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PREFACE 

The h a b i t a t  use i n f o r m a t i o n  and H a b i t a t  Su i  t a b i  1  i t y  Index  (HSI)  model s  
p r e s e n t e d  i n  t h i s  document a r e  an a i d  f o r  impac t  assessment and h a b i t a t  manage- 
ment a c t i v i t i e s .  L i t e r a t u r e  c o n c e r n i n g  a  s p e c i e s '  h a b i t a t  r e q u i r e m e n t s  and 
p r e f e r e n c e s  i s  r e v i e w e d  and t h e n  s y n t h e s i z e d  i n t o  s u b j e c t i v e  HSI models,  w h i c h  
a r e  s c a l e d  t o  produce an i n d e x  between 0 ( u n s u i t a b l e  h a b i t a t )  and 1 ( o p t i m a l  
h a b i t a t ) .  Assumpt ions used t o  t r a n s f o r m  h a b i t a t  use i n f o r m a t i o n  i n t o  t h e s e  
ma themat i ca l  model s  a r e  no ted ,  and gu ide1  i n e s  f o r  model app l  i c a t i o n  a r e  
d e s c r i b e d .  Any models f ound  i n  t h e  l i t e r a t u r e  wh ich  may a l s o  be used t o  
c a l c u l a t e  an HSI a r e  c i t e d ,  and s i m p l i f i e d  HSI models,  based on what  t h e  
a u t h o r s  b e l i e v e  t o  be  t h e  most  i m p o r t a n t  h a b i t a t  c h a r a c t e r i s t i c s  f o r  t h i s  
s p e c i e s  a r e  p resen ted .  

Use o f  t h e  models 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  f o r  impac t  assessment 
r e q u i r e s  t h e  s e t t i n g  o f  c l e a r  s t u d y  o b j e c t i v e s  and may r e q u i r e  m o d i f i c a t i o n  o f  
t h e  models t o  meet t h o s e  o b j e c t i v e s .  Methods f o r  r e d u c i n g  model c o m p l e x i t y  
and recommended measurement t e c h n i q u e s  f o r  model v a r i a b l e s  a r e  p r e s e n t e d  i n  
Appendix A. A  d e s c r i p t i o n  o f  v a r i o u s  methods used t o  deve lop  an H S I  model i s  
p r o v i d e d  i n  U.S. F i s h  W i l d l i f e  S e r v i c e  ( 1 9 8 1 ) l .  

The HSI models p r e s e n t e d  h e r e i n  a r e  complex hypotheses o f  s p e c i e s - h a b i t a t  
r e l a t i o n s h i p s ,  n o t  s ta temen ts  o f  p roven  cause and e f f e c t  r e l a t i o n s h i p s .  
R e s u l t s  o f  m ~ d e ~ ~ e r f o r m a n c e  t e s t s ,  when a v a i l a b l e ,  a r e  r e f e r e n c e d ;  however, 
models t h a t  have demons t ra ted  r e l i a b i l i t y  i n  s p e c i f i c  s i t u a t i o n s  may p r o v e  
u n r e l i a b l e  i n  o t h e r s .  F o r  t h i s  reason,  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  
encourages model u s e r s  t o  convey comments and s u g g e s t i o n s  t h a t  may h e l p  us  
i n c r e a s e  t h e  u t i l i t y  and e f f e c t i v e n e s s  o f  t h i s  h a b i t a t - b a s e d  approach t o  f i s h  
and w i l d 1  i f e  p l a n n i n g .  P lease  send comments t o :  

H a b i t a t  E v a l u a t i o n  Procedures  Group 
Western Energy and Land Use Team 
U.S. F i s h  and W i l d l i f e  S e r v i c e  
2625 Redwing Road 
F t .  C o l l i n s ,  CO 80526 

'U.S. F i s h  and W i l d l i f e  S e r v i c e .  1981. S tandards  f o r  t h e  development o f  
H a b i t a t  S u i t a b i l i t y  I ndex  models. 103 ESM. U.S. Dept .  I n t .  F i s h  W i l d l .  
Serv . ,  D i v .  E c o l .  Serv . ,  Washington, DC. n .p .  
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COMMON CARP (Cyprinus  c a r p i o )  

HABITAT USE INFORMATION 

General  

The common c a r p  (Cyprinus  c a r p i o )  i s  a  n a t i v e  of As ia .  I t  i s  now found 
on every  c o n t i n e n t  e x c e p t  A n t a r c t i c a  ( J e s t e r  1974) and in  a l l  48 con t iguous  
S t a t e s  ( S i g l e r  1958) .  The nor the rn  l i m i t  t o  c a r p  d i s t r i b u t i o n  appears  t o  be 
t h e  1 8 O  C i so therm (Keleher  1956).  The common c a r p  h y b r i d i z e s  in  n a t u r e  wi th  
t h e  g o l d f i s h  ( C a r a s s i u s  a u r a t u s )  (Bardach e t  a1 . 1972; Smith 1979) .  

Age, Growth, and Food 

F a s t  growing males may mature a t  age I  (Bardach e t  a l .  1972) b u t  most 
mature  a t  ages  I 1  t o  IV i n  temperate  c l i m a t e s  (Car lander  1969).  Females 
g e n e r a l l y  mature between ages  I11 and V (Car lander  1969) .  The maximum weight  
r e p o r t e d  f o r  an a d u l t  was 3 7 . 4  kg i n  South A f r i c a  ( S i g l e r  and M i l l e r  1963) and 
4 2 . 1  kg in  North America ( J e s t e r  1974) .  

The a d u l t s  a r e  o p p o r t u n i s t i c  f e e d e r s  which a r e  a b l e  t o  u t i l i z e  any a v a i l -  
a b l e  food source  (Moen 1953; S i g l e r  1958; Rehder 1959; E f f e n d i e  1968; Perry  
1970; Sanchez 1970) .  Fry i n i t i a l l y  feed  on zooplankton ( G i l l  1907; Alikunhi 
1958; F i l a t o v  1972; Persons  1979),  b u t  f eed  on phytoplankton when zooplankton 
d e n s i t y  i s  low(A1ikunhi  1958; Vaas and Vaas-van Oven 1959; Panov e t  a l .  1973).  
As t h e  young f i s h  grow, t h e y  feed  on l i t t o r a l  fauna and l a t e r  on bottom fauna ,  
t a k i n g  i n  worms and l a r v a e  o f  a q u a t i c  i n s e c t s  a s  wel l  a s  v e g e t a b l e  food,  such 
a s  s e e d s ,  a l g a e ,  and d e t r i t u s  (Vaas and Vaas-van Oven 1959).  

Reproduction 

The c a r p  g e n e r a l l y  spawns i n  s p r i n g ,  b u t ,  i n  warmer, sou thern  c l i m a t e s ,  
spawning can occur  from March t o  J u n e ,  and,  i n  c o o l e r ,  n o r t h e r n  c l i m a t e s ,  from 
May t o  June  (McCrimmon 1968).  Females wi th  r e c e n t l y  s p e n t  o v a r i e s  have been 
observed  from March t o  October  ( J e s t e r  1974) ,  and r i p e  males have been observed 
d u r i n g  most of t h e  summer months i n  t h e  t empera te  zone (Swee and McCrimmon 
1966; Sanchez 1970; Mauck and Summerfelt 1971; P a d i l l a  1972) .  Th i s  i n d i c a t e s  
t h a t  t h e  s p e c i e s  may spawn over  a  prolonged p e r i o d  of t ime in  warmer envi-  
ronments (McCrimmon 1968) .  

