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PREFACE 

The system p r e s e n t e d  i n  t h i s  p u b l i c a t i o n  i s  des igned t o  c l a s s i f y  proposed 
c o o l w a t e r  and c o l d w a t e r  r e s e r v o i r s  i n t o  f o u r  c a t e g o r i e s  o f  f i s h  h a b i t a t  s u i t -  
a b i l i t y  based on t h e  p h y s i c a l  c o n f i g u r a t i o n  o f  t h e  r e s e r v o i r  b a s i n ,  s i t e  
c l i m a t e ,  o p e r a t i o n a l  reg ime,  and i n f l o w  c h a r a c t e r i s t i c s .  I n s t r u c t i o n s  f o r  
d e r i v i n g  t h e  r e s e r v o i r  c l a s s i f i c a t i o n s  and sources o f  i n p u t  d a t a  f o r  t h e  
system a r e  p r o v i d e d .  I n s t r u c t i o n s  a r e  a l s o  p r o v i d e d  f o r  c o n v e r t i n g  t h e  system 
o u t p u t  i n t o  H a b i t a t  S u i t a b i l i t y  I n d i c e s  ( H S I ' s )  f o r  use w i t h  t h e  U.S. F i s h  and 
W i l d l i f e  S e r v i c e ' s  H a b i t a t  E v a l u a t i o n  Procedures (HEP) (U.S. F i s h  and W i l d l i f e  
S e r v i c e  1980).' Data  r e q u i r e m e n t s  f o r  t h e  system a r e  l ow .  The i n t e n d e d  use 
o f  t h e  system i s  f o r  e a r l y  p l a n n i n g  s tages o f  r e s e r v o i r  c o n s t r u c t i o n  p r o j e c t s ,  
when s e v e r a l  a l t e r n a t i v e s  must  be e v a l u a t e d .  

'U.S. F i s h  and W i l d l i f e  S e r v i c e .  1980. H a b i t a t  E v a l u a t i o n  Procedures (HEP) 
U.S.D.I. ,  F i s h  and W i l d l i f e  S e r v i c e ,  D i v i s i o n  o f  E c o l o g i c a l  Se rv i ces ,  
Washington,  D.C. 102ESM. n.p.  



SUMMARY 

A nove l  approach t o  r e s e r v o i r  h a b i t a t  e v a l u a t i o n  i s  d e s c r i b e d  and h a b i t a t  
r a t i n g s  a r e  proposed f o r  f i v e  f i s h  spec ies  i n  coo lwa te r  and c o l d w a t e r  
r e s e r v o i r s .  T h i s  approach has t h e  advantages o f  p rocedura l  simp1 i c i  t y  and 
ready a v a i l a b i l i t y  o f  i n p u t  d a t a ;  consequent ly ,  i t  has p o t e n t i a l  u t i l i t y  a s  a 
sc reen ing  t o o l  i n  t h e  e a r l y  s tages o f  t h e  r e s e r v o i r  p l a n n i n g  process.  

H a b i t a t  s u i t a b i l i t y  i s  de termined on t h e  b a s i s  o f  a  composi te score  f o r  
f i v e  " p r i m a r y t t  r e s e r v o i r  a t t r i b u t e s  ( temperature ,  t u r b i d i t y ,  n o n l i v i n g  cove r ,  
drawdown, and sha l l ow  cove f requency) .  The va lue  o f  each p r i m a r y  r e s e r v o i r  
a t t r i b u t e  i s  determined f r o m  one o r  more "secondary"  a t t r i b u t e s ,  wh ich  a re  
e a s i l y  measured v a r i a b l e s .  Secondary a t t r i b u t e s  ( f o r  example, l e n g t h  o f  
g row ing  season o r  mean J u l y  a i r  temperature)  can be d i r e c t l y  o b t a i n e d ,  p r i o r  
t o  c o n s t r u c t i o n ,  f rom p u b l i s h e d  documents, maps, r e s e r v o i r  p l a n s ,  and o n - s i t e  
i n s p e c t i o n s  o f  t h e  proposed r e s e r v o i r  b a s i n .  

E v a l u a t i o n  c r i t e r i a  and r a t i n g s  a r e  presented f o r  ra inbow t r o u t  (Salmo 
g a i  r d n e r i )  , w h i t e  sucker  (Catostomus commersoni i) , ye1  1  ow p e r c h  (Perca 
f lavescens) ,  common c a r p  (Cypr inus  c a r p i o ) ,  and b l a c k  c r a p p i e  (Pomoxi s  
n i g r o m a c u l a t u s ) .  These r a t i n g s  were d e r i v e d  f rom l i t e r a t u r e  r e v i e w s  and f rom 
pe rsona l  exper ience  and knowledqe o f  t h e  au tho rs ;  however, t h e  system i s  
e a s i l y  a d a p t a b l e  t o  change upoi f u r t h e r  r e v i e w ,  d i f f e r e n c e - s  o f  o p i n i o n  by 
e x p e r t s ,  o r  e v a l u a t i o n  o f  t e s t  r e s u l t s  under d i v e r s e  c o n d i t i o n s .  

T h i s  t e c h n i q u e  can be used t o  e v a l u a t e  t h e  s u i t a b i l i t y  o f  a  proposed 
r e s e r v o i r  f o r  d i f f e r e n t  spec ies  and t o  compare t h e  outcomes o f  a l t e r n a t i v e  
c o n s t r u c t i o n  p l a n s .  I t  c o u l d  a1 so be expanded t o  i n c l u d e  a d d i t i o n a l  spec ies ,  
wh ich  w i l l  improve i t s  u t i l i t y .  The system shou ld  be u s e f u l  i n  d e t e r m i n i n g  
l o s s e s  r e l a t i v e  t o  b e n e f i t s ,  t r a d e - o f f s ,  and p o t e n t i a l  m i t i g a t i o n  measures i n  
r e s e r v o i r  p r o j e c t s .  
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INTRODUCTION 

PURPOSE AND USE LIMITS 

The purpose of t he  system i s  t o  r a t e  t he  s u i t a b i l i t y  of planned coolwater 
and coldwater r e se rvo i r s  f o r  s e l ec t ed  f i s h  spec i e s .  I t  may be appl ied t o  
r e s e r v o i r s  t h a t  meet t he  fo l  lowing condi t ions :  

(1) The r e s e r v o i r  i s  north of l a t i t u d e  37O N .  

( 2 )  The volume weighted mean t o t a l  d i sso lved  s o l i d s  (TDS) of inflow i s  
l e s s  than 3,000 mg/l . 

+ + -I-+ 
(3 )  The preponderant ions of inflow a re  some mixture of K , Na , Ca , 

++ - - - -- - -- 
Mg , HC03 , C03 , ~ 1 - ,  and SO, , i n  which HC03 p lus  C03 i s  no 

more than 300 mg/l and pH i s  l e s s  than 8 . 5 .  

(4 )  The sur face  area i s  g r e a t e r  than 3 km2 (867 a c r e s ) .  

( 5 )  The r i v e r  t o  be impounded i s  not g ros s ly  pol lu ted .  Th is  may be 
ind ica ted  by a  d iverse  f i s h  population and absence of conspicuous 
f i s h  k i l l s .  Qual i ty  o r  use c l a s s i f i c a t i o n  by the  S t a t e  in which t h e  
r i v e r  i s  loca ted  may a l s o  be a  reasonable guide. 

( 6 )  The proposed r e se rvo i r  i s  seldom t o  be drawn down t o  a  volume l e s s  
than 1/4 of maximum capaci t y  . 

( 7 )  The water body should be an impounded r i v e r  and not merely a  na tura l  
lake with a  r a i s ed  l e v e l .  

The number of spec ies  f o r  which a  proposed r e se rvo i r  might be moderately 
s u i t a b l e  wi l l  probably be considerably g r e a t e r  than the number of spec ies  
a c t u a l l y  present  in t h e  completed r e se rvo i r  a t  any given time. Factors impor- 
t a n t  i n  determining which f i s h  become important a s  time passes include spec ies  
present  i n  t he  drainage and those introduced a s  a  r e s u l t  of stocking by t h e  
respons ib le  conservat ion agency, s u r r e p t i t i o u s  in t roduc t ions ,  and temporal 
population changes due t o  spec ies  i n t e r a c t i o n s  and d i f f e r e n t i a l  harves t .  

DATA CHARACTERISTICS 

In t h i s  s e c t i o n ,  we present  c r i t e r i a  used t o  s e l e c t  a t t r i b u t e s  of proposed 
r e s e r v o i r s  which a r e  most c o n s i s t e n t  with t h e  purpose and l i m i t s  of t he  system. 
Spec i f i c  da t a  required and t h e i r  sources and in t eg ra t ion  a re  explained l a t e r .  



The most  r e s t r i c t i v e  c r i t e r i o n  i s  t h a t  a t t r i b u t e  va lues  be e a s i  l y  a c q u i r e d  
some t i m e  b e f o r e  r e s e r v o i r  c o n s t r u c t i o n  beg ins .  I n  b road  te rms,  t h i s  l i m i t s  
a t t r i b u t e s  t o  t hose  o f  t h e  proposed r e s e r v o i r  b a s i n ,  i t s  o p e r a t i o n ,  c h a r a c t e r -  
i s t i c s  o f  t h e  i n f l o w ,  and s i t e  c l i m a t e .  

A t t r i b u t e s  a r e  l i m i t e d  t o  t hose  wh ich  are  r e a d i l y  a v a i l a b l e  i n  p u b l i c a -  
t i o n s ,  pub1 i c  r e c o r d s ,  c o n s t r u c t i o n  agency p lans ,  o r  a r e  o b s e r v a b l e  d u r i n g  a  
s i t e  v i s i t .  A e r i a l  o b s e r v a t i o n s  may be necessary i n  some i n s t a n c e s ,  a1 though  
t e c h n i c a l  measurements a r e  n o t  r e q u i r e d .  

SYSTEM LOGIC 

H a b i t a t  s u i  t a b i  1 i ty  f o r  a  r e s e r v o i r  i s  o b t a i n e d  f rom a  f i v e - d i  g i  t number 
( r e s e r v o i r  d e s c r i p t i o n )  i n  wh ich  t h e  l e t t e r s  A, B, C,  D, and E  a r e  used t o  
d e s i g n a t e  each o f  t h e  f i v e  s e q u e n t i a l  p o s i t i o n s  o f  p r i m a r y  a t t r i b u t e s .  Each 
p r i m a r y  a t t r i b u t e  i s  d e r i v e d  from one o r  more " s imp le "  secondary a t t r i b u t e s ,  
wh ich  a r e  u s u a l l y  s i n g l e  "raw" f a c t s ,  and each p r i m a r y  a t t r i b u t e  has an 
i n d i v i d u a l  r a t i n g  o f  1, 2 ,  o r  3 .  The composi te p a t t e r n  o f  t h e s e  i n d i v i d u a l  
p r i m a r y  a t t r i b u t e  r a t i n g s  can be  i n t e r p r e t e d  a s  hav ing  a  s i n g l e  e x p r e s s i o n  
( r a t i n g )  o f  o v e r a l l  h a b i t a t  s u i t a b i  1  i t y  ( i  . e . ,  1 ow, l o w  medium, h i g h  medium, 
o r  h i g h 2 ) .  System l o g i c  i s  diagrammed i n  F i g u r e  1. 

The p r i m a r y  a t t r i b u t e s  r e f e r r e d  t o  i n  p o s i t i o n s  A-E a re :  

A - Temperature;  

B - M i n e r a l  t u r b i d i t y ;  

C - Nonl i v i n g  c o v e r  ( s t r u c t u r e ) ;  

D - Maximum drawdown and t i m i n g  o f  drawdown; 

E - Frequency o f  sha l l ow  coves. 

Secondary a t t r i b u t e s  a r e  l i s t e d ,  beg inn ing  on page 21. Each o f  t h e  243 
p o s s i b l e  r e s e r v o i r  d e s c r i p t i o n s  f o r  a  spec ies  ( p e r m u t a t i o n s  o f  t h r e e  l e v e l s  o f  
s u i t a b i l i t y  f o r  each o f  f i v e  a t t r i b u t e s )  i s  l i s t e d  i n  Tab les  1-5 i n  an o r d e r l y  
p r o g r e s s i o n ,  11111 t o  33333, w i t h  co r respond ing  s u i t a b i l i t y  r a t i n g s  o f  L  
( l o w ) ,  LM ( l o w  medium), HM ( h i g h  medium), o r  H  ( h i g h ) .  

2Four  l e v e l s  o f  h a b i t a t  s u i t a b i l i t y  a r e  desc r i bed :  low, l ow  medium, h i g h  
medi um, and h i g h .  H a b i t a t  Eva1 u a t i o n  Procedures (HEP) r e q u i r e  t h a t  h a b i t a t  
s u i t a b i l i t y  be  d e s c r i b e d  i n  te rms o f  a  H a b i t a t  S u i t a b i l i t y  I n d e x  ( H S I )  w i t h  
va lues  r a n g i n g  from 0.0 t o  1.0. Corresponding numer i ca l  v a l u e s  o f  0.2,  0.4, 
0.7, and 1.0 may be  s u b s t i t u t e d  f o r  low,  l o w  medium, h i g h  medium, and h i g h ,  i n  
t h a t  o r d e r .  
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F i  gure 1. S y s  tem l o g i c  f o r  de r i  v i  ng reservo i  r h a b i t a t  s u i  t a b i  1 i ty  r a t i n g s  from primary and secondary 
a t t r i b u t e s .  



Table 1. Reservo i r  d e s c r i p t i o n s  and s u i t a b i l i t y  r a t i n g s  f o r  b l a c k  c rapp ie .  

Reservo i r  Reservo i r  Reservo i r  
d e s c r i p t i o n  Sui t a b i  1  i t y  d e s c r i p t i o n  Sui t a b i  1 i t y  d e s c r i p t i o n  S u i t a b i l i t y  



Table 1. (cont inued)  

Reservoir Reservoi r Reservoir 
d e s c r i p t i o n  Sui t ab i  7 i t y  desc r ip t ion  Sui t ab i  1 i t y  desc r i  p t f  on Sui tabi  1 i ty 





Table 2 .  Reservo i r  d e s c r i p t i o n s  and s u i t a b i l i t y  r a t i n g s  f o r  whi te sucker.  

