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PREFACE 

Submarine f o r e s t s  o f  g i a n t  ke l p  
(Macrocys t i s ) ,  w i t h  p l a n t s  o v e r  50 m t a l l  
growing f rom t h e  b o t t o n  t o  t h e  su r face  o f  
t he  sea, p robab ly  i n t r i g u e d  humans l o n g  
before t h e  f i r s t  pub1 i s h e d  i n s i g h t s  i n t o  
t h e i r  ecology by  Darw in  i n  1860. Even 
w i t h  o n l y  a  l i m i t e d  v i e w  f r o m  t h e  sur face  
and observa t ions  from c o l  l e c t i o n s  , Darwin 
was c l e a r l y  fasc ina ted  b y  g i a n t  k e l p  and 
t h e  d i ve r se  o rga~ i s rns  a s s o c i a t e d  w i t h  i t ,  
and made t h e  f i r s t  ana logy  between t h i s  
comnuni ty and t e r r e s t r i a l  f o r e s t s .  Except 
f o r  a  few subsequent r e p o r t s  on t h e  e x t e n t  
o f  t h e  Macrocys t i s  r e s o u r c e  i n  C a l i f o r n i a ,  
i t  was almost a  hundred  years  a f t e r  
Darwin 's  observa t ions  i n  South Anleri ca 
t h a t  the  s tudy o f  C a l i f o r n i a  k e l p  f o r e s t s  
began . Andrews ' (1945)  p i onee r i ng  
research on t h e  fauna  o f  g i a n t  k e l p  
ho l  d f a s t s  i n c l uded  some underwater 
observa t ions ,  bu t  t h i s  and o t h e r  e a r l y  
s t ud i es  were hampered by  t h e  l a c k  of 
s imple d i v i n g  equipment. W i t h  t h e  advent 
o f  SCUBA i n  t h e  e a r l y  19508s ,  d i r e c t  
observa t ions  o f  k e l p  f o r e s t s  became 
r e l a t i v e l y  simp1 e and, because o f  aoun t i ng  
concern over  t h e  e f f e c t s  of  sewage 
discharges, l o s s  o f  ke f  p  h a b i t a t ,  and 
poss i b l e  impacts o f  ke l p  harves t ing ,  a  
number o f  ke l p  r esea rch  programs were 
s t a r t e d .  Thus, g i a n t  k e l  p  communities 
have been examined i n  d e t a i l  f o r  o n l y  
s l i g h t l y  more than 30 Years. The 
o b j e c t i v e s  o f  t h i s  p r o f i l e  a re  t o  rev iew 
and summarize what i s  known about k e l p  
fo res ts ,  w i t h  emphasis o n  Mact-0~ s t i s  
y r i f e r a  communities i n  California + an t o  

zuggest  f u t u r e  r esea rch  needs and 
approaches necessary t o  improve ou r  
understanding of t h e  eco logy  of these 
complex communities. 

Cowardin e t  a] .  ( 1 9 7 9 )  c l a s s i f i e d  
these h a b i t a t s  as i n  t h e  
Ca l i f o rn i an  Prov ince,  mar ine system, 
s u b t i d a l  subsystem, bed c lass ,  

a l g a l  bed subc lass ,  and Macroc s t i s  + dominance t v ~ e .  A1 t houqh  we recosn ize  t e 
need f o r  ;uch a c l a s i i f i c a t i o n -  system, 
much o f  t h e  r e c e n t  work on ke l p  
comnuni t i e s  emphasizes t h e i r  cons iderab le  
n a t u r a l  v a r i a t i o n .  Thus, w i t h i n  a  
p a r t i c u l a r  f o r e s t  t h e r e  may be areas o f  
rock  bo t tom c l a s s  and  unconso l ida ted  c l a s s  
w i t h  mos t assoc i a ted  subclasses (bedrock, 
rubb le .  cobb le -a rave l  , sand) and w i t h  
va r ious  doniinahce types  (Lanl inar i  a, 
Pterygophora, v a r i o u s  r e d  algae, va r ious  
i n v e r t e b r a t e s ) :  t h e  c l a s s i f i c a t i o n  o f  a  
p a r t i c u l a r  area may change w i t h  t ime. The 
m o d i f i e r s  used by  Cowardin e t  a l .  (1979) 
are l e s s  v a r i a b l e  i n  k e l p  f o res t s ;  t he  
water regime i s  a l m o s t  always s u b t i d a l ,  
and t h e  wate r  c h e m i s t r y  i s  euha l ine .  We 
have r e s t r i c t e d  o u r  d e t a i l e d  rev iew t o  M. 
p y r i f e r a  f o r e s t s  i n  C a l i f o r n i a  ( i n c l u d i n g  
t he  P a c i f i c  c o a s t  o f  Gaja C a l i f o r n i a ,  
Mexico) because t h i s  s e c t i o n  o f  coast1 i n e  
inc ludes  t he  e n t i r e  geographic  range o f  
t he  p l a n t  i n  t he  n o r t h e r n  hemisphere (see 
Chapter I ) ,  because t h e  environment w i t h i n  
t h i s  range i s  Inore s i m i l a r  than between i t  
and o t h e r  geograph ic  areas, and because 
most research  has been done here. I n  
add i t i on ,  t h e  m a j o r i t y  o f  t he  p r o f i l e  i s  
devoted t o  Mac rocys t i s  i t s e l f  because we 
know more about i t  t h a n  o t h e r  spec ies i n  
t he  comnruni t y  , because i t  de f i nes  t he  
sub jec t  of  t he  p r o f i l e ,  and because ou r  
own wcrk has focused o n  i t  and assoc ia ted  
p l an t s .  

To accompl ish t h e  above ob jec t i ves ,  
we have a t tempted  t o  rev iew most of t h e  
a v a i l a b l e  1  i t e r a t u r e  on  C a l i f o r n i a  k e l p  
f o r e s t s ,  and t o  compare and c o n t r a s t  t h i s  
i n f o r m a t i o n  w i t h  r e l e v a n t  s t u d i e s  on k e l p  
f o r e s t s  and beds i n  o t h e r  areas. Most of 
t he  e a r l y  work on  M a c r o c s t i s  
C a l i f o r r i a  i s  r ev i ewed  i n i 7 l a i y  
We acknowledge t h e  p i onee r i ng  work of 
Wheeler J. Nor th ,  and  have r e l i e d  h e a v i l y  

iii 



on North's publications fo r  information 
prior t o  1971, and have a lso  focused on 
reviewins more current information. 

Chapter 1 discusses the aims and 
organization of the prof i le  in more 
de ta i l ,  and introduces the biology and 
ecology of surface canopy kel ps, especial - 

local species, we ;ldve used wido'ly 
accepted common names, i f  available. The 
s c i en t i f i c  name i s  given with the common 
name when the  l a t t e r  i s  f i r s t  used. 
Abbott and ti01 lenberg (1976; a lgae) ,  
Morris e t  a l .  (1980; invertebrates) and 
Miller and Lea (1972; f i s h )  were used fo r  
names unless otherwise noted in the t ex t .  

kelp fores t  encironient are' reviewed in 
Chapter. 2. Chapter 3 describes cornunity 
structure and energetics,  whi l e  Chapter 4 
reviews the natural history of organisms 
in the community. Chapter 5 points out 
some of the problems with our present 
understanding of kelp fo res t  ecology, sug- 
gests research approaches tha t  niight solve 
these problems, and c r i t i c a l l y  examines 
some current hypotheses concerning 
community s t ructure  and dynamics. Chapter 
6 examines resource use, management, and 
pollution. Chapter 7 i s  a brief summary 
a n d  out1 ines research and management 
needs. 

Much of the work reviewed concerns 
ecology and natural history a n d ,  as a 
resul t ,  the information available i s  not 
always fo r  a species. I n  Chapter 6 
especially , taxonomic levels from species 
(e'.g. , ~ t r o n ~ ~ l o c e n t r o t u s  franciscanus) t o  
combined phyla (e .q . ,  sess i l e  inverte- 
brates) mayw be 'discussed in the same 
paragraph. A1 though t h i s  i s  an uneven 
treatment, i t  accurately re f lec t s  the 
s ta te  of information fo r  par t icular  
organisms. Species are  indicated where 
possible. In addit ion,  because many users 
of t h i s  p rof i l e  may be unfamiliar with 

The resul ts  of much kelp fo res t  
research, par t icular ly  habitat  surveys and 
management problems, are publ ished in 
reports that  are often c i t ed ,  but general- 
ly  unreviewed and d i f f i c u l t  to  obtain. 
Such reports and other secondary scien- 
t i f i c  publ ications ( theses ,  unpublished 
manuscripts, e tc . ;  see Day 1983 for  the 
d e f i n i t i o ~ s  of " sc ien t i f i c  papers") often 
contain much useful information and are 
frequently c i ted in t h i s  prof i le .  The 
interested reader shoul d obtain and 
evaluate these publications before using 
the information summarized from them in 
t h i s  profile.  The names and addresses of 
persons cited as personal communications 
follow the references. 

Comn~ents on, o r  requests f o r ,  t h i s  
profile should be addressed to:  

Information Transfer Special i s t  
National Coastal Ecosystems Team 
U.S. Fish and  Wildlife Service 
NASA-Sl i dell Computer Compl ex 
1010 Gause Bcuyevard 
S l ide l l ,  L A  70458 
504-255-6511, FTS 685-6511. 
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CHAPTER 1 

INTRODUCTION 

I know few things more surprising than to see this plant grow- 
ing and flourishing amidst those breakers of the western ocean, 
which no mass of rock, let i t  be ever so hard, can long resist. 
Darwin (1 860). 

This  p r o f i l e  i s  about l a r g e  brown 
a lgae  o f  t h e  genus Macrocys t i s  and 
organisms assoc i a t ed  w i t h  them i n  s u b t i d a l  
h a b i t a t s  a long t h e  west  coas t  o f  Nor th  
America. H i s t o r i c a l  i n t e r e s t  i n  g i a n t  
k e l p  was s t i m u l a t e d  by i t s  wide geographic 
d i s t r i b u t i o n ,  p a r t i c u l a r l y  i n  t he  southern 
hemisphere, and by t h e  immense s i z e  o f  t h e  
p l an t s .  As e a r l y  as t h e  16001s,  European 
mar iners  used Macrocys t i s  as a  nav iga-  
t i o n a l  a i d :  t h e  presence o f  a  f l o a t i n g  
canopy o f  a t tached  p l a n t s  i n d i c a t e d  
sha l low r e e f s ,  w h i l e  f l o a t i n g  bundles o f  
d r i f t  p l a n t s  i n d i c a t e d  t h a t  t h e  coas t  was 
no t  f a r  off (Nor th  1971b). 

The r e l a t i v e l y  easy h a r v e s t i n g  o f  
p l a n t s  made them t h e  bas i s  o f  t h e  potash 
i n d u s t r y  i n  t he  Un i t ed  S ta tes  d u r i n g  t h e  
F i r s t  World War. A t  present ,  some 150,000 
wet tons a r e  harves ted  annua l l y ,  mos t l y  
f o r  t h e  e x t r a c t i o n  o f  a l g i n ,  a  hydro- 
c o l l o i d  (Frey 1971). The r e c r e a t i o n a l  and 
a e s t h e t i c  va lue  o f  these p l a n t s  i s  a l s o  
recognized now because o f  t h e  a s s o c i a t i o n  
between them and many d e s i r a b l e  food  
spec ies o f  f i s h  and s h e l l f i s h .  Mammals 
such as sea o t t e r s  and harbor  sea ls ,  as 
w e l l  as numerous b i r d s ,  a l s o  commonly 
occur  i n  these h a b i t a t s .  The disappear- 
ance o f  a  l a r g e  t r a c t  o f  Macroc s t i s  o f f  
t he  Palos Verdes Peninsula -TY- Los Angeles 
County) and f rom o t h e r  areas o f  southern 
C a l i f o r n i a  i n  t h e  1950's b rough t  an aware- 
ness t h a t  these stands may be ephemeral i n  
na tu re  and p a r t i c u l a r l y  d i s t u r b e d  by 
p o l l u t i o n  assoc i a t ed  w i t h  l a r g e  cen te rs  o f  
populat ion.  T h i s  spawned a  s e r i e s  of 

research programs t o  s tudy  l i f e  h i s t o r y  
f e a t u r e s  o f  g i a n t  k e l p  and i t s  assoc ia ted  
organisms. I t  became apparent  t h a t  many 
f a c t o r s  were respons ib le  f o r  t h e  v a r i a t i o n  
i n  k e l p  abundance. V a r i a t i o n  th rough  t ime 
was assessed by es t imates  of t h e  cover  o f  
t h e  sur face canopy o f  Macroc s t i s  i n  
severa l  l o c a l  i t i e s  (Nor th  1& 

D i  f f e rences  i n coverage between 
surveys were asc r i bed  t o  human p e r t u r -  
b a t i o n  such as sewage o u t f a l l s  (Wi lson 
1982), t o  warm water  (Nor th  1971b), and t o  
g razers  such as sea u r ch i ns  (Le igh ton  
1971; see Fos te r  e t  a l .  1983 f o r  rev iew) .  
It was a l s o  c l e a r  t h a t  t h e  temporal  and 
s p a t i a l  v a r i a t i o n  i n  Macroc s t i s  abundance + was c o n t r o l l e d  n o t  by a  s i n g  e  f a c t o r  bu t  
by numerous f a c t o r s ,  some a c t i n g  i n  
concer t .  

It i s  o u r  aim t o  descr ibe  t he  g i a n t  
k e l p  f o r e s t  environment and t o  d iscuss  the  
sources o f  v a r i a b i l i t y  i n  t h e  d i s t r i b u t i o n  
and abundance o f  t he  organisms i n  it, 
espec ia l  l y  Macrocys t i s  (see Preface) .  Be- 
s ides geographic and temporal  d i f f e r e n c e s  
i n  p l a n t  abundance, g rea t  s p a t i a l  d i f f e r -  
ences i n  d i s t r i b u t i o n  a r e  a l s o  e v i d e n t  a t  
any one l o c a l i t y .  Even i n  areas where 
hard subst ra tum i s  a v a i l a b l e ,  any p a r t i c u -  
l a r  a l g a  i s  u s u a l l y  r e s t r i c t e d  t o  a  
r e l a t i v e l y  narrow range o f  depths (e.g., 
McLean 1962, Neushul 1967). T h i s  s o r t  of  
d i s t r i b u t i o n  can be t h e  r e s u l t  o f  t he  
i n t e r a c t i o n s  o f  many a b i o t i c  f a c t o r s  such 
as l i g h t  and temperature change w i t h  
depth, and b i o l o g i c a l  f a c t o r s  such as 



compet i t i on  f o r  space w i t h  o ther  species. 
Even w i t h i n  s i t e s  of s i m i l a r  depth a t  one 
l o c a l i t y ,  o t h e r  f a c t o r s  such as amounts of 
sediment c o v e r i n g  t h e  substratum and t h e  
presence o f  g raze rs  may d i f f e r  on a small 
s p a t i a l  sca le ,  r e s u l t i n g  i n  a  sma l l - sca le  
v a r i a t i o n  i n  t h e  presence and abundance of 
algae. Each o f  these f ac to r s  may a c t  on a 
d i f f e r e n t  l i f e  h i s t o r y  stage o f  a  species. 
Because bo th  b i o t i c  and a b i o t i c  f a c t o r s  
may change o v e r  smal l  d is tances,  t h e  
pa t t e rn  of a l g a l  d i s t r i b u t i o n  and abun- 
dance may change f rom l o c a l i t y  t o  l o c a l i t y  
(see Chapter 3 ) .  Moreover, some o f  t h i s  
p a t t e r n  may r e s u l t  f rom s tochas t i c  pro- 
cesses, l a r g e  sca l e  phenomena (Dayton and 
Tegner 1984a), and h i s t o r i c a l  events t h a t  
are d i f f i c u l t  t o  study. 

We have g e n e r a l l y  taken a f u n c t i o n a l  
approach i n  d i s cuss i ng  the  organisms i n  
Macrocyst is  communities, as f l o r i s t i c  and 
f a u n i s t i c  spec ies  c h e c k l i s t s  may be found 
i n  o t he r  sources (see Chapters 3 and 4). 
We d iscuss many species and environmental  
fac to rs ,  assess ing t h e i r  i n t e r a c t i o n s  w i t h  
Macrocyst i  s  and, where poss ib le ,  t h e i r  
i n f luence  on some phase o r  phases o f  t h e  
l i f e  c y c l e  of Macrocyst is.  It i s  o u r  
i n t e n t i o n  t o  i n f l u e n c e  the  d i r e c t i o n  o f  
f u t u r e  f i e 1  d-based s tud ies  i n v o l v i n g  
Macrocyst is .  Research t o  date has gone 
through q u a l i t a t i v e  and d e s c r i p t i v e  
phases, w i t h  a  r e l a t i v e l y  small amount o f  
experimental  work. We hope t o  see more 
c a r e f u l l y  conceived sampling and exper i -  
mental research  f e a t u r i n g  s p e c i f i c  
hypotheses w i t h  rep1 i c a t i o n  and proper  
con t ro ls .  We syn thes ize  the ex tan t  1  i t e r -  
a t u r e  and t e c h n i c a l  r epo r t s  w i t h  t h i s  i n  
mind, and i n c l u d e  accounts o f  work i n  
progress i n  severa l  Cal i f o r n i  a  l o c a l  i t i e s .  

1.1. TAXONOMY, DEFINITIONS, AND 
DESCRIPTIONS 

The taxonomy of Macrocyst is has been 
argued s ince  t h e  genus was f i r s t  named by 
C.A. Agardh (1820, 1839), and has been 
reviewed by Womersley (1954), Neushul 
(1971a), and Bros to f f  (1977). C.A. Agardh 
recognized s i x  species, based on b lade  and 
f l o a t  c h a r a c t e r i s t i c s  of what were proba- 
b l y  d r i f t  specimens (Agardh 1839). Hooker 
(1847) dec ided t h a t  on ly  one spec ies 
ex is ted,  M. p y r i f e r a .  Howe (1914) was t h e  
f i r s t  to-use t h e  now commonly accepted 
system o f  ho l d f as t  c h a r a c t e r i s t i c s  t o  

separate another  s p e ~ i ' e h ,  14. i r ~ t e y r i f c l ;  ;a  
(Howe 1914, Se t che l l  1 3 2 ,  Womersley 
1954). Womersley (1954) used ho l  d f a s t  
c h a r a c t e r i s t i c s  t o  dec ide t h a t  a  t h i r d  
species, M. a n g u s t i f o l i a ,  e x i s t e d  i n  
A u s t r a l i a  a n d  A f r i c a .  The h o l d f a s t s  o f  
these c u r r e n t l y  recognized spec ies a re  
i l l u s t r a t e d  i n  F igure  1 A .  a Neushul (1971a) 
mapped the  d i s t r i b u t i o n  o f  t h e  t h r e e  
spec ies i n t h e  no r t he rn  hemi sphere, w i t h  
M. i n t e g r i f o l  i a  o c c u r r i n g  n o r t h  f rom - 

Monterev, C a l i f o r n i a  t o  S i t k a .  Alaska; M. 
angust i f 0 1  i a  o c c u r r i n g  i n  c e n i r z l  
Cal i f o r n i a  and perhaps southern 
C a l i f o r n i a ;  w h i l e  M. 
buted i n  s o u t h e r n  
(1977) concluded, based on d e t a i l e d  mor- 
pho log i ca l  comparisons and t r a n s p l a n t  
experiments, t h a t  t h e  C a l i f o r n i a  M. 
angus t i  f o l  i a  descr ibed by Neushul (1971a) 
should be des ignated M. p y r i f e r a  var .  
c a l i f o r n i c a .  w i t h  M. ~ v a f e r a  becomina M. - 1.i- J - -  
y r i f e r a  va r .  y r i f e r a .  Abbo t t  and 

Ro l  lenberg (1976) P however, recogn ize  on l y  
two species o f  ~ a c r o c y s t i s  f rom 
C a l i f o r n i a ,  M. p y r i f e r a  i n  t h e  s u b t i d a l  
zone and M, i n t e  r i f o l i a  i n  t h e  low 
i n t e r t i d a l - c h a l  low --T subt i da  zone. Fo r  the  
purposes o f  t h i s  p r o f i l e ,  we w i l l  ab ide  by 
t h e  Abbot t  and Hol lenberg (1976) c l a s s i f i -  
ca t i on ;  re ferences t o  " g i a n t  k e l p  f o r e s t s "  
mean s u b t i d a l  M. p y r i f e r a  communities 
found on t h e  w e s t  coast  o f  No r t h  America. 

A few o t h e r  terms a r e  used throughout  
t h i s  book, so i t  would be use fu l  t o  d e f i n e  
them here. Almost every  paper concern ing 
Macrocyst is  mentions t h e  r a p i d  growth 
r a t e s  o f  i n d i v i d u a l  f ronds .  E a r l y  des- 
c r i p t i o n s  a l s o  no ted  t h e  g r e a t  s i zes  o f  
p lan ts .  The name " g i a n t  ke l p "  has 
remained t h e  common des i gna t i on  o f  the  
spec ies o f  Macrocyst is .  Because o f  t h e  
g rea t  s i zes  o f  i n d i v i d u a l  p l a n t s ,  t h e i r  
t runk -1  i ke appearance i n  t he  wa te r  column 
(see cover photo) ,  and t h e  sur face  
canopies which can be ex tens i ve  a long  
coas t l i nes ,  these areas o f  s u b t i d a l  
h a b i t a t  have been c a l l e d  " f o r e s t s "  and we 
w i l l  use t h i s  term. A "s tand"  r e f e r s  t o  
any l o c a l i z e d  group o f  p l an t s .  "Community 
s t r u c t u r e "  i s  used as a genera l  te rm t h a t  
i n c l udes  t h e  spec ies composit ion, abun- 
dance, and three-d imensional  d i s t r i b u t i o n  
of organisms i n  a  k e l p  f o r e s t .  "Community 
dynamics" r e f e r s  t o  change i n  s t r u c t u r e  
w i t h  t ime .  



A. Holdfast  morphology of Macrocystis spp. 
(redrawn f rom Neushul 1971a) 

hold 

, - . .  - -  
M. pyrifera M. angustifolia M. integrifolia 

B. Morphology and i ~ i e  history o f  M. pyr~fera 
(modif ied f rom Dawson and  Foster  1982) 

sporanglum (2N) 

diploid (2N) 

F i gu re  1. The morphology and l i f e  h i s t o r y  o f  Macrocyst is .  

Dense stands o f  Macrocys t i s  p rov i de  a  
v e r t i c a l  l y - s t r u c t u r e d  h a b i t a t  through the  
water  column, and may have a  cons iderab le  
shading e f f ec t  on t he  organisms below. 
These stands a l s o  p rov i de  nu r se r i es ,  feed- 
i n g  grounds and/or p r o t e c t i v e  cover  f o r  
many o t h e r  organisms. Darwin (1860) 
r e f e r r e d  t o  them as g r e a t  aqua t i c  f o r e s t s  
o f  t h e  southern hemisphere, comparing them 
i n  comp lex i t y  t o  t e r r e s t r i a l  f o res t s .  
Thus, g i a n t  k e l p  f o r e s t s  have come t o  mean 
t h e  areas o f  coast1 i n e  f e a t u r i n g  ex tens ive  
coverage by t h e  su r face  canopy of 
Macrocyst is .  Other  ke l ps  ( us i ng  a  re -  

s t r i c t e d  d e f i n i t i o n  o f  " ke l p "  as members 
o f  t h e  Order Laminar ia les )  t h a t  form sur-  
face  canopies i n  temperate and p o l a r  r e -  
g ions  may a l s o  form q u i t e  dense f o r e s t s ,  
b u t  t h e i r  t i s s u e  f l o a t i n g  on t h e  su r f ace  
o f  t he  sea tends n o t  t o  be as ex tens i ve  as 
t h a t  o f  Macrocys t i s  (see Sec t ion  3.2.2). 
We w i l l  r e f e r  i n  genera l  t o  communities 
w i t h  su r f ace  c a n o w  k e l o s  as " k e l o  
f o res t s  ," those w i t h '  p r ima r i r l y  ~ a c r o c ~ s t i s  
as " s i a n t  k e l p  forests . "  and those w i t h  
o t h e r  p a r t i c u ' l a r  ke l ps  as " b u l l  k e l p  
f o r e s t s ,  e tc . "  depending on t h e  genus o r  
species. 



Ke lps  t h a t  produce surface canopies 
u s u a l l y  have f l o a t s  (pneumatocysts) o r  
o t h e r  g a s - f i l l e d  s t r uc tu res  f o r  buoyancy. 
Numerous o t h e r  ke lps l a c k  such s t r uc tu res  
and do n o t  form a  surface canopy except a t  
l ow  t i d e  if they a re  growing i n  very  
shal low (1 -2  m deep) water. They may, 
however, f o r m  dense canopies up t o  a  few 
meters above  t h e  substratum t o  which they 
a r e  a t t ached .  Extensive stands o f  these 
sma l le r  l a m i n a r i a l e s  occur  i n  a l l  
temperate and some po la r  reg ions  o f  t h e  
wor ld .  Conven t i ona l l y  , these stands a re  
r e f e r r e d  t o  as ke lp  "beds," r e c ~ g n i z i n g  
s u b j e c t i v e l y  t h a t  the v e r t i c a l  s t r u c t u r e  
i s  n o t  s o  ex tens ive  as i t  i s  f o r  those 
species f o r m i n g  surface canopies. Com- 
muni t i e s  f e a t u r i n g  dense stands o f  
Laminar ia  spp. have been s t ud i ed  i n  Nova 
m ~ a n n  1972a, b, Breen and Mann 
1.976, Chapman 1981), and t h e  B r i t i s h  I s l e s  
(Ka in  1979) .  I n  the  southern hemisphere, 
Eck lon ia  spp. have been s t ud i ed  i n  New 
Zealand (Choa t  and Schiel  1982), Aus t ra l  i a  
(Shepherd and Womersley 1970, 1971, 
Kennel ly  1983), and South A f r i c a  
(Vel i m i r o v  e t  a l .  1977). These beds a re  
analogous t o  k e l p  f o res t s  b u t  w i t hou t  a  
surface canopy, and t he  p r i n c i p l e s  o f  
sampl i n g  and  experiment ing i n  them should 
be no d i f f e r e n t  than i n  g i a n t  k e l p  f o r -  
es t s .  We have drawn on t h i s  l i t e r a t u r e  
f o r  compar isons w i t h  work i n  Macrocyst is  
communit ies.  

M a c r o c y s t i s  belongs t o  t he  Order 
Lam ina r i a l es ,  Family Lessoniaceae. I t has 
a  t y p i c a l  l aminar ian  l i f e  c y c l e  (F igure  
l B ) ,  w i t h  microscopic  h a p l o i d  spores ( IN )  
deve lop i ng  i n t o  male and female gameto- 
phytes (IN). Eggs on female gametophytes 
a re  f e r t i  1 i zed ,  and the  zygotes develop 
i n t o  t h e  macroscopic d i p l o i d  sporophytes 
(2N). On mature p lants ,  c l u s t e r s  o f  
sporophyl 1  s con ta i n i ng  r ep roduc t i ve  ti ssue 
( s o r i )  a r e  found on t h e  l owe r  p o r t i o n  of 
p l a n t s  j u s t  above t he  h o l d f a s t s  (F igure  
l b ) .  F r o n d s  ( s t i p e s  w i t h  assoc ia ted  
f l o a t s  a n d  b lades)  comprise t he  l a r g e  
p o r t i o n  o f  p l a n t s  which a re  seen i n  t h e  
wa te r  column, and f l o a t i n g  on t h e  sur face  
o f  t h e  sea .  Fur ther  desc r i p t i ons  o f  t h e  
l i f e  c y c l e  and morphology o f  Macrocyst is  
can be found i n  Abbott and Hol lenberg 
(1976) a n d  Lobban (1978). 

1.2. DISTRIBUTION 

Subt ida l  f o r e s t s  o f  Macrocys t i s  occur  
i n  many areas o f  t h e  wor ld .  b u t  a r e  most 
w i d e l y - d i s t r i b u t e d  i n  t h e  i o u t h e r n  hemi- 
sphere (F igure  2 ) .  Popu la t ions  e x i s t  i n  
t h e  southern hemisphere a long  t h e  e a s t  and 
west coast o f  South America, o f f  South 
A f r i ca ,  Tasmania and south A u s t r a l i a ,  New 
Zealand, and the sub -an ta r c t i c  i s l ands .  
As w i t h  o t h e r  species w i t h  b i p o l a r  d i s t r i -  
bu t ions ,  i t  i s  gene ra l l y  though t  t h a t  
temperature i s  t h e  c h i e f  b a r r i e r  t o  t h e  
geographic expansion i n t o  warmer waters  
(Hedgpeth 1957). However, r ecen t  work has 
shown an inverse  r e l a t i o n s h i p  between 
temperature and n u t r i e n t s ,  so low n u t r i -  
ents may be the impor tan t  f a c t o r  (see 
Sect ions 2.3 and 2.5). I n  con t r as t ,  
Gaines and Lubchenco (1982) suggest t h a t  
he rb i vo r y  increases i n v e r s e l y  w i t h  1  a t i -  
tude, so ex tens ion  i n t o  warmer waters  may 
a l so  be l i m i t e d  by g raz ing .  A  combinat ion 
o f  c o l d  water and low l i g h t  l e v e l s  a c t i n g  
on t h e  var ious  l i f e  h i s t o r y  stages o f  
p l an t s  probably  prevents  expansion o f  
ranges toward t h e  po les (Van den Hoek 
1982). Nor th  (1982) suggested t h a t  t h e  
genus evolved i n  t he  southern hemi sphere 
and i t s  b i p o l a r  d i s t r i b u t i o n  i n  t h e  
P a c i f i c  ( b u t  n o t  t h e  A t l a n t i c )  may be the  
r e s u l t  o f  a co l d  water  "b r idge"  i n  t h e  
geo log ic  pas t  (Nor th  1971b). I n  c o n t r a s t ,  
Estes and S te inberg  (MS.) p o i n t  o u t  t h a t  
a l l  b u t  one o f  t he  p r e s e n t l y  recognized 
genera i n  t h e  Order Laminar ia les occur  i n  
t h e  Nor th  P a c i f i c ,  and suggest a  Nor th  
P a c i f i c  o r i g i n  and subsequent southern 
m i g r a t i o n  f o r  these ke lps ,  i n c l u d i n g  
Macrocyst i  s. 

Populat ions o f  Macrocys t i s  i n  t h e  
Nor th  P a c i f i c  extend from Alaska t o  l o c a l -  
i t i e s  o f  upwel led c o o l e r  wa te r  i n  Baja 
Cal i f o r n i a ,  Mexico (Druehl 1970; see 
Chapter 3 ) .  Macrocyst is  p y r i f e r a  i s  found 
f rom near  Santa Cruz i n  c e n t r a l  C a l i f o r n i a  
t o  Baja Cal i f o r n i a ,  Mexico (Druehl 1970). 
Abbot t  and Hol lenberg (1976) g i v e  Alaska 
as t he  nor thern  l i m i t ,  b u t  Druehl (1970) 
i s  probably  c o r r e c t  as we have never 
observed t h e  species much beyond Santa 
Cruz, and c o u l d  f i n d  no o t h e r  r e p o r t s  of a 
more n o r t h e r n  d i s t r i b u t i o n .  



F i g u r e  2. The geographic d i s t r i b u t i o n  o f  t h e  spec ies o f  Macrocys t i s  ( r e d r a w n  f r o m  
Womersley 1954). 

Besides geographic l i m i t s  t o  d i s t r i -  
b u t i o n ,  the re  a r e  a l s o  l i m i t a t i o n s  w i t h i n  
l o c a l  i t i e s .  Marine p l a n t s  are depth 
r e s t r i c t e d .  Ea r l y  surveys us i ng  SCUBA 
i d e n t i f i e d  va r i ous  zones s i m i l a r  t o  those 
i n  i n t e r t i d a l  reg ions (McLean 1962, 
Neushul 1967, Aleem 1973; see Chapter 3) .  
Sty1 i z e d  diagrams o f  depth d i s t r i b u t i o n  
r e s u l t e d  i n  composite ~ i c t u r e s ,  such as 
those  i n  ~ i ~ u r e .  3. surf g rass  (Phyl  l o -  
s a d i x  spp.) i s  o f t e n  found i n  very  

ow s u b t i d a l  areas, w i t h  another  kelp,  dbl- 

abundances and depth d i s t r i b u t i o n  o f  con -  
spicuous species of a lgae a t  d i f f e r e n t  
s i t e s  i n  C a l i f o r n i a .  Such a s a m p l i n g  
program would r e s u l t  i n  a  m o r e  s o l i d  
framework f o r  pos ing hypotheses about ke l  p 
f o r e s t  dynamics, i n  much t he  same w a y  t ha t  
good exper imenta l  i n t e r t i d a l  s t u d i e s  a r e  
based on  d e t a i l e d  knowledge of t h e  d i s t r i -  
b u t i o n s  and abundances of o r g a n i s m s  
(Dayton 1971, Connel l  1972, U n d e r w o o d  e t  
a l .  1983). 

E re i a  menz ies i i ,  a l s o  occupying t he  1Llf. t u r b u  e n t  inshore  s i t e s .  Several kelps 
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ma" i n h a b i t  i n te rmed ia te  depths (4-15 m 
d G p ) .  Macrocyst i  s pyri f e r a  does riot 
a e n e r a l l v  extend i n t o  ve ry  shal low water,  
& t o  depths below - 2 0  m i n  t he  t u r b i d  
c o a s t a l  waters.  F igure  3 presents  o n l y  a 
crude p i c t u r e  of depth d i s t r i b u t i o n .  It 
i s  i n t e r e s t i n g  t h a t  t he re  a re  no pub1 ished 
s t u d i e s  which have q u a n t i f i e d  bo th  t he  

D i s t r i b u t i o n a l  s t ud i es  s h o u l d  be 
concerned w i t h  the numerical  a b u n d a n c e s  o f  
p l a n t s  o f  a  species i n  d i f f e r e n t  Iota- 
t i ons .  A s i n g l e  p l a n t  of  a  s p e c i e s  s u c h  

- 

as Macroc s t i s  may have a much l a r g e r  
irnpaZFTdk&est of t h e  c m m u n i t ~  t h a n  a 
s ing1 e unders to ry  ke lp .  N e v e r t h e l e s s .  t h e  
presence o r  absence of a  k e l p  f o r e s t  i s  



Figure 3. The dis t r ibut ion of some common seaweeds within giant kelp fo res t s .  Plants 
in the four zones of vegetation layering include (1) small filamentous species and 
encrusting coral line algae; (2 )  bottom canopy plants such as Gel idiurn, Call iar thron,  
and Plocamium; (3) understory canopy kelps such as Pterygophora, Ei senia ,  and 
Laminaria; and (4)  midwater and surface canopy plants such as Egregia, Macrocystis, and 
Nereocystis. This i s  a generalized diagram and some species do not co-occur in the 
same s i t e  (modified from Dawson and Foster 1982). 

essentially the result  of a "numbers 
game": How many plants are in an area? 
How fas t  do they grow? How long do they 
l ive? What i s  the i r  reproductive output? 
How many new recruits  appear? Plants also 
respond differently when placed in d i f f e r -  
ent conditions, such as those which occur 
naturally a t  different l oca l i t i e s ,  and a t  
different depths within the same local i -  
t i e s .  These sor ts  of demographic 
questions remain t o  be answered primarily 
by field-based studies. 

This approach has generally not been 
followed in giant kelp fo r e s t  research, 
and there i s  a def ini te  bias in the 

l i t e r a tu r e  in studies done in s i t u  with 
Macrocystis. Most f i e l d  research has been 
done a t  a very few s i t e s  (near point Lorna, 
San Diego County; the Palos Verdes a rea ,  
Los Angeles County; and near Santa 
Barbara) t o  resolve questions about 
habi ta t  loss and restoration.  This i s  due 
t o  h i s to r ic  reasons, including the large 
population centers in  southern California , 
kelp harvesting in  the area ,  the presence 
of several univers i t ies  with faci l  i t i e s  
f o r  marine research, a sudden awareness of 
environmental problems coincident with the 
increase in sewer discharges, and the 
disappearance of large kelp fo res t s  on the 
Palos Verdes Peninsula and near Point 



Lorria. A succession of proy rams developed The problems o f  c o n t r o l  1  i ng and 
t o  study southern Cal i f o ~ . n i a  k e l p  f o r e s t  managing what was seen as a  resource 
communities and t o  r e s t o r e  Macrocyst is  i n  even tua l l y  h i g h l i g h t e d  t h e  need f o r  work 
areas where i t  was fo rmer ly  abundant. The t o  assess the  importance o f  o t h e r  f a c t o r s .  
I n s t i t u t e  of Marine Resources sponsored I n  a d d i t i o n ,  recen t  work on g i a n t  k e l p  
programs from 1956 t o  1963; t h e  Kelp f o r e s t s  i n  c e n t r a l  C a l i f o r n i a  (Pearse and 
H a b i t a t  Improvement P r o j e c t  i n ves t i ga ted  a  Hines 1979, Cowen e t  a l .  1982, Fos te r  
number o f  problems f rom 1964 t o  1976; and 1982a), South America (Ba r ra l es  and Lobban 
recen t l y ,  the  Cal i f o r n i a  Department o f  1975, San te l i ces  and Ojeda 1984a, b ) ,  and 
F i s h  and Game assumed r e s p o n s i b i l i t y  f o r  southern Cal i f o r n i a  (Dean and Deysher 
I -es ts i - i n j  coasta: h a b i t a t s  (see Chapte!' 1983. Dayton e t  a l .  1984) has begun t o  

p rov ide  a  broader perspec t i ve  on the  6 ) .  I n  a d d i t i o n ,  t h i s  work became p a r t i c -  ecology o f  these comunities. Table 
u l a r l y  concerned w i t h  t he  i n t e r a c t i o n s  o f  presents a summry of factors which have 
sea u r ch i ns  and ke l p  (Nor th  1983a). Dense been suggested o r  observed t o  a f f e c t  t h e  
aggregat ions of sea u r ch i ns  d is lodged  presence and abundance o f  ke l p  p l a n t s  (see 
Macrocys t i s  p l a n t s  t h a t  subsequent ly Chapters 2, 3, and 4  f o r  d e t a i l s ) .  The 
d r i f t e d  away ma eight on 1971). The major  e f f e c t s  o f  most o f  these a r e  n o t  known, 
problem i s  t h a t  once p l a n t s  have been except i n  broad o u t l i n e .  The bas i c  
removed by  any cause, d r i f t  m a t e r i a l  de- resources o f  space, l i g h t ,  and n u t r i e n t s  
c l i n e s ,  sea u r ch i ns  apparen t l y  beg in  t o  may be a l t e r e d  by  d i f f e r i n g  b i o t i c  and 
foraqe a c t i v e l y  f o r  food, and t h i s  a b i o t i  c  cond i t i ons .  Moreover, we have 
i n t e n s i v e  g raz ing  may prevent  t h e  r e -  l i t t l e  i dea  o f  how d i f f e r e n t  l e v e l s  o r  
estab l ishment  o f  k e l p  popu la t ions  f o r  some combinat ions o f  these f a c t o r s  a f f e c t  p l a n t  
t ime  (see Chapter 5 ) .  Th i s  has r e s u l t e d  rec ru i tment ,  growth, reproduct ion,  and 
i n  many programs t o  des t roy  sea u r ch i ns  s u r v i v a l .  These issues a re  discussed i n  
(Wi lson and McPeak 1983). d e t a i l  i n  t he  f o l l o w i n g  chapters.  

Table 1. Factors  i n f l u e n c i n g  g i a n t  k e l p  f o r e s t  a1 gal popu la t ions  w i t h  emphasis on 
Macrocyst is  p y r i  f e ra  i n  C a l i f o r n i a .  

Fac to r  I n f  1  uence 

Substratum Required f o r  at tachment 
Hardness r e l a t e d  t o  mor ta l  i t y  due t o  water mot ion 
Topographic heterogenei ty c o r r e l a t e d  w i t h  d i s t r i b u t i o n  and 

d i v e r s i t y  

Sedimentat ion and Attachment and su r v i vo r sh i p ,  e s p e c i a l l y  o f  microscopic  l i f e  stages 
sand movement B u r i a l  o f  a l l  o r  p o r t i o n s  o f  organisms 

Scour 

L i g h t :  
Amount Surv iva l  and growth o f  p lan ts ,  a t  l e a s t  1% o f  su r face  f o r  ke l ps  
Qua1 i ty Gametogenesis i n  ke lps 

Water mot ion  P lan t  and animal l o s s  i n  surge and cu r ren t s  
D i s t r i b u t i o n  o f  food (p lank ton  and d e t r i t u s )  
N u t r i e n t  a v a i l a b i l  i ty and uptake 

Temperature Growth and f e r t i l i t y  o f  p l a n t s  and animals 

N u t r i e n t s  Growth o f  ben th ic  p l a n t s  (and phytop lankton)  

(con t inued)  

7  



Table 1. Concluded. 

F a c t o r  I n f  1 uence 

Tox i c  substances : 
Reduced Macroc s t i s  growth and reduced f e r t i l i t y  a t  30 ppb 
Poss ib le  __h genera a t e r a t i o n  o f  community 

D iseases  o f :  
P l a n t s  Occur, bu t  popu la t i on  e f f e c t s ?  
U rch  i ns  Can cause massive r no r t a l i  ty  
Sea s t a r s  Occur, can cause massive mor ta l  i ty 
F i s h  Occur, bu t  popu la t ion  e f f e c t s ?  

G raz i ng  by: 
F i  sh Can des t roy  Macrocyst is  if p l a n t s  a t  l ow dens i t y  
Sea u r c h i n s  Can c rea te  areas o f  va r i ed  s i z e  n e a r l y  devoid o f  f o l  i o se  macroal gae 
I s o p o d s  May des t r oy  canopy and sub-canopy t i s s u e  
O t h e r  grazers Consume small 1 i f e  h i s t o r y  stages. Popu la t ion  e f f e c t s ?  

P r e d a t i o n  Sea s ta rs ,  sheephead, sea o t t e r s  and o the r  predators ,  i n c l u d i n g  
humans, may a f f e c t  t he  d i s t r i b u t i o n  and abundance o f  a v a r i e t y  o f  
species 

Sea s t a r s  and f i s h e s  may a1 t e r  p l an t - sess i l e  animal compe t i t i on  

C o m p e t i t i o n  Canopy shading i n h i b i t s  unde rs to r y  a1 gal  r ec ru i tmen t  and growth 
w i t h i n  and among species 

Pre-emption o f  space 
Whiplash e f f e c t s  o f  a l ga l  f ronds 
Competi t ion f o r  space and 1 i g h t  a f f e c t s  d i s t r i b u t i o n  o f  s e s s i l e  

species 
Compet i t ion ( i n c l u d i n g  behav io r )  a f f e c t s  f ish  d i s t r i b u t i o n  



CHAPTER 2 

THE ABiOTiC ENVIRONMENT 

Environmental factors involved in seaweed ecology-l ight, 
nutrients, water motion, and temperature-have similar s t ra t i f ied  
distributions. As a result, it is difficult to determine w h i c h  are 
the key factors. But it is easy to find a relationship of a n y  One 
with algal distribution. Jackson (1977). 

The ex is tence  of a  g i a n t  ke l p  f o r e s t  
depends upon phys ica l  and chemical condi-  
t i o n s  t h a t  favor  t he  reproduc t ion  and 
growth o f  Macrocyst is .  w i t h  few excep- 
t i o n s ,  t h i s  a b i o t i c  environment inc ludes  a  
hard substratum, water  temperatures gener- 
a l l y  < 20 " C ,  bot tom l i g h t  i n t e n s i t i e s  
equ i va l en t  t o  1% o f  su r f ace  i r r a d i a n c e  o r  
g rea te r ,  adequate n u t r i e n t s ,  oceanic 
sa l  i n i  t i e s ,  and p r o t e c t i o n  from extreme 
water mot ion. 

Much of t h e  P a c i f i c  coas t  of 
Cal i f o r n i a  and Baja Cal i f o r n i a ,  Mexico 
(F igure  2 )  f u l f i l  1s these c r i t e r i a .  
Nearshore waters  t o  t h e  n o r t h  may be too 
exposed t o  water mot ion, w h i l e  those t o  
t h e  south a r e  probably  t o o  warm o r  low i n  
n u t r i e n t s  (see Sect ions 2.3 and 2.5). The 
o u t e r  coas t  w i t h i n  the  range of Macrocys- 
t i s  i s  moderately exposed t o  oceanic 
s w e l l s ,  s a l i n i t y  i s  r e l a t i v e l y  cons tan t  a t  
around 33 ppt ,  and surface temperatures 
va ry  f rom a  seasonal l o w  of 8 " C  around 
Monterey t o  a  seasonal h i g h  of around 24 
O C  i n  Baja C a l i f o r n i a  (Sec t i on  2 .3 ) .  I n  
t he  southern p a r t  of t h i s  range, ke l p  
f o res t s  a re  p a r t i c u l a r l y  we1 1  developed i n  
cool,  n u t r i e n t - r i c h  upwel l  i n g  areas. 
P l an t s  commnly occur  a t  depths between 5  
and 20 m, The community may develop on 
a lmost  any rocky bo t tom w i t h i n  these 
1  i m i t s ;  t h e  absence o f  Macrocyst is  
commonly i n d i c a t e s  an uns tab l e  bottom. 

F 4 d ~ t u ~ y s t i s  is ~ 5 ~ 1 3 1 1 ~  n o t  found i n  
e s t u a r i e s  o r  verv  f a r  i n s i d e  p ro tec ted  
bays. The reasons" f o r  i t s  absence i n  such 
h a b i t a t s  have no t  b e e n  i n v e s t i g a t e d ,  b u t  
a re  probably  r e l a t e d  -to f a c t o r s  such as 
l a c k  o f  rocky s u b s t r a t a ,  decreased l i g h t ,  
increased s e d i m e n t a t i o n ,  and reduced 
s a l i n i t y  . No r t h  (1969) r e p o r t e d  severe 
damage t o  a d u l t  g i a n t  k e l p  t r a n s p l a n t s  i n  
Newport Bay when s a l  i n i  t y  was lowered t o  
10 pp t  d u r i n g  a  s t o r m .  No r t h  (pers .  
coritiii.) has a l s o  f o u n d  t h a t  c u l t u r e d  
gametophytes do n o t  s u r v i v e  a t  s a l i n i t i e s  
below 25 ppt. 

I n  t he  r e s t  o f  t h i s  chap te r  we 
d iscuss  the  a b i o t i c  e n v i r o n m e n t  i n  d e t a i l  
f o r  Macroc s t i s .  The a b i o t i c  c o n d i t i o n s  
n e c e s d r o t h e r  organisms a re  a1 so 
descr ibed bu t ,  i n  m o s t  cases, ve r y  l i t t l e  
i n f o r m a t i o n  i s  a v a i l a b l e .  

2.2. SUBSTRATUM AND SEDIMENTATION 

Wi th  few e x c e p t i o n s ,  t h e  s e s s i l e  
organisms assoc i a t ed  w i t h  g i a n t  k e l p  f o r -  
e s t s  r e q u i r e  a  h a r d  subst ra tum f o r  
at tachment.  If t h e s e  p l a n t s  and an imals  
do manage t o  a t t a c h  and grow on sediment, 
they a r e  u s u a l l y  s w e p t  away i n  a11 b u t  
ve ry  calm water .  E x t e n s i v e  areas o f  
cobble and bou lder  o c c u r  between Oceanside 
and Del Mar i n  s o u t h e r n  C a l i f o r n i a ,  and 
a d u l t  Macroc s t i s  i n  t h i s  r e g i o n  commonly + grow on t ese s u b s t r a t a ,  p a r t i c u l a r l y  i n  



t he  v i c i n i t y  o f  San Onofre. I f  water 
mot ion  i s  g rea t  enough, t he  drag on these 
and o t h e r  ke lps  i s  s u f f i c i e n t  t o  d is lodge  
them and t h e i r  subs t ra ta  from t h e  bottom. 
These p l a n t s  p l us  cobble "anchors" may 
re -es tab l  i s h  e l  sewhere i f  cond i t i ons  are 
s u i t a b l e ,  o r  be t r anspo r t ed  t o  the  beach 
o r  t o  deeper water (SCE 1982). 

I n  areas o f  ex tens ive  rocky  r ee f s ,  
t h e  hardness of t he  substratum i s  a lso  
impor tant ;  organisms growing on s o f t  rock  
such as  mudstone may be d is lodged  because 
drag on t he  p l an t s ,  induced by water  
movement, f r a c t u r e s  t he  rock.  D i f f e rences  
i n  community composi t ion i n  c e n t r a l  
C a l i f o r n i a  may p a r t i a l l y  r e s u l t  f rom 
d i f ferences i n  rock type (Fos te r  1982a). 

The major  except ions t o  t h i s  occur- 
rence on rocky  subs t ra ta  are k e l p  f o r e s t s  
i n  t h e  v i c i n i t y  o f  Santa Barbara, where 
Macroc s t i s  commonly grows a t tached  t o  
sediment Thompson 1959, Neushul 1971a, --7 
North 1971b). Neushul (1971a) suggested 
t h a t  young p l a n t s  f i r s t  e s t a b l i s h  on s o l i d  
sur faces such as worm tubes. As the  
p l a n t s  grow, anchorage i s  inc reased  by 
sediment p a r t i a l l y  cover ing,  and accumu- 
l a t i n g  i n ,  t h e  ho l d f as t .  These h o l d f a s t s  
can be over  a  meter i n  diameter,  and 
B a r i l o t t i  (pers .  comm.) found t h a t ,  once 
ho ld fas ts  a re  es tab l i shed ,  they become t he  
p r imary  s i t e  f o r  subsequent new ' r e c r u i t -  
ment. The l a rge  s i z e  o f  t h e  h o l d f a s t s  
p robab ly  r e s u l t s  f rom t he  accumulat ion o f  
haptera f rom successive generat ions of 
p lan ts .  

Sediment a f f e c t s  g i a n t  k e l p  f o r e s t s  
i n  two o t h e r  ways: l a r g e  amounts o f  
s h i f t i n g  sediment can scour o r  bury  
es tab l i shed  populat ions i n  rocky  areas 
(Weaver 1977), and r e l a t i v e l y  smal l  
amounts of sediment on, o r  f a l l i n g  on, the  
bottom can reduce t he  s u r v i v o r s h i p  of 
microscopic  1  i f e  h i s t o r y  stages. The 
former has been observed by Nor th  (1971b), 
who suggested t h a t  ~ a c r o c ~ s t i s  f ronds  are 
~ a r t i c u l a r l v  susceo t ib le  t o  damage if 
bur ied ,  and by ~ o s t e r  e t  a l .  (1983j ,  who 
i n d i c a t e d  t h a t  changes i n  sediment cover  
may be respons ib le  f o r  some o f  t h e  h i s -  
t o r i c a l  changes i n  t h e  a r e a l  e x t e n t  of 
k e l p  f o r e s t s  i n  t he  v i c i n i t y  o f  San 
Onofre. Johnson (1980) recounts  obser- 
va t ions ,  made i n  t he  l a t e  1800's on San 
Miguel I s l a n d  (near Anacapa Is land ,  see 

Chapter 3 ) ,  i n C i i ~ a L i r i ~  i i ~ a t  ;\i.:,., ;u ie>t> 
were dest royed by sand eroded f rom t h e  
land .  Gr igg (1975) l i s t e d  b u r i a l  as an 
impor tan t  cause o f  m o r t a l i t y  i n  Muricea 
c a l  i f o r n i c a ,  a  gorgonian co ra l  commonly 
found on reefs  and i n  k e l p  f o r e s t s  south 
o f  Po in t  Conception. B u r i a l  can a l s o  k i l l  
young hydrocora ls  (A1 l opo ra  c a l  i f o r n i c a )  
(Os ta re l  l o  1973) and o t h e r  s e s s i l e  animals 
(Weaver 1977), and may k i l l  slow-moving 
i nve r t eb ra tes  1  i ke t he  Cal i f o r n i a  cowry 
(SCE 1979). Sediments can c l o g  t h e  
f i  1  t e r - f eed ing  apparatus o f  many i n v e r t e -  
b ra tes ,  and may be p a r t l y  r espons ib l e  f o r  
t h e  gene ra l l y  h i ghe r  abundances o f  f i  1  t e r  
feeders such as A l l o p o r a  on v e r t i c a l  
sur faces where sedimentat ion i s  reduced 
( O s t a r e l l  o  1973). 

Scour can a l s o  be caused by t h e  
blades o f  understory  a1 gae rubb ing  over  
t he  bottom. Vel im i r ov  and Griffi t h s  
(1979) descr ibed bare areas between 
patches o f  Laminar ia  p a l l i d a  produced by 
b lades sweeping the bottom. The e f f e c t s  
of t h i s  type o f  scour have n o t  been 
examined w i t h i n  g i a n t  k e l p  f o r e s t s .  

A mosaic o f  sediment and rock  patches 
i s  common i n  many k e l p  f o r e s t s ,  and t h i s  
p a t t e r n  may change, p a r t i c u l a r l y  du r i ng  
storms. Small patches o f  s h i f t i n g  sed i -  
ment a r e  one d is tu rbance  t h a t  k i l l s  
es tab l i shed  organisms, c r e a t i n g  new space 
f o r  r e - co l on i za t i on .  Th is  d is tu rbance  may 
thus  have impor tan t  e f f e c t s  on composi t ion 
and d i v e r s i t y  w i t h i n  c e r t a i n  k e l p  f o r e s t s  
(Rosenthal e t  a l .  1974, Fos te r  1975a, 
Gr igg  1975). 

Laboratory  experiments by Devi nny and 
Volse (1978) showed t h a t  even v e r y  smal l  
amounts of sediment can g r e a t l y  i n h i b i t  
t h e  attachment and growth o f  Macrocys t i s  
spores. Th i s  cou ld  have a  s i g n i f i c a n t  
e f f e c t  on a d u l t  d i s t r i b u t i o n  i n  t h e  f i e l d .  
Sedimentat ion ra tes ,  as measured w i t h  
sediment tubes, a r e  a1 so n e g a t i v e l y  
c o r r e l a t e d  w i t h  sporophyte r ec ru i tmen t  
(Dean e t  a l .  1983). It i s  h i g h l y  probable 
t h a t  t h e  smal l  stages o f  o t h e r  a lgae  and 
i n v e r t e b r a t e s  (such as gorgonian co ra l s ;  
G r i gg  1975) a re  a l s o  nega t i ve l y  a f f e c t e d  
i n  t h i s  way. 

Macrocys t i s  can grow w h i l e  d r i f t i n g ,  
and e a r l y  d e s c r i p t i o n s  of t h e  p l a n t  sug- 
gested i t  migh t  e x i s t  i n  l a r g e  unat tached 



f l o a t i n g  masses as Sargdssunl does i n  the  
Sargasso Sea (see d iscuss ion  by Nor th  
1971b). Al though "seas" o f  Mdcroc s t i s  
have no t  been found, Moore & 
Gerard and Kirkman (1984) descr ibed l a r g e  
numbers o f  l i v i n g  p l a n t s  w i t h  unusual 
branched fronds d r i f t i n g  on the bottol l i  i n  
q u i e t  bays i n  southern New Zealand. 

2.3. TEMPERATURE 

Subt ida l  organisms a re  con t i nua l  l y  
submerged, and thus a re  no t  exposed t o  t he  
extremes of temperature found i n  t h e  
i n t e r t i d a l  zone. However, cons iderable 
seasonal and year - to -year  d i f f e rences  i n  
temperature occur  w i t h i n  the range o f  
g i a n t  k e l p  fo res ts .  These d i f f e rences  
have been suggested as impor tan t  t o  p l a n t  
d i s t r i b u t i o n ,  e s p e c i a l l y  on a geographic 
sca l e  (Nor th  1971b, Murray e t  a l .  1980, 
Vav deg Hcek 1982). 

Any d iscuss ion  o f  temperature (and 
o t h e r  a b i o t i c  f a c t o r s )  must be prefaced 
w i t h  warnings about f a c t o r  covar iance and 
i n t e r a c t i o n ,  r e1  a t i o n s h i  ps between tenipo- 
r a l  and s p a t i a l  sca les o f  measurement vs. 
p l a n t  response, and d i f f e r e n c e s  i n  
response of d i f f e r e n t  1  i f e  h i  s t o r y  stages 
(see Wheeler and Neushul 1981 f o r  rev iew) .  
The e f fec ts  o f  temperature and o t h e r  
a b i o t i c  f ac to r s  a r c  o f t en  euamincd alof ic 
i n  f i e l d  c o r r e l a t i o n s  and s i n g l e - f a c t o r  
l a b o r a t o r y  experiments. As po i n t ed  ou t  by 
Hedgpeth and Gonor (1969), however, t h e  
e f f ec t s  o f  temperature can vary  depending 
on o the r  f a c t o r s  such as l i g h t  and n u t r i -  
en ts .  These i n t e r a c t i o n s  have been 
suggested (Druehl 1978) o r  demonstrated as 
impor tan t  f o r  Macrocyst is  and o t h e r  ke lps 
(Luning and Neushul 1978, Dean e t  a l .  
1983). Moreover, t h e  measurement o f  
temperature i n  t h e  f i e l d  may n o t  t r u l y  
r e f l e c t  what the  organism a c t u a l l y  
experiences. For example, a  shal low 
thermoc l ine  can occur w i t h i n  ke l p  fo res ts ,  
w i t h  bottom temperatures cons iderab ly  
c o l d e r  than those a t  t he  surface. Thus, 
us i ng  sur face  temperatures as an i nd i ca -  
t i o n  o f  temperatures w i t h i n  a  k e l p  f o res t  
can be i napp rop r i a t e .  The vas t  m a j o r i t y  
of seawater temperature measurements a re  
made a t  t h e  surface. I n  a d d i t i o n ,  depend- 
i n g  on t i des ,  thermocl i n c  p o s i t i o n ,  ctc., 
temperatures on t h e  bot tom a t  k e l p  f o r e s t  
depths can vary  4  O -  8  "C i n  l e s s  than a 
day (Quast  1971c, B a r i l o t t i  and 

S i l  ve r thorne  1972, Zimmerman and K remer  
1984). Rosenthal e t  a l .  (1974) found mean 
and maximum sur face  temperatures n e a r  
t h e i r  s tudy area over  a  f i ve -year  p e r i o d  
t o  be 16.3 " C  and 24.6 "C, r e s p e c t i v e l y ,  
w h i l e  t he  mean a t  17 m was 13.0 O C ,  and 
the  maxinium 16.0 "C.  

Monthly mean sur face  temperatures of 
nearshore waters  w i t h i n  the  western n o r t h  
k c i f i c  d i ~ t r i b y t i n n  c f  12r0e stends o f  
Macrocyst is  p y r i f e r a  va ry  f r o k  12 O -  15 O C  

near Santa Cruz, C a l i f o r n i a  t o  18 O -  23 " C  
i n  Baja ~ a l i f o k n i a ,  Mexico (Sverdrup e t  
a l .  1942). It i s  gene ra l l y  b e l i e v e d  t h a t  
a d u l t  g i a n t  ke l p  do no t  grow w e l l  above 20 
O C ,  a l though  p l a n t s  have been found i n  an 
area of Baja C a l i f o r n i a ,  Mexico, w h e r e  
temperatures exceeded t h i s  va l ue  f o r  
severa l  weeks (Nor th  1971b). Th is  l a t t e r  
observa t ion  may be excep t iona l ,  as p l a n t s  
!n Saja  C a l i f o r n i a ,  Mcxic3 generally o c c u r  
i n  areas where cool  water i s  u p w e l l e d  
(Dawson 1951). Canopies and e n t i r e  p l a n t s  
d e t e r i o r a t e  i n  southern C a l i f o r n i a  d u r i n g  
years  when sea water temperatures a r e  
e leva ted  ( "E l  Nino" oceanographic c o n d i  - 
t i o n s ;  see Sec t ion  2.5 below) s u g g e s t i n g  
t h a t  h i g h  temperatures ( o r  assoc i a t ed  1 ow 
n u t r i e n t s ,  see Sec t ion  2.5) have d e l e t e r -  
ious e f f e c t s  on a d u l t  p lan ts .  

Growth of gamctophytcs o f  a v a r i e t y  
o f  k e l p  species i n  southern C a l i f o r n i a  i s  
g e n e r a l l y  opt imal  a t  17 "C, w h i l e  f e r t i l i -  
t y  i s  op t ima l  a t  12 O C .  Both of t h e s e  
processes were op t ima l  a t  around 12 " C  i n  

ametophytes from c e n t r a l  Ca1 i f o r n i  a  
qLuning and Neushul 1978). B u l l  k e l p  
(Nereocys t i s  luetkeana)  does no t  o c c u r  
south o f  P o i n t  Conception, and Vadas 
(19.72) concluded t h a t  t h i s  i s  because  
gametophyte f e r t i  1  i t y  and young spo rophy te  
growth occurred a t  15 O C  bu t  n o t  a t  20 O C .  
However, t h i s  conc lus ion  about d i  s t r i b u -  
t i o n  i s  quest ionable,  as t empe ra tu re  
e f f e c t s  between 15 " and 20 "C were n o t  
evaluated, and temperatures below 20 " C  
are common f o r  many months of t h e  y e a r  
south o f  Po in t  Conception ( B a r i l o t t i  a n d  
S i l v e r t h o r n e  1972, Mearns 1978, Dean e t  
a l .  1983). One migh t  expect t h a t ,  if 
temperature were of g rea t  impor tance t o  
geographic d i s t r i b u t i o n ,  p l a n t s  from a r e a s  
w i t h  d i f f e r e n t  temperature c h a r a c t e r i s t i c s  
would e x h i b i t  d i f f e r e n t  responses t o  
temperature. Nor th  (1972b) found t h a t  
sporophytes t r ansp lan ted  from Ba j a  



C a l i f o r n i a ,  Mexico, t o  Newport Bay i n  
sou the rn  Gal i f o r n i a  su r v i ved  b e t t e r  du r i ng  
p e r i o d s  o f  warm water t han  n a t i v e  p lan ts .  
Deysher and Dean (pers .  comm.) are 
e v a l u a t i n q  the  growth and f e r t i l i t y  o f  
Macrocys t  i s  p y r i f e r a  gametophytes produced 
from a d u l t s  c o l l e c t e d  i n  Baja C a l i f o r n i a ,  
Mexico (warm water),  t h e   an Diego area 
(moderate-warm water) ,  and Monterey ( c o l d  
wa te r ) .  I n  con t ras t  t o  t h e  f i n d i n g s  o f  
Nor th  (1972b),  t h e i r  p r e l  im inary  r e s u l t s  
i n d i c a t e  a1  l gametophytes behave s im i  1  a r -  
l y ,  and  sporophyte p roduc t ion  occurs a t  20 
"C if n u t r i e n t s  a re  adequate. Growth and 
f e r t i l i t y  dec l ine  r a p i d l y  above 23 " C  i n  
a l l  p l a n t s .  More of these k inds o f  
expe r imen t s ,  combined w i t h  adequate 
t e m p e r a t u r e  records from geographic bound- 
a r i e s ,  a re  needed t o  eva luate 
t e m p e r a t u r e - d i s t r i b u t i o n  hypotheses 
c r i t i c a l l y .  

Temperature has a1 so been suggested 
as b e i n g  impor tant  t o  t h e  geographic 
d i s t r i b u t i o n  o f  ke l p  f o r e s t  f i s h e s  and 
i n v e r t e b r a t e s  (Quast  1971a, Gerrodet te  
1979). As f o r  b u l l  k e l p  and gorgonian 
c o r a l s  ( see  above), major  changes i n  t he  
d i s t r i b u t i o n  o f  ke l p  f o r e s t  species occur  
near  P o i n t  Conception where the  Cal i f o r n i a  
Cu r ren t  moves o f f shore ,  c r e a t i n g  l a r g e  
changes i n  temperature w i t h i n  a  sho r t  
d i s t a n c e .  Br iggs (1974) a l s o  emphasized 
t h e  i m p o r t a n c e  o f  these changes near Po in t  
Concep t i on  i n  h i s  rev iew o f  marine b i o -  
geography. However, most o f  the  
r e l a t i o n s h i p s  between d i s t r i b u t i o n  and 
t e m p e r a t u r e  are based on c o r r e l a t i v e  
ev idence,  and the d i f f i c u l t i e s  mentioned 
above f o r  a l g a l  d i s t r i b u t i o n  a l s o  app ly  t o  
these o t h e r  ke lp  f o r e s t  organisms (see 
G e r r o d e t t e  1979). 

2.4. LIGHT 

The methods o f  measuring l i g h t  
r e l a t i v e  t o  the b i o l ogy  o f  k e l p  f o r e s t  
organisms have undergone numerous changes 
i n  r e c e n t  years,  and an understanding o f  
these changes i s  necessary t o  i n t e r p r e t  
t he  r e s u l t s  of  l i g h t  s t ud i es .  Luning 
(1981) r e c e n t l y  reviewed t h i s  sub jec t ,  so 
we w i l l  o n l y  b r i e f l y  summarize i t  here t o  
a i d  t h e  d i s c u s s i o n  t h a t  f o l l ows .  

M a r i n e  p l an t s  have a  d i ve r se  a r r a y  o f  
l i g h t - a b s o r b i n g  pigments such t h a t  wave- 

leng ths  o f  between roughly 400 and 763 nM 
are used i n  photosynthes is  ( s o - c a l l e d  PAR 
o r  Pho tosyn the t i ca l l y  A c t i v e  Rad ia t ion ) ;  
o t he r  p l a n t  processes may be s e n s i t i v e  t o  
l i g h t  ou ts ide  t h i s  range (Luning 1981). 
Inexpensive, p o r t a b l e  i nstruments t o  
measure l i g h t  i n  t h i s  r eg i on  o f  t h e  
spectrum were n o t  a v a i l a b l e  u n t i l  
r ecen t l y ,  and most e a r l y  measurements were 
made w i t h  photometers t h a t  measure l i g h t  
( i l l um inance )  i n  foo t -cand les  (Eng l i sh )  , 
o r  l u x  (met r i c ;  1  f - c  = 10.764 l u x ) .  
I l l uminance  i s  based on t he  s e n s i t i v i t y  o f  
the  human eye, and measurement ins t ruments  
are designed w i t h  maximum s e n s i t i v i t y  i n  
t he  green reg ion  o f  t h e  spectrum (550 nM). 
Therefore, photometers do n o t  p r o p e r l y  
measure t h e  l i g h t  a c t u a l l y  a v a i l a b l e  f o r  
photosynthesis.  La te r  measurements have 
been made w i t h  ins t ruments t h a t  d e t e c t  a l l  
p o r t i o n s  o f  t h e  spectrum w i t h  equal 
s e n s i t i v i t y  i n  energy u n i t s  (such a s  
watts/m2; i r r ad i ance ) .  Wi th  proper  
f i  1  t e r s  , these i nstruments can measure 
j u s t  PAR. L i g h t  q u a n t i t y  can a l s o  be 
measured as photon f l u x  dens i t y .  Th is  i s  
a  p a r t i c u l a r l y  appropr ia te  u n i t  because 
photosynthesis i s  a  quantum process. 
Inst ruments a r e  now ava i  l ab1  e  which 
measure photon f l u x  d e n s i t y  o f  PAR. The 
u n i t s  are E ins te ins /a rea / t ime o r  
mols/area/time, where 1 E i n s t e i n  = 1 mol = 
6.02 x 1023 photons. Unless o therw ise  
noted,  1  i g h t  measurements below a r e  photon 
f l u x  dens i t y  o f  PAR. 

Adequate l i g h t  i s  essen t i a l  f o r  t h e  
growth o f  Macroc s t i s  and o t h e r  p l a n t s  
w i t h i n  a  ke*and may a f f e c t  t h e  
behav io r  of  o t h e r  organisms such as f i s h e s  
(Quast  1 9 7 1 ~ ) .  Most seaweeds i n  a  k e l p  
f o r e s t  a t  l e a s t  s t a r t  l i f e  on t h e  bottom, 
and l i g h t ,  as w e l l  as o t h e r  f a c t o r s  
a f f e c t i n g  p l a n t  growth, must be s u i t a b l e  
there. I n  the absence o f  o t h e r  p o s s i b l e  
c o n t r o l  1  i n g  fac to rs  (presence o f  sand, 
grazers,  e t c . ) ,  t h e  lower  depth l i m i t  o f  
g i a n t  k e l p  and, t he re fo re ,  g i a n t  k e l p  
f o res t s ,  i s  probably  determined by l i g h t .  
Luning (1981) suggested t h a t  f o r  most 
ke lps,  t h i s  l i m i t  w i l l  occur  where 
i r r a d i a n c e  i s  reduced t o  1% of t h a t  a t  
t h e  w a t e r ' s  surface. G ian t  k e l p  g e n e r a l l y  
grows deeper i n  c l e a r e r  water  as seen i n  
some c e n t r a l  Cal i f o r n i a  k e l p  f o r e s t s  where 
depth d i s t r i b u t i o n s  a r e  c o r r e l a t e d  w i t h  
wa te r  c l a r i t y  (Fos te r  1982a). B a r i l  o t t i  
(pers.  comm.) notes t h a t  t h e  o u t e r  



(deeper)  margin of t he  P o i n t  Lorna k e l p  
f o r e s t  has receded t o  depths sha l l owe r  
than  a t  t he  t u r n  of t h e  cen tu r y ,  and 
suggested t h a t  t h i s  may be due i n  p a r t  t o  
inc reased  t u r b i d i t y  assoc ia ted  w i t h  t h e  
nearby San Diego sewer o u t f a l l .  

The q u a l i t y  o r  s p e c t r a l  d i s t r i b u t i o n  
o f  l i g h t  a l s o  chan es w i t h  depth and wate r  
c h a r a c t e r i s t i c s  f J e r l o v  1968, Luning 
1981); t h i s  may a f f e c t  t h e  d i s t r i b u t i o n  o f  
p l a n t s  t h a t  r e q u i r e  p a r t i c u l a r  wavelengths 
o f  l i g h t  t o  m a i n t a i n  growth. I n  a d d i t i o n ,  
many k e l p s  r e q u i r e  a  c e r t a i n  amount of 
b l u e  l i g h t  f o r  the  i n d u c t i o n  o f  f e r t i l i t y  
i n  gametophytes (Luning and D r i n g  1972, 
Luning and Neushul 1978, Lun ing  1980).  
For  Macroc s t i s  a t  14 " C ,  a  t o t a l  o f  
b e t w e A . 3  Elm2 o f  wavelengths 
between 400 and 530 nM i s  r e q u i r e d  t o  
induce 50% f e r t i l i t y  (Luning and Neushul 
1978. Deysher and Dean i n  p r e s s ) .  The 
b l u e  l i g h t  response v a r i e s  because i t  i s  
a f f e c t e d  by t h e  r a t e  a t  which t h i s  l i g h t  
i s  rece ived;  gametophy t e s  have b o t h  
t h resho lds  and s a t u r a t i o n  p o i n t s  (Deysher 
and Dean i n  p ress ) .  Work w i t h  o t h e r  ke l ps  
suggests t h a t  .the amount of b l u e  l i g h t  
r e q u i r e d  a1 so v a r i e s  w i t h  temperature 
(Lun ing  1980). Growth occurs w i t h o u t  b l u e  
1 i g h t ,  b u t  r ep roduc t i on  does n o t .  

Lun inq ' s  (1981) suqaest ion t h a t  1% o f  
su r face  i r r a d i a n c e  i s  r e q u i r e d  f o r  k e l p  
growth i s an over-simp1 i f i c a t i o n  because 
l i g h t  requi rements d i f f e r  f o r  d i f f e r e n t  
s tages o f  t h e  same p l a n t ,  and t hese  stages 
occupy d i f f e r e n t  depths and t hus  d i f f e r e n t  
l i g h t  regimes. The depth where 1% l i g h t  
occurs can v a r y  w i t h  water  c l a r i t y  and 
canopy development. Table 2 1  i s t s  l i g h t  
reaui rements f o r  qrowth i n  v a r i o u s  stages 
o f  ' ~ a c r o c  s t i s .  ?he va lues g i v e n  should 
be cons1 -??- ered  auuroximate as requ i rements  
m y  v a r y  w i t h  geographic  l o c a t i o n ,  ternper- 
a t u re ,  n u t r i e n t s  (Lun ing  and Neushul 
1978), wa te r  mot ion (Wheeler 1980b) and, 
f o r  pho tosyn the t i c  nieasurements on a d u l t  
blades, p o s i t i o n  i n  t h e  w a t e r  column 
(Wheeler 1980a). 

Growth w i l l  s low a t  l i g h t  l e v e l s  
below sa tu ra t i on ,  and f e r t i  1 i t y  w i l l  
dec l i ne  i f  l e s s  b l u e  l i g h t  i s  a v a i l a b l e .  
Dean e t  a l .  (1983) es t ima ted  t h a t  
Macrocys t i  s gametophytes o u t p l  an ted  on 
a r t i f i c i a l  subs t r a t a  i n  t h e  San Onofre 
k e l p  f o r e s t  must r ece i ve  t h e  l i g h t  

] a b l e  2 .  i ~ownwe i i i ng  7 i g n t  l e v e l s  
(E/m2/day) f o r  gametogenesis and compen- 
s a t i o n  (growth)  and s a t u r a t i o n  ( h i g h e s t  
growth r a t e )  of growth i n  var ious stages 
o f  l lacroc s t i s .  For re ference,  1% o f  
surf&suggested by Luning (1981) 
as t he  lower  l i g h t  l i m i t  f o r  k e l p  growth, 
i s  about 0.2 Elrnzlday. 

Stage Compensation S a t u r a t i o n  

Gametophy t es  

~ r o w t h ~  0.3 2 
Gametogenesi s  0.2 - 0.4 0.4 - 0.8 

Young sporophytesa 
(% 1  cm l ong )  0.1 1.5 

Juven i le  sporophytesC 
(a 0.2-1 m l ong )  0.6 - 0.7 2 - 3 

 ran Dean e t  a l .  1983. 
b ~ r o m  Deysher and Dean ( i n  press). 
' ~ r o m  Dean and Jacobsen ( i n  press) .  
d ~ r o m  pho tosyn the t i c  r a t es  i n  Clendenning 

1971c. L i g h t  l e v e l s  were conver ted from 
foot -candles us ing  convers ion o f  Luning 
1981, and assuming a 12-h day wi t h  con- 
~ t a n t  1  i g h t .  

necessary t o  become f e r t i l e  w i t h i n  about 
40 days, Beyond t h i s  t ime, m o r t a l i t y  due 
t o  f ac to r s  such as sedimentat ion and 
g raz i ng  i s  apparen t l y  so h i g h  t h a t  few 
gametophytes su rv ive .  Thi s  1  i f e  h i s t o r y  
s tage can l i v e  and grow f o r  much l onge r  
per iods  i n  t h e  l abo ra to r y  (Sanbonsuga and 
Neushul 1980), b u t  whether gametophytes 
can l i v e  longer  on n a t u r a l  subs t r a t a  i n  
t he  f i e l d  i s  unknown. Larger  stages may 
s u r v i v e  longer  a t  subopt imal l i g h t  l e v e l s  
because they a re  p a r t l y  above t h e  bot tom 
and no t  as a f f e c t e d  by these f ac to r s .  

Adu l t  Macrocyst is  p l a n t s  a r e  
g e n e r a l l y  i n s e n s i t i v e  t o  changes i n  
subsurface 1 i g h t  because they  u s u a l l y  form 
a surface canopy, and can t r a n s l o c a t e  t he  
products  of photosynthes is  toward t he  
ho l  dfas t (Parker  1963, Lobban 1978). 
Younger stages are l oca ted  on o r  near t h e  
bottom, however, so a k e l p  f o r e s t  cou ld  



disappear even i f  l i g h t  was favorab le  f o r  
a d u l t  growth. L i g h t  t ransmiss ion  t o  t he  
bottom i s  a f f e c t e d  by t h e  aniount o f  
su r face  l i g h t ,  the water,  d i sso lved  and 
suspended ma te r i a l  i n  t he  water,  and 
shading by at tached organisms. Surface 
l i g h t  i n t e n s i t y  v a r i e s  w i t h  l a t i t u d e ,  
season, and c l oud  and fog cover,  bu t  t t ie  
range o f  i n t e n s i t i e s  i s  much l e s s  than 
t h a t  c rea ted  by water c h a r a c t e r i s t i c s  
( k n  hl_C- \ .  nay  l p r l r j t h  may be i m ~ o r t a n t  
i n  t r i g g e r i n g  pho toper iod ic  reac t ions ,  b u t  
t h i s  has not  been i n v e s t i g a t e d  i n  sub t i da l  
p l a n t s  (Luning 1981). 

L i g h t  i s  a t tenua ted  l o g a r i  thn i ica l  l y  
w i t h  depth, and each wavelength has a 
p a r t i c u l a r  e x t i n c t i o n  coe f f i c i en t  ( J e r l o v  
1968). The e x t i n c t i o n  c o e f f i c i e n t  a l s o  
va r i es  w i t h  t u r b i d i t y ;  i n  c l e a r  water,  
blur 7 iytit i j  it'tiiijfiiitted f t i t - thcr t h ~ n  
green l i g h t ,  w h i l e  i n  more t u r b i d  coas ta l  
wa'ter, t h e  reverse  occurs ( J e r l o v  1968). 
Ove ra l l  1 i g h t  t ransmiss ion dec l ines  w i t h  
inc reas ing  t u r b i d i t y  and, w i t h i n  t h e  
coas ta l  water types designated by Je r l ov  
(1968), Luning (1981) est imated t h a t  t h e  
depth where i r r a d i a n c e  i s  reduced t o  1% o f  
su r face  va r i es  between 3 and 30 m. 

Water c l a r i t y  o r  t u r b i d i t y  i s  
in f luenced  by t e r r e s t r i a l  runoff ,  
sediments resuspended by wave surge (Quast  
197Ic) ,  p lank ton  abundance (Quast 1971c, 
Clendenning 1971b), and probably  d isso lved  
and p a r t i c u l a t e  ma t t e r  produced by k e l p  
f o r e s t  organisms (Clendenning 1971b). We 
have observed t he  f i r s t  th ree  o f  these t o  
produce near darkness on the  bottom i n  
ke l p  f o r e s t s  a t  mid-day. Moreover, 
changes i n  water masses w i t h  changing 
cu r ren t  cond i t i ons  can cause r a p i d  ( l e s s  
than an hour) changes i n  water c l a r i t y .  
For these reasons, shor t - te rm measurements 
o f  l i g h t  on t h e  bottom, a l though use fu l  i n  
comparing nearby areas a t  t he  same t ime,  
should be used w i t h  cau t i on  i n  
cha rac te r i z i ng  the  l i g h t  regime of a s i t e .  
L i g h t  regimes, p a r t i c u l a r l y  i f  t hey  are t o  
be used f o r  c o r r e l a t i o n s  w i t h  a l g a l  
r ec ru i tmen t  and growth, should be 
detetmined w i t h  - i n  - s i t u  cont inuous 
recorders  ( t u n i n g  1981; see Ramus i n  
press, and Fos te r  e t  a l .  i n  press f o r  
methods). 

So~lle o f  t t ie  e a r i  iesr; o b s e r v d t  iu11i i n  
ke l p  beds and f o r e s t s  suggested t h a t  the  
p l a n t s  thetiiselves have a g r e a t  e f f e c t  on 
l i g h t  reach ing  t h e  bot tom (e -g . ,  K i t c h i n g  
e t  a l .  1934). Macroc s t i s  canopies can 
reduce i r r a d i a n c e *  90% (Neushul 
19716, Dean e t  a l .  1983, Reed and Foster  
1984, San te l i ces  and Ojeda 1984a), and 
dense sur face  canopies o f  g i a n t  k e l p  a re  
o f t e n  assoc ia ted  w i t h  a r e l a t i v e l y  sparse 
understory  a l g a l  f l o r a  (Dawson e t  a l .  
1960, Neushul 1965, Fos te r  19 iSb ) .  k i  t h i n  
a l o c a l i t y ,  unders to ry  a l g a l  cover  (Fos te r  
1982a) and Macroc s t i s  rec ru i tment  
(Rosenthal e t  a h e d  and Foster  
1984) can vary  i n v e r s e l y  w i t h  Macroc s t i s  
canopy cover .  Pearse and H i b h  
Reed and Fos te r  (1984),  and Dayton e t  a l .  
(1984), us i ng  exper imenta l  p l a n t  and 
canopy removals , have demonstrated t h a t  
g i a n t  k e l p  canopies can i n h i b i t  the  
r ec ru i tmen t  and growth o f  t h e  algae 
beneath them. Moreover, n a t u r a l  ke lp  
r ec ru i tmen t  u s u a l l y  co i nc i des  w i t h  t imes 
when t he  sur face  canopy i s  reduced 
(Rosenthal e t  a l .  1974, Kiniura and Foster 
i n  p ress ) .  San te l i ces  and Ojeda (1984b) 
a l s o  r e p o r t  an inc rease  i n  Macroc s t i s  
p y r i f e r a  r ec ru i tmen t  when t fi--+- e su r  ace 
canopy was exper imenta l  l y  removed. I n  
c o n t r a s t  t o  some o f  t h e  above s tud ies,  
however, unders to ry  k e l p  biomass 
decreased. 

Understory ke l ps  such as Pterygophora 
c a l i f o r n i c a ,  E i sen ia  arborea, and 
Laminaria spp. cause f u r t h e r  1 i g h t  
reduc t ions ,  and t h e  f l o r a  beneath stands 
of P. c a l i f o r n i c a  i s  o f t e n  reduced t o  
a r t i c u l a t e d  and e n c r u s t i n g  c o r a l 1  ines 
(Reed and Fos te r  1984). A t  a constant  
depth o f  15 m, Reed and Fos te r  (1984) 
measured photon f l u x  d e n s i t i e s  o f  2%-6% o f  
surface i n  open water ,  0.2%-2.5% under 
canopies of e i t h e r  Macroc s t i s  o r  
P te r  o hora, and < 2% (&0.5%) 

combined canopies. ,Experi- 
mental removal o f  unders to ry  k e l p  canopies 
can r e s u l t  i n  inc reased  rec ru i tmen t  and 

rowth o f  p l a n t s ,  i n c l u d i n g  Macroc s t i s  
VKastendiek 1982, Reed and Fob 
Sante l i ces  and Ojeda 1984b, Dayton e t  a l .  
1984). Bottom-cover p l a n t s  such as 
a r t i c u l a t e d  c o r a l l i n e s  a l s o  i n h i b i t  
rec ru i tment ,  a t  l e a s t  i n  p a r t  by f u r t h e r  
reduc ing 1 i g h t  (Reed and Fos te r  1984). 