In r e s e r v o i r s ,  r i s i n g  wate r  l e v e l s  may provide a c c e s s  t o  t e r r e s t r i a l  
v e g e t a t i o n ,  which i s  good s u b s t r a t e  f o r  spawning (June 1977). In  Lake Oahe, 
peak spawning o c c u r r e d  d u r i n g  t h e  4 o r  5  days  when w a t e r  l e v e l s  f l u c t u a t e d  



o n l y  s l i g h t l y  (< 7  cm) o r  i n c r e a s e d  r a p i d l y  f o l l o w i n g  a  l e v e l  p e r i o d  (June 
1977). F l u c t u a t i n g  r e s e r v o i r  w a t e r s  may be d e t r i m e n t a l  t o  c a r p  p o p u l a t i o n s  
(Benson 1977; June 1977). 

A d u l t s  congregate  and d e p o s i t  t h e i r  adhes ive  eggs on a q u a t i c  o r  submerged 
t e r r e s t r i a l  v e g e t a t i o n  o r  any o t h e r  o b j e c t  t h e  eggs w i l l  adhere t o  ( S i g l e r  
1958; McCrimmon 1968). Spawning o v e r  a reas  o f  dense v e g e t a t i o n  w i l l  i n c r e a s e  
r e p r o d u c t i v e  success (June 1977). 

S p e c i f i c  H a b i t a t  Requirements 

I n  b o t h  r i v e r i n e  and l a c u s t r i n e  h a b i t a t s ,  c a r p  p r e f e r  e n r i c h e d ,  r e l a t i v e l y  
sha l l ow ,  warm, s l u g g i s h ,  and w e l l - v e g e t a t e d  w a t e r s  w i t h  a  mud o r  s i l t  s u b s t r a t e  
( H a r l a n  and Speaker 1956; S i g l e r  1958; Swee and McCrimmon 1966; McCrimmon 
1968; P f l  i e g e r  1975). A d u l t s  spend summer and e a r l y  autumn i n  s h a l l o w  areas 
o f  dense v e g e t a t i o n  (May and G loss  1979) and, a s  t e m p e r a t u r e s  drop,  t h e  f i s h  
move i n t o  deeper w a t e r s  f o r  t h e  w i n t e r  (Adams and Hank inson 1928; H u n t i n g t o n  
and H i  11 1956; J e s t e r  e t  a1 . 1969; Sanchez 1970; J e s t e r  1974). 

The spec ies  p r e f e r s  areas o f  s low  c u r r e n t .  I n  t h e  M i s s o u r i  R i v e r ,  common 
c a r p  o c c u r r e d  i n  p o o l s  and c h u t e s  (I 60 cm/sec) and i n  t h e  main  channe l  b o r d e r s  
(60-120 cm/sec) (Schmulbach e t  a l .  1975), b u t  were most  abundant i n  marshes 
and backwaters (I 20 cm/sec) (Ka l lemeyn and Novotny  1977). Deep p o o l s  w i t h  
abundant cove r ,  i n c l u d i n g  l o g s ,  b rush ,  and o t h e r  o b j e c t s ,  p r o v i d e  f e e d i n g  and 
r e s t i n g  areas i n  s w i f t  r i v e r s  ( P f l i e g e r  1975).  A l t h o u g h  o c c a s i o n a l l y  found i n  
h i g h  g r a d i e n t  st reams, t h e  spec ies  i s  more common i n  l o w  t o  moderate g r a d i e n t  
st reams. I n  h i g h  g r a d i e n t  st reams, c a r p  o c c u r  i n  warm backwaters  and i n  
o r g a n i c a l l y  p o l l u t e d  s e c t i o n s  ( S i g l e r  1958; P f l i e g e r  1975). 

Carp a l s o  t h r i v e  i n  r e s e r v o i r s ,  l a k e s ,  bayous,  e s t u a r i e s ,  farm ponds, and 
sewage lagoons (Trautman 1957; S i g l e r  1958; Vaas and Vaas-van Oven 1959; 
Bardach e t  a l .  1972; P f l i e g e r  1975).  I n  l a c u s t r i n e  h a b i t a t s ,  a d u l t s  are 
u s u a l l y  f ound  i n  a s s o c i a t i o n  w i t h  abundant v e g e t a t i o n  ( S i g l e r  1955, 1958). 
Waters w i t h  a d i v e r s i t y  o f  b o t h  s h a l l o w  and deep a r e a s  r e p r e s e n t  optimum 
h a b i t a t .  

R e s e r v o i r  s t o r a g e  r a t i o  (SR) ( r a t i o  o f  mean r e s e r v o i r  w a t e r  volume t o  
annual  d i s c h a r g e  volume) may a l s o  a f f e c t  h a b i t a t  s u i t a b i l i t y .  I t  has been 
r e p o r t e d  t h a t  s t a n d i n g  c r o p s  peak a t  s t o r a g e  r a t i o s  l e s s  t h a n  0 .4  and a t  abou t  
1 .5  and d e c l  i n e  above 2.0 ( J e n k i  ns  1976).  

Common c a r p  a r e  e x t r e m e l y  t o l e r a n t  o f  t u r b i d i t y  a s  l o n g  as  f o o d  p r o d u c t i o n  
i s  n o t  l i m i t i n g  (Forbes and R icha rdson  1909; S i g l e r  1955; Trautman 1957; 
S i g l e r  1958; McCrimmon 1968). The s p e c i e s  can t o l e r a t e  t u r b i d i t i e s  f a r  above 
t h o s e  u s u a l l y  f ound  i n  n a t u r e  ( S i g l e r  1955; Bu rns  1966; McCrimmon 1968). 
Feeding and spawning a c t i v i t i e s  ove r  s i l t y  bo t toms  i n c r e a s e  t u r b i d i t y .  Tu rb id -  
i t y  l e v e l s  > 200 JTU and Secchi  d i s c  v i s i b i l i t i e s  < 8 cm a r e  common a t  spawning 
s i t e s  ( J e s t e r  1974). 

