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INTRODUCTION

Ballona Marsh i s  a  h i g h l y  modif ied remnant marsh on t he  western edge

of t he  Los Angeles Basin border ing on Santa Monica Bay. M o s t  o f  t he  o r i g i n a l

marsh has been channel ized and developed i n t o  marinas and condominiums. B a l l o n a

Creek i s  enclosed i n  a  concre te- l ined  channel and 140 hectares r e m a i n

separated f rom the  creek by two se ts  o f  t i d e  g a t e s  ( F i g .  1 ) .  A l t h o u g h  the

f i sh  faunas o f  several coas ta l  es tuar ine  areas o f  southern Ca l i f o rn i a  a re

well s tud ied  ( A l l e n  and Horn,  1975; Lane and H i l l ,  1977; Horn,  1981) and some

work has been done on Bal lona Marsh (Reish,  1980) and t h e  nearby Marina de l

Rey Harbor (Soule and Ogur i ,  1977, 1980),  t h e  f i s h  community o f  the  marsh

was poor l y  known. O n l y  i n  Lane and H i l l ' s  (1977) s tudy  on Anaheim B a y  were

small upper slough hab i ta ts  r e g u l a r l y  sampled, t h e  on ly  k ind  o f  hab i t a t  present

in Bal lona. L a n e  and H i l l  d i d  n o t  ca l cu la te  d i v e r s i t y  i nd i ces ,  n o r

did they  discuss t h e  upper marsh as a  d i s t i n c t  u n i t .  T h u s ,  t h i s  i s  t h e  f i r s t

detai led s tudy o f  an upper marsh f i s h  community i n  southern C a l i f o r n i a ,  and

provides i n t e r e s t i n g  comparisons w i t h  o ther  l o c a l  marshes and w i t h  estuar ine

areas i n  o ther  par ts  o f  the  wor ld .  A  basel ine o f  in format ion  i s  a l so  provided
fo r  assessing f u tu re  changes i n  t he  f i s h  fauna.

METHODS AND MATERIALS

We sampled four teen s ta t i ons  month ly,  f rom J u l y  1980 through June_1981,

among the  t r i b u ,  j  channels o f  t he  marsh (F i g .  1 ) :  t h r e e  (Nos. 3 ,  4 ,  7 )

with a l a r g e  se ine,  5  x  1 . 8  m, w i t h  3 .2  mm mesh, and t h e  remaining ten  ( 1 - 2 ,

5-6, 8-13) with a 1.8 x 1.2 mm, 6.3 mm mesh seine. We  collected plankton
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with a one-meter diameter plankton ne t  w i t h  0.505 mm mesh. E a c h  seine s t a t i o n

consisted o f  two hauls along the  center  o f  t he  channel a t  r e l a t i v e l y  low t i d e s

(-0.1 t o  +0.5 m),  when the  ne t  swept a l l  o r  most o f  the  channel. Numerous,

re l a t i ve l y  s h o r t ,  r e p e t i t i v e  sampling drags such as these increases sampling

effect iveness, and t h e  l eve l  o f  r e p l i c a b i l i t y  can be predic ted (L i v i ngs ton ,

1976). S t a t i o n s  3  and 7  were deep ho les ,  i n  cont ras t  t o  t he  t y p i c a l l y  shal low

sloughs o f  t he  11 remaining l o c a l i t i e s  as we l l  as most o f  t he  marsh. Co l l ec t i ons

in U n i t  1 f e l l  w i t h i n  2  hours o f  low t i d e .  S i n c e  U n i t  2  was on l y  a f fec ted

at h igh t i d e s ,  co l l e c t i ons  were always dur ing  constant l ow - t i de  l e v e l s  o f

a few hours d u r a t i o n .

Fishes were counted, standard leng th  was measured and most f i s h  were

released t o  prevent  decimation o f  the  populat ions.  O c c a s i o n a l l y,  a l i q u o t s

were taken o f  l a rge  samples, and numbers and biomass were p a r t i a l l y  est imated,

pa r t i cu la r l y  w i t h  l a rge  samples o f  pos t la rva l  gobies (Gobi idae) i n  sp r ing .

Occasional representat ive samples were preserved i n  5% fo rma l in .

At the  low t i d e s ,  about 3,730 square meters o f  water sur face ex is ted ,

and our  samples covered 9.5% o f  t h i s  (355.12 sq.  m) (Tab le  1 ) .  F r o m  J u l y

through December, we d id  n o t  c o l l e c t  s t a t i o n  13 ,  o r  i t  was d r y  and 9% o f  t he

area was sampled. D a t e s  o f  co l l ec t i ons  appear on Table 2 .  S a l i n i t y  and

temperature were taken from the  surface usua l l y  before c o l l e c t i n g ,  occas iona l ly

a f te r.  S a l i n i t i e s  were determined by ref ractometer.  A  s tudy o f  t o p  and

bottom s a l i n i t i e s  dur ing  a t i d a l  c y c l e  on 15 August 1980 showed these t o

be i d e n t i c a l  a t  low t i d e  i n  t he  marsh. Dimensions and bottom type remained

stable through the  s tudy,  and v a r i a t i o n  i n  aquat ic  vegetat ion i s  a l so  noted

(Table 1 ) .  P l a n k t o n  samples were taken i n  the  main channel ( v i c i n i t y  o f

Station 4 )  on incoming t i d e  2 -3  hours a f t e r  low t i d e .  W e  estimated t h e  volume

strained when the  opening o f  t he  ne t  was n o t  completely submerged. O n  15
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August 1980, we se t  a se r i es  o f  e i g h t  minnow t raps  ( ba i t ed  w i t h  f rozen squid

and anchovy) dur ing the  incoming and h igh  t i d e :  f o u r  i n  t he  channel a t  Sta t ions

2, 3 ,  4  and 7 ,  and f o u r  on t he  Sa l i co rn ia  f l a t s  i n  t he  h igh  i n t e r t i d a l  n o r t h

of S ta t ion  7 ,  nor th  o f  S ta t i on  5 ,  and eas t  and west o f  S ta t i on  2 .  T h e  t raps

on the  f l a t s  were submerged o n l y  f o r  1 t o  2  hours o f  h ighest  t i d e ,  and t h e

one east  o f  Sta t ion  2 was o n l y  3 /5  inundated.

Divers i ty  ( H ' )  was ca lcu la ted  w i t h  the  method o f  Shannon-Weaver (1963):

where Pi  i s  t h e  propor t ion  o f  i nd i v i dua l  f i s h  ( o r  t h e i r  biomass) i n  the  i t h

species. W e  used na tu ra l  logar i thms i n  our  ca lcu la t i ons .  T h e  m,osure o f

the d i f fe rence  between samples used was t h e  percentage s i m i l a r i t y  index o f

Whittaker and Fairbanks (1958) .

PS =  100(1.0-0.5E[Pia-Pib] )

where Pia i s  t he  propor t ion  o f  i nd i v i dua l s  (biomass) i n  t h e  i t h  species o f

sample a and P ib  f o r  sample b .  W e  used these measures t o  compare our  samples

by area and season and a l so  t o  compare them w i t h  o ther  southern C a l i f o r n i a

estuaries. L i v i n g s t o n  (1966) has shown a  h igh  degree o f  co r re l a t i on  among

the several most common measures o f  d i v e r s i t y  i nc lud ing  H ' ,  when appl ied
to co l l ec t i ons  o f  estuar ine f i s h e s .