Reservoi r Reservo i r  Reservo i r 
descrfption Suitability description S u i  taOi 1 i ty d e s c r i p t i o n  Suitability 



Table 2. (continued) 

Reservoir Reservoi r Reservoi r 
description Sui tabi 1 i ty description Sui tabif i ty descript ion Sui tab i  1 i ty 



Tab le  2.  ( c o n c l  uded) 

R e s e r v o i r  R e s e r v o i r  R e s e r v o i r  
d e s c r i p t i o n  Sui t a b i  l i ty descrfption S ~ i t a b f l i t y  d e s c r i p t i o n  Sui t a b i  1 i ty  



Table 3 .  Reservoir desc r ip t ions  and s u i t a b i l  i t y  r a t i n g s  f o r  
put-and-grow rainbow t r o u t .  

Reservoir Reservoir Reservoir 
desc r ip t ion  S u i t a b i l i t y  descr ip t ion  Sui tabi  1 i t y  desc r ip t ion  Sui tab i  1 i t y  



Table 3. ( c o n t i n u e d )  

R e s e r v o i r  Reservo i  r ~ e s e r v o f  r 
d e s c r i p t i o n  Sui t a b i  1 i ty a e s c r i  p t i o n  Sui t a b i  1 i t y  d e s c r i p t i o n  S u i  t a b i l  i t y  



Tab1 e 3. (concl uded) 

Reservoir Reservoir Reservoi r 
description Suitabi 1 ity description Sui tabi 1 i ty description Suitability 



Table 4 .  Reservoir d e s c r i p t i o n s  and s u i t a b i l i t y  r a t i n g s  f o r  yellow perch. 

Reservoir Reservoir Reservoi r 
desc r ip t ion  Sui tab i  1 i t y  desc r ip t ion  S u i t a b i l i t y  d e s c r i p t i o n  S u i t a b i l i t y  



N N N N N N N N N N N N N N N N N N r n N N N N N N N r n  
W W W W W W W W W W W W W W W W W W W W W W W W W W W  
W W W W W W W W W N N N N N N N N N r C - ' C - ' w w r r r r  
W W W N N N ~ ~ ~ W W W N N N ~ ~ ~ W W W N N N ~ ~ ~  
W N ~ W N ~ W N ~ W N ~ W N ~ W N ~ W N ~ W N ~ W N C - L  



Tab le  4, (concluded) 

Reservoir Reservoir Reservoir 
description Suitabi 1 ity description Suitability description Sui tabi 1 i ty 



Table 5 .  Reservoir d e s c r i p t i o n s  and s u i t a b i l i t y  r a t i n g s  f o r  ca rp .  

Reservoir Reservoi r Reservoir  
desc r ip t ion  Su i t ab i i  i t y  desc r ip t ion  S u i t a b i l i t y  d e s c r i p t i o n  S u i t a b i l i t y  



T a b l e  5. ( c o n t i n u e d )  

Reservo i  r R e s e r v o i r  R e s e r v o i r  
d e s c r i  p t i  or1 hi t a b i  l j ty a e s c r i p ~ i o n  S u i t a b i l i t y  d e s c r i p t i o n  Sui t a b i  1  l ' ty  



T a b l e  5. (conc luded)  

R e s e r v o i r  Reservo i r  R e s e r v o i r  
d e s c r i p t i o n  Su i  t ab i  1 i t y  d e s c r i p t i o n  Sui t a b i  1 i ty d e s c r i p t i o n  Sui t ab i  1 i t y  



Ru les  t h a t  were used i n  d e c i d i n g  t h e  meanings o f  t h e  f i v e - d i g i t  r e s e r v o i r  
d e s c r i p t i o n s ,  i n  te rms o f  h a b i t a t  s u i t a b i l i t y  r a t i n g s ,  a r e  l i s t e d  i n  Appendix A 
f o r  b l a c k  c r a p p i e  (Pornoxi s  n i g r o m a c u l a t u s ) ,  w h i t e  s u c k e r  (Catostomus 
commersoni),  Put-and-grow ra inbow t r o u t  (Sa l  mo g a i  r d n e r i  ) , ye1 1  OW p e r c h  (Perca 
f 1  avescens),  and common c a r p  ( C y p r i  nus c a r p i o )  . 

As an example, a  r e s e r v o i r  d e s c r i p t i o n  o f  31322 wou ld  have t h e  f o l l o w i n g  
c h a r a c t e r i s t i c s :  

A .  Tozpera tu re  (3)  ( Q p t i 9 *  1:  w . r r n w a t p r  c p p r i p ~ ) ,  More t h a n  170 days 
i n  t h e  g row ing  season; mean J u l y  a i r  t empera tu re  g r e a t e r  t h a n  70' F. 

B. M i n e r a l  t u r b i d i t y  (1). P r e d i c t e d  Secchi  d i s k  d e p t h  l e s s  t h a n  0.5 m. 

C .  N o n l i v i n g  cove r  ( 3 ) .  B o u l d e r s ,  s t a n d i n g  t i m b e r ,  a n d  t a l u s  c o v e r  
30-70% o f  deepest  h a l f  o f  l a k e  bot tom;  o v e r  30% o f  b o t t o m  i s  cove red  
b y  s t r u c t u r e  u n i t s  ove r  7 cm i n  d i a m e t e r  and 0 .5  m h i g h ;  mean h e i g h t  
o f  t hese  u n i t s  i s  g r e a t e r  t h a n  20% o f  g r e a t e s t  mean d e p t h  and d e n s i t y  
exceeds 100 un i t s / h a  . 

D .  Drawdown (2 ) .  E x t e n t  o f  maximum drawdown o v e r  5 y e a r s  i s  2  t o  5 m, 
and i t  occu rs  d u r i n g  August  t h r o u g h  Oc tobe r .  

E.  S h a l l o w  cove f requency ( 2 ) .  Mean d e p t h  i s  10 t o  20 rn and s h o r e l i n e  
development f a c t o r  i s  between 5 and 10. 

The meaning o f  31322 as an e x p r e s s i o n  o f  h a b i t a t  s u i t a b i l i t y  i s  based on 
t h e  compos i te  p a t t e r n  o f  a t t r i b u t e  r a t i n g s  r a t h e r  t han  a s c o r e  d e r i v e d  f rom 
mathemat i ca l  m a n i p u l a t i o n  o f  t h e  numbers. 

The impor tance  o f  an a t t r i b u t e  i n  a s s i g n i n g  an o v e r a l l  s u i t a b i l i t y  v a r i e s  
w i t h  t h e  f i s h  spec ies  b e i n g  cons ide red .  Impor tance i s  based on s ta temen ts  i n  
t h e  l i t e r a t u r e  v a l i d a t e d ,  when p o s s i b l e ,  by t h e  s t a t u s  o f  p o p u l a t i o n s  o f  t h e  
spec ies  i n  e x i s t i n g  r e s e r v o i r s  wh ich  e x h i b i t  an ex t reme o f  t h e  a t t r i b u t e .  F o r  
example, h i g h  t u r b i d i t y  m i g h t  exc lude  one spec ies  b u t  n o t  a n o t h e r  depending on 
t h e  s e n s i t i v i t y  o f  t h e  spec ies  b e i n g  cons ide red .  I f  a  s p e c i e s  were exc luded  
by t u r b i d i t y ,  t h e  s t a t u s  o f  t h e  o t h e r  a t t r i b u t e s  wou ld  have  no  w e i g h t  i n  
a s s i g n i n g  o v e r a l l  s u i  t a b i 1  i t y .  I n  c o n t r a s t ,  a  s p e c i e s  t o l e r a n t  o f  h i g h  
t u r b i d i t y  m i g h t  n o t  become as numerous o r  grow as  r a p i d l y  i f  t u r b i d i t y  were 
e x t r e m e l y  h i g h  b u t  i t  wou ld  n o t  be exc luded;  t h e r e f o r e ,  one o r  more o f  t h e  
o t h e r  a t t r i b u t e s  wou ld  have w e i g h t  i n  j u d g i n g  o v e r a l l  s u i t a b i l i t y .  

To g i v e  ano the r  example, a  warmwater spec ies  m i g h t  b e  exc luded  by  a  
d e s c r i p t i o n  o f  13322 b u t  13333 wou ld  i n d i c a t e  t h e  presence o f  s t a b l e ,  s h a l l o w  
coves i n  t h e  s p r i n g  and c o u l d  p o s s i b l y  m i t i g a t e  t h e  l o w  s u r f a c e  tempera tu re  
s u f f i c i e n t l y  t o  a l l o w  t h e  spec ies  t o  s u r v i v e  and rep roduce  t o  a  1  i m i t e d  e x t e n t .  

The f o r e g o i n g  i r r e g u l a r  a t t r i b u t e  r e l a t i o n s  and o t h e r s  c a n  be  expressed 
more e a s i l y  w i t h  p a t t e r n  systems t h a n  w i t h  s c o r i n g  systems. If exper ience  o r  
f u r t h e r  r e v i e w  i n d i c a t e s  t h a t  r a t i n g s  ass igned  t o  a  s p e c i e s  a r e  i " a p p r o p r i a t e ,  
two approaches can be used t o  change t h e  r a t i n g  system. The s i m p l e s t  approach 
i s  t o  change t h e  s u i t a b i l i t y  r a t i n g .  However, t h e  r a t i o n a l e  l e a d i n g  t o  a  



change of  one r a t i n g  w i l l  p r o b a b l y  r e q u i r e  changes i n  o t h e r  r a t i n g s .  For 
complete cons is tency ,  t h e  r u l e s  f o r  d e r i v i n g  t h e  r a t i n g s  f rom p r i m a r y  a t t r i b u t e  
scores (Appendix A) shou ld  be changed so t h a t  t h e  new r a t i n g  may be d e r i v e d  
f rom t h e  r u l e s .  An a l t e r n a t i v e  t o  changing the  r u l e s  i s  t o  change t h e  method 
o f  d e r i v i n g  p r imary  a t t r i b u t e  sco res  f r o m  secondary a t t r i b u t e s .  However, i n  
some cases t h i s  a l t e r n a t i v e  may a l s o  r e q u i r e  changes i n  t h e  r u l e s .  

INSTRUCTION OVERVIEW 

1. Read a l l  i n s t r u c t i o n s  f i r s t .  

2. Examine a t t r i b u t e  m a t r i c e s  t o  de te rm ine  which secondary a t t r i b u t e s  need 
t o  be e s t i m a t e d  f o r  t h e  s p e c i e s  under c o n s i d e r a t i o n .  

3. Check suggested sources o r  o t h e r  m a t e r i a l  t o  o b t a i n  v a l u e s  f o r  secondary 
a t t r i b u t e s .  

4. Determine p r i m a r y  a t t r i b u t e  sco res  u s i n g  a p p r o p r i a t e  a t t r i b u t e  m a t r i c e s  

5 .  Compile f i v e - d i g i  t r e s e r v o i r  d e s c r i p t i o n  f rom t h e  f i v e  p r i m a r y  a t t r i b u t e  
scores .  

6 .  From Tab les  1-5, f i n d  t h e  a p p r o p r i a t e  f i v e - d i g i t  r e s e r v o i r  d e s c r i p t i o n  
and r e a d  co r respond ing  h a b i t a t  s u i  t a b i  1  i t y  . 



SECONDARY ATTRIBUTE LISTING WITH SOURCES 

L e v e l s  o f  a l l  o r  most o f  t h e  secondary a t t r i b u t e s  1  i s t e d  beTow w i l l  need 
t o  be de te rm ined  t o  use t h i s  model .  I n  some s i t u a t i o n s ,  fewer  measurements 
may be made. T h i s  can be de te rm ined  as  you p rog ress  t h r o u g h  t h e  work shee t  
and w i l l  depend on t h e  spec ies  used and i n d i v i d u a l  r e s e r v o i r  d e s c r i p t i o n s .  
See a t t r i b u t e  m a t r i c e s  b e g i n n i n g  on page 27 f o r  u n i t s  i n  wh ich  a t t r i b u t e s  a r e  
measured. 

GROWING SEASON 

Growing season i s  t h e  mean number o f  days between t h e  l a s t  s p r i n g  and t h e  
f i r s t  f a l l  f r o s t  a t  t h e  r e s e r v o i r  s i t e .  T h i s  i n f o r m a t i o n  i s  reco rded  a t  
weather  s t a t i o n s  wh ich  may n o t  be a t  t h e  r e s e r v o i r  s i t e ;  however, an e s t i m a t e  
o f  t h e  g row ing  season can u s u a l l y  be made by  u s i n g  d a t a  f r o m  t h e  n e a r e s t  
weather  s t a t i o n  i f  c a r e  i s  t a k e n  t o  o b t a i n  d a t a  f rom s t a t i o n s  a t  s i m i l a r  
a1 t i tudes ,  1  a t i  t udes ,  and aspec ts .  

Sources:  N a t i o n a l  Oceanic and Atmospher ic A d m i n i s t r a t i o n .  1974. 
C l i m a t e s  o f  t h e  S t a t e s .  Vo l .  I, E a s t e r n  S t a t e s  p l u s  P u e r t o  
R i c o  and U.S.  V i r g i n  I s l a n d s ;  Vo l .  XI, Western S t a t e s  i n c l u d i n g  
A laska  and Hawa i i .  Water I n f o r m a t i o n  Center ,  I n c . ,  P o r t  
Washington, NY.  975 pp. 

N a t i o n a l  Oceanic and Atmospher ic A d m i n i s t r a t i o n .  1978. 
C l i m a t e s  o f  t h e  S t a t e s ,  w i t h  c u r r e n t  t a b l e s  o f  normals  1941-1970 
and means and extremes t o  1975. James A. R u f f n e r ,  c o m p i l e r .  
V o l .  I, Alabama-Montana; Vo l .  11, Nebraska-Wyoming, P u e r t o  
R ico ,  and U.S. V i r g i n  I s l a n d s .  Gale Research Company, D e t r o i t ,  
M I .  

U.S. Department o f  Commerce, Env i ronmenta l  S e r v i c e s  Admin i s t ra -  
t i o n ,  Env i ronmenta l  Data  Serv i ce .  C l ima tog raphy  o f  t h e  U n i t e d  
S t a t e s .  No. 60-5. 

U.S. Weather Bureau. 1959-1960. C l ima tes  o f  t h e  S t a t e s ,  
1951-1960, C l ima tog raphy  o f  t h e  U n i t e d  S t a t e s ,  S e r i e s  86. 
U.S. Dept .  Commerce, Washington, DC. 



