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PREFACE 

Mugu Lagoon i s  a t i n y  estuary. Xn any 
o ther  coasta l  reg ion  o f  the United 
States, i t  would have a t t rac ted  l i t t l e  
a t t en  t ion ,  However, among the pro tec ted 
shallow-water embayments o f  the a r i d  and 
steep P a c i f i c  Southwest, Mugu Lagoon i s  
large,  important,  and r e l a t i v e l y  f i  t t l e  
d is tu rbed (because of p ro tec t i on  by the  
U.S. Navy f o r  more than 40 years). Con- 
sequently, the lagoon has received con- 
s iderab le  a t t e n t i o n  over the l a s t  20 
years, i nc lud ing  i n tens i ve  research on 
aspects o f  i t s  geology and biology. 

Over t h i s  satne period, an awareness 
grew o f  how meager and i n  what jeopardy 
were the remaining es tuar ine  resources o f  
the  region. With t h i s  growing awareness 
o f  the need t o  pro tec t ,  manage, and en- 
hance t h e  remnants, the need t o  under- 
stand the  func t ion ing  o f  these ecosystems 
became apparent. Accordingly, t he  endow- 
ment o f  s c i e n t i f i c  in fo rmat ion  on Mugu 
Lagoon became valuable f o r  management. 

This r e p o r t  i s  a synthesis of informa- 
t i o n  on Mugu Lagoon, supplemented by 
o the r  sources as necessary t o  provide an 
i n teg ra ted  treatment o f  ecosystem struc-  
t u r e  and func t i on  (Chapters 1-5). 
Although the ana lys is  i s  most d i r e c t l y  
re levant  t o  Mugu Lagoon, the r a t i o n a l e  
f o r  imch of the research and espec ia l l y  
f o r  t h i s  synthesis was t h a t  the charac- 
t e r i z a t i o n  of t h i s  r e l a t i v e l y  heal t h y  
system would serve as a model and yard- 
s t i c k  f o r  a p p l i c a t i o n  t o  other, usua l l y  
more h i g h l y  modif ied coasta l  wetland eco- 
systems i n  the region. Comparisons be- 
tween the  we1 1 - funct ioning standard and 
o the r  systems of concern should reveal 
ma1 func t i on  and suggest remedies (Chapter 
6 )  = 

Unfor tunate ly,  events of the  l a s t  
decade have a1 t e r e d  the  "heal th"  

and l i t t l e - d i s t u r b e d  s t a t e  o f  the Mugu 
Lagoon ecosystem, Sedimentation caused by 
major storms v i r t u a l  l y  e l  iminated the 
l a r g e s t  open-water area o f  the lagoon and 
completely a1 te red the bottom character-  
i s t i c s  o f  another major sect ion o f  the 
lagoon. P ro tec t i on  of t he  lagoon, i t s  
f r i n g i n g  marshes, and adjacent uplands 
were i n e f f e c t u a l  i n  sh ie ld ing  the  system 
from inpu ts  o r i g i n a t i n g  i n  the  f a r t h e r  
reaches o f  the  watershed. 

This r e p o r t  chron ic les  how the  impacts 
of those a1 t e r a t i o n s  ram i f i ed  through the 
es tuar ine  ecosystem. I n  ret rospect ,  t h i s  
case h i s t o r y  o f  s t a r t l i n g  and profound 
a l t e r a t i o n s  occur r ing  so suddenly may be 
more i n s t r u c t i v e  f o r  management o f  the 
reg ion 's  embayments and t h e i r  associated 
wetlands than the o r i g i n a l  ob jec t i ve  o f  
using Mugu Lagoon as the  " p r i s t i n e "  stand- 
a rd  f o r  gu id ing  management. Chapter 7 
presents some o f  these management consid- 
erat ions.  

The infonnat ion base f o r  t h i s  synthesis 
i s  weak i n  some t o p i c a l  areas where t h a t  
f o r  t he  companion r e p o r t  i n  t h i s  ser ies,  
"The Ecology o f  T i juana Estuary: An 
Estuar ine  P r o f i l e "  by Joy Zedfer, i s  
strong. Reference t o  t h a t  source i s  en- 
couraged, p a r t i c u l a r l y  regarding the anal - 
y s i s  o f  f ac to rs  i n f l u e n c i n g  primary pro- 
d u c t i v i  ty and s a l t  marsh community s t ruc-  
ture. 

Comments concerning o r  requests f o r  t h i s  
pub1 i c a t i o n  should be addressed to :  

In fo rmat ion  Trans fer  S p e c i a l i s t  
Nat ional  Wetlands Research Center 
U.S. F ish  and W i l d l i f e  Service 
NASA-Sl i d e l  1 Computer Complex 
1010 Gause Boulevard 
S'l i d e l  1, U1 70458. 
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CHAPTER I .  iNTRODUCTiON: 
HlS'trORliCAh PERSPECTIVE AND OVERVIEW 

Estuar ies are  no t  es tuar ies  most o f  the 
time i n  t h e  P a c i f i c  Southwest o f  the 
United States. The l i t t l e  r a i n  t h a t  
f a l l s  i s  confined t o  one-half  o f  the  
year, dur ing which the average monthly 
evaporat ion exceeds average monthly 
p r e c i p i t a t i o n  i n  a l l  months a t  coastal 
po in ts  (U.S. Environmental Data and 
In format ion  Serv ice 1980). 

When the e f f e c t s  of t r a n s p i r a t i o n  o f  
water back i n t o  the  atmosphere by the  
vegetat ion are included, the d e f i c i t  i n  
near-su r f ace  water i s  magnified. I n  
add i t ion ,  the  watersheds are small and 
steep, but the mountains t h a t  d e l i m i t  
them landward are not  h igh enough t o  
r e t a i n  snow f o r  long. Consequently, 
1 i t t l e  water concentrates o r  i s  s tored a t  
o r  near the surface. Therefore, coastal 
streams and even r i v e r s  are i n t e r m i t t e n t  
o r  seasonal, as are the  flows i n t o  
coasta l  embayments. 

Human a c t i v i t i e s  have tended t o  f u r t h e r  
reduce the amount and dura t ion  o f  f resh-  
water inputs. Natural waterways are 
circumvented by damming, d i s t r i b u t i n g  the  
waters t o  human dwel l i ngs ,  reco l  l e c t i n g  
those waters, now laden w i t h  wastes, and 
dumping them d i r e c t l y  i n t o  the  ocean. 
Because the burgeoning human populat ion 
has encroached i n t o  na tura l  floodways, 
southern Ca l i f o rn ia  has become "the land 
o f  the paved r i v e r "  t o  insure  t h a t  
surface water does not  t a r r y  long where 
i t  might damage nanmade structures.  The 
net  r e s u l t  i s  t h a t  l i t t l e  becomes less  
and even more l i m i t e d  i n  durat ion.  
Hence, my asser t ion  t h a t  these es tuar ies  
are  n o t  es tuar ies  most of the  time, 
fo l lows Donald P r i  tchard 's  i n t roduc to ry  
d e f i n i t i o n  i n  the h e r i c a n  Assocjat ion 
f o r  t h e  Advancement o f  Science (AAAS) 
symposium volume Estuaries, pub1 ished i n  

1967: "An estuary i s  a  semi-enclosed 
coastal body o f  water which has a  f ree  
connection w i th  the  open sea and w i t h i n  
which seawater i s  measurably d i l u t e d  
w i th  freshwater der ived from land drain-  
age." 

I n  the land o f  es tuar ies  t h a t  are no t  
estuar ies most o f  the time, perhaps i t  i s  
a1 together f i t t i n g  t h a t  the f i r s t  subject  
for an estuar ine p r o f i l e  was not an estu- 
ary i n  any sense u n t i l  1884, when i t  
became so by the  hand o f  man. (S te f fen  
1982). Echoing Joy Zedler 's  o f t e n  re- 
peated theme i n  her  community p r o f i l e  on 
"The Ecology o f  Southern Cal i f o r n i a  
Coastal S a l t  Marshes," no aspect o f  t he  
func t ion ing  o r  present character  o f  t h i s  
region? es tuar ies  can be pursued very 
f a r  wi thout  reckoning w i t h  the  e f f e c t s  o f  
past, present and f u t u r e  human a c t i v i -  
t i es ,  both w i t h i n  and surround1 ng the 
embayments. 

One o ther  c h a r a c t e r i s t i c  o f  these i n -  
t e r m i t t e n t  es tuar ies  o f  the P a c i f i c  
Southwest i n t e r a c t s  w i th  the jus t -  
mentioned features o f  c1 imate and recent 
h i  s to ry  t o  set  these wet? and ecosystems 
apart  from t h e i r  counterparts i n  other  
coastal regions o f  the  United States. 
Because the  coast  has been up- 
l i f t e d  so recent ly ,  i t  i s  steep. As a  
resu l t ,  these areas o f  shallow coastal 
water protected from the v i o l e n t  wave 
ac t ion  o f  the open coast  are few, small, 
and separated from one another by Song 
st retches o f  very d i f f e r e n t  shore envi- 
ronments--usual 1y narrow sand o r  rock 
p la t fo rm beaches backed by c l i f f s .  

I n  net, estuar ies,  i n t e r m i t t e n t  o r  
otherwise, have heen, h j s t o r j c a T l y  ra re  i n  
the region, Rapid development by humans 
has made these environments even r a r e r  



and has degraded many su rv i v i ng  areas, 
Nevertheless, as e l  sewhere, the cmhina- 
t i o n  o f  p ro tec t i on  from v i o l e n t  wsve 
act ion,  s h a l l  ow water, ample sun1 i g R t  
(even t o  the bottom o f  subt ida l  areas), 
regu lar  t i d a l  exchange, and equable c l i -  
mate y i e l d  an abundant and var ied b i o t i c  
environment, Not su rp r i s i ng l y ,  some 
organisms have come t o  depend an these 
product ive coastal areas : as necessary 
stopping places and overwinter ing areas 
f o r  several migratory b i r d  species t h a t  
use the  P a c i f i c  Flyway, poss ib ly  as the  
on l y  nursery ground f o r  a t  l e a s t  one 
commercially important f i s h  stock (see 
Chapter 51, and as the on ly  h a b i t a t  f o r  
t h ree  species now c l a s s i f i e d  as endan- 
gered. Thus, r a r i t y  i s  a major ingre-  
d i e n t  o f  the  s ign i f i cance o f  coastal 
wetlands i n  southern C a l i f o r n i a  (Onuf e t  
a1. 19791, and concern about cont inu ing  
losses and degradation i s  urgent. 

Urgent concern, coupled w i t h  t he  sev- 
e r a l  d i s t i n c t i v e  c h a r a c t e r i s t i c s  shared 
among southwestern i n t e r m i t t e n t  es tuar ies  
b u t  d i s t i ngu i sh ing  them from the  estu- 
a r i e s  o f  the other  regions, prompted the  
compi lat ion o f  an es tuar ine  p r o f i l e  fo r  
southern Cal i forn ia .  Mugu Lagoon was 
chosen f o r  a v a r i e t y  o f  reasons, o f  which 
I l i s t  three. h a n g  the  few, i n  some 
cases f o r l o r n ,  remaining wetlands i n  
southern Cal i f o r n i a ,  Mugu Lagoon i s  note- 
worthy for  i t s  ( I )  r e l a t i v e l y  l a rge  s i z e  
and (2 )  i t s  freedom from many o f  the  
human incurs ions  t h a t  a f f l i c t  o the r  areas 
(because the lagoon and i t s  surrounding 
s a l t  marsh l i e  w i t h i n  the  fenced and 
p a t r o l  l e d  boundary o f  a m i  1 i t a r y  reserva- 
t i o n ) .  Consequently, t he re  was some 
reason t o  be1 ieve t h a t  a wide range o f  
coasta l  wetland hab i ta t s  was represented 
a t  Mugu Lagoon i n  na tura l  r e l a t i o n s  t o  
one another; i.e., Mugu Lagoon p r o v i d ~ d  a 
glimpse of & a t  these systems could be 
l i k e  when f r e e  of undue human in terven-  
t i o n .  Perhaps, then, Mugu Lagoon could 
serve as a model f o r  undoing damage t o  
o t h e r  wetlands. This was my reason f o r  
conducting research i n  Mugu Lagoon. The 
s e c u r i t y  provided by the  Navy a l so  was an 
inducement, t o  ca r r y  ou t  long-term obser- 
va t ions  and experiments t h a t  could n o t  
have been contemplated where access was 
n o t  s t r i c t l y  cont ro l led ,  As a r e s u l t ,  
(3) more d e t a i l e d  s c i e n t i f i c  research has 
been performed a t  Mugu Lagoon than any 

o ther  coastal wetland area i n  southern 
Caf i frsrnia, al though coverage o f  d i f f e r -  
erlt top ics  i s  very uneve~,  

1.1 GEOLOGIC HISTORL' 

There must be an element o f  a r b i t r a r i -  
ness i n  the dec is ion  o f  when t o  begin the 
h i s t o r y  o f  a place, p a r t i c u l a r l y  f o r  one 
such as Mugu Lagoon, perched on the edge 
o f  an a c t i v e l y  moving cont inenta l  p late,  
Because o f  t h i s  precar ious loca t ion ,  the  
reg ion  i s  i n c r e d i b l y  ac t i ve  tec ton i ca l  I y, 
What i s  here now bears l i t t l e  r e l a t i o n  t o  
even i t s  recent  antecedents. 

The region i s  very act ive.  The stream 
t h a t  empties i n t o  the lagoon o r i g ina tes  
i n  t h e  w i l d  jumble o f  the  Transverse 
Ranges (or ien ted east-west o r  transverse 
t o  t he  north-south t rend of the major 
ranges o f  Ca l i f o rn ia ,  the  S ie r ra  Nevada 
and the  Coast Range) o n l y  50 km from the 
San Andreas Fau l t  (F igure  1). Along the 
f a u l t ,  instantaneous ra tes  o f  1 a te ra l  
displacement o f  6.4 m and 3.0 m were 
i d e n t i f i e d  w i t h  t he  San Francisco earth-  
quake o f  1906 and the  Imperial  Val ley 
earthquake o f  1940, respec t i ve l y  ( H i l l  
1954). With in the  Transverse Ranges, 
only 25 km from the boundary o f  the 
lagoon's watershed, a 0.9-m v e r t i c a l  d i  s- 
placement occurred along a t h r u s t  f a u l t  
dur ing the San Fernando earthquake o f  
1971. The est imated average r a t e  o f  
u p l i f t  along the  t h r u s t  f a u l t s  o f  the 
region i s  8 m per 1,000 years ( 1  cm i n  
1.25 year) .  I n  s m e  loca t i ons  ra tes  are 
bound t o  be much higher (Scot t  and 
Wi l l iams 1978). In  summary, quot ing from 
Scot t  and Wi l l iams:  "Deposits o f  l a t e  
Ple is tocene age are  i n  a s teep ly  i n c l i n e d  
a t t i t u d e  a t  many l o c a l i t i e s  i n  the area, 
and are a c t u a l l y  overturned a t  several - 
t o  w i t h i n  50" of complete over tu rn  i n  
Orcu t t  Canyon, a study watershed. I n  
fac t ,  the s t r u c t u r a l  deformation o f  de- 
p o s i t s  o f  the youngest geological  time 
per iod  i n  t he  Transverse Ranges i s  wi th-  
out known p a r a l l e l  i n  North America." 

Even though very recent  processes are 
almost exc lus i ve l y  responsib le f o r  the 
present physiographic character  o f  the 
rec ion,  t he  k ind  o f  mater ia l  exposed by 
t ec ton i c  processes and weathering a l so  i s  
important. It i s  the parent mater ia l  o f  



Santa Barbara Channel Islands 

Figure 1. Major structural features of southern California. Upper relief map 
shows the relationship of the Transverse Ranges to the other major mountain 
ranges of southern California. Lower map shows the watershed o f  Wugu Lagoon 
in relation to major fault systems (adapted from H i 1  1 1954). 
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t h e  s o i l s  and fn f luences  t h e i r  f e r t i l i t y  
and e r o d i b i l i t y ,  Therefore, I begin t h e  
h i s t o r y  o f  Mugu Lagoon i n  t he  Upper Cre- 
taceous, approx imate ly  100 m i l  l i o n  years 
ago, when t h e  o l d e s t  rocks  now exposed i n  
t h e  watershed were l a i d  down. The loca-  
t i o n  on an a c t i v e  con t i nen ta l  margin i s  
a t t e s t e d  by t h e  a l t e r n a t i o n  o f  mar ine 
(deep, t ransgress ive ,  and nearshore) and 
t e r r e s t r i a l  depos i t s  i n  t h e  s t r a t i g r a p h i c  
r eco rd  (Table 1). A 1 1  rocks  a re  sedimen- 
t a r y ,  w i t h  t h e  excep t ion  o f  one convul -  
s i o n  o f  vo l can i c  a c t i v i t y  i n  t h e  Miocene. 
These vo l can i c  rocks a re  exposed i n  t h e  
sou theas te rn  p a r t  o f  t h e  watershed b u t  
appa ren t l y  u n d e r l i e  more recen t  depos i t s  
everywhere e l s e  i n  t he  reg ion,  judg ing  
from samples e x t r a c t e d  du r i ng  w e l l  
d r i l l i n g  (She1 t o n  1954). Pa ren the t i -  
c a l l y ,  i t  i s  t he  Miocene sedimentary 
d e p o s i t s  t h a t  have e x c i t e d  t h e  g r e a t e s t  
i n t e r e s t  l o c a l  ly. They a re  cons idered  
t o  be t h e  source rocks  f o r  petroleum re -  
serves i n  t h e  Ventura area ( S t e f f e n  
1982). 

Accord i  ng t o  S t e f f e n ' s  recen t  summary, 
t h e  features t h a t  e v e n t u a l l y  de f i ned  t h e  
lagoon i t s e l f  have been develop ing o n l y  

Table 1. The a1 t e r n a t i o n  o f  mar ine and 
t e r r e s t r i a l  fo rmat ions  i n  t he  s t r a t i -  
g raph ic  sequence o f  t he  watershed o f  Mugu 
Lagoon. Adapted f rom S t e f f e n  (1982). 

i n  t h e  l a s t  300,000 years, s i nce  t h e  
M idd le  Ple is tocene,  F lood depos i t s  f rom 
t h e  Santa C la ra  R i v e r  b u i l t  up t h e  Oxnard 
P l a i n  a t  t h e  r a t e  o f  2 rn per  century ,  
u n t i l  u p l i f t  a t  t he  end o f  the  Middle 
P le is tocene  d i r e c t e d  t he  r i v e r  t o  t h e  
northwest. A t  around t h e  same time, t h e  
southeast p o r t i o n  o f  t h e  p l a i n  subsided. 
Sea l e v e l  reached i t s  l owes t  stand about 
18,000 years ago and then rose t o  2  m 
above present  l e v e l  s  approx imate ly  3,000 
years ago. Th is  was when t h e  lagoon f i r s t  
formed. Where l i t t o r a l  d r i f t  f rom t h e  
nor thwest  (Bascom 1980) encountered t h e  
P o i n t  Mugu headland, sand accreted,  and a 
much broader beach o r  s p i t  formed on t h e  
upcur ren t  s i d e  o f  t h e  obs t r uc t i on .  As t h e  
sea l e v e l  dropped, t h e  s p i t  m ig ra ted  
seaward w i t h  it, and t h e  enclosed coas ta l  
embayment has become t h e  Mugu Lagoon 
Estuary. 

Evidence f o r  t h i s  process has c m e  
frm Warme (1971), who i d e n t i f i e d  r i d g e s  
o f  sand w i t h i n  t h e  s a l t  marsh t h a t  f r i n g e s  
t he  eas te rn  arm o f  Mugu Lagoon. He i n -  
t e rp re ted  t h e  r i d g e s  as r e l i c t  beach berms 
t h a t  had formed d u r i n g  a h i ghe r  s tand  o f  
t h e  sea. Apparent ly,  t h e  drop i n  sea 
l e v e l  was s tepwise  r a t h e r  than cont inuous. 
I f  i t  had been cont inuous,  i t  would be 
hard  t o  account f o r  t h e  w a t e r - f i l l e d  
t rough  ( t h e  lagoon) t h a t  l i e s  between t he  
c u r r e n t  and pas t  berms, r a t h e r  than dunes 
o r  a  w a l l  o f  sand such as c l imbs  t he  f l a n k  
o f  t h e  headland 5 km t o  t h e  southeast.  

Years be fo re  Geolog ica l  Depos i t i ona l  
present  age env i  ronmen t 

Cenozoic: 
600,000 P le is tocene  T e r r e s t r i a l  

10,000,000 P l  iocene Deep mar ine 
25,000,000 Miocene Transgressive 

mar ine 
35,000,000 01 igocene T e r r e s t r i  a1 
55,000,000 Eocene Nears hore  

mar ine 
65,000,000 Paleocene Nears hore  

mar ine 

Mesozoic: 
100,000,OOQ Upper Creta- T e r r e s t r i a l  

a Coarse p a r t i c f  es depos i ted  in sha l low 
wate r  and f i n e  p a r t i c l e s  i n  deep water. 

1.2 RECENT HISTORY 

Mugu Lagoon has a water  area of ap- 
p rox imate ly  130 ha. Judging from t h e  d i s -  
t r i b u t i o n  o f  r ecen t  lagoonal  depos i t s  
o v e r l y i n g  d e l t a i c  depos i t s ,  i t  was t e n  
t imes t h a t  s i z e  a t  i t s  l a r g e s t  (F i gu re  2). 
Presumably, t h i s  was soon a f t e r  t he  o r i g i n  
o f  t h e  lagoon when t h e  sea l e v e l  was 2 m 
higher.  The lagoon i s  e longate,  runn ing  
para1 l e l  t o  t h e  coas t  f o r  5.6 km bu t  never 
exceeding 1 k m  t ransverse ly .  I t i s  
composed of two l o n g  arms p r o j e c t i n g  ou t  
f rom a broader c e n t r a l  basin. Cal leguas 
Creek, the  o n l y  i n l e t  stream, d ischarges 
i n t o  t h e  c e n t r a l  basin.  The mouth o f  t h e  
lagoon u s u a l l y  opens i n  t he  v i c i n i t y  o f  
t h e  c e n t r a l  basin, bu t  i t  has been known 
t o  m ig ra te  0.75 km eastward. The eas te rn  



Figure 2. Extent  o f  Mugti Lagoon sediments ( f r a n  S t e f f e n  1982, based on a  geo log ic  map 
i n  C a l i f o r n i a  D i v i s i o n  o f  Miires and Geology, P re l im ina r y  Repor t  14, 1973). 

ann i s  ve ry  narrow because t he  shore i s  
steep a long the  f l a n k  o f  t he  Santa Monica 
Mountains. The western arm i s  broader 
and has a  wider expanse o f  f r i n g i n g  s a l t  
marsh, because i n  t h i s  d i r e c t i o n  t h e  
lagoon extends i n t o  t h e  Oxnard P la i n .  

Human occupa t ion  o f  t he  area around 
Mugu Lagoon probably  began around 7,000 
years ago (Macdonald 1976a). The coas ta l  
s t r i p  a long t he  Santa Barbara Channel 
supported one o f  t he  densest a b o r i g i n a l  
popu la t ions  i n  what i s  now t he  Un i ted  
States--which i s  s u r p r i s i n g ,  cons i de r i ng  
t h a t  the  C a l i f o r n i a  Ind ians  were hunter -  
gatherers  and n o t  a g r i c u l  t u  r a l  i s t s  
(Hornbeck 1983). The Chucnash v i l l a g e  on 
Mugu Lagoon a t  t he  t ime of European 
con tac t  (1760) was es t imated  t o  have 400 
i nhab i t an t s ,  bu t  d e n s i t i e s  dropped o f f  
r a p i d l y  i n l a n d  (Hornbeck 1983). The h i gh  
l o c a l  dens i t y  o f  hunter -gatherers  i n d i -  
cates t h a t  t h e  I nd i ans  cou ld  have had a  
l a r g e  e f f e c t  on popu la t ions  o f  f i s h e s  and 
the l a r g e r  i n v e r t e b r a t e s  i n  Mugu Lagoon 
and game i n  t h e  surrounding uplands, 
w h i l e  e f fec ts  on the  watershed would be 
minimal, During t h e  pe r i od  o f  t h e  
Spanish miss ions and Spanish dnd Mexican 
ranchos (1782 t o  18451, agr icu!  ture was 
in t roduced.  A1 though miss ion  records 
show t h a t  s u b s t a n t i a l  amounts o f  wheat 

were harvested i n  t h e  Ventura area 
(Hornbeck 1983), t h e  main a g r i c u l t u r a l  
a c t i v i t y  i n  t h e  watershed o f  Mugu Lagoon 
was g raz i ng  c a t t l e  (Murphy 1979). Pre- 
sumably, some changes i n  t h e  n a t u r a l  
vege ta t i on  r esu l t ed ,  bu t  t h e  cha rac te r  o f  
t h e  landscape p robab ly  d i d  n o t  change. 

Soon a f t e r  Mexican c o n t r o l  was sup- 
p l an ted  i n  t h e  r eg i on  (1846), "Anglo"  
s e t t l e r s  began t o  i n t e n s i v e l y  c u l t i v a t e  
l a r g e  areas o f  t h e  watershed of Mugu 
Lagoon. Between 1876 and 1881 r a i l r o a d  
connect ions w i t h  San Franc isco and t h e  
eas te rn  Un i ted  States were es tab l i shed ,  
and a g r i c u l t u r e  became a  b i g  e x p o r t  
business ( S t e f f e n  1982). S h o r t l y  a f t e r  
c rop  a g r i c u l  t u  r e  became es tab l  i shed on 
t h e  Oxnard P la i n ,  Cal leguas Creek was 
channel ized, and i t s  f l ows  were shunted 
i n t o  t h e  lagoon. As a l r eady  i nd i ca ted ,  
Mugu Lagoon has been a  t r u e  lagoon r a t h e r  
than an es tua r y  f o r  most o f  i t s  e x i s -  
tence. I n  1884 Mugu Lagoon became an 
estuary .  

Before the  c h a n n e l i z a t i o n  of t h e  creek, 
t he re  were no s i g n i f i c a n t  t e r r i genous  
i n p u t s  t o  t he  lagoon. Condi t ions pro- 
bably approximated those o f  a coastal  
mar ine mbayment. Undoubtedly, l a r g e  
areas o f  t he  Oxnard P l a i n  cont iguous t o  



t h e  lagoon were f reshwate r  marshes du r i ng  
t he  r a i n y  season, bu t  t h e i r  f lows i n t o  
t h e  lagoctn would have been sinaf I ccmpared 
t o  t h a t  o f  a channel ized Calleguas Creek. 
The o r i g i n a l  watershed o f  t h e  Santa 
Monica Mountains d r a i n i n g  i n t o  t he  lagoon 
was l i t t l e  more than tw i ce  the  water  area 
o f  t h e  lagoon i t s e l f  and l ess  than t he  
area o f  t he  lagoon p l us  i t s  f r i n g i n g  s a l t  
marsh. Consequently, i n t e r a c t i o n s  w i t h  
t h e  ocean, sun l i gh t ,  and temperature 
would have been t he  phys i ca l  d r i v i n g  
f o r ces  r a t h e r  than f reshwate r  i n f l ow .  
The t i d a l  p r i sm (volume o f  lagoon water  
exchanged over  a t i d a l  c yc l e )  would have 
been s u f f i c i e n t  t o  keep t h e  mouth open a t  
a1 1 times, Regular t i d a l  f l u s h i n g  
coup1 ed w i t h  s h a l l  ow depths would have 
ascured good exchange o f  m a t e r i a l s  w i t h i n  
the  lagoon; however, t h e  mouth o f  t h e  
lagoon i s  a t  t he  head o f  a submarine 
canyon, and the  Cont inen ta l  She l f  i s  
narrow i n  any case, Therefore, t h e  water  
e n t e r i n g  t h e  lagoon o f t e n  i s  r e l a t i v e l y  
nu t r i en t - poo r ,  oceanic-b lue water. I n  
t he  absence o f  t e r r e s t r i a l  r u n o f f ,  t h i s  
may have r e s u l t e d  i n  lower  pr imary pro- 
duc t i on  than i s  c h a r a c t e r i s t i c  o f  rnost 
shal  low-wa t e r  mar ine systerns. Neverthe- 
less ,  t h e  combinat ion o f  sha l low water 
p ro tec ted  from v i o l e n t  wave ac t i on ,  ample 
sun1 i g h t ,  h i ghe r  summer water tempera- 
t u res  than o f f shore ,  and good t i d a l  
exchange must have made f o r  an abundant 
and p roduc t i ve  b i o t a  (as i s  a t t e s t e d  by 
t h e  s h e l l  middens on t h e  shore o f  the  
1 agoon). 

The rnajor human i n f l u e n c e  on Mugu 
Lagoon has been t h e  f unne l i ng  o f  d i s -  
charges from a watershed o f  843 km2 i n t o  a 
r e c e i v i n g  body l e s s  t han  13500th t h a t  
s ize,  which p r e v i o u s l y  had been sub jec t  
o n l y  t o  mar ine in f luences.  The repercus- 
s ions o f  t h a t  s i n g l e  a l t e r a t i o n  w i l l  be 
touched on throughout  t h e  r e s t  o f  t h i s  
repor t ,  Al though t he  a l t e r a t i o n  was a 
s i n g l e  d i s c r e t e  event, i t s  e f f e c t  can 
grow, and a1 mos t c e r t a i n l y  has grown. 
The channel ized creek i s  a condui t .  It 
w i l l  t r a n s m i t  whatever i s  pu t  i n  a long 
i t s  l e n g t h  t o  i t s  lower  end. As more 
people occupy t he  watershed o r  use i t  
more i n t e n s i v e l y ,  t h e  i n p u t s  t o  t h e  creek 
w i l l  be a1 tered,  I n  1880, 4 years  be fo re  
Nugu Lagoon became art estuary ,  t h e  popli- 
f a t i o n  of Ventura County was 5,073. The 
popu la t i on  has more than doubled i n  every  

20-year period since then and i n  198U was 
529,174, o r  more t h a n  i O O  t imes greater 
than a c e n t u r y  ago, Between 197@ and 
1980 t he  pspu2a t ion  w i t h i n  t h e  watershed 
increased by 56% f rom 154,465 t o  240,432, 

The cause and e f f e c t  r e ?  a t i o n s h i p  be- 
tween the  number o f  people and the  amount 
o f  m a t e r i a l  t h a t  has p o t e n t i a l  impact  i f  
i t  i s  c a r r i e d  i n t o  an es tua r y  i s  n o t  
s t r a i gh t f o rwa rd .  For ins tance ,  popula- 
t i o n  growth i n  t h i s  r eg i on  cou ld  have t he  
b e n e f i c i a l  e f f ec t  o f  i nc reased  d i v e r s i o n  
o f  water t o  pathways t h a t  do n o t  l ead  i n t o  
the  estuary .  Instead,  t h e  e f f e c t  o f  
g rea te r  s i g n i f i c a n c e  i s  as f o l l o w s :  The 
bottomlands have been under cu1 t i  v a t  i o n  
f o r  a long  time. The growth o f  t h e  popu- 
l a t i o n  i n  t h i s  area takes t h e  form o f  
u r b a n i z a t i o n  of these bottomlands. I f  
the  process were s t r i c t l y  t h e  s u b s t i  tu -  
t i o n  o f  a d i f f e r e n t  l a n d  use on t h e  same 
spot, t he  n e t  r e s u l t  m igh t  w e l l  be l e s s  
i n p u t  t o  t h e  n a t u r a l  dra inage system. 
However, d isp lacement  r a t h e r  than subs t i -  
t u t i o n  has occurred. Rather than be ing 
e l  iminated, i n t e n s i v e  a g r i c u l t u r e  has 
moved up t h e  s ides  o f  steep h i l l s ,  t he re  
s u b s t i t u t i n g  groves o f  f r u i t  t r ees  w i t h  
bare s o i l  between t h e  t r e e s  f o r  grazed 
chaparral .  Th is  t ype  o f  c u l t i v a t i o n  
increases r u n o f f ,  p o s s i b l y  w i t h  substan- 
t i a l  loads o f  a g r i c u l t u r a l  chemicals,  and 
aggravates s o i l  eros ion.  

Another consequence o f  t h e  preemption 
o f  pr ime a g r i c u l t u r a l  bottomlands i s  t h a t  
the  l a r g e  remain ing acreage i s  farmed 
even more i n t e n s i v e l y .  The average 
f r o s t - f r e e  p e r i o d  i s  332 days. Customar- 
i l y ,  t h r e e  t o  fou r  c rops  a r e  grown each 
year  i n  t h e  Oxnard P l a i n  area ( S t e f f e n  
1982), and some o f  t h m  a r e  h e a v i l y  
dosed w i t h  chemicals. The s t r awbe r r y  
f i e l d s ,  f o r  ins tance,  a r e  covered w i t h  
p l a s t i c  so t h a t  t h e  s o i l  can be fumigated 
f o r  nematodes, weed seed, and f ung i  
be fo re  each p l an t i ng .  An average o f  
193.1 l b  p e r  ac re  (213-9 kg per ha) o f  
r e s t r i c t e d  fumigan t  p e s t i c i d e s  (a lmost  
exc l  u s i v e l  y methyl  bromide and c h l  o r p i c -  
r i n )  i s  a p p l i e d  each year. I n  1976, 
a lmost  800,000 I b  (360,000 kg)  o f  p e s t i -  
c ides  were app l i ed  i n  Ventura County 
(Gal i f o r n i  a Department sf Food and Agr i -  
c t r f t l i r e  1378), the g r e a t  m a j o r i t y  w f th i r r  
t h e  watershed sf  Mugu Lagoon. A1 though 
f i g u r e s  f o r  f e r t i l i z e r s  or, more 



i n p o r t a n t l y ,  l e v e l s  o f  pest ic i ;dt l  resfdues 
or n u t r i e n t s  i n  a g r i c u l t u r a l  d r a i n  waters  
a r e  few, t he  potents 'a l  f o r  s u b s t a n t i a l  
i n p u t s  t o  Cal leguas Greek and Mugu Lagoon 
o b v i o u s l y  i s  high. 

Mot a1 l e f f e c t s  of development by hu- 
mans a re  t r a n s m i t t e d  t o  t h e  lagoon v i a  
i t s  i n l e t  stream. The lagoon l i e s  w i t h i n  
t h e  boundaries o f  t h e  U.S. Naval A i r  
S t a t i o n  a t  Po in t  Mugu, Cal i f o r n i a ,  
( e s t a b l i s h e d  i n  1946), and t h e  opera- 
t i o n a l  p a r t  o f  t h e  base i s  b u i l t  on f i l l  
dredged from t h e  c e n t r a l  basin. Past  
a c t i v i t i e s  w i t h i n  t h e  lagoon i t s e l f ,  
e s p e c i a l l y  those assoc ia ted  w i t h  t h e  con- 
s t r u c t i o n  o f  t he  base, have l e d  t o  
l a r g e  losses  o f  wet land h a b i t a t  and o t h e r  
m o d i f i c a t i o n s  t h a t  have a l t e r e d  ecosystem 
func t ion .  However, n a t u r a l  resources 
i n c o n t e s t a b l y  b e n e f i t  f rom t he  m i l i t a r y  
presence i n  o t h e r  regards. The r e l a -  
t i v e l y  l a r g e  p a r t  o f  Mugu Lagoon t h a t  
remains a wet land has been l e f t  as 
n a t u r a l  as poss ib le ,  g i v e n  t h e  mod i f i ca -  
t i o n s  o f  i t s  surroundings. The p ro tec -  
t i o n  began as a byproduct  o f  naval secur- 
i t y  and a i r  c lea rance  space requi rements 
b u t  now i s  an a c t i v e l y  pursued p o l i c y  o f  
t h e  Navy. As a r e s u l t ,  t h e  s i t e  has been 
something o f  a mecca f o r  s c i e n t i f i c  s t udy  
f o r  many years. 

The c u r r e n t  s i t u a t i o n  and probable 
nea r - t e rn  t rends,  then, a r e  these: The 
watershed i s  dominated by  a g r i c u l t u r e ;  
however, a burgeoning urban-suburban 
p o p u l a t i o n  has l e d  t o  changes i n  a g r i c u l -  

t u r a l  p r a c t i c e s  t h a t  almost c e r t a i n l y  
inc rease  t h e  i n p u t s  o f  sediments and 
chemicals t o  t h e  lagoon. The l i m i t e d  
a v a i l a b i l i t y  o f  f reshwate r  l o c a l l y  and 
t h e  probable inc rease  i n  water  conserva- 
t i o n  and wastewater rec lamat ion  may we1 l 
reduce f u t u r e  i n p u t s  of stream wate r  and 
what i t  c a r r i e s  d u r i n g  most o f  the  year, 
b u t  storm f lows  s t i l l  w i l l  d e l i v e r  sedi -  
ments t o  t h e  lagoon, sometimes i n  g rea t  
g l u t s .  The consequences of t h i s  sedimen- 
t a t i o n  w i l l  be exp lo red  a t  l e n g t h  i n  
o t h e r  sec t ions  o f  t h i s  r epo r t .  

So f a r  i n  t h i s  overv iew o f  Mugu Lagoon, 
t h e  "es tuary "  has been t r e a t e d  as a 
u n i t - - i n i t i a l l y  a  ve ry  smal l  one, 
e s s e n t i a l l y  w i t hou t  a  watershed, and now 
a much b i gge r  one, w i t h  concom i t an t l y  
l a r g e r  te r r igenous  inpu ts .  Every e f f o r t  
w i l l  be made t o  encompass t he  whole 
system; however, t h e r e  a re  ma jo r  con- 
s t r a i n t s .  I n e v i t a b l y ,  coverage i s  
uneven. Some t o p i c s  (most n o t a b l y  
assoc ia ted w i t h  t he  she1 l e d  i n v e r t e -  
b ra tes )  have been we11 s tud ied,  w h i l e  
o thers  (most g l a r i n g l y ,  n u t r i e n t  
chemist ry)  have n o t  been i nves t i ga ted .  
Furthermore, almost a l l  of t h e  e c o l o g i c a l  
research t h a t  has been c a r r i e d  o u t  i n  
Mugu Lagoon has been i n  t h e  eas te rn  a m  
o f  t he  lagoon, which i s  mainta ined by t h e  
Navy as an eco log i ca l  reserve. Th is  
l i m i t a t i o n  i n  s p a t i a l  coverage should be 
borne i n  mind throughout.  Whenever 
appropr ia te ,  t he  d i s cuss i on  w i l l  be 
extended t o  i n c l u d e  t h e  o t h e r  p a r t s  o f  
t h e  lagoon. 



General l y  speaking, average condi t i o n s  
p r o v i d e  t h e  most i n f o r m a t i v e  and most 
o f t e n  u t i l i z e d  summary o f  what a  system 
i s  l i k e  and how i t  i s  l i k e l y  t o  behave. 
However, I t  w i l l  become abundant ly  obv i -  
ous t h a t  extreme cond i t i ons  p l a y  a  r o l e  
i n  Mugu Lagoon t h a t  i s  v a s t l y  more impor- 
t a n t  than t h e i r  f requency would suggest. 
The main t h r u s t  o f  t h i s  s e c t i o n  w i l l  be, 
then ,  t o  ill u s t r a t e  how impor tan t  depar- 
t u r e s  f rom average c o n d i t i o n s  a r e  i n  
de te rm in i ng  the  c h a r a c t e r i s t i c s  of t h i s  
e s t u a r y  and probably  most o thers  i n  t h e  
reg ion ,  L a t e r  chapters  w i l l  show how t h e  
t e r r e s t r i a l  p a r t  o f  t h i s  e s t u a r i n e  eco- 
system exe r t s  i t s  i n f l u e n c e  over  t h e  
e s t u a r y  through t h e  supply  o f  sediments. 
Therefore,  many o f  t h e  t o p i c s  of t h i s  
c h a p t e r  w i l l  be developed as they re1 a t e  
l a t e r  t o  t h e  p roduc t i on  o r  t r a n s p o r t  of  
sediments t o  t he  lagoon. 

2.1 REGIONAL GEOLOGY AND CHARAC 
TERlZATlON OF THE WATERSHED 

The watershed around Mugu Lagoon i s  
n o t a b l e  f o r  i t s  h igh  e ros i on  p o t e n t i a l ,  
E r o s i o n  i s  a  l e v e l i n g  process. It i s  t h e  
p redomina t ing  f o r c e  i n  de te rmin ing  t h e  
sur face  c h a r a c t e r i s t i c s  o f  most 1 and 
masses. Slopes a re  determined p r i m a r i l y  
by t h e  r a t e s  o f  weather ing o f  the  pa ren t  
socks  and t h e  l e n g t h  o f  t ime t h a t  e ros i on  
has  been work ing an t i ~ ~ , n .  As e rus i on  
proceeds,  s lopes become more gradual ,  
t h e r e b y  s low ing  t he  r a t e  o f  subsequent 
e ros i on .  t4awever, i n  p a r t s  o f  the Trans- 
verse Ranges of C a l i f o r n i a ,  i n c l u d i n g  
much o f  t h e  watershed o f  Mugu Lagoon, 
t h i s  i s  n o t  t h e  case, The r a t e s  o f  
u p l i f t  s u b s t a n t i a l l y  exceed t h e  r a t e s  o f  
denudation. The g rea t  t e c t o n i c  a c t i v i t y  
t h a t  now p r e v a i l s ,  and has p r e v a i l e d  f o r  
at l e a s t  the l a s t  ICO milfioc years, has 
produced a  ve r y  yo t r th fu l  iarldscape. 
Abou t  46% o f  t h e  watershed tdis covered by 

1  a t e  P le i s t ocene  o r  more r ecen t  a1 1  u v i  a1 
depos i t s  (F i gu re  3 ) .  These dominate t h e  
f l a t  v a l l e y  bottoms. The o l d e r  rocks  
have been t h r u s t  up a long f a u l t s  and 
f o l ded  i n t o  ranges o f  h i 1  1s and moun- 
t a i ns ,  E leva t ions  a re  moderate (under  
1,200 m), b u t  s lopes a re  cons iderab ly  
s teeper  than they  would be i n  t h e  absence 
o f  ongoing u p l i f t .  Thus, pas t  e ros i on  
has no t  y i e l d e d  a  r educ t i on  i n  s lope  t h a t  
lessens p resen t  eros ion,  and the  measured 
r a t e s  o f  denudat ion "approach t h e  maximum 
f o r  areas i n  which conso l ida ted  bedrock 
i s  being eroded d i r e c t l y "  ( S c o t t  and 
Wi l l i ams 1978). S c o t t  and Wi l l i ams a l s o  
s t a t e d  t h a t  t he  f a i l u r e  o f  s tandard 
models t o  i n c l ude  t h i s  f a c t o r  o f  t e c t o n i c  
a c t i v i t y  accounts f o r  t h e i r  gross under- 
es t imates  o f  sediment y i e l d  i n  t h i s  
reg ion.  

The minera l  canposi t i o n  and s t r u c t u r e  
o f  the  rocks i n  t h i s  r eg i on  a l so  c o n t r i -  
bu te  t o  very  h i g h  sediment y i e l d s .  The 
d i v i s i o n s  of rock  types i n  F igure  3 were 
made t o  correspond t o  t he  ca tegor ies  used 
by Andre and Anderson (1961) i n  t h e i r  
t e s t s  o f  s o i l  e r o d i b i l i t y  w i t h  respec t  t o  
paren t  ma te r i a l .  According t o  t h e i r  pre-  
f e r r e d  index of e r o d i b i l i t y  ( su r face-  
aggregat ion r a t i o ) ,  s o i l s  f rom Quate rnary  
a1 luv ium and a c i d  igneous rocks were t h e  
most e r o d i b l e  s o i l s  t h a t  they tested. 
These s o i l s  cover  59% o f  t he  watershed. 
The Miocene vo1 can i  cs and Quate rnary  
a1 luviuin and t e r r a c e  depos i t s  o f  t h e  
Transverse Ranges were approx i inate ly  
t w i c e  as e r o d i b l e  as t h e  conso l ida ted  
scdirnentary rocks (Sco t t  and H i l l i a m s  
1975) ; however, t h i s  f a c t o r  was minor  
compared t o  t he  e f f e c t  o f  t e c t o n i c  
a c t i v i t y  on eros ion.  

The j u x t a p o s i t i o n  o f  a c t i v e  mountain 
b u i i d i n g  nex t  t o  a  coas ta l  p l a i r l  has pro- 
duced : o i l s  rang ing  from a  t h i n  veneer t o  
more than  1-5 m deep. S o i l s  range f rom 



Figure 3. Geological map of the watershed of Mugu Lagoon. W i  thin the watershed, rocks 
are grouped according t o  the categories of Andre and Anderson (1961): hard sedimentary 
deposits (Cretaceous, Pal eocene, and Eocene marine shal e ,  sands tone, and conglomerate, 
and nonmarine 01 igocene); so f t  sedimentary deposits (Miocene, Pliocene, and lower 
Pleistocene marine deposits) ; igneous rocks of Miocene age; and a1 luvium (Quaternary 
a1 luvial and terrace  deposits ,  mainly nonmarine). (Adapted from Jahns 1954.) 

prime agricultural  land t o  land com- 
pletely unsuitable fo r  cul t ivat ion,  with 
use res t r ic ted to  the maintenance of 
wi ldl i fe  and watershed, according to the 
Soil Conservation Service 's  capabil i ty  
c lass i f icat ion.  As one might expect from 
the discussion of geological factors ,  the 
t h i n  s o i l s  that  are unsuitable fo r  agri- 
cu1 tu re  invariably are  associated wi t h  
steep slopes, and the prime so i l s  are a l l  
in the valley bottoms (Figure 4a). 

Coastal sage and foothi l l  woodland with 
islands of oak savanna are  the dominant 
natural communities (Figure 4b). They 
are  not closely linked to  soil type or 
capabil i ty class. Agricultural uses of 
the watershed (Figure 4c) are  dominated 
by vegetable crops on prime agricultural  
land of the coastal plain; f ru i t /nu t  
crops in the lower reaches of the val- 

leys,  both on prime bottcxnland and mar- 
ginal valley sides;  f i e l d  crops in the 
upper reaches of valleys,  mostly on so i l s  
w i t h  severe l imitations for cul t ivat ion;  
and grazing i n  the rugged hi1 1s. Nursery 
operations are  interspersed throughout 
the  vegetable and f rui  t / n u t  growing 
areas. Soils of high f e r t i l i t y  are 
interspersed in most soil  types and 
capabil i ty classes (California Department 
of Food and Agriculture 1978). Appar- 
ently,  in t h i s  region of obSigatory 
i r r iga t ion ,  factors other than f e r t i l i t y  
determine the su i t ab i l i t y  of a soil  for 
agriculture.  

The effect  of vegetative cover and land 
use on erosion i s  we71 known i n  principle 
but l ess  we17 known i n  actual application 
t o  t h i s  region. Throughout the watershed 
the  natural vegetation can be sparse and 
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s iopes can be p r e c i p i t o u s ;  tnerefore,  t h e  
thousands- fo ld  d i  f f e rences  i n  ? O S S  

shown -in e a r l y  S o f l  Conservat ion S e r v i c e  
t e s t s  between p l o t s  o f  s i n i i l a r  area and 
s lope  w i t h  n a t u r a l  vege ta t i on  cmpa red  t o  
p lan ted  and hare c rop  l and  probab ly  do 
n o t  app ly  t o  these areas. i d e v ~ r t h e l e s s ,  
the  e f f e c t  o f  l a n d  c l e a r i n g  on e r o s i o n  i s  
v e q  large.  For  ins tance ,  i:ieasurerner~ts 
of sediment y i e l d  i n  t h e  western Trans-  
verse Qanges of Ventura County were 11.9 
t o  3 5  tirnes h i g h e r  immediate ly  a f t e r  t h e  
t o t a l  burn o f  watersheds than a f t e r  10  
years of reg rowth  ( S c o t t  and W i l l i a m s  
1978).  The e f f e c t s  o f  a g r i c u l t u r e  have 
no t  been addressed e x p l i c i t l y  i n  t h e  
con tex t  o f  l o c a l  condi t i  ons ; however, 
Stef fen ( 1982) mapped areas o f  h i g h  
e ros i on  r a t e s  ( g r e a t e r  than 10 t ons  p e r  
acre per yea r  o r  20 metr ic tons p e r  ha 
per  year )  and es t imated  t h  t a c c e l e r a t e d  
e ros ion  (caused by hurnan acL f  v i  t i e s )  con- 
t r i b u t e s  about 402 o f  t h e  t o t a l  sed iment  
generated i n  t h e  watershed. Almost a11 
o f  t h e  acce le ra ted  e ros ion  i s  assoc i a t ed  
w i t h  a g r i c u l t u r e ,  

2.2 CLIMATE 

The c l i m a t e  o f  t h e  area i s  Medi t e r r a -  
nean: rnoderate temperatures, a r i d  sum- 
mers, and r e l a t i v e l y  m o i s t  w in te rs ,  The 
reason f o r  t h e  r e g i o n ' s  rnoderate tempera- 
t u r e  regime i s  t h e  P a c i f i c  Ocean, a h i gh -  
l y  conse rva t i ve  thermal  mass over wh i ch  
wes te r l y ,  onshore winds p r e v a i l  e x c e p t  
f rom November t o  January (de V i o l i n i  
1975), 

Month ly  mean a i r  temperatures of t h e  
warrlrest and c o l d e s t  months ( F i g u r e  5a j  
d i f f e r  by o n l y  +3.5"G and -3.1°C from t h e  
annual mean o f  14.7"C. The mean d a i l y  
range i n  temperature i s  l e a s t  i n  June, 
va r y i ng  7.3"C f rom a minirnum of l2.3"C t o  
a  maximuirl o f  19.6"C, and g r e a t e s t  i n  
November, v a r y i n g  10.6OC from a minimum 
o f  9,Z°C t o  a  maximum o f  19.B°C, o n l y  
3.3"C inore than i n  June. Even the  minimum 
temperature recorded i n  26 years i s  n o t  
p a r t i c u l a r l y  extreme (-2.8"C o r  9.4"C 
below t he  average minimum of t he  c o l d e s t  
month; de V i o l i n i  1975). However, t h e  
h i gh  temperature d isc repanc ies  a r e  
grea &err  The r eco rd  h i gh  was 40.0°C, 
17.9"C h i ghe r  t han  t h e  average maxiinurn o f  
the warmest month. More i m p o r t a n t l y ,  

frorn J u l y  1976 through January 1981, 
temperatures were g rea te r  t han  10°C above 
t h e  average maximum o f  t h e  wannest month 
inore than 2 days per year, on t h e  
average, Cur ious ly ,  these extremes were 
n o t  du r i ng  t h e  h e i g h t  o f  summer ( J u l y  
and August). Rather, they  were bo th  
be fo re  (May and June) and e s p e c i a l l y  
a f t e r  (Septanber, October, and even 
November). 

Dur ing October and November, t h e  h o t  
s p e l l s  a r e  u s u a l l y  assoc ia ted  w i t h  ve r y  
low r e l a t i v e  h u m i d i t i e s  and h i gh  winds, 
t he  so -ca l led  Santa Anas, when the  pre-  
v a i l i n g  w e s t e r l i e s  a r e  supplanted f o r  up 
t o  a  few days a t  a  t ime  by  n o r t h e a s t e r l y  
winds swooping down t he  canyons from t h e  
h i gh  deser t - - the  a i r  i s  ho t  t o  beg in  
w i t h  and r i s e s  even more i n  t m p e r a t u r e  
as the  a i r  mass descends and i s  com- 
pressed. The s i g n i f i c a n c e  o f  t h e  hot ,  
d r y  winds a t  t h i s  t ime  o f  year w i l l  be 
apparent f o l l o w i n g  t h e  d i s cuss i on  o f  pre- 
c i p i t a t i o n .  

General l y ,  t h e  d a i l y  and seasonal tem- 
pera tu re  f l u c t u a t i o n s  tend t o  inc rease  
w i t h  d i s t ance  from t h e  ocean, and temp- 
e r a t u r e  decreases w i t h  e leva t ion .  Local -  
l y  t h i s  p a t t e r n  i s  s t r o n g l y  mod i f i ed  by 
t i le  winds, because o f  t he  o r i e n t a t i o n  of 
t h e  watershed. Thus, most o f  t h e  t ime 
t h e  p r e v a i l i n g  wes te r l y  winds t r ansm i t  
t h e  moderat ing i n f  1 uence o f  t h e  ocean 
throughout  t h e  coas ta l  p l a i n  and up i n t o  
t h e  east-west t r end ing  va1 leys. Never- 
the less ,  both h igher  maximum and lpwer  
minimum temperatures c e r t a i n l y  occur  i n  
t h e  more landward p a r t s  o f  the  watershed 
than  a t  Mugu Lagoon. 

