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INTRODUCTION

B a l l o n a  W e t l a n d s  i s  a  r e m n a n t  s a l t  m a r s h  o n  S a n t a  M o n i c a  B a y
t h a t  h a s  b e e n  h i g h l y  m o d i f i e d  b y  h u m a n s  a c t i v i t i e s .  Y e t ,  i t  i s
t h e  l a r g e s t  c o a s t a l  w e t l a n d  s y s t e m  r e m a i n i n g  i n  L o s  A n g e l e s
C o u n t y.  T h e r e  i s  a n  e x t e n s i v e  s y s t e m  o f  r e l i c  d i k e d  t i d a l
s l o u g h s  r u n n i n g  t h r o u g h o u t  t h e  s a l t  m a r s h  ( F i g u r e  1 ) .  T h e s e
s l o u g h s  h a v e  h a d  v e r y  r e s t r i c t e d  t i d a l  f l u s h i n g  f o r  o v e r  6 0
y e a r s ,  s i n c e  t i d e  g a t e s  w e r e  i n s t a l l e d  w h i c h  g r e a t l y  r e s t r i c t
s e a w a t e r  a c c e s s  f r o m  B a l l o n a  C h a n n e l .

As p a r t  o f  t h e  P l a y a  V i s t a  P r o j e c t ,  M a g u i r e  T h o m a s  P a r t n e r s
i s  p l a n n i n g  t o  r e s t o r e  t h e  w e t l a n d  b y  m o d i f y i n g  t h e  o p e n i n g s  t o
t h e  o c e a n ,  v i a  B a l l o n a  C h a n n e l ,  a n d  r e s t o r i n g  e i t h e r  m i d - t i d a l
( p a r t i a l )  o r  f u l l - t i d a l  f l u s h i n g .

The p u r p o s e  o f  t h i s  s t u d y  i s  t o  s u r v e y  t h e  f i s h e s  i n  t h e
r e l i c  d i k e d  t i d a l  s l o u g h s ,  c h a n n e l s ,  a n d  C e n t i n e l a  D i t c h  o n  a
q u a r t e r l y  b a s i s  a n d ,  t h e r e b y ,  t o  d e t e r m i n e  t h e  c u r r e n t  s t a t u s  o f
t h e  e s t u a r i n e  f i s h  c o m m u n i t y  i n  B a l l o n a  W e t l a n d s .  C o a s t a l
s l o u g h s ,  s m a l l  l a g o o n s  a n d  t i d a l  c r e e k s  o f  S o u t h e r n  C a l i f o r n i a
h a v e  b e e n  s t u d i e d  i n f r e q u e n t l y  a n d  t h e i r  c o m m u n i t y  s t r u c t u r e  i s
p o o r l y  k n o w .  L a r g e r  b a y s  a n d  l a g o o n s  h a v e  b e e n  c h a r a c t e r i z e d  a n d
t h e i r  f i s h  c o m m u n i t i e s  s t u d i e d  t o  v a r y i n g  e x t e n t s ;  e . g .  A n a h e i m
Bay ( L a n e  a n d  H i l l  1 9 7 7 ) ,  M u g u  L a g o o n  ( O n u f  a n d  Quammen 1 9 8 3 ,
O n u f  1 9 8 7 ) ,  N e w p o r t  B a y  ( A l l e n  1 9 8 0 ,  1 9 8 3 ,  H o r n  a n d  A l l e n  1 9 8 1 ) ,
and T i j u a n a  E s t u a r y  ( Z e d l e r  1 9 7 7 ,  1 9 8 2 ,  Z e d l e r .  a n d  N o r d s b y  1 9 8 6 ) .
The f i s h  c o m m u n i t i e s  o f  t w o  s m a l l  l a g o o n s  o n  t h e  c o a s t  o f  L o s
A n g e l e s  C o u n t y  h a v e  b e e n  c h a r a c t e r i z e d ,  e . g .  A l a m i t o s  B a y  ( A l l e n
and  H o r n  1 9 7 5 )  a n d  M a l i b u  L a g o o n  ( S o l t z  1 9 8 6 ) .  N o n e  o f  t h e s e
h a b i t a t s  h a v e  s m a l l  r e l i c t  s l o u g h s  s i m i l a r  t o  t h o s e  i n  B a l l o n a
W e t l a n d s .  H o w e v e r ,  S w i f t  ( 1 9 8 1 )  c o n d u c t e d  a n  e x t e n s i v e  m o n t h l y
s u r v e y  o f  f i s h e s  i n  t h e  s l o u g h s  a n d  c h a n n e l s  t h r o u g h o u t  B a l l o n a
W e t l a n d s .

The s t u d y  b y  S w i f t  ( 1 9 8 1 )  p r o v i d e s  a n  e x c e l l e n t  b a s e l i n e  f o r
t h e  p r e s e n t  s t u d y  o f  t h e  f i s h e s  o f  B a l l o n a  W e t l a n d s .  T h e  p r e s e n t
s t u d y  w a s  f u n d e d  f o r  o n l y  4  q u a r t e r l y  s a m p l e s  f r o m  Summer  1 9 9 0
t h r o u g h  S p r i n g  1 9 9 1 ,  w h e r e a s  t h e  p r e v i o u s  s t u d y  s a m p l e d  f i s h e s
m o n t h l y  f o r  a  f u l l  y e a r .  I t  s h o u l d  b e  n o t e d  t h a t  o n e  o f  t h e
l a r g e  t i d e  g a t e s  w a s  b r o k e n  d u r i n g  t h e  e n t i r e  S w i f t  ( 1 9 8 1 )  s t u d y
a l l o w i n g  c o n s i d e r a b l y  m o r e  t i d a l  f l u s h i n g  ( n o t  d i r e c t l y  m e a s u r e d
b y  S w i f t , 1 9 8 1 ) ,  a n d  t h e r e f o r e  a c c e s s  f o r  f i s h e s  a n d  t h e i r  e g g s
and l a r v a e ,  t h a n  d u r i n g  t h i s  s t u d y .  T h e  t i d e  g a t e  w a s  r e p a i r e d
i n  1 9 8 2  ( S .  L o c k h a r t ,  p e r s .  c o m m . )  a n d ,  a l t h o u g h  o c c a s i o n a l l y
p r o p p e d  p a r t i a l l y  o p e n  b y  v a n d a l s ,  g r e a t l y  r e s t r i c t e d  t h e
f l u s h i n g  a n d  t i d a l  r a n g e  i n  t h e  r e m n a n t  s l o u g h s  t h r o u g h o u t  t h e
p r e s e n t  s t u d y .  T h e  t i d a l  r a n g e  i n  t h e  s l o u g h s  n e v e r  e x c e e d e d  o n e
m e t e r  a n d  d i m i n i s h e d  c o n s i d e r a b l y  w i t h  d i s t a n c e  f r o m  B a l l o n a
C h a n n e l  d u r i n g  t h e  s t u d y  p e r i o d  ( B o l a n d  a n d  Z e d l e r  1 9 9 1 ) .

T h i s  s t u d y  c h a r a c t e r i z e s  t h e  f i s h  c o m m u n i t y  i n  t h e  r e l i c
s l o u g h s  a n d  c h a n n e l s  o f  B a l l o n a  W e t l a n d  d u r i n g  a n  e x t e n d e d  p e r i o d
o f  h i g h l y  r e s t r i c t e d  t i d a l  f l u s h i n g .  T h e  b a s e l i n e  s t u d y  ( S w i f t
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1981) ,  i n  c o n t r a s t ,  w a s  c o n d u c t e d  d u r i n g  a  p e r i o d  o f  l e s s
r e s t r i c t e d  f l u s h i n g  because  o f  t h e  b r o k e n  f l a p  g a t e .  T h e
c o n d i t i o n s  p r e s e n t  i n  1 9 8 0 - 8 1  w e r e  a n  e x c e p t i o n  t o  t h e  6 0  y e a r
h i s t o r y  o f  B a l l O n a  We t l a n d s  s i n c e  t h e  i n s t a l l a t i o n  o f  t i d e  g a t e s
i n t o  B a l l O n a  C h a n n e l .

PROJECT AREA

The p r o p o s e d  P l a y a  V i s t a  p r o j e c t  s i t e  h a s  b e e n  d i v i d e d  i n t o
f o u r  a r e a s .  O n l y  t w o  o f  t h e  a r e a s ,  A r e a  B  a n d  D ,  c o n t a i n
s u f f i c i e n t  w a t e r  t o  s u p p o r t  f i s h e s .