MEAN JULY AIR TEMPERATURE 

I f  mean J u l y  a i r  t empera tu res  a t  t h e  r e s e r v o i r  s i t e  a r e  n o t  a v a i l a b l e ,  
f o l  low t h e  same procedures  f o r  g row ing  season de te rm i  n a t i o n .  

Sources:  The f o u r  sources  1 i s t e d  under Growing Season and t h e  f o l  l o w i n g  

U.S. Weather Bureau.  C l i m a t i c  summary o f  t h e  U n i t e d  S t a t e s ,  
B u l l e t i n  W supplement, 1931-1952. C l imatography o f  t h e  U n i t e d  
S t a t e s ,  S e r i e s  11. U.S.  Dept .  Commerce, Washington, DC.  

STORAGE RATIO 

S to rage  r a t i o  i s  t h e  r a t i o  o f  r e s e r v o i r  volume ( a t  t h e  l i s t e d  e l e v a t i o n )  
t o  t h e  average annual d i s c h a r g e .  

Sources:  C o n s t r u c t i o n  agency r e c o r d s .  

Opera t i ons  schedu le .  

USGS f l o w  r e c o r d s  p l u s  r e s e r v o i r  volume. 

DEPTH OF OUTLET I N  RELATION TO MEAN DEPTH 

The o u t l e t  dep th  i s  t h e  m i d l i n e  dep th  o f  t h e  p r i n c i p a l  o u t l e t  a t  t h e  
l i s t e d  s u r f a c e  a rea ,  The p o s i t i o n  o f  t h e  o u t l e t  i n  r e l a t i o n  t o  mean d e p t h  i s  
above, be low,  o r  w i t h i n  t h e  m i d d l e  o n e - t h i r d  o f  t h e  mean d e p t h  (f 0.33 mean 
dep th ) .  

Sources:  C o n s t r u c t i o n  agency reco rds .  

Mean dep th  = vo lume/sur face area ( a t  f u l l  b a s i n ) .  

MAXIMUM FETCH 

The maximum u n i n t e r r u p t e d  d i s t a n c e  ac ross  t h e  l a k e  o r  r e s e r v o i r ' s  s u r f a c e  
i s  t h e  maximum f e t c h .  T h i s  a t t r i b u t e  can be  o b t a i n e d  f rom a map o f  t h e  
r e s e r v o i r  s i t e .  The d i r e c t i o n  o f  t h e  f e t c h  measured shou ld  p a r a l l e l  t h e  
d i r e c t i o n  o f  predominant  w inds  a t  the r e s e r v o i r  s i t e .  

Sources : Contour map. 

MEAN DEPTH 

Mean d e p t h  i s  t h e  l a k e  volume d i v i d e d  by i t s  s u r f a c e  area.  

S o u x e s :  R e s e r v o i r  s p e c i f i c a t i o n s  f rom c o n s t r u c t i o n  agency. 



MINERAL TURBIDITY 

T u r b i d i t y  o f  i n f l o w  streams i s  n o t  a  r e l i a b l e  i n d i c a t o r  o f  t u r b i d i t y  
l e v e l s  t o  be expected i n  t h e  impounded r e s e r v o i r ;  t h e r e f o r e ,  an approx ima t ion  
o f  expected t u r b i d i t y  can b e  o b t a i n e d  f rom d i r e c t  o r  e s t i m a t e d  Secchi  d i s k  
r e a d i n g s  a t  nearby r e s e r v o i r s  w i t h  s i m i  l a r  morphometry , i n f l o w  streams, 
a l t i t u d e ,  o p e r a t i o n a l  reg ime,  and o t h e r  a s s o c i a t e d  f a c t o r s .  

AREAL EXTENT OF SOTTOF COVEREE By STRUCTURAL L l Y I T S  

Des igna ted  s t r u c t u r a l  u n i t s  a r e  r u b b l e ,  b o u l d e r s ,  t r e e  stumps, o r  s i m i l a r  
s t r u c t u r e s  w h i c h  a r e  o v e r  7 cm i n  d i a m e t e r  and 50 cm h i g h .  

Sources:  S i t e  v i s i t  and v i s u a l  e s t i m a t i o n  o f  t h e  p e r c e n t  o f  bo t tom t h a t  
w i l l  be cove red  w i t h  s t r u c t u r a l  u n i t s .  

PERCENT STRUCTURAL UNITS ON DEEPEST HALF OF BOTTOM 

The deepest  h a l f  o f  bo t tom i s  t h a t  p o r t i o n  o f  l a k e  o r  r e s e r v o i r  l y i n g  
be low t h e  mid-depth  c o n t o u r .  Locate  and mark t h i s  c o n t o u r  on a t o p o g r a p h i c  
map; t h e n ,  i n  c o n j u n c t i o n  w i t h  a s i t e  v i s i t ,  de te rm ine  where t h i s  c o n t o u r  i s  
and v i s u a l l y  e s t i m a t e  what p e r c e n t  o f  a1 1  s t r u c t u r a l  u n i t s  a r e  be low it. A t  
l a r g e  r e s e r v o i r  s i t e s ,  e s t i m a t e  pe rcen tage  i n  s m a l l e r  a reas  and c a l c u l a t e  a  
mean f o r  t h e  e n t i r e  s i t e .  

Sources:  Contour  map. 

S i t e  v i s i t .  

MEAN HEIGHT OF STRUCTURAL UNITS AS A PERCENT OF MEAN DEPTH 

Des igna ted  mean d e p t h  i s  a t  f u l l  b a s i n ;  s t r u c t u r a l  u n i t s  a r e  b o u l d e r s ,  
s t a n d i n g  t i m b e r ,  t a l u s  f i e l d s ,  o r  any comb ina t ion  o f  t h e s e  o r  s i m i l a r  s t r u c -  
t u r e s .  I t  may be necessary  t o  measure t h e  s t r u c t u r e s  d i r e c t l y ,  because h e i g h t  
can be d e c e i v i n g  when v iewed f r o m  a di .s tance.  D i v i d e  mean h e i g h t  by  mean 
d e p t h  and mu1 t i p l y  by  100 t o  o b t a i n  a  p e r c e n t  v a l u e .  

Sources:  Contour  map. 

S i t e  v i s i t .  

Env i ronmenta l  impac t  s ta temen t .  

MEAN DENSITY OF STRUCTURAL UNITS 

D e n s i t y  i s  exp ressed  h e r e  a s  the  number o f  s t r u c t u r a l  u n i t s  p e r  h e c t a r e ,  
o b t a i n e d  by  v i s u a l  e s t i m a t i o n  d u r i n g  a s i t e  v i s i t .  



Sources:  S i t e  v i s i t .  

LINEAR EXTENT OF STRUCTURE I N  DEEPEST HALF OF RESERVOIR 

S t r u c t u r e s  here  r e f e r  t o  c l i f f s  o r  shoa ls  >45O. A  t o p o g r a p h i c  map w i t h  
f r e q u e n t  c o n t o u r  i n t e r v a l s  (I 20 f t )  shou ld  be used t o  e s t i m a t e  t h i s  a t t r i b u t e ,  
p a r t i c u l a r l y  f o r  s h a l l o w  r e s e r v o i r s .  To determine:  

( I )  D i v i d e  r e s e r v o i r  m a x i m u m  dep th  b y  two and s u b t r a c t  t h a t  number f r o m  
s u r f a c e  e l e v a t i o n  t o  o b t a i n  mid-depth e l e v a t i o n .  T o t a l  l e n g t h  o f  
t h e  mid-depth c o n t o u r  i s  de termined by r u n n i n g  a  wheeled map 
measur ing  d e v i c e  a1 ong t h a t  c o n t o u r .  

( 2 )  Loca te  and mark on t h e  c o n t o u r  map a l l  a reas  a t  o r  be low t h e  mid- 
d e p t h  c o n t o u r  wh ich  have s lopes  > 45°.3 Measure t h e  l e n g t h  o f  each 
c o n t o u r  l i n e  w i t h i n  t h e  marked s lope  areas .  

( 3 )  Sum t h e  l e n g t h s  o f  s e c t i o n s  o b t a i n e d  i n  (2 )  and d i v i d e  by t h e  mid-  
d e p t h  c o n t o u r  l e n g t h  o b t a i n e d  i n  ( i ) .  M u l t i p l y  by 100 f o r  a  p e r c e n t  
v a l  ue . 

I n  t h e  f i n a l  a n a l y s i s ,  t h e  q u e s t i o n  i s ,  " I s  t h e r e  a  l o t  o f  s t r u c t u r e  o r  
n o t  v e r y  much?" The c a l c u l a t e d  v a l u e  f o r  t h i s  a t t r i b u t e  can be compared w i t h  
a  v i s u a l  e s t i m a t i o n  d u r i n g  a  s i t e  v i s i t  and m o d i f i e d  a c c o r d i n g  t o  o n e ' s  b e s t  
judgment . 

Sources:  S i t e  v i s i t .  

Contour map. 

LINEAR EXTENT OF STRUCTURE AT FULL BASIN 

S t r u c t u r e s  a r e  c l i f f s  o r  shoa ls  >45O and d e t e r m i n a t i o n  i s  s i m i l a r  t o  t h a t  
o f  t h e  p r e c e d i n g  a t t r i b u t e ,  excep t  t h a t  f u l l  b a s i n  c o n t o u r  ( g r e a t e s t  s h o r e l i n e  
l e n g t h )  r e p l a c e s  t h e  mid-depth  c o n t o u r .  

Sources:  S i t e  v i  s i t ,  

Contour  map. 

MEAN HEIGHT OF CLIFFS OR SHOALS AS A  PERCENT OF MEAN DEPTH 

C l i f f s  o r  s h o a l s  a r e  d e s i g n a t e d  be low h i g h  w a t e r  l i n e  and mean d e p t h  i s  
a t  f u l l  b a s i n .  Mark t h e  maximum and minimum e l e v a t i o n s  o f  each c l i f f  o r  shoa l  

3A h e l p f u l  t o o l  f o r  t h i s  s t e p  i s  t h e  USGS Topo Map - Land Area and S lope  
I n d i c a t o r  f o r  use on 7 . 5  and 15 m i n u t e  s e r i e s  maps a v a i l a b l e  f rom Reproduc t i on  
S p e c i a l  i t e s ,  I n c . ,  4990 E a s t  Asbury  Avenue, Denver, CO 80222. 



on a  d e t a i l e d  c o n t o u r  map. Determine t h e  h e i g h t  o f  each a rea  and c a l c u l a t e  
t h e  mean h e i g h t  f o r  a1 1  a reas .  D i v i d e  t h i s  v a l u e  b y  mean dep th .  

Sources:  Contour  map. 

S i t e  v i s i t .  

EXTENT OF MAXIMUM DRAWDOWN 

E x t e n t  o f  drawdown i s  expressed as p e r c e n t  o f  maximum area a t  f u l l  p o o l ,  
and t h e  p e r i o d  o f  c o n s i d e r a t i o n  i s  5 y e a r s .  

Sources:  C o n s t r u c t i o n  agency o p e r a t i n g  p l a n s .  

TIME OF MAXIMUM DRAWDOWN 

Time i s  month(s) o f  t h e  y e a r ;  i t  i s  assumed t h e  r e s e r v o i r  i s  s t a t i c  o r  
f i l l i n g  i n  o t h e r  months. 

Sources:  C o n s t r u c t i o n  agency o p e r a t i n g  p l a n s  

Env i ronmen ta l  impac t  s ta temen t .  

SHORELINE DEVELOPMENT FACTOR (DL) 

The s h o r e l i n e  development f a c t o r  i s  an i ndex  o f  s h o r e l i n e  c o m p l e x i t y  and 
i s  c a l c u l a t e d  f r o m  t h e  e q u a t i o n  

where L = s h o r e l  i n e  l e n g t h  i n  m  and A  = s u r f a c e  area ( m 2 ) .  I f  an e x a c t  a r e a  
e s t i m a t e  i s  n o t  a v a i l a b l e ,  a  rough e s t i m a t e  o f  DL can be o b t a i n e d  b y  compar ing 

t h e  shape o f  t h e  proposed r e s e r v o i r  t o  t h e  r e s e r v o i r s  w i t h  known s h o r e l  i n e  
development f a c t o r s  g i v e n  i n  Appendix B. 

Sources:  Contour  map. 

Appendix B. 



THE USE OF PRIMARY ATTRIBUTE SCORES TO DETERMINE RESERVOIR 
DESCRIPTIONS AND SPECIES SUITABILITY 

Water temperature,  m inera l  t u r b i d i t y ,  n o n l i v i n g  cover,  e x t e n t  and t i m i n g  
o f  drawdown, and f requency o f  sha l low coves c o n s t i t u t e  t h e  f i v e  p r i m a r y  a t t r i -  
bu tes .  These a t t r i b u t e s  a r e  composites of two o r  more secondary a t t r i b u t e s  
w i t h  t h e  excep t ion  o f  m ine ra l  t u r b i d i t y ,  which i s  based on l e v e l s  o f  a  s i n g l e  
a t t r i b u t e .  Pr imary a t t r i b u t e  scores a r e  de r i ved  by  examining t h e  r e l a t i o n s h i p  
between se lec ted  secondary a t t r i b u t e  scores i n  a two-dimensional m a t r i x .  To 
determine a  p r imary  a t t r i b u t e  score,  l o c a t e  the  number ( u s u a l l y  1, 2, o r  3) i n  
t he  m a t r i x  t h a t  corresponds t o  t h e  l e v e l s  of  t h e  secondary a t t r i b u t e s  b e i n g  
cons idered on t h e  m a t r i x  axes. I n  c a l c u l a t i n g  t h e  p r imary  a t t r i b u t e  score f o r  
n o n l i v i n g  cover ,  two o r  more m a t r i c e s  may need t o  be examined s e q u e n t i a l l y  
before d e r i v i n g  t h e  score.  Numerical va lues en te red  i n  t h e  octagons become 
t h e  p r ima ry  a t t r i b u t e  scores i f  a1 1 app rop r i a te  c o n d i t i o n s  have been met. 

The f i v e - d i g i t  number r e s u l t i n g  from sco r i ng  each o f  t h e  f i v e  p r i m a r y  
a t t r i b u t e s  becomes t h e  r e s e r v o i  r d e s c r i p t i o n .  

F i  ve-d i  g i  t 
r e s e r v o i r  d e s c r i p t i o n  = 

To de te rmine  t h e  s u i t a b i l i t y  o f  t h e  r e s e r v o i r  f o r  t he  spec ies o f  concern, 
f i n d  t h e  r e s e r v o i r  d e s c r i p t i o n  and i t s  corresponding s u i t a b i l i t y  i n  Tables 1 
th rough 5. 