Common and s c i e n t i f i c  names f o l l o w  Robins e t  a l .  (1980)  and are  l i s t e d

on Table 2  f o r  Sta t ion  c o l l e c t i o n s  and Tab le  3  f o r  l a r v a l  (p lank ton)

H' =  - P i  l o g  P i
i a l

co l lec t ions.  D i v e r s i t y  ca l cu la t i ons  a re  based on the  r e g u l a r  seine s ta t i ons

(Table 1 )  o n l y,  and both  la rvae  and i nc iden ta l  j u v e n i l e s  and adu l t s  a re  l i s t e d

fo r  the  plankton samples (Tab le  2 ) .  O t h e r  co l l ec t i ons  appear i n  t e x t  d i s -

cussion bu t  no t  i n  t he  t ab l es .
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DESCRIPTION OF THE AREA

The a rea  s t u d i e d  cons is ts  o f  two Uni ts  ( F i g .  1 )  t r a v e r s e d  b y

t i d a l  c h a n n e l s  o r  s l o u g h s  o f  a b o u t  1 . 5  h a  o f  s u r f a c e  w a t e r

a t  mean t i d e  l e v e l s .  T h e  a r e a  i s  p a r t  o f  t h e  M a r i n a  d e l

Rey Harbor-Ballona Channel es tuar ine  area,  which together  have about 200 ha

of surface water.  T h e  channels a re  most ly q u i t e  s t r a i g h t ,  and t h e  two l a r g e s t

pass through cu l ve r t s  under Culver Boulevard a n d  empty i n t o  Bal lona Creek

channel through l a r g e r  cu l ve r t s  w i t h  t i d e  gates.  Channe ls  i n  U n i t  1  f l uc tua ted

with the  t i d e ,  b u t  the channels i n  Un i t  2 ,  be ing about one meter h i ghe r,

f luctuated o n l y  dur ing the  upper 1 /4  t o  1 /3  o f  the  h igh  t i d e .  D u r i n g  the

remainder o f  the  t i d e  cyc l e ,  l i t t l e  o r  no f l u c t u a t i o n  occurred i n  U n i t  2 .

During minus t i d e s ,  water  i n  Bal lona Creek Channel f a l l s  below the  l e v e l s

in U n i t  1 ,  and 30 minutes t o  1 .5  hours o f  s t a t i c  low t i d e  occur i n  t h e  marsh

( i . e .  S ta t ions  3  and 4 )  depending on t he  he igh t  o f  t he  t i d e .  B r o a d  areas

of shal low f l a t s  adjacent  t o  channels most ly  drained a t  low t i d e .  A  few

hvnersaline pools on the  west edge o f  U n i t  1  were f i s h l e s s  dur ing  t h i s  s tudy.

anal f l u c t u a t i o n  i n  l ow- t i de  s a l i n i t y  and temperature occur ( F i g .  2 ) .

Sa l in i t i es  were genera l ly  h igh  (15-34 ( p
/ o o )  a n d  w e r e  
f u l l  
s t r e n g t h  
o n l y  
o c c a -

s ional ly  a t  t he  entrance t o  Bal lona Channel (S ta t i ons  1  and 3 )  and were f r esh

only a t  t h e  uppermost Sta t ions ( 9 ,  11 ,  1 2 ,  13 ) .  A t  S ta t i on  3 ,  above the

t ide gates,  t h e  s a l i n i t y  would usua l l y  be i n  t he  h igh  twent ies a t  low t i d e s .

As t h e  t i d e  s ta r ted  t o  come i n ,  f r e s h  water t h a t  extended down Bal lona Flood

Control Chanel would push i n  on t o p  o f  t h e  sa l i ne  water.  A s  t h e  t i d e  rose ,

the f resh  water would be pushed f a r t h e r  up Ballona Channel and t h e  sur face

water a t  S ta t ion  3  go t  progress ive ly  s a l t i e r  u n t i l  h i g h  t i d e ,  when f u l l -

strength seawater ex is ted f rom t o p  t o  bottom. A s  t he  t i d e  went o u t ,  sur face

s a l i n i t y  would i n i t i a l l y  dec l ine  f a s t e r  than t h e  bottom. B y  low t i d e ,  mix ing



F-5

of the  out f lowing water equalized t o p  and bottom s a l i n i t i e s  t o  s i m i l a r  values.

S t r a t i f i c a t i o n  a l so  occurred on incoming and h igh  t i d e  a t  Stat ions 1 ,  2 ,

3, 5 ,  6  and 7 ,  w i t h  the  sur face s a l i n i t y  3  o/oo ( S t a t i o n  1 )  t o  9  o /oo (S ta t i on

2) lower  a t  t he  surface than a t  the  bottom. H i g h  s a l i n i t i e s  were maintained

in the  warm months i n  U n i t  1  by  evaporation on shal low f l a t s  inundated on l y

at h igh  t i des .  T h i s  water  was o f t e n  hypersal ine and was recorded up t o  52 c )
/ o o
jus t  northeast  and upstream o f  S ta t ion  4 .  D u r i n g  the  cool  months, t h e  s a l i n i t y

of water on the  f l a t s  was comparable t o  nearby channels, and increased f r e s h -

water i n f l o w  caused a  general decrease i n  values.  W a t e r  temperature f l uc tua ted

in a bimodal p a t t e r n ,  l ower  i n  mid-summer, increas ing  i n  l a t e  summer-early

f a l l ,  decreasing again i n  l a t e  f a l l  t o  low l e v e l s  i n  w in te r.  W a t e r  temperature

rose regu la r l y  i n t o  A p r i l ,  dec l ined i n  May, and rose again i n  June. T h e

mid-summer decrease i s  probably due t o  the  increased f o g  near the  coas t ,

allowing the  shal low marsh water t o  c o o l ,  and t h e  f a l l  increase i s  caused

by the  l a c k  o f  f o g ,  a l l ow ing  the  sun t o  warm t h e  water considerably.  L a t e r

in w i n t e r,  co ld  a i r ,  increased c loud cover,  and co ld  ocean temperature combined

to cool t h e  water again. T h e  May reduct ion was n o t  as s t rong as t he  previous

Ju ly,  b u t  ind ica tes  t h a t  o f t en  t h e  h ighest  water temperatures may occur i n

spring and f a l l  w i t h  a  mid-summer depression due t o  f o g  cover.  T h i s  would

only occur i n  upper shal low marshes where s o l a r  r a d i a t i o n  can s i g n i f i c a n t l y

a l t e r  temperatures and subs tan t ia l  m ix ing  w i th  l o c a l  marine waters does n o t

take place. Coasta l  ocean temperatures regularly f luctuate from winter lows

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

sets o f  culverts r e s t r i c t  flow i n  the marsh and probably enable solar  effects

to predominate, as they would have i n  the original  shallow marsh closed o r

only narrowly open, t o  the ocean.