Area B

Area B  i s  bounded  b y  t h e  B a l l o n a  C h a n n e l  t o  t h e  n o r t h ,  t h e
community o f  P l a y a  d e l  Rey  t o  t h e  We s t ,  t h e  P l a y a  d e l  Rey  B l u f f s
t o  t h e  s o u t h  a n d  L i n c o l n  B o u l e v a r d  t o  t h e  e a s t .  C e n t i n e l a  D i t c h
e n t e r s  t h e  a r e a  f r o m  A r e a  D  a n d  c o n t i n u e s  a l o n g  t h e  b a s e  o f  t h e
P laya  d e l  Rey  B l u f f s  t o  merge  w i t h  t h e  r e l i c t  s l o u g h  s y s t e m .
J e f f e r s o n  D r a i n  e m p t i e s  i n t o  t h e  a r e a  s o u t h e a s t  o f  t h e
J e f f e r s o n / C u l v e r  B o u l e v a r d s  i n t e r s e c t i o n .  T h e s e  t w o  d r a i n a g e s
p r o v i d e  m o s t  o f  t h e  f r e s h w a t e r ,  w i t h  some a d d i t i o n a l  u r b a n  r u n o f f
coming f r o m  t h e  P l a y a  d e l  Rey  B l u f f s ,  e n t e r i n g  t h e  w e t l a n d s .

B a l l o n a  W e t l a n d s ,  t h e  l a r g e s t  c o n t i g u o u s  w e t l a n d  r e m a i n i n g
i n  L o s  A n g e l e s  C o u n t y,  i s  e n t i r e l y  w i t h i n  A r e a  A .  T h e  m a i n  t i d a l
channe ls  i n t o  t h e  w e t l a n d  h a v e  b e e n  c u t - o f f  f r o m  f u l l  t i d a l  f l o w s
f o r  a p p r o x i m a t e l y  6 0  y e a r s  b y  f o u r  t i d e  g a t e s  i n  t h e  s o u t h  l e v e e
o f  t h e  B a l l o n a  C h a n n e l .  T i d a l  r a n g e  h a s  b e e n  r e d u c e d  b y  o v e r  60%
(Boland a n d  Z e d l e r  1991 )  a n d  s a l t w a t e r  e n t r y  i s  a l m o s t  e n t i r e l y
f rom l e a k a g e  a r o u n d  t h e  f l a p  g a t e s .  T h e r e f o r e ,  a c c e s s  f o r
f i s h e s ,  f i s h  e g g s  a n d  l a r v a e  i s  a l s o  g r e a t l y  r e d u c e d .  S a l i n i t y
o f  t h e  w a t e r  i n  t h e  t i d a l  c h a n n e l s  n e a r  t h e  t i d e  g a t e s  i s
a p p r o x i m a t e l y  t h a t  o f  s e a w a t e r  ( 3 0  t o  3 5  p p t ) .  T h e  w e t l a n d s
n o r t h  a n d  s o u t h  o f  C u l v e r  B o u l e v a r d  a r e  l i n k e d  b y  t w o  c u l v e r t s
under  t h e  r o a d w a y.  T h e  c h a n n e l s  s o u t h  o f  C u l v e r  B o u l e v a r d  v a r y
f rom f r e s h w a t e r  t o  h y p e r s a l i n e  ( e . g .  0  t o  4 0  p p t )  d e p e n d i n g  u p o n
season a n d  amoun t  o f  u r b a n  r u n o f f ,  p r i n c i p a l l y  f o r m  t h e  J e f f e r s o n
D r a i n .

Area D

Area D i s  bounded  b y  L i n c o l n  B o u l e v a r d  t o  t h e  w e s t ,  t h e
Wes tches te r  B l u f f s  t o  t h e  s o u t h ,  c o m m e r c i a l / i n d u s t r i a l  p a r c e l s  t o
t h e  e a s t  a n d  J e f f e r s o n  B o u l e v a r d  a n d  t h e  B a l l o n a  C h a n n e l  t o  t h e
n o r t h .  I t  i s  t h e  m o s t  d e v e l o p e d  o f  t h e  f o u r  a r e a s .  C e n t i n e l a
D i t c h ,  t h e  c h a n n e l i z e d  r e m n a n t  o f  C e n t i n e l a  C r e e k ,  r u n s  a l o n g  t h e
b l u f f s  i n  t h e  s o u t h w e s t e r n  p o r t i o n  o f  t h e  a r e a .  C e n t i n e l a  D i t c h
i s  a n  i n t e r m i t t e n t  f r e s h w a t e r  s t r e a m  c a r r y i n g  u r b a n  r u n o f f .
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METHODS

The 13  sampl ing  s t a t i o n s  i n  A r e a  B  used b y  S w i f t  ( 1 9 8 1 )  w e r e
v i s u a l l y  surveyed and  d i p n e t  sampled i n  J u l y  1 9 9 0 .  T h e  3
s t a t i o n s  o n  C e n t i n e l a  D i t c h  upstream o f  s t a t i o n  1 0  ( n o s .  11 - 1 3 )
were d r y .  T h e  o t h e r  2  s t a t i o n s  s o u t h  o f  C u l v e r  Boulevard  were  s o
choked w i t h  emergent v e g e t a t i o n  t h a t  t h e r e  was no  open w a t e r.
Therefore ,  o n l y  s t a t i o n  1 0  was sampled i n  t h e  r e l a t i v e l y  non-
t i d a l  a r e a  o f  t h e  s a l t  marsh south  o f  C u l v e r  Boulevard .  T w o  o f
the 7  s t a t i o n s  n o r t h  o f  C u l v e r  Boulevard  were  n o t  sampled i n  t h i s
study.  S t a t i o n  5  was exc luded  because i t  was n o t  f l o o d e d  on  a
4-4.1 f t  h i g h  t i m e  i n  J u l y  1 9 9 0 .  S t a t i o n  2  was s o  s h a l l o w,  a l g a e
f i l l e d  and  warm ( 3 2 . 4  C )  t h a t  i t  c o n t a i n e d  o n l y  a  f e w
mosquitof ish (Gambusia a f f f i n i s )  a n d  C a l i f o r n i a  k i l l i f i s h
(Fundulus I p a r v i p i n n i s ) .  S t a t i o n s  1 ,  3 ,  4 ,  6  a n d  7  w e r e
considered a p p r o p r i a t e  f o r  c h a r a c t e r i z i n g  t h e  remnant  t i d a l
sloughs n o r t h  o f  C u l v e r  Boulevard .  S t a t i o n  7  was a  deeper  h o l e
a t  t h e  end  o f  t h e  c u l v e r t  under  C u l v e r  Boulevard  a l o n g  t h e  d i t c h
o r i g i n a t i n g  a t  t h e  J e f f e r s o n  D r a i n .  T h e  o t h e r  s t a t i o n s  were
r e l a t i v e l y  s h a l l o w  remnant  s loughs c h a r a c t e r i s t i c  o f  t h e  w e t l a n d .
I n  summary, w e  conducted q u a r t e r l y  samples o f  6  o f  t h e  1 3
s t a t i o n s  sampled i n  t h e  S w i f t  ( 1 9 8 1 )  f i s h  s u r v e y  o f  B a l l o n a
Wetland ( F i g u r e  1 ) .  O n e  ( n o .  1 0 )  w a s  i n  t h e  upper  s a l t  marsh
south o f  C u l v e r  Bou levard .  S i x  ( n o s .  1 ,  3 ,  4 ,  6  a n d  7 )  w e r e  i n
the remnant t i d a l  s loughs  n o r t h  o f  C u l v e r  Boulevard .

Each o f  t h e  s i x  s t a t i o n s  were  2 5  m l o n g  and  were  sampled
wi th  t h e  f o l l o w i n g  p r o t o c o l :

S a l i n i t y  ( i n  p a r t s  p e r  thousand w i t h  a  r e f r a c t o m e t e r ) ,
temperature and d i s s o l v e d  oxygen ( i n  m g / l i t e r  w i t h  a  Y S I  Oxygen
meter) o f  3  s u r f a c e  samples were  t a k e n  a t  two  l o c a t i o n s  w i t h  i n
the 2 5  m s t a t i o n  and  averaged.

