hydrolab measurements (temperature, pH, DO, conductivity) 
Hydrological measurements (width, average depth, average 

velocity , flow)
Bank s ta b ili ty
D istribution and types of bank cover 
Land use
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FIELD METHODOLOGIES 

S i t t  Selection

Tentative s ite s  were chosen from topographic maps before entering the 

f ie ld . S ites were chosen on the basis of probable access points. 

Usually, two or more of the ten ta tiv e  s ite s  were v is ited  In each zone. 

Sites were considered fo r th e ir  capacity to represent conditions In th a t 

zone and fo r th e ir  physical sim ila rity  to  s ite s  In other zones, e .g . , 

substrate , flow, and a v a ilab ility  of fish  and benthic hab ita t.

In general, the selection  of s ite s  was constrained by the av a ilab ility  

of access and the one day study period of the surveys. I t  was d if f ic u l t  

to sample representative s ite s  along a stream.

A stream section was not sampled I f: 1) I t  was an In term ittent stream

and there was no flow In th a t section; 2) the water was septic and 

unhealthy to  sample; 3) the stream was too wide or deep to  be 

effec tively  sampled by the s ite  survey methodology; and 4) the stream 

emptied into a larger one before a recovery zone developed.

Primary Body Contact Recreation/Public 

and Private Water Supply S u itab ility

Primary body contact recreation and public and private  water supply 

su ita b ility  were determined by f i l l in g  out check sheets a t each s ite

10
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(Appendix B, Example 1). The major determinants of primary body contact 

recreation were ease of access, su itab le depth and substra te  for 

swimming, and evident conditions affecting human health. The primary 

factors fo r public and private  water supply were unhealthy discharges 

into the stream and perennial flow.

Primary/Secondary Warm Water Fisheries

S ite  specific surveys fo r fish  and w ild life  propagation were conducted 

to  provide su ffic ien t data to  designate primary and secondary warm water 

f ish e ries . This is  a d i f f ic u l t  task , but an extremely important one. 

The dissolved oxygen standard for the receiving stream is  determined by 

the type of warm water fishery  designated. This in turn  determines the 

type of publicly owned treatment works (POTW) required to  p ro tect the 

assigned beneficial use.

F irs t , i t  must be determined i f  a depressed fishery e x is ts  in a 

specified stream reach. I f  th is  is  the case, then the cause of the 

depressed condition must be assessed I f  the cause is  determined to be 

natural ( e .g . ,  habita t re la ted ) then the reach is  automatically 

designated a secondary warm water fishery. If  the fishery  degradation 

is  due to man's a c tiv it ie s ,  i t  must be decided i f  i t  i s  feasib le  to 

reduce pollution to a level where the primary designation would apply. 

Since levels of treatment beyond secondary are not generally feasib le in 

Oklahoma a t th is  time, the simple modeling accomplished in 208 Task 141 

is  su ffic ien t to determine the d ilu tion  flow required to  pro tec t a 

primary fishery with good secondary treatment. Therefore, when the

11
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dilu tion  flow is  less then the velues obteined using the Tesk 141 

methodology end locel conditions do not m itigete the e ffec ts  of 

secondary POTW efflu en t, then i t  is  not feesib le  to  obtain e primary 

fishery  unless the locel populetion in s is ts  on peying fo r edvanced waste 

treatsMnt. The factors which must be analyzed to determine a 

primery/secondary warm water fishery  ere l is te d  below.

Bank C haracteristics and Land Use

At each s i te  stream banks were characterized by descriptions of 

vegetative cover and assessments of bank s ta b i l i ty  (Appendix B, 

Example 2). The evaluations were used to  determine the likelihood 

of erosion. Land use in the immediate area was also recorded to 

suggest possible sources of pollution to  the stream.

Water C haracteristics

The temperature. pH. conductivity, and dissolved oxygen (00) of the 

water were recorded a t  each s i te  (Appendix B, Example 2). These 

measurements were taken as vertica l p ro files  where depth permitted. 

Dissolved oxygen measurements were the best indicators of water 

quality . Very low levels of saturation or high levels of 

supersaturation were considered indicators of organic and nu trien t 

loading.

Hydrological measurements were made by the methods described by 

Lind (1979). Adequate flow was the most important hydrological

12
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charac te ris tic . Streams with in term itten t flow presented a 

physical lim ita tion  to  the biological health of the stream.

Evaluations of Potential Fish and Benthic Taxa

The potential f ish  and benthic invertebrates th a t might inhabit 

each s i te  were l is te d  (Appendix B, Examples 3 and 5). The habitat 

th a t would support each taxa was also lis ted . For example, the 

channel ca tfish  ( Ictalurus punctatus) might be l is te d  as a 

potential species found beneath an undercut bank.

Potential species evaluations were made a fte r  the collections had 

been completed. I t  was then th a t the fie ld  crews knew what 

habitats were available to the organisms. Bias because of 

collections was minimized by choosing potential taxa based solely 

on the quality and ava ilab ility  of habita t.

Fish Collections

Fish were collected and preserved or analyzed in the fie ld  by 

methods sim ilar to those described by EPA, 1973. Generally, two 

workers collected fish  with 0.18 inch mesh x 6 feet deep x 10 or 20 

fee t long seines for 0.5 hour or one man-hour. This method gave 

good qualita tive  estimates of species richness and rela tive  

abundance in smaller streams. In streams more than 3-4 feet deep 

and 30-40 fee t wide the fish  were able to  avoid the seine.

13
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The re su lts  of  the co llections were recorded as 1) an overall 

description of fish  h ab ita t; 2) the substrate composition; 3] 

species collected; 4) th e ir  re la tiv e  abundance ( ra re , occasional, 

coemon, abundant); and 5) the specific  habita ts in which the fish  

were co llected  (Appendix B, Examples 3 and 4).

Benthos Collections

Benthos were also collected  and preserved or analyzed in the f ie ld  

by methods sim ilar to those described by EPA, 1973. Benthos were 

usually collected  with dip nets by two workers fo r 0.5 hours or one 

man-hour. In some of the smaller streams 0.5 man-hours were 

expended to  co llec t the q u a lita tiv e  samples. Organisms were 

collected  from woody d e tr itu s  and large rocks by picking them 

d irec tly  from the substrates.

Odonates, ephemeropterans, trichopterans, amphipods, coleoptcrans, 

gastropods, pelecypods and dipterans other than chironomids were 

iden tified  as genera and, sometimes, species. Chironomids were 

iden tified  to the subfamily level. The resu lts  of the benthos 

co llections were recorded in the same manner as those for the fish  

collections (Appendix B. Examples 5 and 6).

SECTION 4 

evaluations of USE ATTAINABILITY

The a tta in a b ili ty  of public and p rivate  water supply and primary body

14
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contact recreation was decided by OWRB s ta f f  members. The f ie ld  

evaluations for these uses were compiled and considered in the context 

of local economic and social factors. These factors were prim arily 

those issues brought out a t  public meetings re la ted  to the water quality 

standards process and through le t te r s  to  the OWRB.

The designations of primary fishery and secondary fishery were 

controversial choices. These uses were very important to  c itizens of 

the affected communities, municipal governments and environmental 

groups. Choices of primary fishery or secondary fishery were also the 

most technically d if f ic u l t  choices because they required an 

understanding of the biological health of the streams.

Methods o f  E v a lu a tio n s  fo r  Primary and Secondary Warm Water F is h e r ie s

I t  was necessary to in te rp re t the resu lts  of the s ite  specific surveys 

within a framework which allowed decisions about use a tta in a b ility . 

This c r i te r ia  was met by evaluating sim ilar s ite s  as pair-wise 

comparisons. Thirty-four s ite s  on the 16 streams were grouped on the 

basis of water velocity and the type of substra te ; fast/rocky, 

moderate/sandy, moderate/clay, and sluggish/clay (Table 2). The 

groupings are narrative and only approximate the existing conditions a t 

one point in time; th e ir  purpose was to divide the s ite s  into manageable 

groups for the pair-wise technique.