2.5. NuTRI ENTS Table 3. Known n u t r i e n t  requirements f o r  

Most p l an t s ,  i n c l u d i n g  seaweeds, a r e  
pho toau to t roph ic ;  t h e  sun p rov ides  energy, 
b u t  t he  p l a n t s  r e q u i r e  a  v a r i e t y  o f  
i no rgan i c  and some organ ic  n u t r i e n t s ,  such 
as v i tamins ,  t o  manufacture t h e  chemicals 
necessary f o r  growth and reproduct ion.  
s u b t i d a l  seaweeds must o b t a i n  a l l  t h e i r  
n u t r i e n t s  from t h e  wate r  because hold-  
fas ts  are a t tached  t o  s o l i d  subs t r a t a  (no 
s o i l )  and appear t o  serve no spec i a l  
n u t r i e n t  uptake funct ions.  Moreover, 
excep t  f o r  t he  occas ional  f r ond  i n  t h e  
su r face  canopy, t i s s u e s  a re  n o t  exposed t o  
a i r ,  and thus a l l  metabo l i c  processes 
occur  i n  water .  

Few macroalgae have been grown i n  
de f ined  c u l t u r e  media i n  axenic  condi -  
t i o n s ,  so we know l i t t l e  about t h e i r  
complete n u t r i e n t  requi rements ( DeBoer 
1981). The assumption i s  t h a t  t h e i r  
i no rgan i c  requi rements a re  s im i  l a r  t o  
t e r r e s t r i a l  p l a n t s  (14-21 elements i n  
va r ious  forms; DeBoer 1981). Nor th  (1980) 
i d e n t i f i e d  38 elements i n  Macroc s t i s  
t i s s u e ,  and Kuwabara and Nor& 
u s i n g  microscopic  stages o f  M. 
c u l t u r e d  i n  de f i ned  media, found %- t a t  a t  
l e a s t  n i ne  elements were e s s e n t i a l  f o r  
growth and reproduc t ion .  These, a long  
w i t h  carbon and oxygen, a re  l i s t e d  i n  
Table 3. DeBoer (1981) suggested t h a t  o f  
these, n i t r ogen ,  phosphorus, i r o n  , and 
perhaps manganese and z inc ,  may p o s s i b l y  
l i m i t  growth o f  macroalgae i n  na tu re ,  and 
Nor th  (1980) concluded t h a t  copper cou ld  
a l s o  be l i m i t i n g  f o r  Macrocyst is .  

O f  t h e  poss i b l e  n u t r i e n t s  t h a t  cou ld  
l i m i t  k e l p  f o r e s t  a l g a l  growth i n  t h e  
f i e l d ,  n i t r o g e n  has rece ived  t h e  g r e a t e s t  
a t t e n t i o n ,  p a r t i c u l a r l y  as i t  may a f f ec t  
Macroc s t i s  growth i n  southern C a l i f o r n i a  
-977, Wheeler and Nor th  1981, 
Gerard 1982a, b, c, Z imerman and Kremer 
1984). Gerard (1982a) i n d i c a t e d  t h a t  
i no rgan i c  n i t r o g e n  concen t ra t ions  i n  t h e  
surrounding water  must be i n  t h e  o r d e r  of  
1-2 um ( l ~ m  = 1 v a - a t o m / l i t e r )  t o  suppor t  
a  t y p i c a l  g i a n t  k e l p  growth r a t e  of 4% 
increase i n  wet we igh t  pe r  day. I no rgan i c  
n i t r o g e n  concen t ra t ions  va ry  w i d e l y  i n  
nearshore waters,  b u t  a re  p a r t i c u l a r l y  
h i g h  du r i ng  upwe l l i ng  o r  when t h e r e  i s  
t e r r e s t r i a l  runoff  (No r t h  e t  a l .  1982). 
They a re  low (<  lum) i n  summer and f a l l  i n  

Macrocyst i  s  p y r i  fe ra .  

Form Normal 1  y 
Used byb L i m i t i n g c  

P lan t s  i n  Na tu re  

Carbon (C) 

Oxygen (0 )  O2 N c 

N i t r ogen  (N) NO3-, NH4+ Sometimes 

Phosphorus (P)  
P04 

- 3 
Maybe 

Manganese (Mn) - - Maybe d 

I r o n  (Fe)  Probably Maybe 
c o l l  o i  da l  

Cobal t  !Co) - - No d 

Copper (Cu) - - ~ a ~ b e ~  

Z inc (Zn) - - ~ a ~ b e ~  

Molybdenum (Mo) - - No 

I od i ne  ( I )  - - N o  

a ~ r o m  Kuwahara and Nor th  1980. 
b ~ h e r e  forms a re  n o t  g i ven  (--) ,  i t  i s  

assumed t h a t  t he  element i s  used as a 
free ion .  

'From DeBoer 1981. 
d ~ a y  1 i m i  t Macroc s t i s  growth i n  deep 
-oceanic  water  7-- Kuwabara 1982). e Toxic t o  ~ a c r o c y s t i s  as f r e e  ions i n  

deep oceanic sea water (Kuwabara 1982). 

southern C a l i f o r n i a  ( e s p e c i a l l y  above t h e  
thermoc l ine  i f  t h e  water  i s  t h e r m a l l y  
s t r a t i f i e d ) ,  and du r i ng  per iods  when warm 
water  masses move i n t o  t h e  r eg i on  f rom t h e  
south (Jackson 1977, Wheeler and N o r t h  
1981, Nor th  e t  a l .  1982). A t  Catal  i n a  
I s l a n d  i n  southern C a l i f o r n i a ,  d a i l y  
v a r i a t i o n  i n  n i t r a t e  concen t ra t ion  i s  
f r equen t l y  as g rea t  o r  g r e a t e r  than mean 
seasonal v a r i a t i o n s ,  and a t  l e a s t  a  one 
day pe r  month i n t e n s i v e  sampl ing i s  needed 
t o  cha rac te r i ze  n i t r a t e  a t  t h i s  s i t e  
(Zimmerman and Kremer 1984). Fewer 
measurements o f  i n o r g a n i c  n i t r o g e n  have 



b e e n  made in central California,  b u t  those n i t rogen  l eve l s ,  w h i l e  nearby plants fn 
, v a i l a b l e  indicate levels are  generally the natural kelp fo r e s t ,  exposed t o  
a b o v e  1 pm in these colder waters with s imilar  temperatures but not f e r t i l i z ed ,  
f r e q u e n t  upwell i ng (Gerard 1976, Broen kow suffered canopy losses and had low t i s sue  
and Smethie 1978). nitrogen. 

I n  southern California, giant kelp 
canopies  commonly deteriorate during 
summer when inorganic nitrogen i s  low. 
 educed nitrogen concentrations may have 
b e e n  responsible for  the massive loss of 
Macrocystis  during the warm-water period 
o f  the l a te  1950's (North 1971b, Jackson 
1 9 7 7 ,  North e t  a l .  1982), and plants 
d e t e r i o r a t e d  a t  many locations during the 
r e c e n t  (1982-84) "El Nino" (Dean pers. 
comm., Dayton a n d  Tegner 1984b). We ob- 
s e r v e d  1 ate-summer canopy deterioration 
t h a t  may have been due to  nutrient 
l im i t a t i on  a t  two locations in central 
C a  1 i fornia during 1979 and 1982. However, 
temperature  and inorganic nitrogen 
concen t ra t ions  are inversely correlated 
( Jackson 1977), so determining whether 
i norganic  nitrogen or temperature (or  a 
combination of both) i s  responsible f o r  
t h e s e  phenomena i s  impossible from 
c o r r e l a t i o n s  alone. 

Evidence that  low inorganic nitrogen, 
not temperature, i s  1 imiting under low- 
n u t r i e n t / h i g h - t e m p e r a t u r e  conditions 
comes  from fe r t i l i za t ion  experiments. 
Dean and Deysher (1983) found t ha t  more 
sporophytes  were produced on f e r t i  1 ized 
a r t i f i c i a l  substrata inoculated with giant 
k e l p  spores and placed within a kelp 
f o r e s t  than on similarly treated b u t  
u n f e r t i l i z e d  controls. Zimmerman (pers. 
c o r n . )  examined the cause of the summer 
d e c l i n e  in adult Macrocystis growth a t  Big 
F i  sherman Cove a t  Santa Catalina Island. 
Summer growth was increased when adult 
P I  a n t s  were f e r t i l i z ed  with NaNO,. 
However, growth was not as great in t h i s  
experiment as the highest natural g r o w t h  
r a t e s  a t  other times of the year, 
sugges t ing  t h a t  in summer, other nutr ients  
a n d / o r  temperature may be l imiting once 
t h e  nitrogen requirements of the plants 
a r e  met. Laboratory studies by Manley and 
N o r t h  (1984) suggest phosphorous may be 
P a r t i c u l a r l y  important. North (1983b) 
a d d e d  n i t ra te  and phosphate to ambient 
temperature  (18 O -  23 "C) water flowing 
I n t o  a large tank containing adult  
Macroc s t i s .  These plants ,maintained 
e n o p i e s  and had high t i s sue  

In addit ion to  temperature (and 
perhaps other  nu t r ien t s )  , physiological 
processes within giant  kelp can fur ther  
obscure the re la t ionship between nitrogen 
in the  water and plant g r o w t h .  Seaweeds 
can s t o r e  nitrogen when the concentration 
in the  surrounding water i s  high (luxury 
consumption), and then use these reserves 
fo r  growth when the surrounding concen- 
t ra t ion  drops (Chapman and Craigie 1977). 
Macrocysti s can accumulate non-structural 
nitrogen compounds (Wheeler and North 
1981, Gerard 1982b) including n i t ra te  
(Druehl pers. comm.), and then use these 
reserves t o  maintain growth fo r  a t  l eas t  
two weeks in low nitrogen environments 
(Gerard 1982b). Thus, both the frequency 
of environmental sampling fo r  inorganic 
nitrogen and the  presence of t i ssue 
reserves can a f f e c t  the  interpretation o f  
growth r a t e  vs. inorganic nitrogen data. 

The u t i l i z a t i on  of inorganic nitrogen 
in the water i s  a l so  affected by water 
motion (Gerard 1982c, Wheeler 1982). 
Increased water flow over plants enhances 
uptake by increasing nutr ient  transport 
throuqh the diffusion boundary la-yer 
(~eushu l  1972, Gerard 1 9 8 2 ~ ) .  - ~ e f a r d  
( 1 9 8 2 ~ )  and Wheeler (1982) found that  
nitrogen uptake by Macrocysti s increased 
with increasing current speed, u p  to  a 
maximum a t  2-4 cm/sec. Current 
ve loc i t i es  in kelp fo res t s  a re  often lower 
than t h i s  (Wheeler 1980b). However, 
Gerard ( 1 9 8 2 ~ )  has shown tha t  water flow 
caused by wave surge can be equivalent t o  
tha t  of the current speeds above, and 
pointed out tha t  because the plants are 
attached t o  the bottom and each blade i s  
attached t o  a f ixed point on the plant, 
very small waves can produce f 1 ag-1 i ke 
blade movement. This motion, plus small 
currents and surge, are  suf f ic ien t  to  
sa turate  nitrogen uptake even under very 
calm conditions. 

L i t t l e  information i s  available on 
possible nutr ient  l imita t ions  in other-  
kelps in  giant kelp fo res t s .  Work in 
eastern Canada (Chapman and Craigie 1977, 
Gagne e t  a l .  1982) and the Arctic (Chapman 
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and L i n d l e y  1980) i n d i c a t e d  t h a t  seasonal 
and s i t e  d i f fe rences  i n  k e l p  ( Lam ina r i a  
spp.) growth i n  these r eg i ons  a re  r e l a t e d  
t o  t h e  a v a i l a b i l i t y  o f  i n o r g a n i c  n i t r o g e n .  
The o n l y  o t h e r  g i a n t  k e l p  f o r e s t  p l a n t  so 
f a r  i n v e s t i g a t e d  t h a t  may be n u t r i e n t -  
l i m i t e d  i n  t h e  f i e l d  i s  Ge l id ium robustum 
( f o r m e r l y  G. c a r t i l a  i n r a n  agar-  
produc ing r F d  a l ga  * see Chapter 4 ) .  Tseng 
and Sweeney (1946) determined t h a t  t h i s  
p l a n t  u-ses d i s so l ved  CO, r a t h e r  t h a n  HCO,- 
o r  C0,-. The p l a n t  i s  most abundant a t  
wave-exposed s i t e s  i n  sha l l ow  wate r  ( <  12 
m) where d i s so l ved  CO, i s  more common. 
Th i s  suggests t h a t  carbon a v a i l a b i l i t y  may 
l i m i t  the  d i s t r i b u t i o n  b o t h  w i t h i n  ( w i t h  
depth)  and between (exposed vs. she1 t e r e d )  
s i t e s .  B a r i l o t t i  (1980) i n d i c a t e d  t h a t  
l i g h t  and g raz i ng  may a l s o  a f f e c t  5. 
robustum d i s t r i b u t i o n .  

2.6. WATER MOTION 

Currents  and surge produced b y  wind, 
t i d e s ,  o r  waves have numerous d i r e c t  and 
i n d i r e c t  e f fec ts  on k e l p  f o r e s t  communi- 
t i e s .  Currents  a re  u n i d i r e c t i o n a l  f l ows  
( bu t  the d i r e c t i o n  can change w i t h i n  
hours ) ,  w h i l e  surge moves back and f o r t h  
over  t h e  bottom, as w e l l  as up and down 
above t he  bot tom (F i gu re  4 ) .  Cu r ren t  
speeds i n  k e l p  f o r e s t s  a re  h i g h l y  
v a r i a b l e ,  b u t  i n  t h e  range o f  near 0 t n  15 
cm/sec i n  t h e  few k e l p  f o r e s t s  s t u d i e d  
(Wheeler 1980b, Bray 1981, Jackson 1983). 
Neushul e t  a l .  (1967) measured speeds of 
40 cm/sec near  Anacapa I s l and .  The drag 
a t  h i ghe r  speeds can p u l l  Macroc s t i s  over  
a t  angles up t o  30 degrees TY_ rom v e r t i c a l ,  
and t h e  e n t i r e  su r face  canopy may submerge 
as a r e s u l t  (Neushul e t  a l .  1967). Th is  
canopy submergence, a1 ong w i t h  t h a t  caused 
by changes i n  t i d e ,  can a l t e r  canopy 
ex ten t  as es t imated  w i t h  a e r i a l  
photographs. As a r e s u l t  o f  p l a n t  drag, 
c u r r e n t  speeds w i t h i n  k e l p  f o r e s t s  a re  
o f t en  two t o  t h ree  t imes  l owe r  t h a n  t he  
surrounding water  (Jackson and W i nant 
1983), and i f  t h e  f o r e s t  i s  sma l l ,  t he  
incoming c u r r e n t  w i l l  d i v e r g e  around i t ,  
producing a "bow wake" s i m i l a r  t o  t h a t  of 
a  sh i p  (Jackson 1983). The r e d u c t i o n  of 
su r face  waves by ke l p  p l a n t s  i s  commonly 
observed as " q u i e t  wa te r "  i n s h o r e  from 
ke l p  f o r e s t s  (Darwin 18601, and 
a r t i f i c i a l ,  ke lp-1 i k e  t e t h e r e d  f l o a t s  have 
been used as breakwaters t o  reduce wate r  
movement i n  harbors ( I saacs  1976). 

SURGE 
C-- 5rn -------I 

F i g u r e  4. Water mot ion produced by swe l l s  
i n  s h a l l o w  wate r .  Note t h a t  t h e  o r b i t a l  
mo t i on  of wa te r  p a r t i c l e s  f l a t t e n s  toward 
t h e  bottom, e v e n t u a l l y  becoming e n t i r e l y  
h o r i z o n t a l  t o  produce surge. I n  t he  
example shown, a  5-m excurs ion  of water 
was measured on t h e  bot tom a t  a depth o f  
6 m y  when a 2-m wave moved p a s t  a t  a  
v e l o c i t y  (C) o f  8 m/sec, a  wave l e n g t h  (L) 
o f  120 m, and a wave p e r i o d  (T)  o f  15 sec. 
Orbital  veloci t ies  a t  the surfdce d w  also 
shown (re-drawn from Neushul 1972). 

Even a t  h i g h  speeds, cu r ren t s  have 
n o t  been observed t o  cause m o r t a l i t y  o f  
a d u l t  k e l p  f o r e s t  organisms. They do, 
however, i n d i r e c t l y  a f f e c t  n u t r i e n t  uptake 
by p l a n t s  (see  2.5 above), l a r v a l  and 
spore d i s p e r s a l  w i t h i n  and between k e l p  
f o r e s t s ,  and t h e  d i s t r i b u t i o n  o f  p a r t i c l e s  
t h a t  may serve as food f o r  ben th i c  animals 
(Pequegnat 1964) and f i s h  (Bray 1981). 

Surge speeds can be much h i ghe r  than 
c u r r e n t s ,  p a r t i c u l a r l y  surge generated by 
l o n g  p e r i o d  s w e l l  s  assoc ia ted  w i t h  w i n t e r  
o r  t r o p i c a l  storms. I n  c e n t r a l  
C a l i f o r n i a ,  4-m h i gh  swe l l s  a re  t y p i c a l  i n  
w i n t e r  and produce water  speeds o f  over  1 
m/sec o n  t h e  bo t tom a t  k e l p  f o r e s t  depths 
(10 m ) .  The f o r ce  generated by water 
nioving t h i s  f a s t  i s  equ i va l en t  t o  t h e  
f o r ce  produced by a wind speed o f  126 mph 
(56 m/sec; Char te rs  e t  a l .  1969). As 
no ted  above ( S e c t i o n  2.2),  such forces can 
p u l l  b e n t h i c  organisms o f f  t he  bot tom and 
f r a c t u r e  t h e  bot tom i n  t h e  process. 
Storm-assoc ia ted surge i s  perhaps the  most 
i m p o r t a n t  source o f  m o r t a l i t y  f o r  a d u l t  
Mac rocys t i s  i n  Cal i f o r n i a  (ZoBe l l  1971, 
Rosenthal  e t  a l .  1974, Gerard 1976, Foster  
1982a, Reed and Fos te r  1984, Dayton e t  a1 . 
1984) and a t  s i t e s  s t ud i ed  i n  Argen t ina  
( B a r r a l e s  and Lobban 1975). P l an t s  a re  



(lfteli ;or,, ? L ~ o s p  i n  i'c$tches du r i nq  storrlls 
when onp l,\r<.p l t i d l ~  l d ~ d l  entangles w i t h  
o t h e r s  s t i l l  d t  :;tctled. This increases the  
d r a g  or? tt,p h o l d f a s t s  o f  t he  a t tached  
p l a n t s ,  i c ;n t r .~bu t ing  t o  a d d i t i o n a l  
detachnrent (Ro.;rnthal e t  a l .  1974). If 
t h e  s t~bs t~ .a tun t  i s  very  hard and ho ld fas t s  
f i rlltly attached, surge may remove o n l y  
l o n g  f ronds,  leav ing  the  h o l d f a s t  and 
snm 11 f rands t h a t  rliay grow v e g e t a t i v e l y  
{ cq-4eb- l a Q z 2 \ -  

Di f f e rences  i n  swe l l  exposure 
p r o b a b l y  account f o r  many o f  the  
d i f f e r e n c e s  i n  canopy and p l a n t  d e n s i t y  
f 7 u c t u a t i  ons between southern arid c e n t r a l  
C a l i f o r n ~ a .  The east-west t r e n d  i n  t h e  
c o a s t l i n e ,  p r o t e c t i o n  p rov i ded  by of fshore 
i s l a n d s ,  and t h e  d i s t ance  f rom t h e  
n o r t h e r l y  source o f  most w i n t e r  stonrls a l l  
conibi ne t o  rr~ake lrlany southern C a l i f o r n i a  
L - 9 1 ~  ft>rclctc r n l ~ t i v ~ l y  p r n t ~ r t e d  f rom 
l a r g e  swclf ls. Sur face canopies i n  t h i s  
r e g i o n  typically vary i n  ex ten t  i n  a  
t h r e e -  t o  fou r -year  c y c l e  (Nor th  1971b, 
Rosen thd l  e t  a l .  1974), probably  r e l a t e d  
t o  a n  increased s u s c ~ p t i b i l i t y  o f  o l d e r  
a n d  l a r g e r  p l a n t s  w i t h  d e t e r i o r a t i n g  
h o l  d f a s t s  t o  removal by water  mot ion.  
Canop ies  around Santa Barbara a re  even 
1  e s s  va r i ab l e ,  w i t h  occas ional  
c a t a s t r o p h i c  losses due t o  a t y p i c a l l y  
l ; t r n ~  c w o l l c  ( F h ~ l i n q  ~t a l v  M Y , \  o r  warm 
w a t e r  ( low n u t r i e n t )  pe r iods  (Nor th  
1971b) .  There a re  except ions,  however; 
l a r q e  swel ls  i n  w i n t e r  1982-83 removed 
n e a r l y  71) of t he  a d u l t  Macrocys t i s  a t  
some s i t e s  i n  the  Po in t  Loma k e l p  f o r e s t  
n e a r  San Diego (Dayton and Tegner 1984b), 
a n d  o v e r  90'" o f  t he  Macroc s t i s  su r face  
c a n o p y  along the  Palos + Ver es Feninsula,  
~ o s  Angeles (Wilson and Togstad 1983). 

I n  con t ras t ,  most canopies i n  c e n t r a l  
CaI  i f o r n i a  undcrgo a  r e g u l a r  seasonal 
c h a n g e  w i t h  growth i n  sp r i ng  and summer 
1 e a d i  ng  t o  maxiniunl development i n  e a r l y  
f a1 f , and then f rond and p l a n t  l o s s  du r i ng  
l a t e  f a l l  and w i n t e r  storms ( M i l l e r  and 
& e i b e l  1973, Cowen e t  a l .  1982, Foster  
1982a, Kirnura and Fos te r  i n  p ress ) .  I n  

t o  these seasonal changes, t he re  
a r e  year - to -year  d i f ferences c o r r e l a t e d  
w i t h  the  Seve r i t y  of  w i n t e r  swe l l s  (Fos te r  
1987a!. Th is  was e s p e c i a l l y  ev i den t  i n  
w i n t e r  1982-83, when swe l l s  over  7 m h i g h  

a 21-sec p e r i o d  were recorded i n  
c e n t r a l  Gal i f o r n i a  (Seymour 1983). Large 

swel 1s a long m e  e r i ~ i r e  <a; ;fur f l jd  coast, 
d u r i n g  t h i s  p e r i o d  removed a lmost  a l l  
Macroc s t i  s  sur face canopies (McPeak pers. & 

If s w e l l s  a re  t o o  extreme, 
Macrocys t i s  may n o t  be a b l e  t o  p e r s i s t  i n  
a  g i ven  area.  I n  t h e  absence o f  b i o t i c  
f a c t o r s  such as conipeti t i o n  (Sante l  i ces  
and Ojeda 1984b), s w e l l s  may determine t he  
shoreward depth l i m i t  o f  k e l p  f o res t s  
(Nor th  1971b) because, f o r  a g i ven  se t  o f  
swe l l  c h a r a c t e r i s t i c s ,  surge speed 
increases as dep th  decreases. On a  
geographic  sca l e ,  i n c r e a s i n g  surge my be 
t h e  p r imary  reason why M. p y r i f e r a  does 
n o t  occur  i n  l a r g e  s t a n l s  n o r t h  o f  Ano 
Nuevo I s 1  and (near  Santa Cruz) i n  cen t r a l  
C a l i f o r n i a .  Ne reocys t i s  luetkeana i s  
ex t reme lv  r e s i s t a n t  t o  breakase from water 
drag ( ~ 6 e h l  and Wainwr ight  1377), and i s  
t h e  common canopy- forming k e l p  f rom Ano 
Nuevo I s l a n d  n o r t h  i n t o  Alaska. This 
change i n  su r f ace  canopy spec ies may a l so  
be r e l a t e d  t o  d i f f e r e n c e s  i n  l i f e  h i s t o r y  
c h a r a c t e r i s t i c s ,  growth r a t es ,  and 
s u s c e p t i b i l i t y  t o  g r a z i n g  (see Chapters 3 
and 4 ) .  

Understory  k e l p s  seem gene ra l l y  more 
r e s i s t a n t  t o  removal by surge (Reed and 
Fos te r  1984, Dayton e t  a l .  1984), b u t  
these ke lps ,  a l ong  w i t h  f o l i o s e  a lgae t h a t  
cover  t h e  bottom, may a l s o  be d i r e c t l y  
removed by surge, p a r t i c u l a r l y  i f  the 
subst ra tum i s  s o f t  rock  (Fos te r  1982a). 

Swel ls  can a l s o  a1 t e r  f i s h  
d i s t r i b u t i o n  (Quas t  1 9 7 1 ~ ) ~  and can remove 
a t tached  o r  mob i l e  b e n t h i c  i n ve r t eb ra tes ,  
e s p e c i a l l y  those  t h a t  p r o j e c t  i n t o  the 
water  above t h e  bottom. Hines (1982) 
suggested t h a t  w i n t e r  s w e l l s  may be an 
impo r t an t  source o f  m o r t a l i t y  i n  ke lp  
f o r e s t  s p i d e r  c rab  popu la t ions .  Cowen e t  
a l .  (1982) found  t h a t  sea u rch in  
(S tongy locen t ro tus  f ranc iscanus)  behavior 
was mod i f ied  d u r i n q  w i n t e r  when storms 
appa ren t l y  caused an ima l s  t o  clump i n  
cracks and depress ions,  and Agegian e t  a l .  
( i n  prep. )  suggest  t h a t  m o r t a l i t y  caused 
by surge a t  some s i t e s  i n  cen t r a l  
C a l i f o r n i a  may r e s t r i c t  S. f ranciscanus 
d i s t r i b u t i o n  t o  deeper waFer o r  t o  areas 
p r o t e c t e d  f r om  h i g h  wate r  mot ion i n  
shal l ow water .  The w h i t e  u rch in ,  
L y t e c h i  nus anamesus , moves l e s s ,  covers 
i t s e l f  w i t h  deb r i s ,  and even burrows i n t o  



s h e l l  deb r i s  du r i ng  per iods  o f  surqe ( ~ ~ c e s  
and Ca r t e r  1972).  A c t i v i t y  o f  t he  spa 
u r c h i n  Centrostephanus co rona tus  i s  a lso  
reduced i n  t u r b u l e n t  c o n d i  t i  on%. and - .  - - 
L i ssne r  (1980) suggested t h a t  t h i s  u r c h i n  
may a l s o  be excluded from areas  by h i gh  
water mot ion. Because sea u r c h i n  g raz ing  
can s i g n i f i c a n t l y  a l t e r  t h e  distribution 
of o t h e r  k e l p  f o r e s t  organisrns (serf 
Chapter 3 ) ,  t he  e f f e c t s  of w a t e r  mot ion on 
sea u r c h i n  d i s t r i b u t i o n  and a c t i v i t y  can 
have s i g n i f i c a n t  i n d i r e c t  e f f e c t s  on 
comniuni t y  s t r u c t u r e .  

I n  a d d i t i o n  t o  a f f e c t i n g  d i s t r i b u t i o r ~  
and behavior ,  water mot ion  may a l t e r  the 
o r i e n t a t i o n  o f  s e s s i l e  o rgan is~ t i s .  The 
p lane o f  t h e  pr imary dichotorl ly o f  
Macroc s t i s  (Neushul e t  a l .  1967), thc  
&a&-~f gorgonians, and t h e  u n d r r s t o r  
ke l p  E isen ia  arborca ( F o s t e r  per5. ohs.7 
a re  con~ntonF dririt3-d ~ e r p e n d i c u l a r  t o  thc 
most connnon swe l l  d i r r c t i o n ,  prcst l~ l lnb ly  ;III 
ddap ta t ion  t o  rcduce m o r t a l i t y  dttc t o  
watcr  111otion and/or t o  increasc l  capture> o f  
r i u t r i c n t s  o r  p l ank ton i c  food.  Ottlor- 
~ h a r ~ ~ c t t ~ r i s t  i c s  o f  seaweed ~.norpholoqy 
rc la tc%d t o  w ~ r t e r  nlot ion a r c  d is tus5tbd hy 
Ncushul ( 1972). 

Watrr  slot i on  hds nunierous i r r d i r r r t  
e f f e c t s  o11 k t l l p  f o res t s ,  and 3o1nc o f  
t h p q c ~ ~  ~ L J C ~  (3'; t111t r i o r ~ t  up take  a n d  r t~nr ic~cs 
i n  t u r b i d i t y ,  scour,  and sedimentat ion.  
are d iscussed w i t h  o t h e r  a b i o t i c  f ac to r s .  
O f  p a r t i c u l a r  importance a r e  e f f e c t s  on 
1  i g h t  caused by removal o f  ove r s t o r y  
canopies d u r i n g  storms. I n  exposed k e l p  
f o r e s t s  i n  c e n t r a l  C a l i f o r n i a ,  increased 
l i q h t  r e s u l t i n g  from t he  removal  o f  Macro- 
c y s t i b  canopies by storms i s  c o r r e l a t e d  
w i t h  a t h r e e - f o l d  o r  more i n c r e a s e  i n  the 
cover o f  trnders t o r y  p l a n t s  ( F o s t e r  1982a). 
Moreover, i f  ur tdr rs tory  k e l p s  a r e  sparsc, 
g i d n t  k e l p  r r i t~ovd l  can a f f e c t  ke l p  
r e c r u i  t~i lcr l t  a s  we1 1  (Rosen thd l  c t  d l .  

1974, Pearse and t l ines 2979, Reed and 
F o s t r r  1984). Many of t h e  d i r e c t  dnd 
i n d i r e c t  e f f ec t s  o f  w a t e r  mot ion  a re  
i l l u s t r a t e d  i n  t h e  cornlnunity r c g u l a t i o r ~  
nrodelr shown i n  F igure 5 ,  These ~nodels  
i l l u s t r a t e  t h a t  t he  r e l a t i v e  in lpor tancr  o f  
p a r t i c u l a r  f a c t o r s  can v a r y  antong ke l p  

f o r r s t s ,  t h a t  f a c t o r s  a r e  
o f t e n  

cot-rrllnted, and how they can i n t e r a c t  t o  
a f f r c  t t hr rorc I es comp05 i t i  on and 
d i s t r i b u t i o n  o f  &rganislns. 
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F igure  5. Fac to rs ,  f a c t o r  i n t e r a c t i o n s ,  
and r egu la to r y  Pathways a f f e c t i n g  t he  
a l g a l  assoc ia t ions  i n  two g i a n t  k e l p  
f o res t s  i n  c e n t r a l  Cal i f o r n i a  ( s e e  Chapter 
3; from Foster  1982a). 



CHAPTER 3 

THE GIANT KELP COMMUNITY 

The biotic components and temporal population changes 
recorded of f  Del Mar should not be interpreted as "charateristic" 
of all southern California kelp beds. Rosenthal et a/. (1974). 

3.1  INTROOUCTION 

We havc de f ined  g i an t  k c l p  f o r e s t s  as 
subt id'i 1 comrnurii t i e s  coniposed o f  Macro- 
c s t  t s py_r-lLe~a dnd assoc ia ted organ1 snls. 
A ' f l h i ~ ~ h  hy d e f i n i t i o n ,  Macrocy,stis i s  
always pr-esent i n  these conmiun~t ies, i t s  
l o c d l  d i  s t r i  bu t io r i  dnd abundance vary  i n  
t imc and spacp, as do the  d i s t r i b u t i o n  and 
dbunddncr o f  o t he r  p l a n t s  and animals 
ds roc ia tcd  w i t h  i t  (Clarke and Neushul 
1967, Roserithal e t  a l .  1974, Fos te r  
1 ~ ~ 7 . ~  \ I n  additinn, w i t h i n  t h e  
gcoyraphi r  range o f  Macrocys t i s  f o res t s ,  
thc  species composit ion o f  assoc ia ted  
organisms can a lso  vary; t h e i r  geographic 
rdngrs are no t  necessar i l y  the  same as f o r  
M a ~ r o c p ~ t i s .  -- So f d r  as i s  known, no 
organisms -found i n  stands o f  g i a n t  k e l p  
havc an o b l i g a t e  assoc i a t i on  w i t h  
Macrocyst is;  -- - -- - - they can be found i n  o t h e r  
k~?f-p connriunities and on s u b t i d a l  rocky  
r-c.efs devoid o f  l a r g e  brown a l gae  
IP~gueonat  1964, see Chapter 4 ) .  I n  t h i s  
chapter we descr ibe t he  community 
s t r u c t u r e  of a  number of s i t e s ,  d i scuss  
the  s p a t i a l  and temporal v a r i a b i l i t y  of  
t h i s  s t r uc tu re ,  and rev iew k e l p  f o r e s t  
energet ics .  

To a i d  the  d iscuss ion  t h a t  f o l l ows ,  
F igure  6 i l l u s t r a t e s  a  "composite" g i a n t  
k e l p  conarlunity w i t h  emphasis on t he  l a rge ,  
v i s u a l l y  obvious ke lps t h a t  p rov ide  much 
of the s irbi ic ire  of  tiie ~onmiuni ty ,  and f o r  
which we have the most d e s c r i p t i v e  
in format ion.  The f i g u r e  d i v i d e s  t h e  
community i n t o  h a b i t a t s  w i t h i n  g i a n t  k e l  p 

f o res t s  where p a r t i c u l a r  organisms t y p i -  
c a l l y  co-occur.  It i s  a  composite, both 
because o f  l o c a l  v a r i a t i o n  i n  specfes 
d i s t r i b u t i o n ,  and because t h e  geographic 
ranaes o f  some o f  t h e  orqanisms, such as 
sead o t t e r s  (Enhydra l u t r j s )  and the e l k  
k e l p  (Pelagophycus p o r r a ) ,  do no t  
~ r e s e n t l v  over lap .  The f i g u r e  does, how- 
kver ,  i n ld i ca te  t h e  p o t e n t i a l  comp lex i t y  of 
t h e  community, w i t h  mu1 t i p l e  l a y e r s  of 
vege ta t i on  (Dawson e t  a l .  1960, Foster  
1975a), over  50 spec ies o f  f i shes  t ha t  
commonly segregate i n t o  var ious 
m i c r o h a b i t a t s  (Quas t  1971a, M i l  l e r  and 
Geibe l  1973, Feder e t  a l .  1974, Ebe l ing  e t  
a1 . 1980a), and numerous i nve r t eb ra tes  
a l s o  found i n  p a r t i c u l a r  h a b i t a t s  (e.g., 
on p l a n t s ,  on v e r t i c a l  o r  ho r i zon ta l  
surfaces, and on h o l d f a s t s ) .  Nor th  
(1971b) l i s t e d  130 spec ies  o f  p l a n t s  and 
almost 800 spec ies  o f  an imals  assoc ia ted 
w i t h  g i a n t  k e l p  i n  sou thern  C a l i f o r n i a  and 
no r t he rn  Ba ja  C a l i f o r n i a ,  Mexico. The 
g i a n t  k e l p  h o l d f a s t  a l one  may con ta i n  over 
150 spec ies (Ghe la rd i  1971). A  v a r i e t y  of 
b i r d s  and mammals f o rage  i n  t he  community, 
i n c l u d i n g  cormorants,  ha rbo r  seals ,  and 
sea o t t e r s .  Ke lp  f o r e s t s  a l s o  con ta i n  a 
p l a n k t o n i c  assemblage o f  genera l l y  
m ic roscop ic  organisms, many o f  which are 
stages i n  t h e  l i f e  h i s t o r i e s  o f  l a r g e r  
members o f  t h e  community. 

As i n d i c a t e d  i n  F i gu res  3, 6, 9, and 
10, Mac rocys t i s  communit ies genera l l y  
occur  w i t h i n  a  narrow dep th  range. Even 
if s u i t a b l e  s u b s t r a t a  a r e  a v a i l a b l e ,  M. 
p y r i f e r a  usual  l y  does n o t  occur  shal lower 



than % 5 m, and deeper than about ZU rn. i n c i udea  i n  the  d iscuss ion  below, as  
Depending on l o c a t i o n ,  o t h e r  ke l ps  may organisms w i t h i n  a  ke l p  f o r e s t  may have 
form r e l a t i v e l y  sparse sur face  canopies i n  ranges t h a t  extend bo th  sha l lower  and 
sha l lower  o r  deeper water .  These areas deeper than Macrocyst is .  
ou t s i de  t h e  range o f  Macrocyst is  a r e  a l s o  

F i gu re  6. Cross -sec t ion  showing t h e  i n h a b i t a n t s  o f  a  genera l i zed  g i a n t  k e l p  f o r e s t .  
The numbers t o  t h e  r i g h t  i n d i c a t e  vege ta t ion  l a y e r s  (see legend f o r  F i gu re  3). Three 
broad zonal assoc i a t i ons  a long  t h e  depth g r a d i e n t  a r e  shown: Z 1 ,  i nshore  o f  t h e  g i a n t  
ke l p  community; 22, w i t h i n  t h e  g i a n t  k e l p  community; and 23, o f f s h o r e  from t h e  g i a n t  
k e l p  community. Var ious subcommunities o r  assoc ia t ions  a r e  i n d i c a t e d  by t h e  c i r c u l a r  
diagrams: A ,  an imals  assoc ia ted  w i t h  t h e  su r face  o f  Macroc s t i s  and o t h e r  seaweeds 
(po lychaetes,  isopods, bryozoans); B, p l ank ton  i n  t h e  + water var ious  phytop lankton,  
zooplankton and l a r v a l  f i s h ) ;  C ,  animals found i n  g i a n t  k e l p  ho ld fas ts  (smal l  sea 
u rch ins ,  b r i t t l e  s t a r s ,  crustaceans,  po lychaetes;  a l though  shown on t h e  ou ts ide ,  these 
organisms occupy t h e  spaces between t h e  haptera) ;  D, p l a n t s  and animals c h a r a c t e r i s t i c  
o f  h o r i z o n t a l  su r faces  (va r ious  sea s t a r s ,  u rch ins ,  ben th i c  f i shes ,  unders to ry  a lgae) ;  
E, organisms most common on v e r t i c a l  sur faces ( p r i m a r i l y  s e s s i l e  animals such as 
sponges, t un i ca tes ,  bryozoans and sea anemones). Some o f  t he  organisms shown do n o t  
co-occur a t  any one s i t e  ( f r om  Fos te r  e t  a l .  1983). 



3 .2  DISTRIBUTION ALONG THE PACIFIC COAST 
OF NORTH AMERICA 

3.2.1 Giant Kelp Forests  

Stands of ","crocystis ; y r i y r a  occur 
a s  f a r  north a s  no Nuevo I s  and auoroxi- 
mately 30 km north of ~ a n t a -  C&Z in 
c e n t r a l  Cal ifornia (North 1971b, Druehl 
1970; Fos te r  pers. obs. ; Figure 7). The 
spec i e s  does not occur i n  Oregon (Phinney 
1977) o r  Br i t i sh  Columbia (Scagel 1967). 
Stands can occur a s  f a r  south a s  Punta 
Asuncion-Punta San Hipol i t o  i n  Baja 
Cal i f o r n i a ,  Mexico (27ON l a t .  ; Dawson 

1951, North 1971b),  b u t  t h i s  southern 
l i m i t  va r i e s .  Es tes  (pers .  comm.) 
reported t h a t  a s  of t h e  summer of  1984, 
t he  most souther ly  p l a n t s  were around t h e  
San Benito I s l ands ,  over  240 km north-west 
of  Punta Asuncion-Punta San H i  pol i to .  This 
probably r e f l e c t s  t h e  e f f e c t s  of storms 
and changes i n  water c h a r a c t e r i s t i c s  
assoc ia ted  with t he  r ecen t  "El Nino" ( s e e  
Chapter 3) .  In Ca l i fo rn i a ,  g i a n t  kelp 
canopies occupy an a rea  of about 110 
km2(Mil l e r  and Geibel 1973), a1 though t h i s  
i s  highly var iab le  between seasons and 
years ( s e e  Section 3.5). 
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U Cy stoseira osmundacea 
ereme Egregia menziesii - Macrocystis integrifolia 
--- Macrocystis pyrifera 
. - . -  Nereocy stis luetkeana 

l Pelagophycus porra 
%x%* Sargassum spp. 

Figure 7. The d i s t r i b u t i o n  of  a lgae  t h a t  form sur face  canopies i n  t h e  no r theas t  
Paci f i c (redrawn from Druehl 1970). 

22 



3.2.2 Other Kelp Forests  P a c i f i c  i s  t h e  e l k  ke lp ,  Pelagophycus 
p o r r a  (F i gu re  3) .  Th i s  huge p l a n t  

B u l l  ke l p ,  Nereocyst is  luetkeana gene ra l l y  does no t  reach t h e  sur face;  i t s  
(F i gu re  3 ) ,  occurs from near P o i n t  l ong ,  wide b lades stream o u t  i n  cu r ren t s  
Conception, C a l i f o r n i a ,  t o  t h e  eastern j u s t  beneath t h e  surface o r ,  i n  areas 
A l e u t i a n  I s l ands ,  Alaska (Druehl 1970), around Ca ta l i na  I s l and ,  C a l i f o r n i a ,  drape 
and i s  the  most abundant su r face  canopy over  t h e  bottom. P l an t s  a re  most common 
ke l p  i n  C a l i f o r n i a  n o r t h  o f  Santa Cruz a long  t h e  o u t e r  margins of Macrocys t i s  
(F i gu re  7) .  Where i t s  range over laps  w i t h  f o r e s t s  around t h e  southern Channel 
Macrocyst is  p y r i f e r a ,  t h e  two p l a n t s  can I s l ands  and o t h e r  southern C a l i f o r n i a  
ncctrr bo th  i n  w p a r a t e  and mixed < t a n k  i s l ands ,  and a long t h e  main land from t h e  
( Y e l l i n  e t  a l .  1977). Another ke lp ,  San Ben i to  I s l ands  i n  Baja C a l i f o r n i a  t o  
A l a r i a  f i s t u l o s a ,  can a l s o  form sur face San Diego (Dawson e t  a l .  1960, Abbot t  and 
canopies i n  Alaska (Druehl 1970, Dayton Hol lenberg  1976). These geographic 
1975). Macrocys t i s  i n t e  r i f o l  i a ,  a  low + d i s t r i b u t i o n s  a re  summarized i n  F i gu re  7. 
i n t e r t i d a l - s h a l l o w  sub t i da  species, has a  
range s i m i l a r  t o  t h a t  o f  t he  b u l l  ke l p  3.3 DISTRIBUTIONAL VARIATION AMONG SITES 
(Druehl [ I9701  i n d i c a t e s  Monterey as i t s  
southern l i m i t ) ,  and may fo rm t h i c k  The g rea tes t  d i f f i c u l t y  i n  d e s c r i b i n g  
canopies i n  shal low, p r o t e c t e d  water  ( <  8  g i a n t  k e l p  f o r e s t  communities i s  t h a t  o n l y  
m deep; Scagel 1967). Egregia menz ies i i  a  few s i t e s  have been s t ud i ed  i n  d e t a i l ,  
(F igure  ? I ,  the  f e a t h e r  boa ke l p ,  occurs and as po i n t ed  o u t  i n  Chapter 1, 
f rom Baja C a l i f o r n i a ,  Mexico t o  B r i t i s h  q u a n t i t a t i v e  i n f o rma t i on  on abundances 
Columbia (Druehl 1970, Abbot t  and versus depth i s  l a ck i ng .  Thus, many o f  
Hol lenberg 1976),  and o f t e n  forms a  sparse t h e  genera l  i z a t i o n s  about community 
canopy inshore  f rom stands o f  - M. p y r i f e r a .  s t r u c t u r e  and t h e  processes t h a t  a f f e c t  i t  

are,  a t  present ,  p re l im ina r y ,  and should 
There a r e  no sur face  canopy ke l ps  i n  be viewed w i t h  cau t ion .  

the  eas te rn  n o r t h  P a c i f i c  south o f  the  
range o f  Macroc s t i s  p y r i  f e ra .  Members o f  Given t h e  complex i t y  o f  k e l p  
t he  f u c a b u m  Phaeophyta, Order communities and t h e  qua1 i t a t i v e  na tu re  o f  
Fucales)  genus Sar assum may form surface most d e s c r i p t i v e  data,  we have chosen t o  
canopics i n  t h e  --%-- sha l o w  wa te rs  o f  t h e  Gu l f  i l l u s t r a t e  k e l p  f o r e s t  v a r i a b i l i t y  by 
o f  Mexico and t h e  G u l f  o f  C a l i f o r n i a .  desc r i b i ng  a  few s i t e s  t h a t  have been 
Species o f  Sargassum, e s p e c i a l l y  t he  s t ud i ed  i n  some d e t a i l .  Ten s i t e s  (F i gu re  
r e c e n t l y  in t roduced  2. muticum (Ambrose 8 )  a re  examined i n  Sect ions 3 .3 -1  and 
and Nelson 1982, Deysher and Norton 1982), 
may a l s o  form sur face  canopies i n  shal low 
water i n  B r i t i s h  Columbia-Washington 
(Nor ton 1981, DeWreede 1983), and i n  
southern Cal i f o r n i a ,  p a r t i c u l a r l y  i n  
p ro tec ted  areas around Catal  i n a  I s l a n d  r\ i e o  orrer Ronge 

(Ambrose and Nelson 1982). C s t o s e i r a  
osmundacea (F i gu re  3 ) ,  a  native* 
occurs f rom Ensenada, Baja C a l i f o r n i a  t o  
Oregon (Abbo t t  and Hol lenberg  1976). This S I N  FRANCISCO 

Sondhttl Bluff  

p l a n t  has a  pe renn ia l  vege ta t i ve  base t h a t  
produces long,  f l o a t i n g ,  r ep roduc t i ve  
fronds i n  s p r i n g  and summer. Cystosei ra  
can occur  as pure stands i n  shal low water,  
and mixes w i t h  o t h e r  su r face  canopies i n  
deeper water .  I t  i s  gene ra l l y  n o t  found 
as deep as ke lps ,  and mixed canopies 
u s u a l l y  occur  a t  t h e  i n n e r  edge o f  ke lp  Pmnr Lorna 

fo res ts .  

The o n l y  o t h e r  ke l p  t h a t  can fo rm a  F i gu re  8. Loca t i on  o f  t h e  t e n  k e l p  
surface canopy i n  t h e  eas te rn  no r t h  f o r e s t s  descr ibed  i n  Chapter 3. 

2 3  



8 .  

3 . 3 . 2 ,  f i v e  i n  cen t ra l  Ca l i fo rn ia  (F igure o ther  areas i s  discusseu 
g), and f i v e  i n  southern Ca l i fo rn ia  Sect ion 3.3-3- I t  i s  imposs ib le  t o  
(Figure 10). Cornunity composit ion i n  discuss completei~ the  large number o f  

_.- - -  _ - " - - -  . 

B o t t o m  Cover A l g a e  
o t t o m  Cover  Algae Follose Red Algae 

Botryoglorrum farl~wianum (as at Greyhound Rock) 
Polyneura Iallrrlma 
Dermarertla I l~u la ta  

8 b a s l l r  An lmsls  
Tttnlrntr* 

B o t t o m  C o v e r  A lgae  Bottom Cover A l g a e  

algrrflna corvmbltarr Calllarthron c h e l l o r p o r l o l d ~ ~  

Rhodymenlr ~ P P  Plocamlum cartllaglneum 

S e s r l l o  Anlmala S e s s i l e  An ima ls  

Lamlnarla dentloera 

Egregla menzlesl~ 

Pholad clams 
Nereocystls luetkeana 

~ntegr~fo i ta  Otters 

+ Bottom Cover Algae 
Macrocystls pyrlfera 

e4 Sessile Animals 
Cystoselre osmundacea 

Bo t tom C o v e r  A lgae Sand 

Calllarthron chelloapor~o~dss 2 0 m  Ph~l lospadlx spp 

PlOCamlUm cartlla~lneum 

Figure 9. The d i s t r i b u t i o n  o f  conspicuous p l a n t s  and animals found i n  f i v e  c e n t r a l  
C a l i f o r n i a  ke l p  forests .  Hor izonta l  axes are no t  t o  sca le .  
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- -  -L. I -1.. s p e ~ i e b  i i ~ a i  L a r ~  v c ~ u t  ; I T  cnc,, f iL ,v  n . , & - : l -  ,,,,, ,, ;f t h2  n;tur21 h i s t 3 r y  sf these  
f o res t ,  so we w i l l  concen t ra te  013 t he  p l a n t s  and aninla1 s can be found i n  Chapter 
d i s t r i b u t i o n  o f  l a rge ,  abundant organisn~s. 4. A d i s cuss i on  o f  v a r i a t i o n  w i t h i n  s i t e s  

Bottom Cover Algae Sea Anemones 
Corallina chilensis 
Cryptopleura violacea 

Sessile Anlrnals 
Boring Pholad Clams 

Catalina Island 

Bottom Cover Algae 
Dictyota flaballulsta 
Pachydictyon coriacaum 
Zonaria farlowli PIsaster glganteus 

Agarurn flmbrlatum 

Piaaster spp 
Pterygophora cellfornica 

Centrostephanus 
Eisenia arborea 

coronatua 

Egregia menziesii 0 Oo Lytechlnus anamesua 

,a. Strongylocentrotus 
Macrocystis pyrlfera purpuratus 

Strongylocentrotus 
franciscanua 

elapophycus porra 
om Cover Algae 

Articulated Corallines ~arpassum muticum Abalone 
Rhodymenia spp. 

Sessile Animals Phyllospadix spp 
Styela montereyensfs 
Sponges 

Lophogorpia chilensis 

F igu re  10. The d i s t r i b u t i o n  o f  c o n s ~ i c u o u s  p l a n t s  and animals  f ound  i n  f i v e  sou thern  
C a l i f o r n i a  k e l p  f o r e s t s .  ~ o r i z o n t a l  axes a r e  n o t  t o  sca l e .  



f o l l  ows the s i t e  desc r i p t i ons  (Sect ion 
3.4), and Chapte r  5 examines i n  d e t a i l  
c u r r e n t  hypotheses about t he  causes of 
v a r i a t i o n  w i t h i n  and among s i t es .  

3.3.1 Cen t ra l  Ca1 i f o r n i a  

3.3.1.1 Greyhound Rock. The s i t e  i s  
l o ca ted  25 km n o r t h  o f  Santa Cruz, and 4 
km south of Ano Nuevo I s l a n d  (Figure 8), 
t h e  no r t he rn  1 i m i  t o f  l a rae  stands o f  
Macrocyst is  p y r i f e r a .  ~ l t r h o u ~ h  a few 
smal l  stands o f  Macrocyst is  occur t o  t he  
no r t h ,  Greyhound Rock i s  ~ r e s e n t l v  a  
~ e r e o c y s t i  s- 1  uet keana f o r e s t  ' ( f i g u r e -  9). 
It has been surveved  a number o f  t imes " 
s ince  1976 ( Y e l l i n  e t  a l .  1977, Foster  e t  
a1. 1979a, b y  Fos te r  ,and Reed 1980, 
Fos te r  and Heine 1981, Foster  1982a). 

The subs t r a t um  i s  composed o f  
mudstone r i d g e s  in te rspersed  w i t h  sand 
t h a t  te rm ina te  i n  a  l a r g e  sand p l a i n  a t  
'L 20-m depth. The s i t e  i s  f u l l y  exposed 
t o  northwest s w e l l s  and t he  water i s  
genera l l y  t u r b i d .  A t  depths o f  5-8 m 
inshore of t h e  Nereocyst is  f o res t ,  
t he  rocky r i d g e s  a r e  covered w i t h  m u l t i p l e  
l a ye r s  o f  f o l  i o s e  vege ta t ion  (espec ia l  l v  
t he  r e d  a lgae ~ o t r y o g l o s s u m  f a r 1  bwianu;, 
Polyneura l a t i s s i m a ,  and Phycodrys 
setchel  1  i i , and t h e  brown Desmaresti a  
l i g u l a t a  var .  1  i g u l a t a ) ,  along w i t h  
sca t te red  pa tches  o f  t h e  understory  ke lps  
~ i c t ~ o n e u r u m  c a l  i f o rn icum and ~amit iar;a 
s e t c h e l l i i  (L. d e n t i g e r a  i n  Abbott and 
Hol lenberg 1g76, b u t  see Druehl 1979). 
The v e r t i c a l  s i d e s  o f  the  r idges  are 
covered w i t h  v a r i o u s  tun ica tes  and 
sponges, and t h e  few red sea u rch ins  
(S t rongy l  o c e n t r o t u s  f r anc i  scanus) present 
occur on t h e  s i d e s  o f  r i dges  fac ing shore. 

Nereocys t i s  occurs on t he  tops o f  
r i dges  a t  dep ths  o f  8-14 m. Beneath i t  
are sparse s t a n d s  o f  t h e  understory  ke lps 
Laminaria s e t c h e l  1  i i and Pterygophora 
c a l i f o r n i c a ,  w i t h  f o l i o s e  algae beneath. 
The wa l l s  and l e d g e s  beneath t h e  r idge tops  
are dominated b y  r e d  sea urch ins,  
enc rus t ing  c o r a l  1  i ne algae, sponges, 
t u n i  cates , sea anemones, and sol  i t a r y  
c ~ r a l  s. P reda to r y  sea s t a r s  (Pycnopodi a  
he1 iantho ides,  P i s a s t e r  brev isp inus,  P. 
g iganteus, and P. ochraceous) are commo~, 
as i s  the  omnivorous b a t  s t a r  P a t i r i a  
m in ia ta .  

Large, fo1ia.e d$;e  a r z  r a r e  sezxard 
o f  the Nereocyst is  s tand (below 14 m), and 
t h e  substratum i s  dominated by e n c r u s t i n g  
c o r a l  l i n e  algae, barnac les (Balanus 
c rena tus ) ,  sea anemones (Co rynac t i s  
c a l i f o r n i c a ) ,  red  sea u r ch i ns ,  and sea 
s t a r s  ( e s p e c i a l l y  P i s a s t e r  spp.). F ishes 
a t  t h i s  s i t e  have n o t  been s tud ied .  

3.3.1.2 S a n d h i l l  B l u f f .  Th i s  s i t e  
i s  a  Macrocys t i s  p y r i f e r a  f o r e s t  l o c a t e d  
10 km sou th  o f  Greyhound Rock (F i au re  8 ) .  
The a rea  i s  descr ibed  i n  t h e  - 1  i t e r a t u r e  
c i t e d  under Greyhound Rock above and i n  
Cowen e t  a l .  (1982). The r ocky  subst ra tum 
i s  r e l a t i v e l y  f l a t  mudstone i n t e r s p e r s e d  
w i t h  sand patches (F igure  9). I n  deeper 
water  (14  t o  17 m) beyond t h e  k e l p  f o r e s t ,  
r o c k  te rm ina tes  i n  an e n t i r e l y  sand 
bottom. The ke l p  f o r e s t  i s  i n  t h e  l e e  o f  
a  smal l  p o i n t ,  and i s  thus  
s l i g h t l y  p r o t e c t e d  f rom nor thwes t  swe l l s .  

Macrocys t i s  p y r i f e r a  forms a su r face  
canoov a t  depths between 6 and 14  m 
( ~ i ~ u F e  9).   ion^ t h e  i n i h o r e  edge o f  t h e  
f o r e s t  where g i a n t  k e l p  i s  absent,  t he  
bottom i s  dominated by f o l i o s e  r ed  a l g a l  
species s i m i l a r  t o  those a t  Greyhound Rock 
bu t ,  a t  t h i s  s i t e ,  these p l a n t s  grow over  
dense mats o f  bryozoans, sponges, and 
tun ica tes .  Where a su r f ace  canopy i s  
present ,  t he  a l q a l  unders to rv  i s  reduced. 
h a 1  1 p t e r y g 6 h o r a  c a l  i f o r n i  ca and 
Laminar ia  s e t c h e l l i i  occur  i n  w ide lv -  
d ispersed patches. Fac to rs  a f f e c t i n g  ~e 
a l g a l  assemblage a t  t h i s  s i t e  a r e  shown i n  
F igure  5. 

Understory a l g a l  cover  i s  reduced 
beneath the  Macrocys t i s  canopy. Sponges, 
t un i ca tes ,  and pholad clams a r e  common, 
b u t  over  50% o f  t h e  subst ra tum can be 
unoccupied rock.  Red sea u r c h i n  abundance 
i s  low ( l /m2) ,  and i n d i v i d u a l s  a r e  
c l  umoed i n smal l  c r ev i ces  and depressions. 
The sea s t a r s  P a t i r i a  m in i a t a ,  ~ ~ c n o ~ o d i a  
he l i an tho i des  and P i s a s t e r  spp. are 
common. 

Of fshore f rom t h e  g i a n t  k e l p  canopy, 
f o l i o s e  r ed  a l g a l  cover  i s  g r e a t e r  and 
unders to ry  ke l ps  a re  l e s s  abundant. The 
tube  po lychae te  D io  a t r a  o rna ta ,  the 

-7. anemone Corynac t i s  ca ~ f o r n i c a ,  and - 

compound t u n i c a t e s  cover  much of the  
substratum. Sea s t a r s  found under t h e  
canopy a r e  common o f f sho re ,  and t he  



auunaance OT r ed  bed ur L ~ I ~ I I ~  i r l ~ t  e c i b t . 1  LU 

over 1/n2. S t r i p e d  sur fperch,  Eiiibiotoca 
--P 

l a t e r a l i s ,  are abundant a t  t h i s  s i t e  
7=979), b u t  o t h e r  f i shes  have n o t  
been s tud ied .  

We noted an increase i n  sea o t t e r  
abundance and a dec l i ne  i n  r e d  sea u r ch i ns  
a t  bo th  Sandhi1 1 B lu f f  and Greyhound Rock 
du r i ng  qua1 i t a t i v e  surveys i n  August, 
1983. Whether t h i s  dec l i ne  was assoc ia ted  - - -  w i t h  t he  severe slont ls i n  \viriLet I J O L - ~ J ,  

sea o t t e r  fo rag ing ,  o r  sollie o t he r  cause i s  
unknown. 

3.3.1.3 P o i n t  C a b r i l l o  ke lp  f o r e s t .  
Th is  f o r e s t ,  l o ca ted  i n  southern Monterey 
Bay o f f  Hopkins Marine S t a t i o n  i n  P a c i f i c  
Grove (F igure  8) ,  has been extens ive1 y 
s tud i ed  (Lowry and Pearse 1973, M i l l e r  and 
Geibe l  1973, Devinny and Kirkwood 1974, 
Pearse and Lowry 1974, Lowry e t  a1 . 1974, 
Ha r ro l d  1981, Riedman e t  a l .  1981, Breda 
1982, Hines 1982, Hines and Pearse 1982, 
F ad1 a1 1 ah 1983, Watanabe 1983, 1984a, b )  . 
Seventy-seven species o f  algae, 292 
species o f  i n ve r t eb ra tes ,  59 species o f  
f i shes ,  and var ious  b i r d s  and mammals 
i n c l u d i n g  t h e  sea o t t e r  and hcrbor  sea l s  
occur a t  P o i n t  C a b r i l l o  ( M i l l e r  and Geibe l  
1973, Pearse and Lowry 1974). The su r f ace  
canopy i s Macrocyst i  s  pyri f e r a  and 
Cvstosei ra  osmundacea t h a t  qrows a t tached  
? 'TTd rgTg ran i  t e  outcrops and boulders  i n 
an area very  p ro tec ted  from swel ls  (F i gu re  
9) .  

Here, Macrocyst is  grows i n  very  sha l -  
low water (% 3 m) .  Extens ive beds o f  s u r f  
grass, Phyl  l ospad ix  spp. , patches o f  t h e  
f ea the r  boa k e l p  Egregia menz ies i i ,  and 
i n  summer, dense masses o f  the  f l o a t i n g  
r ep roduc t i ve  f ronds o f  Cystosei r a  
osmundacea occur inshore o f  t he  g i a n t  
k e l  P ; C.  osmundacea a lso  occurs 
in te rmixed  w r t h  Macroc s t i s  out  t o  14 m 
(Sch ie l  i n  press+nd 14 m, t h e  
rock  i s  rep laced  by sand, w i t h  abundant 
tube-dwel 1  i n g  polychaetes (D io  a t r a  91;- orna ta )  , and sea anemones (Pachycer lant  us 
sp.). 

The k e l p  Dic tyoneurops is  r e t i c u l a t a  
forms a sparse understory  beneath t h e  
surface canopy, and the  bottom i s  
dominated by t h e  f o l i o s e  red  a lgae  
G i  a r t i n a  co r  mbifera, Rhodymenia spp., 
*di*ichotom2, P r i o n i  t i s  

i d l l ~ ~ ~ ~ d ~ d  dltd ~ I I C I  ~ ~ t f i l 3  i3:-371 5 f i E - 5  - 
Sponges, t u n i  cates , anemones, b r y o z o a n  s 7 

hydro ids ,  and so l  i t a r y  c o r a l s  a re  c o m m o n  7 

p a r t i c u l a r l y  on t he  s ides  of r o c k s  - 
Spider  crabs occupy a number o f  d i f f e r e n t  
subhab i ta ts  i n  t h e  f o r e s t  (Hines 1 9 8 2  9 

and var ious turban s n a i l s  (Tegula s p p  - 9 
C a l l i o s t o m ~  spp. 1 are abundant, e s p e c i a l  I Y  
on t h e  algae (Lowry e t  a l .  1974). Red a n d  
pu rp l e  sea u rch ins  and abalone ( ~ a 1  i ot -i s 
rufescens and H. wala l  l e n s i  s )  a re  c o m m o n  
i n  c rev i ces  ( i ow ry  and Pedrse i 9 i . j ) .  A 
v a r i e t y  of sea s t a r s  i s  found i n  t h i s  k e J  P 
fo res t  (Ha r ro l d  1981), w i t h  Pa t  i r i a 
n i i n i a t a  most abundant. M i l l e r  and ~ e i b e 7  
~973) descr ibed the  f i s h e s  a t  P o i  n t  
C a b r i l l o  i n  1969 and 1970. The m o s t  
abundant were j u v e n i l e  r o c k f i s h ,  f o l l  owed 
by a d u l t  b l u e  rock f i sh .  Other c o m m o n  
spec ies inc luded  ke l p  bass; s t r i p e d ,  p i  1 e , 
black ,  and rainbow sur fperch ;  ke 1 p 
r o c k f i s h ;  g reen l i ng ;  and seno r i t a .  

3.3.1.4 S t i  1  lwa te r  Cove. Th is  stand 
o f  g i a n t  ke l p  i s  loca ted  i n s i d e  Carmel B a y  
about 5  km south o f  Monterey (F i gu re  8 > - 
The s i t e  has been descr ibed by A n d r e w s  
(1945), Fos te r  e t  a l .  (1979a, b),  Foster 
(1982a), and Reed and Fos te r  (1984). I t  
faces south and i s  thus  p r o t e c t e d  f r o m  
northwest  swe l l s .  The conglomerate a n d  
sandstone bottom i s  a  mosaic o f  p l a t e a u s  
and p innac les  surrounded by r e l a t i  v e  7 y 
f l a t  rock  o r  f i e l d s  of smal l  b o u l d e r s ,  
One stand o f  Macrocyst is  i n t e g r i f o l  i a 
occurs from t he  lower i n t e r t i d a l  t o  a 
d e ~ t h  o f  2. 1 m (F iaure  9). Both 

osmundacea 
:ur w i t h  M. 

Cys tose i ra  
menzi es i i occ 
seaward i n t o  the  M. p y r i  
understory  ke l p  Lamina 
occurs i n  patches down t o  
bottom cover  p l a n t s  i n  shal low w a t e r  
i n c l ude  t h e  brown a l ga  D i c t y o t a  
binahamiae. the  a r t i c u l a t e d  c o r a l  1 i nes - 
~ a l  r i a r t h r o n  che i  l osporo ides  and - C -  
tuberculosum. and enc rus t i nq  c o r a l  1 i n e s  , 

Macroc s t i s  p y r i f e r a  occurs a t  d e p t h s  
b e t w e b  "I, t e rm ina t i ng  a t  a  s a n d  - - 
bottom i n  deep water.  Beneath t h e  - 
Macroc s t i s  a r e  dense stands of t he  u n d e r _ -  hp P t e r  o hora c a l i f o r n i c a -  
These o l an t s  a h v e r - l l  

* % 
and p a r t i c u l a r l y  abunhant on t h e  t o p s  
p la teaus  (Reed and Foster  1984 ) - 
A r t i c u l a t e d  ( C a l l  i a r t h r o n  t ube rcu l osu rn  



i n  t h i s  area was almosr; co i r~u le te iv  covered Boss i e l l a  c a l  i f o r n i c a  ssp. schmi tti ) and 
encrus t ing  c o r a l l i n e s  cover  most o f  t h e  
f l a t  substratum beneath these Pterygophora 
stands. There a re  occasional spr ing-  
summer blooms of b e n t h i c  diatoms and t he  
f l e shy  r e d  a lgae  ~ ~ t r ~ o ~ l o s s u m  
fa r1  owianum, Plocamium car t i l ag ineum,  and 
Laurencia subopposi t a ,  a1 1  commonly 
e p i p h y t i c  on t h e  a r t i c u l a t e d  co ra l  1  ines. 
Sess i le  animals a re  aga in  most abundant on 
v e r t i c a l  and s l o p i n g  subst ra ta ,  w i t h  
bryozoans , sponges, s o l  i t a r y  co ra l  s, and 
sea anemones be ing  t h e  most common. 
Factors a f f e c t i n g  the  a l g a l  assemblage a re  
shown i n  F igure 5. 

As a t  Po in t  Cabri  1  l o ,  g raz ing  
gastropods of t he  genus T e u l a  are 
extremely abundant. e s o e c d h T  on 
Macroc s t i s  smal l  (112 cm) 
&a ??EkK?' ISt ronov locen t ro tus  

are common ' i n  t h y  a r t i c u l a t e d  
Large u rch ins  and 

abalone a r e  r a re ,  perhaps because t h i s  
s i t e  l a cks  s u i t a b l e  cracks and c rev i ces  
t h a t  serve as refuses from sea o t t e r  
predat ion. The 1  i ned  c h i  t on  Tonicel  l a  
l i n e a t a  i s  abundant on encrus t ing  
c o r a l l i n e s .  P a t i r i a  m in i a t a  i s  very  
abundant, b u t  t h e s i t i e s  o f  o t h e r  s t a r s  
are reduced r e l a t i v e  t o  the  s i t e s  
discussed above. 

Q u a l i t a t i v e  observa t ions  of f i s h  have 
been made a t  t h i s  s i t e  s ince 1976 by 
students a t  Moss Landing Marine 
Labora to r ies .  The most abundant groups 
are j u v e n i l e  r ock f i sh ,  a d u l t  b lue  and ke l p  
r ock f i shes ,  va r ious  surfperches , and 
green1 ings .  Black-eyed gobies and 
scu lp ins  a r e  common on t h e  bottom. 

3.3.1.5 G ran i t e  Creek. The species 
composi t ion and d i s t r i b u t i o n  of algae and 
i nve r t eb ra tes  a t  t h i s  s i t e  south of 
Monterey (F igure  8) were s tud ied  by  McLean 
(1962) between 1959 and 1961. A t  t h i s  
t ime,  t h e  most abundant canopy k e l p  was 
Nereocyst i  s 1  uetkeana, growing on an 
i r r e g u l a r  g r a n i t e  bot tom f u l  l y  exposed t o  
swe l l s .  Both Macrocys t i  s and Nereocyst i  s  
have occurred a t  t h e  s i t e  s ince  1961 
(Foster  pers .  obs. ). 

I n  1959-61, Egregia menziesi i , 
Cystosei ra  osmundacea, and Macrocyst is 

r i f e r a  formed a  mixed canopy inshore 
0-10 m depth)  o f  Nereocyst is .  The bottom F 

by the a r t i c u l a t e d  ' ( ~ a l i  i a r t h r o n  
che i l  ospor io ides )  and enc rus t i ng  
c o r a l l i n e s ,  w i t h  occas ional  patches o f  
Laminaria s e t c h e l l  i i (F igu re  9 ) .  

Nereocyst is  grew a t tached  t o  t he  
i r r e g u l a r  substratum between 10 and 20 m. 
Rock was rep laced  by  sand i n  deeper water .  
The understory  beneath t h e  b u l l  k e l p  was 
dominated by  dense stands o f  l a r g e  
Pterygophora c a l  i f o r n i c a .  Other  
understory  species i nc l uded  t h e  ke lp ,  
Cos ta r ia  cos ta ta .  o t h e r  brown a l ~ a e  .-- .. 

( ~ e s m a r e s t i a ~ h l a t a  var .  1  i g u l a i a ,  
Egregia menziesi i, C s t o s e i r a  osmundacea, 
and D i c t yo ta  b i n  hamiae ".--- and t h e  r e d  a lga  + Plocamium c a r t i  aglneum. These a lgae  
were p a r t i c u l a r l y  abundant on t h e  tops  o f  
boulders where Pterygophora cover  was 
sparse. 

McLean (1962) l i s t s  32 common 
i nve r t eb ra te  species on v e r t i c a l  w a l l s  i n  
t he  k e l p  f o r e s t ,  and 13 on h o r i z o n t a l  
surfaces under t h e  Pterygophora canopy. 
Chi tons (Cryp toch i ton  s t e l l e r i  , Ton ice l  l a  
l i n e a t a )  and t h e  t u rban  s n a i l  Tegula 
brunnea were common. as were P a t i r i a  
m in i a t a  and ~ ~ c n o ~ o d i  a  he1 ian tho ides .  
When surveyed, t h i s  area had r e c e n t l y  been 
foraged by  sea o t t e r s ,  and l a r g e  r e d  sea 
u rch ins  were absent. Fishes have no t  been 
s t ud i ed  here. 

3.3.2 Southern C a l i f o r n i a  

3 .3 .2.1 Campus P o i n t ,  Goleta. Th i s  
s i t e  i s  l o ca ted  a t  t he  nor thwest  end o f  
Goleta Bay approx imate ly  16 km nor thwes t  
o f  Santa Barbara (F igure  8). The 
d e s c r i p t i o n  below i s  based on Neushul e t  
a1 . (1976) and Fos te r  (pers.  obs. ). 

L i k e  most o f  t he  mainland coas t  near 
Santa Barbara, Campus Po in t  i s  p ro tec ted  
from swe l l s  by Po in t  Conception t o  t he  
north,  and t he  Channel I s lands  t o  t h e  
southwest. The bottom i s  low r e l i e f  
mudstone in te rspersed  w i t h  ex tens ive  sandy 
areas and occasional rocky outcrops.  
Macrocyst is r i f e r a  (M. a n g u s t i f o l i a  i n  
Neushul e t  ,"+6]; see d i s cuss i on  i n  
Chapter 1)  occurs between depths o f  5 and 
20 m. A t  i t s  i n n e r  edge, the  k e l p  f o r e s t  
i s  bounded by  patches of t h e  fea ther  boa 
ke l p  ~ ~ r e ~ i a -  menz ies i i ,  and t h e  bot tom 
cover i s  composed of the r ed  a lgae  



Coral 1  i na c h i  l e n s i s ,  L i  t h o t h r i x  
aspe rg i l l um  ( a r t i c u l a t e d  co ra l  l i n e s ) ,  
Chondria n i d i f  i ca ,  Cryptop l  eura v i o l  acea, 
and t h e  brown, Zonar ia  farlowii-e 
10). These p l a n t s  commonly grow over  a  
t u r f  o f  P te ros iphon ia  dendroidea and o the r  
smal l  red  algae; a l l  are f r equen t l y  
covered by sand, and t h e  vege ta t i on  i s  
bes t  developed on s l i g h t l y  e l eva ted  rocks. 

Pterygophora c a l  i f o r n i c a  i s  t h e  most 
com~on unders tory a lga  w i t h i n  the y idr;t 
k e l p  f o r e s t ,  growing i n  dense stands 
separated by ex tens ive  sandy areas. 
~ l e s h ~  red  a lgae  ( p r i m a r i l y  
spp., Cryptop leura 
Stenogramne i n t e r r u  t a )  are sparse on + exoosed rocks an on t h e  tubes o f  t he  
po iychaete D iopa t ra  ornata.  Much o f  the  
hard bot tom i s  bare o r  occupied by 
rock -bor ing  pholad clams.   he whelk 
K e l l e t i a  k e l  l e t i i  and sea s t a r s  (P i sas te r  
spp., P a t i r i a  m in i a t a ,  Dermaster ias 
i m b r i c a t a ) c o m m o n ,  and r ed  and pu rp l e  
sea u r ch i ns  a re  abundant on i s o l a t e d  rock 
outcrops.  

Extens ive areas o f  deep sand occur  
a long t he  seaward border  o f  t h e  fo res t .  
Fishes have n o t  been surveyed. 

3.3.2.2 Anacapa I s l and .  I n  c o n t r a s t  
t o  t he  mainland. waters  around t h e  Channel 
I s l a n d s  a re  c l ea re r ,  h igh - re1  i e f  
r ock  i s  more common and, as d iscussed by 
Murray e t  a l .  (1980), t he re  i s  g rea te r  
s p a t i  a1 v a r i  ab i  1  i t y  i n  temperature. The 
f i r s t  two cond i t i ons  a re  p a r t i c u l a r l y  
f avo rab le  t o  t h e  growth o f  g i a n t  k e l p  and 
o the r  rocky  s u b t i d a l  organisms. Qua1 i ta -  
t i v e  comparisons i n d i c a t e  t h a t  t h e  d i ve r -  
s i t y  o f  k e l p - f o r e s t  organisms i s  h i g h  on 
t h e  i s l a n d s  r e l a t i v e  t o  t h e  mainland. 
Ebe l i ng  e t  a l .  (1980a) suggested t h a t  t he  
c o n t i n u i t y  o f  we1 1-developed rocky  r ee f s ,  
c l e a r e r  water ,  and t h e  h i gh  d e n s i t y  of 
a1 ga l  and i n v e r t e b r a t e  t u r f  (an impor tan t  
source o f  f i s h  food) on t h e  i s l ands  a l so  
c o n t r i b u t e  t o  increased d e n s i t y  , biomass, 
and d i v e r s i t y  of f i s h  t h e r e  versus t he  
mainland. The d i s cuss i on  below i s  based 
on Neushul e t  a l .  (1967) and C la rke  and 
Neushul (1967), who surveyed a  700-m long  
mixed sand-rock t r a n s e c t  through a g i a n t  
k e l p  f o r e s t  a t  Anacapa I s l a n d  (F igure  8) 
f rom 0  t o  40-m depth (F i gu re  10). 

These i n v e s t i  ga to rs  recognized t h ree  
broad zones a long  t h e  t ransec t .  The f i r s t  

was a  sha l low zone f rom 0 t o  8  rn w i t h  
abundant unders to ry  ke lps  (E i  senia 
arborea, Laminaria f a r l o w i i  ) ,  su r f g rass  
(Phy l l o spad i x  t o r r e y i r  sea anemones 
(Anthopleura xanthogrammica). Below t h i s  
was a  wide, mid-depth zone (8-34 m) of 
Macrocvst i  s  ~ v r i f e r a  arowinu over  t h e  
under<tory ke-arim f i i b r i a t u m  and 
P t e r v a o ~ h o r a  c a l  i f o r n i c a .  Common animals  
her; ' - i n c l uded  sea u r ch i ns  
~ S t r o n a v l o c e n t r o t u s  f ranc iscanus.  S. , -  - 

u r  u r z t u s  ,- L y f e m  nus anam&us),and b z t  
h i  r i a  m i n i a t a l .  Macrocvs t i s  d i d  - - -  - . -  . - - -  

n o t  o c c m o w  34 m: ' the  - f i n a i  zone i n  
deeper water  was i n h a b i t e d  by A. 
f imb r i a t um  and a  v a r i e t y  o f  smal l  r<d 
algae. F ishes were n o t  surveyed, bu t  of f  
Santa Cruz I s l a n d  t o  t h e  west,  such 
species as t h e  seno r i t a ,  k e l p  perch, g i a n t  
k e l  p f i s h ,  b lacksmi th ,  and b l ue  r o c k f i s h  
were common i n  midwater,  w h i l e  t h e  
Cal i f o r n i a  sheephead, opaleye, halfmoon, 
k e l p  bass, k e l p  r o c k f i s h ,  and va r i ous  
sur fperches were common, b o t h  i n  midwater 
and on t h e  bottom. Various r ock f i shes  and 
gobies a r e  common on t h e  bottom (Ebe l ing  
e t  a l .  1980a). 

3.3.2.3 Santa C a t a l i n a  I s l and .  The 
r e l a t i v e l y  warm waters  o f  t h e  k e l p  f o r e s t s  
a t  Santa C a t a l  i n a  I s l a n d  (F igure  8) ,  1  i ke 
Del Mar and P o i n t  Loma below, c o n t a i n  
species n o t  found i n  t h e  more no r t he rn  
areas descr ibed  above. Among t he  more 
conspicuous o f  these a r e  e l k  k e l p  
Pelagophycus po r ra ,  t h e  sea u r c h i n  
Centrostephanus coronatus, and t h e  
blue-banded goby L  t h r  nus d a l l i .  
Dykzeul and Given ( e i e w e d  t he  
var ious  marine and t e r r e s t r i a l  h a b i t a t s  
around t h e  western end o f  Santa Ca ta l i na  
I s l and ;  t h e  i n f o rma t i on  below i s  
summarized f rom t h e i r  d i scuss ion  o f  
s u b t i d a l  boul  der h a b i t a t s  near  B i g  
Fisherman's Cove and f rom our  personal  
observat ions.  

The shal low sub t i da l  zone e a s t  o f  B i g  
Fisherman's Cove (F igure  10) i s  composed 
o f  metamorphic ( s c h i s t )  boulders  o f  
va r y i ng  s i ze  t h a t  te rm ina te  i n  a  sand 
p l a i n  a t  around 35 m. A t  depths o f  0-8 m, 
t h e  bot tom i s  dominated by  the  unders to ry  
k e l p  E isen ia  arborea. The brown a lgae  
C s t o s e i r a  m e c t a ,  
Y_r 

D i c t y o t a  
f l a b e l  1  u  a ta,  and Pachydictyon cor iaceum 
a r e  common on t h e  bottom, as a re  t h e  reds 
L i  t h o t h r i  x  a s p e r g i l l  um, Plocarni um sp. , and 



Pteroc l  ad i  a c a p i  11 acea. Common i nver te-  
b ra tes  i n c l u d e  r e d  sea urch ins 
(St rongy l  o c e n t r o t u s  f r a n c i  scanus), keyhole 
l impe ts  (Me a t h u r a  c renu la ta ) ,  and sp iny 
l o b s t e r  %1irus i n t e r r up tus ) .  
Conspicuous f i s h e s  inc lude  the  opaleye, 
g a r i b a l d i  , b lacksm i t h ,  and topsmel t. 

Macroc s t ~ s  e y r i f e r a  occurs from 
8 - 2 6  understory  beneath i t s  

sur face canopy i s  r e l a t i v e l y  reduced, 
w i t h  p a t c h e s -  o f  
Sargassum m u t i  cum, 
Pachydictyon cor iaceum and var ious species 
of the r e d  a l a a  Gelidium. ~ a r t i c u l a r l v  - 9 

where t h e  sur?ace canopy i s  t h i n  6 
absent. Much o f  the bottom i s  covered by 
encrus t ing  c o r a l  1 i ne  algae. Inver tebra tes  
i nc l ude  t h o s e  i n  shal low water p l us  the  
a d d i t i o n a l  sea u r c h i n  Centrostephanus 
coronatus , O c t o  us bimacul a tus,  sea s t a r s  
(P i sas te r  s&and the  whplk K e l l e t i a  
k m  The graz ing gastropod N o r r i s i a  
n o r r i s i  i s  common on Macroc s t i s .  Fishes 
m s  t h e  senorita*erch, and 
b lacksmi th  a r e  common i n  mid-water and the  
Macrocyst i  s sur face canopy, wh i l e  
Ca1 i f o r n i a  sheephead, rock wrasse, 
seno r i t a ,  v a r i o u s  sur fperch,  and gobies 
a re  abundant o n  and j u s t  above t he  bottom. 

I n  deeper  water ou ts ide  t he  g i a n t  
k e l p  canopy, the  understory  i s  again 
dominated b y  t h e  ke lp  E isenia arborea, as 
w e l l  as A arum f imbr ia tum a n d a r i a  
f a r l o w i i .  +-IT- e browns Zonaria f a r l o w i i  and 
Diet o t e r i s  undulata, enc rus t ing  and 
& c o r m ,  and the r e d  a l g a l  
ep iphyte Acrosor ium uncinatum are  present 
around and beneath the understory  ke l p  
canopy. The common ben th ic  inver tebra tes  
i n  t he  deep area are sea urch ins 
(Centroste (A1- hanus coronatus) , sea s t a r s  

e n r i c i a  e v ~  uscula, L i nck i a  columbiae, 
P i sas te r  i anteus) ,  snails - ( R E K j a  
n o r r i s i ,  Te u a aureo t inc ta ) ,  and var ious 
bryozoans +- B ack-eyed gobies are abundant 
on the bot tom,  w h i l e  halfmoon, g a r i b a l d i  , 
Cal i f o r n i a  sheephead, and senor i ta  a re  
common j u s t  above t he  bottom and i n  mid- 
water.  

?yed gobies are abundant 

3 .3 .2 .4 Del  Mar. Rosenthal e t  a l .  
(1974) made e x t e n s i v e  observat ions o f  t he  
organisms i n  a small ke lp  stand o f f  Del 
Mar (F i gu re  8) approximately 25 km n o r t h  
of San Diego. This  study, done between 
1967 and 1973, i s  t h e  most thorough, long- 

term n a t u r a l  h i s to ry  stiidj; pirblished oil a 
ke lp  f o r e s t .  Community composi t ion i s  
summarized below, and temporal  p a t t e r n s  
w i l l  be discussed i n  Sec t ion  3.4. 

L i ke  many mainland southern 
Ca l i fo rn ia  g i a n t  ke l p  f o r e s t s ,  t h e  s tand 
a t  Del Mar i s  i s o l a t e d  by a surrounding 
sand bottom. P lan ts  i n  t h e  s tand occur  on 
a m i  xed sandstone and s i  1 t s t o n e  bottom, 
w i t h  l a r g e  areas o f  sand and s i l t  among 
t h e  rock.  The depth o f  t h i s  low r e f  i e f  
area i s  between 14 and 20 m. As i n  t h e  
o t h e r  areas descr ibed  above, the  
understory vege ta t ion  beneath t h e  Macro- y;i s p;ri fera was r e 1  a t i  v e l y  sparse, 

on y occasional i n d i v i d u a l s  o f  
~ t e r y g o p h o r a  ca l  i f o r n i c a  and 
Laminaria f a r l o w i i ,  and a few f o l i o s e  
brown (Desmarestia 1 i g u l a t a  var. 
l i g u l  a t a )  and red  (Rhodymenia p a c i f  i c a )  
algae. Most o f  the  bot tom was covered 
w i t h  encrus t ing  co ra l  1 i nes  (F i gu re  10).  

