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PREFACE 

Th i s  spec ies p r a f i l e  i s  one o f  a  s e r i e s  on coas ta l  a q u a t i c  organisms, 
p r i n c i p a l l y  f i s h ,  o f  s p o r t ,  commercial , o r  e c o l o g i c a l  importance. The p r o f i l e s  
a re  designed t o  p r o v i d e  coas ta l  managers, eng ineers ,  and b i o l o g i s t s  w i t h  a  b r i e f  
comprehensive ske tch  o f  t h e  b i o l o g i c a l  c h a r a c t e r i s t i c s  and env i ronmenta l  
requi rements o f  t h e  spec ies and t o  desc r i be  how popu la t i ons  o f  t h e  spec ies may be 
expected t o  r e a c t  t o  env i ronmenta l  changes caused by coas ta l  development. Each 
p r o f i l e  has s e c t i o n s  on taxonomy, 1  i f e  h i s t o r y ,  e c o l o g i c a l  r o l e ,  env i ronmenta l  
requi rements,  and economic importance, i f  a p p l i c a b l e .  A t h r e e - r i  ng b i n d e r  i s  
used f o r  t h i s  s e r i e s  so t h a t  new p r o f i l e s  can be added as t h e y  a r e  prepared.  
Th i s  p r o j e c t  i s  j o i n t l y  p lanned and f i nanced  by  t h e  U.S. Army Corps o f  Engineers 
and t h e  U.S. F i s h  and W i l d l i f e  Serv ice .  

Suggest ions o r  ques t ions  r ega rd i ng  t h i s  r e p o r t  shou ld  be d i r e c t e d  t o  one of 
t h e  f o l  1  owing addresses. 

I n f o r m a t i o n  T rans fe r  S p e c i a l i s t  
Na t i ona l  Wetlands Research Center 
U.S. F i s h  and W i l d l i f e  Se rv i ce  
NASA-Sl i d e l  1  Computer Complex 
1010 Gause Boulevard 
S l i d e l l ,  LA 70458 

U.S. Army Engineer  Waterways Experiment S t a t i o n  
A t t e n t i o n :  WESER-C 
Pos t  O f f i c e  Box 631 
Vicksburg,  MS 39180 



CONVERSION TABLE 

M e t r i c  t o  U.  S. Customary 

M u l t i p l y  

m i  11 i m e t e r s  (mm) 
c e n t i m e t e r s  (cm) 
meters  ( m )  
meters  (m)  
k i  1  ometers (km) 
k i  1  ometers (km) 

square meters  ( m 2 )  
square k i  1  ometers ( km2) 
hec ta res  (ha) 

l i t e r s  (1 )  
cub i c  meters  ( m 3 )  
c u b i c  meters (m3)  

m i l l i g r a m s  (mg) 
grams (g)  
k i  1  ograms (kg) 
m e t r i c  t ons  ( t)  
m e t r i c  t ons  ( t)  

k i l o c a l o r i e s  ( k c a l )  
Cel s i  us degrees ( O C )  

inches 
inches 
f e e t  ( f t )  
fathoms 
s t a t u t e  m i l e s  ( m i )  
n a u t i c a l  m i l e s  (nmi)  

square f e e t  ( f t2 )  
square m i l e s  ( m i 2 )  
acres  

g a l  1  ons ( g a l  ) 
c u b i c  f e e t  ( f t3 )  
a c r e - f e e t  

ounces (oz )  
ounces (oz)  
pounds ( l b )  
pounds ( l b )  
s h o r t  t ons  ( t o n )  

B r i t i s h  thermal  u n i t s  (B tu )  
F a h r e n h e i t  degrees (OF) 

To O b t a i n  

inches 
i nches 
f e e t  
fathoms 
s t a t u t e  m i  1  es 
n a u t i c a l  m i l e s  

square f e e t  
square m i l e s  
ac res  

0.2642 g a l  1  ons 
3 5 . 3 1  c u b i c  f e e t  

0.0008110 ac re -  f e e t  

0.00003527 ounces 
0.03527 ounces 
2.205 pounds 

2205.0 pounds 
1 .102  s h o r t  t ons  

3.968 B r i t i s h  thermal  u n i t s  
1.8(OC) + 32 F a h r e n h e i t  degrees 

U . S .  Customary t o  M e t r i c  

25.40 m i l l i m e t e r s  
2 . 5 4  c e n t i m e t e r s  
0.3048 meters  
1.829 meters  
1.609 k i  1  ometers 
1 .852 k i  1  ometers 

square meters  
square k i  1  ometers 
hec ta res  

1  i t e r s  
c u b i c  meters  
c u b i c  meters  

28350.0 m i l l i g r a m s  
28.35 grams 

0.4536 k i  1  ograms 
0.00045 m e t r i c  t o n s  
0.9072 m e t r i c  t ons  

0.2520 k i l o c a l o r i e s  
0.5556 (OF - 32) C e l s i u s  degrees 
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F i g u r e  1. S t r i p e d  bass.  

STRIPED BASS 

S c i e n t i f i c  ndme . . . . . . . Morone ---- 
s d x d t i l i s  - - - - - - - 

P r e f e r r e d  common name . . . . s t r i p e d  
bdss ( F i g u r e  1 )  

Other  common ndmes . . . . s t r i p e r ,  
r o c k f i s h  

C lass  . . . . . . . . . O s t e i c h t h y e s  
Order . . . . . . . . . . P e r c i f o r m e s  
Fam i l y  . . . . . . . . P e r c i c h t h y i d a e  

Geograph ic  rdnge:  A t l d n t i c  c o a s t  f rom 
t h e  S t .  Lawrence R i v e r ,  Canada 
(Magnin and B e a u l i e u  19671, west  t o  
M o n t r e d l  (V ladykov  and M c A l l i s t e r  
19611, and s o u t h  t o  t h e  S t .  Johns 
R i v e r ,  F l o r i d a  (McLane 1955) .  G u l f  
of Mex ico f rom west  F l o r i d a  c o a s t  t o  
L o u i s i a n a  ( M c I l w a i n  1968) .  
I n t r o d u c e d  i n t o  t h e  l ower  Sacrdmento 
R i v e r ,  Cal  i f o r n  i d  i n  1879 ( S c o f i e l d  
and B r y a n t  1926) .  Now ex tend  f rom 
B a r k l e y  Sound, B r i t i s h  Columbia 

s o u t h  t o  Ensenada, Mex ico (Radovi  ch  
1961; F o r r e s t e r  e t  a l .  1972; M i l l e r  
and Led 1972) .  I n t r o d u c e d  i n t o  
wa te rs  o f  t h e  S o v i e t  Un ion  (Doroshev 
1970) and F rance  dnd P o r t u g a l  
( S e t z l e r  e t  a l .  1980) .  Land locked 
f o r m  hds been s u c c e s s f u l  1  y  i n t r o -  
duced i n t o  f r e s h w a t e r  impoundments 
i n  N o r t h  America ( F i g u r e  2 i s  map o f  
d i s t r i b u t i o n  i n  t h e  P a c i f i c  South- 
west Region; d i s t r i b u t i o n  o f  f i s h  
t h a t  l i v e  o n l y  i n  f r e s h w a t e r  i s  n o t  
i n c l u d e d )  . 

MORPHOLOGY AND IDENTIFICATION AIDS 

M e r i s t i c  C h d r a c t e r s :  d o r s a l  I X  + 
1-11, 12, ana l  111, 9-11, p e c t o r d l  16- 
17; l a t e r d l  l i n e  s c d l e s  57-67; g i l l  
r d k e r s  8 -11  + 14-17; v e r t e b r a e  25 
( M i l l e r  and Lea 1972) .  Two d o r s d l  
f i n s ,  one s p i n y  and one s o f t ,  
sepd rd ted  d t  base and about equa l  i n  
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F igu re  2. P a c i f i c  Southwest d i s t r i b u t i o n  o f  s t r i p e d  bass. 



l e n g t h ;  opercu lum W I  t h  two s p i n e s  on 
p o s t e r i o r  edge (Fay e t  a l .  1983) .  
Youth  l a r g e ,  b u t  rndxi I l a  does n o t  
r e d c h  p d s t  t i e  h i n d  m d r g i n  o f  t h e  eye; 
two d l s t  i n c t  pa tches  o f  teet.h d t  bdse 
o f  t o n g ~ ~ e  (Moy le  1976) .  Eye s m a l l ,  
l e s s  thdn  o n e - f o u r t h  o f  hedd l e n g t h ;  
p e c t o r d l  f i n s  do n o t  r e d c h  back beyond 
t ~ p s  o f  p e l v i c s  (qoede l  1953).  

Body e longa ted ,  with 6 -9  dd rk ,  
u s u a l l y  b roken  b u t  sometimes 
,on% ~ n u o l l s ,  h o r i z o n t a l  s t r i p e s  (Mi l l e r  
dnd Led 13721, one f o l  lows l a t e r d l  
1  i n e  dnd t h r e e  a r e  be low !Fay e t  d l .  

1383) .  C o l o r :  s t e e l  b l u e  t o  01 i v e -  
g reen  dbove becorning s i  l v e r y  on s i d e s  
and b e l l y ,  w i t h  b r d s s y  i r i d e s c e n c e  
(Koedel  1953).  

REASONS FOR INCLUSION I N  SERIES 

The s t r i p e d  bdss s u p p o r t s  one o f  
t h e  most i ~ n p o r t d n t  s p o r t  f i s h e r i e s  i n  
t h e  P a c i f i c  Southwest 2eg ion.  It i s  
one o f  C a l i f o r n i , 3 ' s  t o p  r a n k i n g  s p o r t  
f i s h e s  dnd i s  t h e  dominant  s p o r t  f i s h  
i n  t h e  Sacr-amento-San Joaqu in  E s t u a r y  
( F i g u r e  2 ) .  The o n l y  p o p u l a t . i o n s  o f  
s t r i p e d  bdss o f  consequence i n  t h e  
P a c i f i c  Southwest a r e  i n  t h i s  E s t u a r y  
and i n  t h e  P a c i f i c  Ocedn w i t h i n  40 km 
o f  t h e  es t luary  (Chddwick e t  a l .  1977; 
Stevens 1979, 1980; Stevens e t  a l .  
1985) .  The f i s h e r y  ex tends  f r o m  t h e  
P a c i f i c  Ocean nedr  Sdn F ranc i sco ,  
upst redm t h r o u g h o u t  San F r a n c i s c o ,  San 
Pablo,  and Su isun Bdys, t h e  D e l t a  and 
more thdn  200 km i n t o  t h e  Sacrdrnento 
and San Jodqu in  R i v e r s  ( F i g u r e  2 ) .  
The s t r i p e d  bass i s  anadromous and 
occup ies  many d i  F f e r e n t  t y p e s  o f  
h a b i t a t  From f r e s h w a t e r  t o  c o a s t a l  
ocean wa te rs .  F reshwa te r  spawning 
areds and e s t u a r i n e  n u r s e r y  areds 
appedr t o  be t h e  most c r i t i c a l  h d b i t a t  
r e q u i r e m e n t  f o r  s  tr iped bass.  

The Sacrdmento dnd Sdn Joaqu i n  
R i v e r s ,  t h e  D e l t a ,  and Su isun  Bay a r e  
t h e  m a j o r  spawning dnd n u r s e r y  grounds 
f o r  s t r i p e d  bass i n  t h e  P a c i f i c  
Southwest.  These a reas  a r e  g r e a t l y  
i n f l u e n c e d  by e n v i r o n m e n t a l  f a c t o r s  

and w a t e r  mdnagernent. A  d e c l i n e  i n  
abundance o f  s t r i p e d  bass i n  r e c e n t  
y e d r s  i n  t h e  D e l t a  and a d j d c e n t  hays 
i s  b e l i e v e d  t o  be d s s o c i d t e d  w i t h  
decreased wa te r  qua1 i t y  and i nc redsed  
wa te r  mdnagement i n  t h e  Sacramento and 
San Joaqu in  R i v e r s  and D e l t a  (Stevens 
e t  a l .  1985).  

INTRODUCTION OF STRIPED BASS 

The s t r i p e d  bass was i n t r o d u c e d  
i n t o  C a l i f o r n i a  i n  t h e  l a t e  1870 's .  
I n  1879, 135 y e d r l  i n g s  f rom t h e  
Naves ink  R i v e r ,  New Jersey,  were 
r e l e d s e d  i n  t h e  Carqu inez  S t r d i t  a t  
M a r t i n e z ,  C a l i f o r n i a ,  and i n  1882, 300 
y e d r l i n g s  f r o m  t h e  Shrewsbury R i v e r ,  
New Jersey,  were r e l e a s e d  i n  Su isun  
Bay n e d r  Army P o i n t  (Sco f  i e l d  and 
B r y a n t  1926).  S t r i p e d  bass i n c r e d s e d  
r d p i d l y  and were o f f e r e d  f o r  s d l e  on 
t h e  Cal  i f o r n i d  n a r k e t  o n l y  10  y e d r s  
a f t e r  t h e i r  f i r s t  i n t r o d u c t i o n  ( C r a i g  
1928) .  The o n l y  o t h e r  p o p u l a t i o n s  o f  
s t r i p e d  bass o f  s i g n i f i c d n c e  d l o n g  t h e  
west  c o d s t  a r e  i n  t h e  Coos dnd Umpqua 
R i v e r s ,  Oregon (Parks  1978) .  