Within each group, each s i te  was compared with a ll others by 

consideration of four parameters: 1) water chemistty; 2) physical

IS
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Table 2. C lassifications of sampling s ite s  by substra te  and flow.

Moderate/Clav Moderate/Sandy

Skeleton (D) I North Canadian, OKC (U)
Dog (0) North Canadian, OKC
Pryor (D) North Canadian, OKC (D)
Elk (I) North Canadian, WD (U)
Elk (0) North Canadian, WD (I)
Big Cabin (0) North Canadian, WD (0)

Chisholm CD
Sluqqish/Clav Chisholm (D)

Rush (U)
S tillw ater (U) Rush (I)
L itt le  Deep Fork (U)
Muddy Boggy (U) II Wcwoka (D)
Pryor (I) Skeleton (U)

South Canadian (D)
Fast/Rocky L ittle  Deep Fork ( I)

L ittle  Deep Fork (D) -
Skeleton ( I) S tillw ater ( I )
Dog (U)
Pryor (U)
Coal (U)
Coal (D)
Wildhorse (U)
Chisholm (U)
Muddy Boggy (I)
Muddy Boggy (D)
Big Cabin (U)

U = Upstream WD -  Woodward
D -  Downstream OKC = Oklahoma City
I = Impact

16
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habitat; 3} fish  species richness, composition and re la tiv e  abundance; 

and 4} benthic taxa richness, composition and re la tive  abundance.

As a parameter was compared between two s i te s ,  a value of "1" was given 

to the b e tte r  s i t e ,  "0“ to  the worse s i te  and, to each s i te  i f  they 

were considered comparable fo r th a t parameter (Appendix C, Example 1, 

Part I ) .  For instance. In Example 1, the evaluator considered the 

downstream s i te  ( s i te  A) on Skeleton Creek to  be comparable to the 

downstream s i te  on Dog Creek (s i te  6) for water chemistry. Each s i te  

received in that comparison.

The organization of the matrices used for pair-wise comparisons is  also  

shown in Example 1 (Part I I ) .  For example, s ite s  A and C are compared 

in rows A and C, column 2 (c e lls  A% and C;). S ites A and 0 are compared 

in ce lls  A3 and D3. S ites A and E are compared in ce lls  A4 and E4 . 

Sites A and F are compared in ce lls  A, and F,. Each new se t of 

comparisons begin to the r ig h t of the shaded c e lls . As final examples, 

s ite s  0 and E are compared in ce lls  D, and E,; s ite s  D and F are 

compared in c e lls  D, and F,.

The pair-wise comparisons were completed by OWRB members of the f ie ld  

team and by an outside committee of experts in water quality  from 

academia and government. The outside committee provided peer review fo r 

the methods of data co llection  and in terpreta tion . Most importantly, 

the committee provided a se t of comparative Judgements about the 

existing and potential biological health of the s ite s  so th a t f a ir  

assessments of use a tta in a b ili ty  could be developed.

17
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Effective presentation of the results^was the key to  accurate judgements 

by the outside coenittee. Slides provided the best information about 

the physical habita t. Dissolved oxygen was presented as concentration 

(mg/L) and as percent saturation . Benthos collections were presented in 

terms of the richness and re la tive  abundance of to le ran t, facu lta tive , 

and in to leran t genera. L ists of potential benthos were not presented 

because the potential benthos were only indentified to  the level of 

family during surveys completed by the three man team. The potential 

species and the richness and re la tive  abundance of the collections were 

presented for fish .

Members of the f ie ld  team completed the pair-wise comparisons by the 

same methodology as the outside committee. However, the f ie ld  team 

discussed the s ite s  based on personal reca ll. Pair-wise comparisons 

were s t i l l  made as individuals. Diverging opinions are apparent in the 

fina l rankings.

Site Rankings and S ta tis tica l Analyses of Ranks

The resu lts  of the pair-wise comparisons were analyzed by a 

non-parametric two-way analysis of variance (AMOVA)(Wilcoxon and 

Wilcoxon, 1964). The s i te s  in each group were ranked fo r each parameter 

based on the to ta l numerical scores for each s i te  (Appendix C, Example 

1). The s ite  with the lowest to ta l was given a rank of "1". Ties in 

scores were given the average of two consecutive ranks. For example, i f  

the ranks were "3" and "4" each s ite  would be given the rank 3.5. The 

highest to ta l was given the highest rank. The ranks of a ll  evaluators

18
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for « piraneter fo r « s ite  were added as a subtotal for the parameter,

e .g . ,  Benthos (Appendix C. Example 2). The four parameter subtotals

were added as the to ta l  nueutrlcal rank fo r the s ite .

Differences In s i te  ranks were calculated for a ll  possible combinations 

of s ite s  (Appendix C, Example 3). Differences among ranks a t  the 95 

percent confidence level were considered sign ifican t. When two ranks 

were sign ifican tly  d iffe ren t, the higher rank was interpreted as 

indicating a PF; the lower rank indicated a SF. For instance, in 

Example 3 the difference between s ite s  A and B was 29.5. This 

difference was greater than the s ign ifican t difference of 26. The to ta l 

rank for s ite  A was 33 and the to ta l rank for s ite  b was 63.5, 

indicating that the stream reach around s i te  A was a SF and stream reach 

around s i te  B was a PF. Sites which were not sign ifican tly  d iffe ren t 

could not be assigned a fishery sta tu s by th is  s ta t is t ic a l  analysis.

These s ite s  were assigned a use by fu rther discussion among members of

the fie ld  team or designated for fu rther study.

The comparative re su lts  of the evaluations by the fie ld  team and the 

outside coaoiittee are shown in Table 3. The two groups gave the s ite s  

the same rank in 25 of 36 instances (69% agreement). Since the process 

was developmental, th is  is an acceptable amount of agreement. Eleven of 

36 (31%) of the evaluations made by the fie ld  team were s ta t is t ic ly  

indeterminate. Seventeen of 36 (47%) of the outside committee 

evaluations resulted in indeterminate designations.

19



SURVEY DRAFT A p r il 4 .  1983

207

Table 3. Comparisons of use designations based on s ite s  rankings by 
the f ie ld  team and the outside committee.

STREAM SITES
UP Impact DOWN

r c T c C

Big Cabin P p NS NS P P
Coal P NS NS P P
Chisholm P I s I P I
S tillw ater s S NS NS
Pryor I S I P NS NS
L ittle  Deep Fork P P p P P P
Dog S s NS NS P P
Skeleton I I S S S S
Wlldhorse s s NS NS NS NS
Muddy Boggy p p P P P P
Wewoka NS NS NS NS S I
Elk I I I I s S
S. Canadian NS NS NS NS I I
N. Canadian (OKC) I I S I s I
N. Canadian (Woodward) I I I I I I
Rush P I I I NS NS

P = Primary 
S * Secondary 
I = Indeterminate

NS = Not sampled 
T = Team 
C -  Committee
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The larger number of indeterminate designations by the outside committee 

is  not surprising. A v is i t  to  the s ite  was of primary value in 

evaluating a s i te .  I f  the f ie ld  data was not presented c learly , the 

judgements by the outside committees were necessarily  indeterminate.

The final use designations published in the 1982 Oklahoma Water Quality 

Standards are presented in Table 4. The Standards have been adapted to 

approximate the study zones of the streams No changes were made in the 

fishery sta tus of Big Cabin Creek, Pryor Creek. Elk Creek, S tillw ater 

Creek, and the North Canadian east of Woodward. These streams demand 

further study. Seines were ineffective fo r sampling the fish  

populations in Pryor and Big Cabin Creeks. The fish  collections did not 

represent the population in these streams. Both groups of evaluators 

gave indeterminate rankings to  a ll s ite s  on the North Canadian and two 

of the three s ite s  on Elk Creek. Obviously, the methodology did not 

provide su ffic ien t information to assign f ish e ries  uses to these s ite s . 

S tillw ater Creek was heavily impacted by the municipal treatment plant. 

