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ABSTRACT
T h e  s e a w e e d  f lo r a  o f  C a l i fo r n ia ,  U S A  a n d  B a ja  C a li fo r n ia ,  M e x ic o  is  a w o r ld - c la s s  t r e a s u r e .  T h e  m a g n i f ic e n t  d iv e r s i t y  

a n d  a b u n d a n c e  o f  s e a w e e d  p o p u la t io n s  r e f le c t  th e  d r a m a t ic  s w e e p  o f  th e s e  r ic h  c o a s ta l  e n v ir o n m e n ts  a n d  h a b ita ts ,  

f r o m  th e  P a c i f ic  N o r t h w e s t  to  th e  s u b t r o p ic s ,  in c lu d in g  r o c k y  s h o r e s  a n d  re e fs ,  s a n d y  b e a c h e s ,  a n d  o f f s h o r e  is la n d s .  

N o v e l s p e c ie s  h a v e  jo in e d  th e  f lo r a ,  m o s t ly  v ia  u n in te n t io n a l  in t r o d u c t io n s  o f  n o n - in d ig e n o u s  s p e c ie s  b y  h u m a n s . M o s t  

o f  th e  29 n o n - n a t iv e  s e a w e e d  s p e c ie s  r e c o r d e d  f ro m  t h is  c o a s t  o r ig in a te d  in  A s ia .  M a n y  h a v e  b e e n  " d is c o v e r e d "  w i t h in  

th e  la s t  30  y e a r s .  A l th o u g h  th e  v e c to r s  t h a t  b r in g  th e s e  p la n ts  o r  t h e i r  p r o p a g u le s  to  th e  C a li fo r n ia  a n d  B a ja  C a li fo r n ia  

c o a s ts  ( in t e r n a t io n a l  s h ip p in g  a n d  s h e l l f is h  a q u a c u l tu r e )  m a y  o r  m a y  n o t  b e  in c r e a s in g  w i th in  t h a t  t im e  s p a n ,  th e  c o n d i 

t io n s  f o r t h e  e s ta b l is h m e n t  o f  n o n - n a t iv e  s p e c ie s  s e e m  to  h a v e  im p r o v e d .  C lim a te  c h a n g e ,  in c lu d in g  th e  f r e q u e n c y  a n d  

s e v e r i t y  o f  E N S O  e v e n ts ,  m a y  b e  re s p o n s ib le  f o r  c r e a t in g  s p a c e ,  d im in is h in g  c o m p e t i t io n ,  a n d  p e r m it t in g  th e  p e r s is 

t e n c e  a n d  s p r e a d  o f  n o n - n a t iv e  s p e c ie s .  H e re  w e  r e v ie w t h e s e  n o n - n a t iv e  s e a w e e d  s p e c ie s  a n d  s p e c u la te  o n  th e  l in k  

b e tw e e n  t h e i r  e s ta b l is h m e n t  a n d  c l im a te  c h a n g e .

Key words: N o n - n a t iv e ,  s e a w e e d s ,  m o le c u la r  id e n t i f ic a t io n ,  v e c to r s .

RESUMEN
La f lo r a  a lg a l d e  C a l i fo r n ia ,  E U A  y  B a ja  C a li fo r n ia ,  M é x ic o  r e p r e s e n ta  un  te s o r o  a n iv e l m u n d ia l.  La e s p lé n d id a  d i 

v e r s id a d  y  a b u n d a n c ia  d e  la s  p o b la c io n e s  d e  a lg a s  m a r in a s  s o n  u n a  m a n ife s ta c ió n  d e  la  r iq u e z a  im p r e s io n a n te  en  
a m b ie n te s  y  h á b i ta ts  d e  e s ta  lín e a  d e  c o s ta ,  d e l P a c í f ic o  n o r o e s te  a Io s  s u b t r ó p ic o s ,  in c lu y e n d o  c o s ta s  r o c o s a s ,  a r r e 