Fish sampl ing - -  Both  ends o f  t h e  2 5  m l o n g  s t a t i o n s  were
blocked w i t h  a  3 . 2  mm mesh s e i n e .  F o u r  h a u l s  o f  t h e  e n t i r e
length o f  t h e  channe l  were  t a k e n  and t h e  f i s h  c o l l e c t e d  f r o m  each
haul were  processed s e p a r a t e l y.  T y p i c a l l y  t h e  f i r s t  2  h a u l s  were
wi th  a  1 0 - x - 1 - 8 - m ,  6 . 3  mm mesh s e i n e  t h a t  spanned t h e  e n t i r e
channel.  T h e  second 2  h a u l s  were  w i t h  a  5  x  1 . 8  m,  3 . 2  mm mesh
seine t h a t  d i d  n o t  span t h e  channe l  a t  t h e  w i d e r  s t a t i o n s  ( n o s .  3
and 4 ) .  W h e n  a p p r o p r i a t e  o n l y  2  h a u l s  were  t a k e n  w i t h  t h e
smal ler  n e t  f r o m  t h e  nar rower  a n d / o r  s h a l l o w e r  s t a t i o n s  ( e . g .
nos. 6 ,  7 ,  a n d  1 0 ) .  M o s t  c o l l e c t i o n s  were  made w i t h i n  2  1 / 2
hours o f  l o w  t i m e ,  however,  w a t e r  l e v e l  u s u a l l y  d i d  n o t  f l u c t u a t e
more t h a n  0 . 6  m due t o  t h e  f u n c t i o n a l  t i d e  g a t e s .

Fishes were  counted ,  measured t o  t h e  n e a r e s t  2  mm s tandard
length,  we ighed  i f  s u f f i c i e n t  mass was a v a i l a b l e  and r e l e a s e d .  A
subsample o f  1 0 0  i n d i v i d u a l s  o f  abundant  s p e c i e s  were  measured
and t h e  e n t i r e  sample was counted .  O c c a s i o n a l  r e p r e s e n t a t i v e
samples and  specimens d i f f i c u l t  t o  i d e n t i f y  i n  t h e  f i e l d  were
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p r e s e r v e d  i n  10% f o r m a l i n  a n d  r e t u r n e d  t o  t h e  l a b o r a t o r y  o f
i c h t h y o l o g y  a t  CSULB.

C e n t i n e l a  D i t c h ,  i n  A r e a  D ,  w a s  s u r v e y e d ,  v i s u a l l y  a n d  w i t h  a
d i p n e t  d u r i n g  a  p r e l i m i n a r y  r e c o n n i s c e n c e  t r i p  i n  l a t e  A p r i l
1990. A t  t h a t  t i m e  i t  c o n t a i n e d  a  s h a l l o w  f l o w  3  -  1 0  c m  f o r  t h e
e n t i r e  d i s t a n c e  a l o n g  t h e  s o u t h  s i d e  o f  Te a l e  S t r e e t  a n d  t h r o u g h
t h e  c u l v e r t  u n d e r  L i n c o l n  B o u l e v a r d  i n t o  A r e a  B .  D u r i n g  t h e
Summer a n d  F a l l  1 9 9 0  s a m p l i n g  p e r i o d s  t h e  e n t i r e  d i t c h  i n  A r e a  D
was d r y .  A  2 5  m  s e c t i o n ,  a p p r o x i m a t e l y  5 0  m  e a s t  o f  L i n c o l n
B o u l e v a r d ,  w a s  s e i n e d  ( 1  h a u l  w i t h  t h e  3 . 2  mm mesh n e t )  i n  A p r i l
1991.

RESULTS AND DISCUSSION

S a l i n i t y ,  Te m p e r a t u r e  a n d  D i s s o l v e d  Oxygen

-The s a l i n i t y  o f  t h e  w a t e r  was r a t h e r  c o n s i s t a n t  w i t h i n  3  o f
t h e  4  s e a s o n s ,  amoung  t h e  6  s t a t i o n s  i n  A r e a  B  ( F i g u r e  2 ) .  I n
Summer a l l  s t a t i o n s  h a d  t y p i c a l  s e a w a t e r  s a l i n i t i e s ,  e x c e p t
s t a t i o n  1 0 ,  t h e  f u r t h e s t  f r o m  B a l l o n a  C r e e k ,  w h i c h  was
h y p e r s a l i n e  ( 4 0  p p t ) .  T h e r e  was  n o  f r e s h w a t e r  e n t e r i n g  B a l l o n a
Wet land a t  t h e  t i m e  o f  s a m p l i n g .  T h e  W i n t e r  p a t t e r n  was  s i m i l a r
w i t h  t h e  o n l y  s t a t i o n  7  w i t h  a n  a v e r a g e  s a l i n i t y  s i g n i f i c a n t l y
be low s e a w a t e r  ( 2 1  p p t ) .  S t a t i o n  7  i s  d i r e c t l y  c o n n e c t e d  w i t h
t h e  c h a n n e l  f r o m  J e f f e r s o n  D r a i n ,  o n e  o f  t h e  t w o  p r i m a r y  s o u r c e s
o f  f r e s h w a t e r  i n p u t  i n t o  t h e  w e t l a n d .

The S p r i n g  s a l i n i t y  p r o f i l e  was  i n d i c a t i v e  o f  s i g n i f i c a n t
f r e s h w a t e r  i n p u t  f r o m  C e n t i n e l a  D i t c h  r a t h e r  t h a n  J e f f e r s o n
D r a i n .  S a l i n i t i e s  w e r e  b e l o w  1 0  p p t  a t  t h e  u p p e r  2  s t a t i o n s
(nos.  6  a n d  1 0 ) .  T h e r e  was  a  m i x i n g  z o n e  a t  s t a t i o n  4  ( 2 5  p p t ) ,
and a l s o  s t a t i o n  7  o n  t h e  c h a n n e l  f r o m  J e f f e r s o n  D r a i n .  T h e
s t a t i o n s  n e a r  t h e  t i d e  g a t e s  ( n o s .  1  a n d  3 )  w e r e  n e a r l y  f u l l
seawa te r.

The F a l l  s a l i n i t y  p r o f i l e  was v e r y  d i f f e r e n t  a n d  a t y p i c a l .
A d e w a t e r i n g  p r o j e c t  u p s t r e a m  a l o n g  J e f f e r s o n  B o u l e v a r d
d i s c h a r g e d  5 0 0  g a l  o f  w a t e r  p e r  m i n u t e  ( - 1 . 1  c f s )  i n t o  J e f f e r s o n
D r a i n  w h i c h  d i s c h a r g e s  d i r e c t l y  i n t o  B a l l o n a  W e t l a n d
a p p r o x i m a t e l y  1000  m  u p s t r e a m  o f  s t a t i o n  7 .  T h e  O c t o b e r  a v e r a g e
s a l i n i t i e s  r a n g e d  f r o m  a  l o w  o f  4  p p t  a t  s t a t i o n  7  t o  a  h i g h  o f
o n l y  11  p p t  a t  s t a t i o n s  1  a n d  3 ,  t h e  t w o  s t a t i o n s  n e a r e s t  t h e
t i d e  g a t e s  f r o m  B a l l o n a  C h a n n e l .