The final fishery designations for th a t stream are pending the resu lts  

of an economic study to  determine i f  the local community will 

financially  support advanced treatment (AT).

The final uses lis ted  in Table 4 are choices in  which the biology of the 

streams is  put in the context of the social and economic considerations 

of nearby communities. Once the survey had established the existing 

conditions in the streams, i t  was possible to determine i f  a PF was 

attainable by TBC and BMP. The resu lts  of the surveys suggested th a t 

depressed fisheries  were caused by organic and nutrien t loading from
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Table 4. The 1982 Oklahoma Water Quality Standards Fishery fo r the 
one-day s ite -sp e c if ic  survey streams.

STREAM SITES

UP IMPACT DOWN

Big Cabin* P* P* P*
Coal P S S
Chisholm P P P
Stillw ater* P* P* P*
Pryor* P* P* P*
L ittle  Deep Fork P S P
Dog P S P
Skeleton P 5 P
Wildhorse P P
Muddy Boggy P P P
Wewoka S S
Elk" P* P" P*
Canadian, S. Fork S 5 s
N. Canadian (OKC) S S p
N. Canadian (Woodward)* P P* P"
Rush P s

• Zones w in  be studied more intensively to determine the ex isting  
condition of th e ir  fishery.
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municipal treatment p lan ts. This loading, probably by lim iting the 

available DO, eliminated sport fish  and in to leran t benthos from the 

impact zones. Clearly, the uses of many streams were impaired by human 

inputs.

Models of wasteload allocations to these streams showed th a t AT was 

necessary to achieve a PF i f  local conditions did not m itigate the 

effec ts  of the loading and a t present support a PF (0WR6 208 Task 141). 

Since AT is  not funded by the EPA Construction Grant Program, the cost 

of the treatment f a c i l i t ie s  would fa ll  on the m unicipalities. In these 

cases a PF was not appropriate because the m unicipalities generally 

cannot afford th is  cost. In short, benefits would usually not be 

commensurate with costs.

SECTION 5

CONCLUSIONS AND RECOMMENDATIONS

The survey methodology and the ranking system was d irec tly  applicable to 

determining the a tta in a b ili ty  of uses. The one-day s ite  survey is  an 

effec tive  tool in determining the local conditions in many streams. 

Physical descriptions of s ite s  along with hydrological measurements 

allowed Judgements about the biological potential of the hab ita t. This 

assessment was also reflec ted  in the potential species l i s t s .  Chemical 

measurements provided information about existing water quality . The 

fish  and benthos collections gave good qua lita tive  estimates of the 

biological health of the streams The integration of these components

23



SURVEY DRAFT A p r il 4 .  1983

211
in  the ranking sy stta  produced use designations for the stream segments 

based on th e ir  quality  re la tiv e  to sim ilar areas. These uses could then 

be considered in the context of social and economic considerations.

The survey i t s e l f  was cost e ffective. The cost to survey 16 streams was 

$11,253.00. Data were collected  fo r the determination of three 

beneficial uses a t a cost of $704.00 per stream. This methodology is  an 

inexpensive tool with which to  assess use a tta in a b ili ty  based on local 

conditions.

The en tire  use a tta in a b ili ty  process was developmental and modifications 

to  the process are expected. Constructive critic ism s have been made and 

i t  is  hoped th a t they can be incorporated to improve the process.

The suggestion was made th a t the fie ld  data should be in terpreted  by 

comparison with an objective se t of c r i te r ia  defining primary and 

secondary fisheries  in Oklahoma. Regulators would be b e tte r  able to 

se lec t a tta inable  uses i f  the resu lts  of surveys could be evaluated by 

c r i te r ia  th a t were understood by a ll concerned parties.

These objective c r i te r ia  do not ex is t a t  present. The s ite -sp e c if ic  

surveys have begun to provide a data base for that goal. The 

development of these c r i te r ia  will demand a long term e ffo rt. Possibly, 

c r i te r ia  can be developed on a regional basis or according to major 

stream ch arac te ris tic s , i .e .  substrate and flow. I t  is  doubtful th a t a 

statewide se t of c r i te r ia  can be developed th a t will account for the 

physical v a riab ility  among streams in th is  s ta te  I t  is  recommended
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th a t the OWRB, along with other In terested  p a rtie s , develop se ts  of 

c r i te r ia  with which to  evaluate the biological health of Oklahoma 

streams.

Other criticism s have addressed the ranking methodology. One issue Is 

how groups of s ite s  arc chosen. The to ta l data base must be broken down 

into managable components for the pair-w ise comparison. The defining 

characteris tics  of some groups of s ite s  may b e tte r define some s ite s  

than others. The re su lt is  that some s ite s  within a group arc more 

comparable than others. I t  Is recommended th a t a standard format be 

developed to c lass ify  streams for the pair-w ise comparison.

A final Issue is  I f  the ANOVA Is appropriate for determing fishery  uses 

In groups of streams th a t vary in natural biological po ten tia l. In 

other words, is  the re la tive  comparison of streams grouped as 

clay/sluggish as valid  as distinguishing among streams designated as 

fast/rocky? Yes, because both streams have a preferred fishery  

(primary) and thus a scale of degradation. A primary fishery  may be 

less diverse In a stream that has less biological potential but I t  does 

ex is t and can be so designated.

In summary, the methodology of th is  survey provided comparative 

information about the existing and poten tial biological health of 

streams. The pair-wise comparison and non-parametric ranking 

methodology f i t te d  the fie ld  Information into a framework of use 

a tta in a b ility . The overall process is  a simple, inexpensive tool by 

which use a tta in a b ili ty  for many smaller streams can be determined on 

the basis of local conditions.
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BENEFICIAL USE DEFINITION

PRIMARY WARM WATER 
FISHERY

Water quality  and hab ita t adequate to support 

sensitive  warn water fish  species in  abundance. 

Environment su itab le  fo r a fu ll range of warm 

water benthos. There shall be a minimum of 

seventy (70) perecnt saturation fo r dissolved 

oxygen a t  a l l  times except a t  temperatures 

below 20°C where DO is  no lower than 6.4 mg/L 

shall be maintained.

SECONDARY WARM WATER 
FISHERY

Water quality  and hab ita t not adequate to 

support sensitive  warm water f ish  species in 

abundance. Environment not su itab le  for the 

fu ll range of warm water benthos. There shall 

be a fo rty -five  (45) percent sa tu ra tion  level 

fo r dissolved oxygen a t  a ll  times except a t 

temperatures below 20"C where a DO is  no lower 

than 4.1 mg/L shall be maintained.

PRIMARY BODY CONTACT 
RECREATION

Involves d ire c t body contact with the water 

where a p o ss ib ility  of ingestion ex is ts . In 

these cases the water shall not contain
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cbtffllcal, physical or biological substances In 

cpncentratlens th a t are I r r ita tin g  to  skin or 

stnsc organs or arc toxic or cause Illn ess  upon 

Ingestion by human beings. Nuacrlcal lim its to 

the concentrations of fecal coHform bacteria 

are stipu lated  for the suexeer months.

SECONDARY BODY CONTACT The water quality requirements fo r Secondary

RECREATION Body Contact Recreation are usually not as 

stringen t as for Primary Body Contact Recreation. 

Secondary body contact recreational a c tiv itie s  

Include boating, fish ing, wading or other 

a c tiv itie s  where Ingestion of water is  not 

anticipated. Waters shall be maintained to be 

free from human pathogens In numbers which may 

produce adverse health effects.

PUBLIC AND PRIVATE 

WATER SUPPLY

The quality  of the waters of the shall be 

protected, maintained and Improved, when 

feasib le , so th a t they can be used as a source 

of public and private raw water supplies.

