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PREFACE 

T h i s  community p r o f i l e  is p a r t  of a 
deve lop ing  s e r i e s  o f  pub1 icatic-rns 
concerning c o a s t a l  h a b i t a t s  . I t s  prrrpose 
is  t o  d e s c r i b e  t h e  s t r t i c t u r e  a n d  
f u n c t i o a i n g  of c o a s t a l  s a l t  ~xlntshcs o f  
s o u t h e r n  C a l i f o r n i a .  Cowardin ct  a l  . 
(1979) c l a s s i f y  t h i s  h a b i t a t  ..is o c c u r r j n g  
i n  t h e  C a l i f o r n i a n  p r o v i n c e ,  ps r t ~ ~ i r i n e  
sys tem,  i n t e r t i d a l  subsystt*nt,  ttnergcrlt 
wetland c l a s s  and p e r s i s t e n t  ~ u h c l o s s .  
Water regimes vary  Eronr r e g u l a r l y  f loor!i~ct 
t o  i r r e g u l a r l y  Flooded, i3rxd w < ~ t c r  
chemis t ry  is e u h a l i n e  t o  h y p c r s a l  i no ,  w i t h  
o c c a s i o n a l  mixahal ine  c o n d i t  i o n s .  

The p r o f i l e  b r i n g s  t o g c t l ~ c r  a wide  
range of informat  ion  or2 C O ~ S  t i l l  s a l  t 
marshes,  w i t h  einphasis on t h e  v e g e t a t i o n  
which dominates t h e  i n t e r t i d a l  s e d i m e n t s .  
S r v e r a l  conccp t u a l  models a r c  sngges  ted as 
hypotheses  of marsh dynamics ,  e .  g. how 
v e g e t a t i o n  becomes c s t a b  l i s h c d  on b a r e  
s a i l s ,  t h e  r o l e  t h a t  a l g a l  mats p l a y  Fn 
marsh food p r o d u c t i o n ,  how food is 
t r a n s f e r r e d  through consumers ,  and how 
n u t r i e n t s  end o r g a n i c  m a t t e r  nlove back and 
f o r t h  between t h e  marsh and i t s  tjldfaccnt 

t i d a l  c r e e k s .  These  models shou ld  be  
viewed a s  t e n t a t i v e ,  and f u t u r e  r e s e a r c h  
should  t e s t  them r i g o r o u s 1  y. 

The E i  rst c h a p t e r  d e s c r t b e s  t h e  
phys iograph ic  s c t  t  ing of s o u t h e r n  
C a l i f o r n i a  c o a s t a l  we t l ands .  Chap te r  2 
d e s c r i b c s  v a s c u l a r  p l a n t  v e g e t a t i o n ;  
Chaptcr  3 sirmmarizes t h e  s p a r s e  
informat  ion on s o i l  a l g a l  cnmmuni t i c s ,  and 
Chapter  4 compares t h e  Func t iona l  r o l e s  of 
bo th  p l a n t  t y p e s  i n  over,-ill sa l t -marsh 
f u n c t i o n i n g .  Chapter  5 examines the  marsh 
fauna ,  and t h e  f i n a l  c h a p t e r  r e l a t e s  t h e  
e c o l o g i c a l  in fo rmat ion  t o  c u r r e n t  
management problems. 

Any q u e s t i o n s  o r  comments about  o r  
r e q u e s t s  f o r  t h i s  p i ~ b l i c a t i o n  should  be  
d i r e c t e d  ra: 

I n f o r n ~ a t i o n  Transf e r  S p e c i a l i s t  
N a t i o n a l  C o a s t a l  Ecasystems Team 
U,S, F i s h  and W i l d l i f e  S e r v i c e  
NASA-Slidall Computer Complex 
1010 Gausc Boulevard 
S l  i d c l l ,  Lou i s i ana  70458 
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INTRODUCTION TO SOUTHERN CAL~FORMIA COASTAL MARSHES 

,Southern Cal iFornia  has a  var ied  and 
a t t r a c t i v e  c o a s t l i n e ,  a  warm c l ima te ,  and 
a  l a r g e  human popula t ion ,  I t  is a  region 
where c i t i e s  have grown rap id ly  and where 
t h e  na tu ra l  landscape has been ex tens ive ly  
mod i f i ed  t o  s e r v e  u rban  deve lopmen t ,  
m i l i t a r y  u s e s ,  s h i p p i n g  and i n d u s t r i a l  
needs, r e c r ea t i on ,  and tourism. Bepause 
of t h e i r  f l a t  topography and occurrence 
near waterways, c o a s t a l  marshes have been 
prime t a r g e t s  f o r  t h e s e  m o d i f i c a t i o n s .  
And because d i s turbance  i s  such a common 
f e a t u r e  i n  southern Ca l i fo rn i a  wetlands,  
i t s  e f f e c t s  must be c o n s i d e r e d  i n  
d e v e l o p i n g  a  p r o f i l e  of t h e  marsh 
community. I d e a l l y ,  t h e  p r o f i l e  should 
stmmarize t h e  na tu ra l  c h a r a c t e r i s t i c s  of 
c o a s t a l  marshes and d iscuss  how vorrotls 
d i s t u r b a n c e s  have a l t e r e d  them. B u t  
disturbance has occurred for  so  long,  has 
been so  pervas ive ,  taken such dxf f c r e n t  
forms, and had such d i f f e r e n t  r e s u l t s  in 
each wetland,  t h a t  s o r t i n g  ou t  na tu r a l  and 
unnatural  f e a t u r e s  i s  extremely d i f f i c u l t .  

An e a r l y  i nves t i ga t i on  provided some 
i n f o r m a t i o n  abou t  t h e  numerous c o a s t a l  
marshes p r i o r  t o  t h e  post-war cons t ruc t i on  
boom along t he  southern Ca l i fo rn i a  cvas t  
( P u r e r  1 9 4 2 1 ,  But urban  e x p a n s i o n  
proceeded  w i t h o u t  r e g a r d  f o r  o r  
information about t he  na tu ra l  resources  of 
coas t a l  wetlands, and no p r i s t i n e  examples 
a r e  l e f t  t o  r econs t ruc t  exac t l y  what was 
d e s t r o y e d  o r  a l t e r e d .  Hence,  t h i s  
community p r o f i l e  r e l i e s  heavi ly  on what 
e c o l o g i s t s  t oday  b e l i e v e  t o  b e  more 
na tura l  versus  more d i s t u r b e d ,  what is 
l i k e l y  t o  be t he  normal s i t u a t i o n  versus 
what i s  p robab ly  t h e  r e s u l t  of man ' s  
i n t e r v e n t i o n ,  and what e x p e r i m e n t a l  
s t u d i e s  and long- te rm o b s e r v a t i o n s  can  
t e l l  us about cause-effect  r e l a t i o n s h i p s .  

Southern Cal iFornia  coas t a l  wetlarlds 
are small  and d i s c r e t e ,  They a r e  confined 
t o  narrow r i v e r  v a l l e y s ,  and a r e  separa ted  
by coas t a l  h i l l s  and mountains (F igures  1 ,  
2 ) .  Between t he  In t e rna t i ona l  Border v i t h  

Mexico ( 3 2 ' ~ )  a n d  P o i n t  Concept ion  
/ 3 4 - 1 / 2 ~ ~  l a t . )  , t h e r e  a r e  a b o u t  30 
wetlands.  Their t o t a l  a r ea  ( l e s s  than 
5000 ha C12.500 a c ? )  is est imated t o  be  
75% of t h e i r  a rea  p r i o r  t o  t he  a r r i v a l  of 
European man (Spetii 196i)a, b )  , 

The marshes within t he se  wetlands a r e  
n o t  i d e n t i c a l  t o  one another .  Some of  t h e  
d i f f e r e n c e s  r e s u l t  from d i s t u r b a n c e :  
o t h e r s  a p p e a r  t o  c o r r e l a t e  w i t h  
c h a r a c t , e r i s t i c s  o f  t i d a l  f lush ing  (whether- 
cont inuous o r  i n t e r m i t t e n t ) .  In gene ra l ,  
t h e  marshes occur on i n t e r t i d a l  s lopes  o r  
t h e  tops  of creek banks which grade r a t h e r  
quickly from mean sea  l e v e l  t o  extreme 
h igh  water.  A dozen o r  more halophytes  
( s a l t - t o l e r a n t  p l an t s )  at-e found wi th in  
t h i s  narrow band of h a b i t a t .  1.0~-growing 
s u c c u l e n t s  ( e s p e c i a l l y  t h e  p i ck l eweed ,  
S a l i c o r n i a  v r i a  a r e  abundan t  -. 
throughout most of t he  i n t e r t i d a l  zone, 
w h i l e  c o r d g r a s s  ( S p a r t i n 5  g 9 l t o s a )  i s  
conspicuous only a t  t h e  lower e l e v a t i o n s  
i n  some, but not a l l ,  of t he  marshes. 
T ida l  c reeks  d i s s e c t  t he  marshes, and lead  
t o  l a r g e r  channels  o r  bays. Coastal dunes 
p a r t i a l l y  enc lose  t he  wetlands, and a t  
t imes  sand bars  compXetely cu t  o f f  oceanic  
c i r c u l a t i o n .  

Because of t he  g r ea t  c o n t r a s t  between 
t h e s e  g e n e r a l  f e a t u r e s  and t h e  broad  
c o a s t a l  p l a i n s  elsewhere i n  t h e  United 
S t a t e s ,  t h e  p h y s i o g r a p h i c  s e t t i n g  attd 
geologica l  h i s t o r y  w i l l  be examined f i r s t .  
Then,  a  summary o f  t h e  h y d r o l o g i c a l  
c h a r a c t e r i s t i c s  and cl i rnat ic  condi t ions  
w i l l  explain t h e  hype r sa l i n i t y  o f  southern 
Ca l i fo rn i a  marsh s o i l s ,  which i n  t u rn  w i l l  
s e t  t he  s t age  for  d i s cus s ing  s a l t  marsh 
v e g e t a t i o n .  The r o l e  o f  marshes  a s  
h a b i t a t s  f o r  a  v a r i e t y  of  b i rd s ,  f i s h ,  and 
o t h e r  w i l d l i f e  w i l l  t h e n  l e a d  t o  a  
d i scuss ion  o f  management cons ide ra t i ons  
and c u r r e n t   attempt^ t o  r e s t o r e  anu 
enhance  s o u t h e r n  C a l S t o r n l a ' s  c o a s t a i  
marshes, 







CHAPTER 1 

THE PHYSIOGRAPHIC SETTING 

The P a c i f i c  c o a s t l i n e  i s  n o t e d  f o r  warmer  t h a n  t h a t  of t h e  C a l i f o r n i a  
i t s  n e a r b y  m o u n t a i n s  and  s t e e p  b l u f f s  C u r r e n t .  W h i l e  s u c h  a  d i f f e r e n c e  i s  
which p r o v i d e  ove rv iews  o f  rocky  s h o r e s ,  e x p e c t e d  t o  i n f l u e n c e  t h e  d i s t r i b u t i o n s  of  
s a n d y  b e a c h e s ,  and o c c a s i o n a l  r i v e r  mar ine  o rgan i sms  a l o n g  the  exposed  c o a s t ,  
o u t l e t s .  The rugged topography  t h a t  m e e t s  it may b e  much less  i m p o r t a n t  t o  marsh  
t h e  P a c i f i c  Ocean c o n t r a s t s  s h a r p l y  with p l a n t s  and a s s o c i a t e d  a n i m a l s  found  w i t h i n  
t h e  b road ,  f l a t ;  c o a s t a l  p l a i n s  o f  t h e  p r o t e c t e d  ernbayments. The p o i n t  is  a  
A t l a n t i c  a n d  G u l f  o f  Mex ico  c o a s t s .  c o n v e n i e n t  b o u n d a r y  f o r  d e s c r i b i n g  
Because o f  C a l i f o r n i a l s  p o s i t i o n  on t h e  s o u t h e r n  C a l i f o r n i a  m a r s h e s .  W h i l e  
l e a d i n g  edge  o f  the  c o n t i n e n t ,  its h i s t o r y  m a r s h e s  b e t w e e n  M e x i c o  a n d  P o i n t  
o f  r e c e n t  u p l i f t ,  a n d  i t s  c o n t i n u i n g  C o n c e p t i o n  h a v e  many s i m i l a r i t i e s  w i t h  
seismic a c t i v i t y ,  o n l y  l i m i t e d  a r e a s  o f  o n e s  f u r t h e r  n o r t h  and s o u t h ,  a  s i n g l e  
f l a t  t opography  have formed t o  s u p p o r t  "community p r o f i l e "  would n o t  b e  v a l i d  f o r  
b a y s ,  e s t u a r i e s ,  l a g o o n s ,  and marshes .  w e t l a n d s  spann ing  s u c h  a  b road  l a t i t u d e .  

P a o i f i c  c o a s t l i n e  i s  n o t  
ghou t  its l e n g t h .  S e v e r a l  1.1 GEOLOGICAL HISTORY 

C o a s t a l  a r e a s  o f  s o u t h e r n  C a l i f o r n i a  
tward  n e a r  have  a  dynamic g e o l o g i c a l  h i s t o r y ,  and t h e  

s o u t h e r n  a c t i v i t y ,  b y  s u b s i d e n c e ,  a n d  b y  

h e a s t ,  where i m p a c t s  o f  s c o u r i n g  a n d  a c c r e t i o n  o f  
d  b a s i n s  and s e d i m e n t s .  I n t e r t i d a l  o r g a n i s m s  a r e  v e r y  
h e  v a r i o u s  s e n s i t i v e  e v e n  t o  s m a l l  c h a n g e s  i n  
h e  submar ine  e l e v a t i o n ;  h e n c e ,  it i s  i m p o r t a n t  t o  
t h e  exposed c o n s i d e r  how t h e i r  h a b i t a t  h a s  changed i n  

n a r r o w  modern d i s t r i b u t i o n  and c o m p o s i t i o n .  The 
s t o  t h e  r e l a t i v e  i n s t a b i l i t y  o f  t h i s  c o a s t l i n e  

C u r r e n t  s p e c i e s  d i s t r i b u t i o n s  h a v e  n o t  y e t  
s t a b i l i z e d .  

a  f o r  m a r i n e  The p r e s e n t  l o c a t i o n  o f  t h e  s o u t h e r n  

a n d  minimum e l e v a t i o n s  o f  s e a  
own f o r  r e c e n t  g e o l o g i c a l  h i s t o r y  
3).  Th ick  mar ine  d e p o s i t s  were 



Howell 1980, Nardin e t  a l .  1981). The 
s u b s e q u e n t  r i s e  i n  s e a  l e v e l  a v e r a g e d  
about 12 m (40 f t )  per 1000 y e a r s  u n t i l  
about 5000 yea r s  ago, when t h e  l e v e l  was 
perhaps wi th in  5 m (16 f t )  o f  i t s  c u r r e n t  
e l eva t i on .  In r e c e n t  c e n t u r i e s ,  s e a  l e v e l  
a p p e a r s  t o  be r e l a t i v e l y  s t a b l e  w i t h  
r e spec t  t o  t h e  land s u r f a c e  ( I s a a c s  1979). 
Topographic changes today a r e  l a r g e l y  due 
t o  a c c r e t i o n  and e ro s ion  of  sediments ,  
which a r e  g r e a t l y  inf luenced by a c t i v i t i e s  
of man. 

conc lus ion  t h a t  some present-day marshes 
a r e  of q u i t e  r e c e n t  o r i g i n .  Lohmar e t  a l .  
(1980) documented sedimentary f i l l i n g  of 
Goleta Slough fol lowing f l ood ing  i n  t h e  
1 8 6 0 ' s  and s u b s e q u e n t  r e p l a c e m e n t  o f  
c h a n n e l s  and i n t e r t i d a l  f l a t s  by 
sa l tmarsh .  Stevenson and Emery (1  958) 
l i kewi se  concluded t h a t  t h e  Newport Bay 
marsh was on ly  90 t o  130 yea r s  o l d  a t  t h e  
t ime  of t h e i r  s tudy .  

Some of t h e  sedimentat ion may have 
s lowed f o l l o w i n g  t h e  c o n s t r u c t i o n  o f  
upstream dams, however. Nordstrom and 
Inman (1973)  e s t i m a t e d  t h a t  33% o f  
incoming sediment l oads  a r e  being t rapped 
by 10 dams wi th in  t h e  watersheds between 
San Clemente and La J o l l a ,  whi le  72% of  
t h e  sediment normally f lowing down t h e  
T i j u a n a  R i v e r  was b locked  beh ind  i t s  

HEAVY LINE = MODERN SHORELINE upstream dams. These decreased  sediment 
i n p u t s  a r e  widely v i s i b l e  a s  l o s s e s  i n  
s andy  b e a c h e s  a l o n g  t h e  s o u t h e r n  
C a l i f o r n i a  c o a s t  (Nords t rom and Inman 
1973). 

S t i l l ,  l o c a l  p o i n t  s o u r c e s  o f  
sediment can be seen next  t o  s l o p e s  where 
prolonged d i s tu rbance  occurs ,  such a s  near  

Figure 3' Changes in sea level (from storm sewers d r a i n i n g  housing developments 
Vedder and 1980). Inner boundary ( a s  a t  LOS Penasqui tos  Lagoon) o r  nex t  t o  
is the  maximum ex t en t  of t h e  s e a  during agricultural fields (e.g. at Mugu Lagoon 
t h e  l a s t  h a l f  m i l l i o n  yea r s ;  o u t e r  and a l s o  documented by Dicker t  e t  a l .  1981 

is the probable minimum, l7  to for Elkhorn Slough i n  c e n t r a l  Ca l i fo rn i a ) .  
18 thousand years  ago. Observat ions dur ing  t h e  f lood  yea r s  of 

Mudie and Byrne (1980) reviewed d a t a  
from marsh c o r e s  which have been carbon 
dated and co re s  f o r  which Foraminiferan 
a s s e m b l a g e s  h a v e  been  a n a l y z e d .  They 
e s t i m a t e d  a  s e d i m e n t a t i o n  r a t e  of  10 
cm/fOO y e a r s  f o r  t h e  period from 2500 B. 
P. u n t i l  t he  l a t e  19 th  cen tury .  Then, 
based on pol len  a n a l y s i s  ( u s ing  in t roduced  
s p e c i e s  a s  a  marker f o r  t h e  a r r i v a l  of 
European man) ,  t h e y  c o n c l u d e d  t h a t  
a c c r e t i o n  increased  t o  50 cm dur ing  t h e  
l a s t  c e n t u r y ,  f o l l o w i n g  c h a n g e s  i n  
a g r i c u l t u r a l  p r a c t i c e s  which no d o u b t  
enhanced e ro s ion .  Their  conc lus ions  ag ree  
w i t h  Macdona ld l s  ( 1 9 6 9 )  s t a t e m e n t  t h a t  
Mis s ion  Bay d o u b l e d  i t s  marsh  a c r e a g e  
between 1859 and 1933 and  w i t h  t h e  

1978 t o  1980 s u g g e s t  t h a t  c a t a s t r o p h i c  
sedimentat ion is  l i m i t e d  t o  pe r iods  o f  
unusual  f l ood ing ,  and t h a t  c o a s t a l  marshes 
unde rgo  a l t e r n a t i n g  p e r i o d s  of  s t a b l e  
e l eva t i on  and acc re t i on .  

1.2 TIDAL CIRCULATION 

T i d a l  c i r c u l a t i o n  i s  e x t r e m e l y  
important  t o  c o a s t a l  marshes i n  southern  
Ca l i fo rn i a  because of  t h e  low, seasona l  
p r e c i p i t a t i o n ,  low r u n o f f  and  f r e q u e n t  
droughts .  Sea water  provides most o f  t h e  
s o i l  m o i s t u r e  f o r  i n t e r t i d a l  we t1  
Southern C a l i f o r n i a  t i d e s  are of t h e  
semidiurnal  type ,  t h a t  is, t h e  two 
high t i d e s  a r e  of  d i f f e r e n t  h e i g h t ,  a s  a r e  
t h e  two d a i l y  low t i d e s .  The mean t i d a l  



a m p l i t u d e  is abou t  1.1 m (3.6 f t )  f o r  most 
m o n i t o r i n g  s t a t i o n s  a n d  t h e  a v e r a g e  
a m p l i t u d e  o f  s p r i n g  t i d e s  is  g e n e r a l l y  
o v e r  1.6 m (5.2 f t ;  USC&GS 19781, 

Extreme c o n d i t i o n s  a r e  p robab ly  more 
i m p o r t a n t  t o  marsh organisms t h a n  a n n u a l  
a v e r a g e s .  Macdonaldls  ( 1977a) d a t a  on 
maximum submergence and e x p o s u r e  times f o r  
d i f f e r e n t  e l e v a t i o n s  a t  Miss ion  Bay Marsh 
i n d i c a t e  t h e  broad r ange  o f  env i ronmen ta l  
c o n d i t i o n s  found i n  t h e  i n t e r t i d a l  zone 
( F i g u r e  4) . A d d i t i o n a l  p a t t e r n s  o c c u r  
d u r i n g  t h e  yea r .  Lowest low t i d e s  occur  
d u r i n g  t h e  dayt ime i n  f a l l  t o  w i n t e r  and 
d u r i n g  n i g h t t i m e  i n  s p r i n g  and summer. A 
s e a s o n a l  p r o g r e s s i o n  o f  t i d a l  c h a r a c t e r -  
i s t i c s  can b e  seen by a v e r a g i n g  t h e  h i g h e r  
h i g h  t i d e s  f o r  each  week o f  t h e  y e a r  
f F i g u r e  4 ) .  T h i s  a n a l y s i s  shows t h a t  
uppe r  marsh h a b i t a t s  $0 f o r  l o n g  p e r i o d s  
d u r i n g  s p r i n g  wi thou t  much t i d a l  w e t t i n g .  
F o r  y e a r s  o f  l ow s p r i n g  r a i n f a l l ,  
d e s i c c a t i o n  o f  s o i l s  and v e g e t a t i o n ,  
e s p e c i a l l y  s o i l  a l g a e ,  may b e  s e v e r e  
C Z e d l e r  19801, 

4 , 3  CLIMATE AND WEATHER 

The s o u t h e r n  C a l i f o r n i a  c l i m a t e  is 
t e rmed  Med i t e r r anean  because  o f  t h e  warm, 
dry summers and c o o l ,  m o i s t  w i n t e r s  which 
are s i m i l a r  Lo Med i t e r r anean  c o u n t r i e s .  
F r o s t  i s % . r a r e  a l o n g  t h e  c o a s t l i n e .  Annu81 
d a i l y  t e m p e r a t u r e s  a v e r a g e  f r o m  15 C 
(5g°F'1 a t  S a n t a  h r b s r a  t o  21°c ( 7 0 ' ~ )  a t  
S a n  Diego, w i t h  w i n t e r s  a b o u t  5°C (4IoF) 
c o o l e r  t h a n  summer, Annual r a i n f a l l  is 
q u i t e  low, a v e r a g i n g  from 20 em (8  i n )  a t  
Chula  V i s t a  ( n e a r  T i j u a n a  E s t u a r y )  t o  40 
em (16 in) a t  S a n t a  Barbara  ( n e a r  G o l e t a  
s l o u g h )  ( T a b l e  1).  However ,  a n n u a l  
a v e r a g e s  do  n o t  s a t i s f a c t o r i l y  d e s c r i b e  
t h e  c a n d i t i o n s  t o  which c0Zc3taP w e t l a n d s  
a r e  s u b j e c t e d .  RainTalS,  i s  u s u a l l y  
c o n c e n t r a t e d  i n  t h e  w i n t e r  months,  b u t  t h e  
t i m i n g  o f  s t o r m  e v e n t s  a n d  t h e  t o t a l  
w i n t e r  r a i n f a l l  a r e  bo th  h i g h l y  v a r i a b l e  
(e .g .  San Diego r a i n f a l l ,  F i g u r e  51, Two 
y e a r s  o f  s i m i l a r  r a i n f a l l  c a n  l e a d  t o  
d r a s t i c a l l y  d i f f e r e n t  c o n d i t i o n s  if 
p r e c i p i t a t l l o n  o c c u r s  i n  one  o r  two s torm 
p e r i o d s  i n s t e a d  o f  b e i n g  d i s t r i b u t e d  ove r  
s e v e r a l  months,  

ELEVATION ABOVE ?E,LW 

Durat ion of maximum t i d a l  exposure (E) 
and s r~bmcrs ion  (S1=Nov. 1964 ; S2=.lnr>. 
1965) f o r  Miss ion Bay Marsh. hcfnptcd 
from Macdonald (1977a) .  ?R1HW - rne.>n 
h i g h e r  h i g h  wa te r ;  MLI-IId = lntAaxl 1 owrr 
high w a t e r ;  MLLW = mean lower low w a ! t A r .  

Weekly mean h igh  w a t e r  p r e d i c t e d  f o r  
San Diego i n  1977 (from ZedLer 1980).  
Data a r e  in d e c i m e t e r s  (dm) above  mean 
sea Level (MSL) a s  wel l  a s  feet  above 
mean lower low water  (MLLW) . 

F i g u r e  4 .  Tidal cha rac t e r i s t i c s  ill 

sou thern  C a l i f o r n i a .  
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Whether o r  not r a i n f a l l  h a s  a  major 
e f f e c t  on marsh organisms depends i n  p a r t  
o n  t i d a l  c o n d i t i o n s  and t h e  d e g r e e  
f l ood ing .  Rainfa l l  during h igh  t i d e s  may 
h a v e  no e f f e c t ,  w h i l e  a  s t o r m  d u r i n g  
pe r iods  when t i d e s  r a r e l y  wet t h e  middle 
o r  upper  marsh e l e v a t i o n s  may 
s u b s t a n t i a l l y  i n c r e a s e  s o i l  m o i s t u r e ,  
d e c r e a s e  s a l i n i t y ,  and improve  p l a n t  
growing condi t ions .  In c o n t r a s t ,  lack of 
r a i n f a l l  a t  such times r e s u l t s  i n  extreme 
d e s i c c a t i o n  of marsh s o i l s  and s o i l  a l gae ,  
as was documented f o r  T i  juana Estuary in  
A p r i l  1977 (Zedler  1380). 

T a b l e  1 .  C l ima te  d a t a  f o r  s o u t h e r n  
C a l i f o r n i a  coas t a l  weather s t a t i o n s  (from 
NorZA 1980). 
-------- .-- -, ----" - ---- --- 
S t a t i o n ,  Mean Mean 
e l e v a t i o n  ( m )  Dailx Annual 
and l oca t i on  ----- -- ----- ' r e m ~ J A - -  -.LF?-&& 

San Dfcgo ( Y b O )  21.3 24.0 
'32'44'~ 11'1 "I1W 

Lon Reach ( g , 6 )  8 1 '7 . 4  26.0 
33 49" I18 09'W 

Lns Angeles 629.6) 20 .'r 29.4 
33°561~ ,  218 P4'W 

Santa  Barbar: (2 .'7 1 14.9 39.5 
3 ~ ~ 2 6 ' ~  119 50'W 

.---.---*-v * "  %--.-- ------ --- -.-.- -- ----- 

Floods  occu r  under  a number o f  
cond i t i ons  In southern C a l i f o r n i a .  Heavy 
r a i n f a l l  concentrated i n  a s h o r t  period of 
t i m e  i s  l i k e l y  t o  c a u s e  flood in^ o f  - 
c o a s t a l  w e t ~ a n d s ,  Ac!cording t o  Climates 
o f  t he  S t a t e s  (NOAA 1980, p, 661,  - 

"The maximum i n t e n s i t y  of 
p r e c i p i t a t i o n  f o r  per iods  of 12 hours 
o r  longer which might be expected at, 
i n t e r v a l s  o f  10 t o  100 y e a r s  i s  
g r e a t e r  i n  p o r t i o n s  o f  t h e  San 
Gabriel and  San Bernardino flountains 

i n  Southern Cal i forn ia  than anywhere 
e l s e  i n  t h e  c o n t i n e n t a l  Un i t ed  
S t a t e s . "  

Twenty inches of r a in  i n  24 hours  i s  not  
i m p o s s i b l e !  When one  s t o r m  c l o s e l y  
f o l l o w s  a n o t h e r ,  wa t e r shed  s o i l s  may 
become s u p e r s a t u r a t e d  and r e s u l t  i n  
f looding s u f f i c i e n t  t o  inundate  c o a s t a l  
marshes. O r ,  when water is r e l ea sed  from 
upstream r e s e r v o i r s ,  t h e  volume may be 
s u f f i c i e n t  t o  overflow the  channels  and 
t i d a l  creeks.  

S t r eam d i s c h a r g e  d a t a  p r o v i d e  a  
b e t t e r  measure  o f  f l o o d i n g  i n  c o a s t a l  
marshes than does annual r a i n f a l l  a long 
t he  coas t .  For example, Ti juana Estuary 
had s e v e r e  f l o o d i n g  d u r i n g  1980,  even  
though r a i n f a l l  was not  much g r e a t e r  than  
i n  t h e  previous two years .  From 1978 t o  
1980, t h e  coas t  had 1.5 t o  2  t imes average 
r a i n f a l l ,  ye t  winter  d i scharges  from t h e  
Tijuana River ranged from average i n  1979 
t o  28 times normal i n  1980 (Table 2 ) .  A t  
l e a s t  two f a c t o r s  i n t e r a c t e d  t o  make 1980 
a  y e a r  of s e v e r e  f l o o d i n g  a t  T i j u a n a  
Es tua ry - - succes s ive  s t o r m  e v e n t s  i n  
January and February and r e l e a s e  of water 
from Rodriguez Dam upstream, a s  a  f lood  
p r o t e c t i v e  measure  f o r  t h e  c i t y  o f  
Ti juana,  Mexico. Reservoir r e l e a s e s  can 
change  t h e  s t r e a m  d i s c h a r g e s  b o t h  by 
a l t e r i n g  peak flows ( a s  a t  Ti juana River 
i n  1980) o r  by changing t h e  period of  
f reshwater  flow ( a s  a t  San Diego River i n  
1980). 

Drought i s  a l s o  a  common occurrence 
i n  southern Ca l i fo rn i a ,  s i nce  evaporat ion 
u sua l l y  exceeds p r e c i p i t a t i o n  during t h e  
summer and f a l l .  Along t h e  c o a s t ,  t h e  
t i d a l  c y c l e  i s  such  t h a t  upper  marsh 
h a b i t a t s  a r e  n o t  i n u n d a t e d  d u r i n g  t h e  
per iods  of g r e a t e s t  drought s t r e s s  ( i . e .  
l a t e  f a l l ) .  The high sp r ing  t i d e s ,  which 
occur i n  January and June (F igure  4 ) .  a r e  
p r i m a r i l y  r e s p o n s i b l e  f o r  w e t t i n g  t h e  
h ighes t  marsh h a b i t a t s .  Their  absence i n  
August and September l e a a s  t o  d ry ,  cracked 
s o i l s  i n  t h e  upper marsh. Late  f a l l  i s  
a l s o  t h e  time when h o t ,  dry d e s e r t  winds 
d i sp l ace  t h e  usual  moist marine a i r  mass. 
The d ry  a i r ,  sometimes c lo se  t o  zero  i n  



humidity, i s  very c l e a r .  The c o a s t a l  s o u t h  t h r o u g h  t h e  summer, e v e n t u a l l y  
h a z e ,  which u s u a l l y  r e d u c e s  l i g h t  c l o s i n g  o f f  t h e  e n t r a n c e .  S t r eam 
p e n e t r a t i o n ,  i s  a b s e n t ,  and bo th  d i s c h a r g e s  r e s u l t i n g  f rom w i n t e r  r a i n  
e v a p o r a t i o n  and m o i s t u r e  s t r e s s  become break t he  sand bar near t h e  r i v e r  channel ,  
extreme. r e i n s t a t i n g  t h e  p a t t e r n  (Warme 1969a ,  

Macdonald 1976b). 

Table 2. Stream d ischarge  a t  t h e  Tijuana 
River  ( N e s t o r  g a g e ) .  W a t e r s l ~ i ~ !  a r e a  
drained by t h i s  gaging s t a t i o n  = 4,390. 
-- .- - - - - - 
Water Acre- Acre- 
year f t /  f t /  
( 1  Qct -  water Jan- 

year 30 Sep) .-______-.... 
1975 50 

Mar i'loods - -- ---.------ 
79 no 

1978 7 1,250 67,940 moderate 

1979 40,700 20,620 minimal 

The c ross -sec t iona l  area of lagoon 
e n t r a n c e s  c o r r e l a t e s  with t h e  t i d a l  prism 
( i  . e .  t h e  t o t a l  volume of  water moving i n  
and o u t  of t h e  embapen t )  according t o  
Tnman and Frautschy (1966) .  A s  t i d a l  
pr isms a r e  reduced through sedimentat ion 
o r  f i l l i n g  f o r  r oad  c o n s t r u c t i o n  o r  
d e v e l o p m e n t ,  t h e  l i k e l i h o o d  o f  c l o s u r e  
i n c r e a s e s .  G r a v e l ,  b r o u g h t  i n t o  t h e  
mouths of lagoons dur ing  winter  pe r iods  
when beaches a r e  deple ted  of sand, may 
accumulate and block t h e  ocean connection 
(W. Gayrnan, Oceanographe r ,  Sea  S c i e n c e  
S e r v i c e s ,  San Diego, C A I .  In  a d d i t i o n ,  
r e s t r i c t i o n  o f  l agoon  e n t r a n c e s  t o  a  
s i n g l e  l o c a t i o n ,  a s  under br idges  along 
t h e  P a c i f i c  Coast Highway and rai lway.  may 
f u r t h e r  enhance c lo su re .  

1980 587,200" 506,008* extreme 

average,  
1937-80 : 1 ,080 -"..---- 

"Estimated from upstream s i n c e  
Nestor gage was destroyed by f l o o d .  

1 .4  LAGOON CLOSURE 

Because t i d e s  a r e  so important i n  
providing moisture f o r  c o a s t a l  marshes, 
any i n t e r r u p t i o n  in  t i d a l  c i r c u l a t i o n  can 
have d r a s t i c  e f f e c t s  on t he se  communities. 
Many of s o u t h e r n  C a l i f o r n i a ' s  c o a s t a l  
wetlands have a  tendency t o  become closed 
t o  t i d a l  flow through t h e  formation of 
sand ba r s  ac ros s  t h e i r  ocean connect ion.  
Longshore c u r r e n t s  move sand along t h e  
s o u t h e r n  C a l i f o r n i a  c o a s t ,  s o  t h a t  
en t r ances  t o  e s t u a r i e s  and lagoons a r e  no t  
s t a b l e .  Aer ia l  photographs through t ime 
show t h a t  en t rance  l o c a t i o n s  migra te ,  and 
h i s t o r i c a l  r e c o r d s  document t h a t  many 
en t r ances  c lo se  of f  e n t i r e l y  f o r  va r i ab l e  
per iods  of t ime. A t y p i c a l  sequence a t  
Mugu Lagoon is For t h e  sand bar t o  migrate  

The ex t en t  t o  which t he se  embayments 
c losed  p r i o r  t o  changes brought about by 
man i s  d i f f i c u l t  t o  determine,  but l o c a l  
g e o l o g i s t s  seem t o  agree  t h a t  c l o s u r e  of  
sma l l e r  lagoons was a  n a t u r a l  phenomenon. 
Man's i n t e rven t ion  has no doubt increased  
t h e  tendency fo r  c lo su re  a s  wel l  a s  t h e  
p e r s i s t a n c e  o f  t h e  s a n d  b a r  b l o c k a g e .  
Study of  Indian middens ad j acen t  t o  t h r e e  
San Diego County w e t l a n d s  (San E l i j o  
Lagoon, Los Penasquitos Lagoon, Ba t iqu i t o s  
Lagoon and Agua Hedionda Lagoon) record 
a b o r i g i n a l  u s e  o f  m o l l u s c s  which most  
l i k e l y  grew i n  t h e  lagoons (Mi l l e r  1966). 
Of t h e s e  lagoons,  only Agua Hedionda had a  
l i v i n g  molluscan fauna (74  spec i e s )  dur ing  
t h e  s t u d y .  The r ema in ing  t h r e e  were 
c losed  t o  t h e  ocean and did not suppor t  
any l i v i n g  molluscs due t o  t h e i r  brackish 
(San  E l i j o )  o r  h y p e r s a l i n e  (Los  
P e n a s q u i t o s  and B a t i q u i t o s )  c o n d i t i o n .  
Middens next t o  t h e  t h r e e  closed lagoons 
cons i s t ed  of molluscs now found a t  t h e  

While open t o  t i d a l  c i i - c u l a t i o n ,  
c o a s t a l  marshes a r e  o r d i n a r i l y  wetted by 
s ea  water ( s a l i n i t y  ca .  34 p p t ) ,  s i n c e  



r a i n f a l l  and r u n o f f  a r e  r a r e .  The s m a l l e r  
l a g o o n s  a r e  most l i k e l y  t o  c l o s e .  The 
e n c l o s e d  l agoon  w a t e r  may become b r a c k i s h ,  
( ( 3 0  p p t )  I f  r a i n f a l l  o r  r u n o f f  
a c c u m u l a t e s ,  o r  h y p e r s a l i n e  ( > 4 0  p p t )  , i f  
e v a p o r a t i o n  exceeds  f r e s h w a t e r  i n p u t .  The 
changes  f o l l o w i n g  c l o s u r e  have  no doub t  
b e e n  m o d i f i e d  b y  man. Urban and 
a g r i c u l t u r a l  r u n o f f ,  a  r e s u l t  o f  
i r r i g a t i o n  by i m p o r t e d  w a t e r ,  h a s  t h e  
p o t e n t i a l  of  r e d u c i n g  s a l i n i t i e s ,  w h i l e  
u p s t r e a m  dams may h a v e  t h e  o p p o s i t e  
e f f e c t .  Hence ,  t h e  p r e s e n t  s a l i n i t y  
s t a t u s  o f  e n c l o s e d  c o a s t a l  l agoons  may be  
v e r y  d i f  f e r e n t  from e a r l y  h i s t o r i c  and 
p r e h i s t o r i c  s y s t e m s .  W h e t h e r  man h a s  
s u b s t a n t i a l l y  i n c r e a s e d  t h e  r a n g e  o f  
s a l i n i t i e s  i n  e n c l o s e d  l a g o o n s  o r  n o t ,  I t  
i s  s a f e  t o  s a y  t h a t  such  w e t l a n d s  endure  a  
much b r o a d e r  r a n g e  o f  s a l i n i t i e s  t h a n  
t i d a l l y  f l u s h e d  sys t ems .  

I n  a d d i t i o n  t o  s a l i n i t y ,  o t h e r  
p h y s i c a l  a n d  c h e m i c a l  f e a t u r e s  c h a n g e  
f a l l o w i n g  l a g o o n  c l o s u r e ,  i n c l u d i n g  
e l e v a t e d  t e m p e r a t u r e s  and  d e c r e a s e d  
oxygen. The s u r r o u n d i n g  marsh w i l l  be 
m o s t  i n f l u e n c e d  by t h e  d e p t h  o f  t h e  
e n c l o s e d  w a t e r  and its s a l i n i t y .  C l o s u r e  
f o l l o w e d  b y  r u n o f f  a c o u m u l a t i o n  may 
s u b j e c t  t h e  marsh t o  a  l ong  p e r i o d  o f  
i n u n d a t i o n  by b r a c k i s h  w a t e r  (Macdonald 
1971) * Rut if t h e  c l o s u r e  is fo l lowed  by 
a  p e r i o d  o f  law r u n o f f ,  t h e  marsh w i l l  
e x p e r i e n ~ e  ex tended  d r o u g h t  c o n d i t i o n s .  
O b s e r v a t i o n s  a t  L o s  P e n a s q u i t o s  Lagoon 
( C h a p t e r  2 a n d  Z e d l e r  e t  a l .  1980) 
documene  some o f  t h e  c o n s e q u e n c e s  o f  
lagoon c l o s u r e  on marsh v e g e t a t i o n .  

B i o l o g i c a l  changes  w i t h i n  t h e  l agoon  
wa te r  a l s o  occur  and make t h e  enc losed  
lagoon e s t h e t i c a l l y  u n a p p e a l i n g ,  F l o a t i n g  
a lga l  mats f l o u l - i s h ,  t h e n  d i e ,  decay and 
emit o f f e n s i v e  o d o r s .  M o s q u i t o s  a n d  
m i d g e s  r e a c h  p e s t  d e n s i t i e s .  H e n c e ,  
v a r i o u s  measures  Lo r eopen  l agoons  have  
been a t t e m p t e d  (see Chap te r  61,  

Two c h a r a c t e r i s t i c s  o f  s o u t h e r n  
C a l i f o r n i a  m a r s h  s o i l s  s t a n d  o u t  when 

t h e s e  w e t l a n d s  a r e  compared t o  c o a s t a l  
marshes  e l s e w h e r e  i n  t h e  Un i t ed  S t a t e s .  
The s o i l s  have  a n  e x t r e m e l y  b road  r a n g e  of  
s a l i n i t i e s ,  a n d  l o n g  p e r i o d s  o f  
h y p e r s a l i n i t y  o c c u r .  U n f o r t u n a t e l y ,  n o  
widesp read  s y s t e m  f o r  r e c o r d i n g  marsh  s o i l  
s a l i n i t i e s  h a s  b e e n  d e v e l o p e d .  T h e  
g e n e r a l i z a t i o n  t h a t  s o u t h e r n  C a l i f o r n i a  
w e t l a n d s  a r e  u s u a l l y  h y p e r s a l i n e  is  based  
on d e t a i l e d ,  l o n g - t e r m  o b s e r v a t i o n  o f  
T i j u a n a  E s t u a r y  and s c a t t e r e d  i n f o r m a t i o n  
from o t h e r  w e t l a n d s  ( T a b l e  3 ) .  However, 
t h e  c o n c l u s i o n  is c o n s i s t e n t  w i t h  r e c o r d s  
o f  w a t e r  s a l i n i t i e s  w i t h i n  l a g o o n s ,  which 
a r e  more  r e a d i l y  a v a i l a b l e ,  a n d  w i t h  
p r e d i c t i o n s  b a s e d  o n  t h e  p r e v i o u s  
i n f o r m a t i o n  a b o u t  t i d a l  c i r c u l a t i o n  and 
c l i m a t i c  c o n d i t i o n s  b e c a u s e  most  o f  t h e  
s o i l  w a t e r  d e r i v e s  from t i d a l  s e a  w a t e r  
and because  e v a p o r a t i o n  u s u a l l y  e x c e e d s  
p r e c i p i t a t i o n ,  s a l t s  a c c u m u l a t e  i n  t h e  
s o i l s .  

The  s p e c i f i c  a n n u a l  a n d  l o n g - t e r m  
p a t t e r n s  a r e  l e s s  e a s i l y  p r e d i c t e d .  
Measurements o f  s o i l  s a l i n i t y  i n  t h e  lower  
marsh  o f  Ti  j uana  E s t u a r y ,  where c o r d g r a s s  
( S p a r t i n a  f o l i o s a )  is  t h e  dominan t ,  r e c o r d  
how v a r i a b l e  t h e  s a l t  c o n d i t i o n s  a r e  f o r  
t h e  upper 10 c m  o f  s u b s t r a t e  ( F i g u r e  6) .  
S a l i n i t i e s  d e c r e a s e d  s l i g h t l y  f o l l o w i n g  
t h e  w i n t e r  r a i n s  o f  1 9 7 9 ,  d r o p p e d  
d r a m a t i c a l l y  f o l l o w i n g  t h e  e x t e n s i v e  
f l o o d i n g  o f  1980,  b u t  remained h y p e r s a l i n e  
t h r o u g h o u t  t h e  d r y  y e a r  o f  1981. The 
r a p i d  r e t u r n  t o  h y p e r s a l i n e  c o n d i t i o n s  i n  
1979 and 1980 o c c u r r e d  b e c a u s e  o f  t h e  
p redomina t ing  i n f l u e n c e  o f  t i d e s  i n  t h i s  
low marsh h a b i t a t .  

Lagoon c l o s u r e  can  r e s u l t  i n  l a r g e  
changes  i n  s o i l  s a l i n i t y ,  a s  t h e  impounded 
w a t e r  e i t h e r  a c c e l e r a t e s  or p r e v e n t s  t h e  
l e a c h i n g  o f  salts .  C l o s u r e  f o l l o w e d  b y  
t h e  a c c u m u l a t i o n  o f  r u n o f f  o r  u r b a n  
e f f l u e n t  can  r e s u l t  i n  a  b r a c k i s h  w a t e r  
l agoon .  For  example ,  Buena V i s t a  Lagoon 
( F i g u r e  7 )  r e c e i v e d  f r e s h  w a t e r  t h r o u g h o u t  
Carpelan" (1969) s t u d y .  Water l e v e l s  
were m a i n t a i n e d  b y  a  w e i r ,  a n d  t h e  
l a g o o n ' s  meter-deep w a t e r  was c o n s i s t e n t l y  
unde r  5 p p t  i n  7958-59. San  E l i  j o  Lagoon 
and San D i e g u i t o  Lagoon were a l s o  c l o s e d  
t o  t i d a l  f l o w ,  b u t  f r e s h w a t e r  i n p u t  was 



Table 3. Summary of i n t e r t i d a l  s o i l  s a l i n i t y  da t a  i n  s e v e r a l  southern 
Ca l i fo rn i a  marshes. - 

Data i n  S a l t  Concentrat ions 

Purer (1942) sampled wi th in  t h e  
marsh a t  1 l o c a t i o n  ( h a b i t a t  not  
g iven)  once a  month f o r  12 mo, 
during 193.9-1940 ( a  r e l a t i v e l y  
wet pe r iod ) .  Data a r e  p p t ,  ob ta ined  
by c o l l e c t i n g  water from s o i l  p i t s .  

Wetland Min. Max. - 

Ti juana Estuary 5 
Sweetwater Marsh 2 3 
Mission Bay 18 
Los Penasqui tos  Lagoon 5 
San Diegui to Lagoon 10 
San E l i j o  Lagoon 5  
Ba t iqu i t o s  Lagoon 5 
Agua Hedionda Lagoon 2 
Buena Vis ta  Lagoon 1 
Loma Alta 2 
San Luis  Rey 2 
Santa Margarita 3  

(Maxima a r e  from summer & f a l l )  

E i l e r s  (1981) sampled s e v e r a l  
s t a t i o n s  with t h e  marsh 7  t imes  
between f a l l  1977 and summer 1978. 
Data aye p p t ,  from ref rac tometer  
read ings  of  i n t e r s t i t i a l  water i n  
t h e  upper 5 cm of  s o i l .  

Wetland Min. 

Sweetwater Marsh 20 121 
Los Penasqui tos  Lagoon 8  125 
Upper Newport Bay 9 90 
Bolsa Chica (non- t ida l )  7  54 

(Maxima a r e  from summer except  
f o r  Los Penasqui tos  where max. 
va lues  occurred p r i o r  t o  lagoon 
c lo su re  caused by a sand ba r . )  

Data i n  Conduct ivi ty  Uni t s  
1 

McIntyre (1977) sampled wi th  t h e  
S a l i c o r n i a  v i r g i n i c a  marsh a t  t h e  
San Diego River from winte r  through 
summer 1976. Data a r e  s o i l  p a s t e  
conduct ives from t h e  top  15 cm 
o f  s o i l ,  expressed a s  mmhos/cm. 

Season Average i n  
and depth of co re  con t ro l  p l o t s  

Winter 1-15 cm 12.9 

Spring 1-5 cm 15.8 
6-15 em 10.8 

Summer 1-5 cm 39.3 
6-15 cm 28.2 

Zedler (1977) sampled 3 t r a n s e c t s  
a c ros s  t h e  e l e v a t i o n  g rad i en t  a t  
Ti juana Estuary marsh i n  win te r  and 
l a t e  summer 1974. Data a r e  s o i l  
p a s t e  c o n d u c t i v i t i e s  from t h e  t o p  
10 cm of  s o i l ,  expressed a s  mmhos/cm. 

Season Range 

Winter 0.8-24.5 

Summer 14.9-38.8 

(The higher  summer va lues  were 
from t h e  lower e l eva t i ons .  ) 

' s o i l  s a l i n i n i t y  d a t a  i n  mmho/cm a r e  
no t  converted t o  p p t ,  because water 
is added t o  d ry  s o i l s  i n  prepar ing  
s o i l  p a s t e s  f o r  conduct iv i ty  measure- 
ments. A u se fu l  r e f e r ence  po in t  is 
15 mrnho/cm, which approximates a s o i l  
s a t u r a t e d  with s ea  water (34 p p t )  
( s ee  Zedler 1977). 
---- -.---.. - 



more dependen t  on r a i n f a l l .  S a l i n i t i e s  
d e c r e a s e d  d u r i n g  w i n t e r  s t o r m s  a n d  
i n c r e a s e d  i n  r e s p o n s e  t o  e v a p o r a t i o n  o r ,  
i n  t h e  c a s e  o f  San  E l i j o  L a g o o n ,  t o  
o v e r f l o w  o f  s to rm t i d e s  i n t o  t h e  lagoon 
( F i g u r e  7 ) .  

LOWER MARSH: CORDGRASS (m F-A) 

50 1 

When wa te r  l e v e l s  o f  c l o s e d  l a g o o n s  
a r e  h i g h  enough t o  f l o o d  t h e  marsh ,  s o i l  
s a l i n i t i e s  can  b e  e x p e c t e d  t o  change i n  
p r o p o r t i o n  t o  t h e  l e n g t h  o f  i n u n d a t i o n  
p e r i o d s .  Long p e r i o d s  o f  r educed  t i d a l  
i n f l u e n c e  a t  L o s  P e n a s q u i t o s  Lagoon 
fo l lowed by heavy r a i n f a l l  i n  1978 seem t o  
be r e s p o n s i b l e  f o r  t h e  p e r s i s t e n t  b r a c k i s h  
s o i l s  found by Zed le r  e t  a l .  (1980) and 
Eilers (1981). The i n f l u e n c e  o f  heavy 
r a i n f a l l  on t i d a l  e s t u a r i e s  and n o n - t i d a l  
l a g o o n s  i s  summarized i n  F i g u r e  8 .  

- -. 

-. 
LAGOON ' \ 

F i g u r e  7 .  S e a s o n a l  changes  i n  w a t e r  
F i g u r e  6 .  I n t ~ s r s t  i t i a l  s o i l  s;t I i n L t i e s  s a l i n i t y  of f o u r  l a g o o n s  (from Carpc  l a n  
f i t  t h r .  i owcr- inarsll ( ( 9  1 <$vat i on  avc?rilging 1969) .  1.0s P c n a s q u i t o s  Lagoon became 
i l t l irt~t  7 dar ;~bove FISI,) a t  T i.j clans closed t o  t i d a l  c i r c u l a t i o n  d u r i n g  
t r y  whcirc~ Spnrt Ina Fi11 iosa is  

" - v - - - - -  

1)ccenber 1958  and remained closecl f o r  
nnnl  . Aster i sks  i n d i c a t e  t b c  r e s t  of t h e  s t u d y .  

s Igni  F.lc,int d L i  I rrer1ct.s (p 4 0.05) 
l ~ r w c c n  silmpl i rrg d r i t r > s .  i t  from 
/,id l c r  (unputj .  qs, It) . 



TIDAL ESTUARY 

TEMPORARY 
USUAL CONDITION (DURING HEAVY RAINS) 

................ 

. . . .  . . . .  .... ... . . . .  ... . . . .  

35 7-" 35 PPt 35 PPt 

SEA WATER SEA WATER 

So l  LS 45 ppt SO I LS 15-20 ppt 

DURING THE RAINY SEASON, SALINE CHANNELS 
SHIFT TO FRESHWATER; SALINE SOILS BECOME 
BRACKISH. 
CONDITIONS REVERSE AFTER RAINY SEASON. 

NON-TIDAL ESTUARY OR CLOSED LAGOON 

DRY YEARS WET YEARS 

CLOSED LAGOONS AND THEIR MARSH SOILS 
BECOME HYPERSALINE IN DRY YEARS, FRESH 
TO BRACKlSH IN WET YEARS. LAGOON 
WATERS BECOME STAGNANT WITHOUT 
TIDAL CIRCULATION. 

F i g u r e  8. E f f e c t s  of heavy r a i n f a l l  on the channel  wa te r  and i n t e r t i d a l  
marsh s o i l s  o f  t i d a l .  e s t u a r i e s  and closed lagoons.  



1.6 SUMMARY OF CHAPTER 1 

Southern Ca l i fo rn i a  c o a s t a l  marshes 
a r e  c o n f i n e d  t o  nar row s t r e a m  o u t l e t s  
a long a  c o a s t l i n e  of rugged topography and 
c o n t i n u i n g  g e o l o g i c a l  a c t i v i t y .  The 
M e d i t e r r a n e a n  c l i m a t e  o f  t h e  r e g i o n  
provides l i t t l e  r a i n f a l l ,  on t he  average,  
s o  t h a t  t i d a l  sea  water i s  t h e  major 
source of  moisture throughout a l l  but t h e  
b r i e f  winter  wet season. 

Sand ,  d e p o s i t e d  by l o n g s h o r e  
c u r r e n t s ,  t ends  t o  bu i l d  up along t h e  
ocean  i n l e t s ,  and w e t l a n d s  w i t h  s m a l l  
t i d a l  p r i s m s  a r e  l i k e l y  t o  become 
completely closed t o  t i d a l  c i r c u l a t i o n .  
Various land use p r a c t i c e s  reduce t i d a l  

p r i s m s ,  which i n  t u r n  i n c r e a s e  t h e  
p r o b a b i l i t y  and d u r a t i o n  o f  l a g o o n  
c lo su re .  

Extreme v a r i a t i o n s  i n  i n t e r t i d a l  s o i l  
s a l i n i t i e s  occur between years  of  f l ood ing  
and d r o u g h t .  Lagoon c l o s u r e s  c a u s e  
add i t i ona l  v a r i a b i l i t y  i n  s a l i n i t y .  Large 
a r ea s  of southern Ca l i fo rn i a  marsh h a b i t a t  
a r e  hypersa l ine  throughout t h e  s p r i n g  t o  
f a l l  growing season. The wide-ranging 
s a l i n i t i e s  and long per iods  of h y p e r s a l i n e  
condi t ions  c o n t r a s t  g r e a t l y  wi th  brackish  
t i d a l  mar shes  e l s e w h e r e  i n  t h e  U n i t e d  
S t a t e s .  



CHAPTER 2 

VASCULAR PLANT VEGETATION 

Given t h e  r e l a t i v e l y  s h o r t  l is t  o f  
s p e c i e s  known t o  t o l e r a t e  s a l i n e  
c o n d i t i o n s  wor ldwide  and r e a l i z i n g  t h a t  
e v e n  t h e s e  s p e c i e s  g r o w  b e s t  i n  
e n v i r o n m e n t s  l e s s  s a l i n e  t h a n  t h e  
i n t e r t i d a l  z o n e ,  o n e  m i g h t  p r e d i c t  a  
r a t h e r  l i m i t e d  f l o r a  and h i g h l y  s t r e s s e d  
community f o r  h y p e r s a l i n e  marshes .  T h i s  
a p p e a r s  t o  b e  t h e  c a s e .  Up t o  17  
h a l o p h y t e s  ( m o s t l y  s u c c u l e n t s )  a r e  common 
i n  t h e  a r e a s  o f  g r e a t e s t  t i d a l  i n f l u e n c e  
( T a b l e  4 ) .  They i n t e r m i x  t o  p roduce  a  
l o w - g r o w i n g ,  r e l a t i v e l y  o p e n  c a n o p y  o f  
v e g e t a t i o n  w h i c h  r e a d i l y  r e s p o n d s  t o  
d e c r e a s e d  s a l i n i t i e s  b y  becoming t a l l e r  
and more d e n s e .  

D e s p i t e  t h e  s h o r t  l i s t  o f  s p e c i e s  
f o u n d  i n  s o u t h e r n  C a l i f o r n i a  m a r s h e s ,  
t h e r e  i s  w i d e  v a r i a t i o n  i n  v e g e t a t i o n  
s t r u c t u r e  and f u n c t i o n i n g  from marsh  t o  
m a r s h ,  a s  w e l l  a s  w i t h i n  i n d i v i d u a l  
w e t l a n d s .  A t  t h e  s m a l l e r  s c a l e ,  
c o m p o s i t i o n a l  d i f f e r e n c e s  r e l a t e  t o  
p o s i t i o n  o v e r  t h e  i n t e r t i d a l  e l e v a t i o n a l  
r ange  and t o  p a t t e r n s  o f  e s t a b l i s h m e n t ,  
f o l l o w e d  by v e g e t a t i v e  e x p a n s i o n .  A t  a  
l a r g e r  s c a l e ,  many o f  t h e  s t r u c t u r a l  
p a t t e r n s  - r e l a t e  t o  t h e  s i z e  o f  t h e  w e t l a n d  
and i t s  ' h i s t o r y  o f  t i d a l  c i r c u l a t i o n  and 
o t h e r  d i s t u r b a n c e s .  F u n c t i o n a l  p a t t e r n s ,  
e s p e c i a l l y  d i f f e r e n c e s  i n  p r i m a r y  
p r o d u c t i v i t y ,  s h o w  s t r o n g  c o r r e l a t i o n s  
w i t h  s o i l  s a l i n i t i e s .  P l a n t  g r o w t h  
d i f f e r s  b o t h  s p a t i a l l y  and f rom y e a r  t o  
y e a r ,  i n c r e a s i n g  i n  a r e a s  o f  b r a c k i s h  
s o i l s  and d u r i n g  y e a r s  o f  heavy  r a i n f a l l .  

T h i s  d e s c r i p t i o n  o f  marsh v e g e t a t i o n  
b e g i n s  w i t h  t h e  p a t t e r n s  o f  c o m p o s i t i o n  
which o c c u r  from low t o  h i g h  i n t e r t i d a l  
p o s i t i o n .  F a c t o r s  c o n t r o l l i n g  t h e  
d i  stri b l ~ t i o n  o f  t h e  more common h a l o p h y t e s  
a r e  d i s c u s s e d ,  a n d  c h a n g e s  i n  s p e c i e s  
c o m p o s i t i o n  f o l l o w i n g  v a r i o u s  t y p e s  o f  
d i s t u r b a n c e s  a r e  documented.  T o g e t h e r ,  
t h e  o b s e r v a t i o n s  o f  s p a t i a l  and t empora l  
p a t t e r n s  of  c o m p o s i t i o n  s u g g e s t  a 

c o n c e p t u a l  m o d e l  o f  m a r s h  c o m m u n i t y  
development .  P l a n t  p r o d u c t i v i t y  d a t a  a r e  
summarized and t h e  r e l a t i o n s h i p s  be tween 
p l a n t  growth and f r e s h w a t e r  i n f l u e n c e  a r e  
d e m o n s t r a t e d .  

Al though a  t h o r o u g h  u n d e r s t a n d i n g  o f  
w h a t  c o n t r o l s  m a r s h  s t r u c t u r e  a n d  
f u n c t i o n i n g  a w a i t s  e x p e r i m e n t a l  tests o f  
t h e  i d e a s  p u t  f o r t h  h e r e ,  we can  c o n c l u d e  
w i t h  c e r t a i n t y  t h a t  s o u t h e r n  C a l i f o r n i a  
m a r s h s e s  a r e  h i g h l y  dynamic communi t i e s  
which r e a d i l y  r e spond  t o  b o t h  n a t u r a l  and 
man-caused e n v i r o n m e n t a l  changes .  

2.1 COMPOSITION AND INTERTIDAL POSITION 

While  t h i s  p r o f i l e  o f  marsh  s t r u c t u r e  
d o e s  n o t  i n c l u d e  a l l  o f  t h e  v a r i a t i o n  
w i t h i n  s o u t h e r n  C a l i f o r n i a ,  it summarizes  
p r e s e n t  k n o w l e d g e ,  i n d i c a t e s  w h a t  
e c o l o g i s t s  h a v e  d e t e r m i n e d  t o  b e  t h e  most  
l i k e l y  c h a r a c t e r i z a t i o n  o f  u n d i s t u r b e d  
marsh  v e g e t a t i o n ,  and p r o v i d e s  a  model f o r  
r e s t o r a t i o n  and enhancement  o f  deg raded  
sys t ems .  

D i s t r i b u t i o n a l  c h a n g e s  o f  s p e c i e s  
w i t h  e l e v a t i o n  c a n  b e  d e s c r i b e d  a t  t h e  
s m a l l - s c a l e  o r  i n d i v i d u a l - m a r s h  l e v e l .  
Because  most  of t h e  h a l o p h y t e s  r e l y  on  
v e g e t a t i v e  r e p r o d u c t i o n  ( r a t h e r  t h a n  
s e e d l i n g  e s t a b l i s h m e n t )  for  a r e a l  s p r e a d ,  
d i s c r e t e  p a t c h e s  and b o u n d a r i e s  c a n  be  
s e e n  i n  t h e  marsh .  I n  f a c t ,  p a t c h e s  seem 
t o  b e  t h e  r u l e  r a t h e r  t h a n  t h e  e x c e p t i o n ,  
s u g g e s t i n g  t h a t  s p e c i e s  d i s t r i b u t i o n s  a r e  
commonly i n  a  s t a t e  o f  change .  A l so ,  
s i n c e  h e i g h t s  o f  a few s p e c i e s ,  s u c h  a s  - 
c o r d g r a s s  ( S p a r t i n a  f o l i o s a )  a n d  s p i n y  
r u s h  ( J u n c u s  a c u t u s ) ,  g r e a t l y  exceed  t h o s e  -- 
o f  t h e  low-growing s u c c u l e n t s ,  a marsh may 
d i s o l a v  d i s c r e t e  b o u n d a r i e s  w h e r e  t h e  - " 
upper  o r  lower  l i m i t s  o f  s u c h  s p e c i e s  
o c c u r .  However, a v e r a g i n g  o c c u r r e n c e s  o r  
c o v e r  v a l u e s  ove r  t h e  f u l l  e l e v a t i o n a l  
r a n g e  o f  a  marsh  shows t h a t  (1)  most  



'Table I+. (:ileck l ist  of s p e c i e s  w i t h i n  s a l t  marshes of s o u t h e r n  C a l i f o r n i a  w e t l a n d s .  
I):kta area cumtil,lt i v c  l is ts  from a v a r i e t y  of s o u r c e s ,  i n c l u d i n g  o b s e r v a t i o n s  of W .  
Per rcns  (UCSB lierbarium) and % J .  %edl.er.  Wetlands with a h i s t o r y  o f  good t i d a l  

I l n sh i r t g  a re  boxed on the riglit-hand column below. 



s p e c i e s  h a v e  r a t h e r  b r o a d  r a n g e s  o f  
d i s t r i b u t i o n  and ( 2 )  a  h i g h  d e g r e e  o f  
o v e r l a p  o c c u r s  (Vogl 1966,  Z e d l e r  1977)  
( F i g u r e  9 ) .  