T h i s  u n u s u a l  a n d  u n f o r t u n a t e  l a r g e  d i s c h a r g e  o f  f r e s h w a t e r
i n t o  t h e  w e t l a n d  s y s t e m  i n  l a t e  summer a n d  f a l l  p r o b a b l y  h a d  a
d e t r i m e n t a l  e f f e c t  o n  t h e  abundance  a n d  d i v e r s i t y  o f  t h e  f i s h e s
l i v i n g  i n  t h e  c h a n n e l s  a n d  r e l i c t  s l o u g h s  ( s e e  b e l o w ) .  T h e
impac ts  a r e  d u e  b o t h  t o  t h e  p r o l o n g e d  p e r i o d  o f  l o w  s a l i n i t y  i n
what  i s  n o r m a l l y  a  s e a w a t e r  s y s t e m  a n d  t h e  f l u s h i n g  a n d
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s c o u r e r i n g  e f f e c t s  o f  a  s t r o n g  c u r r e n t ,  p a r t i c u l a r l y  a t  l o w
t i d e s .  T h e s e  f a c t o r s  make i t  d i f f i c u l t  t o  compare  t h e  r e s u l t s  o f
t h e  f a l l  a n d  p r o b a b l y  w i n t e r  f i s h  s u r v e y s  w i t h  t h o s e  o f
S w i f t ( 1 9 8 1 ) .  T h e  B a l l o n a  We t l a n d  s y s t e m  i s  n o r m a l l y  a  s e a w a t e r
system i n  t h e  n o r t h  s e c t i o n ,  e x c e p t  f o r  r e l a t i v e l y  b r i e f  p e r i o d s
a f t e r  w i n t e r  r a i n  s t o r m s .  A t  t h e s e  t i m e s ,  s u c h  a s  A p r i l  1991 ,
t h e r e  i s  a  s a l i n i t y  g r a d i e n t  f r o m  f u l l  s e a w a t e r  n e a r  B a l l o n a
Channel ( 3 5  p p t  a t  s t a t i o n  1 )  t o  b r a c k i s h  a t  t h e  s t a t i o n s
f u r t h e s t  f r o m  t h e  t i d e  g a t e s  ( 6  p p t  a t  s t a t i o n  6 ) .  T h e  s e c t i o n
sou th  o f  C u l v e r  B o u l e v a r d  v a r i e s  f r o m  h y p e r s a l i n e  t o  f r e s h w a t e r
(Boland a n d  Z e d l e r  1991)  d e p e n d i n g  u p o n  t h e r  amoun t  o f  f r e s h w a t e r
i n p u t ,  b e  i t  f r o m  r a i n f a l l  o r  u r b a n  r u n o f f .

Summer w a t e r  t e m p e r a t u r e s  v a r i e d  f r o m  s l i g h t l y  a b o v e  n o r m a l  ocean
t e m p e r a t u r e s  ( e . g .  2 3  -  2 6  C )  a t  s t a t i o n s  m o s t  i n f l u e n c e d  b y
t i d a l  f l u s h i n g  ( s t a t i o n s  1 ,  3 ,  a n d  4 )  t o  a b o v e  3 0  C  a t  s t a t i o n s
6, 7  a n d  1 0 .  F a l l  w a t e r  t e m p e r a t u r e s  w e r e  m o d e r a t e  t h r o u g h o u t
t h e  s y s t e m  ( e . g .  1 9  -  2 3  C ) .  S p r i n g  w a t e r  t e m p e r a t u r e s  w e r e  a l s o
moderate ( e . g .  1 6  -  2 6  C ) ,  w i t h  a  g r e a t e r  r a n g e  t h a n  F a l l ,  a n d
depended upon  s e a w a t e r  i n f l u e n c e  a n d  w a t e r  d e p t h .  W a t e r
t e m p e r a t u r e s  d u r i n g  t h e  W i n t e r  s a m p l i n g  p e r i o d  w e r e  v e r y  c o l d
t h r o u g h o u t  t h e  w e t l a n d  ( e . g .  1 2 . 5  -  1 6 ) ,  w i t h  t e m p e r a t u r e
d e c r e a s i n g  w i t h  i n c r e a s e d  d i s t a n c e  f r o m  B a l l o n a  C h a n n e l .  T h e
c o l d  w i n t e r  t e m p e r a t u r e s ,  a s s o c i a t e d  w i t h  a  p e r i o d  o f  u n u s u a l l y
c o l d  c o a s t a l  a i r  t e m p e r a t u r e s ,  p r o b a b l y  c o n t r i b u t e d  t o  t h e  v e r y
low number  o f  f i s h e s  ( 2 4 3  i n d i v i d u a l s  t o t a l )  c o l l e c t e d  s u r i n g
t h i s  p e r i o d .  T h e  e x t r e m e s  o f  t e m p e r a t u r e  a t  t h e  u p p e r  marsh
s t a t i o n s  ( n o s .  6 ,  7 ,  1 0 )  w e r e  1 2 . 5  C  i n  w i n t e r  a n d  32  C  i n
summer. T h e s e  e x t r e m e  t h e r m a l  c o n d i t i o n s  l i m i t  t h e  d i v e r s i t y  o f
f i s h e s  i n  u p p e r  marsh  h a b i t a t s  ( H o r n  a n d  A l l e n  1 9 8 1 ,  Z e d l e r
1982) .  T h e  g r e a t l y  r e s t r i c t e d  t i d a l  f l u s h i n g  f u r t h e r
exasce rba tes  t h e s e  e f f e c t s  i n  B a l l o n a  We t l a n d s  u n d e r  p r e s e n t
c o n d i t i o n s .

The d i s s o l v e d  o x y g e n  l e v e l s  amoung a l l  s t a t i o n s  w e r e  n e v e r  a t
l e v e l s  s t r e s s f u l  t o  f i s h e s  d u r i n g  t h e  d a y.  N o  s t a t i o n  h a d  a n
average d i s s o l v e d  o x y g e n  r e a d i n g  o f  l e s s  t h a n  5 . 5  m g / 1  a t  a n y
season o r  w a t e r  t e m p e r a t u r e .  A r e a s  w i t h  d e n s e  a l g a l  g r o w t h  ( e . g .
nos. 7  a n d  1 0 )  o f t e n  h a d  s u p e r s a t u r a t e d  l e v e l s .  T h e s e  a r e a s  may
go t o  v e r y  l o w  ( < 2  m g / 1 )  o x y g e n  l e v e l s  b e f o r e  dawn.  F i s h e s  i n
area w i t h  l o w  o x y g e n  w o u l d  b e  a b l e  t o  m i g r a t e  i n t o  o p e n  w a t e r .

F i s h  D i v e r s i t y  a n d  Abundance

A t o t a l  o f  9726  i n d i v i d u a l s  o f  11  s p e c i e s  o f  f i s h e s  w e r e
c o l l e c t e d  i n  f o u r  q u a r t e r s  o f  s a m p l i n g  ( Ta b l e  2 ) .  T h e  t o t a l
sample was  s t r o n g l y  d o m i n a t e d  b y  m o s q u i t o f i s h ,  a n  i n t r o d u c e d
e x o t i c  s p e c i e s .  T h i s  s p e c i e s  a c c o u n t e d  f o r  61% o f  a l l  i n d i v i d u a l s
c o l l e c t e d ,  a n d  c o m p r i s e d  46.5% t o  65.5% o f  t h e  q u a r t e r l y  t o t a l
samples.  M o s q u i t o f i s h  w e r e  p r e s e n t  a t  a l l  6  s t a t i o n  ( Ta b l e  3 ) .
They w e r e  s t r o n g l y  d o m i n a n t  a t  t h e  u p p e r  ma rsh  s t a t i o n s  ( n o s .  6 ,
7 a n d  1 0 ) ,  w i t h  t o t a l  abundances  o f  2 4 1  t o  1740  f i s h  p e r  1 0
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meters  o f  c h a n n e l .  A t  t h e  3  l o w e r  m a r s h  s t a t i o n s  m o s q u i t o f i s h
t o t a l  abundances  w e r e  l e s s  t h a n  1 0  f i s h  p e r  1 0  m e t e r s  o f  c h a n n e l .
There p r e s e n c e  i n  t h e  l o w e r  marsh  was  a s s o c i a t e d  w i t h  l o w e r e d
s a l i n i t y  i n  F a l l  1990  a n d  S p r i n g  1 9 9 1 .

The o t h e r  n u m e r i c a l l y  d o m i n a n t  s p e c i e s  w a s  t h e  C a l i f o r n i a
k i l l i f i s h ,  a  common r e s i d e n t  o f  s m a l l  b a y s  a n d  t i d a l  s l o u g h s  i n
Southern  C a l i f o r n i a .  C a l i f o r n i a  k i l l i f i s h  a c c o u n t e d  f o r  25% o f  t h e
i n d i v i d u a l s  c o l l e c t e d  a n d  t o g e t h e r  w i t h  t h e  m o s q u i t o f i s h  made u p
86% o f  t h e  t o t a l  s a m p l e  o f  f i s h e s .  T h e y  w e r e  c o l l e c t e d  a t  a l l  6
s t a t i o n s  a n d  w e r e  t h e  n u m e r i c a l l y  d o m i n a n t  s p e c i e s  a t  t h e  m o s t
t i d a l l y  i n f l u e n c e d  s t a t i o n s  ( n o s .  1 ,  3  a n d  4 )  i n  Summer 1 9 9 0 .  I n
S p r i n g  1991,  C a l i f o r n i a  k i l l i f i s h : w e r e  n u m e r i c a l l y  d o m i n a n t  o n l y  a t
s t a t i o n  4 a n d  were  a b s e n t  f r o m  t h e  s t a t i o n s  n e a r e s t  B a n a n a  Channe l
where t h e i r  abundance h a d  been  e x t r e m e l y  h i g h  t h e  p r e v i o u s  summer.
A s i m i l a r  p a t t e r n  o f  marked change i n  abundance and  d i s t r i b u t i o n  o f
C a l i f o r n i a  k i l l i f i s h  among seasons  a n d  y e a r s  h a s  b e e n  r e p o r t e d  f o r
M a l i b u  Lagoon  ( S o l t z  a n d  F e l d m e t h  1 9 8 6 ) .