The culverts opening to  Ballona Channel were open through f a l l  1980,  but
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those o f  the  main channel a t  S ta t ion  3  were covered w i t h  plywood f rom l a t e

December t o  June 1981. T h e s e  were placed t o  d i v e r t  a  l a r g e  sewage s p i l l

down Bal lona Channel, 12-18 December, and apparent ly p ro tec t  adjacent  farm

land and business f rom h igh spr ing  t i d e s .  I n t e r m i t t e n t l y  the  gates were

removed, o r  moved f rom the  marsh s ide t o  the  f l ood  con t ro l  channel s i d e  o f

the cu l ve r t s .  Cons iderab le  water f lowed around the  gates,  and t i d e s  rose

and f e l l  i n  the  marsh w i t h  l i t t l e  v i s i b l e  d i f fe rence.  T i d e s  were probably

delayed s l i g h t l y  and d i d  no t  reach the  h ighest  l eve ls  poss ib le ,  b u t  were

otherwise normal. T h e  gates served as a  p a r t i a l  b a r r i e r  t o  waterf low on l y.

FISHES

Engraulidae

Engraulis mordax. T h e  northern anchovy was on l y  taken as two eggs i n

March and one l a r va  i n  plankton hauls i n  March. I t  i s  common i n  l a r g e r  bays

-hors i n  Ca l i f o rn i a  ( A l l e n  and Horn, 1975; Horn, 1981) ,  b u t  r a r e l y

in sha l low,  upper slough areas.

Cyprinodontidae

Fundulus pa rv ip inn i s .  C a l i f o r n i a  k i l l i f i s h  were t h e  f o u r t h  most abundant

f i sh  and were common throughout the  year.  G r e a t e s t  abundance was i n  t h e

summer months, and there  was a  s h i f t  i n  abundance f rom U n i t  1  t o  U n i t  2  dur ing

the w in te r.  A d u l t  tuberculated males i n  breeding c o l o r  occurred f rom A p r i l

to September. T h e  f i r s t  young o f  t he  year  were observed i n  June. C a l i f o r n i a

k i l l i f i s h  i iere taken o r  observed i n  water  ranging from f r esh  t o  38.4 c )
/ o o ,
well w i t h i n  t h e  to lerance range o f  t h i s  species (Bar low,  1963).  T r a p p i n g

on 15 August 1980 took th ree f i s h  i n  t he  channels and 24 on t h e  f l a t s  dur ing

incoming and h igh  t i d e s ,  demonstrating movement onto t h e  f l a t s  a t  t h i s  t ime .

Fr i tz  (1977) s tud ied the  b io logy  o f  t h i s  species i n  Anaheim Bay.
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Poeci l i idae

Gambusia a f f i n i s .  M o s q u i t o f i s h ,  a  non-nat ive species,  w ide ly  introduced

to cont ro l  mosquitos, entered C a l i f o r n i a  i n  1922 and were establ ished i n

the Los Angeles Basin by  1930 ( M i l l e r ,  1961). T h e y  were t h e  second most

abundant f i s h  b u t  were abundant on ly  i n  U n i t  2 .  Summer co l l ec t i ons  i n  U n i t

1 (S ta t ions  6  and 7 )  t o o k  occasional i n d i v i d u a l s ,  and mosqui tof ish were most

abundant a t  the  s ta t i ons  w i t h  low s a l i n i t i e s  ( S t a t i o n  9 )  and i n  t h e  f a l l .

They occurred i n  sha l low,  f l a t  Sal icornia-choked pools and channels between

the main channels o f  Uni ts  1  and 2 ,  and ou r  data a re  f o r  t h e  main channels

only. N e w l y  spawned young were f i r s t  taken i n  A p r i l ,  and i nd i v i dua l s  15 mm

or less  were taken as l a t e  as November. W e  took  mosqui tof ish i n  water up

to 52.8  c )
/ o o  
a t  
S t a t
i o n  
1
2  
i
n  
A u
g u
s t
.  
F
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d  
d
y
i
n
g  
m
o
s
q
u
i
t
o
-

f i sh  were observed 70-100 m upstream o f  S ta t ion  9  on 9  Ju l y  1980.

Atherinidae

Atherinops a f f i n i s .  To p s m e l t  were the  t h i r d  most abundant species and

were absent dur ing the  w i n t e r  ( l a t e  December t o  February) ,  apparent ly  moving

seaward i n t o  Marina de l  Rey o r  Santa Monica Bay. T h e y  were almost e n t i r e l y

confined t o  Un i t  1 ,  and two s i z e  classes were apparent i n  t h e  f a l l .  The f i r s t

young o f  the  year  appeared i n  March. H o r n  (1981) reviewed t h e  in format ion

avai lable on l i f e  h i s t o r y  o f  t h i s  species i n  southern C a l i f o r n i a  and showed

that topsmelt  are commonly one o f  t he  dominant species i n  southern C a l i f o r n i a

bays and es tuar ies .  T h e y  feed l a r g e l y  on zooplankton.

Leuresthes t enu i s .  F o u r  grunion la rvae  were taken i n  t he  plankton hauls

in September and May. G r u n i o n  a re  common i n  southern C a l i f o r n i a  bu t  r a r e

in bays and marshes (Walker,  1952).

Atherinopsis c a l i f o r n i e n s i s .  E i g h t  jacksmel t  l a rvae  were taken,  f i v e

in the  December plankton h a u l ,  two i n  March and one i n  A p r i l ,  co inc id ing  w i t h



the w in te r  spawning peak o f  t h i s  common coastal  f i s h  (Feder,  Turner,  and

Limbaugh, 1974) t h a t  i s  r a r e  i n  coasta l  marshes.
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Cottidae

Leptocottus armatus. S t a g h o r n  scu lp in  were taken i n  smal l  numbers i n

Unit 1  and were t he  seventh most abundant species. S m a l l  j u v e n i l e s  appeared

in w in te r  and e a r l y  spr ing  c o l l e c t i o n s ,  i n d i c a t i n g  a  l a t e  f a l l  and w i n t e r

spawning as documented f o r  o ther  southern Ca l i f o rn i a  populat ions ( Ta s t o ,

1977; Horn, 1981). U s u a l l y  t h i s  species invades brack ish and f reshwater

portions o f  es tuar ies ,  b u t  we d i d  n o t  c o l l e c t  i t  i n  U n i t  2 .  I t  was taken

at s a l i n i t i e s  o f  15.6 ( )
/ o o  t o  
3 6 . 0  °
/ o o .

Gobiidae

Acanthogobius f lavimanus. T h e  ye l l ow f i n  goby was introduced t o  t h e  P a c i f i c

coast f rom Japan i n  the  l a t e  1950's and was f i r s t  observed i n  southern Ca l i f o rn i a

in 1977 (Haaker,  1979). B o t h  juven i les  and adu l t s  were co l lec ted  i n  t h e  marsh

with j uven i l es  predominating i n  sp r ing  co l l ec t i ons .  O u r  co l l ec t i ons  a re  the

f i r s t  southern Ca l i f o rn i a  records no r th  o f  Palos Verdes Peninsula.  T h i s  goby

was taken on l y  i n  t h e  h igher  s a l i n i t y  o f  U n i t  1  ( a t  s a l i n i t i e s  o f  20.4 ( )
/ o o
to 36.0 c )
/ o o )  
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Populations o f  t h i s  species should be watched t o  document i t s  spread i n  southern

Cal i forn ia.

Clevelandia i o s .  T h e  arrow goby was numer ica l ly  t he  most abundant species.

Arrow gobi6s were present  throughout t he  year  and were most abundant f rom l a t e

winter through spr ing  when l a r g e  numbers o f  young o f  t he  year  were present .