The most d e t a i l e d  v e g e t a t i o n  s u r v e y s  
have  been conduc ted  a t  T i j u a n a  E s t u a r y ,  
where s p e c i e s  o c c u r r e n c e s  and cove r  were 
r e c o r d e d  a l o n g  w i t h  e l e v a t i o n ,  s o i l  
c o n d u c t i v i t y ,  and  o t h e r  e n v i r o n m e n t a l  
c h a r a c t e r i s t i c s  a t  357 s a m p l i n g  p o i n t s  
( Z e d l e r  1977) .  Summary o f  t h e s e  d a t a  
( F i g u r e  9 )  i l l u s t r a t e s  t h e  changes  which 
o c c u r  w i t h  e l e v a t i o n .  D i s t r i b u t i o n s  o f  
s p e c i e s  a t  T i j u a n a  E s t u a r y  a r e  s i m i l a r  t o  
o t h e r  l a r g e  marshes ,  s u c h  a s  Sweetwater  
Marsh (Mudie 1970) .  Miss ion  Bay (Macdonald 
1967) .  Upper Newport Bay (Vogl 1966,  

Massey  a n d  Zembal  1 9 7 9 ) ,  Anaheim Bay 
(Massey and Zembal 1 9 7 9 ) ,  and Mugu Lagoon 
( O n u f ,  u n p u b .  d a t a ) ,  w i t h  o n e  m a j o r  
e x c e p t i o n .  The lower  e l e v a t i o n s  o f  a l l  
e x c e p t  t h e  m a r s h  a t  Mugu Lagoon  a r e  
dominated  by c o r d g r a s s  ( S p a r t i n a  f o l i o s a f .  
The l i m i t e d  o c c u r r e n c e  o f  c o r d g r a s s  a t  
Mugu Lagoon  may b e  d u e  t o  h a b i t a t  
e l i m i n a t i o n  r e s u l t i n g  from p a s t  d r e d g i n g  
a c t i v i t i e s .  Most o f  t h e  e v i d e n c e  s u g g e s t s  
t h a t  c o r d g r a s s  was t h e  t y p i c a l  low marsh  
dominant i n  t i d a l l y  f l u s h e d  marshes  o f  
s o u t h e r n  C a l i f o r n i a .  It h a s  d i s a p p e a r e d  
from Los P e n a s q u i t o s  Lagoon where i t  was 
o n c e  abundant  ( P u r e r  1942). and t h i s  t o o  
i s  p r o b a b l y  due  t o  d i s t u r b a n c e  o f  t i d a l  
f l u s h i n g  ( Z e d l e r  e t  a l .  1980) .  

ELEVATION 
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SEA ELITE 1 1 1  
FRANKENIA GRANDIFOLIA 

G LASSWO RT J 
HATCHING DENOTES ELEVATIONS WITH 
FREQUENCY OF OCCURRENCE GREATER 
THAN 7(9%. 

F i g u r e  9. D i s t r i b u t i o n  of t h e  most  common h a l o p h y t e s  by e l e v a t i o n ,  a t  T i j u a n a  
E s t u a r y  ( Z e d l e r  1 9 7 7 ) .  Data  f rom Anaheim Bay (Massey and Zembal 1979) were  u s e d  
t o  e x t e n d  t h e  r a n g e s  of s p e c i e s  beyond t h e  7- t o  12-dm MSL r a n g e  o b s e r v e d  a t  T i j u a n a  
E s t u a r y .  



Change i n  spec ies  c m g o s i t l o n  with 
e l e v a t i o n  ha$ been a t t r i b u t e d  t o  
d t f  f e r e n c s s  I n l n u n d a t i n n  t o 1  e r a n c e  , 
d f f f e r a n c c s  I n  s a l f n l t y  t o l e r a n c e ,  and 
c m p e l l t f v c  rn te rae t fons  of species  (Purer  
1.'d't21, L i t t l e  experimental work has keen 
done t o  t e a t  these ideas whlch uf rc  put 
fs r th  nearly Y O  years  ago, But, we do 
h t ~ v r  a be t t e r  data  base for  the physical 
f e a t u r e s  wkiir:ka change u i t h  e leva t ion  and 
sum@ I n d i c e t 9 o n  o f  the% importance of 
eampetftlnn bc tw~cn  c e r t a i n  marsh spec ies ,  

Inuasdwtfon I s  obvious1 y more f r e q u ~ f l t  
and of longer conLintxc3ius dtirsdtlon a t  t h e  
aazucr ~ b e u w t  l*sns, Macdon;aPcI1 3 t 1'3691 
meestxremenls of sarbme*rgrnee &L, Hisslsn Bay 
$haw thtat t h e  lcbwcr marsh bnundary 
r:clairroitJer wd Lh MLflW ( s ~ t t f s t a t  i.5 f t  ML,Lk') 

w f t - t h  A alanrp rhixngc Sn hours  of 
csn t  lrriai.au?a strbmergitrr"~ noted i n  dartcanr y 
l u f i ' ;  IFk~?,ur-e X+  b ,  Abnva* Chi:; t~oundasy ,  

mrax "iaalam  ori it lf"otjs7t~2r a181>rn~r31 on <lecr(~a::~d 
1 t r t  t 2 1: ( 1  f t )  Fl i , f t l  
irnvfz4n lewcr Isw water ) ,  

501 1 vr'p,nnla m t s t t ~ r  content i s  of ten  
lower I n  t,tnza ulq?kPr m&reh ('T~rlil r 5) zaad 
s c r b l ?  ttre %,.mndl.sr t hff*rr wpa uekl i%igrar@ 
30). nka#tt%c*r, X hen@ I 'scL~l ts  reduce tt is 
r:5ter-~a*t~ain";r%g c?a$,c%~ily of' upper m ~ r ~ ~ k i  
mils  ~ r r d  n?&iilJ$" ttfe !~igke?t* hulk drnsl t SPS 
( d r y  wt/t.rrSrnae) of' upper rrrnP~h a n i l s  noted 
+at T i  J t s f~na  E s t u ? * r y  Zasdlt.ir Iri'f? l , 

These Ltrrec* ctlv l rnntfirntal FrnLure3, 
marsh elcv8atlsrr1, rrr-gnnlc c o n t e n t  a n d  
percerat arand , a~rc rrnliiccl.1 y  t o  change 
gi-eratly from yyear t o  year ianif hrruee (:annot 
e * x p I : d ' B i  n t n  cr.jarD~tictrr,s In  spvc i t* . .~  
r 3 a  a t  rS E"t:ti<$r$ which atcltu' fr'am year" t u  

sail ~snlltl8ty Boea ~~li:zrlge with time, 
and t.his aay UPIS be t h e  rric93L ifliporcant 
p h y ~ i e a 1  varAabl$ whia?Pa inf luence3 mar& 
v r g ~ t  a t  $on, R ~ t d o n a l d  ( 1971a) suggested a  
s l n p l r  m n d ~ t  ur so51 sa l in f  t y  di f fe rence3  
u l t h  ~ l ~ v a t i o n  f o r  CnlirornPn marshes ,  
na8ns.l y t h a t  "st l l  3 8 l i r > i t i @ ~  i n c r e a s e  
landward LO 3 max imum around MHU f l , e ,  t h e  
low nbarsh-high marah ecntaneS and t h e n  
g radua l ly  dzc%Xnefi {HacdanaXd 99TTa, p, 
7 . ! k i y ~  ~ i z 7 r ~  C i d l f f l E f  v L ~ X ~ T ~ ~ I ? ~ * < ,  artA 

Table 3. So i l  organic matter  conten t  ( % )  
determined by l o s s  on i g n i t i o n .  Data a r e  
for  t he  Tijuana Estuary, a t  s t a t i o n s  where 
vascular p l an t  productivity was measured 
by Winfiald 11980). 

Elevation depth 
(dm MSLf RE of 
v ~ e t a t i o n  -- core Icm) 'j7 S.E. - n 

rniddle (6-8) 0-10 32 4.9 10 
various 
sucru len ts  10-20 18 2.1 10 

h i g h  (8-11) 0-10 19 5.2 6 

more l i k e l y  t o  i n f l u e n c e  p l a n t  
distrdbutLon than a r e  average cond i t i ons ,  
a more d e t a i l e d  d e s c r i p t i o n  o f  so i l .  
nalinllies is necessary. Data from a 
t r ansec t  a t  Tijuana Estuary (F igure  1 1 ) 
f Xlus t r a t c~ .  t h e  u sua l  h y p e r s a l i n i t y  of  
suutklern Cal i forn ia  wetlands and revea l  
aevclral pa t te rns :  ( 1 )  s o i l  s a l i n i t y  i s  
r e l a t i v e l y  c o n s t a n t  a t  low e l e v a t i o n s  
where cordgrass dominates; ( 2 )  s o i l s  i n  
t h e  middle  and upper  marsh e l e v a t i o n s  
become leached of s a l t s  following r a i n f a l l  
events; ( 3 )  an t h e  average,  upper marsh 
s u l l s  are  l e s s  s a l i n e  than lower marsh 
s o i l s ;  ( 4 )  t h e  v a r i a b i l i t y  o f  s o i l  
salinity, and hence its u n p r e d l c t a b i l i t y ,  
increases  with e leva t ion .  These l a s t  two 
pvhn t s  a r e  made c l e a r e r  by  p l o t t i n g  
a v e r a g e s  and s t a n d a r d  e r r o r s  o f  s o i l  
s a l i n i t y  aga ins t  e leva t ion  (F igure  1 2 ) .  
These r e s l l l t s  a r e  c o n s i s t e n t  w i t h  
Macdanaldfs (797723) madel of i nc r ea s ing  
s a l i n i t y  %awards MMW, and d e c r e a s i n g  
salinity thereafter, 'hut i r ~ c l ~ i s i n n  s f  the 
v a r i a b i l i t y  t e r n  (s tandard e r r o r )  shows 
t h e  n e c e s s i t y  o f  f r e q u e n t  s a l i n i t y  
measurement i n  o rder  to c h a r a c t e r i z e  t h e  
rldrsk: scxil r u v i r ~ ~ n i ~ e r ~ t .  If t l i i  s t r a s e c t :  



SURFACE SEDIMENTS OF MUGU LAGOON (n=79). 
MANY HABITATS ARE INCLUDED. ADAPTED 
FROM WARME (1969B). 

SAND 

A 

SURFACE SEDIMENTS FROM TIJUANA ESTUARY 
MARSH HABITATS: LOW=OPEN CIRCLES; 
MIDDLE=HEXAGONS; HIGH=SOLID CIRCLES; ,\ND 
FROM LOS PENASQUITOS LAGOON: LOWER 
MARSH=OPEN SQUARES; UPPER MARSH=OPEN 
TRIANGLES. 

F i g u r e  10.  S o i l  t e x t u r e  d a t a  f o r  two 
t i d a l  w e t l a n d s .  T i j u a n a  E s t u a r y  d a t a  
a re  from Zedler e t  a l .  (1980) .  

were m e a s u r e d  o n l y  i n  S e p t e m b e r  o r  
F e b r u a r y ,  v e r y  d i f f e r e n t  r e s u l t s  would b e  
o b t a i n e d  ( c . f .  F i g u r e  1 1 ) .  B e c a u s e  
s a l i n i t y  is  d e c r e a s e d  o n l y  f o l l o w i n g  
r a i n f a l l  e v e n t s ,  t h e  b e s t  times t o  a s s e s s  
s a l i n i t y  a r e  a t  t h e  end o f  t h e  d r y  s e a s o n  
( t o  o b t a i n  maxima) and a f t e r  e a c h  major  
s to rm.  Wet y e a r s  s h o u l d  p roduce  l o n g e r  
p e r i o d s  o f  b r a c k i s h  s o i l s ,  a s  well a s  

g r e a t e r  l e a c h i n g  o f  s a l t s .  Hence s p e c i e s  
r e l y i n g  o n  f r e s h  w a t e r  f o r  s e e d  
g e r m i n a t i o n  w o u l d  h a v e  a  h i g h e r  
p r o b a b i l i t y  o f  p o p u l a t i o n  e x p a n s i o n  d u r i n g  
such  y e a r s ,  w h i l e  p o p u l a t i o n s  m i g h t  f a i l  
d u r i n g  d r y  y e a r s .  The h i g h e r  a  s p e c i e s  
o c c u r s  i n  t h e  i n t e r t i d a l  z o n e ,  t h e  more 
u n p r e d i c t a b l e  i t s  s o i l  s a l i n i t y  
env i ronmen t  w i l l  b e .  Again ,  i f  a n  a n n u a l  
s p e c i e s  o c c u r s  i n  t h e  h i g h e r  m a r s h  
h a b i t a t ,  r e p r o d u c t i o n  may n o t  b e  a s s u r e d  
from y e a r  t o  y e a r ,  and s e e d s  would have  t o  
remain  v i a b l e  f o r  more t h a n  a  y e a r  t o  
p r e v e n t  e x t i n c t i o n .  

P e r h a p s  t h e  i n s t a b i l i t y  o f  s o i l  
s a l i n i t y  a t  m i d d l e  and h i g h  e l e v a t i o n s ,  
t o g e t h e r  w i t h  t h e  r e q u i r e m e n t  o f  f r e s h  
w a t e r  f o r  s e e d  g e r m i n a t i o n  ( W a i s e l  1972) .  
e x p l a i n s  why most  marsh p l a n t s  r e l y  on  
v e g e t a t i v e  r e p r o d u c t i o n .  Pe rhaps  a l s o  t h e  
v a r i a b i l i t y  o f  s o i l  s a l i n i t y  e x p l a i n s  why 
t h e  a n n i a l  p i c k l e w e e d  - ( ~ a l i c o r n i e  
b i g e l o v i i )  i s  widesp read  and s u c c e s s f u l  a t  
Ti . iuana E s t u a r y ,  w h i l e  s a l t  marsh  b i r d ' s  
b e a k  ( ~ o r d ~ h n t h u s  m a r i t i m u s ,  s s p .  
m a r i t i m u s ) , a n  a n n u a l  o f  h i g h  e l e v a t i o n ,  i s  
r a r e  and p a t c h y ,  b o t h  i n  s p a c e  and t i m e .  
C l e a r l y ,  t h e r e  is need f o r  a  more d e t a i l e d  
e x a m i n a t i o n  o f  p o p u l a t i o n  c h a n g e s  w i t h  
s o i l  s a l i n i t y  p a t t e r n s .  

The e x t e n t  t o  which p h y s i c a l  f a c t o r s  
c o n t r o l  t h e  d i s t r i b u t i o n a l  l i m i t s  o f  
p e r e n n i a l  s p e c i e s  i s  u n c e r t a i n .  
L a b o r a t o r y  t e s t s  o f  i n u n d a t i o n  a n d  
s a l i n i t y  t o l e r a n c e  h a v e  been done o n l y  f o r  
c o r d g r a s s  ( S p a r t i n a  f o l i o s a )  a n d  
p i c k l e w e e d  ( S a l i c o r n i a  v i r g i n i c a f  
u t i l i z i n g  San F r a n c i s c o  Bay p o p u l a t i o n s  
(Maha l l  and Pa rk  1976a ,b  , c )  . Dominance o f  
low e l e v a t i o n s  by c o r d g r a s s  is c o n s i s t e n t  
w i t h  M a h a l l  a n d  P a r k ' s  f i n d i n g  t h a t  
c o r d g r a s s  h a s  g r e a t e r  i n u n d a t i o n  t o l e r a n c e  
t h a n  p i ck leweed .  L i k e w i s e ,  t h e  s h i f t  from 
dominance by c o r d g r a s s  t o  p i ck leweed  and 
o t h e r  s u c c u l e n t s  c o u l d  b e  e x p l a i n e d  by 
t h e i r  f i n d i n g  t h a t  p i c k l e w e e d  i s  m o r e  
t o l e r a n t  o f  h i g h  s a l i n i t y .  H i g h e r  
s a l i n i t i e s  a t  about  MNNW fmean h ighe r  h i g h  
w a t e r )  c o u l d  r e s t r i c t  t h e  l a n d w a r d  
e x t e n s i o n  OF t h i s  s p e c i e s ,  a t  l e a s t  d u r i n g  
d r y  y e a r s .  However, it i s  more l i k e l y  
t h a t  a combina t ion  o f  f a c t o r s  is  i n v o l v e d .  
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F i g u r e  12.  Average s o i l  p a s t e  c o n d u c t i v i t y  a c r o s s  one c r a n s e c c  f s r e  rigbra 11) 
a t  T i j u a n a  E s t u a r y .  Data a r e  means of f o u r  o b s e r v a t i o n s  th rough  tl ie y e a r ;  v e r t i c a l  
bars  a r e  f S.E. I n s e t  shows t h a t  v a r i a b i l i t y  (S .E . )  i n c r e a s e s  w i t h  e l e v a t i o n .  
See f o o t n o t e  of  Tab le  3 f o r  i n t e r p r e t a t i o n  of mhos/crn.  



Recent ev idence  s u g g e s t s  t h a t  t h i s  
boundary  i s  u n s t a b l e  and t h a t  c o m p e t i t i o n  
w i t h  pickleweed restr icts  t h e  abundance of 
c o r d g r a s s  a t  i t s  landward boundary.  TO 
d e t e r m i n e  i f  d i s t r i b u t i o n a l  limits were 
s t a b l e ,  C h r i s  Nordby examined e i g h t  a r e a s  
a l o n g  t h e  upper boundary o f  c o r d g r a s s  a t  
T i  j u a n a  E s t u a r y  ( Z e d l e r  , Nordby a n d  
W i l l i a m s  1979). The s t u d y  was done i n  
f a l l  o f  1979, f o l l o w i n g  two wet y e a r s  
(Chu la  V i s t a ' s  r a i n f a l l  was 39 cm i n  1978 
and 36 c m  i n  1979, compared t o  a 23-  cm 
a v e r a g e ) .  Comparing numbers o f  l i v e  and 
d e a d  stems, Nordby found t h a t  c o r d g r a s s  
was e x p a n d i n g  i n  f i v e  o f  t h e  a r e a s ,  
t e m p o r a r i l y  s t a b l e  i n  one  l o c a t i o n  and 
r e c e d i n g  i n  o n l y  two a r e a s ,  I n s t a b i l i t y  
was t h e  r u l e :  s t a b i l i t y , t h e  e x c e p t i o n .  

The r o l e  t h a t  c o m p e t i t i o n  p l a y s  i n  
t h e  abundsnce o f  c o r d g r a s s  i n  t h i s  e c o t o n e  
was i n d i c a t e d  I n  a 1981 f i e l d  exper iment  
a a r r i e d  o u t  n e a r  t h r e e  o f  Nordby's s t u d y  
p l a t s .  Removal of  pickleweed from $lots 
wh ich  ave raged  65 c o r d g r a s s  stems/m i n  
F e b r u a r y  r e s u l t e d  i n  n e a r l y  a 3 - f o l d  
I n c r e a s e  i n  numbers o f  c a r d g r a s s  s tems and 
e 1,7-fo ld  i n c r e a s e  i n  biomass ( T a b l e  6 ) .  
The two s p e c i e s  p robab ly  compete f o r  b o t h  
l i g h t  a n d  n u t r i e n t s .  D i f f e r e n t i a l  
t o l e r a n c e  t o  s a l i n i t i e s  c o u l d  s h i f t  t h e  
c o m p e t i t i v e  advan tage  toward pickleweed 
d u r i n g  y e a r s  of' h igh  s a l i n i t y  stress ( i , e .  
d r o u g h t  y e a r s ) ;  t h e  u p p e r  l i m i t  o f  
c o r d g r a s s  shou ld  r e c e d e  i n  r e sponse  t o  
h i g h  s s ' l i n i t i e s ,  a 9  well  a s  r e d u c e d  
c o m p e t i t i v e  a b i l i t y .  During wet y e a r s ,  
both s p e c i e s  wrtuld d o  well and c o r d g r a s s v s  
r a p i d  s p r i n g  growth would a l l o w  expans ion .  
A d d i t i o n e l  f e a t u r e s  o f  t h e s e  two s o u t h e r n  
C n l i f o r n l a  marsh  dominants  a r e  g iven  i n  
t h e  Follwwdng s e e t i o n ,  

S i n c e  t h e  s p e c u l a t i o n s  o f  E d i t h  
P u r e r ,  some f o r t y  y e a r s  a g o ,  we h a v e  
p r o g r e s s e d  r e l a t i v e l y  l i t t l e  i n  e x p l a i n i n g  
t h e  d i s e r i b u t i o n a l  limits of s p e c i e s  
a c r o s s  t h e  i n t e r t i d a l  z o n e ,  F u t u r e  
r e z e a r c b  shcuLd reflogni ze t h e  d y n a m i c  
a s p e c t s  o f  b o t h  t h e  s o i l "  environment and 
s p e c i e s  d i s t r i b u t i o n s , a n d  i t  must c o n s i d e r  
t h e  i m p o r t a n c e  o r  s p e c i e s  i n t e r a c t i o n s  
unde r  a v a r i e t y  o f  changing c o n d i t i o n s .  

Experiments t o  de t e rmine  t h e  c o m p e t i t i v e  
advan tage  of  c o r d g r a s s  and p i ck leweed  o v e r  
a r ange  o f  s a l i n i t y  and i n u n d a t i o n  r e g i m e s  
a r e  b a d l y  needed.  Likewise ,  e x p e r i m e n t s  
t o  a s s e s s  t h e  e s t a b l i s h m e n t  a b i l i t y  o f  
a n n u a l s  d u r i n g  s h o r t -  a n d  l o n g - t e r m  
p e r i o d s  o f  wet, b r a c k i s h  s o i l s  a r e  needed.  
These expe r imen t s  would be  complex and 
d i f f i c u l t  t o  c a r r y  o u t  b e c a u s e  b o t h  t h e  
t i m i n g  and  d u r a t i o n  o f  f r e s h w a t e r  
i n f l u e n c e  would have  t o  b e  m a n i p u l a t e d .  

2.2 COMMON SPECIES 

Macdonald  ( 1 9 7 7 a )  h a s  s u m m a r i z e d  
a u t e c o l o g i c a l  f e a t u r e s  o f  s e v e n  common 
C a l i f o r n i a  h a l o p h y t e s ,  and t h e  a n a t o m i c a l  
d e s c r i p t i o n s  g iven  by Pure r  (1942)  have  
y e t  t o  be improved upon. Hence t h i s  
d i s c u s s i o n  w i l l  e m p h a s i z e  r e c e n t  
i n fo rma t ion  about  t h e  most common s o u t h e r n  
C a l i f o r n i a  marsh p l a n t s ,  p r o c e e d i n g  from 
low t o  h igh  marsh. 

Cordgras s  ( S p a r t i n a  f o l i o s a )  ( F i g u r e  
13)  forms r o b u s t  s t a n d s  i n  t h e  l o w e s t  
e l e v a t i o n s  o f  m o s t  t i d a l l y  f l u s h e d  
we t l ands .  A t  T i  j3ana E s t u a r y  d e n s i t i e s  
averaged 60 stems/m ; h e i g h t s  a v e r a g e d  0.8 
t o  7.5 m ;  and $ugust  s t a n d i n g  c r o p s  were  
1.0 t o  1.4 kg/m i n  1980. A l l  v a l u e s  a r e  
f o r  n=100 p l o t s  between 3 and 6 dm MSL 
( d e c i m e t e r s  above mean s e a  l e v e l )  ( Z e d l e r  
unpub, ms.) and r e p r e s e n t  growth unde r  
u n u s u a l l y  good c o n d i t i o n s .  

B e c a u s e  o f  t h e  i m p o r t a n c e  o f  
c o r d g r a s s  a s  h a b i t a t  ( J o r g e n s e n  1975) f o r  
t h e  endangered  l i g h t - f o o t e d  c l a ~ ~ e r  r a i l  
( R a l l u s  1o;grirost;is l e v i p e s ) , c o n s i d e r a b l e  
a t t e n t i o n  h a s  been g i v e n  t o  t h e  a r t i f i c i a l  
p r o p a g a t i o n  of t h i s  s p e c i e s .  Al though 
Phleger  (1971) was unab le  t o  g e r m i n a t e  i ts 
s e e d s ,  S e n e c a  ( 1 9 7 4 )  a n d  Mason ( 1 9 8 0 )  
a c h i e v e d  s u c c e s s  w i t h  s e e d s  f r o m  S a n  
F r a n c i s c o  Bay p o p u l a t i o n s ;  a n d  s e v e r a l  
p o p u l a t i o n s  have  y i e l d e d  v i a b l e  s e e d  i n  
Sarr D i e g o  C o u n t y  ( Z e d l e r  1 9 8 1 a ) .  
S e e d l i n g s  a r e  e x t r e m e l y  r a r e  i n  n a t u r e ,  
however,  and most o f  t h e  s p r e a d  o f  t h e  
s p e c i e s  i c  v e g e t a t i v e ,  T r a n s p l a n t a t i o n  
h a s  b e e n  s u c c e s s f u l  i n  e x p a n d i n g  t h e  
s p e c i e s '  l o c a l  d i s t r i b u t i o n ,  s u g g e s t i n g  



T a b l e  6 .  E f f e c t s  o f  c o m p e t i t i o n  w i t h  p ickleweed ( S a l i c o r n i a  v i r g i n i c a )  and 
o t h e r  s u c c u l e n t s  on t h e  abundance  o f  c o r d g r a s s  ( S p a r t i n a  f o l i o s a )  a t  T i j u a n a  
E s t u a r y .  

7981 Sampl ing Da te  

27 Feb 6 J u l y  5  Oct 

S o i l  s a l i n i t y  i n  pp t :  Z ( S  .E.) 37 ( 0 . 5 )  46 (0 .5 )  44 (2.4) 

S p a r t i n a  d e n s i t y  +Sv 
/ 

number pe r  m 2 

L i v e  biomass o f  S p a r t i n a  

g  d r y  weight/m 2 

+Sv q u a d r a t s  w e r 5 u n a l t e r e d  u n t i l  5 Oct ;  -Sv q u a d r a t s  had a l l  p l a n t s  ( a v e .  = 
1 ,085  g  d r y  w t / m  e x c e p t  S p a r t i n a  f o l i o s a  removed on 27 Feb. Resp rou t s  o f  
o t h g r  s p e c i e s  were removed 3 times, and t h e i r  t o t a l  d r y  we igh t  ( a v e .  = 216 
g/m ) i n d i c a t e s  t h a t  n u t r i e n t  c o m p e t i t i o n  was n o t  c o m p l e t e l y  e l i m i n a t e d .  
However, s h a d i n g  e f f e c t s  were removed, and t h e  r e s p o n s e  o f  S p a r t i n a  f o l i o s a  
was p rbbab ly  due  t o  i n c r e a s e d  l i g h t  a s  w e l l  a s  some n u t r i e n t  r e l e a s e .  

' ~ i v e  b iomass  a t  t h e  s t a r t  was de t e rmined  from q u a d r a t s  where a l l  v e g e t a t i o n  
was removed. 
* S i g n i f i c a n t l y  d i f f e r e n t  (pC0.05).  



( S i > ; i ~ - t j ~ & ~  !!"Ilf~~$il) a t  ' l i  junrza Es tua ry .  
Phc r to  by C .  Nortiby. 

that a d d i t i o n a l  h a b i t a t s  a r e  s u i t a b l e  f o r  
g ~ s w L h  b u t  some f a c t o r  limits s e e d l i n g  
e s t a b l i s h m e n t  i n  s o u t h e r n  C a l i f o r n i a .  
S u b s t a n t i a l  i n c r e a s e s  i n  i t s  a b u n d a n c e  
s u r r o u n d i n g  abandoned sewage l agoons  a t  
Ti  j u n n a  , , E s t u a r y  c o i n c i d e d  w i t h  b r a c k i s h  
soils a f t e r  t h e  1980 f l o o d s .  From t h i s  we 
s u g g e s t  t h a t  e p i s o d i c  e v e n t s  a r e  e x t r e m e l y  
i m p o r L a n t  i n  c o n t r o l l i n g  t h e  s p r e a d  o f  
c o r d g r a s s  and p e r h a p s  o t h e r  s o u t h e r n  
c a l I  f ' o r n i a  h a l o p h y t e s  w h i c h  r e q u i r e  
r e d u c e d  s a l i n i t i e s  f o r  g e r m i n a t i o n  a n d  
early growth.  

P i c k l e w e e d  ( S a l i c o r n i a  v i r g i  n i c a  , 
F i g u r e  ? 8 )  has  t h e  b r o a d e s t  d i s t r i b u t i o n  
of a n y  s o u t h e r n  C a l i f o r n i a  s a l t  m a r s h  
p l a n t .  I t  o c c u r s  t h r o u g h o u t  most of t h e  
e l e v a t i o n a l  r ange  o f  c o r d g r a s s  a s  well a s  
t h e  m i d d l e  and h i g h  marsh h a b i t a t s .  I t  
e v e n  d o m i n a t e s  s a l i n e  d r e d g e  s p o i l  
d e p o s i t s  well above t h e  i n t e r t i d a l  zone a t  
the B a l l o n a  W e t l a n d  i n  Los  A n g e l e s ,  
p r e s u m a b l y  it i s  a b l e  t o  grow i n  s a l i n e  

a r e a s  wi thou t  t i d a l  i n f l u e n c e  i f  s e a s o n a l  
r a i n f a l l  accumula t e s  l o n g  enough t o  a l l o w  
s e e d  g e r m i n a t i o n  a n d  s e e d l i n g  e s t a b -  
l i s h m e n t  o r  i f  m o i s t u r e  i s  a v a i l a b l e  from 
r u n o f f  o r  s u b t e r r a n e a n  s o u r c e s .  
Pickleweed is  abundant  i n  t h e  lower  and 
middle  e l e v a t i o n s  o f  w e l l - f l u s h e d  marshes  
a n d  i n  l a g o o n s  c l o s e d  t o  t i d a l  
c i r c u l a t i o n .  Also ,  i t  a p p e a r s  t o  b e  an 
o p p o r t u n i s t i c  i n v a d e r  which i s  c a p a b l e  o f  
becoming e s t a b l i s h e d  on d i s t u r b e d  s o i l s .  
R e p r o d u c t i o n  Q i s  p r i m a r i l y  
v e g e t a t i v e ,  b u t  s e e d l i n g s  r e a d i l y  a p p e a r  
i n  b a r e  s p o t s .  

Not o n l y  i s  pickleweed v a r i a b l e  i n  
t h e  h a b i t a t s  i t  o c c u p i e s ,  i t  a l s o  i s  
v a r i a b l e  i n  i t s  growth form. A t  T i j u a n a  
E s t u a r y ,  i n d i v i d u a l s  i n  t h e  lower  marsh  
a r e  decumbent and e l o n g a t e ,  w h i l e  midd le  
and h i g h e r  e l e v a t i o n s  a r e  more u p r i g h t  and 
bushy. The middle  e l e v a t i o n s  a t  Miss ion  
Bay marsh s u p p o r t  v e r y  s h o r t  i n d i v i d u a l s  
which c o n t r a s t  s h a r p l y  w i t h  t a l l e r  p l a n t s  
b o t h  below and above t h i s  zone .  Whi l e  
t h e r e  have  been many s p e c u l a t i o n s  a b o u t  
t h e  c a u s e s  o f  t h e s e  v a r i a t i o n s ,  f r o m  
g e n e t i c  t o  e n v i r o n m e n t a l  d i f f e r e n c e s ,  
i n c l u d i n g  w a t e r f o w l  g r a z i n g ,  t h e  
expe r imen ta l  tests  ( e . g .  t r a n s p l a n t a t i o n ,  
g r a z i n g  e x c l o s u r e s ,  e t c . )  have  n o t  been 
done.  

The  b i o m a s s  a n d  g r o w t h  
c h a r a c t e r i s t i c s  o f  p ickleweed have  been  
measured i n  p a i n s t a k i n g  d e t a i l  by C h r i s  
Onuf (unpub. ms.) a t  Mugu Lagoon. By 
t a g g i n g  and measur ing  a l l  b r a n c h e s  o f  25 
o r  more p l a n t s  e a c h  month i n  1977, h e  
de t e rmined  t h a t  ( 1 )  pickleweed grows a l l  
y e a r  l o n g ,  w i t h  new s h o o t s  b e i n g  produced 
i n  e v e r y  month; ( 2 )  most new s h o o t s  appea r  
i n  March a n d  J u l y ;  a n d  ( 3 )  a n n u a l  
p r o d u c t i 3 i t y  was e s t i m a t e d  t o  b e  240 g d r y  
weight lm /y r .  Concurrent  monthly  measu res  
o f  pickleweed s t a n d i n g  c r o p s  showed t h a t  
( 1 )  d r y  w e i g h t  o f  g r e e n ,  s u c c u l e n t  
b ranches  i n c r e a s e d  g r a d u a l l y  from F e b r u a r y  
t o  a  peak i n  August;  ( 2 )  l i v e  woody stem 
parl js  (brown i n  c o l o r )  ave raged  o v e r  300 
g/m i n  A p r i l ,  b u t  a b o u t  100 g /m2  i n  J u l y  
and November, i n d i c a t i n g  t h a t  l o s s e s  o c c u r  
th rough  t h e  growing s e a s o n ;  and (3)  much 
( p e r h a p s  t w o - t h i r d s )  o f  t h e  g r o w t h  o f  



Figure  1 4 .  PickLrwced (hLa-~~~~r~~f~~ 
v  i )  . Photo hy C.  Nordby ; 
i l l u s t r a t i o 1 - 1  by .T. DeWnld. Scn l t  
= 5 cm. 

Figure. 15 .  Annual p ick1  cwecd 
(Sa l i co rn i a  -- - .- - --- -- t>Ag'lc~Li). L l i n s -  
trLzt i o n  hy ,T. DcW;lld. Scale = 
5 cm. 

Tile three s ~ f f f  es of i ~ o ~ ~ f - 2  are s n n ~ r i w s  d i f f  i c ~ ~ l t l  to d i s t i n g u i s h .  
S a l i c o r n i a  s u b t e r m i n a l i s ,  on the. l e f t ,  i s  h e a v i l y  branrtzcd; annua l  picklt,wecJ --- - 
(S .  i l o v i  , c e n t e r ,  i s  s p a r i n g l y  hranrfi ixd,  and pickleweed (s.  y&--~i~i~:y}, 
r-fght, i s  u s u a l l y  i n t e r m e d i a t e  i n  brancii i l lgs and Inore bluegreen i n  c-olor . 
Photo by P. ZedLer. 



p i c k l e w e e d  c a n n o t  be  measured by t h e  
h a r v e s t  method because  of  l o s s e s  t o  
h e r b i v o r e s  and export .  Percent cover of  
pfekleweed, measured by t he  point  method, 
was 41% and bare space 58% i n  t h e  lower 
marsh,  compared t o  25% cover and 35% bare 
s p a c e  i n  t he  middle marsh, where o the r  
s p e c i e s  co-occur red .  A d d i t i o n a l  d a t a  
(Qnuf pers .  comm,) provide average August 
s t a n d i n g  c r o p s  (above  g r o u y )  f o r  
pickleweed of 0.33 t o  0.55 k&/m during 
t h e  years  1978 t o  1981, with a  high degree 
o f  v a r i a b i l i t y  between and among sampling 
t r a n s e c t s .  

A t  Los Penasquitos Lagoon, pickleweed 
f o r m s  p u r e  s t a n d s  i n  t h e  lower marsh 
e X e v a t i o n s .  An e s p e c i a l l y  l u s h  s t a n d  
developed during condi t ions  of brackish 
s o i l s  a f t e r  heavy r a i n f a l l  i n  1978. A 
dertse c  y o p y ,  nearly 1 m t a l l ,  measured 
2.5 kg/m (dry  weight of l i v e  biomass) i n  
August (Zedler e t  aX. 19801, 

The s p e c i e s  u s u a l l y  r e p r o d u c e s  
v e g e t a t i v e l y ,  Qnuf (unpub, m s . )  never saw 
s seed l ing  during ktls in t ens ive  study of 
piokleweod, Seedl ings a r e  l ikewise r a r e  
a t  Tiguana Estuary, However, a t  the  San 
Diego  R i v e r ,  s e e d l i n g s  appea r  i n  open 
Breas  following winker r a i n f a l l .  

Rnnucsl p ick leweed  ( S a l i c o r n i a  
Figure 15) is one of the  few 

annua l s  found i n  Ca l i fo rn i a  marshes, and 
i t s  d i s t r i b u t i o n  i s  n o t  e x t e n s i v e  
lMncdonaZd F9771* It o f t e n  coex i s t s  with 
s a l t w o r t  (=z maritima) i n  a r ea s  of poor 
d r a inage  and occurs  on creek banks where 
o t h e r  s p e c i e s  p r o v i d e  o n l y  s p a r s e  
canopies2 X have censused d e n s i t i e s  up t o  
2,5QO/m i n  August a t  T i j u a n a  E s t u a r y  
(Zed l e r  1975) and t h e  spec i e s '  success  
here makes it d i f f i c u l t  t o  understand its 
a b s e n c e  i n  o t h e r  nearby  marshes  ( c . f ,  
Table  4 ) .  Both annual pickleweed and 
s a l t w o r t  r e a c h  t h e i r  n o r t h e r n  
d i s t r i b u t i o n a l  limits nea r  P o i n t  
Conce 

Sal twort  ( B a t i s  maritima, Figure 16) 
i s  a  t r a i l i n g  succulen t ,  which reaches 
l e n g t h s  of a  meter or  more, but r a r e l y  
gets. t a l l e r  than 0.3 m. Its decumbent 

branches roo t  upon contac t  with t h e  s o i l  
and vege t a t i ve  spread can be very r a p i d .  
B u t  they r a r e l y  produce dense cover and 
t he  open, spreading growth form a l lows  
annual pickleweed t o  coex i s t .  Attempts t o  
t e s t  t h i s  experimentally f a i l e d ,  however, 
because  of t h e  d i f f i c u l t y  o f  k e e p i n g  
e i t h e r  s p e c i e s  o u t  o f  e x c l u s i o n  p l o t s  
(Zedler unpub. da t a ) !  Annual pickleweed 
con t inued  t o  g e r m i n a t e  t h r o u g h  August  
1975, while s a l twor t  sprouted r a p i d l y  from 
underground t i s s u e s .  

Jaumea c a r n o s a  ( F i g u r e  171,  l i k e  
s a l t w o r t , i s  a  low growing, v e g e t a t i v e l y  
spreading succulent .  The two a r e  e a s i l y  
confused u n t i l  t h e  l e a f  bases  a r e  compared 
o r  t he  br igh t  yellow f lowers  of  Jaumea a r e  
c o n t r a s t e d  w i t h  t h e  f l e s h y  b u t  
far-from-showy f r u i t i n g  s t r u c t u r e s  of  
sa l twor t .  Pure patches occur ,  r e s u l t i n g  
from vege ta t ive  growth, but s e e d l i n g s  a r e  
o c c a s i o n a l l y  s e e n q o  F u r t h e 5  n o r t h  i n  
Elkhorn Slough (121 46'N, 36 50fW), D r .  
John Oliver (pe r s .  comm.; Moss Landing 
Marine Lab, Moss Landing, C A I  has shown 
t h a t  Jaumea invades c l e a r i n g s  which r e s u l t  
from d r i f t  d e p o s i t s  o r  e x p e r i m e n t a l  
removal of previous marsh canopies .  While 
s e e d l i n g s  of  Jaumea o c c u r  i n  w e l l  
deve loped  c a n o p i e s  s u c h  a s  a t  T i j u a n a  
Estuary, it is not  known how o f t en  they 
grow t o  maturi ty .  

Sea-b l i te  (Suaeda c a l i f o r n i c a ,  F igure  
18) is a  short- l ived perennia l  which does 
no t  s p r e a d  v e g e t a t i v e l y  ( P u r e r  1 9 4 2 ) .  
Seedlings of t h i s  spec i e s  a r e  common a t  
Tijuana Estuary. Its a b i l i t y  t o  e s t a b l i s h  
from seed allows s ea -b l i t e  t o  invade bare  
i n t e r t i d a l  s o i l s ,  but prevents  i t  from 
forming  d e n s e  s t a n d s  i n  a n  o t h e r w i s e  
vege ta t ive ly  reproducing marsh vege ta t ion .  

The s u c c u l e n t  a r row  g r a s s  ( F i g u r e  
19), is  sometimes reported a s  Tr ig lochin  
maritima ( e  .g. Zedler 1977) and sometimes 
a s  T. concinnum (e .g .  W i n f i e l d  1980 ) .  
Tax&omie keys d i s t i n g u i s h  t h e  s p e c i e s  on 
t h e  b a s i s  o f  rh izome and l i g u l e  
c h a r a c t e r i e t i c s ,  s o  t h a t  c l o s e  i n spec t i on  
is necessary t o  separa te  t h e  two i n  t h e  
f i e l d .  Win f i e ld  s u g g e s t s  t h a t  T. 
concinnum i s  t h e  proper term f o r  arrow 



Figure  16. Snl t w o r t  (@$-is 
t r a t  ion by J ,  DeWaltl. Scnlc 

mz~J~~:?_nc~) . Photo tl y 6 . 
:> = . 5 c ~ r r  . 

F i g u r e  1 7 .  Jaurne? LaLnps. Photo 
J .  DeWald. Sca le  = 5 cm. 

Nardby; 



Figure 18. Sea-blite (25~332 c"_lifurnica) surrounded by pic kleweed at Tijuana 
E s t u a r y .  P11ot.u by J. Z e d l e r .  Close-up photo by P. Z e d l e r .  

Figur"e 19. A r r o w  g r a s s  (.'i'riglochin 
by J .  De\<ald. Scale = 5 cm. 

F i n k ;  i l  l u s t r a t  ion 



g r a s s  a t  T i j u a n a  E s t u a r y ,  p e n d i n g  p r o o f  
t h a t  T.  m a r i t i m a  a c t u a l l y  o c c u r s  t h e r e .  - 
A r r o w  g r a s s  i s  t h e  e a r l i e s t  g r o w i n g  
s p e c i e s  i n  s o u t h e r n  C a l i f o r n i a  m a r s h e s ,  
I t  u s u a l l y  s p r o u t s ,  f l o w e r s ,  a n d  d i e s  t o  
t h e  g r o u n d  w h i l e  o t h e r  marsh  p l a n t s  a r e  
j u s t  i n i t i a t i n g  g r o w t h ,  P e r h a p s  i ts  e a r l y  
t i m i n g  i s  i n  r e s p o n s e  t o  c o o l ,  r a i n y  
c o n d i t i o n s ,  w h i l e  o t h e r  s p e c i e s  a r e  c u e d  
t o  l o n g e r  d a y l e n g t h s  o r  warmer w e a t h e r .  
P a t c h y  d i s t r i b u t i o n s  a r e  c h a r a c t e r i s t i c  o f  
t h e  v e g e t a t i v e l y  r e p r o d u c i n g  s p e c i e s ,  
w h i l e  i t s  a b s e n c e  a t  m a r s h e s  s u c h  a s  t h e  
S a n  D i e g o  R i v e r  s u g g e s t  t h a t ,  i t  h a s  
l i m i t e d  e s t a b l i s h m e n t  a b i l i t y .  

F r a n k e n i a  g r a n d i f o i i a  ( F i g u r e  20) ,  a  
b r o a d - l e a v e d  p l a n t ,  o f f e r s  s o m e  r c l i e f  
f r o m  t h e  m o n o t o n y  o f  s u c c u l e n t s  i n  
s o u t h e r n  C a l i f o r n i a  m a r s h e s .  H o w e v e r ,  
when i t s  s m a l l  l a v e n d e r  f l o w e r s  a r e  a b s e n t  
or d r y ,  o r  when s a l i n e  c o n d i t i o n s  h a v e  
c a u s e d  i t s  l e a v e s  t o  f o l d ,  i t  t o o  b l e n d s  
i n  w i t h  t h e  p i c k l e w e e d ,  s a l t w a r t ,  a n d  
J a u m e a .  T h e  s p e c i e s  a p p e a r s  t o  b e  
somewhat  more s a l t  t o l e r a n t  t h a n  d r o u g h t  
t o l e r a n t ,  a s  s u g g e s t e d  by i t s  r e c e n t  
d e c l i n e  i n  t h e  u p p e r  m a r s h  o f  L o s  
P e n a s q u i t o s  L a g o o n .  I t  w a s  a b u n d a n t ,  
a l o n g  w i t h  s a l t g r a s s  ( D i s t i c h l i s  ? p i c a t a l p  
d u r i n g  t h e  l a t , e  1 9 7 0 ' s .  b u t  h a s  n e a r l y  
d i s a p p e a r e d  f r o m  t h e  h i g h e r  e l e v a t i o n s  
u n d e r  c o n d i t i o n s  of b r a c k i s h ,  d r y  s o i l s .  
I t  p e r s i s t s ,  h o w e v e r ,  i n  t h e  a d j a c e n t  
l o w e r  m a r s h ,  w h e r e  s o i l s  a r e  b e c o m i n g  
h y p e r s a l i n e  b u t  r e m a i n  m o i s t .  

S a l t g r a s s  ( D i s t i c h l i s  s p i c a t a ,  F i g u r e  
211, e n j o y s  a  b r o a d  d i s t r i b u t i o n ,  b o t h  
e c o l o g i c a l l y  a n d  g e o g r a p h i c a l l y .  Tn 
s o u t h e r n  C a l i f o r n i a  it o c c u r s  i n  d u n e s ,  i n  
m i d d l e  t o  h i g h  marsh  e l e v a t i o n s ,  and  15 

s o m e t i m e s  a b u n d a n t  i n  a d j a c e n t  s a l t  f l a t 3  
which  a r e  e n t i r e l y  c u t  o f f  f r o m  t i d a l  
c i r c u l a t i o n .  Its s u c c e s s  i n  t h e  u p p e r  
m a r s h  a t  L o s  P e n a s q u i t o s  a n d  o t h e r  
l o c a t i o n s  ( e  . g .  U p p e r  Newpor  t B a y ,  
S t e v e n s o n  and  Emery 1958) may b e  d u e  t o  
i ts g r e a t e r  d r o u g h t  t o l e r a n c e  t h a n  o t h e r  
p o t e n t l a 1  c o m p e t i t o r s .  si i r i  t k ~ s  
i n t e r t i d a l  m a r s h e s ,  i t  r a r e l y  f o r m s  dense 
p a t c h e s ,  hi l t  it car) acliieve m a r l y  ix:rc 
s t a n d s  dlld h i f i t *  h i o r E . 3 ~ ~  ( 4  to b b/i" i l :  

:'icSirc. 2f?. i i  r a n  1 Top 
p } i o t o  by D, F i n k ;  cfostd-lip il l t istrat  ion  
X,y j .  !,t?f.;ald ( \ c a i e  - 1 cm) ; ?)ottom 
gll,(,to by js Zcdirr. 



August  1981 a t  Los P e n a s q u i t o s  Lagoon, 
Z e d l e r  u n p u b .  d a t a ) .  F l o w e r i n g  was  
n o t a b l y  common i n  1981 a n d  f u t u r e  
o b s e r v a t i o n s  a r e  needed t o  d e t e r m i n e  i f  
good s e e d  c r o p s  a r e  s p o r a d i c .  

S h o r e g r a s s  (Monanthochloe l i t t o r a l i s ,  
F i g u r e  22) is  a n o t h e r  s u b t r o p i c a l  s p e c i e s  
whose n o r t h e r n  l i m i t  o f  d i s t r i b u t i o n  is 
n e a r  P o i n t  C o n c e p t i o n .  The p r o s t r a t e  
g r a s s  r e a d i l y  e x p a n d s  v e g e t a t i v e l y  a n d  
f o r m s  d e n s e  m a t s  i n  t h e  u p p e r  m a r s h  
h a b i t a t s  o f  many s o u t h e r n  C a l i f o r n i a  
marshes  ( Z e d l e r  1977,  Vogl 1966). It is  
r a r e l y  seen  f l o w e r i n g  o r  f r u i t i n g  and I 
have  neve r  s e e n  a s e e d l i n g .  

S a l t  marsh  b i r d v s  beak ( C o r d y l a n t h u s  
m a r i t i m u s  s s p .  m a r i t i m u s ,  F i g u r e  2 3 )  was --. 
once  a  common p l a n t  o f  t he  upper  marsh 
( P u r e r  1942) b u t  it is now on t h e  F e d e r a l  
Endangered S p e c i e s  L i s t .  It o c c u r s  i n  
p a t c h e s  at' T i  juana  E s t u a r y  (Dunn unpub. 1, 
Mugu Lagoon (H, Ferguson,  U.S. Navy), and 
Upper Newport Bay ( E i l e r s  1981) .  T h i s  
annua l  g e r m i n a t e s  b e a t  a f t e r  s e e d s  have  
had a c o l d  t r e a t m e n t  (Dunn unpub, d a t a )  
and is  d e n s e s t  i n  o r  n e a r  open h a b i t a t s .  
T t  i s  a f a c u l t a t i v e  p a r a s i t e ;  i ts r o o t s  
c a n  d r a w  r e s o u r c e s  f r o m  a  number o f  
p o t e n t i a l  h o s t s .  

S a l i c o r n i e  s u b t e r m i n a l i s  ( F i g u r e  24) 
is common a t  t h e  h i g h e s t  i n t e r t i d a l  marsh 
h a b i t a t s  a t  b a t h  T i j u a n a  E s t u a r y  and Mugu 
Lagoan b u t  d o e s  n o t  o c c u r  i n  marshes  n o r t h  
o f  Morra Bay ~ 3 5 ~ 2 2 ' ~ ) ,  T t  a p p e a r s  t o  be  
b a t h  s a l t  t o l e r a n t  and d r o u g h t  t o l e r a n t ;  
it o c c u r s  a d j a c e n t  t o  s a l t  pans  and i n  
a r e a s  above ex t r eme  h i g h  w a t e r  o r  beh ind  
d i k e s  w h i c h  p r e v e n t  t i d a l  i n u n d a t i o n .  
Al though it r e s e m b l e s  S, v i r g i n i c a  and 
commonly o c c u r s  w i t h  i t ,  $, s u b t e r m i n a l i s  
can b e  r e c o g n i z e d  by i ts na r rower  b r a n c h e s  
and d a r k e r  g r e e n  c o l o r .  Al though t h e  name 
r e f e r s  t o  t h e  o c c a s i o n a l  s u b t e r m i n a l  
l o c a t i o n  of its f l o w e r s .  it is more common 
t o  see t e r m i n a l  f l o w e r s  a s  o n  S. 
v i r g i n i c a .  & s u b t e r m i n a l i s  more aft'= 
f o r m s  d e n s e ,  u p r i g h t  b u s h e s  t h a n  i t s  
c o n g e n e r  a n d  e x t e n d s  h i g h e r  a l o n g  t h e  
e l e v a t i o n  g r a d i e n t  t h a n  S. v i r g i n i c a ,  - 

Sea l a v e n d e r  (Limonium c a l i f o r n i c u m ,  
F i g u r e  25) is the  s h o w i e s t  o f  t h e  s o u t h e r n  
~ a i i f o r n i a  h a l o p h y t e s .  I n f l o r e s c e n c e s  u p  
t o  a  me te r  t a l l  rise from a  b a s a l  r o s e t t e  
o f  b r o a d ,  s p a t u l a t e  l e a v e s .  Hundreds o f  
t i n y  l a v e n d e r  f l o w e r s  a p p e a r  and d r y  on 
t h e  s t a l k s ,  much l i k e  i t s  o r n a m e n t a l  
r e l a t i v e  S t a t i c e .  Of t h e  s p e c i e s  which  
a c t i v e l y  secrete s a l t  (see Waise l  1 9 7 2 ) ,  
s e a  l a v e n d e r  i s  p e r h a p s  t h e  m o s t  
consp icuous .  T h e r e  is u s u a l l y  a  c r u s t  o f  
s a l t  c r y s t a l s  on t h e  u n d e r s i d e s  o f  t h e  
l e a v e s ,  and a t  t i m e s  whole l e a v e s  a r e  
w h i t e  from t h e  d r i e d  b r i n e .  Sea l a v e n d e r  
r e p r o d u c e s  b o t h  v e g e t a t i v e l y  and by s e e d ,  
a n d  g i v e n  s u f f i c i e n t  t ime ,  c a n  b e c o m e  
abundant  a l o n g  a r t i f i c i a l  d i k e s  o r  b a r e  
r i d g e s .  

A l k a l i  weed ( C r e s s a  t r u x i l l e n s i s ,  
F i g u r e  26)  i s  a  s m a l l ,  p a l e  p l a n t  which  i s  
e a s i l y  o v e r l o o k e d  i n  m o s t  s o u t h e r n  
C a l i f o r n i a  marshes .  However, i ts r e c e n t  
i n c r e a s e  i n  abundance a t  t h e  uppe r  marsh  
o f  Los P e n a s q u i t o s  Lagoon and i t s  o b v i o u s  
e x p a n s i o n  f o l l o w i n g  d i s t u r b a n c e  a t  t h e  
B a l l o n a  W e t l a n d  ( i n  t h i s  c a s e  a f t e r  
p l o w i n g  o f  s e a s o n a l l y  w e t  p i c k l e w e e d  
h a b i t a t s )  have  s t i m u l a t e d  i n t e r e s t  i n  i ts 
e c o l o g i c a l  r e q u i r e m e n t s .  Whether it i s  a n  
i n d i c a t o r  o f  c h a n g i n g  e n v i r o n m e n t a l  
c o n d i t i o n s  o r  o f  upper  marsh b o u n d a r i e s  
r ema ins  t o  b e  seen :  b u t  it may p r o v e  
u s e f u l  i n  d e l i m i t i n g  a r e a s  which c o u l d  
s u p p o r t  s a l t  marsh  v e g e t a t i o n ,  p r o v i d e d  
d i s t u r b a n c e  were reduced  o r  e l i m i n a t e d .  

One o b l i g a t e  p a r a s i t e ,  known a s  
dodde r  (Cuscu ta  s a l i n a ,  F i g u r e  271,  o c c u r s  
i n  s o u t h e r n  C a l i f o r n i a  m a r s h e s ,  c o v e r i n g  a  
number o f  h o s t s  w i t h  b r i g h t  o r a n g e  s ~ W ~ S  

and s m a l l  w h i t e  f l o w e r s .  It c a n  be v e r y  
d e n s e ,  b u t  t h e  e f f e c t  on t h e  h o s t  p l a n t s  
d o e s  n o t  seem t o  b e  s e v e r e .  It is a n  
a n n u a l  p l a n t  whose  d i s p e r s a l  a n d  
e s t a b l i s h m e n t  c h a r a c t e r i s t i c s  a r e  
u n s t u d i e d .  

S p i k e  r u s h  ( J u n c u s  a c u t u s )  may have  
formed a  c o n s p i c u o u s  band a round  t h e  u p p e r  
m a r s h  o f  p re -1900  w e t l a n d s ,  b u t  o n l y  
r e m n a n t  p o p u l a t i o n s  a r e  now f o u n d  i n  
s o u t h e r n  C a l i f o r n i a .  Its clump o f  l o n g ,  
s l ~ a r p ,  s t i f f  l eaves  arid t a l l ,  d a r k ,  



Sliorcjirass (?Ionnnthochlocl. . _ littoral i s )  

Pilo; c; by ;i. Zoi!er. 



Figure 27.  Salt marsh bird's beak (C-o~a:La~~~n_uj maritimus ssp. maritimus) . Photo 
b y  I:. Nordby. 

\ 
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Figure 24. Zalicorni-a sub terminal i S .  

F1owc.r.: a r e  srlrnpt i l n e s  su'nrerminal ( s c e  - - -  - -  
c l o s e - ~ ? p  i l l u s t r a t i o n  by - 7 .  D c S h l d  ; Figure 25. Sca lavender ( L i m o n i m  
scale = : ca). ~ t ? o t o  by P. Z t ~ d l e r .  -- californictm) - - - - -- . Photo by 1'. Zedler 



F i g u r e  26. A l k a l i  weed ( C r e s s a  
t r n x i l l e n s i s )  . P h o t o  by P. Z e d l e r .  

F i g u r e  2 7 .  Dodder (Cuscu ta  $ s l i m ) ,  
p a r a s i t i c  on p ick leweed .  Pho to  by  
J .  DeWald. 

f l o w e r i n g  s t a l k s  a r e  u n m i s t a k a b l e  f e a t u r e s  
o f  t h e  s p e c i e s .  Its d i s t r i b u t i o n  may 
c o r r e s p o n d  w i t h  l o w e r  s o i l  s a l i n i t i e s ,  
t hough  e c o l o g i c a l  s t u d i e s  a r e  l a c k i n g .  

2.3 TRANSITIONAL HABITATS 

H a b i t a t s  b e t w e e n  t h e  h i g h e r  s a l t  
marsh  and c o a s t a l  s c r u b  o r  dune  v e g e t a t i o n  
have  undergone s o  much d i s t u r b a n c e  t h a t  
t h e i r  c o m m u n i t i e s  a r e  d i f f i c u l t  t o  
c h a r a c t e r i z e .  P e r h a p s  t h e  b e s t  
u n d e r s t a n d i n g  o f  t h e i r  fo rmer  c o m p o s i t i o n  
c a n  b e  o b t a i n e d  by e x t r a p o l a t i o n  from t h e  
m a r s h e s  a t  B a h i a  d e  S a n  Q u i n t i n .  
Neuenschwander e t  a l .  (1979)  i d e n t i f i e d  
t h e  t r a n s i t i o n a l  zone a s  t h e  a r e a  i n l a n d  
o f  t h e  h i g h e s t  d e b r i s  l i n e .  Marsh s p e c i e s  
had lower  abundance  and s e v e r a l  d e s e r t  and 
c o a s t a l  u p l a n d  s p e c i e s  were p r e s e n t .  
Dominant s p e c i e s ,  b o t h  on t h e  b a s i s  o f  
f r e q u e n c y  and c o v e r ,  were Monanthochloe 
l i t t o r a l i s ,  S a l i c o r n i a  s u b t e r m i n a l i s ,  and 
F r a n k e n i a  p a l m e r i .  The l a t t e r  s p e c i e s  i s  
known o n l y  from San Diego Bay i n  t h e  U.S., 
where  it is  r a r e .  Lycium b r e v i p e s  and 
A t r i p l e x  j u l a c e a  w e r e  o c c a s i o n a l ,  a n d  
E u p h o r b i a  m e s e r a ,  D i s t i c h l i s  s p i c a t a ,  
A l l e n r o l f e a  o c c i d e n t a l i s ,  D u d l e y a  
b r i t t o n i i  , Haplopappus  v e n e t u s ,  and t h r e e  
c a c t i  were r e l a t i v e l y  r a r e  i n  t h e  
t r a n s i t i o n  zone .  

T r a n s i t i o n a l  a r e a s  a t  T i j u a n a  E s t u a r y  
a r e  l i k e w i s e  d i s t i n g u i s h a b l e  b y  t h e  
a p p e a r a n c e  o f  a  l a r g e  v a r i e t y  o f  s p e c i e s  
n o t  common t o  lower  e l e v a t i o n s .  The main 
d i f f e r e n c e  i s  t h a t  many o f  t h e m  a r e  
i n t r o d u c e d  weeds.  They grow among t h e  
S a l i c o r n i a  s u b t e r m i n a l i s  and s h o r e g r a s s  
(Monanthochloe  l i t t o r a l i s )  wherever  s o i l s  
a r e  low i n  s a l i n i t y .  

2 . 4  SIMILARITIES WITH OTHER PACIFIC 
COASTAL SALT MARSHES 

M a c d o n a l d  ( 1 9 7 7 a )  s e p a r a t e s  t h e  
C a l i f o r n i a  m a r s h e s  i n t o  t h r e e  g r o u p s  
( n o r t h e r n ,  San F r a n c i s c o  Bay, and s o u t h e r n  
m a r s h e s )  on  t h e  b a s i s  o f  s p e c i e s  
c o m p o s i t i o n .  I n f o r m a t i o n  o n  s o i l  
s a l i n i t i e s  i s  s p a r s e ;  b u t  h i g h e r  r a i n f a l l  



s p r e a d  ove r  t h e  y e a r  shou ld  p roduce  l e s s  
s a l i n e  s o i l s ,  which p robab ly  a f f e c t  p l a n t  
growth r a t e s ,  i f  n o t  s p e c i e s  c o m p o s i t i o n ,  

The  compos i t ion  o f  marshes  t o  t h e  
n o r t h  o f  P o i n t  Concept ion  d i f f e r s  i n  t h e  
a b s e n c e  o f  s o u t h e r n  s p e c i e s  ( S a l i c o r n i a  
b i g e l o v i i ,  2. s u b t e r m i n a l i s ,  Monznthochloe 
l i t t o r a l i s ,  B a t i s  m a r i t i m a ) .  P ickleweed 
( S a l i c o r n i a  v i r g i n i c a )  a n d  c o r d g r a s s  
( S p a r t i n a  f o l i o s a )  a r e  i m p o r t a n t  i n  t h e  
upper  and lower  e l e v a t i o n s ,  r e s p e c t i v e l y ,  
e x c e p t  t h a t  c o r d g r a s s  i s  a b s e n t  f r o m  
Elkhorn  S lough ,  Tomales Bay and Bodega Bay 
(Macdona ld  1 9 7 7 b ) .  D i s t u r b a n c e s  h a v e  
p l ayed  i m p o r t a n t  r o l e s  i n  t h e  h i s t o r y  o f  
t h e s e  w e t l a n d s  a s  well, n o t a b l y  s a l t  works 
a n d  u r b a n  d e v e l o p m e n t  s u r r o u n d i n g  San  
F r a n c i s c o  Bay ,  l o g g i n g  a n d  u r b a n  
development a t  tiumboldt Bay, and d r e d g i n g  
t o  enhance n a v i g a t i o n  a t  Elkhorn  Slough.  