The Sacramento-San Joaqu i n  
Es tua ry ,  t h e  most  i m p o r t a n t  s t r i p e d  
bass n u r s e r y  a r e a  i n  t h e  P a c i f i c  
Southwest Region,  i n c l u d e s  t h e  D e l t a  
and Suisun, San Pablo,  and San 
F r a n c i s c o  Bays ( F i g u r e  2 ) .  The D e l t a  
i s  a  r e c l a i m e d  t i d a l  marsh where t h e  
Sacramento and San Joaqu in  R i v e r s  j o i n  
b e f o r e  f l o w i n g  i n t o  Su isun  Bay. The 
D e l t a  c o n s i s t s  o f  298,300 hd,  w i t h  more 
t h a n  40 l a r g e  farmed i s l a n d s  p r o t e c t e d  
by  l e v e e s  and su r rounded  by  1,130 km 
o f  channels  ( K e l l e y  and Tu rne r  1966; 
Chadwick e t  a l .  1977; A r t h u r  and B a l l  
1973).  9 s a l  i n i  t y  g r a d i e n t  ex tends  
f r o m  t h e  w e s t e r n  D e l t a  t o  San Pab lo  
Bay ( 8 0  km) dnd sometimes t o  San 
F r a n c i s c o  Bdy. F reshwa te r  o u t f l o w s  
f om t h e  D e l t a  r a n g e  fry 1,500-4,500 5 .  rn / S  i n  w i n t e r  t o  100 m / s  i n  summer 
(S tevens  e t  d l .  1985).  The h i s t o r i c d l  
medn f r e s h w a t e r  o u t f l o w  t o  t h e  ocean 



(1,100 m3/s hds been reduced by ?bout  
50% ds t h e  r e s u l t  o f  consumpt ive  wa te r  
use upst redm ~ n d  wa te r  d i v e r s i o n s  f r o m  
t h e  Del t d  (Chddwick e t  a l .  1977).  

The San Jodqu in  system hds been 
deve loped f o r  upst ream wd te r  use dnd 
t h e  Sacramento system f o r  t r a n s p o r t  o f  
wa te r  t h r o u g h  t h e  D e l t a  f o r  use i n  
s o u t h e r n  Cal  i f o r n i a .  Water i s  
e x p o r t e d  b y  two l a r g e  pumping p l d n t s  
i n  t h e  s o u t h e r n  D e l t a .  E x p o r t  r a t e s  
f rom t h e s e  p l a n t s  exceed t h e  f l o w  o f  
t h e  San J o a q u i n  R i v e r ,  and most w a t e r  
must come f rom t h e  S a ~ r a m e n t o  R i v e r .  
About t h e  f i r s t  100 m /s o f  e x p o r t e d  
w a t e r  f rom t h e  Sacramento R i v e r  
c r o s s e s  t h e  D e l t a  t h r o u g h  channe ls  
upst ream f r o m  t h e  mouth o f  t h e  San 
J o a q u i n  R i v e r ;  a t  h i g h e r  e x p o r t  r a t e s  3 ( > l o 0  m / s ) ,  w a t e r  i s  drawn up t h e  San 
J o a q u i n  R i v e r  f r o m  i t s  c o n f l u e n c e  w i t h  
t h e  Sacramento R i v e r .  Flow r e v e r s a l s  
i n  t h e  San J o a q u i n  R i v e r  a r e  t y p i c a l  
i n  s p r i n g ,  e x c e p t  i n  we t  y e a r s ,  and i n  
summer and f a l l  i n  a l l  y e a r s  (Chadwick 
e t  a l .  1977).  

LIFE HISTORY 

R e p r o d u c t i v e  P h y s i o l x  

S t r i p e d  bass a r e  d i o e c i o u s ,  
though hermaphrod i t i s m  hds been 
r e p o r t e d  (Morgdn dnd G e r l d c h  1950; 
West in  1978) .  Females grow more 
r d p i d l y  and t o  d l a r g e r  s i z e  t h a n  
males ( S c o f i e l d  1931; C o l l i n s  1382) .  
I n  t h e  Es tua ry ,  males b e g i n  t o  ma tu re  
a t  ages I 1  o r  111, and a1 1  a r e  ma tu re  
d t  age V ;  some females  md tu re  d t  age 
I V  and d l  1 a r e  ma tu re  d t  age V I I  and 
o l d e r  ( S c o f i e l d  1931; Stevens 1979) .  

S t r i p e d  bass a r e  po lyga~nous;  t h e  
eggs d r e  b r o a d c a s t  i n t o  t h e  wa te r  
c o l  umn, where t h e y  a r e  f e r t  i 1 i zed 
(Woodhul l  1947; M i l l e r  and McKechnie 
1968) .  F e c u n d i t y  i s  r e l d t e d  t o  age, 
l e n g t h ,  and w e i g h t  (Wes t in  and Rogers 
1978) .  Medn f e c u n d i t y  o f  females f r o m  
t h e  Sdcrdmento-San Jodqu in  E s t u a r y  
rdnges  f rom 243,000 eggs f o r  f i s h  of 

age I V  t o  1.4 m i l l i o n  f o r  f i s h  o f  dge 
V I  I 1  and o l d e r  (Stevens e t  d l .  1985) .  

A d u l t  s t r i p e d  bass a r e  dnddro lno l l~  
dnd m i g r d t e  t o  f r e s h  o r  n e d r l y  f r e s h  
wa te r  t o  spdwn. I n  t h e  Sacramento-San 
Jodqu in  E s t u a r y  n o s t  spdyn ing  o c c u r r e d  
f r o m  m i d - A p r i  1  t o  mid-June (Tu rne r  
1976) .  The p r i n c i p d l  spawn i n g  areds 
i n  t h e  P a c i f i c  Southwest a r e  t h e  
Sacrdmento R i v e r  and D e l t a  (Ca lhoun e t  
d l .  1950; F a r l e y  1966; Tu rne r  1976) .  
More t h a n  83% o f  t h e  spawning i n  t h e  
Sacrdmento R i v e r  (1963, 1964, 1966, 
1972) o c c u r r e d  between r i v e r  
m i l e s  40 and 140 ( F i g u r e  3) .  Over 
90% o f  t h e  spawning i n  t h e  D e l t a  
(1966-72) o c c u r r e d  between r i v e r  
m i l e s  10 and 40. I n  1968, some 
spawning o c c u r r e d  i n  t h e  San Joaqu in  
R i v e r  between t h e  mouths of t h e  
S t a n i s l  aus and Merced R i v e r s  ( T u r n e r  
1976) .  F a r l e y  (1966)  e s t i m a t e d  t h a t  
66% o f  t h e  s t r i p e d  bass spawning was 
i n  t h e  Sacrdmento R i v e r  dnd 34% i n  t h e  
D e l t a  i n  1964, dnd Tu rne r  (1976)  
e s t i m a t e d  t h a t  55% was i n  t h e  
Sacrdmento R i v e r  and 45% i n  t h e  D e l t a  
i n  1972. 

I n  t h e  Es tua ry ,  spawning o c c u r r e d  
d t  wa te r  t emperd tu res  o f  14.0 t o  
23.9 OC and peaked a t  16 t o  20 OC 

(Sco f  i e l  d  1931; Fa r  l e y  1966; Tu rne r  
1976; Wang 1981) .  I n  t h e  D e l t a ,  most 
spawninq o c c u r r e d  d t  s a l  i n i  t i e s  ( t o t a l  
d i s s o l v e d  s o l i d s ,  o r  TDS) o f  < 200 ppm 
i n  1964-71 and a t  < 200 t o  15n0 ppm i n  
1972 ( T u r n e r  1976): 

F e r t i  1 i zed s t r i p e d  bass eggs a r e  
s p h e r i c d l ,  nonadhesive,  semibuoyant,  
dnd n e d r l y  t r a n s p a r e n t  when f i r s t  
spdwned. As t h e y  deve lop,  t h e y  become 
a lmos t  i n v i s i b l e  (Hardy 1978; Wang 
1981; Fay e t  a l .  1983) .  U s u a l l y  eggs 
have d s i n g l e  o i l  g l o b u l e  (somet imes 
a l s o  sma l l  ones),  and a  w ide  
p e r i v i t e l l  i n e  space. The eggs a r e  
h i g h  i n  ene rgy  c o n t e n t  (7,808 c a l / g  
d r y  w e i g h t )  and exceed t h e  c a l o r i c  
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A Spawning areas 

F i g u r e  3. Map o f  s t r i p e d  bass spawning a reas  by r i v e r  m i l e  f o r  
t h e  D e l t a  upstream f rom M a r t i n e z ,  and f o r  t h e  Sacramento R i v e r  
upstream f rom i t s  c o n f l u e n c e  w i t h  t h e  San J o a q u i n  R i v e r  ( f r o m  
Turner  1976). 



v a l u e s  o f  eggs f rom mdny f reshwa te r ,  
anadrolnous, and rndr. i~ ie f i s h e s  
( E l d r i d g e  e t  a1. 1982).  

D r y  we igh ts ,  volumes, and c d l o r i c  
c o n t e n t s  of s t r i p e d  bass eggs dnd egg 
components a t  t i m e  o f  f e r t i l i z a t i o n ,  
dnd oxygen consumpt ion o f  eggs a f t e r  
f e r t i l i z d t i o n ,  were de te rm ined  b y  
E l d r i d g e  e t  a1 . (1982) .  Medn egg 
d i d l l e t e r  o f  r e c e n t l y  spdwned eggs 
c o l  l e c t e d  i n  t h e  D e l t a  rdnged f r o m  
1.78 mm ( n o t  da te r -hd rdened)  t o  
3.30 mm 1 hour  l a t e r  (Woodhul l  1947) .  
D idmeters  of eggs c o l l e c t e d  i n  
Sacrdmento-San Jodqu in  R i v e r s  were 
r e p o r t e d  by A l b r e c h t  (1964)  t o  rdnge 
f r o m  2.5 t o  4.4 mm (medn 3.8 mm). 
Medn w e i a h t  of d r t i f i c i d l  I V  f e r t i l i z e d  
eggs was 285 y g  ( ~ l d r i d ~ e  e t  a l .  
1981).  

S t r i p e d  bass eggs h a t c h  29 t o  80 
hou rs  a f t e r  f e r t i l i z d t i o n ,  depending 
on w a t e r  t e m p e r a t u r e  ( S e t z l e r  e t  a l .  
1980 1. Hardy (1975)  summdr i zed 
i n c u b d t i o n  t i m e s  a t  d i f f e r e n t  wa te r  
t emperd tu res ,  and Po l  g a r  e t  a1 . (1976)  
expressed t h e  r e l a t i o n  between w a t e r  
t empera tu re  and h d t c h i n g  t i m e  ds I = 
-4.60 T  + 131.6, where I = development 
t i m e  t o  h a t c h i n g  i n  hou rs  and T  = 
temperd tu re  i n  C e l s i u s  degrees.  

La rvae  --- 
Year -c lass  s t r e n g t h  o f  s t r i p e d  

bass i n  t h e  Sacramento-San Jodqu in  
E s t u a r y  has been c o r r e l a t e d  w i t h  
s u r v i v a l  and g rowth  d u r i n g  t h e  f i r s t  
60 ddys a f t e r  h a t c h i n g .  The abundance 
of young s t r i p e d  bass (mean f o r k  
l e n g t h  [ F L I  38 mm) was c o r r e l a t e d  
p o s i t i v e l y  w i t h  f r e s h w d t e r  o u t f l o w  
f r o m  t h e  D e l t a  dnd n e g a t i v e l y  ~ i t h  t h e  
p e r c e n t  o f  t h e  r i v e r  i n f l o w  d i v e r t e d  
f r o m  D e l t a  channe ls  d u r i n g  s p r i n g  dnd 
e a r l y  summer by  Federa l  and S t a t e  
wa te r  p r o j e c t s  (Stevens e t  a l .  1985).  
Thus y e a r - c l  ass s i z e ,  wh ich  i s  r e 1  a t e d  
t o  l d r v d l  s u r v i v a l ,  i s  g r e a t l y  
a f f e c t e d  by  wa te r  d i v e r s i o n s  f r o m  t h e  
D e l t a  and t h e  Sacrdmento and San 
Joaqu in  R i v e r s .  

A t  h d t c h i l i g ,  s t r i p e d  bass l d r v d e  
were 3 .0  t o  4.0 mni i n  t o t d l  l e n g t h  
( T i )  i n  t h e  E s t u a r y  (Wang 1981)  dnd 
3.3 t o  4.5 mm i L  i n  t h e  l a b o r a t o r y  
( E l d r i d g e  e t  a l .  1982).  Yolk sac 
d b s o r p t i o n  t i m e  v d r i e d  f ro in  3  t o  9  
days, depending on wa te r  t e m p e r d t u r e  
( A l b r e c h t  1964; Rogers e t  a l .  1977; 
E l d r i d g e  e t  a l .  1982);  t o t a l  
d b s o r p t i o n  o f  t h e  n u t r i e n t s  i n  t h e  
y o l k  sdc o f t e n  t a k e s  l o n g e r  (Maxwel l  
E l d r i d g e ,  N a t i o n a l  M a r i n e  F i s h e r i e s  
S e r v i c e ,  pers .  comm. 1. La rvae  began 
f e e d i n g  a c t i v e l y  5  ddys d f t e r  h a t c h i n g  
( 7  ddys d f t e r  f e r t i  l i z d t  i o n )  d t  18 OC. 
Yo lk -sac l a r v a e  m a i n t a i n  d s u r f d c e  
o o s i t i o n  by  swimming, b u t  s i n k  i f  
s w i m i ~ i g  cedses (Fay e t  a l .  1983) .  
i a r v d e  s i n k  i n  t h e  w a t e r  column f a s t e r  
t h d n  eggs t h e  f i r s t  15 hou rs  d f t e r  
h a t c h i n g  (Meinz  dnd Heubdch 1978).  
The newly-hatched l a r v d e  d c t i v e l y  swirn 
o f f  t h e  bot tom, e s s e n t i a l l y  s t a y i n g  i n  
suspens ion.  La rvde  d r e  f r e e  swimming 
100 h o u r s  a f t e r  h a t c h i n g .  I f  l a r v a e  
s i n k  t o  t h e  b o t t o m  and remain,  h i g h  
m o r t a l  i t y  mdy occu r  (Pearson 1938; 
Raney 1952; S e t z l e r  e t  a l .  1980) .  
Most l a r v a e  i n f l a t e  t h e i r  swim 
b l a d d e r s  5-10 ddys d f t e r  h a t c h i n g ,  and 
t h u s  a c q u i r e  h y d r o s t a t i c  r e g u l a t i o n  
(Doroshev e t  a1 . 1981) .  