Three a d d i t i o n a l  s p e c i e s  c h a r a c t e r i s t i c  o f  s l o u g h s  a n d
s h a l l o w  b a y s ,  i . e .  l o n g j a w  mudsucker  ( G i l l i c h t h y  m i r a b i l i s ) ,
t o p s m e l t  ( A t h e r i n o r l s  a f f i n i s )  a n d  s t r i p e d  m u l l e t  ( M u g i l  c e p h a l i s )
accoun ted  f o r  a n  a d d i t i o n a l  11% o f  t h e  f i s h  commun i t y  ( Ta b l e  2 ) .
The n e x t  m o s t  a b u n d a n t  s p e c i e s  was  a n  i n t r o d u c e d ,  e x o t i c  s p e c i e s ,
t h e  s a i l f i n  m o l l y  ( P o e c i l i a  l a t i n i n n a ) ,  w h i c h  a c c o u n t e d  f o r
a p p r o x i m a t e l y  2% o f  t h e  f i s h e s  c o l l e c t e d .  T h i s  r e c e n t
i n t r o d u c t i o n ,  i t  was  n o t  c o l l e c t e d  b y  S w i f t  ( 1 9 8 1 ) ,  w a s
e s s e n t i a l l y  r e s t r i c t e d  t o  s t a t i o n  7  w h i c h  h a d  t h e  g r e a t e s t  i n p u t
o f  f r e s h w a t e r .

The a r r o w  g o b y  ( C l e v e l a n d i a  j o s ) ,  n o r m a l l y  a n  a b u n d a n t
s p e c i e s  i n  s i m i l a r  s h a l l o w,  sys tems w i t h  mud s u b s t r a t e s ,  w a s
uncommon i n  o u r  c o l l e c t i o n s  ( 5 2  i n d i v i d u a l s  o r  0 . 5 4 % ) .  T h e
shadow g o b y  ( O u i e t u l a  v - c a u d a ) ,  a  r e g i o n a l l y  l e s s  common s p e c i e s
( M i l l e r  a n d  L e a ,  1 9 7 2 )  t y p i c a l l y  o c c u r r i n g  o n  m u d f l a t s ,  w a s
p r e s e n t  i n  S p r i n g  1 9 9 1  o n l y  ( Ta b l e  1 ) .  T h e  3 4  shadow g o b i e s
c o l l e c t e d  a t  s t a t i o n  7  r a n g e d  f r o m  p o s t - l a r v a e  t o  s m a l l  a d u l t s .
T h e i r  absence  i n  o t h e r  s e a s o n s  s u g g e s t s  t h a t  t h e y  p a s s  t h r o u g h
t h e  l e a k i n g  t i d e  g a t e s  i r r e g u l a r l y  a n d  i n  l i m i t e d  numbers  a s
l a r v a e .  A s  a  m u d f l a t  s p e c i e s  t h e y  s h o u l d  b e  a b l e  t o  s u r v i v e  t h e
h i g h  summer t e m p e r a t u r e s  i n  t h i s  s h a l l o w ,  m u t e d  t i d a l  s y s t e m .
The l e a s t  a b u n d a n t  s p e c i e s ,  i . e .  y e l l o w f i n  g o b y  ( A c a n t h o q o b i u s
f l a v i i m a n u s ) ,  s t a g h o r n  s c u l p i n  ( L e p t o c o t t u s  a r m a t u s )  a n d  a n
u n i d e n t i f i e d  g o b y,  a c c o u n t e d  f o r  o n l y  0 .1% o f  t h e  t o t a l
c o l l e c t i o n .  O n e  o f  t h e s e  s p e c i e s ,  s t a g h o r n  s c u l p i n ,  i s  t y p i c a l l y
common i n  s i m i l a r  s y s t e m s .

S e a s o n a l i t y

Seventy  p e r c e n t  o f  t h e  f i s h e s  ( 6 8 0 2 )  w e r e  c o l l e c t e d  i n  t h e
Summer q u a r t e r  ( Ta b l e  1 ) .  T h e  d r a m a t i c  d e c l i n e  i n  a b u n d a n c e  o f
v i r t u a l l y  a l l  s p e c i e s  i n  F a l l  q u a r t e r  ( o n l y  13% o f  t h e  number  o f
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i n d i v i d u a l s  c o l l e c t e d  i n  Summner) w a s  a r t i f i c i a l l y  i n d u c e d  b y  t h e
3 m o n t h  p e r i o d  o f  e x c e s s i v e  f r e s h w a t e r  i n p u t  i n t o  t h e  s y s t e m .
The d e c l i n e  was p r o b a b l y  d u e  t o  a  c o m b i n a t i o n  o f  o s m o t i c  s t r e s s ,
f l u s h i n g ,  a n d  s c o u r i n g  o f  t h e  s u b s t r a t e .  T h e  s p e c i e s  c o m p r i s i n g
t h e  B a l l o n a  We t l a n d  f i s h  commun i ty  a r e  c h a r a c t e r i s t i c a l l y
abundant  d u r i n g  t h e  f a l l  mon ths  i n  s i m i l a r  s y s t e m s .  O f  t h e  n a t i v e
f i s h e s  p r e s e n t  i n  t h e  s y s t e m ,  o n l y  l o n g j a w  mudsucker  a n d
C a l i f o r n i a  k i l l i f i s h ,  t h e  t w o  m o s t  s t r e s s  t o l e r e r e n t  s p e c i e s ,
were common i n  t h e  F a l l  q u a r t e r  c o l l e c t i o n s .

Much l o w e r  f i s h  abundance i n  W i n t e r ,  a s  f o u n d  i n  t h i s  s t u d y ,
i s  t y p i c a l  o f  s i m i l a r  s y s t e m s  ( M a l i b u  Lagoon  -  S o l t z  1 9 8 6 ;  U p p e r
Newport  Bay  - -  A l l e n  1 9 8 3 ,  H o r n  a n d  A l l e n  1931)  a n d  was  t h e  c a s e
d u r i n g  t h e  1 9 8 0 - 8 1  f i s h  s u r v e y s  o f  B a l l o n a  We t l a n d  ( S w i f t  1 9 8 1 ) .
B a l l o n a  We t l a n d  i n  W i n t e r  1991  h a d  t h e  t y p i c a l  p a t t e r n  o f  absence
o f  t o p s m e l t  a n d  p r e s e n c e  o f  y o u n g  o f  t h e  y e a r  s t r i p e d  m u l l e t
( S w i f t  1 9 8 1 ) .