Almost a l l  records a re  f o r  Un i t  1  w i t h  small  numbers taken a t  S ta t ion  10 ( U n i t

2) i n  the  f a l l .  Because o f  t h e i r  burrowing h a b i t a t ,  a d u l t  arrow gobies,  were

probably undersampled i n  general .  O u r  co l l ec t i ons  i n d i c a t e  a  l a t e  w in te r
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spawning t ime,  and t h e  young o f  the  year  dominated t h e  co l l ec t i ons  i n  U n i t  1

in March and A p r i l .  H o r n  (1980) emphasized t h e  probable g rea t  importance o f

gobies i n  the  food web o f  bays and marshes i n  t r a n s f e r r i n g  energy from low

trophic l e v e l s  t o  the  h igher  ones ( i . e . ,  shoreb i rds ,  t h a t  prey on gobies) .

Quietula y-cauda. T h e  shadow goby was taken on l y  th ree  t imes i n  the

spring and apparent ly occurs i n  very  low numbers i n  t h e  marsh. B r o t h e r s  (1975)

extensively studied t h e  b io logy  o f  t h i s  species,  t h e  arrow goby and t h e  cheek-

spot goby i n  the  San Diego area.

Gi l l i ch thys m i r a b i l i s .  Mudsuckers were most ly taken i n  U n i t  1  and were

the f i f t h  most abundant species. S i x t e e n  f i s h  were taken i n  U n i t  2 ,  and o n e

of these (March) was taken i n  f r esh  water.  Young -o f - t he -yea r  were common i n

the spr ing  and coincided w i t h  t he  spawning season documented by  Weisel (1947) ,

Barlow (1963), Ba r low  and de Vlaming (1972).  O n e  se r ies  o f  e i g h t  t raps s e t

during h igh t i d e  on 15 August 1980 demonstrates a  g rea te r  abundance o f  mudsucker

than o u r  seine co l l ec t i ons  i nd i ca te .  Channe l  t r a p s  caught 18,  and t raps  on

the f l a t s  took  28 f i s h .  Tw e l v e  o f  the  channel f i s h  were taken i n  the  excep-

t i o n a l l y  deep ho le  a t  S ta t i on  7 .  G i l l i c h t h y s ,  l i k e  Fundulus, moves on to  the  f l a t s

at h igh  t i d e s .  I t s  s c a r c i t y  i n  ou r  l ow- t i de  s t a t i o n  co l l ec t i ons  ind ica tes

that i t  r e t rea ts  i n t o  s lough-side crab burrows (Bar low,  1963),  r a t h e r  than

into t he  slough channels as do Fundulus.

Ilypnus g i l b e r t i .  Th reeb  larva lcheekspot  gobies were taken i n  t h e  plankton

in J u l y,  and two juven i l es  were seined i n  A p r i l ;  t h e y  are  apparent ly  very  ra re .

Goby A. F i f t e e n  smal l  l a r v a l  gobies a re  I lypnus g i l b e r t i  o r  Quietula

y-cauda, th ree  i n  December, one i n  A p r i l  and eleven i n  June; t hey  cannot be
dist inguished f u r t h e r .

Goby C. F i v e  smal l  l a r v a l  gobies taken i n  March are  Clevelandia i o s ,

Lethops connectens o r  Lepidogobius lep idus  and cannot be d is t inguished f u r t h e r .
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Mugilidae

Mugil cephalus. S t r i p e d  mu l le t  were taken on ly  i n  U n i t  1 and probably

represent one year  c lass t h a t  grew successively l a r g e r  ( J u l y  t o  A p r i l )  and

then l e f t  the  marsh, s ince no mu l le t  were co l lec ted  i n  May and June. T h e

mullet  co l lec ted  i n  J u l y  ranged form 91-110 mm SL (3
-
( =  1 0 8  m m  S O ;  
t h o s e  
t a k e n

in March ranged from 93 t o  212 mm SL ( ;  =  166 mm SL). M u l l e t  were taken a t

sa l i n i t i e s  o f  12.6 °
/ o o  t o  
3 6 . 0  r j
/ o o .  
Y o u n g -
o f - t h e -
y e a r  
a
r
e  
o c c a
s i o n
a l l y

taken i n  the lower  por t ions o f  coasta l  streams i n  mid- and l a t e  w in te r  (LACM

records). M a n y  o f  the mu l le t  showed f i n  deformi t ies  t h a t  have been associated

with high p o l l u t i o n  l eve l s  i n  o the r  areas (Sindermann, 1978) .  N i n e t e e n  o f  41

mullet we a c t u a l l y  measured (41%) showed eroded f i n s  o r  anatomical de fo rm i t i e s .

Out o f  76 f i s h  t a l l i e d  i n  Bal lona Marsh (some jumped over  our  ne t  o r  otherwise

escaped), these represent  26%. Some o f  these f i s h  may have been caught on

successive months, and deformed f i s h  could have been more vulnerable t o  capture.

However, even a  considerably lower  (<2-3%) incidence would i n d i c a t e  abnormal

conditions. Sindermann (1978) documents t h a t  i n  brackish pond (12 °
/ o o ) ,  4 - 5  p p m
of  crude o i l  caused f i n  erosion i n  most o f  the mu l l e t  exposed i n  6 -8  days.

He notes a  wide va r i e t y  o f  o ther  p o l l u t i o n  re la ted  e f f e c t s  on a  v a r i e t y  o f

f ish  species, and on ly  a  de ta i l ed  study o f  Ballona Marsh would d isc lose  t he

conditions e x i s t i n g .

Bothidae

Paralichthys c a l i f o r n i c u s .  O n e  j u v e n i l e  Ca l i f o rn ia  h a l i b u t  (103 mm SL)

was co l lec ted  a t  S ta t ion  4  i n  August a t  a  s a l i n i t y  o f  36.0 °
/ o o .  H a a k e r  ( 1 9 7 7 )
has extens ive ly  documented t he  l i f e  h i s t o r y  o f  t h i s  species i n  Anaheim Bay,

where juven i les  (under 300 mm i n  leng th )  were common inhab i tan ts .  H e  found

the youngest f i s h  appeared i n  A p r i l  and May and remained i n  t he  marsh about
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one year a f t e r  which they  departed t o  deeper coasta l  wa te r.  T h i s  i s  a  valuable

sport species t h a t  r e l i e s  on sha l low bays f o r  nursery areas elsewhere i n

southern Ca l i f o rn i a  and would become more common i n  Bal lona Marsh i f  condi t ions

improved.

Pleuronectidae

Ilms_opsetta g u t t u l a t a .  T h e  diamond t u r b o t  was t h e  most commonly caught

species o f  f l a t f i s h  and was taken p r i m a r i l y  a t  S ta t i on  5 ,  where t he  grea tes t

amount o f  she l l y  subst ra te  occurred. A l l  b u t  one f i s h  seined were young-of-

the-year taken i n  November, December, March, A p r i l  and May a t  s a l i n i t i e s  o f

30.0 °
/ o o  
t o  
4
0 .
8  
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o o
.  
T
w
o  
d
i
a
m
o
n
d  
t
u
r
b
o
t  
e
g
g
s  
w
e
r
e  
t
a
k
e
n  
i
n  
M
a
r
c
h
,  
a
n
d  
t
w
o

non-metamorphosed la rvae  were taken i n  May. Diamond t u r b o t  a re  common bay and

estuary inhabi tants  (Lane,  1977) t h a t  should be more common i n  Bal lona Marsh.