c i fe s ,  p la y a s  a r e n o s a s  e is ia s .  E s p e c ie s  d e  r e c ie n te  in g r e s o ,  n o  n a t iv a s ,  s e  h a n  a d ic io n a d o  a e s ta  f lo r a  re g io n a l ,  la 
m a y o r ía  p o r  in t r o d u c c io n e s  in v o lu n ta r ia s  p o r  p a r te  d e l s e r  h u m a n o .  A  la fe c h a ,  e x is te n  29 e s p e c ie s  d e  a lg a s  m a r in a s  

c o n  e s ta s  c a r a c te r í s t ic a s  p a ra  la c o s ta  m e n c io n a d a .  La m a y o r ía  o r ig in a r ia s  d e  A s ia  y  m u c h a s  " d e s c u b ie r t a s "  en  Io s  
ú lt im o s  30  a ñ o s . A u n q u e  Io s  v e c to r e s  q u e  a c a r r e a n  e s to s  o r g a n is m o s ,  o s u s  p r o p á g u lo s ,  a la s  c o s ta s  d e  C a li fo r n ia  y  

B a ja  C a li fo r n ia  ( e n t re  e l lo s  e l m o v im ie n to  in te r n a c io n a l  d e  b a r c o s  o la a c u ic u l t u r a  d e  m o lu s c o s  y  c r u s tá c e o s )  p u e d e n  
o n o  h a b e rs e  in c r e m e n ta d o  e n  e s te  p e r io d o  d e  t ie m p o ,  la s  c o n d ic io n e s  p a ra  e l e s ta b le c im ie n to  d e  e s ta s  e s p e c ie s  no  

n a t iv a s  p a r e c e n  h a b e r  m e jo ra d o .  El c a m b io  c l im á t ic o ,  q u e  in c lu y e  la  f r e c u e n c ia  y  fu e rz a  d e  Io s  e v e n to s  E N S O , p u e d e  

s e r  e l r e s p o n s a b le  d e  c r e a r  e s p a c io s  l ib r e s  y  d is m in u ir  la c o m p e te n c ia ,  p e r m it ie n d o  la  p e r s is te n c ia  y  p r o m o v ie n d o  la 

d is p e r s ió n  d e  e s ta s  e s p e c ie s .  En e l p r e s e n te  t r a b a jo ,  s e  h a c e  u n  re c u e n to  d e  la s  a lg a s  m a r in a s  n o  n a t iv a s  d e  C a li fo r n ia  

y  B a ja  C a li fo r n ia  y  s e  e s p e c u la  su  re la c ió n  c o n  e l c a m b io  c l im á t ic o .

Palabras clave: In t r o d u c c ió n ,  a lg a s ,  id e n t i f ic a c ió n  m o le c u la r ,  v e c to r e s .
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INTRODUCTION

N on-na t ive  o r  exot ic  spec ies,  espec ia l ly  those  th a t  sp read like 
w e e d s ,  are both fa m i l ia r  and n e w s w o r th y .  S ince the  beg inn ing  
o f c iv i l izat ion, hum ans have moved p lan ts  and an im a ls  to serve 
them , e i ther  in ten t iona l ly  to  p rov ide food ,  she l te r  o r  c o m p a n io n 
ship, o r  inadver ten t ly ,  as h itchh ike rs .  M a n y  p lan t in t ro d u c t io n s  in 
the  te r re s tr ia l  realm are fa m i l ia r  and w e l l  d o cum e n te d  (B ossard  e t 
al., 2000). But the  s tate o f  kn o w le d g e  o f non-na t ive  spec ies  in the 
m ar ine  realm is re la t ive ly  re c e n t  b ecause  it is d i f f icu l t  to ident i fy  
them , t r a c k  th e i r  sp read, and d e te rm ine  th e i r  im pa c t  on c o m m u n i
t ies  and ecosys tems.