Drinking water standards dictate  the quality  of 

water th a t should be achieved In a municipal 

water d istribu tion  system without reference to 

desirable raw water quality . Although I t  Is 

possible to  renovate highly polluted surface
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w tttrs  to  those standards, the process required 

would be both complex and expensive. Raw water 

quality  c r i te r ia  have been developed to aid in 

the selection of water sources so th a t the 

water supply chosen can, by comonnly proven 

applied treatm ent processes, achieve the 

drinking water standards, a l l  within reasonable 

economic lim its . Numerical lim its  to the 

concentrations of fecal coliform bacteria are 

stipu lated  for the summer months. Numerical 

lim its are also stipu lated  fo r toxic 

substances, pestic ides, and radioactive 

m aterials. Waters shall be free  of o il and 

grease and the ta s te  and odors tha t emanate 

from petroleum products.

30



SURVEY

Appencî'!* C 
Examples of Ranking 
Methods

DRAFT A p r il 4 .  1983

EXAMPLE 1

GROUP A -  CHEMICAL WATER QUALITY COLUMNS 

PART I

SITES 1 2 3 4
COLUMNS

5 "6 7 8 9 TOTAL SCORE RANK

Skeleton (down) A 0 1 1 1
Dog (down) B % 0 1 1 1
Elk (up) C 1 1 f 1 1 1
Elk (impact) D 0 Ô 0 < 1 1
Elk (down) E 0 0 0 0 0
Big Cabin (down) F 0 0 0 0 1

PART II

Skeleton (down) A Aj *3 R4 A« A? A# R*
Dog (down) B Bi Ba B« Bs Be B? B. Bg
Elk (up) C c, Cj Ea Cs Ce C7 e Cg
Elk (impact) 0 Di Dz Da o« Ds O7 D$ Dg
Elk (down) E El Ez Ea E4 Es Ee Et E.
Big Cabin (down) F Fi Fz Fa F« Fs Fe Ft e F»
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EXAMPLE 2
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OBSERVER A B
S in s

D E F

ABENTHICS

1 2.5 6 1 4 2.5 5
2 2 5.5 2 4 2 5.5
3 2.5 5.5 2.5 2.5 2.5 5.5

TOTAL 7 17 5.5 10.5 7 16

afish

1 4 6 2.5 1 2.5 5
2 3 5.5 3 3 1 5.5
3 1 5.5 3.5 3.5 2 5.5

total 8 17 9 7.5 5.5 16

ahabitat

1 1.5 5.5 3 5.5 1.5 4
2 2 5 3 6 1 4
3 2 4.5 4.5 4.5 1 4.5

TOTAL 5.5 15 10.5 16 3.5 12.5

achehistry

1 4 5 6 1 2.5 2.5
2 4 5 6 2.5 1 2.5
3 4.5 4.5 6 3 1 2

TOTAL 12.5 14.5 18 6.5 4.5 7

atotal 33 63.5 43 40.5 20.5 51.5
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EXAMPLE 3 

GROUP A

A p ril 4 .  1983

A B C 0 E F

A X 29.5 10 7.5 12.5 18.5

B X 20.5 23 43 12

C X 2.5 22.5 8.3

D X 20 11

E X 31

F X

0 = 0.05

Significant difference * 26
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Strear. Nar.e; Station Date: ^ -  v  t .

\ % 3 0  W^r.

Primary body contact recreation :

Access fo r stream use: ^%CLfy] p)>f 1

(1) Easy, several points of acess along stream
(2) Moderate, a few points of access along stream 

4 #  Hard, a very few access points along stream
(A) Access a t road bridges only
{5Î Access even a t road bridges hard

Comments : .  .
A i»h«+ ,yw.por*iV»le + 0  • « . t c e y s  , + »
(ptr"»i5S'o«\ it*»A ^«.4’ejt 4«. ^e.4

Are pools in t$e stream section deep enough fo r primary body contact
recreation? fesN No , , . . l . ,

p*olj b jc v e . o«cper>
Describe general a s tn e tic  conditions:
" k a u tK w l (p fa  # P  Otfle». U4Ç+»r.j c * w n « X  - i /

Does bottom substra te  preclude PBCR use? Yes

Signs of human use:

Access Roaes 
Footpaths 
Human trash  
Campfire s ite s  
Evidence of fishing 
RV tracks 
Boat docks 
Other 

Describe o ther:

H

Comments on human use: 
used QvJÛ  Wjj 
*. d ■Çcbd .

Evaluation of public water supply s u ita b il i ty :

(1) Is ther a reservo ir downstream? /feL )  f*e " L&kg C.
(2) Are there plans to build one? Yes _  No
(3) Is the stream Perennial? Yes ^
(4) Does the Presence of a.discharge upstream 

preclude th is  use? No
(5) What conductivity values were observed? ^  1  7

ConmentsT
+ # 4 » . K  t 'l+ C  j u s f  d o U » ^ V < r«  a*»s, o ¥  <VUjk_

wisu*w«>pAV TU.U  -  o>Ypcc«A.4d 4 *  A y  .
4v*«-4\#*» pla«.i. c# »v»

& r c c V .  «. fuMAiV fv^wkle w%«L.



St rear fiane: 

Hydrolab Data:

221
Statlor \w-.ter: Date: -  % 2

Time: Uv*

Parameter Surface one foot two fee t b O t t O t r

Temp. z o . y

pH &  f E x x y y ] p e 2 .
DO r . 2

Cond. 306

Bann Cnaractenstics:

1. Bank Cover: (Check and estimate S)

c Devoid of vegetation It ^  i  ( i f  checked also check below)
a M udJL . jSCi SandjL . . i l s  ■
t Rock____
i G r a s s e s -A \o  t
9 Shrubs W
0 T r e e s _ x
r Other____ Describe other:
i > s
e
s

Vegetation Coverage: Sparce ^ d e r a t ^ s.^Der.se^

2. Bank S ta b i l i ty :

(a) Erosion

erosion ev id e n t ,  
erosion l ik e ly  _  
erosion unlikely.

(b) Bank gradient

JL_ _S®_5 f l a t _____
_X  Mo t  moderate slope.

X 3 0  t  Steep slope _J5
vert ic le  -  ^

- 22.*-
_ao.«

Width 
\*i '

Ave.
4

Depth Flow
2 . 3  c p j

H - S Residential
J t . - S ü s Commercial

Industrial
Other

J L Describe other:

Velocity

( 7  '^ / i «

Land Use:

Forest
Pasture/hayfield 
Row crop 
Urban 
Suburban

CORinents:



,  . . 2 2 2  Siat'.on .urDSr;
H i d

Stream Narae; S t3t*on '.uraer; Date: ^
C o R u C m fe  ?TK Co&l Co. l î ï ô  K r^ .

Sample Area DescnatVons: (L ist  a l î  types of na a i ta t  satnplec ana
^  • descr i t»  fu l ly )  ,
S a w ^ c  eLve#k o f  C^® iv trea*^  a k A

f«a\a  . Ç’i»-* 4# 4u.% ccvksas ®«*4 •■V A. c.ovkdw^"tv%e albt<»5
fVrtK»» « « t r  w * k a » v -4 rw  v * * .A . "T w t e«te. I* «k-W-v^sioaI^ i t t f - ty -e i  , 
w»+V VMbks alV 4»%*s ow4l l€U%X % f * f C f t  tetW *
v*f 4ooA u«Vot*i^ te'r^We^ v y  tojj ^ k .^ U o o .M ^ o d a ^ id a
m_-4 & *tp peftH  . "TU«.4low3 Awh^e t»« a  p o d l^ iO O ^ ir  la«*j 3 D ^ ;

Bottom Compostion: (Cneck oox(s) and estim ate •) ^

Organic de tin tlous  
Mud/sluooe 
Cl ay 
S i l t  
Sand 
Gravel 
Large rock 
Bedrock

-Eg-

g®
Describe size:

hab ita t :

Habitat availab le  for organism(s) Potential species

1. R»5Cle.s 1.
2. ?eely *—A 2.
3. • ^ • ^ k O f c + e v 3. U%W#e »e

4 . C*we v«iAU&r Ve^e4"a:^L ovh. 4.
1

?*  wk&pL«kl#T ep.
5.

. W ■ ■ <4 
OlA^Avre^V Wa—k ( 5. L ^ p o v ^ le  .