The o t h e r  impo r t an t  c h a r a c t e r i s t i c  o f  a  
Pledi terranean c l i m a t e  i s  t h a t  t h e  r e l a -  
t i v e l y  smal l  annual p r e c i p i t a t i o n  i s  
h e a v i l y  concentrated i n  t h e  c o o l e r  p a r t  
o f  the  year.  C e r t a i n l y  t h i s  i s  t h e  case 
f o r  Mugu Lagoon (F i gu re  5b). N ine t y - s i x  
percent  o f  t h e  year1 y t o t a l  p r e c i p i t a t i o n  
f a l l s  i n  t h e  6 months f rom November t o  
A p r i l .  The c o n t r a s t i n g  records f o r  t he  
years o f  lowest  and h i g h e s t  p r e c i p i t a t i o n  
a r e  p l o t t e d  a long  w i t h  t h e  34-year w a n  
t o  g i ve  some idea o f  t he  e x t e n t  o f  year -  
to-year  v a r i a t i o n  (F igure  5b). Year l y  
t o t a l s  were more t han  tw i ce  t h e  34-year 
average i n  2 years, more than 1.5 t imes  
t he  average i n  6 years, and l e s s  than 
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Figure 5. Charac te r i s t i c s  of the c l i m a t e  of Mugu Lagoon: (a )  a i r  tempera- 
t u re ,  ( b )  ~ltonthly p r e c i p i t a t i o n ,  and ( c )  the  nurnber o f  years w i t h  d i f fe ren t  
amaunrs of precipitation, grouped i n  lil",;ncrment; of t he  34-year mean (adap- 
ted  fran de Violini 1975 and unpubl ished records) .  



one-halft tne average i n  C years (Figure 
5 c ) .  Rainfa:? i s  concentraeed into short 
periods :di t i l in  the 6-iilontii nlu'lst period, 
In 2 years o u t  3f 34, the aveyage annual 
rajnfal1 was exceeded by p e c i  p i  tal ion 
fallinc: i n  s s ingle  inlonth in 3 years 
over one-ha1 f of the ann!ial average fel 1 
in a single m o n t h  (and i n  each of 2 
months i n  1976 and 1980 for- a total of 1: 
o;currcncus). After these figures,  i t  
w i l  1 cane as no surprise t h a t  even a 
single storm, or more precisely a stonn 
se r ies ,  can dump more than trje annual 
average [ a s ,  for  example, in February 
1962 anil January 1969), 

Both o i  these character; s t i c s  of the 
1 ocal r a i  n f  al 1 regime ('occurrence 
limited t o  tne cool half of the year and 
then fa l l ing i n  a r e l a t i ~ e l y  FPW major 
stonns) have ser.m'ous imp1 -ations in the 
watershed of Mugu Lagc >r; .  Potential 
evapotranspiration i s  more than 70 cm 
during the growing season; ye t ,  because 
water i s  rapidly removed from the surface 
layers of the s o i l ,  the estimated actual 
evavotranspiration i s  25 - 30 cm. Since 
almost no  rain f a i l s  a f t e r  April, range 
grasses are l ike ly  to dry out by ear ly  
June (Soil Conservation Service 1970), 
with the four ho t tes t  and four of the 
d r i e s t  months ye t  to come. When the 
Santa Anas blow near the end of t h i s  
period, the hot, dry, fast-moving a i r  
desiccates even the most deeply rooted 
vegetatioo. 

Fires iyni ted under these condi tions 
tend to b u r n  out of control unti l  the 
Santd Ana conditions abate. In the mean- 
time, thousands of acres of vegetation 
can be consumed. Based on records for 
their  study area in the western Trans- 
verse Ranges, which included substantial 
parts of the watershed of Mugu Lagoon, 
Scott and W i 1  liams (1978) cited annual 
burn rates of 0.42% of the total area, 
although longer records from the national 
fores ts  imnlediately to the north indicate 
that  a higher r a t e  might be more appro- 
priate. T h i s  suggests tha t  an average of 
2 kn2 of the rugged part  of the water- 
shed i s  bared by f i r e  each year, with the 
previous! y described ten-fol d or more 
magnification oF sediment yield. Even in 
tile dbsenlce oP f i r e ,  the veyetdtion of 
the watershed i s  in very poor condition 
by the next rainy season. Undoubtedly 

th i s  also contributes t o  the high 
sediixent yields character is t ic  of the 
region. 

The siuni ficance of the concentration 
of ra infal l  in major, protracted storms 
i s  given i n  Scott and Williams"l9788) 
description of the January 1369 event: 

"Major stonns, l ike  those of March 1938 
and January and February 1969, have 
followed a generally similar pattern 
that  can be expected to recur in future 
major stornls. The s t om of January 
18-27, 1969, was typical: The circula- 
t ion pattern of a low pressure center 
in the Pacific permitted intense 
streaming of northeaskard m o v i n g ,  
moisture-laden a i r  as a succession of 
storm fronts. Precipitation was l i gh t  
unti 1 January 19 when intensi ty  i n -  
creased sharply. Heavy precipitation 
occurred throughout most of January 19- 
26, was interrupted by a brief respi te  
on January 2 2 ,  and then climaxed on 
January 25. 

"The January 1369 storm generally pro- 
duced peak discharges equal to or 
greater  than those of the 1938 stonn in 
Ventura County and western Los Angeles 
County. The 1938 storm had been the 
greates t  storm of recent times, a t  
l e a s t  since the legendary flood of 
1862, and i t s  peak discharges and 
sediment yields have been widely used 
as standards of flood magnitude and as 
c r i t e r i a  for impoundment structures.. . . 
"In both the 1969 storm periods, sur- 
face saturation occurred we1 1 before 
the most intense precipitation,  Simi- 
l a r  antecedent conditions existed d u r -  
ing the 1938 s t o m  and can logical ly  
be assumed to  recur during any future 
major s tom."  

Once soil  i s  saturated, no matter what 
the soil  type or cover i s ,  a71 subsequent 
precipitation will run off,  Consquent- 
l y ,  the same intensi ty  of rain will yield 
much greater peak runoffs a f t e r  satura- 
tion than before. Although the re ia t ion-  
ship i s  anythinq b u t  d i rect  or precise, 
analyses made under local conditions 
siiggzst that  sediment y i e f  d f; 2 F~";nctior: 
of peak runoff flow to the 1.67 power 
(Scott  and  Wil 'lfams 1978, c i t ing Ferrel? 



1959). If so, a doubling in peak flow 
would be associated with inore than a 
tripling in sediment yield. I n  extreme 
cases, soil  saturation on steep slopes 
may result  in slope fai lure  and slumping, 
partly accounting for the extreme 
sediment input to places like Mbgu 
Lagoon. 

Steffen (1982) pointed out one addi- 
tional feature of the tirning of precipi- 
tation in this  region that i s  inherently 
interesting and bears on this  matter of 
sediment yield. Bui 1 ding on Troxel l and 
Hofmann's (1954) interpretation of varia- 
tions in tree-ring width as evidence of a 
long succession of a1 ternating wet and 
dry periods from 1385 to the present in 
the Los Angeles region (Figure 6 ) ,  
Steffen suggested the high l i  kel ihood 
that major storms a t  the beginning of a 
wet sequence (median length 1 2  years 
during 1385 - 1954) would cause much more 
erosion. He based th i s  conclusion on the 
observation that  the condition of the 
vegetation would be worst a t  the end of a 
dry sequence (median length 15 years over 
the same time span) b u t  would improve 

rapidly during a wet sequence, thereaf ter  
lessening the erosive impacts of storms, 

2.3 HYDROLOGY 

Runoff i s  rapid in the Mugu Lagoon 
watershed because so much of the water- 
shed i s  steep, yet low enough in eleva- 
tion that precipitation i s  not stored as 
snowpack. The rapid runoff, coupled with 
the concentration of rainfall  into a few 
major stonns usual ly  separated by dry 
spells of a few to several weeks, means 
that there i s  l i t t l e  or no surface flow 
in the lower reaches of local streams 
except during and immediately a f t e r  
storms. Almost a l l  freshwater inflow to 
Mugu Lagoon, therefore, occurs from 
November to April (Figures 5b and 7a);  
even within that winter period, most 
freshwater inflow i s  concentrated in a 
few pulses (Figure 7b) .  These gluts of 
freshwater during storms can carry vast 
amounts of suspended material that ,  in 
turn, can be deposited in the s t i l l  
waters of the lagoon. The concentration 
of freshwater inputs in rare b u t  extreme 

1 I 
Prec tprtat~nn at Los Angeles, I 

Figure 6. Wet and dry perjods in southern California (from 
Troxell and Wufmann 1954),  
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Figure 7 .  Streamflow i n  Cal leguas Creek: ( a )  mean f l o w  i n  d i f f e r e n t  months 1969- 
77, 1978, and 1980; (b)  mean f low by day i n  1980 (from USGS records  f o r  t h e  gauge 
a t  Camaril l o  S t a t e  H o s p i t a l  ). 

events  i s  respons ib le  f o r  some s t r i k i n g  
e f f e c t s  which w i l l  be d iscussed a f t e r  t h e  
b i o t a  has been in t roduced.  Here, i t  
w i l l  s u f f i c e  t o  say t h a t  t h e  f reshwate r  
i n p u t  t o  Mugu Lagoon cornpl e t e l y  f l u shes  
t h e  lagoon f o r  s h o r t  pe r iods  o f  t ime  
r a t h e r  than  c r e a t i n g  a l o n g i t u d i n a l  sa- 
l i n i t y  g r a d i e n t  t h a t  moves up o r  down t h e  
es tua r y  as t he  f reshwater  i n p u t  changes 
seasonal ly.  Dur ing t h e  remainder o f  t h e  
year ,  t he  lagoon i s  comp le te ly  marine. 

The preceding genera l  i z a t i o n  i s  n o t  
a p p l i c a b l e  a t  t h e  ve ry  mouth o f  Cal leguas 
Creek. A g r i c u l t u r a l  i r r i g a t i o n  and sew- 
age p l a n t  r e t u r n  waters  make f o r  a  con- 
t inuous,  smal l  i n p u t  o f  f reshwater.  
Because much o f  t h i s  water  comes d i r e c t l y  

f rom i n t e n s i v e l y  c u l t i v a t e d  lands, t o x i c  
substances and n u t r i e n t s  cou ld  a f f e c t  
wa te r  q u a l i t y .  L i t t l e  i n f o r m a t i o n  on 
t h i s  problem o r  t h i s  p a r t  o f  t h e  lagoo  
i s  a v a i l a b l e  (see Sec t ion  7.3). 

Mugu Lagoon cont inues t o  be marine- 
dominated most o f  t h e  t ime, even s ince  i t  
has become an estuary .  The t i d e s  are re -  
spons ib l e  f o r  the  m a j o r i t y  o f  day-to-day 
i n p u t s  and removals o f  mate r ia l s .  The 
t i d a l  p r i sm  (volume o f  water  moved i n  and 
o u t  o f  t h e  lagoon by t h e  t i d e s )  i s  l a r g e  
compared t o  t h e  volume re ta i ned  a t  l owes t  
water, P e r s i s t e n t  southeast longshore 
c u r r e n t s  prevail along t h e  coas t  i n  t h i s  
reg ion.  Th is  assures t h a t  very l i t t l e  of 
t h e  water  depa r t i ng  t he  lagoon on t h e  ebb 



t i d e  i s  re tu rned  on t he  Sol l ow ing  f lood 
t i d e ;  i,e., t he  s a w  water  nass i s  no t  
under  t he  in f ' luence o f  lagoonal condi-  
t i o n s  f o r  long. 

The t i d e s  t h m s e l v e s  d i f f e r  frcxn one 
t i d e  t o  the  nex t  (mixed semi-d iurna l  pa t -  
t e r n  c h a r a c t e r i s t i c  o f  t h i s  coas t ) ,  frm 
week t o  week (spr ing-neap a1 t e r n a t i o n ) ,  
and f rom season t o  season (h i ghe r  highs 
and lower  lows i n  summer and w i n t e r  than 
i n  sp r i ng  and autumn). The rnaxirnunl t i d a l  
range i s  3 m. A s i l l  a t  approx imate ly  
mean sea l e v e l  a t  t he  mouth o f  t he  lagoon 
e l i m i n a t e s  changes i n  water  l eve1 below 
mean sea l e v e l  w i t h i n  the  lagoon and 
reduces the  maximum t i d a l  range o f  t h e  
lagoon  t o  1.7 m above mean sea l e v e l  
( F i g u r e  8). Consequerttly, on some neap 
t i d e s  the  volume o f  water  exchanged i s  
n e g l i g i b l e ,  whereas on s p r i n g  t i d e s  i t  i s  
more than t h ree  t imes t h e  volume re ta i ned  
a t  low water, a t  l e a s t  i n  the  eas te rn  ann 
(Onuf and Quammen 19831, Not on1 y are 
upper  i n t e r t i d a l  areas submerged l e s s  of 
t h e  t ime  than lower  i n t e r t i d a l  areas, but  
a l s o  t he  i n t e r v a l  between t h e i r  subn~er- 
gences becomes i nc reas i ng  1y var iab le .  

The lowest  i n t e r t i d a l  areas a re  sub- 
merged a t  l e a s t  once a day, whereas a t  
+1.5 v lZLLW (Mean Lower tow Water, t h e  
long-term average e?eva t i on  o f  the sea a r  
t he  lower low t i d e  each days the  s tandard 
t i d a l  datum o f  t he  r e g i o n ) ,  pe r iods  o f  
consecut ive d a i l y  submergence l a s t i n g  4 
t o  25 days are separated by 1- t o  ii- 
day per iods wi t h o u t  submergence, A t  
+2.0 rn MLLW, 2- t o  7-day per iods  of con- 
secu t i ve  d a i l y  submergence a r e  separated 
by as few as 7 t o  as many as 56 days 
w i t hou t  submergence. There j s  l i t t l e  o r  
no l a5  i n  the  t imes o f  s p r i n g  h i gh  t i d e s  
between ocean and lagoon; however, t h e r e  
may be more than an hou r ' s  d i f f e r e n c e  i n  
t he  t im ing  of h i gh  t i d e s  du r i ng  o the r  
po r t i ons  of the  l u n a r  cyc le .  

Because of t h e  r e l a t i v e l y  l a r g e  t i d a l  
exchange of water w i t h i n  t he  lagoon most 
o f  t he  t ime and t he  narrow opening t o  t h e  
sea, cu r ren ts  a r e  f a s t  near the  mouth. 
Currents were measured a t  3.7 km/h on a 
neap t i de ,  and were est imated t o  be more 
than 10 km/h on sp r i ng  t i d e s  (Wanne 
1971). The s i l l  a t  the  mouth has t h e  
e f f e c t  of ~ r o l o n g i n g  the  ebb p o r t i o n  o f  

Floodfng and drainage 
;rbove 1 5.11'1 (laturn \ 

e 
+1.5m 
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/ Fioodin(] ,and dra~rlancr ~n the irlooon, 
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i 1 

MSL = mean sea level MLLW = mean lower low water 

Figure 8. T ida l  curves f o r  severa l  days i n  June and July 1981. ( A )  Curves f o r  
s p r i n g  t l d e s ,  showing t imes of f l ood ing  and dra inage i n  t h e  lagoon and t imes o f  
fJoocifrag and dra inage above t he  1-5-m datum, t h e  approximate lower  boundary of t he  
s a l t  marsh. ( B )  Times of f l ood ing  and dra inage d c r i n g  neap t i d e s  ( f r om  Nat iona l  
&@an Survey t i d a l  curves f o r  Outer Los Angeles Harbor),  



tddai cycles and  shortenin2 the flood 
oortion, ,vhlc!~ h turn i s  respons!bie for 
higher velocity currents  or^ +load than 
ebb t ides  ( i , e , ,  the same volume of water 
!nust enter i n  less  time), These currents 
are turbulent and ~ r o v i d e  good mixing, 
:n the open expanses of water away from 
the mouth, t idal  currents are  slow and 
are  probably jnsuffl 'cient t o  cause much 
mixing. However, these areas are snal- 
'ow. Yovements of water generated by 
even l ight  breezes apparently are suffi-  
c ient  to cause mixing. I n  hundreds of 
dissol ved oxygen determinations of water 
coliected near the bottom a'n conjunctron 
with primary productivity studies,  
anaerobic conditions (signifying no 
inixi ng) were never encountered (Shaffer 
P982), 

2.4 THE PHYSlCQCHEMlCAk ENVIRONMENT 

Water Temperature 

The physicochemical environment i s  
strongly under the influence of the 
nydrol ogical regime. The inoderate tem- 
peratures of the ocean a t  the mouth 
govern the temperatures wi thin the 
7 agoon. Surface water temperatures 
measured a t  Zuma Beach, approximately 
25 km to  the southeast, range from 13°C 
to  18°C (monthly means), 12°C t o  21°C 
(mean monthly maxima and minima), and g0C 
to  22°C (absolute maximum and minimum) 
(Cal ifornia Water Resources Control Board 
1979). Secause of the rapid t idal  flush- 
ing of the lagoon, factors  operating 
within the lagoon are of secondary impor- 
tance. However, in the shallower and 
more landward subtidal areas, a i r  temp- 
erature and insolation become increas- 
ingly important. O f  course, a t  the 
surface in the in te r t ida l  zone these 
factors have to predominate when the t ide  
i s  out. For the emergent vascular plants 
of the s a l t  marsh, t h i s  will be the great 
m j o r i t y  of the time. 

'tlo systematic measurements of water 
temperature within the lagoon nave been 
qade to evaluate the extent tha t  a i r  
temperature, insolation,  and depth influ- 
ence temperature; however, two data se t s  
zuggest t h s t  the modify in^ e f fec t  of 
shal low depths can be substantial .  
di l son (1980) made hourly measurements 

ir; the middle of the sand channel iead- 
k g  from the mouth of the lagoon into  
the eastern arm and 45 m away in the  
middle o f  a subtidai f l a t .  A t  low t i d e  
the former was covered by 50 cm of water 
and the l a t t e r  by 15 cm. For the  6 mea- 
surement days (a1 l during summer), mid- 
nater temperatures a t  the deeper s ta t ion 
always exceeded those a t  the shallower 
station a t  night (12 a.m. - 5 a.m.); 
during the day (10 a.m. - 3 D.m.1 the 
shall  ow s ta t ion was considerao7y warmer 
than the deeper s ta t ion.  Such tempera- 
ture differences are s t r ik ing and sur- 
prising, given the rapidly flowing waters 
of the sand channel. 

DuBois (1981) re1 ated temperatures 
measured in the inner, broad, open water 
part  of the eastern arm of the lagoon 
(termed subtidal pond by Harrne [1971]) 
with ocean temperatures near the m o u t h  of 
the lagoon. Even i n  the early summer 
mornins when lasoon waters would have 
cooled- to  t he i r  greates t  extent,  tempera- 
tures were higher in the lagoon. In the 
winter, when aay length i s  short  and 
insolation i s  reduced, water temperature 
in the lagoon a t  night would be expected 
t o  be lower than offshore. 

Sal i ni ty  

No systematic measurements of s a l i n i t y  
have been made in Mugu Lagoon. Given 
the virtual absence of surface flows o f  
freshwater except during storms, there is 
every reason t o  expect dilution by fresh- 
water to  be brief. The abundance of 
long-1 ived stenohal ine marine organisms 
suggests that  even brief dilutions sub- 
s t an t i a l l y  below 34% are  rare (Wame 
1971) ; however, dilution by freshwater 
was almost cer ta inly  involved in the die- 
offs  of the sand do1 l a r  Dendraster excen- 
t r i cus  and the bubble shell 3ul l a  ouf di 
r +- ana I n  1969, 1978, and 1 9 C l l n  ortu- - 
natelv. s a l i n i t y  has not been measured a t  
the (eights of khe storms when the reduc- 
tions were greates t ,  The only relevant 
measurements were 19 and 28 p p t ,  I and 2' 
days respectively, a f t e r  a 2-crn r a in f a l l ,  
culminating a 16-day rainy spell i n  which 
a total  of 15cm of precipitation had 
fa1 leg (pers,  observ. 1, Apparently, 
there  i s  a rapid return t o  marine con&- 
t ions.  



Although Mugu Lagoon has close to 
marine s a l i n i t i e s  (34  p p t )  most of the 
time, the three major divisions of the 
lagoon must d i f f e r  somewhat. The eastern 
arm i s  the most nearly marine. i t  i s  
v i r t ua l l y  without a watershed, being 
flanked by a narrow sandspi t on one side 
and a steep mountain on the other (a  
440-m peak within 1.5 km of the edge of 
the  lagoon). Furthermore, the opening to 
t he  ocean i s  closer than any long-lasting 
freshwater source (Figure 2 ) .  The cen- 
t r a l  basin receives the major i n l e t  
stream, b u t  th i s  stream i s  channelized 
a l l  the way to i t s  point of discharge 
in to  an a r t i f i c i a l l y  deepened area, with 
a direct  path from there out the mouth of 
the  lagoon, Only in the western extremi- 
t y  of the western arm i s  a longer-lasting 
gradational s a l i n i t y  regime likely.  This 
par t  of the lagoon i s  partly under the 
influence of the coastal plain. Because 
of the low re1 i e f ,  water runs off slowly 
even through the network of agricultural  
drainage d i  tches in the area (Figure 2 ) .  
Also, the western part of the lagoon con- 
s i s t s  mainly of emergent marsh and long 
shallow channels, for the most part not 
confined by a r t i f i c i a l  levees. tlere, 
freshwater inputs might be triore persis- 
tent .  

Dissolved Oxygen - 
Dissolved oxygen generally i s  high in 

the waters of the lagoon because of high 
t ida l  exchange ra tes  and shallow depths 
eas i ly  [nixed by winds, The only glaring 
exception i s  that  reducing conditions 
often develop beneath senescent mats of 
the  green algae Enterwnor ha and Ulva, 
both i n  the d e e p e d  the lagoon 
and in a wrack l i ne  a t  the edge of the 
marsh i n  l a t e  summer. This affects  the 
underlying sediments btr'i anpa rent1 y dopr 
l i t t l e  to the overlying water. 

Bottom Sediments - 
Warme (1971) and Biddle (1976)  de- 

scribed the sedii~lent character is t ics  of 
the eastern arm of Mugu Lagoon. There i s  
no systematic appraisal of the r e s t  of 
the  lagoon, Within the edstern a n  two 
sediment gradients e x i s t .  Generally, 
sediments become firrzr g r a i n e d  frwu, west 
to  e a s t  ( increaslng distances front the 
mouth) and south t o  north (frm tile sand- 

sp i t ,  across the subtidaf "ponds," and 
across the s a l t  marsh), The west-east 
gradient i s  a function of the reduced 
velocit ies of t idal  i y  generated water 
currents a t  greater distances fron~ the 
m o u t h .  The south-north gradient i s  the 
resul t  of a composite of factors.  

The south shore of the lagoon i s  en- 
riched in sand over what i t  would other- 
wjse be by occasional overwash of mater- 
ial from the ocean beach. This happens 
when exceptionally high surf coincides 
with spring tides. I n i t i a l l y ,  the input 
of new sand i s  res t r ic ted to a small 
del ta  projecting into the lagoon, Sub- 
sequently, that  sand i s  d is t r ibuted by 
the longshore t idal  currents along the 
whole south side. Even in the deepest 
parts of the subtidal ponds, sand (par- 
t i c l e s  > 6 3  urn in diameter) predominate 
over mud (Wanne 1971).  This suggests 
that water movements are strong enough 
even here to keep f ine  par t ic les  i n  sus- 
pension or remobilize them. The other 
possible explanation i s  tha t  the source 
of f ine par t ic les  i s  small compared to  
the source of sand. Aeolian deposition 
of sand by wind may explain further the 
prevalence of sand in the middle of the 
subtidal ponds. 

S i l t s  and clays predoininate only in the 
s a l t  marsh or in bare areas and depres- 
sions within the s a l t  marsh (Warme 1971). 
Here, t idal  currents are weak, because 
re la t ively  smaf 1 volumes of water are  
passing over any given point in a t idal  
cycle. Furthermore, the vegetation baf- 
f l e s  currents and reduces the turbulence 
associated with waves tha t  otherwise 
might cause the suspension and removal of 
f ine  particles.  (This analysis i s  
founded on the low input of f ine  sedi- 
ments, i n  the aftermath of major storm- 
caused deposition of f ine  sediments in 
1978, i t  i s  no longer applicable, as will 
be described la ter . )  

Solar Radiation 

In addition to  i t s  considerable influ- 
ence on the temperature regime of a 
shaf low aquatic ecosystem, solar  radi a- 
tian i s  even more important as a major 
Setcnninant of prfnary prodtrctivi ty,  
Average daily incident solar radiation in 
the phofosynthetical 1 y a r t ive  region 



(PA?., a~a rox~ma te i :  RaIF c" ehr to ta l  
inciaen: enercjy i r  the v i s l b l e  saeccruvg 
range-: fie; 15 Er~ste ins  Q f  ' per P-' ~ e \ -  

< - 7-1. aa:tm2 P " L ~n Decembe- 12 52 
E P 2 - I * *  hay (Shaffer a n d  0nr:f 19L;:,:, 
F'agilr~ 9 , difference ir d a j  7annts 
fron 1'' x s  4,- h accounts foh- 27% :lf t b c  
Increase, ani t h 6  h i g h e r  i~te?slrv 3; 

sola-  r a s l a t s o .  caused b j  t h e  big?@- 
a n 9 . e  o r  I Q C I Q ~ ~ C E  dur-ing th; susnmc- 
accounx> t o p  mas: of the re"U, C3ai#! 
covnr snc ~ t s  a t t e ~ d a n t  e f f e ~ t -  s31aa 
radSat:or. snowec rmaskabiy i-itsvl2 w X 9 j -  
a t l o r .  over the year,  eve? tha,iafis a! 
p r ec ip i t a t~o - r  7s s q  the wknter ; F ? c j ~ : r ~  - Y,, 1 ~ J S  s ~ z '  r varjatiori i s  bectiusc fog; 
a r e  ~ r n r n 0 ~  : I *  t i l e  summer, Fo' owqanfsms 
i v  tho_ water :c,~);w? and an E ~ F -  ~ ~ t t o t  t ,  

tcarbiai ty at-tenuat.es t h e  I - F I J ~  c '~rthel-,  
r n  prcrnort~or, i-3 ehe c~n:entr?~ctort o -  
SGsDended mattes ana depW ef fec '  
7 5 greates L nveVs unconso Yiadtel  muday 
bottoms ana leasr, o v e ~ x ~ a n c l  [Shafrer at-$-1 
Onus 1982 I *  

Nutrient; 

No dat3 a re  a v a i g a b l e  on nutr ient  cop- 
centration i~ tne water column o r  i r t  
sediments, Inferences a ~ o u t  t h e  nutr ient  
regime are deferred ts Section 5.6, a f t e r  
o t b e r  infonnat13r about the ecosystem has 
bc@n presentee , 

Figure 9. Meah daiSy solar radiatios; i~ 
E~nste~ns (from Shaffer  and Qnuf 19851 and 
s k y  cover (10-year average, January 1965 
tnrougb Decein~er 1959; from de Vio'lini 
1975) I n  di f fe ren t  months, 



CHAPTER 3. PHYSiOGRAPHY 

A t  Mugu Lagoon, the steep gradients i n  
physical  f ac to rs  where land, sea and 
f reshwater  meet create a wide spectrum 
o f  d i f f e r e n t  l i v i n g  environments i n  a 
small geographic area. The grad ien ts  
t h a t  i n t e r a c t  t o  create a mosaic o f  d i f -  
f e r e n t  h a b i t a t  types were described i n  
the preceding chapter: cu r ren t  ve loc i -  
t i e s ,  subs t ra te  texture,  l i g h t ,  eleva- 
t i on ,  t ime o f  submergence, s a l i n i t y  
(occasional l y )  , and temperature. Because 
o f  l a rge  changes i n  some o f  the f a c t o r s  
a f t e r  a major storm i n  1978, the physio- 
graphy of Mugu Lagoon i s  described i n  
t h i s  chapter  i n  two par ts :  before 1978 
and a f t e r .  

3.1 STRUCTURAL COMPOMENTS- 
BEFORE 1978 

The major s t r u c t u r a l  features o f  the  
Mugu Lagoon ecosystem are the:  (1)  t i d a l  
i n l e t  and de l ta ,  ( 2 )  subt ida l  channels, 
( 3 )  sub t i da l  ponds (Warnie 1971) o r  pema- 
nent open water, ( 4 )  t i d a l  f l a t s ,  ( 5 )  
t i d a l  marsh, (6 )  t i d a l  creeks, ( 7 )  s a l t  
pans, (8 )  na tura l  adjacent upland (bar- 
r i e r  s p i t ) ,  (9)  adjacent upland t h a t  i s  
d is turbed open space, (10)  developed 
adjacent upland, and (11) t he  nearshore 
P a c i f i c  Ocean. Features 1-7 are exclu- 
s i v e l y  p a r t  o f  the  es tuar ine  ecosystem, 
whereas Features 8-11 a re  on l y  marginal l y  
p a r t  o f  t he  es tuar ine  ecosystem. Adja- 
cent  uplands are d iv ided i n t o  th ree cate- 
gor ies  (Features 8-10], because they have 
d i s t i n c t l y  d i f f e r e n t  re1 a t i onsh ips  w i t h  
the aquat ic  p a r t  o f  the system. These 
r e l a t i o n s h i p s  w i l l  be discussed on l y  i n  
the most general terms, Feature 11 i s  
immense] y  more iniportant than adjacent  
uplands as an i n f l uence  on the lagoon, a s  
i s  the inf luence o f  remote par ts  of t h e  
watershed t ransmi t ted  by Ca l l  eguas Creek. 

T ida l  I n l e t  and De l ta  

This physiographic camponent i s  charac- 
t e r i zed  by shal low depths (predominantly 
i n t e r t i d a l )  , the  h ighest  cu r ren t  ve1 o c i -  
t i e s  experienced i n s i d e  the  lagoon, and 
consequent1 y, an unstable bottom o f  sand 
and she l l  fragments. Although small i n  
area a t  any one time, the  i n l e t  and d e l t a  
exe r t  an in f luence over a much l a r g e r  
area i n  th ree ways. F i r s t ,  t h e  i n l e t  
migrates along the  s p i t .  Second, t he  
e leva t i on  of the  i n l e t  sediment bottom 
changes, and w i t h  i t  the depth, durat ion,  
and p e r i o d i c i t y  o f  inundat ion o f  areas 
i n s i d e  the  lagoon. Third, t he  i n l e t  i s  a 
major source o f  sand f o r  t he  lagoon. 

A l l  of these e f f e c t s  a r i s e  from the 
same se t  of processes, f o r  the most p a r t  
operat ing outs ide the  lagoon. The move- 
ment o f  sand along the  coast  i s  most ly  
from northwest t o  southeast. L i t t o r a l  
d r i f t  of sand along a beach occurs when 
waves approach a t  an angle ra the r  than 
perpendicular  t o  t he  coast. Westerly 
winds s t rong l y  p reva i l  i n  t h i s  reg ion  
most o f  the time, as do the  waves t h a t  
they generate. Furthermore, the  south- 
ward curve o f  the  coast f a r t h e r  eas t  
(F igure  I )  and the  i s l ands  o f f sho re  b lock  
o r  moderate the  impact o f  waves a r r i v i n g  
from o ther  d i rec t i ons .  I n  consequence, 
sand o r i g i n a l l y  suppl ied by the  Ventura 
and Santa Clara Rivers i s  de l i ve red  
almost continuous1 y (but  i n  vary ing 
amounts depending on wave cond i t i ons )  t o  
t he  northwest bank o f  the  t i d a l  i n l e t .  
This bank bu i l ds  ou t  i n t o  the channel, 
and accordingly, the southeast bank must 
erode i f  the same channel s i z e  i s  t o  be 
maintained. Hence, t he  i n l e t  migrates t o  
t he  southeast, 

O f  course, the  same s i ze  i n l e t  channel 
i s  not always maintained. For instance, 



when pe r i ods  o f  h i gh  sand supply  by 
l i t t o r a l  d r i f t  c o i n c i d e  w i t h  neap t i d e s ,  
t h e  t i d a l  i n l e t  can fi'f 1 p a r t l y  o r  cm- 
p l e t e l  y. Under those  cund i  t i o n s ,  t h e  
sma l l  volumes o f  wa te r  moving through t h e  
mouth p rov i de  i n s u f f i c i e n t  f o r c e  t o  c l e a r  
t h e  added sand. Subsequent h i ghe r  t i d e s  
f i l l  t h e  lagoon, bu t  l e s s  water  w i l l  
d r a i n  ou t  than  p rev i ous l y .  Grea te r  
voiuines w i l l  be r e t a i n e d  a t  low t i d e ;  
l e s s  m i x i ng  and exchange w i l l  occur,  
Th is  c o n d i t i o n  w i l l  p e r s i s t  u n t i l  extreme 
h i g h  s p r i n g  t i d e s  move enough water  f a s t  
enough t o  re-excavate t h e  i n l e t  channel. 

L i t t o r a l  d r i f t  and i n l e t  m i g r a t i o n  
assure t h a t  t h e r e  i s  a  cons i de rab le  move- 
ment o f  sand and water  i n t o  and ou t  o f  
t h e  t i d a l  i n l e t .  However, because t h e  
speeds o f  t i d a l  c u r r e n t s  a re  h i ghe r  dur-  
i ng f l o o d  t han  ebb phasc T o f  the same 
c y c l e  (see Chapter 2 ) ,  mLre sand en te r s  
t h e  lagoon t han  depar ts .  Th i s  p rov ides  a  
supp ly  o f  new sand t o  t he  lagoon and 
accounts f o r  t h e  f l o o d - t i d e  d e l t a  and t h e  
i n s t a b i l  i t y  o f  t h e  sand bottom. 

I n l e t  m i g r a t i o n  a t  Mugu Lagoon i s  p a r t  
o f  a  r e p e a t i n g  c y c l e  o f  opening, migra-  
t i o n ,  and c losure .  The f o l  l ow ing  desc r i p -  
t i o n  draws h e a v i l y  on John Warme's 
d e t a i l e d  a n a l y s i s  (1971). As t h e  t i d a l  
i n l e t  m ig ra tes  toward t h e  southeast  end 
o f  t h e  lagoon, t h e  f l o o d - t i d e  supply  o f  
wa te r  f o r  t h e  e n t i r e  lagoon must pass 
through a  l o n g  and meandering channel. 
Th i s  r e t a r d s  d e l i v e r y  so t h a t  r e l a t i v e l y  
l i t t l e  water  can e n t e r  t h e  lagoon b e f o r e  
t h e  h i g h  t i d e  has passed. The r e s u l t i n g  
f l ows  a r e  i n s u f f i c i e n t  t o  keep t he  mouth 
open, even on s p r i n g  t i des .  Consequent- 
l y ,  t h e  mouth c l oses  and remains c l osed  
u n t i l  w i n t e r  storms supp ly  enough f r esh -  
water t o  ove r f l ow  t h e  b a r r i e r  s p i t  a t  i t s  
1  owest po i n t .  Normal ly,  t h e  ove r f l ow  
w i l l  be near  t h e  head o f  t h e  Mugu Sub- 
mar ine  Canyon because i t s  deep wate r  
causes t h e  r e f r a c t i o n  o f  waves. T h i s  
reduces t h e i r  energy when they  break on 
shore nearby, so t h a t  t h e  berm o f  t h e  
beach i s  n o t  b u i l t  as h i gh  there.  The 
breach erodes t h e  s p i t  and develops i n t o  
a  new t i d a l  i n l e t .  I n l e t  m i g r a t i o n  pro-  
ceeds southeastward u n t i l  t h e  c y c l e  i s  
c m p l e t e d  by ano the r  c losure,  

Apparen t l y  t h e r e  were severa l  c y c l e s  
d u r i n g  t h e  1960is, when t h e  Navy i n t e r -  

vened t o  sho r t en  t h e  pe r i ods  o f  c l o s u r e  
by b u l l d o z i n g  a  new channel s h o r t l y  a f t e r  
t h e  i n l e t  c losed  (Warme 1971). Recent ly ,  
the cyc les  have been somewhat d i f f e r e n t :  
a  new t i d a l  i n l e t  formed oppos i t e  t h e  
mouth o f  Cai leguas Creek be fo re  o r  j u s t  
as t h e  o l d  i n l e t  c losed, some hundreds o f  
meters southeast  a long t h e  b a r r i e r  s p i t .  
The nor thwes t  l i m i t  f o r  t h e  l o c a t i o n  of 
t he  i n l e t  i s  f i x e d  by t h e  placement of 
r i p r a p  a long p a r t  o f  t h e  s p i t .  The pres- 
ence o f  we1 1  - es tab l i shed  dune vege ta t i on  
beginn ing approx imate ly  1 km t o  t h e  
southeast  i n d i c a t e s  t h a t  t h i s  had been 
t he  down-current l i m i t  o f  i n l e t  m i g r a t i o n  
f o r  a  long  time. I n s p e c t i o n  of seven 
a e r i a l  photographs from 1959 t o  1979 
suggests t h a t  t h i s  was a l s o  t he  most 
common l o c a t i o n  o f  t he  i n l e t .  

The most r e c e n t l y  completed c y c l e  o f  
i n l e t  m i g r a t i o n  d i d  n o t  f o l l o w  t h e  above- 
mentioned pa t t e rn .  Th i s  t ime  t h e  i n l e t  
m ig ra ted  i t s  usual  800 - 1,000 m between 
February and September 1980, remained 
t h e r e  through June 1981, and then, i n -  
s tead o f  r e i n i t i a t i n g  t h e  c y c l e  oppos i t e  
t h e  mouth o f  Cal leguas Creek, con t inued  
i t s  movement t o  t h e  southeast.  By August 
1981, t he  t i d a l  i n l e t  had moved ano ther  
150 m, and f i n a l l y ,  i n  February 1982 t h e  
i n l e t  c losed  a f t e r  moving ano ther  150 m. 
The i n l e t  then reopened 1,300 m t o  t h e  
northwest.  Be fo re  m i g r a t i o n  ceased, a  
300-111 s t r i p  o f  deep ly  r o o t e d  dune vegeta- 
t i o n  was destroyed. Presumably, t h i s  
extreme c y c l e  o f  i n l e t  m i g r a t i o n  r e s u l t e d  
from a  ma jo r  change i n  1980 o r  1981 i n  
the  coas ta l  processes t h a t  move m a t e r i a l s  
on, o f f ,  and a long  t he  shore. 

Sub t i da l  Channel 

The o n l y  channel i n  t h e  eas te rn  arm o f  
Mugu Lagoon t h a t  always has s u b s t a n t i a l  
f l o w  l i n k s  t h e  t i d a l  i n l e t  and t i d a l  
d e l t a  w i t h  t h e  s u b t i d a l  ponds o f  t h e  arm 
( F i g u r e  10). The s u b t i d a l  channel i s  
q u i t e  un i f o rm  i n  w id th  (approx imate ly  
50 m) b u t  v a r i e s  i n  l e n g t h  from 700 t o  
1,400 m acco rd i ng  t o  t h e  l o c a t i o n  o f  t h e  
t i d a l  i n l e t  and de1 ta ,  The s u b t i d a l  
channel i s  10-30 cm deep a t  low water  f o r  
t h e  most p a r t ,  b u t  occas ional  depressions 
approach 1 m deep. The bottom i s  more 
than 95% sand throughout  ( p a r t i c l e s  
g r e a t e r  than  0.063 mm d iameter) .  Maxi- 
mal c u r r e n t  speeds have n o t  been measured 
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sbtldal Ponds and Other Areas 
- f Permanent Open Water 

Areas o f  permanent open water make up  
aout  one-fifth of the Mugu Eaqoon estu- 
arine ecosystem; however, only 4he 
iubtidal ponds of the eastern arm have 
s e n  described in detail {Warme 1971; 
'igure lo ) ,  The greatest depth recorded 
3 1  ong Warme \ to~ographic transects was 
;pproximately -0.3 f t  MLLW, which would 
:orrespond t o  a water depth of approxi- 
lately 1.2 m a t  low water i n  the lagoon, 
Tidal currents are barely perceptible, 
except where the subtidal channel empties 
lnto the western pond and in the con- 
stricted areas between marsh islands and 
the adjacent mainland mrsh. Often 
surface currents generated by the wind 
are more apparent than the tidal cur- 
rents. Because of the slow movements of 
the water, much finer particles can and 
do se t t le  out than in the inlet ,  delta, 
and channel envi roments, 

The hydrodynamic environment allows for 
the accumulation of fine particles i n  the 
sediments in the subtidal ponds; nonethe- 
less, sand continues t o  dominate even 
here. Sand content ranged from 50% to 
90% by weight in "dame's (1971) samples 
from the subtidal ponds. In addition, 
the finer particles were confined t o  the 
surface layer (Figure 11). Finally, there 
was a dearth of intermediate sizes (evi- 
dent in the abrupt change in slope of the 
curnula tive percentage plots of grain-s ize 
distribution; Figure 11), 

These characteristics suggest several 
things, First, two different sources of 
sediments and mdes of their introductio? 

1 I--> 
, 5  2 3 4  5 0  7 8 9 1 0  

+- - Sand --I -- Silt -------I - Clay - 
Figurre 11. Variation in substrate texture 
~ i t h  depth from a core taken in the middle 
o f  the eastern pond of the eastern arm, 
Nugu Lagoon (modified from Warme 1971). 

Snto the ponds are Implicated. Other- 
wise, fractions of ~ntermediate size 
would be more evident. The sand fraction 
has i t s  origin in the barrier spi t  and 
may be delivered by the wind. Certainly 
4t i s  not carried suspended in the water. 
The predominantly clay fraction i s  ter- 
rigenous in origin, delivered to the 
central basin by Calleguas Creek and by 
tidal currents into the subtidal ponds of 
the eastern am. Although coarser mate- 
rial undoubtedly i s  delivered to the cen- 
tral basin, the tidal currents are suffi- 
cient to transport only the fine fraction 
into the ponds of the eastern arm. 

The second conclusion t o  be drawn from 
these observations ds that the supply of 
fine particles 3s small, a t  least rela- 
tive t o  the supply of  sand. Otherwise, 
fine particles should predominate, a t  
least in the surface layers. (The pre- 
dominance of sand a t  greater depths m i g h t  
only reflect a different depositional 
environment in prlor times, such as 
ancient beach or dunes I n  existence be- 
fore the formation of the lagoon.) The 
only other possibility i s  that the depos- 
itional environment is  not what i t  seems; 
i.e., the "normal" situation of slow, weak 
water movements i s  violated often enough 
Q by great water t;u rbul ence generated by 



h i g h  winds?) o r  i s  s u f f i c i e n t l y  mod i f i ed  
(by  a c t i v i t i e s  o f  organisms?) t o  y i e l d  a  
sediment i n  some ways more c h a r a c t e r i s t i c  
o f  a  h i ghe r  energy environment,  Th i s  
T a t t e r  a1 t e r n a t i v e  1 be cons idered 
l a t e r .  

Expanses o f  permanent open water  i n  t h e  
c e n t r a l  bas i n  and t h e  western arm o f  Mugu 
Lagoon d i f f e r  f rom t h e  sub t i da l  ponds of 
t h e  eas te rn  arm i n  shape and o t h e r  char- 
a c t e r i s t i c s .  The dredging o f  t h e  c e n t r a l  
basin,  t h e  c e n t r a l  b a s i n ' s  r o l e  as 
r e c e p t a c l e  f o r  t h e  d ischarges  o f  t h e  o n l y  
ma jo r  i n l e t  stream, and t h e  separa t ion  o f  
most o f  t h e  c e n t r a l  bas i n  frm t h e  bar-  
r i e r  s p i t  ( t h e  source o f  sand) a l l  should 
make f o r  d l  f f e r e n t  environments than  
those j u s t  desc r ibed  f o r  t h e  eas te rn  arm. 
The western arm has an a lmost  un i f o rm  
w i d t h  frcnn end t o  end except  where a 
causeway c o n s t r i c t s  water  t o  a  narrow 
c u l v e r t  system, and no d i r e c t  communi- 
c a t i o n  w i t h  t h e  b a r r i e r  s p i t .  Th i s  
suggests t h a t  t he  western arm w i l l  be 
much m d d i e r  t han  t h e  eas te rn  arm because 
t h e  c u l v e r t s  r e s t r i c t  t i d a l  exchange and 
because no supply  of sand i s  a v a i l a b l e  
f rom t h e  b a r r i e r  s p i t .  

T i d a l  F l a t s  

I n  t h e  eas te rn  arm, t h e  t i d a l  f l a t s  
ad jacen t  t o  t h e  s u b t i d a l  channel a r e  
s u b j e c t  t o  f a s t  c u r r e n t s  and a r e  sandy, 
w h i l e  those ad jacen t  t he  s u b t i d a l  ponds 
a r e  sub jec t  t o  slow c u r r e n t s  and have 
l a r g e r  f i n e  f r a c t i o n s ,  I n  bo th  cases, 
t h e  sediments a r e  coarser  on t h e  b a r r i e r  
s p l t  s i d e  than on t h e  main land s ide.  I n  
these  ways t he  d i f f e r e n t  k inds  o f  t i d a l  
f l a t s  have much more i n  common w i t h  
ad j acen t  s u b t i d a l  areas than w i t h  each 
other ,  I n  t h e  western arm, t i d a l  f l a t s  
a r e  p redominan t l y  s i l t s  and c lays.  

The b o t t a  o f  the  i n l e t  t o  Mugu Lagoon 
i s  a t  approx imate ly  mean sea l e v e l .  
Immediate ly  o u t s i d e  t h e  i n l e t  t h e  t ime o f  
t i d a l  exposure inc reases  con t i nuous l y  
w i t h  i n c r e a s i n g  e l eva t i on ,  s t a r t i n g  a t  
zelno a t  l owes t  low wate r  (approx imate ly  
-0.6 m MLLW), The d i s t i n c t i o n  between 
s u b t i d a l  and i n t e r t i d a l  i s  b l u r r e d  by t h e  
surf. I n  con t r as t ,  everywhere i n s i d e  t h e  
lagoon  t h e  t ime  o f  subaer ia l  exposure 
jumps d l r e c t l y  from zero t o  severa l  hours 
a t  t h e  s u b t i d a l - i n t e r t i d a l  boundary, 

because t he  w a t e r  l e v e l  jns'ide t h e  lagoon 
remains a t  niean sea level t he  whole t ime  
t h a t  t h e  t j d e  i s  D e l o ~  mean sea l e v e l  i n  
t h e  ad jacent  ocean, The boundary i s  n o t  
b l u r r e d  much by waves washing up t he  
shore, Above t h i s  boundary t h e  t i n e  o f  
subaer i  a1 exposure inc reases  con t i nuous l y  
w i t h  i n c r e a s i n g  e l eva t i on .  Thus, t h e r e  
i s  no r a r e l y  exposed low i n t e r t i d a l  zone 
i n  the  lagoon. Being anywhere i n  t he  
i n t e r t i d a l  w i l l  mean a t  l e a s t  severa l  
hours o f  exposure f o r  each t i d a l  cyc le .  
A1 though t he  d i f f e r e n c e s  between exposed 
and submerged c o n d i t i o n s  v i r t u a l l y  d i  s- 
appear o n l y  a  few m i l l i m e t e r s  i n t o  t h e  
subs t ra te ,  they  c o n s t i t u t e  r i g o r o u s  
p h y s i o l o g i c a l  chal lenges t o  t h e  b i o t a  
con f i ned  t o  t h e  sur face.  

T i d a l  Marsh 

The dominant f e a t u r e  o f  t h e  t i d a l  marsh 
i s  i t s  vascu la r  p lan ts .  The p l a n t s  a re  
t e r r e s t r i a l  i n  o r i g i n ;  hence, i t  i s  n o t  
s u r p r i s i n g  t h a t  t h e  marsh i s  con f i ned  t o  
t h e  upper p a r t  o f  the  i n t e r t i d a l ,  where 
t ime  exposed t o  t h e  a i r  exceeds t ime 
covered by water. Macdonald (1977) de- 
f i n e d  t h e  lower  l i m i t  o f  t he  t i d a l  marsh 
as t he  e l e v a t i o n  where t ime of maximum 
cont inuous submergence r i s e s  sha rp l y  from 
a l e v e l  o f  about 7 h  (F i gu re  12).  Cur- 
r e n t s  a re  slow i n  t h e  marsh and are l ess  
a t  h i gh  e l e v a t i o n s  than low. Also, t he  
vege ta t i on  r e t a r d s  f l o w  and v i r t u a l l y  
e l i m i n a t e s  wave a c t i o n  a t  t h e  sediment 
sur face.  Consequently, some o f  t he  
f i n e s t  sediments i n  t he  lagoon are found 
here. Noth ing i s  known about t h e  cond i -  
t i o n s  i n  t he  marsh surrounding t he  
western arm; however, t h e  g rad i en t  toward 
f i n e r  sediments a t  h i ghe r  e l eva t i ons  may 
be reversed  on t h e  south side. Since t h e  
marsh i s  ad jacen t  t o  t h e  b a r r i e r  beach, 
overwash and wind w i l l  supply  l a r g e  
q u a n t i t i e s  of sand t o  t h e  h i ghe r  e leva-  
t i o n s  here, except  where development has 
e l  im ina ted  t h e  zone o f  con tac t  (F i gu re  
10).  

T ida l  Creeks 

T i d a l  creeks de1 i v e r  water  t o  and fra 
i n t e r i o r  p a r t s  o f  the  marsh, There a re  
few a t  Mugu Lagoon, presumably because 
t h e  marsh i s  narrow, be ing e i t h e r  con- 
f i ned  by a mounta ins ide as i n  t he  eas te rn  
arm o r  by a r t i f i c i a l  f i l l  as i n  t h e  
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Figure 12. Dura t i on  o f  maximum t i d a l  
exposure (E)  and submersion (Sl=Nov. 
1964; Sz=Jan. 1965) f o r  M i ss i on  Bay Marsh 
(adapted from Macdonal d  1977). 

western arm. Creeks a re  bes t  developed 
i n  t he  marsh surrounding t he  western arm 
(see f r o n t i s p i e c e ) .  The bottoms o f  t h e  
t i d a l  creeks can be as much as 1 m deeper 
t han  t h e  ad jacen t  marsh i n  t h e i r  l ower  
reaches and a re  s u b t i d a l  (Warme 1971). 
Sma l le r  creeks and t h e  heads of t h e  
l a r g e r  creeks d i f f e r  l e s s  i n  e l e v a t i o n  
f rom t h e  marsh and a re  i n t e r t i d a l .  Cur- 
r e n t s  i n  t he  creeks, e s p e c i a l l y  c u r r e n t s  
i n  downstream po r t i ons ,  a re  f a s t e r  than 
i n  t h e  ad jacen t  marsh. Consequently, t h e  
sediments should be coarser.  Samples 
f rom a creek and from t h e  marsh 75 m 
away were 33% and 6% sand, r e s p e c t i v e l y  
(Warme 1966). Most o f  t h e  t i d a l  creeks 
a r e  s h o r t  ( ~ 0 . 5  km) because t he  s a l t  
marsh i s  narrow. The o n l y  l o n g  t i d a l  
channel extends a ~ p r o x i m a t e l y  4 km west 
f rom t h e  western arm o f  t h e  lagoon (F i g -  
u r e  10). 

Sa! t Pans 

These features a re  i n  t he  h i g h e s t  p a r t  
o f  t h e  i n t e r t i d a l  zone i n  t h e  one area o f  
low s lope  t h a t  has n o t  been a l t e r e d  by 
human a c t i v i t i e s  (F i gu re  10, no r t heas t  
f rom t he  c e n t r a l  basin).  Pans a r e  l o -  
cated a t  an e l e v a t i o n  approx imate ly  2 m 
above MLLW and a re  ve r y  r a r e l y  inundated 
by t i d e s .  The h i ghes t  are o n l y  reached 
by  s torm t i des .  Uater  stands i n  t h e  pans 
f o r  long  per iods. Therefore, t h e r e  i s  
cons iderab le  evapora t ion ,  l e a v i n g  t h e  
s a l t  behind and a t  t h e  surface. Even i f  
p r e c i p i t a t i o n  were more impo r t an t  than 
t h e  t i d e s  i n  supp ly ing  water, t h e  s a l t s  
would s t i l l  be l e f t  a t  t he  sur face,  thus 
account ing f o r  t h e  name " s a l t  pan" and 
t h e  absence o f  p e r s i s t e n t  vegetat ion.  

S i l t  predominates i n  t h e  s a l t  pans and 
areas o f  h i g h  marsh immed ia te ly  ad jacent ,  
u n l i k e  a l l  o t h e r  l o c a t i o n s  sampled i n  t h e  
eas te rn  arm, suggest ing t h e  nearby Santa 
Monica Mountains as t h e  l o c a l i z e d  source 
o f  t h e  d i f f e r e n t  sediments ( F i g u r e  13). 
I n  c o n t r a s t ,  t h e  t i d a l  i n f l u e n c e  i s  sd 
uncmmon and, when i t  does occur,  so 
s l i g h t ,  t h a t  t i d a l  waters  cou ld  n o t  c a r r y  
much suspended m a t e r i a l  (even c l a y s )  i n t o  
t he  pans. Other samples r e l a t i v e l y  r i c h  
i n  s i l t s ,  c o l l e c t e d  f rom t h e  heads o f  
t i d a l  c reeks near  t h e  Santa Monica 
Mountains (Warme 1971), a r e  cons i s t en t  
w i t h  t h i s  i n t e r p r e t a t i o n .  

Summary o f  Wet1 and Components 

The t i d a l  marsh has t h e  g r e a t e s t  a rea l  
e x t e n t  o f  a1 1 components o f  t h e  Mugu 
Lagoon e s t u a r i n e  ecosystem, f o l  1 owed by 
permanent open water  (accoun t ing  f o r  l e s s  
than one - t h i r d  as much) and t i d a l  f l a t s  
(account ing f o r  l e s s  than one-ha l f  t h a t  
of open water ;  Tab le  2). The western arm 
i s  r e l a t i v e l y  r i c h  i n  t i d a l  f l a t s ,  marsh, 
and creeks, whereas t h e  c e n t r a l  bas i n  i s  
dec ided ly  poor. I n  con t r as t ,  t h e  c e n t r a l  
bas in  has much more permanent open water, 
and t h e  eas te rn  a m  has a lmost  a l l  t h e  
s a l t  pans. 

These d i f f e r e n c e s  i n  p ropo r t i ons  a re  
ha rd l y  s u r p r i s i n g  i n  view o f  t h e  topo- 
g raph ic  f ea tu res  o f  t h e  d i f f e r e n t  p a r t s  
of t h e  lagoon coupled w i t h  t h e i r  c t l l  t u r a l  
h i s t o r y .  Thus, no tw i  thstands'ng major  
losses o f  t i d a l  marsh t o  t h e  development 



S A N D  

Figurn 13. (a) Sediment triangle and (b: mp snowing simples i n  which s i l t s  were 
relatively enriched In surface sediment samples i n  the eastern am o f  Mugu Lagoon 
(adapted from Wame 1965. 1971). 