Pleuronichthys v e r t i c a l i s .  N i n e  eggs o f  the  horny head t u r b o t  were i n

the March plankton hau l .  T h i s  species i s  common i n  C a l i f o r n i a  coasta l  waters

but r a re  i n  upper marshes ( F i t c h ,  1963).

Pleuronichthys r i t t e r i .  T h r e e  eggs o f  the  spot ted t u r b o t  were taken i n

the March plankton hau l .  T h i s  species i s  common i n . C a l i f o r n i a  coastal  waters

but i s  r a r e  i n  upper marshes ( F i t c h ,  1963).

Embiotocidae

Embiotoca jackson i .  A  l a r g e  a d u l t  b lack perch was taken a t  S ta t ion  3  i n

March, obv iously  a  s t r a g g l e r  f rom the  ou te r  marina area.  B l a c k  perch a re

common game f i s h  around shal low southern C a l i f o r n i a  r e e f s ,  j e t t i e s  and ke lp

beds (Feder,  Turner  and Limbaugh, 1974).

Cymatogaster aggregata. O n e  young-of- the-year sh iner  p e r c h
5
3 2  m m  S L
'
w a s

taken a t  S ta t ion  3  i n  A p r i l .  T h e  sh ine r  perch i s  a  common s p o r t  species i n

bays and marshes i n  southern C a l i f o r n i a  (Odenwel ler,  1977) and would become
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Blenniidae

Hypsoblennius g e n t i l i s .  T h e  bay blenny i s  represented by one t ransforming

"ophioblennius" la rvae  taken i n  t h e  August plankton hau l .  T h i s  species i s

undoubtedly common on t he  hard subst ra te  i n  protected areas j u s t  ou ts ide  the

marsh, as i t  i s  i n  many southern Ca l i f o rn i a  l o c a l i t i e s  (Stephens e t  a l . ,  1970).

Clinidae

Heterostichus r o s t r a t u s .  T h e  g ian t  ke lp  f i s h  i s  represented by th ree

larvae taken i n  t h e  March plankton hau l .  T h i s  species i s  common around shal low

reefs, j e t t i e s  and ke lp  beds i n  southern Ca l i f o rn i a  and spawns f rom March t o

July (Feder,  Turner  and Limbaugh, 1974).

Cl inid A .  T w o  la rvae i n  t h e  December plankton haul a r e  c l i n i d s  and

represent e i t h e r  Gibbonsia o r  Neocl inus, each w i t h  t h ree  southern C a l i f o r n i a

species. S e v e r a l  o f  these species undoubtedly occur i n  Marina de l  Rey b u t  are

rare i n  upper marsh hab i ta ts  (Feder e t  a l . ,  1974).

Sciaenidae

Seriphus p o l i t u s .  T h e  queenfish i s  represented by n ine  post larvae taken

at S ta t ion  3  i n  May. I t  i s  a  common school ing species i n  shal low coastal

marine waters (Feder,  Turner  and Limbaugh, 1974) and spawns A p r i l  t o  August

in southern C a l i f o r n i a  (Goldberg, 1974).  O n l y  j uven i les  occas iona l ly  occur i n

back bays and estuar ies  ( K l i n g b e i l ,  Sandel l  and Wel ls ,  1977) .

Genyonemus l i n e a t u s .  O n e  whi te  croaker larvae was taken i n  A p r i l ;  t h i s

is a  common croaker i n  l a r g e r  bays and along the  southern C a l i f o r n i a  coast

(Feder e t  a l . ,  1974).
QU I
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DISCUSSION

The Bal lona marsh and t r i b u t a r y  creek undoubtedly was once s i m i l a r  t o

many others along coastal  southern Ca l i f o rn ia .  I t s  ex ten t  under unimpacted

conditions i s  shown on an e a r l y  map o f  the  southwestern Los Angeles Basin

(Redondo Sheet, U.  S .  Geological  Survey,  1896 e d i t i o n ,  based on surveys done

in 1894) ( F i g .  3 ) .  T y p i c a l l y  a  broad marsh area ex is ted  behind a long sand

sp i t  w i t h  on ly  a narrow opening t o  the  sea. T h i s  opening probably o f ten  closed

to the  ocean dur ing  the  summer and f a l l ,  l eav ing  a  brackish lagoon u n t i l  h igh

winter  in f lows opened i t  again.  When open, bu i l d -up  o f  sand a t  the  mouth

would prevent t he  t i d e  i n  the  marsh f rom f l u c t u a t i n g  f u l l y .  W i t h o u t  f u l l

dai ly  f l u sh i ng ,  t h e  water i n  t h e  marsh would s tay  r e l a t i v e l y  f resh  and temper-

ature would f l u c t u a t e  more widely  as i t  s t i l l  does i n  r e l a t i v e l y  p r i s t i n e

coastal lagoons elsewhere i n  C a l i f o r n i a .

Today the marsh has been heav i l y  modi f ied.  C h a n n e l  i z a t i o n  o f  t h e

ha rbo r  a n d  c r e e k  e s t a b l i s h e d  a n d  m a i n t a i n e d  f u l l ,  r e g u l a r  t i d a l

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

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

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

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

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

Bou levard  b a r r i e r  a r t i f i c a l l y  m a i n t a i n s  a  l o w - t i d a l  f l u c t a t i o n  i n

U n i t  2  a n d  c o n s e q u e n t l y  s h a l l o w e r  c h a n n e l  s e x i s t  t h e r e .  B e l o w

in U n i t  1 ,  a l m o s t  c o m p l e t e  t i d a l  f l u c t u a t i o n  o c c u r s ,  c h a n n e l s  a r e

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

headward. I n  U n i t  2  t e m p e r a t u r e s  a r e  g e n e r a l l y  h i g h e r ,  r e f l e c t i n g

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

v a l u e s ,  p a r t i c u l a r l y  S t a t i o n s  1  a n d  3  n e a r  t h e
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i n l e t  o f  the marsh are  more i n  p a r a l l e l  w i t h  t he  sea. M a n t s  a c t i v i t i e s  have

fo r tu i tous ly  created somewhat o r i g i n a l  phys ica l  cond i t ions  i n  U n i t  2  and

highly modif ied condi t ions i n  U n i t  1 .  T h e  r e s t r i c t e d  water  f l ow  through

culverts and /o r  f l a p g a t e  a t  Ballona Creek channel and through Culver  B o u l e v a r d

has r e s t r i c t e d  the  movement o f  f i shes and has caused faunal  d i f f e rences

between the  two areas.

Twenty-five species o f  f i s h  were co l lec ted  i n  t h e  marsh (Tables 2  and

3), comprised o f  13,389 juven i les  and adu l t s ,  278 la rvae  and 439 eggs.

Fourteen eggs were i d e n t i f i e d  t o  species,  and the r e s t  f a l l  i n t o  about t en

categories and are  no t  i d e n t i f i e d  f u r t h e r.  Te n  species were on ly  taken as

eggs, l a rvae  o r  post larvae,  Engraul is  mordax, Ather inopsis c a l i f o r n i e n s i s ,

Leuresthes t enu i s ,  Hypsoblennius  gen t i l i s ,  Heterost ichus r o s t r a t u s ,  Seriphus

po l i t us ,  C l i n i d  A,  Genyonemus l i n e a t u s ,  Pleuronichthys v e r t i c a l i s  and P.  r i t t e r i .