N on-native m arine species. Non-na t ive  mar ine  sp ec ies  are c o n 
s ide red  a th re a t  to b iod ive rs i ty  b ecause  o f  th e i r  poten t ia l  to c o m 
pete w i th  native sp ec ies  and p re -e m p t th e i r  resou rces ,  to a lte r 
ene rgy  f l o w  th ro u g h  com m un it ies ,  to fa c i l i ta te  the  in t roduc t ion  
o f  o th e r  non-na t ive  spec ies, and to  homogen ize  reg iona l b io t ic  
d ive rs i ty  (M cK in n e y  &  Lockw o o d ,  1999; Grosholtz, 2005; Buller i 
e t al., 2008). For a non-na t ive  m ar ine  sp ec ies  to join a n e w  c o m 
munity , it must have a m eans o f t r a n s p o r t  (vec tor) ,  it m us t  be able 
to  surv ive  in its n e w  habita t ,  and it must estab l ish  a popu la t ion  
th ro u g h  pe rs is tence  and rep roduc t ion .  It is c lea r  th a t  the  vas t  
inc rease  in g lobal sh ipp ing  has p rov ided n um erous  v e c to rs  fo r  
moving  th o u s a n d s  o f spec ies  from  por t  to po r t  via ba l las t  w a te r  
o r  hull fou l ing  (Carlton &  Geller, 1993; A gu i la r -R osas  e ta l.,  2007). 
A qua  cu l tu re , espec ia l ly  o f  shel l f ish, is a n o th e r  im po r ta n t  sou rce  of 
in ten t iona l  and un in ten t iona l  in t ro d u c t io n s  (Druehl, 1973; M in e u r  
e ta l., 2007). The aqua r ium  industry  is respons ib le  fo r  the  in t ro d u c 
t ion  of Caulerpa tax ifo lia  (M .V a h l)  C. A g a rd h ,  and po ten t ia l ly  o the r  
spec ies ,  to  te m pe ra te  w a te r s  (Padi l la &  W i l l ia m s ,  2004; Za lesk i &  
M u r ra y ,  2006). Some au tho rs  have a tt r ibu ted  an inc rease  in the 
f r e q u e n c y  of in t roduc t ions  o c cu r r in g  a t t h e  end of the  20th c en tu ry  
to  an inc rease  in g loba l mar ine  sh ipp ing  (Carlton, 1996a, b; Cohen 
&  Carl ton, 1998). Others have d isputed ev idence  fo r  a change  in 
in t roduc t ion  rate, recogn iz ing  th a t  ins tead o u r  d isco ve ry  rate may 
be inc reas ing  (Costello &  S o low , 2003; W o n h a m  &  Pachepsky, 
2006). Some au thors ,  h o w ever ,  have pos tu la ted , f o r  mar ine  and 
te r re s t r ia l  systems, th a t  g loba l c l im ate  change  may be dr iv ing  in
t r o d u c t io n s  o f  non-na t ive  sp ec ies  and range expans ions  (Dukes &  
M o o n e y ,  1999; Carle ton, 2000; Sorte  e ta l., 2010).

S eaw eed  introductions. S e a w e e d s  are the  e ng inee rs  o f  n e a r 
shore  env ironm ents ,  p rov id ing  p r im ary  p roduc t ion  and hab i ta t  
s t ru c tu re  fo r  in te rt ida l and sub t ida l  com m un it ies .  Plumans uti l ize 
more  than  200 sp ec ies  as the  basis of an in te rna t iona l  indus try  in 
food  and p hycoco l lo id  p ro d u c ts  th a t  has doub led  s ince 1984 and 
w a s  va lued  at U.S. $6.2 bi l l ion fo r  1994-5 (Z em ke-W h ite  &  Ohno, 
1999). Due the  eco lo g ica l  and e co no m ic  im po r tance  of s e aw eeds ,  
a t ten t ion  has tu rned  to the  in t roduc t ion  o f  non-na t ive  sp ec ies  and 
th e i r  im pa c t  on native com m u n i t ie s  (W i l l iam s  &  Smith, 2007; J o h n 
son &  Chapman, 2007). W i l l ia m s  and Smith (2007) est im ate  th a t  the 
g loba l  n um ber  of in t roduced  sp ec ies  is 227, inc lud ing  165 red a l 