Tabde 2 .  The s t r i l c t u rd l  ca7pa~ents  0 1  tbap P~l?agii Lagoon es tuar ine  ecosystm: the i r  
ar.p,rl fir16 J i s tp?  biit-ioi: w i  t h - i n  the ecosys ta7 j subtidal and in te r t ida l  cmpormencs 1 
~n, !  tLte irnjtit of ~ d q ~  G K  ;?tljaccnt u p l a n d ,  (8dsed priialarily on Figure 10,) 

- _- _. ll_l_.p--l-. - 
"! of the total fo r  the whole 

lagoon Iyinq within: 
4r2a I : o f  Eastern Central Western 

Canaonen t (ha) k t )  total  arm basin a rin 
--- -we-- -" 

*Ti : sub t i d a l  and inter t idd;  597 100 2 2 16 6 2 

: ILi,+l in le t  and d ~ l  t d  '1 1 100 
Su'atiJfll cblanncl 1 100 
S u b 3  dsl ponds or prirwr-i~n+ 

apcn w d t a -  11 1 19 19 5 4 32 
Tidal f l a t s  5 1  Y 17 15 6 8 
T ti a 1 iF:d YS 11 38 T 6 4 18 5 77 
Tidal creeks 11 2 18 52 
Sal  "uns 3 2 5 97 3 

Upland: call 22.2 100 2 4 P 1 6 5 

Natirral (bar r ie r  s p i t )  5,9 2 7 34 8 5 8 
i l i s  turbed operz space 7,11 35 10 2 1 63 
Devcl oped 5.9 27 Oa 2 98 
?io irtteraction with w c t l ~ n d r  2 , G  I? 100 i) 0 

d M o r t  of the upland edge on the Idntfwar;! side of the eastern a:?n i s  excluded 
because i t  was always so s teep a \  t3 h a w  l i t t l e  ro le  i n  the estuarine ecasystetn. 

o f  t he  Ndva i  Air Statjon,  the Iloodplai~i 
se t t ing o f  the western ant1 s t i l l  feads 
co CI prevdlence of in ter t idal  ccmnpon~rits 
ccanpiircd to the undeveloped eastern anti, 
v h  i s  pressed against a mcrntain 

i a n k ,  Prcsurnably, sa 1 t pans were $:rev-- 
aierlt a t t h e  upper fringe o f  tnc m r s h  
- q  thc western ann, but Mere f i l l e d  vrhen 
t w  base was constructed. I n  the central 
nasTn,  dredging eliminated the lower 
parts 9F the i n t e r t i da l ,  wh i l e  f i l  1 clirn- 
rnated tne upper parts. The conseqdcncc 
was the overwhelming predominance of 
oennanent open water there,  

The three categories of adjacent ua- 
lanns have dis t inct ly  di f ferent  relations 
with the aauatic components of t h s  cccr- 
syst;an. Adjacent itpaand irr a nearly 
rlat~~nra? condition is  limited to t h e  bar- 

r i e r  sp i t  and beach, I t  i s  a major 
source of sand for  the lagoon. The  
coastal rtranrl and dune canmunities on 
thc sp i t  are important because o f  t h e i r  
ra r i ty  i n  the region; i n  addition, they 
provide habi ta t  f o v  a re la t ively  small 
dariety of oorganisms that  also use the 
laqsan. nist.larbed open space, modified 
Ry p a s t  lliirnao ac t iv i ty  such as f i l l i n g  or  
d i  kinrg, may be mowed or disked accasion- 
? l i y ,  bmt f a r  the mst pa?t  i s  l e f t  
 lone, 4s ~ i t h  the barr ier  s p i t ,  i t  pro- 
vides d l  ternat ive  habitat  for a m a 1  1 
v 3 r i e t y  o f  organisms that  use the lagoon, 
The nrqanisms tha t  use these two kinds of 
up1 and-wetland t ransi t ions  probably a re  
dl" f fereqt ,  The deveS aped up land ,  of? the  
other hand, can be a source of inpots 
(pol iutc;r! ts ,  noise,  and rapid novemenl o f  
planes, vehicles, and oeople) t h a t  my 
reduce the  u t  i l  i t y  of  adjacent wet? and 
f2 r  t h e >  biota normally associated  with 
upland-wetland f - i ~ g e s ,  



The amount of edge between each kind of 
upland and i t s  adjacent wetland would 
seem to be of greater significance than 
the area of upland in determining upland 
contribution to the estuarine ecosystem, 
Obviously, the width of the bordering 
upland also matters, b u t  the use of adja- 
cent upland by estuarine organisms pro- 
bably i s  a rapidly decreasing function of 
distance from the edge. Until we know 
much more about w h a t  goes on landward of 
the upland-wetland edge, the length of 
the edge will have to serve as the best 
f i r s t  approximation of the contribution 
of each kind of upland. 

The three major lobes of the lagoon 
differ  radically in amounts of the three 
kinds of edge. Virtually a11 of the 
developed edge i s  in the western arm, and 
the eastern arm i s  proportionately rich 
i n  natural edge. Despite the concentra- 
tion of development i n  the western arm, 
natural and disturbed open space account 
for 60% of the upland-wetland edge, The 
role of roads i s  variable. The Pacific 
Coast Highway, skirting the northern side 

of the eastern arm (Figure 10 ) ,  i s  
fringed by a j umble  of rocks and an 
a1 ms t-continuous wall of v e g e t a l i  on t h a t  
differ l i t t l e  f r m ~  the original border of 
rock rubble and  vegetation a t  the foot s f  
the Santa Monica Mountains, The heavily 
used causeway crossing the western am 
should perhaps be regarded as the extreme 
exarnpl e of a developed edge. 

3.2 STRUCTURAL COMPONENTS- 
AFTER 1978 

Sediment deposition caused a drastic 
transformation in the central basin of 
Mugu Lagoon sometime between 10 March 
1977 and 16 May 1978. This transf~rma- 
tion i s  il lustrated in the series of 
aeri a1 photographs appearing as Figure 
14. On the former date the central basin 
was almost exclusively permanent open 
water. Tidal f l a t s  were limited to a 
small delta a t  the mouth of Calleguas 
Creek and the delta associated with the 
tidal inlet.  Together they were less 
than one-third of the area of permanent 

1977 

Figure 14. The extent of intertidal f l a t s  i n  the 



open water, By 16 May 1978, the propor- 
t i o ~ s  were almost reversed, There was 
twice as aluch area af t idal  f l a t s  as of 
open water, Between those two dates was 
the wettest  season i n  the 36 years of the 
Poirt Mugu meteorological s t a t ion ,  i n -  
cluding one protracted se r ies  of storms 
that  diriy~ed 20.7 cm of preejplt8tion f n  9 
d 2 j s  (5-13 February 19781, Effects of 
the stonr? s e r i e s  were not limited t o  the 
cen t r j l  basin. Sediment samples and 
deptil 11i7asurements of the lagoon ( t h ~  
easterr, arm in par t icular)  f r m  the 
IQtiO's (Wam~e 19661, frm? the !978 stunn 
period ( J i l l  Cermak, Univer5ity of Cali- 
f o r n i a ,  Sdnta Barbara; unpubl, , c ? . ) ,  and 
f r m  recent ~ o r k  (Onuf and Qtiar~:~en 1983; 
Shaffer and Ondf 1983) have a1 locviid us to  
reconstruct a f a i r l y  cmp:e.le description 
of the e f f ec t s  of the storri, 

The nlos t obvious  cons^ ,uence of the 
ston11 was t ha t  the bottorri imm=Jiately 
chanqed over most of the eastern arm from 
being predominantly sandy to being much 
f iner  grained (Figure 15). Although some 
of the f i n e  material a t  the surface was 

sel ective? y removed shor t ly  thereaf ter ,  
only t he  sandy-bottomed subtidal channel 
had reverted t o  i t s  former condition by 
three li~onths a f t e r  the storm (Figures 15 
and 1 6 ) ,  Samples collected over a longer 
period on t idal  f l a t s  bordering the sub- 
t idal  channel (Si tes  5 and 6, Figure 16) 
and on inner lagoon subtidal and inter-  
t idal  areas (S i tes  8 through 11, f igure 
16) indicate tha t  the much f iner  surface 
sediments deposited during the storm 
s t i l l  pe rs i s t  in the inner lagoon pond 
area b u t  no longer in the channel area 
(Figure 17). 

In addition to  the sediment changes 
that  have lasted a t  l e a s t  2 years in the 
subtidal pond, the sedimentation a1 so re- 
sulted i n  a substantial  decrease in the 
depth of the lagoon. I f  i t  i s  assumed 
that  a l l  the change in elevation between 
Wanne's (1971) original topographical 
transects i n  the mid-1960's and the re- 
surveying of the same general areas i n  
1979 resulted from the February 1978 
storm, then Figure 18a shows the extent 
and dis t r ibut ion o f  f i l l i n g  caused by 

1978 

central basin of Mu9u Lagoon i n  d i f ferent  years, 
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Figure 45, Sediment texture before, 
during, and a f t e r  the major series of 
s t o w s  i n  1978; s i t e s  grouped accordin 
t o  similar histories of change. (a? 
coarse to fine; (b)  coarse to interned- 
la te  to coarse; (c)  intermediate to fine; 
( d )  l i t t l e  change. Sample s i t e s  are 
shorn i n  Figure 16. 

coarse to rnt~rmediate  l~tEle rnsnj,e 

rnterrrteniate to flne coarse to fane 

Figure 16. Sediment-sampl i n 9  s i t e s  and 
areas of the lagoan w i t h  similar sedl":m?i'tt 
changes i n  response to  the m j o ~  stom of 
February 11478, See F-igure 15 f o r  ex- 
amp1 es o f  the sediment-size distributions 
of the different  areas over time, 

Figure 17. Changes in surface-sediment texture a t  s i t e s  i n  tbe tidal channel 
and western pond (near s i t e s  5 and 6,  and sites '9, 10, and 11 of Figure 16, 
respective1 y f  of the eastern a n ,  &gu Lagoon, 



Figure 78. Changes in  depth of the eastern arm of Mugu Lagoon, caused primarily by the 
storms af ( a )  February 1978 and ( b )  1980. 

t h a t  storm, According t o  t h i s  analys is ,  
the  average depth of the lagoon ( a t  low 
water) has decreased approximately 13 crn 
(252), and the deepest areas  were f i l l  ed 
the  mst, 

Any cmpar i  sons between surveys ,mde so 
man3 years apar t  contain uncer ta in t ies ,  
Confidence i n  the in te rp re ta t ion  t h a t  the 
one s t o m  accounted fo r  m s t  of the  
charge tier ires irmi the close agreement 
between the  ba thymtr ic  changes inferred 
f r m  surveys made many years apar t  and 

t he  few d i r e c t  naeasurments of the new 
trwd layes made i n  the same locations,  In 
these cases, we know from sampf es co9- 
7ected as  few a s  17 days before the storm 
and collected again a t  the same s i t e s  as 
few a s  3 aad 43 days a f t e r  the s t o m ,  
t h a t  approximately 10 cm of loose1 y can- 
solidated pure mud (over 90% by weight 
4l.063 m i n  diametter) had been deposited 
on top of a compacted mddy sand (<25% by 
we igh t  of- particf es <0,063 mm). (Cmpare 
February 1978 with January 1978 i n  Figure 
17.) 





Figure 19. The relationship of the eastern arm of Mugu Lagoon t o  inputs from 
Cal leguas Creek under di f ferent  t idal  conditions. 

appear tha t  t h i s  i s  a necessary but not 
suff ic ient  condition for storm-caused 
sedimentation i n  the eastern ann. 

( 2 )  The ea r l i e r  storms occurred during 
times when the erosion potential of the 
watershed was low. Erosion, and conse- 
quently the sediment load of streams, 
will be highest when the watershed i s  
already near saturation before the rnajor 
storm and when the vegetation of the 
watershed i s  in poor condition a f t e r  a 
succession of dry seasons. Both the 1978 
and 1980 storms were preceded by unusu- 
a l l y  wet months, while both the 1962 and 
1969 storms were preceded by months of 
normal o r  subnormal precipitation. The 
condition of the vegetation in response 
to prolonged drought i s  harder to assess. 
Steffen (1982) proposed the ciimulative 
deviation from the long-term average pre- 
c ip i t a t ion  as a meaningful measure of 
vegetation condition. Here the c r i t i c a l  
feature i s  the length of time into a 
long-term period of drl'er o r  wetter than 
normal condi tions (downward and upward 

trends, respectively, i n  the plots of 
cumulative deviation from the long- ten  
average precipi ta t ion) .  The f i r s t  31. 
years of ra infal l  records for Point Mugu 
show a major drying trend (Figure 20) in 
which wetter than nonnal years are  few 
and not in succession. Judging from the 
records of the nearby Oxnard weather sta- 
t ion,  the beginning of the Point Mugu 
record was the beginning of t h i s  dry per- 
iod; thus, the major storms of February 
1962 and January 1969 were one-half and 
three-quarters of the way through the dry 
period, ldhile they were major storms, 
they cer ta inly  did not end the dry spel l ,  
That was l e f t  for a succession of wetter 
than normal years beginning 9 years 
l a t e r ,  of which the February 1978 and 
1980 storms were a major and early part. 

These resul ts  suggest that  drought- 
caused deterioration of the vegetation 
in the watershed could have contributed 
t o  the greater sedi:nentatjo.r r e s i i l t i n ~  
from the l a t e r  storms, This conclusion 
requires that  vegetation i s  appreciably 



1950 1960 1970 1980 

Water year beginning July of. 

Figure 20. The cumulative deviations 
f r m  the long-tern mean precipitation 
(34-year record) a t  Point Mugu, Califor- 
nia (based on de Violini 4975 and unpub- 
lished records), See Figure 6 for  longer 
time series i n  the region, A downward 
trend o f  points indicates precipitation 
be1 cpcs the long-term average ( 1945-63, 
1968-76); a horizontal series indicates 
precipitation equal t o  the long-tern 
average (1963-1967); and an upward trend 
indicates p r e c i p i  tahion above the long- 
term average ($976-1979). 

?es% caoable af retardi~tz e r ~ s ~ o ~  a t ~ e i  a 
d ry  per;od has been i n  proares5 fa. 32 - - years (as  i n  K978), ctarro8re.t c f ~  .!J yen?- 
( 3 5  i n  19691, and that ;nore thar l  :1 w a r s  
of above-nomal preci o i  tacf3r:  r~ts",e.is~n 
before the vegetation improves eco.JgY t o  
re ts rd  erosion e f f e c t i v e l y ,  2 t h ~ r w i  52, 
major sedimenta"lon should nrz: h a w  gl:- 
curred i n  1980, Bath r u m q  c'w 
plausible b u t  lack irldepeod.ant vura f ica- 
i * 
cl Or1 *. 

( 3 )  De?ve~opment of the waters her1 sincc 
19G9 resulted in more eriashan that !  dupinq 
the 4960k.,, Baring soil or} steep r,:o~r?s 
will certainly accelerate erosion; tnis 
i s  happening in the watershed o f  Mugif 
Lagoon on a massive scale (Figure 21) f o r  
reasons Stated i n  Chapter I,  This a c t i v -  
i t y  has became much rnore widespread since 
2969 than before and could account f ~ r  
the difference i n  effects between the 
earl ier  and later storms, 

mrri 21. Aerial ptyotoyr~rpph o f  hiTlsidc devel~pmenl mar Moorpark, Catifcrnia, 1979, 

34 



Chariges T"n land case before znd a f t e r  
196g have been deterinined from maps and  
photqrdphs fo r  the part  of the Ca4 leguas 
Creek watershed l y i n g  within the Moor- 
park, Cal i f o rn i a ,  U.S. Geol o ~ i c a l  Survey 
topographic quadrangle (Figure 22). Ac- 
cording to  t h i s  analysis,  of 211 hi1 ls ide  
areas developed by 1979, 25% had been 
developed by 1947; another 15% was devef - 
oped in the 22 years to  1969; and the  
remaining 60% was developed in only 10 
years frorn 1969 t o  19713, This corre- 
sponds closely to  the 'largest area of 
'%hi y h  r a tes  of accelerated erosion" 

(caused by human act ivi  t i e s )  identified 
by Steffen (1982) and probably i s  repre- 
senta t ive  of a l l  areas so designated 
(Figure 23). He estimated tha t  acceler- 
ated erosion might account fo r  40% of 
sediment generated in the Calleguas Creek 
watershed and even more in the remaining 
18% o f  the whole Mugu Lagoon watershed; 
therefore,  these changes i n  land use 
undoubtedly were responsible for  large 
increases in the amount of sediments tha t  
were transported t o  Mugu Lagoon by major 
stonns i n  1978 and 1980, compared to 1969 
and ea r l i e r .  

Flat valley botto 

Flat  valley bottom 

Figure 22. The extent of hi1 l s jde  development i n  one part  o f  the watershed o f  Mugu 
Lagoon a t  d i f fe ren t  times (see dashed area i n  Figure 2 3 ) .  
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High rates of accelerated erosion (accelerated by human 
activity) 

Figure 23. Areas w i t h  h i gh  r a t e s  o f  acce le ra ted  and geo log ic  e ros i on  ( f r m  S t e f f e n  
1982). Dashed l i n e s  i n d i c a t e  t he  area represented i n  F i gu re  22. 

Accmpanyi  ng t h e  impacts o f  sedimenta- 
t i o n  has been a  c a t a s t r o p h i c  r e d u c t i o n  i n  
c e r t a i n  groups o f  t he  lagoon benthos due 
t o  t h e  r e d u c t i o n  o f  s a l i n i t i e s .  Wi th  
increased development and s tonn r u n o f f ,  
these c a t a s t r o p h i c  r educ t i ons  may be 
caused by  sma l l e r  storms than i n  t h e  
past. 

( 4 )  The c e n t r a l  bas i n  had a  g r e a t e r  
capac i t y  t o  r ece i ve  s torm sediments dur- 
i ng  the  1960's. U n t i l  1977 t h e  c e n t r a l  
bas in  was a  l a r g e  expanse o f  open water 
(F i gu re  14) hav ing been dredged approx i -  
mate ly  10 m deep i n  the  e a r l y  1960's. 
The storm f lows l e a v i n g  t h e  narrow con- 
f i n e s  o f  t he  levees on Ca1 leguas Creek 
would have spread ou t  and slowed a t  t h i s  
po i n t ,  perhaps enough so t h a t  sediments 
cou ld  have s e t t l e d  w i t h i n  t he  c e n t r a l  
bas in  r a t h e r  than w i t h i n  t h e  eas te rn  arm. 
A m a 1  1 d e l t a  was p resen t  a t  t h e  mouth o f  
Calleguas Creek a t  t h i s  t ime, and locrsc! 
mud was observed i n  t h e  c e n t r a l  bas i n  bu t  
n o t  i n  t h e  eas te rn  arm a f t e r  t h e  1962 
s t o m  (MacGinj t i e  and MacGini t i e  1969). 

The c e n t r a l  bas i n  ceased t o  be a  body o f  
open water d u r i n g  t h e  1978 storm (F i gu re  
14),  a f t e r  which i t  ceased t o  be a  s i n k  
f o r  suspended p a r t i c u l a t e s  be fo re  t hey  
c o u l d  reach t h e  eas te rn  arm. 

Th i s  then can e x p l a i n  t he  d i f f e r e n t  
impacts o f  t h e  1962 and 1969 storms 
versus those i n  1978 and 1980: u n t i l  t h e  
c e n t r a l  bas in  ceased t o  serve as a  sedi -  
ment t r ap ,  no s torm cou ld  cause major  
d e p o s i t i o n  o f  f i n e  sediments i n  t h e  east -  
e rn  arm. Th is  exp l ana t i on  a l s o  r eso l ves  
t h e  dilemma o f  why a  stonn-dumped l a y e r  
o f  mud cou ld  p e r s i s t  where t h e  bottom 
c rea ted  by  " na tu ra l  " processes (movements 
o f  water and a i r )  had been predominant ly  
sandy. The s u b t i d a l  ponds always were a  
p l ace  where f i n e  m a t e r i a l  cou ld  s e t t l e  
and stay. The reason t h a t  f i n e  ma te r i a l  
c o n s t i t u t e d  so l i t t l e  o f  t h e  b o t t m  was 
t h a t  t he  source o f  supp ly  was sma l l  r e l a -  
t i v e  t o  t h e  srapply of sand from the  bar- 
r i e r  s p i t .  Wi th  t h e  f i l l i n g  o f  t he  cen- 
t r a l  basin,  t h e  supply  o f  f i n e  m a t e r i a l  
c a r r i e d  as f a r  as t h e  eas te rn  arm by 



s t o r ~  floi,is has ";creaSc?S a n d  t n e  zrinouslt 
of f i ne  inaterial deposited on the bot tm 
o f  the eastern ann has increased a s  w ~ l i ,  

The f ; l ! j n g  of the central bzsin i s  the 
proxin;ate explanation fo r  ti]? a S r u p i  and 
large chanc;e i r r  the sedii:le:?t ~"ynairiics of 
r4ugi; i.sg00n in 1978, Howi.ver, the other 
t h r e e  factors cannot be ig9ot-ed:  ( I )  t h e  
i;!?asing o f  s toms  with t h e  Yides will 
&ten-:ine t o  what extent sedii~ients are  
transported into  the eastern and wes.tern 
anns from now on; ( 2 )  the condition of 

t he  watershed i n  response t o  the c1 imatic 
cycle ~ i 1 7  determine hw much soil  i s  
eroded;  and ( 3 )  continued development of 
steep h i l l s ides  has been and w i l l  con- 
t i n u e  t o  be a major determinant of the 
sediment supply, The supply o f  sediments 
w i  l i  probab:y increase as Inore hi? ls ides  
arc! developed; th i s  wi l l  be compensated 
f r :  part by the vegetative cover during 
the wetter-than-normal period, b u t  t h i s  
condition w i l ' l  be temporary. Fil l ing of 
t h e  lagoon will continue, especially i f  
s toms  coincide with spring h igh  t ides.  



CHAPTER 4. THE BBOTA: 
DISVRBBUBION ARID ABUNDANCE 

Christopher P. Onuf 
and 

Mi1 l i c e n t  L. Quammen 

The b i o t a  o f  Mugu Lagoon i s  r i c h  i n  
species. For ty-s ix  vascular p l a n t  
species, over 190 species o f  benth ic i n -  
vertebrates, 39 f i s h  species, 198 b i r d  
species, 11 species o f  r e p t i l e s  and amphi- 
bians, and 41 mammal species have been 
recorded i n  the lagoon and surrounding 
wetlands ( t h i s  repor t ;  Macdonald 1976b; 
Natural Resources Management Of f i ce ,  U. S .  
Naval A i r  Stat ion,  Po in t  Mugu, unpubl. 
l i s t ) .  Th is  a1 lows f o r  a mu l t i t ude  o f  
associat ions and i n t e r a c t i o n s  between 
species as we1 1 as w i t h  the physical  envi- 
ronment. I n  t h i s  chapter we provide a 
desc r i p t i on  o f  the  s p a t i a l  and temporal 
d i s t r i b u t i o n  and abundances o f  the orga- 
nisms, inc lud ing  t h e  e f f e c t s  o f  the storm- 
a l t e red  physiography. We leave t o  Chapter 
5 t he  d iscussion o f  what those organisms 
do (espec ia l l y  t o  each o the r )  and how 
t h e i r  func t ion ing  provides much o f  the 
organizat ion t h a t  j u s t i f i e s  the concepts 
o f  " b i o t i c  community" and "ecosystem." 

4.1 THE PLANTS 

The p lan ts  o f  Mugu Lagoon range from 
s ing le  c e l l s  d r i f t i n g  i n  the  water t o  
srnall shrubs rooted 1 rn deep o r  more i n t o  
the ground. Some are s t r i c t l y  l i m i t e d  
s p l t i a l l y ,  whi le others appear t o  have no 
1 i ~ n i  t s  \.~i t h i n  the t i d a l l y  in f luenced area. 
Same achieve such dense cover t h a t  they 
provide most o f  the  physical  s t ruc tu re  of 
the  envl ronment f o r  o ther  organisms. 
Others, such as the microb ia l  p lan ts  o f  
the  so-cal led "barren zone" o f  t he  t i d a l  
f l a t s  (Wame 1971), don" even appear t o  
occupy a s i t e ;  y e t  these p lan ts  may be 

almost as product ive o f  new organic matter  
as the v isua l  dominants and perhaps are  
much more product ive o f  organic mater ia l  
ava i l ab le  f o r  a s s i m i l a t i o n  by consumers 
(Peterson and Peterson 1979). F inal  ly ,  
a l l  vary considerably i n  abundance o r  b io-  
mass seasonal ly and over longer periods. 
I n  some cases, the overwhelming dominant 
o f  one t ime may be hard t o  f i nd  the next 
and may be unimportant 1 year l a t e r .  

Table 3 represents one attempt t o  dep ic t  
t h i s  v a r i e t y  i n  a way t h a t  d isp lays  the 
obvious pat terns.  I n  the  body o f  the  
t a b l e  the  symbols are an i n d i c a t i o n  o f  t he  
r e l a t i v e  importance o f  each p l a n t  group i n  
a h a b i t a t  incorpora t ing  t roph i c  (produc- 
t i v i t y ,  a v a i l a b i l i t y  t o  consumers, n u t r i -  
t i v e  value) and s t r u c t u r a l  ( in f luences on 
the  physical environment, p rov i s ion  o f  
h a b i t a t  f o r  o the r  organisms) considera- 
t ions.  The c r i t e r i a  are most ob jec t i ve  
f o r  comparisons of t he  same p l a n t  species 
i n  d i f f e r e n t  hab i ta t s  and correspond 
c lose l y  t o  biomass. Comparisons between 
d i f f e r e n t  p l a n t  species, especia l  1y be- 
tween d i f f e r e n t  general categor ies of 
p lants,  a re  necessar i l y  more subject ive.  

Phytoplankton, Benthic Micro- and Macro- 
algae, and Submerged Vascular P lan ts  

Despite the  l a rge  ex tent  o f  c o n t i n u a l l y  
submerged hab i ta t s  w i t h i n  t h e  lagoon, t he  
c o n t r i b u t i o n  o f  phytoplankton i n  numbers 
and bioinass i s  t iny .  This i s  t r u e  even 
w i t h i n  the  water column, the  one place 
phytoplankton might  be expected t o  domi- 
nate. This conclusion i s  based on th ree  
l i n e s  o f  evidence: (1) Benthic diatoms 



Table 3. The r e l a t i v e  in ipor tance (see t e x t )  o f  d i f f e r e n t  ca tego r i es  o f  p l a n t s  i n  t h e  
d i f f e r e n t :  hab<ta.ts o f  t he  Mugu Lagoon e s t u a r i n e  ecosysten. The s a l t  pans have been 
excluded because they have n o t  been s tud ied.  Symbols: 0 = overwhelming predominance, 
\i = very  impor tan t ,  I = impor tan t ,  C = ccsnmon, and P = present.  Symbols i n  f r o n t  o f  
v i r g u l e  ( / )  = be fo re  1978, a f t e r  v i r g u l e  = a f t e r  1978. 

Ponds T i d a l  f l a t s  Lower marsh 
Sand- (a1 ways (submerged ( su bmerged 

channel submerged) a t  h i gh  t i d e s )  a t  most Upper marsh 
(always Sand Sand h i ghe r  ( ra re1  y 

P lan t s  submerged) + mud Mud Sand + mud Mud h i g h  t i d e s )  submerged) 

Phytopl  anktona P/ P P/p /P 

Benth ic  m i c r o f l o r a  
b 

Diatom v/v v/v /v V/V V /V  / V  
81 ue-green P/P P/C / I  P/C P / I  / V  

Macroal gaeC 
En te rmo rpha  c/ c I / c  /c c/ c /c o / I  
U l  va / C  C / I  /o  / C  C / C  /I 

Submerged vascularC 
Zos t e r a  mar ina C/ C O/ /C C/ I / 
Ruppia mar i t i rna -- I/ / I  

Emergent vascu la r  
d 

a ~ h y t o p l a n k t o n  e n t e r  i n t e r t i d a l  areas on h i gh  t i d e s ,  maybe even i n  s i m i l a r  d e n s i t i e s  t o  
t h e  s u b t i d a l  areas. However, t h e  c o n t r i b u t i o n  o f  phy top l  ankton i s  n e g l i g i b l e  even i n  
s u b t i d a l  areas and has t o  be much sma l le r  than t h a t  i n  i n t e r t i d a l  areas, because t h e  
wate r  column i s  present  much l e s s  o f  t h e  time. I n  add i t i on ,  t h e  ent ra inment  o f  hen- 
t h i c  forms w i l l  be g rea t ,  d im in i sh i ng  s t i l l  f u r t h e r  t h e  p r o p o r t i o n a t e  c o n t r i b u t i o n  o f  
t h e  phytop lankton.  

b ~ r e e n  a lgae  a l s o  a r e  seen i n  samples taken f ran ben th i c  m i c r o f l o r a l  f i l m s  and mats 
across t h e i r  whole range b u t  a r e  so r a r e  as  t o  be ignored i n  t h i s  account. The t r ends  
a r e  based on Wilson (1980) - s u b t i d a l  channel, m ic roscop ic  observat ions;  Sha f f e r  
(1982) - a l l  s u b t i d a l  and t i d a l  f l a t  h a b i t a t s ,  pigment concen t ra t i ons  and mic roscop ic  
analyses; Holrnes and Mahal l  (1982) and R.W. Holrnes (pers.  comm.) - bare areas i n  t he  

C 
upper marsh, m ic roscop ic  observat ions.  
Based on unpubl ished data o f  C,P, Onuf and G.P. Sha f f e r :  casual be fo re  1978 and sys- 
temat i c  de te rmina t ions  o f  d e n s i t y  o f  cover a t  monthly i n t e r v a l s  o r  l e s s  f rom 1978 t o  
1981. 

' ~ a s e d  on unpubl ished data o f  C.P. Onuf: percentage cover  and biomass i n  t h e  autumn of 
1976, month ly  biomass i n  1977, and biomass a t  t ime  o f  peak s tand ing  crop, 1978-81, 
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ch!orophy'll 2 per gram dr.y wcfght of sedi-  
ment) a t  the beginning of the study i n  
June and July 1977, in temedla te  and c lo se  
to constant (10-15 vgi'g) August through 
December, very 'low (17  ug/g) in January 
and February 1978, intermediate again i n  
March, and high April - June. This period 
was almost evenly s p l i t  by the February 
storm tha t  so radical ly  transformed t he  
bottom of the lagoon, so i t  i s  not known 
whether the spring increase i s  representa- 
t ive  of a "nonna'l" year, The winter 1 ow 
i s ,  however, since i t  was evident i n  
January. 

The short  sampling period hampers t he  
ident i f icat ion of s tom-rela ted e f fec t s  on 
the benthic microflora. For June, t he  
only month sampled before and a f t e r  t he  
February 1978 storm, chlorophyll a was 60% 
less  in 1978 than 1977, suggesting a sub- 
s tan t ia l  decline in biomass caused by the  
storm. However, data for  productivity i n  
July,  to  be discussed i n  the next chapter,  
lead to the opposite conclusion. Appar- 
ent ly ,  the d ras t i c  transformation of the  
bottom of the lagoon from mostly sand t o  
mostly mud did not cause a major change i n  
microf'loral biomass. In contras t ,  an 
abrupt and pers is tent  change in the spec- 
t r a l  character is t ics  of pigment ex t r ac t s ,  
interpreted as a change i n  the ra t io  of 
chlorophyll a to chlorophylls b and c ,  
between JanuFry and February 1 g 8  i n 6 -  
cates a major change i n  the species com- 
position of the microfloral canmuni ty  
(Figure 24). The observed pattern of a 
great  increase in chlorophyll a r e l a t i ve  
to chlorophylls b and c i s  consrstent with 
a larger  p r o p o ~ t i o n a ~ e  contribution of 
Chrysophytes, the blue-green component of 
the microflora (containing chlorophyll a 
only) compared to diatoms (containin: 
chlorophy11s a and c )  and green a1 gae 
(containing c ~ l o r o p h ~ l s  a ,  - b ,  and c )  
(Parsons and Takahashi 1973). In tur?;, 
t h i s  f i t s  well the observations of many 
others tha t  blue-green algae are  most 
abundant i n  association w i t h  f i ne  sedi-  
ments (e.g., Rheinheimer 1976). 

Prior t o  1978 the subtidal parts of t he  
eastern arm were about evenly s p l i t  be- 
tween dense meadows of eelgrass and appar- 
ent iy  bare bottom covered by a microf7araI 
film very heavily dominated by diatoms. 
For re la t ively  brief periods in the l a t e  
spring and autumn, mats of the rnacroscopi: 

green a l g a  Entermarpha would grow luxuri- 
antly along much of the shoreline of the 
subtida? ponds, both on the t-idal f l a t s  
and i n  the subtidal areas immediately 
a d j a c e ~ t .  Even when drained of water, 
these mats were several centimeters thick,  
The reason fo r  ranking the macrophytes 
even higher than the benthic diatoms i n  
Table 3 i s  tha t  the macrophytes comprise 
the en t i re  habitat  i n  the specif ic  s i tua-  
tions noted. By v i r tue  of the i r  huge mass 
and ab i l i t y  to  occupy the whole volume of 
the aquatic habi ta t ,  not jus t  i t s  solid 
surface, t he i r  impact probably i s  consid- 
erably greater than t ha t  of the micro- 
f loral  film. Trophically, t h i s  may not be 
the case, although i t  is  d i f f i c u l t  to  can- 
pare the d i rec t  grazing pathways originat-  
ing in the microflora with the indirect-  
grazing de t r i t a l  pathways tha t  are  so much 
more important where macrophytes predomi- 
nate. 

After the storm of 1978, cover by macro- 
algae increased great ly  in subtidal areas 
and remained abundant fo r  much 'longer per- 
iods i n  in te r t ida l  and subtidal zones. In 
the f i r s t  year a f t e r  the storm, Enteromor- 
pha accounted for the great  majority of 
coverage. Since then, has become 
increasingly abundant and now predominates 
overwhelmingly. I t  i s  impossible to  dis- 
count the effects  of the major depositions 
of mud in 1978 and 1980 i n  bringing about 
these changes, a1 though the  mechanism i n -  
vol ved remains unknown. 

Through 1977, eel grass (Zostera marina) 
occurred in dense beds coverina aiGi%Z- 

d , ,  
mately half of the subtidal  area i n  the 
eastern arm of the lagoon and extending 
into  the lowermost part  of the in te r t ida l  
zone. Although no determinations of 
biomass and productivity have been made, 
both must have been large,  as a t tes ted by 
the predominance of dead eelgrass in the 
wrack a t  the high-tide l i ne  and stranded 
i n  the marsh (pers. observ.). Eelgrass 
was a rwre important determinant of 
habitat  charac te r i s t i cs  than the macro- 
a1 gae, because i t  was abundant thrslighoiit 
the year and widespread i n  the lagoon, 
Changes i n  eelgrass result ing fran the 
February 1978 s t o m  are  re la t ive ly  easy to 
in terpret ,  The :ength o f  eelcjrass varies 
according t o  the depth of the water ir; 
which the plants grow, On in te r t ida l  
f l a t s  and i n  the shallowest subtidal 



dreas, blades general 1 y are l ess  than 
0.5 m long, whereas i n  the deepest pa r t  o f  
t he  lagoon, t h e i r  l eng th  usua l l y  exceeds 
I m long. The shallow-water p lan ts  were 
completely bur ied and apparent ly  suf- 
focated. I n  deeper areas most p lan ts  
surv ived the i n i t i a l  inundation, because 
t h e i r  g reater  length  insured t h a t  most o f  
each p l a n t  was we l l  above the b o t t m  d l 1  
o f  the time. However, the deep beds 
th inned g radua l l y  over  the next  several 
months u n t i l  they too  were e x t i n c t  by f a l l  
1978. Probably t h i s  was the consequence 
o f  the normal aging and sloughing o f f  o f  
t h e  blades a l ready i n  ex istence when t h e  
sediments were deposited, except i n  t h i s  
case there  was abnormal absence o f  re- 
placement. 

New shoots develop frm the thickened 
basal po r t i on  o f  t h e  p lan t ,  o r d i n a r i l y  
located a t  the sur face o f  the sediments. 
I n  ten sets o f  tagged p lan ts  t h a t  surv ived 
the  i n i t i a l  b u r i a l ,  shoots continued t o  
develop, only now 10 - 15 an below t h e  
sur face (determined by removing the over- 
burden o f  new sediment f r a n  the  p lan ts ) .  
However, none o f  t he  shoots reached the  
surface, o r  i f  they reached the  surface, 
they d i d  not  surv ive  the 2 weeks u n t i l  
the  nex t  observat ion (Onuf, unpubl . 
sbserv.) . Apparent1 y, new shoots cannot 
penetrate an overburden o f  I0  an o f  anae- 
rabf c sediments. 

The eel  grass beds have not  recovered 
since. Only a few patches were seen i n  an 
a e r i a l  survey conducted as recen t l y  as 
September 1986 (R. Dow, U.S. Naval A i r  
S ta t ion ,  Point  Mugu, Ca1 i f o r n i a ;  pers. 
corn*), 

The Lower Marsh Vegetat ion 

I n  cgeneral , Jov Zed ler 's  r~ionoaranh The 
~cology sf ~ o u f h e r n  Gal i f o r n i  a d o a s w  - 
S a l t  Marshes: A Community Prof  l l e ,  a can- 
panion volume.  resents a m c h  f u l l e r  
account of the emergent marsh than i t  i s  
poss ib le  t o  assemble from research con- 
ducted a t  Mugu Lagoon. Please consul t 
t h i s  valuable source fo r  top ics  such as 
zonatf on and p l a n t - s o i l  r e la t i onsh ips ,  
i n c l u d i n g  responses t o  soi l  s a l i n i t y  and 
mof sture, Here we confine ourselves t o  
aspects o f  the  d i s t r i b u t i o n  o f  marsh- 
p l a n t  biomass I n  the eastern arm of Mugu 
Lagoon t h a t  have been studied i n  d e t a i l  

(Onuf uripubl,). These da ta  nay be note- 
worthy because they are unssual corfiyared 
t o  data Fran o ther  loca t ions .  

The riiost obvious feature o f  the lower 
marsh i s  the v i r t u a l  rnot~ocufture o f  npr- 

r - 
ennia l  pickleweed Sal  j co rn ia  v i r g i n i c a  
(Table 3) .  This t r a i t  i s  cmmon t o  a71 
coastal s a l t  narshes from Long Beach t o  
the Golden Gate, apparent ly  w i  t h  d s h g l e  
exception e l  sewhere i n  Mugu Lagoon 
(Macdonal d and Barbour 1974). Cordgrass 
(Spar t ina  f o l i o s a )  was v i r t u a l l y  elimi- 
nated by dredging i n  the 1950's and 1960's 
(Macdonald and Rarbour 1974). I t  i s  
present today i n  four areas of the lagoon 
and i s  expanding i n  the western arm (R. 
Dow, pers. comm.). Zedler (1982) noted 
the  assoc ia t ion  o f  Spart ina w i t h  "wetlands 
w i t h  a h i s t o r y  of good t i d a l  f lushing";  
however, t h i s  alone i s  no t  an adequate 
explanat ion f o r  i t s  near absence from the 
eastern ann, 

The biomass of perennial pickleweed i s  
d i f f e r e n t i a t e d  i n t o  succulent green shoots 
and brown woody support ing stems (F igure  
25), t he  brown stems being the l a r g e r  
f r a c t i o n  throughout the year (F igure 26).  
Even though the succulent green shoots 
cont inuously increased i n  biomass per 
square meter between January and June and 
maintained near maximum b i  mass  through 
August, there were no detectable changes 
(by ana lys is  of variance) i n  t o t a l  biomass 
(green + 1 i v e  brown pa r t s )  over the course 
o f  a year, While t h i s  p a r t l y  r e f l e c t s  the 
great  s p a t i a l  heterogenei ty  af the marsh 
(see next paragraph), i t  i s  more an i n d i -  
ca t i on  o f  the  pro t rac ted growing season o f  
southern C a l i f o r n i a  and the l a rge  a l loca-  
t i o n  o f  biomass i n  perennial pickleweed t o  
woody support ing stems. Apparently, the 
periods o f  accumulation and death o f  woody 
par ts  overlap so much t h a t  ne t  changes 
cannot be detected dur ing  the year, 
desp i te  the st rong seasona l i ty  i n  the 
biomass o f  the succulent green growing 
t ips .  

Onuf analyzed aspects o f  the spa t i a l  
heterogenei ty  i n  marsh p l a n t  biomass i n  
the  marshes f r i n g i n g  t h e  eastern arm o f  
the lagoon. Three features were i d e n t i -  
f ied: ( 1 )  Marsh p lan t  biomass ms as 
va r i ab le  on a small scale (decimeters) as 
on a l a rge r  scale (meters), ( 2 )  Bianass 
tended t a  decrease w i th  d is tance frm the 



lower ?dge o f  t h e  ini lrsh (Figure 27), and 
( 3 )  Biomass p a t t e r n s  a s  a Function o f  d is -  
tance f r o 3  the n r o u t h  o f  the iagoon changed 
frm year 'to year f rom 1978 t o  1981, 

Figure 26. The biomass o f  Sa l i co rn ia  
v i r g i n i c a  i n  the lower marsh a t  Mugu 
Lagoon i n  d i f f e r e n t  months. 

Biomass tended t o  be h igh near the mouth 
of the lagoon and much lower f a r  from the  
mouth i n  1978. The s t reng th  o f  t h i s  t rend 
progress ive ly  weakened i n  1979 and 1980 
and reversed i n  1981, when biomass was 
lowest near t h e  mouth (Figure 28a). This 
s h i f t  i n  d i s t r i b u t i o n a l  pa t te rn  over t ime 
was expressed as a  h i g h l y  s i g n i f i c a n t  year 
x l o c a t i o n  i n t e r a c t i o n  i n  ana lys is  o f  var- 
iance, most e a s i l y  v i sua l i zed  by p l o t t i n g  
the  l o c a t i o n  means f o r  each year as l i n e a r  
regressions o f  biomass vs. d is tance from 
the  mouth o f  t he  lagoon (Figure 286). 

These l a s t  r e s u l t s  provide in fo rmat ion  
about t he  e f f e c t s  o f  major storms on the  
s a l t  marsh. Onuf e t  a l .  (1981a) i n t e r -  
preted the  h igher biomass o f  a l l  loca t ions  

Figure 25. The dominant p l a n t  o f  the s a l t  Meters landward from lower edge of marsh 
marsh, perenni a1 p ick1  eweed (Sal i c o r n i  a 
v i r g i n i c a ) ,  has succulent green shoots Figure 27. The biomass o f  Sa l icorn ia  
year-round, but  the  woody brown support ing v i rg in - ica  vs ,  d i s t ance  frorii the  lower edge 
stems always c o n s t i t u t e  a  l a r g e r  f r a c t i o n  o f  the marsh. Means and 95% confidence 
of t o t a l  biomass, i n t e r v a l  s  are p lo t ted .  



plant growth, whereas deposition on pre- 
viously waterlogged f i n e  sediments away 
f r m  the m o u t h  ac tual ly  made an improve- 
ment by ra is lng the  marsh surface 
s l i gh t l y ,  thus reducing water1 ogging and 
allowing be t te r  aeration of roots  (Onuf e t  

- a l .  1981b), These changes may indicate a 
N 

E mechanism for  succession due t o  stonn - - 
c sediment deposition, an interpreta t ion 
cn .- supported by one other observation: Jaumea 
g carnosa, a high-marsh plant, invaded the 
P 
v 

low marsh i n  one location during t h i s  
m - study, suggesting an increase in elevation 
In 
In 

a t  t ha t  s i t e ,  
m 

5 .- 
m The Upper Marsh Vegetation 

All information on the upper marsh i s  
from one area located approximately half- 

0 1000 

Distance from mouth (m) 

Figure 28. An i l  lus t ra t ion  of the years x 
location interact ion on the biomass of 
Salicornia vir  inica  i n  t h e  lower marsh a t  

h a n s  f o r  the s ix  loca- Mugu Lagoon 
tions progressively f a r t he r  from the mouth 
of the lagoon for  1978 through 1981; (b) 
expressed in the form of l inear  regres- 
sions. 

in 1978 over 1979 as a stimulation of 
growth by the  major storm of February 
1978, followed by a return t o  "normal" 
conditions i n  1979. Presumably, the storm 
stimulated growth e i t he r  by reducing the 
s a l i n i t y  of the soil  or by adding 
nutr ients  via the t h i n  layer  of sediments 
i t  deposited. This interpretation 
remained ger~eral ly  tenable in 1980 with 
i t s  major storm, However, short-term 
stimulation was not the explanation for 
the biomass increases seen i n  1981, which 
had no major storm. 

Some evidence suggests that  the deposi- 
tion of sediments by storms i n  the eastern 
a m  may have had opposite e f fec t s ,  depend- 
ing on the s i t e  and i ts  prestorm char- 
a c t e r i s t i c s ,  Deposition of new f ine  
sediments on what had been a well-drained, 
re1 a t ive ly  sandy substra te  near the mouth 
apparently made i t  less  su i tab le  for marsh 

way between the mouth .and the eastern 
terminus of the lagoon. Extensive prelim- 
inary sampling indicated tha t  t h i s  part  of 
the marsh was representative of a1 1 of the 
marsh surrounding the eastern arm of the 
lagoon in percentage cover of the cmmon 
species, 

Perennial pickleweed i s  the major con- 
t r ibu tor  t o  biomass of the upper marsh 
(Figure 29), b u t  the upper marsh i s  not a 
monoculture i n  the way t ha t  the lower 
marsh is .  Based on the overall annual 
average fo r  ten samples collected each 
month, perennial pickleweed (Sal icornia  
virginica) accounted f o r  44% of to ta l  bio- 
mass; sea lavender (Limonium cal i fo rn i -  
cum), 21%; a1 kali h e a t h i i n i a  j randi-  - 
fol i a ) ,  15%; Jaumea carnosa, 14%; sal twort 
7ZZi-s marit- r a n d  arrowgrass 
(Tri lochin concinnum), 2%. The G o  other 
s j E Z k F 7 h a t  were collected together 
accounted fo r  l ess  than 1%: sea-bl i te  
(Suaeda cal i fornica)  and annual pickle- 
w m a l  icornia bigelovi i ) ,  The f l o r a  i s  
more diverse than tha t  of the  lower marsh 
b u t  s t i l l  i s  r e la t ive ly  simple. 

I t  might be expected tha t  a more varied 
f l o r a  would r e su l t  in a more even d i s t r i -  
bution of biomass over the year,  since 
dif ferent  species would reach peak bio- 
mass a t  d i f fe ren t  times. This i s  not 
evident from Figure 29. The maxima i n  May 
and July are twice the minima i n  January 
and December, par t ia l  l y  because species 
without overwintering woody parts,  Jaumea 
and Triglochin, are  present. The e r r a t i c  



Jaumea carnosa 
100 

Triglochin conc in~um 

Figure 29. The bicmass o f  canmon p l a n t s  o f  the upper marsh a t  Mugu Lagoon i n  
d i f f e r e n t  months, 1977, mean o f  t e n  0.06-m2 samples each month, 



fluctuations in rrozt species car! be ?;a- 

p? ained by patchiness, The fiior-* c d r i  o m  
outcane i s  that  Sat i ~ o r r t i a  v-i ryj rljca - - k i o -  
mass imre strorlgfy=a%nal d t  e h i z  
elevation than in the l o w ~ r  i-~ai"c,ti, p r l r l l a r ~ ~ ~  
because of the s l  ightly d i  f f e r p n t  31 1 0 ~ d -  

t ion of biornass betwe~ri woody r )a r fc ,  and  
green growing tips. Over the year a? a 
whole, the bimass of woody parts i s  4,9 
tirrtec, that  of green partr  in t h e  lower 
marsh, as ccxnpdred to 3.6 in the uppr%r 
luarsh. Thus, the highly seasonal cml- 
ponent of perennial picklewced ( the  qrern 
shoots) i s  proportionately greater i n  the 
upper riktrsll, b u t  wc have nn idcla why. 

I n  the previous sec t i  an, ycar-to-year 
changes i n  the bicrn;a<,s o f t h e  lower marsh 
were interpreted in tennc, of succ~ssictn in 
responre to sedirrrent depoi i tion. The (id t d  
basc for the upper ir~arsh i s  only ctntt-third 
as  large and cannot bc drialyred to t t 1 r 3  

satw extent. The ~rtost obvious marii ftlc i d -  
tion of a successional chdnqe in the upper 
~~larsti wotlld he incremental and rlitfrraw- 
t i a l  changes over titrie i n  the ttim~ass o f  
different  species. Tt~cre i s  no 5trikincj 
c~vidence of t h i s  in the 5 year5 smrpled 
between 1977 and 1981 dt  thc t i m  of peak 
s tandl n ' ~  crap (I-iqure 30).  Thost. spcci es 
thdt contrihutrd re la t ively  l i t t l c  t o  
total  bimiass a t  the beqinning cnntrik~c.ited 
rclatfvely l i t t l e  a t  the end. Those that  
contributed the r~os t  biornasr d t  tilt. 
t)~cjin~iin(g coritritfu ted I I I O S ~  d t  t h ~  er~d. 
O n l y  the contrast  betwcerr ---- Sal ?cornid and 
Janrned suggests increrrrental changes : t h t a  
m%K$ss of the Ponrrer der rear,erl Crun 1978 
t o  1981 and the bloaass of the l a t t e r  
was dlitlost tw:wice as great  frori~ 1979 t o  
1981 ?is in 1977 d n d  1978. 

Arrothcr wdy Lu look a t  the response of 
tire upper marsh avcr the long tern1 il; t u  
t:ontrast i t  wlth the nearby lower ii~arsh. 
Ttit? i j ln ts  o f  illedn binmas5 i n  different 
year: For the upper and lower iiwrsh &re 
v i  rtudl l y  rni r r a r  iirtages dcross the overall 
rrredn f o r  a1 1 years and lacatiorlr ( f  igut-e 
31,.  For the f i r s t  3 years, biotmc;s of 
the upper- i l~ r sh  was higher than tile lower 
marsh, b u t  the opposite was true for the 
l a s t  7 years, 

We have learned i;alch about the distribu- 
tions of the plants, haw they are changing 
and & a t  the p~ inc ipa l  dr-iving force of 
that  change is .  Unfortunately, we are fa r  

Figure 30. Changes in the bimasc,  of- thr 
c6xnnon pldnts of the upper !ndrrh a t  Mugu 
Ldqoon, 10 71-81. 

Figure 31. Changes in m a n  bianass of 
s a l t  marsh plants in the upper marsh 
compared to the lawet- marsh, 1977 to  1981. 
?he horizontal l i ne  a t  550 glr; i2 t 's the 
overall !wan o' a1 1 s i t e s  a n d  years. 



Fran understanding t he  rrxchani sms t h a t  
b r i n g  about these changes, Also, we do 
riot know how a p p l i c a b l e  t h i s  d e s c r i p t i o n  
f o r  the  eas te rn  ann i s  t o  t h e  l a r g e r  ex- 
panse o f  s a l t  marsh i n  t h e  western ann. 
Casual observat ions i n d i c a t e  t h a t  the two 
areas of marsh are s i m i l a r  f l o r i s t i c a l  l y ,  
b u t  t h a t  t he  vege ta t ion  i s  denser and 
t a i l e r  i n  t he  western a m .  On a  l a r g e r  
sca le ,  t he  Mugu Lagoon s a l t  marsh d i f f e r s  
g r e a t l y  f r a n  t h e  better-known sa l  t marshes 
o f  the  eas t  and g u l f  coasts.  Ins tead  o f  
dominance by grasses such as Spar t ina  
a1 t e r n i f l o r a ,  2. patens ,  and Juncus roe- - 
merianus as i n  t he  eas te rn  Un i t ed  States,  
succu len t  ha lophytes such as t h e  - S a l i -  
co rn ias ,  Jaumea carnosa, B a t i s  martima, 
and ~ u a e d a m f o r n i c a ,  a n d o t h e r m o r p h o -  
l o g i c a l  l y  canplex p l a n t s  such as Limonium 
c a l  i forn icum and Frankenia g r a n d i f l o r a  
 reva ail. Local and i n t e r r e q i o n a l  canpar i -  
kens w i l l  be pursued f u r t h e r  i n  Chapter 6. 