Optimum g rowth  o f  f r e s h w a t e r  f i s h  i n  g e n e r a l  o c c u r s  a t  pH l e v e l s  of 
6.8-7.5 (European I n l a n d  F i s h e r i e s  Adv i  s o r y  Commi s s i o n  1969). Growth i s  
reduced a t  a  pH c 6.0, p r o b a b l y  due t o  a  reduced  f o o d  s u p p l y  (Committee on 



Water Q u a l i t y  C r i t e r i a  1972). A pH o f  < 5.0 i s  r e p o r t e d  a s  ha rmfu l  t o  c a r p  
(European I n l a n d  F i s h e r i e s  A d v i s o r y  Commission 1969). The pH l e v e l s  o f  t h e  
Bear  R i v e r  M i g r a t o r y  w a t e r f o w l  r e f u g e ,  an e x c e l l e n t  c a r p  h a b i t a t ,  range around 
8 . 1  ( S i g l e r ,  pe rsona l  communicat ion) .  Carp a r e  common i n  New Mexico r e s e r v o i r s  
h a v i n g  a  pH i n  t h e  8.5 t o  8.7 range ( J e s t e r  1974), b u t  a  pH o f  10 .5  i s  l e t h a l  
(European I n l a n d  F i  s h e r i e s  Adv i  s o r y  Commi s s i  on 1969). F l u c t u a t i n g  pH v a l u e s  
and t h e  presence o f  t o x i c  substances w i l l  a f f e c t  t h e  pH t o l e r a n c e s  o f  t h e  
spec ies  b u t  a r e  n o t  c o n s i d e r e d  h e r e .  

A d u l t .  H i g h  p r o d u c t i o n  i s  s t r o n g l y  c o r r e l a t e d  w i t h  warm, midsummer ( J u l y  
and August)  w a t e r  tempera tu res ,  as  we1 1  as t h e  number o f  days  w i t h  tempera tu res  
> 20' C ( B a c k i e l  and Stegman 1968). I n  Lake Powel 1 ,  l a r g e  numbers were 
c o l l e c t e d  a t  t empera tu res  f rom 18-27' C (May and Gloss  1979). S i g l e r  ( p e r s o n a l  
communicat ion)  observed,  a t  t h e  Bear R i v e r  marshes, t h a t ,  when t h e  tempera tu re  
exceeded 26' C i n  t h e  f l a t s ,  c a r p  moved i n t o  deeper,  c o o l e r  w a t e r .  A  range o f  
20-28' C i s  optimum f o r  g rowth  under l a b o r a t o r y  c o n d i t i o n s  (Huet  1970), and 
tempera tu res  < 13' C and 2 30° C cause t h e  g rowth  r a t e  t o  decrease (Gr ibanov 
e t  a l .  1968). The upper  l e t h a l  t empera tu re  f o r  a d u l t s  i s  > 34.5O C (Meuwis 
and Huets 1957; McCrimmon 1968), and f e e d i n g  ceases a t  5O C (Huet  1970).  

A d u l t s  a r e  v e r y  t o l e r a n t  o f  low d i s s o l v e d  oxygen (DO) l e v e l s ,  a  c o n d i t i o n  
common i n  warm, f e r t i l e  w a t e r s  ( S i g l e r  1955, 1958; McCrimmon 1968). A d u l t s  
w i l l  a l s o  f e e d  i n  t h e  oxygen-dep le ted hypo1 imnion (< 2  mg/l D.O.) (Hover 
1976). A d u l t s  can g u l p  s u r f a c e  a i r  when t h e  DO i s  r 0.5 mg/l (Yashouv 1956). 
R e s p i r a t i o n  i s  e l e v a t e d  a t  3-5 mg/l DO (13-23' C )  ( I t a z a w a  1971; D a v i s  1975). 
The DO s h o u l d  rema in  a t  l e a s t  6-7 mg/l f o r  good growth  (Huet 1970). 

Common c a r p  may occupy b r a c k i s h  o r  s a l i n e  wa te rs  (McCrimmon 1968), b u t  
p r o d u c t i o n  i s  l o w  i n  t h e s e  a reas  (Bardach e t  a l .  1972). I n  I s r a e l ,  t h e  spec ies  
i s  grown i n  ponds a t  s a l i n i t i e s  o f  0.1-5.0 p p t .  Y i e l d s  decrease a t  
2.0-3.0 p p t ,  a l t h o u g h  f o o d  p r o d u c t i o n  may a l s o  be l i m i t i n g  a t  t h i s  l e v e l  
( S o l l e r  e t  a l .  1965; Mark 1966). A  s a l i n i t y  l e v e l  o f  7 .2  p p t  i s  l e t h a l  a f t e r  
36 days i n  l a b  a q u a r i a  ( S o l l e r  e t  a l .  1965). A l t h o u g h  t h e  spec ies  i s  t o l e r a n t  
o f  s a l i n e  c o n d i t i o n s ,  a  r a p i d  change f rom f r e s h  t o  s a l t  w a t e r  can be l e t h a l  t o  
c a r p  ( S i  g l  e r  1958). 

Embryo. P r e f e r r e d  spawning a reas  a r e  o v e r  a q u a t i c  o r  i nunda ted  t e r r e s -  
t r i a l  v e g e t a t i o n  a t  dep ths  o f  < 0 .5  m, b u t  spawning has a l s o  been observed 
o v e r  v e g e t a t i o n  i n  w a t e r  up t o  1 .8  m deep (McCrimmon 1968). Modera te l y  warm 
w a t e r  tempera tu res  a r e  a  p r i m a r y  env i ronmen ta l  s t i m u l u s  f o r  spawning (McCrimmon 
1968), and spawning tempera tu res  a r e  i n  t h e  range o f  18' t o  23O C ( S i g l e r  
1958; Swee and McCrimmon 1966; Bardach e t  a1 . 1972; J e s t e r  1974). The spec ies  
g e n e r a l l y  w i l l  n o t  spawn i n  w a t e r s  w i t h  an average summer tempera tu re  < 18' C 
(Hue t  1970); spawning a c t i v i t y  decreases a t  temperatures  > 26' C and s tops  a t  
28' C (Be rg  1949; Swee and McCrimmon 1966; I g n a t i e v a  1976; Jones e t  a l .  1978). 
Temperatures < 11° C can i n c r e a s e  embryo m o r t a l i t y  (Makino and Osima 1943; 
Swee and McCrimmon 1966).  

Eggs a r e  t o l e r a n t  o f  f l u c t u a t i n g  oxygen l e v e l s ,  and some may s u r v i v e  
s h o r t  exposures  t o  DO l e v e l s  a s  low a s  1 . 2  mg/l (25' C ) .  Percentage h a t c h i n g  



i nc reases  w i t h  i n c r e a s i n g  DO c o n t e n t .  A t  3 mg/l DO, 40% of  t h e  embryos 
hatched;  a t  6  mg / l ,  65% ha tched ;  and a t  9  mg/l , 92% h a t c h e d  (Kaur and Toor  
1978). 

F ry .  A f t e r  h a t c h i n g ,  t h e  f r y  remain  i n  s h a l l o w  (< 2 m) ,  warm, f e r t i l e ,  
s l u g g i s h  w a t e r s  f o r  2 t o  8  weeks ( S i g l e r  1958). V e g e t a t i o n  and t u r b i d i t y  
p r o v i d e  c o v e r  and p r o t e c t i o n  from p r e d a t o r s ,  as we1 1  a s  a  good env i ronment  f o r  
food p r o d u c t i o n .  