The v e r t i c a l  and l a t e r a l  
d i s t r i b u t i o n  o f  eggs dnd l a r v a e  i n  t h e  
Sacramento-San Jodqu in  E s t u a r y  a r e  
a s s o c i a t e d  w i t h  r i v e r  f l o w .  The 
d i s t r i b u t i o n  i n  t h e  E s t u a r y  has been 
d e s c r i b e d  by  A1 b r e c h t  (19641, Sasak i  
(19661, Tu rne r  and Chddwick (19721, 
Tu rne r  (1976)  and Stevens e t  a l .  
(1985).  I n  t h e  Sacramento R i v e r ,  
v i r t u a l l y  a1 1 l a r v a e  cdught  were near  
t h e  b o t t o m  i n  mid-channel ;  few were a t  
t h e  s u r f d c e  i n  mid-channel  o r  nea r  
shore.  I n  l o w - f l o w  yea rs ,  v i r t u a l  l y  
a l l  s t r i p e d  bass eggs and l a r v a e  were 
i n  t h e  D e l t a .  Eggs dnd l a r v a e  begdn 
e n t e r i n g  Su isun  Bay i n  h i g h e r  f l o w  
y e a r s  and most were i n  Su isun  Bdy i n  
t h e  h i g h e s t  f l o w  yed rs .  

D e t d i  l e d  desc r  i p t i o n s  and 
d raw ings  o f  e d r l y  deve lopmenta l  s tages  
o f  s t r i p e d  bass were p u b l i s h e d  by 



Pearson (19381, Mansuet i (19581, Hardy 
(19781, and Wang (1981) .  The d u r a t i o n  
o f  t h e  l a r v d l  s t a g e  rdnged f r o m  68 
ddys d t  15 OC t o  23 ddys d t  24 OC 

(Rogers e t  a l .  1977) .  The l a r v d e  
becdme d d u l t - 1  i k e  ( j u v e n i  l e s )  a t  20-36 
mm TL, depending on wa te r  t e m p e r a t u r e  
dnd f o o d  a v a i  l a b i  1  i t y  (Hardy 1978; 
Wang 1981) .  

Juven i  l e s  - - - - ---- 

The j u v e n i l e  s t a g e  l d s t s  f rom 
metamorphosis t o  sexud l  m a t u r i  t y  ; 
d u r a t i o n  v a r i e s  w i t h  sex. I n  t h e  
P a c i f i c  Southwest Region, males 25 t o  
about 320 mm FL and femd les  25 t o  
dbout 534 mm FL a r e  c o n s i d e r e d  
j u v e n i l e s .  Males ma tu re  d t  ages I 1  o r  
I 1 1  and females  a t  ages I V  o r  V 
( S c o f i e l d  1931; Stevens 1979) .  

I n  t h e  E s t u a r y ,  j u v e n i l e  s t r i p e d  
bdss abundance i s  h i g h e s t  i n  t h e  
convergence zone, where f r e s h  and s d l  t 
wa te r  meet. P l  dnk ton  p o p u l a t i o n s  a r e  
dense i n  t h i s  zone dnd i t s  l o c d t i o n  i s  
i m p o r t a n t  t o  j u v e n i l e s  (Massman 1971; 
Tu rne r  dnd Chadwick 1972; A r t h u r  and 
B a l l  1979; O r s i  and Knutson 1979) .  
The zone i s  downstream ( u s u d l l y  i n  
Su isun  Bay) when r i v e r  o u t f l o w s  d r e  
h i g h ,  and upst ream ( i n  t h e  wes te rn  
D e l t a )  when o u t f l o w s  d r e  low; p l a n k t o n  
p r o d u c t i o n  i s  much g r e a t e r  when t h e  
zone i s  i n  Su isun  Bdy (Stevens e t  a l .  
1985) .  Generdl  ly, t h e  p r i n c i p a l  f o o d  
organ isms o f  young bass a r e  
c o n c e n t r a t e d  i n  o r  nea r  t h i s  zone. 

D u r i n g  t h e i r  second y e d r ,  many 
s t r i p e d  bass s t i l l  l i v e  i n  t h e  D e l t a  
and S u i s u n  Bay, b u t  o t h e r s  move 
ups t redm i n t o  t h e  r i v e r s  dbove t h e  
D e l t a  dnd downstredm i n t o  San P a b l o  
Bay (Sasak i  1966; Stevens 1979) .  

A d u l t s  

D i s t r i b u t i o n  and m i g r a t i o n  
p d t t e r n s  o f  a d u l t  s t r i p e d  bass i n  t h e  
Sacramento-San Joaqu in  E s t u a r y  have 
been de te rm ined  b y  t a g g i n g  s t u d i e s .  
A d u l t s  move t o  f r e s h w a t e r  ( i n t o  t h e  
D e l t a  and upst ream i n  t h e  Sacramento 

R i v e r )  t o  spawn i n  t h e  s p r i n g .  A f t e r  
spawning, most r e t u r n  t o  San Pab lo  dnd 
San F r d n c i s c o  Bays dnd t o  t h e  P a c i f i c  
Ocean w i t h i n  about 40 km o f  t h e  Golden 
Gate B r i d g e ,  where t h e y  spend t h e  
summer. I n  f a 1  1,  a d u l t s  move f r o m  t h e  
ocean i n t o  t h e  bays;  some m i g r a t e  t o  
t h e  D e l t a .  D u r i n g  t h e  w i n t e r ,  a d u l t  
bass a r e  sp read  f rom San F r a n c i s c o  Bay 
t o  t h e  D e l t a  (Ca lhoun 1952; Chadwick 
1967; O r s i  1971; Stevens 1979; Stevens 
e t  a l .  1985) .  A d u l t  bass spend about  
6  t o  9  months a n n u a l l y  i n  San 
F r a n c i s c o  and San Pab lo  Bays. 
Immature f i s h  do n o t  p a r t i c i p a t e  i n  
t h e  s p r i n g  spawning m i g r d t i o n .  

S t r i p e d  bass tagged a t  d i f f e r e n t  
l o c a t i o n s  and a t  d i f f e r e n t  t i m e s  i n  
t h e  D e l t a  dnd Sacramento R i v e r  
m i g r d t e d  s i m i l a r l y .  A  m a j o r  
d i f f e r e n c e  was t h d t  m i g r a t i o n  t o  t h e  
D e l t a  was d i s t i n c t i v e ,  i n  t h a t  bdss 
tended t o  r e t u r n  t o  t h e  t a g g i n g  a rea  a  
y e d r  d f t e r  t h e y  were tagged t h e r e  
(Chadwick 1967) .  La rge  d d u l t s  
m i g r a t e d  f u r t h e r  d o ~ n s t r e a m  t h a n  
s m a l l e r  ones dnd o n l y  medium-sized and 
l a r g e  f i s h  went t o  t h e  ocean. F i s h  
l e n g t h  seemed t o  i n f l u e n c e  m i q r d t i o n  
p a t t e r n  more t h a n  sex d i d .  

S t r i p e d  bass r e p o r t e d  f r o m  t h e  
E s t u a r y  hdve i n c l u d e d  fema les  up t o  16 
y e w s  o l d  and 1080 mm FL by  
S c o f i e l d  (19311, f i s h  ( p r o b a b l y  
fema les )  up t o  20 y e d r s  o l d  and 
1170 mm FL by  C l a r k  (19381, and f i s h  
w e i g h i n g  up t o  37.2 k g  b y  S c o f i e l d  and 
B r y a n t  (1926) .  The o l d e s t  r e p o r t e d  
male  bass f r o m  t h e  E s t u a r y  was age X I  
( M i l l e r  and O r s i  1969) .  O l d e r  dnd 
1  a r g e r  s t r i p e d  bass have been r e p o r t e d  
f r o m  o t h e r  areas (Fay e t  d l .  1983) .  

GROWTH CHARACTERISTICS 

Growth -- 

The g rowth  f o r  s t r i p e d  bass up t o  
70 cm l o n g  f r o m  t h e  Sacramento-San 
Joaqu in  E s t u a r y  cdn be c d l c u l  a t e d  f r o m  
s c d l e s  b y  t h e  f o r m u l d :  



where Y = b a c k - c a l c u l a t e d  t o t a l  l e n g t h  
( a t  t i m e  o f  f o r m a t i o n  o f  annu lus  i n  
q u e s t i o n )  i n  c e n t i m e t e r s ,  L = c u r r e n t  
t o t a l  l e n g t h  o f  f i s h  i n  c e n t i m e t e r s ,  R 
= r a d i u s  o f  annu lus  i n  q u e s t i o n ,  and S  
= t o t a l  s c a l e  r a d i u s ;  R and S  s h o u l d  
be i n  t h e  same ( a r b i t r a r y )  u n i t s  
( S c o f  i e l d  1931). Robinson (1960) 
c a l c u l a t e d  g r o w t h  b y  u s i n g  a  d i r e c t  
p r o p o r t i o n  nomograph c o r r e c t e d  f o r  t h e  
Y a x i s  i n t e r c e p t  t h a t  was de te rm ined  
f r o m  body l e n g t h - s c a l e  r a d i u s  r e l a -  
t i o n s  f o r  s t r i p e d  bass f r o m  San Pab lo  
Bay and t h e  D e l t a .  O t h e r  body l e n g t h -  
s c a l e  r a d i u s  r e l a t i o n s  and c o n v e r s i o n  
f a c t o r s  were r e v i e w e d  b y  Fay e t  a l .  
(1983).  

Growth r a t e s  f o r  young-o f - the -  
y e d r  (YOY) s t r i p e d  bdss f r o m  t h e  
Sacrdmento-San Jodqu in  E s t u a r y  hdve 
been de te rm ined  d a i  l y  and seasonal  ly.  
Tu rne r  and Chddwick (1972)  e s t i m a t e d  
d a i l y  g rowth  (June-August,  1960-70) of  
0.544 t o  1.016 mm p e r  ddy. The r d t e  
bvas c d l c u l a t e d  by  d e t e r m i n i n g  t h e  t i m e  
i n  ddys r e q u i r e d  f o r  t h e  medn l e n g t h  
o f  t h e  bass i n  t h e  p o p u l d t i o n  t o  
i n c r e a s e  f rom 25 t o  4 1  mm FL. Chdd- 
w i c k  (1964)  r e p o r t e d  2-week g rowth  
i nc remen ts  (June-August,  1959-62) o f  
7.62 t o  17.78 mm. C o l l i n s  (1982)  
r e p o r t e d  d d i l y  g rowth  ( J u l y - O c t o b e r ,  
1967-75) o f  0.58 mm. Growth r d t e s  
were bas@d on mean l e n g t h  change f rom 
t h e  t i m e  when t h e  bdss redched 25 mm 
FL t h r o u g h  mid-October .  Young s t r i p e d  
bdss r e d c h  25 mm FL b y  1 J u l y  
( i h d d w i c k  1966) dnd dverdge 105 mm FL 
a t  t h e  end o f  t h e  f i r s t  g row ing  sedsan 
( S c o f i e l d  1931; Rob inson 1960) .  

S i z e  d i f f e r e n t i a l s  e s t a b l i s h e d  i n  
Y O Y  s t r i p e d  bdss d u r i n g  d i f f e r e n t  
y e d r s  i n  t h e  E5tudr-y a r e  m a i n t a i n e d  
thr-oughout 1  i f e .  Col 1 i n s  (1982)  found 
t h a t  a l t h o u g h  s t r i p e d  bdss of t h e  
1970 dnd I d t o r  y e d r  c l d s s e s  i n  t h e  
E s t u a r y  averdged 2 cm srndl l e r  t h d n  t h e  
I 9 6 5  t o  1969 y e d r  c l a s s e s ,  t h e  d c t u d l  
g r o w t h  r d t s s  o f  a d u l t  f i s h  hdd n o t  
chdnged. The s i z e  r e d u c t i o n  was due 
t o  s l o w e r  y r o w t h  d u r i n g  t h e  f i r s t  y e d r  
o f  l i f e  of  t h e  1970 dnd I d t e r  y e d r  
c l d z s e s .  

S t r i p e d  bdss eggs, y o l k  and o i l  
volume, and f e e d i n g ,  growth,  and 
energy  c o n v e r s i o n  o f  a r t i f i c i a l l y  
f e r t i  1  i z e d  eggs f rom t h e  Sacramento 
R i v e r  were s t u d i e d  i n  t h e  l d b o r a t o r y  
by  E l d r i d y e  e t  a l .  (1982) .  Eggs were 
i n c u b a t e d  a t  18  OC and ha tched  2  days 
a f t e r  f e r t i l i z a t i o n .  Yolk sac l e n g t h s  
were 3.9 + 0.6 mm s t a n d a r d  l e n g t h  (SL)  
a t  hdtch7'lg dnd 5.8 - + 0.3 fflm SL a t  
f i r s t  f eed ing ,  7  ddys d f  t e r  
f e r t i l i z a t i o n .  Embryos and l a r v a e  
consumed t h e  y o l k  l i n e a r l y ,  dnd g rowth  
a f t e r  h a t c h i n g  was d i r e c t l y  r e l a t e d  t o  
f o o d  c o n c e n t r a t i o n .  The 58% of t h e  
y o l k  energy t h d t  remained a t  h a t c h i n g  
was used by ddys 6  t o  7, t h e  t i m e  when 
a c t i v e  f e e d i n g  began. The 86% of egg 
o i l  energy t h a t  remained a t  h d t c h i n g  
was c o m p l e t e l y  used by days 20 t o  29. 
The r d t e  o f  embryo y r o w t h  i n  w e i g h t  
(Gw) f r o m  f e r t i l i z d t i o n  t o  h a t c h i n g  
(Gw=1.872) was t h r e e  t i rnes t h a t  t o  
f e e d i n g  age (Gw=0.647). L a r v d e  were 
11 mm SL 29 days d f t e r  f e r t i l i z d t i o n ,  
when t h e  exper i rnents  were t e r m i n d t e d  
( E l d r  i dge  e t  d l .  1982).  

Growth and s u r v i v a l  o f  s t r i p e d  
bass l d r v d e  fed  d i f f e r e n t  r d t i o n s  were 
s t u d i e d  by  D d n i e l  (1976) .  S u r v i v a l  
o f  l d r v a e  i n c r e d s e d  w i t h  t h e  number of  
b r i n e  sh r imp  naup l  i i ( A r t e m i d  s a l  i n a )  
consumed. Mean d a i  l y  1  e n g t h  i n c r e a s e  
a f t e r  10 days was 0 . 0 4  mm f o r  l a r v a e  
f e d  no n a u p l i i  and 9 .27 mm f o r  l a r v a e  
f e d  30,000 n a u p l i i / m  o f  w a t e r .  