• S p r i n g  1991  was  t h e  o n l y  s e a s o n  when a l l  1 0  i d e n t i f i e d ,
spec ies  w e r e  c o l l e c t e d  i n  t h e  w e t l a n d s .  A  t o t a l  o f  1775
i n d i v i d u a l s ,  o r  18% o f  a l l  f i s h e s  c o l l e c t e d ,  w e r e  t a k e n  i n  S p r i n g
( Ta b l e  1 ) .  O f  t h e s e ,  4 1 1  (23%) w e r e  s t r i p e d  m u l l e t .  T h e r e
presence i n  t h e  s y s t e m  i n  h i g h  numbers  was  a n  a n a m o l y.  T h e y  w e r e
t r a p e d  b y  t h e  t i d e  g a t e s .  Thousands  o f  s m a l l  ( 3 - 5  c m  s t a n d a r d
l e n g t h )  s t r i p e d  m u l l e t  w e r e  p r e s e n t  i n  t h e  c u l v e r t s  b e t w e e n
s t a t i o n  3  a n d  B a l l o n a  Channe l  a t  l o w  t i d e .  T h e y  h a d  e n t e r e d  t h e
s loughs  i n  t h e  W i n t e r  a s  p o s t - l a r v a e  a n d  c o u l d  n o t  r e t u r n  t o  t h e
ocean t h r o u g h t  t h e  t i d e  g a t e s .  S t r i p e d  m u l l e t  j u v e n i l e s
c h a r a c t e r i s t i c l y  e n t e r  s l o u g h s  a n d  l o w e r  r e a c h e s  o f  s t r e a m s  i n
w i n t e r  a n d  r e t u r n  t o  t h e  d e e p e r  w a t e r  o f  b a y s . a n d  o f f s h o r e  a f t e r
a f e w  months  ( A l l e n  1 9 8 3 ,  S o l t z  1 9 8 6 ) .
-D i s t r i b u t i o n

The d i s t r i b u t i o n s  a n d  abundance o f  f i s h e s  w i t h i n  B a l l o n a
Wet land ( A r e a  B)  i s  summar ized  i n  Ta b l e  3  a n d  i l l u s t r a t e d  i n
F i g u r e  3 A - F.  Ta b l e  3  r a n k s  t h e  6  s a m p l i n g  s t a t i o n s  b y  abundance
g i v e n  a s  a  r o u g h  d e n s i t y  measure  - -  f i s h  p e r  1 0  m e t e r s  o f
channe l .  F i g u r e  3  p r e s e n t s  t h e  same i n f o r m a t i o n  i n  a b s o l u t e
abundance p e r  s t a t i o n .

The g r e a t e s t  number  o f  s p e c i e s  w e r e  f o u n d  a t  s t a t i o n s  3  ( 9
spec ies )  a n d  4  ( 7  s p e c i e s )  w h i c h  a r e  a l o n g  t h e  m a i n  c h a n n e l
c o n n e c t i n g  w i t h  B a l l o n a  Channe l  t h r o u g h  t h e  t w o  l a r g e r  t i d e
g a t e s .  T o p s m e l t  w e r e  c o l l e c t e d  a t  t h e s e  t w o  s t a t i o n s  o n l y .
C a l i f o r n i a  k i l l i f i s h  w e r e  t h e  n u m e r i c a l  d o m i n a n t  s p e c i e s  a t  b o t h
s t a t i o n s .  A r r o w  g o b y,  w h i c h  was  t h e  m o s t  a b u n d a n t  f i s h  c o l l e c t e d
by S w i f t  ( 1 9 8 1 )  w a s  p r e s e n t  o n l y  a t  s t a t i o n s  3  a n d  4  i n  t h i s
s t u d y  a n d  o n l y  5 2  i n d i v i d u a l s  w e r e  c o l l e c t e d .  T h e r e  w e r e  a s  many
shadow g o b i e s  p r e s e n t  a t  s t a t i o n  3  a s  t h e r e  w e r e  a r r o w  g o b i e s .
The abundance o f  f i s h e s  a t  t h e  t w o  s t a t i o n s  v a r i e d  d r a m a t i c a l l y .
S t a t i o n  4  h a d  t h e  s e c o n d  l o w e s t  o v e r a l l  f i s h  abundance o f  2 4 9
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f i s h e s  p e r  1 0  m ,  w h e r e a s ,  s t a t i o n  3  h a d  t h e  s e c o n d  h i g h e s t
abundance ( 7 2 0 / 1 0 m ) .  T h i s  d i f f e r e n c e  i s  d u e  t o  t h e  p r e s e n c e  o f  a
deeper  h o l e  n e a r  t h e  f l a p  g a t e s  a t  s t a t i o n  3 ,  a s  compared  t o
s h a l l o w  h a b i t a t  a t  s t a t i o n  4  t h a t  d r a i n s  a l m o s t  c o m p l e t e l y  a t  l o w
t i d e .  T h e  d e n s i t y  p a t t e r n  r e v e r s e d  i n  t h e  W i n t e r  q u a r t e r  when
few f i s h e s  w e r e  p r e s e n t  a t  e i t h e r  s t a t i o n  a n d  a  g r o u p  o f  s m a l l
j u v e n i l e  s t r i p e d  m u l l e t  w e r e  c o l l e c t e d  a t  s t a t i o n  4 .

S t a t i o n  1 0 ,  i n  t h e  u p p e r  ma rsh ,  s o u t h  o f  C u l v e r  B o u l e v a r d ,
had t h e  l o w e s t  s p e c i e s  d i v e r s i t y  ( 3  s p e c i e s )  a n d  t h e  l o w e s t
abundance ( 2 4 8 / 1 0 m ) .  T h i s  s t a t i o n  h a d  t h e  m o s t  s t r e s s f u l  h a b i t a t
w i t h  v e r y  h i g h  summer t e m p e r a t u r e s  ( 3 2 . 5  C )  a n d  l o w  w i n t e r
t e m p e r a t u r e s  ( 1 2 . 5  C ) .  T h e  h i g h  summer t e m p e r a t u r e s  w e r e
combined w i t h  h y p e r s a l i n i t y  ( 4 0  p p t ) ,  d e n s e  a l g a e  a n d  p r e s u m a b l y
a n o x i c  c o n d i t i o n s  a t  n i g h t .  C o n s e q u e n t l y ,  t h e  e x t r e m e l y
e n v i r o n m e n t a l l y  t o l e r a n t  m o s q u i t o f i s h  made u p  97% o f  t h e  t o t a l
c o l l e c t i o n .  T h e  t w o  m o s t  t e m p e r a t u r e  a n d  s a l i n i t y  t o l e r a n t
n a t i v e  b a y  s p e c i e s ,  l o n g j a w  mudsucker  a n d  C a l i f o r n i a  k i l l i f i s h ,
were r e p r e s e n t e d  b y  o n l y  6  a n d  o n e  i n d i v i d u a l s  r e s p e c t i v e l y .

S t a t i o n  1  i s  l o c a t e d  n e a r  t h e  s m a l l e r  s e t  o f  t i d e  g a t e s
wh ich  h a d  l e s s  seepage  o f  s e a w a t e r  t h a n  t h e  l a r g e r  g a t e s  ( n e a r
s t a t i o n  3 )  d u r i n g  t h e  s t u d y .  A s  a  r e s u l t  f e w e r  f i s h e s  h a d  a c c e s s
t o  t h e  a r e a  a n d  i t  d r a i n e d  r a p i d l y  a n d  a l m o s t  c o m p l e t e l y  a t  l o w
t i d e .  A l t h o u g h
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C a l i f o r n i a  k i l l i f i s h .  A r r o w  g o b y  s h o u l d  n o r m a l l y  b e  p r e s e n t  a t  a
s t a t i o n  t h i s  n e a r  t h e  o c e a n  w i t h  a  mud s u b s t r a t e .  T h e  absence  o f
a r row g o b y  was p r o b a b l y  d u e  t o  t h e  l o n g  p e r i o d s  o f  e x p o s u r e  o f
most  o f  t h e  s u b s t r a t e  a t  l o w  t i d e .

S t a t i o n  6  w a s  downs t ream o f  S t a t i o n  1 0 ,  j u s t  b e l o w  t h e
c u l v e r t  u n d e r  C u l v e r  B o u l e v a r d .  I t  was a l s o  d o m i n a t e d  b y
m o s q u i t o f i s h ,  w h i c h  r e p r e s e n t e d  97% o f  t h e  c o l l e c t i o n .  K i l l i f i s h
were u n d e r r e p r e s e n t e d  i n  t h e  Summer q u a r t e r  c o l l e c t i o n  because
t h e y  w o u l d  move u p s t r e a m  i n t o  t h e  c u l v e r t  when t h e  b l o c k i n g  s e i n e
was p l a c e d  i n  t h e  c h a n n e l .