Three were taken on ly  once, Embiotoca jackson i ,  Cymatogaster aggregata and

Paralichthys c a l i f o r n i c u s ,  and one was taken on ly  tw i ce ,  I l ypnus  g i l b e r t i .

Two are  introduced species,  n o t  na t i ve  t o  Ca l i f o rn ia ,  Gambusia a f f i n i s  and

Acanthogobius f lavimanus. T h e  remaining nine species a re  common inhab i tan ts

of coastal bays and estuar ies f rom Morro B a y  t o  northern Baja C a l i f o r n i a .

We d i d  no t  f i n d  a  l a rge  number o f  species t h a t  have been recorded from o the r

southern C a l i f o r n i a  bays and marshes such as Anaheim B a y  (Lane and H i l l ,  1977),

Colorado Lagoon ( A l l e n  and Horn, 1975) and Mugu Lagoon (MacDonald, 1976 [ f r om

Horn]), f o r  two reasons: F i r s t ,  ou r  co l l ec t i ons  represented uppermost t i d a l

channel h a b i t a t s  o n l y,  s ince  the  l a r g e r,  deeper open lagoonal areas were no t

present a t  Bal lona.  Second,  f l a p  ga tes  and the  shal low Bal lona Creek Flood

Control Channel separate the  marsh f rom deeper water,  i n t e r r u p t i n g  t he  h a b i t a t

continuum from shal low marsh t o  deeper bay,  and thus prevent ing species invas ion .

1
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Most o f  the add i t iona l  species a r e  no t  t y p i c a l  o f  deeper water  o r  are on ly

occasional invaders o f  t he  shal low marsh. T h r e e  species,  Para l ich thys

ca l i f o rn i ca ,  Cymatogaster aggregata and Hypsopsetta g u t t u l a t a  would be more

common under natural  cond i t i ons .  T h r e e  species n o t  recorded, Syngnathus

leptorhynchus (bay p i p e f i s h ) ,  P la t i ch thys  s t e l l a t u s  ( s t a r r y  f lounder )  and

Eucyclogobius newberryi ( t i d e w a t e r  goby), should occur.  B a y  p ipe f i sh  a re

usually r e s t r i c t e d  t o  grass beds t h a t  were l a r g e l y  absent a t  Bal lona. T i d e -

water gobies a re  found i n  t h e  upper,  f reshwater  por t ions  o f  coastal  lagoons

and are  sens i t i ve  t o  h a b i t a t  mod i f i ca t ion .  T h e y  probably occurred a t  Bal lona

in t he  past  bu t  have been e l im ina ted.  S t a r r y  f lounders a r e  n o t  as common i n

southern Ca l i f o rn i a  as t hey  a re  i n  coo le r  estuar ies no r th  o f  Po in t  Conception.

Flatf ishes were ra re  i n  o u r  study i n  general ,  and some unknown f a c t o r  i s

causing t h i s .

The f i s h  community d i v e r s i t y  Hi  f l u c t u a t e d  r e l a t i v e l y  r egu la r l y  w i t h  t he

season i n  each area,  f o r  a  v a r i e t y  o f  reasons. U n i t  1 had h igh d i v e r s i t i e s

in summer and low d i v e r s i t i e s  i n  w i n t e r.  U n i t  2  had the  opposi te  w i th  both

areas having roughly equal d i v e r s i t i e s  i n  the  w i n t e r  ( F i g .  4 ) .  U n i t  1 d e -

creased i n  d i v e r s i t y  i n  t h e  f a l l  because topsmelt  l e f t  t he  area,  and C a l i f o r n i a

k i l l i f i s h  and goby species became l ess  abundant. To p s m e l t  l e f t  the  marsh,

but some C a l i f o r n i a  k i l l i f i s h  and gobies (Clevelandia  and G i l l i c h t h y s )  moved

into Un i t  2  increasing t h e  d i v e r i s t y  the re .  T h e  tendency f o r  Fundulus p a r v i -

pinnis t o  invade f resher  water  i n  f a l l  and w i n t e r  has been documented elsewhere

( M i l l e r,  1939, 1943, LACM unpublished records) .  I n  t h e  s p r i n g ,  k i l l i f i s h  and

gobies moved back ou t  o f  Un i t  2  causing t he  d i v e r s i t y  t o  dec l ine  again.  T h e

concomitant increase o f  these i n  U n i t  1 a long w i t h  1 )  inc reas ing  l a rge  numbers

of young-of-the-year gobies ( Q u i e t u l a ,  G i l l i c h t h y s ,  Acanthogobius and,
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predominantly, Clevelandia)  and l a t e r  2)  r e t u r n  o f  Atherinops a f f i n i s ,  caused

the d i v e r s i t y  here t o  r i s e  again.  O u r  H' was ca lcu la ted  f rom numbers o f

specimens r a t h e r  than biomass, and s ince the  vas t  ma jo r i t y  o f  our  f i s h  f e l l

between 20 and 120 mm SL and were s lender o r  elongate f us i f o rm  i n  shape, t h e

d ivers i ty  t rends would no t  be a l te red  s i g n i f i c a n t l y  by us ing biomass.

The d i v e r s i t y  measure, H ' ,  ranges f rom .55 t o  1.57 i n  U n i t  1 and . 07  t o

.67 i n  U n i t  2 .  H a e d r i c h  (1975) ,  L iv ings ton  (1976) and Horn (1981) discussed

the general increase o f  the  va lue o f  t h i s  measure w i th  l a c k  o f  disturbance

to the  h a b i t a t ,  and Horn (1981) discussed values f o r  several southern C a l i f o r n i a

lagoons. O f t e n  values up t o  . 75  o r  .80  represent h i gh l y  impacted, modi f ied

estuaries, whereas values o f  1 .5-1 .7  a re  ca lcu la ted f rom data on r e l a t i v e l y

pr is t ine  systems i n  southern C a l i f o r n i a .  Va l u e s  f rom sampling s ta t i ons  i n  a

re la t i ve l y  p r i s t i n e  t r o p i c a l  es tuary  i n  the  southern G u l f  o f  Mexico ranged

from 0.5-2.50 (Yanez-A.,  Amezcua and Day, 1980),  and L iv ings ton  (1976) found

wide va r i a t i on  i n  d i v e r s i t y  due t o  s a l i n i t y  and temperature f l u c tua t i ons  i n

a r e l a t i v e l y  unpol lu ted south temperate estuary i n  F l o r i d a .  B a l l o n a  Creek

' an estimated 4 t o  5  m i l l i o n  ga l lons o f  untreated sewage f rom an

accidental l e a k  on 12 December 1980. T h i s  occurred a f t e r  t he  d i v e r s i t y  i n

Unit 2  had r i s e n  t o  w in te r  l e v e l s ,  b u t  before a s i g n i f i c a n t  decrease occurred

in U n i t  1 .  I f  the  sewage reduced f i s h  populat ions and/or  forced them from

Unit 1 i n t o  Un i t  2 ,  lower  than normal d i v e r s i t y  i n  U n i t  1 would r e s u l t .