N ine ty -e igh t  species o f  ep i  ben th i c  
inver tebra tes  were i d e n t i f i e d  by Rosenthal 
e t  a l .  (1974) i n  t h e  k e l p  f o r e s t ,  t h e  most 
common l a r g e r  species be ing  t h e  tube 
polychaete D iopa t ra  ornata,  t h e  s o l i t a r y  
t u n i  ca te  S tve la  rnonterevensi s. t h e  .r 

gorgonian Muricea ca l  i f o r n i i a ,  t h e  whelk 
K e l l e t i a  k e l l e t i i ,  and t he  rock  b o r i n g  
clam Parapholas ca l  i f o r n i c a .  P i sas te r  
g iganteus was t h e  most conspicuous sea 
s ta r .  Both r ed  and ~ u r ~ l e  sea u r ch i ns  
were present ,  though ' n o t  abundant, and 
were l a r g e l y  r e s t r i c t e d  t o  r o c k  mounds and 
boulders as they a re  a t  Campus Po in t  
(descr ibed above). 

Thi r t y - e i g h t  species o f  f i s h e s  were 
observed, and inc luded  most o f  those 
common on r e e f s  and i n  k e l p  f o r e s t s  i n  
southern C a l i f o r n i a  (see Chapter 4, 
Sect ion 4.5) .  

3.3.2.5 P o i n t  Lorna. The P o i n t  Loma 
ke l p  f o r e s t  i s  l o ca ted  a long  t h e  western 
shore o f  P o i n t  Loma between t h e  ent rance 
o f  M iss ion  Bay and San Diego Bay (F igure  
8). Th is  k e l p  f o r e s t  was c 11 km l o n g  and 
1 km wide i n  1977 (Be rns te i n  and Jung 
1979), b u t  has v a r i e d  g r e a t l y  i n  e x t e n t  
s ince  t h e  e a r l y  1900's (Nor th  1969, Dayton 
e t  a l .  1984). It was e x t e n s i v e l y  surveyed 
by Turner e t  a l .  (1968) t o  d e t e c t  p o s s i b l e  
e f f e c t s  of t h e  San Diego sewer o u t f a l l .  
Given such a l a r g e  area, one migh t  expect  



cons iderab le  s p a t i a l  v a r ~ a t i o n  w i t h i n  t he  a t  t he  o u t e r  edge o f  t h e  g i a n t  k e l p  
f o r e s t ,  as i s  e v i d e n t  f rom a  comparison of f o r e s t ;  t h e  gorgonian Lophogorgia 
t he  f o u r  t r ansec t s  surveyed by Turner e t  c h i  l e n s i  s  was p a r t i c u l a r l y  abundant. Red 
a l .  (1968). Th is  s p a t i a l  v a r i a t i o n  w i l l  u rch ins  were absent. The f i shes ,  l i k e  t h e  
be discussed i n  Sec t ion  3.4. Below we i nve r t eb ra tes ,  were general  l y  s i m i l a r  t o  
descr ibe  an i d e a l  i z e d  t r a n s e c t  (F igure  those found w i t h i n  t h e  g i a n t  ke l p  f o r e s t .  
l o ) ,  summarizing and combining t he  data 
from a1 1  t h e  t r ansec t s  surveyed. Surveys 3.3.3 Other Geographic Areas 
have a l s o  been done i n  t h e  nearby ke lp  
f o r e s t  a t  La J o l l a  (Aleem 1956, 1973; With the  excep t ion  o f  a  number of 
Neushul 1965), b u t  a re  n o t  discussed here. r ecen t  papers on South American k e l p  

fo res ts ,  l i t t l e  i n f o rma t i on  i s  a v a i l a b l e  
The k e l p  f o r e s t  occurs on a  broad, on sub t i da l  Macrocyst is  communities i n  

g e n t l y - s l o p i n g  mudstone-sandstone t e r r ace  o t h e r  p a r t s  o f  t h e  wor ld .  Kuhnemann 
w i t h  pockets  o f  sand, cobbles and (1970) descr ibed  the  v e r t i c a l  s t r u c t u r e  o f  
boulders .  Macrocys t i s  r i f e r a  was most + t h e  vege ta t ion  i n  k e l p  f o r e s t s  i n  southern 
abundant between 6  and 5  m  on rocky Argent ina.  Canopy l a y e r i n g  i s  s i m i l a r  t o  
subs t ra ta .  Inshore o f  t he  g i a n t  ke l p  f o r e s t s  i n  C a l i f o r n i a  bu t ,  w i t h  t h e  
f o r e s t ,  t h e  s u r f  grass Phyl l ospad ix  excep t ion  o f  Macrocyst i  s  p y r i f e r a ,  t he  
t o r r e  i was p a r t i c u l a r l y  abundant, a long d species composi t ion i s  ve ry  d i f f e r e n t .  

t h e  surface canopy brown a lgae Ba r ra l es  and Lobban (1975) surveyed seven 
Egregia menz ies i i  and Cystosei r a  s i t e s  on t he  coaqt o f  Argent ina i n  March 
osmundacea. A r t i c u l a t e d  co ra l  1  ines  were 1974, and found M. p y r i f e r a  t o  occur  f rom 
a l s o  conmon, as were b l ack  perch and t h e  low i n t e r t i & l  t o  a  depth o f  15 m. 
seno r i t a .  P l an t s  were exc luded f rom deeper water  by 

l a c k  of hard subs t ra ta .  The species 
When Turner  e t  a l .  (1968) s t ud i ed  composi t ion o f  assoc ia ted  organisms v a r i e d  

P o i n t  Loma, g i a n t  k e l p  was sparse, w i t h  exposure t o  oceanic swe l l s .  Ba r ra l es  
p a r t i c u l a r l y  on t h e  more n o r t h e r l y  and Lobban (1975) suggested t h a t  
t r ansec t s .  Understory  ke l ps  were patchy Macrocys t i s  i n  t h i s  r eg i on  goes through a  
i n  occurrence b u t  common, w i t h  t h ree -  t o  fou r -year  loss-replacement c y c l e  
Pterygophora ca1 i f o r n i c a  most abundant. caused by  ho l  d f a s t  d e t e r i o r a t i o n  and 
Common bot tom cover  a lgae inc luded  ~ t o r m s .  Older  h o l d f a s t s  a re  appa ren t l y  
a r t i c u l a t e d  c o r a l  1  i nes  and Rhodymenia spp. weakened by a  b o r i n g  i sopod  (Ph c o l i m n o r i a  
The sea anemone Corynac t i s  c a l  i f o r n i c a ,  sp. ) and become suscep t i b l e  t- 
t h e  s o l i t a r y  co ra l  Balanophyl l i a  elegans, surge a f t e r  t h r e e  t o  f o u r  years  o f  growth. 
t h e  sol  i t a r y  t u n i  cate S tye la  These authors  a l s o  suggested t h a t  t h i s  
montereyensis,  and var ious  sponges were r e g u l a r  loss-replacement c y c l e  c o n t r i b u t e s  
t h e  most common s e s s i l e  animals.  The t o  the  low species d i v e r s i t y  o f  these 
whelk K e l l e t i a  k e l  l e t i i  , ba t  s t a r s ,  and f o r e s t s  r e l a t i v e  t o  those i n  C a l i f o r n i a .  
red and wh i t e  sea u r ch i ns  were t he  more However, some f o r e s t s  i n  C a l i f o r n i a  can 
common mobi l e  i n ve r t eb ra tes .  Red u rch ins  e x h i b i t  s i m i l a r  c yc l es  (see Sec t ion  
appeared t o  be keeping some areas c l e a r  of 3.5.1). Sea u r ch i ns  were n o t  abundant a t  
f o l i o s e  macroalgae. The most common f i s h  these South American s i t e s ,  and appeared 
w i t h i n  t h e  k e l p  f o r e s t  were b lacksmi th ,  t o  have l i t t l e  impact on t h e  community. 
s e n o r i t a  , Cal i f o r n i  a  sheephead, ke l p  bass, 
and t he  black-eyed goby. Giant  k e l p  f o r e s t s  i n  southern C h i l e  

a re  a l s o  apparen t l y  l i m i t e d  t o  shal low 
The t e r r a c e  s loped more s teep ly  water  by l a c k  o f  s u i t a b l e  subs t ra ta ,  and 

beyond 25 m depth, and i n  t h i s  deep reg i on  t h e i r  i n n e r  margins can be determined by 
ou t s i de  t h e  g i a n t  k e l p  canopy o r  competi t i o n  w i t h  unders to ry  ke l ps  
occas i ona l l y  mixed w i t h  i t, occurred t he  (Sante l  i c e s  and Ojeda 1984b). These 
e l k  k e l p  Pela o  h  cus p o r r a .  Beneath were + authors suggested t h a t  t h e  Macrocys t i s  
sparse s tan  s  o f  Lam1 n a r i  a  f a r l o w i  i , and a  y r i  f e r a  1  oss-replacement c y c l e  descr ibed  
reduced bot tom cover  o f  a r t i c u l a t e d  i y  Bar ra les  and Lobban (1975) i n  Argen t ina  
co ra l  1  i nes ,  Rhodymenia spp, and Plocamium does n o t  occur  a t  t h e i r  s i t e .  Two species 
c a r t i  1  agineum. I nve r t eb ra tes  here were o f  t he  ke lp ,  Lessonia, fo rm unde rs to r y  
s i m i l a r  to ,  b u t  l e s s  d i ve r se  than, those canopies i n  southern Ch i l e ,  and f o l i o s e  

31 



red algae are common on the bottom. 
Experiments by Cas t i  1 1 a and Moreno (1982) 
indicated t h a t  the four  species of sea 
urchins j n h a b i  t i n g  th i s  a rea  feed on d r i f t  
algae a n d  have l i t t l e  impact on 
Macrocysti s recru i  tment, growth, or 
survivorshi P - The Macrocystis holdfast 
fauna i s  less  diverse than t h a t  in 
California ( O j e d a  and Santel  ices 1984), as 
are the f i s h  associated w i t h  the fores t  
(Moreno and Sara  1984). 

More n o r t h e r l y  Chi1 ean kelp forests 
studied b y  Moreno and Sutherland (1982) 
are also o f t e n  limited t o  shallow water by 
lack of hard  substrata,  and giant kelp 
abundance is regulated primarily by water 
motion and  n o t  herbivorous urchins or 
moll uscs . 
3.4 DISTRIBUTIONAL VARIATION WITHIN SITES 

3.4.1 B e t w e e n  Depths 

Al though considerable variation in 
d i s t r i b u t i o n  with depth exis ts  both 
between a n d  w i t h i n  s i t e s  ( s ee  Section 3.3; 
Turner e t  a1 . 1968), a general pattern of 
algal d i  s tri bution emerges from the 
Cal i fo rn ia  s i t e s  above. I f  rocky 
substratum i s  available from the low 
in te r t ida l  t o  depths where l igh t  i s  
i n s u f f i c i e n t  f o r  macroaf gal growth, three 
subtidal z o n e s  can be recognized, similar 
to  those p r o p o s e d  by Neushul (1965; Figure 
6 ) .  

Zone 1 . inshore of Macroc s t i s ,  i s  n-5- commonly i n h a b i t e d  by Ph o s a  I X  spp. 
(surf g r a s s ) .  feather boa -+?- ke p Egregia 
menzj esi i ) , a n d  Cystosei ra osmundacea. 
Depending on geographic location and 
exDosure t o  swell, Eisenia arborea, 
~ t k r ~ ~ ~ ~ h o r a  c a l  ifornicay-Laminaria spp., 
various s p e c i e s  of Sargassum, and 
a r t i c u l a t e d  cora l1  i nes may be present. 
Macrocysti s i s  most abundant in Zone 2, 
may be mi xed w i t h  5. osrnundacea throughout 
Ca l i fo rn ia ,  a n d  may be mixed with, or 
rep1 aced by , Nereocys t i s 1 uetkeana in 
central Ca 1 i fo rn ia .  Various understory 
kelps P. ca l  ifornica and L. 
farlowi i ) o c c u r  i n  patches undFr 
Macrocysj-j , a n d  a r t i c u ~  ated (especially 
Gal l i a r t h r o n  SPP- ) and encrusting 
co ra l l i ne s  are  most common on the bottom. 
Zone 3, of the Macrocystis canopy, 
may be i n h a b i  t e d  by pelagophycus porra in 

southern California,  or n r u r e  COIII I I I~I I ;~ Ly 
sparse stands of understory kelps such as 
Agarum fimbriatum and I_. farlowii , 
encrusting coral 1 ines,  and small fol iose 
red a1 gae. 

Invertebrate zonation i s  not as 
d i s t i nc t ,  although broad changes along a 
depth gradient in the dis t r ibut ion of sea 
urchins have been noted (purple urchins in 
shallow water, red urchins a t  mid-depths, 
and i n  southern California,  white urchins 
and Centrostephanus coronatus in deeper 
water). B u t  there  are  numerous excep- 
tions: e . g . ,  Sandhill Bluff above, and 
other areas where red urchins are  most 
abundant a t  the outer edge of giant kelp 
distribution (Yellin e t  a l .  1977, Pearse 
and Hines 1979). Three common species o f  
turban sna i l s  (Tegula) in  central 
California also occur i n  d i f fe ren t  depth 
zones subtidally: L. brunnea a t  0-6 rn, 1. 
montereyi a t  3-9 m, 1. polligo a t  7-12 m 
(Riedman e t  a l .  1981, Watanabe 1984a). 
In general, s e s s i l e  invertebrate abundance 
increases with depth (Aleern 1973), perhaps 
in par t  due t o  reduced competition fo r  
space with algae (Foster 1975b). 

The dis t r ibut ion and abundance of 
f i sh  species are often not c lea r ly  zoned 
along a depth gradient. Distribution 
appears most strongly related to vertical  
re1 i e f ,  including tha t  due t o  vegetation, 
rather than depth (Quast 1971a, Ebeling e t  
a l .  1980a, Moreno and Jara 1984, Larson 
and DeMartini i n  press; see Section 4.5) .  
Within continuous reef habi ta ts ,  however, 
closely related species may segregate with 
depth (Hixon 1980, Larson 1980a). 

3.4.2 Within Depths 

Few published surveys discuss the 
distributional variation of plants o r  
animals within depths, b u t  qua1 i t a t ive  
observations and the high variances 
associated with abundance estimates a t  any 
particular depth (Rosenthal e t  a l .  1974, 
Foster e t  a l .  1979a, Pearse and Hines 
1979) suggest that  d is t r ibut ions  are 
generally clumped a t  f a i r l y  small scales. 
This var iabi l i ty  can resu l t  from a number 
of processes, including var iab i l i ty  in 
distr ibution of many abiot ic  factors  
discussed i n  Chapter 2 ,  a s  well a s  
environmental changes created by the 



organ1 sms tnemsei ves , parx i  cu i  a r i y  ~y  tne  
l a rge  kelps. Kelps i n  dense stands can 
e f f e c t i v e l y  exclude many o the r  a1 gae (Reed 
and Fos te r  1984, Dayton e t  a l .  1984). 
Moreover, t h e  d ispersa l  range o f  niany 
l a rge  ke lps  i s  probably  o n l y  severa l  
meters from a t tached  a d u l t s  (Anderson and 
North 1966, Sch ie l  1981) c o n t r i b u t i n g  t o  
the  maintenance o f  l o c a l  stands. 
D i  spersal  d i  stances f o r  i nver tebra tes  can 
a1 so be q u i t e  sho r t  (Os ta re l  l o  1976. 
Gerrodet te  1981). I n h i b i t i o n  o f  
s e t t l e n e n t  by es tab l i shed  s e s s i l e  
organisms ( B r e i t b u r g  1984), l o c a l  g raz ing  
by sea u rch ins  (Turner  e t  a l .  1968, Vance 
1979, Cowen e t  a l ,  1982, Dean e t  a l .  1984, 
Ha r ro l d  and Reed i n  p ress )  predator -prey 
i n t e r a c t i o n s  (Berns te in  and Jung 1979, 
Schmi t t  1982), t e r r i t o r i a l  behav io r  and 
compet i t i ve  i n t e r a c t i o n s  among f i s h  
(C la rke  1970, Hixon 1980, Larson 1980a), 
phyq i r a l  d i ~ t t ~ r h a q ~ e  (Cnwen ~t a1. 1987, 
Wel ls 1983) and con ipe t i t i on  among algae 
(Kastendiek 1982, Reed and Fos te r  1984, 
Dayton e t  a l .  1984) a l s o  c o n t r i b u t e  t o  
v a r i a t i o n s  i n  d i s t r i b u t i o n .  S tochas t i c  
events a re  probably  a l s o  impor tant ,  bu t  
d e t a i l e d  desc r i p t i ons  necessary t o  de tec t  
them have n o t  been done. However, i n  
these d i ve r se  and s t r u c t u r a l  1y complex 
communities, most o f  the  pa t t e rns  o f  
w i  t h in -dep th  d i s t r i b u t i o n  remain 
undcscr:'bed, avd t h e  ~echanisms c r e ~ t i n g  
these pa t t e rns  are unknown -- a  f r u i t f u l  
area f o r  f u r t h e r  research. 

3.5 TEMPORAL VARIATION IN  COMMUNITY 
STRUCTURE 

3.5.1 Long-Term ( >  5  years)  

The bes t  records o f  long- term ( >  5 
years )  changes i n  C a l i f o r n i a  k e l p  fo res ts  
come f rom maps o f  ke l p  canopy d i s t r i b u -  
t i o n ,  t h e  f i r s t  o f  which were made i n  
1910, 1911, and 1912 (McFarland 1912, 
Crandal l  1915). Comparisons w i t h  recent  
surveys i n d i c a t e  an o v e r a l l  302-70% 
dec l i ne  i n  t h e  area o f  g i a n t  k e l p  canopies 
i n  southern C a l i f o r n i a  s ince these e a r l y  
surveys (Hodder and Me1 1978, Neushul 
1981). Hodder and Me1 (1978), however, 
suggested t h a t  t h e  magnitude o f  the 
dec l i ne  may be, i n  p a r t ,  an a r t i f a c t  o f  
d i f ferences i n  canopy-mapping techniques. 
Sewage p o l l u t i o n  ( ~ e i ~ h t o n  e t  a l .  1966, 

t i r i g g  and Klwaia 1 9 i 0 ,  w ~ i s o n  1g8*¶ 
M e i s t r e l l  and Montagne 1983), abnormal 
oceanographic cond i t i ons  ( " ~ 1  ~ i n o "  years: 
warm water ,  low n u t r i e n t s ;  Jackson  1 9 7 ~ )  
and sea u r c h i n  g raz ing  ( L e i g h t o n  e t  a1 
1966, Nor th  1974) s t imu la ted  by sewage 
(No r t h  1974) and/or removal of s e a  urchin 
predators  by man (Nor th  1974, T e g n e r  a n d  
Dayton 1981) have a l l  been i m p l i c a t e d  as 
causa t i ve  agents. As these f a c t o r s  may 
a l l  a f f ec t  canopy d i s t r i b u t i o n ,  a n d  
because in format ion about o rgan isms i n t h e  
community o t h e r  than Macrocys t  i s a n d  
Nereoc s t i s  i s  almost n o n - e x i s t e n t  p r i o r  
&IS, we w i l l  p robably  n e v e r  know 
what d i d  happen. However, 
begun t o  r e t u r n  t o  t h e  
su l a  co i nc i den t  w i t h  r educ t i on  i n  s l u d g e  
and DDT d ischarge f rom t he  W h i t e ' s  Point 
sewer o u t f a l l  (Wi lson 1982). T h i s  
suggests t h a t  sewage p o l l u t i o n ,  a n d  
p a r t i c u l a r l y  increased t u r b i d i t y  
( M e i s t r e l l  and Montagne 1983) a n d  s l u d g e  
accumulat ion on t h e  bottom ( G r i g g  a n d  
Kiwala 1970), had impor tant  d i r e c t  e f f e c t s  
on t he  dec l i ne  of g i an t  k e l p  a r o u n d  
southern C a l i f o r n i a  sewer o u t f a l l  s . 

Long-term changes i n  c e n t r a l  
C a l i f o r n i a  may be assoc ia ted  w i t h  changes 
i n  t h e  abundance and d i s t r i b u t i o n  o f  s e a  
o t t e r  populat ions.  Van Blar icom ( i n  
press)  has compared canopy d i s t r i  bu t  i on 
data  f rom t h e  e a r l y  1900's (when s e a  
o t t e r s  were e s s e n t i a l l y  a b s e n t )  w i t h  
r ecen t  surveys (sea o t t e r s  p r e s e n t  ) , He 
suggests t h a t  the  Macroc s t i s  c a n o p y  a r e a  
has r e c e n t l y  increase -?+-- and N e r e o c y s  t i s  
luetkeana has decreased as an i ndi r e c t  
r e s u l t  o f  sea u r c h i n  removal by sea 
o t t e r s .  

The product ion,  d i s p e r s a l  . a n d  
r ec ru i tmen t  of l a r v a e  Can be P e r i o d i c  
phenomena. L i t t l e  i s  known o f  t h e  
r e l a t i o n s h i p  o f  p roduc t ion  and d i  s p e r s a f  
t o  rec ru i tment  because 1  i t t l  e  i s  k n o w n  
about l a r v a l  m o r t a l i t y ,  p a r t i c u l a r l y  f o r  
p l ank ton i c  la rvae .  Large-scale t e m p o r a l  
p a t t e r n s  o f  some i nve r t eb ra te  ( ~ a y t o n  a n d  
Tegner 1984a) and f i s h  d i s t r i  b u t i  
( M i l l e r  and Geibel  1973) i n  k e l p  forests 
have been c o r r e l a t e d  w i t h  r e c r u  i t m e n t .  
Small sca le  pa t t e rns  i n  sea u r c h i n  (Nor th  
1983a), Te u l a  spp. (Watanabe 1984a>, a n d  
sp ide r  c h i n e s  1982) r e c r u l t m e n  t have 
been shown o r  suggested as impor tan t  to 
t h e  popu la t ion  dynamics of these specj es.  



On a shor te r  time scale  (1-5 years) ,  
changes have been associated with year- 
to-year variations in storm-swell 
intensity. Ebeling e t  a l .  (MS.) has made 
long-term observations of a kelp forest  on 
an isolated reef near Santa Barbara. 
Large waves i n  1980-81 removed most of the 
Macrocystis from the reef.  Sea urchins 
then came out of cracks and crevices and 
actively grazed over the substratum. This 
grazing not only removed most of the 
remaining non-encrusting algae,  b u t  also 
prevented the re-establishment of these 
plants. The more severe storms of 1982-83 
reduced the abundance of these exposed sea 
urchins, and macroalgae, including 
Macrocysti s ,  have subsequently recolonized 
the area. Ebel ing e t  a1 . (MS. ) found that  
these changes a l so  affect  f ishes ,  particu- 
larly surfperch, as the juveniles use 
~ tecgophora  californica a s  shelter from 
predators, and the adul ts  forage fo r  
invertebrate food among the algae that  
cover the bottom. Abnormal 1y stormy years 
can also have dramatic long-term effects  
in central Cal i fornia, a1 ter ing understory 
abundance both by direct  removal, and via 
increased 1 ight  from surface canopy 
removal (Foster 1982a). 

There have been his tor ical  changes in 
the relative abundance and distribution of 

r i fera  and Nereocysti s luetkeana in " P e r ,  
centra Ca i fo rn ia ,  with par t icular  s i t e s  
changing completely o r  partial  ly from 
giant t o  bull kelp and vice versa (Yellin 
e t  a l .  1977, Van Blaricom in press). 
Numerous causes are possible. Storms 
appear t o  a f f e c t  surface canopy type, with 
Nereoc s t i s  replacing Macrocysti s a f t e r  
-fi-+ a t t e r  has been removed by severe t e 
water motion (Foster 1982a, Van Blaricom 
in press). In addition, variations in sea 
urchin grazing may a f fec t  species 
composition (Van Blaricom in press) and 
kelp fores t  s i z e  (Pearse and Hines 1979). 
Storms can a l s o  indirectly a f fec t  en t i re  
forests,  as storm-induced sand movement 
can change kelp forests in to  soft-bottom 
communities (North 1971b, Grant e t  al .  
1982, LOSL 1983). 

3.5.2 Short-Term ( <  1   ear) 

The re la t ive  lack of large seasonal 
changes in  the local ocean climate, 
part icularly storms, appears to resul t in 
reduced seasonal var iab i l i ty  in kelp 

fo res t  cornmunlt~es i n  souiher ri Cal ; io t  n i a  
(Rosenthal e t  a1 . 1974, SCE 1978). These 
and other studies (North 1971b, Dean pers. 
corn.) suggest t ha t  many southern 
California kelp canopies go through a 
three- t o  five-year cycle of abundance and 
decl ine, perhaps associated with holdfast 
deterioration in 01 der plants.  However, 
even without unusually high water motion, 
mortality of adult plants i s  about 40% per 
year in  the kelp fo res t  a t  San Onofre 
(Dean pers. comm.). 

In central California,  the l a rger  and 
more frequent winter swells produce a 
regular seasonal canopy cycle with a 
maximum canopy s ize  in  summer, and a 
minimum in winter (Miller and Geibel 1973, 
Gerard 1976, Foster 1982a, Reed and Foster 
1984, Kimura and Foster in  press) .  These 
storms can a1 so influence understory algal 
abundance (Foster 1982a). Productivity, 
growth ra te ,  and recruitment of understory 
algae a lso  change seasonally in response 
t o  climatic conditions and cover of 
surface canopies (Johansen and Austin 
1970, Breda 1982, Heine 1983, Reed and 
Foster 1984, Kimura and Foster in press).  
Seasonal changes i n  sand cover can a lso  be 
important (Breda 1982). In addition, 
juvenile rockfish commonly r ec ru i t  into 
central California kelp fo res t s  during the 
strong upwelling period in la te  
spring-early summer (Mi 1 l e r  and Geibel 
1973).  The e f fec t s  of seasonal climatic 
changes appear to  increase with la t i tude,  
as shown in the d i s t i nc t  summer-winter 
differences in Nereoc s t i s  luetkeana 
fo res t s  in W a s h i n g t d  1 9 r  

3.5.3 Succession 

The causes of both long- and 
short-term changes in community 
composition, such as  spat ia l  pat terns ,  are 
a complex of interacting factors  of which 
only the extremes of storms and grazing 
have been clearly documented in  particular 
fores ts .  These disturbances i ni t i a t e  
successional changes t h a t  remain 1 argely 
unexplored. Foster (1975a) found tha t  
successional events on small concrete 
blocks placed within a kelp fo res t  were 
largely determined by the avai 1 abi 1 i t y  of 
larvae o r  spores in the water, and  - 

differences in growth ra tes  and 
competitive a b i l i t i e s  among colonizing 
species. Aside from a possible i n i t i a l  



enhancement o f  c o l o n i z a t i o n  by m i  c r o a l g a l  
o r  b a c t e r i a l  f i lms ,  t h e r e  was no evidence 
f o r  f a c i l i t a t i v e  i n t e r a c t i o n s  (sensu 
Connel 1  and S l a t y e r  1977). ~ a c r o c ~ s t i s  
can be among t h e  f i r s t  organisms t o  s e t t l e  
and grow if spores, space, and l i g h t  are 
adequate. S i m i l a r  p a t t e r n s  were noted by 
Fager (1971) on i s o l a t e d  s t r u c t u r e s  p laced 
some d is tance  f rom a k e l p  f o r e s t ,  w h i l e  
Kennel ly  (1983) has shown on a m ic roscop ic  
sca l e  t h a t  most spec ies a s s o c i a t ~ d  w i t h  an 
Eck lon ia  r a d i a t a  bed i n  A u s t r a l i a  have t h e  
p o t e n t i a l  o f  q u i c k l y  r e c r u i t i n g  on 
a r t i f i c i a l  subs t ra ta .  

The above examples mimic extreme 
d is tu rbances  where smal l  patches of 
n a t u r a l  subst ra tum a re  complete ly  c lea red .  
A1 1 organisms a r e  n o t  gene ra l l y  removed 
du r i ng  normal d is tu rbances  i n  k e l p  
f o r e s t s ,  and t h e  processes i n v o l v e d  i n  
succession a f t e r  more n a t u r a l  d i s tu rbances  
remain general  l y  u n i  nves t i ga ted  (see 
rev iew i n  Fos te r  and Sousa i n  p ress ) .  
Reed and Fos te r  (1984) denionstrated t h a t ,  
w i t h  l e s s  extreme d is tu rbance ,  changes i n  
ove r s to r y  canopies a re  p a r t i c u l a r l y  
impor tan t  t o  subsequent success ional  
events.  Van B la r i com ( i n  p ress )  suqqested 
t h a t  i n  c e n t r a l  ~ a l  i f o r n i a  ~ e r e & ~ s t &  
luetkeana f i r s t  co l on i zes  areas where sea 
o t t e r s  remove sea u r c h i n s  because t h i s  
annual k e l p  i s  more common than 
Macroc s t i s  ( i  .e., more spores a v a i l a b l e  
b i z a t i o n ) .  Macroc s t i s  then 

i n  t h e  g radua l l y  invades these areas 
absence o f  storms which seem t o  have a 
g rea te r  impact on Macroc s t i s ,  t h e  + perenn ia l  g i a n t  k e l p  eventua y  rep laces 
b u l l  ke l p ,  as t h e  canopy o f  t h e  former  
reduces l i g h t  and thereby r e s t r i c t s  
r ec ru i tmen t  o f  t h e  l a t t e r .  Th is  sequence 
may be a l t e r e d  i f  pe renn ia l  unders to ry  
ke jps  (Laminar ia ,  P t e r  o hora)  invade 
a f t e r  t h e  i n i t i a l  T3!%EkK (storms, 
grazer  removal ) , and i n h i b i t  f u r t h e r  
r e c r u i  tnient (Van B la r i con l  i n  p ress ) .  An 
increase i n  unde rs to r y  f o l i o s e  r e d  a lgae 
cou ld  a l s o  i n h i b i t  r ec ru i tmen t  o f  a l l  
ke1 ps (Kimura pers. comm. ) . 

Various o t h e r  i n t e r a c t i o n s  may a l s o  
a1 t e r  succession. Preda to rs  may d i r e c t l y  
a1 t e r  s e s s i l e  i n v e r t e b r a t e  abundance 
(Fos te r  1975b, Neushul e t  a l .  1976) and 
species composi t ion (Day and Osman 19811, 
and these changes may i n d i r e c t l y  a f fec t  
a l g a l  succession by reduc ing  compe t i t i on  

f o r  space (Fos te r  1975b). Grazing 
(p robab ly  by f i s h )  may a l t e r  a l g a l  species 
composi t ion (Fos te r  1975b), and smal l  
a l g a l  t u r f  species may f a c i l i t a t e  the  
s u r v i v o r s h i p  of young k e l p  sporophytes by 
p r o v i d i n g  a r e f uge  f rom f i s h  g raz i ng  
( H a r r i s  e t  a l .  1984). Small he rb ivo res  
may a l t e r  e a r l y  successional pa t t e rns  i n  
Eckl  on i  a  r a d i a t a  beds (Kennel 1  y  1983, 
pers.  comm.).ter i ncompl e t e  removal of  
~ s s i  1e ~ r n ~ n i  3- ~ m c  r o n t l i n i n g  encruct_inn 
c o r a l l i n e s  can i n h i b i t  r ec ru i tmen t  o f  
numerous s e s s i l e  i n ve r t eb ra tes  ( B r e i  tbu rg  
1984), and enc rus t i ng  and a r t i c u l a t e d  
c o r a l  l i n e s  may i n h i b i t  Macrocyst is  
r e c r u i  tnlent (We1 1 s  1983). 

Add i t i ona l  e f f e c t s  assoc ia ted  w i t h  
the  magnitude and ex ten t  o f  d is turbance,  
micrograzers and predators ,  sedimentat ion, 
e tc . ,  as w e l l  as compet i t i on  f o r  l i g h t ,  
d i spe rsa l  , and bas i c  l i f e  history 
c h a r a c t e r i s t i c s  o f  t h e  organisms i nvo l ved  
a re  no doubt a l s o  impor tan t  t o  k e l p  f o r e s t  
succession (Fos te r  and Sousa i n  p ress ) ,  
b u t  remain t o  be i n v e s t i g a t e d  i n  d e t a i l .  

3.6 BIOMASS, PRODUCTIVITY, AND ENERGY 
FLOW 

3.6.1 I n t r o d u c t i o n  

No t  s u r p r i s i n g l y ,  g i a n t  ke l p  
communities a re  h i g h l y  product ive;  
n u t r i e n t s  a r e  gene ra l l y  h i gh  i n  nearshore 
waters,  and Macrocyst is  can form a dense, 
1  igh t -absorb ing  canopy a t  t he  wa te r ' s  
sur face.  The p roduc t ion  o f  Macroc s t i s ,  + understory  ke lps,  and bottom-cover a  gae, 
t oge the r  w i t h  energy imported f rom t he  
p lankton,  suppor t  consuniers i n  g i a n t  k e l p  
f o r e s t s  as we1 1 as i n  nearby communities 
r e c e i v i n g  d r i f t  f rom f o res t s .  These 
processes, as we1 1 as food  webs w i t h i n  t he  
Macroc s t i s  community, a re  reviewed i n  
&his sect ion.  

3.6.2 Biomass ( s t and ing  Stocks) 

Coon (1982) r e c e n t l y  compi led t he  
a v a i l a b l e  i n f o rma t i on  on biomass and 
p r o d u c t i v i t y  o f  eas te rn  n o r t h  P a c i f i c  
Macroc s t i s .  Table 4 summarizes these 
-I--- va ues f o r  Macrocyst is ,  and inc ludes  
addi t i o n a l  est imates f o r  understory  algae, 
s e s s i l e  i n ve r t eb ra tes ,  and f ishes.  Other 
than t he  few quadrats sampled by Aleem 



Table 4. Kelp f o r e s t  biomass/m2 of bottom ( inc ludes  water column from 
surface t o  bottom). 

Location Wet kg/m2 Reference 

Macrocystis py r i f e r aa  

La J o l l a ,  Ca l i forn ia  6  -10 Aleem 1973 

Southern Cal i f  ornia  and Bdjd  
Cal i forn ia ,  Mexico 3 -22 North 1971b 

Paradise Cove, Cal i f o rn i a  4.4 - 5.8 McFarl and and Presco t t  1959 

Goleta,  Ca1 i forn ia  7  - 9  Coon 1982 

Pac i f ic  Grove, Cal i f o r n i a  5 .9  Towle and Pearse 1973 

Pac i f ic  Grove, Cal i forn ia  0.7 - 6.3 Gerard 1976 

Br i t i sh  Columbia b  4.2 - 4.7 Field and Clark 1978 

Ilndprstnry A1 gae (Other --.. Than Macrocystis) W i - r n  Macrocystis Fores t s  

La J o l l a ,  Ca l i forn ia  4.8 Aleem 1973 

Bird Rock, Cal i forn ia  0.47 North 1971b 

Paradise Cove, Cal i f o rn i a  0.02- 0 .5  McFarland and Presco t t  1959 

Monterey, Cal i forn iaC 0.03- 0.7 Breda 1982 

Monterey, Cal i forn ia  2.0 Pearse and Hines 1976 

Monterey, Cal i forn ia  2.4 - 5.2 Gerard and Garrison 1971 

Santa Cruz , ca l i fo rn i aC  0.07- 0.9 Breda 1982 

Santa C ~ U Z ,  Cal i fornia  0.02- 0.04 Pearse and Hines 1979 

Benthic Inver tebra tes  d  

Baja Cal i forn ia ,  Mexico 0.6 Woollacott and North 1971 

La Jol l a ,  Cal i f o rn i a  0.11- 0.41e Aleem 1973 

Monterey, Cal i forn ia  0.025- 0.37 Gerard and Garrison 1971 

Fish - 
Southern Cal i f o r n i a  and Mexico 0.01- 0.046 Quast 1971b 

Pac i f ic  Grove, Cal i forn ia  0.07- 0.11 Mi l le r  and Geibel 1973 
- 

a  Modified from Coon 1982. 

b ~ i  xed Macrocysti s  i n t e g r i f o l  i a  and Nereocystis 7 uetkeana. 
C Data from Breda (1982) f o r  red a lgae  on ly ,  and converted from dry weight 
values (d ry  = 0.12 wet ) .  

d ~ s t i m a t e s  do not include l a r g e ,  mobile i nve r t eb ra t e s ,  those on p l a n t s ,  o r  
those l i v i n g  in  kelp ho ld fa s t s .  

e ~ n c l u d e s  mobile inver tebra tes  on t h e  bottom. 



(1973),  we c o u l d  f i n d  no pub l i shed  data on 
t he  biomass o f  mob i le  i n ve r t eb ra tes ,  even 
though these an imals  can be q u i t e  abundant 
and t r o p h i c a l  l y  impor tan t  (see below). As 
Table 4 shows, Macrocys t i s  biomass can 
vary  by more than an o r d e r  o f  magnitude. 
Th is  v a r i a t i o n  i s  p robab ly  t h e  r e s u l t  o f  
d i f f e rences  i n  sampl i n g  methods and sample 
s i z e  (few samples i n  a patchy 
environment),  d i f f e r e n c e s  i n  sampling 
t i m e s ,  and r e a l  d i f f e r e n c e s  w i t h i n  and 
among k e l p  f o r e s t s .  Gerard 's  (1976) data 
are most r ep resen ta t i ve  o f  a s i n g l e  s i t e  
as she sampled over  2.5 years  i n  t h e  same 
area, and found t h a t  g i a n t  k e l p  biomass 
v a r i e d  from 0.7 t o  6.3 wet kg/m2 (mean = 
3.5). Th is  l a r g e  w i  t h i n - f o r e s t  v a r i a t i o n  
f o r  Macrocyst i  s (and, when determined, 
o t h e r  groups o f  organisms as we l l ;  see 
below) c l e a r l y  i n d i c a t e s  t h a t  one sanipl i ng  
cannot cha rac te r i ze  biomass i n  these 
s p a t i a l l y  and tempora l l y  v a r i a b l e  
comnunit ies.  

The va lues f o r  Macrocys t i s  can be 
compared w i t h  o t h e r  temperate nearshore 
ke l p  communities. Ka in ' s  (1979) rev iew o f  
Laminar ia  spp. suggests t he  " t y p i c a l "  
biomass o f  t h i s  genus i n  Laminar ia  beds i s  
Q, 10 wet kg/m2 (range 2 r '  S i m i l a r  
values have been found f o r  mixed 
Ecklonia-Lami n a r i a  beds i n  South A f r i c a  
m o v  e t  a1. 1977: see rev iew i n  Mann 

The biomass o f  understory  vege ta t ion  
a l s o  v a r i e s  cons iderab ly  (Table 4) .  For 
these p l a n t s ,  the data o f  Breda (1982) 
f rom two s i t e s  i n  c e n t r a l  C a l i f o r n i a  are 
most i n d i c a t i v e  o f  poss i b l e  seasonal 
v a r i a t i o n  a t  a s i n g l e  s i t e :  an o r d e r  o f  
magnitude i n  one year .  However, these 
r e l a t i v e l y  long- term s tud i es  by Gerard 
(1976) and Breda (1982) were done i n  cen- 
t r a l  C a l i f o r n i a  where, as d iscussed i n  
Sect ion 3.5, s to rm- re la ted  v a r i a b i l i t y  
appears t o  be g rea te r  than i n  southern 
Ca l i f o rn i a .  As f o r  percentage cover  (see 
Sec t ion  2.4), understory  a l g a l  biomass i s  
usua l l y  lower  beneath than  away from a 
g i a n t  k e l p  canopy (No r t h  1971b, Aleem 
1973) and, i n  t he  absence of a canopy, 
gene ra l l y  decreases w i t h  depth (Aleem 
1973). 

Few es t imates  o f  t he  biomass o f  
s e s s i l e  ben th i c  i n v e r t e b r a t e s  o r  f i s h  have 
been made (Table 4 ) ,  and none over long  

per iods  o f  t ime.  M i l l e r  and Ge ibe l  (1973) 
suggested t h a t  t h e i r  r e l a t i v e l y  h i g h  f i s h  
es t ima tes  f o r  c e n t r a l  C a l i f o r n i a  v e r s u s  
those f o r  southern C a l i f o r n i a  ( T a b l e  4 )  
cou ld  be  due t o  d i f fe rences  i n  s a m p l i n g  
methods. 

3.6.3. Pr imary P r o d u c t i v i t y  

Macrocys t i s  p y r i f e r a  i s  a l a r g e  p l a n t  
w i t h  a complex morphology and i t s  p r i m a r y  
p r o d u c t i v i t y  i s  d i f f i c u l t  t o  measure. A 
v a r i e t y  o f  techniques,  i n c l u d i n g  f i e l d  
harves ts  (Clendenning 1971b), g r o w t h  
measurements (Gerard 1976), changes  i n  
oxygen con ten t  of  f o r e s t  wa te r  (McFar f  and 
and P r e s c o t t  1959, Jackson 1977), f i e l d  
measurements o f  r a d i o a c t i v e  carbon u p t a k e  
(Towle and Pearse 1973), and e x t r a p o l a -  
t i o n s  f r om  1 abora to ry  measurements 
(Wheeler 1978) have been used t o  e s t i m a t e  
t h e  p r o d u c t i v i t i e s  i n  Table 5. No d o u b t  
some of t h e  v a r i a b i l i t y  i n  Table 5 i s  t h e  
r e s u l t  o f  technique (suggested by t h e  
g r e a t e r  s i m i l a r i t y  o f  est imates u s i n g  t h e  
same techn ique) .  

Again, because o f  t h e  1 ong - t e rm  
na tu re  o f  t he  study, Gerard 's  (1976)  d a t a  
a re  perhaps most r e p r e s e n t a t i v e  o f  t r u e  
p r o d u c t i v i t y ,  even though she d i d  n o t  
account f o r  graz ing,  d e t r i t a l  , o r  
d i s s o l v e d  o rgan i c  m a t t e r  l o s s e s  (see  
Sec t ion  3.6.4 below). Based o n  f r o n d  
a d d i t i o n  and growth measurements, G e r a r d  
(1976) found monthly p r o d u c t i v i t y  t o  v a r y  
between 0.4 and 3.0 wet kg/m2, w i t h  an 
average o f  23 wet kg/m2/yr. U s i n g  t h e  
convers ion  f a c t o r s  f rom Coon (1982) g i v e n  
i n  Tab le  5, t h i s  i s  equ i va l en t  t o  2.8 kg 
d r y  wt., o r  530 g C ( ~ a r b o n ) / r n 2 / ~ r .  
However, t h e r e  i s  some d i sag reemen t  
between convers ion  f a c t o r s  f o r  w e t  w e i  ght- 
carbon as Towle and Pearse (1973) u s e  a 
f a c t o r  o f  0.036. Wi th  t h i s  h i g h e r  v a l u e ,  
Gerard 's  (1976) p r o d u c t i v i t y  i s  828 g 
C/m2/yr. I n  e i t h e r  case, these v a l u e s  a r e  
w i t h i n  t h e  range o f  t he  more p r o d u c t i v e  
mar ine macrophyte communities (Mann 1973, 

Macroc s t i s  biomass can a l s o  t u r n  i::)' r& p r o d u c t i v i t y  C23 wet 
kg/m2/yr]/biomass C3.5 wet  kg/rn2] = 
t u r n o v e r  of 6.6 t i rnes ly r ) .  

Mann (1982, pp. 59 and 60) s u g g e s t e d  
t h a t  l a r g e  ke l ps  l i k e  Macrocys t i s  s h o u l d  
have a low P/B ( p r o d u c t i v i t ~ / b i o m a ~ ~ )  



Table 5. Macrocystis pyr i fe ra  n e t  primary product iv i  tya (see t e x t  f3r 
discussion of technique) .  

Technique 
Location Wet kg/mz/year b Source 

Field Growth -- 
Santa Barbara, Cal i f o r n i  a 
Monterey, Ca l i fo rn i a  

Pal os Verdes, C a l i f o r n i a  

Southern Ca l i fo rn i a  

Physiological Est imates  

Paradise Cove, Ca l i fo rn i a  

Santa Barbara, Cal i f o r n i  a 

San Diego, Ca l i fo rn i a  

Monterey , Cal i  f o r n i a  

Harvest Est imates  

Southern Ca l i fo rn i a  

Santa Barbara, Ca l i fo rn i a  

Coon 1981 

Gerard 1976 

Ki rkwood 1977 

Cl endenning 1971b 

McFarl and and P re sco t t  1959 

Wheeler 1978 

Jackson 1977 

Towle and Pearse 1973 

Cl endenning 1971b 

Coon unpubl . da t a  

a ~ a s e d  on Coon 1982; n e t  primary product iv i ty  = gross primary production - 
r e sp i r a t i on .  

 or rough conversions t o  o the r  u n i t s ,  d ry  w t .  = 0.12 wet w t .  (Coon 1982) ,  
gC(carbon) = (0.023) g wet w t .  (Coon 1982). 

'Based on biomass of 7 wet kg/m2. 

r a t i o  because, r e l a t i v e  t o  p l an t s  l i k e  
Laminaria, Macrocystis d i v e r t s  1 arge 
amounts of energy t o  r e s p i r a t i o n  and 
s t ruc tu ra l  r e p a i r .  We a r e  unaware of any 
da ta  t h a t  show t h i s  d i v e r s i o n  i s  g r ea t e r  
i n  p l an t s  l i k e  Macrocystis,  and Gerard 's  
(1976) da ta  d i scussed  above show t h a t  t h i s  
P/B r a t i o  can be s i m i l a r  t o  r a t i o s  given 
f o r  Laminaria (Mann 1982). Thus, Mann's 
(1982-t ion t h a t  t he  ne t  production 
of kelp beds i s  g r e a t e r  than kelp f o r e s t s  
i s  probably i nco r r ec t .  

Heine (1983) measured t he  situ 
product iv i ty  of  two common understory red 
a lgae ,  Botryocladia  pseudodichotoma and 
Rhodymenia c a l  i f o r n i c a ,  i n  t he  Point 
Cabr i l lo  ke lp  f o r e s t  i n  cen t ra l  
Cal i f o r n i a .  However, r a t e s  were expressed 

per  gram dry weight of t i s s u e  and measured 
over small time i n t e r v a l s  so  year ly  
production p e r  un i t  a r ea  of bottom cannot 
be ca l cu l a t ed .  We thus have no es t imates  
of y e a r l y  understory a t  gal production f o r  
g i a n t  kelp f o r e s t s .  

The summary of p roduc t iv i t y  suggests  
t h a t  i f  t o t a l  ne t  macroalgal primary 
product iv i ty  plus  a l l  
understory measured i n  a 
densely vege ta ted  g i a n t  kelp f o r e s t ,  i t  
may be the h ighes t  of any marine 
community. This might be expected,  
because most o f  t h e  biomass of g i a n t  kelp 
i s  near  t h e  su r f ace  where l i g h t  i s  - 

h ighes t ,  and carbon f i x e d  a t  t he  s u r f a c e  
- 

i s  t r a n s l o c a t e d  t o  p a r t s  of t h e  p l a n t s  a t  
lower 1 i g h t  i n t e n s i t i e s  below ( see  Chapter 



Table 5. ~ a c r o c y s t i s  p y r i f e r a  n e t  primary product ivi ty"(s~ text f s r  
di  scussion of technique) .  

Technique 
Location Wet kg/m2/year b Source 

F i e ld  Growth -- 
Santa Barbara, Ca? i  f o r n i  a 
Monterey, Ca l i fo rn i a  

Palos Verdes, C a l i f o r n i a  

Southern Ca l i fo rn i a  

Physiological  Est imates  

Paradise Cove, C a l i f o r n i a  

Santa Barbara, Cal i f o r n i  a 

San Diego, Ca l i fo rn i a  

Monterey, Ca l i fo rn i a  

Harvest Est imates  

Southern Ca l i fo rn i a  

Coon 1981 

Gerard 1976 

Ki rkwood 1977 

Clendenning 1971b 

McFarl and and P re sco t t  1959 

Wheeler 1978 

Jackson 1977 

Towle and Pearse 1973 

1.5 Clendenning 1971b 

Santa Barbara, C a l i f o r n i a  2.7 Coon unpubl. data  - 
a ~ a s e d  on Coon 1982; n e t  primary product iv i ty  = gross  primary production - 

r e s p i r a t i o n .  

b ~ o r  rough conversions t o  o t h e r  u n i t s ,  dry w t .  = 0.12 wet w t .  (Coon 1982), 
gC(carbon) = (0.023) g wet w t .  (Coon 1982). 

'Based on biomass of 7 wet  kg/m2. 

r a t i o  because, r e l a t i v e  t o  p l a n t s  l i k e  
Laminaria, ~ a c r o c ~ s t i s  d i v e r t s  1 arge 
amounts o f  enerav  t o  r e s p i r a t i o n  and -" 
s t r u c t u r a l  r epa i r .  We a r e  unaware of any 
da ta  t h a t  show t h i s  d i v e r s i o n  i s  g r ea t e r  
i n  p l a n t s  l i k e  Macrocyst is ,  and Gerard ' s  
(1976) da ta  discussed above show t h a t  t h i s  
P/B r a t i o  can be s i m i l a r  t o  r a t i o s  given 
f o r  Laminaria (Mann 1982). Thus, Mann's 
(1982)tion t h a t  t he  n e t  production 
of ke lp  beds i s  g r e a t e r  than ke lp  f o r e s t s  
i s  probably i nco r r ec t .  

Heine (1983) measured t h e  situ 
produc t iv i t y  of two common unders tory  red 
a lgae ,  Botryocl ad i a  pseudodichotorna and 
Rhodymenia ca l  i f o r n i c a ,  i n  t h e  Point 
Cabri l  l o  kel a f o r e s t  i n  cen t r a l  
~ a l  i f o r n i a .  ~dwever, r a t e s  were expressed 

per  gram dry weight o f  t i s s u e  and measured 
over  small t ime i n t e r v a l s  s o  yea r ly  
production pe r  u n i t  a rea  of  bottom cannot 
be ca lcu la ted .  We thus  have no e s t ima te s  
of yea r ly  understory a lga l  production f o r  
g i a n t  kelp f o r e s t s .  

The summary of p roduc t iv i t y  suggests  
t h a t  i f  t o t a l  n e t  macroalgal primary 
product iv i ty  (Macroc s t i s  p lus  a1 1 
understory a lgae  J-- i s  e v e r  measured i n  a 
densely vegetated g i a n t  kelp f o r e s t ,  i t  
may be t h e  h ighes t  of any marine 
community. This might be expected,  
because most of t h e  biomass of g i a n t  kelp 
i s  near t h e  su r f ace  where l i g h t  i s  
h ighes t ,  and carbon f i xed  a t  t h e  su r f ace  
i s  t r ans loca t ed  t o  p a r t s  of t h e  p l a n t s  a t  
lower 1 i g h t  i n t e n s i t i e s  below ( s e e  Chapter 



4, Sec t i on  4.3.2.1). N u t r i e n t s  needed f o r  Gerard (1976) determined t h e  genera l  
growth a re  a l s o  f r e q u e n t l y  h i g h  i n  the  d i s p o s i t i o n  o f  Macroc s t i s  p r o d u c t i v i t y  
nearshore waters  where these p l a n t s  occur  (a t tached  plants.& i n  t h e  P o i n t  
(see Chapter 2, Sec t ion  2.5) .  F i n a l l y ,  C a b r i l l o  k e l p  f o res t .  She es t imated  t h a t  
t h e  community i s  always submerged i n  of t h e  y e a r l y  p roduc t i on  ( exc l ud i ng  
waters  o f  near -cons tan t  s a l i n i t y .  Thus, g raz ing ,  d e t r i t u s ,  and d i s s o l v e d  o rgan i c  
u n l i k e  o t h e r  p roduc t i ve  communities such ma t t e r  losses  from a t tached  p l a n t s ) ,  70% 
as e s t u a r i n e  sea grass beds o r  mangrove en te red  t h e  consumer assemblage as d r i f t .  
f o r e s t s ,  p l a n t s  i n  t h e  k e l p  f o r e s t  have O f  t h i s ,  an es t imated  40% was u t i l i z e d  
r e l a t i v e l y  1  i t t l e  non-photosynthet ic  w i t h i n  t h e  f o r e s t ,  and 50% was t r a n s p o r t e d  
suppor t  t i s s u e  and do n o t  use much o f  t h e  ou t .  Th i s  l a t t e r  f i g u r e  i s  o f  i n t e r e s t  as 
energy produced f o r  osmoregulat ion t o  t h i s  expor ted  p roduc t i on  may end up on 
adapt t o  p e r i o d i c  emergence-submergence. nearby shores where i t  i s  an impo r t an t  

source o f  energy f o r  beach i n v e r t e b r a t e s  
and, u l t i m a t e l y ,  f o r  shore b i r d s  (Yaninek 

The source Of primary 1980, Nor th  1971b; see Chapter 4, Sec t ion  p roduc t i on  i n  g i a n t  k e l p  f o r e s t s  i s  phyto-  4.6). Detached Macroc s t i s  and o t h e r  ~ ' a n k t o " .  To 0" knowledge, ~ h ~ t o ~ l a n k t o n  macroal gae may a1 so d r i  R offshore a l ong  production within a forest has never been t h e  bo t tom where they presumably serve as  est imated.  Evidence f r om  o t h e r  s tud ies ,  
however, suggests i t  i s  smal l  r e l a t i v e  t o  food  (Nor th  1971b) and h a b i t a t  ( C a i l  1  i e t  

and Lea 1977) f o r  deep-water organisms t h e  seaweeds. P l a t t  (1971) es t imated  living where is insufficient for in 
P ~ Y ~ ~ P ~ ~ ~ ~ ~ ~ ~  production a t  about g  SitU photoaUtotrophic P r O d U C t i v i t ~  
'lm2/yr in a in Nova Scotia, where the mts may d r i f t  offshore on t h e  surface Laminar ia  k d s  averaged about 1500 g a s  k e l p  rafts ,.hat provide h a b i t a t  for 
C'm2'yr (Mann 1973)' 'lendenningIs j u v e n i l e  and some a d u l t  f i s h e s  (Mi t c h e l l  
(1971b) es t ima tes  f o r  phy top lank ton  and Hunter 1970) 
p roduc t i on  i n  southern C a l i f o r n i a  coas ta l  
waters  a re  s i m i l a r .  Shading no doubt 

Gerard (1976) a l s o  es t imated  t h a t  would reduce these va lues under a  su r face  only R. 3%-6% of the total Macroc stis 
canopy. P h ~ t O ~ l  ankton production a t  p roduc t i on  was consumed di& 
least areas O f  is low animals g raz i ng  on a t tached  p l an t s .  compared t o  t h e  macrOalgae, but is in the D i r e c t  d e t r i t a l  l o s s  was no t  measured, 
range given R ~ t h e r  (1969) as a l though  i t  may be an impo r t an t  form of 
typical P ~ Y ~ ~ P ~ ~ ~ ~ ~ ~ ~  in nutrient-rich p r imary  p roduc t i on  e n t e r i n g  t he  community, 
'pwel ling areas unshaded by a surface p a r t i c u l a r l y  f rom senescent f ronds.  E s t i -  seaweed canopy. mates o f  d i s so l ved  o rgan i c  ma t t e r  (DOM) 

produced by l a r g e  seaweeds a r e  h i g h l y  
3.6.4 Energy Flow - Food -- Webs v a r i a b l e ,  and may p a r t l y  be an a r t i f a c t  o f  

hand1 i n g  and l a b o r a t o r y  technique 
The n e t  p r imary  p roduc t i on  o f  (Fankboner and de Burgh 1977). 

seaweeds i n  a  k e l p  f o r e s t  i s  a v a i l a b l e  t o  
consumers i n  t h ree  forms: ( 1 )  l i v i n g  L i t t l e  i s  known about  t h e  p r e c i s e  
t i s s u e  on a t t ached  p l an t s ,  (2 )  d r i f t  i n  f a t e  o f  d r i f t  a lgae i n  g i a n t  k e l p  f o r e s t s ,  
t h e  fo rm o f  whole p l a n t s  o r  detached o t h e r  t han  i t  can be eaten w i t h o u t  
p ieces,  and ( 3 )  d i s s o l v e d  o rgan i c  ma t t e r  decomposit ion by  1 arge he rb i vo res  1 i ke sea 
exuded by a t tached  and d r i f t i n g  p l an t s .  u r ch i ns  and abalone (see Sec t i on  4.4.3). 
D e t r i t u s  i s  very  smal l  p ieces o f  d r i f t  The experiments by Bed fo rd  and Moore 
algae, and p a r t i c u l a t e  o rgan ic  ma t t e r  (1984) i n  Laminar ia  sacchar ina beds i n  
(POM) i s  even sma l le r  pieces. Both these Sco t land  show t h a t  much o f  t he  d r i f t  i s  
subcategor ies may be de r i ved  f rom a t tached  n o t  decomposed by microbes bu t ,  i ns tead ,  
p l a n t s  o r  from t h e  breakdown o f  d r i f t .  ea ten  by  smal l  d e t r i t i v o r e s  (echinoderms, 
The f a t e  of these forms, p l u s  w i t h i n -  polychaetes, and amphipods). Decmpos i -  
f o r e s t  phy top lank ton  p roduc t i on  and t i o n  by  microbes inc reased  when these 
impor ted sources o f  energy ( p l ank ton  and d e t r i t i v o r e s  ( t h a t  would o the rw i se  c r o p  
d r i f t  seaweed f r om  o t h e r  areas) ,  i s  r o t t i n g  t i s s u e  o r  r epea ted l y  remove 
i l l u s t r a t e d  i n  t h e  genera l i zed  k e l p  f o r e s t  hea l t hy  t i s s u e  p r e v e n t i n g  m i c r o b i a l  
food  web o f  F i gu re  11. c o l o n i z a t i o n )  were excluded. I n  c o n t r a s t  

39 



GENERALIZED FOOD WEB FOR A MACROCYSTIS PYRIFERA t O K t >  i 

1" Producers 
+ Import from 
Drift and 
Plankton 

lo Consumers 

Imported d r i f t  Benthic algae Imported and resident 
macroalgae plankton 

(vartous) Phytoplankton 

Grazers me*brate detrf tus Invertebrate f i i ter-  Vertebrate predators 
feeders suspension feeders Juv. and adult 

Mornsia Urchins Bryotoans rockf f sh 
Urchlns Abal me Tunicates Blacksmith 
Abalone Patiria 
~ r a i v o ~ - o r t s  f i s h  m e t e s  
and crabs Crustaceans 

Brit t le stars Gorgonians 
Sea cucmbers Hydroids 

2" Consumers Invertebrate 
predators 

Pi saster - 
S e a s  
Crabs 

Vertebrate predators 
Fish 

+ Sheephead 
Kelp bass 
Rockfish 
Lingcod 
Garibaldi 
Surfperch 
Sharks and rays 

Scavengers 
Patir ia 
Crabs - Lobster 

3" Consumers Vertebrate predators 
Fish 
Sharks and rays ---+ Parasites t---- Scavengers 
Harbor seals . I I (as above) 

i I 

f ~ l  1 above 7 
Decomposers 

' U  
Bacteria 
Fungi 

DOM =dissolved organic matter. POM = p a r t i c u l a t e  organic matter. L (" above) J 

Figure 11. A generalized food web for  a kelp forest.  Arrows indicate the direction of 
energy flow. 

to vascular plants, Bedford and Moore 
(1984) point out that d r i f t  seaweeds have 
few structural polysaccharides, 1 ack waxy 
coverings, and may exude fewer protective 
chemicals, making them more direct ly  
palatable to detrit ivores.  This suggests 
that the f a t e  of subtidal a lga l  d r i f t  
(directly to  detr i t ivores)  may be 
fundamentally different from t h a t  of 
vascular plant detritus (through microbes 
to detri  tivores). Furthermore, this  
difference may be ultimately ref lected in 
the high abundances of f i s h  i n  kelp 
forests; many of these f i sh  feed on small 
crustaceans and polychaetes t h a t  are 

probably detri  tivores (see Sections 
4.4.2.8 and 4.5) .  

Our understanding of energy flow 
through the remainder of the giant kelp 
forest community i s  based largely on 
feeding observations, with few quantita- 
tive studies. Rosenthal e t  a l .  (1974) 
constructed a food web from feeding 
observations in a kelp stand near Del Mar 
which, with additions from observations 
made in other areas,  i s  summarized in the 
generalized giant kelp forest  food web of 
Figure 11. As might be expected from the 
variety of ways energy can enter the 
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d i f f e r e n t  spec ies i n  t he  assemblage, 
feeding r e l a t i o n s h i p s  can be complex. A1 1 
o f  t he  pathways shown have been v e r i f i e d  
by feed ing  observa t ions  o r  gu t  content  
s tud ies,  and i n  add i t i on ,  Fankboner (1976) 
and Fankboner and Druehl (1976) have shown 
t h a t  a t  l e a s t  two i nve r t eb ra tes  can use 
d i s so l ved  o rgan i c  ma t t e r  produced by 
Macrocyst is  i n t e g r i f o l  i a .  

Bioaass, detisi t i e s ,  dnd feeding 
observat ions have been used by Pearse and 
Hines (1976) t o  cons t r uc t  a  
sem i -quan t i t a t i ve  food  web f o r  t he  Po in t  
C a b r i l l o  k e l p  f o r e s t  t h a t  shows s tanding 
stocks and feed ing  re1 a t i o n s h i  ps (F igure  
12). 

I n  our  view, p r o d u c t i v i t y  and energy 
f low i n  communities a re  a  consequence, not  
a  cause, of  popu la t i on  and community 
s t r u c t u r e .  As a  s u b d i s c i p l i n e  o f  ecology 
they may be o f  i n t e r e s t  i n  t h e i r  own 
r i g h t ,  b u t  t hey  have c o n t r i b u t e d  l i t t l e  t o  
our  understanding o f  comnunity s t r u c t u r e  
and dynamics. Moreover, food webs 
cons t ruc ted  f rom energy f low s t ud i es  can 
be mis lead ing  as they may be i n t e r p r e t e d  
as " c o n t r o l  webs"; because A ea ts  B, A 
c o n t r o l  s  t h e  popu la t i on ' s  s i z e  and/or 
d i s t r i b u t i o n  o f  B. Such a  m i s i n t e rp re -  
t a t i o n  o f  food webs has, no doubt, 
c o n t r i b u t e d  t o  the  popu la r  n o t i o n  
(p robab ly  misconcept ion -- see E h r l i c h  and 
B i r c h  1967, Connel l  and Sousa 1983, Wiens 
1984) t h a t  "na tu re  i s  i n  balance." 

corals sea stars sea otters octopuses rockfishes 

-/ 2Cf < O f 6  \\<; 

detritus gr&ing 

Cystoselra gtant kelp 
2.OiiO 

(veg. 500 kg) (3.000 kg) (1.500 k ~ )  
("el productton. 24.000 kplyr )  

F igure  12. A food web f o r  t h e  P o i n t  Cab- 
r i l l o  ke l p  f o r e s t  near Monterey. Numbers 
g i v e  approximate number o f  organisms/ 
1000 mz. Numbers i n  parentheses g i v e  
approximate w e t  weight/1000 m2 ( f rom 
Pearse and Hi nes 1976). 

Populat ions may be r egu la ted  by p reda to rs  
o r  grazers, b u t  they  can a l s o  be r egu la ted  
by a  v a r i e t y  o f  o t h e r  processes. F igure  
13 i l l u s t r a t e s  some o f  t he  " c o n t r o l "  
p o s s i b i l i t i e s  discussed i n  d e t a i l  
e l  sewhere i n  t h i s  p r o f i l e  (see e s p e c i a l l y  
Chapters 2 and 5 ) ,  many o f  which a re  n o t  
e a s i l y  measured i n  equ i va l en t  energy u n i t s  
(e-g.,  a  s to rm removing a  l a r g e  q u a n t i t y  
o f  ke l p  o r  k i l l  i n g  sea u rch ins ) ,  o r  a f f e c t  
such small amounts o f  energy t h a t  they a re  
n o t  u s u a l l y  cons idered i n  even a  d e t a i l e d  
energy f l o w  ana l ys i s  (e.g., spore o r  
1  a  rva  1  remova 1 by  f i 1 t e r  feeders ) . 
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GENERALIZED CONTROL WkB FOR 
MACROCYSTIS PYRIFERA FOREST 
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F igure 13. General i zed  con t r o l  web o f  f a c t o r s  and i n t e r a c t i o n s  a f f e c t i n g  t h e  d i s t r i b u -  
t i o n  and abundance o f  organisms i n  a  ke l p  f o res t .  



CHAPTER 4 

NATURAL HISTORY AND ECOLOGY OF 
KELP FOREST ORGANISMS 

The number of living creatures of all Orders whose existence 
intimately depends on the kelp is wonderful. Darwin (1860). 

4.1 INTRODUCTION 

This  chapter  discusses most o f  t h e  
common species o f  a1 gae, i n ve r t eb ra tes ,  
f i s h , b i  r d s  , and mammal s t h a t  f requent  
Macrocys t i s  fo res ts  o r  a re  an i n t e g r a l  
p a r t  o f  them a long  the  west coast  o f  Nor th  
America. Where r e l evan t ,  we a1 so i nc l ude  
comparisons w i t h  o t h e r  reg ions  o f  t h e  
wor ld .  Th is  chapter i s  n o t  meant t o  
p rov i de  comprehensive spec ies check1 i s t s  
o f  t h e  organisms which may occur i n  ke l p  
f o res t s ;  these may be ob ta ined  f rom o t h e r  
sources r e f e r r e d  t o  i n  t h e  app rop r i a t e  
sec t ions  below. Rather,  we d iscuss t h e  
n a t u r a l  h i s t o r y  o f  many species and how 
they  may f u n c t i o n  i n ,  o r  c o n t r i b u t e  t o ,  
t h e  s t r u c t u r e  o f  k e l p  f o r e s t s  i n  
p a r t i c u l a r  l o c a l i t i e s .  We d i v i d e  t h e  
ub i qu i t ous  and d i ve r se  ben th i c  i n v e r t e -  
b ra tes  and seaweeds i n t o  f u n c t i o n a l  
ca tegor ies ,  grouping species which we 
s u b j e c t i v e l y  judge t o  have s i m i l a r  e f fec ts  
on t h e  o t h e r  species present .  These 
ca tegor ies  a re  then  separated i n t o  
taxonomic groups. Plankton and 
decomposers and diseases a r e  t r e a t e d  i n  
separate sec t ions ,  as a r e  f i s h ,  b i r d s ,  and 
mamma 1  s  . 

4.2 PLANKTON AND DECOMPOSERS 

As migh t  be expected g i ven  t h e  
d i v e r s i t y  o f  l a r g e  p l a n t s  and animals i n  
g i a n t  k e l p  f o r e s t s ,  a t t e n t i o n  has focused 
on these, and r e l a t i v e l y  l i t t l e  i s  known 
about t he  smal l  p l a n t s  and animals t h a t  

c o n s t i t u t e  t h e  p l a n k t o n i c  assemblage i n  
t h e  water.  Clendenning (1971a) gave a  
b r i e f  l i s t  o f  phy top lank ton  f rom t h e  La 
J o l l a  k e l p  f o res t ,  and M i l l e r  and Geibel 
(1973) discussed t h e  seasonal abundance of 
va r ious  p l ank ton  groups ( e s p e c i a l l y  
zooplankton) i n  t h e  k e l p  f o res t  a t  P o i n t  
C a b r i l l o  near Monterey, C a l i f o r n i a .  
Add i t i ona l  s t ud i es  have examined 
zooplankton i n  r e l a t i o n  t o  f i s h  feed ing  
(Hobson and Chess 1976, Bray 1981, Bray e t  
a l .  1981) o r  m ig ra to r y  behavior  (Hobson 
and Chess 1976, Hammer and Zimmerman 1979, 
Hammer 1981). There a r e  no complete 
i d e n t i f i c a t i o n  guides. Cupp (1943) i s  
s t i l l  t he  b e s t  a v a i l a b l e  gu ide t o  the 
diatoms, and t h e  t e x t  by Newel1 and Newel1 
(1963) i s  u s e f u l  f o r  i d e n t i f y i n g  t he  more 
comnon phyto- and zooplankton. Parsons e t  
a l .  (1977) rev iewed p l a n k t o n i c  organisms 
and t h e  oceanographic processes t h a t  
a f f e c t  them, and p r o v i d e  an excel  l e n t  
b ib1  iography. 

As shown i n  F i gu re  11, p l ank ton  may 
be produced i n  t h e  ke l p  f o r e s t  o r  impor ted 
( p r i m a r i l y  f rom o f f s h o r e ) .  Wi th  t he  
excep t ion  o f  some mysids (d iscussed 
below), few e n t i r e l y  p l a n k t o n i c  organisms 
(ho lop lank ton)  appear t o  be r es i den t s  of 
k e l p  fo res ts ;  most a r e  p robab ly  imported. 
The k e l p  f o r e s t  community produces 
p lank ton  i n  t h ree  genera l  ca tegor ies :  
meroplankton--the spores,  la rvae ,  o r  
detached i n d i v i d u a l s  (eIg. , b e n t h i c  
diatoms) o f  ben th i c  organisms; demersal 
zooplankton -- p r i m a r i  l y  smal l  crustaceans 



t h a t  migrate between the benthos and the 
water column above; and mysids tha t  may be 
in both of these categories as well as 
being holoplanktoni c. 

Even less  i s  known about bacteria and 
fungi t h a t  decompose organic matter within 
kelp fores ts .  These organisms and the 
materials they produce and degrade are 
probably important sources of food fo r  the 
largely detritus-based food  web, b u t  
perhaps 1 ess  important than d i rec t  
consumption of d r i f t  algae by detr i t ivores  
(see Section 3.6.4). General character- 
i s t i c s  of surface bacteria and 
decomposition by bacteria and fungi are 
br ief ly  discussed by Scotten (1971) and 
ZoBell (1971). 

General composition and natural 
history of the more abundant kelp fores t  
plankton are discussed be1 ow. 

4.2.1 Phytoplankton 

Probably a1 1 species of phytoplankton 
found in nearshore waters could be found 
i n  kelp fores ts  a t  some time and there 
appear t o  be no species endemic t o  kelp 
fores ts .  Clendenning (1971a) 1 i s t ed  58 
species of diatoms and dinofl age1 1 ates 
collected from the La Jo l la  kelp fo res t  in 
June 1958, with the diatom 
Leptocyl indricus SPP. and the 
dinoflagellate Diplopeltopsis minor most 
abundant. Miller and Geibel 11973) did 
n o t  identify phytoplankton t o  the species 
level in the i r  study of the Point Cabrillo 
kelp fo res t ,  b u t  they stated tha t  the 
diatom genera Coscinodi scus and 
Rh izosol enia were most commonly observed. 

Various species of benthic diatoms 
are a l so  found in the plankton, particu- 
l a r l y  a f t e r  storms when individuals o r  
"chains" have been dislodged by water 
motion. The most common s ~ e c i e s  are 

abbreviata, Me1 osei ra 
-is, and the large,  angular 
Isthmia nervosa (Figure 14). The former 
i s  p a r t l y  common on giant kelp 
blades. When attached. these- and other 
benthic species often form s o f t ,  hair-1 i ke 
coverings on senescent macroalgae, 
attached understory plants,  and unoccupied 
hard substrata i f  l i gh t  in tensi ty  i s  high. 
I f  the water i s  calm and l i gh t  i s  high fo r  
long periods, other diatoms may form t h i n  

Figure 14. Common benthic diatoms and a 
mysid shrimp. 

brown fi lms o r  even thick mats on patches 
of s o f t  substra ta  within a kelp forest .  
We commonly observe l a t e  spring "blooms" 
of benthic diatoms on understory 
a r t i cu la ted  coral l ines  i n  Carmel Bay, 
Cal i fo rn ia ,  when the  overstory canopies of 
Pterygophora cal i fo rn i  ca and Macrocystis 
pyr i fe ra  a re  s t i l l  reduced from winter 
storms. When connected i n  long chains or 
in  a common mucilagenous sheath, these 
diatoms may be confused with small, 
f i  1 amentous brown a1 gae whose external 
form can be s imilar .  

Planktonic and benthic diatoms are 
consumed by f i l t e r  feeders and grazers, 
but l i t t l e  i s  known about consumption 
ra tes  o r  consumer feeding preferences in 
kelp fo res t s .  Tro t te r  and Webster (1984) 
have shown tha t  free-1 iving nematodes 
associated with Macrocystis in tegr i fol  i a  
e a t  bacter ia  and diatoms, and that 
pa r t i cu la r  species of nematodes may prefer 
one food source o r  the o ther ,  and may also 
prefer par t i cu la r  species of diatoms. 

Dinoflagel l a t e s  may become extremely 
abundant in ke-1p fo r e s t s  during red t ides  
(up t o  20 x lo6  cel  l s / l  i t e r ;  Holmes e t  a l .  
1967). An extensive nearshore bloom of 
Ceratium sp. occurred i n  the vic ini ty  of 
Monterey, California in August and 



September 1980 (Fos te r  and Heine 1981). 
When water  c o n t a i n i n g  t h i s  bloom moved 
i n t o  t h e  k e l p  f o res t s ,  v i s i b i l i t y  was 
reduced t o  ze ro  on t h e  bottom. Whether o r  
n o t  they  produce a bloom, some d ino-  
f l a g e l l a t e  spec ies a r e  t o x i c  t o  man. As 
d i n o f l a g e l l a t e s  a re  u s u a l l y  most abundant 
i n  summer and e a r l y  autumn, h a r v e s t i n g  o f  
f i l t e r  feeding s h e l l f i s h  ( p a r t i c u l a r l y  
mussels) t h a t  may concen t ra te  
d i n o f l a g e l l a t e s  i s  banned d u r i n g  t h i s  
per iod .  

Phytop lankton reduce wate r  c l a r i t y  
and there fo re  c o n t r i b u t e  t o  t he  r e d u c t i o n  
o f  l i g h t  w i t h i n  k e l p  f o r e s t s  (see Chapter 
2 ) .  Because phy top lank ton  growth i s  o f t e n  
s t imu l  a t ed  by inc reased  n u t r i e n t s ,  these 
organisms may be p a r t i c u l a r l y  abundant 
around sewer o u t f a l l  s  (Eppley e t  a1 . 1972, 
K leppel  e t  a l .  1982), and a l ong  w i t h  
increased t u r b i d i t y  f rom suspended so l  i d s ,  
can a f f e c t  macroalga l  popu la t i ons  by 
reduc ing  1 i g h t .  Reduced 1 i g h t  assoc i a t ed  
w i t h  t h e  Los Angeles sewer d ischarge  a t  
White P o i n t  may have c o n t r i b u t e d  t o  t h e  
l o s s  o f  k e l p  f o r e s t s  a t  Palos Verdes 
(Wi lson 1982). 

4.2.2, Zooplankton 

Almost a1 1 nearshore zooplankton 
spec ies can a l s o  be found i n  k e l p  f o r e s t s  
a t  va r i ous  t imes.  Ho lop l  ank ton i c  spec ies 
can be an impo r t an t  source o f  food f o r  
some k e l p  f o r e s t  f i s h e s  ( p a r t i c u l a r l y  t h e  
b lacksmi th ;  Rray 1981; see Sec t ion  4.5 
below), and a r e  impor ted  as energy and 
n u t r i e n t s  i n t o  t h e  k e l p  f o r e s t  f rom 
p l a n k t o n i c  communities as f i s h  feces  (Bray 
e t  a l .  1981). Zooplankton may 
o c c a s i o n a l l y  have d ramat i c  e f f e c t s  on k e l p  
f o r e s t s .  Duggins (1981a) desc r i bed  a 
r e d u c t i o n  i n  sea u r c h i n  g raz i ng  on 
macroalgae i n  Alaska caused by an increase 
i n  b e n t h i c  diatoms and an i n f l u x  of 
p e l a g i c  sa lps .  The sea u r ch i ns  
t empo ra r i l y  f e d  on t h e  diatoms and sa lps,  
g raz i ng  on macroalgae decreased, and 
macroalgal  abundance increased.  

One group o f  zooplankton,  t h e  mysids 
o r  opossum shrimp ( F i g u r e  14)  a r e  u s u a l l y  
assoc i a t ed  w i t h  k e l p  f o r e s t s ,  and can form 
ex t reme ly  dense, m i g r a t i n g  swarms on t h e  
bot tom o r  under  t h e  Macrocys t i s  su r face  
canopy (C la rke  1971). I n d i v i d u a l s  may be 
up t o  2 cm long, and swarms may be 

ex tens ive  (meters t h i c k  and wide)  and so 
dense as t o  obscure t h e  bot tom completely.  
Mysids apparen t l y  f e e d  on bo th  smal l  
p l ank ton  and macroalgal  d e t r i t u s ,  and a re  
fed  upon b many k e l p  f o r e s t  f i shes  
(C la rke  19713, and even gray whales (see 
Sec t ion  4.6.2.3 below). 

I n  a d d i t i o n  t o  t h e  above zooplankton, 
t he re  i s  an assemblage of p r i m a r i l y  smal l  
crustaceans t h a t  m i g r a t e  a t  n i g h t  from t h e  
bot tom up i n t o  t he  w a t e r  column (Hobson 
and Chess 1976, Hammer and Zimmerman 1979, 
Hammer 1981). These demersal zooplankton 
o f t e n  use bot tom cove r  a lgae  as h a b i t a t  
d u r i n g  t he  day, and a t  Ca ta l i na  I s l a n d  a t  
l e a s t ,  a re  f e d  upon i n  t he  p lank ton  a t  
n i g h t  by a v a r i e t y  o f  f i s h e s  (Hobson and 
Chess 1976). 

4.3 MACROSCOPIC PLANTS 

4.3.1 I n t r o d u c t i o n  

The west coas t  o f  Nor th  America i s  
un ique i n  the  number o f  s u b t i d a l  a l g a l  
species t h a t  fo rm canopies extending t o  
t he  surface o f  t he  sea, and perhaps w i t h  
t he  excep t ion  o f  A u s t r a l i a ,  i n  t h e  number 
o f  spec ies which form an  unders to ry  canopy 
1-2 m h igh.  Most o f  these a r e  
Laminar ia les  o f  the  f a m i l i e s  A lar iaceae,  
Laminariaceae, and Lessoniaceae (Druehl 
1970). The d i s t r i b u t i o n  o f  su r face  canopy 
species i s  discussed i n  Chapter 3, a l ong  
w i t h  d e p t h - d i s t r i b u t i o n  pa t te rns .  

W i t h i n  any k e l p  f o r e s t ,  the  v e r t i c a l  
s t r a t i f i c a t i o n  o f  canopy l e v e l s  i n  t h e  
water  column i s  an obv ious f e a t u r e  t o  any 
observer.  The d e n s i t y  o f  t h e  vege ta t i on  
l a y e r s  may have severa l  e f f e c t s  i n  a  k e l p  
f o r e s t .  The biomass and v e r t i c a l  
s t r u c t u r i n g  they form p rov ide  a nursery  
and p r o t e c t i v e  cover  f o r  many spec ies of 
f i s h  (Quas t  1971a). These l a y e r s  may 
sequent i a  1  l y  reduce t h e  1 i g h t  t h a t  reaches 
pr imary subst ra tum t o  < 1% o f  sur face,  a  
r educ t i on  t h a t  may a f f e c t  t h e  r ec ru i tmen t  
and growth of a l g a l  spec ies  (see Chapter 
2 ) .  Water mot ion may a l s o  be a l t e r e d  
w i t h i n  dense stands by t h e  k e l p  themselves 
(see Sec t ion  2 .6 ) .  The r e s u l t  o f  i n t e r -  
ac t i ons  o f  env i ronmenta l  and b i o t i c  
f a c t o r s  i s ,  the re fo re ,  q u i t e  complex. 
Whi le  t h e  presence o f  r e c r u i t s  o f  a  
spec ies and subsequent growth r a t e s  and 
s u r v i v a l  may be d i r e c t l y  r e l a t e d  t o  



features o f  t h e  environment. [see Lnapters  
2 and 5 ) ,  p l a n t s  may a l s o  change these 
features as they grow and spread 
v e r t i c a l l y  through t he  water  column. 

Fol lowing Foster  (1975a), we have 
d i v i ded  the ke l  p  f o r e s t  vege ta t i on  
f u n c t i o n a l l y  i n t o  four  l a y e r s  above t h e  
pr imary substratum (F igures  3 and 6 ) :  
enc rus t i ng  species, f i l amentous  and 
f o l  inse species, unders to ry  Laminar ia l  es 
and Fucales, and the  species fo rm ing  
sur face canopies. Each o f  these l e v e l s  
w i l l  have an e f f e c t  on t h e  rec ru i tment ,  
growth and s u r v i v a l  of species below, and 
because a l l  s t a r t  l i f e  on t h e  bottom, on 
themselves. Complete d e s c r i p t i o n s  o f  
C a l i f o r n i a  seaweeds, i n c l u d i n g  geography 
and depth d i s t r i b u t i o n s ,  can be found i n  
t he  taxonomic work by Abbot t  and 
Hol lenberg (1976), and t h e  b i o l ogy  and 
na tu ra l  h i s t o r y  o f  t he  most abundant 
species i n  Dawson and Fos te r  (1982). The 
more common species a re  discussed below. 

4.3.2 Species That Form Surface Canopies: 
Kelp Forests  

4.3.2.1 Macrocyst is .  The morphology 
and t y p i c a l  Laminar ia les l i f e  h i s t o r y  o f  
Macrocyst is  i s  o u t l i n e d  i n  Chapter 1 (see 
F igure  1). To grow i n t o  mature 
sporophytes , microscopic  spores must 
a l i g h t  on s u i t a b l e  substratum, .develop 
i n t o  gametophytes, become f e r t i l i z e d ,  t hen  
grow from a  microscopic  sporophyte through 
t h e  water  column t o  t h e  su r face  of t h e  
sea. The hazards encountered d u r i n g  t h e  
course o f  t h i s  development a r e  numerous 
(see Chapter 5),  and it i s  no t  s u r p r i s i n g  
t h a t  few, i f  any, o f  t h e  b i l l i o n s  o f  
spores produced by a  s i n g l e  mature p l a n t  
ever  make i t  through a l l  o f  these stages. 
Sedimentation, t h e  pre-emption of space by 
o the r  species, the  l a c k  o f  l i g h t  and 
shading e f fec ts  o f  o t h e r  species, n u t r i e n t  
1  i m i t a t i o n ,  and t h e  e f f e c t s  o f  va r ious  
smal l  and l a r g e  grazers a r e  some of t he  
fac to rs  which a f f e c t  t h e  growth and 
s u r v i v a l  o f  p lan ts .  