S o u t h  o f  T i j u a n a  E s t u a r y  a r e  t h e  
w e t l a n d s  o f  Baja C a l i f o r n i a ,  which a r e  
j u s t  now f a c i n g  t h e  p r o s p e c t  o f  i n t e n s i v e  
development  The marshes  o f  Bahia  d e  San 
Q u i n t i n  (30  31". 1 1 6 ~ 0 ' ~ )  a r e  t h e  most 
well s t u d i e d  (Neuenschwander e t  a l ,  1979) .  
T h e s e  m a r s h e s  a r e  o f  s p e c i a l  i n t e r e s t  
b e c a u s e  s o  l i t t l e  d i s t u r b a n c e  h a s  
o c c u r r e d .  Thor s t ed  (1972)  d i d  n o t  measure  
s o i l  s a l i n i t i e s  i n  t h e  i n t e r t i d a l  marsh ,  
b u t  t h e  low r a i n f a l l  (5  t o  10 cm/yr)  
s t r o n g l y  s u g g e s t s  h y p e r s a l i n e  s o i l s  even 
w i t h  t h e  modera t ing  i n f l u e n c e  o f  f r e q u e n t  
f o g  c o v e r .  Seven marshes  w i t h i n  t h e  Bahia 
were sampled f a r  f r e q u e n c y  and o c c u r r e n c e  
i n  t h e  same manner a s  V o g l ' s  (1966)  s t u d y  
o f  Upper  Newpar t  Bay.  I c a l c u l a t e d  
p e r c e n t  s i m i l a r i t i e s  ( W h i t t a k e r  1975) o f  
a b o u t  70% between t h e  l o w e r ,  midd le  and 
upper  marsh zones  f o r  t h e s e  two w i d e l y  
s e p a r a t e d  ( n e a r l y  500 km CJlO m i ] )  bays .  
The h i g h  s i m i l a r i t y  o f  s p e c i e s  l i s t s  f o r  
Bahia d e  San Q u i n t i n ,  T i j u a n a  E s t u a r y ,  
Miss ion  Bay, Upper Newport Bay, Anaheim 
Bay, and Mugu Lagoon s u g g e s t s  t h a t  t h e  
n o r t h e r n  Baja  C a l i f o r n i a  marshes  be long  t o  
t h e  s o u t h e r n  C a l i f o r n i a  r e g i o n a l  g roup ,  
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D i s t u r b a n c e  t a k e s  many f o r m s  i n  
s o u t h e r n  C a l i f o r n i a  w e t l a n d s .  Some 
d i s t u r b a n c e s  a r e  n a t u r a l ;  m o s t  a r e  
man-caused. Some a r e  c h r o n i c ;  o t h e r s  a r e  
c a t a s t r o p h i c .  The  f i r s t  r e s p o n s e  o f  
v e g e t a t i o n  t o  d i s t u r b a n c e  w i l l  no rma l ly  b e  
change  i n  t h e  f u n c t i o n a l  a t t r i b u t e s  o f  t h e  
p l a n t s ,  i . e .  t h e i r  r a t e  o f  growth may 
i n c r e a s e  o r  d e c r e a s e .  Changes i n  s p e c i e s  
c o m p o s i t i o n  o f  t h e  v e g e t a t i o n ,  i .e.  t h e  
i n v a s i o n  o f  new s p e c i e s  o r  e l i m i n a t i o n  o f  
p r e v i o u s l y  o c c u r r i n g  s p e c i e s ,  g e n e r a l l y  
t a k e  l o n g e r .  T h i s  d i s c u s s i o n  w i l l  
emphas ize  c h a n g e s  i n  s p e c i e s  c o m p o s i t i o n  
w h i c h  r e s u l t  f r o m  t h e  c a t a s t r o p h i c  
d i s t u r b a n c e s  o f  a l t e r e d  t i d a l  c i r c u l a t i o n  
and o f  f l o o d i n g .  Changes which r e s u l t  
f r o m  c h r o n i c  d i s t u r b a n c e s ,  s u c h  a s  
f e r t i l i z a t i o n  from a d j a c e n t  a g r i c u l t u r a l  
r u n o f f ,  a r e  much more  d i f f i c u l t  t o  
document.  However, t h e  e f f e c t s  o f  reduced 
t i d a l  c i r c u l a t i o n ,  n a t u r a l  f l o o d i n g ,  and 
a r t i f i c i a l l y  a u g m e n t e d  f l o o d i n g  a r e  
becoming c l e a r :  and most  o f  t h e  s p e c i e s  
c o m p o s i t i o n a l  changes  can  b e  e x p l a i n e d  on 
t h e  b a s i s  o f  t h e  chang ing  s o i l  s a l i n i t i e s  
w h i c h  a r e  a s s o c i a t e d  w i t h  t h e s e  
d i s t u r b a n c e s .  

Reduced T i d a l  C i r c u l a t i o n  

A s  d i s c u s s e d  i n  Chap te r  1 ,  c l o s u r e  o f  
a  w e t l a n d  c a n  r e s u l t  e i t h e r  i n  m o r e  
b r a c k i s h  o r  more s a l i n e  s o i l s .  Wet l ands  
which  undergo a n  a n n u a l  c y c l e  o f  c l o s u r e ,  
o r  which r ema in  c l o s e d  f o r  s e v e r a l  y e a r s  
a t  a  time most c e r t a i n l y  e x p e r i e n c e  a  
b r o a d e r  r a n g e  o f  s o i l  s a l i n i t i e s  and s o i l  
m o i s t u r e  t h a n  m a r s h e s  w h i c h  a r e  
c o n t i n u a l l y  unde r  t h e  i n f l u e n c e  o f  t i d e s .  
Given t h a t  h a l o p h y t e s  have  upper  l i m i t s  
f o r  s a l i n i t y  and d r o u g h t  stress, o n e  migh t  
e x p e c t  t h a t  s e n s i t i v e  s p e c i e s  would b e  
e l i m i n a t e d  from h a b i t a t s  o r  from e n t i r e  
w e t l a n d s  w h e r e  t i d a l  c i r c u l a t i o n  i s  
u n p r e d i c t a b l e .  F u r t h e r m o r e ,  o n e  w o u l d  
e x p e c t  w ide ly  t o l e r a n t  s p e c i e s  t o  domina te  
unde r  t h e s e  d i s t u r b a n c e  c o n d i t i o n s .  

The s m a l l e r  w e t l a n d s  more f r e q u e n t l y  
l o s e  t h e i r  t i d a l  c o n n e c t i o n ,  u n l e s s  
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e n t r a n c e s  have  been s t a b i l i z e d  by d r e d g i n g  
and j e t t y  c o n s t r u c t i o n .  Fewer s p e c i e s  o f  
s a l t  marsh p l a n t s  t e n d  t o  be found i n  such  
a r e a s  ÿÿ able 4 ) .  C o r d g r a s s  ( S p a r t i n a  
f o l i o s a )  is u s u a l l y  a b s e n t  from w e t l a n d s  
w h i c h  a r e  f r e q u e n t l y  c l o s e d  t o  t i d a l  
c i r c u l a t i o n ,  and it has  become e l i m i n a t e d  
from Los P e n a s q u i t o s  Lagoon s i n c e  P u r e r ' s  
1939-40 o b s e r v a t i o n s .  A 1980 t r a n s p l a n t  
o f  40 c o r d g r a s s  s p r i g s  t o  t h e  p ickleweed-  
dominated  lower  marsh o f  Los P e n a s q u i t o s  
Lagoon r e s u l t e d  i n  one  s u r v i v o r  t h r o u g h  
t h e  w e l l - c i r c u l a t e d  1980 growing s e a s o n .  
However, it t o o  d i e d  d u r i n g  1981 when t h e  
l a g o o n  was c l o s e d  much o f  t h e  y e a r  
( W i l l i a m s  a n d  Z e d l e r ,  u n p u b .  d a t a ) .  
E i l e r s  ( 1 9 8 0 )  f o u n d  t h a t  c o r d g r a s s  
remained beh ind  a  d i k e  a t  Bolsa  Chica 
m a r s h ,  e v e n  t h o u g h  r e g u l a r  t i d a l  
c i r c u l a t i o n  had been l a c k i n g  f o r  a l m o s t  80  
y e a r s .  I t  h a d ,  h o w e v e r ,  m i g r a t e d  t o  
e l e v a t i o n s  which would n o r m a l l y  b e  t o o  low 
f o r  t h i s  s p e c i e s .  S o i l s  where c o r d g r a s s  
o c c u r r e d  were m o i s t  (65  t o  89%) and t h e i r  
s a l i n i t y  v a r i e d  f r o m  b r a c k i s h  t o  
h y p e r s a l i n e  d u r i n g  E i l e r s '  1977-78 s t u d y  
p e r i o d ,  s u g g e s t i n g  t h a t  s e e p a g e  was  
o c c u r r i n g  d e s p i t e  t h e  c l o s u r e  o f  t h i s  
marsh t o  t i d a l  c i r c u l a t i o n .  Hence it may 
n o t  b e  a c c e s s  t o  t i d e s  t h a t  is r e q u i r e d  
f o r  c o r d g r a s s ?  s p e r s i s t e n c e ,  b u t  
p r o t e c t i o n  f r o m  e x t r e m e s  w h i c h  u s u a l l y  
o c c u r  a f t e r  c l o s u r e ,  i .e .  l o n g  p e r i o d s  o f  
h i g h  s a l i n i t y  a n d / o r  d r o u g h t  a n d  
c o m p e t i t i o n  w i t h  p i ck leweed .  

M o n o t y p i c  s t a n d s  o f  p i c k l e w e e d  
( S a l i c o r n i a  v i r g i n i c a )  a r e  o f t e n  found i n  
marshes  w i t h  reduced t i d a l  c i r c u l a t i o n .  
The o c c u r r e n c e  o f  p ickleweed i n  marshes  o f  
w i d e - r a n g i n g  s a l i n i t i e s  a n d  m o i s t u r e  
c o n d i t i o n s  and i ts  broad r a n g e  a t  T i j u a n a  
E s t u a r y  ( F i g u r e  9 )  b o t h  document t h a t  t h i s  
s p e c i e s  h a s  a  b r o a d  t o l e r a n c e  t o  
e n v i r o n m e n t a l  c o n d i t i o n s .  The l a b o r a t o r y  
e x p e r i m e n t s  o f  Mahall  and P a r k  (1976b.c)  
a l s o  showed t h a t  p i c k l e w e e d  f r o m  S a n  
F r a n c i s c o  Bay t o l e r a t e d  a  wide r  r a n g e  o f  
s a l i n i t i e s  t h a n  c o r d g r a s s .  

Reduced t i d a l  c i r c u l a t i o n  may a l s o  
a f f e c t  s p e c i e s  c o m p o s i t i o n  o f  t h e  uppe r  
marsh by r e d u c i n g  s o i l  m o i s t u r e .  Al though 
e x p e r i m e n t a l  e v i d e n c e  i s  l a c k i n g ,  t h e  

e l i m i n a t i o n  o f  F r a n k e n i a  g r a n d i f o l i a  ( b u t  
n o t  s a l t n r a s s  r D i s t i c h l i s  s ~ i c a t a l )  f rom 

.2 - .  
t h e  upper  marsh a t  Los  P e n a s q u i t o s  Lagoon 
d u r i n g  d r y  p e r i o d s  h a s  bee?  documented 
( 9 2 %  f r e q u e n c y  and 1429 g/m i n  Augus5 
1977,  compared t o  38% f r e q u e n c y  and  7 g/m 
i n  1981) ( Z e d l e r  e t  a l . ,  unpub. d a t a ) .  
S a l i n i t i e s  were b r a c k i s h  d u r i n g  much o f  
t h e  t h r e e - y e a r  p e r i o d ,  b u t  s o i l s  were v e r y  
d r y  i n  1981.  Al though F r a n k e n i a  d e c l i n e d  
s u b s t a n t i a l l y  i n  t h e  uppe r2  m a r s h ,  i t  
r e m a i n e d  r o b u s t  ( ? = 3 4 7  g/m i n  A u g u s t  
1 9 8 1 )  i n  t h e  a d j a c e n t  l o w e r  m a r s h ,  
s u g g e s t i n g  t h a t  p l a n t  d i s e a s e  o r  g r a z i n g  
were n o t  t h e  c a u s e .  Compe t i t i on  w i t h  
s a l t g r a s s  c o u l d  have  c o n t r i b u t e d  t o  i ts  
demise ,  b u t  t h e  b iomass  o f  s a l t g r a s s  a l s o  
d e c l i n e d .  O n l y  a l k a l i  weed ( C r e s s a  
t r u x i l l e n s i s )  i n c r e a s e d  i n  Au u s t  b iomass  5 
( f r o m  7 g/m i n  1977 t o  15 g/m i n  1981) .  

N a t u r a l  F l o o d i n g  

F l o o d i n g  a n d  r e d u c t i o n s  i n  s o i l  
s a l i n i t y  have  d r a m a t i c  e f f e c t s  on l o c a l  
s p e c i e s  d i s t r i b u t i o n s ,  t h e r e b y  a l t e r i n g  
marsh  community c o m p o s i t i o n .  C o r d g r a s s  
a p p e a r s  t o  b e  e s p e c i a l l y  s e n s i t i v e  t o  
f r e s h w a t e r  i n p u t ;  it showed s u b s t a n t i a l l y  
g r e a t e r  a b i l i t y  t o  become  e s t a b l i s h e d  
o u t s i d e  i t s  u s u a l  b o u n d a r i e s  f o l l o w i n g  t h e  
1980 f l o o d  a t  Ti j uana  E s t u a r y  ( Z e d l e r  , 
u n p u b .  m s  .b) . The o b s e r v a t i o n s  w h i c h  
f o l l o w  s u g g e s t  s t r o n g l y  t h a t  f l o o d  e v e n t s  
p l a y  a n  i m p o r t a n t  r o l e  i n  a l l o w i n g  
h a l o p h y t e s  t o  invade  new h a b i t a t s .  

A t  T i j u a n a  E s t u a r y ,  t h e r e  a r e  two 
abandoned sewage l a g o o n s  which r e c e i v e d  
e f f l u e n t  from t h e  c i t y  of I m p e r i a l  Beach 
up u n t i l  t h e  e a r l y  1 9 6 0 ' s .  The p e r i p h e r y  
o f  t h e  l a g o o n s  is r i n g e d  w i t h  v e g e t a t i o n  
d o m i n a t e d  b y  p i c k l e w e e d  ( S a l i c o r n i a  
v i r g i n i c a ) ,  b u t  33 d i s c r e t e  p a t c h e s  o f  
c o r d g r a s s  were l o c a t e d  and t h e i r  d i a m e t e r s  
measured i n  1979.  A r e c e n s u s  a f t e r  t h e  
1980 f l o o d  r e v e a l e d  103 p a t c h e s ,  most o f  
which were v e r y  s m a l l  and o f  r e c e n t  o r i g i n  
( F i g u r e  28). Those which were nea r  o l d  
p a t c h e s  may w e l l  h a v e  e s t a b l i s h e d  
v e g e t a t i v e l y ,  b u t  a  few o f  t h e  new p a t c h e s  
were s e v e r a l  m e t e r s  away from t h e  n e a r e s t  
v e g e t a t i v e  s o u r c e .  E x c a v a t i o n s  o f  two new 



F i g u r e  28.  P a t c h e s  o f  c o r d g r a s s  have 
invaded a pickleweed marsh which s u r -  
rounds  a n  abandoned sewage l agoon  a t  
T i j u a n a  E s t u a r y .  P a t c h e s  i n c r e a s e d  
i n  s i z e  and i n  number more d u r i n g  t h e  
wet y e a r  of 1980 t h a n  i n  p r e v i o u s  o r  
subsequen t  growing s e a s o n s .  Photo  by 
J. Z e d l e r .  

F i g u r e  29. Prolonged f l o o d i n g  o f  t h e  
San Diego Rive r  marsh,  caused  by 
r e s e r v o i r  drawdown, l e a c h e d  s o i l s  of 
t h e i r  sa l ts  and allowect f r e s h w a t e r  
marsh p l a n t s  (e .g .  c a t t a i l s )  t o  invade  
t h e  former  s a l t  marsh.  P ick leweed ,  
sllown h e r e  a s  dead u n d e r s t o r y  p l a n t 6 ,  
p r o b a b l y  d i e d  from l o n g  p e r i o d s  o f  
i n u n d a t i o n .  Photo  by .T. Z e d l e r .  

F i g u r e  30. Off-road veh ic l e  a c t i v i t i e s  denude t h e  s a l t  marsh,  compact s o i l s ,  
and a l t e r  d r a i n a g e  p a t t e r n s .  Pho to  by J .  Z e d l e r .  



c l o n e s  f a i l e d  t o  r e v e a l  r h i z o m a l  
c o n n e c t i o n s  o u t s i d e  t h e  c l o n e .  Hence, a t  
l e a s t  some o f  t h e  new c o r d g r a s s  p a t c h e s  
o r i g i n a t e d  a s  s e e d l i n g s .  P r i o r  t o  t h e  
1980 f l o o d  t h e r e  had been no  r e c o r d  o f  
S p a r t i n a  f o l i o s a  e s t a b l i s h m e n t  by  s e e d  
d e s p i t e  s e v e r a l  y e a r s '  o b s e r v a t i o n  o f  
o t h e r  s p e c i e s '  s e e d l i n g s  a t  T i j u a n a  
E s t u a r y  . 

I n  a d d i t i o n ,  t h e  o r i g i n a l  p a t c h e s  
expanded i n  d i a m e t e r  s i g n i f i c a n t l y  more i n  
1980  ( 2 - 2 . 4  m )  t h a n  d u r i n g  t h e  1979  
growing s e a s o n  (x= 1.1 m) ( Z e d l e r ,  unpubl .  
m s . b ) .  T h i s  e x p a n s i o n  a p p e a r e d  t o  b e  
e n t i r e l y  v e g e t a t i v e ,  which is  c o n s i s t e n t  
w i t h  t h e  measured i n c r e a s e s  i n  d e n s i t y  i n  
t h e  nea rby  T i j u a n a  E s t u a r y  marsh.  A s  
f u r t h e r  e v i d e n c e  t h a t  t h e  f l o o d i n g  was 
r e s p o n s i b l e  f o r  t h e  expans ion  o f  cordgrass ,  
p a t c h e s  were a g a i n  censused  i n  1981,  a  
y e a r  o f  l i t t l e  r a i n f a l l  and h i g h  s o i l  
s a l i n i t i e s  t h r o u g h o u t  t h e  growing season .  
The o r i g i n a l  p a t c h e s  o f  c o r d g r a s s  h a d  
t h e i r  l owes t  expans ion  r a t e s ,  i n d i c a t i n g  
s i g n i f i c a n t l y  poore r  growing c o n d i t i o n s .  
S e v e r a l  new p a t c h e s  were l o c a t e d ,  b u t  t h e  
r a t e  o f  e s t a b l i s h m e n t  was c l e a r l y  below 
t h a t  o f  1980. To d a t e ,  t h e  e v i d e n c e  
s t r o n g l y  s u g g e s t s  t h a t  f l o o d i n g  i s  a  
s t i m u l a n t  f o r  m a j o r  e x p a n s i o n  o f  
c o r d g r a s s .  

Prolonged E x c e s s i v e  F reshwa te r  I n p u t  

S m a l l  p o c k e t s  o f  f r e s h w a t e r  m a r s h  
have  o f t e n  been obse rved  t o  d e v e l o p  n e x t  
t o  s t o r m  d r a i n s  o r  o t h e r  a r e a s  o f  
c o n t i n u o u s  f r e s h w a t e r  i n p u t  t o  s a l t  marsh 
h a b i t a t s .  b u t  i t  i s  r a r e  t o  w i t n e s s  
l a r g e - s c a l e  r ep lacemen t  o f  s a l t  marsh by 
f r e s h w a t e r  marsh .  However, e x a c t l y  t h a t  
o c c u r r e d  i n  s o u t h e r n  C a l i f o r n i a  ( Z e d l e r  
1981b.c) .  V e g e t a t i o n  a t  t h e  mouth o f  t h e  
San Diego R ive r  s h i f t e d  from dominance bv 
p ickle ieed  ( S a l i c o r n i a  v i r g i n i c a )  t b  
dominance by c a t t a i l s  (Typha dominguens i s )  
when t h e  n a t u r a l  f l o o d s  o f  1 9 8 0  w e r e  
f o l l o w e d  by t h e  d e l i b e r a t e  r e l e a s e  o f  
~ a t e r  f r o %  El C a p i t , a n  R e s e r v o i r ,  A 
two-month p e r i o d  o f  i n u n d a t i o n  e a r l y  i n  
t h e  growing s e a s o n  k i l l e d  l a r g e  a r e a s  o f  
pickleweed-dominated s a l t  marsh v e g e t a t i o n  
a t  t h e  seaward  end o f  t h e  r i v e r .  Leaching 
r educed  s o i l  s a l i n i t i e s  t o  0  p p t  i n  many 
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p a r t s  o f  t h e  marsh,and s e e d s  o f  f r e s h w a t e r  
marsh s p e c i e s ,  b r o u g h t  downstream by t h e  
f l o o d w a t e r s ,  ge rmina ted  r a p i d l y .  C a t t a i l s  
d e v e l o p e d  a  n e a r l y  c o n t i n u o u s ,  t a l l ,  
r o b u s t  canopy w i t h i n  two t o  t h r e e  months 
a f t e r  f l o o d i n g .  The  r a p i d  s h i f t  i n  
s p e c i e s  c o m p o s i t i o n  d e m o n s t r a t e s  t h a t  
p ickleweed is s e n s i t i v e  t o  i n u n d a t i o n  and 
t h a t  m u d f l a t  h a b i t a t s  a r e  r e a d i l y  
c o l o n i z e d  by o p p o r t u n i s t i c  s p e c i e s  ( F i g u r e  
2 9 ) .  

Dominance by f r e s h w a t e r  s p e c i e s  was 
s h o r t  l i v e d ,  h o w e v e r ,  b e c a u s e  t h e  
f r e s h w a t e r  i n p u t  ceased  and t i d e s  resumed 
t h e i r  r o l e  a s  t h e  major  w a t e r  s o u r c e .  By 
J u l y  1981 n e a r l y  a l l  t h e  c a t t a i l s  had d i e d  
and t h e  marsh was a  n e a r l y  un i fo rm canopy 
o f  s t a n d i n g  dead v e g e t a t i o n .  A t  t h i s  
t i m e ,  a  f e w  p a t c h e s  o f  s a l t  m a r s h  
v e g e t a t i o n  were v i s i b l e ;  some o f  t h e s e  
w e r e  p a t c h e s  o f  c o r d g r a s s  w h i c h  h a d  
s u r v i v e d  i n u n d a t i o n  a n d  s u b s e q u e n t  
c o m p e t i t i o n  w i t h  c a t t a i l s .  (Many had been 
p l a n t e d  a s  p a r t  o f  t h e  a u t h o r ' s  marsh 
r e s t o r a t i o n  p r o j e c t . )  O the r  p a t c h e s  were  
Jaumea c a r n o s a  o r  s a l t w o r t  ( B a t i s  
m a r i t i m a )  which e i t h e r  s u r v i v e d  t h e  f l o o d s  
o r  ge rmina ted  s h o r t l y  a f t e r .  A l l  t h r e e  
s p e c i e s  b e g a n  e x p a n d i n g  v e g e t a t i v e l y  
f o l l o w i n g  t h e  demise  o f  t h e  c a t t a i l s ,  and 
may p r o d u c e  a  d e n s e  c a n o p y  b e f o r e  
p ickleweed is  a b l e  t o  r e - invade  by s e e d  
and dominate  t h e  a r e a .  

Chance e v e n t s ,  such  a s  t h e  s u r v i v a l  
o r  e s t a b l i s h m e n t  o f  s m a l l  p a t c h e s  o f  
h a l o p h y t e s ,  may have profound i n f l u e n c e  on 
t h e  s p e c i e s  c o m p o s i t i o n  o f  a  m a r s h .  
H i s t o r i c a l  f e a t u r e s  s u c h  a s  l o c a l  p a t c h e s  
o f  m o r t a l i t y  and e s t a b l i s h m e n t  may e x p l a i n  
some o f  t h e  d i f f e r e n c e s  i n  s p e c i e s  
c o m p o s i t i o n  among s o u t h e r n  C a l i f o r n i a ' s  
c o a s t a l  s a l t  marshes .  Even i f  i d e n t i c a l  
h a b i t a t s  a r e  a v a i l a b l e  f o r  s a l t  m a r s h  
g rowth ,  one  need n o t  e x p e c t  t h e  u l t i m a t e  
s p e c i e s  l ists t o  b e  i d e n t i c a l ,  l e t  a l o n e  
t h e i r  r e s p e c t i v e  abundances .  

O t h e r  D i s t u r b a n c e s  

D e n u d a t i o n  o f  m a r s h  v e g e t a t i o n  by 
v e h i c l e  a b u s e  is  one  of t h e  most  v i s i b l e  



t y p e s  o f  d i s t u r b a n c e  t o  marsh s t r u c t u r e .  
A r e a s  o f  d e n s e  v e g e t a t i o n  become  
c o m p l e t e l y  e l i m i n a t e d  w h e r e v e r  t r a f f i c  
p e r s i s t s  ( F i g u r e  3 0 ) .  S i n c e  most  d r i v e r s  
s t e e r  c l e a r  o f  t h e  muddier h a b i t a t s ,  t h e i r  
damage is  u s u a l l y  most  v i s i b l e  i n  t h e  h i g h  
marsh and t r a n s i t i o n a l  communi t ies .  The 
i m p a c t  on  v e g e t a t i o n  c o m p o s i t i o n  i s  
two-fold .  S p e c i e s  r e s t r i c t e d  t o  t h e s e  
h a b i t a t s  a r e  e l i m i n a t e d ,  a n d  
o p p o r t u n i s t i c ,  weedy a n n u a l s  i n v a d e  d u r i n g  
t h e  r a i n y  s e a s o n  when v e h i c l e  u s e  i s  
s p a r s e .  

S a l t  marsh b i r d ' s b e a k  ( C o r d y l a n t h u s  
m a r i t i m u s  s s p .  m a r i t i m u s )  most  l i k e l y  owes 
i t s  endangered  s t a t u s  t o  d i s t u r b a n c e  o f  - 
t h i s  t y p e .  Marsh v e g e t a t i o n  i s  n o t a b l y  
s e n s i t i v e  t o  mechan ica l  damage (McIn ty re  
1977) and t h e  b i r d ' s  beak  is  e s p e c i a l l y  
e a s y  t o  b reak  o f f  (Dunn 1981). The l a t t e r  
i s  r e s t r i c t e d  t o  a  n a r r o w  e l e v a t i o n a l  
r a n g e  ( l e s s  t h a n  30  cm a t  T i j u a n a  E s t u a r y )  
a t  t h e  upper l i m i t  o f  t i d a l  i n f l u e n c e  n e a r  
a r e a s  used by o f f - road  v e h i c l e s .  

I n t r o d u c e d  s p e c i e s  o f t e n  i n v a d e  
n a t i v e  communi t ies  f o l l o w i n g  d i s t u r b a n c e ,  
and some become a  common p a r t  o f  t h a t  
c o m m u n i t y  e v e n  when d i s t u r b a n c e  i s  
p e r i p h e r a l .  Two i ce  p l a n t s ,  G a s o u l  
e r y s t a l l i n u m  and 2. n o d i f l o r u m ,  g e r m i n a t e  
r e a d i l y  i n  roadways  a t  t h e  uppe r  marsh  
b o u n d a r y ,  w h i l e  b r a s s - b u t t o n s  ( C o t u l a  
e o r o n o p i f o l i a )  h a s  become a  common member 
o f  s o u t h e r n  C a l i f o r n i a  c o a s t a l  marshes .  
A l l  t h r e e  s p e c i e s  a r e  n a t i v e  t o  Sou th  
A f r i c a .  Two European g r a s s e s ,  P a r a p h o l i s  
i n c u r v a  and Polypogon m o n s p e l i e n s i s ,  a r e  
s o m e t i m e s  a b u n d a n t  i n  u p p e r  m a r s h  
h a b i t a t s .  

R a r e l y  d o e s  one  s e e  e x o t i c  s p e c i e s  i n  
l o w e r  m a r s h  h a b i t a t s ,  a l t h o u g h  s m o o t h  
c o r d g r a s s  ( S p a r t i n a  a l t e r n i f l o r a )  h a s  been 
s u c c e s s f u l l y  i n t r o d u c e d  from t h e  A t l a n t i c  
c o a s t  t o  t h e  S t a t e  o f  Washington ( F r e y  and 
B a s a n  1 9 7 8 ) .  I n  s o u t h e r n  C a l i f o r n i a ,  
t h e r e  is  one  c a s e  o f  low marsh i n v a s i o n ,  
which still p u z z l e s  e c o l o g i s t s .  A New 
Z e a l a n d  m a n g r o v e  ( A v i c e n n i a  s p . )  was  
d e l i b e r a t e l y  p l a n t e d  i n  Miss ion  Bay t o  
p r o v i d e  l i v e  m a t e r i a l  f o r  p h y s i o l o g i c a l  
s t u d y .  It s u b s e q u e n t l y  s p r e a d  and became 

a  dominant  f e a t u r e  o f  t h e  marsh ,  o c c u p y i n g  
t h e  c h a n n e l  b a n k s  a n d  l o w e r  p a r t s  o f  
c o r d g r a s s ' s  d i s t r i b u t i o n .  F i n a l l y ,  
conce rned  t h a t  t h e  t a l l  (2-3 m) p l a n t s  
would a t t r a c t  p r e d a t o r s  o f  t h e  endange red  
l i g h t - f o o t e d  c l a p p e r  r a i l ,  t h e  C l a p p e r  
R a i l  R e c o v e r y  Team c a l l e d  f o r  t h e  
m a n g r o v e ' s  r e m o v a l .  The p u z z l e ?  I f  
e x o t i c  m a n g r o v e s  c a n  o c c u p y  t h e  t i d a l  
c r e e k s  a t  t h i s  l a t i t u d e ,  why h a v e n ' t  
n a t i v e  m a n g r o v e s  f r o m  Ba j a  C a l i f o r n i a  
m i g r a t e d  n o r t h  o r  o t h e r  v a s c u l a r  p l a n t  
s p e c i e s  deve loped  t o l e r a n c e  t o  t h e s e  low 
e l e v a t i o n s ?  

2.6 A CONCEPTUAL MODEL OF MARSH COMMUNITY 
DEVELOPMENT 

O b s e r v a t i o n s  o f  s p e c i e s  c o m p o s i t i o n a l  
c h a n g e s  i n  s o u t h e r n  C a l i f o r n i a  marshes  c a n  
b e  combined t o  d e v e l o p  a  c o n c e p t u a l  model 
o f  c o m m u n i t y  d e v e l o p m e n t .  S i n c e  m o s t  
o b s e r v a t i o n s  d e a l  w i t h  p i c k l e w e e d  
( S a l i c o r n i a  v i r g i n i c a )  a n d  c o r d g r a s s  
( S p a r t i n a  f o l i o s a ) ,  t h e s e  two dominan t s  
a n d  t h e i r  i n t e r a c t i o n s  a r e  e m p h a s i z e d .  
But f i r s t  a  word o f  c a u t i o n .  Concep tua l  
models  a r e  u s e f u l  i n  summariz ing  i d e a s  a n d  
c l a r i f y i n g  q u e s t i o n s  w h i c h  n e e d  t o  b e  
a p p r o a c h e d  e x p e r i m e n t a l l y .  U n t i l  s u c h  
models  have  w i t h s t o o d  r e p e a t e d  a t t e m p t s  t o  
d i s p r o v e  them, t h e y  s h o u l d  n o t  b e  a c c e p t e d  
a s  f a c t .  R a t h e r ,  t h e y  s h o u l d  b e  viewed a s  
a  s e t  o f  h y p o t h e s e s  and d i s c a r d e d  when 
b e t t e r  e x p l a n a t i o n s  come a l o n g .  

The f o l l o w i n g  m o d e l  ( F i g u r e  3 1 )  
s u g g e s t s  a  l i k e l y  p r o g r e s s i o n  o f  e v e n t s  
which is p r e d i c t e d  f rom o b s e r v a t i o n s  of 
e s t a b l i s h m e n t  a b i l i t y  a n d  c o m p e t i t i v e  
i n t e r a c t i o n s  f o r  p i ck leweed  and c o r d g r a s s .  

2.7 VASCULAR PLANT PRODUCTIVITY 

A c r o s s  t h e  n a t i o n  c o a s t a l  m a r s h e s  
have  been acc l a imed  a s  h i g h l y  p r o d u c t i v e  
n a t u r a l  e c o s y s t e m s .  T h e  c o r d g r a s s  
( S p a r t i n a  a l t e r n i f l o r a )  marshes  of G e o r g i a  
a n d  L o u i s i a n a  a r e  p a r t i c u l a r l y  w Y l- s t u d i e d  and e s t i m a t e s  o f  up t o  3  kg/m / y r  
above-ground p r o d u c t i v i t y  a r e  o n  r e c o r d  
( s e e  r e v i e w  o f  Turne r  1976,  K i rby  and  



USUAL CONDITIONS = HYPERSALINE SOl1.s 

H a b i t a t  becomes a v a i l a b l e  f o r  
c o l o n i z a t i o n .  h i g h e r  

O p p o r t u n i s t i c  s p e c i e s  i n v a d e  by seed l ower 
( S a l i c o r n i a  v i r  i n i c a ,  5. _b&'lovii 
suaeda c a l  i f ~ k  ---.--.-- 9 channel  

Sal i c o r n i a  v i r g i n i c a  ach ieves  early 
=ihance ' d r t o  

- - h i g h  g rowth  r a t e s  under  
s a l i n e  c o n d i t i o n s  

- - v e g e t a t i v e  sp read  
- - p e r e n n i a l  g rowth  

FLOODS OR HEAVY RAINFALL EVfNTUAa.ty O C C O K  

Germina t ion  o f  h a l o p h y t e s  i:; s ~ a i t r r t ~ . i t ~ ~ ~ i ,  

S  a r t i n a  f o l i o s a  may e s t a b l  isk t  pdtchtss &-- . ~ t  a  nearby  source i s  a v d i l a h l e .  

3 a r t i n a  f o l i o s a  may spread  
~ & ~ e t a t 7 v ~ ~ e c i a l l ~  a t  
l o w e r  e l e v a t i o n s .  

LOXG PERIODS OP HYPERSALINITY FOLLOW, IrjP!..llR(JPTED BY OCCASIONAL WET YEARS 

Species d i s t r i b u t i o n s  c o n t i n u e  t o  
s h i f t  i n  response t o  e n v i r o n m e n t d l  
changes; S a l i c o r n i a  r e t a i n s  c o m p e t i t i v e  
advantage u n d E e  s a l i n e  c o n t l j  t i o t l s .  

S p a r t i n 5  _ f o l i o s a  expands s u h s t c ! n t i a l  ? y  
d u r i n g  years  o f  l e s s  s a l i n e  c o n d i  t i o n 5  
and a t  l o w e r  e l e v a t i o n s .  

A  m i x t u r e  o f  s p e c i e s  r e s u l t s ,  w i  tfl S1-q 
f o l i o s a  r e s t r i c t e d  t o  t h e  l o w e r  marsh. 

Figure  31. conceptual model c r f  spvf i p s  ~ l s t a b l i s h e n t  and  spread  i.n southeriz 
C a l i f o r n i a  s a l t  marshes .  



G o s s e l i n k  1 9 7 6 ,  a n d  H o p k i n s o n  e t  a l .  
1978) .  

P r o d u c t i v i t y  s t u d i e s  h a v e  b e e n  
c a r r i e d  o u t  i n  s e v e r a l  o f  t h e  s o u t h e r n  
C a l i f o r n i a  w e t l a n d s  ( T a b l e  7 ) .  A l l  
i n v e s t i g a t o r s  c a l c u l a t e  i n c r e a s e s  i n  
b iomass  between p e r i o d i c  h a r v e s t s  o f  t h e  
v e g e t a t i o n ,  a  t e c h n i q u e  which d o e s  n o t  
a c c o u n t  f o r  b iomass  l o s t  t o  h e r b i v o r e s ,  
d e c o m p o s e r s  o r  e x p o r t  f r o m  t h e  m a r s h .  
C h r i s  Onuf (unpub. ms) h a s  a l s o  employed a  
p l a n t  t a g g i n g  t e c h n i q u e ,  which i s  p e r h a p s  
t h e  b e s t  means o f  e s t i m a t i n g  l o s s e s  o f  
p l a n t  b iomass  be tween h a r v e s t s .  According 
t o  h i s  compar i sons  o f  h a r v e s t  and t a g g i n g  
methods  a t  Mugu Lagoon (Onuf e t  a l .  19781,  
t h e  h a r v e s t  m e t h o d  u n d e r e s t i m a t e s  
p r o d u c t i v i t y  b y  a  f a c t o r  o f  2.1 t o  2.2 f o r  
p i ck leweed  ( S a l i c o r n i a  v i r g i n i c a ) ,  3.7 f o r  
J aumea  c a r n o s a ,  1 . 8  f o r  s e a  l a v e n d e r  
(L imon ium c a l i f o r n i c u m ) ,  a n d  2 .9  f o r  
s a l t w o r t  ( B a t i s  m a r i t i m a ) .  It  is n o t  
s u r p r i s i n g  t h a t  l o s s e s  a r e  h i g h  f o r  t h e  
b r i t t l e - s t e m m e d  p i c k l e w e e d ;  i ts  b r a n c h e s  
a r e  r e a d i l y  s n a p p e d  o f f  i n  t r a m p l i n g  
(McIn ty re  1977) and presumably  a l s o  by  
w i l d l i f e  and t i d a l  c u r r e n t s .  E r r o r s  i n  
h a r v e s t - d e r i v e d  p r o d u c t i v i t y  d a t a  c l e a r l y  
v a r y  w i t h  t h e  marsh s p e c i e s  c o m p o s i t i o n .  
Yet t h e s e  a r e  t h e  most w i d e l y  a v a i l a b l e  
daka .  For p u r p o s e s  o f  compar ing marsh 
p r o d u c t i v i t y  from one  marsh t o  a n o t h e r  and 
one  r e g i o n  t o  a n o t h e r ,  e s t i m a t e s  based on 
p e r i o d i c  h a r v e s t s  must  be  r e l i e d  upon. 

T i  j uana  E s t u a r y  ( Z e d l e r  e t  a l .  1980,  
W i n f i e l d  1980) and Mugu Lagoon (Onuf e t  
a l ,  1 9 7 8 )  h a v e  n e t  a b  v e - g r o u n d  9 p r a d u c t i v i t i e s  o f  u p  t o  1 kg/m p e r  y e a r .  
The h i g h e r  v a l u e s  t e n d  t o  c o i n c i d e  w i t h  
c o r d g r a s s ' s  dominance.  These  v a l u e s  a r e  
p r o b a b l y  r e p r e s e n t a t i v e  o f  l e s s  d i s t u r b e d ,  
s e a s o n a l l y  h y p e r s a l i n e  marshes  i n  s o u t h e r n  
C a l i f o r n i a  a n d  t h e y  f a l l  we l l  b e l o w  
e s t i m a t e s  f o r  A t l a n t i c  and Gulf  o f  Mexico 
m a r s h e s  d o m i n a t e d  b y  s m o o t h  c o r d g r a s s  
( S p a r t i n a  a i t e r n i f l o r a ) .  

E i l e r s  ( 148 l j  p r e s e n t s  p r o d u c t i v i t y  
d a t a  f o r  t w o  a d d i t i o n a l  h y p e r s a l i n e  
m a r s h e s  i n  s o u t h e r n  C a l i f o r n i a ,  t h e  
Swee twa te r  R ive r  marsh  w i t h i n  San Diego 
Bay and Upper Newport Bay marsh.  However, 

by c a l c u l a t i n g  p r o d u c t i v i t y  on  t h e  b a s i s  
o f  i n d i v i d u a l  s ampl ing  s t a t i o n s  ( w i t h  one  
q u a d r a t  p e r  s a m p l e  d a t e ) , h e  p r o d u c e s  
a v e r a g e s  which  a r e  b i a s e d  upward due  t o  
s p a t i a l  v a r i a b i l i t y  ( s e e  T u r n e r ' s  [ I9761  
d i s c u s s i o n  o f  e r r o r  a c c u m u l a t i o n  u s i n g  t h e  
S m a l l e y  c a l c u l a t i o n s ) .  R e - a n a l y s i s  o f  
E i l e r s '  d a t a ,  a v e r a g i n g  b iomass  o v e r  a l l  
q u a d r a t s  s a m p l e d  a t  e a c h  d a t e ,  g i v e s  
r e s u l t s  which a r e  more i n  l i n e  t h  t h o s e  9 o f  o t h e r  s t u d i e s  ( 1 . 1  kg/m / y r  f o r  
Sweetwater  R ive r  marsh and 0 . 7  f o r  Upper 
Newport Bay marsh )  . 

High s o i l  s a l i n i t y  i s  p r o b a b l y  t h e  
ma jo r  l i m i t i n g  f a c t o r  f o r  v a s c u l a r  p l a n t  
growth i n  s o u t h e r n  C a l i f o r n i a .  L a b o r a t o r y  
s t u d i e s  o f  P a c i f i c  Coas t  s p e c i e s  (Barbour  
1 9 7 0 ,  1 9 7 8 ;  B a r b o u r  a n d  D a v i s  1 9 7 0 ;  
P h l e g e r  1971)  s u p p o r t  t h e  c o n c l u s i o n  t h a t  
f r e s h  w a t e r  e n h a n c e s  h a l o p h y t e  g r o w t h .  
F i e l d  e x p e r i m e n t s  t o  v a r y  s o i l  s a l i n i t y  
a r e  less e a s i l y  pe r fo rmed ,  and it becomes 
n e c e s s a r y  t o  c o m p a r e  e v e n t s  a s s o c i a t e d  
w i t h  h y p e r s a l i n e  and b r a c k i s h  c o n d i t i o n s .  

2.8 PRODUCTIVITY FOLLOWING FRESHWATER 
INPUT 

S i n c e  f l o o d i n g  s u b s t a n t i a l l y  r educed  
t h e  s o i l  s a l i n i t y  a t  T i j u a n a  E s t u a r y  i n  
s p r i n g  1980,  one  would p r e d i c t  an  i n c r e a s e  
dur ing  t h a t  growing season.  Althougli  
t h e  m o n i t o r i n g  o f  p r o d u c t i v i t y  h a s  n o t  
c o n t i n u e d ,  measurements  o f  s t a n d i n g  c r o p  
a r e  made a t  t h e  e n d  o f  e a c h  g r o w i n g  
s e a s o n .  The a v e r a g e  l i v e  b i o m a s s  i n  
A u g u s t  c o r r e l a t e s  w e l l  w i t h  a n n u a l  
p r o d u c t i v i t y  ( r = 0 . 9 ,  n = f l  s o u t h e r n  
C a l i f o r n i a  marsh s t u d y  s i t e s ) ,  s o  t h a t  
r e s p o n s e s  t o  chang ing  s o i l  s a l i n i t y  c a n  b e  
c r u d e l y  measured by one  h a r v e s t  p e r i o d .  

The lower  marsh v e g e t a t i o n  a t  T i j u a n a  
E s t u a r y  had2 August  s t a n d i n g  c r o p s  o f  0 .9  
t o  1 .1  kg/m ( l i v e  o n l y )  i n  y e a r s  p r i o r  t o  
t h e  1980 f l o o d s  ( Z e d l e r  e t  a l .  1980) .  
A f t e r  t h e  January-February  f l o o d s  and t h e  
b r i e f  p e r i o d  o f  b r a c k i s h  s o i l s ,  t h e  Augu9t 
1 9 8 0  s t a n d i n g  c r o p  u a s  i . 4  kg$m . 
However, it dropped back  t o  1.1 kg/m i n  
1 9 8 1 ,  when s o i l s  w e r e  h y p e r s a l i n e  a l l  
y e a r .  H i g h e r  p r o d u c t i v i t y  i n  1 9 8 0  
r e s u l t e d  f r o m  i n c r e a s e s  i n  b o t h  t h e  



Table  7 .  Summary o f  v a s c u l a r  p l a n t  p r o d u c t i v i t y  i n  s o u t h e r n  C a l i f o r n i a ' s  
s a l t  marshes .  A l l  v a l u e s  a r e  kg o f  aboveground d r y  we igh t  p e r  s q u a r e  m e t e r ,  
e s t i m a t e d  n e t  annua l  p r o d u c t i v i t y .  

Wetland 

T i  juana E s t u a r y  

S p a r t i n a  f o l i o s a -  
dominated low marsh 

P r o d u c t i v i t y  Refe rence  

mixed s u c c u l e n t s  
(midd le  e l e v a t i o n s )  0.5 0.7 

mixed s p e c i e s  
(upper  e l e v a t i o n s )  0.4 1 . O  

Zed le r  e t  a l .  
(1980) 

a l l  e l e v a t i o n s  combined 0.7 0.9 Winf ie ld  (1980) 

Sweetwater River  marsh 1978 
R e a n a l y s i s  of d a t a  

a l l  p l o t s  combined 1.1 i n  E i l e r s  (1981)  
1.1 

San Diego River  marsh 

S a l i c o r n i a  v i r g i n i c a  dominant 0.6 

Upper Newport Bay marsh 

Zed le r  e t  a l .  (1980) 

R e a n a l y s i s  of d a t a  
i n  E i l e r s  (1981)  

a l l  p l o t s  combined 0.6 

Mugu Lagoon 

low marsh 0.1 Onuf e t  a l .  (1978)  

midd le  marsh 0 .3  I' 



d e n s i t y  ( 2 4 % )  a n d  h e i g h t  ( 2 3 % )  o f  
c o r d g r a s s  ( Z e d l e r  1981c and unpub. m s . b ) .  

A t  Mugu Lagoon, Onuf e t  a l .  (1981)  
r e p o r t e d  s t i m u l a t i o n  o f  p i ck leweed  g rowth  
f o l l o w i n g  f l o o d i n g  and sedimentation i n  
b o t h  1978 a n d  1980,  w i t h  a  r e t u r n  t o  
p re - f lood  c o n d i t i o n s  d u r i n g  1979. The 
f i r s t  r e s p o n s e  t o  f l o o d i n g  w a s  a  7 1 %  
i n c r e a s e  i n  b iomass  of  g r e e n  growing t i p s  
a t  t h e  t i m e  o f  t h e  1978 peak s t a n d i n g  
c r o p .  The second r e s p o n s e  was a  31% 
i n c r e a s e  i n  t h e  same measurements  (Onuf ,  
p e r s .  comm.). 

T h e s e  f i e l d  r e s p o n s e s  t o  f l o o d i n g  
s u p p o r t  l a b o r a t o r y  r e s u l t s  t h a t  
h y p e r s a l i n i t y  r e d u c e s  s a l t  m a r s h  p l a n t  
growth.  And t h e  r a n g e  o f  v a l u e s  f o r  
c o r d g r a s s  ove r  r e c e n t  y e a r s  shows t h a t  one  
y e a r ' s  measurement is n o t  s u f f i c i e n t  t o  
a s s e s s  t h e  " p r o d u c t i v i t y 1 '  o f  s o u t h e r n  
C a l i f o r n i a  c o a s t a l  marshes .  The re  is  a  
h i g h  d e g r e e  o f  v a r i a b i l i t y  i n  b o t h  
e n v i r o n m e n t a l  c h a r a c t e r i s t i c s  a n d  
h a l o p h y t e  p r o d u c t i v i t y .  

2 .9  DECOMPOSITION OF VASCULAR PLANTS 

D e t e r m i n i n g  w h a t  h a p p e n s  t o  t h e  
v a s c u l a r  p l a n t  m a t e r i a l  which is  produced 
i n  t h e  marsh i s  d i f f i c u l t .  It may b e  
c o n s u m e d  b y  a n i m a l s ,  b r o k e n  o f f  a n d  
t r a n s p o r t e d  t o  some o t h e r  a r e a  b y  winds  o r  
t i d e s ,  or it may decompose o r  a c e u m u l a t e  
o n  t h e  s i t e .  The  l a t t e r  p r o c e s s  i s  
e a s i e s t  t o  f o l l o w ,  b e c a u s e  p o r t i o n s  o f  
p l a n t s  c a n  b e  c o l l e c t e d  and  known amounts 
p l a c e d  i n  l i t t e r  b a g s  ( u s u a l l y  t h e s e  a r e  
mesh w i t h  2-mm o p e n i n g s ) .  Bags can  be  
t e t h e r e d  i n  s e l e c t e d  l o c a t i o n s  a n d  
r ewe ighed  l a t e r ,  A s  decompos i t ion  o c c u r s ,  
l a r g e  p i e c e s  o f  p l a n t  m a t e r i a l  a r e  
g r a d u a l l y  r educed  i n  s i z e  by mechan ica l  
and  b i o l o g i c a l  f o r c e s ,  u n t i l  t h e  m a t e r i a l  
moves o u t  o f  t h e  l i t t e r  bag.  Loss  r a t e s  
a r e  u s u a l l y  e x p o n e n t i a l ,  t h a t  i s ,  t h e  
g r e a t e s t  change o c c u r s  i n  t h e  f i r s t  few 
weeks ,  a s  solub2e compounds l e a c h  from t h e  
p l a n t s  and a s  consumers ( f u n g i ,  b a c t e r i a  
a n d  h e r b i v o r e s )  u t i l i z e  t h e  m o s t  
d i g e s t i b l e  p o r t i o n s .  The r e m a i n i n g  p l a n t  
m a t e r i a l  is p r o g r e s s i v e l y  less s u s c e p t i b l e  

t o  d i g e s t i o n  o r  l e a c h i n g ,  and l o s s  r a t e s  
d e c l i n e .  U l t i m a t e l y ,  w i t h  c o m p l e t e  
m i n e r a l i z a t i o n  o f  t h e  p l a n t  p a r t s ,  t h e  
o r g a n i c  m a t t e r  i s  c o n v e r t e d  back  t o  c a r b o n  
d i o x i d e ,  w a t e r  and n u t r i e n t s ,  which a r e  
t h e n  a v a i l a b l e  f o r  r e u s e  by o t h e r  p l a n t s .  

S e v e r a l  f a c t o r s  i n f l u e n c e  
d e c o m p o s i t i o n  r a t e s  i n  s o u t h e r n  C a l i f o r n i a  
s a l t  mar shes .  I n  a  c o m p a r a t i v e  s t u d y ,  
W i n f i e l d  (1980)  found t h a t  p l a n t  t y p e ,  
l o c a t i o n  o f  l i t t e r  b a g s ,  a n d  t y p e  o f  
decomposers  a l l  i n f l u e n c e  l o s s  r a t e s  a t  
T i j u a n a  E s t u a r y .  S u c c u l e n t s  and c o r d g r a s s  
( S p a r t i n a  f o l i o s a )  l e a v e s  decomposed more 
r a p i d l y  ( 9 % / m o )  t h a n  t h e  m o r e  f i b r o u s  
c o r d g r a s s  stems (7%/mo) when l i t t e r  b a g s  
were p l a c e d  a t  a p p r o x i m a t e l y  mean h i g h  
w a t e r .  L i t t e r  b a g s  p l a c e d  i n  t i d a l  c r e e k s  
and midd le  marsh h a b i t a t s  a l l  had h i g h e r  
decompos i t ion  r a t e s  t h a n  b a g s  p l a c e d  i n  
t h e  h i g h e r ,  d r i e r  h a b i t a t s .  The l o w e s t  
r a t e  (3%/mo)  was  f o r  t h e  f i b r o u s  
s h o r e g r a s s  ( M o n a n t h o c h l o e  l i t t o r a l i s )  
p l a c e d  i n  i t s  u s u a l  h i g h  marsh  l o c a t i o n .  
The h i g h e s t  r a t e  (33%/mo) was f o r  dead 
l e a v e s  o f  c o r d g r a s s  p l a c e d  i n  a  t i d a l  
c r e e k ,  w h e r e  s e v e r a l  f a c t o r s  were 
conduc ive  t o  decompos i t ion .  M o i s t u r e  was 
l ~ s u a l l y  h i g h  a n d  n i t r o g e n  ( e s p e c i a l l y  
ammonia )  was  a v a i l a b l e  t o  e n h a n c e  
m i c r o b i a l  growth.  Crab l a r v a e  s e t t l e d  i n  
t h e  b a g s  and t h e i r  s h r e d d i n g  and f e e d i n g  
a c t i v i t i e s  f u r t h e r  h a s t e n e d  p l a n t  l o s s e s .  

From t h e s e  r e s u l t s  a n d  t h e  
i n f o r m a t i o n  o n  p l a n t  p r o d u c t i v i t y ,  i t  
b e c o m e s  o b v i o u s  t h a t  s a l t  m a r s h  
f u n c t i o n i n g  i s  s t r o n g l y  i n f l u e n c e d  b y  
t i d a l  c i r c u l a t i o n .  The  t i d e s  a r e  
r e s p o n s i b l e  f o r  p h y s i c a l ,  c h e m i c a l  a n d  
b i o l o g i c a l  e v e n t s  which a r e  i m p o r t a n t  t o  
t h e  growth and d e c o m p o s i t i o n  o f  v a s c u l a r  
p l a n t s  a n d ,  a s  t h e  n e x t  c h a p t e r  shows,  t o  
t h e  u n d e r s t o r y  a l g a l  m a t s  a s  w e l l .  

2.10 SUMMARY OF CHAPTER 2 

S o u t h e r n  C a l i f o r n i a  c o a s t a l  marshes  
a r e  d y n a m i c  i n  b o t h  s t r u c t u r e  a n d  
p r o d u c t i v i t y .  The h a l o p h y t e s  have  b road  
r a n g e s  o f  t o l e r a n c e  f o r  t h e  c o n d i t i o n s  
a s s o c i a t e d  w i t h  t h e  one  meter i n t e r t i d a l  



e l e v a t i o n a l  r a n g e ,  and t h e i r  d i s t r i b u t i o n s  
o v e r l a p  c o n s i d e r a b l y  i n  m o s t  m a r s h e s .  
Small-  s c a l e  b o u n d a r i e s  be tween d i f f e r e n t  
d o m i n a n t s  r e s u l t  f r o m  t h e i r  v e g e t a t i v e  
mode o f  r e p r o d u c t i o n .  S t i l l ,  a  p a t t e r n  o f  
c o m p o s i t i o n a l  change w i t h  e l e v a t i o n  can  b e  
s e e n ,  b e c a u s e  t h e  e l e v a t i o n  o f  g r e a t e s t  
a b u n d a n c e  d i f f e r s  among t h e  n i n e  m o s t  
common s p e c i e s  ( c f .  F i g u r e  9 ) .  C o r d g r a s s  
( S p a r t i n a  f o l i o s a )  domina te s  t h e  l o w e s t  
e l e v a t i o n s  ; p i c k l e w e e d  ( ~ a l i c o r n i a  
v i r g i n i c a )  i s  a  major  dominant  t h r o u g h  low 
and m i d d l e  e l e v a t i o n s ;  a  number o f  o t h e r  
s u c c u l e n t s  and  l o w - g r o w i n g  p e r e n n i a l s  
become  common i n  m i d d l e  a n d  h i g h  
e l e v a t i o n s .  T r a n s i t i o n s  from i n t e r t i d a l  
m a r s h  t o  c o a s t a l  s c r u b  v e g e t a t i o n  a r e  
u s u a l l y  h i g h l y  mod i f i ed  by d i s t u r b a n c e  and 
s e v e r a l  i n t r o d u c e d  weeds i n t e r m i x  w i t h  t h e  
n a t i v e  h a l o p h y t e s .  

C h a n g e s  i n  t h e  d i s t r i b u t i o n  o f  
i n d i v i d u a l  s p e c i e s  w i t h i n  marshes  a r e  s e e n  
t o  b e  common e v e n t s .  Under c o n d i t i o n s  o f  
l o c a l  o r  whole-wetland d i s t u r b a n c e  from 

f a c t o r  i n  u n d e r s t a n d i n g  t h e  p a t c h y  
d i s t r i b u t i o n s  f o u n d  i n  many s o u t h e r n  
C a l i f o r n i a  marshes .  

The n e t  a n n u a l  p r o d u c t i v i t y  o f  t h e  
marsh  v a s c u l a r  p l a n t s  (above- y o u n d  o n l y )  
t e n d s  t o  b e  u n d e r  1 kg/m / y r .  I n  
c o m p a r i s o n  w i t h  s a l t  m a r s h e s  o f  t h e  
A t l a n t i c  and G u l f  of  Mexico c o a s t s ,  where 
s o i l s  a r e  p r e d o m i n a n t l y  b r a c k i s h ,  t h e  
s o u t h e r n  C a l i f o r n i a  m a r s h e s  h a v e  l o w e r  
v a s c u l a r  p l a n t  p r o d u c t i v i t y .  T h a t  
h y p e r s a l i n e  s o i l s  a r e  r e s p o n s i b l e  f o r  
t h e i r  r e l a t i v e l y  l o w  p r o d u c t i v i t y  i s  
d e m o n s t r a t e d  by i n c r e a s e s  i n  end-of-season 
l i v e  b iomass  f o l l o w i n g  r e d u c t i o n  o f  s o i l  
s a l i n i t y  b y  f l o o d i n g  a n d  b y  h i g h e r  
p r o d u c t i v i t y  o f  m a r s h e s  w i t h  b r a c k i s h  
s o i l s .  T h e i r  r e l a t i v e l y  s h o r t ,  o p e n  
c a n o p i e s  a r e  e v i d e n c e  t h a t  t h e  v e g e t a t i o n  
i s  u s u a l l y  u n d e r  e n v i r o n m e n t a l  s t ress .  
Both p l a n t  d e n s i t y  and h e i g h t  i n c r e a s e  
a f t e r  f l o o d i n g .  

t r a m p l i n g  o r  h e r b i v o r y  t o  e l i m i n a t i o n  of  
t i d a l  c i r c u l a t i o n ,  i n d i v i d u a l  s p e c i e s  may 
b e  r educed  i n  a r e a  o f  d i s t r i b u t i o n  o r  
e l i m i n a t e d  from l a r g e  p a t c h e s .  E v e n t s  
such  a s  f l o o d i n g  may s t i m u l a t e  widesp read  
e x p a n s i o n ,  p a r t i c u l a r l y  o f  c o r d g r a s s ,  
p r o v i d e d  a  s o u r c e  o f  p r o p a g u l e s  i s  
a v a i l a b l e .  Most o f  t h e  h a l o p h y t e s  do  n o t  
e s t a b l i s h  r e a d i l y  from s e e d ;  i n s t e a d ,  t h e y  
expand t h e i r  d i s t r i b u t i o n s  v e g e t a t i v e l y .  
On1 y  t h r e e  n a t i v e  a n n u a l s ,  t h e  a n n u a l  
p i c k l e w e e d  ( S a l i c o r n i a  b i g e l o v i i ) ,  t h e  
e n d a n g e r e d  s a l t  m a r s h  b i r d ' s  b e a k  
( ~ o r d ~ l a n t h u s  m a r i t i m u s  s s p .  m a r i t i m u s )  , 
and t h e  p a r a s i t i c  dodder  ( C u s c u t a  s a l i n a )  
a r e  f o u n d ;  a l l  o t h e r s  a r e  s h o r t - l i v e d  
p e r e n n i a l s .  Two p i c k l e w e e d s  ( S a l i c o r n i a  
v i r g i n i c a  and 2. b i g e l o v i i )  and s e a - b l i t e  
(Suaeda  c a l i f o r n i c a )  a p p e a r  t o  be  t h e  most  
o p p o r t u n i s t i c  s p e c i e s .  Once e s t a b l i s h e d  
i n  a  newly exposed h a b i t a t ,  S a l i c o r n i a  
v i r g i n i c a  can  p r o b a b l y  ou tcompe te  o t h e r  
s p e c i e s ,  e s p e c i a l l y  when s o i l s  a r e  
h y p e r s a l i n e .  F r e s h w s t e r  i n p u t  s t i m u l a t e s  
g e r m i n a t i o n  o f  m o s t  h a l o p h y t e s  a n d  
f l o o d i n g  e v e n t s  a p p e a r  t o  b e  i m p o r t a n t  f o r  
e s t a b l i s h m e n t  and expans ion  o f  s p e c i e s f  
d i s t r i b u t i o n s .  Chance e s t a b l i s h m e n t  a f t e r  
d i s t u r b a n c e  i s  n o  d o u b t  a n  i m p o r t a n t  



CHAPTER 3 

ALGAL MATS ON. THE MARSH SOILS 

3.1 ALGAL COMMUNITY STRUCTURE 

The  l o w - g r o w i n g ,  o p e n  c a n o p i e s  o f  
v a s c u l a r  p l a n t s  i n  s o u t h e r n  C a l i f o r n i a  
marshes  a l l o w  l i g h t  p e n e t r a t i o n  t o  t h e  
soi l  s u r f a c e  and s u b s e q u e n t  development  o f  
l u s h  a l g a l  m a t s .  F i l a m e n t o u s  b l u e g r e e n  
and g r e e n  a l g a e  and d o z e n s  o f  s p e c i e s  o f  
d i a t o m s  form ma t s  up t o  1 cm t h i c k  on t h e  
m o i s t  s o i l s  and  on t h e  l o w e r  p a r t  o f  t h e  
h a l o p h y t e  s t e m s  ( F i g u r e  3 2 )  . However, one  
c a n n o t  a p p r e c i a t e  t h e  b e a u t y  o r  c o m p l e x i t y  
of  t h e s e  communi t ies  w i t h o u t  a  mic roscope  
( F i g u r e  331. U n f o r t u n a t e l y ,  t h e  
compos i t ion  o f  t h e s e  marsh a l g a l  mats  h a s  
b e e n  s t u d i e d  o n l y  a t  T i j u a n a  E s t u a r y  
( Z e d l e r  1980).  E l s e w h e r e  i n  s o u t h e r n  
C a l i f o r n i a ,  t h e  m u d f l a t  a l g a e  (Riznyk e t  
a l ,  1978) and s u b t i d a l  e p i b e n t h i c  a l g a e  
(Wilson 1980) have been examined.  A s  a  
r e s u l t  o f  t h e  p a u c i t y  o f  i n f o r m a t i o n  on 
s p e c i e s  c o m p o s i t i o n ,  i t  i s  u n c e r t a i n  
whether  t h e  c o n c l u s i o n s  drawn from t h e  
T i j u a n a  E s t u a r y  work would ho ld  t h r o u g h o u t  
t h e  r e g i o n .  