The increase i n  numbers o f  f i sh -ea t i ng  b i r ds  dur ing  t h e  w in te r  migratory

period probably a l so  accounts f o r  some reduct ion i n  number and d i v e r s i t y  o f

fishes i n  U n i t  1 .  H o r n  (1981) noted t h a t  Ca l i f o rn i a  es tuar ine  gobies probably

are a  s i g n i f i c a n t  food source f o r  shorebi rds,  and S w i f t  e t  a l .  (1977)  noted

that cyprinodont f i shes  (Fundulus and Gambusia i n  t h i s  s tudy)  a r e  o f ten  heav i l y

preyed upon by f i s h - e a t i n g  b i r d s ,  p a r t i c u l a r l y  herons and egre ts .  D e f i n i t e
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increases i n  the  populat ions o f  such b i rds  dur ing  t he  w in te r  are documented

elsewhere (Dock and Schre iber,  t h i s  s t udy ) ,  b u t  quan t i t a t i ve  data on t h e i r

predation on f i shes  i s  l ack ing .  D i v e r s i t y  values i n  t h e  summer f a l l  i n  t he

range o f  those f o r  o ther  r e l a t i v e l y  unimpacted es tuar ies  i n  southern

Cal i forn ia .  F a l l ,  w i n t e r  and sp r ing  values a re  l ower,  most ly  because o f

seasonal movements o f  t he  few dominant species (Ather inops a f f i n i s ,  Fundulus

parvipinnis and Clevelandia l o s )  and because Bal lona i s  an upper marsh where

the fauna i s  expected t o  be smal ler  and l ess  d ive rse  than i n  a  l a r g e r  bay

(Horn and A l l e n ,  1976; t h i s  paper) .  B i r d  predat ion ,  t h e  r e s t r i c t e d  openings

to the  marsh and occasional p o l l u t i o n  c e r t a i n l y  a f fec ted  t h e  magnitude o f

these f l u c t u a t i o n s ,  b u t  t o  an as-yet-undetermined e x t e n t ,  and c l e a r l y  d i v e r s i t y

values r e f l e c t  the  i n t e r a c t i o n  o f  natura l  and manmade in f luences on composition

of the  f i s h  community.

The genera l ly  l o w - d i v e r s i t y  f i gu res  f o r  Bal lona a re  due t o  a  combination

of l oca t i on  i n  the  upper marsh, smal l  marsh area,  and impact o f  human

modif icat ion.  E s t u a r i n e  b i o l o g i s t s  l ong  ago noted t h e  decrease i n  d i v e r s i t y

at the  upper end o f  es tuar ine  systems (Hedgpeth, 1957) based on t he  numbers o f

species. D i v e r s i t y  i s  u s u a l l y  lowest  i n  t he  5  t o  8  °
/ o o  r a n g e  ( K h l e b o v i c h ,
1969) and increases again as one proceeds i n t o  s t r i c t l y  f reshwater  hab i ta ts .

Without comparative data on l ower,  midd le ,  upper and s t r i c t l y  f reshwater

portions o f  comparable es tua r ies ,  we cannot separate these th ree  f a c t o r s .

Data presented by  Horn and A l l e n  (1976) p r e d i c t  t h a t  t he  Bal lona marsh, w i t h

an area o f  on ly  about 1 .5  hectares o f  water sur face a t  mean t i d e  (Un i t s  1  and

2), should have a  f i s h  fauna o f  on l y  a few species.  T h e  smal les t  es tuar ies

studied by them, Los Pensaquitos Lagoon (22  ha)  and Ti juana Estuary (59  ha)

had 22 and 29 species,  r espec t i ve l y.  O b v i o u s l y  t he  Bal lona marsh fauna i s

only a small  p a r t  o f  t he  l a r g e r  Marina de l  Rey-Ballona Creek estuar ine area,
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and i t s  l a rge  species l i s t  i s  due t o  associat ion w i t h  t h i s  l a r g e r  area. T h e s e

areas combined have about 200 ha o f  water surface a t  mean t i d e ,  c lose  t o

Alamitos Bay (166 ha) and Elkhorn Slough (216 ha) t h a t  have 43 and 69 species,

respect ively.  F o r t y - f o u r  species ( n o t  inc lud ing  two non-nat ives)  have been

reported f rom Marina de l  Rey estuar ine areas (Soule and Ogur i ,  1980; t h i s  s tudy)

and about 50 would be expected f rom an estuary o f  t h i s  s i z e .  I n  U n i t  1 ,

summer d i v e r s i t y  values a re  w i t h i n  the  range o f  r e l a t i v e l y  unmodif ied estuar ies

elsewhere. I n  U n i t  2  t he  human encroachment i s  g rea tes t ,  and the  low d i v e r s i t y

values r e f l e c t  t h i s  e f f e c t .  O n e  o f  the two dominant f i s h  i n  U n i t  2  (Gambusia

a f f i n i s )  i s  n o t  na t i ve ,  and removal o f  i t  would lower the  values even more.

Our data i nd i ca te  a  r e l a t i v e l y  normal f i s h  fauna i n  U n i t  1 ,  and a  h i g h l y  im-

pacted and depauperate one i n  U n i t  2 .  Removal o r  amel iorat ion o f  the  b a r r i e r

between them (Culver  Boulevard) would r e s u l t  i n  U n i t  2  converging towards t he

condition found i n  U n i t  1 .  I f  the  b a r r i e r  between U n i t  1 and Ballona Creek

were a lso  removed, a  s a l t  marsh would be establ ished t h a t  would resemble those

in upper Newport Bay, Anaheim Bay and Mugu Lagoon, and the  number

iomass and d i v e r s i t y  o f  f i shes  would a l l  inc rease.

Ballona Marsh would n o t  re tu rn  t o  i t s  o r i g i n a l  c o n d i t i o n ,  which was a

large, most ly  f resh  and brack ish,  marsh open t o  the ocean on l y  seasonal ly.

Such l o c a l i t i e s  remaining today i n  southern Ca l i f o rn i a  have on ly  a  few f i s h

species, usua l l y  Fundulus pa rv i p i nn i s ,  Eucyclogobius newberryi and Gastero-

steus aculeatus,  and occasional ly  Atherinops a f f i n i s ,  Cymatogaster aggregata,

Hypsopsetta g u t t u l a t a ,  Leptocottus armatus and a  few o the r  species.  T h e y  a l so

have very  low d i v e r s i t y  as i s  pred ic ted from the t y p i c a l l y  low s a l i n i t y  o f

th is  h a b i t a t .  A  f i s h  species unique t o  the  brackish and f reshwater  lagoon

habitat (Eucyclogobius newberryi)  was probably e l iminated i n  t he  middle o f

mall
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th is  •century, and several o t h e r  species o f  organisms t y p i c a l  o f  t h i s  h a b i t a t

remain under a l te red  cond i t ions .
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Figure 2 .  S u r f a c e  s a l i n i t y  and temperatures recorded i n  Bal lona channels
during t h i s  s tudy.  Numbers l i e  opposi te values f o r  t h a t  p a r t i c u l a r
s ta t ion .  T h e  ends o f  the  v e r t i c a l  l i n e s  represent  t h e  range o f
values, t h e  s t rong hor izon ta l  l i n e  t h e  mean, t h e  b lack  columns equal
two standard e r ro r s  on e i t h e r  s ide  o f  the  mean, and the  open columns
equal one standard dev ia t ion  f rom the  mean.
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Po

1 10-40 0.75-2.1

2 2-30 0.75-1.0

3 80-140 5-6

4 40-70 4-5

5 4-35 0.6-1.0

111
1

6 20-40 0.8-1.2

7 60-80 3-4

8 20-30 1.2-2.0

9 30-45 2-3

10 4-20 1.0-1.5

TABLE 1 .  D e s c r i p t i o n  and regu la r  c o l l e c t i o n  s t a t i o n s

Deepest E s t i m a t e d
Sta- D e p t h  A v e r a g e
t ion ( c m )  W i d t h  (m) Bottom

Soft mud
scattered
she l l .