Larvae a r e  more t o l e r a n t  o f  t empera tu re  ex t remes t h a n  embryos. The low 
tempera tu re  t h r e s h o l d  f o r  l a r v a e  i s  I 7O C ( T a t a r k o  1970). L a r v a l  common c a r p  
can s u r v i v e  and c o n t i n u e  t o  feed a t  36' C ,  b u t  most  w i l l  d i e  a t  38' C ( B l a c k  
1953; Meuwis and Huets  1957; T a t a r k o  1970). P r e f e r r e d  t e m p e r a t u r e  f o r  f ry was 
r e p o r t e d  t o  be 27O C (Askerov  1975), and t h e  optimum g r o w t h  was a t  30' C 
(Adelman 1977). 

Lower l e t h a l  oxygen l e v e l s  f o r  f r y  i n  t h e  l a b o r a t o r y  a r e  < 1.6 mg/l a t  
21-22' C (Doudorof f  and Shurnway 1970; Askerov 1975).  La rvae  d i e  a t  s a l i n i t i e s  
g r e a t e r  t h a n  4 p p t ,  b u t  g r o w t h  s lows b e f o r e  t h i s  l e v e l  (Aske rov  1975). 

J u v e n i l e .  J u v e n i l e s  a r e  most common i n  t h e  same h a b i t a t  as  t h e  f ry  
( S i g l e r  1958). Optimum g rowth  o f  j u v e n i l e s  o c c u r s  f r o m  28-30' C (Adelman 
1977). Temperature p r e f e r e n c e s  o f  j u v e n i l e s  i n  t h e  l a b o r a t o r y  and i n  the rma l  
e f f l u e n t s  have been r e p o r t e d  t o  be between 27' C and 33.5' C ( P i t t  e t  a1. 
1956; N e i l 1  and Magnuson 1974; Askerov  1975; C o u t a n t  1977). D a i l y  f o o d  con- 
sumption was g r e a t e s t  a t  23-27' C ( B a c k i e l  and Stegman 1968) .  Temperatures 
2 38O C a r e  l e t h a l  f o r  j u v e n i l e s  (Meuwis and Huet 1957).  

The lower  l e t h a l  oxygen l e v e l  f o r  j u v e n i l e s  i s  < 1.0 mg/l  (< 20° C) 
( P r i v o l n e v  1954; Downing and Merkens 1957; D o u d o r o f f  and Shumway 1970). The 
growth  r a t e  o f  j u v e n i l e s  b e g i n s  t o  decrease a t  a p p r o x i m a t e l y  2 . 1  mg/l a t  
20-23' C (Chiba 1965).  Op t ima l  DO l e v e l s  a r e  assumed t o  b e  r 6 rng/l, as w i t h  
a d u l t s .  S a l i n i t i e s  g r e a t e r  t h a n  6  p p t  were r e p o r t e d  t o  be l e t h a l  t o  j u v e n i l e s  
(Askerov 1975). 

HABITAT SUITABILITY INDEX (HSI)  MODELS 

Model A p p l i c a b i l i t y  

Geographic a r e a .  The model i s  a p p l i c a b l e  wherever  common c a r p  occu r  i n  
t h e  48 c o n t i g u o u s  S t a t e s .  The s t a n d a r d  o f  compar ison f o r  each i n d i v i d u a l  
v a r i a b l e  s u i t a b i l i t y  i ndex  i s  t h e  optimum v a l u e  o f  t h e  v a r i a b l e  t h a t  occu rs  
anywhere w i t h i n  t h i s  r e g i o n .  There fore ,  t h e  model w i l l  n e v e r  p r o v i d e  an HSI 
of 1 .0  when a p p l i e d  t o  w a t e r  b o d i e s  i n  t h e  n o r t h e r n  S t a t e s  where temperature  
r e l a t e d  v a r i a b l e s  do  n o t  r e a c h  t h e  optimum v a l u e s  f o u n d  i n  t h e  sou the rn  S t a t e s .  

Season. The model p r o v i d e s  a r a t i n g  f o r  a  r i v e r i n e  o r  l a c u s t r i n e  h a b i t a t  
b a s e d o n s  a b i l i t y  t o  s u p p o r t  a l l  1  i f e  s tages  o f  c a r p  t h r o u g h  a l l  seasons o f  
t h e  y e a r .  The mode1 w i l l  p r o v i d e  an HSI o f  0.0 i f  any r e p r o d u c t i o n  r e l a t e d  
v a r i a b l e  i n d i c a t e s  t h a t  t h e  spec ies  i s  n o t  a b l e  t o  r e p r o d u c e  i n  t h e  h a b i t a t  
b e i n g  eva lua ted .  
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Cover t y p e s .  The model i s  a p p l i c a b l e  i n  r i v e r i n e  and l a c u s t r i n e  h a b i t a t s  
as d e s c r i b e d  by  Cowardi n  e t  a1 . (1979). 

Minimum h a b i t a t  a rea .  Minimum h a b i t a t  a rea i s  d e f i n e d  as  t h e  minimum 
a r e a  of c o n t i g u o u s  s u i t a b l e  h a b i t a t  t h a t  i s  r e q u i r e d  f o r  a  p o p u l a t i o n  t o  l i v e  - 
and reproduce.  No a t t e m p t  has been made t o  e s t a b l i s h  a  minimum h a b i t a t  s i z e  
f o r  s u r v i v a l  and g rowth  o f  a  c a r p  p o p u l a t i o n .  

V e r i f i c a t i o n  1  eve1 . The acceptance goa l  o f  t h e  model i s  t o  produce an 
index  between 0 and 1 t h a t  has a  p o s i t i v e  r e l a t i o n s h i p  t o  spawning success o f  
a d u l t s  and c a r r y i n g  c a p a c i t y  f o r  f ry ,  j u v e n i l e s ,  and a d u l t s .  I n  o r d e r  t o  
v e r i f y  t h a t  t h e  model o u t p u t  was a c c e p t a b l e ,  H S I ' s  were c a l c u l a t e d  f rom sample 
d a t a  s e t s .  These sample d a t a  s e t s  and t h e i r  r e l a t i o n s h i p  t o  model v e r i f i c a t i o n  
a r e  d i s c u s s e d  i n  g r e a t e r  d e t a i l  f o l l o w i n g  p r e s e n t a t i o n  o f  t h e  model. 

Model D e s c r i p t i o n  - R i v e r i n e  

Carp h a b i t a t  qua1 i t y  a n a l y s i s  i s  based on b a s i c  components c o n s i s t i n g  o f  
food,  c o v e r ,  w a t e r  q u a l i t y ,  and r e p r o d u c t i o n  r e q u i r e m e n t s .  V a r i a b l e s  t h a t  
have been shown t o  a f f e c t  g rowth ,  s u r v i v a l ,  abundance, o r  o t h e r  measures o f  
w e l l - b e i n g  o f  c a r p  a r e  p l a c e d  i n  t h e  a p p r o p r i a t e  component ( F i g s .  1 and 2 ) .  