gae (R hodophyta) , 66 b ro w n  a lgae (P haeophyceae) and 45 green 
a lgae (C hlorophyta), and ta l ly  up 408 separa te  in t roduc t ions . The 
M e d i te r ra n e a n  Sea, w i th  85 in t roduced  s e a w e ed s ,  inc lud ing  9 
th a t  are cons idered  invas ive, is a ho t spo t fo r  in t roduc t ions  (Ri- 
be ra -S iguan , 2002). A t t h e  Thau Lagoon, an aqu a cu l tu re  site on 
the  sou thern  c o a s t  o f  France, 45 spec ies  o f  s e a w e e d s  (23% of the 
f lo ra )  are exot ics ,  p robab ly  in t roduced  w i th  the  o ys te r  Crassos- 
traea g igas  (Thunberg , 1793) f rom  Brit ish Columbia, Canada and 
Ja p an  (Ver laque, 2001).

S eaw eed  diversity in the Californias. The m a g n i f ic e n t  d iv e r 
sity  and a b u n d an ce  of s e a w e e d  popu la t ions  along the  c o a s t  of 
Cal i forn ia , USA, and Baja Cal i forn ia , M e x ic o ,  re f le c t  the  d ram a t ic  
sw e e p  o f th is  r ich coasta l  env ironm ent ,  e m brac ing  rocky  shores  
and reefs, sandy  beaches , and o ffshore  is lands. The co ld  C a l i fo r
nia Current, a b ranch  o f  the  Kurosh io  Current, runs south  along 
the  coast ,  sh if t ing  o f fshore  near  Point Concept ion , w h e re  the 
coas t l ine  v e e rs  a b ru p t ly  east. N o r the rn  Cali fornia te m pe ra tu res  
range f rom  9-16° C. In the  sou the rn  Cali fornia Bight, the  w a rm  D a
v idson  C urrent f lo w s  n o r th w a rd  in the  late s u m m e r  and autumn, 
b r ing ing  max im um  te m p e ra tu re s  o f  20° C, but is dep ressed  d u r 
ing spr ing  and ear ly  s u m m e r m onths  w h e n  u p w e l l ing  br ings cold 
d e e p e r  w a te r  to the  s u r face  a t head lands  th ro u g h o u t  Cali fornia 
and Baja Cali forn ia , M e x ic o  (D aw son ,  1951). The e igh t Cali fornia 
Channel Is lands, in the  sou the rn  Cali fornia Bight, are p a r t icu la r ly  
in te res t ing  b ecause  th e y  are  re la t ive ly  f ree  of coasta l  d e v e lo p 
m en t  and lie in th is  hyd ro g ra p h ica l ly  c om p lex  reg ion o f  w a rm  and 
co ld  cu rren ts .  Cali fornia and Baja Cali fornia host the  junc t ion  of 
tw o  g rea t  b io geog raph ic  p rov inces : the  c o ld te m p e ra te  Oregonian 
Prov ince rough ly  to the  north  of the  nor the rn  Channel Is lands and 
Point Concept ion , and the  w a rm  te m pe ra te  to s ub trop ica l  P ana
m anian Prov ince to the  south. Thus, th is  coas t l ine  e ncom passes  
tw o  w o r ld s  o f  sp ec ies  d ivers ity .