Macrocyst is  and t he  o t h e r  l a r g e  
ke lps ,  by v i r t u e  o f  t h e i r  h i gh  growth 
r a t es  and s izes,  a re  ab le  t o  modi fy  t h e i r  
circumstances t o  a  much g rea te r  degree 
than sma l le r  seaweeds. It i s  t r u e  t o  some 
ex ten t  f o r  any spec ies t h a t  t he  
devas ta t ing  e f f e c t s  o f  many f a c t o r s  may be 

v~t~rzv:!.  For ex?mple,  a r e l a t i v e l y  smal l  
amount of sediment on t h e  substratum may 
p reven t  t h e  at tachment  o f  a l g a l  spores, 
and may a l s o  remove ove r  98% o f  t h e  
i n c i d e n t  i r r a d i a n c e  f r om  reaching t h e  
subst ra tum (Devinny and Volse 1978, Norton 
1978).  Once a  p l a n t  su r v i ves  t o  a 
j u v e n i l e  s tage o f  even a  few m i l l i m e t e r s  
he i gh t ,  however, t h e  e f f e c t  o f  f i n e  
sediment may be g r e a t l y  reduced. The 
l a r g e r  members o f  t h e  Laminar ia les  and 
Fucales Car) take advantage o f  t he  
p r o g r e s s i v e l y  i n c r e a s i n g  1  i g h t  l e v e l s  as 
t hey  grow th rough  t h e  wate r  column. Th is  
i n v o l v e s  an i nc rease  i n  t h e  spec t ra  o f  
l i g h t  a v a i l a b l e  as w e l l  as  t he  i n t e n s i t y  
(Wheeler 1980a, Lun ing  1981). Blades t h a t  
l i e  near t h e  s u r f a c e  o f  t h e  sea may t ake  
b e t t e r  advantage o f  sun1 i ght ,  m in im iz ing  
t he  a b s o r p t i v e  e f f e c t s  from sea water  o r  
o t h e r  spec ies of a lgae.  I n  t h e  case o f  
Macrocys t i s ,  t h i s  i s  borne o u t  by t h e  f a c t  
t h a t  most o f  t h e  biomass i s  concentrated 
a t  t h e  su r f ace  i n  t h e  upper  20%-30% o f  t h e  
p l a n t  where most o f  t h e  photosynthes is  
occurs ( ~ o b b a n  1978; P l a t es  IA, IB ) .  
Nor th  (1972b) found t h a t  t h i s  concentra- 
t i o n  o f  biomass a t  t h e  su r f ace  occurs 
r ega rd l ess  o f  wa te r  depth. T rans loca t ion  
th rough  ph loem- l i  ke s i eve  tubes moves 
f i x e d  carbon ( p r i m a r i l y  mann i to l  ) ,  and 
p r o t e i n s  down su r f ace  f r onds  t o  t h e  
h o l d f a s t  and s h o r t ,  unde rs to r y  f ronds 
(Parker  1971, Lobban 1978). 

The e a r l y  growth o f  Macrocyst is  
y r i f e r a  i n  sou thern  C a l i f o r n i a  has been 

Zescr ibed  by Neushul and Haxo (1963), 
Nor th  (1971a), and Dean e t  a l .  (1983). 
G ian t  k e l p  f r o n d s  may e longa te  a t  a  r a t e  
o f  over  30 cm/day, making i t  one o f  t h e  
f as tes t - g row ing  p l a n t s  known (Nor th  
1 9 7 1 ~ ) .  Neushul (1963) es t ima ted  t h a t  i t  
took  14 months f r o m  s p o r u l a t i o n  t o  
m a t u r i t y  f o r  p l a n t s  i n  southern 
C a l i f o r n i a .  P l a n t s  may l i v e  up t o  8 years  
(No r t h  1971a, Rosenthal e t  a l .  1974). 
Rosenthal e t  a l .  (1974) recorded t h e  
s u r v i v o r s h i  p  o f  a  c o h o r t  o f  Macrocys t i s  
y r i f e r a  p l a n t s  i n  t h e  Del Mar ke l p  

Po res t ,  o v e r  a  p e r i o d  of 3.5 yea rs  (F igure  
15) .  They found  t h a t  t h e r e  was a  h i gh  
m o r t a l i t y  r a t e  i n  t h e  f i r s t  few months 
a f t e r  r e c r u i t m e n t ,  b u t  t h a t  t h i s  decreased 
when p l a n t s  were a  y e a r  o ld .  F i v e  o u t  o f  
t h e  o r i g i n a l  c o h o r t  o f  156 p l a n t s  su rv ived  
a f t e r  one year .  Dayton e t  a l .  (1984) 
cons t r uc ted  a  l i f e  t a b l e  f o r  a  Macrocys t i s  



AGE IN MONTHS 

F igure  15. A s u r v i v o r s h i p  cu rve  f o r  
i n d i v i d u a l  l y - tagged  Macrocys t i s  p y r i f e r a  
p l a n t s  t h a t  r e c r u i t e d  t o  a  k e l p  f o r e s t  o f f  
Del Mar, C a l i f o r n i a  i n  September 1969. 
The o r i g i n a l  coho r t  was 387 p l a n t s  ( r e -  
drawn from Rosenthal e t  a l .  1974). 

popu la t i on  a t  a  depth o f  15 m i n  t h e  P o i n t  
Loma k e l p  f o r e s t .  They found t h a t  o n l y  
19% o f  p l a n t s  su r v i ved  t h e  f i r s t  t h r e e  
months a f t e r  rec ru i tment ,  and 2% a f t e r  
n i ne  months. Some p l a n t s  su r v i ved  t o  an 
age o f  7  years. The l i f e  span o f  f ronds,  
however, i s  o n l y  about 6 months (Nor th  
1971b). 

Ka in  (1982) compared t h e  shor t - te rm 
growth r a t e s  of f ronds  o f  Macrocys t i s  
p y r i f e r a  from t h ree  s i t e s  i n  southern New 
Zealand w i t h  those a t  a  s i t e  i n  southern 
C a l i f o r n i a .  The r e l a t i v e  growth r a t e s  of 
s t i pes  and laminae f rom t h e  d i f f e r e n t  
popu la t ions  were s i m i l a r .  By a s e r i e s  of 
morphometric measurements, however, Kain 
(1982) determined t h a t  p l a n t s  f rom the  
most exposed s i t e  i n  New Zealand more 
c l o s e l y  resembled those i n  C a l i f o r n i a  than 
those i n  t he  o t h e r  popu la t ions  i n  New 
Zealand. 

As Macrocys t i s  p l a n t s  grow through 
t he  water  column, t hey  have fewer  shading 
i n t e r a c t i o n s  w i t h  p r o g r e s s i v e l y  fewer 
Species. Pearse and Hines (1979) found, 
f o r  example, t h a t  many spec ies of l a r g e  
brown a lgae r e c r u i t e d  i n t o  an area near 
Santa Cruz, Cal i f o r n i a  r e c e n t l y  c l e a r e d  of 
sea urch ins.  Macrocys t i s  r e c r u i t e d  a t  

4-5/m2, Laminar i  a  s e t c h e l l  i i a t  4-12/m2, 
Pterygophora c a l  i f o r n i c a  a t  4-6/m2, 
Nereocyst i  s  a t  1-2/m2, and Cys tose i ra  a t  
l / m 2 .  Macrocyst is  e v e n t u a l l y  grew t o  t he  
sur face,  fo rm ing  a canopy, w h i l e  t h e  
species t h a t  were shaded below dec l i ned  i n  
abundance. 

I f  e f f e c t s  among spec ies decrease i n  
importance once p l a n t s  reach t h e  sur face 
canoPy, i n t r a s p e c i f i c  events must assume 
more importance. Dense stands, about 4  
p l an t s / lO  m2, p rov i de  a " f o r e s t "  e f f e c t ,  
w i t h  deep shading beneath t h e  canopy (see 
cover photo) .  Darwin (1860) remarked on 
t he  ca lming e f f e c t  which dense stands o f  
Macrocyst i  s  have on t u r b u l e n t  inshore  
waters.  Th is  reduced f l o w  can a1 so a f f e c t  
carbon a s s i m i l a t i o n  and n u t r i e n t  uptake 
(see Sect ion 2.6).  A t  the  o t h e r  extreme 
of dens i t y ,  s o l i t a r y  p l a n t s  do n o t  usual l y  
f a r e  w e l l .  They may be ravaged by 
herb ivorous f i shes ,  e s p e c i a l l y  halfmoon 
and opaleye, which appear t o  be a t t r a c t e d  
i n  numbers t o  i s o l a t e d  p l a n t s  (Nor th  and 
Hubbs 1968, LOSL 1983). Because t h e  f r o n d  
meristem i s  a t  t h e  t i p ,  i t  i s  e a s i l y  
damaged by f i s h  g raz ing ,  and once 
destroyed, f r o n d  growth stops. These 
p l a n t s  may a l s o  be more suscep t i b l e  t o  t h e  
e f f e c t s  o f  severe water  mot ion w i t hou t  t h e  
dampening e f f e c t  o f  nearby p lan ts .  
Between these extremes, t h e  e f f e c t s  o f  
d e n s i t y  on Macroc s t i s  a r e  equivocal .  
No r t h ' s  (1971b T-- observa t ion  o f  p l a n t s  a t  
t h r e e  d e n s i t i e s  showed t h a t  those i n  t h e  
densest stands (some 15 st ipes/rnz, and 7 
st ipes/m2) c o u l d  grow f a s t e r  than those a t  
l/mZ. He a t t r i b u t e d  t h i s  d i f f e r e n c e  t o  
some unknown l o c a l i z e d  f a c t o r  a f f e c t i n  
growth. Neushul and Harger ( i n  press 4 
p lan ted  a d u l t  Macrocyst is  p l a n t s  a t  
d i f f e r e n t  d e n s i t i e s  and found t ha t ,  over  a  
p e r i o d  o f  one year ,  t h e  number of f ronds 
per  p l a n t  increased f o r  p l a n t s  growing a t  
low dens i t y ,  s tayed about the  same f o r  
those a t  t h e  medium dens i t y ,  and decreased 
f o r  those a t  h i g h  dens i t y .  These 
d i f f e r e n c e s  were a l s o  r e f l e c t e d  i n  t h e  
weights  o f  p l a n t s ,  w i t h  those a t  t h e  
h i ghes t  d e n s i t y  weigh ing t h e  l e a s t  (see 
a l s o  Sect ion 5.5.2). 

The e f f e c t s  o f  dens i t y  on a l g a l  
growth a r e  f a r  f rom reso lved  , however, and 
may be o f  some importance t o  t h e  dynamic - 

r e l a t i o n s h i p s  o f  p l a n t s  i n  k e l p  
communities ( c . f .  Sch ie l  and Choat 1980). 



It remains unc lear  whether s i t e s  which 
n a t u r a l l y  f e a t u r e  dense stands o f  k e l p  are 
s imp ly  env i  ronmental l y  favorable,  w h i l e  
s i t e s  w i t h  fewer p l a n t s  r e f l e c t  l e ss  
favorab l  e  cond i t i ons .  The a1 t e r n a t i v e  i s  
t h a t  t he  d e n s i t y  of  t h e  p l an t s  themselves 
mod i f i e s  t h e  s i t e .  Of course, bo th  o f  
these are p o s s i b i l i t i e s  i n  p a r t i c u l a r  
circumstances, b u t  they  are r e l e v a n t  t o  
a t tempts a t  e s t a b l i s h i n g  ke l p  i n  areas 
where i t  i s  now absent. 

4.3.2.2 Other species t h a t  form 
sur face  canopies i n  C a l i f o r n i a  and Mexico. 
Nereocyst is  luetkeana (F igure 3)  may occur  
i n  b o t h  Dure and mixed stands w i t h  
~ a c r o c ~ s t i s '  i n  t h a t  area o f  C a l i f o r n i a  
where t h e i r  ranges over lap  ( Y e l l i n  e t  a l .  
1977). Most o f  t h e  work on t h i s  species, 
however, has been done nor th  o f  Santa 
Cruz, Ca l i f o rn i a ,  where i t  i s  t h e  dominant 
ke l p  which forms a su r face  canopy. This 
spec ies i s  an annual, and may fo rm dense 
stands t o  a depth o f  a 12 m i n  c e n t r a l  
C a l i f o r n i a  (Fos te r  1982a). Nereoc s t i s  

T--- u s u a l l y  occurs i n  more tu rbu  en t  water  
than Macroc s t i s ,  and Foster  (1982a) and 
Van B 7 - 5 -  ar jcom i n  press)  suggested f rom 
t h e i  r observat ions t h a t  b u l l  ke l p  
popu la t ions  may a l s o  be l ess  a f f e c t e d  by 
sea u r c h i n  g raz ing .  

Duggins (1980) found t h a t  when dense 
aggregat ions o f  sea u r ch i ns  were removed 
i n  Torch Bay, Alaska, a  dense s tand o f  
Nereocyst is  q u i c k l y  r ec ru i t ed .  Th is  
species i s  an annual, however, and was 
even tua l l y  rep1 aced by perenni a1 
laminar ians.  Nevertheless, dense stands 
o f  Nereocys t i s  occur yea r  a f t e r  yea r  i n  
l a r g e  areas of inshore waters, i n d i c a t i n g  
i t s  a b i l i t y  t o  ma in ta in  space through 
reseeding areas occupied b a d u l t  p l a n t s  
(Duggins 1980, Foster  1982af. 

Inshore areas from t h e  low i n t e r t i d a l  
t o  a  few meters depth a re  o f t en  i nhab i t ed  
by dense stands of Egregia menzies i i  
(F igure  3) ,  a  species t h a t  can ove r l ap  i n  
depth d i s t r i b u t i o n  w i t h  Macroc s t i s  
i n t e g r i f o l i a ,  b u t  does n o t  usua T-7 y ex ten  
i n t o  deep enough waters t o  a f f e c t  the 
abundance o r  d i s t r i b u t i o n  o f  M. 
B lack (1974) d i d  a demographic-stu -a y o f  E. 
menz ies i i  i n  t he  i n t e r t i d a l  zone near 
Santa Barbara, from rec ru i tment  t o  
senescence. He found t h a t  t h e  g raz ing  
a c t i v i t i e s  and t h e  scars  formed by the 

l i m p e t  Notoiicmea insessa  here  a  niajor 
cause o f  f r o n d  breakaqe, and t h a t  t h e  1 i f e  
h i s t o r i e s  of these-  two spec ies were 
i n t i m a t e l y  assoc ia ted  (B lack  1974). 

The o u t e r  edges o f  some k e l p  f o r e s t s  
i n  southern C a l i f o r n i a  a re  i n h a b i t e d  by 
t h e  e l k  k e l p  Pelagophycus p o r r a  (F i gu re  3; 
P l a t e  ID ) .  Because i t  occurs i n  deep 
water  (18+ m) and i s  n o t  g e n e r a l l y  
abundant, t h e r e  i s  1  i t t l e  known o f  i t s  
b io logy .  I n  a recen t  study, H a r t  (1982) 
found t h a t  s t i p e  e l onga t i on  was dens i t y -  
dependent. P l an t s  i n  a  10 m2 area a t  
1.4/m2 grew s i g n i f i c a n t l y  f a s t e r  than 
those i n  a  10 m2 area a t  0.25 p lants /m2.  
P l a n t  blades were s i g n i f i c a n t l y  l a r g e r ,  
however, i n  t h e  l e s s  dense stand. S tud ies  
by Parker  and Bleck (1966) and Coyer and 
Zaugg-Hag1 und (1982) i n d i c a t e  t h a t  t h i s  
spec ies i s  an annual. 

Pelagophycus may be found a t  depths 
t o  30 m. H a ~ t e r a  a re  u s u a l l y  a t t ached  t o  
rock, b u t  mai spread t o  sand and g rave l .  
A popu la t i on  a t  B i g  Fisherman's Cove, 
Ca ta l ina  I s l a n d  grows e n t i r e l y  on a sand 
substratum. S t i pes  may reach l e n g t h s  of 
27 m y  w h i l e  t he  b lades o f  mature 
sporophytes may be up t o  20 m l o n g  and a 
meter b road  (Abbot t  and Hol lenberg  1976). 
Th i s  species may have been more abundant 
i n  t h e  past;  d r i f t i n g  p l a n t s  were commonly 
used as a nav i ga t i ona l  a i d  t o  Spanish and 
Portugese mar iners  i n  t h e  16001s, 
s i g n a l l i n g  a change i n  a  s h i p ' s  course 
be fo re  l a n d  was s igh ted  (Dawson and Foster  
1982). 

Cys tose i ra  osmundacea (F i gu re  1 )  i s  a 
oerenn ia l  s ~ e c i e s  i n  t he  Fucales t h a t  
bohabi t s  i n sho re  areas w i t h  Macrocys t i s  
p l a n t s .  A s tudy  i n  t he  P o i n t  C a b r i l l o ,  
Monterey k e l p  f o res t  (Sch ie l  i n  press a )  
showed t h a t  s i n g l e  p l a n t s  6-9 m deep cou ld  
have 30+ f r onds  extending t o  t h e  su r face .  
A l though t h e  p l a n t s  a re  pe renn ia l ,  t h e  
r ep roduc t i ve  t i s sues  and v e g e t a t i v e  
s t r u c t u r e s  which accompany them a r e  h i g h l y  
seasonal, appear ing a t  t h e  su r face  o f  t h e  
sea between June and September. A f t e r  
reproduct ion,  these s t r u c t u r e s  d e t e r i o r a t e  
and break away, l e a v i n g  t h e  h o l d f a s t  and 
l a r g e r  basal  blades. I n  mid-summer 
d e n s i t i e s  of 9 p1ants/m2 may produce an 
est imated 20% of t h e  su r face  canopy i n  a  
f o r e s t  shared w i t h  Macrocyst is .  
Cystosei r a  osmundacea i s  d e p t h - r e s t r i c t e d ,  



however, i n  i Ls abirfidanc; afid ;'n ti;= s f  Z ~ S  
o f  p l a n t s .  Below depths o f  Q 10 m, p l a n t  
numbers become lower,  and a decreas ing 
p r o p o r t i o n  have t h a l l  i t h a t  extend more 
t han  a few meters  f rom t h e  bottom. This  
s o r t  o f  depth d i s t r i b u t i o n  i s  s i m i l a r  t o  
t h a t  found f o r  most o f  t he  abundant 
Fucales found i n  a u s t r a l  areas (Sch ie l  
1981, Choat and Sch ie l  1982). 

Sargassum muticum i s  ano ther  Fucales 
t h a t  co-occurs w i t h M a c r o c y s t i s  i n  some 
areas o f  southern C a l i f o r n i a ,  e s p e c i a l l y  
Ca ta l  i na  I s l and .  An experiment by Ambrose 
and Nelson (1982) a t  Santa Catal  i n a  I s l a n d  
i n d i c a t e d  t h a t  a  dense r ec ru i tmen t  o f  S. 
muticurn can preempt t h e  space f o r  o t h e r  
spec ies t o  s e t t l e  and qrow, and t h i s  
species may be ab l e  t o  keep Macrocys t i s  
f r o m  l o c a l i z e d  s i t e s .  

Sargassum -- muticum has caused some 
exc i tement  s ince  i t s  acc i den ta l  
i n t r o d u c t i o n  and d ramat i c  spread a long  t h e  
west  coas t  o f  Nor th  America, and i t s  
r ecen t  a r r i v a l  on t he  south coast  o f  
England ( F l e t c h e r  and F l e t c h e r  1975, 
Norton 1977). Deysher and Norton (1982) 
found  exper imenta l  l y  t h a t  t h e  m a j o r i t y  o f  
r e c r u i t s  appeared w i t h i n  2-3 m o f  pa ren t  
p l a n t s ,  a l though  some r e c r u i t s  cou ld  be 
found a t  d i s tances  t o  30 m. I t  was 
proposed t h a t  t h i s  species may have spread 
l o n g  d is tances  by detachment o f  vege ta t i ve  
f r onds  which con t i nue  t o  grow and develop 
w h i l e  a d r i f t  and swept a long  by wind and 
c u r r e n t s  (Deysher and Nor ton 1982). As 
t h i s  spec ies i s  monoecious and 
s e l f - f e r t i l e ,  popu la t ions  cou ld  become 
es tab l  i shed  a t  cons iderab le  d is tances  by 
propagules d ispersed  f rom one a d u l t  p l an t .  

4.3.2.3 Sur face canopy species i n  
o t h e r  areas. A l a r i a  f i s t u l o s a  i s  a  l a r g e  
k e l ~  t h a t  i s  p a r t i c u l a r l y  abundant i n  
~ l a s k a .  Th i s  i p e c i e s  has- a  s h o r t  s t i p e  
w i t h  spo rophy l l s  concen t ra ted  near t h e  
bot tom o f  each p l a n t .  The vege ta t i ve  
b lade,  however, has a g a s - f i l  l e d  m id - r i b ,  
and may reach a l e n g t h  o f  25 m and a w i d t h  
o f  2 m. A t  most l o c a l i t i e s ,  t h i s  species 
i s  l a r g e l y  con f i ned  t o  depths o f  < 5  m. 
Dayton (1975) d i d  s e l e c t i v e  canopy 
removals o f  A. f i s t u l o s a ,  spec ies of 
Laminar ia  and -Agarurn cr ibosum a t  a  s i t e  
near Amchitka I s l and ,  Alaska. He found 
t h a t  when Laminar ia  spp. were removed from 
quadrats  a t  5-m depths, t h e  quadrats were 

colonized by A l a r i a ,  b u t  t h a t  t h i s  spec ies 
d i d  no t  i n v a z z h e r  quadrats  where t h e  
Laminaria canopy was l e f t  i n t a c t .  A t  
depths o f  9.1 m and 16.8 m, A l a r i a  
co lon ized  o n l y  t h e  quadrats  f r om  which 
both Laminar ia  and Agarum were removed. 
As few A l a r i a  were found n a t u r a l l y  a t  
these d e p t h s , ~ a y t o n  (1975) concluded t h a t  
t h i s  i s  a  f u g i t i v e  species, which may t ake  
advantage o f  f r e e  space b u t  which i s  
normal ly  prevented f rom doing so by t h e  
presence o f  o t h e r  species. He concluded 
t h a t  t he  lower  d i s t r i b u t i o n  o f  A l a r i a  
appeared t o  be r e s t r i c t e d  p r i m a r i l y  
g raz ing  a c t i v i t i e s  o f  sea urch ins.  

4.3.3 Understory Canopy Species: Kelp 
Beds - 

4.3.3.1 Species i n  C a l i f o r n i a  and 
Mexico. Manv members o f  t h e  Laminar ia les  
and Fucales form a canopy 0.5 t o  2.5 m o f f  
t h e  bottom, and dense -s tands  o f  s i n g l e  
species may comple te ly  o r  p a r t i a l l y  
exclude o t h e r  species o f  l a r g e  brown a lgae  
(see Sec t i on  2.4). P t e r  o  hora  
c a l  i f o r n i c a  (F igure  3, Plat* 
pe renn ia l  species abundant a long  t h e  west  
coas t  (Abbott  and Hol lenberg  1976). T h i s  
species can grow t o  m a t u r i t y  i n  6 months 
i n  c e n t r a l  C a l i f o r n i a  (Fos te r  pers .  obs. ). 
A t  s i t e s  i n  S t i l l w a t e r  Cove, Carmel Bay, 
sporophyl l  s  and t e rm ina l  b lades may be 
almost e n t i r e l y  removed du r i ng  per iods  o f  
i n tense  water  mot ion i n  w in te r .  New 
growth o f  f ronds  occurs i n  s p r i n g  and, b y  
summer, f r ond  growth i s  g r e a t  enough t h a t  
p l a n t s  a t  4-8/1112 can f o rm  a c l osed  canopy 
over  the  substratum. Th is  spec ies has 
been t r ansp lan ted  t o  t h e  Pendleton 
A r t i f i c i a l  Reef near San Onofre i n  
southern C a l i f o r n i a  (LOSL 1983). It was 
be l i eved  t o  be more r e s i s t a n t  t o  f i s h  
g raz i ng  ( t h i c k e r  blades, meristem a t  base 
o f  b lade)  than Macrocys t i s ,  and t h a t  i t  
would modi fy  t h e  popu la t ions  of enc rus t i ng  
organisms p reva len t  on the  r e e f  so t h a t  
o t h e r  brown a lgae  m igh t  n a t u r a l l y  
es tab l i sh .  Storms and f i s h  g raz ing ,  
however, removed a lmost  a1 1 blades a f t e r  
t r a n s p l a n t a t i o n  (LOSL 1983). 

Growth r i n g s  and sporophy l l  scars  
have been used t o  es t ima te  t h e  age of 
i n d i v i d u a l  p l a n t s  though t  t o  1  i v e  over  15 
years  (Frye 1918). A l though F r ye ' s  data 
are indec ipherab le ,  f i e l d  s t ud i es  by 
DeWreede (1984) and Reed and Fos te r  (pers.  



obs.) now suggest t h a t  growth r i n g s  a re  
annual. Maximum ages f o r  P te r  o  hora 

-6--- p l an t s  have been est imated t o  e  18 years 
i n  cen t r a l  C a l i f o r n i a  (Reed and Foster  
1984), 11 years i n  southern C a l i f o r n i a  
(Dayton e t  a l .  1984), and 10 years i n  
B r i  t i s h  Columbia (DeWreede 1984). 

A1 1 o f  the  understory ke l p  species 
have been descr ibed morpholog ica l ly ,  b u t  
l i t t l e  i s  known about most o f  them from 
f i e l d  s tud ies on t he  west coast. Each hiay 
form dense aggregat ions l o c a l l y ,  bu t  t h e i r  
i n d i v i d u a l  e f f e c t s  on the remainder o f  t he  
community are genera l l y  n o t  known. Some 
of these species can have a f a i r l y  long  
(80+ cm), e r e c t  s t i pe ,  p l ac i ng  t h e  blades 
and canopy over a  meter above the  . - 
substratuni ( f o r  exam~ le .  Laminaria 
setchel li i [ ' ~ i ~ u r e  3]', ' P te r  o  hora 
c a l  i f o r n i c a .  and Eisenia a r b o h  - ., 
31). Many others-short s t i pes  and 
long  blades. This type of morphology 
r e s u l t s  i n  p l a n t s  being draped over the  
subs t ra tu~n  and f l opp ing  back and f o r t h  
w i t h  water motion.   am in aria f a r l o w i  i , 
Agarum f imbriatum, and Cos ta r ia  cos ta ta  
a re  examales. Besides shadina subs t ra ta  
near p l an t s ,  abras ion by b lades 'could a1 so 
have l o c a l  e f f e c t s .  Dayton e t  a l .  (1984) 
ca l cu l a t ed  l i f e  tab les  f o r  some understory  
species i n  southern C a l i f o r n i a .  They 
r ? ~ t i n l d t e d  t h a t  Eisenia arborea p l a n t s  can 
l i v e  t o r  11 years and Caniinaria f a r l o w i i  
f o r  6 years. Ry s e l e c t i v e l y  removing the 
understory kelps, thev found t h a t  the  
s t i p i  t a t e  specics (E isenia,  L. s e t c h e l l i  
and P t e ~ ~ h o r _ q )  i n m m  tE successful  
reed-fiiientx Macrocyst is,  Pterygophora, -- 
Nereocyst i  s, and Desmarestia. 

Cxtre~iie water niot ion niay be the 
pri11iar.y cause of a d u l t  Pterygophora 
c_a_1-ifornica m o r t a l i t y  i n  cen t r a l  
Ca f i f o rn i a ,  ds d r i f t  p l an t s  a re  commonly 
observed on beaches a f t e r  stomis. A t  more 
p ro tec ted  loca t ions  such as S t i  1  lwa te r  
Cove (spe Sect ion 3.3.1) o ther  f ac to r s  
such as occasional damage t o  t he  meristem 
by turban s n a i l s  (Sect ion 4.4.3.2), o r  
des t r uc t i on  of the  medulla i n  the  s t i p e  by 
burrowing aaphipods (Fos te r  pers. obs. ) 
rnay cause a slow a t t r i t i o n  o f  o l d  
i nd i v i dua l s .  

4.3.3.2 Species i n  o t he r  areas. 
There has been extens ive research on t he  
b i o l ogy  of Laminariales i n  many areas o f  

t he  world.  We w i i i  r ~ o i  r e v i e w  Lila< work 
here, bu t  w i l l  ment ion a few spec ies t h a t  
have e i t h e r  been w e l l - s t u d i e d  i n  t h e  
f i e l d ,  o r  whose e f f e c t s  on o t h e r  spec ies 
have been demonstrated. Kain (1979) 
prov ides a rev iew o f  t h e  b i o l o g y  and f i e l d  
research on Lami n a r i  a  and r e1  a ted  species. 

Various species o f  Laminar ia  and 
Agarum have been s t ud i ed  i n  n o r t h e r n  areas 
o f  the eastern P a c i f i c .  Demographic 
s tud ies  on these species a r e  l ack i ng ,  b u t  
some s tud ies  have s e l e c t i v e l y  removed 
canopies o r  have prevented sea u r ch i ns  
from access t o  areas o f  substratum. Paine 
and Vadas (1969) r epo r t ed  t h a t  Nereocys t i s  
became t he  dominant a lga  i n  t h e  f i r s t  yea r  
on sub t i da l  rocks kep t  f r e e  o f  sea 
urch ins,  forming some 90% o f  t he  biomass. 
I n  the  f o l l o w i n g  year,  C. groenlandica 
became t he  dominant a lga.  

Davton 11975) worked w i t h  th ree  
speciesd o f  ~ a i i n a r i  a  and Agarum c r i  bosum 
i n  Alaska. Laminaria lona ioes  was a b l e  t o  - 
re-es tab l i sh  i n  areas a f t e r  i t s  canopy was 
removed. I t  has a rh izome- l i ke  h o l d f a s t  
w i t h  m u l t i p l e  meristems, and can q u i c k l y  
regrow s t i pes  and f ronds  a f t e r  t hey  a re  
removed. When t he  canopies o f  t h ree  
laminar ian  species, C. groenlandica,  C. 
dent i  era, and L. yezoensis,  were removed 
d l  low s?te. t h e  ~ e r c e n t a a e  cover 
and dens i t y  o f  &arum 'increase'h. The 
long-term consequences o f  these invas ions  
were no t  known. 

Duggins (1980) removed Laminar ia  
groenlandica from severa l  sma l l  p l o t s  i n  
Torch Bay, Alaska. I n  t h e  f i r s t  year  
a f t e r  removal, t he re  was a h i g h  
rec ru i tment  of annual ke lp .  By t h e  second 
year,  however, Laminari  a  was once again 
dominant (mean _+ S.D.: 53 + 27 p lants /m2 
vs. 8  + 7/m2 f o r  o t h e r  spec ies ) .  There 
was no successful r ec ru i tmen t  o f  any 
species i n  the c o n t r o l  p l o t  where t h e  
canopy was l e f t  i n t a c t .  

Understory Laminar ia les and Fucales 
are very  abundant i n  many o t h e r  borea l  and 
temperate areas o f  t he  wor ld .  I n  no r t he rn  
New Zealand, f o r  example, Fucales a re  
usua l l y  dominant i n  shal low s u b t i d a l  areas 
< 5 m depth) ,  w h i l e  a  s i n g l e  ke lp ,  
Eck lon ia  r ad i a t a ,  dominates deeper areas. 
I n  most cases, t he  substratum beneath 
dense stands of these algae i s  covered 



with encrlrbtii~t) t-ed a : g 6 ~ .  (Cheat slid 
Schiel 1982). Removal of the dominant 
canopies of one species often allows the 
invasion of another species. The resu l t  
depends par t i a l ly  on the season of the 
year in which canopies are  removed, as the 
peaks of f e r t i  1 i ty  f o r  individual species 
are di f ferent  (Schiel 1981). 

Nova Scotia i s  another area which has 
had large research programs in kelp bed 
ecology. The perennial alga Laminaria 
lon i c ru r i s ,  may form extensive stands 
b o w  depths t o  below 20 m (Mann 
1972a). The extent of many of these 
stands has been a l tered b y  sea urchins 
(Strongylocentrotus droebichiensi s )  in 
recent vears (Breen and Mann 1976). The 
biologyWand giowth of L .  longicrur is  have 
been extensively stuaied. The growth 
rates of t h i s  species can be limited 
durina part  of the year by low nutr ient  
ava i lab i l i ty  (Chapman and Craigie 1977). 
Gerard and Mann (1979) found tha t  the 
morphology of plants was influenced by the 
intensity of water motion, and was 
dif ferent  a t  exposed and she1 tered s i t e s .  
Growth in the exposed population was lower 
than in the sheltered one during 8 months 
of the year due to  low nutrient and l i gh t  
l'evels. Gagne e t  a l .  (1982) reported that  
the potentially 1 imiting factors of 1 ight  
a n d  nutrients h a d  d i f fe ren t  levels  a t  
various s i t e s .  Growth ra tes  of plants may 
therefore be d i f fe ren t  a t  these s i t e s .  
Where nutr ients  are plent i ful ,  maximum 
growth can occur during summer when l i gh t  
levels a re  high. In nutrient-1 imi ted 
areas ,  plants tend to  concentrate the i r  
growth during winter when nutrient levels 
are higher. 

Chapman (1984) examined the 
renroduction. recruitment and mortal i t v  of 
 ami in aria iongi crur is  and ~ a m i n i r i a  
digi ta ta  in a se r ies  of innovative 
experiments, Bv measurin~ sorus area and 
microscopical lyWexamining >orus t i  ssue, he 
estimated the number of spores produced by 
plants of both species. The recruitment 
rate of each species was estimated by 
placing ceramic bricks beneath each canopy 
during each month of one year. A t  the end 
of each month, bricks were brought into 
the laboratory and placed under l igh t s  in 
running seawater unti l  plants were 
visible.  Natural recruitment ra tes  were 
monitored in the f i e ld .  Chapman (1984) 

foui~d that ;  (1) L. icingicruris produced 
about 9 x l o9  sporc/m2/yr and C. dig i ta ta  
20 x lo9 spores/m2/yr; (2)  the recrui t -  
ment of microscopic plants was nearly 9 x 
lo6 recruits/mZ/yr for  I. lon i c ru r i s  and 
1 x 106/m2/yr f o r  C. dig*. the 
chances of survival from microscopic t o  
vis ible  s ize  was 1 in 9 million fo r  L.  
longicruris and 1 in 0.5 million fo r  r. - 
digi ta ta ;  and ( 4 )  once plants were 
v i s ib le  in the f i e l d ,  1 in 4 survived t o  a 
year f o r  - i. longicrur is  and 1 in 2 f o r  L. 
d igi ta ta .  The greates t  mortal i ty, 
therefore, occurred between the time when 
microscopic spores reached the substratum 
and when sporophytes became vis ible .  
Adult plants lived up t o  25 months fo r  L. 
longicruris and 42 months for  - ?. dig i ta ta .  

In the British I s l e s  and northern 
Europe, several species of Laminaria are  
abundant subtidal ly . Laminaria hyperborea 
i s  perhaps the most prominent and 
important of these species (Kain 1979). 
Kain (1975, 1976) found that  C. dig i ta ta ,  
which has a f lexible  s t ipe ,  was more 
tolerant to  wave action than was L .  
hyperborea. In calmer subtidal s i t e s ,  
however, L .  hyperborea eventual ly appeared 
t o  become-domi nan t where both species had 
recruited. In deeper water, t h i s  species 
may compete with ' L .  saccharina. ' Much 
research has been dzne on L. hyperborea. 
I t  extends from the low inter t idal  t o  20+ 
m in depth. Kain (1979) concluded tha t  
i t s  presence can be limited by available 
substratum, grazing, and i rradiance. The 
ages of plants varied between populations, 
b u t  based on the presence of annual growth 
r ings ,  C. h erborea plants could l ive  up 
to  13 y e a r h 6 3 ) .  

For European Laminaria spp., the 
maximum growth of blades occurs in  l a t e  
spring. Adult sporophytes of i. 
h erborea, (those over one year oid 
Luning 1969]), usually stop growth during l?-- 

June (Kain 1976). Luning (1979) s ta ted 
that  adult sporophytes of L .  d ig i t a ta  and 
L.  saccharina continue t o  grow during the - 
second half of the  year,  b u t  a t  a reduced 
rate.  He concluded t ha t  photoperiodism 
may be important t o  the regulation of 
seasonal growth fo r  these species. 

Laminaria pal lida and Ecklonia maxima 
b o t h  occur in shallow water in South 
Africa, with L.  pa l l ida  dominant below % 8 - 
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m depth (Ve l im i rov  e t  a1. 1977, Dieckmann 
1980). Eck lon ia  maxima can c r e a t e  bare  
subs t r a t a  by t h e  sweeping mot ion o f  b l ades  
on a  l o n g  and f l e x i b l e  s t i p e  ( V e l i m i r o v  
and Griffi t hs  1979). Dieckmann (1980) 
found t h a t  t h e  growth r a t e  o f  L. a l l i d a  
fo l lowed a  seasonal c yc l e ,  w i t k  
h ighes t  r a t e  i n  e a r l y  summer and t h e  
lowest  i n  w in te r .  He a l s o  found t h a t  
p l an t s  a t  a  deeper s t a t i o n  (14  m) had 
lower  growth r a t e s  than those  a t  8-m 
depth. He est imated t h a t  t h i s  s p e c i e s  may 
1  i ve 9+ years. 

Some of t he  l o n g e r - b l  aded 
Laminar ia les from Japan can form s u r f a c e  
canopies i n  shal low water .  Spec ies  o f  
  am in aria and Undaria a re  a1 so e x t e n s i v e l y  
c u l t i v a t e d  (Haseaawa and Sanbonsuqa 1972).  
The b i o l ogy ' o f  these spec ies i s  we1 1  known 
(Sa i to  1972), b u t  t h e r e  i s  l i t t l e  
i n f o rma t i on  on f i e l d  popu la t ions .  

4.3.4 Bottom Canopy Species 

4.3.4.1 F leshy and f i  lamentous 
soecies. There a re  hundreds o f  s p e c i e s  o f  
I 

f leshy and f i lamentous a l gae  f o u n d  i n  k e l p  
fo res ts ,  b u t  on ly  t h e  more common spec ies  
f o r  which we have some e c o l o g i c a l  
i n fo rmat ion  w i l l  be d iscussed  and 
i l l u s t r a t e d .  Dawson e t  a l .  (1960) 
descr ibed many species ; N o r t h  (1971a) 
prov ided a  l i s t  o f  those most common i n  
southern and Baja Cal i f o r n i a  , Mexico, 
w h i l e  Devinny and Kirkwood (1974), Pearse 
and Lowry (1974), Fos te r  e t  a1 . (1979a),  
and Abbott  and Ho l lenberg  (1976) l i s t e d  
species from c e n t r a l  C a l i f o r n i a .  

There a re  severa l  s t u d i e s  from 
C a l i f o r n i a  t h a t  show some o f  t h e  e f f e c t s  
o f  overs to ry  p l a n t s  on bo t tom canopy 
species, and a l s o  the  e f f e c t  o f  these  
bottom canopy species on t h e  r e c r u i t m e n t  
o f  o t h e r  species. Kastendiek (1982)  found 
a t  Santa Ca ta l ina  I s l a n d  t h a t  t h e  r e d  a l ga  
P te roc lad ia  c a p i l  l acea  was abundant under  
a  canopy o f  E isenia.  I f  t h i s  canopy was 
removed, t he  f u c o i d  H a l i d r  s  d i o i c a  was 
ab le  t o  spread adven t i t i ous  --F y and  exc lude  
~ t e r o c l a d i a .  P te roc l ad i a  c o u l d  f l o u r i s h  
ou ts ide  o f  canopies if Hal i d r y s  was 
prevented from preemptTrig space. 
~ t e r o c l a d i a  capi  1  lacea appeared i n  t h i s  
case t o  ac t  as a  refuae s ~ e c i e s ,  occupy ing  
subs t ra ta  under cano$es 'o f  ~ i s e n i a  where 
Ha l i d r ys  could no t  f l o u r i s h .  

Severa l  s t u d i e s  by Fos te r  and h i s  
co-workers i n  C a l i f o r n i a  have p a i d  
p a r t i c u l a r  a t t e n t i o n  t o  bottom canopy 
species as  impo r t an t  members of k e l p  
communities ( Foster  1982a). Fos te r  
(1975a) p l a c e d  these spec ies i n t o  t h r e e  
groups f o r  a  s tudy  a t  Santa Cruz I s l a n d  
(F igure  16) .  Ephemeral s  i n c l uded  spec ies 
such as t h e  brown a lga  Colpomenia t h a t  
r a p i d l y  c o l o n i z e d  f ree  space, b u t  were 
seasonal i n  t h e i r  appearance and 
disappearance. Perennia ls  w i t h  r a p i d  
growth i n c l u d e d  the  reds P te ros iphon ia  
dendroidea and Rhodymenia c a l  i f o r n i c a  
(F igure  17) ,  wh ich  were seasonal i n  t h e i r  
c o l o n i z a t i o n  o f  space, b u t  c o u l d  p e r s i s t  
through t ime .  Perennia l  s  w i t h  s low growth 
inc luded  G i  a r t i n a  spp. (F i gu re  17) ,  and 
the  c o r a l l i n e s  + Plate  I F ) ,  which were very  
slow t o  c o l o n i z e  space, bu t  cou ld  p e r s i s t  
f o r  severa l  yea rs .  Co lon i za t i on  b y  these 
species v a r i e d  w i t h  season, w i t h  most 
hav ing e i t h e r  a  spring-summer o r  autumn- 
w i n t e r  p e r i o d  o f  maximum rep roduc t i on  
(F igure  16).  Fos te r  (1975b) found t h a t  
the presence o f  an ove rs to r y  cou ld  reduce 
a l g a l  d i v e r s i t y  and t h e  percentage cover 
o f  spec ies  be low.  

F o l l o w i n g  t h e  removal o f  Macroc s t i s  * c a n o ~ i e s  n e a r  Santa Cruz. t h e  annua brown 
a lga '  Desmares t ia  li u l a t a  var .  l i g u l a t a  frr (Figure  17)  became oca y  abundant du r i ng  
so r i na  and summer (Cowen e t  a1. 1982; 
~ o s t e r  1982a) .  ~ e e d  and Fos te r  (1984) 
a l so  f ound  t h a t  t h i s  species became 
abundant when Macrocyst i  s  and Pterygophora 
canopies were removed. I t  was 
p a r t i c u l a r l y  abundant, however, i n  
t reatments  where t h e  branches o f  
a r t i c u l a t e d  c o r a l  1  i ne  a lgae were a1 so 
removed. Desmarest ia  spp. may reach a  few 
meters i n  l e n g t h ,  bu t  do n o t  have e r e c t  
s t i p e s  t o  h o l d  fronds above t h e  
substratum. Du r i ng  t he  summer months, t h e  
canopy of t h i s  species may complete ly  
cover  t h e  bo t t om  i n  some l o c a l  s i t e s ,  
p a r t i c u l a r l y  i n  areas where w i n t e r  storms 
have removed Macrocys t i s  and Nereoc s t i s  
(Fos te r  1982a, Cowen e t  a l .  198& 
Fos te r  1984 1. 

Other  spec i es  may a l s o  have an annual 
cyc le .  The f l e shy  r e d  a lgae  Polyneura 
l a t i s s ima ,  Plocamium c a r t i l a i n e u m ,  
B o t r  0 lossum farlowianum *, 
.&nd Phycodrys s e t c h e l l i i  a r e  
p a r t i c u l a r l y  abundant d u r i n g  summer i n  
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Figure 16. Colonizat ion times f o r  the more abundant a lga l  species t h a t  
rec ru i t ed  t o  a r t i f i c i a l  substrata i n  a ke lp  f o r e s t  a t  Santa Cruz I s l and  
( f rom Foster 1975a). 

northern s i t e s  near Santa Cruz (Foster 
1982a), al though abundance may vary a t  
p a r t i c u l a r  s i t e s  a f f e c t e d  by l o c a l  
environmental changes such as sand 
movement (Breda 1982). Overal l ,  there  
appears t o  be a general negative 
c o r r e l a t i o n  between the  percentage cover 
o f  Macrocystis canopies and the cover of 
bottom canouv species. This may be a 
d i r e c t  r e s u i i  o f  shading on r e c h i  tment 
and growth, and/or an i n d i r e c t  r e s u l t  of 
overgrowth o f  these p lan ts  by sess i le  
inver tebra tes  when l i g h t  i s  low (Breda 
1982). A composite graph o f  several 
surveys a t  three l o c a l i t i e s  i n  cen t ra l  
C a l i f o r n i a  shows t h a t  a t  t imes when 
Macroc s t i s  cover i s  high, the cover of 
h a e  i s  low (Figure 18). 

1971a, Foster  1975a, 1982a). The two 
species o f  Ca l l  i ar thron (C. chei 1 ospo- 
ro ides and C. tuberculosum, P la te  I F )  are 
the 1 argest-of the  a r t i c u l a t e d  co ra l  1 i nes 
along the west coast, and may have bran- 
ches over 20 cm i n  l eng th  (Abbott and 
Hol l enberg 1976). These species, 1 i ke 
some o f  t he  more coarse, f l eshy  r e d  algae 
such as Gelidium robustum (Figure 17; 
Bar i  1 o t t i  and S i  1 verthorne 1972), are 
r e l a t i v e l y  slow growing and long-1 ived. 
C a l l i a r t h r o n  and r e l a t e d  p l a n t s  can a l so  
be e a r l y  co lon izers  on bare substrata 
(Johansen and Aust in  1970, Foster 1975a), 
and t h i s  genus appears t o  main ta in  
coverage f o r  many years (Johansen and 
Aust in  1970, Foster 1975a, Reed and Foster 
1984). 

4.3.4.2 A r t i c u l a t e d  cora l  1 ines. A Reed and Foster (1984) assessed the 
dense cover of a r t i c u l a t e d  cora l  1 i n e  algae effects of Ca l l  i a r t h r o n  on the  recrui tment  
i s  common on the  bottom i n  many ke lp  of o ther  species. I n  a s i t e  where 
fo res ts  (Johansen and Aust in  1970, North Macrocystis and Pterygophora canopies were 
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F igure  18. Re la t i onsh ip  between Macro- 
c y s t i s  canopy cover and u p r i g h t  (non- 
enc rus t i ng )  unders to ry  a1 ga l  cover  i n  
t h ree  k e l p  f o r e s t s  n o r t h  o f  Santa Cruz. 
To ta l  u n d e r s t o r y  a l g a l  cover  exceeds 100% 
as 1  a y e r i  ng was determined. Macrocys t i  s  
canow  c o v e r  a t  each s i t e  was cons idered  
100%' - i n  f a l l  1977. Cover a t  o t h e r  t imes 

Figure 17. ( layer is expressed as of t h i s  va lue.  
in Figures and 6, found in Unders to ry  cover  was n o t  surveyed a t  a  fo res ts .  P o i n t  San ta  Cruz s i t e  i n  f a l l  1977. 

removed, t hey  found t h a t  t h e  g rea tes t  
rec ru i tment  of  Desmares t i a  spp. and 
Laminar ia les was i n  t rea tments  f r om  which 
t he  branches o f  a r t i c u l a t e d  c o r a l  1  i nes 
were a l s o  removed. Clearances t o  bare 
rock d i d  n o t  inc rease  r e c r u i t m e n t  o f  o t h e r  
species, suggest ing t h a t  i t  i s  the  
branches themselves t h a t  i n h i b i t  
rec ru i tment .  Th is  cou ld  be caused by 
shading, by abras ion,  by t h e  presence o f  
sediment which may be t rapped  i n  the  
a r t i c u l a t e d  algae, o r  by  sma l l  grazers 
concealed i n  t h e  branches. 

Other a r t i c u l a t e d  c o r a l l i n e s  such as 
B o s s i e l l a  spp. a r e  a l s o  common i n  k e l p  
comnunit ies,  b u t  l i t t l e  i s  known of t h e i r  
e f f e c t s  on o t h e r  species. I t  i s  l i k e l y ,  
however, t h a t  where these ca lcareous a lgae 
a re  abundant, they  a1 so reduce r ec ru i tmen t  
o f  o t h e r  p l an t s ,  e s p e c i a l l y  Macrocys t i s  
(We1 1 s 1983). 

4.3.5 Encrus t ing  Species 

L i t t l e  i s  known about  t h e  e f f e c t s  o f  
enc rus t ing  spec ies i n  k e l p  communities. 

Enc rus t i ng  c o r a l l i n e s  (P l a t e  2 A )  o f  t h e  
genera ~ i t h o t h a m n i u m  and L i t h o p h y l l u m  a r e  
extreme1 y common i n  s u b t i d a l  h a b i t a t s ,  
i n c l u d i n g  Macroc s t i s  f o res t s  (Abbo t t  and 
Hol lenberg*>se p l a n t s  occur  from 
the i n t e r t i d a l  zone t o  depths below 100 rn 
i n  t he  s u b t i d a l  zone, and appear as p i n k  
t o  p u r p l e  c r u s t s  on a lmost  a l l  su r faces  
no t  o c c u ~ i e d  bv  o t h e r  orsanisms. One 
speci'es, ' ~ i  thophy l  lum grumosum, may fo rm 
c r u s t s  U D  t o  severa l  m i l l i m e t e r s  t h i c k .  . . . -  

The e n c k u s t i n q  stages of a r t i c u l a t e d  
co ra l  1  i n e s  a r e  sometimes mis taken f o r  
these spec ies .  Encrus t ing  co ra l  1  i nes  i n  
ke l p  f o r e s t s  probably  grow s l ow l y ,  and 
c e r t a i n l y  may p e r s i s t  f o r  l ong  per iods .  
Many spec i es  of f i lamentous and f o l i o s e  
algae may grow e p i p h y t i c a l l y  on them. 
Boulders  covered  by enc rus t i ng  c o r a l  1  i nes  
are f r e q u e n t l y  i nhab i t ed  by j u v e n i l e  
abalone, and  i n  t h e  l abo ra to r y ,  enc rus t i ng  
co ra l  1  i n e s  induce se t t l emen t  o f  abalone 
l a r v a e  (Morse e t  a l .  1979).  On t h e  o t h e r  
hand, t h e s e  c r u s t s  Can reduce r e c r u i t m e n t  
of some s e s s i l e  animals ( ~ r e i  t b u r g  1984).  



4.3.6 Ep'iphytes 4.4 INVERTEBRATES 

Many species of algae occur 
epiphytically , some as obl i gates on other 
species of algae. Even though i t  i s  an 
annual, Nereocystis may have many 
epiphytes, the commonest of which are the 
reds Porphyra nereocysti s and 
Antithamnionella ac i f i ca ,  and the green 
Enteromor ha 1 i  n z i m t  and Hol lenberg 
h e e s t i s  and A. pacifica may 
be found on the s t ipes  of pTants, while E. 
l inza i s  usuallv found a t  the lower 
junctions of fronds. Microcl adia 
californica i s  commonly found on Egregia 
menziesii in the low in t e r t i da l ,  while 3. 
coulteri (Figure 17) occurs on many 
species of red algae as  well as on large 
brown algae (Abbott and Hollenberg 1976). 

During the summer, species of the 
brown alga Coilodesme may be found 
abundantly on Cystosei ra.  Coilodesme 
californica i s  ~ a r t i c u l a r l v  abundant on C. 
osmundacea. ~{a toms  ( see  Section 4.2,1 
above) and many other algal species such 
as Myriogramme caespi tosa,  Pterochondria 
woodi i , and Microcladia coul t e r i  may occur 
on  Macrocystis and other  kelps. 

Epiphytic algae seem to become 
par t icular ly  abundant as fronds senesce. 
This i s  probably not due t o  the epiphytes 
actual ly overwhelming plants and causing 
t h e i r  demise, b u t  t o  the general 
deterioration of host plants a t  t h i s  time. 
Fi 1 ion-Myklebust a n d  Norton (1981) 
reported tha t  the in te r t ida l  brown seaweed 
Ascophyl lum nodosum sheds i t s  epidermis, 
which may remove epiphytes. Moss (1982) 
found that  continuous shedding of the 
outermost layers of meristoderm ce l l  walls 
occurred in the perennial alga Halidrys 
s i l iquosa,  and suggested t h a t  t h i s  might 
be a general occurrence in  the Fucales. 
These sor t s  of events may be especially 
important f o r  long-1 ived perennial 
species, which have a longer exposure t o  
potential epiphytes. I t  has a lso  been 
suggested t ha t  the abundant small 
crustacea tha t  inhabit  the fronds of 1 arge 
brown a1 gae may benefit plants by removing 
epiphytes (Schiel and Choat 1980). 
Limpets t ha t  l i v e  on the surface of s t ipes  
may provide similar benefits  (Dayton e t  
a l .  1984). Most of these ideas have ye t  
t o  be tested.  

4.4.1 Introduction 

Giant kelp fores ts  are inhabited by 
an abundant and species-rich inve-rtebrate 
fauna found in a variety of habitats 
(Figure 6 ) .  In giant kelp holdfasts 
alone, Andrews (1945) found over 23,000 
individuals representing nine phyl a in 
five holdfast collections from the 
Monterey, California area (exact s i z e  of 
col 1 ec t i  ons unspecified). McLean (1962) 
identified 204 species of invertebrates 
seen durina 30 SCUBA dives in  a primari1.y 

luetkeana fo res t  south of 
described in Chapter 3 ) .  

~equegnat (1964) found over 300 species on 
a shallow rocky reef in southern 
Cal ifornia.  The diversity of s izes ,  
morphologies, feeding types, and behaviors 
i s  a l so  high, making even a n  overview of 
conspicuous species and the i r  ecology a 
d i f f i cu l t  task. 

Unfortunately, there i s  no single 
reference equivalent t o  that  fo r  the algae 
by Abbott and Hollenberg (1976) describing 
subtidal marine invertebrates in  
California. However, because many species 
range into  the low in te r t ida l  zone, the 
recent in te r t ida l  survey by Morris e t  a l .  
(1980) i s  very he1 pful , as  are Ricketts e t  
a l .  (1968), and fo r  central California, 
Smith and Carlton (1975). These books, as 
we1 1 as MacGini t i e  and MacGini t i e  (1968), 
a1 so include natural hi story information. 
Popular books (North 1976a, Gotshall and 
Laurent 1979) summarize information on the 
more common subti dal invertebrates 1 i kely 
to be found in giant kelp fores ts .  We 
will discuss some of these below, 
particularly species t ha t  are  common, and 
for  which there  i s  some ecological 
information. 

We have organized groups of 
invertebrates functionally by feeding 
type, rather than taxonomically, in an 
attempt a t  ecological relevance. Feeding 
type d i s t inc t ions ,  however, are often 
unclear a s  a par t icular  species such as  
the sea urchin Strongyl ocentrotus 
franciscanus may graze attached plants 
(grazer) ,  catch d r i f t  (de t r i tus  feeder) ,  
consume animals (predator),  and  perhaps 
use dissolved organic matter ( D O M ) .  Where 



there i s  such overlap, we have p u t  the 
animal in what appears t o  be the most 
common o r  notorious feeding type. 

4.4.2 F i l t e r ,  Suspension, and Detritus 
Feeders 

4.4.2.1 Sponges (Pori fe ra ) .  
Sponges, alonq with tunicates and 
bryo;oans, a re  -probably the most common 
sess i l e  animals i n  kelp fo res t s ,  
part icularly on steeply sloping walls and 
in  deeper water (Plate 2C). North (1971b) 
l i s t ed  41 species of sponges in  southern 
Cal ifornia-Baja California kelp fo res t s ,  
w i t h  encrusting Hal iclona spp. , vase-1 i ke 
Leucilla (= Rhabdodermella) nut t ingi ,  and 
the large, spherical ,  orange Tethya 
aurantia (Figure 19) the most common. In 
central Cal i forni a ,  Pearse and Lowry 
(1974) mentioned 22 species from the Point 
Cabrillo kelp fores t  near Monterey, and 
McLean (1962) 11 species from Granite 
Creek south of Camel, California.  
Species are generally s imilar  in both 
central and southern California. The 
cobalt sponge H menam hias t ra  cyanocrypta -y-err (Plate 28) i s  particu a r  v abundant as 
encrusting. sheet; on vertical  wall s and 
under ledges from Monterey south in 
central California kelp fores ts .  The deep 
blue color i s  derived from a symbiotic 

Figure 19. Invertebrate f i  1 t e r ,  suspen- 
sion,  and de t r i tus  feeders common in kelp 
forests.  

- .  . , L . blue-green alga i ~ v i r i y  i r l  I L ~  ~ ~ b s u t .  

(Morris e t  a l .  1980). Many sponges are  
important in the die ts  of nudibranchs, and 
the top she1 1 Call iostoma annulatum feeds 
on T. aurantia (Gotshall and Laurent 
197 97. 

4.4.2.2 -. Hy- 
droids. sea anemones, sol i t a ry  (cup) cor- 
al s , hydrocoral s ,  and gorgonians a r e  ubi- 
quitous members of the kelp fo res t  s e s s i l e  
animal assemblage. The hydroids Abietin- 
a r ia  sp. and Aglaophenia spp. are common, - 
and along with other species, are  often 
early colonists of new substrata.  Many 
hydroids are preyed upon by nudibranchs 
(Morris e t  a l .  1980). 

S i x  genera of sea anemones commonly 
occur in kelp fores ts ,  with the large,  
sol i tary  Tealia spp. (Figure 19) ,  
Anthql - - e u r a x o g r a m m i  ca, and especial ly 
in d e e ~ e r  water. Metridium seni le .  local lv  
abundaht.  he most conspicuous a h  
abundant species i s  the strawberry 
"anemone" (not a true anemone) Cor nactis  + cal ifornica.  Colonies of t h i s  anima may 
completely cover vertical  wall s ,  and the 
orange t o  red bodies with white, club- 
shaped tentacles , are visually s t r ik ing  
(Plate 2E).  I n  addition t o  the above 
speci es , the tube-dwel 1 i ng Pachycerianthus 
fimbriatus (Figure 19) i s  frequent i n  sand 
patches within and along t h e  outer edge of 
kelp fores ts .  All of these anemones feed 
on almost any animal t i s sue  o r  de t r i t u s  of 
appropriate s i z e  that  comes within reach 
of thei r tentacles.  

Anemones, 1 i ke other cnidarians,  have 
stinging structures (nematocysts), and 
when the animals are aggregated (e.g. ,  
Corynacti s cal i fornica)  , may const i tu te  a 
barrier t o  mobile benthic animals such as 
sea s ta r s .  Sea s t a r  prey such as 
gastropods may thus have a refuge from 
predators when surrounded by anemones o r  
coral s (Herr1 i nqer 1983) . However, the 
leather s t a r  ~ e k s t e r i a s  imbricata feeds  
on C .  californica (Rosenthal and Chess 
19727. 

Three species of cup corals ,  
elegans (Pla te  ZB), Para- 

stearnsi  i , and Astrangia 
occur in giant kelp fores ts .  

The bright orange B. elegans i s  most 
common, often growing w i t h  Corynactis 



caI i f ~ i - n i c a  throughout  the  range nf 
Macrocyst is.  B. elegans has nonpelag ic  
planulae, and s h d i e s  by  Ger rode t te  (1981) 
i nd i ca ted  d i s p e r s a l  d i s t a n c e  i s  l e s s  than 
0.5 m from t he  paren t ,  perhaps account ing 
fo r  t he  u s u a l l y  aggregated d i s t r i b u t i o n  of 
the species. Fad la l  l a h  (1983) es t imated  
an average l i f e s p a n  of 6-11 years f o r  t h i s  
co ra l  a t  Po in t  C a b r i l l o  i n  c e n t r a l  
C a l i f o r n i a ,  w i t h  m o r t a l i  t y  r e s u l t i n g  from 
overgrowth o f  young c o r a l s  by o t h e r  
sess i l e  anintals and from p reda t i on  by 
sp ider  crabs.  

The hydrocora l  A1 1 opora ca l  i f o r n i c a  
(P l a t e  2F) u s u a l l y  occurs i n  deep water  a t  
the o u t e r  edge of k e l p  f o r e s t s  o r  on 
of fshore p innac les .  Cur ren ts  a re  s t ronger  
and t he  wate r  c l eane r  i n  such h a b i t a t s ,  
perhaps p r o v i d i n g  reduced sedimentat ion 
and necessary f o o d  (Go t sha l l  and Laurent  
1979). Van B la r i com (pers .  comm.) has 
observed A. c a l i f o r n i c a  a t  depths l e s s  
than 10 m w i t h i n  a  g i a n t  k e l p  f o r e s t  where 
cu r ren ts  were s t r o n g  and t h e  water  c l e a r .  
Ostarel  l o  (1973) suggested sedimentat ion 
and compe t i t i on  w i t h  o t h e r  s e s s i l e  
organisms f o r  space as sources o f  
m o r t a l i t y  i n  young co l on i es  , and breakage 
and abras ion  as impo r t an t  t o  o l d e r  
colonies. An enc rus t i ns  species, A. 
( =  S ty lan theca)  porphyra, - i s  occasionalTy 
a lso  found i n  C a l i f o r n i a  k e l p  f o res t s .  

A number o f  l a r g e  ( t o  almost a  meter 
t a l l ) ,  fan-shaped gorgonians a re  f requen t  
i n  southern C a l i f o r n i a  k e l p  f o r e s t s  and 
reefs .  Mur icea f r u c t i c o s a  (F i gu re  19) and 
M. c a l i f o r n i c a  a r e  most common w i t h i n  k e l p  - 
stands, w h i l e  t h e  r e d  Lophogorgia 
ch i  l e n s i  s  usual l y  occurs i n  deeper water. 
A l l  o f  these feed on p lank ton ,  and u s u a l l y  
o r i e n t a t e  pe rpend i cu l a r  t o  t h e  p r e v a i l i n g  
cu r ren ts  o r  surge. M. c a l i f o r n i c a  can be 
aged f rom r i n g s  i n - t h e  base, and Gr igg 
(1975) used age-height  r e l a t i o n s h i p s  t o  
determine size-frequency d i s t r i b u t i o n s  i n  
var ious h a b i t a t s  near  San Diego. These 
d i s t r i b u t i o n s ,  a long w i t h  h a b i t a t  data, 
were then  used as measures o f  h a b i t a t  
s u i t a b i l i t y  and s t a b i l i t y  f o r  the  species. 
Breakage f rom storms and increased 
sedimentat ion, b u r i a l  , and abras ion were 
the  major  causes o f  m o r t a l i t y .  Gr igg  
(1975) suggested t h a t  increased 
sedimentat ion from sewage o u t f a l l s  l e d  t o  
a  r educ t i on  i n  t h e  number o f  gorgonian 
co lon ies  a t  P a l m  Verdes, an area 

i n f  1  uenced hy ! os Angeles sewage d ischarge 
and where o t h e r  k e l p  f o r e s t  organisms, 
i n c l u d i n g  Macroc s t i s ,  have a1 so dec l  i ned  
(see C h a p t e e  

4.4.2.3 Bryozoans (Ec toproc ts ) .  
Bryozoans a r e  found a lmost  evervwhere i n  
ke i p  f o r e s t s ,  and on eve ry th i ng  from s o l i d  
rock  wa l l s  t o  d e l i c a t e  a l g a l  f ronds.  
Wool lacot t  and Nor th  (1971) l i s t e d  59 
species c o l l e c t e d  near t h e  bot tom i n  s i x  
geographical areas from Monterey, 
Cal i f o r n i a ,  t o  southern Baja Cal i f o r n i a ,  
Mexico. Ten o f  these were considered 
w ide l y  d i s t r i b u t e d .  

The encrus t ing  L ichenopora 
novae-zelandiae, Membrani ora t ube rcu l a t a ,  
V r a n d ~ r e  6)  are 
ext remely  common on a1 gal  blades, 
e s ~ e c i a l l v  those o f  Macrocvst is .  
~ e m b r a n i i o r a  encrus ta t ions  may cove; up t o  
757; o f  the k e l u  b lades  a t  o a r t i c u l a r  t imes 
i n  p a r t i c u l a r  f o res t s ,  and can grow t o  
cover a  b lade almost complete ly  i n  t h r e e  
weeks (Wo l laco t t  and Nor th  1971). Wing 
and Clendenning (1971) found t h a t  b lades 
w i t h  nea r l y  complete cover  o f  bryozoans 
requ i red  50% h ighe r  l i g h t  i n t e n s i t i e s  f o r  
growth than unencrusted blades. Dixon e t  
a l .  (1981) showed t h a t  p l a n t s  near  a  
thermal o u t f a l l  i n  southern C a l i f o r n i a  
were much more encrusted w i t h  Membrani o ra  
than were p l a n t s  i n  a nearby ?n-'?-- e p f o r e s t  
Experiments demonstrated t h a t  b lade l o s s  
from Macrocyst is  was c o r r e l a t e d  w i t h  t h e  
degree o f  enc rus ta t ion ,  as b lades tended 
t o  break o f f  e a s i l y  when h e a v i l y  fou led.  
Predat ion on Membrani o r a  by  f i s h e s  may 
a l s o  i n d i r e c d  b lade l o s s  
(Wo l laco t t  and Nor th  1971, Dixon e t  a l .  
1981). Fou l ing  niay be reduced on o the r  
ke lps by f r o n d  abrasion, and t h i s  fo rm of 
d is turbance can have impor tan t  e f f e c t s  on 
t he  e n t i r e  ep i fauna l  community on k e l p  
blades (F l e t che r  and Day 1983). 

Two o t h e r  bryozoans a re  common on 
understory  vege ta t ion  and/or on t h e  
bottom: t he  arborescent  Thal amoporel l a  
c a l i f o r n i c a ,  and the  lacy ,  f a n - l i k e  
Phidolopora p a c i f i c a .  The l a t t e r  serves 
as h a b i t a t  f o r  numerous smal l  gastropods 
and crustaceans. T. c a l i f o r n i c a  may have 
a biomass c l ose  to 300 g/m2 (wet we igh t )  
i n  some k e l p  stands, about 50% o f  t h e  
t o t a l  s e s s i l e  animal biomass (Wol l a c o t t  
and Nor th  1971). 



Bryozoans a re  commonly among the 
f i r s t  organisms t o  s e t t l e  on newly exposed 
subs t ra ta  i n  k e l p  f o res t s ,  and may remain 
abundant i n  shaded h a b i t a t s  o r  those 
p ro tec ted  from p reda t i on  (Fos te r  1975a, 
b ) .  Se lec t i ve  p reda t i on  by t h e  b a t  s ta r ,  
p a t i r i a  miniata; can a l t e r  succession i n  
t h e  brvozoan assemblaqe (Day and Osman " .  
1981). * One species, cryptoarachni  dium 
(=  V i c t o r e l l a )  a r  i l l a ,  i s  a common ea r l y  + colon i ze r  on rledri WE a r t i f i c i a l  i n  
southern C a l i f o r n i a  (Turner  e t  a l .  1909, 
Grant e t  a l .  1982). Th is  animal for.ms 
enc rus t i ng  sheets composed, i n  pa r t ,  o f  
consol idated sediments and can dominate 
r e e f  surfaces f o r  1 ong per iods.  Dominance 
i s  probably  mainta ined i n  t h e  absence of 
predators  by i n h i b i t i n g  set t lement  o f  and 
growing over o t h e r  s e s s i l e  spec ies (LOSL 
1983). Bryozoans, and s e s s i l e  animals i n  
general ,  appear capable o f  i n h i b i t i n g  the  
~ e t t i e t t ~ e ~ i  t a ~ i d  growth o f  ben th ic  a ! g a e ,  
even i n  sub t i da l  h a b i t a t s  w i t h  s u f f i c i e n t  
l i g h t  f o r  a l g a l  growth. Predators 
( p a r t i c u l a r l y  f i s h  and sea s t a r s )  o f  these 
s e s s i l e  animals may mediate t h i s  
compet i t i ve  dominance, a l l ow ing  l oca l  
coexistence (Fos te r  1972, 1975b). 

4.4.2.4 B r i t t l e  s ta rs ,  sea stars,  
sea cucumbers and sea u rch ins  (Echinoder- 
mats). Brittle stars 3re extremely ahr~n- - 
dant i n  ke la  f o res t s .  Thev a re  no t .obv i -  
ous because'they a re  normal"ly found ou t  o f  
s ~ g h t  under cobbles, i n  h o l d f a s t s ,  dense 
a l g a l  tu r f s ,  and o the r  c r y p t i c  hab i ta ts .  
These animals gene ra l l y  feed by extending 
t h e i r  arms and t r app ing  food  p a r t i c l e s  
us i ng  the s t i c k y  mucous on t h e  spines and 
podia. They a r e  p a r t i c u l a r l y  a c t i v e  a t  
n i g h t ,  when one can see hundreds o f  arms 
s t i c k i n g  out  i n  the  water anlong t he  
haptera o f  giant. ke lp  ho ld fas ts .  

The abundance o f  one o f  the  more 
comnon b r i t t l e  s t a r s ,  Oph io th r i x  sp i cu l a t a  
(F igure  19),  ranged up t o  21 
ind iv iduals / lOO cni3 i n  g i a n t  ke l p  
h o l d f a s t s  f rom southern Ca l i f o rn i a  
(Ghelardi  1971). Andrews (1945) found 
t o t a l  b r i t t l e  s t a r  d e n s i t i e s  o f  up t o  
300/m2 o f  h o l d f a s t  (pro. iected surface 
area) ,  w i t h  0. s i c u l a t a  and Am h i  h o l i s  + ---T u ctana rnos? abun a n t  Un fo r tuna te  y 5F-h o t  e r  t an occas ional  species l i s t s  and 
abundance est imates, l i t t l e  i s  known o f  
t h e  ecology o f  these ub i qu i t ous  animals. 

Most cornrnorl sra s ~ ~ f t - s  ~ r ?  ~ e i p  f u r e ~ ~ ~  
a r e  predators ,  t h e  except ions be ing the 
red-orange -- Henr ic ia  l e v i uscu la  t h a t  t r aps  
smal l  food  p a r t i c l e s  i n  mucous on the 
undersides o f  i t s  arms (Mor r i s  e t  a l .  
1980), and t he  ba t  s t a r  P a t i r i a  rn in ia ta ,  
an omnivorous scavenqer. The l a t t e r  i s  
discussed i n  more d e t a i l  under Grazers 
be1 ow. 

Sea cucumbers use t h e i r  t en tac l es  t o  
e x t r a c t  food f rom sediments o r  water., aria 
o n l y  t he  ten tac les  of some species can 
norma l l y  be seen p ro t r ud i ng  from c rev ices ,  
holes. o r  ho l  d fasts .  Cormn soeci  es 
i nc l ude  the r ed  Cucumaria m i n i a t a  i n  
cen t r a l  C a l i f o r n i a .  the  s m a l l  cm) 
orange Pach t h  one r u b r a  from Monterey t o  
southern -!-+ Ca i orn ia ,  and t he  smal l  , wh i t e  
Eu entacta u i n  uesemita, and l a r g e ,  brown 
b P : b ~ r e  19) throughout 
tho  r a n y  o f  Macrocyst is  p y r i f e r a .  P. 
rub ra  can occur a t  d e n s i t i e s  of up t o  
m O / m 2  i n  some areas a t  San N ico las  
I s l a n d  o f f  southern Cal i f o r n i a  (Cowen 
pers. corn.)  Sea cucumbers a re  eaten by 
var ious  sea s t a r s  (Mor r i s  e t  a1 . 1980). 

A l l  species o f  sea u rch ins  found i n  
ke l p  f o r e s t s  can capture and feed on d r i f t  
a lgae, and t h i s  niay be t h e i r  most c o m n  
mode o f  feeding. However, because they 
can g r a 7 ~  at-t-ached p l a n t s  (and a re  most 
no to r i ous  f o r  i t ) ,  they a re  discussed 
under Grazers be1 ow. 

4 .4 .2.5 Mol luscs (Mol lusca).  Numer- 
ous f i 1 t e r - f e e d i  ng clams i n h a b i t  sandy 
areas i n  ke l p  f o res t s ,  b u t  the  most common 
on hard subs t ra ta  a re  t he  rock -bor ing  pho- 
lads (Family Pholadidae) seen as siphons 
extending ou t  o f  sho r t  calcareous tubes 
above t h e  substratum. The most abundant 
o f  these i s  Parapholas c a l  i f o r n i c a ,  whose 
d e n s i t i e s  can be over 50/m* i n  ke l p  
f o r e s t s  w i t h  r e l a t i v e l y  s o f t  shale 
bottoms. Bore depth can be 30 ca, and 
these clams can cause cons iderable e ros ion  
of so f t  rock bottoms (Mo r r i s  e t  a l .  1980). 
The sea s t a r  P i sas te r  b rev i sp i nus  i s  
capable o f  ex t r ud i ng  i t s  stomach i n t o  
pholad burrows and d i g e s t i n g  t h e  clams i n  
p lace (Van Ve ldhu iz in  and P h i l l i p s  1978). 

Hussels ( M y t i l u s  spp-)  a re  most 
common i n  t h e  i n t e r t i d a l  zone, b u t  are 
occas iona l l y  found i n  deep water (Chan 
1973, Paine 1976). The s i z e  r eco rd  f o r  M. 



californianus i s  from a subtidal reef 
(Chan 1973). This suggests tha t  perhaps 
predation, and not the ab io t ic  environment 
o r  food avai labi l  i t y ,  1 imits the abundance 
of t h i s  genus in  kelp fo res t s .  The 
purple-ringed rock scallop Hinnites 

iganteus ( =  H. multirugosus) i s  common in 
eelp forests; occurring attached by one 
valve t o  rock walls and inside crevices. 
This species i s  taken fo r  food by sport 
divers, and i s  being investigated as a 
possi bl e candidate fo r  maricul ture 
(Leighton and Phleger 1977). Two other 
locally abundant bivalves tha t  at tach by 
one valve are the j ing le ,  Pododesmus 
cepio, and Chama arcana ( =  C .  pellucida).  -- 
The l a t t e r  can occur sGcked u p  a t  
densit ies of near 300/0.1 m2 on subtidal 
reefs (Pequegnat 1964). The small scal lop 
Le t o  ecten la t i aura tus  occasionally + s e t t  e s  in large numbers on giant kelp 
fronds in southern California,  and may 
cause the fronds to  sink (Carter pers. 
comm.). Bernstein and Jung (1979) 
suggested t h a t  t h i s  animal, l i ke  the 
oceanic barnacle, i s  normal ly excluded 
from kelp fo res t s  by predatory f ishes .  

In addition t o  the f i l t e r  feeding 
molluscs mentioned above, there are a few 
tha t  capture par t ic les  in mucous nets. 
The vermetid Petaloconchus montere ensis 

-l-- grows in masses of intertwined ca careous 
tubes, each tube about 2 mm in diameter, 
a t  densit ies of u p  to 100,000 snai ls /  m2 
(Morris e t  a l .  1980). The larger s e s s i l e  
snai 1 Serpulorbi s  squamigerus occurs 
singly o r  in masses. Both species are  
preyed upon by the sea s t a r  Pisaster 
giganteus (Foster 1975b, ~ a r r o l d m '  
and the former i s  a major item in the die t  
of t h i s  sea s t a r  i n  one central California 
kelp fores t  (Harrol d 1981). 

A1 though only occasionally common, 
the nudibranch Melibe leonina i s  of 
in te res t  because, unlike most of i t s  
predatory re la t ives ,  t h i s  large nudibranch 
commonly s i t s  on giant kelp fronds, and 
captures food from the passing water in  
i t s  expanded oral  hood (Morris e t  a l .  
1980) . 

4.4.2.6 Polychaete worms (Anne1 ida, 
Polychaeta). Polychaetes are  probably 
second onlv t o  crustaceans i n  d ivers i ty  
and abundance in  giant kelp forests: 

Polychaetes occur in  almost a l l  subhabi- 
t a t s  within a kelp fores t .  Normally 
hidden, they are  rarely seen except when 
when samples are being sorted in  the 
1 aboratory. Abundances a re  par t icular ly  
high in  kelp holdfasts (Andrews 1945, 
Ghelardi 1971). Many are probably preda- 
to r s  on other small animals. 

Polychaetes t h a t  are commonly v i s ib le  
underwater generally capture par t i c les  in 
the water with modified head parts or 
g i l l s  tha t  project out from tubes, cracks, 
e tc .  on or in the substratum. The most 
common are spirorbids,  whose t iny ,  coiled,  
calcareous tubes dot the surfaces of giant  
kelp blades and underst0r.y algae 
(par t i cu la r ly  Rhod menia spp.) .  ernst stein 
and Jung (1979*pirorbis spiri l lum 
most abundant i n  the  troughs of 
corrugations on older Macrocystis blades 
(up t o  3/cm2). Chemicals from the algae 
apparently stimulate spirorbid larvae to  
s e t t l e  on par t icular  species,  and even 
parts of plants (Morris e t  a l .  1980). The 
sabell i d  ( feather  duster worm) Eudistyl i a  
01 mor ha i s  common on the bottom, where w i t s  co orful feeding and r e s p i r a t o ~ y  plume 

projects o u t  of holes and crevices. 

Perhaps the most abundant large 
polychaete i n  kelp fo res t s  i s  Diopatra 
ornata, whose parchment-1 i  ke tubes, 
decorated with rubble and a1 gal fragments, 
project above unconsol idated substrata.  
Densities can be so high t ha t  the worms 
can completely cover the bottom. 

4.4.2.7 Sipuncul ans (Sipuncula). 
Peanut worms are often common in kelp 
fo res t s ,  b u t  l i k e  the b r i t t l e  s t a r s  
discussed above, a re  rare ly  seen because 
of t h e i r  cryptic habits. They feed by 
eating sediment and ingesting organic 
matter, or by capturing small par t ic les .  
Phascolosoma a a s s i z i i  i s  probably most 
common, and A h 9 4 5 )  found over 80 
individuals of t h i s  species per square 
meter (projected holdfast area) in giant 
kelp hol dfasts from central California. 
Foster (pers. obs.) found similar 
densit ies in recent collections from th i s  
area. Morris e t  a l .  (1980) indicate that  
sipunculans are preyed upon by gastropods. 

4 .4 .2 .8  Crustaceans (Arthropoda, 
Crustacea). Crustaceans are  ce r ta in ly  the 
numerically dominant animals in kelp 



f o r e s t s ,  and many feed on detr i tus  and 
plankton. In turn, small crustaceans are 
a major food of many kelp fo res t  f ishes 
(Quast  1971d, Bray and Ebel ing 1974, Coyer 
1979, Laur and Ebeling 1983; See Section 
4.5 be low) .  Gammarid and caprell id 
amphi pods (F igure  19) ,  mysids (Figure 14) ,  
and isopods (e .g . ,  Idotea, Figure 20) are 
especi a1 1 y common on seaweeds, and 
low-growing algal turfs containing high 
dens i t i e s  of these animals are common f i sh  
feeding a m a s ,  particularly f o r  perches 
(Bray and €beling 1974, Laur and Ebeling 
1983). Coyer (1979) found gradients in 
abundance and size of particular 
crustaceans  from the bottom t o  the canopy 
on g i a n t  kelp plants, and suggested that  
some s i z e  gradients may ref lect  size 
s e l ec t i ve  predation by fishes. Many of 
the smal 1 crustaceans migrate from the 
substratum into the water a t  night. 
These, along with purely planktonic 
species,  a r e  discussed in Section 4.2.2 
above. 

Hermit crabs, primarily the genus 
Pa u rus ,  a r e  frequent in kelp holdfasts 

ndrews 1945, Ghelardi 1971), and mats of r%- 
a r t i c u l  a t e d  coral 1 ines and other dense 
understory algae. They are generally 
scavengers and eat  considerable amounts of 
algae (Morris e t  a l .  1980). L i t t l e  i s  
known of  t he  ecology of these animals in 
kelp f o r e s t s ,  b u t  they may be important 
g razers ,  par t icular ly  on small or delicate 
plants.  Foster (pers. obs. ) observed 

I cm .scm ldotea sv. 

Figure 20 - Common invertebrate grazers i n  
kelp f o r e s t s .  

hermit crabs,  trapped within cages over 
fouling p la tes ,  completely remove a lush 
growth of fol iose  algae in one week. 

Spider crabs, large Cancer spp.,  and 
other crabs and lobsters found in kelp 
fores ts  a r e  mainly grazers o r  predators, 
but a l l  may occasionally feed on  de t r i tus .  

A careful search of almost any 
substratum in a kelp fo res t  will  also 
reveal barnacles. They can completely 
dominate newly exposed surfaces. Balanus 
crenatus i s  part icularly abundant in 
central California,  while B .  pacificus i s  
more common in southern Czlifornia.  The 
large (over 10 cm in diameter) B.  nubilus 
occurs occasionally along tk enti  re 
coast. 

We frequently observe dense 
settlement of Balanus crenatus in central 
California on bare substrata and the 
s t ipes  of  understory kelps. They are 
often fed upon by sea s t a r s  (Pisas ter  
spp. ) t h a t  will even ascend s t ipes  to 
feed. Hurley (1975) found t ha t  flatworms 
were major predators on subtidal B.  
pacificus. Sheephead (Semicoss 
pulcher; see Section 4.5 below 7-@ a l so  eat  
barnacles in southern California (Cowen 
1983), part icularly on newly placed 
a r t i f i c i a l  reefs where other prey may be 
l ess  abundant (Carter,  pers. comm.). The 
oceanic barnacle Lepas pacif ica  may be 
excluded from kelp fores ts  by f ish  
predation (Bernstein and Jung 1979). 

4.4.2.9 Tunicates (Urochordata, 
Ascidiacea). Tunicates are extremely 
abundant in kelp fo res t s ,  forming multi- 
colored coverings on walls and other 
shaded areas. The so l i t a ry  Styela e- 
tereyensis (Figure 19) i s  par t icular ly  
common, and often mixed with understory 
alqae. Rosenthal e t  a l .  (1974) observed - 
S. montereyensis being eaten by the sea - 
s t a r s  Pisas ter  giganteus and Astrometis 
s e r t u l i f e r a ,  . . and the whelk Kelletia 
kel l e t i  i . 

Among the many colonial species 
(Pla te  Z C ) ,  the lobed, grey-pink 
Cystodytes lobatus i s  abundant, - and ' may 
occur t o  depths of 200 m (Morris e t  a l .  
1980).   his and other tunicates  often 
provide habitat  f o r  small worms, 
crustaceans and clams, and are common prey 



of sea s t a r s  and nudibranciis. Mdrly dre 
annual, b u t  some, l i ke  Styela 
montere ens i s ,  can l i ve  a t  l e a s t  three 
years Morris e t  a l .  1980). North (1971b) + 
l i s t s  14 species of tunicates  from south- 
ern ~ a l  i fo inia  kel p f o r e s t s ,  whi 1 e Pearse 
and Lowry (1974) and McLean (1962) found 
22 and 19 species, respectively,  in two 
central  California kelp fores ts .  

4.4.3 Grazers 

A t  the various stages of t he i r  l i f e  
cycles,  seaweeds in giant kelp fores ts  
f a l l  prey t o  d i f fe ren t  species of 
herbivorous invertebrates.  Plants, 
however, may grow too large to be consumed 
by par t icular  grazers,  so t ha t  the  number 
of grazing species tha t  may actually 
remove en t i r e  plants decreases as plants 
ge t  larger.  There are  only a few species 
of grazers t h a t  d i rec t ly  remove adult 
p lants ,  b u t  many species l ive  on the 
plants ,  feed upon t he i r  t i s sues ,  and 
indirect ly  cause the  removal of a l l  or 
par ts  of the plants. These indirect  
e f fec t s  include grazing of plant t i s sue ,  
which may provide centers f o r  fungal and 
bacterial  infections t h a t  can sever 
blades, fronds, o r  holdfasts;  t h i s  
severing can provide s i t e s  fo r  epiphyte 
growth o r  can weaken par ts  of the plants,  
rendering them vulnerable t o  removal by 
i ncreased water motion o r  entanglement 
with other plants.  