4.2 THE INVERTEBRATES 

There has been no survey o f  zooplankton, 
a1 though, 1  i ke t he  phytop lankton,  they a re  
p robab ly  p r i m a r i l y  marine species: cope- 
pods, c l  adocerans, os t racods,  ar row worms, 
and p l a n k t o n i c  l a r v a e  o f  t h e  ben th ic  
i n v e r t e b r a t e s  (Macdonal d  1976b). Study of 
t h e  i n v e r t e b r a t e s  o f  Mugu Lagoon has been 
i n t e n s i v e  bu t  se l ec t i ve .  Wi th  t h e  excep- 
t i o n  o f  t h e  MacG in i t i e s '  (1969) b r i e f  sum- 
mary o f  the  b i o t a  o f  t h e  whole lagoon, 
Wolfe e t  a l . 's  (1979) a n a l y s i s  of 12 
samples f o r  t h e  western arm, and spec ies 
l i s t s  compi led from 5 areas i n  and around 
t h e  c e n t r a l  bas in  i n  1980 and 1981 ( S o i l  
Conservat ion Se rv i ce  1983), r e p o r t s  a r e  
l i m i t e d  t o  t h e  eas te rn  arm. The taxa, 
preponderance o f  smal l  species, and h i g h  
d e n s i t i e s  (30,000 p e r  i n n )  r epo r t ed  by 
Wolfe e t  a l .  (1979) a re  c h a r a c t e r i s t i c  o f  
t h e  m u d f l a t  environments s tud ied  i n  
g r e a t e r  d e t a i l  by Quammen (1984) i n  o t h e r  
l o c a t i o n s  and a re  cons i s t en t  w i t h  the  
f ine-sediment,  1  ow-energy environment 
a t t r i b u t e d  t o  t he  western arm i n  Chapter 
3, based on s u w e r f i c i a l  observat ions.  I n  
a d d i t i o n ,  h i gh  ' dens i t i e s  o f  T ryon ia  i m i  t a -  
t o r ,  a  smal l  b rack ish -wate r  gastropod, i n  - 
t h e  f a r  western end o f  t h e  western arm a re  
c o n s i s t e n t  w i t h  t he  p r e d i c t i o n  i n  Chapter 
2 t h a t  f reshwate r  i n p u t s  would have t h e i r  
g r e a t e s t  i n f l u e n c e  there. The sampl ing of 
t h e  c e n t r a l  bas in  was sampled a f t e r  m s t  

o f  the s u b t i d a l  area had been f i l l e d  by 
t h e  ma jo r  storms o f  1978 and 1980 ( F i g u r e  
14). The l a r g e  number o f  i n s e c t  taxa 
r epo r t ed  ( S o i l  Conservat ion Se rv i ce  1983) 
i n d i c a t e s  a  l a r g e  i n f l u e n c e  o f  Cal leguas 
Creek under t he  present  cond i t i ons .  

Mi t h i n  t h e  eas te rn  arm, macro inver te -  
b ra tes  w i t h  hard p a r t s  - crustaceans, 
echinoderms (sand do1 l a r s )  and espec ia l  l y  
mol lusks - have r ece i ved  a  g r e a t  deal  o f  
a t t e n t i o n .  However, even here, coverage 
has been uneven. Only Macdonald (1969) 
sampled w i  t h i n  t h e  sa l  t marsh, whereas 
Warme (1971) sampled most types o f  t i d a l  
f l a t s  and t o  a  l e s s e r  ex ten t  sub t ida f  
areas, and Peterson (1975) o n l y  sampled 
t h e  s u b t i d a l  sand channel. Warme (1971) 
recognized two major  assemblages: " t he  
sand-channel fauna" and " t he  mud- to lerant  
fauna" o f  t h e  i n n e r  lagoon. Smith (1981) 
s t ud i ed  t he  d i s t r i b u t i o n  o f  c i l i a t e d  pro- 
tozoans a long  t he  sandsp i t  shore o f  t he  
eas te rn  arm. Smith (1981) found l i t t l e  
evidence o f  h a b i t a t  d i f f e r e n t i a t i o n  by 
protozoans w i t h  r espec t  t o  t h e  env i ron-  
mental g rad i en t s  t h a t  he d i s t i n g u i s h e d  
a long t he  sandsp i t ,  p robab ly  because the  
d i f f e r e n c e s  i n  sediment c h a r a c t e r i s t i c s ,  
temperature, and s a l i n i t y  between sample 
s i t e s  were smal l  compared t o  o t h e r  s t u d i e s  
where h a b i t a t  d i f f e r e n t i a t i o n  was re- 
ported. Abundances were comparable t o  
those r epo r t ed  by o t h e r  workers and were 
h i g h e s t  i n  t h e  f i n e s t  sediments be fo re  t h e  
major  storm o f  February 1978. A f t e r  the  
depos i t i on  o f  l a r g e  amounts o f  mud 
throughout  t h e  lagoon, abundances were 
h i ghes t  i n  t h e  coarser  sediments near  the  
mouth, presumably because t h e  o rgan ic  con- 
t e n t  i nc reased  whi 1e pore  space remained 
high. Away from t h e  msuth, t h e  o rgan ic  
con ten t  increased, bu t  pore space dim- 
i n i s h e d  (Smi th  1981). 

These data are t o o  r e s t r i c t e d  t o  serve 
as t he  founda t ion  f o r  t h i s  chapter, In -  
stead, we base most o f  t h e  f o l l o w i n g  on 
our  p r e v i o u s l y  unpubl i shed  i n v e r t e b r a t e  
data. The advantages a r e  t h a t  we sampled 
a1 1 phys iograph ic  u n i t s  except  t i d a l  
creeks and s a l t  pans (F i gu re  32a); i n -  
c luded t h e  " s o f t "  i n ve r t eb ra tes ,  ma in l y  
po lychae te  and o l i gochae te  worms, phoro- 
n ids,  s i ~ u n c u l i d s  (peanut worms), and 
ho l o thu r i ans  (sea cucumbers), as we1 1 as 
those w i t h  hard par ts ;  and spanned t h e  
ma jo r  stonns o f  February 1978 and 1980 f o r  



Figure 32. ( a )  Locations saatpled qrrarterly fo r  invertebrates in the eastern 
am o f  Mugu Lagoon i n  1977. ( b )  rites grouped according to 50% similar1 ty in 
densities o f  m j o r  catqories. and (c) m a n  densities of those categories in 



two areas (Yransects 2 and 3, Figure 32a). 
In subtidal areas and fntertidal f l a t s ,  
the samples consisted of al l  material re- 
tained by a 3-m screen (Transects 1 and 
2, the sandy areas) or a l - m m  screen 
(Transects 3 through 6, the muddier areas) 
excavated from within a steel cylinder 
1/16 m2 in cross-sectional area to a depth 
of ' ~ 5 0  cm. Within the marsh only the 
epifauna were recorded from the 1/16-m2 
samples collected as part of the plant 
productivity studies. Invertebrate sam- 
pling did not address zooplankton and 
microfauna. Despite these omissions, the 
similar methodology for a l l  tidal f l a t  and 
subtidal areas a1 1 ows comparisons between 

locations and years for similar kinds of 
organi sms. 

Dupl icate quarterly samples were can- 
b ind  for each s i t e  (Figure 32a), and the 
average annual density of each taxon was 
determined. The taxa were grouped into 
eight morphotype categories : large and 
small worm-1 i ke organisms, 1 arge and small 
gastropods, large and small crustaceans, 
bivalves (large),  and sand do1 lars  
(1 arge). Large and small correspond 
roughly to scales of centimeters and mil- 
limeters, respectively, for the largest 
dimension of the most common size classes 
of each taxon. Table 4 indicates the 

Table 4. Mean density of invertebrates (number/m2) in 1977 for a l l  s i t e s  sampled 
i n  the eastern arm of Mugu Lagoon. For Transects 2 & 3 combined, mean densities 
are reported for 1977 and 1978-80. Indications of responses to storm-caused 
alterations of the study area are also given. See the text  for a description of 
the sampling procedure and Figure 32 for  locations sampled. p = present a t  <1 per 
m2. A taxon had to be present a t  > 5  per m* on a t  least  1 transect in a t  least  1 
year to be listed individually. 

Transects 2 & 3 
A1 1 Down a l l  

transects 3 years N o 
Invertebrates 1977 1977 1978-80 af ter  storm Gone change Up 

Mean density (no./m2) Population response to storms 
Large Wonn-1 i ke 

Notomastus tenui s 3 07 775 330 x 
~ a p 1  oscol op-onga tus 5 8 7 3 x 
Phoronid 4 7 108 23 x 
Pareurythoe cal i fornica 
Nemertean 
Hemi podus boreal i s  
Goniada sp, 
WSD. 
Axiothel ia  rubracincta 
Si puncul id 
ophel ia 

Total 

Small Wonn-1 i ke 
Lep tosynap ta a1 bi cans 
Sabellid sp. 
spi  ophanes. mi ssionens i s  
01 igochaete sp. 
Minus pi o ci r r i  fera 
Capi tel la capi tata 
Polydora sp. 
Streb'iospio benedfcti 

X 
X 
X 

(Large numbers 1 year) ? 
(Never present) 

X 

(Never present) 
(Large number storm years) x 

(continued) 



Table 4. (Concl uded )  , 

. .. . 

t r a n s e c t s  3 years  No 
Inve r t eb ra t e s  1977 1977 1978-80 a f t &  s t o m  Gone change Up 

Mean dens? t y  (no./m2) Popu la t ion  response to  s t o m s  

Small Worm-1 i ke (cont inued)  
Armandi a brevi s 7 9 P 
Pseudopol-sp. 302 

Total 516 479 709 

Large Gastropods 
~ e r i  t h idea  ca l  i fo rn i  ca 

Wlma t a  
CrepPdu'la 

Total 

Small Gastropods 
Acteocina spp. 185 371 668 
Assiminea ca l f  f o rn l ca  128 

Total 18 5 371 796 

B i  val ves 

Large c rus taceans  
Cal l i anas sa  cal  i f o r n i e n s i s  98 123 45 
Hernlgrapsui o r e  onensf s 13 

+I 112 
11 12 

136 60 

Small c rus taceans  
Gammaridean arnphi pod 28 5 15 (Large numbers 1 y e a r )  
Capre l l  id arnphi pad 19 5 240 
Cumacean 2 4 P 21 

Total 7 4 11 276 

Sand do1 Jars 
Dendraster  excent r icus  2 4 

Total 2 4 



taxonomic composit ion o f  t he  d i f f e r e n t  
categor ies by l i s t i n g  the dominants o f  
each category, 

S i t es  were grouped based on the c r i t e -  
r i o n  o f  > 50% s i m i l a r i t y  i n  dens i t i es  o f  
the d i f f e r e n t  categor ies of inver tebra tes  
(F igure  32b). Three pat te rns  are evident  
immediately: ( 1 )  The groups were separated 
p r i m a r i l y  according t o  d is tance from 
the  mouth o f  the lagoon; i n t e r t i d a l  versus 
subt ida l  d i s t i n c t i o n s  tended t o  be less  
important. ( 2 )  Dens i t ies  were lowest a t  
the ends o f  the lagoon (Groups 1 and 6 )  
and around an order  o f  magnitude h igher i n  
the middle (Groups 3 and 4 ) .  ( 3 )  The 
re1 a t i v e  importance o f  l a rge  taxa de- 
creased w i t h  d is tance from the mouth. 
Another pa t te rn  cannot be extracted from 
t h i s  ana lys is  but i s  important,  nonethe- 
less :  f i l t e r  feeders dominated the  sand 
channel and deposi t  feedel-s dominated the 
ponds. 

Generally, sediment c h a r a c t e r i s t i c s  are 
considered the  best  d iagnost ic  character- 
i s t i c  o f  t he  associated inver tebra te  as- 
semblage. According t o  the  1977 (pre- 
stomi) data, the i nve r teb ra te  fauna i s  
h igh l y  d i f f e r e n t i a t e d  according t o  loca- 
t i o n  w i t h i n  the eastern arm, y e t  sediments 
d i d  no t  appear t o  be d i f f e r e n t i a t e d  t o  a  
corresponding degree. Thus, t h e  bottom o f  
the  lagoon was sandy i n  almost every 
sample co l l ec ted  from subt ida l  areas and 
i n t e r t i d a l  f l a t s  before 1978 (Warme 1966; 
Shaffer  and Onuf 1983; Shaf fe r  and Cermak, 
unpubl. observ.). S i l t s  and c lays ap- 
proached an equal share w i th  sand i n  the 
middle o f  the  ponds, wh i l e  sand predomi- 
nated near t he  invertebrate-sampl i ng s i t e s  
a t  e i t h e r  end o f  the lagoon. Despite the  
s i m i l a r i t y  i n  sediments and the  s i m i l  a r i -  
t i e s  i n  t o t a l  dens i t y  o f  inver tebra tes  
between east and west ends o f  the eastern 
arm, these l oca t i ons  diverged more i n  the 
re1 a t i v e  abundances o f  d i f f e r e n t  morpho- 
type ca tegor ies  (as ind ica ted by the  l a rge  
i nve r teb ra te  t o  small i nve r teb ra te  abun- 
dance r a t i o ,  f o r  instance: 65:l a t  the  
west end as compared t o  1:14 a t  the  east 
end; F igure 32c). Obviously, some o ther  
f a c t o r  besides sediment t e x t u r e  i s  i n -  
volved. The changes a f t e r  t he  storm o f  
1978 w i l l  exp la in  some o f  t h i s  f i n e  d is-  
c r im ina t i on  among apparent ly  very s i m i l a r  
hab i ta t s  and the d i f f e rence  between ends 
of the  lagoon. 

F igure 33 presents the  same k ind  o f  
treatment o f  t he  data by category o f  
inver tebra tes  as Figure 32 bu t  f o r  d i f f e r -  
ent years i n  t h e  same loca t i on  (sandy- 
bottom channel and subt idal  pond), r a t h e r  
than d i f f e r e n t  l oca t i ons  i n  the  same year. 
The response o f  the inver tebra tes  i n  t he  
sand channel t o  major but b r i e f  episodes 
o f  reduced sa1 i n i t y  and b u r i a l  by f i n e  
sediments has been a  cont inu ing  reduct ion  
o f  abundance experienced almost equa l ly  by 
a l l  qroups (F iqure  33, channel). The sand 
do1 lar dendras-ter excentr icus was an ex- 
ceotion. It was e l im inated from Mugu 
~ a ~ o o n  by the storm i n  1978. ~ l t h o u g h  
small i n d i v i d u a l s  were seen occasional l y  
afterwards through 1980, they were n o t  
found i n  any samples. By the  end o f  1982, 
large-s ized Dendraster again were abundant 
i n  t he  sand channel, on l y  t o  be e l im inated 
once again dur ing  a  per iod o f  heavy r a i n s  
i n  January 1983. 

The responses o f  t he  inver tebra tes  t o  
the long- las t ing  a l t e r a t i o n  t o  f i n e  sedi- 
ments i n  t he  westernmost pond o f  t h e  east- 
ern arm were s i m i l a r  t o  changes i n  the  
sand channel o n l y  i n  t h e  p e r s i s t e n t  reduc- 
t i o n  o f  the 1  arge worm-1 i ke organi sms 
(F igure  33, pond). Otherwise, the  re-  
sponses were l a r g e  changes i n  the r e l a t i v e  
abundances o f  d i  f f e r e n t  categor ies o f  i n -  
ver tebrates before and a f t e r  the February 
1978 stonn ( i n  which smal l e r  inver tebra tes  
genera l ly  were favored) and great  annual 
v a r i a b i l i t y  a f t e r  the storm. 

The responses o f  i n d i v i d u a l  species 
provide more i n s i g h t  i n t o  these la rge-  
scale pa t te rns  and f l u c t u a t i o n s  (Table 4). 
The small worm-1 i ke inver tebra tes  re- 
sponded most s t rong l y  t o  t h e  transforma- 
t i o n  o f  the  bottom. Three species t h a t  
accounted f o r  97% o f  a l l  i n d i v i d u a l s  
co l l ec ted  on Transects 2 and 3  i n  1977 
were e l im inated and have no t  been c o l -  
l ec ted  since: Leptosynapta a1 bicans ( a  
hol  o thur ian)  , Spi ophanes mission ens^ s, and 
an u n i d e n t i f i e d  sabel l i d  polychaete. I n  
t h e i r  p lace appeared th ree o ther  species 
which were no t  co1 l ec ted  i n  1977. These 
th ree species accounted f o r  77% o f  a l l  
i n d i v i d u a l s  co l l ec ted  from 1978 t o  1980: 

paucibranchiata and Capi- 
both polychaetes, and an 

u n i d e n t i f i e d  species o f  oligochaete. 
Pseudopol ydora was n o t  col lec ted  anywhere 
i n  t he  lagoon i n  1977; however, t he  others 
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Figure 33. Changes i n  dens i t i es  o f  inver tebra tes  from 1977 t o  1980. S i tes  have 
been grouped by the  c r l t e r f o n  o f  50% s i m i l a r i t y  i n  the  dens i t ies  o f  the i nd i ca ted  
categarf  es. 

had been cannon a t  one o r  two s l t e s  near t h e  stonns, espec ia l l y  i n  the s t o m  years 
the  eastern end o f  the  b i g  pond (Transect o f  1978 and 1980. 
4) .  S t r e b y s p i o  bened ic t i ,  a plychaetr ,  
was the  on y species present i n  the area I n  the  o ther  categor ies o f  m a l l  inver -  
i n  1977 t h a t  was much more abundant a f t e r  tebrates, t axa  already present or abundant 



in the area became more abundant, The 
small gastropods f Acteocina spp.) a1 most 
doubled in numbers. Numbers of various 
small crustacean species have been large 
b u t  highly variable among different si tes 
and i n  different years. 

The most abundant large invertebrates 
exhibited yet another response. They 
decreased i n  absolute abundance, b u t  they 
changed 1 i t t l e  i n  relative abundance. 
Dominant species remained dominant after 
the storm, 

Two factors seem to be most important 
for interpreting these responses. First,  
the infaunal elements that inhabited the 
lagoon in 1977 were affected adversely t o  
a greater extent than epi4 aunal elements. 
Second, small invertebrates responded more 
strongly, whether positively or nega- 
tively, than large invertebrates. These 
infaunal -epifaunal and large-smal 1 di s- 
tinctions appear to be much more informa- 
tive than faunal -si t e  associations in 
interpreting the responses of the inver- 
tebrates to the storm-caused a1 terations 
of the lagoon. Our genera1 expectation 
was t h a t  those taxa most closely allied 
with the muddiest habitats i n  1977 would 
becane more widespread and abundant after 
the transformation of most of the lagoon 
t o  muddier condi tions. Conversely, we 
expected the taxa most closely a1 lied with 
the sandiest habitats in 1977 to  suffer 
most, perhaps then recovering rapidly only 
in the sand channel. Instead, the most 
prominent of the muddy associates disap- 
peared and were replaced, and the most 
prominent of the sandy associates have 
doggedly persisted, even in the area that 
is  verv muddy now. For examwle, the pol v- . - 

chaete" ~ a ~ l i s c o l  oplos el ongatus and the 
holothurian Leptosynapta albicans strongly 
dominated the lame and small worm-like 
categories, respeGively, a t  the muddiest 
s i t e  in the lagoon in 1977 (Site 2, Tran- 
sect 4, Figure 32). Both were present on 
Transect 3 then. Neither was col lected in 
1979 or 1980. On the other hand, Notoma- 
stus tenuis, the dominant large polychaete 
both-ndy areas and on Transect 3 in 
1977, survived i n  both wlaces, as did the 

Among some species of low or intermedi- 
ate abundance, differences before and 
after  February 1978 were consistent with 
differences in preference of muddy condi- 
tions inferred from distributions in 1977. 
Thus, the bamboo worm (Axiothella rubra- 

Y cincta) was col lected almost exclusively 
i n  the sand channel in 1977 and was not 
col lected afterwards. The clam Nuttall i a 
nut ta l l i i ,  only seen i n  the sand channel 
in 1977, was not collected a t  all  from 
1978 t o  1980. The clams Macoma nasuta and 
Protothaca staminea were re1 ativel y 
abundant in muddy areas in 1977 and did 
not decline. However, there were counter- 
examples : the "mud intolerant" clam 
Diplodonta orbel lus of Warme's (1971) 
analysis d i d  n o t  decline (refuting mud 
intolerance), nor d i d  the polychaete 
Pareu rythoe ca1 i fornica previously found 
exclusively i n  the sandy-bottom chan- 
nel. Other species associated primarily 
wi t h  mddi er areas did decline or di sap- 
pear: the clam Chione (two species) and 
the polychaetes m a  sp. and Nereis 
SP-  

There i s  a simple explanation for a t  
least part of this  counterintuitive 
result. As illustrated i n  the previous 
chapter, no place in the lagoon was truly 
a mud bottom in 1977; i.e., sand predomi- 
nated a t  a l l  stations sampled. Since 
1978, the mud fraction has becme as 
predominant as the sand fraction was 
before 1978. Apparently, the new fine 
substrate was as novel and foreign for the 
preexisting fauna of the ponds as i t  was 
for the fauna of the sand channel. The 
sedimentation probably affected the pond 
fauna more because i t  lasted longer or 
affected those organisms more di rectf y. 
For instance, the anaerobic layer probably 
lay much closer t o  the surface after  the 
fine sediments were deposited. This would 
be much more stressful for a very small 
organism that relied on gas exchange with 
interst i t ial  water than for a large 
organism like the ghost shrimp Calli- 
anassa, which pumps large amounts of water 
fromabove the sediment surface through 
i t s  burrows. 

The effects of the storm also provide a 
ghost shrimp (~all ianaska californiensis) partial answer to the question posed ear- 
and i t s  commensal clam in sandy areas, l i e r  sf why such a narrow gradient of 
Cryptomya californica. sediment types could yield such a highly 



d i f f e r e n t i a t e d  assemblage o f  inver te -  
brates. The r e l a t i v e l y  uni form sediment 
types i n  I977 were a r e f l e c t i o n  o f  a uni -  
form sediment source, not  a rnonotonous 
deposi t ional  o r  hydrodynamic regime. %en 
sediments t h a t  could be d i f f e ren t i a ted  
f i n a l l y  were suppl ied i n  1978, they Here 
d i f f e r e n t i a l l y  d i s t r i b u t e d  (Figure 15). 
Obviously, the  i nve r teb ra te  b i o t a  had been 
responding t o  the var ied hydrodynamic 
regime, ra the r  than t o  d i f ferences i n  
seditnents. N o w ,  there i s  a broad spectrum 
o f  sediments as we1 1 as deposi t ional  
regimes. 

The s a l t  marsh 1s an unimportant h a b i t a t  
f o r  inver tebra tes  r e l a t i v e  t o  the adjacent 
t i d a l  f l a t s  and subt idal  areas; however, a 
f i w  species can t>e abundant i n  some 
places. They are  the gastropod Cer i th idea 
c a l l f o r n i c a  and the  crab Pachy- 
crassipes i n  t he  lower marsh, and the gas- 
tropod ol ivaceus i n  the upper 
marsh. i s  rmch smal ler  and pro- 
bably undant than Ceri thidea. 
Nacdonal d (1969'1 reaorted another qastro- 
pod, ~ s s i d n e a  . c a l i  forn ica,  t o  & much 
more 3- t w i d e a .  We saw 
la rge numbers o f  ~ s s l m i n e a  I n  the lagoon 
i n  1980 but  few i n  t he  s a r t  marsh a t  anv 

occupies burrows i n  
s very ac t i ve  on the  t i d a l  

f l a t s  east  o f  Transect 3 (F igure 32) a t  
low t i des  frm Apr l l  t o  Septetnber, Ceri-  
thidea has been abundant i n  the  m a r f i t  
G c t  3 throughout our study. Since 
1978 i t  has expanded onto the mudflats on 
Transect 3, became proy ress i ve l y  more 
abundant 1978 through 1980 a t  the marsh 
p lan t  sarnpl i n g  s i t e  ha1 fway between Tran- 
sects 3 and 4, and appeared i n  the marsh 
a t  Transect 4 i n  1979 and 1980. 

4.3 THE FISHES 

Thi r ty -n ine  species o f  f i s h  have been 
i d e n t l f i  ed frmn Nugu Lagoon; ha1 f the spe- 
c ies  are common (MacGinf t i e  and MacGini t i e  
1969; Baker 1976; Onof e t  al. 1979; Onuf 
and Quammn 1983). Only MacGinit ie and 
MacEini t i e  (1969) and Baker (1976) sampled 
t h e  three major d i v i s i ons  o f  the  lagoon. 
Bath sources reported f i s h  as l e a s t  abun- 
dant i n  the western a n  and a t t r i b u t e d  
t h i s  r a r i t y  t o  the severe r e s t r i c t i o n  o f  
t i d a l  exchange i n  t h i s  p a r t  o f  the  lagoon. 
"Rare o r  accidental  marine species" (Baker 

1976) were mostly i n  the cent ra l  basin, as 
might be expected f o r  s t rays  From ooen- 
coast hab i ta ts ,  because o f  the  l o c a t i o n  o f  
the mouth and the prevalence o f  deep, open 
water i n  the central  basin when these 
observations were made e , before 
19 78)- 

The four m s t  canmn species i n  the 
lagoon are a l l  small : arrow yobies 
(Clevelandia i os )  i n h a b i t  the burrows o f  
crabs and g h o r s  hrimp; topsmel t (Ather i -  
fiops a f f j n i s ) ,  occur i n  dense schools i n  
the  water column; staghorn scul p i n  
(Leptocottus amatus)  r e s t  on the bottcm 
most o f  the time; and shiner surfperch 

) are i n  dense 
The arrow goby, 

topsmel t, and staghorn scu lp in  are wide- 
spread i n  the laqoon and can be found a l l  
year, *ereas fhe shiner  surfperch i s  
l oca l f zed  i n  i t s  occurrence and h igh l y  
seasonal . Sharks, rays, and the  shovel - 
nose gu i  t a r f i  sh (Rhinobatos productus) ,  
a1 1 elasrrtobranchs, are the on ly  f i s h  c m -  
rnon -in the lagoon as l a rge  i nd i v idua l%.  

More de ta i l ed  i n fom ia t i on  I s  ava i lab le  
on f i s h  using the eastern ann o f  Mugu 
Lagoon (Onuf and Quanmen 1983). We 
sampled the fishes of the  eastern arm o f  
Mugu Lagoon by beach seine monthly a t  four  
s i t e s  from February 1977 t o  February 1982. 
We selected the s i t e s  t o  represent the 
range o f  rnajor hab i ta t s  avh i l ab le  t o  f i s h  
and t o  cont ras t  physiographic and vegeta- 
t f ond l  features (Figure 34) : shal low 
(S i tes  1 and 2 )  vs. deep (S i tes  3 and 4 ) ,  
and vegetated (S i tes  2 and 3) vs. bare 
( S i t e s  1 and 41, There a lso was a gra- 
d i e n t  i n  sediment tex ture :  f i n e  f r a c t i o n  
increased frm S i t e  1 t o  S i t e  4,  These 
s i t e s  encoinpassed most o f  the range o f  
envi ranmental condi t ions t h a t  might  i n f l  u- 
ence t h e  kinds and abundances o f  f i shes  
present. Habi tat  types not  sampled i n -  
cluded marsh channels, the rfiarsh i t s e l f ,  
and t h e  shallow subt idal  area a t  the 
extreme eastern end o f  the lagoon which 
d i f f e r s  from the shallow s l t e s  t h a t  we 
sampled by having almost no t i d a l  current.  

T h i r t y - f i v e  species were caught i n  the 
f i r s t  year o f  samplinq. Two species, top- 

a F f i n i s )  and shiner 
aqqregata) ac- 

counted for over three-guarters o f  a l l  
i nd i v fdua l s  caught, The e igh t  most common 



Figure 34. F i  sh-sampl i n g  s i t e s  and t h e i r  c h a r a c t e r i s t i c s  i n  1977. 

spec ies accounted f o r  96% o f  a l l  i n d i v i d -  
u a l s  caught, Data from t he  9 months when 
a l l  s t a t i o n s  were sampled i n d i c a t e  t h a t  
depth and cover by ee lg rass  were equa l l y  
impor tan t  as determinants  o f  f i s h  abun- 
dance. Catches were l e a s t  i n  t h e  shal low 
bare s i t e ;  more than tw i ce  as g r e a t  a t  t h e  
shal low, ee lgrass,  and deep bare s i t e s ,  
and more than tw i ce  as g r e a t  again i n  t h e  
deep, ee lgrass s i t e  (Tab le  5). Apparent- 
l y ,  depth and cover  by ee lg rass  i n t e r a c t  
s y n e r g i s t i c a l l y  f o r  a  number o f  species, 
s i nce  t h e  d i f f e r e n c e  i n  t o t a l  species 
between ee l  grass and bare sediment was 
much g rea te r  a t  t h e  deeper s i t e s  than 
t he  shal low ones: 23 vs. 15 as compared t o  
12 vs. 11, respec t i ve l y .  It cannot be 
determined from these data whether t h e  
d i  f ferences i n  subs t ra tes  between s i t e s  
(F i gu re  34) c o n t r i b u t e  t o  the  observed 
pa t te rn .  

A l l  t he  common species were found a t  a l l  
t h e  s i t e s ;  however, seven o f  t h e  e i g h t  
spec ies making up 98% of t h e  t o t a l  ca tch  
were caught a t  l e a s t  75% o f  the  t ime a t  
e i t h e r  one o r  two s i t e s  (Table 6). The 
species were r e l a t i v e l y  even ly  d i s t r i b u t e d  
among ca tego r i es  o f  h a b i t a t s :  t h ree  
s i n g l e  s i t e  assoc ia t ions ,  each w i t h  a  d i f -  
f e r e n t  s i t e ,  and f o u r  assoc ia t ions  w i t h  a  
p a i r  o f  s i t e s ,  each w i t h  a  d i f f e r e n t  p a i r .  
The most common spec1 es - topsinef t and 
sh i ne r  su r f pe r ch  - were found a t  t he  deep 
s t a t i ons ,  t he  su r fperch  a t  the  vegetated 

s t a t i o n  and t h e  topsmel t  a t  bo th  t h e  bare 
and vegetated deep s t a t i ons .  F i sh  caught  
more o f t e n  i n  t h e  shal lows i nc l uded  the  
longjaw mudsucker, t he  C a l i f o r n i a  k i l l  i- 
f i s h ,  and t h e  bay p i p e f i s h .  

A s t r ong  seasona l i t y  i s  ev iden t  i n  t h e  
5-year averages of t o t a l  month ly  catches 
and f o r  catches o f  i n d i v i d u a l  species 
(F i gu re  35). Most have been caught i n  
every month of t h e  year,  bu t  many were 
very  r a r e  a t  l e a s t  f o r  a  couple o f  t he  
w i n t e r  months. The June peak i n  t o t a l  
ca t ch  was n o t  t he  r e s u l t  o f  t h e  abundant 
species behaving s i m i l a r l y ,  b u t  r a t h e r  
represen ts  l a r g e  numbers o f  t he  two domi- 
nan t  species, topsmel t  and sh iner  sur f -  
perch, be ing p resen t  a t  t h e  same time. 

For t h e  species i n  genera l ,  t h e  ove r r i d -  
i n g  impress ion i s  t h a t  t h e  peaks i n  abun- 
dance of i n d i v i d u a l  species were remark- 
a b l y  spread ou t  over  t h e  year :  essen- 
t i a l l y  two peaks per  month from A p r i l  t o  
October (F i gu re  35). Perhaps t h i s  i s  an 
i n d i c a t i o n  t h a t  t h e  resources of t h e  
lagoon a re  be ing p a r t i t i o n e d  tempora l l y  as 
w e l l  as s p a t i a l l y .  A l t e r n a t i v e l y ,  i t  may 
r e f l e c t  o n l y  d i f f e r e n c e s  i n  t he  tempera- 
t u r e  preferences o f  t h e  d i f f e r e n t  species. 

A1 though nearshore f i s h e r i e s  are v a r i -  
able  w i t h  respect t o  t ime (hours, bays, 
months, and years)  and place, t h ree  fac- 
tors al lowed us t o  r i g o r o u s l y  analyze t h e  



fable 5. Total catch of  f ishes by species and s i t e  i n  the 9 months a f  1977 when a l l  
s i t e s  were sampled. The percentage cont r ibut ion o f  each species t o  the t o t a l  a t  a l l  
s i t e s  i s  alsn shown a t  the f a r  r ight .  Cmmon names f o l  low M i l l e r  and Lea (1972). 

S i t e  character4 s t i c s  
Shall ow Deep 

Species Bare Eel grass Bare Eel grass 
Canmon name Sc ien t i f i c  name (S i te  1) (S i t e  2 )  (S i t e  4 )  (S i t e  3)  % 

Topsmel t 
Shiner su r f  perch 
Staghorn scul p i n  
Ca l i fo rn ia  k i l  l i f i s h  
Di amond tu rbo t  
Bay p ipef ish 
Cal i forn ia  ha1 i but 
Longjaw mudsucker 
Bay b l  enny 
Ca l i fo rn ia  tonguefish 
Giant kel  p f i  sh 
Kelp bass 
Brown rock f i sh  
Opa l eye 
Shovelnose gui t a r f  i sh 
Grey smoothhound 
Black surfperch 
Kelp rockf ish 
Barred sur f  perch 
Pac i f i c  her r ing 
Ke lp f i sh  2 
Kelp f ish 3 
Round st ingray 
Speckled sanddab 
Barred sand bass 
Str iped mu1 l e t  
Starry f lounder 
Spotted turbot 
Leopard shark 

Total ind iv idua ls  ( a l l  
% 

Total species ( a l l  sta 

Urol ophus ha1 l e r i  

Mu 11 cephalus 
F h r h i s  s te l  la tus 
P euronlc t h  s r i t t e r i  
b s c i a t a  

s ta t ions = 5,460) 

t i ons  = 29) 

e f f ec t s  of  the major stonns o f  1978 and 
1980 (Onuf and Quammen 1983). F i r s t ,  
sampling a t  the same s i t e  monthly f o r  5 
years was frequent enough t o  i d e n t i f y  
sys tma t f  c d i  fferences betwen years by 
non-parametric s t a t i s t i c a l  procedures, 
even when the high seasonality and aggre- 
gated d is t r ibu t ions  of  the f ishes made 

standard parametric s t a t i s t i c s  inappro- 
pr iate.  Second, the storms af fected the 
four  s i tes  d i f f e r e n t i a l l y ,  some rrarch more 
severely than others. This allowed tests  
o f  the fa1 lowing sort :  i f  di f ferences 
between years were the resu l t  o f  the 
stonns, then bigger changes should be 
associated wi th  the more severely af fected 



Table 6. Hab i ta t  c h a r a c t e r i s t i c s  o f  the common species of f i shes  i n  
Mugu Lagoon t n f e r r e d  frm features o f  the s i t e s  a t  which they were 
caught most f requent ly .  

Shal low Deep 
Bare Eel urass Bare Eel urass 

( S i t e  1) (s iee  2) (S i t e  4 )  ( s i t e  3) 

>75% caught a t  one s i t e  
Shiner s u r f  perch 
C a l i f o r n i a  ha1 i b u t  
Long jaw mudsucker 

>75% caught a t  two s i t e s  
Topsmel t x x 
Staghorn scul p i n  x x 
C a l i f o r n i a  k i l l i f i s h  x x 
Bay p i  pe f i sh  x x 

s i tes .  Third, t h e  symmetrical sequence o f  
minor and major storm years f o r  the 5 
years o f  sampling (minor-major-minor- 
major-minor) from February 1977 t o  Febru- 
a r y  1982 permit ted the  st rongest  possib le 
inferences about t he  e f f e c t s  of storms. 
Not on ly  was there  r e p l i c a t i o n  o f  the  
basic comparison between the  years immedi- 
a t e l y  f o l l ow ing  major storms and years a t  
l e a s t  1 year removed frm major storms, 
bu t  a1 so there was the  oppor tun i ty  t o  d i  s- 
cr iminate  between short-term e f f e c t s  (com- 
parisons between adjacent years)  and 
pe rs i s ten t  e f f e c t s  (comparisons between 
sequenti a1 stonn years o r  nons t o m  years ) . 
The analys is  i s  beyond the  scope o f  t h e  
p r o f i l e  and i s  reported i n  Onuf and 
Quamen (1983), but the concl u s i  ons were 
st ra ight forward.  

A1 1 s i g n i f i c a n t  d i f fe rences between 
years ind ica ted storm-caused decl ines i n  
t h e  t o t a l  catch f o r  the  whole lagoon and 
i n  the t o t a l  number o f  species caught i n  
t he  eastern arm as a whole. P a r t  of t he  
reductions were sho r t  term, since i n -  
creases i n v a r i a b l y  ensued a f t e r  each major 
storm year (F igure 36); however, pa r t  of 
t he  reductions were pers is ten t ,  and over- 
a l l  there were almost 50% fewer f i s h  i n  
1981 than 1977. 

The decrease i n  depth and v i r t u a l  e l im- 
i n a t i o n  o f  eelgrass a t  a l l  s i t e s  w i t h i n  

t h e  pond had a cascading e f f e c t  on the 
s u i t a b i l i t y  of d i f f e r e n t  s i t e s  f o r  d i f f e r -  
en t  species, The o r i g i n a l l y  shallow, 
hal f -eelgrass,  ha1 f-bare S i t e  2 became 
almost e n t i r e l y  i n t e r t i d a l  and bare, The 
o r i g i n a l l y  deep, bare S i t e  4 became most ly  
shallow. The o r i g i n a l l y  deep eel grass 
S i t e  3 became bare and shal lower, but  
s t i l l  was deep i n  r e l a t i o n  t o  o the r  s i tes.  
The o r i g i n a l l y  shal low, almost e n t i r e l y  
bare S i t e  1 d i d  n o t  change i n  depth but  
s u b s t a n t i a l l y  increased i n  eel  grass cover. 
Species swi tched l oca t i ons  accordingly, 
and those f o r  which no analog o f  t h e i r  
favored h a b i t a t  ex is ted  a t  the end o f  the 
study dec l ined i n  abundance (F igure  37), 
The deep-water hab i ta t s  o f  the  o r i g i n a l  
dominant species - topsmelt and sh iner  
s u r f  perch - were e l  i m i  nated. Topsmel t 
(79% caught a t  the two deep s i t e s  i n  the  
f i r s t  year) were down 57% i n  the f i f t h  
year compared t o  the  f i r s t ,  and sh iner  
sur fperch (80% caught a t  the  deep eel grass 
s i t e  i n  the f i r s t  year )  were down 97% frm 
t h e  f i r s t  year  t o  the f i f t h .  Our i n i t i a l  
expectat ion was t h a t  species t h a t  spent 
most o f  t h e i r  time on the  b o t t m  would 
respond very s t rong l y  t o  the new, fine- 
t ex tu red  bottom. We expected those 
species ( C a l i f o r n i a  ha l i bu t ,  didmond tu r -  
bot,  staghorn scul p i n )  associated w i t h  
S i t e  4, the  muddiest area dur ing  the  f i r s t  
year, t o  prosper, and those associated 
w i t h  a much sandier area ( C a l i f o r n i a  
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Figure 35. The 5-year average rtrcrnthly f i s h  ca tch  a t  Mugu Lagoon, arranged by month of 
peak abundance, from e a r l i e s t  a t  Lop t o  l a t e s t  a t  bttam. 



Figure 36. Changes i n  mean monthly f i s h  
catch and mean number of species caught 
from 1977 t o  1981. 

k i l  li f i sh ,  longjaw mudsu~ker) t o  su f fe r .  
I f  sediment type had any r o l e  i n  determin- 
i n g  numbers and d i s t r i b u t i o n ,  i t  was over- 
whelmed by the  e f f e c t s  o f  depth and cover 
by eelgrass. 

4.4 THE BIRDS 

No q u a n t i t a t i v e  b i r d  census data have 
been publ ished f o r  Mugu Lagoon. The Na- 
t u r a l  Resources Management O f f i ce ,  Pt. 
Mugu Naval A i r  Stat ion,  CAY has compiled a 
1 i s t  o f  198 species found on t h e  A i r  Sta- 
t i o n  i n  both wetland and upland h a b i t a t s  
(unpubl.). The fo l l ow ing  ana lys is  of the 
d i s t r i b u t i o n  and abundance o f  water- 
re la ted  b i r d s  i n  space and t ime i s  based 
on censuses o f  21  areas conducted a t  20- 
day i n t e r v a l s  near the pred ic ted  t ime  o f  
the d a y l i g h t  low t i d e  from October 1977 t o  
September 1982 (Quammen and Onuf, unpubl. 
data). Census areas were l i m i t e d  t o  
permanent open water and i n t e r t i d a l  f l a t s  
and were located i n  t he  western arm and 
cent ra l  basin, as we7 1 as i n  the  eas tern  
arm. 

An average o f  2,700 b i r d s  was counted 
per census (Table 7). I n  a1 1 , 73 species 
were seen dur ing  the  study; 8 species were 
observed a t  more than 100 per census and 
accounted f o r  more than 70% of the t o t a l ;  
and 16 were observed l ess  than once i n  10 
censuses. The general l y  small, surface- 
feeding shorebirds were the  most abundant 
category (33%); fo l lowed by coots (16%); 

ddving ducks (main ly mol lusk  eaters, 15%) ; 
large,  long-bi1 l e d  shorebirds (probing 
feeders, 13%); g u l l s  (11%); wading, d i v -  
i n g ,  and a e r i a l  f i s h i n g  b i r d s  (6%); and 
dabbl ing ducks and geese, (main ly p lant-  
eaters 5%). The category "other"  con- 
ta ined most ly  s t rays p lus the American 
b i t t e r n  (seen mainly i n  the marsh, feeding 
on insec ts ) ,  k i  1 l deer  (seen mainly supra- 
t i d a l l y  on the  sandspit  shore o f  t he  
lagoon, feeding on insects) ,  and Northern 
phalarope, a shorebird r e l a t i v e  t h a t  feeds 
on plankton. 

There i s  a st rong seasonal i ty  i n  t he  
t o t a l  abundance o f  b i r d s  i n  Mugu Lagoon, 
as ind ica ted by the  monthly averages f o r  
S i t es  1 through 20 (Figure 38). I n  May 
and June, 100 t o  j u s t  over 200 b i r d s  were 
counted per census. From Ju l y  through 
'ieptember, numbers were c lose t o  1,000 and 
from October through A p r i l  were between 
2,000 and 4,000. December, January, and 
February were the  months o f  h ighest  abun- 
dances, y e t  on ly  coots and d i v i n g  ducks 
reached t h e i r  maxima i n  t h i s  period. Ap- 
parent ly ,  Mugu Lagoon i s  a southern tenni-  
nus and overwinter ing area f o r  these 
migrants. The f i sh -ea t i ng  b i r d s  showed 
spr ing  o r  f a l l  peaks, and i n  the extreme 
case o f  t he  a e r i a l  f i shers ,  had t h e i r  
lowest numbers i n  the winter. This i s  
cons is ten t  w i t h  t he  much higher abundances 
o f  f i s h  i n  the spr ing  and f a l l  (F igure 
35). The wading and d i v i n g  f i shers ,  how- 
ever, go elsewhere i n  the summer when f i s h  
are most abundant. 

The remaining groups had var ied  seasonal 
patterns. The probing shorebirds were 
most abundant i n  w in te r  and l e a s t  abundant 
i n  May and June, but  var ied less  over t h e  
whole year than any o ther  category. The 
r e l a t i v e l y  h igh numbers o f  surface-feedi ng 
shorebirds and dabblers present i n  midwi n- 
t e r  suggest t h a t  some overwinter  i n  Mugu 
Lagoon; on the o ther  hand, t he  appearance 
o f  some i n  e a r l y  autumn and greates t  abun- 
dance i n  March o r  A p r i l  i n d i c a t e  t h a t  
others migrate through t o  overwinter  
f a r t h e r  south. The fa1 l - sp r i ng  asymmetry 
o f  abundance suggests t h a t  t he  southward 
migra t ion  i s  much l ess  synchronous than 
the r e t u r n  n o r t h  as has been noted f o r  
some o f  these species by Recher (1966) and 
Page e t  a1 . (1979), 





Babie 7. Abundance ranking and mean number of birds seen per census 
averaged over a l l  seasons, 1977-82, for  21 census s i t e s  (see Figure 39) 
i n  Mugu Lagoon. abundances a re  given by species and functional category; 
species are  l i s t ed  in decreasing order of abundance w i t h i n  a category. 
Rank and s i t e  where most commonly observed are a7 s o  l i s t ed .  

Rank i n  abundance 
Category Species 

S i t e  
Number seen where most 
per census often seen 

1 SURFACE- FEEDING SHOREBIRDS 
2 Dowitchers spp. 
3 Western sa9dpi per 
7 Sandpipers 
8 American avocet 

13 Dunlin 
21 Least sandpiper 
22 Sander1 i ng 
28 Black-bellied plover 
36 S t i l t  
39 Semi pal mated plover 
47 Snowy plover 
52.5 Red knot 
57.5 Wilson's plover 

Black turnstone 
Ruddy turnstone 
Surf bi rd 
Wandering t a t t l e r  

PROBING SHOREBIRDS 354.4 
5 Marbled godwi t 200.8 
9 Willet 140.5 

33 Long-bil led curlew 9.3 
42.5 Greater ye1 1 owl egs 2.2 
54 Whimbrel 0.6 

1 COOTS 428.0 

DABBLING DUCKS & GEESE 
10 Northern shoveler 
18 Northern pintail  
19 American wigeon 
31 Cinnamon teal 
37 Green-winged teal  
50 Mallard 
52.5 Canada goose 
55 Brant 

Gadwall 

DIVING DUCKS 
4 Ruddy duck 

11 Susf scoter 

(continued) 



Table 7. (Continued), 

Rank in abundance 
'Category Spec1 es 

S i t e  
Nu~iber seen where :nost 
per census often seen 

DIVf NG DUCKS (continued) 
15 Canvasback 
16 Greater scaup 
27 Whi te-wi nged scoter 
35 Buff lehead 

Red head 
Go1 deneye 

9 WADING FISHERS 
34 Snowy egret 
41 Great blue heron 
48 Great egret 

8 DIVING FISHERS 
24 Western grebe 
25 Double-crested cormorant 
30 Red-brested merganser 
40 Eared grebe 
46 Pied-bil led grebe 
49 Horned grebe 
56 Common loon 
57.5 WhJ t e  pelican 

Arctic loan 
Red-throated loon 

AERIAL FISHERS 
Brwn pelican 
Forster's tern 
Caspian tern 
Royal tern 
Elegant tern 
Least tern 
Be1 ted k i  ngflsher 

5 GULLS 
6 Ring-hi1 led gull 

12 Calffornia gull 
17 Western gull 
26 Heemann's g u l l  
32 Bonap$rt@ gull 
38 Gulls 

GI aucous-wd nged gu? 1 

10 OTHER 3,0 
42.5 Northern phalarope 2,2 
51 Ki1 ldeer O.ab 

American h i  ttern <0,2 
Emperor goose 

(continued) 



Table 7. (Concl uded) , 

Rank i n  abundance 
Category Species 

S i t e  
Number seen where most 
per  census often seen 

OTHER (continued) 
White-faced i b i s  ~ 0 . 1  b 

Black oystercatcher 
Flamingo (sp. ?)  
Roseate spoonb i l l  

:seen from too f a r  away t o  i d e n t i f y  the species. 
Species seen ~ 0 . 1  per census not  ranked. 

B i r d  abundance var ied  among s i t e s  de- Then cha rac te r i s t i cs  o f  s i t e s  were sought 
pending on func t iona l  category, y e t  we t h a t  were shared i n  common w i t h i n  t he  
have been l a r g e l y  unsuccessful i n  expla in-  group but d i f f e r e d  from o ther  groups. 
i ng  the  abundance pat te rns  based on s i t e  
cha rac te r i s t i cs .  Instead, we turned the 
process around here, as w i th  the i nve r te -  The census s i t e s  formed s i x  d i s t i n c t  
brates. Groups o f  s i t e s  were defined by groups according t o  t h e  c r i t e r i o n  o f  >60% 
>60% s i m i l a r i t y  i n  t h e i r  dens i t ies  of the  s i m i l a r i t y  i n  t he  dens i t i es  o f  t en  cate- 
categor ies o f  b i r d s  designated i n  Table 7. gor ies  o f  b i rds  (F igure  39; Table 7). 

400 

0 

200 
Probing shorebirds 

" 
Aerial fishers 

100 

n 

50 

0 
J A S O N D J F M A M J  

Figure 38. Five-year average abundances of water-re lated b i rds  by month a t  census 
s i t e s  1 through 20, Mugu Lagoon (Figure 3 9 ) ,  arranged according t o  month of peak 
abundance from e a r l i e s t  a t  top l e f t ,  t o  l a t e s t  a t  bottom r i g h t .  



Group #:  1 2 3 4 5 6 

Coots 18.2 1 0 . 1  0 .  1 0 , 1  (1.8 1 . 1  

Surface-feeding shorebirds 2 9 . 2  10 .9  1. 3 3 .  t j  5 1 

Dabbling ducks and geese 4 . 3  1. 2 1.9 2 0 . 8  

Prabi ng shorebirds 6 . 0  3 . 8  5.0 10.8 7 4 4 . 1  

Wading f i shers  0 . 2  0 . 1  0 . 1  0 2 0 ? 0 2 

a i v i  ng ducks 5 . 5  1.3 Y 0.2  0 4 3 9 u .  6 

Diving f i shers  0 5 1 . 3  0 . 1  0 . 3  0 9 0 . 2  

Aer ia l  f i shers  1 . 6  0 5 1.3 0 6 0 1 0 . 1  

Gui I s  2 . 2  Q. 9 6 . 4  1. H 0 6 0 . 1  

Others 0 . 1  

Tota l  b i rdslha 

Figure 39. B i r d  census s i t e s  grouped according t o  >60% s i m i l a r j t y  i n  t h e i r  d e n s i t i e s  
o f  the i n d i c a t e d  c a t e g o r i e s  of water - re la ted  b i rds  and the  rnean d e n s i t i e s  (no./haj o f  
each category i n  t h e  d i f f e r e n t  groups of s i t e s .  



According t o  these s i t e  assoc ia t ions ,  
t h e  s a l i e n t  f ea tu res  o f  h a b i t a t s  a r e  as 
f o1  lows f o r  the  d i f f e r e n t  categorSes o f  
b i  rds. Coots and sur face- feed ing  shore- 
b i r d s  tend t o  correspond i n  t h e i r  selec- 
t i o n  o f  h a b i t a t s  and f a v o r  s i t e s  w i t h  
l a r g e  expanses o f  mud f l a t s  and sha l low 
open water, Presumably, t h e  coo ts  a re  
somewhat more c l o s e l y  t i e d  t o  t h e  wate r  i n  
t h e  mudflat-open water h a b i t a t  and feed 
p r i m a r i l y  on t he  sometimes t h i c k  mats of 
Enteromorpha; t he  su r face- feed ing  shore- 
b i r d s  a re  [nore s t r i c t l y  con f ined  t o  t he  
t i d a l l y  exposed p o r t i o n s  and feed exc lu-  
s i v e l y  on smal l  i n v e r t e b r a t e s  on and j u s t  
below t he  sur face  o f  t h e  mud, The low 
d e n s i t i e s  o f  i n v e r t e b r a t e s  t h a t  we docu- 
mented f o r  t h e  extreme eas te rn  end o f  t he  
lagoon may e x p l a i n  t he  r e l a t i v e l y  low den- 
s i  ty o f  su r face- feed i  ng shoreb i rds  i n  
Group 1; however, t h i s  i s  specu la t i on  o n l y  
s i nce  a l-mm screen i s  t o o  coarse t o  
sample t h e  prey o f  t he  b i r d s  s a t i s f a c t o r -  
i 1 y. 

The dabblers  were most abundant a t  s i t e s  
con ta i n i ng  i s l a n d s  covered by marsh vege- 
t a t i o n .  T h e i r  d i s t r i b u t i o n  dev ia tes  
s t r o n g l y  f rom t h a t  o f  t h e  coots,  which 
a l s o  dabble most o f  t he  time. 

The la rge ,  deep-probi ng shoreb i rds  and 
t h e  wading f i s h e r s  ( eg re t s  and herons) 
were s i m i l a r  i n  t h e i r  r e l a t i v e l y  even 
d i s t r i b u t i o n  throughout t h e  lagoon (F i gu re  
39). Both ca tegor ies  a r e  b i r d s  o f  t he  
water1 ine. Apparent ly,  whether a  shore i s  
steep o r  f l a t  i s  o f  l i t t l e  consequence t o  
these b i r d s  s i nce  they spend most o f  t h e i r  
forag ing t ime c l o s e  t o  t he  wa te r ' s  edge. 
The p rob ing  shorebi  rds a r e  t h e r e f o r e  d i  s- 
t i n c t  frm t h e  sur face- feeding shoreb i rds  
i n  terms o f  a  more l i n e a r  vs. more area l  
d i spers ion .  I n  a d d i t i o n ,  t hey  a re  pre- 
eminen t l y  t h e  b i r d s  of sand f l a t s  and 
sandy shores. While most o t h e r  feed ing  
types a re  r a r e  here, t h e  p rob ing  shore- 
b i r d s  a re  a t  t h e i r  most abundant, as a re  
la rge ,  deep - l i v i ng  in fauna,  t h e i r  pre- 
f e r r e d  prey. 

The l a r g e s t  expanses o f  open water  a t -  
t r a c t e d  t h e  g rea tes t  numbers o f  d i v i n g  
ducks and d i v i n g  f i s h e r s  ( F i g u r e  39). The 
d i v i n g  ducks feed mos t l y  on i n v e r t e b r a t e s  
on t h e  bottom. Ducks such as meryansers 
t h a t  d i v e  f o r  f i s h  i n  t h e  water  colurnn o r  
on t h e  bottom a r e  c l a s s i f i e d  w i t h  t he  

o t h e r  d i v i n g  f i s h e r s  ( t h e  grebes, loons, 
and cormorants).  Gu l l s  and t h e  a e r i a l  
f i s h e r s  (mos t l y  pe l i cans )  were most common 
r o o s t i n g  on sandy i s l a n d s  near  t h e  t i d a l  
i n l e t .  These they shared w i t h  hauled-out  
harbor  seals. The a e r i a l  d i ve r s ,  i n  t h i s  
case mos t l y  te rns ,  a1 so roos ted  on ano ther  
smal l  i s l a n d  i n  S i t e  17 and a sand bar  i n  
S i t e  7  (F igure  39). Al though te rns ,  p e l i -  
cans, and g u l l s  feed i n s i d e  t h e  lagoon, we 
do n o t  know how much f o r a g i n g  i s  done 
e l  sewhere. 