MATRICES FOR DERIVING PRIMARY ATTRIBUTE SCORES 

TEMPERATURE 

A  s e p a r a t e  tempera tu re  sco re  o p t i o n  i s  r e q u i r e d  f o r  each spec ies -  
tempera tu re  group;  i . e . ,  warmwater, c o o l w a t e r  and c o l d w a t e r  spec ies .  Examples 
o f  s p e c i e s  i n  each o f  t h e s e  groups a r e  g i v e n  below. 

Warmwater Cool wa te r  

B l a c k  c r a p p i e  Wh i te  sucker 
Smal lmou th  bass Wa l l  eye 
Common c a r p  Y e l l o w  pe rch  

Co ldwater  

Rainbow t r o u t  

The spec ies - tempera tu re  g roup  o f  concern must be i d e n t i f i e d  b e f o r e  p roceed ing  
w i t h  development o f  t h e  numer i ca l  r e s e r v o i r  d e s c r i p t i o n .  

O p t i o n  I :  Warmwater Spec ies  

a. C l i m a t e  score  

h 

V, 

2 a 
u b - 7 

A 
s 
0 
V, 0 
ns r-. 
w - 
V, I 

0 
cn N 
s - + 
.r 
3 
0 
L 0 
a N 

O p t i o n  I 
7 

v P r i m a r y  tempera tu re  

s c o r e  4 

160" 60-70" >70° F 
~ 1 5 "  15-21" >21° C 

Mean J u l y  a i r  temp. 

'When y o u  e n c o u n t e r  an octagon,  ENTER A  NUMBER. The number y o u  e n t e r  i s  t h e  
p r i m a r y  a t t r i b u t e  sco re  f o r  t h e  s e l e c t e d  a t t r i b u t e .  O n l y  one sco re  w i l l  be 
c a l c u l a t e d  f o r  each o f  t h e  f i v e  p r i m a r y  a t t r i b u t e s .  When one i s  completed,  go 
on t o  n e x t  p r i m a r y  a t t r i b u t e .  



Opt i on  11: Coo lwate r ,Spec ies  

To o b t a i n  a temperature score f o r  coo lwa te r  f i s h e s ,  t h r e e  secondary 
a t t r i b u t e s  need t o  be determined: 1) c l i m a t e  score; 2) o p e r a t i o n s  score;  and 
3) s t r a t i f i c a t i o n  score.  A f t e r  t h e y  a r e  determi  ned, scores f o r  t hese  secondary 
a t t r i b u t e s  a r e  combined t o  a r r i v e  a t  t h e  p r imary  temperature score.  

a. C l ima te  score  

Mean J u l y  a i r  temp. 

b. Opera t ions  score 

h 

Below W i t h i n  Above 
M i d d l e  

1 /3 

Depth o f  o u t l e t  i n  
r e l a t i o n  t o  mean depth 



c. Stratification score 

<2 2-6 >6 

Maximum fetch (km) 

The climate score (a) above is used to determine which o f  the following 
three matrices will be used to derive the Option I1 coolwater species tempera- 
ture score. 

I f  climate score = 1 

1 2 3 

S t r a t i f i c a t i o n  score 

Option I 1  

Primary temperature 
score 



If climate score = 2 

Strat i f icat ion score 

If climate score = 3 

1 2 3 

Stra t i f ica t ion  score 

Option I 1  

Primary temperature 
score 

Option I1  

Primary temperature 
score 



Option 111: Coldwater Species 

Option I11 
Primary temperature 

score 

Mean July a i r  temp. 

MINERAL TURBIDITY 

The degree of muddiness of the water ,  caused by mineral t u r b i d i t y ,  i s  
estimated from e i t h e r  d i r e c t  o r  approximate Secchi d i sk  readings a t  nearby 
s imi lar  r e s e rvo i r s .  Approximate Secchi d i sk  depths can be based on user 
judgement i f  d i r e c t  measurements a r e  not poss ible .  

Three level s of mineral t u rb id i t y  a r e  considered: 

Secchi d i sk  depth more than 
one-half time due t o  mineral 
t u r b id i t y  

Primary water 
qua1 i t y  score 

sThis matrix d i f f e r s  from t h a t  used fo r  warmwater species in t h a t  Ju ly  a i r  
temperatures and growing season a r e  reversed on t h e i r  axes. The scoring 
procedure remai ns the  same. 



NONLIVING COVER 

Ra t i ng  o f  n o n l i v i n g  cover  o r  s t r u c t u r e  i s  based on t he  types  o f  cover  
t h a t  a r e  l i k e l y  t o  be inundated  by the  new r e s e r v o i r .  Three cover  o p t i o n s  a r e  
descr ibed :  

I. Boulders,  s tand ing  t imbe r ,  t a l u s  f i e l d s  - i n d i v i d u a l l y  o r  i n  any 
combinat ion.  

11. Steep (> 4 5 O )  shoals o r  c l i f f s .  

111. Combination o f  o p t i o n s  I and 11. 

N o n l i v i n g  Cover M a t r i x  1 

Opt ion  I. Boulder ,  s tand ing  t imbe r ,  and t a l u s  

- 

.r 
c+ 
3 0  M dP 

0 0 
I-+ m m 
7 I L I 
~a o o o  
3 C  I-- h 
C, 

Areal  e x t e n t  o f  bottom Mean d e n s i t y  o f  s t r u c t u r a l  u n i t s  
( u n i  ts /ha)  

Cover r a t i n g  f o r  Opt ion  I i s  d e r i v e d  f rom a 
combinat ion o f  scores f rom M a t r i x  1A and 15. 



1  2 

Score 1 A 

N o n l i v i n g  Cover M a t r i x  2 

Opt i on  11. C l i f f s  and shoa ls  

Opt ion  I 

Primary nonliving 
cover score 

Linear extent  o f  s t ruc tu re  
a t  f u l l  basin 



1 2 3 

Score from Option 2A 

Option I 1  

Primary nonl i v i  ng 
cover score 

Nonliving Cover Matrix 3 

Option 111. If ta lus  f i e l d s  are present i n  association with c l i f f s  or  
shoals, the scores from Options I and I1 are combined t o  derive the f inal  
structure score: 

1 2 3 

Score Option 2 

Option I11 

Primary nonl i v i n g  
cover score 



DRAWDOWN EXTENT AND T I M I N G  

Fl uctuation score 

Mar-Jul Aug-Oct Nov-Feb 

SHALLOW COVE FREQUENCY 

Primary drawdown 
extent  and timing score 

Primary shallow cove 
frequency score 

< 5 5-10 > I 0  

Shore1 ine development 
fac to r  
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APPENDIX A 

RULES FOR ASSIGNING RESERVOIR HABITAT 
S U I T A B I L I T Y  RATINGS 

The f o l l o w i n g  s e t s  o f  r u l e s  f o r m  t h e  bases f o r  d e t e r m i n i n g  t h e  l e v e l  of 
h a b i t a t  s u i t a b i l i t y  f o r  a l l  243 f i v e - d i g i t  r e s e r v o i r  d e s c r i p t i o n s  f o r  each 
spec les  under c o n s i d e r a t i o n .  To use the r u l e s ,  proceed s e ~ u e n t i a l l y  o n l y ;  a l l  
low,  a l l  l ow medium, a l l  h i g h  medium, and a l l  h i g h .  When one o r  more c o n d i -  
t i o n s  f o r  a  r u l e  a r e  met, use t h e  co r respond ing  s u i t a b i  1  i t y  r a t i n g .  E x p e r i e n c e  
o r  f u r t h e r  r e v i e w  may d i c t a t e  changes i n  one o r  more r a t i n g  ass ignments .  I n  
each d e s c r i p t i o n ,  A  = tempera ture ;  B = m i n e r a l  t u r b i d i t y ;  C = n o n l i v i n g  c o v e r ;  
D = maximum drawdown; and E = f requency o f  sha l l ow ,  p r o t e c t e d  coves.  

BLACK CRAPPIEb 

I f  A =  1 ( u n l e s s  D = E =  3) o r  

B = l  

I f  n o t  as above, and C = E = 1 o r  

D = l  

I f  n o t  as  above, and A = 2 o r  
O = 2 o r  I 

I f  n o t  as above 1 

Low 

Low Medi um 

High Medium 

H igh  

c A  = Temperature O p t i o n  I, warmwater spec ies .  



WHITE SUCKER7 " 

Low 

If n o t  as above, and A = 1 o r  
B = 1 o r  I M e d i u m  
D = 1  

I f  n o t  as above, and  A = B = 2 o r  
$ , = c = z  at- I ~ j y + l  Medium 
B = D = 2  

If n o t  as above ) H i  g h  

PUT-AND-GROW RAINBOW TROUTg"o 

Low 

If n o t  as above, and  A = B  = 2 o r  
D = l o r  

E =  1 a n d A = Z o r  I Low Medi  um 

E = l a n d B = Z  

I f  n o t  as above, and  A = 2 o r  1 
H i g h  Medium 

I f  n o t  as above 1 High 

YELLOW PERCHB 

I f B = 1  1 Low 

I f  n o t  a s  above, and  A = 1 o r  
D = 1 o r  Low Medi urn 
B = 2  

I f  n o t  a s  above, and  C = 1 o r  
E = 1 o r  H i  gh Medium 
A = D = Z  

I f  n o t  as above } High 

7 C  and E were i r r e l e v a n t  f o r  w h i t e  sucker and w e r e  not used, 
8 A = Temperature O p t i o n  11, coo lwa te r  species.  

9 C  i s  i r r e l e v a n t  f o r  r a i n b o w  t r o u t  and was n o t  u s e d .  
"A = Temperature O p t i o n  111, co ldwa te r  spec ies .  



I f  A = 1 and D = 1 o r  
A = l  a n d E = l o r  I 
A =  1 and E =  2 o r  
B = D = l  I 

I f  n o t  as  above, and A = 1 o r  
B = l o r  
D = l  

I f  n o t  as  above, and E = 1 o r  

B = D = 2 o r  

If n o t  as  above } 

l l C  i s  i r r e l e v a n t  f o r  c a r p  and was n o t  used. 
1 2 A  = Temperature O p t i o n  I, warmwater species.  

Low 

Low Medi urn 

High Medium 

High 



APPENDIX 6 

LAKESHORES AND KNOWN SHORELINE DEVELOPMENT FACTORS 







Pathf inder Reservoir, Wyoming 
22,000 a 

SDF = 10.6 

Semi noe Reservoi r ,  
20,100 a 

SDF = 9.1 

Wyoming 
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APPENDIX C . JUSTIFICATION OF PATTERN JUDGEMENTS IN 
HABITAT EVALUATION 

Th i s  account of t h e  procedure used by t he  a u t h o r s  i n  ass ign ing  s u i t a b i l i t y  
r a t i n g s  t o  each r e s e r v o i r  d e s c r i p t i o n  should he1 p r e a d e r s  understand t h e  
d iscuss ions  t h a t  f o l l o w  and i n  t u r n  enable them t o  modi fy  t h e  r e s e r v o i r  
eva lua t i on  system o r  c r e a t e  new systems f o r  o ther  s p e c i e s  of f i s h  o r  types of  
h a b i t a t .  I n i t i a l l y ,  we used publ ished l i t e r a t u r e ,  i n f o r m a l  records,  and ou r  
e x p e r t i s e  t o  s e l e c t  r e s e r v o i r s  which we judged t o  h a v e  h i g h  s u i t a b i l i t y  o r  low 
s u i t a b i l i t y  f o r  a  g i v e n  species.  Desc r i p t i ons  o f  t h e s e  r e s e r v o i r s  were 
cons t ruc ted  and examined f o r  con junct ions.  We a1 s o  c o n s i d e r e d  r e s e r v o i r s  o f  
medium h a b i t a t  s u i t a b i l i t y  f o r  t he  species be inq c o n s i d e r e d  t h a t  had an extreme 
q u a l i t y  l e v e l  (1 o r  3) f o r  one a t t r i b u t e  on l y .  

G e n e r a l i t i e s  r e g a r d i n g  t he  r e l a t i v e  importance o f  e a c h  o f  t he  f i v e  p r imary  
a t t r i b u t e s  were developed and then c r i t i c i z e d .  E x c e p t i o n s  t o  g e n e r a l i t i e s  
were no ted  as p o s s i b l e  evidence f o r  i n t e r a c t i o n s  b e t w e e n  p a i r s  o f  a t t r i b u t e s .  
A t  t h i s  p o i n t ,  we were a b l e  t o  agree on a  t e n t a t i v e  s e t  o f  r u l e s  f o r  ass i gn ing  
h a b i t a t  s u i t a b i l i t i e s .  I n  the process o f  a p p l y i n g  these  r u l e s  t o  each 
r e s e r v o i r  d e s c r i p t i o n ,  i n cons i s t enc ies  and c o u n t e r - i  n t u i t i v e  r a t i n g s  were 
noted and t h e  t e n t a t i v e  r u l e s  were mod i f i ed  a c c o r d i n g l y .  The f i n a l  r u l e s  a re  
descr ibed  i n  Appendix A .  

The r e l a t i v e  simp1 i c i  t y  of p a t t e r n  judgement s y s t e m s  d e r i v e s  f rom t h e  
f a c t  t h a t  each r e s e r v o i r  d e s c r i p t i o n  must be e x a m i n e d  and judged by one o r  
more f i s h e r y  b i o l o g i s t s ,  It would o n l y  be necessary  t o  r a i s e  t he  number o f  
a t t r i b u t e  q u a l i t y  l e v e l s  t o  4  t o  b r i n g  t he  number o f  r e s e r v o i r  d e s c r i p t i o n s  t o  
1024 (45 ) .  Each d e s c r i p t i o n  i s  a  separate p e r m u t a t i o n  ( n o t  a  combinat ion) 
because t h e  o r d e r  of t h e  t h ree  a t t r i b u t e  q u a l i t y  l e v e l s  has s i g n i f i c a n c e .  
F i ve  q u a l i t y  l e v e l s  o f  5 a t t r i b u t e s  would y i e l d  3125 pe rmu ta t i ons ,  a r a t h e r  
unwie ldy number o f  judgements t o  ponder. 