This section discusses the more 
common species of invertebrates known to 
have d i rec t  o r  indirect  e f fec t s  on the 
removal of seaweeds, par t icular ly  kelps 
(Table 6 ) .  There a re  many more herbivores 
present in Macrocysti s fores ts  than wi 11 
be mentioned or  l i s t ed  here. More 
comprehensive species l i s t s  can be found 
i n  Leighton (1971), Smith and Carlton 
(1975), and Morris e t  a l .  (1980). 

4 .4 .3 .1  Sea urchins and sea s t a r s  
(Echinodermata) . Sea urchins are 
generally the most obvious grazers, and 
may s ignif icant ly  a f f ec t  the distribution 
and abundance of macroscopic algae. Their 
extensive grazing e f f ec t s  have been 
recorded in t rop ica l ,  temperate and boreal 
regions (Lawrence 1975). There has been 
extensive local removal of plants by sea 
urchins in some Macrocystis pyrifera 
fores ts  in  southern California (Leighton 

i97l;  see a1 so Chapters 3 and 5 ) ,  and ke lp  
dis t r ibut ion increased a f t e r  sea urchins 
declined a t  one s i t e  in central California 
(Pearse and Hines 1979). 

In most kelp fo res t s ,  there are  often 
great numbers of sea urchins, b u t  these 
commonly have l i t t l e  e f fec t  on attached 
kelp (Lowry and Pearse 1973, Foster 1975a, 
Cowen e t  a l .  1982), feeding mostly on 
d r i f t  material (Mattison e t  a l .  1977, 
Vadas 1977, Duggins 1980, Harrold and Reed 
in press). Extensive feeding by sea 
urchins on attached plants appears to  be 
re1 ated to  the dispersion of individuals 
and t he i r  density on patches of substratum 
(e .g . ,  Schiel 1982), and t o  behavioral 
changes associated w i t h  the avai 1 abi 1 i t y  
of d r i f t  algae (Dean e t  a l .  1984, Harrold 
and Reed i n  press) ,  o r  even large zoo- 
plankton (Duggi ns 1981a). 

There i s  a general pattern fo r  cases 
where patches of kelp are  completely 
removed by sea urchins. Dense 
aggregations of animals converge, and a 
"feeding front" i s  formed. The urchins i n  
the vanguard of movement are  often large 
individuals, t igh t ly  packed together 
(Leighton 1971, Dean e t  a l .  1984). Most 
or a l l  of the plants i n  the path of these 
dense aggregations are consumed o r  e l se  
detached from the substratum by grazing 
through the holdfasts or lower fronds. 
Sea urchins fu r ther  back i n  the  
aggregations feed on t h i s  newly-freed 
plant material. 

Large-scale removal of Macrocysti s on 
the west coast has been primarily by two - - 
species, strongyl ocentrotus franciscanus 
(Pla te  2D), and the  smaller S. purpuratus. 
Another species, the f i i t e  urchin 
Lytechi nus anamesus, may occasional ly 
graze large k m a r k e  and Neushul 1967) 
b u t  i s  probably more important as a grazer 
of juveniles (Dean e t  a1 . 1984). 

The large red sea urchin 
~trongylocentrotus  franciscanus occurs on 
rocky substrata throughout the range of 
~ a c f o c  s t ~ s  on the west coast (Morris e t  
.& Lei ghton (1971) described 
large individuals of t h i s  species forming 
the advancing edge of a feeding f ron t  tha t  
removed a large t r a c t  of Macrocystis 
(QJ 100 x 200 m )  i n  the Point Loma kelp 
fo res t  during 1960 (see  Table 7 ) .  The 



Table 6. Common i n v e r t e b r a t e  grazers which may remove t i s s u e  from k e l p  p l a n t s  or 
a f f e c t  recru i tment .  Common names a re  from Nor th  (1971b) and Morris e t  a l .  (1980). 

Species Comnon name Grazing e f f e c t s  

PHYLUM ECHINODERMATA 
S t rongy locen t ro tus  

f ranc iscanus Red sea u r c h i n  

S. purpura tus  - Purp le  sea u r c h i n  

Ly tech inus anamesus White sea u r c h i n  

Centrostephanus 
coronatus 

P a t i r i a  m i n i a t a  -- 

-- 

B a t  s t a r  

PHYLUM MOLLUSCA 

l i a i i o t i  j rufcscen: Rcd abalonc 

H. fu lgens - Green abalone 

H. cor rugata  - Pink  abalone 

Tegul a  brunnea - Brown tu rban  s n a i l  

T. f u n e b r a l i s  - Black turban s n a i l  

T. p u l l i y u  - DubLy 1ut.bd1l 51id i 1 

T. e i s e n i  ...- Banded tu rban  s n a i l  

T.  montereyi - Monterey t u rban  s n a i l  

T. a u r e o t i n c t a  - -- Gilded  turban s n a i l  

N o r r i s i a  n o r r i s i  N o r r i  s t  s  t op  s n a i l  

Ca l l ios toma annulatum Purp le - r i nged  t o p  --- 
s n a i l  

C.  canal  i c u l a t u m  - Channeled top  s n a i l  

C .  l i ga tum - B l u e  t o p  s n a i l  

Astraea undosa 
-" 

Wavy t o p  s n a i l  

A. j i b b e r o s a  - Red t o p  s n a i l  

M i t r e l l a  c a r i n a t a  Ca r i na ted  dove snai  1  

Lacuna u n i f a s c i a t a  Ch inkshe l l  

D i r e c t l y  removes p l a n t s ;  consumes a l l  p a r t s  o f  p l a n t s .  

Same as above. 

May graze j u v e n i l e s ,  3 r d  p o r - t i u i , ~  iif i : c l d f a i t s  c! . , !  
l ower  f ronds,  weakening p l a n t  a t tachment ;  southern  
C a l i f o r n i a  t o  Baja on l y .  

Grazes d r i f t  p l a n t s ;  p o s s i b l y  grazes ho l  d f a s t s ;  
southern  C a l i f o r n i a  t o  Baja on ly .  

A t  h i g h  d e n s i t i e s ,  may graze m ic roscop i c  stages, 
a f f e c t i n g  r e c r u i t m e n t  and e a r l y  s u r v i v o r s h i p .  

l c c d s  c x t c n z f v c l y  on d r i f t  ke lp ;  ray s r3zc  a t t a c h e d  
s t i p e s  and sporophy l ls .  

Same as above. 

Same as above. 

Abundant on Macroc s t i s ,  o t h e r  ke lps ,  and Cys tose i ra .  + Grazes su r faces  o  b  ades and fronds; may cause 
weakening o f  t i s sue .  

Same as above bu t  o n l y  i n  l ow  i n t e r t i d a l .  

Sdiile ds dbove. 

Same as above. 

Same as above. 

Same as above. 

Same as above. 

Eats  ke lp ,  b u t  appears t o  feed m a i n l y  on bryozoans 
hyd ro ids ,  d iatoms, d e t r i t u s .  

Same as above. 

Same as above. 

Found on substratum; may graze l ower  s t i p e s  and 
sporophy l ls .  

Same as above. 

Abundant on Mac rocys t i s  b lades and f ronds ;  feeds m a i n l y  
on d e t r i t u s .  

Feeds on s t i p e s ,  p roduc ing p i t s .  

(cont inued)  



Table  6 Concluded'. 

Species Connnon name Grazing e f f e c t s  

Megathura c r e n u l a t a  

Notoacmea i nsessa 

C o l l i s e l l a  i n s t a b i l i s  

I s c h n o c h i t o n  
i n t e r s i n c t u s  

Lep i  dozoma coope r i  

T o n i c e l  l a  1 i n e a t a  

C r y p t o c h i  t o n  s t e l  l e r i  

A p l y s i a  c a l  i f o r n i c a  

A. v a c c a r i a  - 

PHYLUM ARTHROPODA 

I d o t e a  resecata  

I .  stenops - 
Parace rce i  s co rda ta  

Ampithoe homera l i s  

A .  r u b r i c a t a  - 

Cymadusa unc ina ta  

L i m n o r i a  a lgarum 

P u g e t t i a  producta  

Tal  i epus  n u t t a l l  i 

G i a n t  keyho le  l i m p e t  M i n i m a l l y  e f f e c t s  ke lps ;  feeds on unde rs to ry  seaweeds 
and asc id ians.  

Seaweed 1 impet  Found almost e x c l u s i v e l y  on Egreg ia  menz ies i i ;  g razes 
f ronds  and causes severe  weakening. 

Uns tab le  seaweed Found on s t i p e s  o f  Laminar ia  spp. and Ptery- 
1 impet  gophora; no evidence o f  damage t o  p l a n t s .  

- - Very i n d i r e c t  e f f e c t s ;  may g raze  a l g a l  spores. 

Same as above. 

L i n e d  c h i  t o n  Found on enc rus t i ng  c o r a l 1  ines;  e f f e c t s  as above. 

Gumboat c h i  t o n  Grazes on bottom; e f f e c t s  unknown. 

Cal i f o r n i a  brown Occasional  g raz ing  on bot tom and p o r t i o n s  o f  
sea ha re  k e l p  p l a n t s .  

C a l i f o r n i a  b l a c k  Grazes on Egregia;  e f f e c t s  unknown. 
sea hare  

K e l p  isopod Found on Macroc s t i s  and Pela o h cus; ea ts  
ho les  i n  &sing &d p r o v i d i n g  
cen te rs  f o r  i n f e c t i o n .  

- - Found on Egregia.  

P i l l b u g  May d e r i v e  nour ishment f rom ke lp ,  b u t  no v i s i b l e  
damage. 

Ke lp  c u r l e r  R o l l s  and cements edges o f  b lades t o  fo rm a s t i c k y  
web; l i k e l y  feeds on blades. 

- - Same as above 

- - Same as above. 

G r i b b l e  Burrows i n t o  h o l d f a s t s  and may cause 
cons iderab le  weakening. 

K e l p  c r a b  Main ly  herb ivorous;  ea ts  k e l p  and o t h e r  algae. 

Southern k e l p  c rab  Same as above. 

sma l l e r  species, t h e  p u r p l e  u r c h i n  S. 
urpuratus,  a l s o  shares t h e  west coast  

{ i s t r i b u t i o n  o f  Macrocyst is .  I t  can reach 
very  h i g h  d e n s i t i e s  i n  these feed ing  
aggregat ions, some 90/m2 i n  p laces 
(Le igh ton  1971). 

A r e l a t i o n s h i p  between t he  f eed ing  
a c t i v i t i e s  o f  species o f  l a r g e  and smal l  
sea u r ch i ns  was a l s o  no ted  by Duggins 

(1981b) i n  Torch Bay, Alaska. Large 
St rongy l  ocent rotus f ranc iscanus t rapped 
d r i f t  p l a n t  m a t e r i a l  which t h e  sma l le r  
species, 5. droebachiensis,  seemed unable 
t o  h o l d  down by i t s e l f .  I t  appears c l e a r  
f o r  west coas t  Macrocyst i  s communities, 
however, t h a t  e i t h e r  $. f ranc iscanus  o r  2. 

urpura tus  i s  capable o f  ex tens i ve  g raz ing  
c n  at tached p lan ts .  
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Table 7. Concentrat ion and biomass o f  two sea u r c h i n  species i n  1 
samples taken a t  th ree  p o s i t i o n s  across g raz ing  band ( f rom Leighton 1971). 

Re la t i ve  
dens i t y  

i n  numbers 

Re la t i ve  
dens i t y  To ta l  
i n  weiaht  u r c h i n  

d 

S. S. Tota l  S. S.  we igh t  
Sample number T rana  - urch ins  f r a n  pe r  m2 

77-y q- and p o s i t i o n  per in* ( 9 )  

1 
A t  graz ing f r o n t  94.0 6.0 3 2 99.3 0.7 2486 

2 
9 m behind f r o n t  39.0 61.0 6 2 64.0 36.0 1942 

3 
18 111 behind f r on t  15.0 85.0 4 6 33.5 66.5 1253 
-- - --- -- - ----- - -  -. - - -  - --  
a 5 f r a n  = C t  ronqyl  o c ~ n t r n t  l iz f r an r  i qcant~q, - - 
b ~ .  - w. = 2. purpuratus.  

The stnal ler whi te  sea u rch in .  
L tech inus andnlesus, occurs from southern 

a 1f i5  - m a  C a l i f o r n i a ,  Mexico + 
(Mor r i s  c t  a l .  1980). The species feeds 
extcsrlsively on snw l l e r  algae, p a r t i c u l a r l y  
f o l i o s e  rclds, and i t s  grazing e f f e c t s  on 
l a r q r  t p l p  arc1 ~ ~ n ~ l r a 1 1 y  ! ~ I U C ~  lezc, th2 l :  

t h a t  o f  red  and purp le  sed urch ins.  
Clarke and Neushul (1967) and Dean e t  a l .  
(1984) r r p o r t c d  t h a t  h i gh  dens i t i e s  o f  

may reaovp a d u l t  
by graz ing through 

a s t s a n d  lowcr  fronds. 

Another sea urch in ,  the diadematid 
Centroste hanus coro_[)_aatus, niay eat  ke l p  ~ ~ - ~ $ r n r ; -  i % % d u c i l  very loca 1 i red 
e f f ec t s ;  tiowevcr, i t  i s  not  an- aggregat ing 
S ~ F C ~ P C I ,  2nd i t s  distribution i s  nomia l ly  
no t  cxtensivc1 i n  k e l p  conmunities, except 
a t  soa1tJ o f  the  Channel Is ldnds arid i s lands  
of fshore of Baja Ca l i f o rn i a ,  Mexico. 

The ba t  s t a r  P a t i r i a  111iniata (F igure 
20) {nay a f f ec t  W G i X u T f m e n t  by 
d i g e s t i n g  spores and s111al1 p l an t s  when i t  
ever ts  i t s  s tor~~ach over the substratum. 
I t  i s  found i n  abundance on rocky 
subs t ra ta  (4-5 i n d i v i d u a l  slm? i n  many 
p laces)  throughout the range o f  g i an t  
kelp.  Bat s t a r s  are omnivores and 
scavengers, and a l s o  ea t  tun ica tes  and 

o ther  encrus t ing  animals. The po lychae te  
worm Ophiodrolnus u e t t e n s i  s  co~nmonly 
occurs as a comniensa on t e sea s t a r ' s  
o r a l  surface. 

Y-T-- 

4.4.3.2 Mol luscs (Mol lusca) .  Many 
species o f  mol luscs feed  on k e l p  t o r e s t  
p lan ts .  P a r t i c u l a r l y  prominent are t h e  
abundant turban and t o p  s n a i l s  (Table 6 ) .  
I t  would be unusual f o r  the  g raz i ng  
a c t i v i t i e s  o f  these mol luscs t o  r e s u l t  i n  
the  removal of  a d u l t  p lan ts .  They can, 
however, damage f ronds and blades , 
r e s u l t i n g  i n  t he  sever ing o f  these p a r t s  
from a d u l t  p lan ts .  Te u l a  spp. i n  Carnie1 
Bay, when p a r t i c u l a r  7- y abundant (% 20 
i n d i v i d u a l s  per  p l a n t ) ,  has been observed 
t o  r e t a r d  o r  orevent the arowth o f  new 
sporophy 11 s  on' ~ t e r ~ ~ o ~ h o r i  c a l  i f o r n i c a  
dur ing  sp r i ng  months. I f  storms remove 
most l a r g e  f ronds from Macroc s t i s ,  these 
s n a i l s  can remove the remain ing --%- ronds and 
thus k i l l  the e n t i r e  p l a n t  (Sch ie l  and 
Foster i n  prep. ). Riedman e t  a1 . (1981) 
and Watanabe (1984a) recorded t h a t  t h e  
abundances o f  t h ree  soecies o f  Teaula were - 
s t r a t i f i e d  w i t h  depth i n  a  Macroc s t i s  
fo res t  near P a c i f i c  Grove* 
Ca l i f o rn i a .  Tegula brunnea (F igure  20) 
was the most abundant tu rban  s n a i l  i n  
shal low water ( -4  m depth) ,  w h i l e  T, - 



u 1 l i  o was iii~i-f abundcint 'n  d e e p ~ r  a r a s  'd). There was l i t t l e  ove r l ap  i n  
t h e i r  d i s t r i b u t i o n .  The t h i r d  species, T. 
monterey i ,  was t h e  l e a s t  abundant o f  t x e  
t h r e e  tu rban  s n a i l s ,  and tended t o  be most 
comnon a t  % 6 m depth. I n  a d d i t i o n  t o  
l i v i n g  and f eed ing  on l a r g e  brown algae, 
these species can be found a t  d e n s i t i e s  o f  
JL 40/m2 on t h e  subst ra tum (Watanabe 
1984a). Here, t h e y  may a l s o  graze smal l  
p l a n t s  and spores. 

Many o t h e r  g raz i ng  gastropods a r e  
p resen t  i n  Macrocys t i s  f o r e s t s ;  t h e i r  
h a b i t s  and e f f e c t s  a r e  l a r g e l y  unknown. 
Several  species o f  C a l l  iostoma ( P l a t e  I F )  
can be found on k e l p  p l an t s .  They a re  
omnivores e a t i n g  s e s s i l e  animals as we l l  
as k e l p  (Mo r r i s  e t  a l .  1980), b u t  t h e i r  
e f f e c t s  on k e l p  t i s s u e  a r e  probably  
minimal.  M i t r e11  a c a r i n a t a  and Lacuna 
u n i f a s c i a t a  a re  bo th  smal l  species, and 
can be t h e  most abundant ast ropods found 
on Macrocyst i  s  p l a n t s  4 Le igh ton  1971, 
M o r r i s  e t  a l .  1980). T h e i r  g raz ing  
e f f ec t s  a r e  a l s o  p robab ly  minimal.  
N o r r i s i a  n o r r i s i  ( ~ i ~ u r e  20) "and species 
o f  Astraea can be abundant i n  k e l ~  
f o r e s t s ,  p a r t i c u l a r l y  on t h e  f ronds o f  
Macrocvs t i s  and E i sen ia  (Schmi t t  e t  a l .  
1983)- n o r r i s i  f eed  b n  sporophyl i s ,  
s t i p e s  and younq f ronds ,  and Le iqhton 
(1971) r epo r t ed  t h a t  s t i p e  breakage may 
r e s u l t  from t h i s  q raz inq .  The q i a n t  
keyhole 1 impet  ( ~ e g c t h u r a  -crenul  ata)-  and 
severa l  spec ies o f  c h i t o n s  may qraze a l q a l  
spores f r om  t h e  substrat;m; b u t  -no 
s i s n i f i c a n t  e f f e c t s  on k e l u  have been 
repor ted .  Ton ice l  l a  1  i n e a t a  ( p l a t e  2A) i s  
o f t e n  abundant on enc rus t i na  co ra l  1  ines i n  
c e n t r a l  C a l i f o r n i a  k e l p  foFests ,  and may 
be respons ib le  f o r  keeping areas f r e e  o f  
o t h e r  algae. 

The Cal i f o r n i  a  brown sea hare, 
Ap l ys i a  c a l i f o r n i c a ,  may be l o c a l l y  common 
i n  k e l p  f o r e s t  and qrazes on a v a r i e t y  o f  
a l gae   orris e t  al: 1980). We have >een 
mat ing  aggregat ions o f  t h i s  species i n  
k e l p  f o res t s  i n  Carmel Bay. Dur ing 
per iods  o f  calm water ,  i n d i v i d u a l s  can 
occas i ona l l v  be found i n  t h e  toos  of 

c a l i f o r n i c a ,  g raz i ng  on t he  
t h e  C a l i f o r n i a  b l ack  

sea hare i s  Et common i n  southern 
C a l i f o r n i a  and Baja C a l i f o r n i a ,  Mexico. 
Th is  species may be t h e  w o r l d ' s  l a r g e s t  
gastropod, w i t h  i n d i v i d u a l s  over  0.5 m 

l o n g  and weighing nea r l y  16 kg. Egrecjia 
i s  repor ted  as i t s  pr imary food  (Mor r i s  e t  
a l .  1980). 

Several species o f  abalone l i v e  i n  
k e l p  f o res t s ,  and a1 1 consume many species 
of algae. The red  abalone ( H a l i o t i s  
rufescens; F igure  20), t h e  green abalone 
-ens), and the  p i n k  abalone (H. 
c o r r u i w e r e  impor tant  species i n  spo7t 
and commercial f i s h e r i e s  bu t ,  r ecen t l y ,  
t h e  harvest  o f  t h e  p r i m a r i l y  i n t e r t i d a l  
b lack  abalone (H. c r a c h e r o d i i )  has 
increased, p robab ly  because o f  t h e  impacts 
o f  commercial and spo r t  f i s h i n g  on t h e  
former species (see Sec t ion  6.2.2.2). 
Hines and Pearse (1982) r e p o r t  t h a t  
abalone popu la t ions  w i t h i n  a  k e l p  f o r e s t  
foraged by sea o t t e r s  e x h i b i t  h i g h  
recru i tment ,  growth r a t e s ,  and t u rnove r  
ra tes.  Abalone feed ex tens i ve l y  on 
Macrocyst is  (Le igh ton  1971, Tegner and 
Lev in  1982). Th is  i s  a lmost  e n t i r e l y  
d r i f t  mater i  a  1  , however, captured by  t he  
animals w i t h  t h e i r  power fu l  f e e t .  Species 
o f  H a l i o t i s  have l i t t l e  e f f e c t  on at tached 
p lan ts .  

4.4.3.3 Crustaceans (Arthropoda, 
Crustacea). The ke l p  i sopod  I d o t e a  (= 
Pent idotea) reseca ta  (F igure  20) dwe l l s  on 
t h e  upper f ronds  and b lades o f  Wacro- 
c y s t i s ,  and can h e a v i l y  graze t h e  b lades 
(Jones 1971). Nor th  (1966) r epo r t ed  t h a t  
t h i s  feed ing  a c t i v i t y  once e x t e n s i v e l y  
damaged t he  canopy o f  Macrocyst is  i n  a  
wide area o f  t h e  P o i n t  Loma k e l p  f o r e s t .  
The ho les  i n  blades r e s u l t i n g  from t h e i r  
g raz i ng  may a l s o  be s i t e s  f o r  fungal  and 
b a c t e r i a l  i n f e c t i o n s .  Another i s o ~ o d .  t h e  
p i  11 bug Paracerce i  s  cordata,  brobably  
causes 1 i t t l e  damage t o  k e l p  p l an t s .  

The g r i b b l e  L imnor ia  ( =  Phyco- 
1  imnor ia)  algarum may occas i ona l l y  cause 
a d u l t  Macrocyst is  t o  be detached f rom the  
substratum. This  isopod can be abundant 
i n  Macrocyst i  s  ho l  d f as t s  (Andrews 1945). 
It burrows i n t o  the  haptera,  forming 
tunne ls  which may severe ly  weaken t he  
ho l d fas t s  (Jones 1971). Increased wate r  
mot ion may t hen  d is lodge  these p l an t s .  A 
r e l a t e d  isopod can cause cons iderable 
weakening o f  g i a n t  k e l p  h o l d f a s t s  i n  
Argent ina (see Sec t ion  3.3.3). 

The k e l p  c u r l  i n g  amphipods Ampi thoe 
humeral i s, - A. r u b r i c a t a ,  and Cymadusa 



u n c i n a t a  b u i l d  t u b e s  i n  k e l p  la i i r inae by 
c u r l i n g  t h e  edges o f  b lades and s t i c k i n g  
them t o g e t h e r .  They e a t  k e l p ,  and may 
p u n c t u r e  b l a d e s  w i t h  t h e i r  sp ines  and 
hooks ( N o r t h  and  Schae fe r  1964). 

O the r  c r u s t a c e a n s  known t o  feed on 
k e l p  f o r e s t  seaweeds a r e  v a r i o u s  s p i d e r  
c rabs  (Hines 1982),  espec ia l  l y  T a l  i epus  
n u t a l l i ,  and t h e  k e l p  c rab  Pu e t t i a  
m a  ( F i g u r e  20).  A l t h o u g b  b, t h e i r  g r a z i n g  does n o t  appear t o  
have a  g r e a t  e f f e c t  on p l a n t s .  

4.4.4 P reda to rs  

Many s p e c i e s  o f  p r e d a t o r y  
i n v e r t e b r a t e s  i n h a b i t  o r  f r e q u e n t  
Macroc s t i  s  f o r e s t s ,  b u t  o v e r a l l ,  1 i t t l e  
h a b o u t  t h e i r  e f f e c t s  on the  
dynamic r e l a t i o n s h i p s  o f  organisms w i t h i n  
k e l p  s tands.  T a b l e  8  l i s t s  t h e  more 

common or larger :red?tors found i~ k d ! p  
f o r e s t s  on t h e  west  c o a s t  o f  N o r t h  
America. T h i s  l i s t  i n c l u d e s  o n l y  a  sma l l  
subse t  o f  s p e c i e s  t h a t  may be f o u n d  i n  
many l o c a l  i t i e s .  More comprehensive 1  i s t s  
can be found  i n  R i c k e t t s  e t  a l .  (1968) ,  
N o r t h  (1971b),  Smi th  and C a r l t o n  (1975),  
and M o r r i s  e t  a1 . (1980).  

4.4.4.1 Sea s t a r s  (Echinodermata).  
Severa l  spec ies  o f  p r e d a t o r y  sea s t a r s  may 
be e a s i l y  l o c a t e d  ' i n  most" kelp forests". 
The l a r g e r  spec ies  (see T a b l e  8 )  can be 
v o r a c i o u s  p r e d a t o r s  o f  o t h e r  i n v e r t e b r a t e  
spec ies ,  e s p e c i a l  l y  f a v o r i n g  sea u r c h i n s ,  
gas t ropods ,  and c h i  t ons .  I n t e r t i d a l  l y  , 
sea s t a r s  o f  t he  genus P i s a s t e r  may 
d i r e c t l y  a f f e c t  t h e  s p e c i e s  c o m p o s i t i o n  
and may a l l o w  success iona l  e v e n t s  i n  some 
conmun i t i es  (Pa ine  1974). They may 
p r e f e r e n t i a l  l y  consume musse ls  , t h e  
c o m p e t i t i v e l y  dominant spec ies  on some 

Tab le  8. Common i n v e r t e b r a t e  p r e d a t o r s  found i n  M a c r o c y s t i s  f o r e s t s .  

Species Connon namea Predatory e f f e c t s  

PHYLUM ECHINODERMATA 

Dermasterias 
imbr i ca ta  Leather s t a r  W i l l  eat  the purple sea u rch in  S. purpuratus, 

anemones, and cora ls .  

Astrometis s e r t u l  i f e r a  - - Occasionally feeds on ch i tons  and sea urch ins .  

Pisas t e r  ochraceus Ochre s t a r  Eats sna i ls ,  l impets,  ch i  tons, and barnacles. 

P. g iganteus - - - 

P. b rev isp inus  - - - 

P cno odia *aides Sunflower s t a r  

Same as above. 

Same as above. 

Comnonly eats sea urchins,  sna i l s ,  ch i t ons ,  
crabs, and o ther  sea s tars  

P a t i r i a  min ia ta  -- Bat s ta r  May ea t  small Lytechinus anemesus. 

PHYLUM MOLLUSCA 

Navanax i nerrni s  - - -- Eats other  opisthobranchs. 

Pleurobranchaea 
ca l  i f o r n i c a  W i l l  ea t  Navanax, anemones, and o the r  members 

o f  i t s  own species. 

Lo1 i g o  opalescens Common squid, sea Feeds mainly on shr imp- l i ke  crustaceans. 
avian, calamari 

( con t i nued )  



t a b l e  8 Concluded. 
- -- 

Species Common name Preda to ry  e f f e c t s  
-- 

Octopus b imacu lo ides  Two-spotted octopus Feeds ma in ly  on  m o l l  uscs (1  impets, abalone, 
o t h e r  gast ropods)  and crustaceans (e.g., c r a b s ) .  

0 .  rubescens - Red octopus Same as above. 

Octopus d o f l e i n i  N o r t h  P a c i f i c  Same as above. 
g i a n t  octopus 

0. m ic ropyrsus  - - - Found i n  k e l p  h o l d f a s t s ;  feeds on smal l  
mo l luscs  and crustaceans.  

Cypraea spadicea Chestnut  c o w r i e  Feeds on s n a i l s '  eggs, anemones, a s c i d i a n s .  

Amphissa columbiana W r i n k l e d  dove s n a i l  Common i n  k e l p  h o l d f a s t s ;  1  i t t l e  known. 

Conus c a l  i f o r n i c u s  C a l i f o r n i a  cone Feeds on gastropods, b i v a l v e s  , p o l  ychaetes 
and o t h e r s .  

PHYLUM ARTHROPODA 

Panul i r u s  i n t e r r r u p t u s  C a l i f o r n i a  sp iny  
l o b s t e r  

Feeds on a  wide v a r i e t y  o f  i n v e r t e b r a t e s .  

Loxorhynchus g r a n d i s  Sheep crab Feeds on mo l luscs  and echinoderms. 

L .  c r i s p a t u s  - Moss, masking c rab  Feeds on a  v a r i e t y  o f  i n v e r t e b r a t e s .  

P e l i a  tumida -- Dwarf c rab  Common i n  k e l p  h o l d f a s t s ;  feeds on a  
v a r i e t y  o f  smal l  i n v e r t e b r a t e s .  

Cancer a n t e n n a r i u s  Rock crab Common around bases o f  k e l p  p l a n t s ;  ea ts  a  
v a r i e t y  o f  i n v e r t e b r a t e  p rey .  

C .  a n t h o n y i  - Ye1 l o w  c r a b  Ea ts  a  v a r i e t y  o f  i n v e r t e b r a t e  prey.  

C. j o r d a n i  - -  H a i r y  cancer  c rab  Common i n  k e l p  ho l  d f a s t s ;  unknown feed ing .  

C .  p r o d u c t u s  - Red c r a b  Eats a  v a r i e t y  o f  i n v e r t e b r a t e  prey. 

Lophopanopeus be1 l u s  
b e l l u s  Black-c lawed crab Common i n  k e l p  h o l d f a s t s .  

-- - 
a Fran N o r t h  (1971b) and M o r r i s  e t  a l .  (1980). 

shores o f  t he  P a c i f i c  northwest.  Because 
o f  t h e i r  e f f e c t s ,  they  have been c a l l e d  
"keystone spec ies"  (Paine 1966). I t  has 
a l s o  been recorded t h a t  t h e  sudden 
i n t r u s i o n  of sea s t a r s  i n  t i d e p o o l s  w i l l  
cause t h e  r a p i d  e x i t  o f  sea u rch ins ,  which 
may even tua l l y  a l l o w  many species o f  l a r  e  
a l gae  t o  c o l o n i z e  (Paine and Vadas 1969 3 . 
The i n d i r e c t  e f f e c t s  o f  sea s t a r s  on a l g a l  
assemblages i n  s u b t i d a l  hab i t a t s ,  however, 
are l e s s  c e r t a i n .  

The l a r g e  sunf lower  s t a r  Pycnopodia 
he1 ian tho ides  (F igure  2 1 )  commonly 
consumes sea u rch ins .  Duggi ns (1983) 
found t h a t  p reda t i on  o f  sea u r ch i ns  by 
t h i s  s t a r f i s h  i n  Torch Bay, Alaska can 
c rea te  shor t -1  i v e d  patches f r e e  o f  
herbivores, which may s i g n i f i c a n t l y  a f f e c t  
sub t i da l  a1 ga l  assemblages. P. 
he1 ian tho ides  w i l l  a1 so e a t  c h i  ton?, 
gastropods, crabs, and o t h e r  sea s ta rs .  
P i sas te r  spp. (F i gu re  21) have a  s i m i l a r  



F igure  21. Some common i nve r t eb ra te  pre-  
dators  i n  ke l p  f o res t s .  

broad d i e t  (over  40 prey i tems f o r  P. 
i anteus i n  a  cen t r a l  C a l i f o r n i a  k e l p  

?Z?ZFTR a r r o l d  19811 and 34 i n  southern 
C a l i f o r n i a  rRosenthal 1971]), as does 
~ s t r o m e t i s  -ser tu l  i fez. However, the 
latter= l e ss  e f f e c t ~ v e  than Pycnopodia 
a t  cap tu r ing  l a r g e  sea urch ins.  The 
l e a t h e r  s t a r  Dermasterias imbr ica ta  
(F iqure  21) w i l l  e a t  the  smal ler  pu rp le  
sea u r c h i n  St rongy l  ocentrotus u r  u ra tus  
(Rorcnthal a n d  Chess 1 4 / 2 1  a 5  W P ~  

anemones c a l  i f o r n i c a ,  
Antho j leura A. 
Te-ant iss~ma &iGGFi l ? f & i r S i i l ' % % -  (1983) 
i nd i ca ted  t h a t  p reda t ion  by Dermasterias 
and shading by algae may prevent 
Antho l eu ra  spp. f r o ~ n  occupying sub t i  dal  
&Schrni t t  (1982) found t h a t  sea 
s t a r s  and o the r  predators  a f f ec ted  the  
d i s t r i b u t i o n  o f  Te u l a  spp. on sub t i da l  
ree fs  a t  C a t a l i r ~ ~ n d .  I n  the Po in t  
C a b r i l l o  k e l p  fo res t  i n  cen t r a l  
Ca l i f o rn i a ,  sea s t a r  and f i s h  predat ion 
1 i rn i t s  T. -- brunnea t o  shal low water where 
understory vege ta t ion  prov ides a  p a r t i a l  
refuge f ronl these predators ( Watanabe 
1984a ) . 

Schroeter e t  a l .  (1983) found t h a t  
the  b a t  s t a r  P a t i r i a  m in ia ta  cou ld  a f f e c t  
the  d i s t r i b u t m  the small wh i te  sea 
u r c h i n  L  techinus anamesus on a  small 
scale i n  -5-r- a e  p  stand near San Onofre (San 
Diego County). P a t i r i a  could capture and - consume Lytechinus i n  experiments done i n  

t h e  l abo ra to r y .  From t h e  escape response 
of Lytechinus no ted  i n  t h e  l abo ra to r y ,  
these workers concluded t h a t  t he  smal l -  
sca le  d i s t r i b u t j o n  of t h e  spec ies i n  t h e  
ke l p  f o res t  was t he  r e s u l t  o f  t he  
predatory  a c t i v i t i e s  o f  P a t i r i a .  
P re fe ren t i a l  feed ing  on p a r t i c u l a r  
bryozoans by P a t i r i a  a l s o  a f f e c t s  
succession i n  bryozoan assemblages (Day 
and Osman 1981). 

4.4.4.2 M o l l  uscs (Mol l  usca). 
Several species o f  octopus a r e  found w i t h -  
i n  ke l p  f o res t s .  They f eed  on a  wide 
v a r i e t y  o f  animals, b u t  mos t l y  on gas t ro -  
pods and crabs. Schmi t t  (1982) i n d i c a t e d  
t h a t  p reda t i on  by Octopus b imacu la tus  and 
o ther  animals can have impo r t an t  e f f e c t s  
on t he  d i s t r i b u t i o n  o f  Tegula spp. a t  
Catal  i n a  I s l and .  0. b imacu la tus  a l s o  p rey  
on N o r r i s i a  n o r r i s i .  Moreover, i f  t h i s  
s n a i l  i s  o n l y  damaged by 0. bimaculatus,  
subsequent f o u l i n g  by barnac les on t he  
damaged s h e l l  makes t h e  s n a i l  l e s s  ab l e  t o  
c l i n g  t o  ke l p  p l an t s ,  and reduces i t s  
a b i l i t y  t o  escape f rom o t h e r  ben th i c  
predators  such as sea s t a r s  (Schm i t t  e t  
a l .  1983). Some species o f  octopus a r e  
l a r g e  and can even cap tu re  and consume 
la rge  abalone. The c r y p t i c  c o l o r i n g  and 
r e c l u s i v e  na tu re  o f  octopuses render  them 
d i f f i c u l t  t o  observe i n  t h e i r  n a t u r a l  
hab i ta ts .  

The common squ id  L o l i g o  o  alescens i s  
an i n f r eouen t  v i s i t o r  t o  k e h t s .  
It feeds 'main ly  on euphausids and o t h e r  
shrimp-1 i ke crustaceans. 

Many species o f  nudibranchs a re  
commnly seen i n  k e l p  f o r e s t s .  The 
opisthobranchs i nc l ude  some q u i t e  c o l o r f u l  
species, and p rov ide  a  s t r i k i n g  c o n t r a s t  
t o  the  o f t e n  drab surroundings o f  t h e i r  
ben th ic  hab i t a t s .  They f eed  on sponges, 
anemones, hydro ids  , and o t h e r  
opisthobranchs. We have l i s t e d  o n l y  two 
1  arge species , Navanax i nermi s  and 
Pleurobranchia c a l  i f o r n i c a  (T-. 

Predatory prosobranch gast ropods a r e  
abundant i n  k e l  p  f o r e s t s ,  p a r t i c u l a r l y  
around g i a n t  k e l p  ho l d f as t s .  The ches tnu t  
cowr ie  Cypraea spadicea feeds on 
gastropods, asc id ians ,  and anemones. 
Conus c a l i f o r n i c u s ,  t h e  C a l i f o r n i a  cone, 
eats b iva lves ,  polychaetes, gastropods, 
and var ious  o t h e r  smal l  an imals  ( M o r r i s  e t  



a l .  1982). Thz whc lk ,  ! k ? ? e t ; a  ke:?eti i ,  
i s  a carnivorous scavenger with a die t  
similar t o  Pi sas te r  giganteus. Rosenthal 
(1971) found, from observations made off 
San Diego, tha t  these t w o  species often 
converge o n  the same food source and feed 
together, even though P. giganteus 
occasionally eats  K. ke l l e t f i .  The miter 
Mitrae idae can be common in kelp fores ts  -- 
and feeds on sipunculans (Fukuyama and 
Nybakken 1983). L i t t l e  i s  known about the 
wrinkled dove snai 1 Amphissa columbiana, 
which i s  par t icular ly  common in holdfasts 
of Macrocysti s ( Andrews 1945). 

4.4.4.3 Crustaceans (Arthropoda, 
Crustacea). The spiny 1 obster Panul i rus 
interruptus (Figure 21) has been found as 
f a r  north as Monterey Bay, but i s  common 
only south of Point Conception. I t  was 
once more abundant than i t  i s  today (see 
Chapter 6 ) ,  b u t  continual removal of t h i s  
food species by commercial fishermen and 
recreational divers has reduced i t s  
numbers. Panulirus feeds on a wide 
variety of invertebrates,  and Tegner and 
Dayton (1981) and Tegner and Levin (1983) 
suggested that  i t  may be an important 
predator of sea urchins. 

The l a s t  group of predatory 
invertebrates which we will mention i s  the 
true crabs, whose members are abundant in 
kelp fores ts .  Several of the species 
l i s t ed  in Table 8 are common i n  or around 
Macroc s t i s  holdfasts. Species of Cancer 
,&) and Loxorhynchus are larger 
crabs which feed on various invertebrates. 
The dwarf crab Pelia tumida and the 
x a n t h i d  crab L o p h o ~ p e u s 6 e T l u s  be1 lus 
are commonly found i n  ke-01- 
(Andrews 1945), but 1 i t t l e  i s  known about 
their  feeding habits. 

4.5 FISH 

4.5.1 Introduction 

As i s  true of most other organisms 
discussed in t h i s  chapter, almost a l l  
species of f i sh  found i n  kelp fores ts  can 
also be found on subtidal reefs devoid of 
surface canopy kelps, and f ishes  common in 
kelp fores ts  are  among the f i r s t  to  
colonize newly placed a r t i f i c i a l  reefs 
with almost no macroalgae (Turner e t  a l .  
1969, Grant e t  a l .  1982, LOSL 1983). The 
heterogeneous kel p fo res t  envi ronment 

does, however, provide an important source 
of food and she l te r  for  many f ishes .  As 
many as 125 species have been reported to  
inhabit rocky reefs and kelp fo res t s  off 
southern California (Feder e t  a l .  1974). 
Quast (1971a) l i s t ed  57 species associated 
with kelp fores ts  in southern California; 
Burge and Schultz (1973) reported 77 
species from the Diablo Cove area near San 
Luis Obispo, and Miller and Geibel (1973) 
identified 67 species between San Simeon 
and Monterey . Detailed descriptions of 
these species can be found in the above 
references o r  in popular books such as 
Fitch (1971, 1975), Gotshall (1981), and 
Eschmeyer e t  a l .  (1983). Choat (1982) 
provides an excellent review of the 
ecological consequences of f ish feeding i n  
temperate waters. The more common fishes 
frequently found in kelp fores ts  are 
discussed below and many are i 11 ustrated 
i n  Figure 22. 

There are  a number of differences in 
kel p forest  f i sh  assemblages between 
central and southern California, and these 
have been largely attr ibuted to  di f fer-  
ences in water characterist ics.  In 
par t icular ,  southern California waters are 
generally l ess  turbid, l e ss  turbulent, and 
warmer. Tropical ly-derived species or 
families are much more prevalent there,  
and include the Clinidae ( c l i n id s ) ,  
Gobi idae (gobi es )  , Pomacentri dae (damsel - 
f i shes ) ,  the Labridae (wrasses), the 
Serranidae (basses),  and the Kyphosidae 
(sea chubs) (Ebel ing e t  a l .  1980a, b). 
Temperate famil ies  include the Embio- 
tocidae (surfperches) , the Scorpaenidae 
(rockfishes), the Hexagramnidae (green- 
1 i n g ~ ) ,  and the Cottidae (scul pins) 
(Ebeling e t  a l .  1980a, b ) .  Waters of 
central Cal i fornia have fewer tropically 
derived species and fewer families, but 
generally more species per family, 
particularly of rockfishes. 

Even though both temperate kelp 
forests and tropical reefs occur a t  
similar depths and have diverse f ish  
assemblages, the behaviors of the f ishes  
in the two habitats are different.  The 
tropics are characterized by a daily s h i f t  
in activity between diurnal and nocturnal 
species t h a t  may be a resu l t  of changes in 
the presence of predators (Hobson 1973). 
In temperate kelp forests near Santa 
Barbara, the replacement of species i n  the 
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F igure 22. Some common ke lp  f o res t  f i shes  (redrawn from M i l l e r  and Lea 1972). 

water colunin a t  dusk i s  no t  as dramatic; 
t he re  are a few nocturna l  species, bu t  the 
m a j o r i t y  are d i u rna l  (Ebel ing and Bray 
1976). The number o f  nocturna l  i n d i v i -  
duals and species, however, i s  g rea te r  i n  
the  warnier water o f f  Cata l ina I s l and  
(Hobson and Chess 1976, Hobson e t  a l .  
1981). Species t ha t  are o f  t r o p i c a l  
o r i g i n  do show the apparent ly programmed 
a c t i v i t y  pa t t e rn  o f  t r o p i c a l  species, even 
though predat ion may be reduced (Ebel i ng 
and Bray 1976, b u t  a lso  see Hobson e t  a l .  
1981). 

Kelp f o r e s t  f i shes  can be d iv ided  
i n t o  two groups according t o  the  sub- 
hab i t a t  occupied w i t h i n  ke l p  fo res ts :  
canopy-midwater o r i e n t i n g  species, and 
bot tom-or ient ing species. Feeding 
categor ies can a l so  be d is t ingu ished  f o r  
species i n  the hab i t a t  groups (Table 9) 
and inc lude browsers, p lank t i vo res ,  and 
predators on m o t i l e  prey (Choat 1982). 
Browsers feed p r i m a r i l y  on sess i l e  orga- 
nisms, whereas predators on mobi le prey 

(ambushers, searchers, chasers)  feed  on 
inver tebra tes  and f i shes .  P l  a n k t i  vores 
feed on open-water zooplankton. 

4.5.2 Canopy-midwater Species 

Only two species can t r u l y  be 
c l a s s i f i e d  as browsers i n  t h e  canopy-mid- 
water zones: t he  s e n o r i t a  (F i gu re  22), 
Oxy ju l ius  c a l i f o r n i c a ,  a  member of a  
t r o p i c a l  f am i l y  (Labr idae) ,  and t he  ke lp  
su r fperch  ~ r a c h ~ i s t i u s  f r e n a t u s  i n  the 
temperate f a m i l y  Embiotocidae. The 
seno r i t a  i s  an orange-col  ored, c i g a r -  
shaped f i s h  w i t h  a  p o i n t e d  snout and 
p ro t rud ing  tee th .  I t  g e n e r a l l y  swims i n  
schools o f  severa l  t o  hundreds o f  i n d i v i -  
duals, and ranges f rom t h e  canopy t o  the 
bottom (Bray and Ebe l i ng  1974). This 
species i s  a  dayt ime feeder  on t he  bryo-  
zoan Membrani pora sp. , which grows on 
Macrocyst i  s  y r i f e r a ,  hydro ids ,  ke lp -  
assoc ia ted cfustaceans, and some open- 
water p lank ton  (Be rns te i n  and Jung 1979). 
Berns te in  and Jung (1979) suggested tha t ,  



Tab le  9. Subhabi ta t  and feed ing  categor ies o f  common k e l p  f o r e s t  f i shes .  

Preda to rs  on 
Subhabi ta t  Browsers P l a n k t i v o r e s  mobi 1 e p r e y  

Canopy-Midwa t e r  
Species S e n o r i t a  Blue r o c k f i s h  

( O x y j u l i s  c a l i f o r n i c a )  (Sebastes mys t inus )  

Ke lp  s u r f p e r c h  B lacksmi th  
( B r a c h y i s t i u s  f r e n a t u s )  (Chromis p u n c t i p i n n i s )  

Halfmoona J u v e n i l e  r o c k f i s h  
(Medialura ca! i f o r n i e n s i s )  (Sebastes spp. ) 

Juveni l e  ke l  p bass 
(Paralabrax c l a t h r a t u s )  

G a r i b a l  d i  
(Hypsypops rub icundus)  

Bo t tom 
Species 

S u r f p e r c h  

C a l i f o r n i a  sheephead 
(Semicossyphus p u l c h e r )  

Opaleyea 
( G i r e l  l a  n i g r i c a n s )  

G i a n t  k e l p f i s h  
!He te ros t i chus  r o s t r a t u s )  

Ke lp  bass 
(Para labrax  c l a t h r a t u s )  

O l i v e  r o c k f i s h  
(Sebastes se r rano ides)  

B lack  r o c k f i s h  
(Sebastes melanops) 

Sur fperch  

C a l i f o r n i a  Sheephead 
(Semicossyphus p u l c h e r )  

Rock f i sh  
( g a s t ~  spp.) 

G r e e n l i n g  
(Hexogramos spp.) 

L ingcod  
(Ophiodon e longa tus )  

Cabezon 
(Scorpaenichthys marmoratus) 

S c u l p i n  

Torpedo r a y  
(Torpedo c a l  i f o r n i c a )  

SAlso g r a z e r s .  

i n  t h e  absence o f  s e n o r i t a  p reda t ion ,  ke l p  
f r o n d s  would be much more h e a v i l y  f ou l ed  
by sess i  1  e  animals,  and perhaps dest royed 
by herb ivorous crustaceans. Senor i tas 
a l s o  c l ean  o t h e r  f i s h e s ,  feed ing  on sca les 
and p a r a s i t i c  copepods. A t  n i g h t ,  t h i s  
f i s h  b u r i e s  i t s e l f  i n  patches o f  r ubb le  
and sand, a  c h a r a c t e r i s t i c  behav io r  o f  
many 1  a b r i  ds. 

The d i e t  o f  t h e  k e l p  sur fperch i s  
s i m i l a r  t o  t h a t  o f  t h e  seno r i t a .  Th is  
k e l  p-co l  o red  f i s h  consumes copepods, 
garnmarid amphi pods, bryozoans, and occa- 
s i o n a l  l y  ec toparas i  t e s  on o t h e r  f i s h  (Bray 
and Ebe l ing  1974, Coyer 1979). Kelp 
su r f pe r ch  feed  d u r i n g  t he  day, u s u a l l y  
s t a r t i n g  a t  dawn, and have f u l l  stomachs 
by  noon. Th i s  spec ies i s  very  r a r e  i n  
areas w i t h o u t  l a r g e  seaweeds ( C a r r  pers. 
corn. ). 

The ha1 frnoon Medial una c a l  i f o r n i e n s i s  
(Family Scorpididae, F iqure  22) i s  a  
browser, b u t  ' consumes bo th  i n v e r t e b r a t e s  
and algae i n  southern C a l i f o r n i a  (Quast 
1971d, Feder e t  a l .  1974). The halfmoon 
occurs s i n g l y  o r  i n  loose  schools,  
browsing on seaweeds, and a long  w i t h  t h e  
opaleye (see below), i s  t he  o n l y  abundant, 
l a rge  f i s h  t h a t  r e g u l a r l y  feeds on 
seaweeds i n  C a l i f o r n i a  g i a n t  k e l p  f o r e s t s .  
Other than  an occas ional  b i t e  mark, 
halfmoon appear t o  cause l i t t l e  damage i n  
l a r g e  stands o f  kelp.  I f  stands a re  
reduced t o  a  few p l an t s ,  however, these 
f i s h  can complete ly  remove blades, caus ing 
the  p l a n t s  t o  d i e .  Th i s  has i n h i b i t e d  
t r ansp lan t  e f f o r t s  t o  r e s t o r e  g i a n t  k e l p  
(Nor th  1968), and t o  e s t a b l i s h  Macroc s t i  s 
and P te r  o  hora c a l i f o r n i c a  & + a r t i f i c i a  r e e f  (Grant e t  al'. 1982, LOSL 
1983). 



Predators  feeding on 1  arge, mobi le  
p rey  i n  t h e  canopy-midwater reg ions 
i nc l ude  t h e  g i a n t  k e l p f i s h  (He te ros t i chus  
r o s t r a t u s ) ,  t h e  ke l p  bass (Para labrax 
c l a t h r a t u s )  , t h e  ke l p  r o c k f i s h  (Sebastes 
a t r o v i r e n s )  , t h e  o l i v e  r o c k f  i n  
serranoides) ,  and t he  b l a c k  r o c k f i s h  (3. 
melanops). Young o l i v e  r o c k f i s h  es t  
p lank ton  (Hobson and Chess 1976, Love and 
Ebel i n g  1978). 

The c r y p t i c a l  l y - c o l o r e d  g i an t  
k e l  p f i  sh OCCU r s  th roughou t  the 
water-column i n  c lose  a s s o c i a t i o n  w i t h  
Macrocyst i  s  and o the r  seaweeds. A1 though 
r a r e l y  seen i n  cen t r a l  C a l i f o r n i a ,  i t  i s  
p a r t i c u l a r l y  c o m n  i n  k e l p  f o r e s t s  around 
i s l ands  o f f  southern C a l i f o r n i a .  The 
g i a n t  k e l p f i s h  feeds d u r i n g  t h e  day i n  
open water, on subs t ra tum-or ien ted  prey 
such as mysids, isopods, amphipods, shrimp 
and f i s h  (Coyer 1979, Hobson e t  a l .  1981). 

The k e l p  bass ( F i g u r e  22) was 
descr ibed by Quast (1968, 1971a) as a  
rnedi um-sized, general i zed carn ivo re  
occupying a  wide v a r i e t y  o f  environments. 
Kelp bass t e n d  t o  move o n l y  s l i g h t l y  among 
reefs  (Young 1963) and w i l l  congregate a t  
h e a v i l y  f i s h e d  and chummed s i t e s .  Food 
h a b i t s  change w i t h  age; j u v e n i l e s  (<  299 
mm) ea t  p r i m a r i l y  ben th i c  i n v e r t ~ b r a t e s  
and p lankton,  b u t  sw i tch  t o  f i s h  when they 
grow l a r g e r  (Love and Ebel i n g  1978, Hobson 
e t  a l .  1981). Kelp bass o v e r  30 cm ea t  
predominate ly  f i s h ,  a1 though i nve r t eb ra tes  
occasionally are found i n  t h e i r  stomachs. 
I n  southern Cal i f o r n i a ,  k e l p  bass are 
regarded as one o f  t h e  p r ima ry  f i s h  
predators  i n  t h e  k e l p  f o r e s t .  This 
species i s  no t  as common i n  cen t r a l  
Ca l i f o rn i a .  

The k e l p  r o c k f i s h  (F i gu re  22),  a  
common c r y p t  i c  species , can be found 
throughout t h e  water column assoc ia ted 
w i t h  kelp.  Kelp r o c k f i s h  hover  ad jacent  
t o  k e l p  s t i p e s ,  du r ing  t h e  day and n i g h t  
i n  c e n t r a l  C a l i f o r n i a ,  b u t  b o t h  r e s t  on 
t h e  bottom and hover a t  n i g h t  i n  southern 
C a l i f o r n i a  (Hobson and Chess 1976, Van 
Dykhuizen 1983).  They f eed  on a  wide s ize  
range of p rey  i tems, i n c l u d i n g  plankton, 
ep iben th ic  i n ve r t eb ra tes ,  and j u v e n i l e  
f i shes .  Ke lp  r o c k f i s h  f eed  p r i m a r i l y  a t  
dawn and a t  n i gh t ,  b u t  w i l l  t a ke  prey 
whenever i t  i s  abundant, 

The o l i v e  r o c k t i s n  (F i gu re  221, 
common t o  bo th  c e n t r a l  and southern 
C a l i f o r n i a  k e l p  f o r e s t s ,  i s  a l a r g e  
midwate r  predator .  U n l i k e  k e l p  bass, 
wh i ch  they  s u p e r f i c i a l  l y  resemble, a d u l t  
o l i v e  r ock f i sh  gene ra l l y  remain i n  t he  
same l o c a t i o n  on a  p a r t i c u l a r  r e e f  ( ~ o v e  
1980).  Juveni les,  subadul t s ,  and a d u l t s  
d i f f e r  i n  t h e i r  feed ing  behav io r  (Hobson 
and Chess 1976, Love and Ebe l i ng  1978, 
Love and Westphal 1981). J u v e n i l e  01 i v e  
r o c k f i s h  < 55 mm fo rm aggrega t ions  i n  t h e  
w a t e r  column, and feed on copepods, 
amphipods and la rvae .  I n t e rmed ia te - s i zed  
j u v e n i l e s ,  55-65 mm, feed  day and n i g h t  on 
amphi pods, cumaceans , and mysids. Large 
j u v e n i l e s  (>  65 mm) a r e  a c t i v e  a t  n i g h t ,  
h o v e r i n g  i n  midwater aggregat ions over  t h e  
bottom, and feed ing  on amphipods, mysids, 
and o the r  crustaceans. Adu l t s  may feed 
day o r  n i g h t  on j u v e n i l e  f i s h e s ,  octopus, 
and squid.  The l o c a l  d i s t r i b u t i o n  and 
f o o d  h a b i t s  o f  t h e  o l i v e  r o c k f i s h  i n  
c e n t r a l  C a l i f o r n i a  a re  s i m i l a r  t o  those o f  
t h e  ke l p  bass i n  southern C a l i f o r n i a  (see 
d i s c u s s i o n  i n  Love and Westphal 1981). 

Black r o c k f i s h  a r e  r a r e  i n  southern 
C a l i f o r n i a  ke l p  f o r e s t s ,  b u t  common i n  
c e n t r a l  C a l i f o r n i a .  Th i s  spec ies occupies 
t h e  midwater zone, s o l i t a r y  o r  
i n t e r spe rsed  w i t h  schools  o f  b l u e  
r o c k f i s h .  Juven i l e  r o c k f i s h  a re  impor tan t  
p r e y  f o r  the b lack  r o c k f i s h  d u r i n g  t h e  
u p w e l l  i n g  p e r i o d  ( s p r i n g - e a r l y  summer), 
w h i l e  polychaetes a r e  impo r t an t  p rey  a t  
o t h e r  t imes o f  t h e  yea r  (Roberts 1979). 

Kelp f o r e s t  f i s h e s  t h a t  feed 
predominant ly  on p l ank ton  i n c l u d e  b l ue  
r o c k f i s h  (Sebastes myst inus) ,  t he  
b l a c k s m i t h  (m punc t i p i nnus ) ,  and 
j u v e n i l e  r ock f i shes  (Sebastes spp. ). B lue 
r o c k f i s h  (F igure  22) a r e  t h e  most common 
r o c k f i s h  i n  t h e  k e l p  f o r e s t s  o f  c e n t r a l  
and  southern C a l i f o r n i a .  They occupy t he  
open-water h a b i t a t  i n  k e l p  f o r e s t s  o r  over  
deep, rocky r e e f s  devo id  o f  ke lp .  
I n d i v i d u a l s  o f  t h i s  spec ies  occur  alone, 
i n  loose  schools,  o r  i n  l a r g e  aggregat ions 
( M i l l e r  and Geibel  1973). B lue r o c k f i s h  
a r e  a l s o  one o f  t h e  most impo r t an t  s p o r t  
spec i es  i n  c e n t r a l  and no r t he rn  C a l i f o r n i a  
( M i l l e r  and Geibel  1973). The h a b i t a t s  of 
t h e  b l ue  r o c k f i s h  i n  c e n t r a l  C a l i f o r n i a  
a r e  s i m i l a r  t o  those of t h e  b lacksmi th  
(see below) i n  southern C a l i f o r n i a .  The 
f e e d i n g  h a b i t s  o f  t h e  b l u e  r o c k f i s h  d i f f e r  



between the u~wel 1 i n q  and non-upwell ing 
seasons (Miller and Geibel 1973, Love and 
Ebel ing 1978, Roberts 1979). Pelagic 
t u n  ica tes  and crustaceans a re  important 
prey i n  the upwelling season, whereas 
algae, euphausids and larval f ishes are 
eaten in the non-upwell i ng  season. 
Hallacher (1977) a lso  found algae in  blue 
rockfish stomachs. 

The most common f i s h  in the kelp 
fores ts  of southern California i s  the 
blacksmith (Figure 22). This damsel f ish 
usually aggregates in the midwater on the 
up-current edge of kelp fores ts  during the 
day. I t  feeds on larvaceans, copepods, 
cladocerans, and various larvae. 
Blacksmith re t rea t  to she l te r  holes and 
crevices a t  dusk and come out again a t  
dawn (Bray 1981). As a resu l t  of feeding 
on plankton a t  the edge of kelp forests 
during the day and defecating i n  the 
she1 t e r  holes a t  night,  blacksrilith 
transport  ex t r ins ic  energy into  the kelp 
fo r e s t ,  and t he i r  feces provide a food 
source fo r  the benthic invertebrates (Bray 
e t  a l .  1981). 

Juvenile rockfishes are  the most 
abundant planktonic feeders during the 
upwell ing season in central Cal ifornia 
(Burge and Schultz 1973). They recrui t  to 
kelp fo res t s  i n i t i a l l y  around May, and 
remain there unti l  November or December 
when winter storms begin. The seven 
species studied by Singer (1982) were 
divided into  two groups: those which fed 
primarily in the water column, and those 
which fed on substrate-oriented prey. All 
species were general ly  active and fed 
during the day. These juvenile rockfishes 
provide an important source of prey fo r  
many adult kelp fo res t  f i shes ,  including 
kelp bass (Young 1963), adult  rockfishes 
(Roberts 1979, Love and Westphal 1981), 
and l ing cod (Miller and Giebel 1973). 
Many nearshore birds a l so  feed on 
young-of-the-year rockfish in  kelp fores ts  
(Fo l le t t  and Ainley 1976, Hubbs e t  a l .  
1970, Ainley e t  a l .  1981, Carr 1983). 

A number of small cryptic f ishes 
occupy the surface and midwater portions 
of the water column. b u t  onlv in the 
presence of ~ac . ro ;~s t i  s PYri f6raj, k,i!; kelp gunnel (Ulvico a sanctaerosae 
clingfish (Rimicola muscarum), giant 
kelpfish (Heterostichus ros t ra tus)  and the 

manacled sculpin (Synchirus g i11 i )  a l l  
maintain close proximity to vertical  
fronds and the canopy of giant kelp, 
feeding on small, mobile prey. 

As pointed out in the introduction, 
almost a l l  f i shes  found in kelp fores ts  
can be found in rocky habitats without 
kelp. The re la t ive  importance of the 
Macrocystis habi ta t ,  however, may be much 
greater for  the early 1 i f e  stages of some 
fishes than for adult conspecifics. 
During th i s  early period of high 
vulnerability to predation and pressing 
metabol i c  requirements f o r  growth, the 
refuge made available by, and prey species 
associated with, kelp s t ructure  may 
enhance local survivorship of recently 
recruited fishes.  The abundance of young 
rockfish (Leaman 1976, Burge and Schultz 
1973, Miller and Giebel 1973, Carr 1983) 
and kelp bass (Larson and DeMartini in 
press) throughout the water column in kelp 
seems t o  be strongly influenced by the 
presence of - M .  pyrifera.  

4.5.3 Bottom Species 

Fishes tha t  occur in the bottom zone 
of kelp fores ts  can also be c lass i f ied as 
browsers or predators on mobile prey. 
Here again, there are differences with 
respect to  species composi tion between 
central and southern Ca1 i fornia. Browser- 
type fishes feeding on sess i le  
invertebrates include the qaribal di 
j;ypsypops rubicunda), the rock wrasse 

a ichoeres semi cinctus) . and some of the 

The most visible f i sh  in the bottom 
zone i s  the bright orange ocean goldfish 
or garibaldi (Figure 2 2 ) .  I t  ranges north 
to  Monterey Bay, b u t  i s  rare north of 
Point Conception (Miller and Lea 1972). 
Garibaldi defend t e r r i t o r i e s  which include 
a feeding area ,  a shel ter  hole, and for  
some, a breeding s i t e  (Clarke 1970, 1971). 
Terri tories are defended throughout the 
year, and u p  t o  four years a t  the same 
s i t e .  Some garibaldi are  not t e r r i t o r i a l ;  
juveniles do n o t  defend t e r r i t o r i e s ,  and 
females do not defend home ranges as 
s t r i c t l y  as males. The nesting s i t e  
consists of a patch of filamentous algae 
that  i s  kept free of other organisms and 
detr i tus  by the male during the breeding 
season. This tends to  increase algal 



branch dens i t y ,  which t h e n  d e c r e a s e s  a f t e r  
t h e  breeding season ( F o s t e r  1 9 7 2 ) .  Female 
g a r i b a l d i  l a y  eggs On t h i s  t u r f  from May 
t o  October, and young d i s p e r s e  i n  the  
p lank ton  and s e t t l e  i n  s h a l l o w  water 
(Clarke 1970). Newly s e t t l e d  g a r i b a l d i  
feed on C O P ~ P O ~ ~ ,  i s o ~ o d s ,  c l  adocerans, 
and amphipods. Adu l t s  f e e d  o n  sponges, 
cn idar ians ,  bryozoans a n d  sometimes, 
polychaetes, nud i  branchs, a n d  c r a b s .  Th is  
species i s  a c t i v e  by day ,  retreatin; t o  
s h e l t e r  ho les a t  n i g h t .  

Su r f  perches i n  t h e  Fami l y  
Embiotocidae are e x t r e m e l y  common i n  
temperate f i s h  assemblages. Members o f  
t h i s  f a m i l y  a r e  v i v i p a r o u s ,  g i v i n g  b i r t h  
t o  l i v e  young which a l r e a d y  resemble  the  
adul ts .  The surfperches f e e d  p r i m a r i l y  on 
smal l  crustaceans, b r i t t l e  s t a r s ,  clams, 
mussels, l impe t s ,  p o l y c h a e t e s  , and  s n a i l s  
which i n h a b i t  t he  " t u r f "  o n  the  rocky 
subs t ra te  (Feder e t  a l .  1974 ,  E l  1 i s o n  e t  
a l .  1979, Haldorson and  Mose r  1979, Laur 
and Ebel i n g  1983). The m o s t  common 
surfperches observed i n  southern 
C a l i f o r n i a  k e l p  f o r e s t s  a r e  t h e  b lack  
su r fperch  (Embiotoca j a c k s o n i  , F i g u r e  22), 
wh i t e  s u r f p m n e r o d o n  f urcatus) , and 
t h e  p i l e  perch (Damal i c h t h y s  vacca). 
Rainbow perch c a r  i),nd 
rubber1 i p s u r f p e r c ( m c h l + t o x o t e s )  
a re  a l s o  commonly o b s e r v e d  n e n e  
bottom, feed ing  i n  t u r f .  The  s t r i p e d  
sur fperch  (E. l a t e r a l  i s ) o c c u r s  o f f  Santa 
Barbara b u r  i s  much more abundant  o f f  
cen t r a l  Cal i f o r n i a  (Ha l  d o r s o n  and Moser 
1979). Many s u r f p e r c h e s  a r e  a b l e  t o  
i nges t  the t u r f  m a t e r i a l ,  s e l e c t  and 
swallow t he  p r e f e r r e d  f o o d  i tems,  and 
r e j e c t  the undes i red  m a t e r i a l .  

The sheephead (Semicossyphus  pu1 cher,  
F igure 22), a member of t h e  w r a s s e  fami ly ,  
i s  a cormon reef i n h a b i t a n t  i n  southern 
Ca l i f o rn i a .  Th is  s p e c i e s  i s a protogynous 
hemaphrodi t e  (females change  i n t o  males), 
w i t h  t h e  female c o l o r a t i o n  b e i n g  un i fo rm ly  
red o r  p u r p l e  w i t h  a w h i t e  c h i n ,  and the 
males having a b lack  b o d y  w i t h  a p i n k  band 
behind t he  head and a w h i t e  ch in .  
Sheephead a r e  sol  i t a r y  w a n d e r e r s ,  feeding 
(by crushing food i n  t h e  t h r o a t  before 
swal lowing) on u r c h i n s ,  musse l  5, crabs, 
sna i l s ,  squid, and b r y o z o a n s  (Fede r  e t  a l .  
1974). Tegner and Day ton  ( 1 9 8 1  ) suggested 
t h a t  sheephead may have  a s i g n i f i c a n t  
e f f e c t  on sea u r c h i n  abundance,  and Nelson 

and Vance (1979)  szyges-r. tnar .  ~ i i e  b e i ~ a v i u r  
of t h e  sea d r ch i n  Centrostephanus 
coronatus i s  r e l a t e d  t o  sheephead 
p reda t ion .  Cowen (1983), work ing on a 
rwf a t  San N i co i as  I s l and ,  found t h a t  
Strongyl  ocen t ro tus  f r a n c i  scanus d e n s i t i e s  
increased, and d i s t r i b u t i o n  changed when 
sheephead were removed. Sheephead do n o t  
appear t o  be impor tan t  p reda to rs  on sea 
u rch ins  i n  t he  mainland k e l p  f o r e s t  a t  San 
Onofre (Dean e t  a l .  1984). Sheephead 
r e t r e a t  t o  s h e l t e r  ho l es  a t  n i g h t ,  and 
some produce a mucous envelope t h a t  
surrounds t h e  body (Wi ley  1973). 

L i ke  the midwater canopy-dwel 1 i ng 
ha1 fmoon, the  opaleye G i r e l l  a n i g r i c a n s  
(Family G i  re1 1 i dae , F i  g u m  browses on 
bo th  i nve r t eb ra tes  and a lgae  (Quas t  1971d, 
Feder e t  a l .  1974), and can cause 
ex tens ive  damage t o  i s o l a t e d  g i a n t  ke l p  
p lan ts  (see d i s cuss i on  under halfmoon 
above). Opaleye a re  ex t reme ly  common i n  
southern C a l i f o r n i a  k e l p  f o res t s ,  b u t  
r e l a t i v e l y  r a r e  no r t h  o f  P o i n t  Conception. 

The rock f i shes  (Scorpaenidae) a re  an 
impor tan t  c o n s t i t u e n t  o f  t he  bottom- 
dwe l l i ng  fauna o f  k e l p  f o r e s t s  i n  c e n t r a l  
C a l i f o r n i a  (Hal l acher  1977). The common 
demersal species a re  t he  grass r o c k f i s h  
(Sebastes r a s t r e l l  i g e r )  , b l a c k -  and-ye1 low 
r o c k f i s h  (S.  ch r  somelas), gopher r o c k f i s h  
(5. c a r n ~ t u ' h r  r o c k f i s h  (S. 
c a u r i n n d  t r e e f  i s h  (S. se r r i cepsT.  
The grass r o c k f i s h  i s  g e n e r r l  l y  r e s t r i c t e d  
t o  rocky bottoms < 30 m deep where i t  ea ts  
crabs and smal l  f i s h e s  (Feder e t  a l .  
1974). Copper r o c k f i s h ,  a1 though n o t  
abundant, i n h a b i t  rocky r e e f  areas w i t h  o r  
w i t hou t  kelp.  T h i s  spec ies feeds 
p r i m a r i l y  on crabs, shr imp, cephalopods, 
and f i s h e s  (Feder e t  a l .  1974, Pr ince  
1975). The black-and-ye1 l ow  and gopher 
r ock f i shes  a re  t e r r i t o r i a l  and a re  
segregated by depth (Larson 1980a, b, c) .  
These two species f e e d  on s i m i l a r  prey 
such as crabs, shr imp and octopus. 
T ree f i sh  a re  common i n  southern 
C a l i f o r n i a ,  b u t  r a r e  i n  c e n t r a l  C a l i f o r n i a  
( M i l l e r  and Lea 1972). T r e e f i s h  a re  
t e r r i t o r i a l ,  i n h a b i t i n g  rocky  c rev ices  
(Feder e t  a l .  1974). They feed on  shrimp, 
crabs, and f i shes  a t  noc tu rna l  o r  
c repuscu la r  hours (Hobson e t  a1. 1981). 

Fishes be long ing  t o  t he  g reen l i ng  
fami l y  (Hexagran idae)  a r e  a l s o  commonly 
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o b s e r v ~ d  L t h e  k c t t z m  x n c .  These 
species i n c l  ude t h e  pa i n ted  greenl  i ng 
(Oxylebius p i c t u s ) ,  k e l p  g reen l i ng  
(Hexagrammos decagrammus), and the  l i n g c o d  
(Ophi odon e l  ongatus). Hexagrammi dae eggs 
a re  a t tached  t o  rocks  and a re  o f t en  
guarded by t h e  male. The p a i n t e d  green- 
l i n g  feeds on sma l l  e p i b e n t h i c  crustace-  
ans. Adu l t  males a re  b r i g h t l y  co l o red  and 
aggress ive d u r i  ng t h e  b reed ing  season 
(DeMarti n i  and Anderson 1980). They 
defend b o t h  a spawning s i t e  and a s h e l t e r  
ho le ,  w h i l e  females defend she1 t e r  ho les 
on ly .  The k e l p  g r e e n l i n g  i s  a l s o  s e x u a l l y  
dimorphic.  Th is  spec ies feeds p r i m a r i l y  
on po lychaetes,  crustaceans,  and smal l  
f i s h e s  (Feder e t  a l .  1974). The ke l p  
g reen l  i ng i s  r a r e  i n  sou thern  Cal i f o r n i a ,  
and occurs i n  waters  deeper than  20 m. 
The l i n g c o d  (F i gu re  22), a p r i z e d  s p o r t  
f i s h ,  i s  a seasonal m ig ran t  t o  ke l p  
fo res ts .  L ingcod e n t e r  sha l low waters  t o  
l a y  and guard eggs. Males guard nes ts  f o r  
about seven weeks, and o f t e n  guard two t o  
f o u r  nests  s imul taneously .  T h e i r  d i e t  
cons i s t s  o f  crabs, cephalopods, and f i s h e s  
( M i l l e r  and Geibe l  1973). Some l i ngcod  
remain as r e s i d e n t s  o f  ke l p  f o r e s t s ,  w h i l e  
o t he r s  m ig ra te  t o  deeper waters .  

Sculp ins i n  t he  Fami ly  Co t t idae  are 
c r y p t i c  bot tom f i s h e s  t h a t  can be  very  
abundant, and d i f f i c u l t  t o  see. A l a r g e  
member o f  t h i s  f a m i l y ,  t h e  cabezon, 
(Scorpaenichthys marmoratus) i s  o f t e n  seen 
r e s t i n g  on t h e  bot tom and i s  e a s i l y  
approached. Cabezon a r e  o f t e n  caught by 
f ishermen. The eggs are poisonous t o  
humans and shou ld  n o t  be eaten. Th is  
species feeds on crustaceans and mol luscs, 
i n c l u d i n g  abalone ( 0 '  Connel 1 1953, Feder 
e t  a l .  1974). Other  common s u b t i d a l  
scu l  p i ns  i n c l u d e  t he  1 avender ( Le i oco t t us  
h i  rundo) and t h e  snubnose (Orthono i a s  
t r i a c i s ) .  They f eed  p r i m a r i  y 
ep iben th ic  crustaceans. 

+ 
Gobies i n  t h e  Fami ly  Gobi idae a re  

small demersal f i s h e s ,  o f t e n  observed 
w h i l e  scuba d i v i n a .    he b lackeved aobv 
(Coryphopterus n i c h o l  s i  i , ~ i ~ u r d  22)O ii 
u s u a l l y  observed i n  sandy areas near 
rocks. Nes t ing  occurs f r om  A p r i l  t o  
October, w i t h  t h e  male f i r s t  c l ean ing  a 
spawning s i t e  under a rock.  The female 
l ays  eggs, and t h e  male guards t h e  nes t  
(Wi ley 1973, Feder e t  a l .  1974). The 
blue-banded goby (Lythrypnus d a l l  i )  i s  a 

s t r i k i n g l y  c o l o r f u l  f i s h  common o n l y  i n  
southern C a l i f o r n i a .  Th i s  spec ies i s  
b r i  11 i a n t  crimson o r  orange-red w i t h  about 
s i x  i r i d e s c e n t ,  b lue ,  v e r t i c a l  s t r i p e s  on 
t h e  a n t e r i o r  two t h i r d s  o f  t he  body. 
Blue-banded gobies are omnivorous, b u t  
feed p r ima r i  l y  on demersal zooplankton, 
e s p e c i a l l y  amphi pods (Feder e t  a1 . 1974). 
The zebra goby (Lythrypnus zebra) i s  a 
more c r y p t i c  species w i r s i m i l a r  
co l o ra t i on .  

Wi th in  hab i t a t s ,  f i s h  species may 
segregate by food  supply. Hixon (1980) 
and Larson (1980a) prov ided t he  f i r s t  
experimental  evidence t h a t  c l o s e l y  r e l a t e d  
species t h a t  occur  i n  t h e  bottom zone may 
p a r t i t i o n  space a long a depth g r a d i e n t  i n  
food a v a i l a b i l i t y .  I n  each of two p a i r s  
o f  congeners, a compe t i t i ve l y  dominant 
microhabi t a t  spec ia l  i s t  excluded a 
subord inate general  i s t  f rom t h e  shal  low 
zone where p rey  was more abundant. 
P red ic tab ly ,  t he  general i s t  expanded i t s  
d i s t r i b u t i o n  i n t o  shal low water  when t h e  
s p e c i a l i s t  f i s h  was removed by spearing. 
The s p e c i a l i s t  f i s h  remained i n  sha l low 
water  i n  the absence o f  t h e  g e n e r a l i s t .  
Thus, bathymetr ic  p a r t i t i o n i n g  was 
mainta ined by i n t e r f e rence  compet i t ion.  

4.5.4 Other Species 

An impor tan t  p reda to ry  f i s h ,  t h e  
torpedo ray, (Torpedo c a l  i f o r n i  ca; F igure  
22),  i s  most commonly observed i n  southern 
C a l i f o r n i a .  Th is  species gene ra l l y  en te r s  
t h e  k e l p  f o r e s t  a t  n i g h t  t o  feed on 
f i shes ,  usual l y  by  i n i t i a l  l y  shocking i t s  
prey, and then  ea t i ng  i t  whole (Bray and 
Hixon 1978). The torpedo ray  hovers 
mot ion less above t h e  bottom, apparen t l y  
w a i t i n g  f o r  f i s h e s  t o  approach w i t h i n  i t s  
shocking range. 

Sharks and rays, which a re  
occas iona l l y  observed i n  ke l p  f o res t s ,  
i n c l ude  t he  b a t  r ay  ( M y l i o b a t i s  
c a l  i f o r n i c a )  , the  horn shark (Heterodontus 
f r a n c i s c i ) ,  t he  leopard shark ( T r i a k i s  
semi fasc ia ta )  , t h e  angel shark (Squat ina 
c a l i f o r n i c a )  and t he  swe l l  shark 
(Cephaloscy l l  ium v e n t r i  osum) . Bat rays 
are usua l l y  found b u r i e d  i n  sand o r  
r e s t i n g  on rocks.  They feed  on s h e l l f i s h  
such as abalone and tu rban  and t op  s n a i l s  
(Feder e t  a l .  1974), and may be seen 
grubbing f o r  o t h e r  prey i n  sand channels 





Table I@.  Birds of kelp f o r e s t s  and t h e i r  subhabi tat  use. 

Surface canopy Midwater and bottom Seaward f r i nge  

Elegant t e r n  Pelagic  cormorant Brown pel i can 
(Thalasseus e legans)  (Phalacrocorax pe lag icus)  (Pelecanus occidental  i s )  

Heermann' s gu l l  Brandt ' s  cormorant Common loon 
(Larus heermanni ) (Phalacrocorax penici l  l a t u s )  ( ~ a v i a  -- immer) 

Western gu l l  Horned grebe Western grebe 
(Larus occ identa l  i s )  (Podiceps a u r i t u s )  (Aechmophorus occidental  i s 

Bonaparte' s gu l l  Eared grebe 
(Larus phi l ade lph i a )  ( ~ o d i c e p s  caspi cus)  

Brandt 's  cormorant 
(Phalacrocorax penici 11 a t u s )  

Great blue heron 
(Ardea herodias )  

Pelagic  cormorant 
(Phalacrocorax pelagi cus)  

Snowy e g r e t  
(Leucophoyx thu l  a )  

Mi l l e t  
(Cato t r o  horus 

.* 

Wandering t a t t l e r  
(Heteroscelus incanum) 

Northern phalarope 
(Lobipes 1 oba tus)  

Surf  s c o t e r  
(Melani t ta  perspicul l a t a )  

Whi te-winged s c o t e r  
(Melani t t a  deglandi)  

Pigeon gui l lemot  
(Cepphus col umba) 

Common murre 
(Uria aa lge)  

(Larus heermanni) roos t ing  on t he  kelp 
f x  o f f  P a c i f i c  Grove. Cal i forn ia .  
Elegant t e r n s  i n h a b i t  ~ a l  i f o r n i a  waters 
from J u l y  t o  November (Page e t  a l .  1977). 
They pick small f i s h e s  from the  canopy by 
su r f ace  pl ungi ng (Angel 1 and Bal comb 
1982). 

Heermann' s qul 1 s, western gul l  s 
(Larus occ iden t a i i  s , Figure 23) ,- and 
~ o n a p a r t e ~  s g u l l s  (C. ph i l ade lph i a )  
scavenge on t he  su r f ace  kelp canopy. On 
San Nicolas I s land  i n  southern Ca l i fo rn i a ,  
western g u l l s  pick t h e  l a rge  grazing 
gastropod Norri s i a  n o r r i s i  from g i a n t  kelp 
canopies ,  and drop t h e  s n a i l s  on rocky 
ledges on shore. The impact breaks t h e  
t h i ck  she1 1 so  t h e  g u l l s  can then feed  on 
t he  meat (Reed pers .  comm.). Western 
g u l l s  a r e  year-round r e s i d e n t s  of 
Cal i f o r n i a .  Bonaparte' s gu l l  overwinters 

i n  Cal i forn ia ,  and Heermann's gu l l  can be 
found i n  the summer and fa1 7 seasons (Page 
e t  a l .  1977). 

The g rea t  blue heron (Ardea 
he rod i a s ) ,  and the  snowy eg re t  (Egre t ta  
-winter along coas ta l  Ca l i fo rn i a ,  
and can of ten be seen perched on t h e  kelp 
canopy, f rozen i n  motion, s i l e n t l y  
s t a lk ing  prey a t  the w a t e r ' s  sur face  
(Figure 23).  Occasional shoreb i rds  such 
a s  t he  wandering t a t t l e r  (Heteroscelus 
incanus) ,  and the wil l e t  (Catoptrophorus 
semipalmatus) ma forage on the  su r f ace  of 
kelp f o r e s t s  ('gal dr idge pers.  comm. ). 
Jameson (pers .  comm.) suggests  t h a t  the  
heron feeds on juveni le  rockf i sh  and o the r  
small f i s h e s  i n  t h e  canopy, eg re t s  feed  on 
isopods and kelp crabs,  and w i l l e t s  on 
i sopods. His observat ions a1 so suggest 
t h a t  some of these b i rd s  may e s t a b l i s h  
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Figure 23. B i r ds  commonly assoc ia ted w i t h  ke l p  f o r e s t s .  

r e g u l a r  f e e d i n g  t e r r i t o r i e s  i n  t he  canopy, 
p a r t i c u l a r l y  if freshwater feeding areas 
a r e  l i m i t e d .  

Whi le d i v i n g  i n  k e l p  f o res t s ,  Foster  
(pers .  obs.  ) observed the  nor thern  
phalarope ( L o b i p e s  loba tus )  feeding on 
p l ank ton  w i t h i n  openings i n  t he  canopy. 
The cornon loen (Gavia immer, F igure  23), 
western g r e b e  ( Aechmorphorus occ iden ta l  i s, 
F i gu re  23 ) ,  su r f  sco te r  (Me lan i t t a  
p e r s p i c i l l a t a  , Figure 23), and wh i te -  

winged sco te r  (M. deg land i )  may a l s o  use 
C a l i f o r n i a  kelp- f o r e s t s  w i t h  l a r g e  open 
areas w i t h i n  t h e  canopy (Ba ld r i dge  pers. 
comm. ). 

Midwater and bottom. Of  a l l  t h e  
b i r d s ,  t he  Brandt  ' s  cormorant 
 h ha lac roc or ax penni c i  1  l a t u s ,  F i gu re  231, 
and poss i b l y  t h e  p e l a g i c  cormorant (E. 
pe lag icus ,  F igure  23) a r e  most c l o s e l y  
assoc ia ted w i t h  C a l i f o r n i a  k e l ~  f o r e s t s  
(A i n l ey  pers.  comm.). Hubbs e t  41. (1970) 



described Brandt ' s cormorants i n  the 
vicinity of San Diego, California, as 
occupying a variety of habi ta ts ,  b u t  
especially the 1 arge Macrocystis fores t  
off La Jo l la .  Cormorants feed by foot- 
propelled pursuit diving b u t  may a1 so use 
t he i r  wings underwater (Cowen pers. 
comn.). The stomach contents of eight 
Brandt's cormorants from San Diego kelp 
fores ts  revealed t ha t  they fed almost 
exclusively on f ishes  that  inhabit the 
midwater among t he  fronds of Macrocystis 
(Hubbs e t  a1 . 1970). These included the 
senorita (Oxyjul i s  cal ifornica) , the 
blacksmith (Chromi s punctipinnis) , and the 
kelp perch - m y i s t i u s  f ranatus)  (see 
Section 4.5) .  The pelagic cormorant has 
similar feeding habits - (Ai nley e t  a1 . 
1981). Both cormorants are  year-round 
residents of California. 