Food component. Pe rcen t  v e g e t a t i v e  c o v e r  (V,) i s  i n c l u d e d  because a reas  

w i t h  abundant v e g e t a t i o n  p r o v i d e  h a b i t a t  f o r  v a r i o u s  f o o d  o r g a n i  sms. I n  
a d d i t i o n ,  t h e  amount o f  v e g e t a t i o n  r e f l e c t s  t h e  genera l  p r o d u c t i v i t y  o f  t h e  
h a b i t a t ,  and c a r p  a r e  o p p o r t u n i s t i c  f e e d e r s  on v e g e t a t i o n  and d e t r i t u s ,  a s  
w e l l  as an imal  m a t t e r .  P e r c e n t  p o o l s ,  backwaters ,  and marsh areas (V,) i s  

i n c l u d e d  because t h i s  v a r i a b l e  q u a n t i f i e s  t h e  amount o f  a r e a  a v a i l a b l e  f o r  
p r o d u c t i o n  o f  f o o d  f o r  t h e  spec ies .  

Cover component. Pe rcen t  v e g e t a t i v e  cove r  (V,) i s  i n c l u d e d  because t h e  

spec ies  f r e q u e n t s  a reas  o f  v e g e t a t i o n  as a d u l t s  i n  summer and f a l l .  Dense 
v e g e t a t i o n  i s  a l s o  r e q u i r e d  b y  f r y  and j u v e n i l e s  f o r  c o v e r .  P e r c e n t  p o o l s ,  
backwaters ,  and marsh a reas  (V,) q u a n t i f i e s  t h e  amount o f  h a b i t a t  a v a i l a b l e  

f o r  c o v e r .  Pe rcen t  cove r  i n  p o o l s  ( V 2 )  i s  i n c l u d e d  because a d u l t s  spend t h e  

w i n t e r  i n  t h e s e  a reas  and r e q u i r e  c o v e r .  

Water  q u a l i t y  component. Average t u r b i d i t y  (V,) i s  i m p o r t a n t  because 

h i g h  l e v e l s  may l i m i t  f o o d  p r o d u c t i o n  and reduce g rowth  r a t e s .  Temperature 
(V, and VS) and d i s s o l v e d  oxygen ( V 1 2 )  a f f e c t  g rowth ,  s u r v i v a l ,  and f e e d i n g .  

pH (V,,) i s  i n c l u d e d  because a  c e r t a i n  pH range i s  necessary  f o r  s u r v i v a l  and 

r e p r o d u c t i o n .  S a l i n i t y  (V,,) i s  i n c l u d e d  as  an o p t i o n a l  v a r i a b l e ;  c a r p  can be 

v e r y  t o l e r a n t  o f  h i g h  s a l i n i t y  l e v e l s ,  and s a l i n i t y  i s  n o t  cons ide red  t o  be a  
p rob lem i n  most  a reas  where t h e  s p e c i e s  i s  found.  



H a b i t a t  V a r i a b l e s  L i f e  R e q u i s i t e s  

% v e g e t a t i v e  cove r  (V,) 
Food (CF)  

% poo ls ,  backwaters ,  
and marsh areas (V,) 

% v e g e t a t i v e  cove r  (V, ) 

% p o o l s ,  

% cover  i n  p o o l s  (V,) 

T u r b i d i t y  (V,) 

Temperature (V, and V,) 
HSI 

D i  s s o l  ved oxygen (V,,) 

pH ( V 1 4 )  c -c.---- 

/.------ 
S a l i n i t y  (V,  ,) -" 

% v e g e t a t i v e  cover  (V,) 

% poo l  s, backwaters,  and 
marsh areas (V,) 

Reproduc t ion  (CR) 
Depth ( V l d  

Temperature (V,) 

D i  sso l  ved oxygen (V,,) 

F i g u r e  1. Tree d iagram ill u s t r a t i n g  r e l a t i o n s h i p s  o f  h a b i t a t  v a r i a b l e s  
and l i f e  r e q u i s i t e s  i n  t h e  r i v e r i n e  model f o r  t h e  c a r p .  Dashed l i n e  
i n d i c a t e s  o p t i o n a l  v a r i a b l e  i n  t h e  model. 



H a b i t a t  V a r i a b l e s  L i f e  Requi s i t e s  

T u r b i d i t y  (V,) 

Temperature 

D i  sso l  ved oxygen (V,,) 

PH (V,&)  < 
/--/ 

S a l i n i t y  (V,,) '- 

% v e g e t a t i v e  cover  (V,) ---. 

rn Water qua1 i ty ( C  
/- 

/- 
4- - 

% l i t t o r a l  area ( V 4 )  

Maximum dep th  (V,,) 

Temperature (V,) / H 

Disso l ved  oxygen (V,,) / 

Storage r a t i o  (V,) Other  (cOT)' 

F i gu re  2. Tree diagram i l l u s t r a t i n g  r e l a t i o n s h i p  o f  h a b i t a t  v a r i a b l e s  
and l i f e  r e q u i s i t e s  i n  t h e  l a c u s t r i n e  model f o r  t h e  ca rp .  Dashed l i n e  
i n d i c a t e s  o p t i o n a l  v a r i a b l e  i n  t h e  model . 



Reproduc t i on  component. Pe rcen t  v e g e t a t i v e  c o v e r  (V,) i s  i m p o r t a n t  

because p r e f e r r e d  spawning s u b s t r a t e  i s  v e g e t a t i o n .  Pe rcen t  p o o l  s ,  back- 
wa te rs ,  and marsh a r e a s  (V,) a r e  i n c l u d e d  because t h i s  v a r i a b l e  q u a n t i f i e s  t h e  

amount o f  spawning h a b i t a t .  Maximum d e p t h  f o r  spawning (V,,) i s  i n c l u d e d  

because c a r p  p r i m a r i l y  spawn i n  s h a l l o w  w a t e r s .  Temperature ( V 8 )  and d i s s o l v e d  

oxygen ( V 1 3 )  a r e  i m p o r t a n t  wa te r  q u a l i t y  v a r i a b l e s  t h a t  can a f f e c t  embryo 

s u r v i v a l  and development.  Temperature i s  a l s o  a  p r i m a r y  s t i m u l u s  f o r  
spawning . 

Model D e s c r i p t i o n  - L a c u s t r i n e  

Food-cover component. Food and cove r  have been agg rega ted  i n t o  one 
component because t h e  v a r i a b l e s  w i t h i n  t h i s  component d e s c r i b e  b o t h  f o o d  and 
c o v e r  s u i  t a b i  1  i t y .  Pe rcen t  v e g e t a t i v e  c o v e r  (V,) i s  i n c l  uded because a reas  

w i t h  abundant cove r  p r o v i d e  h a b i t a t  f o r  v a r i o u s  f o o d  organ isms.  Carp a r e  
o p p o r t u n i s t i c  f e e d e r s ,  and t h e  amount o f  v e g e t a t i o n  w i l l  r e f l e c t  t h e  genera l  
p r o d u c t i v i t y  i n  f e e d i n g  areas .  Vege ta t i on  i s  a l s o  used f o r  c o v e r  f o r  a l l  l i f e  
s tages.  Pe rcen t  1  i t t o r a l  area (V,) q u a n t i f i e s  t h e  amount o f  a r e a  a v a i l a b l e  

f o r  f ood  and cove r .  