The ques t i on  t h a t  each User o r  system b u i l d e r  m u s t  ask about the  number 
o f  a t t r i b u t e  qua l  i t y  1  eve1 s i 5 ,  "What number o f  h a b i t a t  d e s c r i p t i o n s  i s  
j u s t i f i e d ? "  Put  ano the r  way, t he  quest ion might  b e c o m e ,  " I s  ou r  knowledge of 
t h e  r e l a t i o n  between h a b i t a t  a t t r i b u t e s  and the  we1 fare of  most success fu l l y  
s t ud ied  spec ies s u f f i c i e n t l y  r e f i ned  t o  warrant  a l a r g e  number of h a b i t a t  
d e s c r i p t i o n s ? "  W i t h  t h e  p resen t  format o f  243 d e s c r i p t i o n s ,  a t  l e a s t  4 hours 
were r e q u i r e d  t o  dec ide  t h e i r  meaning f o r  a  spec ies  - T h e  j udg ing  panel ( t h e  
au thors )  seldom f e l t  t h a t  what i s  known about the  r e l a t i  o n  between t h e  spec ies 
and t h e  a t t r i b u t e s  j u s t i f i e d  more than t h r e e  a t t r i b u t e  qua l  i t y  l e v e l s .  

The number o f  a t t r i b u t e s  may be more germane t h a n  t h e  number of q u a l i t y  
l e v e l s .  T h i s  i s  'rue i f  t h e  pattern j u d g e m e n t  method i s  extended 



t o  a  d i v e r s i t y  o f  e x i s t i n g  h a b i t a t  types ( r i v e r s ,  streams, n a t u r a l  i a k e s ,  and 
p o s s i b l y  t e r r e s t r i a l  env i ronments) .  We are ,  i n  e f f e c t ,  making i n d u c t i o n s  when 
c o n s t r u c t i n g  any model .  One o f  t h e  g u i d e l i n e s  f o r  g e n e r a t i n g  i n d u c t i o n s  i s  
t h a t  mu1 t i p 1  e  a t t r i b u t e s  more c o n v i n c i n g l y  suppor t  a  genera l  i t y  about  n a t u r e  
t h a n  do r e f i n e d  i n t e r p r e t a t i o n s  o f  one o r  two a t t r i b u t e s .  As w i t h  q u a l i t y  
l e v e l s ,  t h e  number o f  p o s s i b l e  h a b i t a t  d e s c r i p t i o n s  i n c r e a s e s  r a p i d l y  as 
a t t r i b u t e s  a r e  added. 

I n  t h e  system d e s c r i b e d  i n  t h e  body of  t h i s  r e p o r t  t h e  number o f  a t t r i b -  
u t e s  i s  reduced b y  c o n f l a t i n g  18 secondary attrjbutes i n t o  f i v e  p r i m a r y  
a t t r i b u t e s  (some m i g h t  p r e f e r  t o  reve rse  t h e  terms secondary and p r i m a r y ) .  We 
would  have p r e f e r r e d  t o  have ma in ta ined  t h e  separa te  i d e n t i t i e s  of  most  o f  
t hese  18 a t t r i b u t e s ,  b u t  t h i s  i s  i m p r a c t i c a l  i f  n o t  imposs ib le .  On t h e  o t h e r  
hand, we c o u l d  have c o n f l a t e d  a  g r e a t e r  number o f  secondary a t t r i b u t e s  b y  t h e  
same process.  We t h i n k  i t  i s  i m p o r t a n t  n o t  t o  combine secondary a t t r i b u t e s  so 
u n r e l a t e d  t h a t  t h e  p r i m a r y  a t t r i b u t e  l o s e s  meaning and becomes an a b s t r a c t i o n .  
When t h i s  i s  done, t h e  r e s u l t i n g  p r i m a r y  a t t r i b u t e s  do n o t  r e l a t e  t o  t h e  
p r a c t i c a l  exper ience  o f  f i s h e r y  managers. Managers would t h u s  have no b a s i s  
f o r  agreement. I t  shou ld  be n o t e d  t h a t  t h e  process o f  combin ing secondary 
a t t r i b u t e s  i s  judgemental  and can be a l t e r e d  s imp ly  by changing t h e  numbers i n  
t h e  m a t r i c e s  r e p r e s e n t i n g  a t t r i b u t e  q u a l i t y .  

Most spec ies  o f  f i s h  a r e  n o t  expected t o  p r o s p e r  i n  l a r g e  r e s e r v o i r s  and 
a r e  n o t  even c o n s i d e r e d  as cand ida tes  f o r  a  r e s e r v o i r  p o p u l a t i o n .  Most  
d a r t e r s ,  s e v e r a l  suckers,  dace, and minnows i n h a b i t i n g  smal l  s t reams can be 
a u t o m a t i c a l l y  removed f rom c o n s i d e r a t i o n .  T h i s  a l s o  wou ld  be t r u e  f o r  spec ies  
o f  minnows o r  sucke rs  adapted t o  l a r g e ,  s w i f t ,  muddy r i v e r s ,  Some spec ies  
o n l y  found  i n  sma l l  s p r i n g s  o r  sha l l ow  swampy wa te rs  a r e  u s u a l l y  absen t  i n  
r e s e r v o i r s  wh ich  have inunda ted  t h e i r  p r e f e r r e d  h a b i t a t .  Th i  s  wou ld  i n c l  ude 
rnudmi nnows (Umbridae) , most k i  11 i f i shes (Cypr i  nodont idae)  , and s p e c i a l  i zed 
sma l l  c e n t r a r c h i d s .  S p o r a d i c a l l y ,  i n d i v i d u a l s  o f  spec ies  n o t  u s u a l l y  r e p r o -  
d u c i n g  and s u r v i v i n g  i n  l a r g e  r e s e r v o i r s  may t u r n  up i n  e x t e n s i v e  c o l l e c t i o n s ,  
presumably h a v i n g  d r i f t e d  i n  f r o m  more s u i t a b l e  h a b i t a t s  on t h e  d r a i n a g e .  I t 
seems most  p r a c t i c a l  i n  d e v e l o p i n g  f u t u r e  h a b i t a t  s u i  t a b i  1  i t i e s  f rom p a t t e r n  
judgements t o  c o n s i d e r  f i r s t  t hose  spec ies  which,  a t  l e a s t  o c c a s i o n a l l y ,  
deve lop  s i g n i f i c a n t  r e p r o d u c i n g  p o p u l a t i o n s  i n  t h e  s e t  o f  r e s e r v o i r s  h e r e i n  
d e f i n e d  as b e i n g  s u b j e c t  t o  p a t t e r n  judgments. Species o f t e n  m a i n t a i n e d  b y  
s t o c k i n g  [e. g. , ra inbow t r o u t ,  w a l l  eye ( S t i z o s t e d i o n  v i  t reum v i  t reum),  and 
channel  c a t f i s h  ( I c t a l u r u s  p u n c t a t u s ) ]  d e s p i t e  1  i t t l e  hope o f  r e p r o d u c t i o n ,  
would,  o f  course,  b e  i n c l u d e d  as  expected r e s e r v o i r  spec ies .  

D e s c r i p t i o n s  o f  s u i t a b l e  h a b i t a t s  f o r  one spec ies  may be s i m i l a r  t o  t h o s e  
f o r  o t h e r  spec ies  n a t u r a l l y  o c c u r r i n g  t o g e t h e r .  W h i l e  t h i s  a l s o  i s  l i k e l y  f o r  
many f i s h  i n  a  s i n g l e  genus i t  i s  n o t  n e c e s s a r i l y  so. S u i t a b l e  h a b i t a t  f o r  
t h e  b l a c k  basses s h o u l d  d i f f e r  l i t t l e  f rom t h a t  f o r  b l a c k  c r a p p i e ,  w h i l e  w h i t e  
c r a p p i e  (Pomoxis a n n u l a r i s )  h a b i t  may be i d e n t i c a l  a t  t h e  d i s c r i m i n a t i o n  l e v e l  
o f  t h e  d e s c r i p t i o n s .  The f o r e g o i n g  obse rva t i ons  suggest  t h a t  g r o u p i n g  s p e c i e s  
a c c o r d i n g  t o  s i m i l a r  h a b i t a t  needs may make t h e  development o f  new s p e c i e s  
s u i t a b i l i t y  r a t i n g s  an e a s i e r  t a s k  than  i f  f i s h  w i t h  s i m i l a r  h a b i t a t  needs 
were c o n s i d e r e d  c o n s e c u t i v e l y .  

Curso ry  i n s p e c t i o n  of t h e  243 r e s e r v o i r  d e s c r i p t i o n s  r e v e a l s  t h a t ,  
a l t h o u g h  t h e  p e r m u t a t i o n s  o f  t h r e e  q u a l i t y  l e v e l s  f o r  each o f  the f i v e  
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a t t r i b u t e s  may p r o g r e s s  i n  any of seve ra l  p o s s i b l e  o r d e r s  o f  change, t h e  sums 
o r  p r o d u c t s  o f  t h e  qual  i t y  l e v e l s  do  n o t .  ' The same sums o r  p r o d u c t s  o f  
numer i ca l  qua l  i t y  l e v e l  s  a r e  repeated f o r  d i v e r s e  s u i  t a b i  1  i ty  indexes.  Th i  s  
c h a r a c t e r i s t i c  p r e c l u d e s  any s imple  s c o r i n g  systems. F u r t h e r  exper imen t ing  
w i t h  s c o r i n g  systems based on s imple  p o l y n o m i a l s  o r  assignment o f  s e l e c t i v e  
powers t o  q u a l i t y  l e v e l s  a c c o r d i n g  t o  t h e i r  impor tance i n  d e t e r m i n i n g  h a b i t a t  
s u i  t a b i  1  i t y  1  eve1 s  a1 so i s  p rec luded  b y  t h e  f o r e g o i n g  c h a r a c t e r i s t i c s  and t h e  
chang ing i n f l u e n c e  o f  q u a l i t y  l e v e l s  a s  q u a l i t y  i n c r e a s e s .  To f u r t h e r  comp l i -  
c a t e  t h e  a t t e m p t  t o  c o n v e r t  judgements i n t o  formulae,  a  l o w  q u a l i t y  l e v e l  
(e .9 . )  may occas iona l l y  be r t i t 'ga ter?  by a high l e v e l  o f  ano the r  a t t r i b c t e .  
There may be procedures  f o r  c o n v e r t i n g  some p a t t e r n  judgement systems i n t o  
s c o r i n g  systems, b u t  t h e y  wou ld  be d i f f i c u l t  t o  d i s c o v e r  and wou ld  v a r y  f o r  
d i f f e r e n t  spec ies .  W h i l e  s c o r i n g  systems t h a t  p r o v i d e  a  s i n g l e  number r a t i n g  
f o r  h a b i t a t  s u i t a b i l i t y  f r o m  a  con t inuous  sca le  o f  va lues  have an appeal  t o  
use rs  p r e f e r r i n g  a  g r e a t e r  number o f  h a b i t a t  s u i t a b i l i t y  l e v e l s ,  t h e y  may 
p r e c l u d e  i n t u i t i v e  unders tand ing  o f  t h e  reason f o r  o r  meaning o f  d i f f e r e n c e s  
i n  p a r t i c u l a r  h a b i t a t  s u i t a b i l i t y  r a t i n g s .  T h i s  i n  t u r n  d e p r i v e s  t h e  u s e r  o f  
a  s imp le  f i e l d  c r i t i q u e  and r a p i d  m o d i f i c a t i o n  o f  t h e  model i n  te rms o f  h i s  o r  
h e r  exper ience .  The p o s s i b i l i t y  e x i s t s  t h a t  h a b i t a t  s u i t a b i l i t y  i n d i c e s  
d e r i v e d  m a t h e m a t i c a l l y  may never agree even approx ima te l y  w i t h  p a t t e r n  judge- 
ments f o r  t h e  same r e s e r v o i r s  even when u s i n g  t h e  same a t t r i b u t e s .  P o s s i b l e  
i n t e r p r e t a t i o n s  o f  t h i s  s i t u a t i o n  a r e  t h a t  b o t h  a r e  e q u a l l y  i n c o r r e c t ,  o r  t h a t  
one o r  t h e  o t h e r  procedure  l e a d s  t o  r e s u l t s  more c o r r e c t  t han  t h e  a l t e r n a t i v e .  
R e s u l t s  d i f f e r i n g  s i g n i f i c a n t l y  cannot  b o t h  be c o r r e c t  when h a b i t a t  a t t r i b u t e s  
a r e  t h e  same. 

I n  t h e  e v e n t  t h a t  a  s t a t i s t i c a l l y  d e r i v e d  s e t  o f  h a b i t a t  s u i t a b i l i t y  
i n d i c e s  d i f f e r s  s e r i o u s l y  f rom p a t t e r n  judgements based on t h e  same da ta ,  
t h e r e  i s  no i n t r i n s i c  reason f o r  presuming t h a t  e i t h e r  one i s  more c o r r e c t  
because o f  t h e  t e c h n i q u e  used. T h i s  seems t o  be apparent  f o r  judgements b u t  
n o t  f o r  s t a t i s t i c a l  t echn iques .  T h i s  i s  n o t  t h e  a p p r o p r i a t e  p l a c e  f o r  a  
d e t a i l e d  d i s c u s s i o n  on t h e  misuses o f  s t a t i s t i c s .  L e t  i t  s u f f i c e  h e r e  t o  
p o i n t  o u t  t h a t  f i e l d  d a t a  based on sampl ing  can r a r e l y ,  i f  ever ,  be conc lu -  
s i v e l y  ana lysed  b y  m u l t i p l e  r e g r e s s i o n  techn iques .  Conf idence l i m i t s  r e g a r d i n g  
p r e d i c t i o n s  o f  some aspec t  o f  f i s h  w e l f a r e  (e.g.,  s tand ing  c r o p )  can  be c a l c u -  
l a t e d ,  b u t  when t h e  assumpt ions o f  t h e  r e g r e s s i o n  model a r e  n o t  reasonab ly  
met, e s t i m a t e s  o f  t h e  r e l i a b i l i t y  o f  t h e  p r e d i c t i o n s  a r e  i l l u s i o n s .  When 
r e g r e s s i o n  p rocedures  a r e  n o t  l e g i t i m a t e ,  c o r r e l a t i o n  o f t e n  becomes a second 
b e s t  a l t e r n a t i v e .  C o r r e l a t i o n ,  u n l i k e  r e g r e s s i o n ,  i s  n o t  capab le  o f  p r e d i c t i n g  
t h e  l o c a t i o n  o f  new p o i n t s  on a  graph g i v e n  new v a l u e s  o f  one o r  t h e  o t h e r  
v a r i a b l e .  T h i s  i s  so because t h e  c o r r e l a t i o n  c o e f f i c i e n t  (r) does n o t  d e f i n e  
a  r e l a t i o n s h i p  between p a i r s  o f  v a r i a b l e s  wh ich  can be used t o  draw a  l i n e  on 
a  graph.  The absence of  a  l i n e  d e f i n i n g  t h e  most l i k e l y  r e l a t i o n s h i p  between 
s e t s  o f  v a r i a b l e s  a l s o  p r e c l u d e s  t h e  c o n s t r u c t i o n  o f  con f idence  b e l t s  and 
t h e r e f o r e  p r e c l  udes s ta temen ts  o f  r e 1  i a b i  1  i t y  about  p r e d i c t i o n s  f o r  i n d i v i d u a l  
r e s e r v o i r s .  The f a c t  t h a t  c o r r e l a t i o n s  a r e  a l l  we can d e r i v e  i n  most  compara- 
t i v e  s t u d i e s  o f  h a b i t a t  a t t r i b u t e s  and f i s h  w e l f a r e  does n o t  g i v e  us l i c e n s e  
t o  m i s i n t e r p r e t  them. T h e i r  most l e g i t i m a t e  use i s  t o  h e l p  make judgements. 

lNone cause t h e  h a b i t a t  s u i t a b i l i t y  i ndexes  t o  p r o g r e s s  i n  an e v e r  i m p r o v i n g  
f a s h i o n ,  a  c o n d i t i o n  wh ich  c o u l d  l e a d  t o  a  s i n g l e  f o r m u l a  system. 