The mean l e n g t h s  f o r  md le  dnd 
femd le  s t r i p e d  bdss of  ages I t o  X I11  
c o l l e c t e d  d u r i n g  d i f f e r e n t  y e d r s  f r o m  
t h e  Sacrdmento-San Jodqu in  E s t u a r y  d r e  
shown i n  Tab le  1. Males  and females  
grew a t  t h e  sdme r d t e  u n t i l  age I V ,  
when fema les  Segdn t o  md tu re  dnd grow 
f d s t e r  ( S c o f i e l d  1931; Rob inson 1960).  
Growth o c c i l r r e d  p r  i r nd r i  l y  between May 
~ n  d  November b u t  some g rowth  
o c c u r r e d  i n  w i n t e r  dmong females o f  
dges 111 t o  V ( C o l l i n s  1982) .  The von 
8 e r t d l d n f f y  g rowth  e q u d t i o n  d e s c r i b e d  
t h e  g r o w t h  o f  d d u l t  s t r i p e d  bdss w e l l ,  
b u t  underes t ima ted  t h e  l e n g t h  of  
l o n g e r  f i s h  ( F i g u r e  4 ) .  The 
c o r r e l a t i o n  c o e f f i c i e n t s  between 



T 3 b l e  1. Medn f o r k  l e n g t h s  (mrn) f 3 r  mdle  dnd femd le  s t r i p e d  bass froin 
Sdcrdmento-San Jodqr l i l l  E s t ~ u d r y  i l l  d i f f e r e n t  y e d r s  ( M  = mdle, F  = f e m d l e ) .  

- __ -____ -____ - - -_ - -  

Yedrs of C o l l e c t i o n  

1925-1928~  1957-195ab 11)61-1965c 1969-197ad 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- --A -- -- - - - - - - - - - - 

Age i.1 F M~ F y e  F M F  M F 

a5cof i e l d  1931. 
b ~ o b  inson 1960. 
$1 I I e r  dnd Ors i 1969. 

observed l e n g t h s  dnd those  p r e d i c t e d  
f rom t h e  von B e r t d l d n f f y  e q u d t i o n  were 
3.998 f o r  rndles dnd 0.996 f o r  females  
(Co l  l i n s  1982) .  Mdles grew f r o m  dbout 
400 rnni d t  age I 1  I t o  dbout  360 rnm d t  

age X I I ,  and ferndles f r o m  d l ~ o u t  400 rnrn 
a t  dge I 1 1  t o  about  960 mrn d t  aqe X I I .  

L e n g t h - W e i ~ h t  Re1 d t  i ons  - - - -- - - - - - -- - - -- - - 

Length-wei  g h t  r e 1  a t i o n s  o f  
s t r i p e d  bass hdve been deve loped f o r  
l a r v d e  i n  t h e  l d b o r d t o r y  and f o r  
j u v e n i l e s  and a d u l t s  combined f rom t h e  
Sacrdrnento-San Jodqu in  E s t u a r y .  

d ~ o l  l i n s  1982. 
? a l c u l d t e d  l e n g t h s  d t  aqe. 
f ~ i d S e d  h i g h  due t o  sampl i n g  program. 

L a r v d l  l e n g t h - w e i g h t  r e l a t i o n  was 
e x p o n e n t i d l  dnd d e s c r i b e d  by t h e  
e q u a t i o n :  

where Y = d r y  w e i g h t  mg dnd X = SL rnrn 
( E l d r i d g e  e t  a l .  1982) .  The l e n g t h -  
w e i g h t  r e l a t i o n  o f  male  dnd female 
s t r i p e d  bass f r o m  t h e  E s t u a r y  
comrnercidl c d t c h  (March -Apr i  1  1927) 
was p resen ted  g r a p h i c d l l x  and 
d e s c r i b e d  by  t h e  e q u a t i o n  W=FL ( u n i t s  
= pounds and crn FL; S c o f i e l d  1931) .  
Rob inson (1960)  d e s c r i b e d  t h e  l e n g t h  
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F i g u r e  4. Von B e r t a l a n f f y  growth 
curves f o r  s t r i p e d  bass sampled d u r i n g  
s p r i n g  (1969-76) i n  t h e  Sacrdmento-San 
Jodquin Estuary .  Numbers nex t  t o  da ta  
p o i n t s  i n d i c a t e  number o f  ove r l app ing  
p o i n t s  ( f rom C o l l i n s  1982). 

we igh t  r e l a t i o n  o f  bass from t he  
Es tua r y  by t h e  equa t ion :  

where W = pounds dnd L  = inches FL. 

THE FISHERY 

Commerci a1 F i s h e r y  

A f t e r  t he  s t r i p e d  bass was 
in t roduced  i n t o  t h e  Sacramento-San 
Joaquin Es tuary  i n  1879, t h e  popula- 
t i o n  grew r d p i d l y .  The commercial 
c d t c h  i n  t h e  Estuary, p r i m a r i l y  w i t h  
d r i f t  g i l l  nets ,  was 7400 kg by 1889, 
and 560,000 kg by 1899, j u s t  20 yedrs 

d f t e r  t h e  spec ies was in t roduced .  The 
h i g h e s t  recorded  ca tch ,  i n  1915, 
was dbout 810,000 kg. Subseqllent 
cdtches dec l i ned  t o  about 325,000 kg 
by 1929. The d e c l i n e  dppa ren t l y  wds 
cddsed by r e s t r i c t i o n s  i n  mesh s i z e  o f  
nets ,  i n  r e d u c t i o n  o f  t h e  areas open 
t o  f i s h i n g ,  i n  d u r d t i o n  o f  t h e  f i s h i n g  
season, and i n  s i z e  l i m i t s  (C ra i g  
1925).  I n  1935, commercial f i s h i n g  
f o r  s t r i p e d  bass i n  C a l i f o r n i a  was 
p r o h i b i t e d .  The c l o s u r e  was l a r g e l y  a  
r e s u l t  o f  c o n f l i c t s  between s p o r t  and 
commercidl f i s h i n g  i n t e r e s t s  dnd n o t  a  
r e s u l t  o f  s tock  d e p l e t i o n  (Stevens 
1980). 

Spor t  F i s h e r y  -- - - - - - 

S t r i p e d  bass p rov i de  an exten-  
s i v e  s p o r t  f i s h e r y  i n  the  Sacramento- 
San Jodquin Estuary .  The p resen t  
f i s h i n g  r e g u l a t i o n s  i n c l u d e  a  minimum 
l e n g t h  o f  45.7 cm (TL)  and a  d a i l y  bag 
l i m i t  o f  two f i s h .  Be fo re  1956, t h e  
l e n g t h  and bag l i m i t  were u s u a l l y  
30.5 cm and 5  f i s h ;  f rom 1956-1981, 
t h e  l i m i t s  were ad j us ted  t o  40.6 cm 
and 3  f i s h  (S te rns  e t  a l .  1985). 
S t r i p e d  bass ang le r s  f i s h  i n  t h e  
P a c i f i c  Ocean near t h e  Golden Gate 
B r i dge  and th roughou t  t h e  Es tuary  t o  
t h e  Sacramento-San Joaquin R ive rs  a t  
l e a s t  200 km above t h e  D e l t a .  Ang l i ng  
occurs a l l  yea r  b u t  v a r i e s  by a rea  and 
season i n  accordance w i t h  t h e  migra-  
t o r y  p a t t e r n  o f  t h e  f i s h  (Stevens 
1980). 

F i s h i n g  f o r  s t r i p e d  bass occurs 
f r om  shore, p r i v a t e  boats,  and 
co~nmerci a1 passenger f i sh i ng  boa ts  
( c h a r t e r  o r  p a r t y  bod ts ) .  I n  1969-79, 
65% o f  t h e  c a t c h  was taken  f rom 
p r i v a t e  boats ,  21% from shore o r  
p i e r s ,  and 14% f rom c h a r t e r  boa ts  
(Wh i te  1986). Ang le r  success was 
poore r  f o r  t h e  f i s h e r y  as a  whole than 
f o r  t h e  cha r t e r - boa t  f i s h e r y .  Annual 
medn cd t ch  r a t e s  f o r  ang le r s  on 
c h a r t e r  f i s h i n g  boa ts  were 1.4 t o  2.4 
t imes  h i ghe r  than those  f o r  ang le r s  on 
p r i v a t e  boats.  Ang le r  success was 
h i ghes t  f rom May th rough  November, 
when 80% o f  t h e  ca t ch  occur red- -  



m o s t l y  i n  San F r a n c i s c o  Bay. The 
c d t c h  was l o w e s t  -in t i l e  San Jodqu in  
R i v e r  ( W h i t e  1986) .  

C h d r t e r  b o d t  o p e r a t o r s  have been 
r e q u i r e d  t o  r e p o r t  cd tches  t o  t h e  
C a l i  F o r n i d  Depdrtment of F i s h  and Game 
s i n c e  1938. These r e c o r d s  d r e  t h e  
b e s t  l o n g - t e r m  s t r i p e d  bdss c d t c h  
r e c o r d s  d v a i  l a b l e ,  even though  o n l y  
14% of t h e  c d t c h  i s  t a k e n  b y  p d r t y  
b o a t s  and f i s h i o g  l o c d t i o n s  dnd 
methods have chdnged. The dnnual  
c d t c h  of  s t r i p e d  bass p e r  a n g l e r  day 
rdnged from 0.78 t o  2.63 (medn 1.58) 
i n  1938-77 and f r o m  0.78 t o  1.68 i n  
1972-77 (Stevens 1980) .  

S t r i p e d  bass f i s h i n g  success i n  
t h e  EStud ry  wds f o r m e r l y  h i g h e r  t h a n  
.it i s  c u r r e n t l y .  I n  r e c e n t  y e d r s ,  
abou t  200,000 a n g l e r s  p e r  y e d r  have 
f i s h e d  f o r  s t r i p e d  bass i n  t h e  E s t u a r y  
and have cdugh t  about  300,000 f i s h .  
I n  t h e  e a r l y  1960 's  t h e  dnnual  c d t c h  
was about  750,000 (Stevens 1980) .  The 
d e c l i n e  i n  f i s h i n g  success appears  t o  
be due t o  a decrease i n  bass abundance 
t h a t  i s  r e l a t e d  t o  l ow  r e c r u i t n e n t  i n  
most y e d r s  s i n c e  1969 (Stevens 1977b).  

S t r i p e d  bass h a r v e s t  r a t e s  have 
been e s t i m a t e d  b y  t a g g i n g  s i n c e  1958 
(Chadwick 1968; Mi l l e r  1974; Stevens 
e t  a l .  1985; Whi te  1986).  The h a r v e s t  
has v a r i e d  f r o m  11% o f  t h e  e s t i m a t e d  
l e g a l  p o p u l a t i o n  (bass > 40.6 cm TL) - 
i n  1978 t o  37% i n  1958. The h a r v e s t  

r d t e  equd led  o r  exceeded 19% edch yed r  
f ro in 1958 t o  1964, b u t  redched 20% i n  
o n l y  f o u r  y e d r s  f r o m  1965 t o  1979. 
The decredse i n  h d r v e s t  a p p d r e n t l y  i s  
p a r t l y  d r e s u l t  o f  d d e c l i n e  i n  
f i s h i n g  e f f o r t  t h d t  accompdnied 
decredsed success d f t e r  t h e  e d r l y  
1 9 6 0 ' s  (Stevens 1980).  

The s t r i p e d  bass c d t c h  i n  t h e  
E s t u a r y  has v a r i e d  b y  age and sex. 
From 1969 t o  1979, i n  t h e  San 
F r a n c i s c o - S u i s u n  Bay a rea ,  f i s h  o f  
ages 111, I V ,  and V composed 67% of 
t h e  c a t c h ;  f i s h  o f  age I V  were 
g e n e r a l l y  t h e  most  numerous. I n  t h e  
San F r a n c i s c o  Bay a rea ,  females  were 
more abundant  t h a n  males i n  t h e  c a t c h  
i n  10 o f  t h e  11 y e a r s  (Wh i te  1986). 

The economic v a l u e  o f  t h e  s t r i p e d  
bass f i s h e r y  i n  t h e  E s t u a r y  a r e d  has 
decreased o v e r  t h e  yen rs .  The d e c l  i n e  
i n  abundance o f  s t r i p e d  bass f r o m  1970 
t o  1983 b r o u g h t  about  an e s t i m a t e d  
l o s s  of $587 m i  11 i o n  i n  s a l e s  revenue 
and $314 m i l l i o n  i n  n e t  d i s p o s a b l e  
income t o  C a l i f o r n i d  (Meyer 2esources 
1985).  R e t u r n  o f  t h e  v a l u e  of t h e  
bass f i s h e r y  t o  t h e  1968-75 average 
v a l u e  would  r e q u i r e  a 2.5X i n c r e a s e  i n  
t h e  s i z e  o f  t h e  bass s t o c k .  The 
economic v a l u e  o f  t h e  s t r i p e d  bass 
s p o r t  f i s h e r y  i n  t h e  E s t u a r y  a r e d  
(computed on t h e  b a s i s  o f  average 
c d t c h  d a t a  f o r  1979-83) i s  shown .in 
T a b l e  2. 

T a b l e  2. Va lue ( thousands of  d o l l a r s )  o f  t h e  s t r i p e d  bass s p o r t  f i s h e r y  i n  t h e  
Sacramento-San Joaqu in  E s t u a r y  area, based on 1979-83 average c a t c h .  (Do1 1 a r  
v a l u e  p e r  f i s h  i s  shown i n  pd ren theses )  ( f rum Meyer 2esources 1985) .  

Marke t  v a l u e s  
T o t a l  S t a t e  income 

n e t  
U n i t  

----- 
revenue p r o f i t  v a l u e s  v a l u e  T o t a l  Net 

Thousands $8,802 $2,641 $31,109 $33,750 $31,687 $16,944 
(71.56) (21.47) (252.92) (274.39) (257.62) (137.75) 

-------------------------______I_-_-__^___~__-____-- 
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The p o p u l d t i o n  o f  s t r i p e d  bass 
i n  t h e  Sacrdmento-San Joaquin  E s t u a r y  
has never  been dominated b y  s t r o n g  
y e a r  c l a s s e s  and u n t i l  r e c e n t l y  has 
been r e l a t i v e l y  s t a b l e .  Now, 
however, t h e  a d u l t  bass p o p u l a t i o n  i s  
o n l y  abou t  25% o f  what i t  was 20 
y e a r s  ago, and t h e  p r o d u c t i o n  o f  
young bass o v e r  t h e  p a s t  8  y e a r s  has 
been 33% t o .  50% o f  t h e  expected 
numbers (Stevens e t  a l .  1985). 