Water q u a l i t y  component. See r i v e r i n e  w a t e r  q u a l i t y  component. 

Reproduct ion  component. Pe rcen t  v e g e t a t i v e  cove r  (V,) i s  i m p o r t a n t  s i n c e  

p r e f e r r e d  spawning s u b s t r a t e  i s  v e g e t a t i o n .  Pe rcen t  l i t t o r a l  a r e a  (V,) q u a n t i -  

f i e s  t h e  amount o f  spawning h a b i t a t  a v a i l a b l e .  Maximum d e p t h  (V,,) i s  impor-  

t a n t  because s u c c e s s f u l  spawning p r i m a r i l y  occu rs  i n  s h a l l  ow w a t e r .  Tempera- 
t u r e  (V,) and d i s s o l v e d  oxygen ( V 1 3 )  a r e  i n c l u d e d  s i n c e  t h e i r  l e v e l s  can 

a f f e c t  embryo s u r v i v a l  and development. Temperature i s  a l s o  a  p r i m a r y  s t i m u l u s  
f o r  spawning. 

O the r  component. The v a r i a b l e  i n  t h e  o t h e r  component i s  one t h a t  a i d s  i n  
d e s c r i b i n g  h a b i t a t  s u i t a b i l i t y  f o r  ca rp ,  y e t  i s  n o t  s p e c i f i c a l l y  r e l a t e d  t o  
1  i f e  r e q u i  s i t e  components a l r e a d y  p resen ted .  S torage r a t i o  (SR)  (V,) i s  

i m p o r t a n t  because s t a n d i n g  c r o p  o f  ca rp  has been c o r r e l a t e d  w i t h  s t o r a g e  
r a t i o .  

Su i  t a b i  1 i ty  Index  ( S I )  Graphs f o r  Model V a r i a b l e s  

Th i  s  s e c t i o n  c o n t a i n s  s u i  t a b i  1 i t y  i n d e x  graphs f o r  t h e  14 v a r i a b l e s  
d e s c r i b e d  above. The "R" p e r t a i n s  t o  r i v e r i n e  h a b i t a t  v a r i a b l e s ,  and t h e  "L" 
r e f e r s  t o  1  a c u s t r i n e  h a b i t a t  v a r i a b l e s .  



H a b i t a t  V a r i a b l e  

v 1 Percen t  v e g e t a t i v e  
cover  i n  shal low 
a r e a s  dur ing  s p r i n g  
and summer. 

Percen t  cover  i n  
pools  ( e . g . ,  l o g s ,  
b rush ,  submerged 
o b j e c t s ,  and d e p t h ) .  

Pe rcen t  pool s ,  back- 
w a t e r s ,  and marsh 
a r e a s  dur ing  average 
summer f l o w .  

S u i t a b i l i t y  Graph 



Percen t  1 i t t o r a l  a rea  
dur ing  s p r i n g  and 
summer. 

S to rage  r a t i o .  

Maximum monthly average 
1.0 

t u r b i d i t y  dur ing average x 
summer flow o r  summer ," 0.8 
s t r a t i f i c a t i o n .  t 

H 

75 150 225 300 

JTU 



R,  L v ,  Maximum midsummer 
w a t e r  t empera tu re  
( a d u l t )  . 

R,L v 8 Average w a t e r  
t empera tu res  d u r i n g  
spawning w i t h i n  
s p e c i f i e d  a reas  
(embryo).  

Maximum midsummer w a t e r  1.0 

t e m p e r a t u r e  w i t h i n  X 
a, 

p o o l  s ,  backwaters ,  -0 
r 0.8 
H 

o r  l i t t o r a l  a reas  
( j u v e n i l e  and f r y ) .  h 

.? 0.6 



R, L v l o  Maximum dep th  of 
l i t t o r a l  ( L )  o r  
pool S ,  marshes,  
and backwaters  (R) 
dur ing spawning . 

v 1 1  Maximum s a l i n i t y .  

Note: Optional v a r i -  - 
a b l e .  V l l  should 

be used in  t h e  model 
only i f  s a l i n i t y  i s  
considered t o  be a  
p o t e n t i a l  problem 
wi th in  t h e  study 
a r e a .  

Minimum d i s s o l v e d  
oxygen l e v e l s  dur ing 
midsummer ( f r y ,  
juveni 1  e ,  and a d u l t )  . 



v 1 3  Minimum d i s s o l v e d  
oxygen l e v e l s  w i t h i n  
s p e c i f i e d  a reas  d u r i n g  
spawning (March-June) 
(embryo). 

pH l e v e l s  d u r i n g  
t h e  y e a r .  

R i v e r i n e  Model 

T h i s  model u t i l i z e s  t h e  l i f e  r e q u i s i t e  approach and c o n s i s t s  o f  f o u r  
components: f ood ;  cove r ;  w a t e r  q u a l i t y ;  and r e p r o d u c t i o n .  

Food ( C F )  



Cover ( C C )  

Water Q u a l i t y  ( C  ) 
WQ 

- v s  + 2[(V7 x V 9 )  + ZV,, + v,, 
'WQ - 6 

If (V, x v , ) ~ "  o r  V,, 5 0.4 ,  C equa ls  t h e  l o w e s t  o f  t h e  f o l l o w i n g :  
WQ 

1/2 ( V 7  x V9) ; V 1 2 ;  o r  t h e  above e q u a t i o n .  I f  e i t h e r  V 7  o r  V 9  i s  5 0 . 4 ,  

t hen  (V, x v , ) ~ ' ~  equa ls  t h e  l owes t  r a t i n g .  

Note:  I f  Vll ( o p t i o n a l  s a l i n i t y  v a r i a b l e )  i s  added, 

Reproduc t i on  ( C R )  

H S I  d e t e r m i n a t i o n  

HSI = ( C F  x CC x C x C R )  
1 /4  

WQ 

I f  CWP o r  CR i s  <_ 0 .4,  t h e  H S I  equa ls  t h e  l o w e s t  o f  t h e  f o l l o w i n g :  

CWQ; CR; o r  t h e  above e q u a t i o n .  

L a c u s t r i  ne Model 

T h i s  model u t i l i z e s  t h e  l i f e  r e q u i s i t e  approach and c o n s i s t s  o f  f o u r  
components: food-cover ;  w a t e r  q u a l i t y ;  r e p r o d u c t i o n ;  and o t h e r .  



Food-Cover (CF-C)  

Water Q u a l i t y  (CWO) 

I f  (V, x v,)'" o r  V,, S 0.4,  C e q u a l s  t h e  l o w e s t  o f  t h e  f o l l o w i n g :  
WQ 

(V, x v,)'"; VI2; o r  t h e  above e q u a t i o n .  I f  e i t h e r  V, o r  V, i s  5 0.4, 

t h e n  (V, x v , ) ' /~ equa ls  t h e  l o w e s t  r a t i n g  

Note :  V,, ( o p t i o n a l  s a l i n i t y  v a r i a b l e )  may be added he re ,  as f o r  t h e  

r i v e r i n e  w a t e r  q u a l i t y  component. 