6. 6. % A 4 ,
7 . e  i  %o«-V% ..... 7.
E. 8 .

* i

9 . 9. C W w rn m el C .«k4A % L

10. 10 ‘F H a.V W ea.A  C & 4 C te L .

11 . 1 •

12. 12
!

12 . 13 1

14 . 14 .

15. 15.
16. 16.
17. 17.



uryamî&m ’Sauÿif Results

i l
m
<M
r g

e

J

M*'H

N

l i ’wo

»<npitng Party . -
 ̂ ■ Miaki^cUall

Uhere/how cau g h t o r  observed Age H ea lth S iz e f ' s R e |.  Alynd A d d itio n a l Co

CCyci*aHan>»
ftW«vS%AM&%M̂  Wakotry

/  4* «* tww) y  d 3 - r " 4 o e c c .
o c c .

WCirO » ♦ •
#* y  ««•*■

^ a U i« | < - o c c .

5»oci 1 "
M #*0

|c v ^ «  If •«»
t»  «MAft *%t K «kbiV »t|

î - i r  . CO|MW O»1\ T>»»*4. 4 w #  t f  
4WL.

%— «wwatV
V * * r

r f W
V

y J i " 1
tPtficO»

It,TwVtfw<// W m k # » y
( « a n d  «•* «k l * d j C  fc»***. 

««!•« U i L ^ t U * “ '
1 0 ' 1 r ^ t

f J # t f # p a $  ( * f . y o *

w »  a « lM  W\£>«l y  J C#w»#%Ow

• /  •



C.C'C^h^ iZ iiicr  '•I~oer:Up9f'f&(rt^DiZe:
 \DlO________
Sample Ar&g Descriptions: {List a li types of t i toMtz  sanplec ana

OescHfoe fu ll^) _
l / > w  S â U 'A ^  VWdZA, M l

xW i/v ' feeurJt^ c fi'r ^ r fa £  . *

r v W ü w I ^  cc^nz<fi. cC(g #

Bottom Compasnon: (tneck oox(s) &na estim ate  «)

Organic de tin tlous  
Kj C'SIuCCS
c:&.- - 'I .
Sane JkQ_
G-ave: _X- 4 ‘
Large rot». V J?
Bedrock '

£ > M . y y ] ^ l c  S

Describe size: C “̂ l ^  c U i^S
JLiMÈL <nfii/riu êÊ^JiMe.

K aoita t:

l a t i t a t  ava ilab le  for organism(s) Po tentia l soecies

1. ^L dî JU yrM ^'SL ra. : 'Z .
2. iX j-4 'iJ  Wv 2.
2 - Â j i ^ ^ X f j L 3. n

a . JkkTTvt k s^ Â â jx A . «. ! U Æ ^ a Æ p ^ù 'Jjj cA iX t / a
:  ^ 5. ^

6. !
: . 7. 1
C. E. !
—, 5. i

1C. 10.

11. 11.

12. : 12. . !
1 : . X .

tc

16. 16.
17. 17.



5:rear K*-.£; ̂ o a l  C r C ' d k  Steticn N-rser
enthic

1  -I ^r
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« « I I I  IN€ JOS WAS s r i N  SUM vM srs  c c i i A ' i t  • ? . ]  ur sms mi iim u N i v i s s f t T  or wkimMomm t o t s s r s o i i *

N O i t i  c r u i o  vc ssiOM •  « j  s c t u i  # o ; « s s i  n u o i i  • s o s i  .
c r u i s  v sK t tu i i  •  « 1  s t s t A i  •  L*2« s s j  f io s r i  •  j o s i  .

o o T i i  sms  Of n o m s  s f i c r r i f o  mmii•0AI*4
t  o f t i O H s  i t M i s i 2 t * i i >  f m o s s n t  40  N u e n t t c m
7  OOfllOWS O C V tC f- tC IM S SII omtoi
4 •  IMIS OAUSAtC COOIAIMt 1M( t I S U i l S  0# 1MI MiOAOiOOIC M m Stt t i l l t l l lS  lAfelO
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« 0 1 C1 iH i  OAiA srArcMtNr u s e s  0 . 0 s  s i c u m s s  a n s  s z o .

•  SAfA wrooo#
« iwrut
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I I  lOAf 0 04
17 SUO 009
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14 OOOUf 4 o o r o o o
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4  At 21 110

HOIII OAtA S i t  UOOO.MISOO WAS 4 #  OSMOVAIfOHS AWp II  VmSIAS lfS .  29 »  O M / I I K .
WOlii  twc OAIA OlAieHCHI u s e o  O.OS s e i u m o s  AHO 92A.

n  OAIA HCU4 SI I wrooo#
If M f l H « »  TNCH S f i l t c t

HQ U I  OAIA s e t  UOOK.WeU WAS 42 OSSIOVAltOHS AMO I t  V f l t m M l S .  OSS/ISA ,
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/ )  f u s e  s o o n  or  S9AII0M iumci
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IaUJ i.UU# PAW, X If ifS4
0 » « • tA IIO N Nc rtwr rw • I C u r i illNO l A l # # 77CC94I 7 M 7 0 4 1

1 •CC 9 . 9 4 . 4 4 . 0 4%0 1 1 . 1 7 9 0 9 3 . 9 4 1 9 . 1 3 9 0
3 4CC 1 1 . 3 4 . 9 3 . 4 94 0 1 0 . 9 1 9 7 3 3 . 0 3 1 0 . 1 1 9 7
1 •CC 1 4 . 9 4 . 9 l « . 4 994 1 1 . 1 7 9 4 9 4 . 0 4 9 0 . 9 7 9 4
4 ewe * 7 . 0 4 9 4 . 0 770 9 . 4 7 0 9 7 0 . 1 * 4 3 . 0 7 4 9
9 ewe 30 9 4 . 0 0 . 7 I f 0 9 9 . 0 1 4 9 9 4 . 4 0 9 0 . 1 1 4 9
4 CMC 1 9 . 1 4 , 9 0 . 3 11 93 9 . 3 0 7 1 0 9 . 0 4 0 1 . 4 0 7 1
7 c o t 1 0 . 4 4 . 0 7 . 9 499 9 . 1 4 4 4 7 0 . 1 3 0 3 . 0 4 4 4
• c o i 1 9 . 4 4 . 3 3 .1 09 1 9 . 1 4 9 * 3 3 . 9 9 3 7 . 0 * 9 4
f c o t 33 3 4 . 7 1 0 . 4 794 0 , 4 7 4 0 1 1 9 . 0 9 9 - 1 . / 3 4 0