The h a b i t a t  su i  t a b i  1  i t y  1  eve1 s  p r e d i c t e d  by p a t t e r n  judgement model s  have 
no p r e d i c t i v e  confidence b e l t s  assoc ia ted w i t h  them, b u t ,  as po in ted  o u t  
e a r l i e r ,  n e i t h e r  do c o r r e l a t i o n  based models desp i t e  presumptions t o  t h e  
con t ra r y .  I n  e f f e c t ,  p a t t e r n  judgements must be based on s imple c o r r e l a t i o n s  
and con junc t i ons  r e c a l l e d  by work ing b i o l o g i s t s  w i t h  t h e  a i d  o f  f i e l d  notes,  
a d m i n i s t r a t i v e  r epo r t s ,  and t h e  pub l i shed  l i t e r a t u r e .  Publ ished l i t e r a t u r e  i s  
o f t e n  d i s a p p o i n t i n g  because o f  t h e  s c a r c i t y  o f  da ta  needed f o r  p a t t e r n  judge- 
ments. Local  i n p u t  i n  c o n s t r u c t i n g  p a t t e r n  judgement systems i s  t h e r e f o r e  a 
necess i t y .  Exper ienced f i  shery b i o l o g i s t s  o f ten  have a  remarkably ex tens i ve  
r e c o r d  of r e s e r v o i r  a t t r i b u t e s  and pas t  and present  f i s h  populations f o r  a 
l a r g e  number o f  waters. The u l t i m a t e  p a t t e r n  judgement system should be 
reg iona l  and based on mod i f i ca t i ons  by users who have compared system o u t p u t  
t o  t h e i r  exper ience. 

Desp i te  t h e  l a c k  of p r e d i c t i v e  confidence i n f o rma t i on ,  r a t i n g s  o f  t h e  
lowes t  h a b i t a t  s u i t a b i l i t y  ( low)  should be more l i k e l y  t o  be c o r r e c t  than  
r a t i n g s  o f  t h e  upper t h r e e  ( low medium, h i gh  medium, and h igh)  s u i t a b i l i t i e s .  
When hypotheses and data a re  presumed t o  be co r rec t ,  t h e  c u r r e n t  concensus on 
t h e  l o g i c  o f  science i s  t h a t  hypotheses f o rb i dd ing  something under c e r t a i n  
r e l a t i v e l y  unchanging c o n d i t i o n s  a re  more j u s t i f i e d  than  those p r e d i c t i n g  t h e  
occurrence o f  something. The presence o f  a l l  permanent and p r e d i c t a b l e  h a b i t a t  
a t t r i b u t e s  necessary f o r  t he  w e l f a r e  o f  a  f i s h  species i s  no t  s u f f i c i e n t  t o  
assure i t s  we l f a re .  The unp red i c t ab le  b u t  necessary a t t r i b u t e s  assoc ia ted  
w i t h  t h e  vagar ies  of the  t o t a l  popu la t i on  o f  f i s h  i n  a  r e s e r v o i r  and those o f  
c l i m a t e  can decrease the ac tua l  degree o f  success o f  a  species.  I n  c o n t r a s t ,  
any necessary a t t r i b u t e  f o r  success o f  a  species, when absent, becomes 
s u f f i c i e n t  t o  j u s t i f y  a  nega t i ve  p r e d i c t i o n .  

Many o f  t h e  fo rego ing  exp lana t ions  a r e  in tended t o  r e f u t e  t h e  n o t i o n  t h a t  
formal mathematical  o r  l o g i c a l  procedures guarantee t h e  cor rec tness  o f  p r e d i c -  
t i o n ,  and t h a t  i n t u i t i v e  judgements are n o t  l i k e l y  t o  be r i g h t .  Respected 
s t a t i s t i c i a n s  c o n s i s t e n t l y  emphasize t h a t  s t a t i s t i c s  i s  o n l y  a system f o r  
gu id i ng  judgements and demonst ra t ing t h a t  judgements a re  n o t  has t y  o r  
emot iona l .  Anyone who asks which method i s  t he  more s c i e n t i f i c  has o n l y  
demonstrated a  l a c k  of f a m i l i a r i t y  w i t h  cu r ren t  views on t he  s c i e n t i f i c  method. 
There i s  no consenus among those  w r i t e r s  recognized as a u t h o r i t i e s ,  b u t  t h e  
most conserva t i ve  o f  t h e i r  views i s  t h a t  c a r e f u l  judgement w e l l  supported i s  
t h e  b a s i s  f o r  accept ing and r e j e c t i n g  a1 1  hypotheses. There i s  no method f o r  
a b s o l u t e l y  p rov i ng  o r  d i sp rov i ng  any hypothesis.  There i s  no way f o r  a  f i  shery 
manager t o  escape r e s p o n s i b i l i t y  f o r  h i s  o r  her dec i s i ons  o r  p r e d i c t i o n s .  
F a i r l y  o r  u n f a i r l y ,  a l l  dec i s i ons  i nvo l ve  judgements and, as such, a l l  have 
t h e  poss i  b i  1  i ty  o f  be ing i n c o r r e c t .  



COMMENTS ON BIBLIOGRAPHY 

To be c o n s i s t e n t  w i t h  t he  nontechnica l  s t y l e  i n  which t h i s  r e p o r t  i s  
w r i t t e n ,  o r i g i n a l  sources a re  n o t  c i t e d  i n  t h e  t e x t  o f  Appendi,y C .  W r i t i n g s  
about t h e  l o g i c  o f  science a l s o  a re  f r e q u e n t l y  n o t  amenable t o  unders tanding 
by  r ead ing  a s i n g l e  paragraph o r  passage ou t  o f  con tex t .  The b i b1  iography was 
l i m i t e d  t o  t he  f o u r  sources which were t h e  most h e l p f u l .  The f o u r  books 
l i s t e d  rep resen t  c u r r e n t  mainstream views. T h e i r  l i s t i n g  i n  no way suggests 
t h a t  t h e y  a r e  easy read ing  o r  a re  recommended f o r  a l l  resource b i o l o g i s t s .  
They a l l  emphasize t h e  dominant r o l e  o f  p ro fess i ona l  judgement i n  p resen t  day 
science. 



ANNOTATED BIBLIOGRAPHY OF SOURCES FOR IDEAS ABOUT 
JUDGEMENTS I N  SCIENCE AND LOGIC 

B a r r e t t ,  W .  1979, The i l l u s i o n  o f  techn ique.  Anchor Press/Doubleday.  
Garden City, NY. 392 pp. 

P a r t  1 o f  t h i s  book i s  a  popu la r i zed ,  w e l l - w r i t t e n  account  o f  Ludwig 
W i t t g e n s t e i n ' s  a t t a c k  on t h e  use o f  l o g i c  and mathematics t o  " c o n c l u s i v e l y  
prove" r e a l i t y .  I t  emphasizes t h e  u n a v o i d a b i l i t y  o f  s u b j e c t i v i t y  i n  a1 1 
t h i n k i n g  even when we b e l i e v e  we a r e  be ing  o b j e c t i v e .  W i t t g e n s t e i n  i s  
cons ide red  t o  have been one o f  t h e  g r e a t e s t  i n f l u e n c e s  on s c i e n t i f i c  
l o g i c  i n  t h e  2 0 t h  Century .  Note t h a t  p a r t  I 1  i s  n o t  r e l e v a n t  t o  t h e  
s u b j e c t  of  t 5 i s  r e p o r t .  

Brown, H. I. 1977. Percept ion ,  t heo ry  and commitment. The U n i v e r s i t y  o f  
Chicago Press,  Chicago. 203 pp. 

Brown's book c o u l d  a l s o  be c a l l e d  "Rise and F a l l  o f  S c i e n t i f i c  L o g i c . "  It 
d e s c r i b e s  t h e  b i r t h  and d e c l i n e  o f  l o g i c a l  p o s i t i v i s m  wh ich  was and o f t e n  
s t i l l  i s  t h e  b a s i s  f o r  most i n t r o d u c t o r y  chap te rs  o f  t e x t  books abou t  
eco logy,  f i s h e r i e s ,  1  imnology,  zoology,  e t c .  w r i t t e n  s i n c e  1940. I t  i s  
w e l l  w r i t t e n  and c l e a r  f o r  t h e  reader  who perseveres .  For t h o s e  who f i n d  
i t   to^ dry and d e t a i l e d  t h e  l a s t  chap te r  i s  wor th  r e a d i n g  by i t s e l f .  

H u l l ,  D. L. 1974. Ph i losophy o f  b i o l o g i c a l  sc ience.  P r e n t i c e - H a l  1  , I n c .  
Englewood C l i f f s ,  NJ. 148 pp. 

As w i t h  t h e  o t h e r  books, i t  i s  n o t  s p e c i f i c a l l y  about  r e s o u r c e  management 
b u t  i t  does d i s c u s s  eco logy as p a r t  o f  a  more i n t e n s i v e  t r e a t m e n t  o f  
e v o l u t i o n  and t h e  l o g i c  t h a t  p e r t a i n s  t o  i t. One p l u s  i s  t h a t  a l l  of  t h e  
examples a r e  n o t  from phys i cs ,  u n l i k e  most books on s c i e n t i f i c  method. 

Lakatos,  I. 1978. The Methodology o f  s c i e n t i f i c  research  programmes: 
P h i l o s o p h i c a l  Papers, Vo l .  I .  E d i t e d  by J. W o r r a l l  and G. P. C u r r i e .  
Cambridge U n i v e r s i t y  Press.  250 pp. 

T h i s  i s  a  r a t h e r  uneven book; some p a r t s  w i l l  be f a i r l y  c l e a r  t o  an 
e c o l o g i s t  w h i l e  o t h e r s  a r e  con fus ing .  It desc r ibes  a  p r a c t i c a l  way t o  
proceed i n  sc ience even though t h i n g s  a r e  n o t  deve lop ing  as  n e a t l y  a s  
t h e y  do i n  p h y s i c s  and chemis t r y  tex tbooks .  Readers who f i n d  passages 
long  and d i f f i c u l t  w i l l  be encouraged t o  see t h a t  Lakatos  i n c l u d e s  
s u c c i n c t ,  i t a l i c i z e d  summary statements t h a t  make i t  w o r t h  r e a d i n g .  
Lakatos,  who died i n  1974, i s  a  we l l - respec ted  p h i l o s o p h e r  o f  s c i e n c e  
whose ideas  s t i l l  r e p r e s e n t  t h e  c u r r e n t  middleground.  H i s  most  i m p o r t a n t  
i d e a s  emphasize n o t  r e j e c t i n g  an hypo thes i s  because of  one a p p a r e n t  
f a l s i f i c a t i o n  b u t  a l s o  n o t  c l a i m i n g  p r o o f  because o f  one v a l i d a t i o n .  



APPENDIX D .  RESULTS OF A  TEST OF THE ORIGINAL LOW EFFORT MODEL 

T h i r  a p n ~ n d i x  examiner the o v e w 2 ~ 1  p25e c~ zsc  ? f  t ic 3 r j g i n j !  !OW e f f o r t  
model (McConnell  e t  a1 . 1982), i d e n t i f i e s  1  i m i t s  t o  i t s  a p p l  i c a t i o n ,  and 
recommends improvements wh ich  might  enhance i t s  usefu lness .  D i  scu s s i o n s  a r e  
based on a  t e s t  accompl ished by a p p l y i n g  the  model t o  a  dam a n d  r e s e r v o i r  s i t e  
under c o n s t r u c t i o n  on t h e  White R i v e r  i n  western Colorado.  

STUDY AREA 

C o n s t r u c t i o n  of  t h e  T a y l o r  Draw Dam, l o c a t e d  on t h e  White R i v e r  near 
Rancjely, Co lorado,  a t  an clev~tioc of s S o a t  1,515 n ,  began i r ;  1382 and i s  
scheduled f o r  c o m p l e t i o n  i n  1984. T h i s  s i t e  was s e l e c t e d  f o r  m o d e l  t e s t i n g  
because i t  was t y p i c a l  o f  many dam s i t e s  be ing  proposed on l a r g e  r i v e r s  i n  t h e  
i nte rmoun ta i  n  West i n  response t o  reg ionwide energy development act i v i  t i e s .  