L i g h t  p e n e t r a t i o n ,  t e m p e r a t u r e ,  and 
s o i l  m o i s t u r e  a r e  l i k e l y  t o  be  i m p o r t a n t  
f a c t o r s  f o r  a l g a l  s p e c i e s  d i s t r i b u t i o n .  
These  f a c t o r s  v a r y  b o t h  s e a s o n a l l y  and 
s p a t i a l l y  ove r  t h e  e l e v a t i o n  g r a d i e n t  o f  a  
m a r s h .  H e n c e ,  i n  a t t e m p t i n g  t o  
c h a r a c t e r i z e  t h e  a l g a l  mat compos i t ion  o f  
T i  j u a n a  E s t u a r y  s m a r s h ,  s a m p l i n g  was  
c a r r i e d  o u t  b iweek ly  i n  f o u r  p a r t s  of  t h e  
marsh  chosen  t o  a l l o w  compar i sons  w i t h  
e l e v a t i o n  ( low,  medium and h i g h ,  d i f f e r i n g  
i n  i n u n d a t i o n ,  s o i l  m o i s t u r e ,  a n d  
s a l i n i t y )  a n d  w i t h  d i f f e r e n t  o v e r s t o r y  
c a n o p i e s  ( a t  t h e  same e l e v a t i o n ,  b u t  w i t h  
a  s h o r t ,  open canopy o f  Jaumea c a r n o s a  and 
t a l l e r  c a n o p y  o f  c o r d g r a s s  [ S p a r t i n a  
f o l i o s a ;  Z e d l e r  , unpub. m s .  b]) , 

The t o t a l  s p e c i e s  list which r e s u l t e d  
f r o m  e x a m i n i n g  1 , 6 8 0  we t -moun ted  

m i c r o c o r e s  o f  t h e  a l g a l  m a t s  i n c l u d e d  2 
g r e e n  a l g a e ,  7 b l u e g r e e n  a l g a e ,  and 74  
d i a t o m s .  Of t h e s e ,  3 8  s p e c i e s  were 
c o n s i d e r e d  common; t h e y  o c c u r r e d  i n  more 
t h a n  5% o f  t h e  m i c r o c o r e s .  The b l u e g r e e n  
and g r e e n  a l g a e  form t h e  m a t r i x  o f  t h e  
a l g a l  ma t s  and p r o b a b l y  c o n t r i b u t e  most o f  
t h e  b iomass .  However, t h e i r  o c c u r r e n c e  i s  
p a t c h y ,  p e r h a p s  d u e  t o  h e r b i v o r y  a n d  
d i s t u r b a n c e  by c r a b s  and s n a i l s .  The 
s p e c i e s  m o s t  commonly e n c o u n t e r e d  a r e  
l i s t e d  b y  a l g a l  g r o u p  i n  o r d e r  o f  
d e c r e a s i n g  f r e q u e n c y  o f  o c c u r r e n c e  f o r  t h e  
marsh a s  a  whole ( T a b l e  8 ) .  The h a b i t a t  
and s e a s o n  o f  g r e a t e s t  abundance  a r e  n o t e d  
t o  i n d i c a t e  t h e  g e n e r a l  e n v i r o n m e n t a l  
c o n d i t i o n s  w h i c h  seem t o  f a v o r  e a c h  
s p e c i e s .  A l l  s p e c i e s  e x c e p t  N i t z s c h i a  
o b t u s a  v .  showed  d i f f e r e n t i a l  
f r e q u e n c g s  w i t h  s a m p l i n g  s t a t i o n  
( h a b i t a t ) ,  and a l l  e x c e p t  Amphora e x i g u a  
and  R h o p a l o d i a  m u s c u l u s  d i f f e r e d  w i t h  
sampl ing  s e a s o n .  S p a t i a l  and t e m p o r a l  
p a t t e r n s  a r e  t h e  g e n e r a l  r u l e  f o r  T i j u a n a  
E s t u a r y  marsh  a l g a e .  S t i l l ,  t h e  s a m p l i n g  
s t a t i o n s  a v e r a g e d  64% s i m i l a r i t y ,  w i t h  t h e  
g r e a t e s t  d i f f e r e n c e  i n  c o m p o s i t i o n  
o c c u r r i n g  between t h e  h i g h e s t  and l o w e s t  
s t a t i o n s  sampled.  These  s i m i l a r i t i e s  a r e  
much g r e a t e r  t h a n  t h o s e  f o r  t h e  o v e r s t o r y  
v e g e t a t i o n  a t  t h e  same sampl ing  s t a t i o n s ,  
and  o n e  c a n  s p e c u l a t e  t h a t  ( 1 )  a l g a l  
c o m m u n i t i e s  h a v e  b r o a d e r  r a n g e s  o f  
t o l e r a n c e  s i n c e  a l g a e  r e a d i l y  go  dormant  
a n d  r e a d i l y  r e v i v e  w i t h  f a v o r a b l e  
c o n d i t i o n s ,  (2)  t h a t  t h e  env i ronmen t  f o r  
a l g a e  d i f f e r s  f a r  l ess  t h a n  t h a t  f o r  
v a s c u l a r  p l a n t s  b e c a u s e  o f  t h e  
a m e l i o r a t i n g  i n f l u e n c e  o f  t h e  o v e r s t o r y  
canopy,  o r  ( 3 )  t h a t  t i d e s  move t h e  a l g a e  
t h r o u g h  t h e  i n t e r t i d a l  marsh and s p e c i e s  
a r e  c o n t i n u a l l y  r e p l e n i s h e d  a t  a l l  
h a b i t a t s .  Pe rhaps  a l l  a r e  t r u e .  Much 
r e s e a r c h  r e m a i n s  t o  b e  d o n e  b e f o r e  a  
c o n c e p t u a l  model c a n  b e  s u g g e s t e d .  



Above: bluegreen a lgae ;  below: 
green  a l g a e  on pickleweed. 

F igu re  32. Luxuriant  a l g a l  mats grow on 
t h e  s o i l  s u r f a c e ,  underneath t he  va scu l a r  
p l a n t  canopies  and on i n t e r t i d a l  mudflats .  
The bluegreen a l g a e  provide  a ma t r i x  of 
f i l amen t s  throughout which dozens of 
s p e c i e s  of diatoms e x i s t .  Green a l g a e  
become more conspicuous Ln win t e r .  
Photos by J .  Zedler .  

Table 8. D i s t r i b u t i o n  of t h e  38 most 
f r equen t ly  encountered a l g a e  of t h e  Ti juana  
Estuary s a l t  marsh. Numbers = occurrence 
rank: l e t t e r s  = h a b i t a t / s e a s o n  of g r e a t e s t  - 
frequency ( see  codes below). Unpub. d a t a  
of J. Zedler .  

Green algae 

12 Rhizoclonium r ipar i  um (Roth) Harvey: M / W  
33 Enteromorpha c la th ra ta  v. c r i n i t a  (Roth) J.Ag.: 

B/WSp 
Bluegreen algae 

3 Microcoleus lyngbyaceus (Kutz. ) Cruoan: S/Su 
13 Schizothrix mexicana Gom.: JBM/SpSuF 
15 S. arenaria  (Berk.) Gom.: B/Su 
20 S. calcicola  (Ag.) Gom.: M/Su 

Diatoms 

1 Trachyneis aspera (Ehr.) Cl.: JBM/WSpF 
2 Denticula s u b t i l i s  Grun.: M B / W  
4 Nitzschia vermicularis (Kutz.) jrun: JS/Su 
5 Diploneis smithi i  (Breb. ex W.Sm.) Cl.: JBM/W 
6 Nitzschia incrustans Grun.: SJ/SoSu 
7 Navicula ramosissima (Ag. ) C1. : BJISPSUF 
8 Achnanthes sp. 1: BS/SpSu 
9 Mastogloia exigua Lewis: BISpSu 

10 Nitzschia s u b t i l i s  Grun.: J/SpSu 
11 Amphora turgida Greg.: BJ/F 
14 Gyrosi gma obliquum (Grun.) Boyer: S/Su 
16 Nitzschia obtusa v ,  nana Grun.: random/W 
17 S u r i r e l l a  fastuosa (Ehr.) Kutz: M / W  
18 Diploneis interrupta  (Kutz,) Cl.: M / W  
19 Navicula mollis ( W .  Sm.) C1.: SBM/SpF 
21 Ni. longissima (Breb. ex Kutz.) Ralfs: BS/Sp 
22 Ni. punctata v. coarctata  (Grun.) Hustedt: S/Sp 
23 Achnanthes sp. 2 :  B/Sp 
24 Nitzschia font icola  Grun.: B/FW 
25 Achnanthes brevipes Ag.: F1/F 
26 Nitzschia fasc icu la ta  Grun.: J/Su 
27 Calonejs westii  (W.  Sm.) Hendey: JB/F 
28 Amphora exigua Greg.: M/random 
29 Na. d ig i to - rad ia ta   reg.) Ralfs: B/W 
30 Rhopalodia musculus (Kutz.) O.Mull. : B/random 
31 Ni tzschia  angularis W ,  Smith: JS/WSu 
32 Amphora coffaeformis (Ag.) Kutz.: MB/W 
34 Pinnularia ambigua C1. : M / W  
35 Ni. obtusa v, scapelliformis Grun.: MB/F 
36 Diploneis bombus Ehr . :  M/WSp 
37 Nitzschia acuminata -(W.Sm.) G r u n .  : B/W 
38 Diploneis l inea ta  (Donk.) Cl.: S/Sp -- 
Habi tat/Season codes a r e  as f o l l  o w ~ :  
S=dense Spartina canopy @ 7 dm MSL i &=winter 
J=oper; ?aumea canopy @ 7 7r2m MSL Sp=spring 
B=open Batfs canopy B 8 dm MSL Su=summer 
M=open Monanthochloe canopy 1 9 dm NSL / F=fal i  

random=no pat tern using ~2 t e s t  



Figure  33. The beauty and d i v e r s i t y  of salt-marsh diatoms a r e  seen i n  t he se  
scanning e l e c t r o n  microscope photos.  Without a microscope, i t  i s  impossible  
t o  a p p r e c i a t e  t h e i r  s t r u c t u r e ;  even w i t h  a l i g h t  microscope i t  i s  d i f f i c u l t .  



3.2 ALGAL MAT PRODUCTIVITY 

S t u d i e s  o f  i n t e r t i d a l  a l g a l  

c o r d g r a s s  ( S p a r t i n a  f o l i o s a ) ,  J a u m e a  
c a r n o s a  , s a l t w o r t  ( B a t i s  m a r i t i m a ) ,  and 
s h o r e a r a s s  ( M o n a n t h o c h l o e  l i t t o r a l i s ) .  

p r o d u c t i v i t y  a l o n g  P a c i f i c  C o a s t a l  marshes  
a r e  more numerous t h a n  s t u d i e s  o f  a l g a l  
c o m p o s i t i o n .  However, most o f  t h e  work 
d e a l s  w i t h  mud- o r  s a n d f l a t  a l g a e  ( e .g .  
Pamatmat 1968,  Riznyk e t  a l .  1978, Onuf e t  
a l .  1 9 7 8 ) .  A g a i n ,  o n l y  t h e  w o r k  a t  
T i  j uana  E s t u a r y  ( Z e d l e r  1980)  h a s  d e a l t  
w i t h  s o i l  a l g a e  found unde r  a  marsh canopy 
and g e n e r a l  r e s u l t s  a r e  p r e s e n t e d  i n  o r d e r  
t o  s u g g e s t  t h e  r o l e  o f  a l g a l  m a t s  i n  t h e  
p r o d u c t i v i t y  o f  s o u t h e r n  C a l i f o r n i a  
c o a s t a l  marshes .  

A s  w i t h  m e a s u r e m e n t s  o f  v a s c u l a r  
p l a n t  p r o d u c t i v i t y ,  t h e r e  a r e  d i f f e r e n t  
methods  and a s s u m p t i o n s  f o r  m e a s u r i n g  and 
c a l c u l a t i n g  a n n u a l  a l g a l  p r o d u c t i v i t y .  
Methods based  on t h e  measurement o f  oxygen 
produced d o  n o t  g i v e  t h e  same r e s u l t s  a s  
methods  based  on c a r b o n  d i o x i d e  u p t a k e .  
The f o r m e r  m e t h o d  m e a s u r e s  g r o s s  
p r o d u c t i v i t y  ( n e t  p r o d u c t i v i t y  p l u s  
r e s p i r a t i o n ) ,  w h i l e  t h e  l a t t e r  g i v e s  
s o m e t h i n g  c l o s e r  t o  n e t  p r o d u c t i v i t y .  
F u r t h e r m o r e ,  a s s u m p t i o n s  must  b e  made i n  
e x t r a p o l a t i n g  f r o m  h o u r l y  i n c u b a t i o n  
m e a s u r e m e n t s  t o  d a i l y  a n d  y e a r l y  
e s t i m a t e s .  H e n c e ,  a n n u a l  a l g a l  
p r o d u c t i v i t y  measurements  a r e  s u b j e c t  t o  
l a r g e  e r r o r s  ,and compar i sons  from s t u d y  t o  
s t u d y  s h o u l d  b e  made w i t h  c a u t i o n .  Even 
compar i sons  made w i t h  t h e  same methods  c a n  
b e  f a u l t y  i f  d i f f e r e n t  a s s u m p t i o n s  h a v e  
gone i n t o  t h e  a n n u a l  c a l c u l a t i o n s .  

A t  T i j u a n a  E s t u a r y ,  i t  a p p e a r e d  t h a t  
a l g a l  mats  might  b e  more p r o d u c t i v e ,  b o t h  
o n  a n  3 b s o l u t e  b a s i s  ( m o r e  g r a m s  of 
carbon/m / y r )  and on a  r e l a t i v e  b a s i s  ( a  
l a r g e r  p r o p o r t i o n  o f  t h e  t o t a l  m a r s h  
p r o d u c t i v i t y ) ,  t h a n  i n  t h e  e a s t e r n  Un i t ed  
S t a t e s  marshes .  Hence, c a u t i o n  was used  
i n  making t h e  a s s u m p t i o n s  n e c e s s a r y  t o  
c o n v e r t  s h o r t - t e r m  p r o d u c t i v i t y  
measurements  t o  a n n u a l  n e t  p r o d u c t i v i t y  
( Z e d l e r  1980) .  

A l g a l  p r o d u c t i v i t y  w a s  m e a s u r e d  
b iweek ly  i n  t h e  same f o u r  h a b i t a t s  f o r  
w h i c h  c o m p o s i t i o n a l  i n f o r m a t i o n  w a s  
o b t a i n e d ,  n a m e l y  u n d e r  c a n o p i e s  o f  

- .  - . - 

Again,  b o t h  s e a s o n a l  and s p a t i a l  p a t t e r n s  
were  found ,  w i t h  w i n t e r  h a v i n g  t h e  l o w e s t  
v a l u e s ,  f o l l o w e d  by a  s p r i n g  peak i n  e a r l y  
March and a second low i n  A p r i l .  The 
w i n t e r  l o w  w a s  a t t r i b u t e d  t o  c o o l  
t e m p e r a t u r e s ,  w h i l e  t h e  A p r i l  l o w  
c o i n c i d e d  w i t h  a p e r i o d  o f  l i t t l e  t i d a l  
i n u n d a t i o n ,  n o  r a i n f a l l ,  and d r y  a l g a l  
ma t s .  An A p r i l  d e p r e s s i o n  would n o t  b e  
e x p e c t e d  i n  y e a r s  o f  e a r l y  s p r i n g  r a i n s .  
Va lues  i n  l a t e  s p r i n g  t h r o u g h  f a l l  were  
a g a i n  h i g h ,  i n  r e s p o n s e  t o  t h e  l o n g  p e r i o d  
o f  f a v o r a b l e  t e m p e r a t u r e s .  

S p a t i a l  d i f f e r e n c e s  i n  p r o d u c t i v i t y  
( F i g u r e  34) r e l a t e d  t o  (1) e l e v a t i o n ,  w i t h  
t h e  h i g h e r ,  d r i e r  e l e v a t i o n s  b e i n g  less  
p r o d u c t i v e  t h a n  t h e  low marsh h a b i t a t s :  
and (2)  t h e  t y p e  o f  o v e r s t o r y  canopy. The 
two  s a m p l i n g  s t a t i o n s  a t  low e l e v a t i o n  
d i f f e r e d  s i g n i f i c a n t l y  f rom one  a n o t h e r ,  
w i t h  m a t s  unde r  t h e  t a l l ,  d e n s e  c o r d g r a s s  
canopy b e i n g  less p r o d u c t i v e  t h a n  t h o s e  
unde r  t h e  more open Jaumea canopy. Both 
d e s i c c a t i o n  a n d  s h a d i n g  a p p e a r  t o  b e  
s t resses  f o r  s o u t h e r n  C a l i f o r n i a  m a r s h  
a l g a e .  

On a n  a b s o l u t e  b a s i s ,  t h e  a n n u a l  
p r o d u c t i v i t y  e s t i m a t e s  f o r  T i j u a n a  E s t u a r y  
mars9  a l g a e  ( n e t  p r o d u c t i v i t y  u p  t o  340 
gC/m / y r )  a r e  among t h e  h i g h e s t  r e c o r d e d  
f o r  e p i b e n t h i c  a l g a e  i n  s o f t  s e d i m e n t s .  
What  f e a t u r e s  o f  t h e s e  m a r s h  h a b i t a t s  
would p rove  s o  f a v o r a b l e  f o r  a l g a l  growth? 
The year- round warm c l i m a t e  is no d o u b t  
o n e  i m p o r t a n t  f a c t o r  i n  promot ing a l g a l  
g r o w t h ,  e s p e c i a l l y  f o r  t h e  b l u e g r e e n  
a l g a e .  S u b s t r a t e  s t a b i l i t y  may well b e  
a n o t h e r .  A l g a l  g rowths  i n  t h e  c h a n n e l s  o f  
T i  juana  E s t u a r y  a r e  neve r  a s  p e r s i s t e n t  a s  
w i t h i n  t h e  marsh  c a n o p i e s  ( Z e d l e r  e t  a l .  
1978) .  Diatoms a r e  abundan t  on  t h e  c r e e k  
banks ,  b u t  t h e  few p a t c h e s  o f  b l u e g r e e n  
a l g a e  seem t o  b e  r e a d i l y  e l i m i n a t e d  e i t h e r  
t h r o u g h  h e r b i v o r e  consumpt ion o r  r emova l  
by  c u r r e n t s ,  When t i d a l  c i r c r r l a t f  on f s 
s l u g g i s h ,  l a r g e  f l o a t i n g  c o l o n i e s  o f  g r e e n  
a l g a e  CM and Enteromorpha)  d e v e l o p  and 
become  e n t r a i n e d  o n  t h e  e d g e s  o f  t h e  
marsh ,  b u t  t h e s e  soon become d e s i c c a t e d .  



The s t a b i l i z i n g  f e a t u r e s  o f  t h e  m a r s h  
v e g e t a t i o n ,  combined w i t h  t h e  r e l a t i v e l y  
o p e n  c a n o p y  w h i c h  a l l o w s  c o n s i d e r a b l e  
l i g h t  p e n e t r a t i o n  t h r o u g h o u t  t h e  y e a r ,  
seem t o  p r o v i d e  i d e a l  c o n d i t i o n s  f o r  a l g a l  
growth.  

SAMPLING STATION 

F l g u r e  34. E s t i m a t e d  h o u r l y  g r o s s  
p r i m a r y  p r o d u c t i v i t y  of a l g a l  ma t s  
unde r  f o u r  d i f f e r e n t  c a n o p i e s  a t  
T i j u a n a  E s t u a r y ;  X = h o r i z o n t a l  b a r ;  
S . E .  - h e i g h t  of box;  r a n g e  - v e r t i c a l  
b a r .  Data  a r e  summaries  of b iweek ly  
measurements made i n  1977  ( Z e d l e r  
ISSO) . 

3.3 SUMMARY OF CHAPTER 3 

The a l g a l  m a t s  o f  T i j u a n a  E s t u a r y ' s  
s a l t  marsh a r e  d i v e r s e ,  c o n s p i c u o u s ,  and 
h i g h l y  p r o d u c t i v e .  C h a n g e s  i n  b o t h  
c o m p o s i t i o n  and p r o d u c t i v i t y  o c c u r  t h r o u g h  
t h e  y e a r ,  w i t h  b l u e g r e e n  a l g a e  b e i n g  most  
abundan t  and p r o d u c t i v e  t h r o u g h  t h e  l o n g ,  
warm growing s e a s o n .  Diatoms and g r e e n  
a l g a e  a r e  more  i m p o r t a n t  i n  t h e  c o o l  
w i n t e r .  

Whether o r  n o t  a l g a l  m a t s  a t  o t h e r  
s o u t h e r n  C a l i f o r n i a  m a r s h e s  a r e  a s  
p r o d u c t i v e  i s  n o t  known. However, it 
seems l i k e l y  t h a t  t h e  open c a n o p i e s ,  warm 
c l i m a t e ,  and s t a b l e  s o i l s  s h o u l d  f a v o r  
h i g h  a l g a l  p r o d u c t i v i t y  t h r o u g h o u t  t h e  
r e g i o n .  



CHAPTER 4  

COMPARATIVE ROLES OF VASCULAR PLANTS AND ALGAL MATS 

V a s c u l a r  p l a n t s  a r e  l a r g e  and  
c o n s p i c u o u s ,  w h i l e  a l g a l  m a t s  a r e  
g e n e r a l l y  i g n o r e d .  Yet i n v e s t i g a t i o n s  o f  
a l g a l  p r o d u c t i v i t y  a n d  f o o d  v a l u e  f o r  
marsh  consumers  s u g g e s t  a  f u n c t i o n a l  r o l e  
which i s  d i s p r o p o r t i o n a t e  t o  t h e i r  s i z e .  
Al though i n f o r m a t i o n  a b o u t  t h e  r e l a t i v e  
i m p o r t a n c e  o f  t h e s e  two p r i m a r y  p r o d u c e r  
g r o u p s  i s  l i m i t e d ,  t h e  d a t a  a v a i l a b l e  
s u g g e s t  t h a t  we s h o u l d  l o o k  much c l o s e r  a t  
t h e  a l g a l  m a t s  and i d e n t i f y  more c l e a r l y  
how m o d i f i c a t i o n s  o f  s a l t  mar shes  a f f e c t  
t hem.  I n t e r a c t i o n s  b e t w e e n  v a s c u l a r  
p l a n t s  a n d  a l g a l  m a t s  o c c u r ,  a n d  
management p r a c t i c e s  which f a v o r  one  g roup  
may h i n d e r  a n o t h e r .  

4.1 RELATIVE PRIMARY PRODUCTIVITY 

Both v a s c u l a r  p l a n t s  and a l g a l  m a t s  
c o n t r i b u t e  t o  t h e  food p r o d u c t i o n  o f  a  
s a l t  marsh.  Where p r o d u c t i v i t y  r a t e s  of  
e a c h  p roduce r  g roup  have  been measu red ,  it 
i s  p o s s i b l e  t o  a s s e s s  t h e i r  r e l a t i v e  
i m p o r t a n c e  t o  t h e  e c o s y s t e m t s  food base .  
However, s u c h  compar i sons  a r e  n o t  v e r y  
p r e c i s e ,  b e c a u s e  m e a s u r e m e n t s  of  
p r o d u c t i v i t y ,  a n d  a s s u m p t i o n s  made i n  
c a l c u l a t i n g  annua l  r a t e s ,  d i f f e r  f o r  t h e  
two g r o u p s  o f  marsh p l a n t s .  Only g e n e r a l  ' 

c o n c l u s i o n s  can b e  drawn from such  d a t a  
b a s e s .  

On t h e  A t l a n t i c  c o a s t  o f  t h e  Un i t ed  
S t a t e s  t h r e e  s t u d i e s  h a v e  compared a l g a l  
a n d  a b o v e - g r o u n d  v a s c u l a r  p l a n t  
p r o d u c t i v i t y .  The p r o p o r t i o n  o f  a n n u a l  
p r o d u c t i v i t y  c o n t r i b u t e d  b y  a l g a l  m a t s  
( m o s t l y  d i a t o m s )  was a b o u t  20% i n  G e o r g i a  
( T e a l  1962) .  a b o u t  25% i n  D e l a w a r e  
( G a l l a g h e r  and Da ibe r  1974)  and a b o u t  25% 
i n  M a s s a c h u s e t t s  (Van R a a l t e  e t  a l .  1976).  
From t h e s e  r e s u l t s ,  i t  a p p e a r s  t h a t  a l g a e  
p r o v i d e  l e s s  food f o r  marsh  consumers  t h a n  
v a s c u l a r  p l a n t s .  Pe rhaps  t h i s  is t o  b e  

The s t u d y  o f  t h e  a l g a l  and v a s c u l a r  p l a n t  
p r o d u c t i v i t y  a t  T i j u a n a  E s t u a r y  s u g g e s t s  a  
c o n t r a s t i n g  s i t u a t i o n  f o r  h y p e r s a l i n e  
m a r s h e s .  Even t h e  m o s t  c o n s e r v a t i v e  
e s t i m a t e s  i n d i c a t e  t h a t  a l g a e  a r e  a b o u t  a s  
p r o d u c t i v e  a s  t h e  o v e r s t o r y  p l a n t s  ( Z e d l e r  
1980) .  P r o p o r t i o n s  o f  t o t a l  n e t  c a r b o n  
f i x e d  by a l g a e  f e l l  w i t h i n  40% t o  60%.  
The h i g h e s t  v a l u e  was o b t a i n e d  i n  t h e  low 
e l e v a t i o n  Jaumea-dominated h a b i t a t ,  where  
b o t h  m o i s t u r e  and l i g h t  were a b u n d a n t .  
Evidence  s u g g e s t s  t h a t  t h e s e  a l g a l  m a t s  
a r e  l i m i t e d  b y  l i g h t :  p r o d u c t i v i t y  
d e c l i n e d  i n  w i n t e r  and p r o d u c t i v i t y  was 
n e a r l y  a lways  lower  under  d e n s e  compared 
t o  open c a n o p i e s .  

G e n e r a l i z i n g  t h e  o b s e r v a t i o n s  a t  
T i j u a n a  E s t u a r y  t o  t h e  h y p e r s a l i n e  m a r s h e s  
o f  s o u t h e r n  C a l i f o r n i a ,  a  c o n c e p t u a l  model 
o f  c o m p a r a t i v e  p r o d u c t i v i t y  e m e r g e s  
( F i g u r e  35).  S o i l  s a l i n i t y  i s  s e e n  a s  t h e  
ma jo r  c o n t r o l l i n g  f a c t o r .  Where s o i l s  a r e  
h y p e r s a l i n e ,  v a s c u l a r  p l a n t  g r o w t h  i s  
r e d u c e d ,  c a n o p i e s  a r e  o p e n ,  a n d  
c o n s i d e r a b l e  l i g h t  p e n e t r a t e s  t o  t h e  s o i l  
s u r f a c e .  A l g a l  m a t s  d e v e l o p  a n d  
c o n t r i b u t e  a  major  p r o p o r t i o n  o f  t h e  marsh  
p r i m a r y  p r o d u c t i v i t y .  B r a c k i s h  s o i l s  
s u p p o r t  d e n s e r  v a s c u l a r  p l a n t  c a n o p i e s ,  
which  i n  t u r n  i n t e r c e p t  more l i g h t ,  and 
s o i l  a l g a e  a r e  l i g h t  l i m i t e d .  

Whi le  t h i s  model h a s  n o t  been t e s t e d  
by f i e l d  e x p e r i m e n t ,  ou r  o b s e r v a t i o n s  o f  
o t h e r  marshes  under  b r a c k i s h  c o n d i t i o n s  
( a t  Los P e n a s q u i t o s  Lagoon and t h e  San 
Diego R i v e r )  s u g g e s t  t h e  same p a t t e r n s .  
When c a n o p i e s  a r e  d e n s e s t ,  a l g a l  growth is  
s p a r s e .  With m o r t a l i t y  i n  t h e  o v e r s t o r y ,  
a l g a l  ma t s  a r e  q u i c k  t o  deve lop .  

The a l g a l  p r o d u c t i v i t y  t a k e s  o n  
g r e a t e r  i m p o r t a n c e  when t h e  q u a l i t y  o f  t h e  
food  produced i s  examined and t h e  i m p a c t  
on food c h a i n s  i s  e x p l o r e d .  

e x p e c t e d  f o r  marshes  where t h e  v a s c u l a r  
p l a n t  canopy i s  t a l l  and d e n s e .  
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Figure 35. E f f e c t  of s o i l  s a l i n i t y  on t h e  r e l a t i o n s h i p  between v a s c u l a r  p l a n t  
p r o d u c t i v i t y  and ailgal productivity: n cor tceptual  model. 



4.2 RELATIVE FOOD QUALITY t h e i r  d r y  w e i g h t ,  w h e r e a s  S p a r t i n a  
a l t e r n i f l o r a  a l o n g  t h e  E a s t  Coas t  m e a s u r e s  

V a s c u l a r  p l a n t s  a r e  g e n e r a l l y  38 t o  47% c a r b o n  (Keefe  1972) .  H ighe r  
r e c o g n i z e d  a s  h a v i n g  lower  food v a l u e  t h a n  i n t e r n a l  s a l t  c o n t e n t  would e x p l a i n  t h e  
a l g a e  ( C r i s p  1975) .  The p e r c e n t  p r o t e i n  l o w e r  c a r b o n  c o n t e n t  f o r  s o u t h e r n  
c o n t e n t  i s  h i g h e r  i n  a l g a e  where t h e r e  i s  C a l i f o r n i a  marsh p l a n t s .  I n  a d d i t i o n ,  t h e  
l e s s  a c c u m u l a t i o n  o f  n o n - p r o t e i n a c e o u s  s a l t - e x c r e t i n g  s p e c i e s  ( S p a r t i n a  f o l i o s a ,  
s t r u c t u r a l  compounds .  The  v a s c u l a r  M o n a n t h o c h l o e  l i t t o r a l i s ,  D i s t i c h l i s  
t i s s u e ,  t h i c k  c e l l  w a l l s ,  and l i g n i f i e d  s p i c a t a ,  Limonium - c a l i f o r n i c u m ,  a n d  
s t r u c t u r a l  c o m p o n e n t s  make u p  a  l a r g e  F r a n k e n i a  g r a n d i f o l i a )  a r e  a l l  u s u a l l y  
p r o p o r t i o n  o f  t h e  o r g a n i c  m a t t e r  o f  marsh c o a t e d  w i t h  s a l t  c r y s t a l s ,  which s h o u l d  
f l o w e r i n g  p l a n t s .  I n  a d d i t i o n ,  t h e  make them less d e s i r a b l e  t o  h e r b i v o r e s .  
s t r u c t u r a l  components o f  v a s c u l a r  p l a n t s  I n  ou r  o u t d o o r  l a b o r a t o r y  a t  Miss ion  Bay, 
make them d i f f i c u l t  f o r  h e r b i v o r e s  t o  we have  w i t n e s s e d  more i n s e c t  h e r b i v o r y  on 
d i g e s t .  Caswel l  e t  a l .  (1973) s u g g e s t e d  c o r d g r a s s  p l a n t s  grown i n  f r e s h  w a t e r  t h a n  
t h a t  p l a n t s  w i t h  t h e  C 4  mode o f  on p l a n t s  grown i n  s e a  w a t e r  (Boxand,  
p h o t o s y n t h e s i s  ( t h e i r  f irst p r o d u c t s  have u n p u b .  d a t a ) .  a n d  i t  i s  t e m p t i n g  t o  
4-carbon m o l e c u l e s  i n s t e a d  o f  t h e  u s u a l  3 )  h y p o t h e s i z e  t h a t  s a l t y  p l a n t  t i s s u e s  a c t  
a r e  p a r t i c u l a r l y  p r o b l e m a t i c  f o r  t o  d i s c o u r a g e  h e r b i v o r y .  
c o n s u m e r s ,  s i n c e  much o f  t h e i r  
p r o t e i n - r i c h  f o o d  i s  c o n t a i n e d  w i t h i n  Most o f  t h e  marsh  a l g a e  a r e  s i n g l e  
t h i c k  - w a l l e d  b u n d l e  s h e a t h  c e l l s .  c e l l e d  s p e c i e s  o r  f i l a m e n t s  of one  ce l l  
Decomposi t ion  a p p e a r s  t o  b e  a  p r e r e q u i s i t e  t h i c k n e s s .  F i b r o u s  t i s s u e s  a r e  l a c k i n g .  
f o r  u s e  o f  v a s c u l a r  p l a n t s  a s  food s o u r c e s  T h i s  s u g g e s t s ,  b u t  does  n o t  g u a r a n t e e ,  
f o r  many marsh  consumers .  t h a t  a l g a e  a r e  p a l a t a b l e  and d i g e s t i b l e .  

P l a n k t o n i c  b l u e g r e e n  a l g a e  a r e  n o t o r i o u s  
Are v a s c u l a r  p l a n t s  u t i l i z e d  b y  f o r  t h e i r  u n p a l a t a b i l i t y  ( P o r t e r  a n d  

s o u t h e r n  C a l i f o r n i a  m a r s h  a n i m a l s ?  O r c u t t  1980) .  I n  p a r t ,  t h i s  is a t t r i b u t e d  
W i l l i a m s  (1981) examined t h e  food  v a l u e  o f  t o  t h e i r  f i l a m e n t o u s  n a t u r e ,  which makes 
two h a l o p h y t e s  from T i j u a n a  E s t u a r y  by them d i f f i c u l t  f o r  z o o p l a n k t o n  t o  i n g e s t .  
p r e p a r i n g  d e t r i t u s  and f e e d i n g  i t  t o  young I n  a d d i t i o n ,  many secrete t o x i c  compounds 
m u s s e l s  ( M y t i l u s  e d u l i s )  under  c o n t r o l l e d  which a t  l e a s t  some zoop lank ton  appea r  t o  
l a b o r a t o r y  c o n d i t i o n s .  C o r d g r a s s  b e  a b l e  t o  d e t e c t  and t h u s  a v o i d .  O t h e r  
( S p a r t i n a  f o l i o s a ,  a  C u  p l a n t )  a n d  consumers  may b e  po i soned  i f  t o x i n s  b u i l d  
p i c k l e w e e d  ( S a l i c o r n i a  v i ' r g i n i c a ,  a  C u p  t o  h i g h  c o n c e n t r a t i o n s .  
s p e c i e s  w e r e  c h o s e n  t o  t e s t  t h z  
h y p o t h e s i s  t h a t  C s p e c i e s  p r o v i d e  b e t t e r  But t h e  b l u e g r e e n  a l g a e  o f  s a l t  marsh  
food f o r  marsh c o l s u m e r s .  Both t y p e s  o f  muds  a p p a r e n t l y  d o  n o t  i n h i b i t  
d e t r i t u s  were poor  food s o u r c e s ,  however ,  i n v e r t e b r a t e  f e e d i n g  a s  d o  t h e i r  
e v e n  when d e t r i t a l  p a r t i c l e s  h a d  b e e n  p l a n k t o n i c  r e l a t i v e s .  On t h e  c o n t r a r y ,  
p a r t i a l l y  decomposed f o l l o w i n g  a  four-day t h e  work o f  Brenne r  et a l .  (1976) shows 
a g i n g  p r o c e s s .  Musse l s  l o s t  we igh t  when t h a t  m a r s h  a l g a l  m a t s  d o m i n a t e d  b y  
f e d  d e t r i t u s  a l o n e .  I n  c o n t r a s t ,  m u s s e l s  b l u e g r e e n  a l g a e  p r o v i d e  a  h i g h  q u a l i t y  
p l a c e d  i n  c h a n n e l s  of  t h e  T i j u a n a  E s t u a r y  food s o u r c e  which  i s  b o t h  p a l a t a b l e  and 
g r e w  r a p i d l y ,  i n d i c a t i n g  t h a t  o t h e r  d i g e s t i b l e .  A s s i m i l a t i o n  e f f i c i e n c i e s  
s o u r c e s  of o r g a n i c  m a t t e r  were i m p o r t a n t  (amount d i g e s t e d  a s  a  p e r c e n t  o f  amount 
i n  t h e i r  n u t r i t i o n .  i n g e s t e d )  of up  t o  67% were measured f o r  

s a l t  - m a r s h  a m p h i p o d s  i n  t h e i r  
A s e c o n d  f a c t o r  w h i c h  may make M a s s a c h u s e t t s  marsh .  

v a s c u l a r  p l a n t s  less p a l a t a b l e  f o r  marsh  
g r a z e r s  is h i g h  s a l t  c o n t e n t .  W i n f i e l d  Diatoms a r e  a l s o  p a l a t a b l e  t o  marsh 
(1980) de te rmined  t h e  c a r b o n  c o n t e n t  o f  consumers .  W h i t l a t c h  and Obr-ebski ( 1  980)  
s e v e n  s u c c u l e n t  a n d  f o u r  n o n - s u c c u l e n t  e x a m i n e d  t h e  f e e d i n g  h a b i t s  o f  t w o  
marsh  p l a n t s  t o  b e  f rom 1 9 1  t o  3546 o f  g a s t r o p o d s ,  B a t i l l a r i a  a t t r a r n e n t a r i a  



( i n t r o d u c e d  f r o m  J a p a n )  a n d  C e r i t h i d e a  
c a l i f o r n i c a  ( n a t i v e  s p e c i e s ) ,  a t  t h r e e  
c e n t r a l  C a l i f o r n i a  s a l t  mar shes .  Dia toms 
accoun ted  f o r  most o f  t h e  g u t  c o n t e n t s  o f  
b o t h  s n a i l s ,  a n d  c o m p a r i s o n s  o f  
c h l o r o p h y l l o s e  p igmen t s  i n  g u t  and f e c a l  
s amples  i n d i c a t e d  t h a t  t h e  d i a t o m s  were 
b e i n g  d i g e s t e d .  

4.3 CONCEPTUAL MODELS OF ENERGY FLOW 

I n  t h e  b r a c k i s h  marshes  o f  G e o r g i a ,  
T e a l  (1962)  d e s c r i b e d  e n e r g y  a s  moving 
p r e d o m i n a n t l y  t h r o u g h  a  v a s c u l a r  
plant-decomposer-detritivore pathway. The 
h i g h l y  p r o d u c t i v e  S p a r t i n a  a l t e r n i f l o r a  i s  
l i t t l e  used by g r a z e r s  (Smal l ey  1959) .  
Most are  f i r s t  b roken  down by f u n g i  and 
b a c t e r i a ,  which make t h e  m a t e r i a l  more 
d i g e s t i b l e  a n d  i m p r o v e  t h e  n u t r i t i o n a l  
q u a l i t y  o f  t h e  d e t r i t u s  by  a d d i n g  o r g a n i c  
n i t r o g e n .  Consumers f e e d  on t h e  r e s u l t i n g  
m i x t u r e  o f  m i c r o b e s  and v a s c u l a r  p l a n t  
f r a g m e n t s  (Lopez e t  a l .  1977) .  

T r e m e n d o u s  e f f o r t  i s  r e q u i r e d  t o  
q u a n t i f y  e n e r g y  f l o w  i n  marsh  e c o s y s t e m s  
a n d ,  u n f o r t u n a t e l y ,  work  c o m p a r a b l e  t o  
t h a t  r e p o r t e d  i n  T e a l  (1962)  h a s  n o t  been 
done i n  s o u t h e r n  C a l i f o r n i a .  The c o n c e p t  
which f o l l o w s  ( F i g u r e  3 6 )  is  s p e c u l a t i v e ,  
b u t  is c o n s i s t e n t  w i t h  t h e  o b s e r v a t i o n s  o f  
v a s c u l a r  p l a n t  and a l g a l  p r o d u c t i v i t y  and 
t h e  r e l a t i v e  v a l u e s  o f  t h e  f o o d s  produced.  

V a s c u l a r  p l a n t s  o f  s o u t h e r n  
C a l i f o r n i a  marshes  a r e  p r o b a b l y  u t i l i z e d  
by d e t r i t i v o r e s ,  a s  i n  Georg ia  marshes .  
But s i n c e  a l g a e  a r e  more p r o d u c t i v e ,  bo th  
on an a b s o l u t e  and r e l a t i v e  s c a l e ,  t h e  
g r a z e r  pathway may b e  more i m p o r t a n t  i n  
c h a n n e l i n g  p r imary  p r o d u c t i v i t y  t o  h i g h e r  
t r o p h i c  l e v e l s .  E n e r g y  i s  l o s t  t o  
r e s p i r a t i o n  a t  e v e r y  f e e d i n g  l e v e l  a n d ,  
b e c a u s e  decomposers  a t t a c k  t h e  v a s c u l a r  
p l a n t s  p r i o r  t o  t h e i r  c o n s u m p t i o n  b y  
h i g h e r  t r o p h i c  l e v e l s ,  a l a r g e  p o r t i o n  of 
t h e  e n e r g y  f i x e d  b y  t h i s  g r o u p  o f  
p r o d u c e r s  1s u s e d  u p  by f u n g i  and  
b a c t e r i a .  T h i s  l e a v e s  a  s m a l l e r  amount o f  
e n e r g y  f o r  consumpt ion by d e t r i t i v o r e s .  
Hence, a  g i v e n  amount o f  v a s c u l a r  p l a n t  
e n e r g y  would s u p p o r t  a  s m a l l e r  b iomass  o f  

t o p  c a r n i v o r e s  t h a n  t h e  same amount o f  
e n e r g y  f i x e d  by a l g a e  and used  d i r e c t l y  by  
g r a z e r s  ( c f .  F i g u r e  36 ) .  

4 .4  FLUX OF ORGANIC CARBON AND THE 
FUNCTION OF MARSH PLANTS AS NUTRIENT 
TRAPS 

T i d a l l y  f l u s h e d  w e t l a n d s  a r e  o p e n  
s y s t e m s ;  t h e y  e x c h a n g e  m a t e r i a l s ,  b o t h  
l i v i n g  and d e a d ,  w i th  a d j a c e n t  u p l a n d  and 
ocean  ecosys t ems .  I n  s o u t h e r n  C a l i f o r n i a ,  
where t h e r e  i s  u s u a l l y  l i t t l e  i n p u t  o f  
f r e s h w a t e r ,  t i d a l  w a t e r s  p r o v i d e  t h e  m a j o r  
r o u t e  o f  e x c h a n g e  w i t h  t h e  o c e a n .  
M e a s u r e m e n t s  o f  t h e  c o n c e n t r a t i o n s  o f  
o r g a n i c  m a t t e r  and n u t r i e n t s  on incoming 
and o u t g o i n g  t i d e s  a l l o w  n e t  f l u x e s  t o  b e  
d e t e r m i n e d .  When f o l l o w e d  o v e r  t h e  y e a r ,  
i t  becomes p o s s i b l e  t o  d e t e r m i n e  i f  a  
sys t em f u n c t i o n s  a s  a  n e t  e x p o r t e r  o r  
i m p o r t e r  o f  v a r i o u s  s u b s t a n c e s .  

For many y e a r s  c o a s t a l  marshes  were 
viewed a s  a c c u m u l a t o r s  o f  n u t r i e n t s  and  
e x p o r t e r s  o f  o r g a n i c  m a t t e r ,  w i t h  t h e  
h i g h l y  p r o d u c t i v e  c o r d g r a s s  b e i n g  moved 
i n t o  bays  and p r o v i d i n g  food  f o r  f i s h  and 
s h e l l f i s h  ( e .g .  Odum 1971 1. However, t h i s  
m o d e l  o f  e s t u a r i n e  f u n c t i o n i n g  h a s  
r e c e n t l y  been c h a l l e n g e d  by Ha ines  ( 1 9 7 9 ) ,  
and Nixon (1980)  h a s  c r i t i c a l l y  r ev iewed  
e v i d e n c e  which  c o n c e r n s  t h e s e  f u n c t i o n s  o f  
c o a s t a l  w e t l a n d s .  An a l t e r n a t i v e  model o f  
w e t l a n d - c o a s t a l  i n t e r a c t i o n s  h a s  emerged,  
which i t s e l f  must  s t a n d  t h e  tes t  o f  f u t u r e  
i n v e s t i g a t i o n s  b e f o r e  b e i n g  a c c e p t e d  a s  
f a c t .  A s  summarized by Ha ines  ( 1 9 7 9 ) .  
E a s t  C o a s t  w e t l a n d s  h a v e  f o u r  m a j o r  
f e a t u r e s :  ( 1 )  Marsh s o i l s  and e s t u a r i n e  
s e d i m e n t s  f u n c t i o n  a s  dominant  s i t e s  f o r  
a c c u m u l a t i o n ,  c o n s u m p t i o n  a n d  
r e m i n e r a l i z a t i o n  o f  p a r t i c u l a t e  o r g a n i c  
ca rbon  (POC) . Disso lved  o r g a n i c  c a r b o n  
( D O C )  a n d  n u t r i e n t s  move i n t o  t h e  
e s t u a r i n e  w a t e r s .  ( 2 )  S a l t  m a r s h  
p r o d u c t i v i t y  is  u t i l i z e d  by f i s h ,  s h r i m p ,  
c r a b s ,  and o t h e r  consumers which move i n t o  
'ihe marsh t o  f e e d .  The marsh  t h u s  s e r v e s  
b o t h  a s  a  food s o u r c e  and f e e d i n g  h a b i t a t .  
(3 )  Phy top lank ton  a r e  i m p o r t a n t  p r o d u c e r s  
i n  e s t u a r i n e  w a t e r s ;  t h e i r  p r o d u c t i v i t y  i s  
r e s p o n s i b l e  f o r  much o f  t h e  b a y ' s  f i s h  and  



Figure  36. P o s s i b l e  d i f f e r e n c e s  i n  energy 
f low through grazer-based and d e t r i t i v o r e -  
based food cha ins .  Where p l a n t  m a t e r i a l  
must f i r s t  be decomposed, a smal le r  
p ropo r t i on  of t h e  p l a n t  p r o d u c t i v i t y  
i s  channeled t o  top ca rn ivo re s .  
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s h e l l f i s h  p r o d u c t i v i t y .  ( 4 )  E s t u a r i n e  
food webs a r e  h i g h l y  complex;  many s p e c i e s  
a r e  g e n e r a l i s t i c  f e e d e r s  w h i c h  c a n  
f u n c t i o n  a s  h e r b i v o r e s ,  c a r n i v o r e s ,  and 
d e t r i t i v o r e s .  

A t  t h e  same time t h a t  Ha ines  was 
c h a l l e n g i n g  t h e  Georg ia  model o f  w e t l a n d  
f u n c t i o n i n g ,  t h e  C a l i f o r n i a  S e a  G r a n t  
P r o g r a m  p r o v i d e d  f u n d s  t o  i n v e s t i g a t e  
T i  j uana  E s t u a r y  and Mugu Lagoon. Both 
s t u d i e s  s o u g h t  t o  d e t e r m i n e  i f  s o u t h e r n  
C a l i f o r n i a  w e t l a n d s  conform t o  t h e  e x p o r t  
m o d e l  o r i g i n a l l y  a s c r i b e d  t o  G e o r g i a  
marshes .  Data  o b t a i n e d  by W i n f i e l d  (1980)  
f o r  T i j u a n a  E s t u a r y  i n c l u d e d  f r e q u e n t  
measurements  o f  POC, DOC, and i n o r g a n i c  
forms o f  n i t r o g e n  ( IN) .  O n u f T s  work a t  
Mugu Lagoon (Onuf e t  a l .  1978)  i n c l u d e d  
measurements  o f  POC o v e r  s e l e c t e d  t i d e  
c y c l e s  i n  a  two-year p e r i o d .  

A t  T i j u a n a  E s t u a r y  t h e  r e s u l t s  
c o n t r a s t  w i t h  t h e  o u t w e l l i n g  model o f  T e a l  
( 1 9 6 2 )  a n d  Odum ( 1 9 7 1 ) .  I n o r g a n i c  
n i t r o g e n  was impor t ed  from s m a l l  t i d a l  
c r e e k s  o n t o  t h e  s a l t  mar sh ,  w i t h  most  o f  
t h e  f l u x  o c c u r r i n g  a s  impor t ed  ammonia. 
Organ ic  c a r b o n  was e x p o r t e d ,  b u t  i n  t h e  
d i s s o l v e d  f o r m ,  n o t  a s  p a r t i c u l a t e s .  
Dur ing p e r i o d s  o f  f l o o d i n g  w i t n e s s e d  i n  
1978 t h e r e  a p p e a r e d  t o  b e  a  m e a s u r a b l e  
e x p o r t  o f  b o t h  POC and DOC, c o r r e s p o n d i n g  
t o  t h e  n e t  o u t f l o w  o f  w a t e r .  Y e a r l y  
f l u x e s  were c o m p a r e d  w i t h  e s t i m a t e d  
o r g a n i c  c a r b o n  p r o d u c t i o n  a n d  n i t r o g e n  
u p t a k e  t o  d e t e r m i n e  t h e  r e l a t i v e  magn i tude  
o f  C and N movements. W i n f i e l d  (1980)  
s u g g e s t s  t h a t  a b o u t  6% o f  t h e  n i t r o g e n  
r e q u i r e d  f o r  v a s c u l a r  p l a n t  and  a l g a l  
p r o d u c t i v i t y  is  met by impor t ed  n i t r o g e n .  
H e n c e ,  m o s t  o f  t h e  n i t r o g e n  m u s t  b e  
g e n e r a t e d  by p r o c e s s e s  w i t h i n  t h e  marsh ,  
e . g ,  n i t r o g e n  f i x a t i o n  a n d  
r e m i n e r a l i z a t i o n .  The amount o f  o r g a n i c  
c a r b o n  e x p o r t e d  was a  s m a l l  f r a c t i o n  ( a t  
most  25%) of t h a t  produced o n  t h e  marsh  
( W i n f i e l d  1980) .  

The r e s u l t s  of Ozuf c t  a? .  ( ! 9 7 8 )  
concur t h a t  t h e r e  i s  l i t t l e  ev idence  
t o  s u p p o r t  t h e  concep t  of major 
POC e x p o r t  i n  s o u t h e r n  C a l i f o r n i a  
we t lands .  I n  b o t h  W i n f i e l d ' s  and Onuf 
e t  a l . ' s  s t u d i e s ,  however, l a r g e  p i e c e s  

o f  f l o a t i n g  m a t t e r ,  s u c h  a s  make up t h e  
d e b r i s  d e p o s i t s  a t  h i g h  w a t e r  mark,  were  
n o t  measured .  From o b s e r v a t i o n s  o f  t h e  
wood and seaweed d e p o s i t s  somet imes  s e e n  
w i t h i n  c o a s t a l  m a r s h e s ,  i t  is  c l e a r  t h a t  
some f l u x e s  a r e  mis sed  by s t u d i e s  which  
a r e  r e s t r i c t e d  t o  t h e  w a t e r  c o l u m n .  
S t i l l ,  t h e s e  l a r g e r  m a t e r i a l s  may b e  
r e f r a c t o r y  t o  u t i l i z a t i o n  b Y 
mi rcoorgan i sms .  A s  Pomeroy e t  a l .  (1976)  
p o i n t  o u t ,  we need much more s t u d y  o f  b o t h  
t h e  q u a l i t y  and q u a n t i t y  o f  POC and DOC i n  
marsh  e c o s y s t e m s .  

The combined work on n i t r o g e n  and 
o r g a n i c  c a r b o n  f l u x  s u g g e s t s  a  model o f  
e s t u a r y - c o a s t a l  i n t e r a c t i o n  which b e a r s  
some  s i m i l a r i t y  t o  H a i n e s f  ( 1 9 7 9 )  
a l t e r n a t i v e  h y p o t h e s i s  f o r  t h e  G e o r g i a  
marshes  ( F i g u r e  37 ) .  However, t h e r e  i s  
o n e  i m p o r t a n t  d i f f e r e n c e .  Most o f  t h e  
E a s t  Coas t  m a r s h e s  a r e  n e x t  t o  l a r g e  b a y s ,  
and a q u a t i c  h a b i t a t s  a r e  more i m p o r t a n t .  
E x c e p t  f o r  S a n  D i e g o  Bay a n d  t h e  
a r t i f i c i a l l y  e n l a r g e d  b a y s  o f  Miss ion  Bay 
a n d  L o s  A n g e l e s  H a r b o r ,  s o u t h e r n  
C a l i f o r n i a  l a c k s  t h e s e  c o a s t a l  embayments. 

I n  t h e  model ,  f l o o d  t i d e s  p r o v i d e  a  
s o u r c e  o f  n u t r i e n t s  f o r  a l g a e ,  s o i l s  and 
v a s c u l a r  p l a n t s ;  ebb t i d e s  l e a c h  d i s s o l v e d  
o r g a n i c  c a r b o n  from t h e  m i c r o b i a l  m a t s ,  
l i t t e r  and s t a n d i n g  v e g e t a t i o n .  A t  a l l  
t imes,  m i c r o o r g a n i s m s  a n d  i n v e r t e b r a t e  
l a r v a e  i n c o r p o r a t e  d i s s o l v e d  o r g a n i c  
c a r b o n  i n t o  b i o m a s s ,  w h i c h  i s  t h e n  
a v a i l a b l e  t o  l a r g e r  c o n s u m e r s .  
D e c o m p o s i t i o n  r e t u r n s  n u t r i e n t s  t o  t h e  
w a t e r ,  which  t h e n  f l o o d s  t h e  marsh  a g a i n .  

I n  t h i s  scheme, mic roorgan i sms  may 
w e l l  b e  t h e  p r i n c i p a l  t r a n s f o r m e r s  o f  
i n o r g a n i c  t o  o r g a n i c  m a t e r i a l s .  By v i r t u e  
o f  t h e  r a p i d  growth r a t e s ,  h i g h  s u r f a c e  
a r e a - t o - v o l u m e  r a t i o s ,  a n d  t h i n  c e l l  
w a l l s ,  t h e  a l g a e ,  b a c t e r i a  and f u n g i  a r e  
c a p a b l e  o f  r a p i d  exchange  r a t e s .  The 
a l g a l  m a t s  may b e  t h e  m o s t  i m p o r t a n t  
n u t r i e n t  a b s o r b e r s ,  a s  well a s  t h e  most 
i m p o r t a n k  source of  d i s s o l v e d  o r g a n i c  
c a r b o n .  The  r a t e  a t  w h i c h  i n o r g a n i c  
n i t r o g e n  is  a b s o r b e d  and DOC i s  l e a c h e d  
from t h e s e  a l g a l  ma t s  i s  c u r r e n t l y  b e i n g  
i n v e s t i g a t e d  ( P a t  Dunn, g r a d u a t e  s t u d e n t ,  
San Diego S t a t e  Gnivers i ty j .  



FLOOD TIDE: ALGAE AND 
SEDIMENTS TAKE UP 
NUTRIENTS 

DURING HIGH TIDE: ORGANIC MATTER FROM ALGAE AND OTHER MICROBES, 
AND FROM VASCULAR PLANTS GOES INTO SOLUTION AS DOM. 

EBB TIDE: NET FLUX 
OF ACCUMULATED 
DOM MOVES INTO 
CREEKS. 

WITHIN WATER COLUMN: MICROBES, INVERTEBRATE LARVAE AND 
ADULTSTAKE UP DOM AND INCORPORATE IT  INTO BIO- 
MASS. ACTIVELY METABOLIZING MICROBES BREAK DOWN 
ORGANIC MATTER INTO NUTRIENTS. 

Figure  37. Conceptual model of sou thern  C a l i f o r n i a  marsh and t ida l .  c r eek  
i n t e r a c t i o n s .  Net f l u x e s  a r e  probably g r e a t e s t  a t  h igh  s p r i n g  t i d e s  when t h e  
l a r g e s t  a r e a  of marsh i s  covered by water .  Developed from informat ion  i n  
Winfield (1980) . 



During neap t i d e s  and between t h e  
h igher  t i d e s ,  water l e v e l s  a r e  g e n e r a l l y  
below t h e  marsh. Dissolved o rgan i c  ma t t e r  
is probably absorbed and incorpora ted  i n t o  
mic rob i a l  and animal biomass. Both l a r v a e  
and a d u l t s  of  s e v e r a l  marine i n v e r t e b r a t e s  
a r e  known t o  t ake  up DOC r a p i d l y  (Manahan 
1980). and even photosynthe t ic  diatoms can 
func t ion  a s  he t e ro t rophs  by t a k i n g  up DOC 
(Darley et a l .  1979).  

4.5 SUMMARY OF CHAPTER 4 

The q u a l i t y  o f  f o o d  p roduced  by 
va scu l a r  p l a n t s  and a lgae  d i f f e r s .  S a l t  
marsh consumers, such a s  s n a i l s  and c r a b s ,  

can feed d i r e c t l y  on a l g a e  and probably 
a s s i m i l a t e  a  l a r g e  propor t ion  of  t h e  a l g a l  
o r g a n i c  m a t t e r  which t h e y  i n g e s t .  
However, v a s c u l a r  p l a n t s  a r e  r e l a t i v e l y  
i n d i g e s t i b l e  u n t i l  t h e y  have  been  
p a r t i a l l y  decomposed by microbes. Then 
t h e  fungi  and b a c t e r i a  p rov ide  n u t r i t i o u s  
food sou rce s  f o r  s n a i l s ,  c r a b s ,  i sopods ,  
and amphipods. Adding t h e  decomposer s t e p  
t o  t h e  food cha in  reduces t h e  p ropo r t i on  
o f  p l a n t  p r o d u c t i v i t y  which  c a n  b e  
funneled t o  h igher  t r o p h i c  l e v e l s .  Hence, 
i n  t h i s  c o n c e p t u a l  model o f  s o u t h e r n  
C a l i f o r n i a  s a l t  marshes, a l g a l  mats  t a k e  
on a  food producer r o l e  which is  g r e a t e r  
than t h a t  measurable by p r o d u c t i v i t y  o r  
biomass a lone .  



CHAPTER 5 

SALT MARSH ANIMALS 

The  s a l t  m a r s h  c o n t a i n s  a n  
i n t e r e s t i n g  m i x t u r e  o f  a n i m a l s  and p l a n t s  
t h a t  come from two e x t r e m e l y  d i f f e r e n t  
env i ronmen t s :  t h e  l a n d  and t h e  s e a .  The 
v a s c u l a r  p l a n t s ,  i n s e c t s ,  a m p h i b i a n s ,  
r e p t i l e s ,  b i r d s  and mammals a r e  f a m i l i a r  
t e r r e s t r i a l  forms.  I n  c o n t r a s t ,  a l g a e ,  
m o l l u s c s ,  c r u s t a c e a n s ,  and f i s h  a r e  a l l  
e x p e c t e d  t o  o c c u r  i n  a q u a t i c  h a b i t a t s .  
I n t e r t i d a l  m a r s h e s ,  w h i c h  a r e  
a l t e r n a t i n g l y  wet and d r y ,  h a r b o r  a l l  o f  
t h e s e  f o r m s .  We m i g h t  e x p e c t  t h e  
" t e r r e s t r i a l w  o r g a n i s m s  t o  b e  s t r e s s e d  
d u r i n g  h i g h  t i d e s  when t h e  a q u a t i c  b i o t a  
a r e  n o t ,  and v i c e  v e r s a  a t  low t i d e .  It 
i s  i n t r i g u i n g  t o  c o n s i d e r  w h e t h e r  t h e  
s p e c i e s  which  manage t o  l i v e  h e r e  do s o  
o u t  o f  p r e f e r e n c e  o r  d e f a u l t .  A s  
c o n s i d e r e d  e a r l i e r ,  t h e  v a s c u l a r  p l a n t s  
g e n e r a l l y  f i n d  s o u t h e r n  C a l i f o r n i a  
w e t l a n d s  s t r e s s f u l ;  t h e y  a p p e a r  t o  owe 
t h e i r  s u c c e s s  t o  t o l e r a n c e  o f  r a t h e r  t h a n  
p r e f e r e n c e  f o r  t h e  m a r s h  e n v i r o n m e n t .  
I n s e c t s  a n d  mammals somehow c o p e  w i t h  
o c c a s i o n a l  i n u n d a t i o n  and s a l t y  f o o d s ,  b u t  
we a r e  i g n o r a n t  o f  how s t r e s s f u l  t h e s e  
c o n d i t i o n s  a r e .  The h i g h l y  m o b i l e  b i r d s  
can  e a s i l y  avo id  i n u n d a t i o n ,  b u t  t h e y  must  
e x p e n d  c o n s i d e r a b l e  e n e r g y  t o  e x c r e t e  
e x c e s s  s a l t s .  F o r  t h e  mar ine  o r g a n i s m s ,  
d e s i c c a t i o n  a n d  v a r i a b l e  t e m p e r a t u r e s  
s u r e l y  p o s e  a  t h r e a t  t o  s u r v i v a l .  
A l t h o u g h  a l g a l  p r o d u c t i v i t y  seems t o  
i n c r e a s e  a s  t i d e  w a t e r s  s u b s i d e ,  (R .  
Holmes, U n i v e r s i t y  o f  C a l i f o r n i a ,  S a n t a  
B a r b a r a )  m o l l u s c s  c l o s e  up when t h e y l r e  
e x p o s e d ;  c r u s t a c e a n s  s e e k  s h e l t e r ;  a n d  
f i s h  move back t o  c h a n n e l s .  These  an ima l  
b e h a v i o r  p a t t e r n s  a l l  s u g g e s t  t o l e r a n c e ,  
r a t h e r  t h a n  p r e f e r e n c e  f o r  m a r s h  
e n v i r o n m e n t s .  Yet t h e r e  must  b e  some 
a d v a n t a g e  t o  l i f e  i n  t h e  s a l t  m a r s h ;  
o t h e r w i s e  we would f i n d  s a l t  marsh  a n i m a l s  
more  n u m e r o u s  e l s e w h e r e  i n s t e a d  o f  
dependen t  on  t h i s  u n i q u e  community. 