Ainley and Sanger (1979) included 
mysid shrimp as  a major prey item of the 
horned grebe (Podiceps gur i tus ) ,  and the 
eared grebe (P. n i a r i cu l l i s ,  Figure 23), 
two species t ha t  winter along the 
California coast. These small birds are 
foot-propel led pursuit  divers,  and are 
comnonly observed within kelp fores ts  
(Baldridge pers. comm. ) .  I t  i s  probable 
that  they exploit  the dense swarms of 
mysids found within the midwaters of the 
kelp community (see  Section 4.2). 

Seaward fringe.  The fringe areas of 
k e l ~  fores ts  orobablv s u o ~ o r t  the a rea tes t  
d ivers i ty  of birds.   he' interface-between 
kelp and open waters often contains dense 
aggregations of invertebrates and f ishes ,  
perhaps because currents are reduced (see 
Section 2.2). The brown pel ican 
(Pelicanus occidental i s  cal ifornicus,  
Figure 23) along w i t h  terns (Family 
laridae) are  surface-plunging species that  
may exploit concentrations of schooling 
fishes along the canopy's edge. The loons 
(Fami ly Gavi idae) ,  grebes (Family 
Podicipedidae), cormorants (Family 
Phal acrocoracidae) , and scoters (Family 
Anati dae) are a1 1 foot-propel led pursuit 
divers that  may opportunistically forage 
along the edges of kelp fo res t s .  

Pigeon guil 1 emots (Cepphus columba, 
Figure 23) forage by w i n g - p m d  
pursuit, diving n&arshore during spring, 
summer, and f a l l  (Page e t  a l .  1977). 
Angel 1 a n d  Balcomb (1982) reported that  

pigeon guillemots dive for  prey along the 
edges of kelp beds within the Puget Sound, 
Washington area. Fol l e t t  and Ainley 
(1976) studied the d i e t  of pigeon 
guil lemots on Southeast Faral lon Is1 and, 
and found tha t  they had fed upon 24 
species of f i sh ,  the majority of which 
were benthic. Common murres (Uria aalge, 
Figure 23) a lso  forage via w i n i o p e l l e d  
pursuit diving, concentratin on open- 
water f ish  species and squid 7Croll pers. 
comm.). They may also feed on the edges 
of kelp forests.  

The majority of subsurface diving 
seabirds do not occur in the kelp canopy, 
b u t  may be abundant a t  the canopy's 
fringe. With increased kelp density, 
subsurface diving may be res t r ic ted due t o  
the possibil i ty of entanglement of fee t  o r  
wings (depending on the birds '  mode of 
underwater locomotion). 

4.6.1.3 Drift  kelp. Plankton and 
small fishes often concentrate around 
d r i f t  kelp i n  pelagic waters. The red 
phalarope (Phal aro us ful icar i  us) and the 
northern ph-(Lobipes lobatus) are 
found in California waters in summer and 
f a l l ,  and often feed in association with 
d r i f t  kelp f a r  o u t  t o  sea. Phalaropes are 
believed to feed by seizing planktonic 
organisms a t  the water's surface (Page e t  
a l .  1977). Seabirds may also use pelagic 
draf t  kelp as a roosting s i t e  (Keating 
pers. comm.). 

4.6.1.4 Kelp wrack. Although some 
d r i f t  seaweed is  usually found covering 
the inter t idal  zone in the vic ini ty  of 
rocky areas, the export of large amounts 
of kelp to  beach areas is  a seasonal event 
associated with intense wave action from 
f a l l  and winter storms. Beach d r i f t  can 
support a microcosm of invertebrates (kelp 
f l i e s ,  f ly  maggots, beetles,  various 
crustaceans, e t c . )  t h a t  are,  in turn,  
available to birds as prey items (Yaninek 
1980). A diversity of shore and 
te r res t r i a l  birds forage upon a1 gal wrack 
on a seasonal basis (Davis and Baldridge 
1980). Sanderlings (Calidris a1 ba) ,  black 
turnstones (~renaria-cema) and --* 'three ruddy turnst-@. i nterpres 
opportunistically feeding shorebirds, 
regularly pick t h r o u g h  kelp wrack. Commn 
crows (Corvus brach rh nchos), s tar l ings  
( ~ t u r n u s ~ u i ~ d  brewer's 



b - l a c k b i r d s  (Auphaqus cyanocephalus) d i g  
t h r o u q h  beach-cast wrack i n  search of 
m a r i n e  i n v e r t e b r a t e s  and insec ts ,  and t h e  
l a t t e r  a 1  so ca tch  beach f l i e s .  Beds of 
decomposing k e l p  along c e n t r a l  and 
s o u t h e r n  Cal i fo rn i a  beaches a t t r a c t  b l ack  
phoebes (Sa a r n i  s  n i  r~ cans), house 
spa r rows  -$&F b u s ) ,  and 
y e 1  1  ow-rumped- warb lers  [Dendri oca 
c o r o n a t a )  t h a t  feed on f l i e s  and o t h e r  
i nsec t s  (Dav is  and Gsldr idgc 1980). 

Jameson (pers.  comm. ) a l so  observed a  
v a r i e t y  o f  b i r d s  feeding on 
d r i  f t - a s s o c i a t e d  inver tebra tes ,  and i n  the 
c a s e  o f  p h y s i c a l l y  unstab le  cobble 
beaches,  he po i n ted  ou t  t h a t  t h i s  d r i f t  
c a n  change an otherwise food-poor h a b i t a t  
i n t o  a  r i c h  feeding area f o r  b i r d s .  He 
n o t e d  i ntense nearshore feeding by g u l l  s  
a r o u n d  p a r t i a l  l y  decomposed d r i f t  when the 
d r i f t  i s  moved back i n t o  t he  w a t e r  du r ing  
h i g h  t i d e s  o r  storms, and suggests t h a t  
t h e  g u l l  s may be e a t i n g  amphi pods exposed 
when t h e  d r i f t  breaks up. 

A i n l e y  (1976) s ta tes  t h a t  "...marine 
b i o l o g i s t s  as a  general r u l e  ignore  
b i r d s . "  Th i s  v iewpoint  i s  conf i rmed i n  
t h e  case  o f  b i r d - k e l p  i n t e r a c t i o n s  and, as 
f u r t h e r  i n d i c a t e d  by t he  cons iderable 
s p e c u l a t i o n  i n  t h i s  sec t ion  o f  the 
p r o f i l e ,  much remains t o  he learned about 
t h e  r e 1  a t i o n s h i p  between k e l p  fo res ts  and 
n e a r s h a r e  b i r d  populat ions.  

4 .6 .2  Mar ine  Mammals 

4 . 6 . 2 . 1  I n t r oduc t i on .  The sea o t -  
t e r .  a r a v  whale, k i  1  l e r  whale. harbor  , u 

s e a l ,  and" c a l  i f o r h i a  sea 1 i o n  ( ~ i ~ u r e  24) 
a r e  -1 i s t e d  (Nor th  1971a) as t he  -mammals 
a s s o c i a t e d  w i t h  the ke l p  f o res t s  o f  south- 
e r n  C a l i f o r n i a  and nor thern  Baja C a l i -  
f o r n i a ,  Mexico, a l though the  sea o t t e r  
does n o t  p resen t l y  occur south of P o i n t  
C o n c e p t i o n  (F igure  8). A l l  o f  these 
mammals do occur assoc ia ted w i t h  
M a c r o c y s t i  s p y r i  f e ra  and Nereocyst i  s  
1 ue t keana  a long  t h e  cen t r a l  C a l i f o r n i a  
coast .  

The sea o t t e r  (Enhydra l u t r i s )  
e x h i b i t s  t he  c l oses t  assoc ia t ion  w i m p  
f o r e s t s ,  p o t e n t i a l l y  i n h a b i t i n g  t he  k e l p  
s u r f a c e  canopy and forag ing throughout t he  
w a t e r  column du r i ng  i t s  e n t i r e  l i f e .  Gray 
wha les  (Esch r i ch t i us  robustus)  are 

hale 

F igure  24. Marine mammals assoc i a t ed  w i t h  
ke l p  f o res t s .  

comnonly seen o f f s h o r e  f rom k e l p  f o r e s t s  
du r i ng  t h e i r  m ig ra t i ons  a long  t h e  coast,  
and have been observed t o  feed  on mysid 
shrimp assoc ia ted w i t h  t h e  ke l p .  The 
r e l a t i o n s h i p  o f  Ca1 i f o r n i a  sea 1  i ons  
(Za lo  hus ' c a l  i f o r n i a n u s )  and k i l l e r  
whales _f Orcinas -) t o  k e l p  f o r e s t s  i s  
probably  l i m i t e d  t o  t r a n s i t o r y  fo rag ing  
excursions i n  t h e  ke lp .  Harbor seals  
(Phoca v i t u l i n a )  are f r e q u e n t l y  seen i n  
k m o r e s t s  and feed on a  v a r i e t y  o f  k e l p  
f o r e s t  f i shes .  

The s i z e  o f  gray whale and sea o t t e r  
populat ions i n  t h e  no r t heas t  P a c i f i c  was 
d r a s t i c a l l y  reduced by t h e  e a r l y  p a r t  o f  
t h i s  century  due t o  human e x p l o i t a t i o n .  
H i s t o r i c a l  accounts o f  t h e  a b o r i g i n a l  and 
comnercial e x p l o i t a t i o n  o f  sea o t t e r s  can 
be found i n  Kenyon (1969); those o f  gray 
whales i n  R ice  and Wolman (1971). 
Enactment of p r o t e c t i v e  l e g i s l  a t  i o n  f o r  
o t t e r s  i n  1911, and f o r  g ray  whales i n  
1972, has been ins t rumenta l  i n  t h e  
dramatic recovery of b o t h  popu la t ions .  As 
these animals have increased i n  numbers 
and begun t o  i n h a b i t  p o r t i o n s  o f  t h e i r  
ances t ra l  range, t h e i r  r espec t i ve  r o l e s  i n  
the ecology o f  t h e  k e l p  f o r e s t  community, 
p a r t i c u l a r l y  t h a t  o f  t h e  sea o t t e r ,  a re  
be ing e luc ida ted .  

4.6.2.2 Sea o t t e r  (Enhydra l u t r i s ) .  
I n  C a l i f o r n i a ,  t h e  p r e f e r r e d  h a b i t a t  of 
the  sea o t t e r  i s  a l u s h  k e l p  canopy i n  
p rox im i t y  t o  rocky s u b s t r a t a  w i t h  deep 
c rev ices  (Woodhouse e t  a l .  1977). Kelp 
f o res t s  dampen wave ac t i on ,  c r e a t i n g  areas 
of calm t h a t  serve as o t t e r  refuges from 



winter storms. The fores ts  may a l so  serve 
a s  protection from predators such as white 
sharks. If kelp surface canopies are 
present, o t t e r s  sleep in  them, and are 
often observed with strands of kelp draped 
over t he i r  bodies, presumably to  prevent 
movement (Kenyon 1969). Jameson's (pers. 
comn.) current studies on sea o t t e r  
behavior have a l so  shown a close 
association between sea o t t e r s  and kelp. 
Otters are most commonly found in 
protected inshore kelp canopies in central 
California in winter, when storms remove 
canopies in deeper water. Otters 
gradually move out in to  the offshore 
canopies as these reform in spring and 
sumer .  After the extreme winter storms 
of 1982-83, Jameson (pers. comrn.) observed 
tha t  most o t t e r s  along the shore near San 
Luis Obispo were inhabiting the few small, 
shallow stands of giant  kelp that 
remained; we observed s imilar  behavior in 
Carmel Bay. 

Kelp fores ts  also function as a 
nursery area fo r  females with pups. 
Sandegren e t  a l .  (1973) postulated that  
females give birth to pups while in the 
water. Jameson (1983) discovered a 
mother-pup pair  hauled-ou t on land minutes 
a f t e r  the p u p  had apparently been born. 
He hypothesized tha t  sea o t t e r s  give birth 
in kelp fores ts  whenever possible. When 
kelp surface canopies are unavailable, 
however, bi r th  may be accompl ished on 
land. In heavy seas,  pups use kelp 
strands as anchors while females forage. 
During winter storms in central California 
when the kelp canopy i s  reduced, increased 
competition between mother-pup pairs may 
occur fo r  space in  the available canopy 
(Sandegren e t  a l .  1973). 

The d ie t  of sea o t t e r s  in kelp 
fo res t s  consists of epibenthic 
invertebrates commonly associated w i t h  low 
inter t idal  and subtidal rocky substrata 
with deep crevices (e .g . ,  sea urchins, 
abalone), and with kelp fronds (e.g. ,  
Tegula spp., kelp crabs; see review in 
Woodhouse e t  a1 . 1977, Estes e t  a1 . 1981). 
Otters forage a t  depths t o  40 m ,  securing 
t he i r  prey with t he i r  forepaws, and 
returning to  the surface t o  eat  (Kenyon 
1969). California sea o t t e r s  display a 
unique type of tool-using behavior when 
feeding on hard-she1 led invertebrates: 
food items may be pounded against a rock 

held on the o t t e r ' s  chest while f loat ing 
a t  the water 's  surface (Fisher 1939). 
Houk and Geibel (1974) described an 
incident of a sea o t t e r ,  underwater, 
pounding an attached abalone with a rock. 

Costa (1978) calculated tha t  an 
average-sized o t t e r  must consume 25% of 
i t s  body weight daily t o  meet i t s  energy 
needs. Ostfeld (1982) studied the 
foraging "strategies" of a colonizing 
group of o t t e r s  in a Macroc s t i s  fores t  
off Point Santa C h i f o r n i a .  
I n i t i a l l y ,  red sea urchins were the 
o t t e r ' s  major prey item. Kelp crabs and 
clams replaced urchins as major prey items 
as urchins became increasingly scarce. 
Abalone and cancer crabs were consistently 
exploited as dietary items a t  re la t ively  
low levels. Other rocky substrata prey 
i tems include snai ls ,  mussel-s, octopus, 
chi tons, tubeworms, 1 impets, barnacles, 
scallops,  and s ta r f i sh  ( ~ b e r t  1968, Wild 
and Ames 1974, Shimek 1977, Woodhouse e t  
a l .  1977, Estes e t  a l .  1981). Van Wagenen 
e t  a l .  (1981) observed sea ot ters  preying 
on seabirds. 

Otters are able to  adapt to diverse 
environments (Woodhouse e t  a l .  1977). The 
spreading fronts of the Cal ifornia 
population have successfully occupied 
sandy and s i l t y  bottom coastal zones, 
exploiting Pismo clams, gaper clams, razor 
clams, mole crabs, and even echiuroid 
"worms" as prey (Wild and Ames 1974, 
Stephenson 1977, Hines and Loughl in 1980). 
Outside the protection of the kelp canopy, 
the sea o t t e r  i s  susceptible to  attacks by 
the great white shark (Ames and Morejohn 
1980). Other t h a n  man and parasites,  th i s  
shark i s  i t s  only known predator in 
Cal i forni a waters. 

Before commercial exploitation,  the 
range of the sea o t t e r  extended in  a 
continuous arc  from the northern islands 
of Japan, along the Kamchatka coastl ine,  
across the Aleutian Islands chain, and 
southward along the west coast of North 
America i n t o  lower Baja California, Mexico 
(Kenyon 1969). The population southeast 
of the Aleutian chain was believed t o  be 
extinct  until the discovery i n  1938 of a 
r a f t  of 50 t o  90 individuals along the 
central California coast (Bol i n  1938, 
Woodhouse e t  a l .  1977). After legal 
protection was afforded, the range of the 



sea o t t e r  extended a t  t h e  r a t e  of 
app rox ima te l y  4  km annual ly,  w i t h  a  t o t a l  
p o p u l a t i o n  increase of 5% per year  u n t i l  
r e c e n t l y  (W i l d  and Ames 1974). Present ly ,  
a  p o p u l a t i o n  o f  approx imate ly  1,300 
i n d i v i d u a l  s  occupies a range extending 320 
km a l o n g  t h e  C a l i f o r n i a  coast  f rom Po in t  
Sa l ,  San L u i s  Obispo County, t o  Po in t  
Santa Cruz, Santa Cruz County (Estes and 
Jameson 1983). However, the re  has been no 
appa ren t  increase i n  popu la t ion  s i z e  s ince  
t he  l a t e  1960's (Estes and Jameson 1983). 
The i n c i d e n t a l  entanglement o f  o t t e r s  i n  
commerc ia l  f i s h i n g  gear, p a r t i c u l a r l y  g i l l  
and trammel nets ,  may be p a r t l y  
r e s p o n s i b l e  f o r  the present  s t a b i l i z a t i o n  
i n  p o p u l a t i o n  s i ze  (Keat ing pers.  comm.). 

K e l p  d i s t r i b u t i o n  and abundance can 
be  l i m i t e d  by sea u r c h i n  g raz ing  (see 
S e c t i o n s  4.4.3.1 and 5.5.3); numerous 
i n v e s t i g a t o r s  (Booloot i  an lYb1, Eber t  
1968, Benech 1980, O s t f e l d  1982) have 
observed  o t t e r s  co l on i z i ng  k e l p  f o r e s t s  i n  
c e n t r a l  C a l i f o r n i a  t o  p rey  p r e f e r e n t i a l l y  
on  r e d  sea urch ins and abalone. Estes and 
Pa lm isano  (1974) asserted t h a t  sea o t t e r s ,  
b y  t h e i r  removal of sea u rch ins ,  w i l l  have 
a p ro found  e f f ec t  on t h e  s t r u c t u r i n g  o f  
nea rsho re  communities. Where sea o t t e r s  
f o rage  over  rocky subst ra te ,  sea u r ch i n  
d e n s i t i e s  w i l l  decrease, and i f  sea 
u r c h i n s  were 1 i n i i t i n g  a l g a l  growth, a  
subsequent incredse i n  macroalgal  biomass 
w i l l  r e s u l t .  However, Cowen e t  a l .  (1982) 
c a u t i o n  t h a t  the sea o t t e r ' s  in f luence  
s h o u l d  n o t  be genera l ized as t he  dominant 
f a c t o r  s t r u c t u r i n g  g i an t  k e l p  communities 
i n  C a l i f o r n i a .  I n  t h e i r  study area, 
p h y s i c a l  factors ,  p a r t i c u l a r l y  water  
m o t i o n  due t o  w in te r  storms, had a g rea te r  
e f f e c t  t h a n  t he  removal o f  u rch ins  on a 
n e a r s h o r e  k e l p  community. A v a r i e t y  o f  
f a c t o r s  (s torms,  grazing, o t h e r  predators ,  
r e c r u i t m e n t  events , e t c .  ) may have 
s i g n i f i c a n t  e f fec ts  on g i a n t  k e l p  
community s t r u c t u r e  (Fos te r  1982a; see 
Chap te r s  3 and 5 ) ,  and genera l i za t ions  
a b o u t  t h e  g rea t  importance of the sea 
o t t e r - s e a  u r c h i n  i n t e r a c t i o n ,  based on 
s t u d i e s  i n  o t he r  geographic areas o r  i n  
s i t e s  d i s t u r b e d  by man i n  southern 
C a l i f o r n i a ,  may no t  apply  t o  the  
heterogeneous Gal i f o r n i a  coast  (see a1 so 
Chap te r  5) .  

4.6.2.3 Cetaceans. Gray whale 
(Esch r i  c h t i u s  r o b u s t u s ) .  Gray whales 

migrate y e a r l y  frcm t h e i r  sL;fiiiier feecii: ng 
grounds i n  t h e  Ber ing  and Chukchi Seas t o  
t h e i r  w i n t e r  b reed ing  grounds a long  t h e  
coas t  of Baja Ca l i f o rn i a ,  Mexico. Each 
l e g  of t he  jou rney  encompasses 
approx imate ly  10,000 km, and takes  between 
2.5 and 3 months (R ice  and Wolman 1971). 
I n  bo th  the  southern and no r t he rn  phases 
o f  the  m ig ra t i on ,  g ray  whales pass w i t h i n  
a  few km o f  t h e  C a l i f o r n i a  c o a s t l i n e .  

Scanimon (1874) noted t h a t  g ray  whale 
cows w i t h  t h e i r  ca lves  swim very  c l ose  t o  
shore on t h e i r  no r t he rn  m i g r a t i o n ,  o f t e n  
passing through k e l p  beds. Dur ing  t h e  era 
o f  a c t i v e  wha l ing  i n  C a l i f o r n i a  ( l a t e  
1800s t o  1969),  cow-ca l f  p a i r s  were 
observed o n l y  r a r e l y  on t h e i r  no r t he rn  
m ig ra t ion ,  and were though t  t o  use a more 
d i s t a n t  o f f s h o r e  m i g r a t i o n a l  r o u t e  than 
s o l i t a r y  whales (Rice and Wolman 1971). 
As populat ions have increased,  Poole ( i n  
press)  has recon f  i rmed Scammon' s  
observat ion t h a t  cow-cal f  p a i r s  under take 
a nearshore nor thern  m i g r a t i o n  rou te ,  
wh i l e  i n d i v i d u a l  males and females t r a v e l  
a  p o i n t - t o - p o i n t  o f f s h o r e  r ou te .  Cow-calf 
p a i r s  pass a long  t he  c e n t r a l  C a l i f o r n i a  
c o a s t l i n e  i n  A p r i l  and May, 2 m n t h s  l a t e r  
than s o l i t a r y  whales. They m ig ra te  a long  
an inshore r o u t e  200 t o  400 m f rom shore, 
and are o f t en  s i gh ted  a long  t h e  o u t e r  
edges o f  k e l p  fo res ts ,  o r  w i t h i n  t h e  ke l p  
canopy i t s e l  f. 

Poole ( i n  press)  recognizes two 
poss ib le  advantages ga ined by cow-calf 
p a i r s  u t i l i z i n g  a nearshore r o u t e  t h a t  
passes near k e l p  communities. F i r s t ,  k e l p  
f o res t s  may p rov ide  p r o t e c t i o n  f rom 
preda t ion  by k i  1  l e r  whales. Bal  d r i dge  
(1972) descr ibed i n  d e t a i l  t h e  a t t a c k  of a  
pod of k i l l e r  whales on a cow-calf  p a i r  
near a  k e l p  f o r e s t  o f f  Carmel, C a l i f o r n i a .  
The r eac t i on  o f  t he  cow and c a l f  t o  t h e  
a t t ack  was t o  seek re fuge  i n  a  nearby k e l p  
fo res t .  The k i l l e r  whales c u t  o f f  t he  
c a l f ' s  r e t r e a t  i n t o  t h e  ke l p .  The c a l f  
was subsequently k i  11 ed, b u t  t h e  cow 
escaped i n t o  t h e  kelp.  

Kelp f o r e s t s  may a l s o  p rov ide  
p o t e n t i a l  food  f o r  t h e  n u r s i n g  cow. Gray 
whales feed  p r i m a r i l y  on ben th i c  gammarid 
amphipods found i n  g rea t  abundance i n  
t h e i r  A r c t i c  feeding grounds. It i s  
genera l l y  accepted t h a t  g ray  whales do n o t  
feed wh i l e  m i g r a t i n g  o r  d u r i n g  t h e i r  



occupat ion of breeding areas i n  Baja 
C a l i f o r n i a ,  Mexico (R ice  and Wolman 1971; 
O l i v e r  e t  a l .  1983). However, t he re  i s  
now evidence t h a t  g ray  whales, w h i l e  
m ig ra t i ng ,  feed  on dense swarms o f  mysid 
shrimp w i t h i n  o r  a long  t h e  o u t e r  edges o f  
ke l p  beds and f o r e s t s  (We l l i ng ton  and 
Anderson 1978, Poole i n  press, Mur ison e t  
a l .  i n  press) .  It may be advantageous f o r  
a  gray whale cow w i t h  a  dependent c a l f  t o  
supplement he r  s t o red  reserves  by feed ing  
upon t h e  abundant mysid resource 
assoc ia ted  w i t h  ke l  p  (Poole i n  p ress ) .  

K i  1  l e r  whale (Orc inus orca).  The 
s t a t us  and d i s t r i b u t i o n  o f  t h e  Cal i f o r n i a  
popu la t i on  o f  k i l l e r  whales a re  n o t  known 
(Morejohn 1977). K i l l e r  whales feed  i n  
smal l  groups i n nearshore regions, 
p a r t i c u l a r l y  near areas o f  h i gh  marine 
mama1 concen t ra t ions  (e.g., p inn iped  
rooker ies ;  R ice  1968). Pods o f  k i l l e r  
whales have been s i g h t e d  t r a v e l i n g  along 
t h e  edge of ke l p  f o r e s t s  (Daugherty and 
Schuyler  1979). 

4.6.2.4 Pinn ipeds.  Harbor seal 
(Phoca v i t u l u s ) .  Harbor sea ls  a re  year-  
round r e s i d e n t s  o f  embayments, sloughs, 
and r i v e r s  a long  t h e  C a l i f o r n i a  coast ,  
w i t h  an es t imated  p o p u l a t i o n  o f  20,000 
i n d i v i d u a l s  ( M i l l e r  pers .  comm. ). Jones 
(1981) descr ibes  t h e  d i e t  o f  harbor  seals  
as c o n s i s t i n g  o f  shal low-bot tom f i s h e s  
t h a t  1  i v e  near r ock  h a b i t a t ,  b u t  t hey  a l s o  
feed on p e l a g i c  f i s h e s  i n  many areas 
(Estes pers .  comm. ). Green1 i ngs and su r f -  
perch, two common groups o f  k e l p  f o r e s t  
f i s h e s  (see Sec t i on  4.5), were i nc l uded  by 
Jones as major  p r e y  i tems.  Daugherty and 
Schuyler  (1979) po i n t ed  o u t  t h a t  harbor  
seals  r e s t i n g  i n  t h i c k  beds o f  ke l p  w i t h  
t h e i r  heads p r o t r u d i n g  above t h e  sur face 
a re  o f t e n  mis taken f o r  sea o t t e r s .  
A l though we c o u l d  l o c a t e  no s p e c i f i c  
re fe rence  t o  t h e  harbor  s e a l ' s  assoc i a t i on  
w i t h  k e l  p  beds, i n d i v i d u a l  s  a r e  commonly 
observed w h i l e  d i v i n g  i n  k e l p  and probably  
fo rage  ex tens i ve l y  i n  k e l p  f o r e s t s  when 
these h a b i t a t s  a re  c l ose  t o  sea l  haul -out  
areas. Jameson (pers.  corn.) has even 
observed a  harbor  seal  p a r t i a l l y  
hauled-out  on a  dense, f l o a t i n g  canopy o f  
Nereocyst is  luetkeana.  

C a l i f o r n i a  sea 1  i o n  (Zalophus c a l i -  
fo rn ianus) .  The C a l i f o r n i a  sea 1  i o n  
breeds on t h e  Channel I s l a n d s  o f  southern 

Ca l i f o rn i a ,  a long  t he  coas t  o f  Baja 
C a l i f o r n i a ,  Mexico, and i n  the  Gu l f  o f  
C a l i f o r n i a  d u r i n g  June and Ju ly .  Dur ing 
t h e  remainder o f  the  year ,  some 75,000 sea 
l i o n s  (Bonnel l  pers. corn.) i n h a b i t  t h e  
e n t i r e  coasta l  reg ion  o f  C a l i f o r n i a .  
Groups o f  sea l i o n s  are sometimes seen 
pass ing through ke l p  fo res ts  o r  f o rag i ng  
a long  t h e  k e l p  f o r e s t  f r i nge .  Sea l i o n s  
show a  preference f o r  pe l ag i c  p rey  items 
(Jones 1981). It i s  probable t h a t  t h e  
assoc i a t i on  of sea l i o n s  w i t h  k e l p  f o r e s t s  
i s  1 i m i t e d  t o  t r a n s i t o r y  fo rag ing ,  
a1 though these animal s  are commonly 
observed i n  k e l p  f o r e s t s  by d ive rs .  

4.6.2.5 S t e l l e r ' s s e a c o w ( H y d r o -  
damal is gigas). G ian t  ke l p  f o r e s t s  were, 
i n  t h e  oast.  orobablv  a l s o  i nhab i t ed  bv 
t h e  now-'extinct ~ t e l l i r ' s  sea cow.   hi; 
huge (6,000 kg, over  7 m long; Domning 
1978) herb ivorous mammal i s  be l i e ved  t o  
have i n h a b i t e d  nearshore areas from Ba ja  
C a l i f o r n i a ,  Mexico, t o  Russia. Probably 
as a  r e s u l t  o f  hun t ing  by a b o r i g i n a l  man, 
o n l y  an est imated 2,000 animals remained 
i n  the  remote po r t i ons  of the western 
A leu t i an  I s lands  and eastern Ru,ssia by 
1741, and the  l a s t  animal i s  be1 ieved  t o  
have been k i l l e d  i n  1768 (Domning 1978). 

Hydrodamalis gigas apparent ly  d i d  n o t  
c o m ~ l e t e l v  submerse, and f e d  on var ious  
seaweeds -and sea g rasses  i n  very  shal low 
(probably  1-2 m) water  (Domning 1978). 
I t s  shal low sub t i da l  hab i t a t ,  l a ck  o f  
d i v i ng ,  and slow movements made t h i s  
s i r e n i a n  easy prey f o r  hunters .  Dayton 
(1975) suggested t h a t  sea cow graz ing  may 
have been impor tant  i n  t he  e v o l u t i o n  o f  
a l g a l  assemblages i n  k e l p  f o res t s .  
However, g iven what i s  known o f  t he  sea 
cow's h a b i t a t  and method o f  feeding,  t h i s  
i s  arguable. A1 though apparen t l y  never 
observed, sea cows could have f ed  on 
sur face  canopies i n  deeper water. 

4.7 DISEASES 

4.7.1 I n t r oduc t i on  

A  v a r i e t y  o f  pathogens and pa ras i t es  
i n f e c t  macro-organisms i n  g i a n t  k e l p  
f o res t s ,  bu t  except f o r  a  l i m i t e d  number 
o f  cases reviewed below, l i t t l e  i s  known 
o f  t h e i r  e f f e c t s  on hos t  popu la t ions .  



4.7.2 Macroalgae 

Andrews (1977) and G o f f  and Glasgow 
(1980) r e c e n t l y  summarized i n f o r m a t i o n  on 

pathogens, and t h e  l a t t e r  
p u b l i c a t i o n  i s  a  p a r t i c u l a r l y  compre- 
hensive account. Perhaps t h e  most 
n o t o r i o u s  disease i s  "b lack  r o t "  o f  
Macrocyst is ,  which i s  v i s i b l e  as dark  
areas on  the margins of t h e  blades. These 
become les ions ,  and t he  blades e v e n t u a l l y  
d i s i n t e g r a t e .  The symptoms may occur  
throughout  l a r g e  k e l p  stands, suggest ing 
t h a t  t h e  disease may cause l a rge - sca le  
l o s s  of p l a n t s  (ZoBel l  1946). Sco t ten  
(1971), however, cou ld  n o t  f i n d  evidence 
o f  a  b a c t e r i a l  o r  fungal cause, and 
suggested t h a t  b l ack  r o t  i s  n o t  caused by 
a  pathogen, b u t  may s imp ly  be 
d e t e r i o r a t i o n  assoc ia ted  w i t h  e l eva ted  
water  temperatures. Dean (pers .  comm.) 
observed ex tens ive  b lack  rot and numerous 
s i n k i n g  fronds i n  southern C a l i f o r n i a  k e l p  
f o res t s  i n  October 1983, co i nc i den t  w i t h  
t h e  warm water assoc ia ted w i t h  t h e  c u r r e n t  
" E l  Nino" (see Sect ion 2.3). 

Recent observat ions o f  a d u l t  
Macrocyst is  p y r i f e r a  i s o l a t e d  i n  a  l a r g e  
con ta i ne r  a t  Santa Cata l  i n a  I s 1  and 

1 r evea led  another  p o t e n t i a l  disease (Gerard 
pers.  comm. ). Blades (especi a1 l y  those 
near  t h e  h o l d f a s t )  growing i n  warm, h i gh  
n u t r i e n t  water developed numerous smal l  
ho les  and even tua l l y  de te r i o ra ted .  Dean 
(pers .  comm.) noted s i m i l a r  svmotoms i n  
smal l  pterYgbphora c a l  i f o r n i c a  ' o f f  San 
Onofre i n  1983. The svmotoms i n  
Macrocyst is  l e d  t o  t he  tentat i iv 'e  name o f  
"sho t  ho l e  disease," b u t  t h e  cause i s  
unknown. However, j u s t  as i n  monocultures 
of t e r r e s t r i a l  p l an t s ,  t he  common 
occurrence i n  c u l t u r e  o f  t h i s  h i t h e r t o  
r a r e l y  observed symptom suggests t h a t  
o t h e r  unan t i c i pa ted  problems w i t h  disease 
may occur  i n  f u t u r e  at tem t s  t o  i s o l a t e  
Macrocys t i s  i n  c u l t u r e  [see Goff and 
Glasgow 1980 f o r  a  rev iew of pathogens i n  
o t h e r  c u r r e n t l y - c u l  t i v a t e d  seaweeds). 

Macrocyst is  as w e l l  as o t h e r  
macroalgae a re  i nhab i t ed  by a  d i ve r se  
group o f  p o t e n t i a l  pathogenic organisms 
such as nematodes, a l g a l  and animal e p i -  
growths, a l g a l  pa ras i t es  , bac te r i a ,  and 
fungi .  P lan ts  may be found w i t h  tumors 
and ga l  1s (Andrews 1977, Goff and Glasgow 
1980). Few of these have been observed t o  

cause severe damage tc ,  f n d i v i d u a l s  i n  k e l p  
f o r e s t s ,  and none has been observed t o  
cause damage t o  popu la t i ons .  

4.7.3 I n v e r t e b r a t e s  

I n v e r t e b r a t e  pathogens and pa ras i t es  
a r e  a l s o  common, and some have s i g n i f i c a n t  
impacts on popu la t i ons .  Pearse e t  a l .  
(1977) r e p o r t e d  a  mass m o r t a l i t v  o f  red  
sea u r c h i n s  ( ~ t r o n ~ ~ l k e n t r o t u s  
f ranc iscanus)  near  Santa Cruz, and 
reviewed o t h e r  occurrences o f  t h i s  
phenomenon i n  C a l i f o r n i a .  When a f fec ted ,  
t h e  u r c h i n s '  sp ines  a re  no  l onge r  he l d  
u p r i g h t  and a r e  e v e n t u a l l y  l o s t ,  the  
ep idermis  degenerates, and t h e  animal 
d i es .  S i m i l a r  symptoms and widespread 
mo r t a l  i ty  have occur red  r e c e n t l y  i n  sea 
u r c h i n  p o p u l a t i o n s  i n  Nova Sco t ia  ( M i l l e r  
and Colodey 1983). The cause o f  t he  
d isease i n  C a l i f o r n i a  i s  unknown; a  
protozoan may be t h e  cause i n  Nova Sco t ia  
( M i l l e r  and Colodey 1983). I f  sea u r ch i n  
g raz i ng  1  i m i t s  k e l p  d i s t r i b u t i o n ,  then 
such a  d isease  can u l t i m a t e l y  r e s u l t  i n  
k e l p  f o r e s t  enlargement,  as i t  d i d  a t  t he  
s i t e  near  Santa Cruz (Pearse and Hines 
1979), and as i t  i s  do ing  i n  Nova Sco t ia  
(Pearse pers. comm. ). Observat ions i n  
these  and o t h e r  areas suggest t h a t  disease 
may be an impo r t an t  f a c t o r  i n  the  
r e g u l a t i o n  o f  sea u r c h i n  popu la t ions  
(Pearse pers .  comm. ) , 

M o r t a l i  t v  o f  o t h e r  echinoderms. 
p a r t i c u l a r l y  " t h e  b a t  s t a r  ( p a t i r i a  
m i n i a t a )  has been observed i n  southern 
Ca1 i f o r n i a ,  b o t h  a long  t he  mainland 
(Schroe te r  and Dixon pers. comm.) and a t  
San N i co l as  ( H a r r o l d  pers .  comm.) and 
Santa Ca ta l  i n a  I s l a n d  (Gerard pers. 
comm.). S i m i l a r  m o r t a l i t y  has occurred i n  
t h e  G u l f  o f  C a l i f o r n i a  (Dungan e t  a l .  
1982). When t h e  wate r  i s  abnormal ly  warm, 
b a t  s t a r s  become covered w i t h  a  white, 
mold-1 i k e  f i l m  and e v e n t u a l l y  die.  
A f f e c t e d  b a t  s t a r s  t h a t  f e l l  down steep 
s lopes  i n t o  c o l d e r  wa te r  a t  Santa Ca ta l ina  
I s 1  and a ~ ~ a r e n t l  v  recovered. Schroeter  e t  
a l .  (1983) have shown t h a t  P. min ia ta  
p reda t i on  may s i g n i f i c a n t l y  a1 t e r  t he  d i s -  
t r i b u t i o n  and abundance o f  w h i t e  sea 
u r ch i ns  ( Ly tech inus  anamesus), and feeding 
by t h e  s t a r  may a l s o  s i g n i f i c a n t l y  a f f e c t  
o t h e r  popu la t i ons ,  i n c l u d i n g  p l a n t s  (see 
Sec t i on  4.4.3 above). Ba t  s t a r  
popu la t i ons  have been n e a r l y  dest royed by 



disease i n  one k e l p  s t a n O ' r ,  southern 
C a l i f o r n i a  ( ~ c h r o e t e r  and Dixon pers.  
comm.), so t h i s  d isease,  1  i ke t h a t  
a f f e c t i n g  sea u rch ins ,  may have i m p o r t a n t  
community e f f e c t s .  The cause o f  t h e  
disease i s  unknown. 

The t h i r d  cause o f  dea th  i s  
assoc ia ted  w i t h  d i n o f l  age l  1  a t e  blooms ( r e d  
t i d e s ) .  Death i n  t h i s  case may r e s u l t  
from oxygen r e d u c t i o n  when t h e  
d i n o f l  agel l a t e s  decoiiiposed. Fay e t  a7 . 
(1972) s t a t e d  t h a t  " f i s h ,  l o b s t e r s ,  and 
o t h e r  mar ine l i f e "  have been k i l l e d  d u r i n g  
p a r t i c u l a r  r e d  t i d e s  i n  sou thern  
C a l i f o r n i a ,  and s i m i l a r  obse rva t i ons  have 
been made a t  l e a s t  once i n  c e n t r a l  
Cal i f o r n i a  ( ~ a u r  pers .  comm. ) . The 
e f f e c t s  o f  these l osses  on o t h e r  organisms 
i n  t h e  k e l p  community a r e  unknown. 

4.7.4 Ver tebra tes  

Fishes a r e  a f f e c t e d  b y  a number o f  
d iseases,  i n c l u d i n g  t h e  d i n o f l a g e l  l a t e  
t o x i n s  above, b u t  t h e  widespread 
occur rence  o f  tumors, l e s i o n s ,  and f i n  r o t  
has been p a r t i c u l a r l y  common i n  nearshore 
areas around l a r g e  ocean sewer o u t f a l l s  
near  Los Angeles. Cross (1982) found  t h a t  
11% o f  f i s h e s  caught i n  o t t e r  t r a w l s  i n  
t h i s  area had f i n  r o t .  However, t h i s  
represen ted  a decl  i ne f r om  prev ious  
percentages, a  dec l  i ne c o i n c i d e n t  w i t h  t h e  
r e d u c t i o n  i n  c h l o r i n a t e d  hydrocarbons, 
heavy meta ls ,  and o rgan i c  m a t t e r  
d ischarged  f rom t h e  sewer. The i nc i dence  

of  Lu~t~ors and o t n e r  diseases o f  f i s h e s  i n  
t h i s  r eg i on  i s  discussed by Mearns and 
Sherwood (1977). 

Various pa ras i t es  occur  i n  ke l p  
f o r e s t  f i s h e s  bu t  t he  popu la t ion  
consequences o f  t h e i r  a c t i v i t i e s  remain 
1 a r g e l y  unknown. Some o f  these paras i tes ,  
e s p e c i a l l y  c e r t a i n  roundworms, can be 
harmful t o  man i f  i n f e c t e d  f i s h  a re  eaten 
raw. Moser and Love (1978) reviewed 
p a r a s i t e s  o f  marine f i s h  i n  C a l i f o r n i a ,  
and suggested methods f o r  d e t e c t i n g  and 
des t r oy i ng  those harmful t o  man. 

Pa ras i t es  may harm f i shes ,  b u t  they 
can a l s o  be used t o  s tudy f i s h  movements. 
Some f i shes  w i t h  l i m i t e d  movements may 
show h i ghe r  inc idences o f  a  p a r t i c u l a r  
p a r a s i t e  i n  1  oca l  popu la t ions .  Love 
(1980) used such a p a r a s i t e  " tag"  i n  h i s  
i nnova t i ve  s tudy o f  movements o f  the  o l i v e  
r o c k t i s h  (see Sec t ion  4.5 above). He 
found t h a t  t h i s  r o c k f i s h  moved l i t t l e  
between reefs;  thus a p a r t i c u l a r  r e e f  can 
be e a s i l y  over f i shed .  

Numerous animals p a r a s i t i z e  marine 
mammals (see Da i l ey  and Brownel l  1971 f o r  
rev iew) .  The sea o t t e r ,  most corrmonly 
assoc ia ted  w i t h  k e l p  f o res t s  (see Sect ion 
4.6.6.2 above), has a number o f  
acanthocephalan p a r a s i t e s  (Hennessy and 
Morejohn 197)). Whi l e  i n d i v i d u a l  animals 
may be s e r i o u s l y  a f f e c t e d  by some 
pa ras i t es ,  these authors  concluded t h a t  
e f f e c t s  on t he  sea o t t e r  popu la t i on  i n  
C a l i f o r n i a  a r e  smal l .  
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Pla t e  1 A .  Macrocyst is  su r f ace  canopy near 
Santa Barbara. 

P l a t e  I B .  In f ra - red  a e r i a l  photograph of 
Macrocysti s (orange) canopy i  n Carmel Bay 
(courtesy Cal i f o r n i a  Department of Fish 
a n d  Game). 

Pla t e  1C. Macrocystis f o r e s t  with numer- 
ous f i s h  beneath t h e  su r f ace  canopy (cour- 
tesv D. Reed). 

P la te  1D. Pelagophycus por ra  a t  Santa 
Catal ina  Is1 and. 

P l a t e  I F .  The a r t i c u l a t e d  c o r a l l i n e  a lga  
P l a t e  IE. Understory canopy of Ptery- Call i a r t h ron ,  and t he  purple-r inged top 
gophora cal  i f o r n i c a  (cour tesy  S.  Pace). she1 1 , Cal I iostoma annulatum. 
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Pla te  2A. The 1 ined ch i ton  Tonicel l a  
1 i neata ,  on an encrus t ing  coral  1  i  ne a1 ga. 
Dark spots  on the coral  l ine a r e  openings 
t o  polychaete tubes.  

P la te  2C. Various t un i ca t e s  and sponges 

P l a t e  2 B  Cup c o r a l s  and t he  c o b a l t  
sponge Hymenamphi a s t r a  cyanocrypta. 

on a  ve r t i c a l  wall wi th in  a  kelp f o r e s t .  
P7at.e 20. Red sea urchins surrounded by 

P la te  2E. Pi sa s t e r  g iganteus  and a  group 
of strawberry anemones, Corynacti s  - ca l  i -  
fo rn ica  (courtesy S. Webster). 

. 
various f o l i o s e  red a lgae .  

P l a t e  2F. The hydrocoral Allopora c a l l -  
f o rn i ca  (courtesy S .  Webster).  



CHAPTER 5 

HYPOTHESES CONCERNlNG COMMUNITY 
STRUCTURE AND DYNAMICS 

The ecosystem must first be accurately described using proper 
methods of sampling and measuring the relevant environmental 
variables. Once this is done, the ecologist looks for patterns of 
correlation between the distribution and abundance of the dif- 
ferent organisms and their abiotic environment. By asking ques- 
tions about the causes of the patterns, answers suggest 
themselves which can be formulated as testable hypo theses. 
Then experiments can be designed to test these hypotheses. 
Connell (1974). 

5.1 INTRODUCTION 

Prev ious chapters  have been p r i m a r i l y  
d e s c r i p t i v e ,  d i s cuss i ng  va r i ous  b i o t i c  and 
a b i o t i c  f a c t o r s  assoc i a t ed  w i t h  t h e  
d i s t r i b u t i o n  and abundance o f  Macroc s t i s  + and o t h e r  organisms i n  g i a n t  ke p  f o res t s  
The a v a i l a b i l i t y  o f  l i g h t ,  n u t r i e n t s ,  and 
s u i t a b l e  subs t r a t a ,  temperatures and water  
mot ion p u t  broad l i m i t s  on where ke l p  
f o r e s t s  m igh t  occur,  b u t  they revea l  
1  i ttl e  about t he  mechanisms and 
i n t e r a c t i o n s  which s t r u c t u r e  these types 
o f  communities. I n  many cases, sub t i da l  
workers have s u b s t i t u t e d  a  rubber  d i v i n g  
s u i t  f o r  t h e  tweed c o a t  and gumboots o f  
t he  e a r l y  i n t e r t i d a l  n a t u r a l  h i s t o r i a n ,  
a t tempt ing  t o  descr ibe  h a b i t a t s  and t h e  
organisms p resen t  i n  terms o f  assoc i a t i ons  
and observed pa t t e rns .  Only i n  r e l a t i v e l y  
r ecen t  t imes  has t h e  technology o f  SCUBA 
d i v i n g  a1 lowed researchers t o  exp lo re  
s u b t i d a l  communities i n  a  r o u t i n e  fash ion,  
p e r m i t t i n g  them t o  i d e n t i f y  the  f a c t o r s  
and pa t t e rns  t h a t  fo rm t h e  bas i s  o f  
expe r imen ta l l y  t e s t a b l e  hypotheses. 
Consequently, t h e r e  a re  o n l y  a  few 
pub l i shed  accounts o f  s t ud i es  t h a t  have 
t e s t e d  f o r  t h e  processes t h a t  a f f e c t  t h e  

d i s t r i b u t i o n  and abundances o f  ke l p  
species, and fewer s t i l l  t h a t  assess t he  
i n t e r a c t i o n s  o f  f ac to r s .  

P u t a t i v e l y  impor tan t  processes such 
as compet i t i on  and g raz ing  ( -  p reda t i on  o f  
p l an t s  by animals) may have s t r ong  e f f e c t s  
i n  some places, a t  some t imes. The 
i n t e r a c t i o n s  between ke lps and o t h e r  
organisms may have d i f f e r e n t  e f f e c t s  a t  
var ious stages o f  t h e  l i f e  cyc les  of 
p l a n t s  (F igure  25 ) .  The abundances o f  
i n d i v i d u a l  species change a long  a  depth 
g rad ien t ,  which may a f f e c t  t he  i n t e n s i t y  
o f  i n t e r a c t i o n s .  Analyses o f  many o f  
these problems a re  now t r a c t a b l e  
experimental  ly. 

A  c r i t i c a l  examinat ion o f  t h e  methods 
used t o  assess the impor tant  processes 
t h a t  s t r u c t u r e  communities i s  n o t  unique. 
Cur ren t l y ,  t he re  i s  much debate about t he  
importance o f  cornpeti t i o n  i n  t e r r e s t r i a l  
and marine i n t e r t i d a l  communities: when 
and where i s  compet i t i on  impor tan t ,  o r  
does i t  even occur  a t  a l l  i n  many 
s i t u a t i o n s  (Connell 1983; S imbe r l o f f  1983; 
see American N a t u r a l i s t  1983, 122(5))? 
When and where i s  p reda t ion  impor tant? 
Methodological  problems have been 



The Gauntiet of Macrocystis Micr~scapic Stages 
will be affected by  light, water, motion, etc., that vary  with season 

1. LAND ON SUITABLE SUBSTRATUM 
- avo id  o t h e r  Laminarians on way down 
- avo id  branches o f  A r t i c u l a t e d  Cora l1 ines 
- avo id  space s e t t l e d  by o t h e r  species 
- avoid chemical i n h i b i t i o n  by species 

7. PRODUCE SPORES 

6.  GROW TO ADULT PLANT 
- avo id  removal by water motion 
- avoid entanglement w i t h  own species 
- avo id  compet i t ion w i t h  o the r  species 
- avoid grazers 

5. GROW TO JUVENILE PLANT 
a f f e c t e d  by: 
- dens i t y  o f  own species 
- dens i t y  o f  o t h e r  species nearby 
- developing canopy 
- grazers 

2. DEVELOP INTO GAMETOPHYTE 
- avo id  overgrowth and shading 

by o t h e r  organisms 
- a v o i d  grazers 

- small  echinoids 
- gastropods 
- micro-crustarea 
- P a t i r i a  

- avo id  being b u r i e d  and abraded 
by  sediments 

3. d GAMETES LOCATE ? GAMETES 
- f e r t i l i z e  

1. GROW TO MICROSCOPIC SPOROPHYTE / 
- avoid overgrowth and shading 

by o t h e r  organisms 
- avoid grazers 

L( 
- avoid sediments 

Figure 25. The gauntlet of Macrocystis l i f e  history stages. Survival will also be 
affected by physical/chemica7 factors tha t  vary in time. 

discussed, along with interesting and 
innovative approaches t o  experimental 
studies (e.g. , Underwood and Denley 1984; 
see Strong e t  a l .  1984). This debate i s  
particularly germane to subtidal studies,  
which are in a relatively early stage of 
experimental work. 

This chapter focuses on the questions 
asked and the hypotheses proposed 
concerning the distribution and abundance 
of Macrocystis, the studies tha t  have 
examined them, and the evidence f o r  the i r  
importance. Some of the studies mentioned 
ear l ier  in  th i s  review are more c r i t i ca l ly  
examined for detai 1 s of experimental 

design and the conclusions based o n  them. 
Figure 26 outlines the factors commonly 
cited as affecting one or more of the l i f e  
history stages of t h i s  species. Several 
spatial  and temporal scales are  also 
l i s ted .  Not a l l  of these hypotheses are 
presently capable of being assessed 
experimentally i n  the f ie ld .  Much of this  
will require innovative techniques and 
methods ( for  review of current methods, 
see Foster e t  a l .  in press). 

Most subtidal researchers a re  
logis t ical ly  constrained t o  working a t  
relat ively local s i t e s  along one area of 
coastline, and usually over a short time 
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F igu re  26. Summary o f  impo r t an t  f ea tu res  o f  ke lp  f o r e s t  dynamics and t h e  temporal  and 
s p a t i a l  sca les  a t  which t hey  occur. 

s ca l e  o f  a  few years  a t  most. The l a r g e  
prominent su r face  canopy o f  Macrocys t i s  
p y r i f e r a  has tended t o  obscure t h e  
v a r i a b i l i t y  o f  t h e  communities i t  
dominates a t  l o c a l  s i t e s .  Kelp f o res t s ,  
however, may be as v a r i a b l e  w i t h i n  areas 
as they a re  among d i f f e r e n t  areas a long a 
coas t  (Rosenthal e t  a l .  1974, Fos te r  e t  
a l .  1983; see Chapter 3 ) .  Experimental  
s t ud i es  o f  t h e  f a c t o r s  produc ing 
v a r i a b i l i t y  between and w i t h i n  s i t e s  a r e  
poss i b l e  on r e l a t i v e l y  r e s t r i c t e d  s p a t i a l  
and temporal sca les.  

F i n a l l y ,  an examinat ion o f  
experimental  s t ud i es  i n v o l v i n g  k e l p  
abundances and d i s t r i b u t i o n  shows t h a t  i n  
most cases o n l y  one f a c t o r  has been 
assessed, i n  one p lace ,  a t  one t ime.  
F a c t o r i a l  experiments a r e  necessary t o  
t e s t  t h e  r e l a t i v e  importance o f  f a c t o r s ,  
t h e i r  i n t e r a c t i o n s ,  and unaccounted f o r  
v a r i a b i  1  i t y .  Many more areas w i  11 have t o  
be examined be fo re  any gene ra l i za t i ons  
assume v a l i d i t y .  I n  add i t i on ,  many 
s tud ies  s u f f e r  f rom pseudorepl i c a t i o n  
( i n f e r e n t i a l  s t a t i s t i c a l  t e s t i n g  us i ng  
subsamples from w i t h i n  one "exper imenta l "  
p l o t  and one " c o n t r o l "  p l o t ;  H u r l b e r t  

1984). Rep1 i c a t i o n  o f  t reatments  and 
s i t e s  w i t h i n  each area i s  a  power fu l  means 
o f  assessing l o c a l  v a r i a b i  1  i t y  (Hur l  b e r t  
1984). We do n o t  go i n t o  t h e  d e t a i l s  o f  
experimental  design and sampling, bu t  
suggest Underwood (1981), Hu r l be r t  (1984) 
and Green (1979) f o r  good d iscuss ions o f  
these. 

5.2 EFFECTS OF TEMPERATURE 

General hypothesis:  The d i s t r i -  
bu t i ona l  range o f  Macrocyst is  i s  l i m i t e d  
by i t s  i n a b i l i t y  t o  su r v i ve  h i ghe r  temper- 
a tu res  (ca. 20 OC) and by the  i n a b i l i t y  o f  
gametophytes t o  become f e r t i l e  a t  lower  
temperatures (ca. 5 OC). 

The most common exp lana t ion  f o r  
l i m i t s  t o  t he  geographical  d i s t r i b u t i o n s  
o f  l a r g e  a l g a l  species i s  t h e i r  suscep t i -  
b i l  i t y  t o  temperature. Suscepti b i l  i t i e s  
can occur a t  several  stages i n  t h e  l i f e  
h i s t o r i e s  o f  p lan ts .  The t o p i c  has been 
ex tens ive ly  reviewed by Van den Hoek 
(1982) and i s  discussed i n  Sect ion 2.3. 
This re ference s t a t es  t h a t  a t  l e a s t  s i x  
d i f f e r e n t  boundaries can be postu la ted:  



(1) the "northern l e t h a l  boundary" 
corresponding t o  the 1 owest w in te r  temper- 
a t u re  a t  which a species can survive; ( 2 )  
t h e  "northern growth boundary" correspond- 
i n g  t o  the  lowest summer temperature 
which, over a per iod o f  several months, 
permits s u f f i c i e n t  growth f o r  p l a n t  
maintenance; (3 )  the "northern reproduc- 
t i v e  boundary" corresponding t o  the  lowest 
summer temperature pe rm i t t i ng  reproduct ion 
over a per iod of  several  months; and (4-6) 
t h e  corresponding southern boundaries. 

These boundaries have no t  a l l  been 
invest igated f o r  Macrocystis r i  fera on 
t h e  west coast. The l e t h a b h e r n  
boundary f o r  adu l t  Macrocystis i n  
Ca l i f o rn i a  i s  thought t o  be where 20°C 
temperatures pe r s i s t  f o r  a t  l e a s t  two 
weeks (North 1971b). An es tab l i shed  
populat ion o f  Macrocystis o f f  San Diego 
de te r io ra ted  dur ing such a per iod. The 
southernmost populat ion o f  Macrocyst is of f  
Baja Ca l i fo rn ia ,  Mexico i s ,  however, 
subject  t o  higher temperatures, and y e t  
has general ly persisted. This high1 i g h t s  
some o f  the problems i n  determining 
tolerances of i nd i v i dua l  species. Some 
populat ions and some i nd i v i dua l s  w i l l  be 
more t o l e ran t  than others t o  environmental 
stresses. Nevertheless, Van den Hoek 
(1982) found broad cor re la t ions  between 
species tolerances along the coasts o f  t he  
A t l a n t i c  Ocean and t h e i r  d i s t r i b u t i o n s  
along isotherms fo r  those tolerances. 

Because o f  the v a r i a b i l i t y  i n  
comnunity composition among s i t e s ,  i t  i s  
c l e a r  tha t  t e s t i n g  fo r  the  e f f ec t s  o f  
temperature on geographic 1 i m i t s  o f  
species can on ly  be done i n d i r e c t l y .  Two 
approaches are possible:  ( 1 )  l abora to ry -  
based studies on tolerances, growth ra tes,  
gemina t ion  and surv iva l  o f  gametophytes 
and young sporophytes; and ( 2 )  t ransp lan t  
experiments of gametophytes and 
sporophytes i n t o  s i m i l a r  hab i t a t s  a t  
l o c a l i t i e s  w i t h  d i f f e r e n t  temperature 
regimes. 

The main problems conf ronted i n  
comparing geographic l o c a l i t i e s  a re  t h a t  
there are usual ly  l a rge  d i f f e rences  i n  
b i o t i c  factors such as the presence o f  
o ther  a lga l  species and grazers (see 
Chapters 3 and 4), and a l s o  t h a t  
temperature, nu t r ien ts ,  and l i g h t  a re  
of ten corre la ted (Jackson 1977). I t  i s  

d i f f i c u l t  t o  se?? r? te  t h e s e  f a c t o r s  i n  the 
f i e l d ,  b u t  i t i s  r e l a t i v e l y  
s t r a i g h t f o r w a r d  t o  measure them. Dean e t  
a l .  (1983) and Dean and Deysher (1983) 
made cont inuous measurements o f  
temperature and i r r a d i a n c e  i n  t he  San 
Onofre k e l  p f o r e s t  i n  southern Cal i f o r n i  a. 
They found t h a t  temperature and i r r ad i ance  
were p o s i t i v e l y  c o r r e l a t e d  (F igure  27). 
Successful n a t u r a l  rec ru i tment  o f  

Temp And Irr.dlanc. 
Rsaulrsd For S~oroohrt .  
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F i g u r e  27. Temperature and i r r ad i ance  
recorded  on t h e  bot tom i n  a Macrocyst is 
f o r e s t  over  a $-year pe r i od .  Lab and 
f i e l d  s t u d i e s  i n d i c a t e  t h a t  Macrocyst is 
w i l l  success fu l1y  r e c r u i t  on l y  when both 
temperature and i r r a d i a n c e  a r e  above the  
s o l i d  l i n e .  Note t h a t  temperature de- 
creases go i ng  up t h e  v e r t i c a l  sca le  (from 
Dean e t  a1 . 1983). 



M a c r c c ~ c t i  s s y r n p h y t -  was chserved on 
on lv  f o u r  occasions between 1977 and 1981. 
~ h e i e  episodes co i nc i ded  w i t h  f o u r  o f  t h e  
e i g h t  per iods  when temperatures were a t  o r  
below 16.3"C, and i r r a d i a n c e  l e v e l s  were 
a t  o r  above 0.4 E/rn2/day. Th i s  study 
i nd i ca tes  t h a t  temperature and l i g h t  a r e  
i n t e r a c t i v e ,  which may have re1  evance f o r  
geographic d i s t r i b u t i o n s .  Th i s  i s  s i m i l a r  
t o  conc lus ions o f  l a b o r a t o r y  s t ud i es  o f  
Luning (1980) f o r  spec ies o f  Laminaria.  
Appropr ia te  measurements o f  l i g h t  and 
temperature have n o t  been done i n  tandem 
w i t h  r ec ru i tmen t ,  growth, and s u r v i v o r s h i p  
s tud ies  i n  o t h e r  l o c a l i t i e s .  Such 
s tud ies,  a long  w i t h  a  thorough eva lua t i on  
o f  t h e  b i o l o g i c a l  d i f f e rences  among s i t e s ,  
would p rov i de  impo r t an t  evidence f o r  t h e  
r e l a t i v e  i n f l u e n c e  o f  these f a c t o r s  on 
both t h e  l o c a l  and broad-scale 
d i s t r i b u t i o n  o f  l a r g e  brown algae. 

5.3 EFFECTS OF WATER MOTION 

General Hypothes is :  Severe water  
mot ion ('L 1 m/sec) 1  i m i t s  t h e  ex ten t  of  
canopy and the  d i s t r i b u t i o n  o f  
Macrocyst i  s. 

Th is  hypo thes is  i s  n o t  e a s i l y  
t e s t a b l e  and has n o t  been exper imenta l l y  
examined. As d iscussed i n  Sec t ion  2.6, 
stands o f  Macrocyst is  do n o t  occur  n o r t h  
o f  c e n t r a l  C a l i f o r n i a  where surge 
cond i t i ons  a re  s t r ong  and w i n t e r  storms 
are severe. Sur face canopies i n  t h e  more 
p ro tec ted  areas o f  southern C a l i f o r n i a  
tend t o  f l u c t u a t e  i n  3- t o  4-year cyc les ,  
w i t h  o l d e r  p l a n t s  be ing  prone t o  removal 
by water mot ion. I n  c e n t r a l  C a l i f o r n i a ,  
however, w i n t e r  storms tend t o  remove most 
surface canopies, and t he re  i s  a  marked 
seasonal change i n  t h e i r  ex ten t .  On a  
l oca l  sca le ,  No r t h  (1971b) suggested t h a t  
the shoreward depth l i m i t  o f  Macrocyst is  
i s  determined by  surge cond i t i ons .  

Severe w i n t e r  storms were assoc ia ted 
w i t h  t h e  r ecen t  E l  Nino cond i t i ons  
(1982-83) a long  t h e  e n t i r e  coast  of  
C a l i f o r n i a .  These storms removed most o f  
the  canopy p l a n t s  a t  Po in t  Loma i n  
southern C a l i f o r n i a ,  w i t h  t he  g rea tes t  
m o r t a l i t y  o f  p l a n t s  i n  t he  shal lowest  (12 
m) water (Dayton and Tegner 1984b). In 
con t ras t ,  a t  S t i l l w a t e r  Cove i n  c e n t r a l  
C a l i f o r n i a ,  v i r t u a l l y  a1 1  Macrocyst is  
p l a n t s  were removed by these storms 

(Schie l  and Foster,  unpub] i s h e d  da ta ) .  I n  
both Macroc s t i s  and 
understory cases,  k e l  ps eventua many + y r e c r u i t e d .  

Except f o r  abrupt  m o r t a l  i ty o f  p l a n t s  
due t o  storms, the  f a c t o r s  a s s o c i a t e d  w i t h  
large-sca le phenomena such a s  E l  Ninos are 
genera l ly  imposs ib le  t o  s e p a r a t e ,  however. 
Water motion i s  seasona l l y  s e v e r e  w h i l e  
temperatures are h igher  a n d  n u t r i e n t s  
1  ower. 

The observat ions of E b e l i n g  e t  a l .  
(MS.) on a  r e e f  near S a n t a  Barbara 
i n d i c a t e  t h a t  severe s t o r m s  can have 
opposing e f fec ts  on k e l p  communit ies,  
depending on a l g a l  abundances and sea 
u rch in  behavior  p r i o r  t o  a n d  a f t e r  t h e  
disturbance (see d i s cuss i on  i n  Sect ion 
3.5). As w i t h  many s t ud i es ,  a  poss i b l e  
compl icat ing f a c t o r  i s  t h e  l a c k  of 
knowledge about t h e  i n t e n s i t y  of  a l g a l  
spore sett lement.  Sea u r c h i n  f o rag i ng  
behavior may no t  have changed a f t e r  t h e  
f i r s t  storm had there  b e e n  a  l a r g e  
sett lement o f  spores and subsequen t  1  arge 
recru i tment  o f  algae. N e v e r t h e l e s s ,  t h i s  
observat ional s tudy i n d i c a t e s  t h a t  wa te r  
motion, sea u r c h i n  b e h a v i o r ,  and ke l p  
r e c r u i  tment a re  re1 a  ted. 

5.4 OTHER ABIOTIC FACTORS 

5.4.1 Depth D i s t r i b u t i o n  

General Hypothesi s  : The depth 
d i s t r i b u t i o n  of k e l p  p l a n t s  i s  l i m i t e d  by  
the a b i o t i c  f a c t o r s  o f  l i g h t  and 
nu t r i en t s .  

Some of the  main p rob l ems  faced by 
sub t i da l  workers are t h e  d i f f e r e n c e s  
between areas and depths i n  p h y s i c a l  and 
b i o l o g i c a l  factors ,  and a l s o  t he  
d i f fe rences  i n  l e v e l s  of  t h e s e  f a c t o r s  
among areas. I n t e r t i d a l  s t u d i e s  p rov ide  
the bes t  examples of p a t c h i n e s s  i n  t h e  
occurrence of organisms w i t h i n  and  between 
areas, and experiments t o  de te rm ine  how 
t h i s  patchiness o r i g i n a t e s  and i s  
maintained. A  p a r t i c u l a r l y  thorough 
q u a n t i t a t i v e  survey of i n t e r t i d a l  areas i n  
eastern Aus t ra l  i a  showed t h a t  t h e r e  were 
broadly  over lapping v e r t i c a l  d i s t r i b u t i o n s  
of species, which we re  p a r t i a l l y  
determined by exposure a n d  substratum 
heterogeneity (Underwood e t  a1 . 1983). 
Species from d i f f e r e n t  l e v e l s  o n  t h e  shore 



have d i f f e ren t  phys i o l og i ca l  to lerances t o  
regimes o f  1 i ght ,  temperature and exposure 
(e.g., Quad i r  e t  a l .  1979). Even so, 
i n d i v i d u a l  a l g a l  species may n o t  occupy 
t h e  zone where they  grow best  (e.g., 
Fos te r  1982b). De ta i l ed  experimental  
s t u d i e s  examining these types o f  
i n t e r a c t i o n s  have r a r e l y  been done i n  
s u b t i d a l  a l g a l  f o res t s .  

N i th in  s i t e s ,  i t  has been observed 
wor ldwide t h a t  sub t i da l  a1 ga l  assembl ages 
f a l l  i n t o  broad depth zones (Kain 1963, 
Neushul 1965, Mann 1972a, Choat and Schie l  
1982), and t h i s  i s  gene ra l l y  the  case f o r  
Macrocys t i s  communi t i e s  (see Chapter 3) .  
Most o f  the phys ica l  and b i o t i c  fac to rs  
d iscussed i n  Chapters 2 and 3 w i l l  change 
g r a d u a l l y  a long a depth g rad ien t  w i t h i n  
any one s i t e .  For example, the  d e n s i t y  o f  
k e l p  stands u s u a l l y  decreases a t  depths 
beyond c 20 m, l eav ing  i s o l a t e d  p l an t s  a t  
g r e a t e r  depths (DeVinny and Kirkwood 1974; 
see Chapter 1).  The p a t t e r n  o f  d i s t r i -  
b u t i o n  o f  phys ica l  f ac to r s  can a l s o  be 
q u i t e  va r i ab l e .  While 1 i g h t  a t t enua t i on  
occurs  w i t h  depth, i t  may a l s o  be a f f e c t e d  
by water c l a r i t y  and t he  presence o f  a l g a l  
canopies (see Sect ion 2.4). As a 
consequence o f  changing va r i ab l es  and t h e  
phys i o l og i ca l  to lerances o f  algae, t he  
demography o f  species and composi t i o n  o f  
a l g a l  stands a l s o  change w i t h  depth. 

The e f f e c t s  o f  depth-associated 
f a c t o r s  on a l g a l  p roduc t ion  have been 
approached i n  several  ways. North ( 1 9 7 1 ~ )  
measured the growth r a t es  o f  t h ree  young 
Macrocys t i s  f ronds on each o f  f o u r  p l a n t s  
ove r  a pe r i od  o f  39 days a t  depths o f  8 m 
and 24 m on the  edge o f  t he  Carmel 
submarine canyon. He found l i t t l e  
d i f f e rence  among e longa t ion  r a t e s  o f  
f ronds , and conc l  uded t h a t  the i n f  1 uence 
o f  depth on growth r a t es  o f  young f ronds 
i s  probably  s l i g h t .  Sample s i zes  were 
sma l l  i n  t h i s  study, and o n l y  young f ronds 
on o l d e r  p l a n t s  were measured. Gerard 
(1976) found t h a t  w i t h i n  one s i t e  i n  
c e n t r a l  C a l i f o r n i a ,  t he  v a r i a t i o n  i n  
growth r a t es  was extremely h i gh  f rom f r o n d  
t o  f rond ,  even f o r  f ronds  which were 
i n i t i a l l y  o f  equal s i ze  and which were 
measured over t h e  same t ime  i n t e r v a l .  

Dean e t  a l .  (1983) a t  t h e  Marine 
Review Committee ke l p  ecology p r o j e c t  i n  
southern C a l i f o r n i a  have done t h e  most 

i nnova t i ve  and thorouqh research t o  date 
examining f a c t o r s  t h a t  a f f e c t  t h e  
p roduc t ion  o f  Macrocys t i s  sporophytes from 
gametophytes. T h e i r  experiments w i l l  be 
discussed i n  d e t a i l  i n  t h e  n e x t  sec t ion .  
O f  re levance t o  t h e  depth d i s t r i b u t i o n  and 
abundance o f  Macrocyst i  s, however, were 
t h e i r  experiments t h a t  assessed t h e  
p roduc t ion  o f  sporophytes a t  d i f f e r e n t  
depths. They a t tached  ropes con ta i n i ng  
c u l t u r e d  gametophytes a t  d i f f e r e n t  depths 
a long a suspended cab le  (F i gu re  28).  The 

2 m 
plates 

bottom 
plates 

a = Floating PVC frame 
b = Plexiglass plates holding pieces of 

nylon rope containing gametophytes 
c = Surgical tubing with stainless steel 

hooks used to  attach plates t o  frame 
d = Sediment tube 
e = lrradiance sensor 
f = Irradiance-temperature integrator and 

logger 
g = Stainless steel and safety cable 
h = Iron anchor plate 

F i gu re  28. F i e l d  s t a t i o n  used f o r  Macro- 
c y s t i s  p y r i f e r a  gametophyte o u t p l a n t s  
(Dean e t  a l .  1983). 



l owes t  ropes were on t h e  bottom, w i t h  
r e p l i c a t e s  a t  2, 4, and 6 m above t h e  
bottom. They recorded t he  d e n s i t y  o f  
sporophytes produced f rom these cu l t u res ,  
avd measured temperature and i r r a d i  ance 
d a i l y  and t o t a l  n i t r o g e n  weekly. N i t r ogen  
l e v e l s  were g e n e r a l l y  h i ghe r  on t he  bo t -  
tom, and lowes t  a t  6 m o f f  t h e  bottom. 
Temperatures d u r i n g  August - October were 
lowest  on t h e  bot tom and h i ghes t  a t  6 m,  
bu t  d i f f e r e n c e s  were s l i g h t  between depths 
d u r i n g  October  - January. I r r a d i a n c e  was 
i n v a r i a b l y  lowes t  on t he  bottom, and p ro -  
g r e s s i v e l y  h i ghe r  a t  t he  sha l lower  depths. 
Temperature a lone  accounted f o r  a r e l a -  
t i v e l y  h i g h  p r o p o r t i o n  o f  t h e  va r iance  i n  
sporophyte d e n s i t y  a t  a l l  depths (48%). 
I r r a d i a n c e  exp la i ned  a s i g n i f i c a n t  p o r t i o n  
o f  t h e  va r iance  i n  sporophyte d e n s i t y  f o r  
a l l  t rea tments  combined, b u t  was more 
impor tan t  f o r  bot tom subst ra ta.  Th i s  was 
because l i g h t  regimes on t h e  bottom were, 
a t  t imes ,  below c r i t i c a l  i r rad iance  
l e v e l s .  Sedimentat ion l e v e l s  a l so  had a 
s i g n i f i c a n t  e f f e c t ,  be i ng  more pronounced 
on t h e  bot tom t reatments .  

A s u r p r i s i n g  r e s u l t  o f  these 
experiments was t h a t  t he re  were not  
s i g n i f i c a n t  c o r r e l a t i o n s  between n i t r o g e n  
l e v e l  s and t h e  p roduc t i on  o f  sporophytes. 
Several o u t p l a n t s  o f  gametophytes produced 
h i gh  d e n s i t i e s  of sporophytes desp i t e  low 
l e v e l s  o f  n i t r o g e n  (0.2 - 1.0 u g - a t / l ) .  
Th is  l a c k  o f  c o r r e l a t i o n  was a t t r i b u t e d  t o  
t he  f a c t  t h a t  the  o u t p l a n t s  were w i t h i n  a 
narrow range o f  c r i t i c a l  l e v e l s  a t  a l l  
t imes, and t h a t  weekly measurements of 
t o t a l  n i t r o g e n  may be t oo  coarse a 
measurement t o  de tec t  e f f e c t s  on s e t t l e d  
subs t ra ta .  

These experiments i n d i c a t e  t h a t  even 
r e l a t i v e l y  smal l  d i f f e r e n c e s  i n  depth may 
have impo r t an t  e f f e c t s  on gametophyte 
growth, f e r t i l i t y ,  and t h e  p roduc t ion  o f  
sporophytes. C r i t i c a l  th resho lds  i n  
temperature and i r r a d i a n c e  may be 
approached, w h i l e  l e v e l s  o f  sedimentat ion 
may be c o r r e l a t e d  w i t h  p a r t i c u l a r  depths. 
These s o r t s  o f  experiments which assess 
t he  performance o f  smal l  p l a n t s  wh i l e  
mon i t o r i ng  t he  phys i ca l  environment are 
c r i t i c a l  t o  an understanding of broad 
zona t i ona l  pa t t e rns .  The f a c t  t h a t  l a r g e r  
sporophytes grow, and apparen t l y  do we l l  
i n  deeper areas a t  some s i t e s ,  r evea l s  
l i t t l e  about how p l a n t s  come t o  be  i n  

those 1 arger  s i z e  categor ies.  Gameto- 
phytes and young sporophytes must cope 
w i t h  t he  phys ica l  regimes o f  t h e  
m ic ro -s i tes  i n  which they s e t t l e ,  i n  much 
t h e  same way as do t e r r e s t r i a l  p l a n t s  
(e.g., Harper 1977). The l o g i s t i c s  o f  
a l t e r i n g  and con t r o l 1  i n g  phys ica l  regimes 
a t  t h i s  scale have n o t  been worked ou t  f o r  
f i e l  d s tud ies ,  bu t  the exper imenta l /  
c o r r e l a t i v e  approach used by Dean e t  a1 . 
(1983) holds much promise. 

5.4.2 V a r i a b i l i t y  Wi th in  Depths 

General Hypothesis: The v a r i a b i l i t y  
i n  l e v e l s  o f  temperature, l i g h t  and n u t r i -  
ents a t  the same depth w i t h i n  a l o c a l i t y  
r e s u l t s  i n  t h e  patchy d i s t r i b u t i o n  and 
v a r i a b l e  abundance o f  algae. 

There a re  no f i e l d  s tud ies  t h a t  
conc lus ive ly  show the e f f e c t s  o f  
to~~rperd tu re ,  1 i gi l l ,  and n u t r i e n t s  on any 
1 i f e - h i s t o r y  stage o f  Macrocyst is.  
Experimental s tud ies  have n o t  been 
f eas i b l e  because o f  the d i f f i c u l t y  i n  
c o n t r o l l i n g  t he  l e v e l s  o f  these c o r r e l a t e d  
f a c t o r s  i n  the  f i e l d .  For example, Luning 
(1980) found t h a t  t he  t o t a l  amount o f  
l i g h t  needed f o r  gametogenesis i n  
Laminari  a increased exponent ia l  l y  as 
temperature increased. Dean e t  a1 . (1983) 
were ab le  t o  quan t i f y  t h i s  i n  f i e l d  
experiments.  macro^ s t i s  spo res  were 
s e t t l e d  on to  *opes i n  t h e  
labora to ry ,  and grown t o  the  gametophyte 
stage before ou tp l an t i ng  t o  t h e  f i e l d .  
The dens i t i es  o f  the  sporophytes t h a t  
eventual l y  appeared were determined, whi 1 e 
temperature and i rrad iance were measured 
w i t h  2 situ sensors and i n t e g r a t i n g  
recorders.  They found t h a t  t h e r e  were 
thresh01 d l e v e l s  o f  1 i g h t  and temperature 
f o r  the  p roduc t ion  o f  d i f f e r e n t  d e n s i t i e s  
o f  sporophytes (F igure 29). For  example, 
no sporophytes were produced above a 
temperature o f  17 .6  OC o r  below 
i r r ad i ance  l e v e l  s o f  5.3 E/m2/day. To ge t  
dense rec ru i tment  ( >  50 sporophytes/cm2), 
temperatures were below 16.3 "C,  and 
i rradiance above 0.4 E/m2/day. Higher  
i rradiance 1 eve1 s ( 1  E/m2/day) were 
r equ i r ed  f o r  product ion of h igher  
d e n s i t i e s  o f  sporophytes as temperatures 
approached 16 " C .  However, recen t  
l abo ra to r y  experiments i n d i c a t e  t he re  i s  
1 i t t l e  i n t e r a c t i o n  between 1 i g h t  and 
temperature i f  n u t r i e n t s  are adequate. 
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Figure 29. I rradiance-temperature re- 
sponse surface f o r  Macrocyst is p y r i f e r a  
sporophyte recru i tment .  Sporophytes 
counted on sect ions o f  rope i n i t i a l l y  
inoculated w i t h  spores i n  t he  1 aboratory.  
When spores developed i nto gametophytes , 
the ropes were p u t  i n  the f i e l d  on t h e  
apparatus shown i n  F igure 28. 

Since temperature and n u t r i e n t s  a re  
inverse ly  co r re la ted  (Sect ion 2.5), these 
labora to ry  r e s u l t s  suggest t h a t  i t  i s  t he  
l i g h t - n u t r i e n t  i n t e rac t i on  t h a t  i s  
important i n  the f i e l d  (Deysher and Dean 
pers . comm. ) , 

D i f f e r e n t  sediment loads could 1 essen 
the product ion o f  sporophytes by reducing 
i rradiance l eve l s  below the compensation 
i r rad iance  p o i n t  (Table 1). Gametophytes 
were not k i l l e d  by sediment, bu t  f a i l e d  t o  

I n  another study, DeVinny and Volse ?;:yi() found t h a t  sediment cover o f  
107 mg/cm2 (0.45 mm t h i c k )  could reduce 
gametophyte su rv iva l  by 90%. These 
r e s u l t s  are s i m i l a r  t o  those o f  Norton 
(1978), who found t h a t  a cover ing of 
sediment reduced 1 i g h t  l e ve l s  below the 
arowth comoensation po i n t  f o r  the ke l p  
Sacchariza ' po l ysch id~s .  Sediment a1 so 
a f f ec t s  scour. nu t r i en t s ,  and microqrazer 

The a v a i l a b i l i t y  o f  nu t r i en t s ,  
p a r t i c u l a r l y  ni t rogen, can a f f e c t  t he  
growth o f  macro-algae (see Sect ion 2.5). 
Some species o f  l a rge  algae can ma in ta in  
growth dur ing per iods o f  low ambient 
nu t r i en t s  by bu i l d i ng  i n t e r n a l  n i t r ogen  
reserves. I n  the case o f  Macroc s t i s  + pyri fe ra ,  sporophyte t i s sue  may 
n i t rogen  l eve l  10,000 times t h a t  o f  t h e  
externa l  supply (Gerard 1982b). Wheeler 

and Noi-tk :!?El) fc '14 ?thlt ?!\- v a r i e d  
seasona l l y  i n  inshore  waters ,  and t h a t  
growth r a t e s  o f  f r onds  were a l s o  seasonal. 
However, t he re  was no c l e a r  c o r r e l a t i o n  
between growth r a t e s  and ambient NO,-. 
Gerard (1982b) t e s t e d  t h e  e f f e c t  of 
n i t r o g e n  d e p l e t i o n  on growth r a t e s  of 
f r o n d s  i n  s i t u  by  moving a p l a n t  from an 
inshore  k e l p  f o r e s t  t o  an o f f sho re  area 
w i t h  a lower  n i t r o g e n  environment.  The 
t r a n s p l a n t  was moored a t  a s i m i l a r  depth 
t o  t he  o f f s h o r e  s i t e  (.L 7 in). She found 
t h a t  f r onds  ma in ta ined  growth f o r  two 
weeks, presumably as a r e s u l t  o f  i n t e r n a l  
n i t r o g e n  reserves ,  b u t  t h a t  growth r a t e  
decreased i n  t h e  t h i r d  week. Desp i te  t he  
r e l a t i v e l v  sma l l  n i t r oqen -s to raqe  capac i ty  
o f  ~ a c r b c ~ s t i s ,  she concluded ' t h a t  
n i t r o a e n  s a t u r a t i o n  i s  uncommon i n  
south& ~ a l  i f o r n i a  k e l p  f o r e s t s .  

Dean e t  a l .  (1983) d i d  two types  o f  
exper iments  t o  t e s t  f o r  t h e  e f f e c t s  o f  
n i t r o g e n  l e v e l s  on sporophyte p roduc t ion .  
I n  t h e  gametophyte o u t p l a n t  experiments 
desc r i bed  e a r l i e r ,  n i t r o g e n  l e v e l s  i n  t he  
wa te r  column were measured. There was no 
c o r r e l a t i o n  between t h e  p roduc t i on  o f  
sporophytes and n i  t rogen  1 evels ,  
sugges t ing  t h a t  n u t r i e n t s  p l a y  a 
r e l a t i v e l y  m ino r  r o l e  i n  r e c r u i t m e n t  when 
o t h e r  f a c t o r s  such as l i g h t ,  temperature, 
and sed imenta t ion  a r e  considered. 
However, temperature and n u t r i e n t s  are 
h i g h l y  co r re l a t ed ,  and t h e  work o f  
Zimmerman and Kremer (1984) i n d i c a t e s  t h a t  
n u t r i e n t s  must be measured a t  s h o r t e r  t ime  
i n t e r v a l  s than i n  these experiments.  Dean 
e t  a l .  (1983) a l s o  d i d  n i t r o g e n  a d d i t i o n  
exper iments  t o  assess t h e  e f f e c t s  on 
sporophyte p roduc t ion .  Racks o f  
gametophytes were s i t u a t e d  above t r a y s  o f  
f e r t i l  i z e r ,  r ende r i ng  t h e  n i t r o g e n  
concen t ra t i on  i n  t he  v i c i n i t y  o f  the 
o u t p l a n t s  g r e a t e r  t han  ambient.  I n  these 
experiments,  f e r t i  1 i z i  ng t h e  s u b s t r a t a  d i d  
i n c rease  sporophyte r ec ru i tmen t .  They 
a l s o  found t h a t  t h e  p l a t e s  on t h e  bottom 
showed a g r e a t e r  i n c rease  i n  n i t r o g e n  than 
those  h i g h e r  i n  t h e  wa te r  column, probably 
because o f  h i g h e r  c u r r e n t  v e l o c i t i e s  near 
t h e  su r face  which d i f f u sed  t h e  f e r t i l i z e r .  
T h i s  can a1 so be t h e  case f o r  ambient 
n i t rogen , -w i  t h  v e r t i c a l  s t r a t i f i c a t i o n  and 
h i g h  NO, concen t ra t i ons  o n l y  near  the 
bot tom (Gerard 1982a). I n  t h i s  case, the  
i n t e r a c t i o n  between n u t r i e n t s  and water 
c u r r e n t s  was impor tan t .  