There i s  l i t t l e  i n d i c a t i o n  o f  long- term 
change i n  t he  t o t a l  number o f  b i r d s  u t i -  
1  i z i  ng Mugu Lagoon based on ou r  5 years  o f  
records, a1 though numbers were somewhat 
h i ghe r  i n  t he  l a s t  2 years  than i n  pre- 
v ious years (F i gu re  40). W i t h i n  cate-  
gor ies ,  much l a r g e r  changes a re  ev ident .  
For example, i n  t h e  lagoon as a whole t h e  
number o f  coo ts  has dec l i ned  every yea r  
s i nce  1977-78 (59% i n  5 years) .  I n  con- 
t r a s t ,  t h e  sur face- feedi  ng shoreb i rds  have 
increased i n  every  yea r  s i n c e  1977-78 (96% 
i n  5 years).  Changes f o r  o t h e r  ca tego r i es  
have been much l e s s  o r ,  i n  t h e  case o f  
dabblers and g u l l s ,  e r r a t i c  enough t h a t  i t  
i s  imposs ib le  t o  determine whether t h e  low 
numbers o f  t h e  f i f t h  yea r  a r e  p a r t  t r e n d  
o r  mere ly  f l u c t u a t i o n .  The major  sec t i ons  
o f  t h e  lagoon c o n t r i  buted d i  f f e r e n t l  y t o  
these o v e r a l l  changes i n  number. Surface- 
feed ing  shorebi rds,  f o r  example, were ha1 f 
as abundant i n  t h e  l a s t  2 years  as e a r l i e r  
i n  t h e  eas te rn  a m ,  inc reased  t w o f o l d  i n  
the  western arm, and increased f o u r f o l d  
i n  t h e  c e n t r a l  bas in  (F i gu re  40). Coots 
decreased by almost a  f a c t o r  o f  t h r e e  i n  
t h e  western a m ,  but  changed l i t t l e  e lse -  
where. The abundance o f  g u l l s  has i n -  
creased s u b s t a n t i a l l y  i n  t h e  eas te rn  arm 
and f l u c t u a t e d  i n  the  c e n t r a l  basin. 

A1 though few censuses were conducted 
be fo re  t h e  major  storm o f  February 1978, 
t h e r e  i s  no doubt t h a t  t h e  f i l l i n g  o f  most 
o f  t h e  c e n t r a l  bas in  a t  t h a t  t ime  was 
respons ib le  f o r  t he  inc rease  i n  sur face-  
feeding shoreb i rds  there.  Since probers, 
d i v i n g  and wading f i s h e r s ,  d i v i n g  ducks, 
dabblers,  and coo ts  were l e s s  abundant i~ 
1977-78 t han  i n  any o f  t h e  succeeding 4 
years, i t  i s  poss i b l e  t h a t  a  sha l lower  
c e n t r a l  bas in  has prov ided more sa t i s f ac -  
t o r y  h a b i t a t  f o r  them as well, However, 
t h i s  i s  a  suggest ion, based on t he  l i m i t e d  
sampling o f  t he  very  l a r g e  S i t e  21  before 
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Figure 40. Changes I n  b f r d  abundance over t ime a t  k g u  Lagoon. 

June 1978, and not a conclusion. The 
p a r t i a l  s h i f t  i n  g u l l s  probably had rnare 
t o  do w i th  the extreme eastward migra t ion  
o f  the t l d a l  i n l e t  I n  1980 and 1981 than 
w l t h  the f i l l i n g  o f  much o f  the cent ra l  
basin, s ince g u l l s  were rnost abundant on 
the  s h i f t i n g  sand bars o r  is lands associ- 
ated w i t h  the  i n l e t .  I n  the western arm, 
the cmpenratory changes between coots and 
surface-feedl ng sharebfrds are cons1 s ten t  
w l t h  the  p a s s f b i l i t y  t h a t  sedimentation 
mjght favor the t i d a l  f l a t s  element, i .e., 
surface-feeding shorebirds o f  the t i d a l  
f l a t s - s h a l l w  open water couplet, 

The addf t iona l  year o f  censuses (1976- 
77) i n  the eastern ann before February 
1978 al lows more r igorous t e s t s  there f o r  
stom-ref ated e f fec ts ,  Numbers o f  probing 

shorebirds were down I n  a l l  13 o f  the 
possib le pai r -wise compari sans between 
fa1 1 abundances before and a f t e r  the s t a m  
o f  February 1978 (October - December 1976 
and 1977 vs. 1938, 1979, 1983, 1981) and 
winter  through sumrner abundances before 
and a f t e r  (January - Septmber 1977 vs. 
1978, 1979, 1980, 1981, 1982). The d i v ing  
Fishers were down i n  12 o f  13 poss ib le  
cmparisons, whereas the d l v ing  ducks i n -  
creased i n  a1 1 13 comparisons. I t  i s  un- 
1 i ke ly  t h a t  these outcomes are chance 
events. The former two are consistent  
w i th  the known decreases o f  la rge  inver te -  
brates and f i s h  a f te r  the storm. 

This ana lys is  af Eugu Lasoon bi rds  has 
been 1 i m i  ted t o  ccdnmon wa te r - re la ted  
s p e ~ i e s  c l a s s i f i e d  i n t o  f u n c t i o n a l l y  



r e l a t e d  ca tego r i es  o r  g ~ a i l d s :  t h e  b i r d s  
t h a t  p l a y  impo r t an t  r o l e s  i n  the  e s t u a r i n e  
ecosys tern. Other  spec ies a re  un impor tant  
i n  the  ecosystem because o f  t h e i r  extreme 
r a r i t y ,  bu t  t h e  ecosystem i s  c r i t i c a l  f o r  
t h e i r  s u r v i v a l ,  most n o t a b l y  t h e  l i q h t -  
foo ted  c l appe r  r a i l  (Ra7 l u s -  l o n g i r o s t r i s  
1 e v i  es) , Be1 d i n g  3 Savannah sparrow 
Passercul  us sandwichensi s  be1 d i  ng i  ) , and f- 

t o  a  l e s s e r  e x t e n t  t h e  brown ~ e l i c a n  
(Pel ecanus occ i den ta l  i s )  and the '  l e a s t  
f-na a1 b i  f rons ) .  These endangered 
spec ies a re  nmre a p p r o p r i a t e l y  discussed 
i n  Chapter 7. 

I n  a d d i t i o n  t o  t h e  wa te r - r e l a t ed  b i r d s ,  
a t  l e a s t  100 spec ies o f  more t e r r e s t r i a l  
b i r d s  have been s i gh ted  around t h e  lagoon 
(Macdonal d  1976b; Na tu ra l  Resources Man- 
agement O f f i c e ,  U.S. Naval A i r  S ta t i on ,  
P o i n t  Mugu, C a l i f o r n i a ;  unpubl. l i s t ) .  
Some commonly use aqua t i c  hab i t a t s ;  f o r  
ins tance,  swal lows o f t e n  a re  conspicuous 
e i t h e r  pursu ing  f l y i n g  i n s e c t s  over  wa te r  
and marsh o r  ga the r i ng  mud f rom c reek  
banks f o r  nests. Other spec ies have an 
a f f e c t  on t he  e s t u a r i n e  ecosystem. For  
example, l a r g e  b i r d s  o f  prey cou ld  be 
impo r t an t  p reda to rs  on t h e  wa te r - r e l a t ed  
b i r ds .  Nevertheless, t h e  i n t e r a c t i o n s  
between t he  more t e r r e s t r i a l  b i r d s  and t h e  
e s t u a r i n e  ecosystem a r e  assumed t o  be weak 
and have been ignored. 

4.5 THE HERPETOFAUNA AND MAMMALS 

Amphibians and r e p t i l e s  appear t o  have 
even l e s s  o f  a  r o l e  i n  t he  Mugu Lagoon 
e s t u a r i n e  ecosystem than t h e  l a n d  b i r ds .  
Eleven spec ies have been repo r t ed  (Na tu ra l  
Resources Management O f f i c e ,  U.S. Naval 
A i r  S ta t i on ,  P o i n t  Mugu, C a l i f o r n i a ;  
unpubl. 1  i s t ) .  Observat ions o f  western 
fence  l i z a r d s  (Scelo o rus  occ iden ta l  i s) 
and side-blotche*~ (U& stans-  
bu r i ana )  a r e  l i m i t e d  t o  ad jacen t  uplands 
-Conservation S e r v i c e  1983). South- 
e r n  Paci f i c  r a t t l e s n a k e s  (C ro ta l  us v i  r i d i  s  
he1 l e r i  ) have been encountered i n  t h e  
marsh, p a r t i c u l a r l y  a f t e r  t he  f l o o d i n g  o f  
1978. Probably  these an imals  were r a f t e d  
i n t o  t h e  lagoon on d e b r i s  washed ou t  of 
t h e  watershed d u r i n g  t h e  February 1978 
storm. 

Forty-one spec ies o f  mammals are re-  
corded f o r  t h e  Naval A i r  S t a t i o n  ad jacen t  

t o  Mugu Lagoon (Na tu ra l  Resources Manage- 
ment O f f i c e ,  U.S. Naval A i r  S ta t i on ,  P o i n t  
Mugu, C a l i f o r n i a ;  unpubl. l i s t ) .  O f  
these, f ou r  spec ies,  t h e  western ha r ves t  
mouse (Rhei t h r o d o n t m v s  meaa lo t i s  
1 i m i c o l a )  , k a l  i f o r n i a  
fo rn icus  stephens i) , 
ornatus s a l  i c o r n i c u s )  
j a c k  r a b a i t  (Lepus 

- .  -.  - 

s ( ~ i c r o t u ;  c a l  i- 
orna t e -YXE iT (So rex  . and b l a c k - t m  
c a l i f o r n i c u s ) ,  a re  

r e s i d e n t  i n  the  h i ah  marsh (Coulombe 
1970). Hoof p r i n t s  -bf mule d e b  (Odo- 
c o i l e u s  hemionus) have been seen along-e 
sandspi t shore o f  t h e  lagoon (Onuf, pers. 
observ.), and a v a r i e t y  o f  t e r r e s t r i a l  
ca rn i vo res  i n c l u d i n g  t h e  coyo te  (Canis 

(Vulpes v u l  es), gray 
c i  nereoargenteus 97 , and 

t i s m e p h i t i s  ho l  z n e r i )  
f r eauen t l v  make f o rays  i n t o  aaua t i c  habi-  
t a t s .  ~ r b b a b l ~  t h e  a c t i v i t i e s ' o f  t h e  t e r -  
r e s t r i a l  mammals have minor  e f f e c t s  on t he  
Mugu Lagoon e s t u a r i n e  ecosystem. Coyotes 
and r ed  f ox  den i n  t h e  h i gh  marsh and 
beach r i d g e  areas o f  t h e  marsh. They a re  
a c t i v e  r e s i d e n t  p reda to r s  and may have 
s i g n i f i c a n t  impacts on ground-nest i  ng 
endangered b i  rds. 

The harbor  seal (Phoca v i  t u l i n a )  i s  con- 
spicuous w i t h i n  t h e o o n  proper. Over 
100 s e a l s  can be seen hauled ou t  on sand 
bars near  t h e  mouth o f  t h e  lagoon. The 
number o f  harbor  seals  f l u c t u a t e s  w i t h  
t i d e s  and t ime  o f  yea r  and averages around 
40 (R. Dow, pers. comm.). Th i s  popu la t i on  
i s  t h e  o n l y  r e s i d e n t  seal  co lony  a long t h e  
main land shore o f  t h e  Southern C a l i f o r n i a  
Bight.  Presumably, t he  i s o l a t i o n  o f  t h e  
l o c a t i o n  from human d i s t u rbance  i s  c r i  t- 
i c a l  f o r  res idence  by seals.  Elsewhere 
a long t he  mainland, shore s i t e s  may be 
used seasona l l y  as r ooke r i es  o r  f o r  haul -  
i n g  out ,  bu t  n o t  f o r  year-round residence. 

4.6 SUMMARY 

The s p a t i a l  and temporal pa t t e rns  o f  t he  
b i o t a  o f  Mugu Lagoon a r e  any th i ng  bu t  
simple. The 10 t o  20 spec ies  dominat ing 
each major  d i v i s i o n  o f  t h e  aqua t i c  b i o t a - -  
p lan ts ,  i n ve r t eb ra tes ,  f i shes ,  and b i r ds - -  
were d i s t r i b u t e d  among severa l  f u n c t i o n a l  
ca tegor ies .  Most taxa were found i n  a t  
l e a s t  a  few phys iograph ic  u n i t s ,  bu t  
ach ieved maximal d e n s i t i e s  i n  a  smal l  
subset o f  one u n i t .  The except ions were 
t h e  marsh p l an t s ,  which were con f ined  t o  



one physisgraphic un i t ,  bu t  were q u i t e  
general ly  d i s t r i b u t e d  therein, The micro- 
f l o r a l  f i lms or  mats, however, were 
present and important i n  a1 1 physiographic 
un i ts .  

E levat ion  appeared t o  be a minor deter- 
minant o f  d i s t r i b u t i o n  f o r  most inver te -  
brates (except t ha t  the s a l t  marsh i s  
d i s t i n c t  frm the r e s t  o f  the lagoon), 
s ince nearby i n t e r t i d a l  and subt idal  s i t e s  
usual ly  resembled each other  c lose l y  both 
i n  kinds and dens i t ies  present. Distance 
from the m u t h  o f  the lagoon had a greater  
e f f e c t  on determining the d i s t r i b u t i a n  o f  
d i f f e r e n t  Functional categories o f  inver-  
tebrates and was perhaps re la ted  t o  hydro- 
dynamic charac ter is t i cs .  Only the  Cal I -  
f o r n i a  k i 1  l i f i s h  exp lo i ted  i n t e r t i d a l  
f l a t s  a t  h igh t ide;  the other  f i shes  were 
more canmonly associated w i  t h  the subt idal  
areas. Canversely, the a c t i v i t i e s  o f  t he  
b i  rds tended t o  concentrate i n  i n t e r t i d a l  
areas: the  surface-feeding shorebirds 
feed on exposed f l a t s  almost ob l i ga te l y ;  
g u l l s  and most o f  the a e r l a l  d l v e r r  roos t  
on i n t e r t i d a l  sand bars; the problng 
shorebirds and wading f i she rs  feed near 
the t i d a l  l y  migra t ing  water l  ine; and coots 
and dabble= feed i n  the very shal low 
water j u s t  beyond the t f d a l  l y  migrating 
water l  ine. Only the b i rds  tha t  d lve f o r  
f i s h  or  inver tebra tes  f ran  the water sur- 
face and the a e r i a l  f l she rs  (when feeding) 
concentrated t h e i r  a c t f v i t i e s  i n  deeper 
open water areas. 

Only a few categor i  es o f  organisms ap- 
peared t a  be sens i l l ve  t o  sedlment t ex tu re  
and stonn-caused changes i n  sedf~nent tex- 
ture. Probf ng shorebirds, la rge  in fauna l  
jnver tebra tes, and eel grass had obvious, 
strong a f f  i n l t i e s  w i th  predominantly sandy 
areas, whi5e the opposite was t r u e  f o r  
surface-feeding shorebirds, New o r  pre- 
v ious ly  r a r e  tdxa o f  small infaunat inver-  
tebrates becam very abundant when t r u e  
muds f i r s t  appeared I n  the eastern arm; a t  
the saw tfme, the previously daninant 
taxa were e l  im i  nated. The blue-green 
component o f  the benthic mi c r o f l o r a  
Jncreased i n  response t o  the  same change, 

A1 though major changer i n  response t o  
the storms were evident i n  many o ther  taxa 
and categsrJes, changes i n  e levat ion  o r  
depth general ty seemed rnore Important than 
t e x t u r a  changes. Examples inc lude the 

l a rge  dec l ine  i n  the  t o t a l  catch o f  f i shes  
i n  the  eastern arm, mast evident  i n  spe- 
c ies  associated w i th  deep areas; the s h i f t  
i n  the d i s t r i b u t i o n  o f  s a l t  marsh p l a n t  
biomass; the increase i n  su r face- feedi  ng 
shorebirds ( i n t e r t i d a l )  and complementary 
decrease o f  coots (subt ida l  ). I n d i r e c t  
changes a1 so were important;  f o r  instance, 
the  changes i n  shiner surfperch p a r t l y  
were i n  response t o  changes frt eelgrass. 
The decl ine i n  the probing shorebirds i n  
the eastern a m  almost c e r t a i n l y  resu l ted  
f r a n  the reductions i n  the dens i t i es  of 
t h e i r  la rge  infaunal  prey. 

The f i n a l  fea ture  o f  note i s  the appar- 
e n t l y  i n t r i c a t e  orchest ra t ion  o f  the c m -  
ings and goings o f  migrating b l rds  and 
f ish,  Mugu Lagoon i s  dominated by 
b i rds  i n  the co ld  h a l f  o f  the year and 
f i s h  i n  the warn ha l f .  Domlnant f i s h  spe- 
c ies  o r  categories o f  b i rds  w i t h  s i m i l a r  
feeding hab i ts  vary month by month. I t  i s  
n o t  known whether t h i s  time-sharing i s  
on ly  a secondary consequence o f  some more 
important aspect o f  l i f e  h f s to ry  o r  whe- 
t h e r  I t  I s  a consequence o f  se lec t ion  fo r  
e x p l o i t i n g  a I fm l ted  resource by a wide 
spectrum o f  short-term users. 

The range o f  environments i n  Mugu Lagoon 
i s  such tha t  only a few species o r  cate- 
gor ies  out o f  the small t o t a l  pool are 
abundant I n  any one habf ta t ,  but those few 
are  d l  f f e r e n t  between hab i ta ts  and perhaps 
between times. Even though specles over- 
l a p  broadly, they m s t  overlap i n  d i f f e r -  
ent  por t ions  of t h e i r  respect ive to lerance 
o r  resource spectra t o  account f o r  the 
l a rge  va r i e t y  o f  d fs t lngu lshab le  assem- 
blages of organisms, each cmposed o f  such 
a small number o f  species, 

Most of t h l s  desc r i p t j on  of the d i s t r l -  
bu t ion  and abundance o f  the b i o t a  o f  Mugu 
Lagoon i s  based on data cot lec ted  i n  the 
eastern am, The descr ip t ion  of inner  
lagoon organ1 sm-habi t a t  re1 a t  fans probably 
appl fes t o  l a rge  areas of the western arm 
and cent ra l  basin. Except fo r  the  po r t i on  
o f  the t i d a l  de l t a  I n  the cent ra l  basin, 
there  are no counterparts elsewhere i n  the 
lagoon o f  the sandy environments t h a t  are 
so prominent a p a r t  of the eastern arm, 
The consequences f o r  b i rds  have been de- 
scribed, F ish do n o t  appear t a  be strong- 
ly in f luenced by t h i s  hab i ta t  parameter; 
however, many o f  the la rge invertebrates, 



espectal ly the b ivalves,  are i n t i m a t e l y  b rack ish  water i n  the eastern arm. Con- 
associated w i th  the sandy-bottom, sub t i da l  sequently, poss ib ly  extensive areas along 
channel, Consequent1 y, l a rge  inver te -  t he  Cal leguas Creek channel i n  t he  cent ra l  
brates probably are much l ess  important i n  basin and a t  the western ex t remi ty  o f  the  
the  r e s t  of the lagoon than i n  the  eastern western arm may no t  be represented i n  t h i s  
arm. There i s  no pe rs i s ten t  f resh o r  p ro f i l e .  



CHAPTER 5. THE BIOTA: 
DYNAMICS AMD 1NPERACTlONS 

M i l l i c e n t  L. Quammn 
and 

Christopher P. Onuf 

Many r e l a t i o n s  o f  organisms w i t h  t h e i r  
physical environment i n e v i t a b l y  were con- 
s idzred i n  Chapter 4 i n  the  discussion of 
d i s t r i bu t i ons .  While some o f  those re la -  
t i ons  wi l l  be developed i n  more d e t a i l  
here, the emphasis w i l l  be on haw groups 
o f  o y a n i  sms In terac t .  The d i  scusrion 
w i l l  general ly  fo l low the  t roph ic  s t ruc-  
t u r e  of t he  lagoon. 

The abundance and r a t e  of chdnge o f  
abundance o f  any u n l t  i n  the food web 
respond t o  factors a t  th ree leve ls :  (1) 
food a v a i l a b i l i t y ,  ( 2 )  i n t r a -  and i n t e r -  
spec1 f i c  campet1 t ion ,  and ( 3 )  predation. 
O f  course, a l l  these r e l d t j o n s  are modi- 
f i e d  by e x t r i n s i c  var iab les  such as tm- 
perature, substrate, h a b i t a t  ava i l ab i  1 i ty ,  
dnd storms. A1 though i d e n t i f i c a t i o n  o f  
the l fnkayes among the jmportant organisrns 
o f  any p a r t i c u l a r  h a b i t a t  i s  r e l a t i v e l y  
easy, the determination of importance o f  
the l inkages, and measurement of the ra tes  
o f  change associated w i t h  those l inkages 
are considerably more d i f f i c u l t .  

Various researchers have taken th ree 
approaches t o  d i s t i ngu i sh  the e f f e c t s  o f  
i nd i v idua l  lfnkages o r  o the r  factors on 
the dyrrarnfcs o f  the Mugu Lagoon e s t t ~ a r i n e  
atcosysten, One rnight be c a l l e d  the blan- 
ket approach: tneasurment of a  wide array 
o f  factors t h a t  could conceivably i n f l u -  
ence the r a t e  a t  which a  key process pro- 
ceeds ( the independent and dependent va r i -  
ables, r e s p c t i v e l y f  . S t a t i s t i c a l  proce- 
dures are appl ied t o  determine how much 
each irrdeperidertt vdrTabf e "'explains" the 
vardat ion i n  the dependent variable. The 
second method i s  oppor tun is t i c  and nmre 

d i rec t .  It c a p i t a l i z e s  on e x t r i n s i c a l  l y  
caused major a l t e ra t i ons ,  such as by the 
s toms  of 1978 and 1980, t h a t  a f f e c t  one 
o r  a  few fac to rs  hut  not others, o r  some 
areas but  not  others. This i so la tes  the 
e f fec ts  of one fac tor  o r  a t  l e a s t  narrows 
the  considerat ion t o  a Pew. The t h i r d  
approach i s  d i r e c t  and planned. Manipula- 
t i ons  are spec l f i ca l  l y  designed t o  a1 t e r  
o n l y  one factor  whi le not  a f f e c t i n g  others 
o r  t o  a1 t e s  two o r  even three Factors 
f a c t o r i a l l y .  The l a t t e r  al lows not on l y  
t h e  d i r e c t  assessment of the e f fec ts  o f  
t h e  df f f e ren t  factors,  but a lso  deternines 
whether they i n t e r a c t  I n  any way, 

5.1 PRIMARY PRODUCTIVITY 

Shaffer and Onuf (1985) and Onuf e t  a l .  
(1973) compiled pre l im inary  estimates f o r  
t h e  annual p r o d u c t i v i t y  of the d i f f e r e n t  
categor ies of p lants i n  Mugu Lagoon (Table 
8). The primary p raduc t i v i  t y  o f  phyto- 
plankton, benthic m ~ c r o f l o r a ,  and sub- 
merged rmcrophytes was de termi ned by d i  s- 
solved oxygen techniques (Shaf fer  1982). 
I n  simul taneous incubations o f  water 
samples and sediments submerged w i th  f i l -  
te red seawater a t  the  same locat ion,  the 
benthic mic ro f lo ra  were more than twice as 
product ive as the phytoplankton i n  the 
water colurnn over a  s i m i l a r  area o f  bot- 
tm, Submerged i ~ c r o p h y t e s  were ten times 
as productive as benthic mic ro f lo ra .  

The d i s t r i b u t t o n s  and l i f e  h i s t o r i e s  of 
the s a l t  marsh vascular p lan ts  a t  Mugu 
Lagoon were such tha t  net  changes over a 
growing season simply could not  express 



Table 8. Primary p r o d u c t i v i t y  i n  Mugu Lagoon: est imates of annual p r o d u c t i v i t y  f o r  
d i f f e r e n t  sources, the  cond i t ions  t o  which the  estimates apply, and conversions t o  
s i m i l a r  uni ts .  GPP = gross primary p roduc t i v i t y ,  NPP = ne t  pr imary p r o d u c t i v i t y ,  NAPP 
= net  a e r i a l  pr imary p r o d u c t i v i t y .  

Estimate o f  
pr imary 

p r o d u c t i v i t y  
Source as measured 

NP! 
(g C m- y-'1 

Factor t o  under 
conver t - io  cond i t ions  

Appl i e s  t o  g C m-' y NPP measured 

Phyto- 
p lankton %70 g C m-2 y- '  GPPa Subtidal NPP = 0.77 G P P ~  

areas 
Benthic 
m ic ro f l o ra  170 g C m-' y-' GpPa I n t e r t i d a l  NPP = 0.77 G P P ~  130 

f l a t s  when 
f looded + 
subt ida l  
areas 

Submerged 
macrophytes $1,700 g C m-* G P P ~  2.10% o f  NPP = 0.77 GPPa 1,300 

i n t e r t i d a l  
f l a t s  when 
f looded + 
2.10% of 
subt ida l  
a reas 

S a l t  marsh 290 g dry  w t  m-* y-l N A P P ~  Low marsh g C = 0.25 g d ry  w t C  70 

macrophytes 730 g dry w t  m-' y-l N A P P ~  High marsh g C = 0.25 g d ry  wtC 180 

much o f  t he  production. Therefore, 
monthly measurements were made on 50 - 300 
tagged shoots of each o f  f ou r  species as 
the most d i r e c t  measure o f  growth, turn-  
over, and product ion (Onuf e t  a l .  1979; 
Onuf, unpubl. MS!. To g ive an idea how 
important  the  turnover component o f  pro- 
duc t ion  i s ,  more shoots o f  Sa l i co rn ia  
v i r g i n i c a  d ied  dur ing the  per iod o f  in -  
crease i n  the green pa r t s  of p lan ts  from 
January t o  August than the  maximum number 
of shoots t h a t  were a l i v e  a t  any one t ime 
(Figure 41). Over the  whole year t h i s  
t rans la ted  i n t o  a product ion o f  2.3 times 
as much biomass as could be i d e n t i f i e d  by 

n e t  increase. The r e s u l t  was s i m i l a r  f o r  
the th ree o ther  species t o  which the  
method applied. Production estimated from 
tagging was 3.7, 1.8, and 2.9 times t h e  
net  change over the growing season f o r  
Jaumea carnosa, Limonium ca l  i forn icum, and 
B a t i s  marit ima, respec t i ve l y  (Onuf e t  a l e  
1979). 

Only the  most general comparisons a re  
warranted among the  p r o d u c t i v i t y  est imates 
f o r  the d i f f e ren t  kinds o f  p lan ts  (Table 
8) because o f  t he  d i f f i c u l t i e s  involved i n  
convert ing the various est imates i n t o  t h e  
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Figure 41. Density o f  shoots o f  x- 
corn ia  v i r  i n i c a  i n  the lower marsh o f  
~ L a h v e  a t  d i f f e r e n t  times 
dur ing  the  growing season and accumulated 
dead s ince January. 

same u n i t s  and apply ing est imates t o  con- 
d i t i o n s  other  than those under which the  
measurements were made. For instance, the 
measurements of submerged macrophytes and 
benthic m i c r o f l o r a l  p roduc t l v i  ty were made 
under submerged cond i t ions ,  y e t  both 
groups o f  p lan ts  occur i n t e r t i d a l l y  as 
w e l l  as s u b t i d a l l y  and are  exposed t o  the  
a i r  a t  l e a s t  some o f  the time. Productiv- 
i ty probably i s  d ' i f ferent  i n  a i r  than i n  
water, espec ia l l y  a t  h igher e levat ions  
where the  sediment surface can dry com- 
p le te l y ,  but we don' t  know how d i f f e r e n t .  

Using h igh marsh sediment c o l l e c t e d  a t  
Mugu Lagoon, Holmes and Mahall (1982) 
measured gaseous GO2 exchange from i n i -  
t f a l  ly f looded sediments as the  sediments 
d r fed  f n  an airstream. Photosynthetic 
r a t e s  of the benthic m i c r o f l o r a  increased, 
co inc id ing  w i t h  the disappearance o f  a  
v i s i b l e  water f i l m  on the  sediment sur- 
face, and remained higher than the sub- 
merged r a t e  f o r  1 and 4 hours i n  two 
t r i a l s ,  Respi r a t i o n  exceeded photosyn- 
t h e s i s  a f t e r  3 and 6 hours o f  desiccat ion,  
a t  which times the  water contents o f  the  
sediments were 85% and 75% o f  sa tura t ion ,  
respect ively,  These r e s u l t s  qua1 i t a t i v e l y  
suggest t h a t  exposed and submerged produc- 
t i v i t y  may n o t  d i f f e r  g r e a t l y  low i n  the 
i n t e r t i d a l  zone ( the  sand and mud f l a t s )  
whew daytime exposure seldom exceeds 

5 hours. High i n  t h e  i n t e r t i d a l  zone ( t h e  
upper par ts  o f  the  s a l t  marsh), where ex- 
posure can l a s t  f o r  days, p r o d u c t i v i t y  of 
exposed microalgae i s  bound t o  be much 
smal ler  than p r o d u c t i v i t y  o f  submerged 
mi croal  gae . 

The main caveat about the p r o d u c t i v i t y  
estimates f o r  t he  s a l t  marsh vascular  
p lan ts  i s  the  unce r ta in t y  a r i s i n g  from 
measurement techniques and ca lcu la t ions .  
The monthly estimates are imprecise 
because o f  the h igh  s p a t i a l  heterogen- 
e i t y  o f  the  marsh. These e r ro rs  are 
propagated i n  the mathematical manipula- 
t i ons  used t o  generate the annual e s t i -  
mates . 

Bearing i n  mind tbese essent ia l  q u a l i -  
f i c a t i o n s  about comparisons between k inds 
o f  plants, extrapol  a t ions  t o  cond i t ions  
not  sampled, and shortcomings inherent  
i n  the  techniques themselves, the con- 
t r i b u t i o n s  o f  various sources t o  the 
annual production o f  the eastern arm 
o f  Mugu Lagoon are ind ica ted i n  Figure 
42. A1 though the submerged macrophytes 
(mainly the green algae Enteromorpha and 
Ulva) are the most product ive p lan ts  - 
where present (Table 8), they cover a  
r e l a t i v e l y  small area i n  the  lagoon on 
average over the year and make a  r e l a -  
t i v e l y  small con t r i bu t i on  t o  the primary 
production o f  the  e n t i r e  system. The 
emergent vascular p lan ts  o f  the s a l t  
marsh and the benthic m ic ro f l o ra  o f  the 
f l a t s  and subt ida l  areas are, i n  compari- 
son, only moderately productive; bu t  by 
v i r t u e  of the  l a rge  areas t h a t  they oc- 
cupy, they heav i l y  dominate t o t a l  produc- 
t ion.  

Shaf fer  and Onuf (1983) sought t o  ex- 
p l a i n  v a r i a t i o n  i n  benthic m i c r o f l  o ra l  
p r o d u c t i v i t y  by r e l a t i n g  every deter-  
mination o f  p r o d u c t i v i t y  t o  correspond- 
i ng  measurements o f  ch lo rophy l l  2, s o l a r  
rad ia t ion ,  water temperature, community 
resp i ra t ion ,  sediment composition, and 
i n i t i a l  dissolved oxygen f o r  each sample. 
The m u l t i p l e  regression performed on the  
e n t i r e  data se t  accounted f o r  on ly  38% of 
the observed var ia t ion .  When the m u l t i -  
p l e  regression ana lys is  was redone month 
by m n t h  and f o r  s i t e s  grouped according 
t o  s i m i l a r  substrate h i s t o r y  ( s i m i l a r  
responses t o  the  major storm t h a t  oc- 
curred h a l f  way through the study; see 
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Figure 42. Contr ibut ions o f  d i f f e r e n t  
sources t o  the  t o t a l  n e t  primary produc- 
t i v i t y  o f  the  eastern arm of Mugu Lagoon. 

Figures 15, 16), the variance explained 
was much higher (60% o f  t he  average) 
than f o r  the  whole data set. I n  the 
monthly categor izat ion,  each o f  the  s i x  
independent var iables was most important 
dur ing a t  l e a s t  lmon th .  Thus, the 
i n t u i t i v e l y  important f ac to rs  were more 
important than the pooled analys is i n d i -  
cated, but  no t  i n  the same way a t  a l l  
locat ions  o r  a t  a l l  times. 

5.2 THE AVAlLABlLfPY OF PRIMARY 
PRODUCTION TO CONSUMERS 

Most of the p lan t  mater ia l  produced i n  
Mugu Lagoon i s  separated s p a t i a l l y  and 
tenporal l y  from most o f  the po ten t i a l  con- 
sumers, since most production i s  i n  t h e  
s a l t  marsh and most consumers occur sub- 
t i d a l l y  o r  i n  the  i n t e r t i d a l  f l a t s ,  The 
biomass o f  some of the sources i s  t oo  
tough f o r  most primary consumers o f  t he  
ecosystem, increas ing ly  so f r a n  the macro- 
algae Enteromor ha anh through t h e  
submerge + vascu a r  p lants  Zostera and 
Ruppia t o  the emergent v a s c u l ~ t s  o f  
the s a l t  marsh. esoec ia l l v  those w i t h  
woody par ts  such- as ~ a l  i c o r h i a  v i rg in i ca ,  
The n u t r i t i o n a l  q u a l i t y  o f  some o f  the  
sources i s  low f o r  most consumers. I n  
many cases t h i s  i s  s t r o n g l y  cor re la ted 
wi th  toughness. The high proport ions o f  
s t ruc tu ra l  carbohydrates (e.g., l i g n i n ,  
ce l lu lose)  t h a t  make f o r  toughness i n  
p lan ts  requ i re  t h a t  t o o  much bianass must 
be processed t o  obta in  o t h e r  necessary 
mater ia l  s  f o r  maintenance, growth, and 
reproduction. For many aquat ic  consumers, 
amino acids are  i n  c r i t i c a l l y  sho r t  supply 
i n  these sources o f  primary product ion 
(Russel 1-Hunter 1970). A1 so, animal s may 
l ack  the necessary enzymes f o r  d igest ion,  
o r  p a l a t a b i l i t y  may be low. 

There i s  almost no d i r e c t  consumption 
(eat ing  o f  l i v e  o r  r e c e n t l y  dead p lants )  
o f  the  vascular p lan ts  o f  t he  s a l t  marsh. 
The exceptions are  (1) r a r e  i n fes ta t i ons  
by an u n i d e n t i f i e d  scale i nsec t  and an 
u n i d e n t i f i e d  moth l a r v a  on Sa l icorn ia  
v i r  i n i c a  (Onuf, unpubl. o b s e m  d b -  ee i n q  bv Be1 d ins ' s  Savannah s~ar rows  on - - 
the succulent t i p s  o f  ~ a l i c o r n i a  and 
Suaeda p lan ts  when insects  are r a r e  

-Y 19791, and (3 )  u a r a s i t i z a t i o n  by 
dodder (cuscuta sal'ina), presumably as 
much an h m e  as S~D-suck ins  scale 
insect. Thus, t he  primary ' consumption of 
most o f  t h i s  mater ia l  i s  on l y  a f t e r  t t s  
death along a d e t r i t a l  pathway. Although 
macroinvertebrates o f ten  p lay  a major r o l e  
i n  the  breakdown o f  t h i s  mater ia l ,  there 
i s  l i t t l e  o r  no i n d i c a t i o n  t h a t  they d i -  
r e c t l y  ass imi la te  the organic material o# 
the plant. Rather, they ass imi la te  the  
organic matter  o f  the  microb ia l  decm- 
posers on the surfaces o f  the d e t r i t u s  
(Adams and Angelovic 1970). Perhaps the 
strongest evidence t h a t  the a c t i v i t i e s  of 



t h e  micrabi  a1 decomposers de t e n i  ne the 
n u t r i t i o n a l  value o f  d e t r i t u s  f o r  de ts i -  
t i v o r e s  cmes  from Tenore's (1980) grswth 
experiments on the deposi t-feedfng poly- 
chaete Cap1 t e l  l a  cap i  ta ta ,  provided d i e t s  
o f  d e t r ~  tus o f  d i f f e r e n t  ages and from 
d i f f e r e n t  sources, Growth was much more 
s t rong l y  co r re la ted  w i th  microbia l  resp i -  
r a t i o n  than age o r  source, 

The consequence o f  t h i s  intermediate 
step i n  p l a n t  u t i l i z a t i o n  by macroinver- 
tebrates i s  a decreased e f f i c i ency  o f  
t r a n s f e r  o f  carbon o r  energy from primary 
producers t o  the upper l e v e l s  o f  the 
lagoon's t roph ic  web. It a lso  increases 
the t ime required t o  complete the t rans fe r  
frm prlmary producer t o  macrofauna. This 
increases the  chance t h a t  something e lse 
might  happen t o  t h a t  organic mater ia l  pro- 
duced w i t h i n  the system before u t i l i z a t i o n  
occurs w i t h i n  the system. The most l i k e l y  
a l t e r n a t i v e  fa tes  are export  From the 
es tuar ine  ecosystem t o  coastal waters by 
ebb t i des  o r  export  i n  t h e  opposite d i rec-  
t i o n  t o  t he  upland t r a n s f t i o n  zone by 
spr jng  h igh t ides ,  espec ia l l y  when accorn- 
partied by strong winds, sur f ,  o r  storm 
flows t h a t  can ra i se  the  stand of the 
water I n  t he  lagoon f a r  above the normal 
t i d a l  extreme. I n  t h i s  case, the produc- 
t i v i t y  o f  the  niarsh i s  u t i l l r e d  mostly by 
t e r r e s t r i a l  consumers, The physfcal  
separatfon o f  the po ten t i a l  subt ida l  estu- 
a r fne  consumers from the s a l t  marsh source 
i ncreaser the li kel i hood tha t  an@ of these 
a l t e r n a t f v e  paths may be followed, a p e -  
c i a l l y  when i t  i s  considered tha t  rmst  of 
the consunrers are i n  o r  on the bottan, 
wh i l e  mrch o f  the mater ia l  i n  t r a n s i t  cnay 
bF3 f l o a t l n g  on the water surface. 

The cha rac te r i s t i cs  of phytoplankton and 
the benthic m ic ro f l o ra  t h a t  def ine t h e i r  
t roph ic  r e l a t i o n s  are a l i m s t  d i&ne t r l ca l  l y  
apposed t o  those j u s t  described for  the 
vascular p lan ts  o f  the s a l t  marsh (Table 
91,  These microbia l  p lan ts  are  j n t lma te l y  
assocf a t& wi t R  numerous consumers and are 
readf l y  ingested and presumably assimi- 
latedl. However, they probably leak t h e i r  
contents f a s t e r  i n  l i f e  and a f t e r  death 
than the s a l t  marsh mcrophytes,  and t h i s  
decreases t h e i r  a v a i l a b i l i t y  t o  macrocon- 
sumers. Also, they decrease i n  n u t r i -  
t fonat  q u a l i t y  very rapidly a f t e r  death, 
wh i l e  t he  s a l t  marsh macrophytes s lowly  
increase, k s p i  t e  these r e s t r i c t i o n s ,  

the net  r e s u l t  i s  t ha t  the t roph ic  e f f i -  
c iency (p ropo r t i on  of t h e  h-iornass O F  the 
p l a n t  converted i n t o  mitcrofauna! bj0iniissj 
w i t h i n  the estuar ine ecosysterti;l i s  ruch 
higher f o r  phytoplankton and benthic 
mic ro f lo ra ,  and mrlch less i s  exported t o  
some other s y s t m  than f o r  sa l t  1~3ar;h 
macrophytes. 

The d i f fe rences i n  the a v a i l a b i l i t y  o f  
benthic m ic ro f l o ra  and phytoplankton t o  
consumers are a consequence o f  mode of 
presentat ion (adhering t o  a surfacc vs, 
suspended i n  water). These tli f ferences 
probably a f fec t  the k ind  o f  conrumer (de- 
p o s i t  feeder vc,. suspension feeder) inore 
than the amount t h a t  i s  ava i lab le  f o r  con- 
sumption, a1 though the gelat inous sheath 
on some f i ldrnentous cn lon ia l  ep iphy t ic  
fornis of benthic m ic ro f l o ra   light be an 
obstacle t o  herbivores as i t  can be i n  
many freshwater systermrs (Por te r  1977). 
Also, the d i f ference i n  surface t o  volume 
r a t i o s  between planktonic and benthic 
occurrence shou'i d a f f e c t  leaching rates. 
P lna l l y ,  when benthic mats l i f t  o f f  the 
bottotn en masse and f l o a t  on the surfacc 
o f  the water, h a y e d  up by oxygen bubbles 
dur ing  perfods aF ac t i ve  photarynthesis 
(see Chapter 4 1 ,  they are more l f k e l y  t o  
be stranded i n  the h igh- t ide  wrack than 
rnateridl  suspended i n  the water col urnn, 
Nevertheless, phytoplankton and the hen- 
t h i c  rn ic ro f lo ra  are t roph ica l  l y  very sim- 
l l a r  i n  t h f s  system. 

The submerged rnacrophytes are intenne- 
d i a t e  i n  t h e i r  t roph ic  cha rac te r i s t i cs  
between the extremes posed by s a l t  marsh 
vascular p lan ts  and the  rrl icroflora. Sub- 
merged tnacrophytes and the bulk o f  the 
macrofaunal primary consumers o f  the 
es tuar ine  ecosy%tm are i n  close prox- 
i n i i  ty .  The subrrrerged macrophytes are not  
imtwdiate ly  accessible t o  the infauna, but 
are only centimeters away and a c t u a l l y  
serve as the substrate for  sane surface- 
dwel l ing  farms. They [nay be out o f  reach 
o r  too  re f rac to ry  f o r  sane o r  most consum- 
ers when a l i v e  but r a p i d l y  becorw niore 
ava i l ab le  a f t e r  death ( a t  l e a s t  judging by 
t h e i r  r a p i d  ra tes  o f  loss compared t o  
marsh p lan ts  [F igure 431) .  As a r e s u l t  o f  
these charac ter i  s t i cs ,  submerged rtlacro- 
phytes ;re l i k e l y  t o  De t is& w i t 9  ;wderate 
t raph ic  e f f i c i ency  w l  t h i n  the es tuar ine  
ecosystetn, and trmderate quan t i t i es  w i  11 be 



Tabie 9. Factors reducing the u t i l  i z a t i o n  of d source o f  pr imary product ion by macro- 
consumers w i t h i n  the Mugu Lagoon es tuar ine  ecosystem, 

Factor 

Benthic 
microf l o r a  

P hy to -  ( i nc lud ing  Submerged S a l t  marsh 
p iankton epiphytes) macrophytes macrophytes 

Physical o r  temporal None None Small Large 
separat ion between 
source & consumer 

L i ve  t i  ssue unmanageabl e No 
mechanically 

St i g h t l y  Moderately Ve r y  

L i v e  t i ssue  low i n  n u t r i -  N o No Moderately Very 
t i o n a l  qua1 i t y  

Aging requi  red before  N o No B r i e f  Long 
consumpti on as d e t r i t u s  

Export t o  coasta l  waters Moderate Moderate High High 

Export t o  upland edge No S l i g h t  S l i g h t  Moderate 

Leaching o f  d i  ssol ved or-  High Moderate Moderate Low 
ganic matter  from 1 i v i n g  t o  low 
p lan ts  

Leaching o f  d i  ssol ved or-  Very h igh Very high Moderate Moderate 
ganic matter  from dead 
p l a n t  mater ia l  

exported t o  adjacent t e r r e s t r i a l  and 
marine systems. 

There i s  one poss ib le  q u a l i f i c a t i o n  i n  
t h i s  ana lys is  o f  the t roph i c  s ta tus  o f  the  
submerged macrophytes. The very h igh 
l e v e l s  o f  product ion t h a t  are poss ib le  
l o c a l l y  and r a p i d  decomposition can be too  
much o f  a good thing. The mats o f  decom- 
posing seagrass o r  macro1 agae can become 
so t h i c k  t h a t  the lower l aye rs  go com- 
p l e t e l y  dnaerobic, t u rn ing  the  sur face 
layers  o f  t he  sediment i n t o  a black, 
hydrogen-sul f ide-produci  ng f l o c c u l e n t  
layer. A1 though some benthic i nve r te -  
brates crawl i n t o  the  ove r l y i ng  a1 gae, the  
inore sedentary organisms are probably 
k i l  l ed  (Onuf and Shaffer,  pers. observ.) . 
Clear ly  t h i s  w i l l  decrease t roph i c  e f f i -  
c i  ency. 

I n  summary, the c h a r a c t e r i s t i c s  and dis- 
t r i b u t i o n  of the phytoplankton and benthic 
m ic ro f l o ra  make them immediately ava i l ab le  
t o  a wide v a r i e t y  o f  macroconsumers. Most 
consumption o f  these p lan ts  probably 
occurs wh i le  they are s t i l l  a l i ve .  Rela- 
t i v e l y  l i t t l e  o f  t h e  organic matter  pro- 
duced i s  exported beyond the  production 
s i t e .  Therefore, phytoplankton and ben- 
t h i c  m ic ro f l o ra  a re  probably used w i th  
h igh t roph i c  e f f i c i e n c y  w i t h i n  the estu- 
a r i ne  ecosystem. 

Submerged macrophytes are immediately 
ava i l ab le  t o  some consumers but  l oca l  
p r o d u c t i v i t y  can be too g rea t  t o  be en- 
t i r e l y  consumed. Some, perhaps most, 
submerged macrophytes are  consumed as 
d e t r i t u s ,  soon a f t e r  death. Some 
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Figure 43. Decomposition i n  water o f  
macrophytes t h a t  occur i n  southern Ca l i -  
f o r n i a  coastal wetlands (adapted from 
Nixon 1982 w i t h  values f o r  ?par t ina  
f o l  i osa and Sal i corn ia  b ige l  ov i  i from 
WJnfl'eld 1980). 

submerged macrophyte biomass i s  exported 
out of the  es tuar ine  ecosystem. 

The s a l t  marsh macrophytes are unavai l -  
able t o  most consumers u n t i l  considerable 
aging as d e t r i t u s  has occurred. Much o f  
t h e i r  biomass probably i s  exported t o  
coasta l  waters and t o  t he  t e r r e s t r i a l  edge 
o f  the  estuary. Consequently, s a l t  marsh 
macrophyte biomass i s  used w i t h  low 
t roph i c  e f f i c i e n c y  w i t h i n  t he  estuary, 

The preceding i s  a conceptual analysis, 
supported on ly  by qua1 i t a t i v e  observa- 
t i ons  i n  Mugu Lagoon. Nevertheless, 
d i f fe rences i n  the a v a i l a b i l i t y  o f  t he  
major  pr imary producers t o  macrofaunal 
cowimers w i l l  have major consequences f o r  
the  trophodynamics o f  the Mugu Lagoon es- 
t ua r i ne  ecosystem, No q u a n t i t a t i v e  e s t i -  
mate o f  t he  e f fec t  o f  d i f f e r e n t i a l  p lan t  
a v a i l a b i l i t y  on trophodyna~nics i s  possi- 
ble; however, t h e  d i  f ferences i n  ava i l  - 
a b i l i t y  seem so l a rge  t h a t  pr imary prodnc- 
t i o n  by i t s e l f  i s  a poor i n d i c a t o r  o f  the 
importance o f  a p l a n t  type i n  support of 

t he  lagoonal fauna, Consklering the re1 a- 
t i v e l y  h igh a v a i l a b i l i t y  o f  benth ic micro- 
f l o r a  and very low a v a i l a b i l i t y  o f  s a l t  
marsh vascular p lants,  i t  i s  l i k e l y  t h a t  
t he  benthic m i c r o f l o r a  i s  t he  most impor- 
t a n t  food for  pr imary consumers i n  the  
lagoon, f o l  lowed by submerged macrophytes, 
s a l t  marsh vascular p lants,  and phyto- 
plankton. I n  contrast ,  s a l t  marsh vascu- 
l a r  p lan ts  cont r ibu ted most o f  the  t o t a l  
es tuar ine  primary production, f o l  lowed by 
benthic mic ro f lo ra ,  submerged macrophytes , 
and phytoplankton (Figure 42). 

5.3 PRIMARY CONSUMPTION 

Typ ica l ly ,  a food web i s  composed of 
several d i s t i n c t  groups o f  organisms a t  
any t roph ic  leve l .  A major  determinant of 
the  s t ruc tu re  o f  the  next  h igher  l eve l  i s  
the  separat ion among consumer groups ac- 
cording t o  which o f  the ava i l ab le  food 
resources they exp lo i t .  The primary con- 
sumers o f  the Mugu Lagoon es tuar ine  eco- 
system are d i f f e r e n t i a t e d  according t o  
food source on ly  t o  a l i m i t e d  extent. For 
instance, i n  the s a l t  marsh, t he  sna i l  
Melam us 01 ivaceus usua l l y  i s  associated 
iiETi%kense accumulations o f  Limonium 
ca l i f o rn i cum l e a f  l i t t e r ,  and judging-by 
the  feeding preferences o f  i t s  s i m i l a r l y  
located congener M. b identatus i n  A t l a n t i c  
coast  s a l t  mars-jies, i t  feeds on t h a t  
l i t t e r  (Rietsma e t  al. 2982). On the  
o ther  hand, Ceri  th idea ca l  i f o r n i c a ,  the  
o ther  common sna i l  i n  the  marsh, grazes 
the  sediment surfaces and t h e  stems o f  the 
marsh plants. Although i t  also consumes 
fragments o f  the  marsh p lants,  benth ic 
mic ro f lo ra  i s  i t s  main n u t r i t i o n a l  source 
(Whi tl ach and Obrebski 1980). F inal  ly, 
the  crab Pach r a  sus crassipes scrapes 

-=-!5h the  sediment surface en i t  feeds i n  t he  
marsh (Onuf and Quammen, pers. observ.). 
Ce r ta in l y  i t  ingests the  benthic micro- 
f l o r a  on the surface, but  t h e  d e t r i t u s  and 
organisms i n  the sediment immediately 
below the  surface are  l i k e l y  t o  be much 
more heav i ly  exp lo i t ed  than by Cer i  thidea. 

I n  other  par ts  o f  the  ecosystem, niche 
separat ion according t o  source o f  pr imary 
production i s  less evident. The on ly  
ob l i ga te  grazers on the submerged macro- 
phytes are  the  C a l i f o r n i a  brown sea hare 
(Aplys ia cal i fo rn i ca )  and brant, and they 
are found only occas iona l ly  w i t h i n  the  



lagoon. Coots and dabbl ing ducks feed 
upon submerged macrophytes, brat a l so  take 
small inver tebra tes  i n  the sediment. The 
crab Hemigrapsus oregonensi s c e r t a i n l y  i s  
capable o f  shredding 1 i v e  macrophytes and 
will grow wel l  i n  the labora tor~y  provided 
s o l e l y  w i t h  Enteromorpha (Kvris and Mager 
1975); however, i n  nature i t  feeds on d ia -  
t m ~ s  as we1 l (Morr is  e t  a7. 1980) and i s  a 
scavenger and a predator (Chapman e t  a l ,  
1982). As f o r  the r e s t  of  the primary 
consumers, they depend mostly on the  same 
food: small organic p a r t i c l e s ,  probably 
w i th  l i t t l e  d i sc r im ina t i on  as t o  o r i g i n ,  
whether they are t r u e  phytoplankton, 
benthic m ic ro f l  ora, fragments o f  submerged 
macrophytes, o r  d e t r i t u s  der ived form sal  t 
marsh vascular plants, A lso ,  a wide 
v a r i e t y  o f  organisms are, t o  a l i m i t e d  
extent ,  capable o f  upta1.e o f  d issolved 
organic carbon (Stephens 1.982). Bacter ia  
and other  m ic rob ia l  decotnposers are impor- 
t a n t  n u t r i t i o n a l  sources and are consumed 
mainly i n  assoc ia t ion  w i th  d e t r i t a l  
p a r t i c l e s .  

Apparently, loca  t i o n a l  fac tors  and the  
physical  c h a r a c t e r i s t i c s  o f  hab i ta t s  a re  
much more important  than p lan t  type i n  
exp la in ing  the r e l a t i v e l y  g reat  v a r i e t y  of 
pr imary consumers i n  the  Mugu Lagoon estu- 
a r i ne  ecosystem. Thus, very d i f f e r e n t  
organi srns w i l l  use the  same f i n e - p a r t i c l e d  
organic mater ia l ,  and they w i l l  do so i n  
very d i f f e r e n t  ways depending on whether: 
(1)  i t  i s  suspended i n  the  water column, 
adhering t u  surfaces, o r  mixed i n  sedi- 
ments; (2 )  the  sediment i s  sandy o r  muddy; 
( 3 )  the l o c a t i o n  i s  never exposed t o  a i r  
o r  seldan flooded; (4) water movements are  
f a s t  o r  slow; o r  o ther  factors.  

The b i va l ve  mollusks and ghost shrimp 
provide the bes t  i l l u s t r a t i o n  o f  how the 
primary consumers o f  Mugu Lagoon are  
p a r t i t i o n e d  i n  the apparent absence o f  
d i f f e r e n t  food sources. Peterson (19771, 
f o l l o w i n g  Warme's (1971) analysis, de- 
scr ibed th ree d i s t i n c t  assemblages i n  the  
eastern arm according t o  the substrate 
type w i th  which they were associated, The 
sand community (95%-98% sand, i.e., par-  
t i c l e s  50.06 mm) occurred i n  the  subt ida l  
channel, which connects t he  subt ida l  ponds 
o f  the eastern arm t o  the  mouth of the 
lagoon (F igure  13). The "mud" cmmuni t y  
( a c t u a l l y  50%-90% sand) occurred i n  the 
western sub t i da l  pond, and the muddy-sand 

cmmuni ty occupied a narrow t rans1 t ionaf  
zone between the o ther  two communities, 
extending especial l y  a1 ang the south shore 
o f  the subt ida l  pond beyond the  en t r y  o f  
t he  subt ida l  channel (F igure 13). 