The p o p u l d t i o n  o f  a d u l t  s t r i p e d  
bass (>40.6 cm TL)  i n  t h e  Es tua ry ,  
wh ich f i s  been medsured on t h e  b a s i s  
o f  c a t c h  pe r  e f f o r t  (Ha l  l ock  e t  a l .  
1957) dnd Pe te rsen  e s t i m a t e s  ( B a i l e y  
1951; Stevens 1977d) s i n c e  1969, has 
shown d v a r i d t i o n  b e t ~ e e n  about  0.8 
and 1.9 m i l l i o n  f i s h  f r o m  1969 t o  
1982, and was e s t i m a t e d  a t  about 0.9 
m i l l i o n  i n  1982 (S tevens  e t  a l .  1985). 

< 

The t o t a l  m o r t a l i t y  r d t e  o f  a d u l t  
s t r i p e d  bass o f  age V dnd o l d e r  i n  t h e  
Es tua ry ,  wh ich hds been e s t i m a t e d  
annudl l y  s i n c e  1969, i n c r e d s e d  f r o m  
30% i n  1971 t o  49% i n  1977. The 
g r e a t e s t  chdnge o c c u r r e d  between 1970 
and 1976 when t h e  h a r v e s t  o f  d d u l t  
bass o f  age V and o l d e r  i nc redsed  from 
15% t o  27% (Stevens e t  a l .  1985).  The 
h a r v e s t  o f  f i s h  o f  dge 111 and o l d e r  
has inc redsed  f r o m  13% t o  23% d u r i n g  
t h e  same p e r i o d  ( W h i t e  1986).  

The ddu l  t s t r i p e d  bass p o p u l a t i o n  
i n  t h e  Sacrdmento-San Jodqu in  E s t u a r y  
a r e d  i s  a t  i t s  l o w e s t  l e v e l  s i n c e  
s t o c k  assessments were f i r s t  
a v a i  l a b l e .  The St r . iped Bass Working 
Group o f  s c i e n t i s t s ,  appo in ted  by t h e  
Cal i f o r n i  a  Water Resources C o n t r o l  
Board t o  ana lyze  t h e  problem, 
conc luded t h a t  t h e  d e c l  i n e  wds prob-  
a b l y  t h e  r e s u l t  o f  a  comb ina t ion  o f  
( 1 )  t h e  reduced a d u l t  p o p u l a t i o n  
p r o d u c i n g  fewer  eggs; ( 2 )  reduced f o o d  
p r o d u c t i o n  i n  t h e  n u r s e r y  area; ( 3 )  
e n t r a i n n e n t  l o s s e s  o f  YOY i n  water  
d i v e r s i o n s ;  and ( 4 )  t o x i c i t y  (Stevens 
e t  a l .  1985).  

The d e c l  i n e  i n  abunddnce of a d u l t  
s t r i p e d  bass i n  t h e  E s t u a r y  has 
r e s u l t e d  i n  an 80% d e c l i n e  i n  egg 
p r o d u c t i o n  s i n c e  1975. The egg 
p r o d u c t i o n  may now be inadequa te  t o  
n a i n t a i n  t h e  bass p o p u l a t i o n  a t  former 
l e v e l s  under c u r r e n t  env i ronmenta l  
cond i  t ions.  The s u r v i v a l  o f  s t r i p e d  
bass f r o m  t h e  egg t o  a  l e n g t h  of 38 mm 
(FL )  has been c o r r e l a t e d  w i t h  r i v e r  
f l o w s  and d i v e r s i o n s  ( T u r n e r  and 
Chadwick 1972; Chadwick e t  a l .  1977; 
Stevens 1977a, 1977b; Stevens e t  a l .  
1985).  High o u t f l o w s  i n  r e c e n t  y e a r s  
hdve no t ,  however, r e s u l t e d  i n  h i g h  
s t r i p e d  bass p o p u l a t i o n s  as t h e y  
p r e v i o u s l y  d i d .  Thus, reduced egg 
p r o d u c t i o n  by t h e  s m a l l e r  a d u l t  
p o p u l d t i o n s  has n o t  r e s u l t e d  i n  a  
dens i t y -dependen t  i n c r e a s e  i n  s u r v i v a l  
r a t e s  f r o m  egg t o  t h e  38-mm stage.  
Recent su rveys  have shown t h a t  l e s s  
t h a n  h a l f  as many Y O Y  a r e  b e i n g  
produced as were produced a  decade 
ago. Hence, any l o s s e s  o f  a d u l t s  o r  
e a r l y  l i f e  s tages  c o u l d  c o n t r i b u t e  t o  
t h e  f u r t h e r  r e d u c t i o n  o f  a d u l t  s t r i p e d  
bass i n  t h e  E s t u a r y  (Stevens e t  a l .  
1985).  

The s t r i p e d  bass s i t u a t i o n  i n  t h e  
Sacramento-San Joaqu in  E s t u a r y  i s  t h e  
r e s u l t  o f  s e v e r a l  f a c t o r s .  The 
reduced number o f  eggs and l a r v a e  t h a t  
now d r i f t  downstream t o  e n t e r  t h e  
n u r s e r y  h a b i t a t ,  and t h e  reduced 
p r o d u c t i o n  o f  p l a n k t o n ,  p r o b a b l y  
combine t o  reduce  t h e  bass p o p u l a t i o n .  
One management p r a c t i c e  adopted t o  
address t h i s  prob lem i s  t h e  s t o c k i n g  
o f  h a t c h e r y  f i s h  l a r g e  enough t o  a v o i d  
t h e  l i m i t i n g  f o o d  c o n d i t i o n .  I n  1981, 
C a l i f o r n i a  passed l e g i s l a t i o n  
r e q u i r i n g  s t r i p e d  bass a n g l e r s  t o  
purchase a  s t r i p e d  bass stamp f o r  
$3.50. The proceeds, about  $2 mi 11 i o n  
a  year ,  a r e  t o  be spen t  on r e s e a r c h  
and management (e.g., s t o c k i n g )  t h a t  
have p o t e n t i a l  t o  improve t h e  f i s h e r y .  
S t o c k i n g  o f  h a t c h e r y  f i s h  i s  a l s o  
p lanned  t o  r e p l a c e  f i s h  l o s t  f rom t h e  
E s t u a r y  by  d i v e r s i o n s  (Stevens e t  a l .  
1985) .  



The c u r r e n t  use  o f  D e l t a  channe ls  
t o  convey wa te r  f o r  e x p o r t  has 
c o n t r i b u t e d  t o  t h e  l o n g - t e r m  d e c l i n e  
o f  s t r i p e d  bass i n  t h e  E s t u a r y  ared.  
P ldnned i n c r e d s e s  i n  w a t e r  e x p o r t  and 
reduced D e l t a  o u t f l o w s  w i l l  h e i g h t e n  
t h e  prob lems o f  reduced f o o d  p r o d u c t i o n  
and e n t r a i n m e n t  u n l e s s  a  p r o p e r l y  
des igned  and o p e r a t e d  D e l t a  w a t e r  
t r a n s f e r  sys tem i s  b u i l t .  I n  a d d i t i o n ,  
management agenc ies  s h o u l d  adopt  
p o l i c i e s  t o  reduce  l o s s e s  t o  a1 1 
sou rces  of e n t r a i n m e n t ,  t o  reduce t h e  
d e p o s i t i o n  o f  t o x i c  substances,  and t o  
c o n t i n u e  t o  e v a l u a t e  t h e  r e s t r i c t i o n s  
p l a c e d  on t h e  f i s h e r y  i n  1982 and t h e  
e x p e r i m e n t a l  s t o c k i n g  program (Stevens 
e t  a l .  1985).  

ECOLOGICAL ROLE 

Feedi  112 H a b i t s  --- ----- 

The t ime  o f  f i r s t  f e e d i n g  o f  
l a r v a l  s t r i p e d  bdss v a r i e s  w i t h  wa te r  
t emperd tu re ,  f o o d  c o n c e n t r a t i o n  and 
r e a r i n g  ared.  Under 1  a b o r a t o r y  
c o n d i t i o n s ,  l a r v a e  (6 .1  mm SL) begdn 
f e e d i n g  5  days d f t e r  h d t c h i n g  ( 7  dgys 
a f t e r  egg f e r t i l i z d t i o n )  a t  18 C. 
When l a r v a e  were >7.0 mm SL, ove r  80% 
f e d  a c t i v e l y  when c o n c e n t r a t i o n s  o f  
b r i n e  sh r imp  n d u p l i i  A r t e m i d  s a l i n a  
were 0.50-5.O/ml. ~ a ~ - ~ o l ~ F e ~  
f rom t h e  Sacrdmento-San Joaqu in  
E s t u a r y  were 4-4.9 mm SL a t  t h e  t i rne 
o f  f . i r s t  f e e d i n g ,  and ove r  75% were 
f e e d i n g  a t  7.0-7.9 mm. L a r v a e  4- 
11.9 mm SL p r e f e r r e d  c ladoce rdns ,  t h e  
copepod C~_c-lkps_ sp., and t h e  copepod 
Euryternard sp., wh ich  (combined)  - - -- - - - - - - 
accounted f o r  89% o f  a1 1  f o o d  e d t e n  
( i l d r i d g e  e t  a l .  1982) .  

Young-of - t he -yed r  s  tr iped bdss 
(3-114 mm F L )  c o l  l e c t e d  i n  t h e  E s t u a r y  
a r e d  f e d  p r i m a r i l y  on t h e  lnys id  
Neornys i s  - - - - - -- - qerced  i s  -------- 3 copepods, 
c l  adocerdns, t h e  arnphipod -- Corophium - - - -- - - 
s g l n  i c o r n e  and t e n d  iped i d  l a r v d e  
dLlr Gii----' 

t h e i r  f i r s t  y e d r  o f  l i f e  
(Heuhdch e t  d l .  1963) .  I n  summer, 
Neornys i s  dnd Corophium were t h e  most  - - - - - - - - ----- 
i m p o r t d n t  food--~terns o f  bass >25 mm 

FL. I n  f a 1  1, copepods and Corophium 
were t h e  most i m p o r t a n t .  I n  
r i v e r s  above t h e  D e l t a  ( f r e s h w a t e r ) ,  
t e n d i p e d i d  l a r v a e  and pupae were t h e  
dominant  food. F i s h  were u n i m p o r t a n t  
i n  t h e  d i e t  o f  YOY. The o c c u r r e n c e  o f  
organ isms i n  t h e  stomachs g e n e r a l l y  
agreed w i t h  t h e  d i s t r i b u t i o n  o f  
p l a n k t o n i c  and b e n t h i c  organ isms i n  
t h e  E s t u a r y .  S a l i n i t y  and wa te r  f l o w  
were t h e  most i m p o r t a n t  f a c t o r s  
c o n t r o l  1  i n g  p l a n k t o n  d i s t r i b u t i o n  -- 
and t h u s  f e e d i n g  h a b i t s .  

The d i e t  o f  young (50-230 mm FL 1, 
j u v e n i l e  (130-350 mm), subadul  t (260- 
470 mm), and a d u l t  (>380 mm) s t r i p e d  
bass f rom t h e  E s t u a r y  wds d e s c r i b e d  by  
Stevens (1966).  The impor tance  o f  
f i s h  and i n v e r t e b r a t e s  i n  t h e  d i e t  o f  
bass v a r i e d  b y  age and s i z e  o f  
s t r i p e d  bass and season ( F i g u r e  5).  
The most  i m p o r t a n t  f o o d  i t e m s  o f  
s t r i p e d  bass o f  any age and i n  any 
season were t h e  mys i  d  Neomysi s  
awa tschens is ,  Corophium, s m a l l  s t r i p e d  
bass,  t h r e a d f i n  shad (Dorosoma 
petenense)  , and d i s c a r d e d  s a r d i n e  and 
anchovy b a i t .  Few stomachs c o n t a i n e d  
s m a l l  ch i t look  salmon (Oncorhy>chu_s 
t s h x t s c h a ) .  Thomas (1955-T-FeporTed -- -- 
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F i g u r e  5. Occur rence o f  f i s h e s  and 
i n v e r t e b r a t e s  i n  stomachs o f  s t r i p e d  
bass o f  d i f f e r e n t  ages i n  f a l l  (F) ,  
w i n t e r  (W), s p r i n g  (Sp), and summer 
(S) ( f r o m  Stevens 1966) .  



t h d t  j u v e n i l e  bass (<416 mm TL! a t e  
s i z d b l e  q u d n t i t i e s  o f  s ina l l  c h i ~ i o o k  
sdllnon i n  t h e  Sacrdrnento R.iver. Other  
rndj3r  food i terns r e p o r t e d  by  Th01nds i n  
t h e  d i e t  o f  j u v e n i  l e  dnd a d u l t  s t r i p e d  
bass i n  t h e  E s t u a r y  dnd r i v e r  i n c l u d e d  
n o r t h e r n  dtlchovy (Enprdu l  i s  mordax),  - ----- - ------ 
r h i ~ i e r  p e r c h  ( C y m d t 3 s s t e r  ---- 
ggr--pdCa_), s t r i p e d  bass, common c d r p  
(L?!?!b'u~ c d r g i o ) ,  --- c r a y f  - ish 
( P d c i f i d s t a c u s  - - - - - - - - - - - - - l e n i u s c u l u s ) ,  bay - - - - - - - - -- - 
shr imps (Crdgo spp. and Pdldemon - - - - - - - - 
rndc roddc ty lus ) ,  i sopods  ( S y n i d o t e d  - - - - - - - - - - - - - - ---- 
sp. 1, scuds (Corophium - --- - - - - - spp. 1, and 
i n s e c t  l a r v d e .  Threadf i n  shdd were 
n o t  dn i m p o r t a n t  food, perhdps because 
t h e y  d i d  n o t  become dbundant i n  t h e  
O e l t d  u n t i l  1962, a f t e r  t h e  d d t d  hdd 
been c o l  l e c t e d  (Thomas 1966) .  