T h i s  c h a p t e r  summarizes what is known 
a b o u t  s o u t h e r n  C a l i f o r n i a  s a l t  m a r s h  
a n i m a l s .  How t h e  v a r i o u s  g r o u p s  t o l e r a t e  
t h e i r  f l u c t u a t i n g  env i ronmen t s  is n o t  well 

u n d e r s t o o d ,  and t h e r e  is  much t o  l e a r n  
a b o u t  t h e i r  i n t e r a c t i o n s  w i t h  o n e  a n o t h e r .  
T h e s e  t o p i c s  a n d  q u e s t i o n s  c o n c e r n i n g  
e c o s y s t e m  e n e r g y  f l o w  s h o u l d  p r o v i d e  
f u t u r e  w e t l a n d  e c o l o g i s t s  w i t h  s u b s t a n t i a l  
m a t e r i a l  f o r  s t u d y .  

5.1 INVERTEBRATES 

I n v e s t i g a t i o n s  of  t h e  i n v e r t e b r a t e s  
o f  b a y ,  l a g o o n  a n d  i n t e r t i d a l  f l a t  
h a b i t a t s  have  been conduc ted  i n  r e c e n t  
y e a r s  ( P e t e r s o n  1975,  1977,  Seapy 1981, 
Quammen 19801, b u t  i n f o r m a t i o n  on t h e  s a l t  
marsh  i n v e r t e b r a t e s  is q u i t e  r e s t r i c t e d .  
Macdonald (1967)  and McCloy (1979)  h a v e  
s t u d i e d  m o l l u s c s  i n  s e l e c t e d  P a c i f i c  Coas t  
m a r s h e s ;  P h l e g e r  (1977)  and o t h e r s  h a v e  
i n v e s t i g a t e d  t h e  F o r a m i n i f e r a ;  W i l l a s o n  
( 1 9 8 0 )  h a s  s t u d i e d  c r a b s ;  a n d  Nagano 
( 1 9 8 1 )  i s  i n v e s t i g a t i n g  i n s e c t s  i n  a  
v a r i e t y  o f  c o a s t a l  h a b i t a t s .  Our 
knowledge o f  marsh nematodes ,  h a r p a c t i c o i d  
copepods ,  a n n e l i d s ,  amphipods,  i s o p o d s ,  
and a r a c h n i d s  is  e x t r e m e l y  l i m i t e d .  S i n c e  
t h e s e  s m a l l  a n i m a l s  a r e  l i k e l y  t o  b e  ma jo r  
consumers  i n  t h e  s a l t  marsh  food c h a i n ,  a s  
well a s  i m p o r t a n t  food  s o u r c e s  f o r  b i r d s  
and f i s h ,  f u r t h e r  r e s e a r c h  is needed t o  
q u a n t i f y  t h e i r  h a b i t a t  r e q u i r e m e n t s  and 
r o l e s  i n  t h e  marsh ecosys t em.  

F o r a m i n i f e r a  

Marsh  F o r a m i n i f e r a  a r e  u s e f u l  i n  
u n r a v e l i n g  t h e  h i s t o r y  o f  s e d i m e n t s .  
These  s m a l l  p r o t o z o a  l i v e  i n  t h e  upper  1 
cm o f  m a r s h  s o i l s ;  t h e i r  s h e l l s  a r e  
r e a d i l y  i d e n t i f i a b l e  and well p r e s e r v e d .  
However ,  b e c a u s e  o f  t h e i r  c a l c a r e o u s  
c o m p o s i t i o n ,  t h e y  do  n o t  p e r s i s t  i n  a c i d i c  
s u b s t r a t e s .  Some f o r m s  ( c a l l e d  
a r e n a c e o u s )  b u i l d  t h e i r  s h e l l s  b y  
cemen t ing  sand  g r a i n s .  

P h l e g e r  ( 7  977),  P h l e g e r  and Bradshaw 
119669, and S c o t t  (1976)  d i s c u s s e d  t h e  
F o r a m i n i f e r a  o f  s a l t  m a r s h  s o i l s  a n d  



i n d i c a t e d  t h a t  s p e c i e s  c o m p o s i t i o n  shows 
g e o g r a p h i c a l ,  s a l i n i t y  and l o c a l  i n t r a -  
marsh  p a t t e r n s .  The s o u t h e r n  and B a j a  
C a l i f o r n i a  a s s e m b l a g e  i d e n t i f i e d  b y  
P h l e g e r  ( 1 9 6 7 ,  i n  Macdona ld  1977b) had 
s e v e r a l  dominants  (Trochammina i n f l a t a ,  
Miliammina f u s c a ,  Jadammina po lys toma)  i n  
common wi th  more n o r t h e r n  F o r a m i n i f e r a n  
c o m m u n i t i e s ,  b u t  i n c l u d e d  m o r e  s p e c i e s  
(Ammonia b e c c a r i i ,  A r e n o p a r r e l l a  mexicana ,  
C e l l a n t h u s  d i s c o i d a l e ,  D i s c o r i n o p s i s  
a g u a y o i ,  G l a b r a t e l l a  s p . ,  and P r o t o s c h i s t a  
f i n d e n s ) .  As w i t h  t h e  m a r s h  f l o r a ,  
dominant  F o r a m i n i f e r a n  s p e c i e s  e x t e n d  o v e r  
a  broad l a t i t u d e ,  b u t  s o u t h e r n  C a l i f o r n i a  
h a s  a d d i t i o n a l  s p e c i e s  o f  more t r o p i c a l .  
d i s t r i b u t i o n .  

P h l e g e r  ( 1970, 1977) p rov ided  l ists 
o f  s p e c i e s  w h i c h  h a v e  b e e n  c l a s s i f i e d  
a c c o r d i n g  t o  t h e i r  g e n e r a l  e c o l o g i c a l  
d i s t r i b u t i o n .  S c o t t ' s  (1976)  d a t a  on l i v e  
spec imens  from Miss ion  Bay and T i j u a n a  
E s t u a r y  i n c l u d e  two o f  t h e  f o u r  s p e c i e s  
l i s t e d  a s  common i n  marshes ,  t h r e e  o f  t h e  
f i v e  h y p e r s a l i n e  s p e c i e s ,  b u t  no b r a c k i s h  
f a rms  ( T a b l e  9 ) .  

Comparisons o f  low and h i g h  marsh a t  
Miss ion  Bay and T i j u a n a  E s t u a r y  ( S c o t t  
1976) showed d i s t i n c t i v e  communi t i e s ,  w i t h  
h i g h e r  d e n s i t i e s  above  MHHW i n  t h e  uppe r  
m a r s h .  S p e c i e s  c h a r a c t e r i s t i c  o f  t h e  
uppe r  marsh  were T. i n f l a t a ,  J. po lys toma ,  
D. a g u a y o i ,  and Q u i n q u e l o c u l i n a  seminulum - 
a t  b o t h  l o c a t i o n s .  However, low marsh  
h a b i t a t s  were c h a r a c t e r i z e d  by h i g h  
p e r c e n t a g e s  o f  C r i b r o e l p h i d i u m  sp ina tum 
t r a n s l u c e n s  and C e l l a n t h u s  tumidum a t  
Miss ion  Bay and P r o t o s c h i s t a  f i n d e n s  a t  
T i j u a n a  E s t u a r y ,  where c a l c a r e o u s  s p e c i e s  
were  g e n e r a l l y  less common. 

Using t h e  r e l a t i v e l y  h igh  c o n s i s t e n c y  
o f  c o m p o s i t i o n  a n d  m a r s h  t y p e ,  S c o t t  
(1976)  i n t e r p r e t e d  t h e  h i s t o r y  o f  Miss ion  
Bay and  T i j u a n a  E s t u a r y  from a u g e r  c o r e s  
t a k e n  w i t h i n  each  marsh.  The Miss ion  Bay 
core was d a t e d  w i t h  carbon-14 t o  b e  2380 + 
6 0  y e a r s  a t  3.1 m. A t  t h a t  time, t h e  
F o r a m i n i f e r a  i n d i c a t e  t h a t  t h e  p r e s e n t  
h i g h  m a r s h  was  a n  i n t e r t i d a l  m u d f l a t ,  
which s u b s e q u e n t l y  changed t o  low and t h e n  
h i g h  m a r s h  a s  s e d i m e n t s  a n d  o r g a n i c  

T a b l e  9. F o r a m i n i f e r a 1  c a t e g o r i e s  ( f rom 
P h l e g e r  1977)  and o c c u r r e n c e s  i n  Miss ion  
Bay (MB) and T i j u a n a  E s t u a r y  (TE) ( f rom 
S c o t t  1976). 

C a t e g o r i e s  
Lower Higher  
Marsh Marsh - - 

Abundant and dominant c o s m o p o l i t a n  s p p .  

Miliammina f u s c a  x x 
Trochammina i n f l a t a  x dom . 
Jadammina polys toma x v.  abun.  

Spp. c o n f i n e d  t o  h y p e r s a l i n e  marshes  

D i s c o r i n o p s i s  a g u a y o i  x x 
T e x t u l a r i a  e a r l a n d i  x 

Spp. common i n  m a r s h e s  

P r o t o s c h i s t a  f i n d e n s  dom. 
@ TE 

Ammonia b e c c a r i i  x 
m 

A d d i t i o n a l  abundan t  s p e c i e s  found by 
S c o t t  ( 1976) 

Q u i n q u e l o c u l i n a  spp .  x x 
C e l l a n t h u s  tumidum x 
C r i b r o e l p h i d i u m  dom . 

s p i n a t u m  t r a n s l u c e n s  @ MB 

dom.= dominant ;  v.  abun.  = v e r y  abundan t  

m a t e r i a l  accumula t ed .  A t  T i j u a n a  E s t u a r y ,  
m a t e r i a l  a t  1 . 1  m was d a t e d  a t  1180 2 50 
y e a r s  B. P. w i t h  carbon-14,  a t  which t i m e  
t h e  c o r e  l o c a t i o n  was a  m u d f l a t .  The 
sequence  from t h a t  time on was s i m i l a r  t o  
t h a t  a t  Miss ion  Bay. However, a  t h i c k  
l a y e r  o f  s e d i m e n t s  b e l o w  1 .1  m w a s  
d e p a u p e r a t e  i n  F o r a m i n i f e r a ,  a n d  S c o t t  
s u g g e s t e d  t h e  a r e a  may have  been a  c l o s e d ,  
b r a c k i s h  l a g o o n  a t  t h e  t ime. T h i s  
s u g g e s t i o n  i s  d i f f i c u l t  t o  r e c o n c i l e  w i t h  
modern  - d a y  o b s e r v a t i o n s  o f  w a t e r  
a c c u m u l a t i o n  p a t t e r n s  i n  s o u t h e r n  
C a l i f o r n i a  l a g o o n s .  U s u a l l y ,  o n l y  t h e  
l a g o o n s  w i t h  r e l a t i v e l y  s m a l l  w a t e r s h e d s  



become c l o s e d  and b r a c k i s h  f o r  v e r y  l o n g .  
I f  T i j u a n a  E s t u a r y  were  t o  c l o s e  o f f  from 
t i d a l  i n u n d a t i o n  f o r  l o n g  p e r i o d s  o f  t i m e ,  
i t  would p r o b a b l y  b e  m a r i n e  o r  h y p e r s a l i n e  
i n  r e s p o n s e  t o  d r o u g h t  c o n d i t i o n s .  I f  
r u n o f f  were s u f f i c i e n t  t o  c r e a t e  b r a c k i s h  
w a t e r ,  t h e  s t r e a m  f l o w  c o l l e c t e d  from ove r  
7 0 0  h a  ( 1 , 7 3 0  a c )  w o u l d  p r o b a b l y  b e  
s u f f i c i e n t  t o  b r e a c h  t h e  sand b a r  and 
r e t u r n  t i d a l  c o n d i t i o n s .  

Changes i n  t h e  F o r a m i n i f e r a  o f  G o l e t a  
Slough f o l l o w i n g  r e c e n t  s e d i m e n t a t i o n  have  
been documented by Lohmar e t  a l .  ( 1 9 8 0 ) .  
S t e n o h a l i n e  s p e c i e s ,  p r e s e n t  i n  e a r l i e r  
s e d i m e n t s ,  have  been r e p l a c e d  by s p e c i e s  
w h i c h  c a n  t o l e r a t e  t h e  f l u c t u a t i n g  
c o n d i t i o n s  t h a t  accompany  t h e  more  
f r e q u e n t  c l o s u r e  o f  l a g o o n s  w i t h  s m a l l  
t i d a l  p r i sms .  Trochammina i n f l a t a  was t h e  
l i v i n g  dominant  o f  s a l t  marsh  and t i d a l  
c r e e k  h a b i t a t s ,  w h i l e  Ammonia b e c a r r i  was 
abundan t  i n  t h e  d e e p e r  l agoon  c h a n n e l s .  
S p e c i e s  w i t h  l e s s  t o l e r a n c e  f o r  v a r y i n g  
s a l i n i t i e s  ( e . g .  E l p h i d i u m  c l a v a t u m  
v a r i a n t s )  w e r e  r e s t r i c t e d  t o  s e a w a r d  
p o r t i o n s  o f  t h e  Slough.  

F o r a m i n i f e r a  a r e  h e l p f u l  i n  
u n d e r s t a n d i n g  t h e  h i s t o r y  o f  w e t l a n d s ,  and 
a d d i t i o n a l  d e t a i l e d  s t u d i e s  a r e  needed t o  
d e t e r m i n e  how r e g i o n a l  w e t l a n d  r e s o u r c e s  
( i . e .  a r e a s  o f  c h a n n e l s  and low and h i g h  
m a r s h  h a b i t a t )  h a v e  c h a n g e d  i n  r e c e n t  
times. 

Mol luscs  

The mol luscan  f a u n a s  o f  P a c i f i c  Coas t  
m a r s h e s  a n d  t i d a l  c r e e k s  h a v e  b e e n  
t h o r o u g h l y  s a m p l e d  a n d  a n a l y z e d  b y  
Macdonald (1967,  1969) .  A s  w i t h  o t h e r  
mar ine  a n i m a l s ,  t h e r e  was a  d i s t i n c t i v e  
s p e c i e s  a s s e m b l a g e  s o u t h  o f  P o i n t  
Concep t ion .  Examinat ion  o f  l a r g e - s c a l e  
d i s t r i b u t i o n a l  d a t a  i n d i c a t e d  t h a t  b iomass  
i n c r e a s e d  southward  and t h a t  most s p e c i e s  
were more abundan t  t oward  t h e  c e n t e r s  o f  
t h e i r  d i s t r i b u t i o n a l  r a n g e s  !Maedsna fd  
1 9 6 7 ) .  O t h e r w i s e ,  few p a t t e r n s  o f  
o c c u r r e n c e  were i d e n t i f i e d  , nor were 
t h e i r  c a u s e s  e x p l a i n e d .  However, 
s i n c e  m o l l u s c s  a r e  o n l y  a  p a r t  o f  t h e  

F i g u r e  38. T h r e e  common m o l l u s c s  i n  
scuthern C z l i f c m i a  salt r n a r s h ~ c .  
I l l u s t r a t i o n s  by J .  DeWald. 

A  = Assiminea  e i f o r n i c a  
B = Melampus o l i v a c e u s  
C = C e r i t h i d e a  c a l i f o r n i c a  



m a r s h  a n i m a l  c o m m u n i t y ,  i t  may b e  movements, and l a t e r  w i t h i n  c a g e s .  The 
u n r e a l i s t i c  t o  e x p e c t  t o  e x p l a i n  t h e i r  r e s p o n s e  was t h e n  examined o v e r  s e v e r a l  
o c c u r r e n c e s  w i t h o u t  c o n s i d e r i n g  t h e  o t h e r  m o n t h s .  I n  t h e  o p e n ,  e n h a n c e d  a n d  
i n v e r t e b r a t e s ,  a n d  e s p e c i a l l y  t h e i r  d e p l e t e d  d e n s i t i e s  r e t u r n e d  t o  n o r m a l  
v e r t e b r a t e  p r e d a t o r s .  w i t h i n  a  month,  a s  s n a i l s  moved away f rom 

h i g h  d e n s i t y  a r e a s  and i n t o  low d e n s i t y  
Sou the rn  C a l i f o r n i a  marsh mol luscan  a r e a s .  B e h a v i o r ,  t h e n ,  i s  d e n s i t y  

communi t ies  a r e  c o n s i s t e n t l y  dominated  by d e p e n d e n t  and  c a n  r e g u l a t e  s m a l l - s c a l e  
A s s i m i n e a  c a l i f o r n i c a ,  - c e r i t h i d e a  d i s p e r s i o n  p a t t e r n s .  w i t h i n  c a g e s ,  McCloy 
c a l i f o r n i c a ,  a n d  Melampus o l i v a c e u s  t e s t e d  t o  s e e  i f  m o r t a l i t y  and r e c r u i t m e n t  
( F i g u r e  38) .  a l l  o f  which a r e  e p i f a u n a l  a l s o  changed w i t h  crowding o r  d e p l e t i o n .  
s u r f a c e  f e e d e r s  ( T a b l e s  10 and 11); These  A g a i n ,  t h e  r e s u l t s  showed - d e n s i t y  
s n a i l s  a r e  i m p o r t a n t  g r a z e r s  on t h e  marsh d e p e n d e n c e  o f  t h e  p o p u l a t i o n  b e h a v i o r .  
a l g a l  m a t s .  S i m p l e  f i e l d  e x p e r i m e n t s  
w h i c h  e x c l u d e d  h o r n s n a i l s  ( C e r i t h i d e a  
c a l i f o r n i c a )  from s m a l l  m u d f l a t  a r e a s  a t  
Miss ion  Bay r e s u l t e d  i n  l o c a l  a l g a l  mat 
blooms, w h i l e  c o n t r o l  c a g e s  had l i t t l e  
a l g a l  accumula t ion  (SDSU Aqua t i c  Ecology 
c l a s s ,  unpub. d a t a ) .  Removal o f  s u c h  
g r a z e r s  by s h o r e b i r d s  s h o u l d  c r e a t e  t h e  
same e f f e c t ,  and p a r t  o f  t h e  p a t c h i n e s s  o f  
i n t e r t i d a l  a l g a l  ma t s  and i n v e r t e b r a t e s  
may be due  t o  p a t c h i n e s s  i n  t h e  f e e d i n g  

G r o w t h  r a t e s  d e c l i n e d  u n d e r  c r o w d e d  
c o n d i t i o n s ,  s u g g e s t i n g  food l i m i t a t i o n .  
Some s n a i l s  i n  t h e  h i g h - d e n s i t y  c a g e s  
moved up t h e  c a g e  s i d e s ,  w h i l e  o t h e r s  
a t t a c h e d  t o  t h e  i n c o m i n g  t i d e  w a t e r  
s u r f a c e ,  p r o b a b l y  i n  a n  a t t e m p t  t o  
d i s p e r s e  by  f l o t a t i o n .  Cages w i t h  f ewer  
h o r n s n a i l s  h a d  h i g h e r  l a r v a l  s e t t l i n g  
r a t e s ,  s o  t h a t  d e n s i t i e s  c o n v e r g e d  t o  
normal .  

e f f e c t s  o f  b i r d s  and o t h e r  c a r n i v o r e s .  T h e r e  w e r e  a l s o  e f f e c t s  o n  o t h e r  
marsh  c r e e k  s p e c i e s .  M o r t a l i t y  o f  a d u l t  

Marsh t i d a l  c r e e k s  u s u a l l y  a p p e a r  t o  h o r n s n a i l s  was  h i g h e r  u n d e r  c r o w d e d  
b e  dominated by t h e  h o r n s n a i l ,  C e r i t h i d e a  
c a l i f o r n i c a  . However, Macdonald ( 1967) 
a l s o  f o u n d  a b u n d a n t  A c t e o c i n a  s p .  a n d  
s e v e r a l  b i v a l v e  m o l l u s c s  ( T a b l e  10).  a l l  
o f  which a r e  burrowing fo rms  t h a t  a r e  
r a r e l y  v i s i b l e .  McCloy (1979) s t u d i e d  
h o r n s n a i l s  i n  d e t a i l  a t  Sweetwater  Marsh 
(San Diego Bay) ,  and documented s e v e r a l  
f a c t o r s  which i n f l u e n c e  t h e i r  p o p u l a t i o n  
s i z e .  Mars es o f t e n  s u p p o r t  d e n s i t i e s  fl o v e r  1,000/m ; i n d i v i d u a l s  under  0.5 cm 
l e n g t h  a r e  more  common i n  t h e  t i d a l  
c r e e k s ,  and l a r g e  i n d i v i d u a l s  a r e  more 
a b u n d a n t  o n  t h e  m a r s h  s o i l .  McCloy 
a t t r i b u t e d  t h i s  s i z e  z o n a t i o n  t o  

c o n d i t i o n s ,  and t h e  l a r g e  number o f  empty 
s h e l l s  enhanced s e t t l i n g  o f  t h e  anemone 
H a l i p l a n e l l a  l u c i a e .  Anemone d e n s i t i e s  
became  n e a r l y  f o u r  t i m e s  h i g h e r  t h a n  
normal .  Some i n v e r t e b r a t e s  a r e  r a r e  i n  
m a r s h e s  b e c a u s e  h a r d  s u b s t r a t e s  a r e  
u n a v a i l a b l e  f o r  l a r v a l  s e t t l i n g .  T h i s  
r e s u l t  s h o w s  how e v e n t s  w i t h i n  o n e  
p o p u l a t i o n  can  have  unexpec ted  e f f e c t s  on  
o t h e r  s p e c i e s .  T h e  d e p o s i t  f e e d e r  
Ac teoc ina  c u l t i c e l l a  was a l s o  i n f l u e n c e d  
by a l t e r e d  h o r n s n a i l  d e n s i t i e s .  It was 
e l i m i n a t e d  i n  crowded c a g e s  and enhanced 
by d e c r e a s e d  d e n s i t i e s  o f  h o r n s n a i l s ,  
s u g g e s t i n g  t h a t  c o m p e t i t i v e  i n t e r a c t i o n s  

d i f f e r e n t i a l  d e s i c c a t i o n  t o l e r a n c e ,  s i n c e  o c c u r  between t h e  two d e p o s i t  f e e d e r s ,  and 
i n d i v i d u a l s  under  0.5 cm i n  l e n g t h  r a r e l y  p e r h a p s  food  is a  l i m i t i n g  f a c t o r  (McCloy 
s u r v i v e d  m o r e  t h a n  12 h o u r s  i n  a 1979). 
d e s i c c a t o r ,  w h i l e  i n d i v i d u a l s  o v e r  1.5 em 
a l l  s u r v i v e d  f o r  48 h o u r s  (McCloy 1979).  
Also  c h a r a c t e r i s t i c  o f  t h e  s p e c i e s  is  a  
nun-random 3 i s i r ; l e f s i o n  p a t t e r n .  
I n d i v i d u a l s  u s u a l l y  a p p e a r  t o  b e  e v e n l y  
s p a c e d ,  s u g g e s t i n g  some b e h a v i o r a l  
nechanism which a v o i d s  crowding.  McCloy 
e x p e r i m e n t a l l y  crowded t h e  s n a i l s ,  f i r s t  
i n  t h e  o p e n  w i t h o u t  r e s t r i c t i n g  s n a i l  

O the r  f a c t o r s  which McCloy d e t e r m i n e d  
t o  a f f e c t  h o r n s n a i l  d e n s i t i e s  were 
s m o t h e r i n g  b y  d e p o s i t s  of  d e n s e  f l o a t i n g  
a l g a e  ( e .g .  w), s h o r e b i r d  p r e d a t i o n  and 
c r a b  p r e d a t i o n .  S h o r e b i r d s  appea r  t o  b e  
less damaging t o  t i d a l  c r e e k  p o p u l a t i o n s  
of  h o r n s n a i l s  t h a n  t o  s n a i l s  on m u d f l a t s .  
T h i s  s u g g e s t s  t h a t  c r e e k s  a r e  i m p o r t a n t  



T a b l e  10. Mol luscs  a t  Mugu Lagoon and Miss ion  Bay found l i v e  i n  e i t h e r  marsh  
o r  t i d a l  c r e e k  h a b i t a t s  by  Macdonald ( 1  6 9 ,  c f .  T a b l e  4 ,  p. 6 2 ) .  Ra re  3 s p e c i e s  a r e  e x c l u d e d .  Data a r e  mean no./m . 

G a s t r o p o d a  
S u b c l a s s  P r o s o b r a n c h i a  

Ass iminea  c a l i f o r n i c a  (Tryon)  
C e r i t h i d e a  c a l i f o r n i c a  (Haldeman) 
N a s s a r i u s  t e g u l a  (Reeve)  

Mugu Lagoon Miss ion  Bay 
Marsh Creek Marsh Creek --- 

S u b c l a s s  O p i s t h o b r a n c h i a t a  
A c t e o c i n a  s p .  c f .  A. c u l c i t e l l a  (Gould) 0 88 22 777 

S u b c l a s s  Pulmonata 
Melampus o l i v a c e u s  C a r p e n t e r  

Pe lecypoda  
S u b c l a s s  P t e r i o m o r p h i a  

Modiolus  ( B r a c h i o d o n t e s )  s e n h o u s e i  (Benson)  0 0 0  7  

S u b c l a s s  Teleodesmata  
Chione f l u c t i f r a g a  (Sowerby) 
Macoma n a s u t a  (Conrad )  -- 
P r o t o t h a c a  s t a m i n e a  (Conrad)  
T a g e l u s  c a l i f o r n i a n u s  (Conrad )  

r e f u g e s  f o r  i n v e r t e b r a t e s ,  and r a i s e s  t h e  
q u e s t i o n  o f  why b i r d s  spend  less time 
t h e r e  t h a n  on i n t e r t i d a l  f l a t s .  Crabs  a r e  
a l s o  s n a i l  p r e d a t o r s ,  b u t  t h e i r  e f f e c t  
appea red  t o  be  l i m i t e d  by t h e  a v a i l a b i l i t y  
o f  r e f u g e s  f o r  t h e  c r a b .  A t  G o l e t a  
S l o u g h ,  McCloy (1979)  d e m o n s t r a t e d  h i g h e r  
h o r n s n a i l  m o r t a l i t y  n e a r  a n  a r e a  o f  
a r t i f i c i a l  r o c k  s u b s t r a t e ,  w h e r e  s h o r e  
c r a b s  ( P a c h y g r a p s u s  c r a s s i p e s )  f o u n d  
s h e l t e r .  A g a i n ,  a  s e e m i n g l y  m i n o r  
a l t e r a t i o n  o f  t h e  marsh  c h a n n e l  had a n  
u n e x p e c t e d  i m p a c t  o n  a  v a r i e t y  o f  
p o p u l a t i o n s  w i t h i n  t h e  ecosys t em.  

H o r n s n a i l s  ( C e r i t h i d e a  c a l i f o r n i c a )  
a r e  o f  i m p o r t a n c e  t o  marsh ecosys t ems  i n  
o t h e r  ways a s  w e l l ,  b e c a u s e  t h e y  h o s t  a  
l a r g e  number o f  f l u k e s  whose c e r c a r i a e  
l a r v a e  p a r a s i t i z e  s h o r e b i r d s ,  f i d d l e r  
c r a b s  (Uca c r e n u l a t a ) ,  k i l l i f i s h  (Fundu lus  
p a r v i p i n n i s ) ,  and mudsuckers  ( G i l l i c h t h y s  
m i r a b i l i s ) .  C e r c a r i a e  somet imes  burrow 
i n t o  human s k i n  and c a u s e  an  annoy ing  
i t c h .  They  a r e  e s p e c i a l l y  e a s y  t o  
c o n t r a c t  i n  l a t e  summer w h i l e  wading f o r  

l o n g  p e r i o d s  o f  time t h r o u g h  w a t e r  o r  
t i d a l  c r e e k s  i n  t h e  marsh .  

C r u s t a c e a  

C r a b s  a r e  t h e  m o s t  c o n s p i c u o u s  
c r u s t a c e a n s  o f  t h e  marsh ,  b u t  t h e y  t e n d  t o  
e v a d e  s t u d y  by burrowing.  More e l u s i v e  
s t i l l  a r e  t h e  s a l t  m a r s h  a m p h i p o d s  
( O r c h e s t i a  t r a s k i a n a  and - 0. c a l i f o r n i c a )  
and i s o p o d s  which e n t e r  t h e  h i g h  marsh  
from more t e r r e s t r i a l  h a b i t a t s  (Macdonald 
1 9 7 7 b ) .  T h e s e  c r u s t a c e a n s  a r e  m o s t  
a b u n d a n t  u n d e r  r a f t e d  d e b r i s .  G h o s t  
s h r i m p s  ( C a l l i a n a s s a  c a l i f o r n i e n s i s )  a r e  
w e l l  known b e c a u s e  o f  t h e i r  u t i l i t y  a s  
b a i t .  However, t h e y  a r e  more common i n  
c h a n n e l  s e d i m e n t s  t h a n  i n  t h e  marsh .  A l l  
o f  t h e s e  c r u s t a c e a n s  a r e  i m p o r t a n t  t o  
marsh  food  c h a i n s  s i n c e  t h e y  seem t o  b e  
omnivores  and a r e  a l l  u t i l i z e d  by b i r d s  
and ( a t  l e a s t  i n  t h e i r  l a r v a l  fo rms)  by 
f i s h .  However, o n l y  t h e  c r a b s  ( F i g u r e  39) 
h a v e  b e e n  s t u d i e d  i n  d e t a i l  i n  s o u t h e r n  
C a l i f o r n i a  ( K u t i l e k  1 9 5 8 ,  B e t z  1 9 7 8 ,  
W i l l a s o n  1980) .  



Figure 39. Creckbaxk h a b i t a t  and three southern C a l i f o r n i a  c r a b s :  t h e  
f i d d l e r  c r a b  (& c r e n u l a t a ) ,  the  l i n e d  s h o r e  c r a b  ( g c h y g r a p s u s  c r a s s i p e s ) ,  
and t h e  ye l low s h o r e  c r a b  (Hemigrapsus o r e g o n e n s i s ) .  Photo by C.  Nordby; 
i l l u s t r a t i o n s  by J .  DeWald. 



T a b l e  1 1 .  Depth o f  o c c u r r e n c e  and f e e d i n g  c h a r a c t e r i s t i c s  o f  m o l l u s c s  found 
i n  Mugu Lagoon and Miss ion  Bay marshes  and t i d a l  c r e e k s  ( f r o m  Macdonald 1969,  
T a b l e  5 ) .  [ e z e p i f a u n a ,  i z i n f a u n a ,  fo l lowed  by d e p t h  o f  b u r i a l ]  

Rasp C i l i a r y  
Depth Algae  & suspen-  D e p o s i t  

o f  d e t r i t u s  s i o n  f e e d e r  
occur-  from f e e d e r  ( o r g a n i c  Pred- Scav- 

Mol lusc  s p e c i e s  r e n c e  s u b s t r a t e  ( p l a n k t o n )  d e t r i t u s )  a t o r  e n g e r  

Ass iminea  c a l i f o r n i c a  e x 

C e r i t h i d e a  c a l i f o r n i c a  e x 

N a s s a r i u s  t e g u l a  i<5cm 

Acteoc ina  s p .  i<5cm 

Melampus o l i v a c e u s  e 

Modiolus  s e n h o u s e i  i<5cm 

Chione  f  l u c t i f r a g a  i<5cm 

Macoma n a s u t a  -- i < 5-20cm 

P r o t o t h a c a  s t a m i n e a  i<5cm x 

T a g e l u s  c a l i f o r n i a n u s  i>20cm x 
-- 

The s m a l l e s t  o f  t h e  marsh c r a b s  a r e  
t h e  f i d d l e r  c r a b s  (Uca c r e n u l a t a ) .  They 
a r e  b e s t  known f o r  their e l a b o r a t e  ma t ing  
b e h a v i o r  i n  which t h e  ma le  waves h i s  o n e  
l a r g e  c h e l i p e d  o r  " f i d d l e . "  The genus  Uca 
i s  r e s t r i c t e d  t o  warm s e a s ,  a n d  U .  
c r e n u l a t a  is  n o t  found n o r t h  o f  ~ o l s a  
Chica .  F i d d l e r  c r a b s  u s u a l l y  c o e x i s t  w i t h  
two g r a p s i d  c r a b s ,  Hemigrapsus o r e g o n e n s i s  
and Pachygrapsus  c r a s s i p e s ,  i n  s o u t h e r n  
C a l i f o r n i a  marshes .  

W i l l a s o n  (1980)  compared e c o l o g i c a l  
p r e f e r e n c e s  and  e x a m i n e d  i n t e r a c t i o n s  
b e t w e e n  t h e  s h o r e  c r a b s ,  H e m i g r a p s u s  
o r e g o n e n s i s  and Pachygrapsus  c r a s s i p e s ,  a t  
G o l e t a  S lough  i n  o r d e r  t o  u n d e r s t a n d  t h e i r  - 
c i i s t r i b u t l o n s  i n  t h e  t i d a l  creeks. 20th 
s p e c i e s  a r e  n o c t u r n a l ,  b u t  h e  made 
n i g h t t i m e  o b s e r v a t i o n  a n d  e x c a v a t e d  
bu r rows  t o  c o l l e c t  c r a b s  f o r  f i e l d  and 
l a b o r a t o r y  e x p e r i m e n t s .  D e n s i t i e s  o f  

2 Hemigrapsus ave raged  a b o u t  75/m ,2 w h i l e  
Pachygrapsus  a v e r a g e d  a b o u t  20/m . On 
t h e  a v e r a g e ,  Hemigrapsus i n d i v i d u a l s  were 
s m a l l e r  (mean c a r a p a c e  w i d t h  15 ma) t h a n  
Pachygrapsus  (mean = 26 mm), which may 
r e l a t e  t o  t h e i r  d i f f e r e n t  d e n s i t i e s .  Both 
s p e c i e s  were r e p r o d u c t i v e l y  a c t i v e  d u r i n g  
s p r i n g  and summer. Hemigrapsus had h i g h  
r e c r u i t m e n t  o f  young a l o n g  t h e  mudbanks, 
w h i l e  y o u n g  o f  P a c h y g r a p s u s  w e r e  m o s t  
numerous nea r  t h e  mouths o f  b o t h  G o l e t a  
S l o u g h  a n d  C a r p i n t e r i a  Marsh  ( W i l l a s o n  
1 9 8 0 ) .  More s o l i d  s u b s t r a t e s  may b e  
n e c e s s a r y  t o  e s t i m a t e  l a r v a l  s e t t l i n g  o f  
Pachygrapsus ,  o r  l a r v a l  m o r t a l i t y  may b e  
h i g h  i n  t h e  m u d d i e r  c r e e k s .  W i t h i n  
d i f f e r e n t  t i d a l  c r e e k s ,  t h e r e  a p p e a r e d  t o  
b e  a n e g a t ' i v e  c o r r e l a t i o n  o f  t h e  t w o  
s p e c i e s ,  w i t h  a n  i n d i c a t i o n  t h a t  
Pachygrapsus  i n h i b i t e d  Hemigrapsus  f rom 
o c c u p y i n g  i t s  p r e f e r r e d  l o w e r  b a n k  
h a b i t a t .  Expe r imen t s  were d e s i g n e d  t o  



d e t e r m i n e  how t h e  two  c r a b s  i n t e r a c t .  
When e a c h  s p e c i e s  w a s  c a g e d  a l o n e ,  
W i l l a s o n  found t h a t  Pachygrapsus  c r a s s i ~ e s  
d i d  n o t  burrow;  hence  ~ t s  common u s e  o f  
burrows is dependen t  on e x c a v a t i o n s  o f  
o t h e r  s p e c i e s .  Hemigrapsus o r e g o n e n s i s  
was found t o  d i g  bu r rows  r e a d i l y .  F u r t h e r  
s t u d y  showed t h a t  P a c h y g r a p s u s  c o u l d  
expand Hemigrapsus burrows t o  accommodate 
i t s  l a r g e r  c a r a p a c e .  Pachygrapsus  a t e  
Hemigrapsus i n  t h e  f i e l d ,  and l a b o r a t o r y  
e x p e r i m e n t s  c o n f i r m e d  t h a t  e q u a l  o r  
l a r g e r - s i z e d  P a c h y g r a p s u s  k i l l e d  
Hemigrapsus,  b u t  s m a l l e r  Pachygrapsus  d i d  
n o t .  C a n n i b a l i s m  o c c u r r e d  among 
P a c h y g r a p s u s ,  b u t  o n l y  a f t e r  r e c e n t  
m o l t i n g  o f  t h e  v i c t i m .  F i e l d  e x p e r i m e n t s  
d e m o n s t r a t e d  s u b s t a n t i a l  m o r t a l i t y  o f  
Hemigrapsus when b o t h  s p e c i e s  were p l a c e d  
t o g e t h e r  i n  c a g e s ,  b u t  b e t t e r  s u r v i v a l  o f  
Hemigrapsus when i t  was g i v e n  time t o  
burrow b e f o r e  i n d i v i d u a l s  o f  Pachygrapsus  
were added t o  t h e  cage .  Thus ,  bu r rows  
p r o v i d e  a  p a r t i a l  r e f u g e  from p r e d a t i o n ,  
b u t  e v e n  b u r r o w i n g  H e m i g r a p s u s  c a n  b e  
d i s p l a c e d  by t h e  a g g r e s s i v e  Pachygrapsus .  
How, t h e n ,  d o  H e m i g r a p s u s  p o p u l a t i o n s  
p e r s i s t ?  

T h e  g r e a t e r  r e c r u i t m e n t  o f  
H e m i g r a p s u s  i n  muddy h a b i t a t s  i s  o n e  - -.. 
p o s s i b i l i t y ;  h o w e v e r ,  d i f f e r e n t i a l  
s e n s i t i v i t y  t o  s a l i n i t y  may a l s o  p l a y  a 
r o l e .  Expe r imen t s  on s a l i n i t y  t o l e r a n c e  
s u g g e s t  t h a t  P a c h y g r a p s u s  c r a s s i p e s  
( e s p e c i a l l y  s m a l l  i n d i v i d u a l s )  i s  l e s s  
t o l e r a n t  o f  t h e  low s a l i n i t i e s  w h i c h  
o c c a s i o n a l l y  o c c u r  f o l l o w i n g  w i n t e r  and 
s p r i n g  r a i n f a l l  ( W i l l a s o n  1980) .  

I n s e c t s  'I 

By v i r t u e  o f  t h e i r  h i g h  s p e c i e s  and 
t r o p h i c  d i v e r s i t y ,  i n s e c t s  h a v e  many r o l e s  
i n  c o a s t a l  s a l t  mar shes .  They f e e d  on 
bo th  v a s c u l a r  p l a n t s  and a l g a e ;  t h e y  feed 

I T h i s  s e c t i o n  draws h e a v i l y  on u n p u b l i s h e d  
d a t a ,  c o r r e s p o n d e n c e  a n d  r e f e r e n c e s  
p r o v i d e d  b y  C h r i s  N a g a n o ,  R e s e a r c h  
A s s o c i a t e ,  E n t o m o l o g y  S e c t i o n ,  N a t u r a l  
H i s t o r y  Museum o f  Los Ange le s  County.  
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on d e c a y i n g  p l a n t  and a n i m a l  m a t e r i a l ;  
some a r e  c a r n i v o r e s ;  and many s e r v e  a s  a  
food  s o u r c e  f o r  b i r d s  and o t h e r  marsh  
v e r t e b r a t e s .  M a r s h  i n s e c t s  a r e  a l s o  
i m p o r t a n t  t o  t h e  p o l l i n a t i o n  o f  m a r s h  
h a l o p h y t e s .  W h i l e  m o s t  o f  t h e  m a r s h  
p l a n t s  l a c k  t h e  showy f l o w e r s  t h a t  a t t r a c t  
i n s e c t s ,  a t  l e a s t  o n e  may owe i t s  
e x i s t e n c e  t o  i n s e c t  p o l l i n a t o r s .  The s a l t  
marsh  b i r d 1  s beak ( ~ o r d ~ l a n t h u s  m a r i t i m u s  
s s p .  m a r i t i m u s ,  p r e v i o u s l y  men t ioned  a s  a n  
endange red  s p e c i e s ,  i s  p o l l i n a t e d  by b e e s .  
C e r t a i n l y  i t s  l o n g  c l o s e d  t u b u l a r  f l o w e r s  
p r e v e n t  wind p o l l i n a t i o n .  S i n c e  t h i s  
s p e c i e s  i s  an  a n n u a l ,  i t  r e l i e s  on s e e d s  
t o  r e p r o d u c e ,  and hence  p o l l i n a t o r s  a r e  
i m p o r t a n t  b o t h  f o r  f e r t i l i z a t i o n  and t h e  
m a i n t e n a n c e  o f  g e n e t i c  d i v e r s i t y  t h r o u g h  
c r o s s - p o l l i n a t i o n .  

Some i n s e c t  s p e c i e s  a r e  v e r y  
s e n s i t i v e  t o  human i m p a c t s  and c a n  a s s i s t  
i n  i n d i c a t i n g  t h e  g e n e r a l  q u a l i t y  o f  
c o a s t a l  h a b i t a t s .  U n f o r t u n a t e l y ,  t h e y  
g e n e r a l l y  r e c e i v e  l i t t l e  a t t e n t i o n  b e c a u s e  
o f  t h e i r  s m a l l  s i z e ,  t h e  g r e a t  d i f f i c u l t y  
i n  i d e n t i f y i n g  m o s t  s p e c i e s ,  a n d  t h e  
i n c o r r e c t  a s s u m p t i o n  t h a t  t h e y  a r e  
e c o l o g i c a l l y  i n s i g n i f i c a n t .  Where t h e y  
h a v e  been i n v e s t i g a t e d  ( e .g .  Cameron 1972,  
D a v i s  and Gray 1966,  Nagano e t  a l .  1981) .  
s a l t  marsh  i n s e c t  communi t i e s  were h i g h l y  
d i v e r s e  bo th  i n  c o m p o s i t i o n  and f u n c t i o n .  

F o s t e r  and  T r e h e r n e  (1976)  r ev iewed  
t h e  l i t e r a t u r e  on s a l t  marsh i n s e c t s  and 
s u g g e s t e d  a  l o n g  l i s t  o f  p o t e n t i a l  
e n v i r o n m e n t a l  p r o b l e m s  w h i c h  m u s t  b e  
o v e r c o m e  f o r  i n s e c t s  t o  s u r v i v e  i n  
i n t e r t i d a l  marsh h a b i t a t s .  F i r s t  t o  b e  
d i s c u s s e d  was t h e  q u e s t i o n  o f  how oxygen 
i s  o b t a i n e d  f o r  r e s p i r a t i o n - - b o t h  f o r  
a q u a t i c  i n s e c t s  i n  a n a e r o b i c  mud and w a t e r  
where many e g g s ,  l a r v a e  and pupae d e v e l o p ,  
and f o r  a e r i a l  l a r v a e  and a d u l t s  i n u n d a t e d  
by t i d e s .  The l a t t e r  may t a p  oxygen from 
a i r  t i s s u e s  i n  p l a n t s ,  b u t  no  e v i d e n c e  
s u p p o r t s  t h i s  s u g g e s t i o n .  Escape  t o  t h e  
upp+r p l a n t  c a n o p y  m i g h t  a l l c w  s u c h  
i n s e c t s  t o  a v o i d  i n u n d a t i o n ,  b u t  Cameron 
( 1 9 7 6 )  f o u n d  t h a t  S a n  F r a n c i s c o  Bay 
i n s e c t s  r e m a i n  w i t h i n  t h e  v e g e t a t i o n  
d u r i n g  h i g h  t i d e s .  However ,  h e  a l s o  
i n d i c a t e d  t h e  p o s s i b i l i t y  t h a t  i n s e c t  



b e h a v i o r  may d i f f e r  depend ing  on a c t i v i t y  
l e v e l s :  when i n a c t i v e ,  t h e y  may c l i n g  t o  
v e g e t a t i o n  when t h e  t i d e  r ises t o  a v o i d  
b e i n g  swept away, b u t  when a c t i v e ,  t h e y  
may move t o  h i g h e r  l e v e l s  i n  t h e  canopy t o  
r e d u c e  oxygen stress. H i s  s t u d y  d o e s  n o t  
s o l v e  t h e  m y s t e r y  o f  t h e  r e s p i r a t i o n  
p r o b l e m ,  b u t  i t  p o i n t s  t o  a n o t h e r  
d i f f i c u l t y  o f  t h e  t i d a l  e n v i r o n m e n t ,  
n a m e l y  r e m o v a l  b y  w a t e r  c i r c u l a t i o n .  
F o s t e r  and T r e h e r n e  (1976)  s u g g e s t e d  t h a t  
w a t e r  f l ow somet imes  may be  a d v a n t a g e o u s ,  
b y  p r o v i d i n g  a n  e f f e c t i v e  m e a n s  o f  
s m a l l - s c a l e  d i s p e r s a l  f o r  i n s e c t s  which ,  
i f  t h e y  were t o  r e l y  on f l i g h t ,  migh t  b e  
blown t o  u n f a v o r a b l e  h a b i t a t s  o u t s i d e  t h e  
marsh .  

L i k e  t h e  p l a n t s  w h i c h  i n h a b i t  
m a r s h e s ,  i n s e c t s  m u s t  d e a l  w i t h  t h e  
o s m o t i c  and i o n i c  p rob lems  of  v a r i a b l e  
s a l i n i t y .  I n  a d d i t i o n  t o  h a v i n g  e x t e r n a l  
c o n t a c t  w i t h  s a l t y  s o i l  a n d  w a t e r ,  
h e r b i v o r o u s  i n s e c t s  t a k e  i n  l a r g e  amounts  
o f  s a l t  i n  t h e i r  h a l o p h y t e  f o o d s .  
Waterproof  i n t e g u m e n t s  c a n  p r o t e c t  t h e i r  
b o d i e s  from t h e  e x t e r n a l  s o u r c e s  ( e x c e p t  
p e r h a p s  f o r  b r i e f  p e r i o d s  a f t e r  m o l t i n g ) .  
E f f i c i e n t  o s m o r e g u l a t o r y  s y s t e m s  a r e  
n e c e s s a r y  f o r  p r o c e s s i n g  t h e  s a l i n e  p l a n t  
m a t e r i a l s ,  h o w e v e r ,  and t h e s e  a r e  
e n e r g e t i c a l l y  c o s t l y .  F o s t e r  and T r e h e r n e  
( 1 9 7 6 )  i n d i c a t e d  t h a t  some s a l t  m a r s h  
i n s e c t s  a r e  s e l e c t i v e  i n  t h e i r  h e r b i v o r y  
and t a k e  a l g a e  o f  l ower  s a l t  c o n t e n t ,  
w h i l e  o t h e r s  r e g u l a t e  t h e  movement  o f  
f o o d s  t h r o u g h  t h e i r  a l i m e n t a r y  c a n a l  t o  
r e d u c e  t h e  s a l t  l o a d  i n  t h e  midgu t .  Some 
even c a p i t a l i z e  on t h e  r i n s i n g  e f f e c t  o f  
r a i n f a l l  by f e e d i n g  on p l a n t s  which have  
been washed and by r e d u c i n g  i n t a k e  between 
r a i n s .  I n  s o u t h e r n  C a l i f o r n i a ,  however ,  
s u c h  a  s t r a t e g y  w o u l d  b e  i m p r a c t i c a l ,  
u n l e s s  l i f e  c y c l e s  were  t imed  t o  c o i n c i d e  
w i t h  t h e  r a i n y  s e a s o n .  

Only o n e  s o u t h e r n  C a l i f o r n i a  c o a s t a l  
we t l and  h a s  been comprehens ive ly  s u r v e y e d  
f o r  i n s e c t s  (Nagano e t  a l .  1981). The 110 
h a  ( 2 7 0  a c )  B a l l o n a  W e t l a n d ,  a l r e a d y  
d i s t u r b e d  b y  u r b a n  e n c r o a c h m e n t  and  
r educed  t i d a l  c i r c u l a t i o n ,  was e s t i m a t e d  
t o  s u p p o r t  1 ,200  s p e c i e s  o f  i n s e c t s ,  based  
on t h e  i d e n t i f i c a t i o n  o f  a b o u t  500 s p e c i e s  

w i t h i n  1 4 6  f a m i l i e s .  S u r v e y s  o f  t h e  
e n t i r e  i n s e c t  f a u n a  o f  a  l o c a l i t y  a r e  
a l w a y s  r e s t r i c t e d  by t h e  d i f f i c u l t y  i n  
c a p t u r i n g  a l l  s p e c i e s  p r e s e n t .  Many 
r e q u i r e  t h e  u s e  o f  s p e c i a l  c o l l e c t i n g  
t e c h n i q u e s ,  s u c h  a s  u l t r a v i o l e t  l i g h t  
t r a p s ,  y e l l o w  pan t r a p s ,  p i t f a l l  t r a p s ,  
and b e r l e s e  f u n n e l s .  S t u d i e s  which  u s e  
n e t s  i n  v e g e t a t i o n  c a n o p i e s  w i l l  c o l l e c t  
o n l y  a  f r a c t i o n  of t h e  f a u n a .  A t  B a l l o n a  
Creek,  many r a r e  s p e c i e s  were o b t a i n e d  
o n l y  i n  s p e c i a l  d e v i c e s .  A new g e n u s  o f  
wasp appea red  i n  a  y e l l o w  pan t r a p ,  and a  
s p r i n g t a i l  ( O n y c h i u r i s  d e b i l i s ;  
C o l l e m b o l a :  O n y c h i u r i d a e )  , known o n l y  
f rom France  and Alaska ,  was c o l l e c t e d  w i t h  
a b e r l e s e  f u n n e l  (Nagano,  p e r s .  comm.). 

The m a j o r i t y  o f  c o a s t a l  i n s e c t  p a p e r s  
comment o n l y  o n  s e l e c t e d  s p e c i e s  a n d  
c o n t a i n  l i t t l e  e c o l o g i c a l  i n f o r m a t i o n .  
Because s o  few o f  t h e  i n s e c t s  a r e  well 
known, and b e c a u s e  h a b i t a t  c o n t i n u e s  t o  b e  
d e v e l o p e d ,  Nagano (1981 ,  i n  p r e s s )  and 
Moore a n d  L e g n e r  ( 1 9 7 2 ,  1 9 7 4 )  e x p r e s s  
g r e a t  c o n c e r n  t h a t  many i n s e c t s  w i l l  
become e x t i n c t  b e f o r e  t h e y  a r e  d i s c o v e r e d .  
A t  l e a s t  o n e ,  t h e  A n t i o c h  s h i e l d - b a c k  
c r i c k e t  ( N e d u b a  e x t i n c t a ;  O r t h o p t e r a :  
T e t t i g o n i i d a e )  a l r e a d y  h a s :  t h e  o n l y  
specimen known was found p r e s e r v e d  i n  a  
museum a f t e r  most  o f  i ts h a b i t a t  had been 
d e s t r o y e d .  

S e v e r a l  i n s e c t s  known t o  b e  l i n k e d  t o  
c o a s t a l  h a b i t a t s  a r e  d e s c r i b e d  below.  The 
f o l l o w i n g  e x a m p l e s  o f  m a r s h - d e p e n d e n t  
s p e c i e s  were  p r o v i d e d  by Nagano. 

The s a l t  m a r s h  w a t e r  b o a t m a n  
( T r i c h o c o r i x i a  r e t i c u l a t a ,  F i g u r e  40) i s  
o n e  o f  a  f e w  s p e c i e s  i n  t h e  f a m i l y  
C o r i x i d a e  (Hemip te ra )  which  c a n  s u r v i v e  
t h e  s a l i n e  h a b i t a t .  It e a t s  a l g a e  and 
p r o t o z o a  from p o o l s  and comes t o  t h e  w a t e r  
s u r f a c e  t o  renew t h e  oxygen c o n t e n t  o f  i t s  
a i r  b u b b l e  o r  p l a s t r o n .  Cox (3969)  found  
a d u l t  T .  r e t i e u l a t a  i n  c o a s t a l  p o n d s  
rangingWfrom s l i g h t l y  b r a c k i s h  t o  160 p p t  
s a l i n i t y  i n  s o u t h e r t i  C a L l f o r n i a .  
O c c u r r e n c e s  i n  f r e s h w a t e r  were r a r e ,  and 
t h e  s p e c i e s  p r o b a b l y  b r e e d s  o n l y  i n  s a l i n e  
w a t e r .  Reproduc t ion  o c c u r r e d  year- round 
d u r i n g  C o x ' s  s t u d y ,  b u t  l a b o r a t o r y  



The  wandering s k i p p e r  ( P a n o q u i e  
e r r a n s )  i s  c l o s e l y  a s s o c i a t e d  
w i t i t  s a l t  g r a s s  ( P i s t i c h l i s  
s p i c a t a )  wl~ict-1 p rov ides  food 
f o r  i ts l a r v a e .  

S t a p h y l i n i d  b e e t l e s  (e .6 .  t h i s  
FZledirls s p .  ) a r e  p robab ly  
respans  i b l  r f o r  the 'If l u f  f y f t  
appearance of same s a l t  I l a t s .  
The i r  burrowing a c t i v i t i e s  
loosen  and a e r a t e  t h e  s o i l s  
and may p l a y  a  major r o l e  i n  
r e h a b i l i t a t i n g  s o i l s  compacted 
by o f f - road  v e h i c l e  u s e ,  

The s a l t  marsh w a t e r  
boatman ( E i c h o c o r i x i a  
r e t i c u l a t a )  deve lops  -- 
h i g h  d e n s i t i e s  i n  
s a l i n e  poo 1s .  

F igure  40. The r o l e  of  i n s e c t s  i n  trhe sa l t -marsh  c o ~ n u n i t y  i s  l a r g e l y  
uns tud ied .  These a r e  b u t  a f e w  of t h e  hundreds  of s p e c i e s  whose ecology 
needs  t o  b e  i n v e s t l g a t e d .  T l l u s t r a t i o n s  by J .  DeiJald. Photo by 3 .  Z e d l e r .  



e x p e r i m e n t s  s u g g e s t e d  t h a t  b o t h  s a l i n i t y  
and a d u l t  d e n s i t i e s  i n f l u e n c e d  egg- l ay ing  
and m a t u r a t i o n  o f  young. S a l i n i t i e s  o f  
35-58 p p t  produced t h e  l a r g e s t  numbers o f  
nymphs and a d u l t s ,  w h i l e  150 p p t  produced 
none.  Crowding a d u l t s  l e d  t o  i n c r e a s e d  
numbers o f  e g g s  p e r  f e m a l e .  

A l a r g e  number  o f  t r u e  f l i e s  
( D i p t e r a )  i n h a b i t  c o a s t a l  s a l t  mar shes .  
S a n d e r s  (1964)  l i s t e d  23 s p e c i e s  from Mugu 
Lagoon i n  Ventura  County. However, Nagano 
and Hogue ( i n  p r e s s )  n o t e  t h a t  h e  d i d  n o t  
u s e  s p e c i a l i z e d  c o l l e c t i n g  t e c h n i q u e s  and 
hence  missed  a  number o f  s p e c i e s .  Assis 
d e  M o r a e s  ( 1 9 7 6 )  f o u n d  9 7  s p e c i e s  a t  
Anaheim Bay, and Nagano e t  a l .  (1981)  
c o l l e c t e d  5 5  s p e c i e s  a t  B a l l o n a  Creek.  

V a r i o u s  s p e c i e s  o f  f l i e s  ( D i p t e r a )  
s e r v e  a s  h e r b i v o r e s ,  c a r n i v o r e s ,  o r  
decomposers  i n  t h e  s a l t  marsh ecosys tem.  
A d u l t s  a s  well a s  t h e  a q u a t i c  l a r v a e  o f  
t h e  b r i n e  f l y  ( E p h y d r i d a e )  a r e  a n  
i m p o r t a n t  food s o u r c e  f o r  o t h e r  i n s e c t s  
and f o r  f i s h  and s h o r e b i r d s .  

T h e  l a r v a e  o f  l o n g - l e g g e d  f l i e s  
( D o l i c h o p o d i d a e )  a r e  common s u b t e r r a n e a n  
i n h a b i t a n t s  o f  c o a s t a l  m u d f l a t s .  The  
a d u l t s  a r e  o f t e n  seen  on t h e  s u r f a c e  o f  
p o o l s  i n  t h e  s a l t  marsh where t h e y  h u n t  
p r e y  s u c h  a s  b r i n e  f l i e s  a n d  o t h e r  
s o f t - b o d i e d  i n s e c t s .  

The s a l t - m a r s h  mosqu i tos  s u c h  a s  
A e d e s  t a e n i o r h y n c h u s  a n d  - A .  s q u a m i g e r  
( C u l i c i d a e ) .  a r e  common i n  s o u t h e r n  
C a l i f o r n i a  c o a s t a l  w e t l a n d s  w h e r e  t h e y  
b r e e d  i n  s a l i n e  and b r a c k i s h  p o o l s .  The 
a q u a t i c  l a r v a e  c a n  t o l e r a t e  h i g h l y  
v a r i a b l e  s a l i n i t i e s  b e c a u s e  o f  t h e i r  
e f f e c t i v e  o s m o r e g u l a t o r y  s y s t e m s .  Because  
o f  t h e i r  b lood- feed ing  h a b i t ,  t h e y  a r e  
t a r g e t s  f o r  v a r i o u s  aba temen t  programs.  

T h e r e  a r e  a  number o f  s p e c i e s  o f  
moths  and b u t t e r f l i e s  ( L e p i d o p t e r a )  t h a t  
u t i l i z e  p l a n t s  i n  c o a s t a l  e c o s y s t e m s  a s  a  
l a r v a l  food  source. The a d u l t  o f  t h e  s a l t  
marsh measu r ing  worm (Per izoma c u s t o d i a t a ;  
Geomet r idae )  is a c o n s p i c u o u s  moth o f t e n  
o b s e r v e d  f l y i n g  a b o u t  o n  sand  dunes  and 
s a l e  marshes i n  t he  s p r i n g ,  summer and 

f a l l .  O t h e r  m o t h s  r e s t r i c t e d  t o  t h e  
s o u t h e r n  C a l i f o r n i a  c o a s t l i n e  a r e  t h e  s a l t  
m a r s h  p l u m e  m o t h  ( A g d i s t i s  a m e r i c a n a ;  
P t e r o p h o r i d a e )  and t h e  s a l t  marsh  cutworms 
( L a c i n o p o l i a  s t r i c t a ;  Euxoa  r i v e r s i  
Noc tu idae )  . 

The a d u l t  pygmy b l u e  b u t t e r f l y  - . .  . 

(Breph id ium e x i l i s ;  L y c a e n i d a e )  is  o f t e n  
s e e n  f l u t t e r i n g  a r o u n d  A t r i p l e x  a n d  
Chenopodium p l a n t s .  Nagano e t  a l .  (1981)  
found t h e  pygmy b l u e  t o  be  a n  i n d i c a t o r  o f  
s a l i n e  s o i l s .  

The  w a n d e r i n g  s k i p p e r  ( P a n o q u i n a  
e r r a n s ;  H e s p e r i d a e ,  F i g u r e  40)  is found 
a l o n g  t h e  s e a  c o a s t  o f  s o u t h e r n  and B a j a  
C a l i f o r n i a  i n  c l o s e  a s s o c i a t i o n  w i t h  s a l t  
g r a s s  ( D i s t i c h l i s  s p i c a t a ) ,  which is  t h e  
food  o f  i t s  l a r v a e .  P o p u l a t i o n s  o f  t h e  
wander ing  s k i p p e r  a r e  s o  r educed  i n  number 
t h a t  it was proposed f o r  t h r e a t e n e d  s t a t u s  
i n  1976 ,  Nagano  i s  c u r r e n t l y  
i n v e s t i g a t i n g  t h e  d i s t r i b u t i o n  o f  t h i s  
s p e c i e s ;  h e  e s t i m a t e s  t h a t  t h e  l a r g e s t  
p o p u l a t i o n  i n  t h e  Un i t ed  S t a t e s  e x i s t s  a t  
T i j u a n a  E s t u a r y .  H a b i t a t  d e s t r u c t i o n  is  
t h e  p r i m a r y  c a u s e  o f  i t s  d e c l i n i n g  
abundance .  

B e e t l e s  ( C o l e o p t e r a )  a r e  common 
i n h a b i t a n t s  o f  c o a s t a l  s a l t  m a r s h e s .  
L e a f  b e e t l e s  ( C h r y s o m e l i d a e ) ,  d a r k l i n g  
b e e t l e s  ( T e n e b r i o n i d a e ) ,  and sof t -winged 
f l o w e r  b e e t l e s  ( M e l y r i d a e )  a r e  a  few o f  
t h e  f a m i l i e s  common i n  c o a s t a l  e c o s y s t e m s .  
M i n n e s a n g  ( 1 9 8 0 )  f o u n d  1 1 4  s p e c i e s  a t  
Anaheim Bay, w h i l e  Nagano e t  a l .  (1981)  
c o l l e c t e d  86  s p e c i e s  a t  B a l l o n a  Wetland.  

A number  o f  r o v e  b e e t l e s  
( S t a p h y l i n i d a e )  i n h a b i t  s a l t  mar shes  and 
h a v e  been i n v e s t i g a t e d  by Moore (1956,  
1964) .  Many o f  t h e  s p e c i e s  burrow i n  t h e  
mud and s a l t  f l a t s  ( F i g u r e  401,  and t h e i r  
s u b t e r r a n e a n  a c t i v i t i e s  must  b e  i m p o r t a n t  
i n  a e r a t i n g  s o i l s  and  i n  r e v e r s i n g  t h e  
compact ion  o f  s o i l s  which f o l l o w s  o f f - r o a d  
v e h i c l e  u s e  of t h e s e  h a b i t a t s .  

Ground  b e e t l e s  ( C a r a b i d a e )  , 
e s p e c i a l l y  members of  t h e  g e n u s  Bembidisn ,  
a r e  o f t e n  s e e n  r u n n i n g  a b o u t  h u n t i n g  p r e y  
on t h e  marsh  mud. The taxonomy o f  t h i s  



worldwide  genus  is  s t i l l  u n s e t t l e d ,  and 
g e o g r a p h i c  d i s t r i b u t i o n s  a r e  h e n c e  
u n c e r t a i n .  O the r  gene ra  t h a t  have been 
c o l l e c t e d  i n  s a l t  mar shes  i n c l u d e  Agonum, 
C a l a t h u s  and B r a d y c e l l u s .  