i # 404 3 9 . 7 4 . 9 9 . 1 377 0 . 9 4 3 7 9 7 . 0 1 0 1 . 0 * 3 7
II • 0 0 3 4 . 0 9 . 4 0 . 0 4 1 7 4 3 . 1 7 9 4 . 4 4 1 7
13 • 0 0 3 0 . 9 4 . 9 9 . 3 100 9 . 0 1 4 9 9 7 . 4 4 9 3 . 0 1 4 9
19 CiN 1 3 . 4 7 . 9 0 . 4 1974 1 0 . 7 0 4 1 0 0 .  };*• 3 . 1 0 4 1
l « ffiO 14 9 7 . 9 * 4 . 9 1141 9 . 0 1 9 1 1 1 1 . 7 4 4 « 9 . # 049
19 CIO 1 1 . 9 7 . 9 1 3 . 9 I 4 4 0 1 0 . 9 9 3 7 1 3 4 . 4 0 9 • 3 . 9 * 7 1
14 t o r 1 7 , 0 4  9 7 , 4 419 9 , 4 7 0 9 7 0 . 1 9 4 3 . 0 7 9 9
17 t o r 3 0 .1 7 . 3 7 . 7 *100 9 . 0 9 4 4 0 9 . 0 4 1 1 .1 9 4 4
1# t o r 3 3 .1 1 . 9 0 . 7 19*9 0 . 4 9 1 4 1 0 0 . 0 9 9 • 0 . 0 0 0 4
19 N»C 14 .1 4 . 0 4 0 1304 9 . 4 4 4 7 7 1 . 9 * 0 3 . 4 * 4 7
3# W4C 3 0 . 9 7 . 0 1 3 . 4 094 9 . 0 1 4 9 1 1 9 . 7 1 0 • 1 . 9 0 1 1
31 woe 1 9 . 9 4 4 0* 1 01 4 9 . 0 9 3 3 9 1 . 3 0 7 0 . 7 * 3 3
33 MCO 3 4 . 7 4 . 4 9 . 3 1779 0 . 3 4 0 1 4 3 . 9 1 1 1 . 0 4 0 1
39 w c i 3 7 . 9 7 .1 7 . 3 *490 7 0 0 0 0 9 1 . 3 4 * 0 . 4 0 0 0
34 MC» 1 4 . 1 0 . 1 1 0 . 0 1404 0 . 0 1 / 9 3 1 4 . 9 9 0 • 9 . 9 # 3 9
39 WC4 3 4 . 0 1 0 . 0 0 . 1 7 * 7 * 3 9 . 0 0 4 3 *701
34 * t * 3 4 . 0 9 . 4 0 . 9 7 1 7 4 0 . 4 1 1 4 . 9 7 1 7
37 *ew 3 4 . 0 0 . 4 3 9*0 0 . 9 7 1 7 1 0 3 . 7 1 7 • 0 . 3 3 0 1
34 • i t 10 7 4 . 7 7 . 3 904 9 . 9 3 4 7 7 7 . 3 1 4 3 . 1 3 4 7
39 f i c 1 9 . 7 4 . 7 4 . 0 999 9 . 1 9 0 9 4 9 . 7 1 9 1 1101
94 9«C 3 1 . 9 4 . 9 9 . 9 97 9 0 . 0 1 1 9 4 3 . 1 4 4 1 . i l l *
91 t i e 3 4 . 3 7 . 9 9 . 3 3 910 7 . 7 9 3 1 1 1 0 . 4 7 7 • I  *479
93 ■ CC 3 0 . 7 7 . 4 1 1 .1 I/O* 7 . 4 0 4 1 1 7 0 . 4 1 3 9 * 1 1 7
91 ■ CC 3 0 . 7 7 . 4 1 1 .1 1701 7 . 4 0 4 9 1 / 0 . 4 1 . • 9 . 4 1 1 7
94 0C« 9 3 . 9 7 , 7 0 . 0 140 7 . 3 4 1 0 * 1 0 . 4 4 4 • 0 . 7 9 0 0
99 OftC 3 9 . 0 4 . 7 9 . 3 10 00 0 . 9 1 4 9 4 0 . 9 1 3 1 . 1 1 4 9
94 OKC 3 4 . 4 7 . 4 7 . 4 3010 7 . 4 9 9 4 9 0 . 7 0 9 0 . 0 * 9 4
97 •4C 3 4 . 4 7 . 9 9 . 9 9040 0 . 9 0 7 9 4 4 . 3 0 9 3 . 0 4  79
94 01 # 3 4 . 9 4 . 0 3 . 9 904 7 . 9 9 1 1 1 4 . 9 4 9 9 . 0 I I I
19 41 # 3 7 . 7 4 . 4 4 . 4 0*1 7 . 0 * 9 4 9 4 . 3 4 9 1 . 4 1 * 4
44 # t c 3 7 . 9 7 . 0 9 9 1197 7 . 0 7 4 0 4 9 . 9 1 9 1 . 9 7 4 0
41 #fC 9 1 . 4 0 .1 * 9 . 0 1944 / . 1 4 0 4 1 / 4 . 4 1 7 9 4 1*4
43 #NC 3 1 . 9 4 . 4 I t . I 1740 0 . 7 3 4 9 1 3 7 . 1 9 9 3 .  J7ir,
49 WNC 3 3 . 9 4 . 4 4 . 3 1*14 0 . 4 ^ 4 4 71 . 4 3 3 3 . * 9 4 4
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1 9  ( M U . / l  * n i  S T I N A I I  P A S  P U P »  lUC/O. A F »  • I t l A U I H Q  I N  L P S / D A T  UF U t P l l P U  S T  I H A i m
7 0  AS f l o w  I N  M i l l i o n  O A L l O M S / P A . r  X Ul  S U P  L A Ü P O P »  i  A H H U N I A  MI T R OÜ&M A S  M ^
7 1  ( M U . / l » « M H H ,  U I I I H A I E  U X Y U f W  P EMAMP  U U P t t S I I M A l f P  A S  4 .  S E N H N n U C P U P  I • OJ
7 7  L O A D I N G  OF C O N P I M C P  l A R P O N A l E U U S  AMP N I T R O O E N U U *  P . 0 . P . ( C S I I M A I E M  A S  M
7 3  I P S / P A Y  PY M U l l i r i l H H  U U O #  El  f l U E M T  T' LOW I N  H U P  I * l  f  C MP U P »  ( O I A I  R J C P M A l
7 4  M I T R O O E M I M O . / l . l  I k N ,  N I T R A T E  N I T R U Q I N  A S  M # M O , / l , ) « M T I R A T E ,  T U I A l
7 5  F H Ü S H 1 I I  A S  K H Ü . / 1 . )  I P H U S ,  T OTAL S U S P C N O I D  S OL t O S ( M U . / L  .  » 1 S 5
76 L O A D I N G  0 »  T S S  P Y ( C K T l N A T E P  I N  L P I ' / P A Y  P Y  N U L T I f L Y S M U  T S S  THI T T F I U E N T
7 7  F i n W )  L S I S S t  A I R A I I N | T T « A L R I M ( I . / I  . » •  C H L U R I P» H * I H L U K  I  PC I M U . / »  .  I ,
7 8  C H E M I C A L  OkYO&M P E H A M P I M U . / t . I • C O P #  T W I R L  U K M A N I t  l A R P O N t M O . / ( . ) • I  O f  I

N O T E *  P A T A  S E T  W O R k . P A T A I  H A S  I  H P S E R V A T I U N S  AND 0  V R R I A P L E S .  4 7 « A  U S S / T R K .
N O T E :  THE P A I R  S T A T E M E N T  U S I P  0 , 0 /  S E C O N D S  R N P  9 2 * .  ^

3 i 
I

i

79 DATA f S U U k C l l
3 0 INPUT 7 S A B  1 0 0 OS SAS
31 STATION 4 001
37 ZONE 00 4 47 UOP 0 3 / 0 6 0
33 PUP 00% 48 LTCNPOP 0 6 1 - 0 6 5
34 PEI PHI • 0 0 6 49 l».N 0 6 6  0 6 9
3 5 GROUP $ 0 0 7 5 0 NITRATE 0 7 0  0 7 3
36 OS 0 0 9 51 1PH0S 0 7 4  0 7 0
37 PE 0 1 4 57 /
3 8 OSE 0 1 9 53 TSS 001  0 0 4
3 9 I IMPRUn 0 7 4 54 LSTSS OOP 0 0 9
40 p n i E V f  1 0 7 6 5 5 AT* 0 1 0  0 1 7
41 FSATPQ 0 3 0 56 CMIORIPE 0 1 3  0 1 7
47 POPEF 0 3 3 5 7 COP 0 1 8 - 0 2 7
41 P O P ! i v r 0 3 * 5 8 TOC 0 7 3  0 7 7
44 UCPOP 0 4 3 59 1
45 l A u i p o n 0 4 8 60 f O S E ' O S / O E l
4 6 NHN 0 5 1 61 CARPSI



»<)U I'NiNrM'it » UK »uiw*suuALL :0:4W lUlL^Af, IthKIIAKV .*!(« 1VII4

S 1 D 9 I I M M
I c 0 r 0 A 1 1 I
A 11 ri 0 n U U c T 1 I Ü
r f r r L A u r c c M R r S R