I n  t h e  Es tud ry ,  some o r g d n i s m  
t b d t  a r e  of  d s i z e  s l l i t a b l e  f o r  f ood  
d r e  seldorn edten.  Amer i c d n  shdd 
(A ---- l o s d  - s d p i d  ----------- I ssirnd) were seldom e d t e n  
b y  s t r i p e d  bdss,  even when smdl l shdd 
were dbrlndant (S tevens  1966; Thomas 
I 9 6 6  1. De l  t d  s m e l t  ( b p o ~ n e s ~ ~ s  
t rdnspdc  i f ICUS ) , - - - - - - - - - - - - - - whi t g  G f m 6  
( I c t d l d r t i s  - - - - - - - c d t u s ) ,  - - - - - and vd r  ious  n a t i v e  
rninnows were more d b ~ l n d a n t  i n  t h e  
Oel t a  and t h e  Sacrdrnento R i v e r  t h d n  
t h e i r  occu r rence  i n  t h e  d i e t  of bdss 
i n d i c d t e d  (Thornds 1966) .  S t r i p e d  bdss 
consumed zoobenthos o f  o n l y  8 o f  35 
t d x d  c o l l e c t e d  f rom t h e  D e l t a ,  and 
c ~ r o p h i u ; n  was t h e  o n l y  t d x o n  e d t e n  i n  
s i g n i f i c d n t  amounts. 

Younq bdss seemed t o   refer t h e  - 
mys id  N. awa tschens is  o v e r  Corophium - - - - - - - - - - - - .- - - -- - - 
( S t e v e 6  1966) .  I n d i c e s  o f  N. 
dwatschens is  dnd Coroph iun  i n  t h e  - - - -- - - - - - - 
env i ronmen t  when cornpdred ~ i t h  t h e  
f requency  of occu r rence  o f  t h e s e  
o r g d n i s ~ s  i n  t h e  Stomdchs o f  bass, 
showed t h d t  younq bdss f e d  p r i m a r i l y  
on &rophiu.n- o n i y  if .- ~ o r o p h i u m  - - - -- was 
abunddnt-->nh N. awa tschens is  was -- 
s ca rce .  I f  I. - -- a w a t s c h i n s i s  - - - -- and 
Corophium were abundant, if N. ------ -- 
awa tschens is  was abundant and 
Coroghium was n o t ,  and if N. - - - - - - - 
awatschens i  s  and Corophium were 
scarce,  young bass fed p r i m a r i l y  on N. - 
awatschens is .  ------- 

Disedse dnd P a r d s i  t e s  ---------------------- 

P a r a s i t e s  of s t r i p e d  bass f r o m  
t h e  Sacr-arnento-San Jodqu in  E s t u a r y  
were r e p o r t e d  by  Moser e t  a1 . (1985) .  
The two most com~nonly seen p d r a s i t e s  
i n  t h e  E s t u a r y  were t h e  metacestode 
L a c i s t o r h y n c h u s  t e n u i s  dnd t h e  l a r v d l  - - - - -- --- - -- - - - --- - - 
nematode Ani  sak i s sp. A1 though  
s t r i p e d  bass f r o m  t h e  E s t u d r y  a r e  dn 
i n c o m p d t i b l e  h o s t  f o r  b o t h  s p e c i e s  o f  
p a r a s i t e s ,  Moser e t  a l .  (1984)  showed 
t h d t  L. . t e n u i s  - --- - - i s  p d t h o l o g i c d l  t o  
s t r i p e a  bass i n  t h e  Es tua ry .  There 
Nere a l s o  r e l d t  i v e l y  h i g h  i n f e c t i o n s  
o f  d d i l l t  s t r i p e d  bdss w i t h  roundworm, 
(Anesdk idae )  l d r v a e  (Wh ipp le  1983).  

I n  t h e  Sacramento-San Jodqu in  
E s t u a r y ,  f a c t o r s  o t h e r  t h d n  dng l  i n g  
cduse dbout  15% t o  30% m o r t a l i t y  of 
t h e  d d u l t  s t r i p e d  bass each y e d r  
(Chadwick 1968; M i l l e r  1974; Stevens 
1977b) .  For  a t  l e a s t  25 yed rs ,  an 
unknown f r a c t i o n  o f  d d u l t  bass 
m o r t a l  i t y  hds o c c u r r e d  du r  i n g  l d r g e  
d i e - o f f s  i n  t h e  Suisun-San Pab lo  Bdy 
area.  I n  r e c e n t  yed rs ,  t h e  t i m i n g  and 
l o c d t i o n  o f  d i e - o f f s  hdve been 
m o n i t o r e d  by  t h e  C a l i f o r n i d  Depdrtment 
o f  F i s h  and Game (Stevens 1979) .  
A t tempts  t o  de te rm ine  t h e  cduse of t h e  
m o r t a l i t y  i n  t h e  Suisun-San Pab lo  Bay 
a r e d  hdve been u n s u c c e s s f u l .  F a c t o r s  
exan ined b u t  n o t  e l  i r n ina ted  as cduses 
i n c l u d e  p o i s o n i n g  by  hedvy m e t a l s  o r  
hydrogen s u l f i d e ,  b a c t e r i o l o g i c a l  
pdthogens, r e d  t i d e s  and v a r i o u s  
c l  i m a t o l o g i c d l  f d c t o r s .  I nc redsed  
t e m p e r a t u r e  dnd reduced d i  s s o l  ved 
oxygen hdve d l s o  been suggested as 
f a c t o r s  (Cou tan t  1985) .  The d i e - o f f s  
occu r  o n l y  i n  l a t e  s p r i n g  dnd summer. 
when bdss m i g r d t e  f r o m  f r e s h -  t o  
s d l t w a t e r .  

D iseases and p a r d s i t e s  o f  s t r i p e d  
bass  f rom o t h e r  a reds  have been 
s t u d i e d  and r e p o r t e d  by  Bonn e t  a l .  
( 1976)  and Paperna dnd Zwerner (1976) .  
The most commonly r e p o r t e d  d i seases  o f  
s t r i p e d  bdss d r e  f i n  r o t  d isease,  
p d s t e u r e l l o s i s ,  co lumndr i s ,  lympho- 
c y s t i s ,  and e p i  t h e 1  i o c y s t i s  ( S e t z l e r  
e t  a l .  1980) .  Summary t a b l e s  o f  



p a r a s i t e s  dnd d i  seases were p r o v i d e d  L e t h a l  t empera tu res  were r e p o r t e d  t o  
by  Smi th  and W e l l s  (19771, West in  and be 10  C ando be low (Morgan and Ras in  
Rogers (19781, and S e t z l e r  e t  a l .  1981) and 23 C and above (Shannon and 
(1980) .  S m i t h  1968).  

ENVIRONMENTAL REQUIREMENTS 

H a b i t a t  S u i t a b i l i t y  Index Models --------- - -- 

H a b i t a t  s u i t a b i l i t y  i ndex  models 
hdve been deve loped f o r  s t r i p e d  bass 
o f  c o a s t a l  s t o c k s  ( B a i n  and B d i n  1982) 
and i n l a n d  s t o c k s  (Crance 1984) .  The 
models were deve loped f r o m  a r e v i e w  of 
e x i s t i n g  i n f o r m d t i o n  and can be used 
t o  assess h a b i t a t  impac t  and t o  
d e v e l o p  management a l t e r n a t i v e s .  

Temqerature - 

S t r i p e d  bass eggs have d brodd 
range  o f  t e m p e r a t u r e  t o ' l  e rance  ( T a b l e  
3 ) .  T u r n e r  (1976) c o l  l e c t e d  r e c e n t l y  
f e r t i l i z e d  eggs (( 8 h o l d )  a t  14- 
21  OC i n  t h e  Sacramento R i v e r .  I n  t h e  
l a b o r a t o r y ,  eggs ha tched  a f t e r  c$ u r n d l  
t e m p e r a t u r e  exposures o f  5 .6  C be- 

0 tween 1 4  and 23 C ( A l b r e c h t  1964).  

S t r i p e d  bdss l d r v d e  t o l e r d t e d  a 
b rodd  range  o f  t emperd tu res  ( T d b l e  4 ) .  
The 48-h upper LT50 f o r  l d r v a e  
c o l  l e c t e d  f rom t h e  Sacrdmento-San 
Joa u i n  E s t u a r y  rdnged from 30 t o  a 33 C f o r  8 t o  3 1  mm TL l a r v d e  (Ke l  l y  
dnd Chadwick 1971) .  S u r v i v d l  was 
d d j u s t e d  by  d i v i d i n g  t h e  a c t u a l  
s u r v i v d l  by t h e  c o n t r o l  s u r v i v d l  dnd 
m u l t i p l y i n g  by  100. 

J u v e n i l e  and a d u l t  s t r i p e d  bass 
t o l e r a t e d  a broad t e m p e r a t u r e  range  
w i t h  no i l l  e f f e c t s  ( T a b l e  5 ) .  Juve- 
n i  l e s  d c c l  ima ted  t o  h i g h e r  tempera- 
t u r e s  had h i g h e r  l e t h d l  l i m i t s  t h a n  
f i s h  a c c l  imdted t o  l ower  tempera tu res  
( T a b l e  5 ) .  J u v e n i l e s  s u r v i v e d  dbru  t 8 t r a n s f e r  i n  f r e s h w a t e r  froin 7 t o  21  C 
b u t  20% o f  t h e  f i s h  d i e d  when t r a n s -  
f e r r e d  f r o m  21  t o  7 OC (Taga tz  1961) .  
No j u v e n i  1es d i e d  i f  t e m p e r a t u r e  
decredse was g r a d u a l  ( 4  Oc/h).  A d u l t  
p r e f e r r e d  tempera tu res  v a r i e d  w i t h  

T a b l e  3. E f f e c t s  o f  s e l e c t e d  env i ronmen ta l  f a c t o r s  on s t r i p e d  bass eggs. 

Env i ronmen ta l  
f d c t o r  T o l e r a n c e  Optimum L e t h a l  Source 

Temperature (OC 

S a l i n i t y  ( p p t )  

D i s s o l v e d  O2 
( m ~ / l )  

T u r b i d i t y  (mg/ l  
pH 
C u r r e n t  v e l o c i t y  

(cm/s 

Mansuet i (1958)  
A1 b r e c h  t (1964 
Rogers e t  a l .  (1977)  
Morgan e t  a1 . (1981 
Shannon and Smi th  (1968)  
Mansuet i (1958) 
A1 b r e c h t  (1964)  
Morgdn and R a s i n  (1973)  
Mansuet i  (1958)  
T u r n e r  and F a r l e y  (1971)  
Au ld  and Schubel  (1978)  
Regdn e t  a1 . (1968)  
Mansuet i  (1958)  
A1 b r e c h t  (1964 



T a b l e  4. E f f e c t s  o f  s e l e c t e d  env i ronmen ta l  f d c t o r s  on s t r i p e d  bdss l a r v d l  
s tages .  

Env i ronmen ta l  Exper imen ta l  
f a c t o r  c o n d i t i o n s  T o l e r a n c e  Optimum L e t h d l  Source 

Temperature  (OC 

S a l i n i t y  ( p p t )  

D i s s o l v e d  O2 
(mg/ l  

T u r b i d i t y  
(mg/ l  

C u r r e n t  v e l o c i t y  
( cm/s 

1-6 days 
7-13 days 

14-20 days 
21-29 days 
30-35 ddys 
Yo lk  sac 

P o s t  y o l k  sac 

Yo lk  sac 

P o s t  y o l k  sac 

Yo lk  sac 

Regan e t  a l .  
( 1968 

<1U Dav ies  (1970)  
Rogers e t  a l .  

(1977 
>30 K e l l y a n d  

Chadwick (1971)  
Regan e t  a l .  

(1968)  
La1 e t  a l .  (1977)  
L d l  e t  a l .  (1977)  
La1 e t  a l .  (1977)  
La1 e t  a l .  (1977)  
La1 e t  a l .  (1977)  
Rogers dnd 

Wes t in  (1978)  
Rogers dnd 

Wes t in  (1978)  
<2.3 Rogers and 

West in  (1978)  
<2.4 Rogers and 

Wes t in  (1978)  
>500 Au ld  and Schubel  

(1978)  
3411 Morgan e t  a l .  

(1973)  
Regdn e t  a l .  

( 1968)  
Regan e t  a l .  

(1968)  

ambient a c c l  i m a t i o n  tempera tu res  
( M e l d r i m  and G i f t  1971) .  The maximum 
upper avo idance t e m p e r a t u r e  f o r  d d u l t s  
was 34 OC (ambient  27 OC) and t h e y  
avo ided  13  OC i f  a c c l i m a t e d  a t  5  OC. 

I n  t h e  Sacramento-San J o a q u i n  
E s t u a r y  w a t e r  t e m p e r a t u r e  i s  i m p o r t a n t  
t o  s t r i p e d  bass d i s t r i b u t i o n  and 
s u r v i v a l .  Cou tan t  (1985)  summarized 
s t r i p e d  bass t e m p e r a t u r e  p r e f e r e n c e  

( t h e r m a l  n i c h e )  d a t a  f r o m  t h e  E s t u a r y  
r e l d t i v e  t o  s t r i p e d  bass d i s t r i b u t i o n  
and m i g r a t i o n .  He suggested t h a t  h i g h  
wa te r  t e m p e r d t u r e  rn i yh t  l i m i t  t h e  
d i s t r i b u t i o n  o f  bass i n  t h e  E s t u a r y  
and r e s u l t  i n  t h e  crowd. ing o f  t h e  
l a r g e s t  bass i n t o  a reds  w i t h  poo r  food 
and h i g h  t o x i c a n t  l e v e l s ;  t h e  r e s u l t  
i n  l o w - f l o w  y e d r s  m i g h t  be expec ted  t o  
be i nc reased  m o r t a l i t y  of  l a r g e  f i s h  
and reduced f e c u n d i t y .  



Table 5. E f f e c t s  o f  se l ec ted  env i ronmenta l  f d c t o r s  on s t r i p e d  bass j u v e n i l e  dnd 
d d u l t  stages. 