The th ree  communities were character ized 
by very high volumes o f  rnacroinverte- 
brates, dominance by f i v e  o r  s i x  species, 
dominance o f  suspens ion- feedi  ng, and 
strong s t r a t i f i c a t i o n  among species ac- 
cording t o  t h e i r  depth i n  t he  sediments 
(Figure 44). O rd ina r i l y ,  several species 
e x p l o i t i n g  the environment i n  t he  same way 
would no t  be expected t o  coex i s t  i n  the 
same place (Gause' s c m p e t i  t i v e  exclus ion 
p r i n c i p l e ) .  There are th ree general ex- 
p lanat ions f o r  how s i m i l a r  organisms can 
coexist .  The i r  dens i t i es  can be he ld  
below the  l e v e l  a t  which compet i t ive ex- 
c lus ions  occur by: ( I f  physical  d i s t u r -  
bance (temporary extreme condi t i ons  t h a t  
cause m o r t a l i t y ) ,  o r  (2) losses t o  na tu ra l  
enemies (predators, parasi tes,  o r  patho- 
gens), o r  (3 )  resource p a r t i t i o n i n g  (n iche 
d i f f e r e n t i a t i o n ) .  

The very high volumes o f  organisms 
(6,000 t o  8,200 cm3 o f  organisms/m2 o f  
bottom) t h a t  are c o n t i n u a l l y  present sug- 
gest t h a t  populat ions are a t  o r  near 
ca r r y ing  capaci ty  , thus e l  im ina t i ng  ex- 
p lanat ions  (1)  and (2). However, t e s t s  so 
f a r  have f a i l e d  t o  demonstrate the  neces- 
sary se lec t i ve  feeding among f i  1 t e r -  
feeding b ivalves (Vahl 1973) t o  make par- 
t i  t i o n i n g  of the food resource a poss ib i l -  
i ty. These considerat ions, together w i t h  
t he  c l e a r  evidence o f  depth s t r a t i f i c a -  
t i on ,  l e d  Peterson (1977) t o  i n f e r  t h a t  
compet i t ion was t h e  main f a c t o r  responsi- 
b l e  f o r  the organ iza t ion  o f  a l l  th ree  can- 
muni t i e s ,  bu t  t h a t  space, ra the r  than 
food, was t h e  resource i n  s h o r t  supply. 
According t o  t h i s  i n te rp re ta t i on ,  orga- 
nisms should be much mare s e n s i t i v e  t o  
changes i n  t he  dens i t i es  of organisms i n  
the  same depth than t o  changes i n  the 
dens i t i es  o f  organisms i n  o the r  s t ra ta .  

Several independent 1 i nes o f  evidence 
bear on t h i s  hypothesis. The ghost shrimp, 
Ca l l  ianassa cal  i forn iens is ,  over1 aps 
broadly i n  depth i n  t he  sand community 
w i t h  t he  clam' N u t t a l l i a  (San u i n o l a r i a )  
n u t t a l l  i i ( F i g u r m o w e b -  
v idual  samples, where one i s  abundant, the  
o ther  tends t o  be rare, Thus, whereas 
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Figure 44. S t r a t i f i c a t i o n  i n  the depth o f  l i v i n g  p o s i t i o n  of t he  abundant shel led 
inver tebra tes  i n  sand, muddy-sand, and "mud" hab i ta t s  o f  Mugu Lagoon, based on hand-dug 
samples (adapted from Peterson 1977). 

niche overlap i s  broad i n  the hor izonta l  
plane f o r  many i nhab i tan ts  of the commu- 
n i  t y  and narrow i n  the v e r t i c a l  dimension, 
the opposite i s  t r u e  f o r  Ca l l  ianassa and 
N u t t a l l i a .  A f t e r  Peterson (1977) e l im i -  
n a t e d m  Call ianassa from p a r t  o f  an area 
where they had been abundant, j uven i l e  
N u t t a l l i a  were 60 times more abundant than 
where Cal l ianassa had not  been removed. 
Apparently, Ca l l  ianassa 's in tense rework- 
ing  o f  the sediment ( a l l  the sand t o  a 
depth of 50 cm i n  a few months, according 
t o  MacGini t i e ' s  [I9341 c a l c u l a t i o n )  k i  1 led 
newly s e t t l e d  N u t t a l l f a  by b u r i a l  o r  per- 
haps ingestion. A l t e rna t i ve l y ,  N u t t a l l i a  
la rvae may have s e l e c t i v e l y  s e t t l e d  i n  the 
removal area, respondi rig t o  physicochecni- 
ca l  changes i n  the  sediments, such as i n -  
creased anoxi a. 

The mechanism t h a t  seems t o  determine 
N u t t a l l i a ' s  abundance and s i ze  i n  the  
muddy-sand community i s  almost the exact 
an t i t hes i s  o f  t h a t  j u s t  described f o r  t he  
sand community. Here, i t s  depth range i s  
occupied by two very l a rge  clams, Tresus 
n u t t a l  li i and Saxidomus n u t t a l l  i i , three 
t o  four  times as l a rge  as N u t t a l l i a ,  w i t h  
l a rge  siphons extending t o  the surface. 
When N u t t a l l i a  were introduced t o  t he  
muddy-sand community i n  the presence o f  
d i f f e r e n t  species o f  t he  natura l  community 
and i n  i so la t i on ,  t h e i r  growth was unaf- 
fected by the surface dwel le rs  ( t h e  clam 
Protothaca staminea and the  sand d o l l a r  
Dendraster excentr icus). But growth was 
depressed -80% by the presence o f  t he  
occupants of t h e i r  p re fer red  depth stratum 
(Tresur and Saxidomus) (Peterson and Andre 



1980). Also, there was an increased tend- 
ency f o r  N u t t a l l i a  t o  emigrate i n  the  
presence o f  Tresus and Saxidomus. 

I n  an add i t i ona l  experimental treatment, 
i n  which l i v e  Tresus and Saxidomus were 
replaced by she1 1s f i l l e d  w i t h  sand and 
f i t t e d  out  w i t h  surrogate siphons made 
out  o f  wood, the growth o f  N u t t a l l i a  
a l so  was reduced s i g n i f i c a n t l y .  I n  con- 
t r a s t ,  surface-dwell  i n g  Protothaca were 
n o t  a f f ec ted  by the  Presence o f  e i t h e r  
N u t t a l l i a  o r  ~ r e s u s  and Saxidomus, even 
thouah a l l  f o u r  s ~ e c i e s  are sus~ens ion  
feed<rs presumably ' e x p l o i t i n g  the  same 
food. "Thus, wh i le  no apparent in te rac-  
t i o n s  occur between species which orcupy 
d i f f e r e n t  l i v i n g  pos i t i ons  i n  t he  sedi- 
ments, species which share a s i m i l a r  depth 
stratum i n t e r a c t  s t rongly,  suggesting t h a t  
compet i t ion f o r  space i s  t he  primary 
mechanism o f  i n t e r a c t i o n  i n  t h e  system" 
(Peterson and Andre 1980). 

Peterson (1982) provided y e t  another 
perspect ive on the r o l e  and type o f  re-  
source compet i t ion i n  determining the 
s t r u c t u r e  o f  the  Musu Lasoon benthic com- 
muni ty. ~ r o t o t h a c a "  stami nea and Chione 
unda te l l a  a re  the most common shallow- 
dwel l in9  b iva lves  i n  the  sand and mud 
comrnuniiies described above. They are 
both  c l a s s i f i e d  as suspension feeders, are 
s i m i l a r  i n  s i z e  and shape, and a re  c l o s e l y  
re la ted  taxonomical ly. A1 though i t  was 
reasonable t o  expect t h a t  these species 
would i n t e r a c t  s t rongly,  t h i s  was no t  
found t o  be the  case. Peterson's manipu- 
l a t i o n s  o f  dens i t i es  o f  the  two species 
alone and together demonstrated in tense 
i n t r a s p e c i f i c  competi t ion, but  i n te rspec i -  
f i c  i n t e r a c t i o n  was weak o r  absent, even 
i n  the presence o f  the o ther  species a t  
e i g h t  times i t s  normal density. 

Competit ion f o r  space could n o t  be the  
major fonn o f  i n t r a s p e c i f i c  i n t e r a c t i o n  i n  
these experiments, because, even a t  the 
h ighest  dens i t i es  o f  both species i n  the  
same enclosures, on l y  11% o f  t he  ava i l ab le  
area could poss ib ly  be occupied (assuming 
a l l  i n d i v i d u a l s  were a t  p r e c i s e l y  the same 
depth). Therefore, i nt raspec i  f i c  food 
l i m i t a t i o n  must be the cause o f  the ob- 
served compet i t ive i n te rac t i ons .  The 
requ i  red feedi ng separat ion be tween spe- 
c ies  t h a t  a re  so s i m i l a r  i n  morphology, 
d i s t r i b u t i o n ,  and func t ion  i s  achieved by 

the  pos i t ions  o f  t h e i r  siphons i n  feeding. 
The siphons of a c t i v e l y  pumping Chione are  
always v i s i b l e  a t  t he  sediment sur face and 
those of Protothaca never protrude, even 
though excavations reveal t h a t  a h igh pro- 
po r t i on  o f  t h e i r  siphons are extended be- 
neath the surface. co inc iden ta l l y ,  the 
f rus tu les  o f  benth ic diatoms are abundant 
i n  the  guts of Protothaca b u t  have n o t  
been seen i n  the guts o f  Chione (Peterson 
1982). 

The upshot o f  these experiments i s  t h a t  
pos i t i on  and l o c a t i o n  w i t h i n  sediments 
appear t o  be much more important  than food 
source i n  accounting fo r  the  v a r i e t y  o f  
pr imary consumers i n  the Mugu Lagoon estu- 
a r ine  ecosystem, a t  l e a s t  as exempl i f ied 
by the  she1 l e d  macroinvertebrates. 

Two major t roph i c  groups, t he  suspension 
feeders and the depos i t  feeders, have been 
d is t ingu ished i n  t h e  benthic macroinverte- 
b ra te  community (Peterson 1977), bu t  t h i s  
d i s t i n c t i o n  i s  f a r  from stra ight forward.  
For example, two depos i t  feeders were 
vo lumet r i ca l l y  important  i n  the  comrnuni- 
t i e s  studied by Peterson: the clam Macoma 

_r__ nasuta (22% of t h e  volume o f  organlsrns 
present i n  the mud community) and the  
ghost shrimp (Ca l l  ianassa c a l  i f o r n i e n s i s )  
(20% of the volume of organisms i n  the 
sand communi t y )  . Even though Macoma 
resides about 10 cm below the surface, i t  
extends i t s  siphon beyond the sur face and 
sucks i n  t h e  organ ic - r ich  l a y e r  a t  the  
sedimen t-wa t e r  i n te r face ,  according t o  
most accounts (Morr is  e t  al .  1980; 
MacGini t i e  1935). A1 t e rna t  i ve l y ,  Ronan 
(1975) and Reid and Reid (1969) asserted 
t h a t  M. nasuta i s  a suspension - -  
feeder. 

According t o  a c lass i c  desc r i p t i on  by 
MacGini t i e  (1934), Ca l l  ianassa feeds on 
subsurface organic mater ia l  i n  the course 
of i t s  prodig ious burrowing a c t i v i t i e s .  
However, Devine (1966) reported t h a t  sur- 
face diatoms were the most conspicuous 
item i n  the guts o f  a New Zealand congener 
year-round, suggesting e x p l o i t a t i o n  of 
sur face mater ia l .  4 t  Bodega Bay, Cal i -  
fo rn ia ,  Ronan (1975) imp1 ica ted sur- 
face mater ia l  as an important p a r t  o f  
Ca l l  ianassa % d i e t ,  wh i l e  Powel 1 (1974) 
ascr ibed a f i l t e r - f e e d i n g  h a b i t  on the  
basis o f  the ~norphology of the fo regut  and 
the s c a r c i t y  of organic mater ia l  i n  the  



sand where they occurred* 3udging f r a t  
the  low sediment carbon values i n  Warme's 
(1966, 1971) analyses f o r  the  sand chan- 
ne l ,  f i l t e r  feeding may be necessary a t  
Mugu Lagoon as we7 1. 

The b l o l  ogy o f  other primary consumers 
i n  Mugu Lagoon i s  not we l l  studied, The 
f o u r  small crustaceans t h a t  have been 
abundant a t  l e a s t  sporad ica l ly  i n  the 
eastern arm between 1977 and 1982 are 
associated w i th  compacted sediments and 
hard surfaces ( t he  gamma r idean anphi pod 
Gorophium acherus icum), the surfaces o f  
macrophytes (another gammaridean amphi pod, 

and unconsol ida ted 
caprel l i d  amphSpod 
and the cumacean . They e i t h e r  

ss loose p a r t i c l e s  
on a surface o r  suspension feed (J.W. 
Chapman, EPA, Newport, Oregon; pers. 
cmm.). Only Pontogeneia i s  l i k e l y  t o  
e x p l o i t  other f ~ s n u r c e s  i n  add1 t i o n  t o  
the  small p a r t i c f  e mix o f  benthic micro- 
f l o r a  and de t r i t us ,  Encrust ing animals as 
we l l  as macroalgae are p r m i n e n t  Anhab- 
i t a n t s  on the surfaces o f  rnacraphytes and 
may be eaten by . Thus, loca- 
t l o n n l  fac tors  a more important 
than d i e t  i n  niche d i f f e r e n t d a t l o n  f o r  the 
small crustaceans as we l l  as f o r  the 
b l  val  ves and yhos t shrimp. 

No one has studded the feeding hab i t s  of 
the soft-bodied inver tebra tes  a t  Mugu 
Lagoon i n  d e t a i l  ; however, general i z a  t ions  
may be made based on s tud ies  elsewhere on 
the  same o r  re la ted  species. 

There are three modes o f  primary con- 
sumptf on among the  sa f  t-bodied ?nverte- 
brakes aF Mugu Laqoon: suspension 
feebfng, surface-deposi t feeding, and 
subsurface-deposl t feeding dl1 e h r r o w -  
ing, A17 are based on f i n e  p a r t i c u l a t e  
organic matter. As w i t h  the  clams and 
Call Sanasza, the d i s t i n c t i o n s  among feed- 
i n g  mdes  are blurred, For Instance, i n  a 
study o f  feeding i n  three species o f  
sp ion id  warns n o m a l l y  c l a s s i f i e d  as 
surface-deposit  feeders, Taghon e t  al .  
(1388) denrons t ~ a t e d  changes between de- 
posf t feeding and suspension feeding, de- 
pending on the f l u x  o f  p a r t i c l e s  grassing 
by i n  the water column, A l te rna t i ve l y ,  
Jumarr, e t  a1. ((182) reported an abrupt 

swi tch t o  "a decidedly macrophagous, pred- 
a to ry  mode" when small crustaceans warm 
i n t o  the ten tac les  of two os these 
species, These Findings almost c e r t a i n l y  
are o f  s i gn i f i cance  i n  Mugu Lagoon, Half 
o f  the '"mall worm-like" taxa l i s t e d  i n  
Table 4 a r e  spionids. Furthenore,  the 
animals used i n  the studies c i t r d  above, 
co l lec ted  on San Juan Is land,  Masklington, 
were i n  the sarile shallow-watev, so f t -  
bottom envi romnent as i n  Mugu Lagoon. 

As w i th  the o ther  major grouos of pri- 
mary consumers, spat ia l  separat ion o f  
sof t-bodied inver tebra tes  i r  co~spicuaus, 
Depth s t r a t i f i c a t i o n  i s  i i n p l i c i  t i n  the  
narnes of t r oph i c  groups tha t  e x h i b i t  sus- 
pension feeding, sur f  ace-deposi t feeding, 
or subsurface-deposi t feeding (above, on, 
and atnder the  sediment surface). I n  aifdl- 
t i on ,  Whi t l a c h  (1980) documented v e r t i c a l  
s t r a t i f j c d t i o n  w i t h i n  the sediments i n  h i s  
study of the deposi t  feedlng conrirluni ties 
of Barnstable Harbor, Massachusetts, as 
wel l  as ho r i zon ta l  d i f f e r e n t i a t i o n ,  I n  
p a r t i c u l a r ,  he observed t h a t  many more 
species co-occurred i n  samples r i c h  i n  
organic matter  than i n  sarnples t h a t  were 
poor i n  organic matter. Furthernore, 
those t h a t  were abundant across the whole 
range o f  sediments sampled overlapped 
l ess  w i th  o the r  species i n  depth d i s t r i b u -  
t i o n  and p a r t i c l e  s i ze  u t i l i z a t i o n  t.han 
those t h a t  occurred only where organic 
matter was abundant. Whi t lach  (1980) 
i n fe r red  frm these pat terns tha t  c m p c t i -  
t i  ve i n te rac t i ons  were important determi- 
nants of the  organization of the deposit-  
feeding gu i ld .  When food was meager, on ly  
those few species t h a t  were d i s t i n c t l y  
d l  f f e r e n t  i n  t h e i r  feeding character is-  
t i c s ,  especial Iy feeding loca t ion ,  could 
co-occur. When the  organic content o f  the  
sediments was h igh  and presumably food was 
abundant, these species were jo ined by 
others t h a t  over1 apped broadly w i  t h  each 
other  and w i t h  those already present i n  
both the1 r v e r t i c a l  d i s t r i b u t i o n s  and 
p a r t i c l e - s i z e  u t i l i z a t i o n s .  Density- 
dependent predation, in te r fe rence among 
conspeci f ics a t  h igh densi t ies,  o r  sotne 
o ther  f a c t o r  may have t o  l i m i t  the spe- 
c i a l i s t s  when food i s  abundant, Other- 
w i  se, why don' t the speci a1 i s ts  increase 
t a  the p o i n t  t h a t  food again i s  too irreager 
f o r  general is ts ,  regardless o f  the r a t e  of 
supply? 



Despite uncertainties about the precise 
mechanism of interaction amng the soft- 
bodied invertebrates, biof ogical interac- 
tions are major determinants of the organ- 
ization of this  group. Spatial differen- 
tiation is  one manifestation of those 
interactions. Although the analysis o f  
factors invof ving the relations among the 
sof t-bodi ed invertebrate primary consumers 
relies on information collected in other 
geographic regions, concl usions are 
similar t o  those from the detailed studies 
of the shelled invertebrates a t  Mugu 
Lagoon, Namely, a high level of spatial 
segregation al1ow.s a varied assemblage of 
consumers to subsist on essentially the 
same food resource, 

5.4 PREDATION 

In Mugu Lagoon, secondary consumers are 
confronted w i t h  a wider choice of possible 
foods than the primary consumers. Of 
course, the secondary consumers are con- 
fronted with the same challenges posed by 
the physical environment as are the pri- 
mary consumers. Secondary consumers can 
exploit their food resource selectively by 
keying in on a specific prey (for in- 
stance, ambush predation by halibut on 
crustaceans or other fish) as well as by 
keying in on a specific physical environ- 
ment (for example, shallow-feeding shore- 
birds feeding on a mudflat). 

Birds and fish, the two most obvious 
categories of secondary consumers and pro- 
bably the most important, are constrained 
f i r s t  by characteristics of the physical 
envi ronment. Shorebi rds are 1 imi ted t o  
intertidal areas and can use t h e m  only 
when they are exposed a t  low tide. I t  is  
equally obvious that fish and diving ducks 
are limited to areas covered by water. 
Although this does not preclude their use 
of intertidal areas, i t  reduces the avail- 
abil i ty of those areas compared to areas 
that are always submerged. As described 
i n  the previous chapter, there was no 
discernible difference i n  the species 
cmposi tion or abundances of invertebrates 
between intertidal and subtidal benthic 
samples in the same general area of the 
lagoon. This suggests that,  a t  least a t  
the grossest level, differentiation of the 
physical envi ronment i s  more important 
than differentiation of the food supply 

I n  determining the organization of the 
secondary-consumr trophic I eve1 . (This 
analysis may n o t  apply to the small crus- 
taceans, because they were not adequately 
sampled by the techniques used.) 

The most conspicuous predatory activity 
in the Mugu Lagoon estuarine ecosystem i s  
the scurrying about of shorebirds on the 
mudflats, sticking their b i l l s  into the 
mud every few seconds and presumably 
pulling ou t  something to  eat much of the 
time. Since small worm-1 i ke invertebrates 
are usually the abundant organisms near 
the surface of the mud, i t  i s  reasonable 
t o  infer that they are the principal prey 
of the shorebirds. Given the abundance of 
the shorebirds, i t  is  likely that they 
consume many worms; however, that i s  as 
far as reasonable inferences can go. I t  
cannot be said whether predation substan- 
t ia l ly  reduces the densities of worms, 
a1 ters the relative abundances of differ- 
ent species or, i f  either of these occurs, 
whether the shorebirds are responsible for 
the effect (rather than fish that can for- 
age on the mudflats a t  h i g h  t ide) .  

A number of field experiments a t  Mugu 
Lagoon and Upper Newport Bay, Cali fornia, 
have elucidated the predator-prey re1 a- 
tionships between shorebirds and soft- 
bodied benthic invertebrates (Quammen 
1981, 1982, 1984). A t  a muddy (8% sand) 
s i t e  studied by Quammen, benthic inverte- 
brates were much more abundant in summer 
than in winter (Figure 45a), when surface- 
feeding shorebirds were abundant (Figure 
45b), and their feeding activity was 
intense. A t  a muddy-sand (80% sand) s i te ,  
densities of the same invertebrate species 
were higher in summer than in winter (Ffg-  
ure 45a). The differences in seasonal 
abundance were explained by both predation 
and s i t e  characteristics. When shorebirds 
were experimentally excluded a t  the muddy 
s i te ,  infaunal densities remained h i g h  
throughout the year, clearly pointing to 
predation as a major factor i n  controlling 
infaunal abundances. Quammen found, how- 
ever, that the addition of a t h i n  layer of 
sand to muddy sediments reduced shorebird 
feeding activities by more than ha1 f ,  The 
added sand d i d  not a f t e r  the mud surface 
visually, nor the density of the worms i n  
the top 2 cm of sediment, suggesting that 
coarse particles a t  densities higher than 
8% in surface layers of mudflats deter 
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Figure 45. The abundances o f  worms, 
surface-feeding shorebi rds, and crabs and 
w i l l e t s  through the  course o f  a year a t  
two l oca t i ons  varying i n  sand content o f  
t h e  substrate. Crabs were no t  present a t  
the  muddier s i t e .  

shorebird feeding, probably by i n t e r f e r i n g  
~ 4 t h  prey capture. 

Predation cont ro l  l ed  the infaunal  abun- 
dance a t  the  muddy-sand s i t e ,  but i n  a 
d i f f e r e n t  manner. Use o f  the s i t e  by 
surface-feeding shorebirds was much lower 
than a t  the  muddy s i t e  (F igure 45b), per- 
haps i n  p a r t  due t o  the in te r fe rence o f  
coarse-grained sediments described above. 
Another predator, the l i n e d  shore crab 
( c rass i  es) was abundant dur- 
i i T - # k -  e s i t e  (F igure 45c), 
b u t  was absent a t  the mddy  locations. 
When the  crab was abundant, in fauna l  
d e n s i t i e s  were low. When crabs were 
excluded, dens i t i es  o f  the benthic inver -  
tebra tes  increased re1 a L ive  t o  those out- 
s ide  the  exclosures, I n  the winter, when 

the crabs were not  present, dens i t i es  
ins ide  and outs ide  the exclosures were 
s imi la r .  Thus, crabs, not  shorebirds, 
were the major predators on the inver te -  
brates i n  the  muddy-sand sediments, How- 
ever, even here, shorebirds ( i n  t h i s  case, 
the la rge probing shorebirds ra the r  than 
the small surface-feeding shorebirds)  may 
be u l t i m a t e l y  responsible f o r  the  seasonal 
pa t te rn  o f  abundance i n  in fauna l  i nve r te -  
brates. Large shorebirds, especial ly  
w i l l e t s ,  preyed heav i l y  on the crabs when 
both were present on these f l a t s  for  a 
b r i e f  overlapping per iod i n  the l a t e  
summer (Figure 45c). Thus, the  absence of 
crabs, perhaps i n  response t o  the re la -  
t i v e l y  high dens i t ies  o f  w i l l e t s ,  together 
w i th  the low abundance o f  surface-feeding 
shorebirds, accounted f o r  the high w in ter  
populat ions o f  the soft-bodied i nve r te -  
brates i n  "sandy" mudf l  ats. 

I n  sumrnary, predation, espec ia l l y  by 
shorebirds, i s  a major in f luence on the  
small so f  t-bodied primary consumers 
i nhab i t i ng  mudflats. The in f luence i s  a 
strong seasonal e f f e c t  on abundance be- 
cause o f  the migratory h a b i t  o f  shore- 
birds. Predation may produce opposite 
pat terns o f  seasonal abundance on i n t e r -  
t i d a l  f l a t s ,  depending on the amount o f  
sand i n  the substrate and whether the 
shorebirds prey d i r e c t l y  on the worms o f  
the mudfl a t s  (su r face- feedi  ng shorebirds 
where l i t t l e  sand i s  present) o r  on the  
crabs t h a t  prey d i r e c t l y  on the worms. 
A1 though not e x p l i c i t l y  s tated above, 
another important cha rac te r i s t i c  o f  these 
i n te rac t i ons  i s  t h a t  there i s  no obvious 
e f f e c t  on the r e l a t i v e  abundances o f  prey 
taxa; i.e., apparently there i s  l i t t l e  
se lec t ion  among prey o r  d i f f e r e n t i a l  
response such as might be expected f o r  
prey w i th  d i f f e r e n t  l i f e  h i s t o r i e s  sub- 
jected t o  the same i n t e n s i t y  o f  predation. 
Changes i n  the r e l a t i v e  abundances o f  d i f -  
fe rent  taxa are more common i n  o ther  sys- 
tems. Physical fac tors  seem t o  be much 
more important i n  de f i n ing  the  character- 
i s t i c s  o f  the t roph i c  i n t e r a c t i o n  than 
what prey are eaten. 

Peterson's (1982) exhaustive study of 
the populat ion b io logy  o f  the  s i m i l a r  and 
re1 ated b iva lves  Protothaca staminea and 
Chione undate l la  provides a strong con- 
t r a s t  t o  the preeminence o f  physical fac- 
t o rs  over cha rac te r i s t i cs  o f  the prey i n  



dete rmin ing  t h e  features o f  t h e  1 i nkage 
between p r imary  and secondary consumer 
l e v e l s ,  Here, d e s p i t e  s i m i l a r  p o s i t i o n  i n  
the  subs t ra te ,  shape, and t o  a  l e s s e r  
ex ten t  s i ze ,  Protothaca s u f f e r e d  re1 a- 
t i v e l y  h i g h  m o r t a l i t y ,  mos t l y  a t t r i b u t a b l e  
t o  a  v a r i e t y  o f  predators ,  I n  con t r as t ,  
m o r t a l i t y  i n  Chione g e n e r a l l y  was low, and 
1 i i t l e  o r  no m o r t a l i t y  was caused by pre-  
dat ion.  Apparent ly ,  Chione 's  sf  i g h t i y  
b i gge r  s i z e  and heav ie r  she71 a t  a l l  s i zes  
made i t  e s s e n t i a l l y  immune t o  predat ion.  
I n  complement t o  these s u r v i v o r s h i p  pat -  
te rns ,  r e c r u i t m e n t  by Pro to thaca  was over  
an o rde r  o f  rnagni tude h i ghe r  and l e s s  var-  
i a b l e  froin year  t o  yea r  than r ec ru i tmen t  
by Chione. 

For  t he  most p a r t ,  f i s h e s  i n  Mugu Lagoon 
are no t  major  consumers o f  in fauna.  A 
p a r t i a l  excep t i on  i s  s i p t  ~ n - n i p p i n g  (par-  
t i a l  i n  t h e  sense t h a t  t h e  v i c t i m  sur-  
v ives,  u n l i k e  t h e  v i c t i m  i n  most p reda to r -  
prey i n t e r a c t i o n s ) .  For Protothaca,  t h e  
e f f e c t  o f  s iphon-n ipp ing can be cons ider -  
able,  depending on l oca t i on .  

Peterson and Quammen (1982) observed 
t h a t  t he  growth o f  Protothaca i n  t h e  c l ean  
sand environment a t  Mugu Lagoon was over 
tw i ce  as g r e a t  i n s i d e  cages t h a t  exc luded 
l a r g e  p reda to rs  (6-mm openings) as i n  cage 
c o n t r o l s  o r  open areas, b u t  t h a t  t he re  was 
no d i f f e r e n c e  i n  t he  muddy sand env i ron-  
ment. Th is  suggested t h a t  t h e  presence o f  
p reda to rs  a f f e c t e d  growth i n  one area b u t  
no t  t h e  o ther .  Observat ions o f  P ro to thaca  
f n  aquar ia  e l im ina ted  t h e  p o s s i b i l i t y  t h a t  
reduced growth was t h e  consequence o f  
c l o s i n g  up f o r  p r o t e c t i o n  i n  t h e  presence 
o f  p o t e n t i a l  predators .  Protothaca fed 
j u s t  as a c t i v e l y  i n  t h e  presence of a  va r -  
i e t y  o f  p reda to r s  as i n  t h e i r  absence. 
Clam siphons were common i n  the  guts  o f  
two f i shes ,  t h e  s taghorn s c u l p i n  (Lepto- 
c o t t u s  armatus) and t he  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 ta ) .  Reduced 
qrowth would be an expected c o s t  o f  reqen- 
G ra t i ng  t h e  siphon. Also, feed ing  e f f j c i -  
ency i s  l i k e l y  t o  be lower  u n t i l  t h e  feed- 
i n g  organ i s  f u l l y  replaced. Therefore,  
t h e  c ropp ing  o f  s iphons by f i s h e s  p robab ly  
accounts f o r  t h e  enhanced growth o f  Proto-  
thaca w i t h i n  exc losures  i n  t h e  c lean  sand 
env i  ronrnent. 

The i n t e r e s t i n g  t h i n g  i s  t h a t  t he re  i s  
no such r e d u c t i o n  i n  growth i n  t he  muddy- 

sand env i  ronment, d e s p i t e  h i ghe r  d e n s i t i e s  
(2,3x) of the two impo r t an t  croppers and 
siphons o c c u r r i n g  more f r e q u e n t l y  ( 1 . 8 ~ )  
i n  t h e i r  d i e t s .  The exp lana t i on  i s  
simple. Not o n l y  was Pro to thaca  much 
denser i n  the  muddy sand s i t e  than  i n  t h e  
c l  ean-sand s i t e  (2,7x), b u t  a1 so another  
b i va l ve ,  Macoma nasuta, was even denser 
than  ~ r o t o t h a c a  'm-. The n e t  r e s u l t  
was t h a t  Macoma bore t h e  b r u n t  o f  t h e  
c ropp ins  [ T i n  t h i s  environment as 
de te rn ined 'by  i d e n t i f i c a t i o n  o f  s iphons i n  
gu t s  t o  species, The remainder was d i s -  
t r i b u t e d  over a  b i gge r  popu la t i on  o f  Pro- 
tothaca, such t h a t  t h e  c ropp ing  r a t e  per  
m u a l  was a t  l e a s t  40% lower  than i n  
t h e  c l ean  sand. Thus, i n  t h i s  case, t h e  
presence o f  an a l t e r n a t e  p rey  accounts f o r  
a  d i f f e r e n c e  between l o c a t i o n s  i n  the  out -  
come o f  a  t r o p h i c  i n t e r a c t i o n .  

We know t he  o t h e r  feed ing  a c t i v i t i e s  o f  
f i s h e s  froin analyses o f  t h e i r  g u t  con ten ts  
(Table l o ) ,  b u t  t h e  e f f e c t s  on lower  t r o -  
p h i c  l e v e l s  have n o t  been worked ou t  i n  
such d e t a i l  as t he  cases descr ibed  above. 
Some spec ies concen t ra te  on a narrow range 
o f  food. Large C a l i f o r n i a  h a l i b u t ,  f o r  
ins tance,  feed ma in l y  on o t h e r  f i shes ,  
w h i l e  l a r g e  topsmel t con ta i n  ( feed  on?) 
p l a n t  m a t e r i a l  and mud ( o r  t he  d ia tom f i l m  
assoc ia ted  w i t h  i t ? ) ,  and l a r g e  sh i ne r  
su r f pe r ch  ea t  ma in l y  smal l  c rustaceans 
(gammarid and capre11 i d  amphipods, and 
cumaceans). However, t he  d i e t s  o f  these 
l a t t e r  two species change on togene t i ca l l y .  
The sma l l e r  s i zes  o f  both spec ies e a t  zoo- 
p l ank ton  a lmost  exc l  us i ve l y .  The o t h e r  
spec ies l i s t e d  i n  Tab le  10 have more var-  
i e d  d i e t s ,  For  ins tance ,  sma l l  c rus ta -  
ceans and gastropods were most impor tan t  
f o r  C a l i f o r n i a  k i l  l i f i s h ,  whereas po ly -  
chaetes , mol l  usk s iphons and l a r g e  c rus ta -  
ceans were most impor tan t  f o r  diamond 
t u rbo t .  

Desp i t e  t he  v a r i e t y  o f  foods consumed by 
t h e  f i s h e s  o f  Mugu Lagoon, two common 
t rends  a re  ev ident .  F i r s t ,  t h e  feeding 
a c t i v i t i e s  o f  the  f i s h  tend t o  be focused 
a t  sediment o r  submerged p l a n t  su r faces  o r  
i n  the  water column r a t h e r  t han  i n  t h e  
sediment. Only  t h e  s i x t h  most abundant 
f i s h ,  t h e  diamond t u rbo t ,  commonly con- 
sumed bu r i ed  p rey  (po'lychaetes), and even 
then o t h e r  i tems were a t  l e a s t  as impor- 
t an t .  I n  t h i s  c h a r a c t e r i s t i c ,  t he  f f s h  
a r e  a lmost  r f i a n ~ e t r i c a l i y  t he  oppos i t e  of 



Table 10. The gut con ten ts  o f  f i shes  i n  Mugu Lagoon, February 1977-January 1478, 
a l l  s ta t ions  (see f ' igure 34) and rllonths comblnd.  See f a b l e  4 f o r  the taxonortric 
cmpas ' l l i on  a f  mst prey categories. 0 = overwhelming p redo~ inance ,  k( = very 
important,  I = Important,  G -. cwfilrrron, P = present. 
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t h e  shorebi rds,  t he  o t h e r  i rnpor tant  
secondary consumers o f  Mugu Lagoon, s i nce  
t h e  shoreb i rds  consume polychaetes and 
o the r  i n v e r t e b r a t e s  l i v i n g  Sn t he  sedi -  
ments t o  a  g r e a t e r  ex ten t  than species 
t h a t  1 i v e  on t h e  sur face  o r  i n  t he  water  
column. Thus, t h e  two groups o f  secondary 
consumers a r e  complementary i n  what they 
feed on as we1 1 as where and when (sea- 
s o n a l l y  and du r i ng  a t i d a l  c yc l e )  they  
feed, 

The o t h e r  t r e n d  i s  the  prevalence o f  
crustaceans i n  t h e  d i e t s  o f  the f i shes .  
Th is  i s  e s p e c i a l l y  t r u e  o f  t h e  smal l  crus- 
taceans, impo r t an t  a t  some stage o f  l i f e  
t o  a1 1 f i s h  spec ies except t he  topsmel t. 
The converse does r iot  appear t o  be t r ue ,  
however: impo r t an t  as ssral 1 crustaceans 
may be t o  f i s h ,  f i s h  do n c t  appear t o  have 
much e f f e c t  on t he  popu ia t ions  o f  smal l  
crustaceans, Th i s  i s  t h e  t e n t a t i v e  i n t e r -  
p r e t a  t i o n  o f  t h e  f o l  I owi ng observat ions.  

Chapman e t  a], (1982) generated r e l a t i v e  
measures o f  t he  i n t e n s i t y  o f  p reda t i on  by 
f i s h  on smal l  c rustaceans from analyses o f  
t h e  gu t  con ten ts  o f  a1 1 t he  common f i s h e s  
o f  Mugu Lagoon combined w i t h  month ly  
de te rmina t ions  o f  f i s h  abundances. There 
was no i n d i c a t i o n  o f  responses by t h e  prey 
popu la t i on  even under t h e  p a r t i c u l a r  con- 
d i t i o n s  when an e f f e c t  of t h e  f i s h  would 
seem most l i k e l y .  Amphipod and cumacean 
popu la t ions  d i d  n o t  d e c l i n e  when t h e  r a t e  
o f  t h e i r  consumption by  f i s h  was h i ghes t  
r e l a t i v e  t o  t h e  d e n s i t y  o f  small c r us ta -  
ceans any more o f t e n  than when t h e  con- 
sumption r a t e  was low r e l a t i v e  t o  p rey  
dens i t y ,  

O f  course, t h e  importance o f  p r e d a t i o n  
can be expressed i n  another  way. A be- 
h a v i o r  o f  a  prey t h a t  can be demonstrated 
t o  reduce i t s  losses  t o  a  p reda to r  i s  
l i k e l y  t o  be an e v o l u t i o n a r y  adap ta t ion  t o  
predat ion. P reda t ion  s t i l l  m igh t  be a 
ma jo r  f a c t o r  i n  t h e  b i o l o g y  o f  an animal , 
even i n  t h e  absence o f  losses t o  p reda to rs  
a t  present ,  if t h e  present  immunity has 
r e s u l t e d  from behav io ra l  adap ta t ions  t h a t  
reduced p reda t ion .  V e r t i c a l  m i g r a t i o n  
(noc tu rna l  forays from the  bottom o r  f rom 
t h e  surfaces o f  p l a n t s  i n t o  t h e  water  
column) by t h e  smal l  crustaceans o f  Mugu 
Lagoon (F i gu re  46) cou ld  be a case i n  
po in t .  Because t he  t ime  spent i n  t h e  
water  column i s  always du r i ng  t h e  n i gh t ,  

i n v e s t i g a t o r s  el sewhere have proposed t h a t  
v e r t i c a l  m i g r a t i o n  cou ld  be adap t i ve  f o r  
avo id ing  d i u r n a l  v i s u a l  p reda to rs  such as 
f i s h ,  Experiments conducted i n  Mugu 
Lagoon do n o t  suppor t  t h i s  hypothes is ,  
There i s  no c l e a r  evidence o f  a  ma jo r  r o l e  
f o r  p reda t i on  i n  t he  b i o l o g y  of t h e  smal l  
crustaceans i n  Mugu Lagoon. 

5.5 HIGHER TROPHlC LEVELS 

We have almost no i n f o r m a t i o n  on t h e  
t r o p h i c  i n t e r a c t i o n s  beyond the  secondary 
consumers. Higher-1 eve1 p reda to rs  a r e  
p r i m a r i l y  p i s c i vo rous  b i r d s  and f i s h .  
Spa t i a l  segregat ion i s  obvious among t h e  
ma jo r  groups o f  h igh - leve l  predators .  The 
wading f i s h e r s  (Tab le  7), ma in l y  herons 
and egre ts ,  c o n f i n e  t h e i r  a c t i v i t i e s  
almost e x c l u s i v e l y  t o  shal low water near  
t h e  wa te r l i ne .  The a e r i a l  f i s h e r s ,  ma in l y  
pe l i cans  and terns,  prey on f i s h  i n  the 
su r face  l a y e r s  and v i s i b l e  frm the  a i r .  
The d i v i n g  f i s h e r s ,  ma in l y  grebes, may 
e x p l o i t  bottom-dwel l  i n g  f i s h  i n  t h e  deeper 
p a r t s  o f  the lagoon. The most impo r t an t  
o i s c i vo rous  f i s h  i s  t h e  Ca1 i f o r n i a  ha1 i b u t  
(Para1 i c h t h y s  c a l i  f o r n i c u s )  (Table l o ) ,  
which spends most o f  i t s  t ime  on t h e  
bottom. 

Observat ions about the  feed ing  o f  t h e  
t o p  l e v e l  p reda to rs  i n  Mugu Lagoon a re  
d i f f i c u l t  t o  ob ta in .  I n  most cases t h e  
p rey  a re  consumed t oo  f a s t  t o  i d e n t i f y  
what i s  being eaten. We know t h a t  eared 
grebes e a t  diarnond t u r b o t  because t h e  
b i r d s  have such a hard t ime e a t i n g  them; 
however, we know no th i ng  about  t he  meals 
( i f  any) t h a t  went down eas ie r .  Also, 
g u l l s  and t e r n s  obv i ous l y  e a t  topsmel t  
because they s t i c k  so f a r  o u t  o f  t h e  
b i l l s ,  b u t  we know no th i ng  about t h e  
b i  r d s '  p r e d a t i o n  on o the r  f i shes .  

One p o s s i b l e  i n d i c a t i o n  of an o v e r a l l  
e f f e c t  o f  top p reda to rs  on popu la t ions  o f  
t h e  most common species o f  f i s h  i s  t h e  
numer ica l  d e c l i n e  o f  f i s h  i n  o u r  catches 
i n  t h e  few months a f t e r  t h e i r  peak 
abundances (F i gu re  351, Assuming t h a t  
m o r t a l i t y  i s  t h e  ma jo r  source o f  numerical  
change (an un tes ted  assumption) and t h a t  
p reda t i on  i s  t h e  ma jo r  cause o f  mo r t a l  i t y  
i n  t h i s  per iod ,  f i s h e s  b i g  enough t o  be 
caught w i t h  our  se ine  d e c l i n e  %20% per  
month (F i gu re  47). With t h e  excep t ion  of 



Figure 46. Plankton samples col Iected i n  the eastern arm o f  Mugu 
Lagoon at: approximately hour ly  i n t e r v a l s  on 7-8 August 1978. Tide 
he igh t  was rneast~rcd frorn low water i n  the ear te rn  ann. Reduced abun- 
dances between 10 p.m. and 2 a.m. correspond t o  increased t i d e  cur ren t  
ve loc l  t i e s  (from Chapman e t  a1 . 1982). 

staghorn sculpfn, t h e  ra tes  a f  mor ta l j  t i e s  
appedr t o  be constant  frm rnonth t o  month 
and s i m f l a r  between species. 

The two major categor ies o f  predators - 
bf  rds and Fish - have a cornlrBn high n l o b i l -  
i t y  throughaut l i f e  and relatively long 
1 ives, These character1 s t i c s  f ree the 
predators frmn con t ro l s  that the  es tua r i ne  
enviromnent vtould impose i f  they were 
constrained t o  be f u l l  - t i ~ t t e  residents. 
k4uwcvcr, here the resefnbl ance ceases. The 
1dgout-i i s  a t  oppasi te t e n i ~ i n i  f o r  b i r d  and 
Fish r~iSgrations. The A r c t i c  imposes 
st rc ic t  searonal i  t y  on the birds. It yro- 
vfdes i n c r e d i b l y  r i c h  Food f a r  the rear ing  
o f  young but  p r o h l b l t s  the presence o f  
b i rds  i n  the winter ,  A1 though prey tend 
t o  be more abundant and airnost c e r t a i n l y  
inore product ive dur ing  the  surnrwr i n  lvlugu 
Lagoon, the even greater  rfchness of the 
ArctSc dur ing this season i s  a s u f f i c i e n t  
inducement f o r  bird.; Lo rps~ t h a t  env'nrori- 
ment when i t  can tr@ used, As a resu l t ,  
l a rge r  popul at lons a re  rnaintained, and the 

b i r d s  are a rnajor in f luence on the st ruc-  
t u re  o f  the Mugu Lagoon estuarine scosys- 
tern wi thout  befng obviously subject  t o  i t s  
canstra ints.  

I n  contrast ,  Mugu Lagoon rmy be f o r  the 
f i shes  what the A r c t i c  i s  f o r  the b i rds :  
~ w c h  b e t t e r  than the adjacent ocean f o r  
surv'lval and growth of young dur ing the 
surnnEr ht worse i n  the winter. Probably 
the lagoon i s  a t  i t s  most Inhosp i tab le  For 
f i shes  dur ing major w in ter  stonns because 
o f  temporar i l y  low s a l i n i t y ,  h igh tu rb id -  
I ty and occasional l y  wf  despread ~ n o r t a l  i t y  
o f  inver tebra tes  ; however, the prevalence 
o f  Ffsh-eating b i rds  could be a major 
f a c t o r  as well, I f  predatian by b i rds  i s  
responsfble For much of the 20% per  month 
losses suggested by populat ian changes i n  
the  s u m r  (Figure 47) ,  f i s h  might have 
ample cause t o  vacate the lagoon i n  win- 
t e r ,  h e n  the  f ish-eatSn b i rds  are even 
ngre aburidartt {FSgure 38 4 . Whatever the 
cause, ~ a t c h e s  were an order o f  mgn i tude  
less i n  D e c m k r ,  January, and February 
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Figure 47. Monthly changes i n  f i s h  abundances i n  the eastern arm of 
Mugu Lagoon a f t e r  t h e  month o f  peak abundance f o r  f i v e  of the  common 
species. Based on the  5-year means f o r  a l l  s ta t i ons  combined. 

than they were i n  June, t he  month o f  peak Predators are r e l a t i v e l y  scarce, ( 3 )  Tem- 
abundance (Figure 35). peratures are h igh (see Chapter 2). 

Except f o r  temperature, comparable data 
f o r  adjacent coasta l  waters are no t  a v a i l -  

I n  the summer, th ree fac tors  probably able; however, i nve r teb ra te  abundances are  
make the lagoon super ior  t o  the adjacent u n l i k e l y  t o  be as dense outs ide  as ins lde,  
ocean as an environment f o r  f i s h  ( a t  l e a s t  and l a rge  p isc ivorous f i s h  c e r t a i n l y  a re  
small f i s h ) :  (1) Food i s  abundant, (2 )  present outs ide the  lagoon but  almost 



n w e r  inside,  lower predatjon on early 
stages w i l l  dl low a higher proportion of a 
population to survive these vulnerable 
l i f e  stages. Higher food densit ies w j 1 3  
increase growth rates.  Higher tcmpera- 
tures w i l l  further increase the rate of 
growth and developinent, Individuals may 
be larger  than they would be wdthout the i r  
s tay in the lagoon, Presunrabfy they w i l l  
k less vulnerable to many kinds of yre- 
dators in coastal waters kcause  of the i r  
'larger size.  They rnay also siarvlvcl a per- 
i od  of low food better,  

In Pktgu lagoon less than 1% of tilc f i s h  
caught are greater than 20  crn long (Qnuf 
and Quamm~n, unpubl. data). The only 
re la t ive ly  catnon species caught as large 
5ndividuals i s  the shovelnose gui t a r f i sh  
(Rhinoba tos ) a fascinating 
s-cdre a t  the end of t h i s  
section,  The ten most cmrtun species 
account for over 481 of the to ta l  catch 
and use the laaoon to varvfrin deurees. 
The Cali  fornfa <$ll i f i sh  

1 )  spawn i r~ 
the Idsoan, freauentf Y are found therc as 
adults;  dnd intehsiveiy use the tlstudry as 
young af the yc?ar, but perfom these 
a c t i v i t i e s  in the ncarshare ocean as  well, 
The sh l  ner surfperch 
xtg) vls i  t s  the l a g  
I fve yfaung, and the newborn stay there 
br le f l y  befrlre returning to the ocean. 
The four other cwntwn speclea - stallhorn 

slvety. 

Nuyki Lagoori can be considered a nursery 
af sor t s  for s i x  of the ten species tltat 
are most Frwuently caught there (Table 
111, Althouytr the benefits may bc great 
for t h e  lndividuafs involved, the sizes of 
the stocks In nearby coastal waters pro- 
bably a r e  very large i n  proportion to  the 
numbers that the lagoon trtfght contribute. 
Far instance, when a small nesh t r awl  was 
us&, Cal S fornia tonguefi s h  and speck1 etj 
sanddab were the third and f i r s t  rmst 

ca?~nonly caught f i s h  i r i  a 4-yr survey o' 
Santa Monica Ray, an open wate. c o n s t d l  
area 40 krn southeast of Mugu L iqooo .  Top- 
m e 1  t ,  shiner surPp@rch9 rtnd ~ l t a q h o r n  
s c u i p i n  are cmmn i n  8 wide var ie ty  OF 

nearshore cnvi ronments l F i  tch and ; aven- 
berg 1975) "  Mugil I.agonr( i r  t h ~  on1 y 
coastal  wetland with 3.; ilitlcb a5 a2 of. 
subtidill hahi t a t  a long  401'3 km of codst 
between Morro Ray i n  San L u i c  Ob i ipa  
County and Anaheii~ Day i r i  llrange Coi:nly. 
The correspondjng area of continental 
shelf i s  almost 5,r)OCa k m T .  Even though 
young of the year of the~lti 5pecies cmrr 
conceratrate(j i n  Muqu 1-aqoon and t 7 t h r r  xwch 
srnal l e v  coastal wetlnndc, i t :  i s  hard ly  
c&tnrr.ivable that %he estuaries contributr. 
5iqnificantly to the total  rtocks, 

The Csllif'ornia hallbut i :>  a notdhlc ex- 
ccption. Recently, the nearshore envi ron- 
rticnl of northern San I 3 iqn  County was 
sampled intensively dnd sy( ; t~ in t . i ca l  7y 
cnourjh t o  providc a qnoc?, understanding of 
the 15 f r  his tory of  the Gal i fornia ha1 i hut 
( P I  urrawrr e t  a1 . 1983). The dd t d  Gwwed ra 
dis t inc t  segrcgatioir by and s i r e  
accordirlq t o  dt?pth, She sntal l e s t  inds'vid- 
udis were Pound a t  thp ? h a 1  lotdest depth 
%&\p led  (mean length 73.5 a7t d t  6 a? rf~ep),  
dnd s f  re incrcdsccf consistently w i  ttr depth 
( t o  a mean length o f  39 an a t  30 m deep). 
She sraial l e s t  individuals were i n  thei r  
second yedr of l i  fc,  and snrnpl fng f r m  the 
beach revealed no csncerr t r a  tion of strial ler  
hdlibut. I n  contrast ,  only 26 of the 
1,285 halibut caught, i n  5 year5 of 
.;amp1 i rtg a t  Rlyu Ldgoon WFC! as large a5  
20 c~t .  Based on s lze-Frequency reld tions 
i n  different  months, a t  ledst  80% o f  
the halibut caught i n  Mugu lagoon were 
in the i r  f i r s t  year of l l f e  (Onuf and 
Quammnen, unpubl , data).  In t h i s  instance, 
i t  would appear that  Muqu Lagoon not on1 y 
serve$ a nursery function for a coastal 
f ish %tack, but that  the stock might be 
ohligately dependent on the lagoon and 
s i ~ n i l a r  mbayments in the rqiora a t  one 
stage OF i t s  l i f e  cycle. This has partic-  
ularly irnportant rmi f icationr,  kcause  
the Calf fornia halibut i s  the only species 
cnnian'Iy using the lagoon that also sup- 
ports an irnportant cmmercial and sport 
f ishery* 

Sfrave.;rcc75e gui tdrf ibir  use the idyoon i f t  
a v e r ~  unusual manner. Ifnl ike any of the 
other species cmmn in the lagoon, they 



Table 13. The ut i l izat ion of the eastern am of Hugu Lagoon by the 10 most cmmnly 
caught fish species in 5 years of sampling (Onuf and Quammen 1983; see also Figure 35). 

Rank order by Use of Mugu Lagoon 
abundance i n  Permanent 

Species total catch residence Use consistent with a nursery function 

Topsmel t 1 

Shiner surf perch 2 

Staghorn scul pin 3 

California k i l l i f i sh  4 

Gal iforna ha1 ibut 5 

Diamond turbot 6 

Long jaw mudsuc ker 7 

Bay pipefish 8 

California tonguef ish 9 

Speckled sanddab 10 

Large adults spawn i n  early spring, small 
adults spawn in summer, young of year 
reach catchable size in au tumn.  

Adults give birth in the lagoon and leave, 
young stay only briefly. 

Only young of the year present in the 
lagoon, 

Young of year predominant in the lagoon 
(,80%). 

x Apparently, adults only leave the lagoon 
briefly to  spawn and die. 

Only young of year present in the lagoon, 

Only young of year present in the lagoon. 

are found i n  the lagoon only as very large 
adults (Onuf e t  a le  1979; DuBois 1981). 
Several hundred individuals enter the 
eastern arm of Mugu Lagoon in April each 
year, where they congregate in dense 
groups for several months and then depar~ 
i n  September. Of 370 different individ- 
uals caught in 1979, 335 were females 
(90%) and were much larger than individ- 
ual s typically encountered offshore (Bax- 
t e r  1974). Of 335 females tagged in 1979, 
136 were recaptured in less intensive sam- 
pling over the next 2 years. Almost a l l  
females were carrying developing embryos ; 
however, the embryos were fewer and much 
larger than reported for pregnant females 
caught offshore. Finally, the guts of a1 1 
females examined were virtually empty, re- 
gardless of time of capture, nor were any 
effects of predation detectable in an 

excl osure experiment run where the guitar- 
fish were observed most frequently. 

The guitarfish, then, does not use the 
estuary either as a haven for i t s  young 
or as a feeding ground. The explanation 
for i t s  puzzling behavior may be that 
the higher suinmer temperatures in the 
lagoon t h a n  in the ocean are beneficial 
or even necessary for  the development of 
embryos (Onuf e t  al. 1979). Observations 
of distribution and movement of shovel - 
nose guitarfish were consistent w i t h  
the hypothesis that they were in the 
lagoon during the summer to take advan- 
tage of higher water temperatures there 
( DuBois 1981). Temperatures were higher 
inside the lagoon than immediately out- 
side, dnd within the lagoon the guitar- 
f ish shifted from shallow areas in the 



day t o  deeper areas a t  n i g h t  i n  accor- 
dance w i t h  h i ghe r  water temperatures 
( S e c t i o n  2.41. However, no i n f o rma t i on  
i s  a v a i l a b l e  on whether t h e  r a t es  of 
development o f  embryos a re  tmpe ra tu re -  
o r  s i  re-dependent. 