T i g e r  b e e t l e s  o f  t h e  genus  C i c i n d e l a  
( C i c i n d e l i d a e )  a r e  common i n s e c t s  on  
c o a s t a l  mud and s a l t  f l a t s .  The e g g s ,  
l a r v a e  and pupae a r e  s u b t e r r a n e a n ,  w h i l e  
t h e  a d u l t s  a r e  h i g h l y  a c t i v e  t e r r e s t r i a l  
p r e d a t o r s .  Among t h e i r  p r e y  a r e  t h e  
abundan t  k e l p  and b r i n e  f l i e s ,  which a r e  
o f t e n  n u i s a n c e s  t o  b e a c h - g o e r s .  Some 
s p e c i e s  a r e  u s e f u l  i n d i c a t o r s  o f  
env i ronmen ta l  q u a l i t y  (Nagano 1981 and i n  
p r e s s ,  Nagano e t  a l .  1 9 8 1 ) .  - C .  
h i r t i c o l l i s  g r a v i d a ,  C.  g a b b i  a n d  C .  - - 
l a t e s i g n a t a  a r e  a b l e  t o  s u r v i v e  o n l y  i n  
l o c a l i t i e s  t h a t  have  n o t  been impacted  by 
e x c e s s i v e  r e c r e a t i o n ,  u rban  e x p a n s i o n  o r  
o t h e r  human d i s t u r b a n c e s .  

T h i s  s e c t i o n  d i s c u s s e s  o n l y  a  minu te  
f r a c t i o n  o f  t h e  c o a s t a l  s a l t - m a r s h  i n s e c t  
f a u n a .  T h e i r  l a r g e  numbers o f  s p e c i e s ,  
i m p o r t a n c e  i n  food c h a i n s  and p o t e n t i a l  
v a l u e  a s  i n d i c a t o r s  o f  u n d i s t u r b e d  marsh 
h a b i t a t s  s u g g e s t  a  g r e a t  need f o r  f u r t h e r  
s t u d y .  C l e a r l y ,  any  a t t e m p t  t o  d e s c r i b e  
s a l t  m a r s h  e c o s y s t e m s  t h o r o u g h l y  m u s t  
i n c l u d e  t h e  i n s e c t  components.  

5 .2  FISH 
1 

S o u t h e r n  C a l i f o r n i a  w e t l a n d s  a r e  
o f t e n  r e p o r t e d  t o  b e  e s s e n t i a l  n u r s e r i e s  
f a r  commerc ia l ly  i m p o r t a n t  f i s h ,  which i n  
t u r n  d e p e n d  on p r o d u c t i v i t y  o f  m a r s h  
v e g e t a t i o n ,  Such s t a t e m e n t s  d e r i v e  from 
work on t h e  E a s t  and Gu l f  c o a s t s  o f  t h e  
Uni ted  S t a t e s ,  and c o n c l u s i o n s  a r e  o f t e n  
t r a n s f e r r e d  ( w i t h o u t  c r i t i c a l  e v a l u a t i o n )  
t o  w e t l a n d s  of t h e  P a c i f i c  C o a s t ,  By now 
it s h o u l d  be o b v i o u s  t h a t  many o f  t h e  
p h y s i c a l  and v e g e t a t i o n a l  f e a t u r e s  of 

g his s e c t i o n  w a s  r e s e a r c h e d  b y  C h r i s  
Nordby, M .  S. s t u d e n t ,  Sari l).iejio S t a t c  
U n i v e r s i t y .  

s o u t h e r n  C a l i f o r n i a  m a r s h e s  d i f f e r  
s u b s t a n t i a l l y  f rom e a s t e r n  m a r s h e s ,  and  
t h e  r e a d e r  s h o u l d  b e g i n  t o  b e  s k e p t i c a l  
a b o u t  e x t r a p o l a t i n g  c o n c l u s i o n s  a b o u t  t h e  
r o l e  o f  w e t l a n d s  i n  s u p p o r t i n g  f i s h e s .  A s  
i t  t u r n s  o u t ,  t h e  s o u t h e r n  C a l i f o r n i a  
marshes  and t i d a l  c r e e k s  a r e  u t i l i z e d  by a  
l a r g e  number  o f  f i s h  a n d  i n v e r t e b r a t e  
l a r v a e ,  and t h e  c o m p o s i t i o n  b e a r s  some 
re semblance  t o  e a s t  c o a s t  w e t l a n d s .  Bu t  
o n l y  a  s i n g l e  s t u d y  h a s  d i r e c t l y  
i n v e s t i g a t e d  t h e  r o l e  o f  m a r s h e s  i n  
compar ison w i t h  o f f s h o r e  h a b i t a t s  (Nordby,  
i n  p r e p . ) .  

Much o f  t h e  r e s e a r c h  conduc ted  on 
c o a s t a l  w e t l a n d  f i s h e s  h a s  e m p h a s i z e d  
a d u l t  and j u v e n i l e  forms c o l l e c t e d  from 
b a y s  and deep  c h a n n e l s .  S t u d i e s  o f  f i s h  
l a r v a e  and e g g s  from t h e s e  d e e p e r  w a t e r  
h a b i t a t s  a r e  somewhat less numerous.  F i s h  
u t i l i z a t i o n  o f  t i d a l  c r e e k s  a n d  t h e  
a s s o c i a t e d  s a l t  marsh h a b i t a t  i s  l e a s t  
well known. A l l e n  ( 1 9 8 0 ) .  D i c k e r t  e t  a l .  
(1981)  and S w i f t  and F r a n t z  (1981)  p r o v i d e  
d a t a  on j u v e n i l e s  and a d u l t s  i n  s h a l l o w  
c h a n n e l s ,  b u t  o n l y  Mordby ( t h e s i s  i n  
p r o g r e s s )  and S w i f t  and F r a n t z  ( 1 9 8 1 )  
i n v e s t i g a t e d  l a r v a l  a n d  e g g  d e n s i t i e s  
w i t h i n  m a r s h  t i d a l  c r e e k s  i n  s o u t h e r n  
C a l i f o r n i a .  

T i d a l  Creeks  and Marsh U t i l i z a t i o n  

The s m a l l e r  t i d a l  c r e e k s  found w i t h i n  
s a l t  marsh v e g e t a t i o n  p r o v i d e  h a b i t a t  f o r  
a  number o f  s m a l l e r  f i s h  s p e c i e s ,  a s  well 
a s  e g g s  and l a r v a e  o f  l a r g e r  f i s h .  F i s h  
c o l l e c t e d  w i t h i n  t i d a l  c r e e k s  p r o b a b l y  
move w i t h i n  t h e  marsh v e g e t a t i o n  d u r i n g  
h i g h  t i d e s ,  and a t  l e a s t  o n e  s p e c i e s ,  t h e  
C a l i f o r n i a  k i l l i f i s h  ( F u n d u l u s  
p a r v i p i n n i s ,  F i g u r e  4 1 ) ,  a p p e a r s  t o  
u t i l i z e  t h e  marsh  i n  p r e f e r e n c e  t o  c r e e k s  
and c h a n n e l s .  

Nordby ( i n  p r e p . )  sampled e g g s  and 
l a r v a e  o f  t i d a l  c r e e k s  (2-3 m w i d e ,  < I  m 
d e e p )  a t  T i j u a n a  E s t u a r y  ( T a b l e  12). The 
l a r v a l  d o m i n a n t s  w e r e  s i l v e r s i d e s  
( A t h e r i n i d a e )  , t h e  l o n g  jaw m u d s u c k e r  
( G i l l i c h t h y s  m i r a b i l i s )  and t h e  n o r t h e r n  
anchovy ( E n g r a u l i s  v o r d a x ) .  A goby 



T a b l e  12. R e l a t i v e  abundance  o f  t h e  more common t a x a  o f  f i s h  l a r v a e  and e g g s  
i n  t i d a l  c r e e k s ,  c h a n n e l s ,  and n e a r s h o r e  h a b i t a t s  o f  T i j u a n a  E s t u a r y .  Data 
from c h a n n e l s  and n e a r s h o r e  h a b i t a t s  spanned one  y e a r ;  t i d a l  c r e e k  r e s u l t s  
a r e  e x p l a i n e d  below. Data from Nordby,in p rep .  

La rvae  Eggs 
T i d a l  Near- T i d a l  Near- 
Creek c h a n n e l  s h o r e  Creek Channel  s h o r e  

Depth o f  s a m p l i n g  a r e a s  l m  2m 3-11m l m  2m 3-11m 

T o t a l  number c a u g h t  96+ 13,138 8 , 2 3 2  86* 8 ,844  41 ,127  

S i l v e r s i d e s  ( A t h e r i n i d a e )  69.8% 5.3% 4.5% 
Topsmel t  ( A t h e r i n o p s  a f f i n i s  Ayres)  22 .1% 1.3% 
Goby complex ( G o b i i d a e )  8.3 61.3 39 .6  
Long jaw mudsucker ( G i l l i c h t h y s  

m i r a b i l i s  Cooper)  3.2 29.5 1.1 
Nor the rn  anchovy ( E n g r a u l i s  mordax 

G i r a r d )  8 . 3  0.9 15.1 1 6 . 3  5 .3  6.0% 
Q u e e n f i s h  ( S e r i p h u s  p o l i t u s  Ayres )  6.2 1 .9  19 .9  
C a l i f o r n i a  k i l l i f i s h  ( F u n d u l u s  

p a r v i p i n n u s  G i r a r d )  2.0 
Whi te  c r o a k e r  (Genyonemus l i n e a t u s  

A y r e s )  1  . O  0.4 16.3 
p a c i f i c  s a r d i n e  ( S a r d i n o p s  s a g a x  

c a e r u l e u s  S v e t o v i d o v )  1.0 0.1 3.5 12.4 11.0 
C r o a k e r s  ( S c i a e n i d a e )  36.0 69.2 69.9 
Sanddabs  ( C i t h a r i c h t h y s  spp . )  
C a l i f o r n i a  t o n g u e f i s h  (Symphurus 

a t r i c a u d a  J o r d a n  & G i l b e r t )  
Diamond t u r b o t  ( H y p s o p s e t t a  

g u t t u l a t a  G i r a r d )  

Community s i m i l a r i t i e s * *  20% 50% 55% 90% 

*These d a t a ,  from two t i d a l  c r e e k s  sampled between A p r i l  7 and J u n e  26 ,  1981, 
were  o b t a i n e d  u s i n g  p l a n k t o n  n e t s  s i m i l a r  t o  t h o s e  u s e d  i n  c h a n n e l  and 
n e a r s h o r e  h a b i t a t s .  The sample  s i z e  is  s m a l l .  One o f  t h e  c r e e k s  was a l s o  
sampled f rom Dec. t o  Mar. w i t h  a  c h a n n e l  n e t  ( c f .  Shenker  and Dean 1 9 7 9 ) ,  
y i e l d i n g  an  a d d i t i o n a l  864 l a r v a e  and 455 e g g s .  **Combining t h e  two d a t a  
s e t s  and r e c a l c u l a t i n g  s i m i l a r i t i e s  between t i d a l  c r e e k s  and c h a n n e l s  gave  
l a r v a l  s i m i l a r i t i e s  o f  35% and e g g s  s i m i l a r i t i e s  o f  45%. 



F i g u r e  4 1 .  The C a l i f o r n i a  k i l l i f i s h  
(PundnLus r v i  i s )  spawns and  
dcve lops  i n  s a l  t-marsh p o o l s .  
I l l u s t r d t i o n  by J . 1)eWald. 

" complex  composed  o f  a r r o w  g o b i e s  
( C l e v e l a n d i a  i o s ) ,  shadow g o b i e s  ( Q u i e t u l a  
y - c a u d a l  a n d y h e e k s p o t  g o b i e s  ( I l y p n u s  
g i l b e r t i )  and  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 )  were  less numerous. 
The most abundan t  e g g s  were t h o s e  o f  t h e  
c r o a k e r  f a m i l y  ( S c i a e n i d a e ) ,  t o p s m e l t  
( A t h e r i n o p s  a f f i n i s ) ,  and n o r t h e r n  anchovy 
( E n g r a u l i s  mordax) ,  r e s p e c t i v e l y .  O the r  
e g g  t y p e s  i n c l u d e d  t h e  s a n d d a b s  
( C i t h a r i c h t h y s  s p p . ) ,  s l o u g h  a n c h o v y  
(Anchoa d e l i c a t i s s i m a )  and P a c i f i c  s a r d i n e  
( S a r d i n o p s  s a g a x  c a e r u l e u s ) .  I n  t h e  
p r o c e s s  o f  c a p t u r i n g  e g g s  and l a r v a e ,  many 
a d u l t  and j u v e n i l e  f i s h  were c o l l e c t e d .  
The most  abundant  were t o p s m e l t ,  f o l l o w e d  
by C a l i f o r n i a  k i l l i f i s h ,  s t a g h o r n  s c u l p i n  
and long jaw mudsucker.  

L a r g e r  c h a n n e l s  a t  T i j u a n a  E s t u a r y ,  
a l s o  sampled by Nordby, s u p p o r t e d  l a r v a l  
f i s h  communi t ies  o f  s i m i l a r  s p e c i e s  b u t  i n  
d i f f e r e n t  abundances  t h a n  i n  t h e  t i d a l  
c r e e k s .  T o p s m e l t  a p p e a r e d  t o  b e  t h e  
dominant  p e l a g i c  f i s h ,  w h i l e  t h e  b e n t h i c  
s p e c i e s ,  m o s t l y  g o b i e s ,  were numerous and 
wide ly  d i s t r i b u t e d .  D e n s i t i e s  o f  l a r v a e  
and e g g s  peaked i n  l a t e  w i n t e r  t o  e a r l y  
s p r i n g  1981. D e n s i t i e s  o f  l a r v a ?  (90% 
g o b i e s )  were g e n e r a l l y  und r 5 / m  , b u t  
r o s e  to a  maximum o f  6 5 / 2  d u r i n g  o n e  
r e p r o d u c t i v e  p u l s e .  T h e  a b s e n c e  o f  
C a l i f o r n i a  k i l l i f i s h  i n  t h e  egg  and l a r v a l  
c a t c h e s  is e x p l a i n e d  by i t s  u s e  o f  marsh 
p o o l s  f o r  spawning ( F r i t z  1975). Eggs a r e  

clumped t o g e t h e r  t o  resist  t i d a l  removal .  
La rvae  h a t c h  and d e v e l o p  q u i c k l y  i n  t h e  
warm p o o l s .  T h e i r  a b i l i t y  t o  w i t h s t a n d  a 
wide r a n g e  o f  s a l i n i t i e s  and t e m p e r a t u r e s  
( C a r p e l a n  1 9 6 1 )  m a k e s  i t  p o s s i b l e  f o r  
k i l l i f i s h  t o  i n h a b i t  t h e  v a r i a b l e  
e n v i r o n m e n t  o f  t h e  s a l t  m a r s h .  T h e  
s p e c i e s  a p p e a r s  t o  depend on i n t e r t i d a l  
marsh p o o l s  f o r  r e p r o d u c t i o n .  

I n  compar ing Nordby's darn on t i d a l  
c r e e k s  and c h a n n e l s  w i t h  h i s  n e a r s h o r e  
s a m p l e s  ( T a b l e  121, it becomes c l e a r  t h a t  
t i d a l  c r e e k s  p r o v i d e  d i f f e r e n t  h a b i t a t s  
f o r  f i s h  u t i l i z a t i o n .  T i d a l  c r e e k s  were 
less  t h a n  20% s i m i l a r  t o  c h a n n e l s  i n  t h e i r  
l a r v a l  c o m m u n i t i e s  b e c a u s e  A t h e r i n i d s  
(mos t  l i k e l y  t o p s m e l t ) ,  t h e  t i d a l  c r e e k  
dominan t ,  a t t a c h e s  i t s  e g g s  t o  f l o a t i n g  
m a t s  o f  E n t e r o m o r p h a  a n d  o t h e r  a l g a e .  
A f t e r  h a t c h i n g .  many o f  t h e  l a r v a e  r ema in  
among t h e  t h i c k  a l g a l  m a t s .  T h i s  c l o s e  
a s s o c i a t i o n  w a s  d o c u m e n t e d  by s a m p l i n g  
c r e e k  a r e a s  w i t h  and w i t h o u t  s u c h  m a t s  
(Nordby, i n  p r e p  .) . I n  c o n t r a s t ,  g o b i e s  
d o m i n a t e d  t h e  c h a n n e l s ,  a n d  t h e i r  
d i s t r i b u t i o n  may d e p e n d  o n  a d u l t  
p r e f e r e n c e s  f o r  burrowing h a b i t a t s ,  e . g .  
t h e  s u b s t r a t e  t y p e ,  c u r r e n t  s p e e d  a n d  
w a t e r  t e m p e r a t u r e  f o u n d  i n  l a r g e r  
c h a n n e l s .  

Egg c o m p o s i t i o n  was  m o r e  s i m i l a r  
be tween t i d a l  c r e e k s  and c h a n n e l s ,  and 
e s p e c i a l l y  between c h a n n e l s  and n e a r s h o r e  
h a b i t a t s .  Whi le  t h e  p r e s e n c e  o f  e g g s  i n  
a n  e s t u a r y  i n d i c a t e s  some s p a w n i n g  
f u n c t i o n ,  s i m i l a r  egg  c a t c h e s  n e a r s h o r e  
make it u n c l e a r  where t h e  spawning h a s  
o c c u r r e d .  Nordby a r g u e s  t h a t  t h e  e s t u a r y  
i s  u s e d  by t r a n s i e n t  s p e c i e s  f e . g .  
c r o a k e r s ,  s a n d d a b s ,  s a r d i n e s )  which come 
i n  t o  spawn. Whi le  s u c h  s p e c i e s  d o n ' t  
depend on t h i s  h a b i t a t  f o r  r e p r o d u c t i o n ,  
t h e y  do e x p l o i t  i t .  In  a d d i t i o n ,  l a r v a e  
may e n c o u n t e r  l e s s  p r e d a t i o n  i n  e n c l o s e d  
w a t e r s .  Nordby found t h a t  copepods  and 
c h a e t o g n a t h s  were more abundan t  o u t s i d e  
t h e  e s t u a r y ,  where t h e y  were  o f t e n  c a u g h t  
i n  t h e  p r o c e s s  o f  e a t i n g  f i s h  i a r v a e .  
H e n c e ,  e n c l o s e d  w a t e r s  may p r o v i d e  a  
r e f u g e  a n d  c o n t r i b u t e  s i g n i f i c a n t l y  t o  
c o a s t a l  wa te r  f i s h  p r o d u c t i o n .  



O t h e r  T i d a l  Creek S t u d i e s  L a r g e r  Embayments 

S w i f t  and F r a n t z  (1981)  sampled 1 3  
t i d a l  c r e e k s  f o r  a d u l t  and  j u v e n i l e  f i s h e s  
a t  t h e  h i g h l y  mod i f i ed  B a l l o n a  Wetland.  
One l a r g e r  c h a n n e l  (5  t o  6 rn wide x  1 t o  
1 .5  m deep)  was sampled f o r  f i s h  e g g s  and 
l a r v a e .  T h e  a u t h o r s  f o u n d  t h a t  f i v e  
s p e c i e s  comprised  85% o f  t h e  t o t a l  a d u l t s  
and j u v e n i l e s  c o l l e c t e d .  These  were a r r o w  
goby,  mosqu i to  f i s h  (Gambusia a f f i n i s )  , 
t o p s m e l t ,  k i l l i f i s h ,  and l o n g j a w  mudsucker 
i n  o r d e r  o f  r e l a t i v e  abundance .  Only 1 
C a l i f o r n i a  h a l i b u t  ( a  j u v e n i l e )  and  1 2  
diamond t u r b o t  ( j u v e n i l e s )  were c o l l e c t e d ,  
which i n d i c a t e d  t h a t  t h i s  w e t l a n d  p l a y s  a  
l i m i t e d  r o l e  a s  a  n u r s e r y  g r o u n d ,  i n  
c o m p a r i s o n  w i t h  m o r e  n a t u r a l  s o u t h e r n  
C a l i f o r n i a  w e t l a n d s  ( T a b l e  13). 

P l a n k t o n  tows a t  t h e  B a l l o n a  Wetland 
y i e l d e d  o n l y  2 7 8  l a r v a e  a n d  4 3 9  e g g s  
( S w i f t  a n d  F r a n t z  1 9 8 1 ) .  T o p s m e l t  
dominated  t h e  l a r v a l  f r a c t i o n ,  w i t h  226 
c o l l e c t e d .  O n l y  29 i n d i v i d u a l s ,  
r e p r e s e n t i n g  5 t a x a  o f  t h e  f a m i l y  G o b i i d a e  
were c o l l e c t e d .  No S c i a e n i d  o r  t o p s m e l t  
e g g s  w e r e  i d e n t i f i e d ,  a n d  o n l y  two  
n o r t h e r n  anchovy e g g s  were c o l l e c t e d .  The 
a b s e n c e  o f  g o b i i d  s p e c i e s  i n d i c a t e s  
r educed  f u n c t i o n i n g  o f  t h e  a r e a  f o r  t h e s e  
r e s i d e n t  e s t u a r i n e  s p e c i e s .  

E l k h o r n  S l o u g h  i s  n o r t h  o f  P o i n t  
Concep t ion ;  however ,  i t s  t i d a l  c r e e k  f i s h  
communi t ies  s h a r e  many s i m i l a r i t i e s  w i t h  
T i j u a n a  E s t u a r y .  D a t a  o n  a d u l t  and  
j u v e n i l e  f i s h e s  ( D i c k e r t  e t  a l .  1981)  
i n d i c a t e  t h a t  s t a g h o r n  s c u l p i n  , t o p s m e l t ,  
n o r t h e r n  a n c h o v y ,  a n d  a r r o w  g o b y  w e r e  
dominan t .  T i d a l  c r e e k s  were t h o u g h t  t o  be  
n u r s e r i e s  f o r  s c u l p i n  ( C o t t i d a e ) ,  
f l o u n d e r s  ( P l e u r o n e c t i d a e ) ,  h a l i b u t  
( B o t h i d a e ) ,  and a n c h o v i e s  ( E n g r a u l i d i d a e ) ,  
a n d  b r e e d i n g  a r e a s  f o r  h e r r i n g  
( C l u p e i d a e )  , t o p s m e l t ,  a n d  j a c k s m e l t  
( A t h e r i n o p s i s  c a l i f o r n i e n s i s ) .  
U n f o r t u n a t e l y ,  t h e s e  f u n c t i o n s  were n o t  
documented by l a r v a l  o r  egg  sampl ing .  

Adu l t  and j u v e n i l e  f i s h e s  have  been 
c o l l e c t e d  f r o m  e m b a y m e n t s  a n d  l a r g e r  
c h a n n e l s  from s e v e r a l  s o u t h e r n  C a l i f o r n i a  
w e t l a n d s  ( T a b l e  14).  These  d a t a  sets h a v e  
t h r e e  s i m i l a r i t i e s :  ( 1 )  T o p s m e l t ,  
C a l i f o r n i a  k i l l i f i s h ,  s t a g h o r n  s c u l p i n ,  
a r r o w  goby,  and anchovy s p e c i e s  a r e  common 
dominant  s p e c i e s .  ( 2 )  A l l  o f  t h e s e  e x c e p t  
t h e  a n c h o v i e s  a r e  c o n s i d e r e d  t h e  m a i n  
r e s i d e n t s .  ( 3 )  The commercia l  s p e c i e s  
most  o f t e n  c i t e d  a s  u s i n g  we t l and  c h a n n e l s  
f o r  n u r s e r y  g rounds  a r e  t h e  C a l i f o r n i a  
h a l i b u t  ( i a r a i i c h t h y s  c a l i f o r n i c u s )  and 
diamond t u r b o t  ( H y p s o p s e t t a  g u t t u l a t a ) .  
W h i t e  e t  a l .  ( u n p u b . )  e s t i m a t e d  t h a t  
3 0 , 0 0 0  j u v e n i l e  h a l i b u t  a n d  1 7 . 0 0 0  
j u v e n i l e  t u r b o t  o c c u r r e d  i n  t h e  T i j u a n a  
E s t u a r y  c h a n n e l s .  However, t h i s  is a n  
e x t r a p o l a t i o n  from f i v e  sampl ing  s t a t i o n s .  
Eggs and l a r v a e  o f  b o t h  s p e c i e s  were  o n l y  
o c c a s i o n a l l y  found i n  T i j u a n a  E s t u a r y  by 
Nordby ( i n  p r e p . ) ,  s o  a p p a r e n t l y  t h e y  
b r e e d  o f f s h o r e  ( c f .  Haaker 1975) and e n t e r  
t h e  e s t u a r y  a s  j u v e n i l e s .  Onuf e t  a l .  
( 1 9 7 8 )  reviewed t h e  l i t e r a t u r e  f o r  c e n t r a l  
a n d  s o u t h e r n  C a l i f o r n i a  f i s h - w e t l a n d  
d e p e n d e n c y  a n d  s u g g e s t e d  t h a t  m o r e  
n o r t h e r l y  e s t u a r i e s  o r  t h o s e  o f  l a r g e r  
a r e a  h a v e  g r e a t e r  a b u n d a n c e s  o f  
commerc ia l ly  i m p o r t a n t  s p e c i e s .  They c i t e  
o n l y  i n f o r m a t i o n  on a d u l t  and j u v e n i l e  
f i s h e s ,  however.  The d a t a  a v a i l a b l e  f o r  
l a r v a e  and e g g s  p r o v i d e  b e t t e r  i n f o r m a t i o n  
on t h e  i m p o r t a n c e  o f  s o u t h e r n  C a l i f o r n i a  
b a y s  and c h a n n e l s  f o r  f i s h  b r e e d i n g  ( T a b l e  
13 ) .  

Four o f  t h e  embayments examined a r e  
s m a l l ,  e n c l o s e d  w e t l a n d s ,  w h i l e  San Pedro  
Bay is  a  r e l a t i v e l y  o p e n  s y s t e m  
encompass ing t h e  Los Angeles-Long Beach 
Harbor s .  L a r v a e  i n  a l l  f o u r  e n c l o s e d  
w e t l a n d s  were dominated  by a  complex o f  
goby s p e c i e s .  San Pedro  Bay had many more 
l a r v a l  s p e c i e s  and d i f f e r e n t  d o m i q a n t s ,  
p r o b a b l y  due  t o  i ts g r e a t e r  communication 
w i t h  t h e  open ocean .  The c o n t r a s t  be tween 
t h e s e  two we t l and  t y p e s  s u g g e s t s  t h a t  t h e  
s m a l l e r ,  more e n c l o s e d  w e t l a n d s  p r o v i d e  
d i f f e r e n t  h a b i t a t  f o r  f i s h .  More r e c e n t  
compar i sons  o f  C a b r i l l o  Beach ( w i t h i n  Los  
Angeles  Harbor)  and nea rby  Upper Newport 



T a b l e  13. Number o f  t a x a  and dominant  t a x a  o f  l a r v a l  f i s h e s  and e g g s  c o l l e c t e d  
from s i x  s o u t h e r n  C a l i f o r n i a  w e t l a n d s .  Taxa a r e  l i s t e d  i n  d e c r e a s i n g  o r d e r  o f  
abundance ( n a  = d a t a  n o t  a v a i l a b l e ) .  

No. o f  Taxa 
Loca t ion  Source  - Larvae  - Eggs Dominant Taxa 

Ti  juana  
E s t u a r y  

Nordby 29 17 Larvae:  goby complex 
i n  p rep .  l o n g j a w  mudsucker 

s i l v e r s i d e s  
queenf  i s h  

Eggs : c r o a k e r  
P a c i f i c  s a r d i n e  
sanddab  
n o r t h e r n  anchovy 

San Diego McGowen 18 4 Larvae:  goby complex 
Ba Y 1977 Eggs : deepbody anchovy 

diamond t u r b o t  

Newport White 3 3 10 Larvae:  goby complex 
Ba Y 1977 deepbody anchovy 

s l o u g h  anchovy 
Eggs: deepbody anchovy 

s l o u g h  anchovy 

Anaheim Lei  t h i s e r  22 na Larvae:  goby complex 
Bay 1977 long jaw mudsucker 

Eggs: n o t  i d e n t i f i e d  

B a l l o n a  S w i f t  & 16 14+ Larvae :  t o p s m e l t  
Wetland F r a n t z  

1981 
Eggs: n o t  g i v e n  

San Pedro Brewer 45 na La rvae :  n o r t h e r n  anchovy 
Bay ( w e s t  1975, i n  b l e n n i e s  
of Klami tos  1979 1975 c r o a k e r s  
Bay) r o c k f i s h e s  

g o b i e s  
Eggs: most n o t  i d e n t i f i e d  

-- 



T a b l e  14.  Dominant s p e c i e s ,  r e s i d e n t  s p e c i e s ,  and commercial  s p e c i e s  t h a t  u s e  
c o a s t a l  w e t l a n d s  f o r  spawning o r  n u r s e r y  g rounds  i n  s o u t h e r n  C a l i f o r n i a .  

-- -- - 
L o c a t i o n ,  s o u r c e  Commercial s p p .  u s i n g  
and sampl ing  w e t l a n d  f o r  spawning 
program Dominant s p e c i e s  R e s i d e n t  s p e c i e s  o r  n u r s e r y  g r o u n d s  

Ti juana  E s t u a r y  a r r o w  goby a r row goby C a l i f o r n i a  h a l i b u t  
Ford e t  a l .  c h e e k s p o t  goby Cheekspot  goby diamond t u r b o t  
(1971) :  Ca. k i l l i f i s h  Ca. k i l l i f i s h  k e l p  b a s s  
11 s t a t i o n s  t o p s m e l t  t o p s m e l t  s p o t t e d  sand b a s s  
i n  Dec. 1970 s t r i p e d  m u l l e t  s t r i p e d  m u l l e t  b a r r e d  sand  b a s s  
+ s p r i n g  1970 
d a t a  o f  McIllwee 
(1970)  

Upper Newport Bay t o p s m e l t  t o p s m e l t  n o t  a s s e s s e d ;  
A l l e n  ( 1 9 8 0 ) :  Ca. k i l l i f i s h  Ca. k i l l i f i s h  p o s s i b l y  Anchoa s p .  
3 s t a t i o n s ,  Ca. m o s q u i t o f i s h  Ca. m o s q u i t o f i s h  and diamond t u r b o t  
monthly  from a r r o w  goby a r row goby 
J a n .  1978- d e e p  body anchovy long jaw mudsucker 
J a n .  1979 

Anaheim Bay t o p s m e l t  t o p s m e l t  deep  body anchovy 
Lane & H i l l  g o b i e s  Ca. k i l l i f i s h  s h i n e r  s u r f p e r c h  
(1975)  : v a r i o u s  Ca. k i l l i f i s h  s h i n e r  s u r f p e r c h  C a l i f o r n i a  h a l i b u t  
d a t e s ,  1971- d e e p  body anchovy s t a g h o r n  s c u l p i n  diamond t u r b o t  
1974 s h i n e r  s u r f p e r c h  goby s p e c i e s  

Ba l lona  Wetland a r r o w  goby a r row goby diamond t u r b o t ?  
S w i f t  & F r a n t z  Ca. m o s q u i t o f i s h  Ca. m o s q u i t o f i s h  
(1981) :  t o p s m e l t  Ca. k i l l i f i s h  
13 s t a t i o n s ,  Ca. k i l l i f i s h  long jaw mudsucker 
monthly  from l o n g j a w  mudsucker 
J u n e  1980- 
June  1981 

Colorado Lagoon n o r t h e r n  anchovy t o p s m e l t  n o t  a s s e s s e d ;  
A l l e n  Si Horn t o p s m e l t  s h i n e r  s u r f p e r c h  p o s s i b l y  s l o u g h  
(1975)  : s l o u g h  anchovy Ca. k i l l i f i s h  anchovy 
3 s t a t i o n s ,  s h i n e r  s u r f p e r c h  s t a g h o r n  s c u l p i n  
monthly  i n  1973 s l o u g h  anchovy 

Mugu Lagoon s h i n e r  s u r f p e r c h  t o p s m e l t  s h i n e r  s u r f p e r c h  
Onuf e t  a l .  t o p s m e l t  Ca. k i l l i f i s h  Ca. h a l i b u t  
( 1 9 7 8 ) :  s t a g h o r n  s c u l p i n  Ca. h a l i b u t  diamond t u r b o t  
4  s t a t i o n s ,  Ca. k i l l i f i s h  diamond t u r b o t  
20  monthly  Ca. h a l i b u t  l ong jaw mudsucker 
s a m p l e s ,  1977- diamond t u r b o t  g r e y  smoothound 
1978 w h i t e  c r o a k e r  bay b l e n n y  

bay  p i p e f i s h  shadow goby 
l o n g j a w  mudsucker  

---- - .- 
Elkhorn  Slough s u r f p e r c h e s  n o t  a s s e s s e d  b l a c k  s u r f p e r c h  
Mybakken e t  a l .  f l a t f i s h e s  w h i t e  s u r f p e r c h  
( 1 9 7 7 ) :  s t a g h o r n  s c u l p i n  s t a r r y  f l o u n d e r  
4 s t a t i o n s ,  & o t h e r  f l a t f i s h e s  
23 months ---- 



Bay i n d i c a t e  t h a t  mod i f i ed  h a r b o r s  do  n o t  
r e t a i n  t h e  n a t u r a l  h a b i t a t  v a l u e s  o f  less 
a l t e r e d  w e t l a n d s  (Horn and Al l en  1981) .  

The egg and l a r v a l  s t u d i e s  ( T a b l e  13 )  
document t h a t  s o u t h e r n  C a l i f o r n i a  bays  and 
e s t u a r i e s  a r e  b r e e d i n g  g rounds  f o r  t h e  
r e s i d e n t  g o b i e s  and s i l v e r s i d e s ,  a s  w e l l  
a s  f o r  t h e  t r a n s i e n t  c r o a k e r  and anchovy 
f a m i l i e s ,  d i amond  t u r b o t ,  a n d  P a c i f i c  
s a r d i n e s .  The h i g h  d e n s i t y  o f  P a c i f i c  
s a r d i n e  eggs  i n  T i j u a n a  E s t u a r y  ( T a b l e  12)  
was unexpected .  T h i s  i s  t h e  f i r s t  r e p o r t  
of  t h e  s p e c i e s  i n  an e n c l o s e d  e s t u a r y  
( a b o u t  60 ha  [ I 5 0  a c ]  o f  c h a n n e l s ) .  

Most o f  t h e  f i s h  common t o  s o u t h e r n  
C a l i f o r n i a  bays  and e s t u a r i e s  a r e  low i n  
t h e  t r o p h i c  l e v e l ,  c o n s u m i n g  e i t h e r  
p l a n t s ,  d e t r i t u s ,  o r  s m a l l  i n v e r t e b r a t e s .  
They a r e  i n  t u r n  f e d  upon by l a r g e r  f i s h ,  
many o f  which a r e  commerc ia l ly  i m p o r t a n t .  
i n  f a c t ,  m u d s u c k e r s  a n d  t o p s m e l t  a r e  
conimonly c o l l e c t e d  f o r  u s e  a s  f i s h  b a i t .  

E c o l o g i c a l  Ro les  

P e r h a p s  t h e  b e s t  e x a m p l e  o f  a n  
e s t u a r i n e  r e s i d e n t  f i s h  is  t h e  a r row goby 
( F i g u r e  42) .  T h i s  s m a l l  f i s h  ( a v e r a g e  
a d u l t  l e n g t h  5 em; Miller and Lea 1972)  
r e s i d e s  i n  t h e  s h a l l o w  w a t e r  o f  m u d f l a t s .  
Z t  l i v e s  f r e e l y  o r  i n  b u r r o w s  w i t h  
commensal h o s t s  o f  one o r  a l l  o f  t h e  
f o l l o w i n g  i n v e r t e b r a t e s :  g h o s t  s h r i m p  
( C a l l i a n a s s a  s p p . ) ,  t h e  e c h i u r o i d  worm 
( U r e c h i s  c a u p o ) ,  and t h e  b l u e  mud c r a b  
( U p o g e b i a  p u g e t t e n s i s ) .  Arrow g y i e s  
r e a c h e d  d e n s i t i e s  o f  u p  t.o 20/m i n  
Anaheim Bay (MacBona ld  1 9 7 5 ) .  T h i s  
s p e c i e s  a t t a c h e s  its e g g s  t o  t h e  w a l l s  o f  
t h e  burrow,  t h u s  e x p l a i n i n g  i ts  absence  
from egg  c o l l e c t i o n s  when l a r v a e  a r e  s o  
abundan t .  According t o  MaeDonald (1975), 
t h e y  r e c e d e  i n t o  burrows a t  low t i d e  a n d ,  
i f  a  f i l m  of  w a t e r  i s  p r e s e n t ,  w i l l  
j o u r n e y  f r o m  o n e  b u r r o w  t o  a n o t h e r .  
WacGinikie 2nd M x G i n f  t i  P 11949 1 found 28 
i n d i v i d u a l s  i n  one burrow. 

Ar row g o b i e s  h a v e  a w i d e  d i e t a r y  
r a n g e  b u t  p r e f e r r e d  p o l y e h a e t e s  a n d  
c o p e p o d s  i n  A l l e n ' s  ( 1 9 8 0 )  s t u d y  o f  

Newpor t  B a y ,  w h i l e  MacDonald  ( 1 9 7 5 )  
d e s c r i b e  them a l s o  a s  b e n t h i c  c a r n i v o r e s  
and i n c l u d e d  o l i g o c h a e t e s  and nematodes i n  
t h e i r  d i e t .  The  a r r o w  g o b y  i s  a n  
i m p o r t a n t  s o u r c e  o f  f o o d  f o r  t h e  
C a l i f o r n i a  h a l i b u t  and s t a g h o r n  s c u l p i n  
b a c ~ i n i t i e  and MacGini t  ie 1949, B r o t h e r s  
1975,  ?lacDonald 1975) . Other Fish 
p r e d a t o r s  i n c l u d e  w h i t e  c r o a k e r  
(Genyonemus  l i n e a t u s ) ,  d i amond  t u r b o t ,  
deepbody anchovy (Anchoa c o m p r e s s a ) ,  and 
C a l i f o r n i a  k i l l i f i s h .  M a c G i n i t i e  a n d  
M a c G i n i t i e  ( 1 9 4 9 )  s u g g e s t e d  t h a t  a r r o w  
g o b i e s  may b e  an i m p o r t a n t  food s o u r c e  f o r  
willets, g o d w i t s  and c u r l e w s ,  which  a r e  
c a p a b l e  o f  p r o b i n g  t h e  burrows a t  low 
t i d e .  T o p s m e l t ,  s h a d o w  g o b i e s  a n d  
C a l i f o r n i a  k i l l i f i s h  a r e  c o n s i d e r e d  
c o m p e t i t o r s  a s  w e l l  a s  p r e d a t o r s  
(MacDonald 1975) .  

The long-  jaw mudsucker ( F i g u r e  43 )  
h a s  been c o l l e c t e d  from t h e  bu r rows  o f  t h e  
y e l l o w  s h o r e  c r a b  ( H e m i g r a p s i s  
o r e g o n e n s i s ) .  P r e s u m a b l y  t h e s e  
l a r g e r - b o d i e d  g o b i e s  ( u p  t o  20  cm; Miller 
and Lea 1972) c a n n o t  e n t e r  t h e  burrows o f  
t h e  commensal h o s t s  o f  t h e  a r row goby. 
Ghost  sh r imp  and y e l l o w  s h o r e  c r a b s  a p p e a r  
t o  b e  i m p o r t a n t  f o o d  items (MacDona ld  
1975) .  

S t a g h o r n  s c u l p i n  ( F i g u r e  44)  a p p e a r  
t o  h a v e  a  p r e f e r e n c e  f o r  d e c a p o d  
c r u s t a c e a n s  ( T a s t o  1975) .  The most  common 
p rey  i t e m s  were y e l l o w  s h o r e  c r a b ,  g h o s t  
sh r imp  and pea c r a b s  ( P i n n i x i a  s p . )  i n  h i s  
Anaheim Bay s t u d y .  Arrow goby r e m a i n s  
were  found i n  10% o f  t h e  g u t s  a n a l y z e d .  
The s t a g h o r n  s c u l p i n  is  preyed upon by t h e  
c a s p i a n  t e r n ,  g r e a t  b l u e  h e r o n ,  and a  
v a r i e t y  o f  g u l l s ,  c o r m o r a n t s  and w a t e r f o w l  
( T a s t o  1975)  . 

T o p s m e l t  ( F i g u r e  4 5 )  a r e  
o p p o r t u n i s t i c  f e e d e r s .  A l l e n  (1980)  found  
t h a t  d i e t  was r e l a t e d  t o  s i z e  and s e a s o n .  
I n d i v i d u a l s  s m a l l e r  t h a n  5 cm p r e f e r r e d  
c o p e g o d s  i n  s p r i n g  b u t  c o n v e r t e d  t o  
f l o a t i n g  a l g a e  ( E n t e r o m o r p h a  s p . ,  
Chaetomorpha s p .  and 111va l o b a t a )  d u r i n g  
t h e  summer. When a l g a e  d e c l i n e d  i n  f a l l ,  
t h e  s m a l l  t o p s m e l t  r e v e r t e d  t o  a  copepod 
d i e t .  La rge r  i n d i v i d u a l s  ( 5  t o  10 cm) f e d  



F i g u r e  4 2 .  The a r row goby ( C J ~ v - ~ l a n d i - ~  F i g u r e  416. The s t a g h o r n  s c u l p i n  
i o s )  l i v e s  i n  rnudflat  burrows, p r e f e r a b y  -- -- ( L e g _ t c - o t t ~ s  a rmatus )  is a  f r e e - l i v i n g  
w i t h  commensal h o s t s ,  such  as g h o s t  shrinip.  b e n t h i c  c a r n i v o r e .  I l l u s t r a t i o n  by 
I l l u s t r a t i o n  by J .  DeWald. J. DeWald. 

F i g u r e  43.  The long-jaw mudsucker 
( G i l l i c h t h y s  -- m i r a b i l  i s )  u s e s  c r a b  
burrows.  I l l u s t r a t i o n  by 3 .  DeTdald. 

F i g u r e  45. Topsmelt ( & t h e r i ~ ~ o l > s  af f i n i s )  
is c l o s e l y  a s s o c i a t e d  w i t h  g r e e n  a l g a e ,  
u s i n g  it b o t : ~  a s  a Food s o u r c e  and 
a t t a c h m e n t  s i t r  f o r  eggs.  I l l u s t r a t i o n  
by J .  DeWnld. 



o n  a l g a e  t h r o u g h o u t  t h e  y e a r ,  and 
i n d d v i d u a l s  o v e r  10 cm a t e  p l a n t  m a t e r i a l  
a lmos t  e x c l u s i v e 1  y  wi th  t h e  compos i t ion  
chang ing  s e a s o n a l l y  b u t  i n c l u d i n g  g r e e n  
d e t r i t u s ,  p e n n a t e  d i a t o m s  a n d  a l g a e .  
Topsmelt a r e  r a p i d  swimmers and u t i l i z e  
t h e  e n t i r e  wa te r  column a s  opposed t o  
g o b i e s  and  s c u l p i n s  w h i c h  a r e  b e n t h i c  
s p e c i e s .  

5.3 HERPETOFAUNA 

S e v e r a l  f a c t o r s  l i m i t  t h e  o c c u r r e n c e  
o f  r e p t i l e s  a n d  a m p h i b i a n s  i n  s a l t  
mar shes .  R e p t i l e s  r e q u i r e  a  s u b t e r r a n e a n  
r e f u g e  and egg d e p o s i t i o n  sites which a r e  
above t h e  h i g h  t i d e  l i n e ;  t h e y  c a n n o t  
burrow i n  t h e  compacted s o i l s  o f  t h e  upper  
marsh and hence  r e l y  on burrowing mammals 
f o r  t h e s e  r e f u g e s  (Hayes and Guyer 1 9 8 1 ) .  
Amphibians r e q u i r e  f r e s h  w a t e r  i n  o r d e r  
f o r  t h e i r  e g g s  t o  d e v e l o p ,  a n d  t h e  
temporary  n a t u r e  o f  s o u t h e r n  C a l i f o r n i a  
s t r e a m s  a n d  p o o l s  r e s t r i c t s  t h e  t i m e  
a v a i l a b l e  f o r  a q u a t i c  s t a g e s .  

The h e r p e t o f a u n a l  s t u d y  o f  B a l l o n a  
Wetland (Hayes and Guyer 1981)  i d e n t i f i e d  
fou r  s p e c i e s  which were a s s o c i a t e d  w i t h  
s a l t - m a r s h  h a b i t a t s .  The P a c i f i c  t r e e f r o g  
(w r e g i l l a )  o c c u r r e d  w i t h i n  p ickleweed 
( S a l i c o r n i a  v i r g i n i c a ) ,  b u t  was m o s t  
common i n  t h e  b u l r u s h e s  ( S c i r p u s  s p . ) ,  
w h e r e  f r e s h  w a t e r  i s  more  l i k e l y  t o  
p r o v i d e  s u i t a b l e  b r e e d i n g  h a b i t a t .  Two 
l i z a r d s  were found i n  b o t h  t h e  p ickleweed 
arid s a l t  a r a s s  h a b i t a t s .  The s o u t h e r n  - 
a l l i g a t o r  l i z a r d  ( G e r r h o n o t u s  
m u l t i c a r i n a t u s )  a n d  t h e  w e s t e r n  f e n c e  
l i z a r d  ( S c e l o p o r u s  o c c i d e n t i l i s )  a r e  bo th  
widespread s p e c i e s  which e a t  a  v a r i e t y  o f  
i n s e c t s  and s p i d e r s .  The l a r g e r  and f a s t  
mov ing  a l l i g a t o r  l i z a r d  h a s  a l s o  b e e n  
known t o  t a k e  o t h e r  s m a l l  v e r t e b r a t e s  a s  
p rey .  I n  t u r n ,  t h e s e  l i z a r d s  a r e  Eood f o r  
s n a k e s ,  p r e d a t o r y  b i r d s ,  f e r a l  c a t s  and 
d o g s .  Gophkr  s n a k e s  ( P i t u o p h i s  
me iano leucus )  were  f r e q u e n t l y  c a u g h t  i n  
t h e  a r e a s  above t i d a l  i n u n d a t i o n  and were  
commonly a s s o c i a t e d  w i t h  s a l t  g r a s s  
( D i s t i c h l i s  s p i c a t a ) .  T h i s  l a r g e  ( u p  t o  
1.6 m) and h i g h l y  mob i l e  s n a k e  r e p o r t e d l y  
f e e d s  on mammals, b i r d s ,  e g g s  and o t h e r  

r e p t i l e s  (Hayes and Guyer 1981) .  The 
s p e c i e s  h i b e r n a t e s  and i s  most  a c t i v e  f rom 
A p r i l  t o  J u n e  a t  B a l l o n a .  

Whi le  r e p t i l e s  and amphib ians  do n o t  
a p p e a r  t o  depend on s a l t - m a r s h  h a b i t a t s  
f o r  t h e i r  e x i s t e n c e ,  t h e  marsh  v e g e t a t i o n  
p r o v i d e s  c o v e r  and t h e  f a u n a  p r o v i d e s  
food .  Hayes and Guyer (1981)  found n a t i v e  
v e g e t a t i o n  t o  s u p p o r t  m o r e  i n d i v i d u a l s  
t h a n  e x o t i c  s p e c i e s ,  p e r h a p s  b e c a u s e  f ewer  
i n s e c t s  a r e  a s s o c i a t e d  w i t h  i n t r o d u c e d  
p l a n t s .  

The l e a s t  d i s t u r b e d  a r e a  o f  B a l l o n a  
Wetland s u p p o r t e d  t h e  l a r g e s t  number o f  
h e r p e t o f a u n a l  s p e c i e s  and  t h e  h i g h e s t  
r e l a t i v e  d e n s i t i e s  o f  t h r e e  s p e c i e s .  T h i s  
i n d i c a t e s  t h a t  human a c t i v i t i e s  and u r b a n  
e n c r o a c h m e n t  may i m p a c t  r e p t i l e s  a n d  
amphib ians .  

5.4 B I R D S  

S o u t h e r n  C a l i f o r n i a ' s  c o a s t a l  
w e t l a n d s  s u p p o r t  hundreds  o f  t h o u s a n d s  o f  
b i r d s  and dozens  o f  s p e c i e s  which m i g r a t e  
a l o n g  t h e  P a c i f i c  Flyway. Hence, t h e s e  
a r e a s  t a k e  on i n t e r n a t i o n a l  impor t ance  a s  
f e e d i n g  and r e s t i n g  g rounds  f o r  s p e c i e s  
a l s o  f o u n d  f r o m  A l a s k a  t o  A n t a r c t i c a .  
Herons ,  e g r e t s ,  g u l l s ,  t e r n s ,  s h o r e b i r d s ,  
d u c k s ,  g e e s e ,  c o o t s ,  g a l l i n u l e s ,  and r a i l s  
c a n  be  s e e n  i n  s o u t h e r n  C a l i f o r n i a  c o a s t a l  
w e t l a n d s  t h r o u g h o u t  m o s t  o f  t h e  y e a r .  
Even s m a l l  w e t l a n d s  ( e . g .  t h e  8.1 h a  
Famosa Slough n e a r  Miss ion  Bay) s u p p o r t  
a b o u t  110 s p e c i e s  o f  w a t e r - r e l a t e d  b i r d s ,  
w h i l e  l ists f o r  l a r g e  a r e a s  such  a s  San 
D i e g o  Bay i n c l u d e  n e a r l y  100  s p e c i e s .  
H a b i t a t s  where d i s t u r b a n c e  i s  less s e v e r e  
s u p p o r t  more s p ? c i e s  t h a n  a r e a s  which have  
been h i g h l y  mod i f i ed .  Fo r  example ,  Dock 
and S c h r e i b e r  (1981)  found 70  s p e c i e s  i n  
t h e  l e a s t  d i s t u r b e d  p o r t i o n  o f  B a l l o n a  
Met l and ,  w h i l e  o n l y  32 w a t e r b i r d  s p e c i e s  
used  t h e  a d j a c e n t ,  h i g h l y  mod i f i ed  a r e a  
f v e e d y  p5ckleweed and f i e l d  h a b i t a t ) .  
S i m i l a r l y ,  S u l l y  ( 1 9 7 7 )  r e c o r d e d  6 0  
s p e c i e s  i n  t h e  l e s s  d i s t u r b e d  Ou te r  Bo l sa  
C h i c a  Bay a n d  o n l y  35 s p e c i e s  i n  
Hun t ing ton  Harbour .  Some o f  t h e  m i g r a n t s  
w i n t e r  i n  s o u t h e r n  C a l i f o r n i a  ( e . g .  



d o w i t c h e r s ) ;  o t h e r s  go on t o  C e n t r a l  and 
Sou th  America. May and J u n e  a r e  t h e  
months o f  l e a s t  abundance  o f  b i r d s  i n  
s o u t h e r n  C a l i f o r n i a  w e t l a n d s  ( C o l l i e r  
1975; F i g u r e  4 6 ) ;  a t  t h i s  t i m e  most o f  t h e  
m i g r a n t s  have  moved n o r t h  toward  t h e i r  
b r e e d i n g  g rounds .  

T h e  r o l e  o f  t h e  s a l t  m a r s h  i n  
s u p p o r t i n g  t h e s e  b i r d  communi t i e s  is  n o t  
w e l l  u n d e r s t o o d .  Most o f  t h e  b i r d s  seem 
t o  p r e f e r  i n t e r t i d a l  f l a t s  t o  m a r s h  
c a n o p i e s  f o r  f e e d i n g  and o t h e r  a c t i v i t i e s .  
The i n t e r t i d a l  f l a t  community p r o f i l e  o f  
Nybakken and O l i v e r  ( i n  p r e p . )  f o r  c e n t r a l  
C a l i f o r n i a  i n c l u d e s  many o f  t h e  b i r d  
s p e c i e s  which a l s o  u s e  s o u t h e r n  C a l i f o r n i a  
w e t l a n d s .  I n  a d d i t i o n ,  B o l a n d  ( 1 9 8 1 )  
d e s c r i b e s  h a b i t a t  u t i l i z a t i o n  o f  T i j u a n a  
E s t u a r y  b y  s h o r e b i r d s ,  Dawes ( 1 9 7 5 )  
d i s c u s s e s  b i r d  u s e  o f  Los  P e n a s q u i t o s  
Lagoon, and Quammen (1980)  examines  t h e  
s h o r e b i r d - i n v e r t e b r a t e  i n t e r a c t i o n s  a t  
Upper Newport Bay and Mugu Lagoon. While 
t h e  d e t a i l s  o f  marsh  and b i r d  r e l a t i o n -  
s h i p s  a r e  u n c l e a r ,  we c a n  a t  l e a s t  
i d e n t i f y  f o u r  w a y s  i n  w h i c h  m a r s h e s  
c o n t r i b u t e  t o  t h e  s u p p o r t  o f  we t l and  b i r d s  
and s u g g e s t  some ways i n  which b i r d s  i n  
t u r n  i n f l u e n c e  s a l t  m a r s h  c o m m u n i t i e s .  
M a r s h e s  p r o v i d e  ( 1 )  b i r d  f o o d - - e i t h e r  
d i r e c t l y  a s  a n i m a l s ,  p l a n t s ,  and p l a n t  
s e e d s  w h i c h  g row i n  t h e  m a r s h  o r  
i n d i r e c t l y  by r e l e a s i n g  o r g a n i c  m a t t e r  t o  
t i d a l  c r e e k s  which s u p p o r t  food c h a i n s  
l e a d i n g  t o  c a r n i v o r o u s  b i r d s ,  ( 2 )  c o v e r  
f o r  p r o t e c t i o n  a g a i n s t  p r e d a t o r s ,  ( 3 )  
h a b i t a t  f o r  n e s t i n g ,  and ( 4 )  h a b i t a t  f o r  
r o o s t i n g .  From t h e  o p p o s i t e  p e r s p e c t i v e ,  
b i r d s  a f f e c t  m a r s h  c o m m u n i t i e s  b y  ( 1 )  
r e d u c i n g  d e n s i t i e s  o f  p r e y  s p e c i e s  and ( 2 )  
r e t u r n i n g  n u t r i e n t s  t o  t i d a l  w a t e r s  o r  
d i r e c t l y  t o  t h e  marsh i n  t h e  form of 
guano.  B i r d s  p r o v i d e  one  o f  t h e  few l i n k s  
i n  t h e  n u t r i e n t  c y c l e  which r e v e r s e s  t h e  
n e t  f l o w  o f  m a t e r i a l s  t o  t h e  s e a .  T h e i r  
f e e d i n g  on mar ine  f i s h e s  and d e f e c a t i o n  on 
l a n d  p r o v i d e s  t h e  p o t e n t i a l  f o r  c o n t i n u o u s  
r e c y c l i n g  o f  e l e m e n t s  which a r e  e s s e n t i a l  
f o r  marsh  p l a n t  growth.  Katsuo Nishikawa 
o f  t h e  Cen t ro  de  I n v e s t i g a c i o n  C i e n t i f i c a  
y  Educacion S u p e r i o r  d e  Ensenada ,  Baja  
C a l i f o r n i a ,  is  c u r r e n t l y  d e t e r m i n i n g  t h e  
magn i tude  o f  n u t r i e n t  r e t u r n  v i a  p e l i c a n s ,  

c o r m o r a n t s ,  and o t h e r  f i s h - e a t i n g  b i r d s .  
H i s  d a t a  s h o u l d  s u g g e s t  some i n t e r e s t i n g  
d i f f e r e n c e s  i n  n u t r i e n t  a v a i l a b i l i t y  f o r  
marshes  a d j a c e n t  t o  l a r g e  b i r d -  f e e d i n g  
a r e a s  compared t o  i s o l a t e d  marshes  w i t h  
l i t t l e  n u t r i e n t  i n p u t .  P e r h a p s  we w i l l  
someday  u n d e r s t a n d  how t h e  a r t i f i c i a l  
co rmoran t  p e r c h e s  (power l i n e s )  a c r o s s  t h e  
San Diego River  c h a n n e l  c o n t r i b u t e  t o  t h e  
h i g h  a l g a l  p r o d u c t i v i t y  o f  t h e  u p s t r e a m  
m u d f l a t  a n d  m a r s h  c o m m u n i t i e s .  S i n c e  
c o r m o r a n t s  r e l e a s e  t h e i r  w a s t e s  a t  t h e i r  
r o o s t s  i n s t e a d  o f  i n  f l i g h t ,  s u b s t a n t i a l  
n u t r i e n t  a d d i t i o n s  may d e r i v e  from t h e  
hundreds  o f  b i r d s  t h a t  r e s t  o v e r  t h e  r i v e r  
c h a n n e l  e a c h  n i g h t .  

Because b i r d s  a r e  of g r e a t  i n t e r e s t  
t o  t h e  g e n e r a l  p u b l i c ,  t h e y  h a v e  been a  
ma jo r  c o n s i d e r a t i o n  i n  t h e  p r e s e r v a t i o n  
and c o r l s e r v a t i o n  o f  c o a s t a l  w e t  l and  
h a b i t a t .  Using t h e  s o u t h e r n  C a l i f o r n i a  
w e t l a n d s  a r e  ou r  F e d e r a l l y  l i s t e d  
endangered  b i r d s :  t h e  C a l i f o r n i a  least 
t e r n  ( S t e r n a  a l b  i f r o n s  b rowni )  , t h e  brown 
p e l i c a n  ( P e l e c a n u s  o c c i d e n t a l i s  
c a l  i f o r n i c u s )  , t h e  p e r e g r i n e  f a l c o n  ( F a l c o  
 ereg grin us anaturn),  t h e  l i g h t - f o o t e d  
c l a p p e r  r a i l  ( R a l l u s  l o n g i r o s t r i s  l e v i p e s )  , 
and t h e  S t a t e  1 is t e d  ( endange red )   eld ding ' s 
savannah s p a r r o w  ( I ' a s s e r c u l u s  s a n d w i c h e n s i s  
b e l d i n g i ) .  T h e  Y a t t e r  two s p e c i e s  are 
r e s i d e n t s  o f  t h e  s a l t  marsh ,  and hence  
w i l l  be d i s c u s s e d  i n  d e t a i l .  O t h e r  s p e c i e s  
which a r e  corninonly s e e n  f e e d i n g  w i t h i n  t h e  
marsh a r e  long  b i l l e d  c u r l e w s  (humenius 
amer i canus )  and w i l l e t s  (Cato;, t r o p h o r u s  
semipalnia tus)  . T h e i r  h a b i t a t  r e q u i r e n ~ e n t s  
a r e  f a i r l y  b r o a d ,  whereas  t h e  r a i l  and 
spa r row a r e  c l o s e l y  a s s o c i a t e d  w i t h  vrlly a  
p o r t i o n  of t h e  marsti and a b s o l u t e l y  depend 
on i t  f o r  s u r v i v a l .  

The l i g h t - f o o t e d  c l a p p e r  r a i l  ( F i g u r e  
47) i s  r e s t r i c t e d  t o  c o a s t a l  s a l t  mar shes  
o f  s o u t h e r n  C a l i f o r n i a  and n o r t h e r n  B a j a  
C a l i f o r n i a .  Its F e d e r a l  endangered  s t a t u s  
i s  l i n k e d  t o  t h e  w i d e s p r e a d  h a b i t a t  
d e s t r u c t i o n  a n d  m o d i f i c a t i o n  w h i c h  h a s  
o c c u r r e d  i n  t h e  r e g l o n .  Two o t h e r  
s u b s p e c i e s  o f  c l a p p e r  r a i l  a r e  found i n  
t h e  w e s t e r n  U n i t e d  S t a t e s ,  R a l l u s  
l o n g i r o s t r u s  o b s o l e t u s  i n  t h e  S a n  
F r a n c i s c o  Bay a r e a  and &. I. yarnanensis  
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F i g u r e  Jt6. Counts of 92 water-bird species ce~ ls~zsed  i? h to 10 San D i ~ e o  County 
c o a s t a l  wetlands i n  1970 (modified f r o m  C o l l i e r  1975) .  Photos  by J. DeWald. 



F i g u r e  47 .  The endangered l i g h t - f o o t e d  c l appe r  r a i l  ( R a l l u s  l u n g i r o s t r ~ s  
l e v i p e s )  amongst t i d a l  d e b r i s .  Photo by D.  Echols .  



a l o n g  t h e  lower  Colorado R ive r  and t h e  
S a l t o n  Sea ( J o r g e n s e n  1975) .  

O n g o i n g  m o n i t o r i n g  o f  t h e  
l i g h t - f o o t e d  c l a p p e r  r a i l  p o p u l a t i o n s  i n  
s o u t h e r n  C a l i f o r n i a  (Zemba l  a n d  M a s s e y  
1981)  s u g g e s t s  t h a t  p o p u l a t i o n s  w i t h i n  a  
m a r s h  can  undergo d r a m a t i c  changes  from 
y e a r  t o  y e a r ,  w i t h  some w e t l a n d s  
i n c r e a s i n g  i n  numbers o f  b i r d s  f e . g .  Upper 
Newport Bay),  w h i l e  o t h e r  p o p u l a t i o n s  have  
b e e n  e l i m i n a t e d  ( e . g .  L o s  P e n a s q u i t o s  
L a g o o n )  ( T a b l e  1 5 ) .  O v e r a l l ,  1981  
c e n s u s e s  r e v e a l e d  fewer  b i r d s  t h a n  1980 ,  
a n d  t h e  a u t h o r s  a t t r i b u t e  some o f  t h e s e  
c h a n g e s  t o  t h e  heavy s t o r m s  which o c c u r r e d  
p r i o r  t o  t h e  1980 n e s t i n g  s e a s o n .  