0 1 0 a V. 1 D 1 > $ N U t T A H Î f A 1 C 1
• Ü N 0 0 s U I 0 L V 0 0 H 0 0 R 1 0 U s 1 P u u
f M t s c C Ü I U r c D n N 0 0 N # S s 5 K E p f

1 o c c 1 7 . 3 0 2 . 1 7 3 * 4 3 4 2
3 o r e 3 1 3 . * 0 2 . 1 7 3 . 0 V 0 4 21 1 . 5 0 14 / . / o 1 J . 0 0 4 J . 0 0 778 0 . 1  20 43 0 l i t 1 7 , 7 1 1 , 1 4 . 3 2 3 0 . 0 3 4 3 23 7 2 4 2 1 0 5 . 0 1 4 . 8
J OIC 3 3 3 . 0 0 2 . 1 7 1 1 . 3 2 0 /
4 CMC 0 . 3 U 4 . 4 4 0 . 0 4 3 1 2 0 3 . 0 0 *iO 3 , 5 0 1 3 . 2 0
3 CMC 3 4 . 5 0 4 . 4 4 1 . 4 0 0 f t . J J 1 .VS / 4 0 . 1 3 0 2 4 101 1 . 4 4 . * 0 3 , 3 12 8 r , 7 1V2
« CMC J *4.00 4 . 4 1 I . 0 / / 4 3 / 4 . 3 0 72 2 . 4 0 1 0 .  JO
I COL 0 . 4 0 0 . 7 / 0 . 7 7 0 2 21 3 . 3 0 2t. 4 . V 0
■ CÜL 3 0 . 4 0 0 . 7 7 0 . 7 7 * 2 24 *2 2 0 27 4 . 0 0 1 4 , 5 0 21 . 3 0 137 0 . 0 S 4 24 3 1 5 4 2 . 7 4 * f 2 . 7 0 9 . 9 4 4 40 SI . 0 9 . 2
9 COL 3 2 . 3 0 0 . 7 7 2 . 0 3 7 1 2 4 3 . 2 0 25 5 . 2 0

10 0 0 0 0 . 1 0 1 . V2 0 . 0 3 2 1
I t PÜO 3 2 . 0 0 1 . 0 2 1 . 0 4 1 7 2 4 3 . 4 0 jV 3 . 4 0 2 3 . 5 0 3 4 . 4 0 5 5 3 2 7 . 7 4 44
13 o u o 3 2 .  JO 1 . 0 2 i . t f / y ,
13 CIK 1 3 . 1 0 2 « 3 0 0 . 0 1 3 0 ■ • 4 0 *
14 ELK 2 1 2 . 4 0 2 . J 0 3 , 4 7 0 3 2 0 1 1 .  VO * 1 4 . 3 0 2 4 . 0 0 140 1 . 3 0 0 i l 0 5V8 3 , 5 4 . 7 4 . 3 4 4 5 . 0 1 2 4 7 2 2 4 4 1 . 0 8 . 3
I S ELK 3 3 . 0 0 2 » 3 0 2 . 3 2 1 7 f  . 4 0
t é LOI 1 2 .  JO 0 . 3 3 4 . 1 0 1 0 2 2 4 . 2 0 71 2 4 0 ,
17 I o r 3 1 . 7 0 0 . 3 3 3 . 0 0 0 0 2 2 *2.00 3 2 4 . 0 0 5 0 .  70 7 4 . 4 0 J 4 2 0 . T 4 4 t o 0 34 7 4 . 1 0 , 5 3 .  70 4 1 . 4 204 1 2 3 , 0 2 3 . 2
I t i p r J o . u o 0 . 3 J O . V O f I 2 2 5 . 0 0 4 4 j . g g ,
I f MOC 1 1 . 4 0 0 . 0 4 1 . 4 4 4 / • • . • ,
3 0 HOC 3 3 .  /O 0 . 0 4 4 . 1 0 4 0 » • « 1 2 , 2 0 1 0 . 0 0 124 4 . 0 1 0 15 0 3 1 8 1 0 . 0 0 . 8 4 . 2 3 9 . 0 43 181 5 8 . 0 1 0 , 3
31 MOC J f  . 0 0 0 . 0 4 1 0 . 7 1 4 3
33 NCR 1 r j o . o o 4 0 . 0 0 3 . 7 5 0 0 2 0 1 1 . 7 0 13 4 • 2 . 7 4
3 3 NCR 2 1 1 0 . 0 0 4 0 . 0 0 2 . 7 3 0 0 2 4 3 . /(I 44 4 . 7 0 ; / . o o 3 V . 7 0 1 3 2 4 4 . 2 3 . 7 / 8V5 111 2 9 4 ,rv>
34 NCR J 1 JO.OO 1 0 . 0 0 J . 2 3 0 0 2 / 7 . 3 0 8 0 1 . 7 / .
3 3 NCM 1 5 . 5 0 J . 0 7 1 . 4 2 1 2 21 1 0 . 0 0 120 - 2 , 4 0
34 MCW J 1 5 . UV 3 . U 7 3 . 0 7 4 0 21 3 , 4 0 24 5 , 1 0 1 8 . 1 0 2 4 . 4 0 8 5 f 1 3 . * 0 0 VO V 2 * 0 5 1 5 . 4 2 , 9 2 . 9 0 2 4 .  t 8 4 2 2 5 3 , 4 7 . 1 1 2 . 1
37 NLW 3 f  . 5 0 3 . 0 / 2 . 4 3 4 0 21 0 . 4 0 103 • 0 . 2 0
30 r k c S 0 . 3 0 l . l i 0 . 1 7 / 0 20 4 . 4 0 / I 2 . 3 0 5 .  20
3 f fRC 3 1 . 4 0 1 . 1 3 1 . 3 3 0 f 2 0 4 . 1 0 /V 1 . 7 0 2 5 . 1 0 J / . O O 3 4 8 / . 3 0 0 71 0 44 4 f 0 . 8 1 . 4 5 . 1 8 3 3 . 0 31 1 188 18 9 0 . 0
30 fKC 3 1 4 . 0 0 l . t J 1 2 . 3 0 * 1 20 5 . 2 0 38 2 . 4 0 *1 20 . 38
31 RSC t 5 . 4 0 3 . 0 7 1 . 4 4 / 0 . , . ,
33 4SC J f  . 4 0 J . O / 2 . 4 0 0 1 . , 4 . 0 0 0 . 8 7 2%5 1 0 . 7 0 0 57 0 1 844 1 3 . 4 0 . 5 7 , 1 0 3 2 . 0 102 3 . 2.  . 7 9 . 5
33 kSC J f  . 4 0 J . O / 2 . 4 0 0 4
34 SI R t O. ' JU J . 4 4 o . u u g o J 2 1 1 . VO 20  1 - 7 . 4 0
33 SCR 2 5 . 4 4 *.«.44 1 « 0 0 0 0 30 1 . 1 0 I J 7 .  CO 4 J . 5 0 4 4 . 0 0 3 0 0 * I / . 3 U 0 143 0 4 / 3 1 2 2 . 5 0 . 3 9 . 5 3 T V . 5 3 4 1 3 300 83 * 2 . 0 4 8 , 5
34 SLR j / . J O 3 . 4 1 1 . 2 / 4 4 32 1 . 1 / 14 4 .  10
37 SRC 1 1 . 5 0 0 . 0 2 0 . 1 7 0 1 3 6 / .  10 81 1 , 4 0
30 SRC 3 1 1 . 0 0 0 . U 2 1 . 2 1 / 2 25 4 . 4 0 / j 2 .  10 2 7 .  /O 4 0 .  /O 3VV4 1 3 . 2 0 0 101 0 7 1 2 9 1 4 . y 5 . 9 2 9 . 0 2 1 3 3 231 184 5 0 . 0 7 .  1
J f SRC 3 2 5 . 0 0 0 . 0 3 2 . 0 3 4 5 34 / . 2 0 83 1 . 5 0
40 STW t 0 .  JO 7 . 1 8 0 . 0 1 1 0
41 S l U 8 . 0 0 / . I 8 I . I I 4 3 20 4 . 0 0 74 2 . 4 0 2 4 . 5 0 iV. OO 2 3 3 3 t o . 100 83 0 5 101 1 3 . 2 7 .  1 4 . 8 8 2 ' . 0 1 3 1 / 8 1 . 0 1 2 . 6
43 c t u J
43 UCC 1 0 . 0 0 0 . 0 0 0 . 0 0 0 0 3V / . J O 80 1 . 8 0
44 u t c .• 0 . 4 0 O.UO g .  .*500 24 4 . 0 0 IV j . O O J 3 . / 0 4 8 . 0 0 321 1 4 , 1 0 0 113 0 751 1 / . * 8 . 2 8 1 4 . 0 93 1*0 4 * 1 0 4 . 0 l / . A
43 MIC 3 J . VO O.BO 4 . 0 / 5 0 3V 5 . 4 0 44 2 . 1 0 , .
44 UKC 1 0 .  JO O.OM , . , ,
47 UHC 3 0 . 4 0 0 . 0 0 •
40 UHC i O.OU • . . . , . « , .
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4?&4 U I S/ TF F . .