5.6 NUTRIENTS 

Since  no research on n u t r i e n t  supply, 
a v a i l a b i l i t y ,  u t i l i z a t i o n ,  o r  c y c l i n g  has 
been conducted i n  Mugu Lagoon, f ea tu res  of 
t he  n u t r i e n t  regime must be i n f e r r e d  from 
o t h e r  character - i  s t i c s  o f  t he  ecosystem. 
Consequently, cons i de ra t i on  o f  n u t r i e n t s  
has been de fe r red  u n t i l  most o f  t he  o the r  
i n f o rma t i on  about t he  ecosystem has been 
presented, and t h e  d i  scuss ion i s  necessar- 
i l y  specu la t i ve .  

The major  sources o f  n u t r i e n t s  t o  the  
p r imary  producers o f  t h e  es tua r i ne  eco- 
system are  i n p u t s  from t h e  watershed 
c a r r i e d  p r i m a r i l y  by f reshwater ,  i n p u t s  
from t h e  ocean c a r r i e d  by t i d a l  movements 
o f  coas ta l  waters, and regenera t ion  of 
n u t r i e n t s  from t h e  o rgan ic  ma t t e r  produced 
w i t h i n  the  system o r  by organisms moving 
i n t o  t he  estuary.  Much o f  t h e  h i gh  b io-  
l o g i c a l  p r o d u c t i v i t y  o f  o t he r  e s t u a r i e s  i s  
a t t r i b u t e d  t o  t h e  n u t r i e n t  subs idy from 
f reshwater  input .  The c l i m a t e  of t h e  
r e g i o n  and t h e  geometry o f  Mugu Lagoon a c t  
t o  reduce any n u t r i e n t  subsidy from t h e  
watershed. P r e c i p i t a t i o n  (F i gu re  5b), 
s t reamf low (F i gu re  7),  and consequent ly 
t h e  p o t e n t i a l  f o r  f reshwate r  i n p u t s  t o  t he  
es tua r y  a re  concentrated i n  the  c o l d e s t  
( F i g u r e  5a), da rkes t  (F i gu re  9) months 
when t h e  smal l e s t  amount o f  pho tosyn the t i c  
biomass i s  present  (F igures  24, 26, 29). 
Thus, the  t im ing  o f  f reshwate r  i n p u t s  i s  
when t he  a b i l i t y  f o r  uptake by p l a n t s  i s  
lowest, I n  add i t i on ,  s l nce  t h e  long  ax i s  
o f  t h e  lagoon i s  perpend icu la r  t o  the  
i n l e t  stream, and the mouth o f  t he  lagoon 
i s  immediate ly  oppos i te  t he  mouth o f  t he  
stream (F i gu re  l o ) ,  t he  f reshwate r  and i t s  
l oad  o f  n u t r i e n t s  bypass most o f  t h e  eco- 
system a1 together .  

N u t r i e n t  i n p u t s  t o  Mugu Lagoon f r a n  t he  
ocean may be low too. C h a r a c t e r i s t i c a l l y ,  
t h e  waters o f  t he  con t i nen ta l  she1 f 
s u s t a i n  much h i ghe r  l e v e l s  o f  p r imary  
p roduc t i on  than oceanic water. I n  t he  
v i c i n i t y  o f  Mugu Lagoon, t h e  s h e l f  i s  

narrow (5  - 15 km), and a submarine 
canyon c u t s  across most o f  it, so t h a t  
t he  water i s  180 m deep o n l y  2.5 kc) from 
the  mouth. The c l a r i t y  o f  water t h a t  
en te rs  Mugu Lagoon on r i s i n g  t i d e s  i n d i -  
cates t h a t  t h e  water comes from t h i s  
canyon much o f  t h e  time. 

The remaining major  n u t r i e n t  i n p u t s  f o r  
pr imary producers i n  Mugu Lagoon r e s u l t  
from the a c t i v i t i e s  o f  consumers. The 
same phys ica l  and m i c rob i a l  processes t h a t  
break down macrophytes i n t o  d e t r i t u s  i n  
i n t e r a c t i o n s  w i t h  pr imary consumers a r e  
respons ib le  f o r  most o f  t he  r egene ra t i on  
o r  f i x a t i o n  o f  n u t r i e n t s  as we l l .  The 
l a r g e  number o f  seals  and b i r d s  t h a t  use 
t h e  lagoon as a r e s t i n g  p l ace  bu t  feed i n  
o t h e r  shore o r  aqua t i c  environments (Chap- 
t e r  4 )  cou ld  impor t  subs tan t i a l  q u a n t i t i e s  
o f  n u t r i e n t s  i n t o  t he  lagoon. Both of 
these sources a re  concentrated i n  sub t i da l  
areas and i n t e r t i d a l  f l a t s .  

I n  many coasta l  wetlands, h i gh  biomass 
and product ion o f  sal t-marsh p l a n t s  a r e  
assoc ia ted w i t h  ample t i d a l  f l u sh i ng .  I n  
Mugu Lagoon, low biomass and p roduc t ion  o f  
sa l  t-marsh p l a n t s  a re  c h a r a c t e r i s t i c  o f  
the  w e l l - f l  ushed eas te rn  arm, w h i l e  s a l t -  
marsh vege ta t ion  i s  denser, t a l l e r ,  and 
more l u x u r i a n t  i n  the we1 1 - f l  ushed western 
arm (pers. observ.). Th is  may be due t o  a  
combinat ion o f  bo th  l e s s  f l o o d i n g  by s a l t -  
water  and h i ghe r  f reshwate r  i n p u t  and 
n u t r i e n t  enr ichment from sources i n  t h e  
watershed. An a d d i t i o n a l  exp lana t ion  o f  
t he  d i f f e r e n c e  may be t h a t  n u t r i e n t - p o o r  
oceanic waters a r e  sapping t he  s a l t  marsh 
of i t s  n u t r i e n t s  i n  Mugu Lagoon, w h i l e  
r i c h e r  coas ta l  waters p rov ide  a n u t r i e n t  
subsidy t o  s a l t  marshes i n  many o t h e r  
areas. No measurements o f  d i s s o l v e d  
m a t e r i a l s  have been made t o  determine 
n u t r i e n t  f l u xes ;  however, the  v i r t u a l  
absence o f  a  l i t t e r  l a y e r  i n  t he  marshes 
o f  t h e  eastern arm suggests t h a t  p a r t i c u -  
l a t e  mat te r  i s  r a p i d l y  removed. Conse- 
quent ly ,  t he  n u t r i e n t s  regenerated by  
decomposit ion o f  marsh l i t t e r  a r e  f i r s t  
made a v a i l a b l e  and p robab ly  used i n  o t h e r  
environments, such as t h e  i n t e r t i d a l  f l a t s  
and sub t i da l  areas o f  t he  lagoon. Presum- 
ab ly ,  more o f  t he  l i t t e r  decomposes i n  
p l a c e  i n  t he  western arm. Where a1 loch-  
thonaus n u t r i e n t  i npu t s  a re  low, p rox im i  ty  
t o  regenerated n u t r i e n t s  would then r e s u l t  
i n  h i ghe r  biomass and product ion.  



According t o  t h i s  conceptual model o f  
t$e n u t r i e n t  regime o f  Muyu Lagoon, a l l  
i n p u t s  t o  the  saf t i t~r-sh a re  s i ~ l a l l  i n  
the eas te rn  ann, whereas a t  l e a s t  n u t r i -  
er>t regenerat ion,  and perzrh~ps impor ts  
by a n i m i i s  t h a t  feed ou t s i de  t he  lagoon, 
cons i de rah i  y augment t h e  a v a i l  a b i l  i t y  o f  
n u t r i e n t s  t o  pr imary producers i n  sub t i da l  
dv-eas and on i n t e r t i d a l  f l a t s .  Thus, 
r i u t r i e n t  a v a i l a b i l i t y  could  account f o r  
t i l e  g ind ing  o f  Dnuf e t  a l ,  (1979) t h a t  
sa l  t-.ilarsh p r o d u c t i v i t y  i n  v i e  eas te rn  an?  
o f  Rugu Lagoon Mas low cornpared t o  o t he r  
s i t e s  a t  s i m i l a r  l a t i t u d e s ,  whr le  ben th i c  
rn icrot  17v'dl p r o d u c t j v i  t y  was s i m i l a r .  
41 thoucjn t h e  few ava i t  ab le  ot\serva t i o n s  
a re  cons 1 s t c n t  w i t h  our  cor l ter l t ion t h a t  
a1 lochthonous n u t r i e n t  1 nputs ' i re  low and 
the  importance o f  reg en^^-ated n u t r i e n t s  
f o r  p l a n t  growth i s  c o r r r s p o r l d ~ n g l y  h igh,  
a1 1 i n t e r p r e t d t i o n s  dbo the  n u t r i e n t  
ceyinle o f  Mugu 1-aqoan a un tes ted  hypo- 
theses. 

5.7 AN ECOLOGICAL OVERVIEW 

The d i v e r s i t y  o f  b i o t i c  i n t e r a c t i o n s  i n  
t h e  f9ugu Lagoon es tua r i ne  ecosys tm  i s  
t r u l y  irrirnense. E a r l i e r  we a l l uded  t o  t h e  
v a r i e t y ,  steepness, and v a r i a b i l i t y  o f  t h e  
phys icd l  g rad i en t s  t h a t  i n t e r s e c t  w i t h i n  
es tua r i es  t o  account f o r  t h e i r  b i o t i c  
r ichness.  I n  t h i s  chapter  we have ex- 
amined i n  d e t a i l  how organisms i n  t he  same 
and d i f f e r e n t  t r o p h i c  l e v e l s  i n t e r a c t  w i t h  
sometin~es s u b t l e  d i  f fe rences  i n  t h e  phys i -  
c a l  env i  ronrnent t o  produce d i  f f e r e n t  ou t -  
canes. These s p e c i f i c  case h i s t o r i e s  and 
t he  Inare general  pa t t e rns  ex t r ac ted  f rom 
than  p rov ide  t h e  f u l l e s t  app rec i a t i on  of 
how the ecosystem a c t u a l l y  func t ions ;  how- 
ever,  t h e  d e t a i l  i s  overwhelming. I t  pre -  
c ludes o b t a i n i n g  a  sense o f  the  s t r u c t u r e  
o f  the whole. Were we su;nmarize on l y  t h e  
most proininent fea tu res  o f  each t r o p h i c  
l e v e l .  

To ta l  p r imary  product  i o n  i s  r e l a t i v e l y  
s i m i l a r  across the major phys iographic  
u n i t s  of t he  e s t u a r i n e  ecosys tm,  f ran  
sub t i da l  areas and i n t e r t i d a l  f l a t s  
through a1 1 b u t  t he  h i ghes t  p a r t  o f  the  
s a l t  marsh. However, pr imary producers 
d i f f e r  enormously i n  s t r u c t u r a l  charac te r -  
i s t i c < ,  e s p e c i a l l y  between t he  s a l t  marsh 
and the  rnore f r e q u e n t l y  f l ooded  areas. I n  
con t r as t ,  the  a c t i v i t i e s  of t he  pr i rnary 

consumers a re  h e a v i l y  concentrated i n  and 
on the  t i d a l  f l a t s  and i n  sub t i da l  areas. 
The feed ing  a c t i v i t i e s  o f  t he  predators  
a re  n e c e s s a r i l y  conf ined t o  t h e  same 
areas, 

The s u b s t r a t e  of t i d a l  f l a t s  and sub t i -  
da l  areas i s  c l o s e  t o  p l ana r  bu t  so f t ,  and 
t h e  vege ta t i on  i s  shor t .  Most l a r g e  p r i -  
mary consumers a re  bur ied. Small pr imary 
consumers a r e  b u r i e d  o r  h idden i n  t he  
vegetat ion.  Predators  a re  abundant. 
Perhaps t he  l i m i t s  on t he  s i z e  o r  p o s i t i o n  
of the pr i rnary consurners a re  imposed i n  
p a r t  by t he  predators .  Ce r t a i n l y ,  t he  
o n l y  p lace  t o  h i de  f o r  any th i ng  l a r g e r  
than a few m i l  l i m e t e r s  i s  i n  t he  s o f t  bot-  
tom, n o t  on i t s  f l a t  surface. W i t h i n  t h e  
marsh, n e i t h e r  smal l  s i z e  a t  t he  su r face  
n o r  h i d i n g  i n  t h e  sediment i s  compat ib le  
w i t h  the  r e l a t i v e l y  long  pe r i ods  o f  a e r i a l  
exposure a l t e r n a t i n g  w i t h  r e l a t i v e l y  b r i e f  
pe r iods  o f  submergence. Feeding t ime may 
be too shor t ,  and d e s i c c a t i o n  may be t oo  
severe. 

The smal l  o r  b u r i e d  p r ima ry  consumers 
t h a t  a r e  l i m i t e d  i n  d i s t r i b u t i o n  t o  i n t e r -  
t i d a l  f l a t s  and permanent open-water bot-  
torns cannot consume most o f  t h e  pr imary 
p roduc t i on  of the  ecosystem as l i v e  mater- 
i a1 . Most rnacrophytes a r e  unava i l ab l e  
because o f  phys i ca l  sepa ra t i on  ( i n  t he  
s a l t  marsh o r  above t h e  bottom) o r  r e f r a c -  
t o r y  b iochemica l  makeup. Consequently, 
most o f  the pr i rnary consumers a re  depen- 
den t  on the  same food: smal l  p a r t i c u l a t e  
o rgan ic  ma t t e r  c o n s i s t i n g  o f  l i v e  micro- 
a1 gae and d e t r i t u s  produced by p a r t i a l  
decomposit ion o f  mnacrophytes. 

The dependence o f  most o f  t h e  pr imary 
consumers i n  t he  Mugu Lagoon es tua r i ne  
ecosystem on t he  same food has major  
repercuss ions f o r  t h e  o r g a n i z a t i o n  of t h e  
pr i rnary consumer t r o p h i c  l e ve l .  Since t he  
scope o f  n i che  d i f f e r e n t i a t i o n  accord ing 
t o  food type i s  so l i m i t e d ,  e i t h e r  few 
species of p r imary  consumers might  be 
expected, o r  c r i t e r i a  o t h e r  than  food a re  
1  i k e l y  t o  be impor tan t  i n  account ing f o r  
t h e  v a r i e t y  o f  p r imary  consumers ac tua l  l y  
present.  As descr ibed above, a  g rea t  
d i v e r s i t y  o f  phys ica l  environments can 
occur  i n  an estuary.  Therefore,  i t  i s  
h a r d l y  s u r p r i s i n g  t h a t  s p a t i a l  r e l a t i o n s  
prove t o  be very  impor tan t  among t h e  
p r imary  consumers, and t h a t  an impressive 



d i v e r s i t y  resu l ts .  I n  any small area, 
d i f f e r e n t  pr imary consumers w i l l  be i n  t he  
water column, on the surfaces of plants, 
on hard surfaces, on loose sediments, o r  
a t  d i f f e r e n t  depths i n  the  sediments. 
Those species studied t h a t  coex is t  w i t h i n  
t he  same narrowly def ined spa t i a l  environ- 
ment i n t e r a c t  s t rongly,  and thus, tend t o  
be separated hor izonta l  l y ,  Physical 
i n te r fe rence  commonly i s  the mechanism by 
which one species excludes another w i t h i n  
the same stratum. Species i n  d i f f e r e n t  
s t r a t a  have l i t t l e  demonstrable e f f e c t  on 
each other, even though they consume the  
same k ind  o f  food. 

A greater  va r i e t y  o f  food i s  ava i l ab le  
t o  the predators than t o  t he  primary con- 
sumers, and t h i s  i s  r e f l e c t e d  i n  g reater  
d i f f e r e n t i a t i o n  o f  d iets.  Nevertheless, 
s p a t i a l  r e l a t i o n s  continue t o  be very 
important, o f t en  not  cor re la ted  w i th  t he  
d i s t r i b u t i o n  o f  prey. Thus, n e i t h e r  sub- 
s t r a t e  t e x t u r e  (over broad 1 im i t s )  nor t h e  

d i s t i n c t i o n  between i n t e r t i d a l  f l a t s  and 
adjacent subt idal  areas appear t o  i n f l u -  
ence the  polychaete prey o f  shorebirds 
( d i r e c t l y ) ,  bu t  both are c r i t i c a l  f ac to rs  
i n  determining the e f f e c t  o f  the  shore- 
b i  rds, 

The outstanding c h a r a c t e r i s t i c  o f  the 
top  predators i s  t h e i r  t iming. Whereas 
considerable feedback between t roph i c  
l eve l s  was evident  lower i n  the  food web 
(primary consumers ea t  p lants,  consumers 
regenerate n u t r i e n t s  f o r  p lan ts ) ,  the  
predators operate ou ts ide  the  con t ro l  o f  
o ther  t roph i c  l eve l s  w i t h i n  the ecosystem 
by migrat ing. This a l lows much heavier  
e x p l o i t a t i o n  o f  food wh i l e  predators are 
present than would be poss ib le  i f  they 
were dependent on the  lagoon a l l  o f  the  
time. The pe r iod i c  r e l a x a t i o n  o f  preda- 
t i o n  and recovery o f  prey populat ions has 
t h e  e f f e c t  o f  increasing t h e  l i k e 1  i hood o f  
an abundant food supply a t  the  beginning 
o f  the next per iod o f  residence. 



CHAPTER 6. COMPARISONS 

6.1 GEOGRAPHIC VARlATlON IN COASTAL 
CLIMATE AND TOPOGRAPHY 

The p r i n c i p a l  na tura l  cha rac te r i s t i cs  
o f  the coastal regions o f  the  United 
States t h a t  most in f luence estuar ine 
ecosystems a re  coasta l  topography, the 
amount and t im ing  o f  p rec ip i t a t i on ,  tem- 
perature, and sunl ight .  For i t s  e n t i r e  
length, the  P a c i f i c  coast i s  very steep, 
w i t h  small coasta l  watersheds (except f o r  
nor thern  San Francisco Bay and the Colum- 
b i a  River, i n t o  which are funneled waters 
from extensive areas o f  high e levat ion  
i n land  o f  t he  Coast Range) (Figures 1, 
48a). The cont inenta l  s h e l f  i s  narrow. 
P r e c i p i t a t i o n  i s  heav i l y  concentrated i n  
t h e  co ldes t  months o f  t he  year and i n -  
creases northward from 26 cm per year a t  
San Diego, Ca l i f o rn ia ,  t o  g reater  than 
250 un i n  t h ree  coasta l  l oca t i ons  between 
t h e  Oregon-Cal i f o r n i  a border and the  
nor thern t i p  of t he  Olympic Peninsula 
(Figure 48b). The t im ing o f  r i v e r  r u n o f f  
i s  c l ose l y  co r re la ted  w i t h  p r e c i p i t a t i o n ,  
except i n  t he  drainages o f  the  Columbia 
River and nor thern  San Francisco Bay, 
where much o f  the  p r e c i p i t a t i o n  i s  s tored 
as snowpack and released much l a t e r  (Fig- 
u r e  48b). The growing season i s  long 
along the  whole coast  (F igure 48c), bu t  
t he  P a c i f i c  Northwest receives one-thi r d  
less  so la r  r a d i a t i o n  than southern Ca l i -  
f o r n i a  (F igure 48d), and evaporat ion i s  
less  than one-ha1 f (Figure 48e). 

With the except ion o f  s i m i l a r  south- 
nor th  gradients i n  s o l a r  r a d i a t i o n  and 
evaporat ion (Bal dwin 1974) and the 
rugged topography o f  New England, the 
natura l  c h a r a c t e r i s t i c s  o f  the other  
coastal regions o f  the  Uni ted States t h a t  
i n f l uence  es tua r ine  ecosystems d i  f f e r  
d r a s t i c a l  l y  from those j u s t  described. 
Most important ly ,  p r e c i p i t a t i o n  i s  
g reater  than 100 cm per year frm eastern 

Texas t o  the Canadian border and even 
southern Texas received a t  l e a s t  tw ice  as 
much p r e c i p i t a t i o n  as southern Cal i f o r n i a  
(Bal dwi n 1974). Furthermore, the p rec i  p- 
i t a t i o n  i s  e i t h e r  concentrated i n  the 
warm months o r  evenly d i s t r i b u t e d  
throughout the year. R iver  r u n o f f  i s  
maximal i n  the spr ing  and remains sub- 
s t a n t i a l  through midsummer (van der 
Leeden 1975). A long ser ies  o f  b a r r i e r  
i s lands b u f f e r  t he  e f f e c t s  o f  the open 
ocean on inner  coasta l  waters. Here the  
whole coastal region behind the  b a r r i e r  
i s l ands  i s  an es tuar ine  ecosystem. The 
cont inenta l  she l f  i s  broad f r a n  Mexico t o  
Canada, and the coastal p l a i n  i s  broad 
fran Mexico t o  New York. By opening onto 
broad expanses o f  s h a l l  ow coastal waters, 
eas tern  es tuar ies  are l i n k e d  t o  a greater  
ex ten t  than i s  possib le on the  P a c i f i c  
coast. 

The net  e f f e c t  o f  these fac to rs  i n  
southern C a l i f o r n i a  i s  as described i n  
d e t a i l  f o r  Mugu Lagoon. Estuar ies here 
are small and d iscre te ,  separated from 
others by sometimes 'long distances o f  
open coastal waters w i th  a st rong oceanic 
in f luence,  ra the r  than shal low water 
l y i n g  above a broad cont inenta l  shelf .  
P r e c i p i t a t i o n  and r i v e r  runof f ,  inc lud ing  
the r i v e r ' s  supply o f  nu t r ien ts ,  v i r -  
t u a l l y  cease before the  per iod  o f  high 
p lan t  growth i n  May through August; a t  
the same time, evaporat ion ra tes  are 
high. The combination o f  low n u t r i e n t  
supply and high and increasing s o i l  
s a l i n i t i e s  when maximal growth should be 
occur r ing  probably reduce the  product iv-  
i t y  o f  the f r i n g i n g  marshes considerably 
canpared t o  what otherwise might  be pos- 
s ib le .  These cons t ra in t s  on p l a n t  growth 
do n o t  e x i s t  on t i d a l  f l a t s  and i n  sub- 
t i d a l  areas. However, the  v i r t u a l  
absence o f  a sal i n i  t y  gradient  dur ing 
most o f  the  year r e s t r i c t s  some uses o f  
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Figure 48. The P a c i f i c  coast o f  North America from 30" t o  50°N. ( a )  Physical r e l i e f ,  
showing t h e  rugged topography o f  the coastal region and the  narrow con t i nen ta l  shelf. 
( b )  Normal rnonthly t o t a l  p r e c i p i t a t i o n  (cm), mean monthly r i v e r  discharge (m3/s) f o r  

the estuary and the presence o f  some 
kinds o f  organisms. Most important ly ,  no 
refuge from natura l  enemies i s  ava i l ab le  
through d i f f e r e n t i a l  to lerance t o  low- 
s a l i n i t y  waters, one imputed source o f  
the h igh value o f  es tua r ies  as nursery 
a r tas  f o r  some species (Douglas and 
Stroud 1971). 

Despite a somewhat s i m i l a r  topography, 
the c l i m a t i c  d i f fe rences o f  the P a c i f i c  
Northwest lead t o  d i f fe rences i n  estu- 
a r i ne  funct ioning.  Since evaporat ion i s  
much l ess  than i n  the  south (Figure 48e), 

s t r e s s f u l  s o i l  s a l i n i t i e s  are  l ess  
1 i kely, but less  l i g h t  (F igure 48d), 
lower temperatures, and maximal p lan t  
growth ou t  o f  phase w i t h  n u t r i e n t s  sup- 
p l i e d  by r i v e r  runof f ,  as i n  t h e  P a c i f i c  
Southwest, suggest t h a t  t he  p r o d u c t i v i t y  
o f  the s a l t  marshes may n o t  d i f f e r  appre- 
c i a b l y  i n  the north. Since r i v e r  r u n o f f  
does n o t  cease a1 together  i n  t h e  summer 
(Figure 48b), an enhanced nursery func- 
t i o n  i s  possib le canpared t o  t h e  south, 
bu t  the rugged topography s t i f  1 assures 
t h a t  the  es tuar ies  are small and d is -  
crete. 
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d i f f e r e n t  drainages, and mean annual t o t a l  p r e c i p i t a t i o n  (cm). (c )  Growing season 
( f r o s t - f r e e  per iod i n  days). (d)  Mean d a i l y  so la r  r a d i a t i o n  (Langleys). (e)  Mean 
annual pan evaporat ion (cm). (a-adapted f ra l  U.S. Geological Survey 1974; b  t o  
e-Baldwin 1974; b-Kahrl 1978 and van der Leeden 1975.) 

As noted previously,  the b io log i ca l  
cha rac te r i s t i cs  o f  nor thern  San Francisco 
Bay and the  Columbia River  estuary are 
not constrained by the t im ing o f  fresh- 
water input ,  which occurs i n  spr ing  and 
summer when reduced s a l i n i t y  would con- 
t r i b u t e  most t o  p lan t  growth and use o f  
the  es tuar ies  by j u v e n i l e  stages o f  f i s h  
and inver tebrates.  

On the eas t  coast, topographic fac tors  
g r e a t l y  expand the  in f luence o f  estuar ine 
condit ions. I n  add! t i on ,  t he  t im ing o f  
p r e c i p i t a t i o n  and r i v e r  r u n o f f  co inc ide  

w i t h  the per iod o f  maximal p lan t  growth. 
Therefore, s t r e s s f u l  cond i t ions  o f  s o i l  
sal i n i  t y  are minimized, and n u t r i e n t s  
from t e r r e s t r i a l  sources are  made ava i l -  
able t o  marsh p lan ts  a t  the  most appro- 
p r i a t e  time. 

This suggests t h a t  t he  increases i n  the  
length  o f  the growing season and t h e  
amount o f  so la r  r a d i a t i o n  from nor th  t o  
south w i l l  r e s u l t  i n  r e l a t i v e l y  h igh pro- 
d u c t i v i t y  o f  sallt marsh p lan ts  i n  t he  
nor th  and very h igh p r o d u c t i v i t y  i n  t h e  
south, compared t o  o ther  regions. The 



shor ter  growing season ( f ros t - f ree per- 
iod)  o f  New England, as compared t o  the 
Pac i f i c  Northwest (Bal dwin 1974), may 
r e s u l t  i n  somewhat lower product iv i ty  of 
Mew England sa1 t marshes, but the d i f f e r -  
ence i n  the length o f  the growing season 
i s  p a r t l y  canpensated by very low l i g h t  
ea r l y  i n  the growing season and low tem- 
perature a t  the peak of  the growing 
season i n  the Pac i f ic  Northwest. The 
nursery funct ion i s  great by a l l  c r i -  
ter ia ,  including some not discussed i n  
the r e s t  of t h i s  inter-regional canpari- 
son: abundant food supplies, high tem- 
perature, and protect ion from natural 
enemies , 

Despi t e  simi 1 a r  long growi ng seasons 
and solar radiat ion,  the product iv i ty  o f  
s a l t  marsh macrophytes i s  much lower i n  
the a r i d  Southwest than i n  the moist 
Southeast (Zedler e t  a1 . 1978; Onuf e t  a1 . 
1979; however, a1 so see E i  1 ers 1981). 
South t o  north gradients i n  s a l t  marsh 
product iv i ty  on the two coasts also point  
t o  an important e f f ec t  of  the lack of 
freshwater input t o  account f o r  the con- 
d i  t ions observed i n  southern Gal i fo rn ia .  
On the A t lan t i c  coast, where freshwater 
input  varies l i t t l e  f ran  the southern- 
most t i p  o f  Flor ida t o  the Canadian bor- 
der (Baldwin 1974; van der Leeden 1975), 
a strong decreasing gradient i n  produc- 
t i v i t y  wi th  increasing l a t i t ude  has long 
been recognized (Turner 1976). I n  con- 
t ras t ,  on the Pac i f i c  coast, where pre- 
c i p i t a t i o n  increases from less than one- 
fou r th  o f  t ha t  o f  the A t lan t i c  coast near 
the Mexi can border t o  substant ia l ly  more 
than anywhere on the A t lan t i c  coast from 
northern Cal i forn ia  to  the Canadian bor- 
der, sal t-marsh product lv i  ty decreases 
l i t t l e ,  if a t  a l l ,  a t  least  from south- 
errmost; Cal i fornia t o  central Oregon 
(Macdonald and Barbour 1974; Onuf e t  al. 
1979; E l le rs  1981; Josselyn 1983; 
Sel iskar and Gallagher 1983). This sug- 
gests t ha t  greater freshwater input might 
k c w e n s a t i n g  f o r  lower l i g h t  and tem- 
perature going northward on the Pac i f i c  
coas t , 

Zedler (1982) stated we1 1 the reasons to  
bel ieve t ha t  the high s o i l  s a l i n i t i e s  o f  
the  long summer drought period are respon- 
s i b l e  f o r  l i m i t i n g  growth and product iv i ty  
i n  southern Cal i fo rn i  a sal t marshes; 
however, the observa t.i ons presented above 

do not  dl'stingui sh &ether another conse- 
quence of  1 i t t l e  freshwater Snput during 
the growing season 4s nut r ien t  l i m i t a t i o n  
o f  growth. Nor do those observations t e s t  
the imputed importance o f  timing. As i t  
stands, we can be qu i te  ce r ta in  tha t  
freshwater input i s  an important de- 
terminant o f  how s a l t  marshes funct ion 
i n  southern Ca l i fo rn ia  and the m s t  
important determinant o f  dif ferences 
between s a l t  marshes i n  southern Cali- 
fornia and other regions o f  the United 
States. The mechanism- behind th is ,  how- 
ever, i s  unknown. 

6.2 COMPARISON OF MUGU LAGOON TO 
THE OTHER SOUTHERN CALIFORNIA 
ESTUARIES 

The great var ie ty  of coastal wetlands 
i n  s im i la r  natural  environmental set t ings 
i n  southern Ca l i fo rn ia  has three obvious 
causes: size, connection wi th  the ocean, 
and man-caused a1 terat ions . Perhaps most 
important i s  tha t  the set t ing i s  no 
longer natural (Zedler 1982). Probably 
every estuarine ecosystem i n  southern 
Cal i forn ia  has undergone major a1 tera- 
t ions as a r esu l t  o f  human ac t i v i t i e s .  
Portions of many have been dredged t o  
provide ports and marinas, while other 
portions have been f i l l e d  t o  provide a i r -  
ports and space f o r  real-estate develop- 
ment. Marshes have been diked f o r  a 
mu1 t i  tude of reasons, ranging from exploi- 
t a t i on  of  petroleum reserves t o  manage- 
ment of  waterfowl populations. Channel s 
have been deepened and realigned, p r i -  
mar i ly  fo r  f lood control  and navigation. 
Highways and ra i l roads have been b u i l t  
across most coastal wetlands, perhaps 
pre-empting l i t t l e  area, but always a l -  
te r ing  c i r cu l a t i on  and of ten r e s t r i c t i n g  
the locat ion of the mouth. Dams have 
been b u i l t  on many of the i n l e t  streams, 
intercept ing sediments, d i ve r t ing  water, 
and a l te r ing  the t iming of  water de l ivery  
to  the estuary. Land-use practices, 
pa r t i cu l a r l y  agr icul ture,  have accelerated 
erosion and, through drainage o f  water 
used i n  i r r i g a t i o n ,  a l tered the t iming o f  
the de l ivery  o f  water t o  estuaries. 

The other two factors, s ize and commun- 
i ca t i on  w i th  the ocean, undoubtedly led  
to  great differences among estuaries 
under natural conditions, but also are 



a f fec ted  by human modi f i ca t ions .  The 
physical  environment (Carpel an 1969),  the 
f l o ras  and primary p r o d u c t i v i t y  (Zedler 
1982), and the  faunas (Mudie e t  a l .  1974) 
a re  very d i f f e r e n t  depending on the 
frequency, t iming, and du ra t i on  o f  a 
surface-water connection between the 
estuary and the  ocean, The reason t h a t  
es tuar ies  d i f f e r  i n  t h e i r  water connec- 
t i ons  t o  the ocean i s  t h a t  the  longshore 
d r i f t  o f  sand (described i n  Chapter 3 i n  
the context  o f  i n l e t  migra t ion)  happens 
almost a1 1 o f  the t ime and tends t o  f i l l  
i n  any opening t o  an estuary. Unless 
s u f f i c i e n t  f l ow  i n t o  o r  out  o f  the estu- 
a ry  counteracts t h i s  f i l l i n g ,  the mouth 
w i l l  close. The two sources of f low are 
t i d a l  cur ren ts  and r i v e r  o r  creek d is -  
charge. Estuaries w i t h  a l a rge  area 
subject  t o  t i d a l  change i n  depth w i l l  
a1 ways remain open, hence the importance 
o f  the s i ze  o f  t h e  estuary. Somewhat 
smal ler  estuar ies may be open most o f  the 
time, but, once closed, probably requ i re  
t h e  w in ter  h igh f l ow  o f  i n l e t  streams t o  
reopen them. Smaller es tuar ies  w i l l  
d i f f e r  among themselves and w i t h i n  and 
between years, depending on t h e i r  re la -  
t i o n s  t o  freshwater sources. They can 
range f r a n  being f resh  almost a l l  of the 
t ime t o  being brackish a t  t he  time of 
c losure and then becoming hypersal ine as 
evaporat ion proceeds. 

Deta i led  canparisons a re  poss ib le  f o r  
some important features o f  s t ruc tu re  and 
func t i on  between Mugu Lagoon and three 
other  small southern C a l i f o r n i a  estuar ine 
systems: Anaheim Bay, Upper Newport Bay, 
and Tijuana Estuary (F igure  49). A l -  
though a l l  have been modi f ied by human 
a c t i v i t i e s ,  they have i n  common cont in-  
uous, o r  c lose t o  continuous, connections 
w i t h  the  ocean, r e l a t i v e l y  l a r g e  s i ze  by 
regional  standards, a v a r i e t y  o f  l i t t l e -  
d is tu rbed subt ida l  and i n t e r t i d a l  habi- 
ta ts ,  and natura l  associat ions betwcten 
most hab i ta t s  ( f o r  instance, broad f l a t s  
between mergent  marsh and shal low open 
water). Comparisons among these es tu- 
a r i e s  t e s t  the  v a l i d i t y  o f  t he  analys is  
of estuar ine ecosystem func t i on  developed 
i n  t h i s  p r o f i l e ,  based on Mugu Lagoon 
alone, and extend the  ana lys i s  t o  s i t ua -  
t i o n s  not  s p e c i f i c a l l y  s tudied i n  Mugu 
Lagoon. 

Ti juana Estuary (Figure 49h) i s  the  
only s i t e  i n  southern C a l i f o r n i a  besides 
Mugu Lagoon where an i n teg ra ted  e f f o r t  
has been made t o  assess the  con t r i bu t i ons  
of d i  f f e r e n t  sources o f  pr imary produc- 
t i o n  (Zedler  e t  al .  1978; Zedler 1982). 
The two systems are s i m i l a r  i n  the  
r e l a t i v e l y  1 ow p r o d u c t i v i t y  o f  the vascu- 
l a r  p lan ts  o f  t h e i r  s a l t  marshes (com- 
pared t o  o ther  regions)  and the  pro- 
po r t i ona te l y  g reat  c o n t r i b u t i o n  o f  the  
benthic m ic ro f l o ra  t o  t o t a l  production. 
The two systems d i f f e r  i n  the v i r t u a l  
absence o f  :partina from Mugu 1-agoon and 
i t s  domination o f  the lower marsh a t  
Tijuana Estuary, the  very low product iv-  
i t y  o f  vascular p lan ts  i n  the  l ~ w e r  marsh 
a t  Mugu Lagoon, and i n  t he  r e l a t i v e l y  
broad cont inenta l  shel f contiguous t o  
Tijuana Estuary, r a t h e r  than the narrow 
she l f  cu t  by a submarine canyon as a t  
Mugu Lagoon. A1 though dredging e l  imi- 
nated most o f  the cordgrass t h a t  once was 
present i n  Mugu Lagoon (Macdonald and 
Barbour 19741, t h i s  a c t i v i t y  d i d  no t  
a f fec t  the areas studied i n  the eastern 
arm. There, the absence o f  major fresh- 
water inputs  u n t i l  recent times, and the  
short  dura t ion  of these i npu ts  even now, 
probably preclude the establ ishment o f  
cordgrass, because germination and e a r l y  
growth appear t o  requ i re  reduced s a l i n i -  
t i e s  (Zed ler  1982, pers. cuinm.). 

I n  Chapter 5, t h e  submarine canyon cut- 
t i n g  across the a l ready narrow continen- 
t a l  s h e l f  a t  Mugu Lagoon (Figure 13b) was 
hypothesized t o  de l  i v e r  nu t r ien t -poor  oce- 
anic water i n t o  the  lagoon dur ing  t i d a l  
exchange t o  account f o r  the  low produc- 
t i v i t y  of the marsh i n  the wel l- f lushed 
eastern arm. Instead, T i  juana Estuary 
(Figure 49b) i s  f lushed by water f r a n  a 
much broader segment o f  cont inenta l  she l f  
and consequently may be r i c h e r  i n  n u t r i -  
ents. The twofo ld  d i f f e rence  i n  low 
marsh p r o d u c t i v i t y  between the  two estu- 
a r i es  (F igure  50) i s  cons is ten t  w i t h  t h i s  
presumed d i f f e rence  i n  t h e i r  n u t r i e n t  
regimes. 

S ix  species accounted f o r  94% o f  a l l  
shel 1 ed macroinvertebrates c o l  l e c t d  by 
Peterson (1975) dur ing 3 years of sampl- 
ing  i n  the sandy subt idal  areas o f  Mugu 
Lagoon (Table 121, The same s i x  species 
accounted f o r  83% o f  a l l  i nd i v idua l s  
co l l ec ted  i n  s i m i l a r  hab i ta t s  a t  T i juana 





Figure 5Q. Pri indry product  i v i  t y  as 
~nc?ac;urcd by August hiornass o f  t h e  lower  
rqnrshes a t  f i j u a n a  Fs tuary  ( f rom Zedler  
1982) and Mugu Lagoon. 

Estudr-y d i r r ing  the same per iod,  H~wever ,  
the two llrtost common species a t  Pfugu 
Ldsoon ( t h e  cmmensal s  Cal l i anassa  c a l  i- 
forniensis and ----- -ca l i f o r * )  
were ve ry  r a r e  a t  Estuary. Dwr- 
i n g  t h e  study o f  t he  i nve r t eb ra tes ,  an 
d c t i v e  b a i t  f i s h e r y  For t h e  ghost  shrimp 
C a l l  ianassa was in progress, us ing  pumps -- 
powered tsy gasal i n e  engines t o  f l u s h  Cal- 
l ja r idssa ou t  o f  i t s  burrows (~ete';.son 
P 

1537gr-of course, t h e  rernoval o f  Cal li- 
jinassa a l so  doomed i t s  c a n r n e n s a l ~ e  
g n r Y p t a n l a .  There were g r e a t e r  den- 
s i t i e s  o f - d e e p - d w e l l i n g  N u t t a l l i a  and 
Tagelus ( i n  t he  same s t ra tum o f  t h e  sedi -  
r lents as  Cal l i anassa  and C r  tm a),  
cotijiled withi-rightly l o e l -  
t i e s  o f  sha l low-dwe l l i ng  Protathaca and 
Dendraster  a t  T i j uana  Estuary  cmpa red  t o  
Munu taooon. This a a t t e r n  i s  cons f s t en t  
w i  i h  ~ k c r s o n ' s  (1477) hypothes is  t h a t  
con lpe t i t j an  For .;pace i s  ins t rumenta l  i n  
detern i ln ing t h e  s t r u c t u r e  o f  t h i s  ben th lc  
canmunity, and t h a t  b i o l o y l c a l  i n t e r a c -  
t l o n s  a r e  stronyct.;t w l t h i n  the  same depth 
s t r a t um  (see Chapter 5) .  

Table 12. The mean d e n s i t i e s  (numbcr/m2) o f  t h e  canmon 
shelled ~nac ro i nve r t eb ra t cs  and t h e i r  percent  o f  t o t a l  
d e n s i t y  i n  sub t i da l  sandy areas.of  Mugu Lagoon and T i juana  
Estuary  sampled a t  4-month i n t e r v a l s  between J u l y  1969 and 
,July 1972 (adapted frtm Peterson 1975). C = crustacean, E = 
echr"nodemr, no n o t a t i o n  = b i va l ve .  

------- --." 
T i  juana 

Macro inver tcb ra tc  
Mugu Lagoon Estuary  
nensi t y  X Dens i t y  % 

Cr tom a c d l i f o r n i c a  
& ' i T ? n ~ f t n s i r  *-- ( c )  
TFZZGaC-stam1nea- 
N u t t a l l i d  (Sangu ino la r ia )  -- 

n u t t a l  l i  S 
i fendraster  excen t r i cus  ( ~ j  --- --- 
Tagel us c a i  i forn ianus 

A1 1 o the r s  

To ta l  



Although t h e  methods o f  c o l l e c t i o n  d i f -  
fered between l oca t i ons ,  s u f f i c i e n t  data 
e x i s t  t o  compare the  f i s h  faunas among 
t he  four la rge ,  permanently open, n o t  
complete1 y a r t i f i c i a l  e s t u a r i n e  systems 
o f  southern C a l i f o r n i a  (Tab le  13). Nugu 
Lagoon, T i juana  Es tuary  and Anaheim Bay 
resemble each o t h e r  c l ose l y .  Topsmelt i s  

t he  numerical  dominant i n  a1 l t h r e e  wet- 
lands, and staghorn scu l p i n ,  C a l i f o r n i a  
k i l l i f i s h ,  C a l i f o r n i a  h a l i b u t ,  and d ia -  
mond t u r b o t  a re  a l l  abundant i n  each wet- 
land. Probably t h e  l a c k  o f  wide expanses 
o f  permanent open water  i n  T i j uana  Estu- 
a ry  (F i gu re  49b) accounts f o r  t h e  r a r i t y  
o f  sh iner  su r fperch  there.  The diamond 

Table 13. Ranking o f  abundances o f  common f i s h  species i n  f o u r  l a r g e  southern C a l i f o r -  
n i a  coas ta l  wetlands. 

Speci es 

Upper Newport Bay 

Mugu a T i juanab Anaheim L i  t t o r a l  
Lagoon Estuary  Bay 1974-75d 1978-7ge q 1974-75 

Topsmel t 
(A ther inops  a f f i n i s )  

Sh iner  s u r f o e r r  
2 

(Le t o c o t t u s  armatus) 
Ca , ~ I w  

3 

(Fundulus p a r v i p i n n i s )  4 
C a l i f o r n i a  ha1 i b u t  

(Hypsopsetta g u t  t u l a  t a  ) 6 
Arrow goby 

(C leve land ia  -) * 
S t r i p e d  mu1 l e t  

(Mu il ce ha lus )  
Deep -$s+ o y anc ovy 

(Anchoa canpressa) 
Slough anchovy 

{Anchoa d e l i c a t i s s i m a )  3 
~os-i: h 

(Gambusia a f f i n i s )  
8 1 a m e r  

(Efirbiotoca j a c k s o n i  ) 2 
Round s t i n g r a y  

(Uro lo  hus h a l l e r i )  -+ 5 White s u r  perch  
(Phanerodon f u r cd tus  f -- 6 

a bOnuf and Quamrnen (1983). 

C 
White e t  a l .  (unpubl. rep.). 
Lane and H i l l  (1975). 
d ~ i  l e n  ( 1976). 
e41 l e n  (1980), 
*Probably much m r e  abundant than any o t h e r  species, b u t  inadequa te ly  sampled by gear 

used, 



t u r b o t  i s  r e l a t i v e l y  more common a t  
Anaheim Bay than a t  the  o ther  loca t ions ,  
but  the reasons f o r  t h i s  are not  known. 

Two features d i s t i n g u i s h  Upper Newport 
Bay from t he  o the r  locat ions.  The bay i s  
l a rge  enough t h a t  the  f i s h  fauna of i t s  
open-water areas i s  d i s t i n c t l y  d l  f f e r e n t  
from t h a t  o f  i t s  l i t t o r a l  areas (Figure 
49c). Surfperch and f l a t f i s h  character- 
i z e  the former, wh i le  topsmelt, k i l l i f i s h ,  
and scu lp in  t y p i f y  t he  l a t t e r .  Anchovies 
occur i n  both areas. Although some of 
t h i s  d i f f e r e n t i a t i o n  can be detected 
a t  Mugu Lagoon (Tables 5, 6) and i n  Ana- 
heim Bay (Lane and Hi1 l 1975), the spa t i a l  
separat ion between open water and l i t t o r a l  
areas i s  r a t h e r  small, and topsmel t i s  no t  
a  1  i t t o r a l  species. The c the r  d i s t i n c t i v e  
fea tu re  o f  Newport Bay i s  the  abundance o f  
mosqui tof ish (a  p r i m a r i l l  f reshwater spe- 
c i e s )  i n  t h e  l i t t o r a l  zone i n  1978, one o f  
the major storm years t h a t  f i gu red  so 
impor tan t l y  i n  the ana lys is  o f  ecosystem 
func t i on  f o r  Mugu Lagoon. A t  Upper 
Newport Bay, sh iner  sur fperch and staghorn 
scu lp in  were more abundant i n  the d r y  
per iod  sampled (1974-75) than the  wet 
per iod (1978-79). Shiner sur fperch a1 so 
decl ined a t  Muqu Laqoon i n  the 1978-79 
wet period; however, -staghorn scul p i n  d i d  
no t  decl ine,  and no freshwater f i shes  
were caught t he re  i n  the  wet period, 
Whether both d i f f e rences  a r i s e  frm a 
greater  f reshwater  i n f l uence  i n  Upper 
Newport Bay i s  uncerta in.  Eggs and 
la rvae o f  staghorn scu lp in  i n  Tomales 
Bay, C a l i f o r n i a  cannot surv ive s a l i n i t i e s  
<10 ppt, bu t  j uven i l es  t h r i v e  i n  f resh-  
water (Jones 1962). I n  southern C a l i f o r -  
nia, tolerances might reasonably be lower. 

Four o ther  southern Cal i f o r n i a  estu- 
a r i es  have mouths t h a t  are open t o  t h e  
ocean most o f  the  time: Agua Hedionda 
Lagoon, Upper Bolsa Bay ( t h e  State Eco- 
l o g i c a l  Reserve), Carp in ter ia  Slough, and 
Goleta Slough (F igure  51a-d), but  d i f f e r  
from Mugu Lagoon much more than Ti juana 
Estuary, Upper Newport Bay, and Anaheim 
Bay i n  o ther  cha rac te r i s t i cs .  A l l  a re  
much smal ler  than Mugu Lagoon. Dredging 
w i t h i n  Agua Hedionda Lagoon (Figure 5 l a )  
has expanded the  area o f  permanent open 
water g r e a t l y  a t  t he  expense o f  t i d a l  
f l a t s  and s a l t  marsh (Bradshaw e t  a l .  
1976). Instead o f  a  gradual progression 
from s a l t  marsh across t i d a l  f l a t s  i n t o  

shal low subt ida l  areas, there  i s  an 
abrupt dropoff from an upland edge o r  
s a l t  marsh i n t o  r e l a t i v e l y  deep water. 
Coastal f i shes  no t  commonly associated 
w i t h  wetlands might  be expected, wh i l e  
shallow-water species such as the  Ca l i -  
f o r n i a  k i1  l i f i s h  should be r e l a t i v e l y  
rare. B i rds  of t he  open water, such as 
grebes and d i v i n g  ducks, should be abun- 
dant, and shorebirds should be rare. A 
long passage through a  marina intercedes 
between the entrance t o  Upper Bolsa Bay 
(F igure  51b) and the  ocean. This i s  
bound t o  a f f e c t  use o f  the wetland by 
f i shes  and perhaps i s  a  b a r r i e r  t o  some 
kinds o f  inver tebrates.  Ca rp in te r i a  
Slough (F igure  51c) lacks i n  area o f  open 
water. Over h a l f  o f  the open water i s  i n  
t he  form o f  channels, a r t i f i c i a l l y  
deepened and steepened f o r  f l o o d  con t ro l  
and separated from the adjacent s a l t  
marsh by dikes (Macdonald 1976a). Even 
more o f  Goleta Slough (F igure  51d) i s  so 
modif ied, and t i d a l  f l a t s  are v i r t u a l l y  
absent as we l l  (Speth e t  a l .  1970). 
Espec ia l l y  i n  the l a t t e r ,  t he  l i m i t e d  
area and monotony o f  t he  permanent water 
hab i ta t s  should r e s u l t  i n  low abundance 
and v a r i e t y  o f  the  wetland fauna. 

Los ~e'iiasqui tos  Lagoon's ocean connec- 
t i o n  (F igure  51e) i s  very unpredictable 
i n  occurrence and du ra t i on  (Mudie e t  a?. 
1974). When i t s  mouth has been open f o r  
several months, Los Pe'%asquitos Lagoon 
probably i s  s i m i l a r  t o  Mugu Lagoon i n  
ecosystem s t r u c t u r e  and funct ion. When 
t h e  mouth i s  closed o r  on l y  recen t l y  
opened, the r e l a t i o n s  described i n  t h i s  
p r o f i l e  w i l l  n o t  apply. Closure i s  the 
r u l e  r a t h e r  than the  exception i n  most 
o ther  coastal wetland ecosystems o f  the  
region. The r e s u l t i n g  d i f fe rences are 
too  numerous f o r  t he  ana lys is  of ecosys- 
tem func t i on  i n  Mugu Lagoon t o  be r e l e -  
vant. Even " i n t e r m i t t e n t  estuary" i s  a  
misnomer i n  t h i s  case. 

I n  summary, t he  correspondences i n  many 
aspects o f  t he  b io logy  o f  the fou r  l a r g e  
open coastal wetlands o f  C a l i f o r n i a  are 
considerable. This provides some cause 
f o r  be l i ev ing  t h a t  the ana lys is  o f  the  
Mugu Lagoon es tuar ine  ecosystem may be o f  
more general s igni f icance.  Perhaps more 
important ly ,  the d i f fe rences should 
provide valuable checks on same of the 



more extravagant extrapol a tions requi red ences should a1 1 ow the extension of the 
to synthesize a complete analysis for basic analysis to a broader array of con- 
Mugu Lagoon. Furthermore, those differ- d i  tions, as out1 ined above. 

Figure 51. Smaller estuaries of southern California, always open bu t  
only indirectly connected to ocean or w i t h  altered relations between 
habitats ~ s i t h i n  the estuary: ( a )  Agrra Hebionda, (b) Upper Botsa Bay 
(the State Ecological Reserve), ( c f  Carpinferia Slough, and ( d )  Goleta 
Slough; or unpredictably open to the ocean: (e)  Los PeWasquitos Lagoon. 



CHAPTER 7. MANAGEMENT CORII$IDERABIOMS 

I n  southern C a l i f o r n i a ,  encroachrnents 
on es tua r i ne  systems have been so severe 
t h a t  we cannot r e a l l y  know what these 
systems were l i k e  and how they  func t ioned  
b e f o r e  t h e  appearance o f  rnan i n  t he  
region. I n  t h a t  sense, t h e  remnants of 
e s t u a r i e s  a re  n o t  " n a t u r a l  " (i .e., i n t a c t  
examples o f  a  whole ecosystem). On t h e  
o t h e r  hand, t h e  e s t u a r i n e  rea lm where 
f reshwater ,  marine, and t e r r e s t r i a l  
i n f l uences  cmming l  e  a1 ways has been 
sub jec t  t o  a  wider  range o f  f l u c t u a t i n g  
i n p u t s  and cond i t i ons  than almost any 
o t h e r  ecosystem. Consequently, many o f  
t h e  a l t e r a t i o n s  caused by human a c t i v i -  
t i e s  l i e  w i t h i n  the  range o f  cond i t i ons  
experienced by t he  n a t u r a l  system. Thus, 
many o f  t h e  remain ing p a r t s  o f  es tua r i es  
i n  southern Cal i f o r n i a  today probably  had 
coun te rpar ts  i n  e s t u a r i e s  be fo re  hunan 
in f luence .  

Un fo r t una te l y  , the  p r o p o r t i o n a t e  con- 
t r i b u t i o n s  o f  d i f f e r e n t  p a r t s  of estu-  
a r i n e  ecosystems i n  southern C a l i f o r n i a  
have been a l t e r e d  so d r a s t i c a l l y  t h a t  we 
can no t  even guess what t h e  na tu rd l  p ro -  
po r t i ons  rnight have been. Some pa r t s  o r  
t h e i r  connect ions t o  t h e  r e s t  o f  the  
e s t u a r i n e  ecosystem have been a1 mos t 
e n t i r e l y  e l  iminated. Funct ions t h a t  
depended on those p a r t s  o r  connect ions 
i n e v i t a b l y  have been e l im ind ted  o r  dras- 
t i c a l l y  c u r t a i l e d .  The most obvious o f  
these a re  the  e l i m i n a t i o n  o f  most f resh-  
l ~ a t e r  marshes, the sepa ra t i on  o f  most of 
t h e  remaining f reshwate r  marshes from 
t i d a l  wet lands by levees o r  roads and 
r a i l  road embankments, and the  consequent 
e l i m i n a t i o n  o f  b rack ish  water hab i t a t $ .  
F o r  water fowl ,  p a r t  of t h i s  l o s s  has Szen 
rllade good by purposeful  manageinent o f  
impounded areas o f  f reshwate r  f o r  t h e  
enttance~:eat of y a m  b i  rD popul a t i o n 5  . 
However, i f  a  nursery  f u n c t i o n  ever  
e x i s t e d  based on a  gradual t r a n s i t i o n  

f r a n  f reshwate r  t o  seawater, i t  has been 
l o s t  i n  i t s  e n t i r e t y .  C lea r l y ,  the  whole 
i s  n o t  what i t  once was. Never the less,  
t he  remainder cont inues t o  be a  dense 
mosaic o f  na tu ra l  hab i t a t s ,  a l l  the  rnore 
deserv ing o f  p r o t e c t i o n  and c a r e f u l  
management f o r  educat ional  , s c i e n t i f i c ,  
and aes the t i c  purposes because o f  t h e i r  
proxirni  t y  t o  densely  populated areas (Onuf 
e t  a l .  1979), i n  a d d i t i o n  t o  t h e i r  i n c a l -  
cu l ab l e  pr imary va lue  i n  suppor t  o f  endan- 
gered species and as h a b i t a t  i s l a n d s  f o r  
o t he r  s e n s i t i v e  wi1 d l  i fe .  