T a b l e  15. Census o f  t h e  l i g h t - f o o t e d  
c l a p p e r  r a i l  i n  s o u t h e r n  C a l i f o r n i a  ( b l a n k  
space = no c e n s u s ) .  From Zembal and 
Massey 1981. 
- - 

No. o f  p a i r s  
L o c a t i o n  - 1980 - 1981 

T i  j u a n a  E s t u a r y  
S o u t h  San Diego Bay 

Marine Reserve  
Otay River  Mouth 
J  S t r e e t  Marsh 
F S t r e e t  Marsh 
E S t r e e t  Marsh 
Swee twa te r  Marsh 
P a r a d i s e  Creek Marsh 
San  Diego River  Marsh 
Miss ion  Bay Marsh 
Los P e n a s q u i t o s  Lagoon 
San E l i  j o  Lagoon 
B a t i q u i t o s  Lagoon 
Agua fiedionda Lagoon 
Buena V i s t a  Lagoon 
S a n t a  M a r g a r i t a  
Upper Newport Bay 
Hun t ing ton  Beach S t r a n d  
Mls2 Chica 
Anaheim Bay 
Mugu Lagoon 
G a r p i n t e r i a  Marsh 
G o l e t a  Slough 

It is e a s y  t o  v i s u a l i z e  t h e  v a l u e  o f  
a  c o r d g r a s s  marsh  f o r  b i r d  f e e d i n g  and 
c o v e r  b e c a u s e  t h e  i n v e r t e b r a t e  f a u n a  i s  
abundan t  and t h e  v e g e t a t i o n  i s  t a l l  and 
dense .  However, t h e r e  i s  a  major  l i m i t i n g  
f a c t o r  f o r  nes t ing--namely ,  t h e  f a c t  t h a t  
h i g h  t i d e s  i n u n d a t e  t h e  h a b i t a t  y e a r  
r o u n d ,  and t h e  canopy  is b o t h  t o o  s h o r t  
a n d  t o o  f l e x i b l e  t o  a l l o w  n e s t  
c o n s t r u c t i o n  o f f  t h e  ground.  The s o l u t i o n  
t o  t h i s  d i l e m m a  i s  a  p l a t f o r m  n e s t ,  
comple t e  w i t h  ramp. b u i l t  o f  dead S p a r t i n a  
stems, which c a n  f l o a t  -- i n  s i t u  w i t h  t h e  
r i s i n g  t i d e .  C l a p p e r  r a i l  n e s t  rims were 
15 t o  20 cm a b o v e  t h e  ground a t  T i j u a n a  
E s t u a r y  ( J o r g e n s e n  1 9 7 5 ) .  15 t o  5 0  cm h i g h  
a t  Upper Newport Bay, and 18  t o  5 5  cm h i g h  
a t  Anaheim Bay (Massey and Zembal 1 9 7 9 ) .  
T a l l  S p a r t i n a  s t a n d s  a r e  t h e  p r e f e r r e d  
n e s t i n g  h a b i t a t  and  t h e  s u r r o u n d i n g  g r a s s  
stems a r e  b e n t  o v e r  t h e  n e s t  t o  form a  
canopy,  p e r h a p s  t o  p r o v i d e  p r o t e c t i o n  from 
f l y i n g  p r e d a t o r s .  I n c u b a t i o n  n e s t s  i n  
midd le  and upper  marsh  h a b i t a t s  were found 
t o  b e  c o n s t r u c t e d  c l o s e r  t o  t h e  g round ,  
a n d  s o m e t i m e s  w i t h o u t  t h e  g a z e b o - l i k e  
canopy ( J o r g e n s e n  1975). 

A second t y p e  o f  n e s t  is o f t e n  b u i l t  
s h o r t l y  a f t e r  h a t c h i n g  o c c u r s  i n  t h e  
nea rby  i n c u b a t i o n  n e s t .  These  brood n e s t s  
a r e  much l e s s  c o m p l i c a t e d  i n  s t r u c t u r e ,  
somet imes  c o n s i s t i n g  o f  f l o a t a b l e  d e b r i s  
f r o m  n a t u r a l  a n d  u r b a n  o r i g i n s .  
Presumably ,  t h e s e  a r e  used f o r  n o c t u r n a l  
r o o s t i n g  t o  a v o i d  t i d a l  i n u n d a t i o n .  

N e s t i n g  c a n  o c c u r  from A p r i l  t o  l a t e  
J u l y ;  c l u t c h  s i z e s  r a n g e  from one t o  e i g h t  
( b a s e d  on numbers o f  e g g s  found i n  n e s t s  
by  J o r g e n s e n  1975  and Massey and Zembal 
1 9 7 9 ) .  The a v e r a g e  s i z e  o f  f u l l  c l u t c h e s  
was j u s t  o v e r  f i v e  e g g s  i n  a l l  t h r e e  s t u d y  
a r e a s .  R e n e s t i n g  f o l l o w i n g  n e s t  f a i l u r e  
was r e c o r d e d  i n  b o t h  s t u d i e s .  I n c u b a t i o n  
time a p p e a r s  t o  be a t  l e a s t  t h r e e  weeks 
(Massey and Zembal 1979) .  The e l a b o r a t e  
n e s t i n g  h a b i t s  o f  l i g h t - f o o t e d  c l a p p e r  
r a i l s  appear  t o  he e s s e n t i a l  f o r  h a t c h i n g  
s u c c e s s ,  f o r  e v e n  w i t h  t h e  p r e s u m e d  
p r o t e c ~ i o n  from i n u n d a t i o n  and p r e d a t i o n ,  
some n e s t s  f a i l  t o  p roduce  any  young. 
Ac tua l  r e c r u i t m e n t  r a t e s  and c a u s e s  o f  
m o r t a l i t y  a f t e r  h a t c h i n g  b o t h  r e q u i r e  
f u r t h e r  s t u d y .  



The f e e d i n g  h a b i t s  o f  l i g h t - f o o t e d  m i g r a t i o n  r a t h e r  t h a n  m o r t a l i t y  i s  
c l a p p e r  r a i l s  have been examined by d i r e c t  
o b s e r v a t i o n  and  by d i s s e c t i o n  o f  
r e g u r g i t a t e d  p e l l e t s .  Because  c r a b  p a r t s  
were  o f t e n  found i n  t h e  p e l l e t s  o f  T i j u a n a  
E s t u a r y  r a i l s ,  Jo rgensen  (1975)  f e l t  t h e y  
were  an  i m p o r t a n t  p a r t  o f  t h e i r  d i e t .  
O b s e r v a t i o n s  o f  Massey and Zembal (1979)  
s u g g e s t e d  a  broad d i e t ,  i n c l u d i n g  l a r v a l  
and a d u l t  i n s e c t s  ( b e e t l e s ,  c r a n e f l i e s ,  
and even g r a s s h o p p e r s ) ,  s p i d e r s ,  i s o p o d s ,  
d e c a p o d s  ( g h o s t  s h r i m p ) ,  s n a i l s  
( C e r i t h i d e a  c a l i f o r n i c a  a n d  Melampus 
o l i v a c e u s ) ,  c r a b s  ( P a c h y g r a p s u s  c r a s s i p e s ,  
H e m i g r a p s u s  o r e g o n e n s i s  a n d  & 
c r e n u l a t a ) ,  c r a y f i s h ,  k i l l i f i s h  (Fundu lus  
p a r v i p i n n u s )  , t a d p o l e s  ( H y l a  s p . )  , and 
even meadow mice  ( M i c r o t u s  c a l i f o r n i c u s )  , 
a l t h o u g h  t h e  r a i l ' s  a b i l i t y  t o  c a t c h  mice 
may be  r e s t r i c t e d  t o  h i g h  t i d e s  when mice  
a r e  s t r a n d e d  o r  drowned. On o c c a s i o n  
r a i l s  have  been  s e e n  t o  t a k e  p i ck leweed  
b r a n c h  t i p s  and t o  e a t  p i t h  o f  b roken  
c o r d g r a s s  stems. 

T h e  c r i t i c a l  f a c t o r  w h i c h  l i m i t s  
l i g h t - f o o t e d  c l a p p e r  r a i l  p o p u l a t i o n s  i s  
n e s t i n g  h a b i t a t  (Zembal and Massey 1981) .  
C h a n g e s  i n  r a i l  d e n s i t y  a r e  r o u g h l y  
c o r r e l a t e d  w i t h  t h e  q u a l i t y  and q u a n t i t y  
o f  marsh v e g e t a t i o n .  A t  Upper Newport 
B a y ,  r a i l  p o p u l a t i o n s  e x p a n d e d  
s u b s t a n t i a l l y  f o l l o w i n g  t h e  1969 w i n t e r  
s t o r m  which b roke  a  d i k e ,  r e s t o r e d  t i d a l  
c i r c u l a t i o n  t o  t h e  upper  bay ,  and l e d  t o  
t h e  d o u b l i n g  o f  s a l t  marsh a c r e a g e  i n  t h e  
w e t l a n d .  Counts  o f  r a i l s  have  gone from 
30 t o  35 i n  1974 t o  196 b i r d s  i n  1980,  
many o f  which were n e s t i n g  i n  t h e  newer 
marsh a r e a .  Upper Newport Bay s u p p o r t s  
t h e  most r o b u s t ,  p u r e  c o r d g r a s s  marsh i n  
s o u t h e r n  C a l i f o r n i a .  I n  c o n t r a s t ,  r a i l  
p o p u l a t i o n s  a t  Anaheim Bay h a v e  d e c l i n e d  
from a  hundred o r  more ( n o t  an a c t u a l  
c o u n t )  i n  1974 t o  60  i n  1980 and 38  i n  
1981 (Massey and Zembal 1979,  Zembal and 
Massey 1981) .  T h i s  bay h a s  been s u b s i d i n g  
i n  r e c e n t  d e c a d e s ,  p e r h a p s  d u e  t o  o i l  
pumping, and e l e v a t i o n s  where n e s t s  were  
found ave raged  30 c m  lower  a t  Anaheim t h a n  
Upper Newport Bay and T i j u a n a  E s t u a r y .  
A t  L o s  Pcnasqui tos  Lagoon, 30 birds were 
were  n o t e d  i n  1974 and none i n  1981. The 
d e g r e e  t o  which t h e s e  d e c r e a s e s  a r e  due  t o  

unknown. Movements o f  b i r d s  from o n e  
w e t l a n d  t o  a n o t h e r  have  n o t  been o b s e r v e d .  
The b i r d  is  a  poor  f l y e r ,  b u t  i ts  sudden 
a p p e a r a n c e  a t  t h e  San Diego River  marsh  i n  
1981  s u g g e s t s  t h a t  i t  h a s  some l o c a l  
m o b i l i t y .  A t t e m p t s  t o  m o n i t o r  r a i l  
movements by band ing  and t e l e m e t r y  a r e  
underway (Zembal and Massey 1981) .  

W h i l e  t a l l ,  d e n s e  c o r d g r a s s  i s  
r e c o g n i z e d  a s  t h e  p r e f e r r e d  r a i l  h a b i t a t ,  
o t h e r  m a r s h  c o m m u n i t i e s  h a v e  become  
i m p o r t a n t  i n  s u p p o r t i n g  t h e  s p e c i e s ,  
e s p e c i a l l y  f o l l o w i n g  t h e  1980 f l o o d i n g .  
Zembal and Massey (1981)  n o t e d  a  s h i f t  t o  
n e s t i n g  l o c a t i o n s  i n  upper  marsh h a b i t a t s  
a t  b o t h  Anaheim and Upper Newport Bays. 
I n  a d d i t i o n ,  r a i l s  have  been found t o  
u t i l i z e  a r e a s  o f  f r e s h w a t e r  marsh ,  when 
t h e y  occur  nea r  s a l t  mar shes ,  f o r  f e e d i n g ,  
l o a f i n g ,  and e s c a p e  from h i g h  t i d e s .  The 
l a r g e  marsh a t  Upper Newport Bay s u p p o r t s  
t h e  l a r g e s t  number o f  r a i l s  i n  s o u t h e r n  
C a l i f o r n i a ,  b u t  even s m a l l  marshes  c a n  
h a r b o r  n e s t i n g  p a i r s .  The s m a l l  u r b a n  
marshes  n e a r  E ,  F and J  S t r e e t s  i n  Chula 
V i s t a  each  had a  p a i r  o f  r a i l s  i n  1981. 

Management p l a n s  f o r  t h i s  endangered  
s p e c i e s  c a l l  f o r  improved and expanded 
s a l t  marsh h a b i t a t .  Toward t h i s  e n d ,  t h e  
U. S. Navy h a s  s u p p o r t e d  marsh enhancement 
p r o j e c t s  a t  t h e  T i j u a n a  E s t u a r y  sewage 
l a g o o n s  (Nordby e t  a l .  19801,  and t h e  
C a l i f o r n i a  Sea G r a n t  C o l l e g e  Program h a s  
sponsored  r e s e a r c h  f o r  e s t a b l i s h i n g  and 
e n h a n c i n g  m a r s h  v e g e t a t i o n ,  e s p e c i a l l y  
c o r d g r a s s  ( Z e d l e r  1981a ) .  

B e l d i n g ' s  s avannah  spa r row ( F i g u r e  
48) h a s  been r e c o g n i z e d  by t h e  S t a t e  o f  
C a l i f o r n i a  a s  a n  e n d a n g e r e d  s p e c i e s  
s p e c i e s  s i n c e  1974.  L ike  t h e  r a i l ,  i t  i s  
d e p e n d e n t  o n  s a l t - m a r s h  h a b i t a t ,  a n d  
p o p u l a t i o n s  d e c l i n e  when marsh  h a b i t a t s  
a r e  d e s t r o y e d .  U n l i k e  t h e  r a i l ,  i t  
p r e f e r s  t h e  h i g h e r  s a l t  marsh h a b i t a t s ,  
and  i s  p a r t i c u l a r l y  a b u n d a n t  i n  a r e a s  
d o m i n a t e d  by p i c k l e w e e d  ( S a l i c o r n i a  
v i r g i n i c a ) ,  P i c k l e w e e d  i s  u s e d  f o r  
n e s t i n g ,  p e r c h i n g ,  f e e d i n g  c o v e r ,  and a s  a  
food s o u r c e  {Massey 19793. 



d u n e s  and  i n t e r t i d a l  f l a t s  a t  T i j u a n a  
E s t u a r y ,  and Massey ( 1979)  h a s  documented 
f e e d i n g  on i n s e c t s  i n  s e v e r a l  h a b i t a t s ,  

F i g u r e  48. Relding's s;ivannal~ s p a r r o w  

Barbara  Massey 's  long-term s t u d y  o f  
t h i s  s p e c i e s '  b r e e d i n g  h a b i t s  and  h e r  
s u r v e y s  o f  i t s  d i s t r i b u t i o n  p r o v i d e  a  
t h o r o u g h  d e s c r i p t i o n  o f  i t s  n a t u r a l  
h i s t o r y .  O t h e r  i n v e s t i g a t o r s  ( e , g .  
Poulson and Bartholomew 1962 have been 
i n t r i g u e d  b y  t h e  b i r d ' s  p h y s i o l o g i c a l  
m e c h a n i s m s  w h i c h  a l l o w  i t  t o  l i v e  i n  
s a l i n e  h a b i t a t s .  Its h i g h l y  e f f i c i e n t  
u r i n a r y  sys tem c o n c e n t r a t e s  c h l o r i d e s  up 
t o  f i v e , ,  times l e v e l s  i n  t h e  serum;  t h u s  
t h e  b i r d  can  d r i n k  and p r o c e s s  s e a  w a t e r ,  
even though it l a c k s  n a s a l  g l a n d s  which 
a r e  t h e  u s u a l  mechanism o f  s a l t  e x c r e t i o n  
i n  mar ine  b i r d s .  

Males o f  t h e  s p e c i e s  a r e  e a s i e s t  t o  
see b e c a u s e  t h e y  s e t  u p  b r e e d i n g  
t e r r i t o r i e s  i n  December o r  J a n u a r y  and 
m a i n t a i n  them u n t i l  m i d - A u g u s t .  
Territories a r e  n o t  n e c e s s a r i l y  l a r g e ,  
pe rhaps  b e c a u s e  t h e y  a r e  n o t  r e l i e d  upon 
f o r  f e e d i n g ,  b u t  ma in ly  f o r  a t t r a c t i n g  a  
mate and p r o t e c t i n g  t h e  n e s t .  Feed ing  
o f t e n  c a k e s  p l a c e  away from t h e  p ickieweed 
h a b i t a t ,  w h i c h  may e x p l a i n  t h e  b i r d s '  
a b i l i t y  t o  u s e  n o n - t i d a l  a r e a s  f o r  
b r e e d i n g .  Boland ( p e r s .  comm,;graduate  
s t u d e n t ,  UCLA) h a s  commonly obse rved  t h e  
spa r rows  t a k i n g  i n s e c t s  a l o n g  t h e  sand 

and S a l i c o r n i a  t i p s  and A t r i p l e x  s e e d s  
w i t h i n  t h e  m a r s h .  M a s s e y ' s  d e n s e s t  
b r e e d i n g  a r e a ,  a t  Anaheim Bay ( T a b l e  1 6 ) ,  
had 1 4  t e r r i t o r i e s  w i t h i n  an a r e a  o f  a b o u t  
1 a c r e ,  a n d  t h e  2 s m a l l e s t  t e r r i t o r y  
measured a b o u t  250 m . 

Females  b u i l d  t h e i r  f i rs t  n e s t s  i n  
M a r c h ,  u s i n g  S a l i c o r n i a  t w i g s  f o r  t h e  
s h e l l  and u s u a l l y  a n c h o r i n g  t h e  n e s t  above 
t h e  ground i n  d e n s e  v e g e t a t i o n .  Two t o  
f o u r  e g g s  a r e  l a i d ,  one  per  day.  However, 
i f  d i s t u r b e d  b e f o r e  t h e  f i n a l  egg i s  l a i d ,  
t h e  f e m a l e  commonly d e s e r t s  t h e  n e s t .  
I n c u b a t i o n  s e e m s  t o  r e q u i r e  a b o u t  t w o  
weeks. Ch icks  a r e  f e d  by t h e  a d u l t s  f o r  
a n o t h e r  week o r  two,  a f t e r  which time t h e  
p a i r  may e s t a b l i s h  a  second and p o s s i b l y  a  
t h i r d  brood.  The l a t e s t  d a t e  when p a r e n t s  
were s e e n  f e e d i n g  young was 12 August  
(Massey 1979) .  T h i s  v e r y  l o n g  a c t i v e  
b r e e d i n g  s e a s o n ,  c o u p l e d  w i t h  t h e  s p e c i e s '  
s e n s i t i v i t y  t o  d i s t u r b a n c e ,  means  t h a t  
human a c t i v i t i e s  i n  t h e  upper  marsh must  
b e  r e s t r i c t e d  f o r  most  o f  t h e  y e a r  i n  
o r d e r  t o  a v o i d  f u r t h e r  d e c l i n e s  i n  
B e l d i n g ' s  s avannah  spa r row p o p u l a t i o n s .  

5.5 MAMMALS 

The s t u d y  o f  s a l t  marsh mammals i n  
s o u t h e r n  C a l i f o r n i a  h a s  n o t  p r o g r e s s e d  
much beyond development  o f  s p e c i e s  l ists.  
Yet t h e r e  a r e  a  number o f  v e r y  i n t e r e s t i n g  
q u e s t i o n s  r a i s e d  by t h e  p r e s e n c e  o f  mice, 
r a b b i t s ,  and o t h e r  s m a l l  mammals i n  a n  
i n t e r t i d a l  h a b i t a t .  Fo r  example ,  how many 
r o d e n t s  c a n  t o l e r a t e  t h e  s a l t  m a r s h  
env i ronmen t?  How do t h e y  a v o i d  drowning? 
Can t h e y  u s e  s a l t  marsh  p l a n t s  a s  food?  
Where do t h e y  o b t a i n  t h e i r  d r i n k i n g  w a t e r ?  

Some o f  t h e s e  q u e s t i o n s  a r e  answered  
i n  Coulombeqs  (1965) s t u d y  OF Mugu Lagoon 
and Bai ls r ia  Creek marshes .  Dur ing a n  
e x t e n s i v e  t r a p p i n g  p e r i o d  i n  t h e  e a r l y  
1 9 6 0 ' s  h e  found s e v e r a l  r e s i d e n t s  o f  t h e  
i n t e r t i d a l  marsh ( T a b l e  17) .  Of t h e s e ,  h e  
s t u d i e d  t h e  w e s t e r n  h a r v e s t  mouse  
(Reithradontonlys m e g a l o t i s  l i m i c o l a )  , 



T a b l e  16. Breed ing  p a i r s  o f  B e l d i n g f s  
savannah s p a r r o w s  i n  s o u t h e r n  C a l i f .  From 
Massey 1979. 

--- 
No. o f  P a i r s  

L o c a t i o n  1973 1977 - - 
T i  juana  E s t u a r y  100 95 
Sou th  Bay Marine Rese rve  2  5 
Sou th  Bay s a l t  ponds 100 
E S t r e e t  Marsh 1 8  
Swee twa te r  Marsh 40 
P a r a d i s e  Creek Marsh 16 
Beacon I s l a n d  ( i n  Miss ion  3ay)  4 
San Diego R ive r  Marsh 7  0  
Miss ion  Bay Marsh 45 
Los P e n a s q u i t o s  Lagoon 160 5 2  
San D i e g u i t o  Lagoon 0  9  
San E l i  j o  Lagoon 3  0  
B a t i q u i t o s  Lagoon l 7  0  20 
Agua Hedionda Lagoon 3  7  16  
Buena V i s t a  Lagoon 0  5  
S a n t a  M a r g a r i t a  R ive r  125 106 
Upper Newport Bay 130 8 3  
Hun t ing ton  Beach 3  4  
Bo l sa  Chica 40 186 
Hun t ing ton  Harbor & 

S u n s e t  Aqua t i c  P a r k  6  
Anaheim Bay 125 106 
Los  C e r r i t o s  Wetland Channel 5 
P laya  d e l  Rey 2 5  37  
Mugu Lagoon 175 250 
Ormond Beach 17 
McGrath Beach S t a t e  Park  12 
C a r p i n t e r i a  Marsh 100 34 
G o l e t a  S lough  5 0  28 

meadow mouse  ( M i c r o t u s  c a l i f o r n i c u s  
s t e p h e n s i )  a n d  f e r a l  h o u s e  mouse  (& 
m u s c u l u s )  p o p u l a t i o n s  i n  d e t a i l .  A l l  
t h r e e  were f r e q u e n t l y  t r a p p e d  a t  Ba l lona  
Creek,  w h i l e  f e r a l  house  mice were o n l y  
found i n  a r e a s  a d j a c e n t  t h e  marsh s t u d y  
s i t e  a t  Mugu Lagoon. Absence o f  Mus 
muscu lus  was s u g g e s t e d  a s  b e i n g  i m p o r t a n t  
t o  t h e  o c c u r r e n c e  o f  t h e  d e e r  mouse  
(Peromyscus  m a n i c u l a t u s )  a t  Mugu Lagoon, 
s i n c e  o t h e r s  have  shown f e r a l  hoxse  mice 
t o  b e  a g g r e s s i v e  c o m p e t i t o r s  Coulonbe 
(1965) found t h a t  t h e  f e r a l  mice  a t  
B a l l o n a  Creek underwent  r a d i c a l  changes  i n  

p o p u l a t i o n  s i z e ,  from a  peak i n  December 
1962 t o  a  c r a s h  by A p r i l  1963; a  much 
s m a l l e r  p e a k  p o p u l a t i o n  o c c u r r e d  i n  
O c t o b e r  1 9 6 3  w i t h  a n o t h e r  d e c l i n e  b y  
F e b r u a r y  1964.  These  d a t a  may b e a r  on t h e  
q u e s t i o n  a b o u t  d r o w n i n g - - p e r h a p s  t h e  
e x o t i c  s p e c i e s  c a n n o t  a v o i d  t h e  p rob lems  
posed by h i g h  s p r i n g  t i d e s .  The n a t i v e  
meadow mice a l s o  i n c r e a s e d  i n  December 
1963 and c r a s h e d  by J u l y  1964. However, 
t h e  w e s t e r n  h a r v e s t  mouse a p p a r e n t l y  c o p e s  
v e r y  w e l l  w i t h  i t s  i n t e r t i d a l  env i ronmen t ;  
i ts p o p u l a t i o n s  were  r e m a r k a b l y  s t a b l e  a t  
b o t h  s i tes.  T h i s  i n  t u r n  r a i s e s  t h e  
q u e s t i o n  o f  how t h e y  m a i n t a i n  t h e i r  
d e n s i t i e s  w h i l e  o t h e r  s p e c i e s  f l u c t u a t e  
w i d e l y .  Coulombe ( 1965)  s u g g e s t s  o n l y  
t h a t  s o c i a l  i n t e r a c t i o n s  may b e  i m p o r t a n t ,  
s i n c e  he c o u l d  n o t  e s t a b l i s h  c a u s e s  o f  
m o r t a l i t y  f o r  e i t h e r  young o r  a d u l t s .  
The d i e t s  o f  t h e  two n a t i v e  s p e c i e s  d i f f e r  
s o m e w h a t .  Meadow mice a r e  p r i m a r i l y  
h e r b i v o r o u s ,  w h i l e  h a r v e s t  mice a r e  
g r a n i v o r o u s .  Cou lombe '  s f e e d i n g  
e x p e r i m e n t s  i n d i c a t e d  t h a t  n e i t h e r  s p e c i e s  
can  f e e d  on p i ck leweed .  M o r t a l i t y  may 
have been d u e  t o  t h e  h i g h  c h l o r i n e  (1 .8  x  
s e a  w a t e r )  o r  o t h e r  i o n  c o n c e n t r a t i o n s ,  o r  
t o  t o x i c  s u b s t a n c e s  such  a s  o x a l a t e s  
Coulombe (1965) .  T h i s  a l s o  means t h a t  
mice c a n n o t  u s e  p i ck leweed  a s  a  s o u r c e  o f  
m o i s t u r e ,  a l t h o u g h  MacMillen (1964)  found 
t h a t  t h e  w e s t e r n  h a r v e s t  mouse c o u l d  d r i n k  
s e a  w a t e r  and r e l e a s e  h i g h l y  c o n c e n t r a t e d  
u r i n e .  Coulombe (1965)  s u g g e s t e d  t h a t  dew 
p r o v i d e s  a  w a t e r  s o u r c e ,  b u t  t h a t  
l o n g - t e r m  s u r v i v a l  may b e  d u e  t o  t h e  
mice's a b i l i t y  t o  t o l e r a t e  p e r i o d s  o f  
m o i s t u r e  s t ress ;  t h e  meadow mouse  b y  
t o l e r a t i n g  d e h y d r a t i o n  a n d  t h e  w e s t e r n  
h a r v e s t  mouse by g o i n g  i n t o  t o r p a r  ( a  
t empora ry  p e r i o d  o f  low m e t a b o l i c  r a t e ) .  

5.6 SUMMARY OF CHAPTER 5  

T h i s  c h a p t e r  d e s c r i b e s  a number o f  
a n i m a l s  which a r e  u n i q u e l y  a d a p t e d  t o  l i f e  
i n  a  f l u c t u a t i n g  env i ronmen t .  Al though we 
do n o t  u a d e r s t a n d  f u l l y  how t h e y  cope  with 
t h e  s a l t  marsh  h a b i t a t ,  we r e a l i z e  t h a t  a 
number o f  s p e c i e s  a r e  dependen t  on  t h e  
marsh and s e v e r a l  have  n e a r e d  e x t i n c t i o n  
a s  marsh  h a b i t a t s  have  been e l i m i n a t e d .  



T a b l e  17. Mammals noted  a t  two s o u t h e r n  C a l i f o r n i a  marshes  by Coulombe (1965).  
- p- 

B a l l o n a  Mugu 
Wetland Lagoon 

W e s t e r n  h a r v e s t  mouse (Re i th rodon tomys  m e g a l o t i s  l i m i c o l a )  r e s i d e n t  r e s i d e n t  

8Ca. meadow mouse = Ca. v o l e  ( M i c r o t u s  c a l i f o r n i c u s  s t e p h e n s i )  r e s i d e n t  r e s i d e n t  

*Ornate  sh rew (Sorex  o r n a t u s  s a l i c o r n i c u s )  r e s i d e n t  r e s i d e n t  

Deer mouse (Peromyscus  m a n i c u l a t u s )  u n c e r t a i n  n e a r b y  

House mouse (Nus muscu lus )  r e s i d e n t  nea rby  

C a l i f o r n i a  ground s q u i r r e l  ( C i t e l l u s  b e e c h e y i i  b e e c h e y i i )  nea rby  n e a r b y  

B o t t a  pocke t  gopher  (Thomomys b o t t a e  b o t t a e )  r e s i d e n t  u n c e r t a i n  

B l a c k - t a i l e d  j ack  r a b b i t  (Lepus  c a l i f o r n i c u s )  r e s i d e n t  r e s i d e n t  

Desert c o t t o n t a i l  ( S y l v i l a g u s  a u d u b o n i i  s a c t i d i e g i )  r e s i d e n t  n e a r b y  

L o n g t a i l  weasel  (Mus te l a  f r e n a t a  l a t i r o s t r a )  

S t r i p e d  skunk ( M e p h i t i s  m e p h i t i s  h o l z n e r i )  

Gray fox  (Urocyon c i n e r e o a r g e n t e u s  c a l i f o r n i c u s )  

u n c e r t a i n  n e a r b y  

nea rby  nea rby  

n e a r b y  n e a r b y  

Domestic c a t  ( F e l i s  d o m e s t i c u s )  n e a r b y  nea rby  

What a s p e c t s  o f  t h e  s a l t  marsh p r o v i d e  
s u r v i v a l  advan tages  f o r  marsh-dependent 
s p e c i e s ?  Once a  s p e c i e s  can  t o l e r a t e  i t s  
a l t e r n a t i n g  i n u n d a t i o n  a n d  s u b m e r g e n c e  
p a t t e r n  and c a n  d e a l  w i th  a  s a l i n e  d i e t ,  
d o e s  the s a l t  marsh p r o v i d e  a  r e f u g e  from 
c o m p e t i t i o n  o r  p r e d a t i o n ?  Does t h e  s m a l l  
number o f  s p e c i e s  which l i v e  t h e r e  r e s u l t  
i n  fewer n e g a t i v e  i n t e r a c t i o n s ?  Does t h e  - 
v e g e t a t i o n  canopy p r o v i d e  p r o t e c t i o n  from 
c a r n i v o r e s ?  Or ,  a l t e r n a t i v e l y ,  is t h e  
s a l t  m a r s h  h a b i t a t  o p t i m a l  f r o m  a  
p h y s i o l o g i c a l  s t a n d p o i n t ?  Would t h i s  
f a u n a  d o  p o o r l y  o u t s i d e  t h e  i n t e r t i d a l  
zone  i f  c o m p e t i t o r s  and p r e d a t o r s  were n o t  
a  problem? 

Some i n s i g h t s  i n t o  t h e s e  q u e s t i o n s  
a r e  p rov ided  by some of t h e  examples  i n  
t h i s  chapter .  McCloy (1979) found t h a t  

h o r n s n a i l s  were more h e a v i l y  preyed upon 
on m u d f l a t s  t h a n  i n  t i d a l  c r e e k s .  Boland 
(1981) found t h a t  most s h o r e b i r d s  u t i l i z e d  
sand and m u d f l a t s ,  r a t h e r  t h a n  marsh and 
c r e e k  h a b i t a t s .  W i l l a s o n  (1980) s u g g e s t e d  
t h a t  s h e l t e r  was an i m p o r t a n t  v a r i a b l e  i n  
d e t e r m i n i n g  t h e  s u r v i v a l  o f  Hemigrapsus 
o r e g o n e n s i s .  The p r e s s u r e  o f  p r e d a t i o n ,  
t h e n .  may b e  l e s s e n e d  u n d e r n e a t h  t h e  
v e g e t a t i o n  c o v e r ,  o r  w i t h i n  s t e e p l y  banked 
c r e e k s  where  b i r d s  a r e  l e s s  i n c l i n e d  t o  
f e e d  . 

B u t  r e d u c e d  f e e d i n g  b y  c a r n i v o r e s  
s h o u l d  l e a d  t o  h i g h e r  h e r b i v o r e  d e n s i t i e s  
and g r e a t e r  s u r v i v a l  stress f o r  v a s c u l a r  
p l a n t s  and a l g a e .  How t h e n  d o e s  t h i s  
t r o p h i c  l e v e l  m a i n t a i n  s u c h  h i g h  
p r o d u c t i v i t y ?  Now do t h e  a l g a l  m a t s  k e e p  
up w i t h  t h e  g r a z e r s ?  Again ,  t h e  a n i m a l s  



no  doub t  p l a y  an  i m p o r t a n t  r o l e .  T h e i r  
consumpt ion o f  foods  i n  t h e  marsh and on 
t h e  i n t e r t i d a l  f l a t s  r e s u l t s  i n  a r a p i d  
r e c y c l i n g  o f  n u t r i e n t s .  The e x c r e t i o n s  o f  
b i r d s ,  f i s h  and i n v e r t e b r a t e s  c a n  move 
back  t o  t h e  marsh w i t h  t h e  r i s i n g  t i d e s ,  
r e s u l t i n g  i n  a  n e t  i n f l u x  o f  n u t r i e n t s ,  
s e e n  a s  i m p o r t e d  ammonia by W i n f i e l d  
( 1 9 8 0 ) .  R a p i d  u p t a k e  b y  a l g a l  m a t s  
c o m p l e t e s  t h e  c y c l e .  O v e r a l l ,  t h e  s a l t  
m a r s h  i s  s e e n  a s  a n  a r e a  o f  h i g h  
p r o d u c t i v i t y ;  i t s  h i g h  t u r n o v e r  r a t e s  a r e  
d r i v e n  by s h o r t  food c h a i n s  b o t h  i n  t h e  
marsh  and on a d j a c e n t  i n t e r t i d a l  f l a t s .  
F e r t i l i z a t i o n  o c c u r s  f r e q u e n t l y  a s  
n u t r i e n t s  a r e  b r o u g h t  by t h e  t i d e s  f rom 
f e e d i n g  g r o u n d s  t o  m a r s h  " g r o w i n g  
g rounds  ." 

While  s p e c u l a t i v e ,  t h i s  c o n c e p t u a l  
model may e x p l a i n  t h e  dependence  o f  many 

a n i m a l s  on t h e i r  s a l t  marsh  h a b i t a t .  A t  
t h e  v e r y  l e a s t ,  i t  p o i n t s  o u t  many 
i n t e r a c t i o n s  among m a r s h  o r g a n i s m s  a n d  
i n d i c a t e s  t h e  need f o r  c o n s i d e r i n g  t h e  
sys t em i n  i t s  e n t i r e t y  when a t t e m p t i n g  t o  
manage  i t s  w i l d l i f e .  McCloy (1979)  
p r o v i d e s  a  good example o f  t h e  unexpec ted  
r e s u l t s  t h a t  m a n i p u l a t i n g  one  s p e c i e s  c a n  
h a v e  on a n o t h e r .  When h e  c r o w d e d  
h o r n s n a i l s ,  a d u l t  m o r t a l i t y  r o s e ,  d e a d  
s h e l l s  a c c u m u l a t e d ,  a n d  a n  anemone  
( p r e v i o u s l y  l i m i t e d  b y  s u b s t r a t e  
a v a i l a b i l i t y )  i n c r e a s e d  f o u r - f o l d  i n  
d e n s i t y .  Such c a s e  s t u d i e s  make u s  aware  
of s u b t l e  i n t e r a c t i o n s  among p o p u l a t i o n s  
and s h o u l d  c a u s e  u s  t o  b e  c a u t i o u s  a b o u t  
m a n a g i n g  f o r  i n d i v i d u a l  s p e c i e s .  One 
c o n c l u s i o n  f o l l o w s  w i t h  
c e r t a i n t y :  a l t e r i n g  one  p o p u l a t i o n  w i l l  
have  i m p a c t s  on o t h e r s .  



CHAPTER 6 

MANAGEMENT CONSIDERATIONS 

Sou the rn  C a l i f o r n i a  c o a s t a l  marshes  
h a v e  b e e n  s o  r e d u c e d  i n  a c r e a g e  b y  
d i s t u r b a n c e  t h a t  t h e y  a r e  i n  dange r  o f  
t o t a l  e l i m i n a t i o n .  They o c c u r  i n  s u c h  
p r i m e  l o c a t i o n s  f o r  deve lopmen t s  t h a t  t h e  
t h r e a t  o f  t o t a l  e l i m i n a t i o n  c o n t i n u e s .  
T h e  C a l i f o r n i a  C o a s t a l  Act o f  1976,  which 
f o l l o w e d  a  1 9 7 2  p u b l i c  i n i t i a t i v e  t o  
p r e s e r v e  t h e  c o a s t l i n e ,  c l e a r l y  i d e n t i f i e s  
c o a s t a l  w e t l a n d s  a s  a  v a l u a b l e  r e s o u r c e .  
T h e  a c t  c a l l s  f o r  t h e i r  ma in tenance  a n d ,  
w h e r e  f e a s i b l e ,  t h e i r  r e s t o r a t i o n .  
H ~ w e v e r ,  much o f  t h e  w e t l a n d  h a b i t a t  is i n  
p r i v a t e  owner sh ip ,  and owners a r e  a l lowed  
r e a s o n a b l e  u s e  o f  t h e i r  p r o p e r t y .  Hence, 
u n l e s s  w e t l a n d s  o r  easemen t s  a r e  pu rchased  
for p u b l i c  management, development  i n  and 
a r o u n d  w e t l a n d s  w i l l  c o n t i n u e .  

6 1 VIEWPOINTS OF MANAGERS 

Agencies  and p e r s o n s  e n t r u s t e d  w i t h  
manag ing  c o a s t a l  w e t l a n d s  have  a  d i f f i c u l t  
j o b .  They make d e c i s i o n s  a b o u t  f u t u r e  
d e v e l o p m e n t s ,  a t t e m p t  t o  m i t i g a t e  t h e  
e f f e c t s  o f  f u t u r e  a l t e r a t i o n s ,  p r o t e c t  
e n d a n g e r e d  s p e c i e s  p o p u l a t i o n s ,  a n d  
r e s t o r e  d i s t u r b e d  a r e a s  t o  more d e s i r a b l e  
c o n d i t i o n s .  The g r o u p s  i n v o l v e d  i n  t h e s e  
t a s k s  a r e  many. A t  t h e  f e d e r a l  l e v e l ,  t h e  
U ,  S. F i s h  and W i l d l i f e  S e r v i c e ,  t h e  U.S. 
Army C o r p s  o f  E n g i n e e r s ,  U.S. 
Environmut.rtal Protecttion Agency, and 
Nati.unal Nar iuc Fisheries became involved, 
along w i  ttz t h e  t1.S. Keivy, which owns 
l a r g e  p o r t  i o n s  of Mugu IAagoun, Anaheim Bay 
and Tijrraraa E s t r x a r y .  W i t t i  t i l e  proposal t o  
d e s i g n a t e  T i j u a n a  E s t u a r y  a s  a  N a t i o n a l  
E s t u a r i n e  S a n c t u a r y  came t h e  invo lvemen t  
o f  t h e  O f f i c e  o f  C o a s t a l  Zone Management 
a s  well. A t  t h e  s t a t e  l e v e l ,  t h e  C o a s t a l  
C o m m i s s i o n  o r i g i n a l l y  h a d  t h e  
r e s p o n s i b i l i t y  o f  a p p r o v i n g  o r  d e n y i n g  
a l t e r a t i o n s  of i a n d s  w i t h i n  t'ne c o a s t a l  
z o n e ;  t h e  C a l i f o r n i a  C o a s t a l  Conservancy 
is charged  w i t h  a i d i n g  t h e  imp lemen ta t ion  
of w e t  land preservation and res torat ion  

projec ts ;  and the  Departments o f  Fish and 
Game and Parks and Recreation a r e  a c t i v e l y  
i n v o l v e d  i n  r e s o u r c e  management. F i n a l l y ,  
l o c a l  g o v e r n m e n t s  a r e  r e s p o n s i b l e  f o r  
d e v e l o p i n g  p l a n s  and e n f o r c i n g  o r d i n a n c e s  
w h i c h  a f f e c t  c o a s t a l  w e t l a n d s .  
U l t i m a t e l y ,  t h e y  w i l l  g r a n t  p e r m i t s  f o r  
a l t e r a t i o n s  w i t h i n  t h e  c o a s t a l  zone.  

C o n f l i c t s  among o r g a n i z a t i o n s  which 
a r e  conce rned  w i t h  t h e  f u t u r e  o f  w e t l a n d s  
a r e  bound  t o  d e v e l o p  b e c a u s e  t h e i r  
i n d i v i d u a l  g o a l s  d i f f e r .  P u b l i c  h e a l t h  
a g e n c i e s ,  r e q u i r e d  t o  c o n t r o l  d i s e a s e  
v e c t o r s ,  d e v e l o p  p l a n s  t o  s p r a y  and d i t c h  
p o n d s  w h e r e  m o s q u i t o s  b r e e d .  C i t i e s  
d e s i r i n g  a d d i t i o n a l  t a x  b a s e s  a n d  
i n c r e a s e d  t o u r i s m  p l a n  f o r  m a r i n a s  i n  
p l a c e  o f  marshes .  Landowners h o l d  o u t  f o r  
maximum p r o f i t s .  Even w i t h i n  an agency ,  
c o n f l i c t s  may d e v e l o p  i f  management f o r  
one  s p e c i e s  imp inges  on a n o t h e r .  

6.2 DEALING WITH DISTURBANCES 

The comments which f o l l o w  must  b e  
viewed a s  emerg ing  g u i d e l i n e s  r a t h e r  t h a n  
dogma,  b e c a u s e  t h e  d a t a  b a s e  i s  
i n c o m p l e t e .  O v e r a l l ,  I recommend t h a t  
s c i e n t i s t s  b e  c o n s u l t e d  b e f o r e  a n y  o f  
t h e s e  i d e a s  is  a p p l i e d  t o  a  s p e c i f i c  
p r o j e c t  . The v a r i e t y  o f  w e t l a n d  
s i t u a t i o n s  a n d . i n d i v i d u a 1  c o n s t r a i n t s  on  
p l a n n i n g  r e q u i r e  t h a t  e a c h  m o d i f i c a t i o n  b e  
c o n s i d e r e d  s e p a r a t e l y ,  k e e p i n g  i n  mind i t s  
r e l a t i o n  t o  r e g i o n a l  g o a l s  and c o n c e r n s .  

D i s t u r b a n c e s  i n  s o u t h e r n  C a l i f o r n i a  
w e t l a n d s  r a n g e  f r o m  l a r g e - s c a l e ,  
w h o l e - e c o s y s t e m  e l i m i n a t i o n  t o  
s m a l l - s c a l e ,  h a b i t a t - s p e c i f i c  a l t e r a t i o n s .  
Urban d e v e l o p m e n t ,  r e d u c e d  t i d a l  
c i r c u l a t i o n  ( r e l a t e d  t o  s e d i m e n t a t i o n  and 
f i l l i n g ) ,  and a l t e r e d  w a t e r s h e d  h y d r o l o g y  
a r e  e x a m p l e s  o f  t h e  f o r m e r ,  m a j o r  
d i s t u r b a n c e s .  Dredging,  o f f - road  v e h i c l e  
u s e ,  and mosqu i to  c o n t r o l  measu res  a r e  
more s i t e - s p e c i f i c .  U n r a v e l i n g  how t h e s e  



d i s t u r b a n c e s  h a v e  a l t e r e d  m a r s h e s  i s  ev idenced  by t h e  numbers o f  gun c l u b s  t h a t  
d i f f i c u l t  and r e q u i r e s  a  combina t ion  o f  became e s t a b l i s h e d  i n  t h e  l a t e  1 8 0 0 ' s  and 
c o m p a r i s o n s  b e t w e e n  more-  and  e a r l y  1 9 0 0 ' s  ( S p e t h  e t  a l .  1976) .  J u s t  
l e s s - d i s t u r b e d  w e t l a n d s ,  e x p e r i m e n t a l  how much b i r d  u s a g e  a n d  p o p u l a t i o n s  
m a n i p u l a t i o n s ,  and o b s e r v a t i o n s  b e f o r e  and have d e c l i n e d  i s  immeasurable.  A l t e r n a t i v e  
a f t e r  d i s t u r b a n c e  e v e n t s .  s t o p p i n g  p l a c e s  f o r  m i g r a t o r y  w a t e r f o w l  

a r e  r a r e  i n  t h e  r e g i o n ' s  a r i d  l a n d s c a p e ,  
and reduced c o a s t a l  we t l and  a c r e a g e  means 

Urban Development fewer  water-dependent  b i r d s .  

Because  o f  t h e i r  l o c a t i o n  nea r  t h e  
ocean  and n a t u r a l  h a r b o r s ,  s a l t  mar shes  
h a v e  b e e n  p r i m e  s i t e s  f o r  u r b a n  
development .  A s  s t a t e d  i n  t h e  C a l i f o r n i a  
C o a s t a l  P l a n  ( C a l f i o r n i a  C o a s t a l  Zone 
C o n s e r v a t i o n  Commission 1975) : 

" I n  s o u t h e r n  C a l i f o r n i a ,  75 p e r c e n t  
o f  t h e  c o a s t a l  e s t u a r i e s  and w e t l a n d s  
h a v e  b e e n  d e s t r o y e d  o r  s e v e r e l y  
a l t e r e d  by man s i n c e  1 9 0 0 .  
Two-thirds o f  2 8  s i z e a b l e  e s t u a r i e s  
e x i s t i n g  i n  s o u t h e r n  C a l i f o r n i a  a t  
t h e  t u r n  o f  t h e  c e n t u r y  have  been 
dredged o r  f i l l e d . "  

G r e a t  l o s s e s  have  o c c u r r e d  i n  t h e  v i c i n i t y  
o f  Los Angeles  and San Diego.  Comparison 
o f  h i s t o r i c a l  maps w i t h  c u r r e n t  we t l and  
c o n f i g u r a t i o n s  e m p h a s i z e s  t h i s  p o i n t  
( F i g u r e  4 9 ) .  I n  t h e  c a s e  o f  Anaheim Bay, 
w e t l a n d  h a b i t a t  h a s  l a r g e l y  been l o s t  t o  
mar ina  development  and Navy u s e s  ( S p e t h  e t  
a l .  1976) .  J u s t  n o r t h  o f  Anaheim Bay. an  
850  ha  ( 2 , 1 0 0  a c )  we t l and  h a s  been reduced 
t o  a b o u t  209 h a  (517 a c )  now known a s  t h e  
B a l l o n a  Wet land.  Of t h i s  a c r e a g e ,  a b o u t  a  
f i f t h  i s  a  f u n c t i o n i n g  w e t l a n d ,  a b o u t  h a l f  
c o u l d  b e  e a s i l y  r e s t o r e d  b y  b r e a c h i n g  
d i k e s  which p r e v e n t  t i d a l  c i r c u l a t i o n ,  and 
t h e  r e m a i n i n g  a c r e a g e  c o u l d  b e  r e s t o r e d  
w i t h  some d i f f i c u l t y  ( C l a r k  1979) .  I n  San 
Diego Bay, a b o u t  240 ha  (600  a c )  o u t  o f  
800  t o  1 ,200  h a  ( 2 , 0 0 0  t o  3000 a c )  o f  
i n t e r t i d a l  sand and m u d f l a t s  r e m a i n ,  and 
10 t o  15% of t h e  o r i g i n a l  970 h a  ( 2 , 4 0 0  
a c )  o f  s a l t  marsh a r e  l e f t  (Browning and 
S p e t h  1973). 

T h e s e  major  l o s s e s  o f  w e t l a n d  h a b i t a t  
h a v e  c e r t a i n l y  had  i m p a c t s  b e y o n d  t h e  
i m m e d i a t e  a r e a s  d e s t r o y e d .  S o u t h e r n  
C a l i f o r n i a ' s  c o a s t a l  w e t l a n d s  were w e l l  
known f o r  t h e i r  m i g r a t o r y  w a t e r f o w l ,  a s  

L o c a l l y ,  u r b a n i z a t i o n  n e a r  marshes  
c h a n g e s  w a t e r  c i r c u l a t i o n  and  w a t e r  
q u a l i t y ,  i n c r e a s e s  n o i s e  l e v e l s ,  a n d  
a l t e r s  s k y l i n e s  a s  t a l l  b u i l d i n g s  r e p l a c e  
low h o r i z o n s .  Marshes  which were  once  
c o n t i g u o u s  h a v e  become d i s s e c t e d  a n d  
i n t e r r u p t e d  by b a r r i e r s  t o  bo th  an ima l  
movements and p l a n t  d i s p e r s a l .  We a r e  
j u s t  b e g i n n i n g  t o  d i s c o v e r  t h e  impor t ance  
o f  s p e c i e s  movements f rom o n e  we t l and  t o  
a n o t h e r .  It  seems p a r t i c u l a r l y  impor tan t  
f o r  b i r d s  t o  have a l t e r n a t i v e  r e s t i n g  and 
f e e d i n g  s i t e s  n e a r  t i d a l  we t l ands ;  when 
t i d e s  i n u n d a t e  t h e i r  mud and s a n d f l a t  
h a b i t a t s ,  s t l o r e b i r d s  move ups t ream o r  t o  
ponds o r  t o  d r i e r  r o o s t i n g  a r e a s  (Boland 
1981).  

I f  w i l d l i f e  p r o t e c t i o n  were  t h e  o n l y  
c o n s i d e r a t i o n ,  a  program o f  major  w e t l a n d  
e x p a n s i o n  a n d  r e s t o r a t i o n  w o u l d  b e  
i m p l e m e n t e d .  B u t ,  r e c o g n i z i n g  t h e  
impediments  t o  s u c h  i d e o l o g i c a l  s o l u t i o n s  
and a c c e p t i n g  t h e  l i k e l i h o o d  t h a t  even 
f u r t h e r  e l i m i n a t i o n  o f  w e t l a n d  h a b i t a t s  
w i l l  o c c u r ,  i t  is i m p o r t a n t  t o  d e v e l o p  
r e c o m m e n d a t i o n s  w h i c h  w i l l  i n s u r e  t h e  
l e a s t  d e t r i m e n t a l  changes .  Onuf (1980)  
recommended t h a t  p r o t e c t i o n  o f  n a t u r a l  
r e s o u r c e s  b e  t h e  h i g h e s t  p r i o r i t y  i n  t h e  
management o f  c o a s t a l  w e t l a n d s .  The b e s t  
a v a i l a b l e  methods  o f  p r o t e c t i n g  w i l d l i f e  
s h o u l d  be  a p p l i e d .  

D i s c u s s i o n s  among w e t l a n d  s c i e n t i s t s  
and c o a s t a l  p l a n n e r s ,  i n c l u d i n g  a  workshop 
s p e c i f i c a l l y  d e s i g n e d  t o  p r o d u c e  
g u i d e l i n e s  f o r  t h e  p r o t e c t i o n  o f  w e t l a n d  
r e s o u r c e s  (Onuf 1 9 7 9 ) ,  have  l e d  t o  t h e  
development  o f  a  number o f  recommendat ions  
f o r  d e a l i n g  w i t h  development  around t h e  
p e r i p h e r y  o f  w e t l a n d s .  T h e s e  a r e  
summarized i n  t h e  f o l l o w i n g  s u g g e s t i o n s .  
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f H a b i t a t s  w h i c h  make u p  t h e  Reduced T i d a l  C i r c u l a t i o n  

we t l and  complex shou ld  be  c o n t i g u o u s  
w i t h  one  a n o t h e r .  If development  i s  
p r o p o s e d  b e t w e e n  s e g m e n t s  o f  t h e  
we t l and  complex,  it is  a d v i s a b l e  t o  
l e a v e  a  c o r r i d o r  f o r  an ima l  movements 
between t h e  l a r g e r  a r e a s .  

* The we t l and  needs  t o  be  b u f f e r e d  
from a d j a c e n t  deve lopmen t s  by b o t h  
f e n c i n g  ( t o  e x c l u d e  d o g s )  a n d  
v e g e t a t i o n  ( t o  r e d u c e  n o i s e  a n d  
v i s u a l  d i s t u r b a n c e s ) .  The wid th  o f  
t h e  b u f f e r  w o u l d  d e p e n d  o n  t h e  
s p e c i e s  u s i n g  t h e  w e t l a n d ,  s i n c e  
s e n s i t i v i t i e s  may d i f f e r .  More  
i n f o r m a t i o n  is needed t o  d e t e r m i n e  
t h e  b u f f e r  r e q u i r e m e n t s  n e c e s s a r y  f o r  
v a r i o u s  b i r d s .  I n  g e n e r a l ,  w e t l a n d s  
s u r r o u n d e d  b y  b l u f f s  c o u l d  h a v e  
n a r r o w e r  b u f f e r s  t h a n  w e t l a n d s  
su r rounded  by f l a t  t o p o g r a p h y ,  where  
w i l d l i f e  w o u l d  b e  m o r e  a w a r e  o f  
nea rby  a c t i v i t i e s .  

E B u i l d i n g s  c o n s t r u c t e d  n e a r  
w e t l a n d s  c o u l d  p r o v i d e  a  s k y l i n e  t h a t  
s l o p e s  toward  t h e  w e t l a n d ,  s o  t h a t  
b i r d s  w i l l  have  wide r  f l i g h t  p a t h s .  

Deve lope r s  shou ld  be  made aware o f  
t h e  p o s i t i v e  a s p e c t s  o f  w e t l a n d s ,  s o  t h e i r  
n a t u r a l  f e a t u r e s  can  b e  used t o  a d v a n t a g e ,  
r a t h e r  t h a n  i g n o r e d .  The uppe r  f l o o r s  o f  
h o t e l s ,  m o t e l s  and a p a r t m e n t  b u i l d i n g s  
c o u l d  f o c u s  on t h e  w e t l a n d ;  r e s t a u r a n t s  
c o u l d  p r o v i d e  windows  a n d  o t h e r  
v i s i t o r - s e r v i n g  s t r u c t u r e s  t o  p r o m o t e  
t h e i r  p r o x i m i t y  t o  w i l d l i f e  h a b i t a t s  and 
i n c o r p o r a t e  e d u c a t i o n a l  i n f o r m a t i o n  i n t o  
t h e i r  d e c o r .  Where a t t e m p t s  t o  improve 
p u b l i c  a w a r e n e s s  a n d  u n d e r s t a n d i n g  o f  
we t l and  r e s o u r c e s  a r e  made, it may b e  
d e s i r a b l e  t o  p r o v i d e  an o p e n i n g  i n  t h e  
b u f f e r  f o r  d i r e c t  v iewing.  D i s t u r b a n c e s  
t o  w i l d l i f e  may b e  o f f s e t  b y  g r e a t e r  
s u p p o r t  f o r  w i l d l i f e  c o n s e r v a t i o n .  

O t h e r  e d u c a t i o n a l  e f f o r t s ,  e . g .  
C - 7  ,.rieaeopes, - -  i ~ t e r p r e t i v e  signs, 

e t c . ,  c o u l d  b e  p l a c e d  n e a r  o t h e r  p a r k i n g  
l o t s ,  t o  minimize  t h e  a r e a  paved.  

F i l l i n g  o f  we t l and  h a b i t a t s  t o  b u i l d  
r o a d b e d s  o r  b u i l d i n g s  r e d u c e s  t h e  t i d a l  
p r i sm and i n c r e a s e s  t h e  p r o b a b i l i t y  o f  
s a n d  b a r  f o r m a t i o n  a t  t h e  o c e a n  
c o n n e c t i o n ,  a s  d i s c u s s e d  i n  Chap te r  1. 
Fol lowing  c l o s u r e ,  c h a n n e l  w a t e r  becomes 
s t a g n a n t ,  h e a t i n g  u p ,  l o s i n g  o x y g e n ,  
f o s t e r i n g  a l g a l  b l o o m s ,  a n d  u l t i m a t e l y  
c a u s i n g  f i s h  k i l l s  and r e d u c i n g  f o o d s  f o r  
c a r n i v o r o u s  b i r d s .  Closed l a g o o n s  pose  
managemen t  p r o b l e m s  b e c a u s e  n e a r b y  
r e s i d e n t s  compla in  a b o u t  bad smells and 
i n s e c t s  (midges  and m o s q u i t o s )  which b reed  
i n  q u i e t  w a t e r .  

I f ,  a s  d i s c u s s e d  i n  Chap te r  2 ,  t h e r e  
a r e  a l s o  l o c a l  s p e c i e s  e x t i n c t i o n s  ( s u c h  
a s  S p a r t i n a  f o l i o s a  and a s s o c i a t e d  c l a p p e r  
r a i l s ) ,  c l o s e d  l a g o o n s  may become less 
u s e f u l  f o r  t h e  p r e s e r v a t i o n  o f  endangered  
s p e c i e s .  F o r  a l l  o f  t h e s e  r e a s o n s ,  
managers  and b i o l o g i s t s  have  a g r e e d  t h a t  
t i d a l l y  f l u s h e d  w e t l a n d s  a r e  p r e f e r a b l e  t o  
f r e q u e n t l y  o r  p e r s i s t e n t l y  c l o s e d  l a g o o n s  
f e . g .  d i s c u s s i o n s  o f  Los P e n a s q u i t o s  i n  
Metz 1978). 

F u r t h e r m o r e ,  c l o s e d  ocean c o n n e c t i o n s  
p r e v e n t  movement o f  accumula t ed  s e d i m e n t s  
o u t  o f  l a g o o n s .  With  development  o f  s t e e p  
s l o p e s  u p s t r e a m ,  s o u t h e r n  C a l i f o r n i a ' s  
h i g h l y  e r o d i b l e  s o i l s  r e a d i l y  move toward  
t h e  c o a s t .  I n  p l a n n i n g  t o  p r o t e c t  Los 
P e n a s q u i t o s  Lagoon  f r o m  f u r t h e r  
s e d i m e n t a t i o n  w h i l e  s t i l l  a l l o w i n g  
c o n s t r u c t i o n  n o r t h  o f  San Diego,  t h e  San 
D i e g o  A s s o c i a t i o n  o f  G o v e r n m e n t s  h a s  
c a l l e d  f o r  t h e  open ing  o f  i ts i n l e t ,  and 
f u r t h e r  s t u d i e s  t o  d e t e r m i n e  i f  c o n t i n u o u s  
o r  o n l y  p e r i o d i c a l  open ing  is  d e s i r a b l e  
(Huff 1981). 

A v a r i e t y  o f  t e c h n i q u e s  a r e  a v a i l a b l e  
f o r  d r e d g i n g  s e d i m e n t s  and c u t t i n g  t h r o u g h  
sand b a r s ,  from hand s h o v e l l i n g  t o  u s e  o f  
b u l l d o z e r s .  A sand f l u i d i z i n g  sys t em h a s  
b e e n  d e v e l o p e d  r e c e n t l y  b y  Inman a n d  
N c r d s t r o m  : 13771. A l t k o z g t  m l  y  
m o d e r a t e l y  s u c c e s s f u l  i n  t h e  P e n a s q u i t o s  
Lagoon mouth,  where  c o b b l e s  s owed t h e  3 
movement o f  m a t e r i a l s  t o  30 m /fy, t h e  
sys t em s h o u l d  t r a n s p o r t  up  t o  100 m / h r  o f  
p u r e  s a n d .  



The f o l l o w i n g  a r e  recommendations f o r  r a i n f a l l  and  l o c a l  impoundments may b e  
m a i n t a i n i n g  t i d a l  c i r c u l a t i o n :  more i m p o r t a n t  t h a n  r u n o f f  i n  an a v e r a g e  

y e a r .  
1 T i d a l  p r i s m s  s h o u l d  n o t  b e  
reduced by f i l l  w i t h i n  t h e  i n t e r t i d a l  E x p e r i e n c e s  a t  t h e  San Diego R ive r  
zone .  marsh ( Z e d l e r  1981b) l e a d  t o  an  i m p o r t a n t  

recommendation:  
8 Unnatura l  sediment  i n p u t  shou ld  
b e  c o n t r o l l e d  u p s t r e a m .  V a r i o u s  
n o n - s t r u c t u r a l  measures  a r e  a v a i l a b l e  
t o  r e d u c e  e r o s i o n ,  i n c l u d i n g  
p r o h i b i t i n g  g r a d i n g  d u r i n g  t h e  r a i n y  
s e a s o n  a n d  r e q u i r i n g  t h a t  g r a d e d  
s l o p e s  b e  s t a b i l i z e d  p r i o r  t o  f a l l  
r a i n s .  

8 An annua l  c y c l e  o f  c l o s u r e  d u r i n g  
t h e  d r y  summer a n d  r e o p e n i n g  
f o l l o w i n g  w i n t e r  r a i n s  i s  n o t  
n e c e s s a r i l y  u n n a t u r a l  f o r  a w e t l a n d ,  
u n l e s s  t h a t  s y s t e m  h i s t o r i c a l l y  
m a i n t a i n e d  an open i n l e t .  S i g n s  o f  
p a r a m o u n t  c o n c e r n  a r e  i n c r e a s i n g  
d u r a t i o n  o f  c l o s u r e  and d e c r e a s i n g  
w a t e r  q u a l i t y  d u r i n g  t h e  c l o s e d  
p e r i o d  . 
f T i d a l  p r i sms  can be  i n c r e a s e d  by 
removing f i l l  and d r e d g i n g  c h a n n e l s ,  
d i s c u s s e d  under s e c t i o n  4 .  

A l t e r e d  Watershed Hydrology 

J u s t  a s  m o d i f i c a t i o n  o f  w a t e r  f l o w  
f r o m  t h e  ocean s i d e  h a s  a  major  impact  on 
c o a s t a l  w e t l a n d ,  so can m o d i f i c a t i o n  o f  
t h e  s t r e a m  d r a i n a g e .  Chap te r  2 d e s c r i b e d  
how t h e  r e l e a s e  o f  r e s e r v o i r  w a t e r  n e a r l y  
zli.nainntcxd a downstream sill t marsh.  