Environmental  Exper imental  
f d c t o r  c o n d i t i o n s  Tolerdnce Optimum Le thd l  Source 

Ternperdture (OC) 20-50 mm TL 10-27 16-19 

Acc l  im. a t  
15 .6 ' ~  

Accl im. a t  
11 .oOc 

Sal i n i t y  ( p p t )  20-50 mm TL 0-20 10-15 

D isso lved  O2 3-20 6-12 
(mg/ l )  

Accl im. a t  <2.4 
32 .8 ' ~  

PH 6-10 7-9 

Cur ren t  v e l o c i  t y  
(cm/s 1 

Temperature (OC ) 
S a l i n i t y  ( p p t )  

Bogdanov e t  a l .  
(1967)  

Bogdanov e t  a1 . 
( 1967 1 

Loeber (1951 1 

Loeber (1951 1 

Bogdanov e t  a l .  
( 1967 1 

Bogdanov e t  a l .  
( 1967 ) 

Bogddnov e t  a1 . 
(1967 ) 

Dorfman and 
Wes tman (1970 1 

Bogdanov e t  a1 . 
( 1967 1 

Tatum e t  a l .  
( 1966 1 

Bogdanov e t  a l .  
(1967 1 

Tagatz (1961) 
Rogers dnd 

West in (1978) 

S a l i n i t y  

I n  t h e  Sacramento-San Joaquin 
Estuary ,  s t r i p e d  bass eggs were 
observed i n  s l  i g h t l y  s a l  i n e  water :  
eggs and l a r v a e  should s u r v i v e  a1 1  
s a l  i n i  t i e s  encountered i n  t h e  Es tuary  
(A'l b rech t  1964). I n  t h e  l abo ra to r y ,  
t h e  h i ghes t  ha tch  o f  eggs dnd s u r v i v a l  
of l a r v a e  were a rh ieved  a t  low 
s a l i n i t i e s  (Tables 3  and 4 ) .  La1 e t  
d l .  (1977) r epo r t ed  t h a t  1-day-o ld  
eggs hatched a t  s a l i n i t i e s  o f  3.4 t o  
16.7  p p t  and t h a t  s u r v i v a l  o f  eggs t o  
ha t ch i ng  was h i ghe r  i n  s a l i n e  t han  i n  
f reshwater ;  however, t hey  recommended 
n o t  i n c u b a t i n g  s t r i p e d  bass eggs a t  

s d l i n i t i e s  above 3.4 p p t  because t h e  
s u r v i v a l  o  f l a r vae  dec l  i ned 
p r o g r e s s i v e l y  f o r  eggs hatched i n  
h i ghe r  s a l i n i t i e s .  

La1 e t  a l .  (1977) r e p o r t e d  t h d t  
op t ima l  s a l i n i t i e s  f o r  r e a r i n g  o f  
l a r v a e  through metamorphosis p ro -  
g r e s s i v e l y  incredsed d u r i n g  develop-  
ment (Table 4 ) .  A f t e r  metamorphosis, 
s t r i p e d  bass f r y  were r ed red  i n  sea 
water (33.4 p p t )  f o r  15 months. Juve- 
n i l e  and a d u l t  s t r i p e d  bass t o l e r a t e d  
s a l i n i t i e s  o f  0-33 p p t  (Table 5 ) .  
Geiger and Parker  (1985) compi led a  
water qua1 i t y  su rvey  o f  57 s t r i p e d  
bass ha t che r i es  and r epo r t ed  t h a t  



s a l i n i t y  >0.5 p p t  was t he  s i n g l e  most 
impor tan t  f d c t o r  i n f l u e n c i n g  s t r i p e d  
bdss p roduc t ion .  

Sal i n i  ty-Temperature I n t e r a c t i o n  

The response o f  s t r i p e d  bass eggs 
and l d r v d e  t o  sa1 i n i  t y - temperd tu re  
i n t e r d c t  i on hds been medsured. Otwel 1 
and Me r r i ne r  (1975) r e p o r t e d  t h d t  
m o r t a l i t y  i n  t e s t  groups o f  j u v e n i l e s  
wds h i ghes t  i n  t e s t s  combining the  
h i ghes t  s d l i n i t y  w i t h  t h e  lowest  
temperature. However, t h e  combined 
e f f e c t  of s d l i n i t y  and temperature d i d  
n o t  exceed t h e  e f f e c t  o f  e i t h e r  
s d l  i n i  t y  o r  temperdture dlone. 
S u r v i v d l  was h i ghe r  i n  f i s h  younger 
thdn 23 days t hdn  i n  o l d e r  f i s h  a t  a 
g i ven  s a l i n i t y - t e m p e r d t u r e  combind- 
t i o n ,  and temperdture was more 
l i m i t i n g  than  s a l i n i t y  t o  growth and 
s u r v i v d l  o f  j uven  i l e s .  

Tagdtz (1961 r e p o r t e d  t h a t  
s t r i p e d  bass su r v i ved  abrup t  t r a n s f e r s  
between s a l t w a t e r  (33 p p t )  and 
f reshwater  d t  temperatures f rom 7.7 t o  
26.7 OC f o r  a d u l t s  and 7.7 t o  21.1 OC 

f o r  j u v e n i l e s .  Morgan and Rasin 
(1981) r epo r t ed  t h a t  s a l  i n i  t y -  
temperature combinat ions a f f ec ted  t h e  
percent  hd tch  of s t r i p e d  bass eggs dnd 
s u r v i v a l  of l a r v a e  ( 1  day a f t e r  
ha tch ing) ,  b u t  n o t  medn leng th .  The 
percen t  ha tch  and s u r v i v a l  o f  l d r vae  
were best  expressed by t he  f o l l o w i n g  
equat ions:  

Percent h a t c h = - 0 . 8 3 ~ ~ + 3 0  - 6 4 ~ -  
0.12(SxT)+2.22S-205.80 

and 

2  Percent s u r v i v a l  =-1.03T + 
35.86T+0.54S-246.63 

where T  = Ce l s i us  degrees and s a l i n i t y  
(S )  = pp t .  The c a l c u l a t e d  opt ima f o r  
s u r v i v a l  were 18 O C  and 1 0  p p t .  

D isso lved  Oxygen and pH ----- 

S t r i p e d  bass s e l e c t  a  brodd range 
of d i s s o l v e d  oxygen (DO) 

concen t rd t i ons  (Tab le  5 ) .  S u r v i v a l  o f  
eggs i n  t he  l a b o r a t o r y  decreased t o  
<50% of s u r v i v a l  of c o n t r o l s  ( i n  - 
sd tu ra ted  DO concen t ra t i ons )  w i t h  a  
decrease i n  DO t o  4  and 5  pprn a t  18 t o  
23 OC (Turner  and F a r l e y  1971). Cech 
e t  a l .  (1984) r epo r t ed  t h a t  growth o f  
j u v e n i l e s  ( < l g )  was reduced by low DO 
(90 t o r r  POp) a t  20 and 25 OC. 

Meldr i rn e t  a l .  (1974) r epo r t ed  t h a t  
j u v e n i l e s  g e n e r a l l y  avo ided DO 
concen t ra t i ons  o f  3.8-4 ppm. Coutant 
(1985) r epo r t ed  t h a t  a d u l t s  ( f i e l d  and 
l a b o r d t o r y )  became s t ressed  as DO 
decreased t o  near 3  ppm, and wdter  
c o n t a i n i n g  nedr 2  pprn DO were 
un i nhab i t ed  by bass. Ta l bo t  (1966) 
suggested t h a t  4  ppm DO may be t o o  low 
f o r  success fu l  r ep roduc t i on .  H i l l  e t  
a l .  (1981) found t h a t  j u v e n i l e s  
se l ec ted  t h e  h i ghes t  DO d v a i l a b l e  
(6.8-7.0 ppm). 

Geiger and Parker  (1985) r epo r t ed  
t h e  pH i n  57 s t r i p e d  bass h a t c h e r i e s  
ranged f rom 6.4 t o  7.3. H i l l  e t  a l .  
(1981) found t h a t  s t r i p e d  bass 
j u v e n i l e s  (55-82 mm SL) se l ec ted  a  
p r e f e r r e d  pH (7.1-7.2) when bo th  DO 
and d i s s o l v e d  s o l i d s  were low (3.9 and 
1400-1500 ppm, r espec t i ve1  y ) .  How- 
ever ,  when DO and d i s s o l v e d  s o l i d s  
were 9  and 1300 ppm, r e s p e c t i v e l y ,  
j u v e n i l e s  s e l e c t e d  a  pH range o f  7.8- 
8.2. Regan e t  a l .  (1968) determined 
pH t o l e r a n c e  l i m i t s  f o r  eggs and Regan 
e t  a l .  (1968) f o r  l a r v a  (Tables 3 and 
4). 

T u r b i d i t y  

S t r i p e d  bass spawn i n  t u r b i d  
streams b u t  t u r b i d i t y  wds n o t  r e p o r t e d  
(Mansuet i  1962; T a l b o t  1966). 
Woodhull (1947) ment ioned t h a t  i n  t h e  
D e l t a  where s t r i p e d  bass were 
spawning, t he  water was r a t h e r  t u r b i d  
( v i s i b i l i t y  15 inches) .  Auld and 
Schubel (1978) found t h a t  h i g h  
t u r b i d i t i e s  were l e t h a l  t o  eggs and 
l a r v a e  (Tables 3 and 4).  Morgan e t  
a l .  (1973) determined t he  48-h LD50 
f o r  l a r v a e  (Table 4). 



m i l l i o n  i n  1978 and 62 m i l l i o n  i n  
1979 i n  power p l a n t s .  

I n  t h e  Sacr drnsnto-San Jodqu in  
E s t ~ l a r y ,  c u r r e n t  v e l o c i t y  and r i v e r  
d i s c h d r g e  d r e  i m p o r t a n t  t o  s u r v i v d l  o f  
eggs and l a r v d s .  A l h r e c h t  (1964)  
found t h d t  3 minimum c u r r e n t  v e l o c i t y  
o f  30.5 cm!s was needed t o  keep 
s t r i p e d  hdss eggs suspended above t h e  
bottz~cn, and i n  l d b o f d t o ~ y  exper  irnents 
eggs d l l o w e d  t o  r e s t  on a  g r d v e l  
s u b s t r d t o  d i d  n o t  ha tch .  Ld rvde  w i l l  
r r? rnd i~ i  suspended i n  t h e  wa te r  column 
d t  d bed ? d y e r  v e l o c i t y  of  51.9 cmlsec 
dad 21.4 crn/sec ove r  r i p p l e d  dnd 
smqoth Sacrdlnento R i v e r  chdnnel  
bot tom,  r e s p e c t i v e l y  (Meinz  dnd 
Heubdch 1978) .  S t r i p e d  bds5 egqs hdve 
t o l e r d t e d  ~ndch h i g h e r  v e l o c i t i e s  
( T a b l e  3 ) .  I n  t h e  E s t u a r y  t h e  
s a l  i n  i t y  g r d d i  e n t  zone was f d r t h e r  
d o w n ~ t r e d l l l  t hdn  U S U ~ ~  (Su isun  Bdy) 
when f r e s h w a t e r  o u t f l o w s  were h i g h  dnd 
f d f t h e r  upst redm ( D e l t a )  when o u t f l o w s  
were low. Bo th  t h e  s u r v i v d l  o f  
j u v e n i l e s  dnd t h e  p r o d u c t i o n  o f  
p l d n k t o n  were much h i g h e r  when t h e  
zone vdds i n  Su isun  Bdy (Stevens e t  a l .  
1985 1. 

S t r i p e d  bdss egg5, l a r v d e  and 
j u v e n i l e s  d r e  l o s t  t o  e n t r d i n m e n t  i n  
unscreened Sacramento dnd San Jodqu- in 
R i v e r s  d i v e r s i o n s ,  t o  e x p o r t  
d i v e r s i o n s  o f  D e l t a  wa te r  by S t a t e  dnd 
Federa l  pumping p l a n t s ,  wh ich  may be 
screened,  and t o  a g r i c u l t u r e  and 
power p l a n t s ,  wh ich  may a l s o  be 
screened.  E x p o r t  d i v e r s i o n s ,  wh ich  
a f f e c t  bass s u b s t a n t i a l  l y  more t h a n  
r i v e r  d i v e r s i o n s ,  have l o u v e r  sc reens ,  
b u t  t h e  screens do n o t  a t t a i n  even 
50% e f f i c i e n c y  u n t i l  f i s h  a r e  19  mm 
FL . Screen e f f i c i e n c y  i n c r e d s e s  
g r d d u a l l y  t o  about  85% f o r  bass l o n g e r  
t h d n  100 mm FL ( S k i n n e r  1974) .  
S tevens e t  a l .  ( 1985)  r e p o r t e d  t h a t  
e s t  irnated l o s s e s  o f  young s t r i p e d  bdss 
rdnged f rom 2  m i l l i o n  t o  4.5 b i l l i o n  
i n  S t a t e  dnd Federd l  pumping p l d n t s  i n  
1968-79, were 598 mi 1  l i o n  i n  1978 and 
562 m i l l i o n  i n  1979 i n  D e l t a  
a g r i c u l t u r e  d i v e r s  i o n s ,  and were 154 

The dbundance of  s t r i p e d  bdss 
s u r v i v i n g  t o  38 rnm TL was 
s i g n i  f i c d n t l y  reduced by t h e  l o s s e s  
from t h e  combined e n t r a i n m e n t  (Stevens 
e t  a l .  1985) .  T h i s  l o n g - t e r m  
r e d u c t i o n  i n  young s t r i p e d  bdss f rorn 
t h e  E s t u d r y  p r o b d b l y  hds c o n t r i b u t e d  
t o  t h e  d e c l ~ n e  i n  t h e  d d u l t  bdss 
p o p u l d t i o n .  I n  d d d i t i o n ,  e x p o r t  
d ~ v e r s i o n  of wa te r  f rom t h e  D e l t a  
cduses h i g h  f l o w  v e l o c i t i e s  i n  t h e  
chdnne ls  t h d t  convey w d t e r  frorn t h e  
5acrdmento R i v e r  t o  t h e  pumping p l d n t s  
(Stevens 1980) .  The r e d u c t i o n  i n  
s t a n d ~ n g  c rops  of i m p o r t d n t  food 
orgdn isms o f  young bdss r e s u l t i n g  f rom 
t h e  h i g h  wa te r  v e l o c i t i e s  ( T u r n e r  
1966; Yeubach 1969) may f u r t h e r  
decredse t h e  bdss p o p u l d t i o n .  