A t  t h i s  l o c a t i o n  t h e  White R ive r  has a  TDS o f  about  2,000 mg/L w i t h  
b i ca rbona te /ca rbona te  complex be ing  about 200 mg/L. The s u r f a c e  a r e a  o f  t h e  
proposed r e s e r v o i r  i s  2 . 5  km2, which i s  s l i g h t l y  s m a l l e r  t han  the minimum o f  
3 km2 recommended b y  McConnell  e t  a l .  (1982) f o r  use i n  t he  m o d e l .  T h i s  
s l i g h t  d e v i a t i o n  f rom t h e  model requirements was n o t  c o n s i d e r e d  s i g n i f i c a n t  i n  
terms o f  model t e s t i n g .  A l though q u i t e  t u r b i d  a t  t imes ,  the r i v e r  meets t h e  
model assumpt ion o f  n o t  b e i n g  g r o s s l y  p o l l u t e d  and has a  d i v e r s e  f i sh popula-  
t i o n ,  i n c l u d i n g  t h e  endangered Colorado R i v e r  squawfi sh. T a y l o r  D raw  Dam wi 11 
m a i n t a i n  t h e  r e s e r v o i r  a t  a  n e a r l y  cons tan t  l e v e l  w i t h  f l u c t u a t i o n s  n o t  
expected t o  exceed 1 m p e r  y e a r .  

ORIGINAL MODEL 

I n  t h e  o r i g i n a l  model ,  r e s e r v o i r  h a b i t a t  s u i t a b i l i t y  i s  d e t e r m i n e d  on t h e  
b a s i s  of  a  compos i te  l lscore" of  t h e  same f i v e  p r i m a r y  r e s e r v o i r  a t t r i b u t e s  
d e s c r i b e d  i n  t h e  main t e x t  o f  t h i s  r e p o r t .  The va lue  of each p r i m a r y  a t t r i b u t e  
i s  de te rm ined  from one o r  more "secondary" a t t r i b u t e s ,  wh ich  can be d i r e c t l y  
o b t a i n e d  from pub1 i shed documents, maps, r e s e r v o i r  p lans ,  and o n -  s j t e  i nspec- 
t i o n s  of  t h e  proposed r e s e r v o i r  b a s i n  p r i o r  t o  ~ ~ n s t r ~ ~ t i ~ n .  The f i v e - d i g i t  
r e s e r v o i r  d e s c r f  p t i o n  d e r i v e d  i n  t h i  s  manner rep resen ts  a  u n i q u e  comb1 n a t i o n  
of  t h e  p r i m a r y  a t t r i b u t e s .  I t  i s  s p e c i f i c  f o r  t he  s p e c i e s / t e m p e r a t u r e  c l a s s i -  
fi c a t i o n  group of  concern .  The t h r e e  spec ies / temperature  c 1 a s s  i fi c a t i  on 
groups (warmwater, c o o l w a t e r ,  and co ldwa te r )  a r e  t h e  Sime here as i n  t h e  
o r i g i n a l  model. The u n i q u e  5 - d i g i t  d e s c r i p t i o n  i s  compared t o  each of  243 
l a k e  d e s c r i p t i o n s  wh ich  have  beem des ignated es h a m 9  one o f  four  levels of 
s u i t a b i l i t y  f o r  each spec ies .  The s u i t a b i l i t y  o f  t h e  l a k e  for a p a r t i c u l a r  
spec ies  is t h e n  read d i  r ec t l~  from s u i t a b i  1  f t y  r a t i n g  1 i s t s .  



COLLECTION AND DOCUMENTATION OF SECONDARY ATTRIBUTES 

Growing Season 

I d e n t i f y i n g  a  v a l u e  f o r  t h i s  a t t r i b u t e  r e q u i r e s  knowledge o f  t h e  number 
o f  days between t h e  l a s t  f r o s t  i n  t h e  s p r i n g  and t h e  f i r s t  f r o s t  i n  t h e  f a l l  
a t  t h e  r e s e r v o i r  s i t e .  T h i s  t y p e  o f  i n f o r m a t i o n  i s  a v a i l a b l e  f o r  most  weather  
s t a t i o n s .  The suggested r e f e r e n c e s  l i s t e d  i n  McConnell e t  a l .  (1982) were 
adequate b u t  two o t h e r s  were found  t o  be e a s i e r  t o  l o c a t e  and use.  These 
i n c l u d e :  

U.S. Department o f  Commerce, Env i ronmenta l  Se rv i ces  Admini s t r a t i o n ,  
Env i ronmenta l  Data S e r v i c e .  C l imatography o f  t h e  U n i t e d  S t a t e s .  
No. 60-5. 

Siemer, Eugene C. 1977. Colorado c l i m a t e .  Colorado Exper iment  S t a t i o n .  
(It i s  l i k e l y  t h a t  s i m i l a r  documents e x i s t  f o r  S t a t e s  o t h e r  t h a n  
Colorado.  ) 

B o t h  o f  t h e s e  documents c o n t a i n e d  e x t e n s i v e  r e c o r d s  f o r  t h e  s t a t i o n s  used i n  
t h i s  model t e s t .  

I n  compar ing temperature  d a t a  between two weather  s t a t i o n s  i n  t h e  v i c i n i t y  
o f  t h e  r e s e r v o i r  s i t e  i t  was apparent  t h a t  i n  areas o f  e l e v a t i o n a l  d i v e r s i t y ,  
c l i m a t e s  can change c o n s i d e r a b l y  i n  a  r e l a t i v e l y  s h o r t  d i s t a n c e  i n  response t o  
l o c a l  topography.  A t  t h e  two neares t  weather s t a t i o n s  [Rangely (8 km) and 
L i t t l e  H i 1  1s  (48 km)] g rowing seasons were 60 days and 111 days,  r e s p e c t i v e l y .  
Mean J u l y  a i r  t empera tu res  were 22.8' C and 19.2' C ,  r e s p e c t i v e l y .  Because 
tempera tu re  i s  one o f  t h e  more i m p o r t a n t  a t t r i b u t e s  i n  d e t e r m i n i n g  r e s e r v o i r  
h a b i t a t  s u i t a b i l i t y ,  i t  i s  c r i t i c a l  t h a t  i t  b e  measured a t  o r  as  n e a r  t o  t h e  
r e s e r v o i r  s i t e  as p o s s i b l e .  Where weather s t a t i o n s  a re  w i d e l y  s c a t t e r e d  i t 
may be necessary t o  e s t a b l i s h  o n - s i t e  temperature  r e c o r d i n g  d e v i c e s  t o  o b t a i n  
t h i s  i n f o r m a t i o n .  

Mean J u l y  A i r  Temperature 

J u l y  a i r  t empera tu res  were e a s i l y  o b t a i n e d  f rom a l l  sources r e f e r e n c e d  i n  
McConnell  e t  a l .  (1982) as w e l l  a s  t h e  two sources c i t e d  above. The prob lems 
a s s o c i a t e d  w i t h  o b t a i n i n g  growing season i n f o r m a t i o n  a l s o  a p p l y  t o  mean J u l y  
tempera tu res .  The c l o s e r  t o  t h e  r e s e r v o i r  s i t e  t h e  b e t t e r  when seek ing  r e p r e -  
s e n t a t i v e  tempera tu re  da ta .  

S to rage  R a t i o  

The env i ronmen ta l  impact  statement f o r  t h e  T a y l o r  Draw P r o j e c t  and 
p e r s o n a l  communicat ions w i t h  t h e  c h i e f  p r o j e c t  eng ineer  p roved  t o  be t h e  
s i m p l e s t  way t o  de te rm ine  t h e  r a t i o  o f  r e s e r v o i r  volume t o  annual  d i s c h a r g e .  
D i s c u s s i o n s  w i t h  t h e  c o n s t r u c t i o n  engineers he lped  t o  f i n e  t u n e  t h e  i n i t i a l  
e s t i m a t e s  made f r o m  t h e  EIS, b u t  t h e  two e s t i m a t e s  were n o t  s u f f i c i e n t l y  
d i f f e r e n t  t o  a l t e r  t h e  model outcome. 



Depth o f  O u t l e t  

O u t l e t  depth was determined d i r e c t l y  f rom c o n s t r u c t i o n  p lans  p rov i ded  by  
t h e  c o n s t r u c t i o n  company. Th is  i n f o rma t i on  may n o t  be a v a i l a b l e  e a r l y  i n  t h e  
p l ann ing  process, making any judgements about t h i s  a t t r i b u t e  a  "best  guess" 
s i t u a t i o n .  

Maximum Fetch 

Maximum f e t c h  i s  eas i  1y obta ined from a  map o f  t h e  r e s e r v o i r  s i t e .  The 
f e t c h  d i s t a n c e  should  be measured p a r a l l e l  t o  t he  d i r e c t i o n  o f  predominant 
winds a t  t h e  r e s e r v o i r  s i t e .  

Mean Depth 

Reservo i r  su r face  area and volume used t o  c a l c u l a t e  mean depth 
(Vol  . /Area = D) were ob ta ined  f rom r e s e r v o i r  d e s c r i p t i o n s  found i n  a  memorandum 
o f  agreement between t h e  Water Uses Assoc ia t ion,  Colorado D i v i s i o n  o f  W i l d l i f e ,  
and t h e  U.S. F i s h  and Wild1 i f e  Serv ice.  

M inera l  T u r b i d i t y  

The White R i v e r  a t  Tay lo r  draw i s  noted f o r  i t s  h i gh  t u r b i d i t y  l e v e l s ,  
which would t e n d  t o  suggest t h a t  the  r e s e r v o i r  a l s o  would be somewhat t u r b i d .  
However, t h e  s to rage  h a l f - l i f e  o f  t he  r e s e r v o i r  i s  es t imated a t  30 years,  
i n d i c a t i n g  t h a t  a  s u b s t a n t i a l  amount o f  s i l t  w i l l  be depos i ted  i n  t h e  r e s e r v o i r  
annua l l y .  There were no o t h e r  r e s e r v o i r s  i n  t h e  v i c i n i t y  t h a t  cou ld  be  used 
as a  comparison f o r  p r e d i c t i n g  t u r b i d i t y  l e v e l s  i n  Tay lo r  Draw Reservo i r .  
Because o f  these f a c t o r s  and as a  r e s u l t  o f  d i scuss ions  w i t h  several  eng ineers  
i n v o l v e d  on t h e  p r o j e c t ,  an in te rmed ia te  t u r b i d i t y  l e v e l  o f  0.5 t o  1 m secchi 
d i s k  dep th  was chosen t o  represen t  probable cond i t i ons  i n  t h e  proposed 
r e s e r v o i r .  The amount o f  f e t c h  and t he  r e l a t i v e l y  sha l low depth a l s o  i n f l u -  
enced t h e  d e c i s i o n  t o  s e l e c t  t he  mid- leve l  t u r b i d i t y  f i g u r e .  

M ine ra l  t u r b i d i t y  proved t o  be one o f  the  more d i f f i c u l t  a t t r i b u t e s  t o  
est imate.  It i s  a  s i n g l e  v a r i a b l e  p r imary  a t t r i b u t e ,  thus  i t  i s  impo r tan t  
t h a t  i t  be es t imated  as accu ra te l y  as poss ib l e .  Even w i t h  t h e  b e s t  a v a i l a b l e  
i n f o rma t i on ,  e s t i m a t i o n  may become a  "best guess" p ropos i t i on .  

It i s  suspected t h a t  t he  va lue f o r  t h e  m idd le  range (cor responding t o  a  
score of 2) o f  es t imated  Secchi d i s k  readings cou ld  be made w ider  and s t i l l  
no t  a l t e r  t h e  use o f  t h e  mid-range score i n  t h e  model. 

A rea l  E x t e n t  o f  Bottom Covered by S t r u c t u r a l  U n i t s  

About 15% o f  t h e  bot tom o f  t he  Tay lo r  Draw Reservo i r  s i t e  has been o r  
w i l l  be burned o r  scraped t o  minera l  s o i l .  Very l i t t l e  o f  t h e  remain ing 
r e s e r v o i r  bot tom con ta i ns  any th ing  t h a t  resembles a  s t r u c t u r a l  u n i t  as d e f i n e d  
i n  t h e  model. A s i t e  v i s i t  and d iscuss ions  w i t h  p r o j e c t  eng ineers  p rov i ded  
t h e  i n f o rma t i on  needed t o  es t imate  t h i s  a t t r i b u t e .  



Percent S t r u c t u r a l  U n i t s  on Deepest H a l f  o f  Bottom 

A r e s e r v o i r  map and a  s i t e  v i s i t  are a l l  t h a t  a re  needed t o  d e r i v e  t h i s  
a t t r i b u t e .  

Mean He igh t  o f  S t r u c t u r a l  U n i t s  as a  Percent o f  Mean Depth 

S t r u c t u r a l  u n i t s  i n  ex is tence  a t  Tay lo r  Draw Reservo i r  do n o t  exceed 1 m 
i n  he igh t  and average somewhat l e s s  than t h i s .  A s i t e  v i s i t  i s  e s s e n t i a l  and 
d i r e c t  measurement may be necessary t o  accurate1 y d e p i c t  t h i  s  a t t r i b u t e  becaure 
t h e  he igh t  o f  a  s t r u c t u r a l  u n i t  i s  d i f f i c u l t  t o  determine when viewed from a  
d i  stance. 

Mean Dens i t y  o f  S t r u c t u r a l  U n i t s  

S t r u c t u r a l  u n i t s  covered about 10 ha o f  t h e  r e s e r v o i r  bottom. I n  these 
areas d e n s i t i e s  exceeded 100/ha; however, when expanded t o  t h e  e n t i  r e  l a k e  
bas in ,  s t r u c t u r a l  u n i t  dens i t y  p robab ly  d i d  no t  exceed 5/ha. 

L inear  Ex ten t  o f  S t r u c t u r e  i n  Deepest Ha l f  o f  Reservo i r  

A wheeled map measurer was used t o  determine t he  l eng th  o f  t he  middepth 
contour  l i n e  d i r e c t l y  from a  r e s e r v o i r  map. Middepth e l e v a t i o n  was determined 
by d i v i d i n g  t h e  r e s e r v o i r  depth by two and s u b t r a c t i n g  t h i s  f i g u r e  f rom t h e  
sur face e l e v a t i o n .  The r e s e r v o i r  map used had narrow contour  i n t e r v a l s  (10 ft) 
which f a c i  1  i a t e d  i d e n t i f i c a t i o n  o f  t h e  middepth con tour .  