Reproduc t i on  (CR) 

O t h e r  (COT) 

HSI d e t e r m i n a t i o n  

HSI = (CF-c x CWQ x CR x COT) 1/4 

If CWQ o r  CR i s  6 0.4 ,  t h e  HSI e q u a l s  t h e  l o w e s t  o f  t h e  f o l l o w i n g :  

C w ~  ; CR; o r  t h e  above e q u a t i o n .  



Sources o f  d a t a  and assumpt ions made i n  d e v e l o p i n g  t h e  s u i t a b i l i t y  i n d i c e s  
a r e  p resen ted  i n  Tab le  1. 

Sample d a t a  s e t s  f o r  t h e  above r i v e r i n e  and l a c u s t r i n e  HSI models a r e  
l i s t e d  i n  Tab les  2 and 3. The d a t a  s e t s  a r e  n o t  a c t u a l  f i e l d  measurements, 
b u t  r e p r e s e n t  comb ina t ions  t h a t  c o u l d  occu r  i n  a  r i v e r i n e  o r  l a c u s t r i n e  
h a b i t a t .  The H S I ' s  c a l c u l a t e d  f rom t h e  d a t a  r e f l e c t  what t h e  c a r r y i n g  c a p a c i t y  
t r e n d s  wou ld  be i n  r i v e r i n e  and l a c u s t r i n e  h a b i t a t s  w i t h  t h e  l i s t e d  c h a r a c t e r -  
i s t i c s .  Thus, t h e  model meets t h e  accep tab le  goal  o f  p r o d u c i n g  an i ndex  
between 0 and 1 wh ich  i s  b e l i e v e d  t o  have a  p o s i t i v e  r e l a t i o n s h i p  t o  t h e  
spawning success o f  a d u l t s  and c a r r y i n g  c a p a c i t y  o f  f r y ,  j u v e n i l e ,  and a d u l t  
common c a r p .  

I n t e r p r e t i n g  Model Ou tpu ts  

H a b i t a t s  w i t h  an HSI o f  0 may c o n t a i n  some common c a r p ;  h a b i t a t s  w i t h  a  
h i g h  HSI may c o n t a i n  few. The common c a r p  HSI determined by use o f  t h e s e  
models w i l l  n o t  n e c e s s a r i l y  r e p r e s e n t  t h e  p o p u l a t i o n  o f  ca rp  i n  t h e  s t u d y  
area.  T h i s  i s  because t h e  s t a n d i n g  c r o p  does n o t  t o t a l l y  depend on t h e  a b i l i t y  
o f  an a rea  t o  meet a l l  l i f e  r e q u i s i t e  requ i remen ts  o f  t h e  spec ies .  I f  t h e  
model i s  a  good r e p r e s e n t a t i o n  o f  common c a r p  r i v e r i n e  o r  l a c u s t r i n e  h a b i t a t ,  
t h e  model shou ld  be p o s i t i v e l y  c o r r e l a t e d  w i t h  l o n g  te rm average p o p u l a t i o n  
l e v e l s  i n  a reas  where p o p u l a t i o n  l e v e l s  a r e  de te rm ined  p r i m a r i l y  by  h a b i t a t  
r e l a t e d  f a c t o r s .  However, t h i s  has n o t  been t e s t e d .  The p r o p e r  i n t e r p r e t a -  
t i o n  o f  t h e  HSI produced by t h e  model i s  one o f  compar ison.  I f  two h a b i t a t s  
have d i f f e r e n t  H S I ' s ,  t h e  one w i t h  t h e  h i g h e r  HSI shou ld  have t h e  p o t e n t i a l  t o  
suppor t  more f i s h  t h a n  t h e  one w i t h  t h e  l o w e r  HSI, g i v e n  t h e  model assumpt ions 
have n o t  been v i o l a t e d .  

ADDITIONAL HABITAT MODELS 

Model 1 

Opt imal  r i v e r i n e  common c a r p  h a b i t a t  i s  c h a r a c t e r i z e d  by  t h e  f o l l o w i n g  
c o n d i t i o n s ,  assuming t h e  w a t e r  q u a l i t y  i s  adequate:  warm w a t e r s  (2 20° C 
d u r i n g  t h e  growing season, a p p r o x i m a t e l y  mid-June t h r o u g h  August) ;  l ow  g r a d i e n t  
r i v e r s  ( S  1.5 m/km); sha l  low vege ta ted  marsh land a v a i l a b l e  f o r  spawning 
h a b i t a t ;  s t r u c t u r a l  f e a t u r e s ,  such as  l o g s  and brush,  f o r  c o v e r  i n  p o o l s ;  50% 
o r  g r e a t e r  o f  r i v e r  area i n  p o o l s  and/or  o f f - c h a n n e l  a reas;  and f e r t i l e  cond i -  
t i o n s .  

HSI = number o f  above c r i t e r i a  p r e s e n t  
6 



Table I .  Data sources f o r  common carp s u i t a b i  1 i t y  i nd ices .  

Variable  and source Assumption 

V ,  McCrimmon 1968 
May and Gloss 1979 

The percentage of vege ta t ive  cover 
assoc ia ted  with high numbers of f i s h  
i s  optimum. The percentage a s soc i a t ed  
with low numbers i s  suboptimum. 

V, Pf 1 i ege r  1975 The percent cover t h a t  i s  a s soc i a t ed  
with a r eas  where t h e  spec ies  i s  most 
of ten  found in r i v e r s  i s  optimum. 

V, Kallemeyn and Novotny 1977 Because the  spec i e s  i s  most abundant in 
off-channel and pool a r e a s ,  i t  i s  
assumed t h a t  a  h i g h  percentage of t hese  
a r eas  must e x i s t  f o r  h a b i t a t  t o  be 
optimum. 

V, S i g l e r  1955; 1958 
McCrimmon 1968 

V, Jenkins  1976 

V, Burns 1966 
McCrimmon 1968 
J e s t e r  1974 

V, Meuwis and Heuts 1957 
Backiel and Stegman 1968 
Gribanov e t  a l .  1968 
McCrimmon 1968 
Huet 1970 
May and Gloss 1979 

V, Makino and Osima 1943 
Swee and McCrimmon 1966 
Huet 1970 
J e s t e r  1974 
Igna t ieva  1976 

Because common carp  a r e  assoc ia ted  with 
shallow vegetated a r e a s ,  i t  i s  assumed 
t h a t  a  l i t t o r a l  region must e x i s t  f o r  
hab i t a t  t o  be adequate .  Because ca rp  
r e t r e a t  t o  deeper waters  during win te r ,  
too much l i t t o r a l  a r e a  i s  suboptimum. 

The s torage r a t i o s  assoc ia ted  with 
high s tanding crops a r e  optimum. 

Even though a d u l t s  may t o l e r a t e  high 
t u r b i d i t i e s ,  populat ions may be l imi t ed  
by the  e f f e c t s  of t u r b i d i t y  on eggs and 
f r y .  Therefore,  t h e  l e v e l s  which a r e  
assoc ia ted  with high abundance a r e  
optimum. Levels assoc ia ted  with reduced 
populat ions a r e  suboptimum. 