S t a t i o n  7  c o n t a i n e d  a  l a r g e ,  r e l a t i v e l y  d e e p  ( t o  0 . 8  m) h o l e
j u s t  b e l o w  t h e  c u l v e r t  u n d e r  C u l v e r  B o u l e v a r d  c o n n e c t i n g  i t  t o
t h e  c h a n n e l  f r o m  J e f f e r s o n  D r a i n .  T h i s  s e c t i o n  h a d  t h e  h i g h e s t
o v e r a l l  f i s h  abundance  (2003 /10m)  d u e  l a r g e l y  t o  t h e  t r e m e n d o u s l y
h i g h  d e n s i t y  o f  m o s q u i t o f i s h  (1315 /10m)  p r e s e n t  i n  Summer 1 9 9 0 .
A lmos t  a l l  o f  t h e  r e c e n t l y  e s t a b l i s h e d ,  s a i l f i n  m o l l y  w e r e
c o l l e c t e d  f r o m  s t a t i o n  7 .  I n t e r e s t i n g l y ,  t h i s  s t a t i o n  h a d  t h e
second h i g h e s t  d e n s i t y  o f  l o n g j a w  mudsucker  ( 4 1 / 1 0 m ) .  I t  a l s o
s u p p o r t e d  a  v e r y  h i g h  d e n s i t y  o f  s t r i p e d  m u l l e t  i n  S p r i n g
(127/10m).  T h e  d e e p  h o l e  a t  t h i s  s t a t i o n  a c t s  a s  a  r e f u g e  f o r
f i s h e s  a t  l o w  t i d e .

The f o l l o w i n g  i s  a  b r i e f  summary o f  t h e  d i s t r i b u t i o n  o f  t h e
dominant  s p e c i e s .  M o s q u i t o f i s h  w e r e  d o m i n a n t  a t  t h e  u p p e r  marsh
s t a t i o n s  ( n o s .  6 ,  7  a n d  1 0 ) .  T h e y  w e r e  c o l l e c t e d  f r o m  a l l  6
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s t a t i o n s  d u r i n g  t h e  l o w  s a l i n i t y  e v e n t  i n  F a l l  1 9 9 0 .  C a l i f o r n i a
k i l l i f i s h  we re  t h e  d o m i n a n t  s p e c i e s  a t  t h e  3  s t a t i o n s  n e a r e s t
B a l l o n a  Channe l  ( n o s .  1 ,  3  a n d  4 )  w h i c h  r e c e i v e  t h e  g r e a t e s t
t i d a l  f l u s h i n g .  L o n g j a w  mudsucker  w e r e  c o l l e c t e d  f r o m  a l l  6
s t a t i o n s .  T h e y  w e r e  common a t  o n e  l o w e r  s t a t i o n  ( n o .  3 )  a n d  o n e
upper  s t a t i o n  ( n o .  7 )  a n d  w e r e  t h e  d o m i n a n t  n a t i v e  s p e c i e s  d u r i n g
t h e  l o w  s a l i n i t y  e v e n t  i n  F a l l  1 9 9 0 .  S t r i p e d  m u l l e t  w e r e
r e l a t i v e l y  a b u n d a n t  i n  t h e  2  d e e p  w a t e r  h a b i t a t s  ( s t a t i o n s  3  a n d
7) i n  S p r i n g  because  t h e y  c o u l d  n o t  l e a v e  t h e  s l o u g h s  t h r o u g h  t h e
t i d e  g a t e s .  N o  o t h e r  s p e c i e s  made u p  mo re  t h a n  2% o f  t h e  o v e r a l l
c o l l e c t i o n s .  T o p s m e l t  w e r e  uncommon d u e  t o  a  c o m b i n a t i o n  o f
r e s t r i c t e d  a c c e s s  t h r o u g h  t h e  t i d e  g a t e s  f o r  r e p r o d u c t i v e  a d u l t s
and g e n e r a l  l a c k  o f  w a t e r  c o l u m n  s p a c e  r e q u i r e d  b y  t h i s  s p e c i e s .
Arrow g o b y  w e r e  uncommon a n d  h a d  d e c l i n e d  d r a m a t i c a l l y  s i n c e  t h e
1980-81 f i s h  s u r v e y  ( S w i f t  1 9 8 1 ) .

Area D

M o s q u i t o f i s h  w e r e  p r e s e n t  i n  C e n t i n e l a  D i t c h  d u r i n g  a  p r e l i m i n a r y
f i e l d  s u r v e y  i n  l a t e  A p r i l  1 9 9 0 .  H o w e v e r ,  C e n t i n e l a  D i t c h  w i t h i n
Area D  was  c o m p l e t e l y  d r y  d u r i n g  t h e  Summer, F a l l  a n d  W i n t e r
q u a r t e r  s a m p l i n g  p e r i o d s .  T h e  d i t c h  a g a i n  c o n t a n e d  w a t e r  i n
S p r i n g  1 9 9 1 .  O n l y  3  m o s q u i t o f i s h  w e r e  c o l l e c t e d ,  a l o n g  w i t h  9
c r a y f i s h  a n d  2  h y l i d  t a d p o l e s .  A l l  3  m o s q u i t o f i s h  w e r e  l a r g e ,
g r a v i d  f e m a l e s ,  s u g g e s t i n g  t h a t  t h e y  h a d  been  r e c e n t l y  i n t r o d u c e d
f o r  m o s q u i t o  c o n t r o l .

GENERAL DISCUSSION

The c o m p o s i t i o n  o f  t h e  f i s h  c o m m u n i t y  o f  t h e  r e l i c  t i d a l
s loughs  a n d  c h a n n e l s  o f  B a l l o n a  We t l and  i n  t h i s  s t u d y  i s  s i m i l a r  t o
t h e  f i s h  commun i t y  p r e s e n t  1 0  y e a r s  e a r l i e r
.  ( S w i f t  1 9 8 1 ) .Nine o f  t h e  1 0  s p e c i e s  o f  f i s h  p r e s e n t  a s  a d u l t s  i n  1 9 8 0 - 8 1  w e r e
p r e s e n t  i n  1 9 9 0 - 9 1 .  T h e  s p e c i e s  n o t  c o l l e c t e d  i n  t h i s  s t u d y ,
diamond t u r b o t  ( H v p s o l o s e t t a  g u t t u l a t a ) ,  w a s  c o n s i d e r e d  t o  b e  r a r e
by S w i f t  ( 1 9 8 1 ) .  S a i l f i n  m o l l y  h a v e  become e s t a b l i s h e d  i n  t h e
system s i n c e  t h e  1 9 8 0 - 8 1  s u r v e y s .

I n  c o m p a r i s o n  t o  t h e  f i s h  commun i t y  p r e s e n t  i n  1 9 8 0 - 8 1  t h e r e
has been a  g e n e r a l  d e c l i n e  i n  abundance and  d i v e r s i t y .  M o s q u i t o f i s h
were t h e  s e c o n d  m o s t  a b u n d a n t  s p e c i e s .  N o w  t h e y  a r e  h i g h l y
n u m e r i c a l l y  d o m i n a n t ,  r e p r e s e n t i n g  61% o f  a l l  s p e c i e s  c o l l e c t e d .
The a r r o w  g o b y,  w h i c h  w a s  t h e  n u m e r i c a l l y  m o s t  a b u n d a n t  s p e c i e s
( S w i f t  1 9 8 1 )  i s  n o w  r a r e  ( i . e .  o n l y  0 . 5 4 %  o f  t h e  t o t a l  f i s h
c o l l e c t ) .  T o p s m e l t ,  t h e  t h i r d  m o s t  a b u n d a n t  s p e c i e s  i n  1 9 8 0 - 8 1 ,
were r e p r e s e n t e d  b y  o n l y  a  f e w  j u v e n i l e s  i n  Summer a n d  F a l l  1 9 9 0
and numerous p o s t - l a r v a e  i n  S p r i n g  1 9 9 1  ( i . e .  1 . 8 7 %  o f  t h e  t o t a l
f i s h  c o l l e c t e d ) .  A l t h o u g h  t h e  f i s h  commun i t y  a t  B a l l o n a  We t l a n d
s t i l l  has  t h e  o v e r a l l  s p e c i e s  c o m p o s i t i o n  f o u n d  i n  s i m i l a r  sys tems ,
t h e r e  a r e  g e n e r a l l y  f e w e r  s p e c i e s  a n d  t h e  n a t i v e  s p e c i e s  a r e  l e s s
abundant  ( A l l e n  1983 ,  1 9 9 0 ;  A l l e n  a n d  H o rn  1 9 7 5 ;  B o l a n d  a n d  Z e d l e r
1991; H o r n  a n d  A l l e n  1 9 8 1 ;  S o l t z  1 9 8 6 ) .
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There a r e  s e v e r a l  p r o b a b l e  r e a s o n s  f o r  t h e  c o n t i n u e d  d e c l i n e
o f  t h e  f i s h  communi ty  a t  B a l l o n a  We t l a n d .  T h e y  a r e  a l l  d i r e c t l y  o r
i n d i r e c t l y  r e l a t e d  t o  t h e  g r e a t l y  r e s t r i c t e d  t i d a l  f l u s h i n g  o f  t h e
s loughs  a n d  c h a n n e l s  b e c a u s e  o f  t h e  t i d e  g a t e s .  O n e  o f  t h e  l a r g e
f l a p  g a t e s  was  b r o k e n  d u r i n g  t h e  p e r i o d  o f  t h e  S w i f t  ( 1 9 8 1 )  s t u d y
and f o r  a n  unknown p e r i o d  b e f o r e ,  a l l o w i n g  f o r  g r e a t e r  f l u s h i n g  and
f i s h  a c c e s s .  T h e  r e a s o n s  f o r  t h e  d e c l i n e  i n  t h e  p a s t  1 0  y e a r s  a n d
t h e  g e n e r a l l y  d e p a u p e r a t e  c o n d i t i o n  o f  t h e  f i s h  commun i t y  i n c l u d e ,
b u t  a r e  n o t  r e s t r i c t e d  t o :