U n n a t u r a l l y  l o n g  p e r i o d s  o f  
f r e s h w a t e r  i n u n d a t i o n  k i l l e d  h a l o p h y t e s ,  
l e a c h e d  s o i l  s a l t s ,  and a l lowed  f r e s h w a t e r  
m a r s h  t o  r e p l a c e  s a l t  marsh v e g e t a t i o n .  
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 s  d e t r i m e n t a l  
t o  c o a s t a l  w e t l a n d s ,  However, t h e  impac t  
of  e x c l u d i n g  f r e s h w a t e r  f l o w  i s  l e s s  
c l e a r .  F re sh  w a t e r  is v e r y  i m p o r t a n t  t o  
s a l t  z a r s h  s p e c i e s  becauss o f  t h e  s t i rnui t i s  
it p r o v i d e s  f o r  seed  g e r m i n a t i o n .  Annual 
s p e c i e s  and s p e c i e s  which l a c k  v e g e t a t i v e  
r e p r o d u c t i o n  a r e  p a r t i c u l a r l y  dependen t  on 
f r e s h w a t e r  i n p u t .  However ,  d i r e c t  

* Management o f  c o a s t a l  w e t l a n d s  
s h o u l d  b e  c o o r d i n a t e d  w i t h  management 
e l s e w h e r e  i n  t h e  w a t e r s h e d .  T h e  
recommendation is p a r t i c u l a r l y  t r u e  
f o r  w a t e r  and sand management, b u t  i t  
a l s o  h o l d s  f o r  m a n a g e m e n t  o f  
w a t e r b o r n e  f e r t i l i z e r s ,  p e s t i c i d e s ,  
and o t h e r  t o x i n s ,  whose i m p a c t s  o n  
s o u t h e r n  C a l i f o r n i a  w e t l a n d s  a r e  
l i t t l e  known. 

Dredging 

Major d r e d g i n g  p r o j e c t s  have  o c c u r r e d  
i n  t h e  h a r b o r s  o f  Los Ange le s ,  Long Beach 
and San Diego ,  and t o  m a i n t a i n  t h e  ocean 
i n l e t s  t o  a  number o f  l a g o o n s .  Nea r ly  a l l  
o f  Agua H e d i o n d a  h a s  b e e n  d r e d g e d  t o  
m a i n t a i n  a  s o u r c e  o f  c o o l i n g  w a t e r  f o r  t h e  
Encina  Power P l a n t  ( F i g u r e  4 9 ) .  Openwater 
f i s h i n g  a n d  b o a t i n g  a c t i v i t i e s  h a v e  
r e p l a c e d  marsh communi t i e s ,  b u t  a b o u t  7 0  
a c r e s  o f  e e l g r a s s  b e d s  h a v e  d e v e l o p e d  
where marsh used t o  o c c u r  (Bradshaw e t  a l .  
1 9 7 6 ) .  Where  d r e d g i n g  i s  n o t  t o o  
f r e q u e n t ,  t h e  d e v e l o p m e n t  o f  v i a b l e  
a q u a t i c  communi t ies  can  l e s s e n  t h e  o v e r a l l  
r e d u c t i o n  o f  n a t u r a l  r e s o u r c e s .  

S i n c e  d r e d g i n g  o f  e x i s t i n g  c h a n n e l s  
is recommended a s  one way o f  i n c r e a s i n g  
t i d a l  p r i s m s ,  a n d  s i n c e  d r e d g i n g  i s  
n e c e s s a r y  t o  c r e a t e  we t l and  h a b i t a t  from 
f i l l e d  o r  o t h e r  u p l a n d  t o p o g r a p h y ,  
e c o l o g i c a l  g u i d e l i n e s  a r e  n e e d e d .  
U n f o r t u n a t e l y ,  l i t t l e  r e s e a r c h  h a s  been 
d i r e c t e d  toward t h e s e  needs .  A t  l e a s t  two 
c u r r e n t  p l a n s ,  w h i c h  a r e  a t t e m p t s  t o  
m i t i g a t e  l o s s e s  o f  we t l and  h a b i t a t  n e a r b y ,  
c a l l  f o r  t h e  c o n s t r u c t i o n  o f  i n t e r t i d a l  
a n d  s u b t i d a l  h a b i t a t s  f r o m  h i g h e r  
topography-  I n  Cos Angeles  Harbor ,  t h e  
P o r t  District hopes  t o  c r e a t e  a  v a r i e t y  o f  
c h a n n e l ,  beach  and marsh h a b i t a t s  w i t h i n  a  
f i v e - a c r e  p a r c e l .  On t h e  wes t  s i d e  o f  San 



D i e g o  B a y ,  c r e a t i o n  o f  c h a n n e l  a n d  
i n t e r t i d a l  marsh  by removing sandy  beach  
m a t e r i a l  is  p lanned  f o r  a  0 . 7 - h a  (1.7- a c )  
a r e a  n e a r  Coronado Cays.  

Concerns  which s h o u l d  b e  a d d r e s s e d  i n  
d e v e l o p i n g  g u i d e l i n e s  f o r  d r e d g i n g  
i n c l u d e :  

* I t  i s  d e s i r a b l e  t o  s a l v a g e  
r e s o u r c e s  t h a t  a r e  removed d u r i n g  t h e  
d r e d g i n g  p r o c e s s  whenever p o s s i b l e .  
F o r  e x a m p l e ,  e e l g r a s s  a n d  m a r s h  
v e g e t a t i o n  shou ld  be saved  f o r  f u t u r e  
r e p l a n t i n g  o r  t r a n s p l a n t a t i o n  t o  
o t h e r  a r e a s  which would be  enhanced 
by such  v e g e t a t i o n .  

* D i s t u r b a n c e s  t o  f i s h  a n d  b i r d  
l i f e  c o u l d  be  minimized by t i m i n g  t h e  
d r e d g i n g  t o  avo id  t h e i r  r e p r o d u c t i v e  
p e r i o d s .  L a t e  summer a p p e a r s  t o  b e  
t h e  l e a s t  d i s r u p t i v e  time f o r  t h e s e  
s p e c i e s .  

* H a b i t a t s  d e s i g n e d  t o  s u p p o r t  
i n t e r t i d a l  marsh v e g e t a t i o n  s h o u l d  b e  
g e n t l y  s l o p e d  ( s e e  t h e  example o f  a  
n a t u r a l  p r o f i l e  i n  F i g u r e  16 ,  which  
a v e r a g e s  0 .7%,  o r  0 .8  m r i se  i n  115 
m). Marsh v e g e t a t i o n  c a n  b e  e x p e c t e d  
t o  grow f rom a b o u t  2 dm above  mean 
s e a  l e v e l  t o  ex t r eme  h i g h  w a t e r  ( c f .  
F i g u r e  9 ) .  

@ H a b i t a t s  d e s i g n e d  t o  s u p p o r t  
s e l e c t e d  f i s h  s p e c i e s  s h o u l d  t a k e  
i n t o  a c c o u n t  t h e i r  u s u a l  h a b i t a t  
f e a t u r e s ,  e s p e c i a l l y  bot tom s e d i m e n t  
t y p e s  and c u r r e n t  s p e e d s .  

V e h i c l e  And O t h e r  Trampl ing Problems 

The a c c e s s i b i l i t y  of  upper  marsh and 
t r a n s i t i o n a l  a r e a s  t o  v e h i c l e  and f o o t  
t r a f f i c  s u b j e c t  them t o  d e n u d a t i o n  ( F i g u r e  
30) and o t h e r  a b u s e s  t o  t h e  p o i n t  where  
s p e c i e s  become t h r e a t e n e d  by e x t i n c t i o n  
( e .g .  t h e  s a l t  marsh b i r d 1 s  b e a k ) .  The 
c o r r e s p o n d i n g  p o p u l a r  view o f  m a r s h l a n d s  
a s  w a s t e l a n d s  h a s  l i k e w i s e  had a  n e g a t i v e  
i m p a c t ,  a s  marsh h a b i t a t s  have  been used 

a s  dumping g r o u n d s  f o r  r e f u s e .  I t  is  a  
r a r e  we t l and  t h a t  e s c a p e s  d e p o s i t i o n  o f  a  
used  couch ,  shopp ing  c a r t ,  m a t t r e s s ,  o r  
ga rden  t r immings .  

I n  many c a s e s ,  a  s i n g l e  v e h i c l e  p a s s  
c a n  h a v e  a  l a s t i n g  e f f e c t  o n  m a r s h  
v e g e t a t i o n .  When s o i l s  a r e  we t ,  t i r e s  
r e a d i l y  c u t  t h r o u g h  r o o t  s y s t e m s  and bu ry  
p l a n t s  i n  mud. The r e s u l t i n g  r u t s  impede 
d r a i n a g e  when t h e y  a r e  made a c r o s s  t h e  
s l o p e ,  and a c c e l e r a t e  d r a i n a g e  when t h e y  
p roceed  downslope.  Because  marsh  p l a n t s  
a r e  s e n s i t i v e  t o  c h a n g e s  i n  e l e v a t i o n  o f  
a s  l i t t l e  a s  10 cm, and b e c a u s e  changes  i n  
d r a i n a g e  a l t e r  b o t h  s o i l  m o i s t u r e  a n d  
s a l i n i t y ,  s u c h  o f f - r o a d  v e h i c l e  u s e  c a n  
c a u s e  d r a m a t i c  c h a n g e s  i n  s p e c i e s  
c o m p o s i t i o n .  I n  a d d i t i o n  t o  d e n u d a t i o n  
and r u t  f o r m a t i o n ,  o f f - road  v e h i c l e s  pose  
a  n o i s e  problem. 

L e s s  damaging t o  t h e  marsh ,  b u t  s t i l l  
a  p o t e n t i a l  c a u s e  f a r  c o n c e r n ,  i s  f o o t  
t r a f f i c .  E f f e c t s  o f  t r a m p l i n g  p ickleweed 
( S a l i c o r n i a  v i r g i n i c a )  w e r e  s t u d i e d  b y  
McIn ty re  (1977)  i n  t h e  San Diego R ive r  
m a r s h .  B o t h  t i m i n g  a n d  i n t e n s i t y  o f  
t r a m p l i n g  were i n v e s t i g a t e d  e x p e r i m e n t a l l y  
i n  w i n t e r ,  s p r i n g  and summer o f  1976. The 
s o i l  and v e g e t a t i o n  were b o t h  e x t r e m e l y  
s e n s i t i v e  t o  t r a m p l i n g ,  even i n  t h e  l e a s t  
s e v e r e  t r e a t m e n t s .  S o i l s  became compacted 
and d r a i n a g e  was a l t e r e d .  Heavy t r a m p l i n g  
i n  w i n t e r  d e c r e a s e d  s o i l  m o i s t u r e ,  w h i l e  
t r a m p l i n g  i n  summer l e d  t o  h i g h e r  s o i l  
m o i s t u r e  a s  t h e  d e p r e s s e d  t o p o g r a p h y  
t r a p p e d  t i d a l  w a t e r .  Damage t o  v e g e t a t i o n  
t ended  t o  b e  g r e a t e s t  d u r i n g  t h e  s p r i n g  
t r a m p l i n g  e x p e r i m e n t s ,  w h i c h  c o i n c i d e d  
w i t h  t h e  p e r i o d  o f  g r e a t e s t  growth.  

I n  d e v e l o p i n g  r e c o m m e n d a t i o n s  f o r  
c o n t r o l  o f  v i s i t o r  u s a g e  o f  m a r s h  
h a b i t a t s ,  it is i m p o r t a n t  t o  r e c o g n i z e  
t h a t  t h e r e  i s  a n  i m m e d i a t e  i m p a c t  t o  
a n i m a l s  t h r o u g h  n o i s e  a n d  v i s u a l .  
d i s t u r b a n c e ,  and a  l a s t i n g  impac t  t o  s o i l s  
and v e g e t a t i o n .  S i n c e  o f f - r o a d  v e h i c l e s  
and dumping a c t i v i t i e s  a r e  d e t r i m e n t a l ,  

z A l l  wheeled  v e h i c l e s  s h o u l d  b e  
e x c l u d e d  from c o a s t a l  marshes  . S i n c e  
v i s i t o r s  o n  f o o t  c a n  d e r i v e  



a p p r e c i a t i o n  from wet land h a b i t a t s ,  
t h e i r  d e t r i m e n t a l  e f f e c t s  s h o u l d  b e  
l e s s e n e d  by s e v e r a l  managemen t  
p r a c t i c e s .  

* Where a r e a s  o f  wet s o i l s  a r e  t o  
b e  v i e w e d ,  b o a r d w a l k s  c o u l d  b e  
c o n s t r u c t e d  t o  c o n f i n e  v i s i t o r s  t o  
s e l e c t e d  r o u t e s  a n d  t o  p r e v e n t  
v e g e t a t i o n  t r a m p l i n g ,  s o i l  compact ion  
and a l t e r a t i o n  o f  d r a i n a g e .  

* T r a f f i c  i n t o  t h e  marsh shou ld  be 
l i m i t e d  d u r i n g  t h e  b i r d  n e s t i n g  
s e a s o n .  

* S p o t t i n g  s c o p e s  o r  t e l e s c o p e s  
i p e r h a p s  t h e  p a y  t y p e )  c o u l d  b e  
i n s t a l l e d  nea r  b l i n d s  t o  encourage  
v iewing from a f a r .  

* T r a i l s  a l o n g  t h e  marsh p e r i p h e r y  
s h o u l d  b e  c o n s o l i d a t e d  a n d  m a r k e d  
w i t h  r o p e s  and s i g n s .  

+ I n t e r p r e t i v e  s i g n s  c o u l d  i n s t r u c t  
v i s i t o r s  on t h e  d e t r i m e n t a l  e f f e c t s  
of t r a m p l i n g  and n o i s e .  I n f o r m a t i o n  
s h o u l d  be  p rov ided  i n  a  c o n s t r u c t i v e  
t o n e ,  r a t h e r  t h a n  e n t i r e l y  
p r o h i b i t i v e ,  t o  encourage  a p o s i t i v e  
a t t i t u d e .  

Mosqui to  C o n t r o l  

A l t h o u g h  t h e  n u m b e r s  o f  m o s q u i t o s  
w h i c h  d e v e l o p  i n  s o u t h e r n  C a l i f o r n i a  
c o a s t a l  w e t l a n d s  a r e  l o w ,  e s p e c i a l l y  
r e l a t i v e  t o  more humid c l i m a t i c  r e g i o n s ,  
t h e r e  i s  a n  a c t i v e  c a m p a i g n  t o  l i m i t  
mosqu i to  p o p u l a t i o n s .  T h i s  r e s u l t s  f rom 
t w o  f a c t o r s :  f i r s t ,  i n c i d e n c e s  o f  
e n c e p h a l i t u s  and m a l a r i a ,  and second ,  t h e  
f a c t  t h a t  n a t u r a l l y  low mosqu i to  d e n s i t i e s  
make it f e a s i b l e  t o  c o n t r o l  o u t b r e a k s .  
P u b l i c  o u t c r i e s  i n  r e s p o n s e  t o  a f e w  
m o s q u i t o  b i t e s  r e s u l t  f r o m  t h e  u s u a l  
a b s e n c e  o f  b i t i n g  i n s e c t s  i n  t h e  r e g i o n  
a n d  t h e  l a c k  o f  s c r e e n s  o n  many 
r e s i d e n c e s .  

P r o b l e m s  i n  r e d u c i n g  v e c t o r  and  
n u i s a n c e  i n s e c t  p o p u l a t i o n s  a r i s e  when 

c o n t r o l  p r a c t i c e s  i n t e r f e r e  w i t h  w i l d l i f e  
m a n a g e m e n t .  D i t c h i n g  o f  p o n d s  w h i c h  
p r o v i d e  h a b i t a t  f o r  i n s e c t  l a r v a e  c a n  
i n t e r f e r e  w i t h  d r a i n a g e  o f  t h e  we t l and  a s  
well a s  e l i m i n a t e  h a b i t a t  known t o  b e  
i m p o r t a n t  f o r  s h o r e b i r d s .  Use  o f  
p e s t i c i d e s  may b e  t o x i c  t o  n o n - t a r g e t  
s p e c i e s .  S p r e a d i n g  o f  o i l  o n  pond  
s u r f a c e s ,  o n c e  t h e  common p r a c t i c e ,  
o f t e n  c r e a t e d  more b r e e d i n g  h a b i t a t  t h a n  
it e l i m i n a t e d ,  a s  t r a c k  v e h i c l e s  c r o s s e d  
marshes  and c r e a t e d  r u t s  which  impounded 
w a t e r .  C u r r e n t  methods ,  a t  l e a s t  i n  San 
D i e g o  C o u n t y ,  a r e  t o  m o n i t o r  l a r v a l  
d e n s i t i e s  and hand s p r a y  o n l y  t h o s e  a r e a s  
r e a c h i n g  dange r  l e v e l s .  Where p o s s i b l e ,  
m o s q u i t o f i s h  (Gambusia a f f i n i s )  a r e  used  
a s  a  b i o l o g i c a l  c o n t r o l  measure .  However, 
i n  a r e a s  o f  d e n s e  v e g e t a t i o n  t h e y  a r e  
i n e f f e c t i v e .  A t  San E l i  j o  Lagoon, c a t t a i l  
( T y p h a  s p p . )  v e g e t a t i o n  i s  s o m e t i m e s  
b u r n e d  t o  o p e n  t h e  h a b i t a t  f o r  
m o s q u i t o f i s h .  

I n  a t t e m p t i n g  t o  r e s o l v e  t h e  p rob lems  
o f  p e s t  c o n t r o l  and w i l d l i f e  management, 
t h e  C a l i f o r n i a  Depar tment  o f  P a r k s  and 
R e c r e a t i o n  h a s  d r a f t e d  s e v e r a l  
recommendat ions ,  summarized a s  f o l l o w s :  

* T i d a l  f l u s h i n g  s h o u l d  be  r e s t o r e d  
where man's  a c t i v i t i e s  have  caused  
t h e  impoundment o f  w a t e r ,  

* Horses  shou ld  b e  e x c l u d e d ,  s i n c e  
hoof d e p r e s s i o n s  c r e a t e  a d d i t i o n a l  
mosqu i to  h a b i t a t .  Foot  t r a f f i c  i n  
muddy a r e a s  s h o u l d  b e  c o n t r o l l e d  w i t h  
b o a r d w a l k s ,  a s  d i s c u s s e d  i n  t h e  
p r e v i o u s  s e c t i o n .  

i U t i l i z e  m o s q u i t o f i s h  w h e r e  
p o s s i b l e .  

k Pump impounded  w a t e r s  a t  

i n t e r v a l s  t o  r e d u c e  l a r v a l  h a b i t a t .  

6.3 DEVELOPING PLANS FOR THE ESTABLISH- 
MENT AND ENHANCEMENT OF WETLANDS 

The C a l i f o r n i a  C o a s t a l  Conservancy is 
i n v o l v e d  i n  a number o f  we t l and  p r o j e c t s  
t h r o u g h o u t  s o u t h e r n  C a l i f o r n i a ,  Each  



p r o j e c t  a t t e m p t s  t o  c a r r y  o u t  t h e  
o b j e c t i v e s  o f  t h e  C o a s t a l  Act w h i l e  
r e s o l v i n g  t h e  p o l i t i c a l ,  economical  and 
e c o l o g i c a l  c o n f l i c t s  which s u r r o u n d  e a c h  
we t l and .  S c i e n t i s t s  have  been b r o u g h t  
i n t o  t h e  p l a n n i n g  phase  o f  t h e s e  p r o j e c t s ,  
and p r o c e d u r a l  g u i d e l i n e s  a r e  emerg ing .  
T h i s  s e c t i o n  d i s c u s s e s  s e v e r a l  d e s i g n  
c o n c e p t s  which s h o u l d  b e  c o n s i d e r e d  i n  
p l a n n i n g  f o r  w e t l a n d  e s t a b l i s h m e n t  o r  
e n h a n c e m e n t ,  a n d  t h e n  s u m m a r i z e s  t h e  
e c o l o g i c a l  c a p a b i l i t i e s  a n d  p r o b l e m s  
i n h e r e n t  i n  imp lemen t ing  s u c h  p r o j e c t s .  

E c o l o g i c a l  Concep t s  F o r  Des ign ing  Wet l ands  

Developing p r i o r i t i e s  f o r  t h e  t y p e s  
o f  s p e c i e s  and h a b i t a t s  which s h o u l d  b e  
p r e s e r v e d  o r  e n h a n c e d  o f t e n  l e a d s  t o  
a t t e m p t s  t o  p u t  v a l u e s  o n  n a t u r a l  
r e s o u r c e s .  T h o s e  s p e c i e s  w h i c h  h a v e  
become s o  r educed  i n  numbers t h a t  t h e y  
a c h i e v e  endange red  s t a t u s  o f t e n  a r e  g i v e n  
s p e c i a l  c o n s i d e r a t i o n ,  a n d  w h o l e  
deve lopmen t s  have  been h a l t e d  f o r  c o n c e r n  
o v e r  a  s i n g l e  s p e c i e s .  Yet it would seem 
t h a t  a l l  n a t i v e  s p e c i e s  d e s e r v e  o u r  
c o n c e r n ,  j u s t  a s  a l l  n a t u r a l  e c o s y s t e m s  
d e s e r v e  c o n s i d e r a t i o n  i n  o u r  o v e r a l l  
management o u t l o o k .  E h r e n f e l d  (1976)  h a s  
p o i n t e d  o u t  t h e  f a l l a c i e s  o f  a t t a c h i n g  
v a r i o u s  economic v a l u e s  t o  n a t i v e  s p e c i e s .  
C l e a r l y ,  some h a v e  i m p o r t a n t  e c o n o m i c  
r a m i f i c a t i o n s ,  e . g .  s p e c i e s  v a l u e d  i n  
h u n t i n g ,  f i s h i n g ,  u s e d  i n  p r o d u c i n g  
v a l u a b l e  n a t u r a l  p r o d u c t s ,  e t c .  But many 
d o  n o t .  T h e s e ,  h e  s a y s ,  s h o u l d  b e  
r e c o g n i z e d  f o r  what t h e y  a r e :  V a l u a b l e  
b u t  "non-economic r e s o u r c e s . "  

Because  t h e r e  a r e  s e v e r a l  endange red  
s p e c i e s  which i n h a b i t  s o u t h e r n  C a l i f o r n i a  
c o a s t a l  w e t l a n d s ,  much o f  t h e  argument f o r  
p r e s e r v i n g ,  c o n s e r v i n g ,  r e s t o r i n g ,  a n d  
e n h a n c i n g  t h e s e  w e t l a n d s  f o c u s e s  o n  
s e l e c t e d  s p e c i e s  ( T a b l e  18). A t  t h e  same 
time, t h e  C a l i f o r n i a  C o a s t a l  Act c a l l s  f o r  
m a i n t e n a n c e  a n d  e n h a n c e m e n t  o f  t h e  
w e t l a n d s  a s  a  w h o l e .  Most o f  t h e  
e n d a n g e r e d  s p e c i e s  p r o b a b l y  owe t h e i r  
r educed  p o p u l a t i o n  s i z e  t o  r e d u c t i o n s  i n  
h a b i t a t ,  s o  t h e r e  would seem t o  be  no  
c o n f l i c t  i n  m a n a g i n g  f o r  i n d i v i d u a l  

s p e c i e s  o r  f o r  w e t l a n d  e c o s y s t e m s .  Where 
a  f u n c t i o n i n g  we t l and  e x i s t s ,  m a i n t a i n  its 
n a t u r a l  f e a t u r e s .  However, i n  d e s i g n i n g  
m o d i f i c a t i o n  o f  d i s t u r b e d  h a b i t a t  a n d  
d e v e l o p i n g  m i t i g a t i o n  p l a n s  f o r  w e t l a n d  
a l t e r a t i o n s ,  t h e  f i r s t  q u e s t i o n  is what 
t y p e  o f  h a b i t a t  s h o u l d  b e  c r e a t e d .  Should  
h a b i t a t  f o r  t h e  most  endange red  s p e c i e s  
( i f  t h a t  c o u l d  b e  d e t e r m i n e d )  t a k e  
p recedence?  Or ,  a t  t h e  o p p o s i t e  e x t r e m e ,  
s h o u l d  some o f  a l l  t y p e s  o f  h a b i t a t s  b e  
i n c o r p o r a t e d  i n  t h e  " l a n d s c a p e  d e s i g n w ?  
L ike  t h e  new shopp ing  c e n t e r ,  s h o u l d  e a c h  
w e t l a n d  p r o j e c t  have  i ts f a s t  food o u t l e t  
( f l y - o v e r  f i s h  pond) ,  s u p e r m a r k e t  (mud- o r  
s a n d f l a t  f e e d i n g  g r o u n d ) ,  p a r k i n g  l o t  
( r o o s t i n g  a r e a ) ,  b o u t i q u e  ( s i t e  f o r  r a r e  
b u t  i n t e r e s t i n g  s p e c i e s ) ,  and depa r tmen t  
s t o r e  ( i n t e r t i d a l  marsh complex)?  

A t  t h i s  s t a g e ,  some comments, b u t  few 
c o n c l u s i o n s ,  c a n  b e  made. C r i t i c a l  t o  t h e  
d i s c u s s i o n  is u n d e r s t a n d i n g  t h e  optimum 
a r e a l  d i s t r i b u t i o n  o f  h a b i t a t s  f o r  
ma in tenance  o f  n a t i v e  s p e c i e s .  Management 
p l a n s  m u s t  t a k e  i n t o  a c c o u n t  t h e  
management n e e d s ,  n o t  o n l y  o f  t h e  l o c a l  
a r e a ,  b u t  a l s o  o f  t h e  e n t i r e  r e g i o n  and 
beyond. P l a n s  s h o u l d  n o t  b e  deve loped  
i n d e p e n d e n t l y ,  w i t h o u t  r e g a r d  f o r  o t h e r  
p r o j e c t s ,  b u t  s h o u l d  p roceed  m u t u a l l y  w i t h  
c o n s i d e r a t i o n  o f  how b o t h  r e g i o n a l  and 
l o c a l  o b j e c t i v e s  c a n  b e s t  b e  met. Once 
t h e s e  o b j e c t i v e s  a r e  u n d e r s t o o d ,  t h e  
q u e s t i o n  o f  a r e a  and d i s t r i b u t i o n  o f  a r e a s  
c a n  b e  c o n s i d e r e d .  The p r i n c i p l e s  o f  
i s l a n d  b iogeography  (MacArthur and Wilson 
1967) migh t  a s s i s t  t h e  d e c i s i o n -  making 
p r o c e s s .  G e n e r a l i z i n g  from what we know 
a b o u t  i s l a n d s ,  we would e x p e c t  b i g  w e t l a n d  
a r e a s  t o  a t t r a c t  and s u p p o r t  a  l a r g e r  
number o f  s p e c i e s  ( e s p e c i a l l y  b i r d s ) ,  and 
t h a t  w e t l a n d s  c l o s e  t o  a  s o u r c e  o f  s p e c i e s  
would have  a  h i g h e r  p r o b a b i l i t y  o f  b e i n g  
c o l o n i z e d  b y  t h o s e  s p e c i e s  t h a n  wou ld  
d i s t a n t  w e t l a n d s .  

E c o l o g i c a l  A s p e c t s  o f  R e s t o r i n g  Marshes 

S e v e r a l  p l a n s  f o r  r e s t o r i n g  w e t l a n d s  
have  been proposed t h r o u g h o u t  C a l i f o r n i a  
a n d  a  f e w  a r e  i n  t h e  i m p l e m e n t a t i o n  
phases .  The b i g g e s t  p r o j e c t  i n  s o u t h e r n  



T a b l e  18. L i s t  o f  endangered  s p e c i e s  known t o  u t i l i z e  s o u t h e r n  C a l i f o r n i a  
c o a s t a l  w e t l a n d s  ( f rom U S D I  Fish and Wildlife Service 1 9 8 0 ) .  

Common name S c i e n t i f i c  name Usual  h a b i t a t  

American p e r e g r i n e  f a l c o n  F a l c o  p e r e g r i n u s  anatum Over s h o r e l i n e s  

Brown p e l i c a n  

L igh t - foo ted  c l a p p e r  r a i l  

P e l e c a n u s  o c c i d e n t a l i s  Deep w a t e r  

R a l l u s  l o n g i r o s t r i s  l e v i p e s  Lower marsh  

C a l i f o r n i a  l e a s t  t e r n  S t e r n a  a l b i f r o n s  browni Unvege ta t ed  f l a t s  

B e l d i n g ' s  savannah sparrow* P a s s e r c u l u s  s a n d w i c h e n s i s  Higher  marsh  
be ld in r r i  

Sa l t -marsh  b i r d ' s  beak  C o r d y l a n t h u s  m a r i t i m u s  Higher  marsh  
s s p .  m a r i t i m u s  

% L i s t e d  by S t a t e  o f  C a l i f o r n i a  o n l y .  

C a l i f o r n i a  is t h e  32-ha  ( 8 0 - a c )  a r t i f i c i a l  
i s l a n d  c o n s t r u c t e d  i n  s o u t h  San Diego Bay 
unde r  t h e  d i r e c t i o n  o f  t h e  P o r t  o f  San 
D i e g o .  T h i s  p r o j e c t  was d e s i g n e d  t o  
p r o v i d e  w i l d l i f e  h a b i t a t  i n  an  a r e a  where 
n a t u r a l  m a r s h e s  h a v e  d i m i n i s h e d  
s u b s t a n t i a l l y ,  w h i l e  g r e a t l y  r e d u c i n g  
c o s t s  o f  d redge  s p o i l  d i s p o s a l .  Dredge 
s p o i l s  were pumped f rom a  nea rby  mar ina  
d e v e l o p m e n t  p r o j e c t  t o  a  d i k e d  a r e a  
between t h e  i n t a k e  and o u t f l o w  c h a n n e l s  o f  
t h e  San Diego Gas & E l e c t r i c  Company power 
p l a n t ,  Dredging arid s p o i l  d e p o s i t i o n  were  
comple t ed  i n  1980,  b u t  t h e  i s l a n d  is s t i l l  
s e t t l i n g  t o  e l e v a t i o n s  s u i t a b l e  f o r  t h e  
p l anned  marsh h a b i t a t .  [De te rmin ing  t h e  
s t a t e  o f  t h e  a r t  o f  C a l i f o r n i a ' s  w e t l a n d  
r e s t o r a t i o n  p r o j e c t s  is t h e  t o p i c  o f  a  
Februa ry  1982 R e s t o r a t i o n  Workshop, f o r  
which  p r o c e e d i n g s  w i l l  be  a v a i l a b l e  from 
t h e  T i b u r o n  C e n t e r  f o r  E n v i r o n m e n t a l  
S t u d i e s ,  P. 0.  Box 855, T i b u r o n ,  
C a l i f o r n i a  94920.1 The d i s c u s s i o n  h e r e  
w i l l  f o c u s  on marsh r e s t o r a t i o n  c o n c e p t s  
and problems f o r  s o u t h e r n  C a l i f o r n i a .  

The term w r e s t o r a t i o n l q  is u s ~ d  r a t h e r  
l o o s e l y ,  s i n c e  i t  i s  n o t  c l e a r  w h a t  
p r e - d i s t u r b a n c e  marshes  were l i k e ,  e i t h e r  
i n  s t r u c t u r e  o r  f u n c t i o n i n g ,  S i n c e  i t  i s  

l i k e l y  t h e y  were dynamic e n t i t i e s ,  a s  t h e y  
a r e  now, o n e  would h a v e  t o  p i c k  some 
a r b i t r a r y  c o n f i g u r a t i o n  t o  d u p l i c a t e  i f  
t h e  o b j e c t i v e  were t o  r e t u r n  marshes  t o  
t h e i r  f o r m e r ,  unimpaired  c o n d i t i o n .  More 
r e a l i s t i c  and more p r a c t i c a b l e  is  a  l o o s e r  
a p p l i c a t i o n  o f  t h e  term, m e a n i n g  t o  
improve o r  enhance  t h e  marsh i n  ways t h a t  
r e s e m b l e  e c o l o g i s t s '  p e r c e p t i o n  o f  
p r e - s e t t l e m e n t  w e t l a n d s .  For t h i s ,  less 
d i s t u r b e d  w e t l a n d s  a r e  used  a s  a  model ,  
a n d  t h e  c h a r a c t e r i s t i c s  d e s c r i b e d  i n  
p r e c e d i n g  c h a p t e r s  and summarized i n  T a b l e  
19  a r e  t h e  o b j e c t i v e s .  

G e n e r a l  recommendat ions  f o r  r e s t o r i n g  
w e t l a n d s  i n c l u d e :  

* Enhancement p l a n s  s h o u l d  b u i l d  on 
t h e  a s s e t s  o f  t h e  mod i f i ed  w e t l a n d ,  
m a i n t a i n i n g  t h o s e  f e a t u r e s  o f  h i g h e s t  
n a t u r a l  r e s o u r c e  v a l u e ,  and p l a n n i n g  
f o r  improvements which w i l l  r e q u i r e  
t h e  l e a s t  a d d i t i o n a l  m o d i f i c a t i o n  
( b e c a u s e  t h e y  a r e  most  l i k e l y  t o  be  
s u c c e s s f u l ) .  For example ,  i f  one  
t y p e  of n a t u r a l  community exists, it 
%ay Se more f e a s i b l e  t o  expand t h i s  
a r e a  ( b y  p r o v i d i n g  s u i t a b l e  
e l e v a t i o n s ,  t i d a l  c i r c u l a t i o n ,  o r  



T a b l e  19. A t t r i b u t e s  a s s o c i a t e d  w i t h  more- and l e s s - d i s t u r b e d  w e t l a n d s  i n  s o u t h e r n  C a l i f o r n i a .  

Wetland F e a t u r e  L e s s - d i s t u r b e d  w e t l a n d s  More-d is turbed  w e t l a n d s  

Phys iography  S m a l l ,  c o n f i n e d  t o  nar row r i v e r  v a l l e y s ,  S i z e  o f  marsh  and c h a n n e l s  h a s  been r e d u c e d  
s e p a r a t e d  by c o a s t a l  h i l l s ;  most  have  t o  a  s m a l l  f r a c t i o n  o f  o r i g i n a l  a r e a .  
s m a l l  w a t e r s h e d s .  

T i d a l  f l u s h i n g  U s u a l l y  open  t o  t h e  o c e a n .  More f r e q u e n t l y  b l o c k e d  t h a n  t h e y  would h a v e  
been n a t u r a l l y .  

Hydrology Dominated by s e a  w a t e r  most  o f  t h e  y e a r ;  I f  c l o s e d  t o  t i d e s ,  l a g o o n  w a t e r  may become 
f l o o d i n g  o c c u r s  i n  wet  y e a r s .  e i t h e r  h y p e r s a l i n e  (>4O p p t )  o r  b r a c k i s h  

( 0 . 5  t o  30 p p t ) .  Range o f  s a l i n i t i e s  e x c e e d s  
n a t u r a l  c o n d i t i o n s .  

I n t e r t i d a l  s o i l s  H y p e r s a l i n e  ( > 4 0  p p t ) ,  e x c e p t  d u r i n g  t h e  Can become more h y p e r s a l i n e  o r  more b r a c k i s h  
w e t t e s t  s e a s o n s  o r  y e a r s .  S o i l  m o i s t u r e  t h a n  n a t u r a l ,  d e p e n d i n g  on  l a g o o n  h y d r o l o g y .  
f o l l o w s  a  s e a s o n a l  p a t t e r n .  c a u s e d  by t i d e s .  M o i s t u r e  e x t r e m e s  a r e  g r e a t e r .  

C h a n n e l s  W e l l - c i r c u l a t e d ;  good oxygen c o n d i t i o n s ,  Become s t a g n a n t  i f  c l o s e d  t o  t i d e s ;  t empera-  
n u t r i e n t s  d o  n o t  b u i l d  u p ;  p l a n k t o n i c  and t u r e s  i n c r e a s e ;  oxygen d e c r e a s e s ;  n u t r i e n t s  
f l o a t i n g  a l g a e  a r e  d i l u t e d .  a c c u m u l a t e  and l e a d  t o  a l g a l  blooms; o r g a n i c  

m a t t e r  a c c u m u l a t e s .  
Low marsh e l e v a t i o n s  Dominated by c o r d g r a s s  ( S p a r t i n a  f o l i o s a )  C o r d g r a s s  is  a b s e n t ;  r a i l s  a r e  a b s e n t ;  

w which  i s  used  by t h e  l i g h t - f o o t e d  c l a p p e r  r a i l .  p i c k l e w e e d  ( S a l i c o r n i a  v i r g i n i c a )  d o m i n a t e s .  
u 

- 
I n t e r m e d i a t e  and About 12 t o  1 4  s p e c i e s  o f  v a s c u l a r  p l a n t s  Some s p e c i e s  may b e  e l i m i n a t e d  by t h e  

upper  marsh a r e  common ( S e e  T a b l e  4 ) .  e x t r e m e s  o f  s a l i n i t y  and m o i s t u r e .  

T r a n s i t i o n  t c  G r a d u a l  c h a n g e ;  d e p r e s s i o n s  form s a l t  p a n s  L a r g e l y  gone d u e  t o  deve lopment .  
c o a s t a l  s c r u b  which c o l l e c t  w a t e r  and c o n c e n t r a t e  s a l t s .  

Algae  and i n s e c t  l a r v a e  p r o v i d e  f o o d  f o r  
w e t l a n d  consumers .  

Pr imary  p r o d ~ c t i v i t y  V a s c u l a r  p l a n t s  and al@;dl m a t s  a r e  p r o b a b l y  Under b r a c k i s h  c o n d i t i o n s ,  s o i l  a l g a e  a r e  
o f  t h e  i n t e r t i d a l  e q u a l l y  i m p o r t a n t  i n  p r o d u c t i v i t y ;  open  l e s s  a b u n d a n t  d u e  t o  d e n s e r  o v e r s t o r y  
marsh marsh c a n o p i e s  a l l o w  l l g h t  t o  p e n e t r a t e  c a n o p i e s .  Under low-mois ture  c o n d i t i o n s ,  

t o  s o i l s  where a l g a e  become a b u n d a n t .  s o i l  a l g a e  a r e  s c a r c e .  

Channel  i n v e r t e b r a t e s  Abundant: h i g h  d i v e r s i t y  o f  c l a m s ,  Clams and c r u s t a c e a n s  a r e  e l i m i n a t e d  by 
c r u s t a c e a n s .  S u b j e c t  t o  t e m p o r a r y  s t a g n a n t  c o n d i t i o n s  d u r i n g  l a g o o n  c l o s u r e .  
p o p u l a t i o n  r e d u c t i o n s  by heavy f l o o d s .  

- 
F i s h  Large  number o f  f i s h  s p e c i e s ;  b r e e d i n g  and F i s h  k i l l s  o c c u r  w i t h  s t a g n a n t  c o n d i t i o n s ;  

n u r s e r y  f u n c t i o n s  o c c u r  i n  c h a n n e l s  & c r e e k s .  o n l y  h a r d y  s p e c i e s  ( e . g ,  Ca. k i l l i f i s h )  
p e r s i s t .  

-- 
Birds Wide v a r i e t y  o f  w a t e r - r e l a t e d  b i r d s ,  b o t h  Fewer s p e c i e s  b u t  n o n - t i d a l  a r e a s  a r e  used  

m i g r a n t s  and r e s i d e n t s ;  s e v e r a l  endangered  by d u c k s  and c o o t s .  S h o r e b i r d s  a r e  l e s s  
s p e c i e s  o c c u r .  a b u n d a n t .  



w h a t e v e r )  and a l l o w  s p e c i e s  t o  s p r e a d  c o l o n i z e r s  w i l l  b e  w o p p o r t u n i s t i c l l  
f rom t h i s  s o u r c e  t h a n  t o  a t t e m p t  t o  s p e c i e s - - s p e c i e s  which u s u a l l y  have  many 
c r e a t e  a  community which i s  a b s e n t  a t  s e e d s ,  e g g s  o r  l a r v a e  a v a i l a b l e  f o r  
o r  nea r  t h e  s i t e .  d i s p e r s a l .  U b i q u i t o u s  b a c t e r i a ,  f u n g i  and  

p r o t o z o a ,  a l l  t i n y ,  r a p i d l y  d i v i d i n g  and 
* Where two o r  more a r e a s  o f  h i g h  r e a d i l y  f l o a t i n g  i n d i v i d u a l s , w i l l  f l o u r i s h  
r e s o u r c e  v a l u e  o c c u r  w i t h i n  t h e  f i r s t  by f e e d i n g  on t h e  o r g a n i c  m a t t e r  o f  
deg raded  a r e a ,  p l a n s  f o r  enhancement t h e  s e d i m e n t s .  Algae s p e c i e s  which grow 
s h o u l d  l i n k  t h e  a r e a s  w i t h  a  well b o t h  i n  s h a l l o w  w a t e r  a n d  on 
u e o r r i d o r "  of wet land h a b i t a t ,  r a t h e r  s e d i m e n t s  w i l l  p r o b a b l y  b e  t h e  f i r s t  
t h a n  s u r r o u n d i n g  e a c h  a r e a  w i t h  p r o d u c e r s  t o  i n v a d e  t h e  new h a b i t a t .  
development .  O b s e r v a t i o n s  nea r  t h e  Among t h e  m a r s h  h a l o p h y t e s ,  p i c k l e w e e d  
San Diego R ive r  s u g g e s t  t h a t  b i r d s  ( S a l i c o r n i a  v i r g i n i c a ) ,  s e a - b l i t e  (Suaeda  
moving back and f o r t h  between t h e  c a l i f o r n i c a ) ,  a n d  p e r h a p s  a n n u a l  
r i v e r  m u d f l a t  and  Famosa S l o u g h  p i c k l e w e e d  ( S a l i c o r n i a  b i g e l o v i i )  w i l l  
u t i l i z e  a  narrow c o n n e c t i n g  c h a n n e l  a r r i v e  and b e g i n  g rowth ,  e s p e c i a l l y  i f  t h e  
i n  p r e f e r e n c e  t o  d e v e l o p e d  r e s t o r a t i o n  s i t e  i s  n e a r  a  
p r o p e r t i e s ,  even  though t h e  c h a n n e l  w e l l - e s t a b l i s h e d  marsh.  S p e c i e s  which a r e  
r o u t e  is l o n g e r  (Wetland E v a l u a t i o n  p o o r l y  d i s p e r s e d  o r  which a r e  n o t  w e l l  
C l a s s  1981). a d a p t e d  t o  e s t a b l i s h  on  b a r e  s u b s t r a t e s  

w i l l  b e  s l o w  t o  i n v a d e .  A r t i f i c i a l  * A m o d i f i e d  w e t l a n d  w i t h  no  e s t a b l i s h m e n t  may be  d e s i r a b l e  t o  speed  
s p e c i a l  f e a t u r e s  t o  e n h a n c e  w i l l  t h e i r  development .  
p r o v i d e  more  l e e w a y  i n  d e s i g n i n g  
a l t e r a t i o n s .  D e t e r m i n a t i o n s  o f  t h e  8 Where  a r t i f i c i a l  m a r s h  
most  d e s i r a b l e  h a b i t a t s  t a  i n c l u d e  e s t a b l i s h m e n t  i s  j u d g e d  t o  b e  
s h o u l d  be made wi th  bo th  l o c a l  and d e s i r a b l e ,  p l a n t i n g s  c a n  b e  
r e g i o n a l  o b j e c t i v e s  i n  m i n d ,  a s  u n d e r t a k e n ,  b u t  e n v i r o n m e n t a l  
d i s c u s s e d  i n  t h e  p r e v i o u s  s e c t i o n .  c h a r a c t e r i s t i c s  and s o u r c e s  o f  p l a n t s  

a r e  b o t h  r e s t r i c t i v e .  
c h n i q u e s  f o r  a c h i e v i n g  s p e c i f i c  
j e c t i v e s  i n c l u d e :  

* Where t i d a l  f l u s h i n g  is i m p a i r e d ,  
hrctet:f~ing tral r iet-rj arc  the: u s u a l  
f i r s t  s \ ~ $ : g ~ s t f o n .  W i  t h o i ~ t  t i d a l  
f l u s h i n g  f o r  a t  least: p a r t  o f  t h e  
year, t h e  m:lr:;Et would not  cfevclop i t s  
n(>rrn;i1 rarlgc of intt.1-t i t l a l  h a b i t a t l s  
rlnr. siijqa~rt_ i t s  l u l l  pcrtcntrial o f  
p l  ;rrrl  arid :in iii~al s p e c i e s .  W it11 t icfal 
FLt>shf n g ,  a  v a r i e t y  o f  h a b i t a t s ,  
i d e n t i f f a b l e  by  e l e v a t i o n  a n d  
s u b s t r a t e  t y p e  bu t  c h a r a c t e r i z e d  by 
d i f f e r e n t  d e g r e e s  o f  submergence and 
s a l i n i t y ,  becomcs a v a i l a b l e  f o r  
c o l o n r z a t i o n .  

I n  a d d i t i o n  t o  c r e a t i n g  t h e  v a r i e t y  
h ~ l ; k F t a t s )  t_ic!eg 3?s3 prov:de z a n y  

i o n i z e r s .  Seeds  of marsh p l a n t s ,  s p o r e s  
f c o l o n i e s  of a l g a e ,  l a r v a e  and eggs  o f  
%h and i n v e r t e b r a t e s  a l l  d i s p e r s e  w i t h  
? a i d  o f  t i d e s ,  The e a r l i e s t  n a t u r a l  

Elsewhere  i n  t h e  Un i t ed  S t a t e s ,  marsh 
e s t a b l i s h m e n t  h a s  p r o v e n  s u c c e s s f u l  
( G a r b i s c h  1977, Env i ronmen ta l  L a b o r a t o r y  
1 9 7 8 1 ,  a l t h o u g h  t h e  v a l u e  o f  t h e  
a r t i f i c i a l  marshes  f o r  w i l d l i f e  t a k e s  much 
l o n g e r  t o  d e t e r m i n e .  I n  s o u t h e r n  
C a l i f o r n i a ,  g u i d e l i n e s  a r e  b e i n g  deve loped  
f o r  marsh e s t a b l i s h m e n t  ( Z e d l e r  i n  p r e p . ) ,  
b u t  n o  l a r g e - s c a l e  p r o j e c t s  h a v e  b e e n  
implemented.  

A major  c o n s i d e r a t i o n  f o r  l a r g e - s c a l e  
a r t i f i c i a l  marsh e s t a b l i s h m e n t  i s  where t o  
o b t a i n  t h e  p l a n t s .  Many o f  t h e  n a t u r a l  
m a r s h  h a b i t a t s  a r e  p r o t e c t e d  f r o m  
c o l l e c t i n g ,  and t h e  rest  s h o u l d  be .  A s  
d e s c r i b e d  h e r e ,  t h e  marshes  a r e  endangered  
ecosys t ems ,  and u n n a t u r a l  d i s t u r b a n c e s  o f  
a l l  types s h o u l d  b e  c a r e f u l l y  c o n t r o l l e d .  
Two a l t e r n a t e  s o u r c e s ,  which s h o u l d  b e  
e x p l o r e d  f i r s t  a r e :  (1)  o t h e r  p r o j e c t s  
i n v o l v i n g  d e s t r u c t i o n  o f  w e t l a n d  
v e g e t a t i o n ,  which c a n  t h e n  be  s a l v a g e d  f o r  



t r a n s p l a n t a t i o n ,  a n d  ( 2 )  c o m m e r c i a l  
g r o w e r s .  The  C a l i f o r n i a  N a t i v e  P l a n t  
S o c i e t y ,  B e r k e l e y ,  s h o u l d  be c o n t a c t e d  f o r  
i n f o r m a t i o n  on a v a i l a b i l i t y  o f  s e e d s  and 
p l a n t s  o f  n a t i v e  s p e c i e s .  

* I n  l o c a t i n g  m a t e r i a l  t o  p l a n t ,  it 
i s  i m p o r t a n t  t o  d r a w  f r o m  l o c a l  
g e n e t i c  r e s o u r c e s ,  s o  t h a t  n a t u r a l  
gene  p o o l s  a r e  n o t  tampered w i t h ,  and 
s o  t h a t  p o p u l a t i o n s  w i t h  t h e  r e q u i r e d  
d e g r e e  o f  s a l t  and d r o u g h t  t o l e r a n c e  
a r e  o b t a i n e d .  P l a n t s  from c e n t r a l  
and n o r t h e r n  C a l i f o r n i a  have  n o t  been 
c o m p a r e d  t o  s o u t h e r n  C a l i f o r n i a  
p o p u l a t i o n s ,  s o  w e  a r e  n o t  c e r t a i n  
how d i f f e r e n t  t h e y  a r e  g e n e t i c a l l y .  
However, t h e  growing c o n d i t i o n s  a r e  
much more f a v o r a b l e  i n  a r e a s  l i k e  San 
F r a n c i s c o  Bay, and g e n e t i c  d i v e r g e n c e  
is l i k e l y .  T r a n s p l a n t s  and s e e d s  
s h o u l d  come f r o m  a d j a c e n t  m a r s h e s  
wherever  p o s s i b l e ,  and c e r t a i n l y  n o t  
from o u t s i d e  t h e  r e g i o n .  

* To r e d u c e  t h e  amount of m a t e r i a l  
r e q u i r e d  f o r  t r a n s p l a n t a t i o n  o r  
s e e d i n g ,  i t  i s  recommended t h a t  t h e  
m a r s h  e s t a b l i s h m e n t  p r o g r a m  t a k e  
p l a c e  i n  p h a s e s .  The i n i t i a l  
p l a n t i n g  shou ld  b e  done t o  c r e a t e  an 
o n - s i t e  n u r s e r y  f o r  l a t e r  p l a n t i n g s .  
T h i s  w i l l  r e d u c e  e x p e n d i t u r e s  a s  
w e l l .  b e c a u s e  it w i l l  s e r v e  a s  a t e s t  
p l o t  and d e t e r m i n e  t h e  e s t a b l i s h m e n t  
s u c c e s s  b e f o r e  l a r g e  a r e a s  a r e  
p l a n t e d .  The most s u i t a b l e  h a b i t a t  
s h o u l d  be  s e l e c t e d  for t h e  n u r s e r y  
s i t e  s o  t h a t  g r o w t h  i s  m a x i m i z e d  
(e .g .  low s a l i n i t y ,  p r o t e c t e d  f rom 
wave f o r c e ,  p r o p e r  e l e v a t i o n  f o r  
s p e c i e s  t o  b e  t r a n s p l a n t e d ) .  
P l a n t i n g s  a t  t w o - m e t e r  i n t e r v a l s  
s h o u l d  a l l o w  e a s y  h a r v e s t i n g  o f  new 
o f f s h o o t s  d u r i n g  t h e  f o l l o w i n g  
growing s e a s o n .  P l a n t i n g  i n  s o i l s  o f  
h i g h e r  sand c o n t e n t  w i l l  a l l o w  e a s i e r  
c o l l e c t i o n .  

The f o l l o w i n g  c o n s t r a i n t s  f o r  marsh 
v e g e t a t i o n  e s t a b l i s h m e n t  h a v e  b e e n  
i d e n t i f i e d  i n  e x p e r i m e n t a l  s t u d i e s  n e a r  
San Diego ( Z e d l e r  1981a). Where p o s s i b l e ,  
s o l u t i o n s  t o  t h e  problems a r e  s u g g e s t e d .  

1. H y p e r s a l i n i t y  o f  s o i l s :  Because  
t h e  u s u a l  c o n d i t i o n  o f  i n t e r t i d a l  s o i l s  is  
s t r e s s f u l ,  e s t a b l i s h i n g  p l a n t s  i s  
d i f f i c u l t .  

T r a n s p l a n t a t i o n  s u c c e s s  w i l l  b e  
g r e a t e s t  i f  p l a n t i n g  o c c u r s  d u r i n g  p e r i o d s  
o f  l o w e r  s a l i n i t y  o r  i n  p l a c e s  w h e r e  
s o i l s  a r e  unde r  50 t o  60 p p t .  F r e s h w a t e r  
i r r i g a t i o n  d u r i n g  t h e  e a r l y  p l a n t i n g  phase  
w o u l d  p r o b a b l y  b e  h e l p f u l ,  b u t  s u c h  
e x p e r i m e n t s  have n o t  been done.  

2. G r a z e r s  pose  s e r i o u s  problems t o  
p l a n t i n g s  o n  e x p o s e d  s o i l s .  S e v e r a l  
s p e c i e s  a r e  p robab ly  r e s p o n s i b l e  f o r  t h e  
damage t o  t r a n s p l a n t s ,  b u t  s m a l l  r o d e n t s  
seem t o  be  t h e  major  o f f e n d e r s .  

P r o t e c t i o n  o f  t r a n s p l a n t s  f r o m  
h e r b i v o r e s  i s  u s u a l l y  r e q u i r e d .  Fences  
made o f  a v i a r y  wire ( 1 / 2 - i n c h  mesh)  
e l i m i n a t e  g r a z i n g ,  w h i l e  f e n c e s  o f  c h i c k e n  
w i r e  ( o v e r  1-inch mesh) do  , n o t .  

3 .  C o m p e t i t i o n  w i t h  S a l i c o r n i a  
v i r g i n i c a  can  r e d u c e  growth and expans ion  
r a t e s  o f  S p a r t i n a  f o l i o s a  ( a n d  p r o b a b l y  
o t h e r  h a l o p h y t e s  a s  w e l l ) ,  b u t  p l an t ing i s  
d o n e  w i t h i n  e s t a b l i s h e d  c a n o p i e s  
e x p e r i e n c e  less g r a z i n g .  If g r a z i n g  is 
l i k e l y  t o  b e  a  problem i n  t h e  t r a n s p l a n t  
a r e a ,  a n d  i f  S a l i c o r n i a  v i r g i n i c a  h a s  
a l r e a d y  i n v a d e d ,  i t  is a d v i s a b l e  t o  l e a v e  
t h e  c o m p e t i n g  v e g e t a t i o n .  T r a n s p l a n t s  
w i l l  g r o w  m o r e  s l o w l y ,  b u t  e x p e n s i v e  
g r a z i n g  e x c l o s u r e s  w i l l  n o t  b e  r e q u i r e d ,  

I n  d e s i g n i n g  t h e  e x a c t  p l a n t i n g  
scheme f o r  marsh h a l o p h y t e s ,  e l e v a t i o n  and 
s o i l  s a l i n i t y  a r e  t h e  m o s t  i m p o r t a n t  
f e a t u r e s .  

K F o r  g r e a t e s t  s u c c e s s ,  s p e c i e s  
s h o u l d  b e  p l a n t e d  a t  t h e i r  e l e v a t i o n  
of  g r e a t e s t  n a t u r a l  abundance ( a s  i n  
F i g u r e  9 ) .  

* S o i l  s a l i n i t i e s  a t  t h e s e  
e l e v a t i o n s  s h o u l d  n o t  exceed  t h o s e  of 
t h e  n a t u r a l  h a b i t a t  ( s e e  F i g u r e  11) 
f o r  v a l u e s  a t  d i f f e r e n t  times o f  t h e  
y e a r ) .  S a l i n i t i e s  lower  t h a n  t h o s e  
i n  F i g u r e  1 1  would b e  p r e f e r a b l e .  



P l a n t s  c a n  b e  o b t a i n e d  a s  s e e d s ,  
s p r i g s  or whole p l a n t s  i n  c o r e s  o f  s o i l .  
The l a t t e r  a r e  t h e  b u l k i e s t  t o  t r a n s p o r t ,  
b u t  s h o u l d  h a v e  t h e  h i g h e s t  s u r v i v a l ,  
s i n c e  t h e  r o o t  sys t ems  a r e  n o t  d i s t u r b e d .  

# Sowing  o f  s e e d s  i s  n o t  
recommended i n  s o u t h e r n  C a l i f o r n i a .  
Expe r imen ta l  a t t e m p t s  w i t h  S p a r t i n a  
f o l i o s a  n e a r  e x i s t i n g  s t a n d s  o f  t h e  
s p e c i e s  ( w i t h  h y p e r s a l i n e  s o i l )  were  
u n s u c c e s s f u l .  

* Seeds  s h o u l d  b e  s t o r e d  a t  5 ' ~  
(41°E') i n  f r e s h  wa te r  f o r  one  month,  
t h e n  t r a n s p l a n t e d  t o  4 - i n c h  p o t s  
u s i n g  g reenhouse  s o i l .  P o t s  s h o u l d  
be  p l a c e d  i n  s t a n d i n g  f r e s h  wa te r  and 
w a t e r  l e v e l s  m a i n t a i n e d  half-way up 
t h e  po t .  Large  numbers o f  s e e d s  a r e  
r e q u i r e d ,  because  many a r e  n o t  v i a b l e  
and g e r m i n a t i o n  o f  v i a b l e  s e e d s  is 
s ~ O W .  

c P o t s  s h o u l d  b e  m a i n t a i n e d  i n  
a  s h e l t e r e d  env i ronmen t ,  s u c h  a s  a  
g reenhouse ,  which h a s  reduced l i g h t  
and h i g h  h u m i d i t y .  

* O n ~ e  s e e d l i n g s  a r e  10 t o  20 cm 
t a l l ,  t h e y  can  b e  t r a n s p l a n t e d  t o  t h e  
s i t e ,  p r e f e r a b l y  w i t h i n  g r a z i n g  
e x c l o s u r e s .  

* S p r i g s  s h o u l d  be  c o l l e c t e d  from 
m a t u r e  p l a n t s  w h i c h  a r e  r a p i d l y  
expanding.  Sandy s o i l s  a r e  e a s i e s t  
to work i n ,  and r o o t  s y s t e m s  a r e  less 
d i s t u r b e d  i n  t h e  d i g g i n g  p r o c e s s .  
T r a n s f e r  s p r i g s  t o  b u c k e t s  o f  s e a  
w a t e r  f o r  t r a n s p o r t  t o  t h e  s i t e .  
P l a n t  a t  2 m i n t e r v a l s .  

s Cores  can  be c o l l e c t e d  u s i n g  
" c l a m  g u n s , "  m e t a l  c y l i n d e r s  
( a p p r o x i m a t e l y  20 cm d i a m e t e r  x 7 m) 
equipped wi th  h a n d l e s ,  a s o l i d  t o p  
and e x h a u s t  v a l v e .  These  a r e  pushed 
o v e r  t h e  p l a n t ,  i n t o  t h e  s o i l  a b o u t  
26 cm, and ex t i - ac t ed .  Traiisport carI 
b e  i n  d i s h p a n s  o r  o t h e r  f l a t  
c o n t a i n e r s .  The same c y l i n d e r s  can  
b e  u s e d  t o  e x c a v a t e  h o l e s  f o r  
t r a n s p l a n t i n g .  T h i s  is v e r y  l a b o r  

i n t e n s i v e  b u t  h i g h l y  s u c c e s s f u l .  The 
t e c h n i q u e  is  recommended where few 
p l a n t s  a r e  a v a i l a b l e  o r  w h e r e  
e n v i r o n m e n t a l  c o n d i t i o n s  a t  t h e  s i t e  
a r e  m a r g i n a l  f o r  s u c c e s s f u l  
t r a n s p l a n t a t i o n .  

6.4 SUMMARY OF CHAPTER 6 

S o u t h e r n  C a l i f o r n i a ' s  c o a s t a l  
w e t l a n d s  a r e  u n i q u e  t o  t h e  r e g i o n ,  and 
b e c a u s e  o f  a  l o n g  h i s t o r y  o f  d i s t u r b a n c e ,  
t h e y  a r e  i n  d a n g e r  o f  e x t i n c t i o n  a s  
n a t u r a l  e c o s y s t e m s .  R e s t o r a t i o n  a n d  
e n h a n c e m e n t ,  t h o u g h  p r o b a b l y  p o s s i b l e ,  
w i l l  b e  s low and d i f f i c u l t .  

Our u n d e r s t a n d i n g  o f  how v a r i o u s  
d i s t u r b a n c e s  a l t e r  w e t l a n d s  is  i n c o m p l e t e ,  
a s  is  o u r  knowledge o f  how t o  r e s t o r e ,  
enhance  o r  e s t a b l i s h  we t l and  communi t ies .  
G u i d e l i n e s  a r e  e m e r g i n g ,  a n d  s e v e r a l  
r e c o m m e n d a t i o n s  a r e  s u g g e s t e d  i n  t h i s  
c h a p t e r .  However, i n  a l l  c a s e s ,  l o c a l  
we t l and  e x p e r t i s e  would be  i n v a l u a b l e  i n  
t h e  p l a n n i n g  and i m p l e m e n t a t i o n  p r o c e s s e s .  
Each we t l and  h a s  i n d i v i d u a l  a s s e t s  and 
p o t e n t i a l s  which c o u l d  b e  i d e n t i f i e d  and 
augmented. No s i n g l e  p l a n  c a n  d e a l  w i t h  
t h e  v a r i e t y  o f  d i s t u r b a n c e s  o r  t h e  r a n g e  
o f  e n h a n c e m e n t  g o a l s  w h i c h  m i g h t  b e  
proposed f o r  a  w e t l a n d .  

The p r i n c i p a l  e c o l o g i c a l  c o n c e p t s  t o  
b e  k e p t  i n  m i n d  i n  d e a l i n g  w i t h  
d i s t u r b a n c e s  a n d  p l a n n i n g  f o r  w e t l a n d  
enhancement a r e  t h a t :  

i T i d a l  f l u s h i n g  m a i n t a i n s  a  
v a r i e t y  o f  h a b i t a t s  which i n  t u r n  
s u p p o r t  a  b road  r a n g e  o f  i n t e r t i d a l  
s p e c i e s .  

* Large  u n i t s  o f  h a b i t a t  a r e  l i k e l y  
t o  a t t r a c t  a n d  m a i n t a i n  a  l a r g e r  
number  o f  s p e c i e s ,  much a s  l a r g e  
i s l a n d s  s u p p o r t  more  s p e c i e s  t h a n  
s m a l l  i s l a n d s .  

# H a b i t a t s  o f  v a l u e  t o  mob i l e  
s p e c l e s  s h o u l d  b e  c o n n e c t e d  b y  
c o r r i d o r s  t o  f o s t e r  movements be tween 
nea rby  we t l and  h a b i t a t s .  



Animals r e spond  t o  movements and 
d i s t u r b a n c e s  a l o n g  t h e  w e t l a n d  
p e r i p h e r y ,  and b u f f e r s  ( b o t h  v i s u a l  
and n o i s e )  a r e  r e q u i r e d  t o  r e d u c e  t h e  
i m p a c t s .  S p e c i e s f  s e n s i t i v i t i e s  
d i f f e r ,  s o  t h e  w i d t h  o f  b u f f e r s  w i l l  
depend on s p e c i e s  t o  b e  p r o t e c t e d  and 
enhanced.  

@ V e g e t a t i o n  is damaged b y  v e h i c l e  
and f o o t  t r a f f i c .  Access  s h o u l d  b e  
r e s t r i c t e d  t o  boa rdwa lks  above t h e  
marsh  . 
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