T h i s  i s  p robab ly  t h e  most confus ing o f  t h e  o r i g i n a l  model a t t r i b u t e s  t o  
measure. The user  i s  i n s t r u c t e d  t o  measure and sum t h e  leng ths  o f  a l l  con tours  
ad jacen t  t o  o r  below t he  middepth contour  which have slopes > 45'. The f a c t  
t h a t  t h i s  depends e n t i r e l y  on t h e  contour  frequency of t h e  map used was n o t  
mentioned. We used a  map w i t h  10 f t  ( 3  m) contours .  U.S. Geo log ica l  Survey 
(USGS) 15-minute quadrangle maps have 40 f t  (12.1 m) contour  i n t e r v a l s .  USGS 
maps a re  t he  most r e a d i l y  a v a i l a b l e  o f  a l l  maps, thus i t would seem a p p r o p r i a t e  
t o  base a l l  map measurements on t h i s  se r ies .  However, had a  USGS map been 
used a t  t h e  T a y l o r  Draw s i t e ,  t he  several  a t t r i b u t e s  de r i ved  f rom maps would 
have been very  d i f f i c u l t  t o  es t imate  accura te ly  due t o  the shal lowness o f  t h e  
r e s e r v o i r  (1,609 m i n  f r o n t  o f  o u t l e t  s t r u c t u r e  and o n l y  1,621 m a t  upper end 
o f  r e s e r v o i r ) .  Only one o r  two contour i n t e r v a l s  would have occur red  i n  t h e  
r e s e r v o i r  bas in .  It i s  recommended t h a t  a  f requen t  i n t e r v a l  con tour  map ( i f  
a v a i l a b l e )  be examined d u r i n g  a  s i t e  v i s i t  t o  a1 low t h e  user  t o  make a  va lue  
judgment regard ing  t h i s  a t t r i b u t e .  The quest ion i s ,  " I s  t h e r e  a  l o t  o f  s t r uc -  
t u r e  o r  n o t  ve r y  much?" It i s  a  case o f  cons ider ing  extremes and these should  
be e v i d e n t  i f  t hey  e x i s t  a t  t h e  r e s e r v o i r  s i t e .  

L i nea r  Ex ten t  o f  S t r u c t u r e  a t  F u l l  Basin 

The problems assoc ia ted  w i t h  measuring t h i s  a t t r i b u t e  a r e  t h e  same as 
noted w i t h  t h e  p reced ing  a t t r i b u t e .  There i s  some p r o b a b i l i t y  o f  making l a r g e  
e r r o r s  i n  t h i s  a t t r i b u t e  i f  i t s  measurement i s  t r e a t e d  casua l l y .  When es t ima t -  
i n g  t h i s  a t t r i b u t e  d u r i n g  a s i t e  v i s i t ,  one o f  t he  authors  (Bergersen) e s t i -  
mated i t s  va l ue  a t  about 40%. When reca l cu l a ted  w i t h  a 10 f t  (3  m) con tour  



map, t h e  s t r u c t u r e  made up l ess  than  1% of  t he  f u l l  bas i n  con tour  leng th .  The 
ac tua l  va lue  was probably  between these two extremes b u t  c l o s e r  t o  the  lower  
est imate.  Examinat ion o f  a  d e t a i l e d  contour  map d u r i n g  a  s i t e  v i s i t  should 
a i d  i n  e s t i m a t i n g  the  Var iab le .  P rac t i ce  observing slopes known t o  exceed 4S0 
would enhance one 's  a b i l i t y  t o  i d e n t i f y  slopes of  these dimensions i n  t h e  
f i e l d .  

Mean He igh t  of C l i f f s  o r  Shoals as a  Percent o f  Mean Depth 

Mean depth o f  t h e  r e s e r v o i r  was est imated a t  about 6.8 m.  I n  t he  few 
p laces where t hey  ex i s t ed ,  the  he igh t  of c l i f f s  and shoals were equal t o  o r  
exceeded t h e  mean depth.  Again, us ing  a  d e t a i l e d  contour  map du r i ng  a  s i t e  
v i s i t  should make i d e n t i f i c a t i o n  o f  c l i f f s  and shoals q u i t e  s t r a i gh t f o rwa rd .  

Ex ten t  o f  Maximum Drawdown 

Tay lo r  Draw Reservo i r  w i l l  be mainta ined a t  f u l l  b a s i n  l e v e l  except 
du r i ng  low f low pe r i ods  when l e v e l s  may drop as much a i  1 m. Sometime d u r i n g  
t he  f i r s t  10 yea rs  o f  opera t ion ,  the  l ake  may be d ra ined  t o  expose and c lean  
t r a s h  racks on the o u t l e t  structure. V a l u ~ q  f o r  t h i s  and t h e  f o l l o w i n g  a t t r i -  
bute were ob ta i ned  d u r i n g  d iscuss ions w i t h  p r o j e c t  engineers.  

Time o f  Maximum Drawdown 

Normal ly ,  0.3 t o  1.0 m drawdowns can be expected d u r i n g  midwinter  
(November t o  February). 

Shore1 i n e  Development Fac to r  (DL) 

Th i s  a t t r i b u t e  i s  ca l cu l a ted  as f o l l o w s :  

where L = shore1 i n e  l eng th  

A = surface area 

Using Appendix B i n  McConnell e t  a1 . (1982). the DL f o r  T a y l o r  Draw Reservo i r  
was es t imated  t o  be l e s s  than 5.0. Ca l cu l a t i ng  DL us i ng  t h e  above formula 

- 

r e s u l t e d  i n  a  va lue  of  3.7. Use o f  t he  lake  o u t l i n e s  and known DL's i n  

Appendix B was s u f f i c i e n t  f o r  the  purposes of  the  t e s t ,  a l though  t h e  ca l cu l a -  
t i o n  i s  s imple enough once sho re l i ne  l e n g t h  and area a re  known. 



MODEL RESULTS AT TAYLOR DRAW RESERVOIR 

The t e s t e d  model (McConnel 1  e t  a1 . 1982) c l a s s i f i e s  h a b i t a t  su i  t a b i  1  i ty 
i n t o  t h e  same f o u r  l e v e l s  descr ibed  i n  t h i s  p u b l i c a t i o n :  low; low medium; 
h i g h  medium; and h igh ;  based on unique spec ies/ reservo i  r d e s c r i p t i o n s .  The 
spec ies / reservo i r  d e s c r i p t i o n s  d e r i v e d  f o r  t h e  Tay lo r  Draw Reservo i r  s i t e  a r e  
shown i n  Table D-1. Environmental  da ta  are summarized i n  Tab1 e  0-2. 

The r e s u l t s  suggest t h a t  t he  h a b i t a t  cond i t i ons  which w i l l  e x i s t  i n  
T a y l o r  Draw Reservo i r  w i  11 be most f avo rab le  f o r  t h e  common carp  and l e s s  f o r  
t h e  o the r  species considered, a1 though b l ack  c rapp ie  and w h i t e  suckers 
(probably  suckers i n  genera l )  a r e  a1 so 1  i k e l y  t o  do reasonably we1 1. These 
r e s u l t s  a re  v i r t u a l l y  i n  complete agreement w i t h  t he  op in i ons  expressed i n  t h e  
D r a f t  EIS rega rd i ng  t he  f i s h  popu la t ions  l i k e l y  t o  occur i n  Tay lo r  Draw 
Reservo i r .  

Table D-1. Spec ies/ reservo i r  desc r i p t i ons .  

Pr imary a t t r i b u t e  

Species Temperature T u r b i d i t y  Cover Drawdown Cove frequency 
- -- 

B lack  c rapp ie  2 2 1 3 2 

Carp 2  2  1 3 2  

White sucker 3 2  1 3 2  

Yel low perch 3 2  1 3 2  

Rainbow t r o u t  2  2  1 3 2 

As an example, t h e  h a b i t a t  d e s c r i p t i o n  f o r  Tay lo r  Draw Reservo i r  f o r  t h e  
ca rp  i s  22132. 

HSI va lues f o r  these spec ies / reservo i r  desc r i p t i ons  a re  as f o l l o w s :  

High 

Highmedium 1 
Low med i urn 

Low n n 
B l  ack Common White Ye1 low Rainbow 

c rapp ie  carp sucker perch t r o u t  



T a b l e  D-2. Secondary a t t r i b u t e  va lues  used i n  t h e  T a y l o r  Draw R e s e r v o i r  T e s t .  

Growing season 

Mean J u l y  a i r  t empera tu re  

Storage  r a t i o  ( a c r z  f e e t )  

Depth o f  o u t l e t  i n  r e l a t i o n  
t o  mean d e p t h  

Maximum f e t c h  

Mean d e p t h  

Mi n e r a l  t u r b i d i t y  (Secch i  d i  sk)  

A rea l  e x t e n t  o f  s t r u c t u r e  

Percen t  s t r u c t u r e  u n i t s  on 
deepest  h a l f  o f  b o t t o m  

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

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

L i n e a r  e x t e n t  o f  s t r u c t u r e  i n  
deepest  h a l f  o f  r e s e r v o i r  

L i n e a r  e x t e n t  o f  s t r u c t u r e  a t  
f u l l  b a s i n  

Mean h e i g h t  o f  c l i f f s  o r  s h o a l s  
as p e r c e n t  o f  mean dep th  

E x t e n t  o f  maximum drawdown 

Time o f  maximum drawdown 

S h o r e l i n e  development f a c t o r  

111 days ( 8 - y r  p e r i o d  o f  r e c o r d  - Rangely)  

22.8O (21-yr  p e r i o d  o f  r e c o r d )  

13?800 = 0.0282 490,000 
- 

Below m i d d l e  1/3 z f: 6.8 m 
o f  z z - 15.2 m max - 

5.028 km 

- 6 . 8  m - 

0 .5  t o  1 m 

< 10% 

< 10% 

Approached 100% 

November t o  February  

< 5 .0  c a l c u l a t e d  a t  3.745 



DISCUSSION 

A l though  a  few m ino r  " g r a y  areas"  have been i d e n t i f i e d  i n  t h e  model 
mechanics, a l l  can b e  overcome by  employ ing t h e  u s e r ' s  b e s t  judgment and 
common sense w i t h o u t  l e s s e n i n g  t h e  model ' s  use fu lness .  

T im ing  may be a  c r i t i c a l  f a c t o r  i n  t h e  use o f  t h e  model. I n f o r m a t i o n  t o  
e s t i m a t e  s e v e r a l  a t t r i b u t e s  may n o t  b e  r e a d i l y  a v a i l a b l e  u n t i l  s i t e  s e l e c t i o n  
i s  w e l l  advanced. W h i l e  " b e s t  guess'' es t ima tes  can be used a t  any t i m e  p r i o r  
t o  s i t e  s e l e c t i o n ,  i t  i s  a d v i s a b l e  t o  use t h i s  model d u r i n g  p l a n n i n g  a c t i v i t i e s  
o c c u r r i n g  n o t  more t h a n  5 y e a r s  p r i o r  t o  t h e  beg inn ing  o f  c o n s t r u c t i o n .  
A l t e r n a t i v e  c o n s t r u c t i o n  s c e n a r i o s  deve loped d u r i n g  t h i s  p e r i o d  w i l l  a l l o w  t h e  
u s e r  t o  make model p r e d i c t i o n s  most c o n s i s t e n t  w i t h  p robab le  f u t u r e  h a b i t a t  
c o n d i t i o n s .  

I t  i s  a p p r o p r i a t e  and d e s i r a b l e  t o  seek o u t  o p i n i o n s  o f  knowledgeable 
l o c a l  e x p e r t s  when w o r k i n g  w i t h  t h i s  model . I n  t h e  t e s t  r e p o r t e d  he re ,  t h e  
p r o j e c t  d e s i g n e r  and c h i e f  eng ineer  proved t o  be some o f  t h e  b e s t  sources o f  
i n f o r m a t i o n  f o r  r a p i d l y  i d e n t i f y i n g  model i n p u t  a t t r i b u t e s .  O the rs  f a m i l i a r  
w i t h  v a r i o u s  aspects  o f  t h e  r i v e r ,  f i s h  p o p u l a t i o n s ,  hyd ro logy ,  and e n g i n e e r i n g  
were a l s o  h e l p f u l  i n  v e r i f y i n g  o r  r e f u t i n g  t h e  o r i g i n a l  v a r i a b l e  e s t i m a t e s .  

Once t h e  use r  f u l l y  unders tands t h e  model i t  can be r e f i n e d  t o  b e t t e r  
r e f l e c t  un ique  l o c a l  env i ronmen ta l  s i t u a t i o n s  t h a t  m i g h t  e x i  s t .  A r e v i  s i o n  o f  
t h e  t h r e e  m i n e r a l  t u r b i d i t y  a t t r i b u t e  ranges i s  an example o f  t h i s  t y p e  o f  
r e f  i nemen t . 

To reduce problems w i t h  u s e r  r e c a l l ,  i t  i s  q u i t e  h e l p f u l  t o  pho tog raph  
p h y s i c a l  f e a t u r e s  o f  t h e  r e s e r v o i r  s i t e .  A t t r i b u t e s  r e 1  a t e d  t o  s t r u c t u r e  
abundance and d e n s i t y  a r e  p a r t i c u l a r l y  w e l l  s u i t e d  t o  p h o t o g r a p h i c  
documenta t ion .  

SUMMARY 

The model t e s t e d  he re  i s  indeed a  l o w - e f f o r t  system f o r  d e t e r m i n i n g  t h e  
f i s h  h a b i t a t  s u i t a b i l i t y  o f  a  proposed r e s e r v o i r  s i t e .  I t  i s  a  v e r y  r a p i d  and 
easy t o  use model ( t r a v e l  t o  and f r o m  t h e  t e s t  s i t e  t o o k  l o n g e r  t h a n  t h e  
o n - s i t e  v i s i t  o r  d e t e r m i n a t i o n  o f  t h e  s p e c i e s / r e s e r v o i r  d e s c r i p t i o n s ) ;  t h e  
r e s u l t i n g  f i s h  h a b i t a t  s u i t a b i l i t y  p r e d i c t i o n s  appear t o  be reasonab le .  

I n  i t s  p r e s e n t  form, t h e  model has somewhat l i m i t e d  use due t o  t h e  sma l l  
number o f  f i s h  spec ies  i t  c o n s i d e r s .  Expansion o f  t h e  spec ies  l i s t s  t o  i n c l u d e  
a  g r e a t e r  d i v e r s i t y  o f  n a t i v e  and non-nat ive  spec ies  m i g h t  be h e l p f u l .  
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This i s  one i n  a se r ies  o f  p u b l i c a t i o n s  desc r ib ing  the  a p p l i c a t i o n s  o f  Hab i ta t  S u i t a b i l i t y  
Indices (HSI 's),  a c o r o l l a r y  t o  t h e  U.S. F i s h  and W i l d l i f e  Se rv i ce ' s  H a b i t a t  Evaluat ion 
Procedures. 
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