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

t i d e s
-exposu re  o f  much o f  t h e  s u b s t r a t e  t o  a i r  a n d  d e s s i c a t i o n  f o r

ex tended p e r i o d s  o f  t i m e
-dec reased  s a l i n i t y  f o l l o w i n g  r a i n s t o r m s  a n d  u n u s u a l  u r b a n  r u n o f f

even ts
- h y p e r s a l i n i t y ,  p a r t i c u l a r l y  i n  t h e  u p p e r  m a r s h ,  d u r i n g  summer

and d r o u g h t  p e r i o d s
- i n c r e a s e d  d i u r n a l  t e m p e r a t u r e  f l u c t u a t i o n s
-ex t r eme  s e a s o n a l  h i g h  a n d  l o w  t e m p e r a t u r e s
- e x c e s s i v e  a l g a l  g r o w t h  a n d  a s s o c i a t e d  s m o t h e r i n g  o f  t h e  b e n t h o s
and a n o x i a - i n  t h e  w a t e r  a t  n i g h t
- i n c r e a s e  e f f e c t s  o f  t o x i c  componen ts  o f  u r b a n  r u n o f f  d u e  t o  t h e
reduced w a t e r  v o l u m e .

Any i n c r e a s e  i n  t i d a l  f l u s h i n g  o f  B a l l o n a  Wet lands  i s  e x p e c t e d
t o  i m p r o v e  a l l  o f  t h e  a b o v e  c o n d i t i o n s  a n d  c o n s e q u e n t l y l e a d  t o
i n c r e a s e d  abundance  a n d  d i v e r s i t y  o f  t h e  f i s h  c o m m u n i t y.
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TABLE 1.
BALLONA WETLANDS, FISH SURVEY
SEASONAL SUMMARY - RANKED BY TOTAL NUMBER OF INDIVIDUALS

SPECIES WINTER 1991
NO. %

SPECIES SPRING 1991
NO.

Mosquitofish 113 46.50 Mosquitofish 1009 56.84
Striped mullet 85 34.98 Striped mullet 411 23.15
California killifish 38 15.64 California killifish 140 7.89
Sailfin molly 4 1.65 Topsmelt 84 4.73
Arrow goby 2 0.82 Long jaw mudsucker 52 2.93
Long jaw mudsucker 1 0.41 Arrow goby 34 1.92

0.11
Yellowfin goby 3

Shadow goby 34 1.92

0.11
Goby sp. 2

SalIfin molly 6 0.34

TOTAL 6802

Yellowfin goby 3 0.17

NO. SPECIES 8

Staghom sculpin 2 0.11

TOTAL 243 TOTAL 1775

NO. SPECIES 6 NO.SPECIES 10

SPECIES SUMMER 1990
NO. %

FALL 1990
NO.

Mosquitofish 4205 61.82 Mosquitofish 594 65.56
California killifish 2171 31.92 Longjaw mudsucker 141 15.56
Longjaw mudsucker 243 3.57 California killifish 88 9.71
Sailfin molly 88 1.29 Sailfin molly 57 6.29
Topsmelt 74 1.09 Topsmelt 24 2.65
Arrow goby 16 0.24 Yellowfin goby 1 0.11
Yellowfin goby 3 0.04 Staghorn scupin 1 0.11
Goby sp. 2 0.03

TOTAL 6802 TOTAL 906

NO. SPECIES 8 NO. SPECIES 7
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TABLE 2.
BALLONA WETLANDS FISH SURVEY
4 SEASONS COMBINED
RANKED BY TOTAL NUMBER OF INDIVIDUALS

SPECIES 4 SEASON TOTAL
NO.

Mosquitofish 5921 6 0 . 8 8
California killifish 2437 2 5 . 0 6
Striped mullet 496 5 . 1 0
Longjaw mudsucker 437 4 . 4 9
Topsmett 182 1 . 8 7
Sailfin molly 155 1 . 5 9
Arrow goby 52 0 . 5 4
Shadow goby 34 0 . 3 5
Yellowfin goby 7 0 . 0 7
Staghorn sculpin 3 0 . 0 3
Goby sp. 2 0 . 0 2

TOTAL 9726

NO. SPECIES 11
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TABLE 3.
BALLONA WETLANDS, FISH SURVEY
OVERALL. SUMMARY -  RANKED BY INCREASING TOTAL ABUNDANCE PER STATION
NUMBER GIVEN IS FOR THE NUMBER OF FISH PER 10 METERS

STATION 10
SPECIES SUMMER FALL WINTER SPRING TOTAL
MOSOUITOFISH 150 65 22 4 241
KILLIFISH 0 1 <1 0 1
LONGJAW MUDSUCKER <1 2 0 4 6
TOTAL PER SEASON 153 68 22 8 248

STATION 4 •
SPECIES SUMMER FALL WINTER SPRING TOTAL
mosourropsH o <1 o 10 10
KILLIFISH 113 0 7 60 180
TOPSMELT <1 10 0 0 10
STAGHORN SCULPIN 0 <1. 0 0 <1
MULLET 0 0 28 0 28
LONGJAW MUDSUCKER 11 0 0 7 18
ARROW GOBY 0 0 0 3 3
TOTAL PER SEASON 124 11 35 80 249

STATION 1
SPECIES SUMMER FALL WINTER SPRING TOTAL
MOSOUITOFISH 8 2 0 <1 10
KILLIFISH 236 3 1 0 290
M U L L E T
S

0 0 1 0 1
LONGJAW MUDSUCKER 4 0 0 2 6
GOBY SP. 1 0 0 0 1
TOTAL PER SEASON 298 6 2 2 308

STATION 6
SPECIES SUMMER FALL WINTER SPRING TOTAL
SAILFIN MOLLY 0 5 - 0 0 5
MOSOU1TOFISH 207 127 1 54 388
KILLIFISH 3 2 6 0 11
MULLET 0 0 1 _ 0 1
LONGJAW MUCSUCKER 2 0 <1 5 7
TOTAL PER SEASON 212 134 8 59 412

STATION 3
SPECIES SUMMER FALL WINTER SPRING TOTAL
MOSOUITORSH 2 4 0 0 6
KLLIFISH 460 0 0 <1 460
TOPSMELT 29 0 0 37 ss
MULLET 0 0 4 52 56
LONGJAW MUDSUCKER 43 49 0 4 96
YELLOWFIN GOBY 1 <1 0 1 2
ARROW GOBY 5 0 1 12 19
SHADOW GOBY 0 0 0 15 15
STAGHORN SCULPIN 0 0 0 <1 0
TOTAL PER SEASON 542 53 5 121 720

STATION 7
SPECIES SUMMER FALL WINTER SPRING TOTAL
SAILFIN MOLLY as 18 2 3 58
MOSOUrTOFISH 1315 39 15 370 1740
KILLIFISH 7 30 1 0 37
MULLET' 0 0 <1 127 127
LONGJAW MUDSUCKER 38 5 0 0 41
TOTAL PER SEASON 1393 92 18 5:0 2003
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