1 7
t f f

P A Î A  N T S #
l i i r p r

I T S T A t l C M i 0 0 1 - 0 0 1
;»c f O N p 0 0 4
? i # U P 0 0 1

P t i r H i 1 OOA
r j U&OVF « 0 0 7 - 0 0 0
;•< V C n O O f - O l t

P Î M U P 0 1 2 - 0 1 4
7 / P S S A N P 0 1 5 - 0 1 7
7 7 # * r r c t 0 1 8 - 0 7 0
7 R A S 0 P A 9 S 0 2 1 - 0 : 3
? T p s s h f .u f v 0 2 4 - 0 2 6
3 0 P S Î P C t S 0 2 7 - 0 2 *
31 P S P F H f R 0 3 0 - 0 3 2
3 ? t v i p t i n 0 3 3 - 0 3 5
3 3 f l l K E l Y 0 3 6 - 0 3 8
3 4 C U N L I R l r 0 3 V  0 4 :
i r . s r i A t 0 4 2 - 0 4 4
I f S H O P 0 4 5 - 0 4 7
.17 s s T c c r 0 4 8 - 0 5 0
i e f v c f . r 0 5 1 - 0 5 3
I T r u r . p A N 0 5 4 - 0 5 6
4 0 P A O M C 0 5 7 - 0 5 *
4 1 C O V E R i 0 6 0 - 0 6 2
1 7 r r o R t f T 0 6 3 - 0 6 5
43 r i A 5 T U R 0 6 6 - 0 6 0
4 4 r c r n r 0 6 V - 0 7 I
4 5
4 f

r s p p u r p
1

0 7 7 - 0 * 4

PO
wX»
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V l n i T A I t O M  V* | « ( r *  r i l l N T  ? t i O , , n  3 ' f A l P  4 • fr». I
1 0 0  i r  v t o  v o  i H t H  » / t |  I r t s î
1 0 1  i r  V I O  * / 9  f O  I MCM V 7 I I l S f
1 0 7  i r  v r o  * 3 0  z o  i K f w  v  j  • t i s c
1 0 3  i r  VC O  : S 0  t WEW v  4  l  t i s t  V * 7 I
1 0 4  t T M t  roiLOUiNu R O U T I N E  rrcoofs THE pr.iA r r »  m r  9)>Nf«irf recfrriîTJN fur
1 0 5  S l O f k  « •  l ’ C X t E l l C M T  7 " 0 0 U P  J  f A I R  4 < r i l U F . I
1 0 4  t r  < r i A T . .  THEN S  .  T U S E
l o ;  i r  S V C H f r S O  A H P  S f T E C P t J O  I M S N  * - j #  E l * :
109  i r  s s i c c r * 9 o  a n o  s m o p ^oo  t h e n  s - r #  c i s f100 ir 3TIA1 >4HÜ0 THEM S |l ELSE
1 1 0  î r  S H O P  S S T E E P  THEM S , ? #  I L S »  I *
l i t  s s T E E P  s v i r r  t h e m  s  .11 E i s f  i r
I I ?  s v c R T  :• s s t r r r  i mem s  #; e l s e  s* : ;
1 1 5  % 1ME r U l l Ü W I M Q  & U U 1 I M E  R t C O P l S  THE P A I A  l u »  T H f  f M W k ? | ^ E  n O t r C T I U N  f O E
1 1 4  E R O S I O N ' E ,  t ' E I C E l L E N I  ?  Ol t OU 3 f f l P  4 r o O E . I
I 1 1  I P  E L I k E l T  .  T H E N  E . 1  E L S E
1 1 4  i r  E U N L I k i r ' E L I k E l T  T HE N E t  I U S E
I I *  i r  t U N L I K l T  E I I K E I T  AMP I I  I P C t T  ‘ E V l PEUT THEN E :  I E l ? l
I I #  I P  E l l T E l T # E V ; P E N T  THE N E J  I  E I S E
l i t  I P  E U W l l * l T # E l l k E l t  THEM E 3  I E L S E
1 7 0  I P  E V I D E N T  E I I K E I T  T H E N  E 4 t  U S E  E 7T
1 7 1  I  THE P U I L O H I N Q  R O U T I N E  R E C U P t S  THE P A ' A  I  U P  THE P A M k S t t t  ^ P O t l C T I U N  P O R
1 7 7  P R O T E C T I V E  V E G E T A T I O N  OR E O C P ' P ,  I E C t l l E N T  :  C C O P  3 ' P A | P  4 T / ' O P . T
1 7 3  P S 9 - P # T R E E 9 « P I S H K U r S I  TM
1 7 4  M O * P S O R A 9 S » P S R O C P I  W
175 I P  p S R O C k * .  THEM * " . #  E t l T  ^
174 I P  P S I R E E S  • SA THEN P |# E I S E
1 7  '  | P  P S P O L K  • • ' • 0  T MP N R ' 4 I  E L S E
I 7 P  I P  P S O R A S #  • 3 0  T H E N  P  3 :  U S E
I 7 t  I P  P S O  ‘ 5 0  T H E *  P ' 5 T  E L S E  P " 7 *
n o  t  THE P O l l O W I N O  R H M T t N E  « E C O P E E  T HE P ' T A  » •  I WE f  H'  'Ift P T C I E C ' I O N  r*l«*
1 1 1  H U p t H #  I ' E P T E l l E N T  7 ' O O O P  3 ' P A I P  4 * T V U * . l
1 5 7  I T  P S M U P  • t o  T H E N  H * 4  I  E L S E
I 5 T  I P  P I H U P  ' / O  t o  T H E N  H 3  I  ELSE
1 5 4  I P  P S H U r  ' - 5 0  ? 0  THEM H * 7  I  I * S t
n r  I P  P S H U P  5 0  THEM M I I  E l W E  H 7 *
1 5 #  I  THE P O l l O W I N O  P U L ' T I N P  R E C I P E S  THE DAT A PU»- » « r  PA ' ? S i r F  F M ' n C î l O H  P O P
u r  S A M P ' P S ,  I  E X C E L L E N T  7 * U 0 U P  3  PA IR  4 * l i i ' ? r . l
1 5 9  I P  P S S A t l O  • • t o  THEM P S  4  I E l ? »
I 5 t  I P  P S S A N P  * 7 0  t o  • H E M  P t  3  I f l S f
1 4 0  I P  r S R A N p  5 0  7 0  M f f l l  P S ' 7  I P? S C
1 4 1  IP PSSANP SO THEN ! ’î  I ♦ E l a t  • 4 7 ’
1 4 7  N P S S C P P t ' V T S * E i r » P C » M145 #NP*SfOPr«SUH OF P.N»?!liF. FkO»tCt|‘.’E «51 IN:? Tf M • (f: »Mp SCrU •HE145 MOPE the PANINIS? WfFI IHMC'.rr.’E ::P PUT K.NI ! : f ! » I* ? » •. • I Ml14% RETAIN#
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