~ e r a r d  ( 2 9 8 2 ~ )  a1 so found evidence 
t h a t  a t  high concentrations of NO,- (25 
u ~ ) ,  nutr ient  uptake was saturated a t  
relatively low current velocit ies (2.5 
c m ) .  Furthermore, she found that 

surge and movement of plant surfaces 
i n  the water column were suf f ic ien t  to ,., - 

,aturate uptake, ev?n in a dense 
~ac rocys t i s  fo res t  with calm sea 

and low current velocity. 

Nutrients may, therefore,  have 
different effects  on the various l i f e  
stages of plants,  and t h i s  may also be 
related t o  season, s t r a t i f i c a t i on  of 
nitrogen , and water motion. 

The effects  of l i gh t ,  temperature, 
nutrients,  and t he i r  interactions have 
only j u s t  begun t o  be studied. Better 
f ie ld  studies must be devised which can 
measure var iab i l i ty  a t  d i f ferent  scales. 
For example, nutrients may have effects  on 
a small scale within a ke lp  fores t ;  there 
niay a l s o  be very broad-scale e f fec t s  over 
portions of the fo res t s ,  o r  the en t i re  
kelp stand. Fronds on  a single plant show 
var iabi l i ty  in growth ra tes  and nutrient 
uptake, b u t  there i s  a lso  var iabi l i ty  
among plants of the same age, exposed to 
similar environmental conditions. 
Experiments must be able to  quantify these 
various levels of var iab i l i ty .  Also, 
there i s  a need fo r  careful controls with 
which to  compare translocated or 
experimental kelp plants. 

One type of experiment needed i s  a 
laboratory study examining dif ferent  
levels of l i gh t ,  temperature, and 
nutrients (see Table 11). Such a design 
will a1 low some measure of main effects  
and the importance of interactions.  This 
experiment i s  currently being done by 
Deysher and Dean (pers. comm. ). 

These are  central issues in the 
controversy of what produces "good years" 
and "bad years" for  Macrocystis. Why i s  
recruitment greater a t  some times a n d  why 
are  canopies more lush in di f ferent  years? 

5.5 EFFECTS OF COMPETITION 

5.5.1 Canopy Removals 

General Hypotheses: (1) Competitive 
interactions among species a f fec t  the 
1 ocal -scale distr ibution and abundances of 
individual species. ( 2 )  Bare primary 
substratum signi f i  cantly increases the 
recruitment of 1 arge brown algae. 

The most common method used to  
determine the effects  of one algal species 
on another i s  the selective removal of 
algal canopies and the subsequent 
recording of which species e i the r  
persisted in o r  recruited to  the areas. 
Dayton (1975) removed canopies of several 
species a t  d i f ferent  depths a t  a s i t e  in 
Alaska. Five hypotheses were tested,  each 

Table 11. Outline of an example of a factorial  laboratory experiment t o  assess the 
ilnportance of 1 ight,  temperature and nutrients, and their  interactions, on garnetophyte 
growth, f e r t i l i t y  and the production of sporophytes. The design uses three levels fo r  
each factor:  nutr ients ,  1 ight,  and temperature. Number of rep1 icates determined from 
in i t i a l  t r i a l s  and desired s t a t i s t i c a l  power. 

N u t r i e n t  - N u t r i e n t s  1 

L i g h t  L i g h t  1 L i g h t  2 L i g h t  3 L i g h t  1 L i g h t  2 L i g h t  3 L i g h t  1 L i g h t  2 L i g h t  3 

2. ( f o r  each T )  



relating t o  the e f fec t s  of one laminarian 
species (or groups of them) on another. 
His experiments indicated that  the species 
forming a surface canopy, Alaria 
f i s tu losa ,  was not a competitive dominant 
because other laminarian species did not 
invade clearances when this  canopy was 
removed. Canopies of Laminaria spp. , 
however, appeared t o  preclude the 
recruitment of Alaria. The rhizoidal 
growth pattern of n n g i p e s  ensured that  
relatively rapid vegetative growth would 
allow th i s  species t o  reform a canopy 
quickly, and so exclude other species from 
invasion. Two other canopy removal s 
indicated that  Agarum cribosum had 1 i t t l  e 
effect  on other species, b u t  that  i t s  
cover increased when Laminaria spp. were 
removed. 

These experiments clearly show tha t  
canopies of individual species a f fec t  
other species. The nature of these 
effects ,  however, i s  not clear.  
Presumably, canopy effects  were the resul t 
of l igh t  inhibition to understory species 
(see Section 2 .4 ) .  Canopies may also 
impede the arrival  of propagules t o  the 
substratum. One of the main problems, 
however, was the lack of information about 
reproduction fo r  individual species. The 
apparent fa i lu re  of some species to  
recruit successfully and the success of 
other species could be a reflection of the 
seasonal occurrence of propagules, whi ch 
may not have been available fo r  some 
species a t  the time of the clearances. I n  
addition, percentage cover of canopies was 
used as a measure of abundance, and i t  was 
not c lear  whether plants tha t  remained 
a f te r  clearances of one species increased 
in s ize ,  o r  whether s ignif icant  
recruitment occurred. 

Many intert idal  studies have shown 
tha t  free space i s  a major requirement fo r  
successfuf recruitment of sessi  l e  species 
(e.g. , Dayton 1971, Connell 1975).  This 
i s  probably the case fo r  subtidal regions 
as  well, although there i s  l i t t l e  
experimental evidence fo r  t h i s  in  
Macroc s t i s  fores ts .  Sessile organisms, 
&y algae such a s  ar t icula ted 
coral 1 ines, fleshy red algae and s t i p i  t a t e  
laminarians, may impede spore f a l l  from 
larger plants, may already occupy 
avail able substrata,  may have toxic 

e f f e c t s  on s e t t l i ng  spores. and mav r~,j,,,~ 
1 i gh t  1 eve1 s be1 ow threshold va 1-ues for 
spore  development. 

Field experiments by Reed and  F~~~~~ 
(1984) have shown that  a combinat ion of 
these  e f fec t s  can be important to kelp 
recruitment in central C a l i f o r n i a .  ~h~~ 
experimental ly removed canopies of over- 
and understory plants: Mac r o c y s t i r ,  
Pterygophora, a r t i cu la ted  coral 1 i n e s ,  and 
encrus t ing  coral 1 ines. The most a b u n d a n t  
understory iceip in the forest, 
Pterygophora, reduced 1 i g h t  l eve l  s t o  the 
substratum by u p  t o  90%. Removal of th is  
s pec i e s  resulted in  a higher recruitment 
of kelp re la t ive  to  control  areas, 
Clearance of ar t icula ted and e n c  rusting 
cora l1  ines ,  leaving patches o f  bare 
substratum, did not y i e ld  more r e c r u i t s ,  
Lower recrui tment occurred in a r e a s  where 
t he  branches of a r t i cu la ted  c o r a l 1  ines 
were present ,  suggesting t h a t  t h e  D rzncht: 
themselves impede spore fa7 1 a n d  
subsequent development, o r  t h a t  t h e y  may 
s eve r e ly  reduce irradiance t o  the 
substratum. Reed and Foster  (1984) 
concluded tha t  the major f a c to r  a f f ec t i ng  
recruitment was the r e d u c t i o n  of 
i r r a d i  ance caused by the  Pte rygophora 
canopy. 

This i s  the most thorough set of 
experiments yet  pub1 i shed i n v o ! v i n g  
manipulations of algal abundances in 
Macroc s t i s  fores ts .  Most combinat ions  of 
d e . ,  the presence and absence  of 
each canopy) were used. A balanced 
experimental design, however, w o u l d  have 
allowed s t a t i s t i c a l  t e s t s  of a1 1 factors 
and t h e i r  in teract ions ,  t h u s  p r o v i d i n g  
s t r o n g e r  evidence fo r  t h e i r  conc lus ions .  

Pearse and Hines (1979)  c 1  eared a 
Macrocystis canopy from a 20 ' x  1 0  m p l o t  
and l e f t  one area uncleared a s  a control 
i n  a kelp fo res t  off S a n t a  Cruz, 
Ca l i fo rn ia .  After 3 months, s i g n i  f icantly 
more 1 aminarians , of several species, 
r e c r u i t e d  into  the cleared This 
di  f f e r ence  was a t t r ibu ted  t o  1 i g h t  
i n h i b i t i o n  caused by t he  intact 
Macrocysti s canopy. Light mea s u wnents 
ind ica ted  tha t  only about 0.2% of surface 

1 i g h t  reached the bottom under t h e  canOPY* 
while 3.8% reached the bottom i n  the 
c l ea r ed  plot. The long-term e f f e c t s  
t h i s  d i f fe ren t ia l  recruitment w e r e  mt 
recorded. 
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importance of l i g h t  t o  success fu l  a l g a l  
bu t  s u f f e r s  f r o m  hav ing  o n l y  

one experimental  p l o t  and one c o n t r o l ,  and 
the l ack  of separa t ing  o t h e r  f a c t o r s  such 
as the e f f e c t s  of unders to ry  species. 

A d i f f e r e n t  r e s u l t  occur red  i n  a  k e l p  
forest  i n  southern Ch i l e .  San te l i ces  and 
Ojeda (1984a) c l ea red  a Macrocys t i s  canopy 
from a 5 x 50 m t ransec t .  The dominant 
understory p l a n t ,  i e s s o i i i  a  f i a v i c a n s ,  
increased i n  biomass i n  t h e  non-removal 
area bu t  most o t h e r  permanent members o f  
the community d i d  n o t  change i n  
d i s t r i b u t i o n .  The method o f  removing t h e  
canopy, however, was d i f f e r e n t  than  i n  
o ther  s tud ies .  P lan ts  were c u t  1  m below 
the sea surface, r a t h e r  t h a n  immediate ly  
above the  h o l d f a s t .  The senescence o f  c u t  
fronds could have had an adverse e f f e c t  on 
Lessoni a  i n  t h e  removal area. Recru i tment  
was n o t  s p e c i f i c a l l y  recorded  i n  t h i s  
study, b u t  t h e r e  appeared t o  be a 
qua1 i t a t i v e l y  d i f f e r e n t  response t o  canopy 
removal i n  t h i s  southern k e l p  f o r e s t  
depauperate i n  1  aminar ian spec ies .  

Kastendi ek (1982) examined some 
in te rac t ions  among t h ree  a1 g a l  spec ies i n  
a  shal low p o r t i o n  o f  a  Macrocyst is -  
dominated community a t  Santa Cata l  i n a  
!? land i r .  snuthern C a l i f o r n i a .  He found 
that  two species were n a r r o w l y  zoned w i t h  
depth: Hal i d r y s  dioeca (Fuca les )  occur red  
abundantly a t  0 . 5 c d  1.9 m below MLLW, 
wi th  E isenia arborea ( ~ a m i n a r i a l e s )  
occupying t h ree  i n t e rmed ia te  depths (0.8, 
1.2 and 1.5 m). The t h i r d  species, t h e  
red a lga  P te roc l ad i a  c a p i l  l acea ,  was most 
abundant beneath E i  seni  a  canopies . By 
se lec t i ve l y  removing each spec ies,  
Kastendiek (1982) focnd t h a t  i f  E i sen ia  
was removed, Hal i d r y s  c o u l d  i nvade 
intermediate depths by growing 
adven t i t i ous ly  and preempt ing space. If 
both Ha l i d r ys  and E i sen ia  were removed, 
Pterocladia was ab l e  t o  occupy f r e e  space. 
Thus, E isen ia  appeared t o  b e  t h e  
competi t ive dominant a t  i n t e rmed ia te  
depths because i t s  dense canopy exc luded 
Ha l id r  s. This,  i n  t u r n ,  a l l owed  
d d i a  t o  occupy t h e  space beneath. 
Two o ther  f a c t o r s  were c i t e d  as impo r t an t  
t o  the coex is tence o f  t hese  species. 
Large storms had a d i f f e r e n t i a l  e f f e c t  on 
the species, removing most E i sen ia  p l a n t s  
i n  some areas w h i l e  l e a v i n g  H a l i d r y s  

i n t a c t .  D i f f e r e t ~ t i a l  r e c t u i t m e n t  was a l s o  
impor tant .  E isen ia  was a b l e  t o  r e c r u i t  
beneath Ha l id rys ,  y e t  even when f r e e  space 
was ava i l ab l e  a t  a l l  depths, E i s e n i a  had 
few r e c r u i t s  above and below t h e  zone (1.2 
m) where a d u l t  p l a n t s  were most  abundant. 
The r e l a t i v e  rec ru i tment  f a i l u r e  i n  t h e  
lower area was probably n o t  due t o  
phys io log ica l  r e s t r i c t i o n s  because Eisenia 
adu l t s  are very  abundant a t  dep ths  t o  25 
m. I n  t h i s  case, t he  l i m i t e d  d i s p e r s a l  o f  
a l g a l  spores o r  t he  d i f f e r e n t i a l  su r v i va l  
o f  spores cou ld  be important f a c t o r s .  

5.5.2 Density o f  Macrocyst i  s  Stands 

Hypothesis: Recruitment and growth 
a t  h i gh  dens i t i e s  has an adverse e f f e c t  on 
t h e  growth, reproduct ion, and s u r v i v a l  of 
Macrocyst is p lan ts .  

Evidence f rom many t e r r e s t r i a l  
s tud ies  suggests t h a t  i n d i v i d u a l  p l a n t s  i n  
dense stands should e x h i b i t  l o w e r  growth, 
reproduct ion, and su r v i vo r sh i p  r e l a t i v e  t o  
p lan ts  i n  s i m i l a r  environments a t  l ower  
dens i t y  (Harper 1977). The f a c t  t h a t  
1  arge, e s s e n t i a l l y  monospec i f i c  
aggregations o f  l a r g e  brown a l g a e  commonly 
occur worldwide suggests t h a t  t h e r e  m igh t  
be advantages t o  p l a n t s  i n  denser  stands, 
i n  some s i t u a t i o n s .  There i s  evidence 
bo th  f o r  and aga ins t  adverse e f f e c t s  t o  
p lan ts  i n  h igh  dens i t y  a l g a l  popu la t ions .  
Schiel  and Choat (1980) found  t h a t  two 
sub t ida l  species i n  New Zealand, Eck lon ia  
r ad i a t a  and Sargassum s i n c l a i r i i ,  had t he  
l a r g e s t  p l an t s  i n  dense, s i ng l e - spec i es  
stands on one semi-exposed r e e f .  These 
p lan ts  were o f  t he  same age and i n  an 
apparent ly  s i m i l a r  h a b i t a t ,  a1 though 
d i f fe rences  among 1 ocal s i t e s  (bou lders )  
may have been important.  Cousens and 
Hutchings (1983) reached d i f f e r e n t  
conclusions f o r  stands of brown algae i n  
Nova Scot ia .  They found t h a t  l a r g e  p l an t s  
could occur a t  low densi ty ,  and concluded 
t h a t  water mot ion was t he  most impor tan t  
f a c t o r  determining s ize and morphology. 
Thei r  evidence i s equivocal  , however, 
because ages o f  p l an t s  were n o t  known, and 
p lan ts  were i n  d i f f e r e n t  h a b i t a t s  on t h e  
shore. Black (1974) found t h a t  
su rv ivo rsh ip  was densi ty -dependent  f o r  
r e c r u i t s  o f  Egregi a  1 aevi gata 
(= menz ies i i ) ,  b u t  t h a t  t h i s  was not  t h e  
case a f t e r  p l a n t s  were t h r e e  months o ld .  



There i s  some i n f o rma t i on  on d e n s i t  
e f fects  f o r  Macrocyst is .  North ( 1 9 7 1 ~ 7  
used three stands o f  d i f f e r e n t  d e n s i t i e s  
t o  examine growth r a t es  o f  f ronds. He 
found t h a t  the  s tand  a t  h ighes t  d e n s i t y  
had p l an t s  which grew s l i g h t l y  f a s t e r  than 
those a t  o t he r  d e n s i t i e s ,  b u t  a t t r i b u t e d  
t h i s  r e s u l t  t o  unknown " l o c a l i z e d  
factors . "  

Neushul and Harger ( i n  press) @:acted 
a d u l t  Macroc s t i s  (mean s i z e  of 25 f r onds  
per p  an t  r-r- a t  d i f f e r e n t  d e n s i t i e s  on  a  
t e s t  farm near Santa Barbara, C a l i f o r n i a .  
The dens i t i e s  used were 1 plant/m2, I 
plan t14  m2 and 1 p lan t116  m2.  The r e s u l t s  
i nd i ca ted  t h a t  p l a n t s  a t  t he  lowes t  
dens i t y  had t he  most f ronds and g r e a t e s t  
weight  a f t e r  a year,  w h i l e  the h i g h e s t  
dens i t y  p l an t s  fa red  t h e  poorest .  T h e i r  
r e s u l t s  suggest t h a t  shading i n  t h e  denser 
p a r t s  o f  the  s tand  caused t h e  poo re r  
growth. Poss ib le  compl i c a t i n g  f a c t o r s  i n  
t h i s  experiment were: (1) the  i n i t i a l  use 
o f  a d u l t  p l an t s ,  which may a l ready  have 
adapted t o  a  p a r t i c u l a r  growth regime; ( 2 )  
t he  l o g i s t i c  c o n s t r a i n t  o f  us ing  o n l y  one 
smaI 1  experimenta 1  p l o t  (0.24 hec ta res )  
w i t h  the d i f f e r e n t  d e n s i t i e s  be ing  
contiguous; and ( 3 )  t he  placement o f  low 
and medium dens i t y  p l a n t s  toward  the  
ou ts ide  o f  the stand where p e r i p h e r a l  
l i g h t  may have a t f e c t e d  growth. T h e ~ r  
experiment, however, forms a  u s e f u l  b a s i s  
f o r  s e l e c t i n g  p l a n t i n g  d e n s i t i e s  f o r  the 
purpose o f  mar icu l  t u r e  (see Chapter 6 ) .  

M o r t a l i t y  may a1 so be a f f e c t e d  b y  the 
dens i t y  o f  stands. Work i n  bo th  c e n t r a l  
and southern Cal i f o r n i a  has i n d i c a t e d  t h a t  
the  major source o f  m o r t a l i t y  f o r  l a r g e  
Macrocyst i  s  p l a n t s  i s  entanglement w i t h  
d r i f t i n g  p l a n t s  (Rosenthal e t  a l .  1974, 
Gerard 1976). Large bundles o f  d r i f t i n g  
p l a n t s  may accumulate and remove more 
p l a n t s  from the  k e l p  f o r e s t  du r i ng  p e r i o d s  
o f  increased water mot ion. 

I n t r a s p e c i f i c  compet i t i on  f o r  1  i g h t ,  
nu t r i en t s ,  and space may prove t o  be 
impor tant  i n  l a r g e  brown a l g a l  systems. 
Tes t ing  f o r  these e f f e c t s  r e q u i r e s  
experiments which c o n t r o l  f o r  t h e  ages of 
p l an t s ,  hab i t a t s ,  depths, and l o c a l i z e d  
fac to rs  assoc ia ted  w i t h  s i t e s .  These 
experiments can take  t h e  form o f  t h i n n i n g  
experiments, whereby areas w i t h  h i gh  
rec ru i tment  have treatments t h i n n e d  t o  

lower  dens i t i e s .  n i  y i ~  r C L ~  u i ir~~clii ~ I I L U  an 
area i nd i ca tes  t ha t  i t  i s  s u i t a b l e ,  a t  
l e a s t  f o r  the i n i t i a l  l i f e  stages o f  the  
a lga .  I f  d i f f e r e n t  dens i t y  t reatments  are 
conta ined i n  t h e  area o f  i n i t i a l l y  h i gh  
recru i tments ,  s i t e  e f f e c t s  w i l l  be 
reduced. Another way t o  approach t h i s  
problem i s  t o  ou tp l an t  sporophytes a t  
d i f f e r i n g  dens i t i e s ,  and r eco rd  subsequent 
growth and s u r v i v a l .  

It has been suggested f o r  some 
species i n  t he  Fucales t h a t  h igher  
d e n s i t i e s  o f  a d u l t  p l a n t s  r e s u l t  i n  
re lease en masse o f  gametes, which may be 
i m p o r t a n t f m o o d  rec ru i tmen t  (F l e t che r  
and F l e t che r  1975, Sch ie l  1981). Greater 
d e n s i t i e s  may a l s o  be impor tan t  t o  e f f e c t  
successful f e r t i  1  i z a t i o n  of gametophytes 
( t h a t  i s ,  f o r  males t o  f i n d  females). 
There i s  l i t t l e  i n f o rma t i on  on these e a r l y  
l i f e  stages and dens i t y  f o r  Mar rocys t i s .  

Macrocyst is fo res ts  may be extens ive 
i n  s ize,  w i t h  r e l a t i v e l y  h i g h  d e n s i t i e s  o f  
p l a n t s  and v i r t u a l l y  100% cover  o f  the  sea 
sur face by  a l g a l  f ronds.  L i t t l e  i s  known 
about t h e  importance of "patch s i ze "  t o  
t h e  growth, eventual s i zes  o f  p l a n t s ,  and 
reproduct ion.  M a c r o c s t i s  i n  small 
patches, such as a r t i f i c i a  --?yT r e e f s ,  tend t o  
s u f f e r  r a p i d  d e t e r i o r a t i o n  and m o r t a l i t y  
due t o  f i s h  g raz ing  (LQSL 1383). The 
e f fec ts  and importance of patch s i z e  can 
be tes ted ,  and are r e l e v a n t  t o  a t tempts a t  
e s t a b l i s h i n g  a l g a l  popu la t ions  where they 
do no t  p resen t l y  occur .  

5.5.3 Spore D ispersa l  

General Hypothesis:  The d i s t r i b u t i o n  
o f  a l g a l  spores o r  t h e i r  d i f f e r e n t i a l  
m o r t a l i t y  account f o r  t h e  d i s t r i b u t i o n  o f  
a d u l t  p lan ts .  

The problem o f  determin ing whether 
spores have a c t u a l l y  a r r i v e d  t o  an area i s  
impor tan t  t o  arguments about compet i t i on  
among species (Denley and Dayton i n  
press).  There i s  i n c reas i ng  evidence t h a t  
spore o r  germ1 i n g  d i spe rsa l  i s  1  i m i t e d  f o r  
many brown a l g a l  species, w i t h  most 
r e c r u i t s  appearing w i t h i n  a  few meters of 
rep roduc t i ve  a d u l t  p l a n t s  (Anderson and 
Nor th  1966; Dayton 1973; Paine 1979; 
Sch ie l  1981, i n  p ress  b; Deysher and 
Norton 1982). The problem o f  whether 
a l g a l  germl ings can su r v i ve  and grow i n  



zones d i f f e r e n t  f r o m  where a d u l t  p l a n t s  
norma l l y  occur  has been addressed i n  a  few 
s tud ies .  

I n  a  s tudy  i n  New Zealand, Sch ie l  
(1981) s e t t l e d  Sargassum s i n c l a i r i i  
germl ings on to  p l a t e s ,  and p laced  them on 
a sha l low r e e f  ( 5  m) where a d u l t  p l a n t s  
were abundant and on a deep r e e f  (15 m) 
where a d u l t  p l a n t s  were scarce. I n i t i a l  
s u r v i v a l  o f  germl ings was b e t t e r  i n  the  
deep area. Once t h e  young p l a n t s  began t o  
fo rm blades, however, shal  low p l a n t s  grew 
a t  a  much f a s t e r  r a t e ,  w h i l e  most deep 
p l a n t s  grew s l o w l y  and even tua l l y  d ied.  
Sch ie l  (1981) speculated t h a t  t he  major  
reason f o r  few a d u l t  Sargassum p l a n t s  i n  
deep areas was t h a t  germl ings r a r e l y  
reached these h a b i t a t s  i n  g rea t  abundance, 
and t h a t  t he  few which d i d  s e t t l e  had a 
l o w  p r o b a b i l i t y  o f  growth and s u r v i v a l .  
As i n  t h e  s t ud i es  o f  Schonbeck and Norton 
(1978, 1980) and Kennel l y  (1983), smal l  
c rustacea were p robab ly  impo r t an t  sources 
o f  mor ta l  i ty f o r  germl i ngs which grew 
s lowly .  

Adu l t  d i s t r i b u t i o n  may a l s o  be a 
r e f l e c t i o n  o f  spore d i s t r i b u t i o n .  Th is  i s  
a  p e r s i s t e n t  problem i n  a l g a l  research, 
and one which i s  o n l y  j u s t  beg inn ing  t o  be 
addressed (e. g., Kennel l y  1983). Spore 
f a1  1 i s  probably  n o t  even ly  d i s t r i b u t e d  i n  
n a t u r a l  s i t u a t i o n s ,  and may be a f f e c t e d  by 
c u r r e n t  and surge cond i t i ons  i n  much the 
same way as "seed shadows" occur  i n  some 
t e r r e s t r i a l  s i t u a t i o n s  (Harper 1977). 
Dense aggregat ions o f  spores o r  germl ings 
may a l s o  be impo r t an t  t o  t h e  p roduc t ion  o f  
l a r g e  a l g a l  stands ( F l e t c h e r  and F l e t che r  
1975, F l e t c h e r  1980). Denley and Dayton 
( i n  press)  suggest ways i n  which spore 
f a l l  may be examined us i ng  set t lement  
p l a t es  and mic roscop ic  examinat ions, and 
techniques a r e  now a v a i l a b l e  f o r  -- i n  s i t u  
microscopic  examinat ion o f  subs t ra ta  
(Kennel l y  and Underwood 1984). I n  such an 
experiment, Chapman (1984) found t h a t  the  
g rea tes t  p r o p o r t i o n a l  mor ta l  i ty f o r  . . 
Laminar ia  l o n g i c r u r i s  and L. d i g i t a t a  
occur red  between t h e  t i m e  t h e ~ m i c r o s c o p i c  
p l a n t s  a t tached  t o  t h e  subst ra tum and when 
they  became v i s i b l e ,  a  p e r i o d  o f  about 6  
weeks (see Sec t ion  4.3.3.1 f o r  a  
d e s c r i p t i o n  o f  h i s  experiments).  Th is  i s  
a  unique s tudy i n  t h a t  i t  assesses t he  
number of spores produced f o r  a d u l t  p l a n t s  
per  square meter,  t he  r ec ru i tmen t  o f  

microscopic  sporophytes t h a t  r e s u l t s  from 
these spores, t h e  v i s i b l e  r ec ru i tmen t  o f  
macroscopic sporophytes t o  n a t u r a l  
subs t ra ta  i n  t h e  f i e l d ,  and t h e  subsequent 
su r v i vo r sh i p  o f  the  p l an t s .  Th is  k i n d  o f  
i nnova t i ve  study i s  essen t i a l  t o  c l a r i f y  
t h e  d i s t r i b u t i o n  h i s t o r i e s  o f  species, and 
t o  assess whether compet i t i on  among a l g a l  
species i s  an impor tan t  s t r u c t u r i n g  f o r ce  
i n  a l g a l  communities. 

5.6 EFFECTS OF GRAZING 

General Hypothesis: The a c t i v i t i e s  
of  grazers a f f e c t  t he  d i s t r i b u t i o n  and 
abundance o f  l a r g e  brown algae. 

Many s tud ies  mention t h a t  t he  
a c t i v i t i e s  o f  grazers a f f e c t  t h e  
d i s t r i b u t i o n  and abundance o f  l a r g e  brown 
algae i n  sub t i da l  reg ions,  b u t  t h e r e  have 
been r e l a t i v e l y  few experimental  s t ud i es  
which assess the  na tu re  o f  t h e i r  e f f e c t s .  
Most o f  our present knowledge about t h e  
e f f ec t s  o f  grazers on a l ga l  assemblages 
comes f rom experimental  s t ud i es  i n  
i n t e r t i d a l  areas, where herb ivorous 
gastropods are u s u a l l y  the most abundant 
and impor tant  grazers (Underwood 1979, f o r  
rev iew) .  Much o f  the  smal 1-sca le  
patchiness i n  t h e  abundances o f  i n t e r t i d a l  
a lgae i s  caused by g raz ing  on f i l amentous  
and f o l i o s e  p lan ts ,  as we l l  as on a l g a l  
spores (e. g. , Dayton 1971; Underwood and 
Jernako f f  1981, 1984). A lga l  cover  and 
d i v e r s i t y  may be dependent on t h e  dens i t y  
o f  grazers i n  a  g iven  area (~ubchenco  
1978, Underwood e t  a1 . 1983). 

The regime o f  graz ing g e n e r a l l y  
changes ab rup t l y  i n  t he  boundary between 
i n t e r t i d a l  and sub t i da l  regions. Even on 
shores where t he  abundances o f  herb ivorous 
gastropods such as l impe ts  and t r o c h i d s  
a re  g rea t ,  t h e i r  d i s t r i b u t i o n  tends t o  end 
where t h e  zone o f  dense a lgae ( no rma l l y  
fuco ids )  begins i n  t he  immediate sub t i da l .  
Herbivorous gastropods tend t o  be l e s s  
abundant i n  the  sub t i da l ,  where sea 
urch ins are norma l l y  the  major  g raz i ng  
inver tebra te .  Herbivorous f i s h  may a1 so 
a f f e c t  sub t i da l  a l g a l  assemblages (Choat 
1982, Gaines and Lubchenco 1982). 



5.6.1 I n ve r t eb ra te  Grazers (Other Than 
Sea Urch ins)  

There a re  few pub1 i shed experimental  
s t ud i es  t h a t  have assessed t h e  e f f ec t s  of 
gastropods on algae i n  sub t i da l  regions. 
A recen t  study by Watanabe (1983, 1984a) 
i n  c e n t r a l  C a l i f o r n i a  assessed some o f  t h e  
e f f e c t s  of t h ree  species o f  Tegula i n  a  
shal  low Macrocyst is  f o res t .  These gas- 
t ropods normal ly  l i v e  artd feed on t h e  
f ronds and laminae o f  Macroc s t i s .  Dur ing + and a f t e r  storms they are abun an t  on sub- 
s t r a t a  below t h e  p l an t s ,  b u t  q u i c k l y  
occupy fronds again when calmer cond i t i ons  
ensue. The i r  g raz ing  a c t i v i t i e s ,  however, 
had no d i s c e r n i b l e  e f f e c t  on a l ga l  d i s t r i -  
b u t i o n  o r  abundance. 

Schie l  and Foster  (unpubl ished data)  
no ted  an increase i n  abundance of Te u l a  -+ on the  substratum o f  r ee f s  i n  cen t ra  
Cal i f o r n i a  a f t e r  w i n t e r  storms removed t he  
f ronds o f  most Macroc s t i s  p lan ts .  Te u l a  + -5- grazed heav i l y  on t e  roken ends of o  d  
f ronds and a l s o  on younger fronds, 
p reven t ing  them from growing. Tegul a  a1 so 
grazed t he  ends o f  blades on Pterygophora 
which were damaged i n  the same storms. 
These ef fects  were no t  long- las t ing ,  
however, as t he  vege ta t i ve  blades and 
sporophyl 1s re-grew i n  the spr ing.  

Schie l  (1981) used bo th  exc lus ion  and 
i n c l u s i o n  cages t o  assess t h e  e f f e c t s  of 
l impe ts  and t u r b i n i d  and t r o c h i d  gast ro-  
pods i n  t h e  shal low sub t i da l  o f  nor thern 
New Zealand. Limpets and t u r b i n i d s  cou ld  
prevent  t h e  establ ishment o f  l a rge  brown 
a lgae on a  small sca le  (25 x  25 cm 
patches), presumably by graz ing a l g a l  
spores. These grazers had g rea te r  e f f e c t s  
a t  h igher  dens i t i e s .  

Other i n ve r t eb ra te  grazers such as 
abalone ( H a l i o t i s  spp.) and sea s t a r s  
( p a t i  r i a  -may have smal l -sca le  
e f f e c t s o n  a l g a l  abundances i n  Macrocyst is 
f o res t s ,  b u t  t h e i r  e f fects  have no t  been 
assessed. Small crustacea can be very  
abundant i n  a l g a l  t u r f s  ( c f .  Kennel ly  
1983) and may be major grazers on a l ga l  
spores. Experiments assessing t h e i r  
e f f ec t s ,  and t he  i n t e r a c t i o n s  o f  grazers 
t h a t  co-occur on areas of substratum, have 
y e t  t o  be done. There a l so  may be 
i n d i r e c t  e f fects  o f  i nver tebra tes  on a l g a l  
assemblages. For example, Santel i ces  e t  

a l .  (1983) have shown t h a t  spores o t  many 
can su r v i ve  d i g e s t i o n  by sea 

urch ins,  and suggest t h a t  t h i s  may a f f e c t  
t h e  abundance of o p p o r t u n i s t i c  p l a n t s  i n  
grazed areas and perhaps t h e  d i spe rsa l  of 
species t h a t  occur  l a t e r  i n  succession. 
Schroeter e t  a l .  (1983) found t h a t  t he  sea 
s t a r  P a t i r i a  was an abundant p reda to r  of 
Lytechinus anamesus i n  t h e  San Onofre ke l p  
fo res t ,  a f f e c t i n g  the  l o c a l  d i s t r i b u t i o n  
of t h e  sea u r ch i n .  Th is  ech i no i d  can be 
an impor tan t  g raze r  of j u v e n i l e  
laminar ians i n  l o c a l  patches (Dean e t  a l .  
1984), and an a l t e r a t i o n  i n  i t s  d ispers ion  
pa t te rns  cou ld  a l l o w  successful  
rec ru i tment  of ke lps .  Tegner and Dayton 
(1981) suqqested t h a t  t h e  sp iny  l obs te r ,  
~ a n u l i r u s  - - i n t e r r up tus ,  may be a  major 
oredator  o f  sea u r ch i ns  i n  southern 
La1 i f o r n i a .  Th is  aga in  cou ld  have e f f e c t s  
on a l g a l  assemblages by  reduc ing  the 
incidence o f  g r a z i  ng. Laboratory 
experiments i n d i c a t e d  t h a t  l o b s t e r s  would 
ea t  ech ino ids,  b u t  no da ta  were presented 
on l o b s t e r  abundances i n  t h e  k e l p  f o r e s t ,  
making i t  d i f f i c u l t  t o  assess t h e i r  
present e f f e c t s .  

5.6.2 E f f e c t s  o f  F i sh  

A  few spec ies o f  f i s h  i n  Macrocyst is  
f o r e s t s  are known t o  i n c l u d e  a lgae  i n  
t h e i r  d i e t s  (Quas t  1968). A r ecen t  study 
by H a r r i s  e t  a l .  (1984) suggested t ha t  
f i s h ,  p a r t i c u l a r l y  t h e  halfmoon, Medialuna 
ca l  i f o r n i e n s i  s, and t h e  opaleye, G i r e l l a  
n i  r i cans ,  can be impo r t an t  grazers of 
G i h -  Macrocyst is  sporophytes on a  l oca l  
scale. A t  Naples Reef o f f  Santa Barbara, 
f ishes grazed about 59% o f  sporophytes 
( <  10 cm t a l l )  t h a t  were concealed i n  a  
t u r f  o f  ephemeral a lgae,  w h i l e  94% of 
those on open r e e f  quadrats  were grazed. 
They r epo r t ed  t h a t  p l a n t s  > 10 cm i n  
he i gh t  were n o t  grazed, suggest ing a  s i ze  
re fuge f rom f i s h  g raz ing .  The r e s u l t  of 
t h i s  g raz ing  was a  sma l l - s ca l e  change i n  
t he  d i spe rs i on  p a t t e r n  o f  j u v e n i l e  
Macrocyst is  on t h e  ree f .  They d i d  no t  
r e p o r t  t he  abundances of t h e  f i s h  present  
over t he  r e e f ,  however, and no 
observat ions o f  f i s h  feeding behav io r  were 
mentioned. 

There a r e  no s t u d i e s  t h a t  demonstrate 
ex tens ive  m o d i f i c a t i o n  o f  t h e  b i o t a  by 
g raz ing  f i s h e s  i n Macrocys t i s  f o res t s .  
I n d i r e c t  e f f e c t s  are r e p o r t e d  i n  some 



recorded t h a t  Oxy ju l  i s c a l  i f o f n i c a  may 
feed  on t h e  bryozoan, Membranipora, and 
mob i le  i n v e r t e b r a t e s  t E a t  i n h a b i t  the 
laminae o f  Macroc s t i s .  They suggested 
t h a t  t h e  remova + o f  these i nve r t eb ra tes  by 
O x y j u l i s  may f r e e  t h e  f ronds  from 
ex tens i ve  e n c r u s t a t i o n  and graz ing.  

Other anecdota l  i n f o rma t i on  (LOSL 
1983) records t h a t  f i s h  had a  severe 
g raz i ng  e f f e c t  on l a r g e  lilacroc s t i s  p i a n t s  
t h a t  were moved t o  *ndl eton 
A r t i f i c i a l  Reef, o f f  San Onofre. Large 
numbers o f  ha1 fmoon and opal eye were 
a t t r a c t e d  t o  these ree fs ,  and they  q u i c k l y  
moved t o  t h e  t r ansp lan ted  Macrocyst is  
p l a n t s  moored on t h e  r e e f s .  P reda t ion  o f  
i n ve r t eb ra tes  and g raz i ng  o f  f r o n d  t i s s u e  
by these f i s h  caused t he  demise o f  
Macrocyst is  w i t h i n  a  few weeks. 

Other i n d i r e c t  e f f e c t s  o f  f i s h  on 
a l g a l  assemblages have been repor ted.  
Cowen (1983) found i n  t h e  San Nico las 
I s l a n d  k e l p  f o r e s t  t h a t  an a l t e r a t i o n  i n  
t h e  abundance o f  t he  s  heephead wrasse, 
Semicossyphus pu l che r ,  c o u l d  a f f e c t  l o c a l  
~ o o u l a t i o n s  o f  t he  sea u r ch i n ,  S. 
f ranciscanus. When sheephead were removFd 
f rom a  s i t e ,  t h e r e  was a  s l i g h t  increase 
i n  t h e  number o f  sea u r ch i ns .  He a lso  
recorded t h a t  i n  areas where sheephead 
d e n s i t i e s  were low, ech ino ids  were h i g h l y  
exposed, whereas i n  areas w i t h  h igh 
d e n s i t i e s  o f  t h e  wrasse, ech ino ids  tended 
t o  be concealed i n  c rev ices .  Nelson and 
Vance (1979) and Tegner and Dayton (1981) 
a l s o  r epo r t ed  t h a t  t he  d e n s i t i e s  o f  sea 
u r ch i ns  may be a1 t e r e d  by  Semicoss 
I n  a l l  of  these s t ud i es ,  4; 
e f f e c t s  of sea u r c h i n  removal on t he  a l ga l  
assemblages a r e  n o t  c l ea r .  

It would be u s e f u l  t o  do experiments 
t h a t  assess t he  e f f e c t s  o f  f i s h e s  on 
j u v e n i l e  a lgae  and o f  feeding on the  
subs t r a t a  where a lgae  can r e c r u i t .  
Exc lus ion  o f  f i shes  by cages and sh i e l ds  
have been successfu l  i n  s ome 
circumstances. O f  p a r t i c u l a r  i n t e r e s t  i s  
t h e  v a r i a b i l i t y  o f  g raz i ng  e f f e c t s  and the 
sca les a t  which they  occur. Are the  
e f f e c t s  q u i t e  l o c a l i z e d  i n  some areas o f  
p a r t i c u l a r  r ee f s ,  o r  a r e  t h e r e  broader 
sca l e  e f f e c t s ?  A necessary p a r t  o f  such 
s tud ies  i s  a  r eco rd  o f  t h e  abundances o f  
each species o f  f i s h  i n  experimental  

s i tes ,  and o f  t h e i r  feeding 
behavior t o  d e t e r m i n e  how s e l e c t i v e  
feeding i s ,  Cheat (1982) g i v e s  a  thorough 
review o f  the e f f e c t s  o f  f i s h  feeding on 
the  b i o t a  of t empe ra te  shores. 

5.6.3 Sea U rch i ns  

I f  there i s  any  g e n e r a l i z a t i o n  t h a t  
has made i t s  way t o  prominence i n  t h e  
1  i t e r a t u r e  deal i n g  w i t h  k e l p  communities, 
i t  i s  the domina t ing  e f f e c t  o f  sea u rch ins  
on the d i s t r i b u t i o n  and abundance o f  l a r g e  
brown algae. The words " c o n t r o l "  and 
" regu la t ing"  a r e  f r e q u e n t l y  used when 
discussing the e f f e c t s  of  ech ino ids  on 
algae, and "ove rg raz i ng "  i s  o f t e n  
mentioned, e v o c a t i v e  o f  an untoward s h i f t  
from a  "na tu ra l "  community dominated by  
l a rge  macroalgae (e.g. , Estes e t  a1 . 1978, 
Kain 1979, Duggins 1980, Tegner and Dayton 
1981). The gene ra l  i m p l i c a t i o n  has been 
t h a t  the graz ing a c t i v i t i e s  o f  sea u rch ins  
have a  comprehensive e f f e c t  on t h e  
character o f  t h e  b i o t i c  assemblages on 
rocky reefs .  T h i s  argument has a l s o  been 
expanded t o  a n  e v o l u t i o n a r y  context ,  
suggesting t h a t  t h e  e v o l u t i o n  o f  ke l p  l i f e  
h i s t o r i e s  and c o m p e t i t i v e  a b i  1  i t i e s  may be 
the  r e s u l t  of responses t o  ech i no i d  
grazing a c t i v i t i e s  (Vadas 1977, S te inberg  
1984, Estes and S t e i n b e r g  MS.). 

There i s  l i t t l e  argument t h a t  sea 
urchins o f  many s p e c i e s  may have dramat ic  
e f fects  on k e l p  assemblages on most 
temperate shores i n  b o t h  hemispheres 
(Lawrence 1975). The r e l a t i v e l y  r a p i d  
denudation of a l g a l  stands by  mobi le  
aggregations of sea u r ch i ns  have been t h e  
focus of many i n v e s t i g a t i o n s  (e.g., 
Leighton e t  a1 . 1966, North 1974, Lawrence 
1975, Dean e t  a l .  1984).  I t  i s  a l s o  c l e a r  
t h a t  ke lp  can b e  abundant and p e r s i s t  i n  
c lose p rox im i t y  t o  ech ino ids  (Foster  
1975b, Cowen e t  a l .  1982, Dean e t  a l .  
1984, Dayton e t  a1  . 1984, H a r r o l d  and Reed 
i n  press).  L a r g e l y  lack ing ,  however, a r e  
de ta i l ed  d i s t r i b u t i o n a l  data which examine 
the  var ious s p a t i a l  and temporal scales o f  
ech ino id  abundance. W i t h i n  a  s i t e ,  f o r  
example, the  abundance o f  sea u rch ins  i s  
no t  constant, a n d  may change w i t h  depth 
(Mann 1972a, Es tes  e t  a1 . 1978, Ka in  1979, 
Foster 1982a, Choat  and Schie l  1982). 
There may a l s o  be d i f f e r e n c e s  i n  
abundances between 1  ocal  s i t e s ,  between 
areas along a  s h o r e l i n e ,  and l a t i t u d i n a l  



d i f f e r e n c e s  a1 ong coast1 i nes occupied by 
ke lp .  A b e t t e r  knowledge of these 
d i s t r i b u t i o n a l  sca les would p rov ide  a 
con tex t  f o r  assessing t h e  genera1 
importance o f  g raz ing  by echinoids. 

W i t h i n  s i t e s  where sea u rch ins  a r e  
abundant, t h e i r  e f f e c t s  have been 

9 eneral  l y  documented i n  t h ree  categor ies:  
1 )  wholesale removal o f  algae; (2)  t h e  

a l t e r a t i o n  o f  species d i v e r s i t y  v i a  
feed ing  preferences and s e l e c t i v e  removal 
o f  a l g a l  species; and (3 )  the  p r o v i s i o n  of 

-. 

c l ea red  pr imary substratum s u i t a b l e  f o r  
k e l p  rec ru i tment .  We w i i  1 discuss these 
below. 

It i s  commonly observed wor ldwide 
t h a t  dense aggregat ions o f  sea u r ch i ns  may 
remove l a r g e  t r a c t s  o f  algae, c r e a t i n g  
so - ca l l ed  "barren grounds" (see Lawrence 
1975 f o r  rev iew) .  A f t e r  t h e  dense 
vanguard o f  sea u rch ins  has passed, t h e i r  
d e n s i t i e s  may dec l ine ,  b u t  may remain h i g h  
enough t o  prevent  successfu l  k e l p  
rec ru i tment  f o r  many years i n  p a r t i c u l a r  
depth s t r a t a  (Chapman 1981, Andrew and 
Choat 1982, B r e i t b u r g  1984). Thus, l a r g e  
p e r s i s t e n t  patches w i t h o u t  k e l p  may occur  
i n  areas where sea u rch ins  a re  abundant. 
These areas devoid o f  l a r g e  brown a lgae 
o f t e n  suppor t  a h i g h  cover o f  enc rus t i ng  
organisms ( A y l i n g  1981, Choat and Sch ie l  
1982, B r e i t b u r g  1984). There i s  no 
conc lus ive  evidence f o r  general  i z a t  i ons  
about t h e  more s u b t l e  e f f e c t s  o f  grazers 
i n  ke l p  f o res t s ,  as most i n v e s t i g a t i o n s  
have focused on "barren"  areas. Cowen e t  
a l .  (1982) suggested t h a t ,  a t  low 
dens i t i e s ,  sea u r ch i ns  may i n d i r e c t l y  
increase bot tom cover  o f  red  a lgae by 
removing ove rs to r y  brown a lgae t h a t  shade 
t h e  bottom. Resu l t s  o f  i n t e r t i d a l  s t ud i es  
suggest t h a t  t he  e f f e c t s  o f  g raz ing  on 
a l g a l  cover  and d i v e r s i t y  a re  dependent 
upon g razer  dens i t y  (Lubchenco 1978). We 
can f i n d  no pub l i shed  account, however, o f  
an experiment where sea u r c h i n  d e n s i t i e s  
were a r t i f i c i a l l y  increased t o  va r ious  
l e v e l s  i n  a k e l p  f o r e s t ,  and t h e i r  
subsequent behavior ,  movement, and f eed ing  
a c t i v i t i e s  recorded. 

Dean e t  a l .  (1984) used a se r i es  of 
observat ions and experiments t o  assess t h e  
e f f e c t s  o f  two spec ies o f  sea u r c h i n s  on 
Macrocyst is  i n  the  San Onofre k e l p  f o r e s t .  
Two d i f f e r e n t  modes o f  feed ing  were seen 

f o r  5 .  f r anc i scanus .  Over 3 years, 
aggregat ions were e i t h e r  r e l a t i v e l y  small 
and s t a t i o n a r y ,  o r  l a r g e  and mobile, 
advancing a t  t h e  r a t e  o f  2 m/month. 
S ta t i ona ry  a g g r e g a t i o n s  f ed  mainly on 
d r i f t  k e l p  and h a d  no s i g n i f i c a n t  e f f e c t  
on k e l p  r e c r u i t m e n t  and abundance. Mobile 
aggregat ions of r e d  sea u rch ins ,  however. 
removed most macroa lgae  i n  t h e i r  path: 
Small t r a n s p l a n t e d  Macrocyst i  s were 
consumed over  a 2 -day  p e r i o d  i n  the mobile 
aggregat ion,  b u t  t-emained i ntsci aii;oir+t 
s t a t i o n a r y  e c h i n o i d s  and i n  a contra1 area 
w i t h  no sea u r c h i n s .  The r e s u l t s  of a 
s imi  1 a r  exper iment  f o r  
were equivocal  , w i  t h  
be ing  consumed i n  some 
i n  o t he r s .  Of p a r t i c u l a r  i n t e r e s t  i n  t h i s  
study, however, was the  c a r e f u l  3-year 
observa t ions  o f  k e l p  and echinoid 
abundances a l o n g  s e v e r a l  t ransec ts  through 
t he  k e l p  f o r e s t .  S t a t i o n a r y  and mobile 
aggregat ions o f  e c h i n o i d s  occurred w i t h i n  
100 m of each o t h e r ,  and feed ing  f r o n t s  o f  
sea u r ch i ns  were  seen o n l y  tw ice  dur ing 
the  course o f  t h e  s tudy.  These qu i te  
d i f f e r e n t  modes o f  feed ing  a c t i v i t y  were 
ve ry  l o c a l  - s ca l  e even ts ,  and apparently 
were d i c t a t e d  by t h e  u n a v a i l a b i l i t y  of 
d r i f t  a lgae  l e a d i n g  t o  a change i n  the 
f o r a g i n g  b e h a v i o r  o f  t he  sea urchins. 
Dean e t  a l .  (1984) a l s o  concluded that 
bo th  types o f  a g g r e g a t i o n s  appeared t o  be 
u n r e l a t e d  t o  p r e d a t i o n  pressure from 
l o b s t e r s  and f i s h e s ,  a l though density 
es t imates  f o r  t hese  predators  were 
anecdota l .  

Many s t u d i e s  have shown t h a t  a 
preference h i e r a r c h y  can be establ ished 
f o r  sea u r c h i n s  consuming a l g a l  species i n  
l a b o r a t o r y  expe r imen t s  (Le ighton 1961, 
Lawrence 1975, Vadas 1977). A major 
ques t i on  i s  w h e t h e r  these preferences 
r e f l e c t  t h e  manner  i n  which algae are 
removed i n  s i t u  by t h e  same sea urchin -- 
soecies. Vadas (1977) ,  f o r  example, found 
t h a t  S t r o n g y l o c e n t r o t u s  droebachiensis 
c l e a r l y  p r e f e r r e d  Ne reocys t i s  luetkeana t o  
Agarum cr ibosum i n  l a b o r a t o r y  experiments. 
Sea u r ch i ns  grew f a s t e r ,  and had a greater 
r ep roduc t i ve  o u t p u t  when f e d  Nereoc s t i s  -3-7 f o r  l o n g  p e r i o d s .  He pos tu l a t e  opt~ma 
f eed ing  s t r a t e g i e s  f o r  sea urch ins i n  
na tu re ,  and a r g u e d  f o r  t he  coevolut ion of 
a l gae  and u r c h i n s  based on se lec t i ve  
removal, p l a n t  de fenses  and benef i ts  t o  
u r ch i ns .  Th i s  s t u d y ,  however, ind icated 



t h 2 t  ' P A  o r ~ h i n s  in  nature fed mainly on 
d r i f t  Nereocystis, p lan t s  which had 
already been removed by o t h e r  causes. In 
addition, the dens i t i es  of urchin 

were n o t  mentioned as a 
factor important t o  plant removal. Other 
studies have shown t h a t  sea urchin 
densities can be important in nature. 
Rr~en and Mann (1976) found t h a t  there was a .  ion-1 inear e f f ec t  of sea  urchin numbers 
on algal removal i n  Laminaria lon icrur is  
beds  it'; ::ova Scotia. Schiel ?5- 1932 also 
postulated a non-linear e f f e c t  of sea 
urchin feeding f o r  subt idal  areas in 
northern New Zealand. I n  parallel 

~ 

laboratory and f i e ld  experiments, he found 
that the removal of plant  material 
increased exponentially with sea urchin 
numbers. He a lso found t h a t  there  was no 
correlation between the feeding preference 
hierarchies found in the  laboratory,  and 
those found in experimental s i tuat ions  in 
t h e  f ie id .  The order of reinoval of algal 
species by sea urchins from natural  stands 
appeared to  be re la ted t o  holdfast 
morphology, and was not corre l  ated with 
hierarchies established in f ie ld  
experiments. Because sea urchins clumped 
on  some repl icates ,  and t he i r  feedin 
effect  was non-1 inear,  Schiel (19823 
postulated an "a1 1-or-nothi ng" e f fec t  of 
sea urchins on kelp removal. 

A contrasting r e su l t  was found by 
Harrold and Reed ( i n  press)  a t  San Nicolas 
Island. Red sea urchins (Strongylocentro- 
tus franciscanus) were abundant both in 
Macroc s t i  s-domina ted areas  and in patches 
&arge brown a1 gae. The movement 
o f  the echinoids and t h e i r  e f f ec t s  on the 
epibenthic community were affected by the 
availabil i ty of d r i f t  Macrocystis. Red 
sea urchins moved grea te r  distances and 
fed on benthic organisms in "barren" 
patches, while they remained relatively 
Stationary and fed on d r i f t  kelp in 
M?cr;cysti s patches. This resul t  i s  
Slmi a r  t o  tha t  found by Mattison e t  a l .  
(1977) in central California.  One of the 
major differences between the  ac t iv i t i es  
of echinoid grazers in the eastern  Pacific 
and those elsewhere may therefore be 
related t o  the preponderance of large 
kelps, and hence ample d r i f t  material, 
compared t o  the smal ler  s t i p i t a t e  
laminarians found in most other  parts of 
the world. 

Much time and money have been, and 
are being, spent on "the urchin problem" 
(North and Pearse 1970, North 1983a) i n  
southern Cal ifornia.  The "problem" 
appears to a r i s e  primarily from a 
management viewpoint tha t  Macrocystis 
fores ts  are desirable,  are the unvarying 
natural s t a te  of coastal waters, and the 
perception tha t  1 ocal ized aggregations of 
kel p-destroying sea urchins are somehow 
man-induced (Bascom 1983). A1 though thi  s 
may be the case near large sewage 
ou t fa l l s ,  i t  i s  equally l ikely tha t  waste 
discharge caused a reduction in algal 
biomass, and the urchins are simply eating 
what i s  l e f t  (see Chapter 6) .  Moreover, 
recent observations suggest tha t  urchi n 
"barren" grounds may come and go in kelp 
fores ts  as natural variations in a dynamic 
community (see Chapters 3 and 4 ) .  
Nevertheless, the consequent assaults  on 
the  lowly and meddlesome sea urchins have 
taken epic proportions, from destruction 
of t e s t s  with quicklime to outright 
mechanical maceration (Chapter 6 ) .  There 
was also a major e f fo r t  organized through 
SCUBA diving clubs to  smash sea urchins 
with hammers (North 1972a). These 
projects have met with only limited 
success. I n  some cases, Macrocystis 
became 1 ocal ly  establ i shed, w h i  1 e i n  
others,  f i sh  grazing and probably 
limitations in algal spore dispersal 
prevented establishment (Nor th  1972a, 
1973). 

Evidence from studies e l  sewhere 
indicates tha t  when adult plants are 
nearby, the removal of sea urchins can 
resu l t  in a large recruitment of kelp 
(Jones and Kain 1967, Duggins 1980, Andrew 
and Choat 1982). An experimental study 
examining t h i s  for Macroc s t i s  fores ts  was 
done by Pearse and -3- Hines 1979) near Santa 
Cruz. central Cal ifornia.  Larqe numbers 
of ~ t r o n ~ ~ l o c e n t r o t u s  franciscanus died 
over a wide area along the edge of a large 
stand of Macrocystis as a resul t  of 
disease (see Section 4.7). Dense 
recruitment of Macrocysti s , Pterygophora 
cal ifornica,  and Laminari a denti gera 
occurred during the following spring in 
the previously urchi n-dominated area. The 
boundary of the kelp forest  a l so  was 
extended seaward by over 100 m due to the 
removal of echinoids and the i r  legacy of 
cleared substratum. 



As w i t h  p rev i ous l y  discussed aspects 
of exper imenta l  work i n  a l g a l  f o res t s ,  t he  
i n t e r a c t i o n s  o f  phys ica l  and b i o l o g i c a l  
f ac to r s  are impor tan t  determinants o f  
s p a t i a l  and temporal he te rogene i t y  w i t h i n  
a  depth stratum, y e t  s t ud i es  have 
p rev i ous l y  been cons t ra ined  t o  l o o k i n g  a t  
o n l y  main ef fects .  Large phys ica l  
d is turbances such as severe w i n t e r  storms 
can d i f f e r e n t i a 7  l y  a f f e c t  ke l p  species 
w i t h  long- term consequences f o r  c o m u n i  ty 
composi t i o n  (Dayton and Tegner 1984b, 
Ebe l ing  e t  a l .  MS., Sch ie l  and Fos te r  i n  
prep.) .  There a re  many impor tan t  f a c t o r s  
which have n o t  been tested, and which 
cou ld  be  impor tan t  i n  many o f  t h e  s tud ies  
mentioned i n  t h i s  chapter (see F igure  24).  
For example, t h e  abundance o f  ech ino ids 
and g raz i ng  gastropods can be p o s i t i v e l y  
c o r r e l  a ted  (Ay l  i n g  1981, Simenstad e t a1 . 
1978) and may be s y n e r g i s t i c  i n  some of 
t h e i r  g raz i ng  a c t i v i t i e s .  A l t e r a t i o n  of 
k e l p  canopies and the  abundances of 
f l e s h y ,  enc rus t ing  o r  a r t i c u l a t e d  red 
a lgae n o t  on l y  a l t e r s  t he  a v a i l a b l e  space 
and t h e  i r r a d i a n c e  l e v e l s ,  but  a l s o  the 
l o c a l  g raz ing  regimes, p a r t i c u l a r l y  smal l  
ech ino ids  and herb ivorous micro-  
inver tebra tes .  The s i ze  o f  ke lp  stands 
cou ld  a l s o  be impor tant  i n  determin ing 
comnunity s t r u c t u r e  (c . f . ,  Dayton and 
Tegner 1984a), a l though t he re  i s  l i t t l e  
experimental  evidence f o r  t h i s .  S u i t a b l y  
designed f i e l d  experiments t e s t i n g  
s p e c i f i c  hypotheses o f f e r  a  promis ing 
approach t o  addressing these prob7 ems and 
removing t h e  answers from the  equivocal  
rea lm of anecdote, con jec tu re ,  and 
c o r r e l a t i o n .  

5.7 INDIRECT EFFECTS: SEA OTTER FORAGING 

General Hypothesis: Sea o t t e r s  
enhance ke l p  abundance by  removing sea 
u rch ins ,  the major  grazers. 

As a l ready  discussed i n  Sect ion 
4.6.2.2, sea o t t e r s  (Enhydra l u t r i s )  
consume up t o  a  f o u r t h  o f  t h e i r  body 
we igh t  i n  food per day, feed ing  on a wide 
range o f  i n v e r t e b r a t e  species. Attempts 
a t  exper imenta l  1y assessing t h e i r  e f f e c t s  
on nearshore communities have been 
hampered by the  obvious l o g i s t i c  
c o n s t r a i n t s  o f  dea l ing  w i t h  a  mob i le  
p reda to r  and the use o f  " na tu ra l  
experiments," t h a t  i s ,  comparing areas 
w i t h  and w i t h o u t  sea o t t e r s .  The 

i m p o r t a n c ~  jf sc; ct tcr- :c;  Lii:li,,-i,,ip 
r e l a t i o n s h i p s  i s  based on th ree  types o f  
e v i d e n c e :  (1) When l a r g e  numbers o f  sea 
u r c h i n s  a r e  p resen t  i n  an area, kelp 
abundance may be low (see references i n  
p r e v l o u s  s e c t i o n ) .  ( 2 )  Sea o t t e r s  
p r e f e r e n t i a l l y  f e e d  on l a r g e  sea urchins 
when u r c h i n s  a r e  a v a i l a b l e .  I n  areas 
where o t t e r s  a r e  abundant, sea urchins 
tend t o  be sca rce  and smal l  i n  s i ze  (Estes 
e t  a ] .  1978, Breen e t  a l .  1982, Van 

, - .  B l a r i  corn i n  press;. i n l s t o r i c a l  
e v i d e n c e  i n d i c a t e s  t h a t  sea. o t t e r s  were 
once a b u n d a n t  a long  t he  west coast o f  
Nor th  A m e r i c a  and were impor tan t  predators 
i n  k e l p  f o r e s t s  (Estes and Van Blar icom i n  
press ) . 

E s t e s  e t  a l .  (1978) examined the 
d i s t r i b u t i o n  and abundances of ke l p  and 
Sea u r c h i n s  a t  d i f f e r e n t  s i t e s  i n  the 
B e r i n g  S e a .  some o f  wh ich  had ~ o o u l a t i n n s  
o f  s e a  o t t e r s .  St rongy l  ocentrotus 
01 a c a n t h u s  were p a r t i c u l a r l y  abundant k i $ T l i  t e s i t e  w i t h o u t  o t t e r s ,  where 

t h e r e  w a s  l i t t l e  macroalgae. Sea urchins 
were 1 a r g e r  a t  t h i s  s i t e  when compared t o  
t he  s i t e  where  o t t e r s  a c t i v e l y  foraged. 
Estes e t  a1 . (1981) found t h a t  i n  recent ly  
r e p o p u l a t e d  a reas  o f  t h e  A leu t ian  Islands, 
sea o t t e r  d i e t s  cons i s t ed  main ly  o f  sea 
u r c h i n s  , whereas  ep i ben th i c  f i s h  were the 
most i m p o r t a n t  prey t o  a!: ~c_+?!?!ichnri  

o t t e r  p o p u l  a t i o n .  Duggins (1980) provided 
e x p e r i m e n t a l  i n f o r m a t i o n  from Alaska 
showing  t h a t  when dense aggregat ions of 
e c h i n o i d s  a r e  removed, a  l u s h  a l ga l  f l o r a  
may d e v e l  op. A t  the s i t e s  examined i n  
A laska,  t he  ev idence  i s  t h a t  o t t e r s  [nay be 
a " k e y s t o n e  spec ies"  (c . f .  Paine 1966, 
Estes e t  a 1  . 1978) i n  shal low comnlunitieS. 

T h e  e v i d e n c e  i s  n o t  so c l e a r  f o r  the 
p o p u l a t i o n  of sea o t t e r s  in Cal i fo rn ia .  
Van B l a r i c o m  ( i n  p ress )  reviewed the 
1 i t e r a  t u  re concern ing  t h e  recent  expansion 
o f  t h e  r a n g e  o f  sea o t t e r s  along the 
c e n t r a l  c o a s t  of  C a l i f o r n i a .  Dense sea 
u r c h i  n p o p u l a t i o n s  were reduced a long the 
Mon te rey  Pen insu la ,  l eav i ng  genera l ly  
1 1  , c o n c e a l e d  i n d i v i d u a l s  (McLean 1962, 
Lowry and Pearse  1973). Indeed, there are 
no o f  dense aggregat ions of sea 
u r c h i n s  p e r s i s t i n g  where o t t e r s  are 
p r e s e n t  - Van B la r i com noted that  
N e r e o c y s t i s ,  an annual p l a n t ,  tends t o  
p e r s i s t  i n  t h e  presence of sea urchins 
w h i l e  M a c r o c y S t i ~  does not .  From recent 



c a n o ~ y  Illap>, i le postu :c ted a chanqe from - -  8 "  

~ e r e o y s t i  s  t o  Macrocys t i  s a f t e r  o t t e r s  
removed sea u r ch i ns .  Wh i le  t h i s  may be 
the case f o r  some s i t e s  i n  cen t r a l  
c a l i f o r n i a ,  t h e  ev idence i s  equivocal  f o r  
others. Sea u r c h i n s  a re  q u i t e  patchy i n  
t h e i r  d i s t r i b u t i o n  and e f fec ts ,  and there  
i s  o f t e n  n o t  a  s t r a i gh t f o rwa rd  
r e l a t i o n s h i p  between t h e i  r abundances and 
t h a t  o f  p a r t i c u l a r  k e l p  species (see 
references i n  p rev i ous  sec t i on ) .  I n  
add i t i on ,  w i n t e r  storms and t u r b u l e n t  sea 
cond i t i ons  can a f f e c t  k e l p  abundance; 
~ e r e o c y s t i s  tends t o  rep lace  Macroc s t i s  
i n  such cases (e.q., Cowen et& 
To r eso l ve  t h e s e  quest ions,  a  b e t t e r  
understanding i s  needed o f  t he  e f f e c t s  o f  
sea u r ch i ns  i n  k e l p  f o r e s t s  w i thou t  
o t t e r s .  Macrocyst  i s  communities can 
c e r t a i n l y  e x i s t  i n  t he  presence o f  t h i s  
grazer. G ian t  k e l p  communi t i e s  are 
va iab le  i n  space and t ime,  however, and 
dense aggregat ions o f  sea u rch ins  may be 
the excep t ion  r a t h e r  than  t h e  r u l e .  

The h i s t o r i c a l  evidence f o r  the 
e f f e c t s  o f  sea o t t e r s  i s  a l s o  somewhat 
equivocal.  Simenstad e t  a1 . (1978) 
examined evidence f rom A l e u t  middens i n  
Alaska and conc luded t h a t  a l t e r n a t e  s t ab l e  
s ta tes  e x i s t e d  i n  nearshore communities. 
They argued t h a t  t h e  s t r a t a  con ta in ing  
la rge  q u a n t i t i e s  o f  sea u r c h i n  and l impe t  
she l l s  co i nc i ded  w i t h  t he  absence o f  

o t t e r s ,  due t o  hunt ing by Aleuts.  The 
presence o f  f i s h  remains co inc ided  w i t h  
t imes when o t t e r s  were present,  and 
macroal gae predominated. 

There i s  a l s o  evidence i n  the middens 
i n  Monterey (Gordon 1974) and on San 
Nicolas Is land,  o f f  southern C a l i f o r n i a ,  
t h a t  p r e h i s t o r i c  man hunted sea o t t e r s .  
Dayton and Tegner (1984a) po in ted  ou t  t h e  
l a rge  numbers of abalone she l l s  seen on 
the  is land,  suggesting t h a t  abo r i g i na l  man 
had a s i g n i f i c a n t  impact on the nearshore 
corrmun i t y  . 

Estes and Van Blar icom ( i n  press)  
reviewed the data on the  f l u c t u a t i o n s  i n  
many s h e l l f i s h  populat ions and t h e  
poss ib le  e f f e c t s  o f  sea o t t e r s .  The 
advent of  o t t e r s  and the  dec l i ne  o f  many 
shel 1 f i she r i es  are o f t e n  co i nc i den t  w i t h  
increased f i s h i n g  pressure, p o i n t i n g  t o  
compet i t ion between modern man and o t t e r s  
f o r  p a r t i c u l a r  resources. They concluded 
t h a t  the  near e x t i n c t i o n  o f  the  sea o t t e r  
permi t ted the  development o f  shel 1  
f i s h e r i e s  i n  t h e  f i r s t  place. Whi le these 
questions are i n t e r e s t i n g  and re levan t ,  
the  i n t e rac t i ons  between o t t e r s ,  
p a r t i c u l a r  f i she r i es ,  and n a t u r a l  
v a r i a b i l  i t y  o f  populat ions a re  complex and 
have forced the issues more i n t o  t h e  
p o l i t i c a l  province than an experimental  
one. 



CHAPTER 6 

HUMAN USE, MANAGEMENT, AND POLLUTiON 

Yef, i f  in any country a forest was destroyed, I do not believe 
nearly so many species of animals would perish as would here 
from the destruct ion of the kelp. Darwin (1860). 

6.1 INTRODUCTION: MANAGEMENT AND 
MANAGEMENT AGENCIES 

G ian t  k e l p  f o r e s t s  a r e  an impo r t an t  
economi c  and r e c r e a t i o n a l  r e s o u r c e .  North 
and Hubbs (1968) es t ima ted  t h e  v a l u e  of 
marine resources taken f r o m  k e l p  f o r e s t s  
near La J o l l a  i n  1955-56 a t  n e a r l y  a  
m i l l i o n  d o l l a r s .  I n  c u r r e n t  d o l l a r s  and 
i n c l u d i n g  t he  r e l a t e d  v a l u e s  o f  boats,  
d i v i n g  equipment, t ou r i sm ,  e t c .  , t h i s  
d o l l a r  va lue i s  c e r t a i n l y  much h i g h e r  (see 
a l s o  es t imates  i n  Nor th  1971b). Moreover, 
l i v i n g  near t h e  ocean i s  d e s i r a b l e ,  and 
d ispos ing  o f  wastes i n  nea rsho re  a reas  i s  
bo th  convenient  and i n e x p e n s i v e  r e l a t i v e  
t o  l and  d i sposa l  o r  r e c y c l i n g .  Kelp 
f o r e s t s  a re  t h u s  h e a v i l y  used, some uses 
a re  i n  c o n f l i c t  w i t h  o t h e r s ,  and 
management i s  r e q u i r e d  t o  prevent  
d e t e r i o r a t i o n .  Th i s  i s  p a r t i c u l a r l y  t r ue  
i n  h i g h l y  populated southern Ca l  i f o r n i a .  

The preceding chap te rs  have reviewed 
the  d i v e r s i t y  and dynamics o f  t h e  g i a n t  
ke l p  f o r e s t  community, and i t  shou ld  be 
c l e a r  t h a t  v a r i o u s  b i o t i c  and  a b i o t i c  
f a c t o r s  may i n t e r a c t  t o  s t r u c t u r e  the  
community a t  a  p a r t i c u l a r  s i t e .  It should 
a l s o  be  c l e a r  t h a t ,  f o r  most o f  these 
f a c t o r s  and i n t e r a c t i o n s ,  we know on ly  
what i s  p l a u s i b l e ,  and a r e  f a r  f r o m  making 
q u a n t i t a t i v e  p r e d i c t i o n s  a b o u t  community 
dynamics and t h e  e f f e c t s  o f  p a r t i c u l a r  
per tu rba t ions .  I n  t h i s  con tex t ,  
management i s  p r e s e n t l y  a n  i 11 usion. 
P red i c t i ng  t h e  e f f e c t s  of  a l l  b u t  ve ry  
extreme changes i n t h e  a b i o t i c  e n v i  ronment 
o r  i n  p a r t i c u l a r  spec i es  i s  nea r l y  

imposs ib le .  However, man con t inues  t o  
harves t  organisms from, and d ischarge 
wastes i n t o ,  k e l p  f o r e s t s ,  adding t o  t h e  
dynamics o f  t h e  system. Moreover, many o f  
t he  groups i n v o l v e d  i n  these a c t i v i t i e s  
a re  po l  i t i c a l  l y  and/or economical l y  
powerful  , making management dec i s i ons  even 
more d i f f i c u l t  and p a r t l y  removed from t h e  
meager e n v i  ronmental da ta  t h a t  a re  
ava i l ab l e .  

Management i s  f u r t h e r  compl icated 
because, except  f o r  su r f ace  canopies, 
observat ions o f  community and popu la t i on  
changes must be made w h i l e  under water. 
Even occas ional  surveys i n  a  few f o r e s t s  
r e q u i r e  t r a i n e d  d i v e r s  and cons iderab le  
equipment. I n  a d d i t i o n  (and f o r  t h e  same 
reasons),  background i n f o r m a t i o n  aga ins t  
which t o  measure change i s  l a ck i ng ,  and 
t he re  may be mu1 t i p l e  f a c t o r s  caus ing 
change a t  a  p a r t i c u l a r  s i t e  (e.g., 
f i s h i n g ,  sediment f rom r i v e r  discharge, 
waste d ischarge)  o r  i n  a  p a r t i c u l a r  reg ion  
(e.g. , cumula t i ve  waste d ischarge  i n  
southern C a l i f o r n i a ,  changing oceano- 
g raph ic  c o n d i t i o n s ) .  Fay e t  a l .  (1972) 
rev iew these mu1 t i p l e  p o l l u t i o n  problems 
i n  southern C a l i f o r n i a .  

Management o f  b i o t i c  resources has 
been l a r g e l y  by r e g u l a t i o n  based on ca t ch  
s t a t i s t i c s  f o r  p a r t i c u l a r  spec ies.  The 
S ta te  o f  C a l i f o r n i a  Department o f  F i sh  and 
Game has p r imary  r e s p o n s i b i l i t y  f o r  most 
b i o t i c  resources, and can r e g u l a t e  numbers 
o f  f ishermen, c a t c h  s i ze ,  and areas 
f i shed .  The Department of F i s h  and Game 
a l s o  ma in ta i ns  a mar ine mammal research 
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but t h e  M a r i n e  Mammal P r o t e c t i o n  A c t  o f  
1972 t r a n s f e r r e d  p r imary  r e s p o n s i b i  1  i t y  
for sea o t t e r s  t o  t h e  Un i t ed  S t a t e s  F ish 
and ~i i d 1  j f e  Serv ice,  and r e s p o n s i b i l i t y  
for o t h e r  mammals t o  the  N a t i o n a l  Marine 
F i she r i es  s e r v i c e .  

The management o f  t h e  a b i o t i c  
environment o f  k e l p  f o r e s t s  improved  con- 
s iderably  w i t h  t h e  passage o f  t h e  f e d e r a l  . . 
L l~an ++dtet- Ac t .  P r i o r  management d e a l t  
almost s o l e l y  w i t h  ques t ions  o f  d i r e c t  
e f fects  o n  human hea l th .  Many agencies 
now s c r u t i n i z e  ocean d i scha rge  and 
c o n s t r u c t i o n  a c t i v i t i e s  t h a t  may a1 t e r  
nearshore w a t e r s ,  and most o f  these  agen- 
c ies r e q u i r e  t h e  maintenance o f  community 
"heal th"  a n d  "ba lance o f  i nd igenous  popu- 
l a t i ons . "  A t  t h e  Federal  l e v e l ,  these 
agencies i n c l u d e  t h e  Envi ronmenta l  P ro tec -  
t i o n  Agency, t h e  U.S. Army Corps of 
Engineers a n d  t h e  U.S. Coast Guard. A t  
the S t a t e  l e v e l ,  the  C a l i f o r n i a  State 
Water Resources Cont ro l  Board and r eg i ona l  
boards r e g u l a t e  d ischarge  i n t o  t h e  ocean 
under g u i d e l i n e s  s e t  f o r t h  i n  t he  
C a l i f o r n i a  Ocean Plan. A d d i t i o n a l  c o n t r o l  
over c o a s t a l  development t h a t  m i g h t  a f f ec t  
ke lp  f o r e s t s  i s  p rov ided  by  t h e  Gal i f o r n i a  
Coastal Cornmi s s i o n  and c i t i e s  and coun t ies  
through l o c a l  coas ta l  programs. 

6.2 COMMERCIAL RESOURCE HARVESTING 

6.2.1 P l a n t s  

6 . 2 . 1 . 1  Macrocyst is .  One of t h e  
o ldest  a n d  economical l y  most  impo r t an t  
uses o f  g i a n t  k e l p  f o r e s t s  i s  f o r  ke l p  
harves t ing .  Kelp has been ha rves ted  i n  
C a l i f o r n i a  s i n c e  1910 by  v a r i o u s  compa- 
nies. N e a r l y  400,000 wet t o n s  p e r  year  
were h a r v e s t e d  d u r i n g  1917 and 1918 
(Ol iphant  1979) ,  p r i m a r i l y  as a  source of 
potash f o r  making gunpowder d u r i n g  World 
War I (Hul  t 1917, Frey 1971). D u r i n g  t h i s  
period, h a r v e s t i  ng was o f t e n  done by 
p u t t i n g  a cable around a s t a n d  o f  ke lp ,  
and d r a g g i n g  t h e  p l a n t s  f r o m  t h e  bottom 
~ l t h  l i t t l e  r ega rd  f o r  t h e  environment 
(McPeak and Gl  an t z  1984). 

T h e  u s e s  of k e l p  and t h e  methods of 
harvest h a v e  changed cons i de rab l y  s ince 
the e a r l y  1900's.  A t  p resen t ,  Kelco 
COmpan~  i n  San Diego i s  t h e  m a j o r  harves t -  
e r*  w i t h  s m a l l  amounts t a k e n  by o t h e r  

groups f o r  abalone food  (see Animals 
below). The emphasis has s h i f t e d  f r om  
potash t o  a l g i n  product ion.  A l g i n  i s  a  
hydrocol 1  o i d  ex t r ac ted  from ke l  p  t h a t ,  
a f t e r  f u r t h e r  chemical processing, has a  
v a r i e t y  o f  uses as an emu ls i f y ing  and 
b ind ing  agent i n  food and pharmaceutical 
i n d u s t r i e s  (chapman 1970, Frey 1971). A  
number o f  r egu la t i ons  have been imposed by 
t he  S ta te  o f  C a l i f o r n i a  t o  ensure t h a t  
harves t ing  a c t i v i t i e s  have a  minimal 
impact on k e l p  f o res t s  (see Bowden 1981 
f o r  a  thorough d iscuss ion) .  Stands o f  
ke l p  are g iven  numbers by t he  State,  and 
some are  leased t o  harves t ing  companies 
w h i l e  o thers  remain open t o  anyone w i t h  a  
harves t ing  permi t .  These companies pay a  
r o y a l t y  t o  the  s t a t e  f o r  each wet ton  of 
ke l p  harvested (Bowden 1981). Harvest ing 
i s  now done by sh ips w i t h  l a r g e  c u t t i n g  
devices on the  s t e rn  (F igure  30).  The 
sh ips back through t he  f o r e s t  and, much 
l i k e  a  hedge trimmer, c u t  the  canopy no 
lower  t han  1.2 m below t h e  sur face  i n  a  
s t r i p  8 m wide. Th i s  a l lows  vege ta t i ve  

-. Entire ship 

Kelp-harvesting machinery on the stern 

Figure 30. A modern ke lp -harves t ing  s h i p  
operated by Kelco. 



reg rowth  from unharvested s u b s u r f a c e  
fronds on c u t  p l an t s .  I n  areas w h e r e  
Nereocys t i s  luetkeana and Macroc s t i s  + co-occur, t h e  amount of N. ue t keana  
harves ted  i s  r e s t r i c t e d  bv law. Nereocvs-  - - 

t i s  luetkeana i s  an annual, and i s  - 
reproduc t i ve  b lades occur  near  t h e  
su r face .  Harvest ing t o o  much N e r e o c y s t i  s  
c o u l d  i n h i b i t  i t s  re -es tab l  ishment. 

Between 100,000 and 170,000 wet  t o n s  
of Macrocyst is  a r e  c u r r e n t l y  h a r v e s t e d  
annual1 y i n  C a l i f o r n i a  (Frev 1971. 
O l i phan t  1979), and sa les by t h e  k e l p  
h a r v e s t i n g  i n d u s t r y  exceed $35 m i l l i o n  a  
yea r  (Wi lson and McPeak 1983). F o r e s t s  
a r e  a l s o  harvested i n  Mexico w i t h  p l a n t s  
impor ted  t o  Kelco Company i n  San D iego .  
The m a j o r i t y  o f  t he  C a l i f o r n i a  h a r v e s t  
norma l l y  comes from t he  l a r g e  f o r e s t s  i n  
sou thern  C a l i f o r n i a  ( B a r i l o t t i  p e r s .  
comn.), b u t  ha r ves t i ng  occurs as f a r  n o r t h  
as Carrnel Bay i n  c e n t r a l  C a l i f o r n i a .  
P a r t i c u l a r  stands i n  southern Cal i f o r n i  a  
may be harvested up t o  t h ree  t imes  p e r  
yea r  (see McPeak and Glantz  1984 f o r  a  
rev iew o f  ke l  p  harves t ing  and uses). 

Kelp harves t ing  has a  v a r i e t y  o f  
p o s s i b l e  impacts on g i a n t  ke lp ,  k e l p  
f o r e s t s ,  and assoc ia ted n e a r s h o r e  
communities. Concern over  these impacts  
has been a  major  s t imu lus  f o r  k e l p  f o r e s t  
s t u d i e s  s ince t he  l a t e  1950's. The  
p r imary  concerns have been the  p o s s i b l e  
d e s t r u c t i o n  of k e l p  stands, d e s t r u c t i o n  o f  
canopy-dwel l i n g  i nve r t eb ra tes  and f i s h e s  
d u r i n g  ha r ves t i ng  operat ions,  r e d u c t i o n  i n  
f i s h  popu la t ions  due t o  l o s s  o f  f o o d  
and/or  h a b i t a t ,  and an increase i n  b e a c h  
e ros i on  and amount o f  d r i f t  k e l p  o n  
beaches. E a r l y  s tud ies  o f  these po te 'n t ia ' l  
problems were summarized by Nor th  a n d  
Hubbs (1968), who concluded t h a t  "NO 
adverse i n f l u e n c e  o f  ha rves t ing  c o u l  d  b e  
found among the  s t a t i s t i c s  o r  f i e l d  
observat ions f o r  t h e  per iods  s t u d i e d . "  
Uncut fronds grow t o  rep lace  those  c u t ,  
and i t  appears t h a t  on ly  o c c a s i o n a l l y  i s  
an  e n t i r e  p l a n t  t o r n  " f rom t he  b d t t o r n  
du r i ng  harves t ing  operat ions (Rosenthal  e t  
a l .  1974). Harvest ing t he  canopy  
increases l i g h t  on the bottom, and may 
enhance rec ru i tment  o f  M a c r o c y s t i  s 
(Rosenthal e t  a l .  1974, Kimura and F o s t e r  
i n  p ress ) .  M i l l e r  and Geibel (1973) f o u n d  
t h a t  a d u l t  Macrocyst i  s abundance d e c l  i n e d  
a f t e r  repeated experimental  canopy r emova l  

a t  P o i n t  Cabr i  1 1  o r-ii:ar Mcnt.erey. Ki!liura 
a n d  F o s t e r  ( i r i  p ~ - c s s )  found no ddverse 
a f f e c t s  a f t e r  a s i n g l e  experimental  har- 
v e s t  i n  Carmel Bay. The l d t t e r  study Inore 
c l o s e l y  resembled cornntercial ha rves t ing  as 
c u r r e n t l y  p r a c t i c e d  i n  Carmel Bay, and 
s u g g e s t s  t h a t  M i l l e r  and Ge ibe l ' s  (1973) 
r e s u l t s  r ep resen t  what may happen i n  
c e n t r a l  C a l i f o r n i a  i f  an area i s  over- 
h a r v e s t e d .  Kimura and Foster  ( i n  ~ r e s s )  
d i d  f i  n a  i,iia t t i i t  t;;;:;; zf t-e::-,,it;,ir,t I:, 
k e l  p s  (Macrocyst  i s  and Pterygophora 
cal  i f o r n i c a )  changed i n  harvested areas, 
b u t  t h i s  change had no apparent negat ive 
e f f e c t s .  B a r i l o t t i  e t  a l .  ( l n  ~ r e s s )  
f o u n d  t h a t  s u r v i v o r s h i p  o f  a d u l t s  was not  
r e d u c e d  i n  t h e  two harvested fo res ts  they 
s t u d i e d .  

No o v e r a l l  reduc t ion  i n  f i shes  o r  
i n v e r t e b r a t e s  i n  p a r t i c u l a r  fo res ts  has 
b e e n  r e p o r t e d  due t o  harves t ing  opera- 
t i o n s ,  even though numerous organisms are 
removed  a l o n g  w i t h  the  c u t  fronds (North 
a n d  Hubbs 1968, M i l l e r  and Geibel 1973) .  
H u n t  (1977)  d i d  f i n d  s i g n i f i c a n t  dec l ines 
i n  t u r b a n  s n a i l  (Tegula montere i )  densi- 
t i e s  i n  ha r ves ted  areas ---T?- i n  armel Bay. 
Sea o t t e r s  avo i d  ke l p  harves t ing  ships, 
a n d  n o  m o r t a l i t y  r e l a t e d  t o  ke l p  harvest-  
i n g  o p e r a t i o n s  has been repor ted  f o r  t h i s  
o r  o t h e r  rrlammals, 

Clendenning (1971b) est imated tha t  
10% o r  l e s s  of Macrocyst is  p roduc t ion  i s  
removed  by harves te rs  i n  harvested f o r -  
e s t s .  P o s s i b l e  changes i n consumer popu- 
l a t i o n s  i n  ke l  f o res t s  o r  elsewhere 
( b e a c h ,  o f f sho re7  t h a t  may be an i n d i r e c t  
r e s u l t  o f  removing t h i s  pr imary product ion 
h a v e  n o t  been i nves t i ga ted .  