The main concerns i n  managing the  sur- 
v i v i n g  smal l  rennants o f  e s t u a r i n e  eco- 
systems i n  southern C a l i f o r n i a  are pro- 
t e c t i n g  those remnants from t h e  impacts 
they can no t  t o l e r a t e  ( f o r  ins tance,  h i g h  
l e v e l s  of sedimentat ion) ,  r e s t o r i n g  
degraded areas, and responding t o  t h e  
needs o f  endangered species. The Navy's 
r o l e  i n  p r o t e c t i n g  t he  n a t u r a l  resources 
o f  the  Mugu Lagoon e s t u a r i n e  ecosystem i s  
summarized i n  the  nex t  sec t ion .  Some 
s p e c i f i c  concerns about management t h a t  
have a r i s e n  i n  t h i s  r e p o r t  a r e  then ad- 
dressed: (1) sedimentat ion,  ( 2 )  o t he r  
water-borne con ta r~ inan ts ,  (3) a1 t e r a  t i o n  
o f  t i d a l  f l u sh i ng ,  ( 4 )  endangered spe- 
c i es ,  and ( 5 )  i n f o r n a t i o n  gaps. 

7.1 PROTECTION 

Because i t  i s  enc losed by a  m i l i t a r y  
base, Mugu Lagoon i s  w e l l  p ro tec ted  from 
f u r t h e r  development pressure. Pub1 i c  
access t o  s e n s i t i v e  n a t u r a l  areas i s  
q u i t e  r e s t r i c t e d  f o r  m i l  i t a r y  s e c u r i t y  
reasons, and even s c i e n t i f i c  research 
requests  are c a r e f u l l y  screened by a re-  
view board t o  avo id p o t e n t i a l  impacts t o  
t h e  ecosysten. in 1963, t h e  Havy entered 
i n t o  an agreei~ent  w i t h  t h e  F i sh  and Wild- 
i i f e  Serv ice  and t h e  Cal i f o r n i a  Department 



of F 2 s h  and Game to  fonnulatc n f i s h  sr!d 
wildlife ndnaqement p t & n  t o  allow d n d  
prmote pres2rvation of the ecn(3y~trn and 
I t s  speclcs arzzwblatje. Thl% Cooperdti~c. 
Plan w updated in 1976 wftk tkaa, 
csdoption of a Fdrh and Hildlife Manaqc- 
mcnt Plant for the Navy bnse and nearby 
5an Nictllas Island. With the recent 
establjskment ag the Siantd t"donlca %un- 
tad ns Natlona l Recr~ntlon Area, the I h v y  
a n d  the P a r k  ServCbc entered into d n  
internyency dgreetnent for ndndqeinent of 
the edstern am1 and ctrrrtral 1.~5511. Thecs~ 
parti  af the lagoon are IncIudwf 4n the 
Natlonal Recreatfon A r ~ a  t ~ l l  renaln Navy 
property dnd under Navy control, 

MJlilfLary rriandyemrv~~t hds czansir;t~d of 
act%vc* corrservatf on of the naturdl re- 
sources of the 1 aycrun and t t~ ntat t dnds , 
wf t h  pronjatfon of rc.c;e.nrch fnPn the ccs- 
logf cal strbcctt~re and functioning of the 
l a g ~ s n  and f t s  PrOncj"lnc) wctlandr, by N~vy 
b f s l a g i s t ~ ,  and other %cfenCfstc;. tdow- 
ever, much o f  the tnanaqeinent a f  the estu- 
a ry  mjyht be better tr?nn& ar; pawfve, 
that J x ,  maintafnmf in Its odttirdl ~ t a t i ~ .  
The Navy successt.ully prevented openlrtcj of 
the barriara beaches Ea, develeptwnt f r r  the 
I$&B's, snd cant i nucs to  prmio ta rty fsrral 
develop~nt:  corrsIg,te:nL wlth rninlinizfng 
Srtlpects to the l aq~an ,  Cont tnued develop- 
ment of the wdtershlrcl otrtrftjct t h p  &tea of 
t n j l  i t a ry  or Hallofla1 Paark Scwrce cuntrtsl 
poses the tttost pt.obdk?la tpnd %ub% trxntf $ 1  
'rmpaxctt to  the e"ltfary tllrotigh thi~ threat 
of Incredsecl sedintr?rotdt5on, df%cuscPci f ~ n  
t he  la1 Inwirirj w c t  for?. 

7.2 SEDIMENTATEOM 

lildjor stcrnas ln 1978 and 1gRO cdused 
large and lang-lra~tinq ct~dr~yte% Jn t h ~  
morpt-rol oyy of the i.ctrLt-a1 i ~ s  t rr dtrd east-  
ttrrt dnn of Muqu Ldqoon. The t:~fltrdl 
barlo wirs trdrtsfonned Crtnr ;r wldr  rxpnn5P 
sf prrrfnanent open wd ter  Into a pr~tdas~l- 
nent iy fnta?t.tidal arpa Sn 291R, drils ttle 
tnezta Cieptt.~ dP low wate r  111 the easterr1 
a m  dfmfi,"thed by 159, %he decycll aareaq 
d e c ~ e a s d  irrcasl '!rt depth .  Ira i980, the 
deyorr i tlon sf nkw ssc3dic!rt?ntr decreasrd 
d e p t l ~  o f  low water r \no tE l~~*  17% {Figure 
181, 16: not for the breach' ing of d levee 
on C a l f  eguas C~eck and thc deglcr5 f t ;I>~I o i  
thousands uf  eubfc yards of 5rdirnent.i on 
sad f ie lds ,  t h e  deposi t l o n  tbf ~edilnerrts 

i n  the edstern ama w o u l d  have k r . n  cgn-  
r idernbly greater. 

Thr relations of tkiesr p h y s i c a l  S m p a c t c  
on the lagoon r i t h  chdracteristics of bRe 
lagotw and watesshed, land use wS t h i n  the 
~a tershed ,  and the  c: i i r ~ a t i c  cycle have 
been described ear l ier ,  The? kiolaqical 
consequences of  thegc p h y s i c a l  cbanqcs 
h a v ~  k8crn a key t h e m  tiqrouqh rrwt n f  C , ~ P  
preceding analysis o f  eco.;ystclr function, 
The inp1IcatJcafls for manarjw~ent a r e  
"itdrk. 

I n  fact,  the cnajor ston% t h a t  f d u s ~ d  
the al terntian? desrr-ib& In thir report 
arc n o t  rare events, Four such s t o m s  
uccurr& cfithirr 20 ycarr hetwcen 1941 
and 1980, Judginy hy the evidence for 
101ig-tern: hydrrsloajiedl cyc les  i n  thc 
Pacific Soutlwest (Figure 6 )  crnd the 
tndicatlonr that a f i l o i ~ t  per iod has just 
b~cyxin (Figure 2U), It, s e m s  very l i k e l y  
thd t  r,tnrtrts wlitXr e f fec ts  a t  least a s  
scvcrc d s  those of 1'1958 and IWRQ w i l  l 
ocmr in the near future. 

lhcic nk%s,rv~! tirsns ~jucjqe~i t thdt MUQU 
lacloon wr'll no t  perr,ist rwch luriger as we 
now know i t .  As the central basin and 
~d . r , t rm d m  f f l l  further, I suspect that 
thpy wwll l take on the fonn of a flood- 
pfdin rdttter thdn a s l ough  cystern, such 
dxi at Cat-pinterfa and Gole ta .  A t  those 
lacat ions the natural alluvial fans are 
a t  tk'rr41dndward extr~lrfiities sf the net- 
f and5 whrra s trcatrrs orxe d i  sctrsarcjed, h u t  
now those streaiw pas5 throtrgh the wt- 
lanrfs i n  rtlannels that have heen a r t i -  
f icr'al ly wider~ed and deepened for f lood 
cuntrol f ,u rpos~~, .  / n  most cases, the 
ck~annels drt? Plaliked by levcer, and 
coarse reditnents are removed i n  rfebrir- 
retcntiocr basins Before enter-iny the 
c l o u y h  ~harrtiet s. Thus, $nost serliirl~ntf; 
bypas*% Ihr slouqhs, 

A t  iituqu Lnqaon, blarrlnij failure of 
levees ups  trcaa!, aln~ost the enti re par- 
t iculate load of the inlet  strearns d i s -  
chnrrjer; into the heart af the wetland. 
R~cda~%r? f lood flows w i t h  their sorretimes 
hcilvy hux-denr o f  sur,pr"nded yarticulatc? 
merterfal and b~iedload are not canf ind  
wfthin a'lairroiv thdnne?, they ~ $ 1 1  spread 
nu-r;, slow <ictwn, ant1 orwy saw PO i'uch o f  
the sedirrrent that they carry, depending 
upon rsSe residence t i n e  of the Floodwater 



and interactions with seawater that 
cause flocculation and hasten deposition 
of fine particles. Therefore, rather 
than passing through a relatively long- 
lived intermediate stage resernbl ing 
Carpinteria and Goleta Sloughs, where a t  
least  the s a l t  marsh part  of the coastal 
wetland ecosystem persis ts ,  I foresee the 
rapid development of an a1 luvial fan that 
engulfs the rnarsh as well as the lower 
elevations of the lagoon. Because of the 
a r t i f i c i a l l y  restricted contact between 
the western arm and the central basin, 
f i l l i ng  will be much slower in the west- 
ern am. According to projections of the 

Soil Conservation Servl'ce (19831, the 
only wetlands that will exis t  by the year 
2030 will be a thin finger extending 
into the eastern arm and narrow corridors 
passing through what now i s  the central 
basin to the western arm and the termina- 
tion of the channelized portion of Cal- 
leguas Creek (Figure 52).  

A consequence of the central and east- 
ern parts o f  lvlugu Lagoon prograding into 
a floodplain i s  that  the threat of 
flooding to the developed parts of the 
Naval Air Station will increase. By 
definition, a stream overtops i t s  

Figure 52. Topographic maps of ( a )  Muyu Lagoon in 1980 and ( b )  ds projected s'n 2030 
assuming present rates of f i l l i ng  continue for the next 50 years (from Soil Conserva- 
tion Service 1983). 
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previous channel in i t s  Floodpla in  z i i , ~ ~ ? r i c l  

majar storms, When the f loodplai r i  4. a", 
elevations that exceed 5 f t  *I) 145: 
as projected in Figure 52, dd j s t c rn t  de- 
veloped areas a t  elevations 810 f t  ( 3  i q )  

MSL wil l  be in jeopardy. Thts i n c l t r r l ~ s  
most of the fac i l i t ies  at Point FPi~gii 
Naval Air Station, 

I fnfer on the bdsis  of these consjdsr- 
ations t h a t  channelfaatSon of Callegiids 
Creek nil 1 be required before the condi- 
tions descrfbed above have been real ' r ' z ~ d .  
I f  future containment i s  fnevitable, a t  I 
have just postulated, the wooer i t  i s  
undertaken the better. Now re1 a tivcl y 
large and diverse areas of wetland habi- 
t a t  s t i l l  exfs t  f n  the central b d t i n  d n d  
eastern arm of Mugu Lagoon. The sooner 
they can k separated f r m  the atonn 
Claws of Cal leguas Creek, the hfqger and 
the more varied the area of aquatic hdbi- 
ta ts  will k that can k sustained (sal- 
vaged might he rrlore apt) in the MIJ~JI~  
Lagoan estuarine ecosyr tern. Thcrcfore, 
evillua tian uf aptions to fntercept rctfi- 
ments upstrean of Filugu Lagoon dnd %a 
divert floodwaters around the laqocrn 
(Figure 53a) should btz the highest gri- 
orfty of rwnagment OF the Mugu I,ratjoon 
estuarlnlz ecosystm. Even chanrrel irdtlon 
strtlfght through the rntddle of Mugti 
Cagson (P3gure 53b), I f  done soon enough, 
4s preferable Lo takfng no action until 
flooding of the Navy base con~pels action. 

The recaf~wndation to preserve wet1 dnr3 
resources by making naasslve structurdl 
a1 Ceratlons w i  thin the estuary runs sa 
counter to any perccptlon sf natural 
habf tat ref 4 t f uns t1.m t I I reyu 1 res 
further explanattan. The point fs that 
past alteration of the inlet ~tredm S F  
t he  fundamntal viol atiarr of na turaJ 
relatfurrs. Cal leguas Creck wnul d not  
discharge the t~icajori ty of i t s  burden OF 
part"rcui&tc ttlatter irlto Fhrgt~ Lagoon i f  i t  
were not constrafniaf t o  do so by 
a r t  1 f i c f  a1 levees, as the brcactle<.f levee% 
af 1980 dmianstratd sro st~iking'ty. The 
necesr-fty for rrrantfestl y art if icial  
rxasuses in part of' a SYSI~IYI to  redeei~i 
natural function I n  the rmatnder, a ' l b i t  
partfal, should k evident i n  t h i s  
eantext. Such was the unintended tlxlFect 
of t h e  dredgfng sf tile ~e t t t f a ' t  bas-trt 4n 
the 1950's and early X9SOiss, At the 
expense of a big hale in the middle o f  

tbr? "'nzltirrdl !' "131 l o w  wa t r r  enui rowlent; 
o f  t"P? lagoon, the dnvia l t inc~ o f  the 
rnarirle c,annectil)n #as. re-e:taljl i $bed i n  
the rc rk  of the lagoon f~lapnrirtily. Un- 
fortunalot y, the amount and character of  
sljkbsequpnt devcl opr~ent i n  tho upf~es  
wa terr !ial probah? y akrbrcvia ted tire i f  f p -  
?pan of  the Rr~1e t:onsiderahly and 
~5myrnrtisrrd the u t f l  i ty of dredqed 
b a s i n s  here a5  managemrnt tools i n  the 
future. 

Ttie problem of seriinlentatinn is  the 
most: rer-lour coclccrn of nanaqprgent 1n 
rwst of the coastal w~tlands of soutlzern 
California. Unfortunatrrly, thr sources 
~f  the prol)len l i e  f a r  away f rm the 
affect& wetfanifs and far beyond the 
authori 6-y of the dqerlcy or agencf~s 
rc~panstble for thc ritanagenent of the 
wetlands. Certrtinl y, nruch of the erosfan 
i n  coastal wdterrhcds that suppi 4es t h ~  
redirnentc; that f l l l  coastdl wtlands $5 

avoidable by proper znnfn r j  and institutinq 
land-use practices appropriate to a par- 
ticular qcologfcdl srttlnq. Also cpr- 
Ialnly, 13n)e hr ief l t s  would Iro realfzed 
I n  the wntershmd a s  well aa  Cn the wetland 
i f  tire best practices of watershed wnaqe- 
!-lent were c a r r l d  out, Fertile topsoil 
would tltp conserved, property n~ i n  tennnce 
(incf urffnq roads) woultl k less expensfvt?, 
and retentfan OF groundwater could be 
enhanced, 

The ituin nbrtdclcs to dc31itrving these 
mutually beneficial outcotrEr; are that the 
i n s  t i  tu tiontml mchanisiqs, do not ex$ s t  to 
imp1 emcnt stich nanarjertPelnr Ijragrams, and 
cnfurcment wufd be d l  f f i c u l  t in asqy 
case, Djckert e t  d l .  (19881) developed a 
pflot pracjrm for E l  khorn Slough I n  
Mnolercy County. Evalui9t Son of  that pro- 
qrm ljnd development of wafershd rmnage- 
ment programs far o t h ~ r  wetlands shauld 
he undertaken as coon as possfble, f n  
&!I%? meantirnc, w are faced with the dis- 
concertiray posstbil i ty that great leveed 
gashe.; acrar5 our wetlands m y  be their 
sureit guarantee of g. long future. Thin 
has so laany drawbacks that alternatives 
which remove sediment5 on the landmrd 
stde of  codrtal wet lands warrant serious 
coos i d ~ r a t f  3n, Tfie ruruiiist qxicstion i s  
wheti~er tlrey wi l l  perf on^ properly when 
thoy havc t o ,  



7.3 OTHER WATER-BORNE COMTAMBsdlNANTS 

Information on the water q u a l i t y  o f  t he  
i n l e t  streams and w i t h i n  Mugu Lagoon l's 
1 imited. I n  a study o f  Revolon Slough 
(Figure 53a) from October 1980 t o  J u l y  
1981, Incan concentrat ions o f  four  pol l u -  
t a n t s  were a t  o r  above hazardous l e v e l s  
fo r  a marine environment according t o  EPA 
c r i t e r i a :  lead (approximately equal t o  
the EPA standard) , mercury (%?Ox), s i l  ver 
( $ 1 0 ~ ) ~  and methoxychlor (%20x) (So i l  
Conservation Service 1983). Revolon 
Slough i s  the t r i b u t a r y  o f  Calleguas Creek 
t h a t  dra ins most o f  the i n t e n s i v e l y  c u l t i -  
vated p a r t  o f  the  Oxnard Plain, The f l ow  
o f  Cal leguas Creek i s  -3x t h a t  o f  Revolon 
Slough. Si_nce the  former dra ins less-  
i n t e n s i v e l y  c u l t i v a t e d  land, the  po l l u -  
t a n t s  may be d i l u t e d  befor,? they enter  the 
lagoon. The o n l y  de termi r~at ions  o f  water 
qua! i t y  w i t h i n  the lagoon were confined t o  
one l oca t i on  i n  the  western arm ( e i g h t  
dates sampled, autumn 1974) and one i n  the 
eastern (two dates sampled, autumn 1974). 
Scans f o r  50 organic pes t ic ides  were nega- 
t i v e ,  and elevated l e v e l s  o f  heavy metals 
were not  detected (Baker 1976). 

Eff luents from f i v e  sewage treatment 
p lan ts  d ischarging i n t o  Cal leguas Creek 
provide s i g n i f i c a n t  sources o f  freshwater 
dur ing non - ra in fa l l  periods. Apparently, 
t he  only times i n  recent  years t h a t  sew- 
age has been a problem fo l lowed breaks i n  
sewer mains upstream. Ord inar i l y ,  e f f l u -  
ents are  t rea ted t o  acceptable l e v e l s  
before discharge i n t o  the  Calleguas Creek 
system. Nu t r i en ts  from these sources are 
c o n t r o l l e d  by the  State, whereas ag r i cu l -  
t u r a l  impacts a re  n o t  cont ro l  led. 

These data suggest t h a t  p o l l  u tan ts  are 
a minor problem compared t o  inputs  of 
sediments. However, the p a r t  o f  the  
lagoon [nost suscept ib le t o  t he  inputs  
( t h e  cen t ra l  basin near the mouth of 
Ca l l  egua s Creek) has no t  been sampl ed. 
Also, s p i l l s  upstream, such as breaks i n  
sewer mains, could a f f e c t  t he  lagoon. 
The absence o f  spo r t  o r  commercial exp lo i -  
t a t i o n  o f  t he  lagoon's 1 i v i n g  resources 
e l im inates  most o f  the  human hea l th  
hazards associated w i t h  po l lu tan ts ;  
nevertheless, the p o t e n t i a l  f o r  water- 
qua1 i t y  problems e x i s t s  and has Seen i n -  
s u f f i c i e n t l y  invest igated.  

7.4 AhTERATlQN OF TIDAL FLUSHING 

The estuar ine ecosystems o f  southern 
Cal i f o r n i a  are d i f f e r e n t i a t e d  f i r s t  and 
foremost according t o  t h e i r  ex ten t  o f  con- 
t a c t  w i t h  the  ocean. The permanently 
open, l e a s t  modi f ied wetlands are varied, 
usual l y  densely populated ecosystems. 
Without doubt, t i d a l  f l ush ing  i s  the most 
important  property i n  determining the 
r ichness o f  the associated ecosystem. 
Tidal  f l ush ing  i s  essent ia l  t o  the estab- 
l ishment o f  a broad spectrum o f  substrate 
types. T idal  f l ush ing  produces a wide 
v a r i e t y  o f  exposure-inundation regimes. 
T idal  f l ush ing  assures t h a t  some of the 
physicochernical s t a b i l i t y  o f  the marin, 
environment i s  imparted t o  t h i s  pro- 
tected, shallow water environment, thus 
b r i ng ing  the  wide va r i e t y  o f  physical 
environrnents w i t h i n  the thermal, osmotic, 
and resp i ra to ry  to lerances o f  many orga- 
nisms excluded from enclosed wetlands i n  
the southern Cal i f o r n i a  coastal region. 
T idal  f l u s h i n g  moves ma te r i a l s  around, 
enabl i ng organi srns t o  e x p l o i t  resources 
from areas from which the  organisms are 
excluded, and removes wastes t h a t  might  
accumulate t o  harmful 1 eve1 s. 

Because o f  t he  obvious bene f i t s  o f  
t i d a l  f l u s h i n g  and because o f  the s ta rk  
cont ras ts  between open and closed wet- 
lands (o r  the same wetland when i t  i s  
open as opposed t o  when i t  i s  closed), 
any a l t e r a t i o n  t h a t  reduces t i d a l  f lush-  
i ng  usua l l y  i s  assumed t o  degrade the 
a f fec ted  wetland. Conversely, any a1 te r -  
a t i o n  t h a t  augments t i d a l  f l ush ing  
usua l l y  i s  assumed t o  enhance the natura l  
resources o f  the a f fec ted  wetland, and 
such a l t e r a t i o n s  commonly are proposed t o  
res to re  degraded wetlands. 

This was the  l o g i c a l  basis f o r  e lec t i ng  
t o  open up the  western arm o f  Mugu Lagoon 
t o  increased t i d a l  f l ush ing  i n  compensa- 
t i o n  f o r  the  l oss  o f  wetland h a b i t a t  t o  a 
m i l  i t a r y  const ruc t ion  pro ject .  Indeed, 
the much e a r l i e r  cons t ruc t ion  o f  a road 
had reduced the connection between the  
western arm and the cen t ra l  basin from 
150 m wide t o  f i v e  1.5 m x 1.5 m cul -  
verts. A f t e r  t he  augmentation o f  the 
cu l ve r t s  by a 3 2 - f t  single-span br idge as 
spec i f i ed  i n  the res to ra t i on  plan, the 
"normal d iu rna l  t i d a l  f l u c t u a t i o n "  
increased from 0.2 m t o  0.7 r n ,  and an 







add i t i ona l  100 ha of sal t in; l tmih were 
f looded "during man high t i d a l  slate"  
(Woi f e  e t  a1 . 1979). 

L i t t l e  was known about the natr irai  re- 
sources o f  the western ann p r i o r  t o  the 
augmentation o f  t i d a l  f lush ing  beyi  rlning 
i n  January 1979, and doubt remains as to 
what was enhanced and  ether anything 
suffered. One federal l y  1 i s t e d  andan- 
geretf species, the s a l t  m r s h  b i r d ' s  
beak (Cord lanthus rnarititnus), occurred 
p r i o r  --+l t o  t ida  a t e r a t i o n  only i n  t he  
western arm on the upper per iphery o f  t h e  
marsh, and one species l i s t e d  as endan- 
gered by the State of Ca l i f o rn ia ,  Beld- 
in9 ' s  Savannah sparrow (Passerculus 
sandwichensi s  be ld in  i ), was heav i l y  con- + cantrated Zn t e upper p a r t  o f  the  s a l t  
marsh surrounding the western arm. Both 
endangered species are  s t i l  l present and 
perhaps i n  greater  numbers (R. Dow, pers. 
canm. ) . 

The l i gh t - f oo ted  clapper r a i l  (Ral lus 
) h i s t o r i c a l  1- 
i n  the eastern dnd 

cent ra l  par ts  o f  t he  lagoon and f a r  
several years had not  been observed 
anywhere I n  the lagoon. The r a i l  was 
agairi observed a t  h g u  Lagoon s t a r t i n g  i n  
1983 and i n  increasjng numbers s ince then, 
A l l  recent s igh t ings  have h e n  Sn the  
western am f R. Dow, pers. comi.). 
Management consideral-fons f o r  endangered 
speclcas are discussed f u r t h e r  i n  Sect ion 
7,5. Unfor tunate ly,  observations on t h c  
nlore colntrwn organi sins before t i d a l  f 1 us h- 
ing i n  the  western arm was augcnented were 
inadequate t o  draw any concl usions about 
c f  f e c t r  o f  the mod4 f l ca t i on .  

I t i s  c lea r  tha t  wc do not y e t  know 
enough about the func t ion  o f  the coastal 
wetland ecosysteins o f  southern Cal i f o r n l a  
t o  accurate ly  p red i c t  the consequences o f  
d l  t e ra  t ionr, Therefore, we should ap- 
proach r e s t o r a t i o n  and enhancement ac t i v  i- 
t i e s  w f  ti) great  circumspection and 
huiri l i ty. Each p r o j e c t  mrs t be t reated as 
an experinlent a t  thr's e a r l y  stage i n  t h e  
p rac t i ce  o f  coastal wetland res to ra t i on  i n  
southern Ca l i fo rn ia ,  w i th  the  most valu- 
able product being b e t t e r  understanding t o  
apply i n  f u tu re  rnanagment ra the r  than 
necessar l l  y and unequi v o q l  l y  the enhance- 
ment o f  na tu ra l  resources (Josselyn 1'482; 
Zedfer 1982, 1484), A t  t he  very least ,  

the planning s$creild inc lude a s y s t e w t i r  
evaluat ion ( I j s t  of @ducat& CJLICSSPS) of 
the  re5p;crnses o f  edch ca tqo r -y  rrf n a h i r a l  
resources ( t ~ a j u r  Functional gz-oups o f  
wetland oyanisms and endangered rpee i  ec,' , 
as we77 as the e x p l i c i t  i d e n t i f i c a t i o n  of 
the expected prime k n e f  i c i a r i e s  o f  tvle 
a1 te ra t i an .  

A l l  fu ture res to ra t i on  p ro jec t s  rwst i n -  
clude inventor ies  o f  na tura l  wsources 
before and a f t e r  imp lmenta t ion ,  so tha t  
c r i t i c a l  aspects o f  the performance o f  the 
pro jec t  can be evaluated. I dea l l y ,  t i le  
pre-project  inventory should be i n i t i a t e d  
soon enough t o  provide Input  f o r  the f i n a l  
design of the pro ject ,  Rea l iz ing  that the 
canmiwent t o  p ro jec t  evaluat ion has t o  he 
con~mwnsurate w i th  the  s i r e  o f  the pro jec t  
i t s e l f ,  the opt ion  o f  performing a 
de ta i l ed  evaluat ion o f  one o r  a few issues 
should tx, considered and wrhaps encour- 
aged I n  small pro jects,  when a general 
assessment could only be p r f u n c t o r y .  

F i n a l l y ,  tes ts  o f  s p e c l f i c  ideas about 
wetland func t ion  t h a t  are Rfghly re levant  
t o  res to ra t i on  but are Snadequa t e l y  docu- 
mented should k incorporated i n t o  resto-  
r a t t o n  p ro jec t  designs. For example, the  
l m p t e d  Ilrn4 t a t f o n  o f  s a l t  rmrsh probuc- 
t i v i t y  by hype rsa l i n i t y  could be tested by 
purpose1 y conf in ing  freshwater drainage to  
s p e c i f i c  par ts  o f  an othewSrre s i rn f la r ly  
conf igured res tora t ion .  M e r e  possible 
outcornes are cont rovers ia l ,  bet-hedging 
rnay be warranted. For instance, I n  a 
r es to ra t i on  p lan  f o r  Cos Ger r i  tos wetland, 
bracki  st) water impoundnlents were included 
f o r  t h e i r  presunted bene f i t s  t o  waterfowl , 
but  because the concmi  t a n t  increases i n  
roosqui tos might k unacceptable i n  
adjacent res iden t l a l  areas, a f a i l  safe was 
b u i l t  in .  The impoundiwnt could be 
converted t o  a rnarine i n t e r t i d a l  area by 
removing a s ing le  b a r r i e r  (Ca l i f o rn ia  
State Coastal Conservancy 1982). 

7.5 ENDANGERED SPECIES 

Five endangered species occur i n  Mugu 
Lagoon, One species i s  a p lan t ,  the s a l t  
marsh b i r d ' s  beak (S-lantRus mr i  timus 
ssp. riwritinrus), and four  specfes are 
b i rds :  the l igh t - foo ted clapper r a ? l  
[Ral l u s  f o n g i r o s t r i s  lev ipes) ,  Be1 ding 's 



m a r u r n  b r w n i ) ,  and Cal i -  

Savannah sparrow f Passerculus 
ensis be ld inq i ) ,  C a l i f o r n i a  
-(37%6na3m 
f s  brown pel  i<an-'-can~ 
t a l  i s  cal  i forn-jcus). - 
gastropod, Tryonia i m i t a t o r ,  
insects, t he  wandering skipper 

sandwich- 
l e a s t  t e r n  

.is occiden- 
s i  sh-wa t e r  
, and two 

(Panoqui na 
errans) and the  globose dune beet le 
' m s  lobosus), have been o r  are now 
b e i n g c o b  for  endangered status. 
I n  add i t ion ,  t he  peregrine falcon, Falco 
ere  r i n u s  i s  f requent ly  s igh ted i n  t he  

' e D o w ,  pers. cmm.). The high 
concentrat ion o f  endansered species i n  
one l oca t i on  i s  the test imonia l  
t o  the 1 im i ted  ex tent  and endangered 
s ta tus  o f  the ecosystem. Clear ly ,  the  
preservat ion and enhancement o f  these 
endangered species should be one of the  
highest p r i o r i t i e s  o f  management, next t o  
t he  preservat ion and enhancement of the 
ecosystem i t s e l f .  Unfortunately, e f f o r t s  
t o  preserve and enhance these populations 
are severely hampered by ignorance about 
t h e i r  needs. This gap must be f i l l e d  
before programs f o r  enhancement can be 
f r u i t f u l  , 

Two species are more tenuously con- 
nected w i  t h  coastal wet1 ands than the  
o ther  th ree and w i l l  be t reated sum- 
mar i ly .  Pel icans mainly roos t  on a sand 
bar a t  the  mouth o f  the lagoon. A few 
can be seen d i v ing  i n t o  the waters o f  t he  
lagoon; however, they are a small ininor- 
i t y  o f  the  pel icans present, suggesting 
t h a t  most o f  t h e i r  feeding i s  offshore, 
I n  Ca l i fo rn ia ,  breeding i s  1 irni ted t o  
colonies i n  t he  Channel Islands, most 
notably West Anacapa Island, 30 km west 
o f  Mugu Lagoon. The b i rds  appear i n  the  
lagoon too  e a r l y  i n  the spr ing  t o  come 
from the Channel Islands colonies, so i t  
i s  l i k e l y  t h a t  they come from colonies i n  
the  Sea of Cortez (U,S. F ish and W i l d l i f e  
Service 1979). The r e l a t i v e  immunity o f  
t h i s  s i t e  from human dfsturbance i s  un- 
usual i n  southern Ca l i f o rn ia ,  which may 
make i t  p a r t i c u l a r l y  valuable as a roost-  
i ng  area for  pelicans. Because t h e i r  use 
o f  the lagoon i s  l i m i t e d  p r i m a r i l y  t o  
roos t ing  and no th rea t  i s  foreseen f o r  
t he  area where they are concentrated, no 
management questions appear t o  be a t  
issue. 

The C a l i f o r n i a  l e e s t  t e r n  (Figure 54)  
i s  reported t o  feed p r i m a r i l y  i n  estua- 

Figure 54. Ca l i f o rn ia  l e a s t  t e r n  (Sterna 
a n t i l l a r u m  browni). (Photo suppl?=&!-@ 
U.S. Navy.) 

r i n e  waters bu t  breeds c o l o n i a l l y  on 
beaches (U.S. Fish and W i l d l i f e  Service 
1979). More recent observations i n d i c a t e  
t h a t  adul ts  feed mostly offshore, bu t  
t h a t  estuar ine areas may be important f o r  
t r a i n i n g  the young t o  forage (Atwood and 
Minsky 1983). A t  Mugu Lagoon, l e a s t  
terns feed heav i l y  i n  the t i d a l  creeks of 
t he  western arm. The cent ra l  a m ,  lower 
Calleguas Creek, and the s e t t l i n g  ponds 
are  used as areas f o r  t r a i n i n g  the  young. 
Least t e r n  populat ions have var ied er -  
r a t i c a l  l y  where observed and colonies 
have been abandoned for  no apparent rea- 
son. The pat tern,  if i t  can be c a l l e d  
that ,  i s  s i m i l a r  a t  Mugu Lagoon. I n  1980 
predat ion by red foxes appeared t o  be re-  
sponsi b l e  f o r  reproduct ive f a i l u r e ;  how- 
ever, nests have been abandoned i n  subse- 
quent years when losses t o  predators were 
n o t  ev ident  (R. Dow, pers. cmm.). A t  
present, i t  would appear tha t  observa- 
t i o n s  a t  loca t ions  w i t h  more p o s i t i v e  and 
cons is ten t  h i s t o r i e s  w i l l  have t o  provide 
t h e  h i n t s  o f  how t o  proceed a t  dugu 
Lagoon. 

S a l t  marsh b i r d ' s  beak (Figure 55)  i s  a 
hemiparasi t i c  annual p l a n t  (capable of 
completing i t s  l i f e  cycle i n  the absence 
o f  host p lants,  but  a lso  capable of 
tapping i n t o  the vascular systems of 
other  p lan ts )  tha t  is l i m i t e d  t o  coastal 
loca t ions  between Carpinter ia (Santa 
Barbara County, ~ a l i f o r n i a )  and Baja 
Ca l i f o rn ia .  It i s  found nmstly i n  
patches i n  a narrow e levat ion  range a t  the 
upper l i m i t  o f  t i d a l  in f luence i n  s a l t  
marshes, where i t  i s  densest i n  o r  near 
open habi tats.  The occurrence a t  Mugu 
Lagoon i s  unusual i n  t h a t  many of the  



Fiaure 55. Salt marsh b i rd ' r  beak 
maritirnus spp. maritimus), 

s y 3  rJ. S, Navy.) 

colonies arc separated from any tidal 
influence. Tests a t  Mugu Lagoon indi- 
cated that gemination i s  canpletely 
suppressed a t  s a l in i t i e s  exceeding 12 
ppt, bu t  increases a f te r  pro1 onged ex- 
posure of se@ds to  cold and i s  greater 
a f t e r  2years  of storage than when 
freshly cot lected (Murphey et al .  1981). 
Thus,  the plant appears to be adapted tto 
a highly variable soil sal inl ty  regdrne 
that excludes. most other plants. Presum- 
ably, the suppression of gemination 
except a t  taw soil sal ini ty  and enhance- 
ment of  geminatton a f te r  prolonged cold 
bath increase the probabf 1 f ty of conr(11crt- 
ivlg development before sal fni t fes  becoine 
tw high for even the mature plants. Qia- 
bf l i ty  far  a t  least  2 years provides for 
avoiding a1 together growjng sedsons I n  
whfch Insufficient freshening occurs. 
The capab31ity to parasitize other spe- 
c ies  my fnsure survival under condl tions 
when s a l t  rnarsh bf rd's beak would be com- 
petl t ively el iminated otherwise (abnormal 
persistence of 1w soif sd'linf t i es ,  F Q ~  
1 ns tance) . 

Adaptatf an to a phyys ical errv i ronr~ient 
that eliminates most competitors and the 
hmiparasi t ic  habit are not er~nugh to 
insure a secure e x i  stenue, hcrwver, TIlc 
main reason for the plant? sendangereii 

status i s  hwan disturbance o f  it-, high- 
marsh habitat, e i ther  For r ~ a l  +s ta te  
~ ~ T s ~ P J  ~pi?erl t ;  or by tramp1 i ng. The h i g h  
marsh seems to be a favors! h a b i t a t  of 
the dune higgy and the dump truck, aarf 
the b r i t t l e  s a l t  marsh blrd 's  beak i s  
i l l -sui  tcd to survive these invasions, 
even &en transient. I ts  vast st"ri01.1~ 
nablraf enanies dillring observations a t  
Mugu Lagoon were leaf rol ler  larvae 
(Murphey eet a l .  1981), The depredations 
of th i s  herbivore might be coacenlrated 
on sa l t  marsh bird 's  beak, abecause other 
annuals of the hl 'gh cnar5h habitat have 
very short l i f e  cycles, whfch IMY riot 
a1 low the lepidopteran larvae to complete 
their  l i f e  cycler. 

Sirice 1978, the kntwn mpulations o f  
s a l t  rnarsh bird's beak have been manned 
each year, and since I980 total co&r, 
densi ty,  vigor, growth, and fnortality have 
been nloni tored himorrthly an pemanent 
transects, along with wdter depth and 
salinity and sail  t s~pc ra tu re ,  moisture, 
texture, and sallinity ( R .  now, per%. 
canm, ) . Togc ther with ongoing laboratory 
r tudies of propagation, these ac t iv i t ies  
should provide d n  excel lent and essentf a l  
techri-ical foundation For attenptjng to 
rehabi 1 i t a  te  an endangered species, and 
this augurs wet 1 For the sa l t  marsh 
bird's beak.  

The primary hahi t a t  sf the Ifqht-footed 
clapper rdil (Figure 56) i s  the low marsh 

F i g ~ r g  Ijg, tight-footed clapper- rail 
(ms Ionyiratitris - l e v i ~ ) .  (USFWS 
phatn , r  



:paytjna fo-iiota :one i n  four of the f ive  
, o c a t ~ o ~ s  &ere nlore t h a n  ten ,-ails were 
counted during censuses in 1980 a n d  1981: 
Tijuana Estuary and Mission Bay Marsh in 
San Diego County, and Upper Newport Bay 
and Anaheim Bay in Orange County (Zembal 
and Massey lY81a, b), Zedler (1982) pro- 
vides a recent summary of the s ta tus  of 
the  clapper ra i l  i n  these areas,  which 
jus t i f i ab ly  emphasizes the crucial ro le  
of cordgrass for nesting and cover. 

Sightings of r a i l s  in Mugu Lagoon have 
been few and f a r  between. The virtual  
absence of cordgrass undoubtedly i s  part  
of the explanation, b u t  another part i s  
simply that  systematic e f fo r t s  to  lucate  
the birds were concentrated in the eas t -  
ern arm where h i s to r ica l ly  they had been 
rnost abundant (R.  Dow, pers. cmm.). In- 
stead, the only sightings i n  recent years 
have been i n  the western arm. In spring 
1983 a single ra i l  was seen in the vicin- 
i t y  of a patch of freshwater marsh a t  the 
upper edge of the s a l t  marsh, approxi- 
mately 400 m from the t idal  f l a t s  of the 
lagoon, In spring 1984, a t  l e a s t  th ree  
pairs of r a i l s  were located ( R .  Zembal, 
U.S. Fish and Wildlife Service, Laguna 
Niguel , Cal i fornia;  pers. cmm.) . A1 1 
were seen near the western end of the 
western arm - on an isolated section of 
old berm in the middle of Salicornia 
marsh and along a t idal  creek. 

This information i s  meager; however, 
the  association w i t h  freshwater marsh may 
be germane for future manageiiient. A 
statewide census of light-footed clapper 
r a i l  populations i n  1982 showed 22% of 
the  S t a t e ' s  souulation nestinq in f resh- 

upland edge, since the r a i l ' s  preferred 
habitat  of t a l l ,  dense Spartina i s  so 
rare, 

The other direction t o  look fo r  
guidance in promoting the ra i l  population 
of Mugu Lagoon i s  toward Carpinteria 
Slough i n  Santa Barbara County, the f i f t h  
of the s i t e s  t h a t  supported more than ten 
pairs of r a i l s  in 1980 and 1981. S a r t ina  
does not grow in Carpinteria S l o b  
and urobabf v did not h i s to r ica l lv  
( W .  ~ e i r e n ,  - ~ n i v e r s i  ty of ~ a l  i fornia", 
Santa Barbara; pers. comm.). The a t t r i -  
butes of t h i s  marsh tha t  provide such good 
habitat  for r a i l s  i n  the absence of Spar- 
tina have not been analyzed but should be. - 
This most northerly s i t e  i n  the current 
distr ibution of the r a i l s  probably would 
serve as a more valuable model for manage- 
ment a t  Mugu Lagoon than the more south- 
erly s i t e s  where Spartina i s  so important. 
Patches of freshwater marsh in te rd ig i ta te  
with the upland edge of the s a l t  marsh a t  
Carpinteria Slough, and r a i l s  are i n  the 
patches or on the i r  edges (pers. observ.). 
Also Carpinteria Slough has a well- 
developed system of t idal  creeks, i n  
common with other s i t e s  where r a i l s  are 
re la t ively  abundant (Zembal and iilassey 
1983). More detailed comparisons should 
be made. 

The Be1 ding's  Savannah sparrow (Figure 
57) appears not to be in so perilous a 
s t a t e  as the clapper r a i l ,  presumably 
because i t s  preferred habitat  i s  much 
more widespread than the ra i l  's. The 
sparrow i s  found mainly i n  the middle and 
upper parts of the s a l t  marshes, espe- 
cial  ly  &ere pickleweed (Sal icornia 

Laqoon should include the "Pansion aid Figure 57. aelding's Savannah spa r rw  
protection of patches of freshwater narsh (Passerculus sandwichensis be1 ding? j. 
within the s a l t  inarsh and "ringing i t s  (Photo court2sy of U,S. ~ a v ~ , )  

113 



7 6 IPJFORMATIBN GAPS ) predominates, It eats insects, 
seeds, and Scal i co r r l t g  t ips, 

19791. C a l i f o r n n  snake5 
have been observed t o  be a s i g n i f i c a n t  
p redator  on sparrow eggs i n  the eastern 
arm o f  the lagoon (S. Davls, Peppertjinc 
Un ivers i ty ,  b l i b u ,  Ca l i  fo rn ia ;  pers. 
c m . ) .  Massey (15179) provided an excel- 
l e n t  account on most aspects o f  i t s  b io -  
1 ogy* 

Mugu Lagoon supports one o f  the two 
b iggest  surv iv ing  populat ions of the 
Belding 's  Savannah sparrow, cons i s t e n t  
w i t h  the  l a rge  expanses o f  Sal icorni,a- 
marsh surrounding the lagoon. The can- 
t r a s t  between the h igh  densf ty  o f  spar- 
rows I n  the western arm and the low den- 
s i t y  In the eastern ann 4s the feature o f  
g reates t  i n t e r e s t  f o r  nanagement, T ~ P  
value o f  tYI1 s cont ras t  f o r  manaqer:#lnt 
l i e s  i n  the contradiction bekeen the 
comtnonly perceived "degradedt' s tatus of 
the  western a m  ( f o r  instance, 4j.S. Fis i l  
and WJldlife Service 1979) and the ab- 
vlous nuch h igher  ca r r y ing  capacity of 
the western ann than the eastern ant1 fur  
t h i s  endangered species. I t  ranains to  
t>e determine$ why occurrence of the 
Be1 d ing 's  Savannah sparraw v io la tes  per-  
ceptions o f  degraded wetland a t  Mugu 
Lagoon and el sewhere (Massey 1979). 

Endangered s peci es pose sorm ser 1 otls 
i f i l @ ~ m s ,  The s e r f o u ~  s t r d i t s  that  they 
are i n  seem t o  demand t h a t  we take in- 
ntczdfate act lon,  y e t  we lrkly understand 
t h e i r  needs so i trrperfect ly tha t  our  
act ions could we1 1 prove t o  be d e t r i - -  
tnental. Our ignorance argues f o r  
intensfvt? study, y e t  intensive study r r ~ y  
nctcess 9 t a t e  disturbance t h a t  causes Lcndc- 
ceptable hann t o  an atready b tcdguered 
species, Even when an a l t e r a t i o n  i s  
c l e a r l y  k n e f  f c i a l  f o r  one endangered 
species, i t  may he detritrrenlal f o r  
another endanger& spec? es, S f  nce so 
many endangered species are concentrated 
i n t o  the f r a g w n t s  o f  coastal wet1 ands 
rm. r "n4ng In southern Ca l i fo rn ia ,  these 
c o n f l i c t s  are l I k e l y  ta be frequent: and 
serious. Therefore, when a1 t e r a  t f  ons are 
made, they should be conducted as cxper i -  
mt r ts ,  and their o$tcO:ntS sf t~)ald be 
close1 y sc ru t  i n i r e d  before the same kf nd 
of alteration i s  impl@inent& again, 

blugu Lagoon probably has been ctudied 
rrlore i n tens fve l y  than any other estuary 
i n  southern Cal i forn la.  However, i r t f o r -  
rnation gaps raqain, as not& throughout 
t h i s  p r o f i l e ,  The mast i m w r t a n t  gaps 
are the l a c k  o f  i n fo rna t i on  ahout n u t r i -  
ents and the pauci ty  of i n f o m a t i o n  about 
the w ~ r t e r n  am, except f o r  birds. The 
lack o f  i n f o m a t i o n  ahout nu t r i en ts  
necessi t a t d  a speculat ive analys is  o f  
the in f luence o f  nu t r i en ts  on the st ruc-  
ture dnd funct ion o f  the r e s t  of the eco- 
ryst@~?rrl, which re1 i e d  on inferences drawn 
fran the physical  c h a r a c t e r i s t i c r  of the 
s y s t m  and the cha rac te r i s t i cs  o f  primary 
producers fn  d i f f e r e n t  par ts  of the rys-  
tern. The ana lys is  l e d  t o  a ser ies o f  
hypotheses ~i tggestdng tha t  ample t i d a l  
f l u s h i n g  might be responsible f o r  low 
sa l t  rrrarsh p r o d u c t i v i t y  i n  the rtdstern 
an11 of Mugu Lagoon. This i n t e r p r e t a t i o n  
i s  consistent  w i th  ava i lab le  t n f o m a t i o n  
as f a r  as t h a t  Infonnat jon goes, but i s  
a t  odds w i th  the f ind ings  i n  most other  
s y s t m ~ ,  Therefore, the whale top ic  o f  
n u t r i e n t  supply, a v a i l a b i l i t y ,  and use 
must be studled 1 ~ F o r e  we can understand 
function4ng d t  the base o f  the ecosystem. 
Phc and lys i r  Zn t h i s  p r o f i l e  should k 
treated as a set o f  hypotheses, provoca- 
t i v e  [rut ds y e t  untested. 

The pauc i ty  of knowledge about the 
western dnn of' the lagoon 1s a c r i t i c a l  
concern for  the future ~nnnayetnent o f  the  
estuary for  a rrurnbvr o f  reasons: (1) The 
western ann and the cent ra l  hasin a re  the 
par ts  of the lagoon t h d t  have k e n  itmst 
impacted by past  human a1 terat ions. 
Therefore, remedial act ions should be 
focused Sn these parts, (2 )  The ongoing 
operat ions of the naval base around the 
westerrz am will necesf i take other a1 te r -  
at ions fn  t h f s  p a r t  o f  the lagoon i n  the 
Future, ( 3 )  If the So i l  Conservation 
Servir:e's (1983) predi  c t ions  about sedi -  
aentat fon i n  the r e s t  sf the estuary hold 
t rue,  the we~; te rn  arm w i l t  be the only 
pa r t  of the lagoon where estuar ine habi- 
t a t %  w i l l  pers is t .  ( 4 )  The a c t i v i t i e s  o f  
four o f  the f i v e  endangered species r e s i -  
dent l"n o r  us ing Mugu Lagoon are cancen- 
t ra ted  i n  the western a m  ( s a l t  marsh 
S i rd ' s  be&, Belblnt;'s Saua~nat: sparruw, 
1 igltt-footed c f  apper r a i l ,  and Cal i  fornf  a 
l eas t  tern), Since the needs of present 



and f u t u r e  mnagement w i l l  k concen- 
t r a t e d  i n  the western am of the  lagoon, 
y e t  l i t t l e  o f  what we now know appl ies 
w i t h  c e r t a i n t y  t o  t h i s  p a r t  3 f  the eco- 
system, a h igh  p r i o r i t y  of management 
should be the  support and encouragement 
of ecological  research i n  t he  western 
arm. Although any in fo rmat ion  about the  
b i o t a  and the  environmental regime o f  the  
area would be valuable, t he  needs o f  the  
endangered species c e r t a i n l y  should be 
studied, i nc lud ing  comparisons w i t h  o t h e r  
systems t h a t  might  serve as models f o r  
designing h a b i t a t  improvements. Cur- 
r e n t l y ,  the  Navy i s  support ing valuable 
research on endangered species i n  the  
western arm. Trade-offs f o r  d i f f e r e n t  
segments of t h e  b i o t a  should be evaluated 
f o r  increasing t i d a l  exchange. Increased 
t i d a l  exchange may mean more complete 
drainage o f  areas which could be detrimen- 
t a l  f o r  organisms dependent on sur face 
water. This app l ies  t o  areas t h a t  are 
seasonal ly f looded because o f  road berms 
o r  dikes, as we l l  as areas where t i d a l  
exchange i s  o n l y  r e s t r i c t e d .  

Although considerable in fo rmat ion  has 
been gathered on the  use o f  the lagoon by 
f ishes,  th ree aspects o f  f i s h  b io logy  
requ i re  more a t ten t i on .  

(1 )  Use o f  t i d a l  creeks. No informa- 
t f o n  i s  a v a i l a b l e  f o r  Mugu Lagoon. 
Studies i n  El khorn Slough (Barry and 
C a i l l  i e t  1981) and T i  juana Estuary 
(Nordby 1982) ind ica ted heavy use by 
j uven i l es  and espec ia l l y  la rvae o f  some 
species. Thus, r e t e n t i o n  o f  some water 

i n  t i d a l  creeks should be insured when 
a7 te ra  t i o n s  t o  increase t ida7 exchange 
might  r e s u l t  i n  drainage t o  lower eleva- 
t ions,  as has occurred i n  t he  western 
arm. 

( 2 )  Ha l i bu t  nursery. The possib le 
dependence o f  Caf i f o r n i a  ha1 i but, p r ized 
by s p o r t  and commercial f ishermen a l i ke ,  
on es tuar ine  areas as nursery grounds 
(Plummer e t  a1. 1983) and t h e  abundance 
o f  h a l i b u t  i n  t h e  eastern arm o f  Mugu 
Lagoon (Chapter 4;  Onuf and Quammen 1983) 
suggest t h a t  b e t t e r  in fo rmat ion  about 
h a b i t a t  requirements and d i s t r i b u t i o n  i n  
the  r e s t  o f  t he  lagoon i s  desi rable.  

( 3 )  Shovelnose g u i t a r f i s h  nursery. 
The southern C a l i f o r n i a  f i s h e r y  f o r  
sharks and o ther  e l  asmobranchs has 
expanded g r e a t l y  i n  recent  years and now 
inc ludes the tak ing  o f  shovel nose gui  t a r -  
f i s h  (M. Love, Occidental College, Los 
Angeles, Ca l i f o rn ia ;  pers. comm.). The 
concentrat ion i n  Mugu Lagoon o f  very 
l a rge  females, ca r r y ing  l a rge  eggs and 
embryos (Chapter 5; DuBois 19811, i n d i -  
cates t h a t  Mugu Lagoon and o ther  southern 
C a l i f o r n i a  es tua r ine  systems usua l l y  open 
t o  t h e  sea might  be important  t o  t he  
stock. Therefore, the unusual character- 
i s t i c s  o f  t he  shovelnose g u i t a r f i s h ' s  use 
o f  t he  lagoon m e r i t  more study. 

Th is  l i s t  o f  i n fo rma t ion  gaps i s  ind ic -  
a t i v e  r a t h e r  than exhaustive. The most 
important  f u n c t i o n  t h a t  t h i s  p r o f i l e  can 
ser-ve i s  t o  provide the  framework f o r  
e f f i c i e n t l y  f i l  l i n g  those gaps and others 
t h a t  become ev ident  l a t e r .  
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Mugu Lagoon i s  s i g n i f i c a n t  as one o f  the l e a s t  dfstgrbed and bes t  protected estuaries 
i n  southern C a l f f a r n i a ;  thus, t h i s  small estuasfne system can serve as a basel ine model 
f o r  the region. Th is  r e p o r t  samarrizes and synthesizes s c i e n t i f i c  data on the  eco log ica l  
s t r u c t u r e  and f u n c t i o n i n g  o f  the estuary, inc lud+ng djscussions o f  cl tmate, hydrology, 
geology, phys iog~apby ,  b t a t i c  assmblages, and ecological  processes and in terac t ions .  

The estuary e x h t b t t s  e ~ t r m e ~ u a r i a b i l i t y  +n freshwater inputs,  being a t  t imes t o t d ' l l y  
marfne and a t  a t h e r  times flubbed by s tomwater  cunof f  frm the  watershed. Major stonns 
i n  I978 and 1980 r e s u l t e d  dn sedimentatton t h a t  d r a s t i c a l l y  a l t e red  benth ic  cornmartities 
and resu l ted  i n  changes i n  the< d i s t r i b c l f  i o n  o f  submerged aquat ic  vegetat ion and benthos, 
and f i s h  and s h o r e b i r d  use .o f '  bhese food resources. 

Mugu Lagoon i s  p s r t  of a nasal base and t h e ~ e f o r e  not  subject  t o  the development pres- 
sures fac ing many o the r  southern Ca l i  f o r n j a  estuar ies.  Storm-produced sedtmenttthon 
remains a management concern, as w l l  as c losure o f  the mouth of the lagoon due &o 
l i t t o r a l  d r i f t  o f  sand along Dhe b a r r i e r  spit. 
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