Soft m u d ,
scattered
she l l .

Mostly f i r m
and w i t h
she l l ,  mud
at edges.

Soft sand,
mud a t
edges.

Mud covered
with s h e l l
hash i n
channel.

Soft  mud
with rocks
and s h e l l ,
l i ve
mussels.

Soft  t o
f i rm sand
with s h e l l ,
glass and
rocks.

Soft  mud.

Soft  mud.

Soft mud.

Area o r
Volume

Macroscopic Sampled
Vegetation ( s q .  m)

None

None

None

None

None

None

None

13.12 J u s t  i n s i d e
small t i d e
tidegates

19.5 S m a l l  s lough.

101.25

93.75

12.75

3.375

26.25

Much green 1 2 . 0
algae & Ruppia i n
warm months.

Much S c i r -  7 . 8 7 5
pus robus-
tus, a lgae.

Ruppia m a n -  12.75
tima and
green algae
in warm
months.

Remarks

Just i n s i d e
large t i d e -
gates.

F-27

Below junc t ion
of  three
sloughs.

Just below
0.5 m h igh
high f a l l s
over mudbank.

Below c u l v e r t
under Culver
Blvd.

II

Below c u l v e r t
on road.



F-28
Table 1

Sta.

(continued)

Deepest E s t i m a t e d
Depth A v e r a g e
(cm) W i d t h  (m) Bottom

Macroscopic
Vegetation

Area o r
Volume
Sampled
(sq. m) Remarks

11 10-20 0.4-0.6 Soft mud. Green algae
in warm
months.

15.0

12 25-40 0.5-1.2 Firm sandy
mud.

Green algae
in warm
months.

18.75 Agr icu l tu ra l ,
lacking shore
vegetation.

13 20-30 1.0-1.5 Soft mud. Green a lgae,
Potamogeton

18.75 Agr icu l tura l ,
not co l lec ted
Ju ly,  August,
dry September,
October,
November.

pect inatus,
in warm
months.

Plank-
ton 1.0-1.5 6-7 Over f i r m

to s o f t
sand.

None 73.7 cu.
meters

Some hauls
net n o t
completely
submerged,
see t e x t .ex
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BALLONA MARSH JULY 1980-JUNE 1981

16, 17, & 24
July

13 & 15
August

10, 12 & 22
September

9 & 10
October

6 & 7
November

30
December

11
February

13
March

14 & 15
Apri l

Seine Stat ions 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2

Fundulus parv ip inn is  2 3 6 3 118 44 175 83 2
4

194 250 115 38 24 6 30 67 77 175 187
Gambusia a f f i n i s  1 4 320 16 702 25 691 13 599 12 320 38 72 136 18 156

Atherinops a f f i n i s  6 3 8 1 207 486 1 118 179 33 587
Mug11 cephalus 5 1 1 2 • 3 13 11 16 6
Leptocottus armatus 1 6 4 5 13 9 7 12 13
Ilypnus g i l b e r t i 2

Quietula y-cauda 20
Clevelandia i o s  4 0 64 49 58 13 61 17 89 5 209 236 2065 5 1026

Gi l l ichthys m i r a b i l i s  9 19 2 18 1 60 3 8 1 10 31 1 61

Acanthogobius flavimanus 1 3 7 1 2 1 36 52

Paralichthys ca l i f o rn i cus 1

Hypsopsetta gu t tu la ta 1 3 3 2

Embiotoca jacksoni 1

Cymatogaster aggregata 1

Seriphus p o l i t u s

SPECIES TOTAL 991 324 527 797 769 789 293 813 551 441 264 62 270 102 2284 219 1943 343

TABLE 2 .  F i s h e s  taken i n  e i n e  hauls a t  establ ished s ta t i ons  i n  Ballona Marsh i n  Uni ts  1 and 2  by month.



(A)

Table 2 (cont inued).

13
May

12
June

1 2 1 2 T6tal 1 Total 2 Total Common Name

66 35 75 4 1230 796 2026 Cal i fornia K i l l i f i s h
11 131 14 168 143 3333 3476 Mosquito f i s h

361 143 2842 • 2 2844 Topsmelt
58 0 58 Striped Mu l le t

7 2 88 0 88 Paci f ic  staghorn scu lp in- 2 0 2 Cheekspot goby
20 0 20 Shadow goby

316 89 4253 89 4342 Arrow goby
73 5 24 3 313 16 329 Longjaw mudsucker
48 20 180 0 180 Yellowfin goby

- 1 0 1 Cal i fornia h a l i b u t
3 - 12 0 12 Diamond t u r b o t

1 0 1 Black perch
1 0 1 Shiner perch
9 0 9 Queen f i s h

894 171 367 175 9153 4236 13389



Table 3 .  F i s h e s  taken i n  plankton hauls i n  Ballona Marsh, J u l y  1980 t o  June, 1981.

Jul Aug Sep Oct Nov D e c  F e b March Apri l May June
Total
Larvae

Total
Juveniles &

Adults Total
En r a u l i s  mordax

Northern anchovy) 1 1 - 1
Fundulus parv ip inn is

1* *3(6) 2* 1 1 6 7(Cal i fornia k i l l i f i s h )
Atherinops a f f i n i s 15 1*(2.5) 123 1*

(TopsmeIt) 122* 1* 7* *4(8) 5 1 ( 2 . 5 ) 4* 80 226 140 366
Leuresthes tenu is

1 3 4 - 4(Cal i fornia grunion)
Atherinopsis ca l i f o rn i ens i s

5 2 1 ( 2 . 5 ) 8 8(Jacksmelt)
Hypsopsetta gu t tu la ta

2 2 - 2(Diamond t u rbo t )
Leptocottus armatus

1 1 - 1(Pacif ic Staghorn scu lp in )
Hypsoblennius g e n t i l i s

1 1 - 1(Bay blenny)
Heterostichus ros t ra tus

2 2 - 2(Giant ke lp f i sh )
Cl in id A (see t e x t ) 2 2 - 2
Ilypnus g i l b e r t i  (checkspot goby) 3 3 3
Clevelandia i o s  (arrow goby) 3* 18* 22* *2(4) 175* 424* 85* 61* - 790 790

Quietula y-cauda (shadow goby)
Gi l l ichthys m i r a b i l i s 2 2*(50) 74*

(Long jaw mudsucker) 2* 5* 1 ( 2 . 5 ) 2 2* 5 85 90

Goby A (see t e x t ) 3 1 ( 2 . 5 ) 11 15 - 15 T1
Unident. Goby 1 1 - 1 '-'•--.)

(yolk sac
larva)

Goby C (see t e x t ) 5 5 5
Genyonemus l i nea tus  (White croaker) 1 ( 2 . 5 ) 1 1

Asterisks mark l a r g e r  (pos t la rva l  o r  l a rge r )  f i s h e s  taken i n c i d e n t a l l y  w i th  l a r v a l  fo rms.  C l i n i d  A ,  Goby A,
and Goby C are def ined i n  t e x t .