R i v e r  F low and Wdter D i v e r s i o n  

S t u d i e s  of  s t r i p e d  bdss i n  t h e  
Sacrdrnento-San Jodqu in  E s t u a r y  hdve 
demonst rd ted t h a t  t h e  dbunddnce o f  
young bass hd5 been d s s o c i d t e d  w i t h  
r i v e r  o u t f l o w  from t h e  D e l t a  dnd t h e  
p e r c e n t  of  t h e  r i v e r  i n f l o w  d i v e r t e d  
(Stevens 1980) .  The dbunddnce o f  
younq bdss i n  t h e  E s t u a r y  hds been 
nedsured a n n u a l l y  s i n c e  1959, and dn 
i n d e x  of t h e  number s u r v i v i n g  t o  38 mm 
i L  ( j u v e n i l e s )  hds been deve loped dnd 
c o r r e l a t e d  w i t h  f l o w s  ( T u r n e r  dnd 
Chddwick 1972) .  D u r i n g  1959-76, t h e  
dbundance of  j u v e n i l e s  i n  t h e  D e l t a  
was c o r r e l d t e d  w i t h  t h e  May-June 
o u t f l o w s  f rom t h e  D e l t a  dnd t h e  dmount 
of  wa te r  d i v e r t e d  i n  t h o s e  months. I n  
Su isun  Bdy, t h e  abunddnce o f  j u v e n i l e s  
was b e s t  e x p l d i n e d  by  t h e  J u n e - J u l y  
o u t f l o w s  (Stevens e t  a l .  1985).  The 
d d t a  suggested t h d t  s u r v i v d l  f rom eggs 
t o  38 mm c o u l d  depend on f l ows  dnd 
d i v e r s i o n s  ( T u r n e r  and Chadwick 1972; 
Chddwick e t  a l .  1977; Stevens 1977b).  
However, s i n c e  1977, t h e  abunddnce o f  
young bdss has been c o n s i d e r a b l y  l ower  
than  p r e d i c t e d  b y  t h e  1959-76 
r e g r e s s i o n s .  Bo th  young bass 
abllnddnce dnd t h e  d b i l i t y  t o  p r e d i c t  
i t  have been q r e d t l y  reduced (Stevens 



e t  a l .  1985) .  An i ndex  o f  s u r v i v a l  
between t h e  egg and 38 mm (1969-821, 
when egg p r o d u c t i o n  e s t i m a t e s  were 
a v a i l a b l e ,  was deve loped and 
c d l c u l d t e d  as: 

s u r v i v a l  i n d e x  = 

i ndex  of abundance a t  38 mm mean FL 

The s u r v i v d l  i ndex  was s i g n i f i c a n t l y  
r e l a t e d  t o  o u t f l o w  f r o m  t h e  D e l t a  and 
d e s c r i b e d  by: 

Su t j v i va l  = 2.39 l o g  o u t f l o w  
(m / s )  f rom t h e  D e l i a  minus 3.70 

The r e g r e s s i o n  was s i g n  i f  i c a n t  b u t  i t  
o n l y  accounted f o r  29% o f  t h e  
v a r i d t i o n  i n  s u r v i v a l .  The r e s u l t s  
were a f f e c t e d  b y  i m p r e c i s i o n  i n  t h e  
v a r i a b l e s  used t o  c a l c u l a t e  t h e  
s u r v i v d l  i n d e x  (S tevens  e t  a l .  1985).  

The ~ n a l y s i s  o f  r e c e n t  d a t a  
( 1969-82 1 imp1 i e s  t h a t  t h e  
r e l a t i o n s h i p  between s u r v i v a l  f ro in  egg 
t o  35 mm FL and f l o w  and d i v e r s i o n  hds 
n o t  changed s u b s t a n t i a l  ly. S u r v i v a l  
r d t e s  s t i l l  appear t o  be c o n t r o l l e d  b y  
D e l t a  o u t f l o w  (S tevens  e t  a l .  1985).  
Even though s u r v i v a l  t o  38 m appears  
t o  be d s s o c i d t e d  w i t h  f l o w s  and 
d i v e r s i o n s ,  t h e  c u r r e n t  t h i n k i n g  i s  
t h d t  reduced s t r i p e d  bass abundance i n  
t h e  E s t u a r y  i s  r e l d t e d  t o  t h e  f d c t o r s  
went i oned  on page 12- -  reduced  a d u l t  
s tocks ,  reduced food  p r o d u c t i o n ,  
e n t r d i n n e n t  l o s s e s ,  and t o x i c i t y  
(Donald  Stevens, Cal  i f o r n i d  Depdrt lnent 
o f  F i s h  dnd Game, pe rs .  comm. ) 

Env i ronmen td l  Contaminants  ------- ------ ------------- 

The s teddy  d e c l i n e  i n  dbunddnce 
o f  s t r i p e d  bdss i n  t h e  Sacramento-San 
Jodqu in  E s t u a r y  s i n c e  t h e  1960s may be 
r e l a t e d  t o  chemicd l  r e s i d u e s .  W h i p ~ l e  
(1983) ,  who sumrndr i r e d  work on t h e  
e f f e c t s  of p o l l u t r l n t s  on s t r i p e d  bass 
i n  t h e  E s t u a r y ,  w r o t e  t h d t  f i e l d  and 
1  d b o r d t s r y  s t u d  i e s  o f  spawn i n g  bass 
showed c o n c e n t r a t i o n s  o f  monocyc l i c  
d f o ~ n a t  i c h y d r o ~ d r b o n ~  (benzene, 

x y l e n e )  and z i n c  were c o r r e l a t e d  w i t h  
reduced bass r e p r o d u c t i v e  c a p a c i t y ,  
f e c u n d i t y ,  and gdmet i c  v i a b i l i t y .  
Crosby e t  a l .  (1983), who a l s o  
a n a l y z e d  t i s s u e s  and organs o f  s t r i p e d  
bass f r o m  t h e  E s t u a r y ,  f ound  t h a t  com- 
mon c h l o r i n a t e d  hydrocarbons r e p r e -  
s e n t e d  t h e  most  p r e v a l e n t  t i s s u e  
r e s i d u e s  ( T a b l e  6) .  They s t a t e d  t h a t  
Sacramento R i v e r  s t r i p e d  bass 
c o n t a i n e d  l e v e l s  of  hyd roca rbons  t h a t  
exceeded l i m i t s  f o r  f i s h  s u r v i v a l  
recommended by  t h e  N a t i o n a l  Academy o f  
Sc ience as w e l l  as t h e  a c t i o n a b l e  
l e v e l s  f o r  an imal  feed p u b l i s h e d  by  
t h e  U.S. Department o f  A g r i c u l t u r e .  
The Sacrdmento f i s h  were i n  poor  
h e d l t h ,  compared w i t h  t h o s e  f rom Coos 
R i v e r ,  Oregon, and showed m o t t l e d - p i n k  
l i v e r s  w i t h  f i b r o u s  l e s i o n s ,  
p d r a s i t e s ,  and e x t e r n a l  l e s i o n s .  The 
Oregon bass were l a r g e r  and o l d e r  t h a n  
t h e  E s t u a r y  bdss b u t  had s i g n i f i c a n t l y  
l ower  t i ssue  burdens o f  t o x i c  
p o l l u t a n t s .  Whipp le  e t  a l .  (1981) 
r e p o r t e d  a1 i c y c l  i c  hexanes i n  1  i v e r  
dnd o v a r y  t i s s u e  (0.02 t o  16 u l l k g  wet 
w e i g h t )  o f  s t r i p e d  bass f rom t h e  
E s t u a r y .  B e n v i l l e  e t  a l .  (1985)  
de te rm ined  t h a t  t h e  96-h LC50s f o r  
seven d l  i c y c l  i c  hexanes ranged f r o m  
3.2 t o  9.3 ~ l / l  f o r  s t r i p e d  bass f rom 
t h e  Es tua ry .  

The e f f e c t s  and l e t h a l  
c o n c e n t r a t i o n s  of  p e s t i c i d e s ,  heavy 
me ta l s ,  pharmdceut i c d l  d rugs,  and 
o t h e r  co~n~non ly  d. ischdrged chemica l  
substances on s t r i p e d  bass f ro in  o t h e r  
d reds  were sufnmdrired by  Bonn e t  a l .  
(1976)  and Wes t in  and Rogers (1978) .  
Pa lawsk i  e t  a l .  (1985)  de te rm ined  t h e  
t o x i c i t y  t o  young s t r i p e d  bass of  a  
m i x t u r e  o f  18 chemica l s  and t h e  
i n d i v i d u a l  t o x i c i t i e s  o f  t h e  i n o r g a n i c  
and o r g d n i c  f r d c t i o n s  t h a t  composed 
t h e  m i x t u r e .  They a l s o  de te rm ined  
t h d t  t h e  s e n s i t i v i t y  o f  young s t r i p e d  
bass t o  seven i n o r g a n i c  compounds and 
t h r e e  o r g a n i c  p e s t i c i d e s  equa led  o r  
s l i g h t l y  exceeded t h d t  o f  most 
sa lmonids ,  dnd exceeded t h a t  o f  
c e r t a i n  c y o r i n i d s ,  i c t a l u r i d s ,  and 
c e n t r d r c h i d s .  



Table 6. Mean ( n  = 8 )  r e s i d u e  l e v e l s  (ppm) f o r  major  c l a s s e s  of  o r g d n o c h l o r i n e  
coinpounds i n  t i s s u e s  o f  female s t r i p e d  bass from t h e  Sacrdmento R i v e r ,  1981 ( f rom 
Crosby e t  a1 . 1983 1. a 

Compound 

Source o f  r e s i d u e  

Aroc 1 o r  1260. 18.01 1.36 9.05 1.70 12.30 1.03 

A r o c l o r  1254 13.16 1.18 9.69 1.84 11.64 1.67 

Toxaphene 1.85 0.18 1.83 0.35 1.82 0.12 

DDT 10.35 0.90 7.21 1.33 6.13 0.53 

Other Organochlor inesb 3.89 0.35 1.94 0.35 1.98 0.20 

T o t a l  Organochlor ines 48.81 4.14 30.72 5.77 36.24 3.38 
- - -- - - - - - - 

:LW = l i p i d  we igh t  bas is ;  TW = t i s s u e  we igh t  b a s i s .  
D ~ h l o r i n a t e d  cyc lod ienes ,  hexachlorobenzene. 
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Species p r o f i l e s  a r e  l i t e r a t u r e  summaries o f  the  taxonomy, morphology, range, l i f e  
h i s t o r y ,  and environmental  requirements o f  coas ta l  a q u a t i c  species. They a r e  designed t o  
a s s i s t  i n  environmental  impact assessment. The s t r i p e d  bass supports one o f  t h e  most 
impor tan t  s p o r t  f i s h e r i e s  i n  the  P a c i f i c  Southwest. The o n l y  p o p u l a t i o n  o f  s t r i p e d  
bass o f  consequence i n  the P a c i f i c  Southwest i s  i n  t he  Sacramento-San Joaquin Estuary  
and P a c i f i c  Ocean w i t h i n  40 kn o f  San Franc isco Bay. Males mature a t  age 2 o r  3 and 
females a t  ages 4 t o  7. S t r i p e d  bass a r e  anadronous and spawn i n  f r e s h -  o r  n e a r l y  f r e s h -  
water  f rom A p r i l  t o  June i n  the Sacramento and San Joaquin R ive rs  and the Del ta area forned 
by the r i v e r s .  The semi buoyant eggs r e q u i r e  a minimum c u r r e n t  of 30.5 cn/s d u r i n g  develop- 
ment t o  keep them f rom s e t t l i n g  t o  the  bot tom and dy ing .  Year-c lass s i z e  o f  s t r i p e d  bass 
i n  the es tua ry  has been c o r r e l a t e d  w i t h  s u r v i v a l  d u r i n g  e a r l y  l i f e .  The abundance o f  
young bass, mean FL 35 mm, has been assoc ia ted w i t h  r i v e r  o u t f l o w  f rom the D e l t a  and the 
percentage o f  the r i v e r  i n f l o w  d i v e r t e d .  The abundance o f  s t r i p e d  bass i n  the  es tua ry  has 
s t e a d i l y  dec l i ned  s ince  the 1960's; the  d e c l i n e  i s  be l i eved  t o  be r e l a t e d  t o  a combinat ion 
of t o x i c  substances and ent ra inment  o f  young bass. Temperature, s a l i n i t y ,  and 
r i v e r  d ischarge a r e  a l s o  impor tan t  environmental  f a c t o r s  a f f e c t i n g  t h e  
s u r v i v a l  o f  s t r i p e d  bass. 

PACE 

17. bocunmm Analyses a. D.ccnmcum 

b i o l o g i c a l  Repor t  82(11.82) 

Es tua r ies  Animal m i g r a t i o n s  
F i s h e r i e s  L i f e  c y c l e s  
Growth Temperature 
Feeding h a b i t s  Sal i n i t y  

D. IdantlfienlOpen-Ended Tevmr 

S t r i p e d  bass R ive r  f l o w s  
Morone s a x a t i l i s  Impingement 
Spawning b!ater d i v e r s i o n s  
Hur-sery area 

1 1 U n c l a s s i f i e d  1 
Qr ANSI--239.16) OPTIOUAL FORM 272 ( C 7 n  

(Fo,nmrly MTIS3S) 
D.pertImn1 d Cornrnmrca 

r town n.tdtcrnu,, 

21. No. of Paam. 

29 
n. ?ncm 

IL Arallabll~ty Sfal*rn.nl 

Un l im i ted  d i s t r i b u t i o n  

19. Sccursiy Class nhls  R e w e )  

U n c l a s s i f i e d  
2 0 .  kuwnty Chs. C h s  Pal*) 



TAKE A PRIDE 
212 Amerzcd 

DEPARTMENT OF THE INTERIOR 
U.S. ASH AND WILDLIFE SERVICE 

As the Nation's principal conservation agency, the Department of the Interior has respon- 
sibility for most of our .nationally owned public lands and natural resources. This includes 
fostering the wisest use of our land and water resources, protecting our fish and wildlife, 
preserving thsenvironmentai and cultural values of our national parks and hlstorical places, 
and providing for the enjoyment of life through outdoor recreation. The Department as- 
sesses our energy and mineral resources and works to assure that their development is in 
the best interests of all our people. The Department also has a major responsibility for 
American Indian reservation communities and for people who live in island territories under 
U.S. administration. 