Temperatures a s soc i a t ed  with maximum 
numbers of f i s h  a r e  optimum. Those 
assoc ia ted  with reduced growth r a t e s  
a r e  suboptimum. Lethal temperatures 
a r e  unsui tab le .  

Temperatures where survival  i s  h ighes t  
and normal development occurs a r e  optimum. 
Temperatures a s soc i a t ed  with lower 
survival  r a t e s  a r e  suboptimum. Temper- 
a t u r e s  causi  ng dea th  a r e  unsui tab1 e .  



Tab le  1. (conc luded) .  

V a r i a b l e  and source Assumpt ion 

V, Meuwis and Heuts  1957 
B a c k i e l  and Stegman 1968 
T a t a r k o  1970 
Askerov 1975 
Adelman 1977 

V,, McCrirnmon 1968 
J e s t e r  1974 

V,, S o l l e r  e t  a l .  1965 
Mark 1966 
Bardach e t  a l .  1972 

V,, Chiba 1965 
Doudoro f f  and Shumway 1970 
Huet 1970 
I tazawa  1971 
Askerov 1975 
Dav is  1975 

V,, Kaur and Toor  1978 

V,, European I n l a n d  F i s h e r i e s  
Adv i  s o r y  Cornmi s s i o n  1969 

Committee on Water Qua1 i t y  
C r i t e r i a  1972 

Temperatures a s s o c i a t e d  w i t h  h i g h  
g rowth  r a t e s  a r e  optimum. Temperature 
p r e f e r e n c e s  near  the rma l  e f f l u e n t s  a r e  
n o t  cons ide red  t o  n e c e s s a r i l y  r e f l e c t  
n a t u r a l  c o n d i t i o n s .  Temperatures 
caus ing  d e a t h  a r e  u n s u i t a b l e .  

Spawning dep ths  p r e f e r r e d  by t h e  spec ies  
a r e  optimum. Deeper areas a r e  adequate 
b u t  suboptimum. 

S a l i n i t y  l e v e l s  where g rowth  r a t e s  a r e  
h i g h e s t  a r e  optimum. L e v e l s  wh ich  a r e  
t o 1  e r a t e d  b u t  where p r o d u c t i o n  i s  low 
a r e  suboptimum t o  u n s u i t a b l e  f o r  a l l  
l i f e  s tages.  

Leve ls  o f  DO a s s o c i a t e d  w i t h  abundant 
numbers a r e  optimum. L e v e l s  t h a t  may 
be t o l e r a t e d  b u t  reduce g rowth  a r e  
suboptimum. L e t h a l  1  eve1 s  o r  l e v e l s  
where a d u l t s  must g u l p  s u r f a c e  a i r  
a r e  u n s u i t a b l e .  

00 l e v e l s  t h a t  a r e  a s s o c i a t e d  w i t h  
maximum h a t c h i n g  and h i g h  s u r v i v a l  a r e  
optimum. L e v e l s  where t h e  p e r c e n t  o f  
h a t c h i n g  decreases a r e  suboptimurn. 
L e v e l s  where none h a t c h  a r e  u n s u i t a b l e .  

pH l e v e l s  t h a t  promote h i g h  g rowth  r a t e s  
a r e  optimum. pH l e v e l s  where g rowth  i s  
reduced o r  r e p r o d u c t i o n  i s  a d v e r s e l y  
a f f e c t e d  a r e  suboptirnum. L e v e l s  t h a t  
cause d e a t h  a r e  u n s u i t a b l e .  



T a b l e  2. Sample d a t a  s e t s  u s i n g  r i v e r i n e  HSI model. 

Data s e t  1 Data s e t  2 Data s e t  3 

Da ta  S  I Data S I Data S I V a r i a b l e  

% v e g e t a t i v e  cove r  V,  

% cover  i n  poo l  s v 2  

% p o o l  s, backwaters ,  
and marsh a reas  v 3 

T u r b i d i t y  (JTU)  v 6 

Temperature ( a d u l t )  
(" C )  v 7 

Temperature (embryo) 
(" c >  v 8  

Temperature 
( j u v e n i  1  e,  f ry)  
(" C )  v, 

Depth i n  p o o l s ,  
marshes, and 
backwa te rs  
d u r i n g  spawn- 
i n g  (m) V l O  

Sal i n i  ty  
( o p t i o n a l  ( P P ~ )  V l  1 

D i s s o l v e d  oxygen 
( f ry ,  j u v e n i l e ,  
a d u l t )  (mg/l  ) v 1 2  

D i s s o l v e d  oxygen 
(embryo) (rng/l ) v 1 3  



Tab1 e  2. (conc luded)  . 

V a r i a b l e  

Data s e t  1 

Data S I 
Data s e t  2 

Data S I 

Data s e t  3 

Data  S I 

Component S I  

- 
C~ - 

H S I  = 0.73 0.96 0.47 

Note:  CWq does n o t  i n c l u d e  s a l i n i t y  v a r i a b l e  (V,,). 



Table 3. Sample da t a  s e t s  using 1 a c u s t r i n e  HSI model. 

Data s e t  1 Data s e t  2 Data s e t  3 

Data S I Data S I Data S I Variable  

% vegeta t ive  cover V, 

% l i t t o r a l  v, 
Storage r a t i o  v 5 

Turbid i ty  (JTU) v 6 

Temperature ( a d u l t )  
("  C) v 7 

Temperature (embryc) 
("  c >  v 8 

Temperature 
( j u v e n i l e ,  f r y )  
("  C) v 9 

Depth of 1 i t t o r a l  
during spawing ( m )  V,, 

S a l i n i t y  ( o p t i o n a l )  
( P P ~ )  V l l  

Di ssol ved oxygen 
( f r y ,  j uven i l e ,  
a d u l t )  (mg/l) v 1 2  

Di ssol  ved oxygen 
(embryo) (mg/l ) V 1 3  



Tab1 e  3 .  ( conc l  uded) . 

V a r i a b l e  

Data  s e t  1 

Data S I 

Data s e t  2 

Data S I 

Data s e t  3 

Data S I 

Component S I  

- 
'F/C - 

- 
C w ~  

- 
- 

C~ - 
- 

'OT - 
H S I  = 

Note:  C does n o t  include s a l i n i t y  v a r i a b l e  (V,,). 
WQ 



Model 2  

Op t ima l  l a c u s t r i n e  common c a r p  h a b i t a t  i s  c h a r a c t e r i z e d  b y  t h e  f o l l o w i n g  
c o n d i t i o n s :  f e r t i l e  c o n d i t i o n s ;  warm w a t e r s  (2 20° f rom mid-June t h r o u g h  
August ) ;  a q u a t i c  o r  i n u n d a t e d  v e g e t a t i o n  f o r  spawning i n  s p r i n g  and e a r l y  
summer; deeper  w a t e r s  f o r  o v e r w i n t e r i n g ;  and a t  l e a s t  25% 1  i t t o r a l  a rea.  

HSI = number o f  above c r i t e r i a  p r e s e n t  
5  
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