Recent research on growing Macro- 
c y s t i s  f o r  fue l  i s  d iscussed i n  Section 
6.6.2. Macroc s t i s  has a l so  r e c e n t l y  been + i n t r o d u c e d  i n  t e  People 's  Republ ic o f  
C h i n a  t o  p o s s i b l y  rep lace  Laminar ia  as a 
S o u r c e  o f  food and a l g i n ( F o s t e r  pers. 
obs .  1 .  

6.2.1.2 Other  p l an t s .  The only  
o t h e r  p l a n t  COmmerci a1 l y  harvested from 
Ca1 i f o r n i a  k e l p  fo res ts  i s  Gelidiunl 
robusturn. a source of h i g h - q u a l i t y  agar 
-17). Th i s  p l a n t  i s  occas iona l l y  
h a r v e s t e d  by d i v e r s  when p r i c e s  a r e  h igh 
(Frey 1971).  The p l a n t  i s  very  suscep- 
t i  b l  e  t o  overharves t ing ,  as i t  grows 



s lowly  and does n o t  appear t o  r e c r u i t  
rap id ly  when c o m p l e t e l y  removed f rom l o c a l  
areas (Ba r i  l o t t i  and S i l v e r t h o r n e  1972). 
One company has r e c e n t l y  leased a  near- 
shore area f o r  t h e  Purpose of c u l t i v a t i n g  
G. robustum (Bowden 1981). - 
6.2.2 Animals 

6 .2 .2 .1  F i shes .  Nor th  (1971b) l i s t s  
37 spec ies  o f  f i s h  ( i n c l u d i n g  " r ock f i sh "  
as one spec ies )  assoc ia ted  w i t h  ke l p  
forests  t h a t  o c c u r  i n  t h e  commercial and 
par ty  boat c a t c h  i n  C a l i f o r n i a .  Most o f  
these species a r e  a l s o  caught i n  areas 
wi thout  ke l p  f o r e s t s ,  and c a t c h  s t a t i s t i c s  
are no t  r e p o r t e d  s p e c i f i c a l l y  f o r  ke l p  
communities. Thus, t h e  ca t ch  and s t a t us  
o f  stocks i n  k e l p  f o res t s  a r e  uncer ta in .  
North (1971b), u s i n g  data from Davies 
(1968) es t imated  t h a t  about 90% o f  the  
"rockbass" ( k e l p  bass p l us  sand bass) 
catch f o r  sou the rn  C a l i f o r n i a  came from 
areas t h a t  i n c l u d e d  k e l p  f o r e s t s ,  and t h a t  
about 7 0 h f  t h e  e n t i r e  p a r t y  boa t  f i s h  
catch came f r o m  a r e a s  w i t h  ke lp .  

Drift k e l p  i s  probably  an impor tant  
source o f  energy f o r  communities o t h e r  
than ke l p  f o r e s t s ,  so ke l p  f o r e s t s  may 
i n d i r e c t l y  p r o v i d e  some o f  t h e  energy base 
f o r  f i s h e r i e s  i n  o t h e r  h a b i t a t s  (see 
Chapters 3 and 4 ) .  Moreover, dec l ines  i n  
kelp p roduc t i on  c o u l d  u l t i m a t e l y  be r e -  
f l ec ted  i n  d e c l i n e s  i n  nearshore f i s h  
stocks, as has been suggested by s tud ies  
i n  Alaska (Estes e t  a1 . 1978). 

M i l l e r  and Geibe l  (1973) and Love 
(1980) i n d i c a t e d  t h a t  some f i s h e s  may 
occur i n  l o c a l  p o p u l a t i o n s  on p a r t i c u l a r  
reefs, w i t h  1  i t t 1  e  movement between reefs.  
Thus, l o c a l  a reas  may be sub jec t  t o  
overf ishing. M i l l e r  and Geibe l  (1973) 
recommended management by zonal opening 
and c l os i ng  i n  c e n t r a l  C a l i f o r n i a .  

Tegner (1980)  suggested t h a t  sheep- 
head have d e c l i n e d  due t o  o v e r f i s h i n g  i n  
some southern Cal  i f o r n i  a  k e l p  f o r e s t s ,  and 
because these f i s h e s  e a t  sea u rch ins ,  t he  
decl ines may be  p a r t l y  respons ib le  f o r  
l o c a l l y  h i gh  u r c h i n  d e n s i t i e s .  Cowen's 
"983) exper imenta l  s  heephead removal 
Supports t h i s  l a t t e r  suggest ion. 

Frey (1971) d iscussed  t h e  s t a t u s  of 
other C a l i f o r n i a  f i she r i es ,  i n c l u d i n g  

a lgae and i nve r t eb ra tes ,  and makes a  
number o f  management recommendations. The 
ca tch  o f  many species assoc ia ted w i t h  k e l p  
f o r e s t s  i s  dec l i n i ng ,  and i t  i s  commonly 
observed t h a t  l a r g e  i n d i v i d u a l s  have 
become rare.  Th is  i s  p a r t i c u l a r l y  t r u e  o f  
S te reo le  i s  g i gas ,  t h e  g i a n t  sea-bass, i n  
d a l i f o r n i a .  Th is  f i s h  i s  occa- 
s iona l  l y  found i n  g i a n t  k e l p  fo res ts ,  and 
i s  l i s t e d  as a  megacarnivore by Quast  
(1971a). Large i n d i v i d u a l s  (over  150 kg 
i n  weight  and 2  m l ong)  were once f a i r l y  
common and must have been an impress ive 
s i g h t  swimming through t h e  ke lp .  Unfor- 
t una te l y ,  recen t  d i v e r s  have been denied 
t h i s  experience as spear and hook-and-1 i n e  
f ishermen preyed h e a v i l y  on these huge 
(and perhaps over  90 years o ld ;  Frey 1971) 
f i s h ,  and we could f i n d  no recent  observa- 
t i o n s  o f  such f i s h  i n  k e l p  forests.  

6.2.2.2 Abalone. Abalone a re  t h e  
o n l y  commerical l y  f i s h e d  mol lusc i n  C a l i -  
f o r n i a  ke l p  f o res t s .  Animals a re  har-  
vested by  d ive rs ,  and u n t i l  r ecen t l y ,  t h e  
main species taken were r e d  abalone (5- 
o t i s  rufescens) and p i n k  abalone (1. car- - 
rugata; see Sect ion 4.4.3.2). I n  t h e  peak 
year  of 1957, s l i g h t l y  over  f i v e  m i l l i o n  
pounds were landed (Cox 1962), which i s  
roughly a  m i l  l i o n  and a  h a l f  animals 
(us ing an average conversion va lue  o f  1 
doz. abalone = 40 lb . ;  see Cox 1962). 
Tota l  landings have dec l ined  by % 80% 
s ince  1966 (Table 12) ,  due t o  o v e r f i s h i n g  
(Tegner 1980), h a b i t a t  1  oss, i l l e g a l  
f i sh i ng ,  improper ca tch  methods (Hardy e t  
a l .  1982), and removal by  sea o t t e r s  
( M i l l e r  and Geibel 1973, Hardy e t  a l .  
1982). However, even though sea o t t e r  
f o rag i ng  was h i g h l y  co r re l a t ed  w i t h  t he  
dec l i ne  i n  abalone stocks i n  the  San L u i s  
Obispo area ( M i l l e r  and Geibel 1973, Hardy 
e t  a l ,  1982), t h i s  area c o n t r i b u t e d  o n l y  
about 20% of t he  t o t a l  C a l i f o r n i a  ca tch  i n  
1968 ( ca l cu l a t ed  f rom data i n  Heimann and 
C a r l i s l e  1970). O t t e r  f o rag i ng  i n  t he  San 
Lu i s  Obispo area began around 1970 (Hardy 
e t  a l .  1982). Thus, f a c t o r s  o t h e r  than 
sea o t t e r  fo rag ing  have had a  g rea t  impact 
on the s ta tewide d e c l i n e  i n  t he  abalone 
f i s h e r y  noted above (see a l s o  Estes and 
Van Blar icom i n  press) .  The l e s s  p re -  
fer red,  shal low-water b lack  abalone (H. 
c rache rod i i )  now makes up t h e  m a j o r i t y  o f  
t he  catch (Table 12). 



Table 12 .  ~ 0 m i l l e r ~ i d i  i d l l i i l i ~ s  ~f ~!la?:??e, !9hs te rs I  sea u r ch i ns  i n  
Gal i forn ia ,  i n  pounds. 

Species 1 9 5 6 ~  1 9 6 6 ~  1976' 1 9 8 2 ~  

Abalone 

Red 2,400,000~ 2,507,305~ 739,621 363,000 
1,800,000~ 2,162,941 d  P ink  431,143 76,845 

B lack  od od 356,751 382,847 

Others 84,063 293,310 205,303 71,182 

To ta l  4,284,063 4,963,556 1,732,818 1,093,874 

Lobsters  735,869 489,088 2  92,534 477,426 

Sea Urch ins 0  0  11,106,426 17,228,795 

a ~ r o m  Anonymous 1958. 

b ~ r o m  Heimann e t  a l .  1968. 

'~ ro rn  01 i phant 1979. 

d ~ b e r t  pers.  comm. 

e ~ r o m  Cox 1962. 

The mainland coast  i n  Los Angeles and 
Orange Count ies has r e c e n t l y  been c losed  
t o  abalone f i s h i n g  (Eber t  pers .  c o n . ) ,  
and r e s t o r a t i o n  o f  s tocks i s  be ing  
attempted by p l a n t i n g  1  aboratory-grown 
j u v e n i l e s  i n  t h e  f i e l d .  These r e s t o r a t i o n  
at tempts have no t  been very  successfu l ,  
b u t  new techniques a re  be i ng  i n v e s t i g a t e d  
(Eber t  pers .  corn. ) .  Even i f  r e s t o r a t i o n  
r e s u l t e d  i n  commercial l y  ha rves tab l  e  
stocks under present  env i  ronmental condi - 
t i o n s ,  r e s t o r a t i o n  e f f o r t s  have a  dim 
fu tu re  if the  sea o t t e r  popu la t i on  expands 
i n t o  southern C a l i f o r n i a .  Sea o t t e r s  can 
reduce abalone d i s t r i b u t i o n  t o  cracks and 
c rev i ces  where i n d i v i d u a l  s  a r e  b a r e l y  
access ib le  t o  man (Lowry and Pearse 1973). 

6.2.2.3 Sea u rch ins .  S i g n i f i c a n t  
commercial ha r ves t i na  o f  r e d  sea u r ch i ns  
(S t rongy locen t ro tus  franciscanus) began i n  
1970 (Tegner and Dayton 1977). Animals 
a r e  harvested by d i ve r s ,  and t h e  r oe  i s  
ex t r ac ted  and shipped ma in ly  t o  Japan, 
where i t  i s  cons idered a  de l i cacy .  The 
C a l i f o r n i a  sea u r c h i n  f i s h e r y  has s i n c e  
expanded r a p i d l y  t o  become one of t he  
l a r g e s t  f i s h e r i e s  i n  t he  State,  w i t h  over  
17 m i l l i o n  pounds landed i n  1982 (Tab le  

12).  J u v e n i l e  r ed  sea u r ch i ns  f r e q u e n t l y  
occu r  under  t h e  sp ines o f  a d u l t s  i n  south- 
e r n  C a l i f o r n i a  (Tegner and Dayton 1977). 
Thus, removal o f  a d u l t s  n o t  o n l y  reduces 
r e p r o d u c t i v e  p o t e n t i a l ,  b u t  a1 so a f f e c t s  
j u v e n i l e  h a b i t a t ,  so  t h e  p o t e n t i a l  f o r  a  
h igh ,  sus ta i ned  y i e l d  f rom t h e  f i s h e r y  may 
be poor (Tegner and Dayton 1977). Wilson 
and McPeak (1983) suggested t h a t  harves t -  
i n g  r e d  sea u r c h i n s  may r e s u l t  i n  
i ncreased abundances o f  p u r p l e  and w h i t e  
sea u rch ins .  

6.2.2.4 Lobs te r .  The sp i ny  l o b s t e r  
Panu1 i r u s  i n t e r r u p t u s  i s  commercial ly 
f i shed  w i t h  t r a p s  i n  southern C a l i f o r n i a .  
Lobs te r s  a re  o f t e n  assoc ia ted  w i t h  g i a n t  
k e l p  f o r e s t s ,  and t r a p s  a re  f r e q u e n t l y  s e t  
a l ong  t h e  o u t e r  and i n n e r  margins o f  t he  
surface canopies. T h i s  f i s h e r y  has a l s o  
d e c l i n e d  s i nce  t h e  peak harves ts  o f  the  
1950 's  (Tegner 1980; Table 12),  and 
because t h i s  animal can e a t  sea u rch ins  
(Tegner and Dayton 1981, Tegner and Lev i n  
1983),  Tegner (1980) suggested t h a t  1 ocal 
l o b s t e r  d e c l i n e s ,  1  i ke those o f  sheephead, 
may be p a r t l y  r espons ib l e  f o r  increased 
sea u r c h i n  abundance. A s i m i l a r  scenar io  
l e a d i n g  t o  e x t e n s i v e  l osses  o f  k e l p  beds 



i n  Nova Sco t ia  was proposed by %nr. 2 n d  
h i s  co-workers (Mann 1973, Breen and Mann 
1976; b u t  see P r i n g l e  e t  a l .  [ I 9 8 0 1  f o r  
a1 t e r n a t i v e  views).  

Kelp f o r e s t s  a r e  a l s o  a  sou rce  o f  
organisms f o r  commercial c o l l e c t o r s  who 
s e l l  p l a n t s  and an ima ls  f o r  e d u c a t i o n a l  
and research use. The number o f  organisms 
removed i s  p robab ly  i n s i g n i f i c a n t  r e l a t i v e  
t o  commercial and s p o r t  f i s h e r i e s ,  and 
most a re  otherw ise  n o t  ha r ves ted  f o r  f ood  
b y  anyone. 

6.2.3 H a b i t a t  Use 

Commercial and r e c r e a t i o n a l  b o a t  
t r a f f i c  o f t e n  goes t h rough  g i a n t  k e l p  
f o r e s t s ,  and gaps o r  channels  t h rough  
canopies, c rea ted  by p rope l  l e r s  c u t t i n g  
su r f ace  f ronds ,  a r e  common where t r a f f i c  
i s  heavy. Occasional sma l l  s t r i p s  a r e  c u t  
by l i g h t  boa t  t r a f f i c .  Heavy t r a f f i c  may 
cause a  r e d u c t i o n  i n  a d u l t  g i a n t  k e l p  
dens i t y ,  and an i nc rease  i n  j u v e n i l e  k e l p  
and unders to ry  r e d  a l gae  ( N o r t h  1957). 
Small s t r i p s  p robab l y  f i l l  i n  aga in  by 
v e g e t a t i v e  growth. Except where channels  
a r e  produced, d r i v e r s  o f  sma l l  boa t s  
g e n e r a l l y  a v o i d  k e l p  canopies as t h e  c u t  
f ronds e a s i l y  f o u l  p r o p e l l e r s  and wa te r  
i n t a k e s  o f  engines. 

Various p ipe1  i nes ,  p a r t i c u l a r l y  f r o m  
o f f s h o r e  tanker  f a c i  1  i t i e s ,  a r e  p l aced  
th rough  k e l p  f o r e s t s .  The p i p e  and any 
cove r i ng  s t r u c t u r e s ,  however, a r e  usua l  l y  
soon covered w i t h  o rgan i  sms i n c l  u d i  ng 
k e l p ,  and p robab ly  have l i t t l e  long- te rm 
impacts.  Shor t - te rm e f f e c t s  i n c l u d e  
damage t o  organisms i n  t h e  p a t h  of t h e  
p i p e l i  ne, and p o s s i b l e  inc reased  t u r b i d i t y  
and sed imenta t ion  d u r i n g  c o n s t r u c t i o n .  

A h i g h l y  p robab le  f u t u r e  use o f  g i a n t  
k e l p  f o r e s t  h a b i t a t  i s  f o r  m a r i c u l t u r e  
f a c i  1  i t i e s .  Var ious  research  programs 
c u r r e n t l y  use k e l p  f o r e s t s  t o  t e s t  poten-  
t i a l  c u l t u r e  techniques,  and one l ease  has 
been g i ven  t o  grow Ge l i d i um  robustum (see 
P lan t s  above). G i a n t  k e l p  f o r e s t s  a r e  
good p o t e n t i a l  s i t e s  f o r  abalone c u l t u r e .  
Wi th  d e c l i n i n g  n a t u r a l  s t ocks  and heavy 
p r e d a t i o n  by man and sea o t t e r s  (see Aba- 
lone  above), a  p r o f i t a b l e  t echn ique  may be 
t o  p l ace  j u v e n i l e  abalone i n  s t r u c t u r e s  
t h a t  encourage a l g a l  d r i f t  accumulat ion 

h i  d i>~uu r . dye  p r e d a t i o n ,  and  t nen  p iace  
these s t r u c t u r e s  w i  t h i n  g i a n t  k e l p  
f o r e s t s .  

6.3 RECREATIONAL USE 

6.3.1 Spor t  F i s h i n g  

Kelp f o res t s  a r e  favored areas f o r  
hook-and-1 i n e  and s p e a r  f i s h i n g ,  and s p o r t  
d i v e r s  harves t  l o b s t e r s ,  c rabs ,  s ca l l ops ,  
and abalone by hand. The ex ten t  o f  inis  
f i s h i n g  and p o s s i b l e  e f f e c t s  on popula- 
t i o n s  a r e  l a r g e l y  unknown as use and 
catches a r e  n o t  r e p o r t e d .  M i l l e r  and 
Geibe l  (1973) r e p o r t e d  a  540% inc rease  i n  
spo r t  d i v e r  a c t i v i t y  from Pismo Beach 
(near  San L u i s  O b i s p o )  t o  t h e  Oregon 
bo rde r  between 1960 a n d  1972. There a r e  
thousands of d i v e r s  and  s p o r t  f ishermen i n  
C a l i f o r n i a ,  and t h e y  a r e  a  common s i g h t  i n  
k e l p  f o r e s t s  t h r o u g h o u t  t h e  S t a t e  when 
weather c o n d i t i o n s  a r e  f avo rab le .  Numer- 
ous c h a r t e r  boats  p r o v i d e  d i v e r  t r a n s p o r t  
t o  o f f  shore i s l  ands , especi  a1 l y  Santa 
Ca ta l i na  I s l a n d  o f f  L o s  Angeles. D ive rs  
occas i ona l l y  t ake  non-game spec ies as 
c u r i o s .  Th is  i s  i l l e g a l ,  however, i n  
C a l i f o r n i a  w i t hou t  a  s c i e n t i f i c  c o l l e c t i n g  
permi t .  

6.3.2 Other R e c r e a t i o n a l  A c t i v i t i e s  

Numerous d i v e r s  u s e  g i a n t  kelp t o r -  
e s t s  f o r  underwater pho tography  o r  s imp ly  
enjoyment, w i t h o u t  a n y  f i s h i n g .  Non- 
d i v e r s  v i s i t  t h e  c o a s t  t o  observe  surface 
organisms f rom shore  o r  i n  t o u r  boats;  sea 
o t t e r s  a re  a  s p e c i a l  a t t r a c t i o n  i n  c e n t r a l  
Cal i f o r n i  a. 

6.3.3 Governmental ly Regu la ted  Areas 

Many l e v e l s  o f  government  have estab- 
l i s h e d  a  v a r i e t y  o f  s p e c i a l  use areas 
a long  t h e  C a l i f o r n i a  coas t ,  and some of 
these areas have been e s t a b l i s h e d  because 
O f  t h e i r  p r o x i m i t y  t o  g i a n t  k e l p  fo res ts .  
I n  a d d i t i o n  t o  c i t y  a n d  coun ty  parks ,  t h e  
S t a t e  has an e x t e n s i v e  park  system where 
f i s h i n g ,  c o l l e c t i n g ,  and o t h e r  uses o f  
nearshore h a b i t a t s  are more h i g h l y  regu- 
l a t ed .  S ta te  r e s e r v e s  such as  t h e  one a t  
P o i n t  Lobos near  Carme1 a l s o  r egu la te  
p u b l i c  access, and i n  a d d i t i o n ,  f u r t h e r  
r e s t r i c t  f i s h i n g ,  c o l l e c t i n g ,  and eve" 
obse rva t i  anal s p o r t  d i v i n g .  M i  1  l e r  and 
Geibe l  (1973) p o i n t e d  ou t  t h e  va lue of 



,,,tl a reas  as n a t u r a l  base l ines  f o r  
,-j sons w i t h  areas more d i s t u r b e d  by 

5 a c t i v i t i e s .  Reserves a l s o  serve as 
research  areas where s tudy s i t e s  and 
exper iments  a r e  l e s s  1  i k e l y  t o  be d i s -  
t u rbed  by  man. 

The Federa l  Government has recen t1  y  
e s t a b l i s h e d  t h e  Channel I s l ands  Nat iona l  
Park and Na t i ona l  Marine Sanctuary t h a t  
i nrl ~ ~ r ( p  An?c? pa Santa Cruz , Santa Rosa, 
Sari M igue l  , and Santa Barbara I s l ands  o f f  
sou thern  Cal i f o r n i a .  The waters  ( i n c l  ud- 
i n g  k e l p  f o r e s t s )  i n  t h i s  area have no 
s p e c i a l  f i s h i n g ,  c o l l e c t i n g ,  o r  develop- 
lilent s t a t u s  as a  r e s u l t  o f  t he  park,  bu t  
sanc tuary  d e s i g n a t i o n  g i ves  spec i a l  p ro -  
t e c t i o n  f r o m  p o s s i b l e  p o l l u t i o n ,  i n c l u d i n g  
new o i l  d r i l l i n g .  S i m i l a r  p r o t e c t i o n  f rom 
waste d i s cha rge  i s  p rov ided  i n  t h e  34 
coas ta l  s i t e s  des ignated by t he  S t a t e  
!.!?tcr Resources Cont ro l  Board as Areas o f  
Spec ia l  B i o l o g i c a l  S ign i f i cance .  Many o f  
these i n c l u d e  g i a n t  o r  b u l l  k e l p  f o r e s t s  
(e.g.? Carmel Bay, p o r t i o n s  o f  Santa 
Ca ta l  i na I s l a n d ,  Saunder's Reef near Po in t  
Arena ) . 
6.4 SCIENTIFIC USE 

S c i e n t i s t s  use k e l p  f o r e s t s  f o r  a  
v a r i e t y  o f  s t ud i es ,  i n c l u d i n g  many t h a t  
;rax:'de background i n f o rma t i on  t o  a i d  i n  
management dec i s i ons .  Some areas, such as 
t h e  Hopkins Marine L i f e  Refuge a t  P o i n t  
Cabri  1  1  o  nea r  Monterey have been estab-  
l i s h e d  by  t h e  S ta te  as s c i e n t i f i c  research 
areas. Un fo r t una te l y ,  hook-and-1 i ne  
f i s h i n g  i s  o f t e n  n o t  r e s t r i c t e d  i n  such 
areas,  making f i s h  and f i s h - r e l a t e d  
s t l ~ d i e s  d i f f i c u l t .  S c i e n t i s t s  must have 
c o l l e c t i n g  p e r m i t s  i ssued  by  t h e  S ta te  t o  
remove organisms, and must o b t a i n  spec i a l  
pe rm i ss i on  f rom p a r t i c u l a r  agencies (e.g., 
park a u t h o r i t i e s ,  C a l i f o r n i a  F i s h  and Game 
Commission, r e f uge  managers) t o  work i n  
parks, r ese r ves ,  and re fuges.  

6.5 POLLUTION -- MAN-CAUSED ENVIRONMENTAL 
CHANGE OTHER THAN FISHING 

6.5.1 Po l  1  u t i o n  From Commercial , Recrea- 
t i o n a l ,  and S c i e n t i f i c  Use 

The uses of k e l p  f o r e s t s  discussed 
above gene ra l  l y  do n o t  produce s i g n i f i c a n t  
waste d i s c h a r g e  o r  d i r e c t  d i s tu rbance  of 
o t h e r  organisms. The excep t ion  i s  t h e  

i n t r o d u c t i o n  o t  t h e  brown a lga Sargassum 
muticum (see Chapters 3  and 4) .  Th is  a lga 
was a c c i d e n t a l l y  i n t r oduced  i n t o  Washing- 
t o n  w i t h  oys te r s  f r o m  Japan. I t  spread 
f r om  Washington t o  southern Cal i f o r n i a ,  
and may d i s p l a c e  g i a n t  k e l p  i n  some s i t e s  
a t  Santa Ca ta l i na  I s l a n d  (Ambrose and 
Nelson 1982). 

6.5.2 Coasta l  and I n 1  and Cons t r uc t i on  

Coastal  c o n s t r u c t i o n  usual l y  does n o t  
d i r e c t l y  impact  o f f s h o r e  k e l p  f o res t s ,  b u t  
i t  c o u l d  have i n d i r e c t  e f f e c t s  v i a  changes 
i n  wa te r  c u r r e n t s ,  t u r b i d i t y ,  and 
sedimentat ion.  These e f f e c t s  have no t  
been documented as t hey  a r e  o f t e n  
imposs i b l e  t o  separate from na tu ra l  
changes assoc i a t ed  w i t h  va r y i ng  oceano- 
g raph ic  cond i t i ons ,  s to rm i n t e n s i t y ,  and 
t e r r e s t r i a l  runof f .  Dams impede t he  f l o w  
o f  sediment i n t o  t h e  ocean. T h e i r  i n d i -  
r e c t  e f f e c t s  have been shown on beaches, 
b u t  p o t e n t i a l  e f f e c t s  on k e l p  f o r e s t s  have 
n o t  been s tud ied .  

6.5.3 O i l  

The e f f e c t s  o f  l a r g e  o i l  s p i l l s  on 
k e l p  f o r e s t  communit ies a long  t h e  western 
P a c i f i c  coas t  have been s t ud i ed  twice: 
once d u r i n g  t h e  1957 Tampico tanker  s p i l l  
i n  Baja C a l i f o r n i a ,  Mexico, and again 
d u r i n g  t h e  1969 Santa Barbara o f f sho re  
w e l l  b low-out  and s p i l l .  The Tampico 
s p i l l  o ccu r red  when a  tanker  ca r r y i ng  
d i e s e l  f u e l  wrecked a t  t h e  mouth o f  a  
sma l l ,  sha l low cove con ta i n i ng  a  small 
s tand  o f  Mac rocys t i s  p y r i f e r a .  The 
e f f e c t s  were s t u d i e d  by Nor th  e t  a l .  
(1964). Massive m o r t a l i t y  occurred among 
i n v e r t e b r a t e s  ( i n c l u d i n g  sea urch ins,  
abalone, 1  obs te r s  , and sea s t a r s ) .  Damage 
t o  p l a n t s  was l e s s  obv ious,  and by Ju l y  
1957, 5 months a f t e r  t h e  s p i l l ,  the 
vege ta t i on  i n  t h e  cove was obv ious ly  
i n c r e a s i n g  and j u v e n i l e  Macrocys t i s  were 
abundant. A l ga l  spec ies d i v e r s i t y  and 
abundance q u i c k l y  increased,  w i t h  Macro- 
c y s t i s  c o v e r i n g  much o f  t h e  cove b y m y  
1958. N o r t h  e t  a l .  (1964) a t t r i b u t e d  t he  
inc reased  a l g a l  growth t o  l a c k  of grazing, 
as most g raz i ng  an imals  were k i l l e d  by the  
o i  i . Most animal s  had recovered by 1961, 
b u t  t h e  abundances o f  sea u rch ins  and 
abalone had n o t  r e t u r n e d  t o  p r e - s p i l l  
l e v e l s  b y  1963. 



Crude o i l  f rom t h e  Santa Barbara 
s p i l l  p o l l u t e d  a  l a r g e  p o r t i o n  o f  t h e  
main land coast ,  and many of t h e  Channel 
I s l a n d s  (Fos te r  e t  a l .  1971a). Damage t o  
k e l p  f o r e s t  communit ies i s  d iscussed i n  
F o s t e r  e t  a l .  (1971b), and o v e r a l l  damage 
t o  marine organisms i s  rev iewed by Fos te r  
and Holmes (1977).  Assessment of s p i l l  
e f f e c t s  was compl i ca ted  by  r e c o r d  storms 
t h a t  occur red  : a t  t h e  same t i m e  as t h e  
s p i l l .  Numerous b i r d s  assoc i a t ed  w i t h  
k e l p  were k i l l e d  by t h e  o i l ,  b u t  o t h e r  
t h a n  a  d e c l i n e  i n  mys id  shr imp abundance 
( E b e l i n g  e t  a l .  1971),  l i t t l e  damage t o  
k e l p  f o r e s t  a lgae,  i n v e r t e b r a t e s  o r  f i s h e s  
was observed, even though cons i de rab le  
q u a n t i t i e s  o f  o i l  f o u l e d  t h e  su r f ace  
canopies ( F i g u r e  31). The p a r t i a l l y  
weathered crude o i l  appeared t o  s t a y  on 
t h e  sur face  o f  t h e  water ,  and d i d  n o t  
s t i c k  t o  t h e  f ronds o f  g i a n t  ke lp .  

A d d i t i o n a l  damage may have occur red  
if t h e  more v o l a t i l e  components o f  t h e  o i l  
had n o t  had t ime  t o  evapora te  be fo re  
r each ing  shore, o r  i f  more t o x i c  r e f i n e d  
p roduc t s  were s p i l l e d ,  as d u r i n g  t h e  
Tampico wreck. I f  a  s p i l l  l i k e  t h a t  i n  
Santa Barbara occu r red  i n  c e n t r a l  Cal i f o r -  
n i a ,  i t  would p robab l y  have a  severe 
impac t  on sea o t t e r s  (see  Sec t i on  6.7 
be low and S i n i f f  e t  a l .  1982 f o r  r ev i ew ) .  

Santa Barbara and o t h e r  areas a long  
t h e  southern C a l i f o r n i a  coas t  have n a t u r a l  
o i l  seeps i n  o r  near  g i a n t  k e l p  f o r e s t s .  
The o i l  f rom these  seeps f o u l s  beaches and 
produces su r f ace  s l i c k s  (Mer tz  1959). 
Flow r a t e s  o f  seeps near  Santa Barbara 
v a r y  f rom 50 t o  70 b b l l d a y  ( A l l e n  e t  a l .  
1970), and ooz i ng  t a r  mounds a r e  sometimes 
v i s i b l e  on t h e  bot tom w i t h i n  g i a n t  k e l p  
f o r e s t s  (Spies and Davis  1979). The 
l a t t e r  i n v e s t i g a t o r s  compared s o f t  bot tom 
organisms around a  s u b t i d a l  seep w i t h  
t hose  around non-seep areas,  and found a  
s i m i l a r  d i v e r s i t y ,  b u t  i n c reased  abun- 
dances near  t h e  seep. They suggested t h a t  
b a c t e r i a  may degrade t he  o i l  and p r o v i d e  
an  enr i ched  f o o d  source f o r  t h e  l o c a l  
i n fauna ,  and t h a t  some organisms adapt  t o  
o i l  exposure by p roduc ing  enzymes t h a t  
d e t o x i f y  a s s i m i l a t e d  o i l .  

6.5.4 Power P l a n t  D ischarge  and I n t a k e  

The San Onof re  Nuc lear  Generat ing 
S t a t i o n  (SONGS) near  Oceanside n o r t h  o f  

F i gu re  31. A e r i a l  pho tography  o f  g i a n t  
k e l p  canopy d u r i n g  t h e  Santa Barbara o i l  
s p i l l .  A ,  o i l  s t r eam ing  f r om  k e l p  canopy; 
B, b l ack  area o f  heavy o i l  on beach. 
( P h o t o  by  Mark Hurd Aerial Surtlcy_r, 
Goleta,  Ca. ) 

Sari Diego c u r r e n t l y  d ischarges  heated 
wate r  i n  the  v i c i n i t y  o f  a k e l p  fo res t .  
Based on a  v a r i e t y  of  surveys,  t h e  d i s -  
charge f rom t h e  f i r s t  o p e r a t i n g  u n i t  o f  
t h i s  p l a n t  has had l i t t l e  o r  no e f f e c t  on 
t h e  San Onofre k e l p  f o r e s t  1 km away 
(McGrath e t  a1 . 1980).  Two new and l a r g e r  
u n i t s  r e c e n t l y  began ope ra t i on .  These 
have e l abo ra te  d i s cha rge  d i f f u s e r  systems 
which should e l i m i n a t e  most thenla1 
e f fec ts  (Murdoch e t  a l .  1980) .  However, 
by p l a c i n g  t h e  i n t a k e s  f o r  these u n i t s  i n  
more t u r b i d ,  sha l l ow  wate r ,  and by en- 
t r a i n i n g  l a r g e  amounts o f  bottorn water  
du r i ng  d ischarge,  these  u n i t s  a r e  
p r e d i c t e d  t o  i n c rease  t u r b i d i t y  around t he  
d ischarge (Murdoch e t  a l .  1980).  Because 
t h e  d ischarge p i pes  f o r  these  u n i t s  a re  
w i t h i n  200 m o f  t h e  San Onofre k e l p  
f o r e s t ,  t h e  i nc reased  t u r b i d i t y  c o u l d  have 
s i g n i f i c a n t  impacts  on Macrocyst  i s  and 



o r  i d .  6 ~ i 1 c r  p l t f G i ~ ~ e C i  t . T F t . ~ i >  u ;  
t h e  d ischarge on t h e  k e l p  f o r e s t  i n c l ude  a 
r e d u c t i o n  i n  nearshore f i s h  s tocks due t o  
mor ta l  i t y  of va r ious  1 i f e  stages du r i ng  
i n t a k e  and/or passage through SONGS, a 
r educ t i on  of mysid shr imp i n  and around 
t h e  k e l p  f o r e s t  (Murdoch e t  a l .  1980), and 
an inc rease  i n  f o u l i n g  organisms on k e l p  
b lades (Murdoch e t  a l .  1980, Dixon e t  a l .  
1981). The k e l p  f o res t  has been exten-  
s i v e l y  s t ud i ed  by  t h e  Marine Review 
con111ri t t e e  (Mlrrdoch e t  a l .  138U), and 
Southern C a l i f o r n i a  Edison Co. (reviewed 
i n  McGrath e t  a l .  1980), and be fo re -a f t e r  
d i scharge  comparisons f o r  t he  new u n i t s  
should p rov i de  comprehensive i n f o r m a t i o n  
on t he  e f f ec t s  of t he  power p l a n t  on the  
k e l p  f o r e s t  community. 

Another l a r g e  nuc lear  power p l a n t  a t  
D iab lo  Canyon near San L u i s  Obispo has no t  
y e t  gone i n t o  f u l l  opera t ion .  Th is  p l a n t  
has an i n t e r t i d a l  d i scharge  t h a t  w i l l  
re lease  l a r g e  volumes o f  heated wate r  
d i  r e c t l y  i n t o  a  smal l  cove w i t h  a  s tand  o f  
b u l l  k e l p  (Nereocys t i s  lue tkeana) .  E le-  
va ted  temaeratures mav e l  i m i n a t e  b u l l  ke l  a  
and other '  c o l d  wa te r -spec ies  i n  t he  cove', 
and may a f f e c t  popu la t ions  i n  t he  v i c i n i t y  
o f  the  cove. Comprehensive base1 i ne  
s t ud i es  have been done i n  the  area by 
P a c i f i c  Gas and E l e c t r i c  Company and t he  
C a l i f o r n i a  Department o f  F i s h  and Game, so 
changes a f t e r  d ischarge begins (assuming 
t h e  power p l a n t  s t a r t s  o p e r a t i o n )  should 
be w e l l  documented. I t  remains t o  be 
determined how ( o r  i f )  b i o l o g i c a l  changes 
observed a t  these s i t e s  w i l l  a f f ec t  t he  
ope ra t i on  o f  t h e  p l a n t s  o r  t h e  s i t i n g  and 
ope ra t i on  o f  f u t u r e  p lan ts .  

Ne i t he r  power p l a n t  i s  p r e d i c t e d  t o  
cause s i g n i f i c a n t  changes i n  k e l p  f o r e s t  
comnunit ies due t o  d ischarge  of t o x i c  
compounds. Over 1,000 dead abalone were 
observed, however, i n  D iab l o  Cove a f t e r  an 
e a r l y  co ld-water  t e s t  of t h e  D iab l o  Canyon 
Power P l a n t  d ischarge  system. Apparent ly ,  
sea water  was h e l d  i n  t h e  c o o l i n g  system 
f o r  some t ime, and then  re leased.  The sea 
wate r  conta ined h i g h  l e v e l s  o f  copper from 
t h e  condenser tub ing,  and when discharged, 
caused t h e  abalone deaths ( M a r t i n  e t  a l .  
1977). Damage t o  o t h e r  organisms was n o t  
repor ted .  The copper-n icke l  t u b i n g  has 
s i nce  been rep laced  by t i t a n i u m  ( M a r t i n  e t  
a l .  1977). 

Domestic wastes c o n t a i n  n u t r i e n t s  
t h a t  niay inc rease  p l a n k t o n  p r o d u c t i v i t y ,  
and thus  t u r b i d i t y ,  and may a1 so con ta i n  
s ludge p a r t i c l e s  t h a t  i n c rease  t u r b i d i t y  
as w e l l  as sed imenta t ion  r a t e s  and sed i -  
ment th i ckness  on t h e  bottom. I n d u s t r i a l  
wastes may cause s i m i l a r  e f f e c t s ,  and a l s o  
may con ta i n  t o x i c  me ta l s  and o rgan ic  
compounds t h a t  can d i  r e c t l y  a f f e c t  organ- 
isms. Discharged pathogens may harm man 
and o t h e r  organisms. Thus, sewage 
d ischarge  has t he  p o t e n t i a l  o f  s i g n i f i -  
c a n t l y  a1 t e r i n g  k e l p  communit ies and man's 
use of them (Tab le  1).  

As d iscussed i n  Chapters 2 and 3, 
t h e r e  i s  good i n d i r e c t  evidence t h a t  
sewage f r om  t h e  Los Angeles area, d i s -  
charged i n  t h e  v i c i n i t y  o f  Palos Verdes, 
c o n t r i b u t e d  t o  t h e  d e c l i n e  and eventual  
complete l o s s  o f  one o f  t h e  l a r g e s t  g i a n t  
k e l p  f o r e s t s  i n  C a l i f o r n i a .  The dec l i ne  
of t h e  Palos Verdes k e l p  f o r e s t  began i n  
t h e  1940 's  and 1950's as d ischarge  r a t e s  
increased.  The community d i d  n o t  recover  
a f t e r  t h e  warm oceanographic p e r i o d  o f  t h e  
l a t e  1950's (G r i gg  and K iwa la  1970, Wilson 
1982). Inc reased  t u r b i d i t y  (Eppley e t  a l .  
1972), s ludge on t he  bot tom (Gr igg  and 
K iwa la  1970), t o x i c  substances i n  t h e  
d ischarge  such as DDT ( B u r n e t t  1971), and 
poss i b l y  copper ( t h a t  can i n h i b i t  g i a n t  
k e l p  gametophyte growth and f e r t i  1  i z a t i o n  
a t  low l e v e l s ;  Smith 1979), and o t h e r  
meta ls  may have a l l  c o n t r i b u t e d  t o  the 
d e c l i n e  and l a c k  o f  recovery.  Wi th  recen t  
improvements i n  d ischarge q u a l i t y ,  g i a n t  
k e l p  has begun t o  r e t u r n  t o  t he  area 
( W i  1 son 1982). 

A s i m i l a r  b u t  l e s s  d r a s t i c  dec l i ne  
occurred i n  t h e  Po in t  Loma k e l p  f o r e s t ,  
one end o f  which i s  near  d ischarges  f rom 
San Diego, and t h e  o t h e r  near  t h e  ent rance 
t o  h e a v i l y  developed M i ss i on  Bay. As f o r  
Palos Verdes, t h e  d e c l i n e  a t  P o i n t  Loma 
began near t he  sewer d i s cha rge  area (see 
f i g u r e s  i n  No r t h  1976). Smal ler ,  p r i m a r i -  
l y  domest ic waste o u t f a l l s  appear t o  have 
q u i t e  l o c a l i z e d  e f fec ts ,  and no general  
adverse impacts have been repor ted .  



6.6 KELP F3RCST RiSTCRATiGi< AFiC i l i E  
CREATION OF NEW KELP FORESTS 

6.6.1 Res to ra t i on  

The dec l i nes  i n  k e l p  f o r e s t s  around 
sewer o u t f a l l s  and d u r i n g  t h e  warm wate r  
y e a r s  o f  the l a t e  1950's (see above) 
s t i m u l a t e d  numerous c o n t i n u i n g  at ten ip ts  a t  
r e s t o r a t i o n .  The l a r g e s t  p r o j e c t  was t h e  
Ke lp  H a b i t a t  Improvement P r o j e c t  under t he  
d i r e c t i o n  o f  W. North.  Kelco Company, t h e  
l a r g e s t  k e l p  ha r ves t i ng  company i n  t he  
S t a t e  of C a l i f o r n i a ,  has a1 so endeavored 
t o  i n c rease  Macroc s t i s  abundance, p a r t i -  
c u l a r l y  i n  t + e o i n t  Lorna f o r e s t  near San 
Diego. Most r ecen t  k e l  p  r e s t o r a t i o n  
a c t i v i t i e s  have been by t h e  C a l i f o r n i a  
Department o f  F i s h  and Game (Wi lson and 
McPeak 1983). 

Ke lp  r e s t o r a t i o n  has v a r i o u s l y  i n -  
v o l  ved k i  11 i ng sea u rch ins ,  removing 
p o s s i b l e  compet i to rs  such as unders to ry  
ke lps ,  t r a n s p l a n t i n g  a d u l t  o r  j u v e n i l e  
Macrocys t i s ,  and "seeding" areas w i t h  
m i c roscop i c  sporophytes grown i n  t he  
l a b o r a t o r y  (see Nor th  1976b f o r  a  rev iew) .  
Some o r  a l l  of these techniques have been 
t r i e d  a t  va r ious  t imes i n  va r ious  areas. 
Sea u r c h i n s  have been k i l l e d  by d i v e r s  
n i t h  hamfnerr,, by chemical  t r ~ a t r n ~ ~ t  w i t h  
q u i c k ?  ime (see Be rns te i n  and Wels ford 1982 
f o r  a  d e s c r i p t i o n  and d i s cuss i on  o f  t h i s  
t echn ique ) ,  and by caus ing an imals  t o  
aggregate us i ng  k e l p  as b a i t  and then  
removing then1 w i t h  s u c t i o n  dredges (Wi 1  son 
and McPeak 1983). Q u i  c k l  ime produces 
l e s i o n s  i n  sea u r c h i n  ep idermis ,  b u t  a l s o  
causes damage t o  o t h e r  echinodernis (Nor th  
1963, 1966). I t  i s  l e s s  l a b o r  i n t e n s i v e  
t h a n  o t h e r  u r c h i n  removal techniques 
(Wi l son  and McPeak 1983). As d iscussed i n  
Sec t i on  2.4 and elsewhere i n  t h i s  p r o f i l e ,  
dense stands o f  unders to ry  ke lps  such as 
Pterygophora c a l i f o r n i c a  can i n h i b i t  a l g a l  
r ec ru i tmen t ,  so removal o f  these p l  an ts  
has a l s o  been used t o  inc rease  
(Wilson and McPeak 1983). A1 
techn iques  may r e s u l t  i n  more g i a n t  k e l p  
i n  t h e  area manipulated, if Macroc s t i s  i s  
nearby t o  p rov ide  a  source o*and 
i f  env i ronmenta l  c o n d i t i o n s  a re  f avo rab le  
for g i a n t  k e l p  r e c w i t n t e n t  and growth. 
Unders to ry  ke l ps  and sea u r ch i ns  a re  
n a t u r a l  p a r t s  o f  k e l p  f o r e s t  communities, 
and one ques t ions  whether t h e  o b j e c t i v e  of 

some o t  these e f f o r t s  i s  t o  r e s t o r e  t he  
na tu ra l  g i a n t  k e l p  c o m n i t y  o r  s imply  t o  
produce more Eac rocys t i  s, 

I n  areas where Macroc s t i s  i s  r a r e  o r  
absent, adu l t s  and --5- juven? es have been 
t ransp lan ted  t o  r e s t o r e  populat ions.  I n  
some cases, p l a n t s  from warmer Mexican 
waters have been used (Nor th  1972a). As 
a d u l t s  a re  l a rge ,  t r ansp lan t i ng  i s  no t  an 
easy task.  Adu l t  p l a n t s  a r e  p r i e d  from 
the bottom, towed s low ly  behind a  boat  o r  
kept covered and wet on the deck, and then 
reat tached l o  weights o f  var ious s o r t s  a t  
the t r ansp lan t  s i t e  by threading ny lon  
rope though the  h o l d f a s t  and around the 
weight  (Nor th  and Neushul 1968, Nor th  
1976b). Juveni l e s  are t i e d  t o  s u i t a b l e  
rocks, o r  t o  t he  c u t  ends o f  P te r  o  hora 
ca l  i f o r n i c a  s t i p e s  (Nor th  1 q e j  
can a l s o  be srown on ~ l a s t i c  r i nas  i n  t h e  
labora to ry ,  a n d  then' outp lanteh (Nor th  
1976b). I f  e i t h e r  adu l t s  o r  j u v e n i l e s  
remain heal thy,  the  haptera q u i c k l y  grow 
over  the  new subs t ra ta .  The major problem 
w i t h  t r ansp lan t i ng  l a rge  p l an t s  t o  areas 
nea r l y  devoid o f  vege ta t ion  has been f i s h  
g raz ing  (see Sec t ion  4.5). Often, few i f  
any p l an t s  su rv ive ,  and t r ansp lan t i ng  
enough t o  poss i b l y  exceed s o w  minimuni 
ke l p  biomass necessary f o r  s u r v i v a l  i s  
expensive, and l o g i s t i c a l l y  d i f f i c u l t .  

M i  croscopi c  sporophytes can be grown 
i n  the  l abo ra to r y ,  and then d i s t r i b u t e d  
over  the bottom where p l a n t s  are des i red  
(Nor th  1976b). Th is  method requ i r es  t h a t  
s u i t a b l e  m i c ros i  tes  be a v a i l a b l e  f o r  
attachment and growth, and t h a t  o t he r  
environmental coridi t i o n s  a re  favorab le  
(F igure  25) .  Because the proper combina- 
t i o n  o f  env i  ronniental condi t i o n s  necessary 
f o r  ke l p  rec ru i tment ,  even i n  the absence 
of p o l l u t i o n ,  occur  i n f r equen t l y  a t  a  
p a r t i c u l a r  2 1 ) .  success rdtes 
niay be low. 

Most r e s t o r a t i o n  attempts us ing  these 
methods have n o t  had s u i t a b l e  con t r o l s ,  o r  
have no t  s imul taneously  n~oni  t o red  v a r i -  
ab les  such as l i g h t  and temperature, so 
t h e i r  success i s  d i f f i c u l t  t o  eva luate.  
Macroc s t i s  has re tu rned  t o  some areas 
w e re  t ese techniques have been used, 
p a r t i c u l a r l y  o f f  Palos Verdes near Los 
Angeles, and P o i n t  Loma near San Diego. 
A t  Po in t  Loma, t h e  recovery began a f t e r  
t h e  sewer o u t f a l l  was extended i n t o  deeper 
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w n L c i  , art" CIL s I ,  i t  b~g2i-i  
co inc i den t  w i t h  a  genera l  i niprovenient i n  
discharged water  q u a l i t y  and a  l a r g e  
increase i n  sea u r c h i n  f i s h i n g  (see Sewer 
Discharge above, and Wi lson 1982). I n  
t h i s  case, t he  s i g n i f i c a n c e  o f  r e s t o r a t i o n  
e f f o r t s  r e l a t i v e  t o  the o t h e r  
environmental  changes t h a t  may have 
con t r i bu ted  t o  community recovery w i l l  
p robably  never  be known. 

f ' l dc~ucy5 t i s  Cdri riuw be ec is i i y  grown 
from spore t o  smal l  j u v e n i l e  sporophyte 
(F igure  1)  i n  t h e  l abo ra to r y ,  so i t  i s  
f eas i b l e  t o  use these stages i n  r es to ra -  
t i o n  as North (1976b) has done w i t h  
microscopic  sporophytes. Dean e t  a1 . 
(1983) and Dean and Deysher (1983) have 
a lso  used gametophytes and microscopic  
sporophytes f o r  1  arge-sca l  e  f i e l  d  exper i  - 
ments. I n  theory,  t h e  e a s i e s t  method o f  
i n t r o d u c i n g  k e l p  i s  t o  r e l ease  spores i n t o  
the  area by a t t a c h i n g  nlesh bags w i t h  t e r -  
t i l e  sporophy l l s  t o  t h e  bottom, Whether 
p l an t s  eventual l y  r e s u l t  f rom t h i s  pro-  
cedure w i l l  depend on a  v a r i e t y  of f a c t o r s  
t h a t  can a f f e c t  t he  smal l  stages of 
Macrocyst is  (F igure  25 and see Chapter 5) .  

6.6.2 Crea t ing  New Kelp Forests  

The p o t e n t i a l  f o r  producing l a r g e  
amounts o f  fue l  such as methane f rom q i a n t  
ke l p  (Nor th  1977, Wise e t  a l .  1977), and 
t he  r e a l  o r  p o t e n t i a l  l o s s  of ke l p  f o r e s t s  
as a r e s u l t  of  man's a c t i v i t i e s  (such as 
a t  SONGS; see Sec t ion  6.5.4) has st imu- 
l a t e d  recent  a t tempts t o  e s t a b l i s h  g i a n t  
ke l p  monocul t u r e s  o r  communi t i e s .  An 
i n i t i a l  e f f o r t  t o  produce t h e  former  was 
t r i e d  o f f s h o r e  f rom southern C a l i f o r n i a .  
A  s t r u c t u r e  w i t h  an area o f  0.25 acres 
( r e f e r r e d  t o  as t h e  quar te r -ac re  module) 
was moored i n  deep water ,  and p l an ted  w i t h  
a d u l t  Macrocyst is .  N u t r i e n t s  were i n -  
creased by pumping up deep water  (Gerard 
pers. comm. ). Design problems, cu r ren ts ,  
and even a  l a r g e  sea u r c h i n  rec ru i tment  
c o n t r i b u t e d  t o  t h e  f a i l u r e  of t h e  p r o j e c t ,  
and t h e  s t r u c t u r e  was even tua l l y  l o s t .  
Neushul and Harger ( i n  p ress )  have 
es tab l i shed  a  f o r e s t  o f  700 a d u l t  p l a n t s  
on a  nearshore sand bottom near Santa 
Barbara. P lan ts  a re  anchored by p u t t i n g  
the  h o l d f a s t s  i n  mesh bags f i l l e d  w i t h  
g rave l ,  and the  e f f e c t s  of  dens i t y  and 
f e r t i  1  i z a t i o n  on p r o d u c t i v i t y  a re  be ing 
evaluated (see Sec t ion  4.3.2.1). 

T;r t i  ~ r s d z : t i ~ c  t o  be c o s t  
e f f e c t i v e ,  Macrocys t i s  would have t o  be 
grown on a  very  l a r g e  sca le .  Assuming 
eng ineer ing  and b i o l o g i c a l  problems c o u l d  
be so lved,  monocul t u r e s  o f  Macrocys t i s  o r  
o t h e r  ke l ps  cove r i ng  many square k i  1  o- 
meters o f  t h e  ocean may have s i g n i f i c a n t  
impacts on wate r  q u a l i t y  and perhaps even 
c l i m a t e ,  as w e l l  as  on o t h e r  uses o f  t h e  
ocean such as sh i pp i ng  (Hruby 1978). 
These i ssues  remain t o  be reso lved.  

Na tu ra l  s tand s i z e  cou ld  be increased 
i n  nearshore areas where p resen t  communi- 
t i e s  a r e  l i m i t e d  i n  s i z e  o n l y  by l a c k  o f  
hard subs t r a t a .  Th is  cou ld  be done by 
s in ip ly  p r o v i d i n g  s o l i d  subs t r a t a  such as 
rock .  Th is  has a l r eady  been done inadver-  
t e n t l y  i n  some areas such as Goleta Bay 
near Santa Barbara, where t he  k e l p  f o r e s t  
has extended i n t o  a  sha l low sandy area. 
I n  t h i s  ins tance ,  rock  cover ing  a  sewage 
d ischarge  p i p e l i n e  t h a t  goes from t h e  
beach through t h e  sand p rov ided  t he  
s u i t a b l e  subs t r a t a  (Fos te r  pers.  obs. ). 
G ian t  k e l p  f o r e s t s  have a l s o  been c rea ted  
i n  t h e  m idd le  o f  l a r g e  sandy areas by 
p l a c i n g  rocks  t o  form l a r g e  a r t i f i c i a l  
r ee f s  (Davis  e t  a l .  1982). I n  cases where 
man's a c t i v i t i e s  t h r e a t e n  o r  have caused 
t h e  d e s t r u c t i o n  o f  l o c a l  k e l p  communi t i e s ,  
such r e e f s  a re  a  p o s s i b l e  means o f  
compensation (Grove 1982). Southern 
C a l i f o r n i a  Edison Company, i n  con junc t i on  
w i t h  t h e  C a l i f o r n i a  Department o f  F i sh  and 
Game, r e c e n t l y  p laced a  r e e f  (Pendleton 
a r t i f i c i a l  r e e f )  f o r  t h i s  purpose near  
Oceanside, n o r t h  o f  San Diego (Grove 1982, 
Grant e t  a l .  1982). To date, over  3 years  
a f t e r  c o n s t r u c t i o n ,  g i a n t  k e l p  has no t  
become es tab l i shed  on t h e  r ee f ,  and a d u l t  
Macrocys t i s  and Pterygophora c a l i f o r n i c a  
t r ansp lan ted  t o  t h e  r e e f  have been severe- 
l y  damaged by f i s h  g raz i ng  and storms 
(LOSL 1983). The slow development has 
p robab ly  a l s o  r e s u l t e d  from t h e  e a r l y  
dominance of t he  s u b s t r a t a  by  p a r t i c u l a r  
i n v e r t e b r a t e s  (see Sec t ion  4.4.2.3), 
p r e c i p i t o u s  r e l i e f  o f  t h e  r e e f ,  and t h e  
r e l a t i v e l y  l o n g  d i s t ance  f rom a  source o f  
spores and l a r v a e  (LOSL 1983). 

The o b j e c t i v e s  o f  most p r i o r  a r t i f i -  
c i a l  r e e f s  and r e e f  research have been 
f i s h  a t t r a c t i o n  and f i s h e r i e s  enhancement, 
and i t  appears t h a t  t he  design and p lace-  
ment o f  r e e f s  f o r  c r e a t i n g  e n t i r e  k e l p  
f o r e s t s  i s  a  more complex problem. Based 



on ~xper ience  with Pendleton Artif icial  
Reef and a review of other reef and 
various succession studies,  timing of 
pl acement , proximity t o  natural kelp 
stands, and physical re1 i ef appear 
par t icular ly  important t o  rapid fores t  
development (LOSL 1983). Reefs should 
probably be "seeded" with Macrocystis 
spores soon a f t e r  placement, and may have 
t o  be fur ther  manipulated a t  various times 
(e.g. ,  remove grazers, add particular 
oredators! i f  rani d cornmuoi t y devel oprnent 
a n d  a pe.rsistent Macroc s t i s  population 
are desired (LOSL 1983 -I--- I t  must also be 
recognized tha t  a l l  present and future 
e f fo r t s  t o  create  Macrocysti s monocul tures 
o r  communities involve changes in ,  or 
destruction o f ,  portions of other communi- 
t i e s  such as  oceanic or sand bottom. 
Obstructions on an otherwise level bottom 
may also obstruct  trawls. 

The f i r s t  attempt t o  create a "con- 
tained" kelp fo res t  i s  currently underway 
in Monterey, California. An indoor tank 
9-m deep holding over 1,000,000 l i t e r s  of 
sea water was constructed as part of the 
Monterey Bay Aquarium in Monterey (Martin 
pers. comm.). This tank, with i t s  upper 
surface open t o  the sky and sea water 
supplied by a large flow-through system, 
houses a giant  kelp fo res t  community that ,  
given the tank s i z e  and flow ra tes ,  i s  
hoped t o  be self-sustaining. . For the 
f i r s t  time, people are able to view the 
comnuni ty d i rec t ly  without diving. The 
faci l  i  ty  provides excel lent  opportunities 
for  education a n d  research. 

6.7 ENDANGERED SPECIES 

The gray whale, brown pelican, and 
sea o t t e r ,  a l l  found in and around kelp 
fores ts  ( see  Section 4.6.2.2), are 
currently l i s t e d  as  threatened or endan- 
gered. The former two species are common 
in many other habi ta ts ,  and populations of 
both are recovering now tha t  hunting ( i n  
the case of the gray whale), and the use 
of DDT ( i n  the case of the brown pelican) 
have been reduced (see discussion in 
Section 4.6.2.2). They will not be 
discussed fur ther .  

Sea o t t e r s  are more intimately 
associated with kelp fo res t s ,  and the i r  
management has been more controversial. 
This i s  part ly because o t t e r  foraging has 

significant impacts on par t icular  
f isher ies ,  because sea o t t e r s  are  very 
a t t rac t ive  to  most people, and because the 
animal and the  f i sher ies  are currently 
managed by d i f f e r en t  agencies. As a 
result  of the Marine Mammal Protection 
Act, the U.S. Fish and Wildlife Service i s  
responsible f o r  the sea o t t e r ,  with the 
goal of developing optimal population 
sizes of t h i s  animal consistent with 
maintenance of the "health" and "sta- 
b i l i  ty" o f  the ecosystem. The Cal ifornia 
Department of Fish and Game i s  also 
responsible f o r  the ecosystem, organisms 
other than mammals, and f isher ies .  One 
view of the management problem i s  stated 
by Hardy e t  a1 . (1982) : "If  one has a 
1 egal ly mandated responsi bi 1 i ty to  manage 
shellf ish f i s h e r i e s  fo r  maximum sustain- 
able yield and concurrently manages a 
shel l f ish  predator,  the sea o t t e r ,  for  an 
optimum susta inable  population, then 
obviously a managerial dilemma exis ts .  
The superimposi t i on  of a higher managerial 
authority may add further problems when 
the l a t t e r ' s  prime concern i s  the 
predator." 

On the f i s h e r i e s  side of the argu- 
ment, there i s  good evidence that  the 
expanding sea o t t e r  population has elimi- 
nated the commercial abalone fishery 
within the o t t e r ' s  present range, and has 
nearly el imi nated sport f isheries fo r  
abalone, Pismo clams, and crabs (Miller 
and Geibel 1973 , Stephenson 1977, Hardy e t  
a l .  1982; but see  Estes and Van Blaricom 
in press, f o r  a l ternat ive  interpreta- 
t ions) .  As the population expands o r  as  
individuals a r e  translocated t o  other 
areas, sea o t t e r s  may have further impacts 
on these f i s h e r i e s  as well as those fo r  
lobsters t o  the  south, and Dungeness crabs 
t o  the north. However, Van Blaricom ( in  
press) points ou t  t ha t  sea o t t e r  foraging 
may enhance t h e  commercial kelp harvest, 
and may increase certain f in-f ish  stocks 
and other kel p-associated species. O n  the 
other side of t h e  argument, the sea o t t e r  
population i n  California may s t i l l  be 
threatened w i t h  extinction. Population 
size appears t o  have leveled off within 
i t s  present range (see Section 4.6.2.2). 
There i s  a debate over whether the 
population i s  a t  carrying capacity within 
i t s  present range, and Van Blaricom and 
Jameson (1982 ) suggested that  the present 
population could be threatened i f  a large 



oi l  sp i l l  occurred. If sea o t te r  popula- 
tion size and range were t o  be controlled 
in some way, the techniques for contain- 
ment have not been resolved. In addition 
t o  these problems, both management 
agencies must contend with polit ical 
pressure from special-interest groups. 

The sea otter-she1 1 fishery contro- 
versy i s  reviewed in Cicin-Sain e t  a l .  

(1982) a n d  i n  our opinion, this  and many 
other controversies related to  sea ot ters  
are discussed well in the popular a r t i c l e  
by Pleschner (1984). The sea o t te r  
population i s ,  a t  present, s t i l l  fu l ly  
protected while decisions on possible 
translocation to  other s i t e s ,  zonal 
management, e tc .  remain t o  be made. 



CHAPTER 7 

SUMMARY 

Usually it seems to be true that when even the most definitely 
apparent cause-effect situations are examined in the light of 
wider knowledge, the cause-effect aspect comes to be seen as 
less rather than more significant, and the statistical or relational 
aspects acquire larger importance. Steinbeck (1 962). 

7 . 1  OVERVIEW AND GENERALIZATIONS 

Darwin 's  (1860) e a r l y  observat ions 
and subsequent s t u d i e s  b y  o thers  a l l  agree 
t h a t  g i a n t  k e l p  f o r e s t s  a re  excep t iona l  
b i o l o g i c a l  e n t i  t i e s ;  t h e  abundance and 
d i v e r s i t y  o f  1 i f e  assoc ia ted  w i t h  s t r uc -  
t u r a l  l y  complex and h i g h l y  p roduc t i ve  
Macroc s t i s  popu la t i ons  are obvious t o  & swims through one o f  these 
stands on a c l e a r  day. I n  t h e  preceding 
chapters ,  we descr ibed  the  composit ion, 
d i s t r i b u t i o n ,  and abundance o f  organisms 
i n  g i a n t  k e l p  f o res t s ,  t he  f a c t o r s  t h a t  
a f f ec t  community composit ion, what we 
cons ider  t o  be l a c k i n g  i n  our  under- 
s tand ing  o f  t h e  ecology o f  these 
communities, and necessary approaches f o r  
f u t u r e  s tud ies .  

Kelp f o r e s t  communities a re  found 
r e l a t i v e l y  c l o s e  t o  shore a long  t h e  open 
coast,  and a r e  i n f l u e n c e d  by l o c a l  coas ta l  
processes as we1 1 as la rge-sca le  oceano- 
g raph ic  events .  Thus, a  l a r g e  number o f  
f a c t o r s  can a f f e c t  community s t r u c t u r e  and 
dynamics a t  a  v a r i e t y  o f  s p a t i a l  and 
temporal  sca les.  Changing cu r ren t s  and 
wate r  masses a f f e c t  temperature, n u t r i e n t  
ava i  1  ab i  1  i t y  , and d i spe rsa l  o f  spores, 
l a r vae ,  and adu l t s .  Large-scal e  
(geographic)  changes i n  temperature (and 
perhaps o t h e r  f ac to r s ;  see Chapter 5 )  and 
t h e  l a t e  1950's and r ecen t  "E l  Nino" warm- 
wa te r  events  (see Sect ions 2.2.3 and 
2.2.5) a re  examples o f  phenomena t h a t  may 
a f f e c t  t h e  community over a  l a r g e  area 

(i l , the e n t i r e  range o f  Macrocyst is 
y r i f e r a ) .  Regional d i f fe rences  i n  

{ u r r en t  pa t te rns ,  exposure t o  swe l l ,  and 
even degree o f  p o l l u t i o n  due t o  sewage, 
can a f f e c t  t h e  community on a smal ler  
sca le  (e.g., southern C a l i f o r n i a ) .  A t  a  
t h i r d  l e v e l ,  very  l o c a l  d i f fe rences  i n  
t e r r e s t r i a l  r u n o f f ,  subst ra ta ,  exposure t o  
swe l l ,  e t c .  r e s u l t  i n  g r e a t  d i f f e rences  
among and w i t h i n  stands over  t ime. 
F i n a l l y ,  a  v a r i e t y  o f  a b i o t i c  fac to rs ,  
some o f  which a r e  in f luenced  bv the - - 

orqanisms themselves (e.q., shad<nq by 
~ t i r ~ ~ o ~ h o r a  c a l  i f o rn i ' cay ,  - and b i o t i c  
f a c t o r s  a f f e c t  d i s t r i b u t i o n  and abundance 
w i t h i n  a  p a r t i c u l a r  stand. 

The i n f  1  uence o f  1 arge-scale pheno- 
mena a r e  most d i f f i c u l t  t o  determine 
because they are d i f f i c u l t  o r  impossible 
t o  examine exper imenta l l y  (Chapter 5).  
Moreover, processes a t  a l l  l e v e l s  may 
a f f e c t  popu la t ion  c h a r a c t e r i s t i c s  on a 
ve ry  l o c a l  scale.  The cu r ren t  warm 
oceanographic p e r i o d  t h a t  co inc ided w i t h  
record  w i n t e r  storms i n  1982-83 i s  an 
example o f  t he  problem. Numerous changes 
i n  k e l p  fo res ts  a re  now commonly be ing 
a t t r i b u t e d  t o  changes i n  water character -  
i s t i c s  assoc ia ted  w i t h  "E l  Nino" 
cond i t i ons ,  b u t  p r i o r  t o  and du r i ng  these 
changes, assoc ia ted  storms d r a s t i c a l  l y  
reduced Macroc s t i s  abundance i n  
C a l i f o r n i a .  -?- T ere fo re ,  w i t hou t  s i t e -  
s p e c i f i c  demographic s tud ies,  t he  r e l a t i v e  
importance o f  these events t o  t h e  present 



c o n d i t i o n  o f  p a r t i c u l a r  f o r e s t s  w i l l  
p robably  be confused, and c o r r e l a t i o n s  
w i t h  one event  o r  the  o t h e r  cou ld  be 
mis leading.  Good d e s c r i p t i v e  s t ud i es  a t  a  
v a r i e t y  o f  s i t e s ,  combined w i t h  expe r i -  
mental t e s t s  o f  hypotheses and demographic 
analyses t h a t  i n c l ude  mon i t o r i ng  o f  
environmental  va r i ab l es ,  appear most 
appropr ia te  f o r  unravel  1  i ng t he  complexi - 
t i e s  o f  k e l p  f o r e s t  ecology. However, 
ever: this  a;ji;t-cach can bc c ~ c f ~ r ? r J e c !  !?Y 
h i s t o r i c a l  events ,  making the  in te rp@-  
t a t i o n  o f  present  pa t t e rns  d i f f i c u l t  
(Dayton and Tegner 1984a). 

L i s t e d  below a re  genera1 i z a t i o n s  
about t he  ecology o f  g i a n t  k e l p  f o r e s t s  
t h a t  have emerged f rom ou r  rev iew o f  the  
1  i te ra tu re ,  along w i t h  suggest ions f o r  
f u t u r e  s tud ies .  For  reasons discussed a t  
l e n g t h  i n  Chapter 5, these gene ra l i za t i ons  
shoui d be cutti idetyed working hypothcscs. 
They a r e  made i n  t he  con tex t  o f  w i t h i n  the  
geographic range o f  Macroc s t i s  p y r i f e r a  + and w i t h i n  the  l i m i t s  o  temperature, 
s a l i n i t y ,  n u t r i e n t s ,  and l i g h t  necessary 
f o r  g i a n t  k e l p  t o  p e r s i s t .  They app ly  t o  
t he  e n t i r e  l i f e  h i s t o r i e s  o f  the  species 
invo lved.  

1. The p r imary  requirement f o r  the  
ex is tence  o f  a  k e l p  f o r e s t  i s  hard sub- 
s t t - d t ~  i t  . Lac/; 3 f  hard 
subs t ra ta  common1 y  accounts f o r  the  
absence o f  t he  coinniunity w i t h i n  depths, 
and o f t en  determines t he  deeper, o f f sho re  
boundary o f  t he  community. More s t ud i es  
a r e  needed on the e f f e c t s  o f  sedimentat ion 
and b u r i a l  on community s t r u c t u r e  and 
dynamics. 

2. Extreme water mot ion assoc ia ted 
w i t h  stornis i s  ve ry  impor tan t  t o  community 
s t r u c t u r e  i n  c e n t r a l  Ca1 i f o r n i a ,  and 
occas iona l l y  impor tan t  i n  southern 
C a l i f o r r ~ i a  (Chapters 2 and 3 ) .  Storms 
comnonly remove canopies and e n t i r e  
p l an t s ,  can d i r e c t l y  o r  i n d i r e c t l y  l ead  t o  
t he  i nvas i on  and p r o l i f e r a t i o n  of species 
o t h e r  than Macrocyst is ,  and may determine 
t he  shal low, inshore  boundary o f  g i a n t  
ke l p  d i s t r i b u t i o n .  Water mot ion a l s o  has 
impor tant  e f f ec t s  on t h e  abundance and 
behavior  of o t h e r  species. Stud ies are 
needed t o  determine t he  r e l a  t i o n s h i p  o f  
ho l d f as t  s t r u c t u r e ,  f r o n d  abundance, and 
frond s i z e  t o  m o r t a l i t y  o f  Macrocyst is  
d u r i n g  per iods  o f  extreme water motion. 

3. Local dif fer&ric t?5  1r1 I l g n t ,  
caused by changes i n  a b i o t i c  cond i t i ons  
and, more e s p e c i a l l y ,  by va r ious  canopy 
l aye r s ,  have a  profound e f f e c t  on a l g a l  
growth and r ec ru i tmen t  and probably  t h e  
deeper, o f f s h o r e  boundary o f  g i a n t  k e l p  
d i s t r i b u t i o n  (Chapters 2 and 3 ) .  Coordi-  
nated l abo ra to r y  and f i e l d  s t ud i es  o f  t he  
l i g h t  requirements f o r  species o t h e r  than 
Macroc s i t i s  a r e  needed, as a re  s t u d i e s  o f  --5- t h e  r p  a t i o n s h i ~  between v a r i a t i o n s  i n  
l i g h t  c h a r a c t e r i s t i c s  and t h e  d i s r r i b u t ~ o n  
o f  p l a n t  species w i t h i n  a  k e l p  f o r e s t .  

4. V a r i a b i l i t y  i n  temperature and 
n u t r i e n t s  a f f e c t s  community s t r u c t u r e ,  
p a r t i c u l a r l y  i n  southern C a l i f o r n i a  
(Chapter 2).  The e f f ec t s  of these a b i o t i c  
f a c t o r s  on organisms o t h e r  than Macro- 
c y s t i s  need f u r t h e r  s tudy.  

5 .  Spore and l a r v a l  d i spe rsa l  a re  
impor tant  t o  popu la t ion  and community 
s t r u c t u r e  (Chapters 3, 4 and 5) .  Stud ies 
o f  d i spe rsa l  and i t s  e f f e c t s  on community 
s t r u c t u r e  and dynamics a re  few and 
d i f f i c u l t  t o  do, b u t  e s s e n t i a l  t o  o u r  
understanding o f  k e l p  f o r e s t  ecology. 

6. Some grazers,  p a r t i c u l a r l y  sea 
u rch ins ,  have l a rge ,  l o c a l  e f f e c t s  on t he  
comnunity by removing a lgae and p reven t i ng  
rec ru i tment  (Chapters 3 and 4 ) .  Grazers 
may a1 t e r  species assemblages, a1 low ing  
i nvas i on  and dominance o f  spec ies d i f f e r -  
en t  f rom those consumed. More i n f o r m a t i o n  
i s  needed on t he  d i s t r i b u t i o n  and abun- 
dance o f  sea u r ch i ns  w i t h i n  areas and 
among broader areas o f  c o a s t l i n e  t o  
prov ide a  con tex t  f o r  t h e i r  e f f e c t s .  
I n f o rma t i on  i s  a l s o  needed on t h e  e f f e c t s  
o f  grazers o t h e r  than sea u rch ins  (e.g., 
smal l  crustaceans, P a t i r i a  m i n i a t a ) .  

7 .  Sea o t t e r s  cause r educ t i ons  i n  
i n ve r t eb ra te  dens i t i e s ,  p a r t i c u l a r l y  those 
o f  sea u r ch i ns  and abalone (Chapters 4 and 
5); reduc t ions  i n  t he  numbers o f  sea 
u rch ins  can cause an inc rease  i n  k e l p  and 
o t h e r  f o l i o s e  algae. The s p a t i a l  s ca l e  of 
these increases w i l l  va ry  depending on the  
d i s t r i b u t i o n ,  abundance, and behav io r  of 
sea u rch ins  p r i o r  t o  t h e i r  reduc t ion .  The 
r e l a t i o n s h i p  between sea o t t e r  f o r a g i n g  i n  
C a l i f o r n i a  and t he  "hea l t h "  and " s t a b i l -  
i t y "  o f  ke l p  communities needs t o  be 
examined i n  b o t h  t h e  genera l  and l o c a l  
con tex ts  of g razer  e f f e c t s  w i t h o u t  o t t e r s ,  



t h e  cffcct:  cf  !?!her ~ r c h i n  predators,  and 
t he  i n f l u e n c e  of man ( a b o r i g i n a l  and 
modern). 

8. Man may have had a  profound 
impact on k e l p  f o r e s t s  through the 
h i s t o r i c a l  hun t i ng  of mammals, and has had 
a  r ecen t  impact  by  d ischarg ing  wastes i n  
southern C a l i f o r n i a  (Chapters 4 and 6 ) .  

The above gene ra l i za t i ons  are a  
subset o f  the  f a c t o r s  l i s t e d  i n  Table 1, 
and cover  a  subset  of poss i b l e  scales o f  
e f fects  o u t l i n e d  i n  F igure  26; t h e i r  
r e l a t i v e  importance v a r i e s  l o c a l l y  and on 
d i f f e r e n t  s p a t i a l  and temporal  scales. 
This suggests t h a t  s i n g l e  f ac to r s  and 
simple cause-e f fec t  r e l a t i o n s h i p s  w i l l  
never e x p l a i n  o r  p r e d i c t  k e l p  f o r e s t  
comnunity s t r u c t u r e .  What seems probable 
a re  t ypo log i es  where t h e  r e l a t i v e  i n f l u -  
ence o f  va r i ous  f a c t o r s  a re  assigned t o  
d i f f e r e n t  " t ypes"  o f  f o r e s t s  a t  d i f f e r e n t  
s p a t i a l  and temporal  sca les.  Thus, water 
mot ion may be most impor tan t  t o  the 
s t r u c t u r e  o f  g i a n t  k e l p  communities 
growing on r e l a t i v e l y  s o f t  rock and 
exposed t o  extreme water  mot ion (e-g., 
Sandh i l l  B l u f f ,  Sec t ion  3.3.1 and Figure 
5).  S i t e s  under  these cond i t i ons  may form 
one s i t e  type.  D ispersa l  and l i g h t  
r educ t i on  may be impor tan t  on t h e  sca le  of 
meters, b u t  n o t  tens o f  meters, t o  the 
ecology o f  stands o f  understory  kelps. 
Extreme water  mot ion i s  impor tan t  on the 
sca le  of tens o f  yea rs  b u t  n o t  years. 

Such a  c l a s s i f i c a t i o n  scheme, 
emphasizing t h e  re1  a t i o n s h i  ps between 
s i t e s ,  sca les and f a c t o r s ,  i s  s i m i l a r  t o  
t h a t  i n  an a n a l y s i s  o f  var iance,  and would 
he lp  remove some o f  t h e  confusion t h a t  
r e s u l t s  f rom m ix i ng  d i f f e r e n t  scales and 
from genera1 i z i n g  about "ke lp  fo res ts "  
from one " k e l p  f o r e s t . "  I t  would a l so  
p rov ide  a  more r i go rous  con tex t  f o r  fu tu re  
i n v e s t i g a t i o n s  ( f o r  a  general  discussion 
of t h i s  k i n d  o f  o rgan i za t i on  see Bateson 
1972, pages 279-308, and 1979, Chapter 7 ) .  
More thorough d e s c r i p t i v e  s tud ies  a t  a  
v a r i e t y  o f  d i f f e r e n t  s i t e s  and s p a t i a l  
sca les a r e  needed f o r  development o f  such 
a  system, b u t  i t  may be wor thwhi le  t o  
a t tempt  a  t e n t a t i v e  c l a s s i f i c a t i o n  based 
on our  p resen t  in fo rmat ion .  

There appear t o  be t h ree  main d i f -  
ferences between temperate sub t i da l  reefs 

w i t h  and w i t h o u t  Macrocys t i s :  g i a n t  ke l p  
increases three-d imensional  s t r u c t u r e  by 
p rov i d i ng  1  i v i n g  m i c r o h a b i t a t s  such as 
ho l d f as t s  and sur face  canopy t h a t  are 
reduced o r  unava i lab le  where g i a n t  k e l p  i s  
absent. Macrocyst is  a l s o  prov ides 
increased p r o d u c t i v i t y  and, t h i r d l y ,  the 
m a j o r i t y  o f  t h i s  p roduc t i on  i s  used as 
d e t r i t u s  (Chapters 3  and 4) .  

The q u a n t i t i e s  o f  d r i f t  kelp,  both 
w i t h i n  k e l p  f o r e s t s  and i n  other communi- 
t i e s  such as sandy beaches, and  t h e  h igh 
abundances and d i v e r s i t y  o f  organisms 
w i t h i n  f o r e s t s  t h a t  can use t h i s  d r i f t  and 
d e t r i t a l  m a t e r i a l  (perhaps d i r e c t l y  w i t h  
l i t t l e  o r  no  p r i o r  deg rada t i on  and energy 
l o s s  through mic rob ia l  decompos i t i on ) ,  a l l  
suggest t h a t  Macroc s t i s  s t i m u l a t e s  the  

7 4 %  development o f  oo webs ased  on d e t r i t u s  
(chapter  3 ) .  Fur ther  s t u d i e s  o f  the 
e f f e c t s  o f  h a b i t a t s  c rea ted  by Macrocyst is 
on t h e  remainder o f  t he  community, and o f  
d i f f e rences  i n  d e t r i t u s  v e r s u s "  p lank ton  
feeding among assemblages i n  areas w i t h  
and w i t h o u t  g i a n t  ke lp ,  may thus reveal  
impor tant  s t r u c t u r a l  and f unc t i ona l  
d i f f e rences  between Macrocys t i  s  and o the r  
nearshore ree f  communities. 

7.2 MANAGEMENT RECOMMENDATIONS 

Management of k e l p  f o r e s t s  i s  
hampered by s i  te -spec i  f i  c community 
d i f fe rences ,  l a c k  of i n f o r m a t i o n  about the  
causes of these d i f f e rences ,  c o n f l i c t i n g  
uses of t h e  comnunity, and p ressures  from 
spec ia l  - i n t e r e s t  groups (Chap te r  6).  Even 
i f  t h e  l a t t e r  t h r e e  problems a re  solved, 
i t  i s  c l e a r  t h a t  e v a l u a t i o n s  o f  the 
e f f e c t s  of proposed a c t i v i t i e s  such as new 
sewer o u t f a l l  s  w i l l  s t i l l  have t o  be  based 
on l o c a l  s t ud i es  of the p a r t i c u l a r  f o r e s t  
l i k e l y  t o  be impacted ( F o s t e r  e t  a l .  
1983). Even w i t h  t h o r o u g h  s tud ies ,  
u n c e r t a i n t i e s  about e f f e c t s  w i l l  remain. 

Kelp f o r e s t s  have r ecove red  where the  
qua1 i t y  o f  discharged sewage has improved, 
o r  when t h e  ' locat ions o f  o u t f a l l s  have 
been changed (Sect ion 6.5.5). It i s  a lso  
t r u e  t h a t  many d i r e c t  and  probably  
i n d i r e c t  changes i n  k e l p  f o r e s t  popula- 
t i o n s  a re  caused by o v e r f i s h i n g  (Sec t ion  
6.6.2). On t he  other  hand, a l t hough  ke lp  
f o r e s t  r e s t o r a t i o n  a t tempts  a r e  s t i l l  i n  
the  research phase, i t  appears  t h a t  t h i s  
form of management i s ,  and w i l l  cont inue 



t o  be, ext remely  l abo r  and t ime i n t ens i ve ,  
and may be imposs ib le  t o  implement on a  
l a rge  sca le .  Th is  a l l  suggests t h a t  the  
most e f f e c t i v e  management i s  p reven t ing  
degradat ion r a t h e r  than a t tempt ing  l o c a l  
cures a f t e r  degradat ion has occurred. 
Thus, management v i a  more s t r i n g e n t  water 
qua1 i ty  standards f o r  e x i s t i n g  and f u t u r e  
ocean discharges o f  a l l  s o r t s ,  and v i a  
f i s h i n g  r e g u l a t i o n s  t h a t  do n o t  a l l ow  
d r a s t i c  popu la t i on  r e d u ~  t ions berutye 
s i g n i f i c a n t  r e g u l a t i o n  occurs, i s  most 
appropr ia te  and p robab ly  e s s e n t i a l  t o  
n a t u r a l  r e s t o r a t i o n  and t h e  p reven t i on  o f  
f u t u r e  resource losses. 

7 . 3  RESEARCH NEEDS 

We have recommended needed research 
i n  a  number o f  places i n  t h e  p r o f i l e ,  
p a r t i c u l a r l y  i n  Chapter 5 and i n  t h e  
genera I i r a t i o n s  above. These suyyest ions 
a r e  gene ra l l y  i n  accord w i t h  those o f  
o thers  who work i n  ke l p  f o res t s .  A t  a  
1979 meet ing o f  ke l p  f o r e s t  b i o l o g i s t s  
(Anon 1979), p a r t i c i p a n t s  were asked t o  

rank var ious bas i c  and app l i ed  research  
areas. Bas ic  popu la t i on  s t ud i es  ( r e c r u i t -  
ment, growth, m o r t a l i t y ,  rep roduc t ion )  o f  
" impor tant"  ke l p  f o r e s t  organisms, s t ud i es  
of phys i ca l  processes t h a t  s t r u c t u r e  k e l p  
ecosystems, and t he  f u n c t i o n a l  r o l e  o f  
b i o l o g i c a l  processes such as compe t i t i on  
and p reda t i on  rece ived  t h e  h i ghes t  
rank ings f o r  b a s i c  research.  Stud ies o f  
t he  b i o l o g i c a l  and socio-economic con- 
sequences o f  poss i b l e  sea o t t e r  management 
a1 t e r n a t i v e s ,  mu1 t i - s p e c i e s  approaches t o  
b i o l o g i c a l  and economic model i ng, and 
s tock enhancement rece ived  t he  h i ghes t  
rank ing  among appl i ed research needs. 

Research needs w i l l  change, b u t  these 
suggested s t ud i es ,  done and i n t e r p r e t e d  i n  
the  con tex t  o f  s i t e  types and s p a t i a l  and 
teiilporal sca les o u t l i n e d  above, would 
c e r t a i n l y  improve our  understanding o f  
ke l p  f o r e s t  communities and h e l p  so l ve  
some o f  t h e  problems assoc ia ted  w i t h  man's 
use o f  them. 
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