Our sc ien t i f ic  kn o w le d g e  o f Cali fornia and Baja Cali fornia 
se a w e e d s  began w i th  the  M a la s p in a 's  1791 exped i t ion  o f  d is 
cove ry  (Silva, 1996), g re w  th ro u g h  the  lo ng -d is tance  ta xo n o m ic  
e f fo rts  of European and A m e r ic a n  bo tan is ts  on the  east coast , 
and came o f age w i th  the  co l lec ted  w o rk s  of W .A .  Se tche l l  and 
N.L. Gardner a t t h e  Un ive rs i ty  o f  Cali forn ia a t  Berke ley  (Setche l l  &  
Gardner, 1903, 1920, 1925). M o re  recen t ly ,  G.M. Smith, W.R. T a y 
lor, G.J. Flo l lenberg, I.A. A b b o t t  and P.C. Silva have made ines t i 
mable c o n tr ibu t ions  to o u r  kn o w le d g e  o f the  f lo ra .  E.Y. D aw son 's  
w o r k  in Baja Cali fornia and the  Gulf o f  Cali fornia w a s  s ingu la r ly  
s ig n i f ica n t  (D aw son ,  1961, 1962). Yet the  de l inea t ion  of spec ies  
w i th in  o u r  m os t com m on  genera  poses daun t ing  c ha l lenges  to 
phyco log is ts ,  w h o  con t inue  to  pursue f ie ld ,  cu l tu re  and m o le cu la r  
s tud ies  to  unrave l re la t ionsh ips  a t  every  ta x o n o m ic  level (B rodie 
&  Lewis ,  2007).

M arine  A lgae o f California  (A bbo t t  &  F lo llenberg, 1976) l ists 
669 sp ec ies  o f  red, b ro w n  and g reen  se a w e ed s .  A b o u t  14% are 
endem ic  to Cal i forn ia , 44% are re s t r ic ted  to the  Pac if ic  Coast 
o f  North  A m e r ic a ,  21% are res t r ic ted  to sou thern  Cali fornia and
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a d ja c e n t  Baja Cali fornia and 21% are so -ca l led  " c o s m o p o l i t a n "  
spec ies ,  w i th  g loba l  d is t r ibu t ions ,  th a t  w e re  de sc r ib e d  from  o the r  
parts  o f  the  w o r ld  (A bbo t t  &  Ho l lenberg , 1976; Silva, 2004; Pedro- 
che e ta l.,  2005, 2008). Because  the  native range o f many o f the 
sp ec ies  in th is  la t te r g roup  is u n kno w n , these  sp ec ies  are know n 
as " c ry p to g e n ic " ,  w i th  h idden o r ig ins  (Carlton, 1996a). M a n y  may 
be a n c ie n t  in t roduc t ions .  The sh ips  th a t  b rough t  ear ly  exp lo re rs  
to o u r  coasts  (and eage r gold m iners  in the  1840s) w e re  w o o d e n  
reefs  suppo r t ing  o rgan ism s from  m any ports  v is i ted  ove r  m u lt i 
y e a r  voyages ,  and w e re  p robab ly  s ig n i f ica n t  so u rce s  o f  in t ro d u c 
t ions, long before  sc ien t is ts  es tab l ished a basel ine fo r  w h a t  is 
ind igenous  (Carlton, 1979). Organ ism s f rom  our c o a s t  may have 
been in t roduced  to  o th e r  oceans  by the  same m echan ism . W e  
also share  genera  and spec ies  w i th  the  w e s te rn  Pac i f ic ,  e spe 
c ia l ly  Ja p an  and Korea (e .g . ,A gu i la r-R osas  e ta l., 2004, 2006, 2007; 
M i l le r  e ta l.,  2007, 2009; H ughey  e ta l.,  2009; Kogishi e ta l.,  2010). 
These requ i re  c r i t ica l  inves t iga t ion  to d e te rm ine  w h e th e r  th e y  are 
iden t ica l  o r  s is te r  species.

W h e n  sp e c im e n s  f rom  o u r  co a s t  w e re  sen t  b a ck  to Euro
pean spec ia l is ts ,  vague  co l lec t ion  notes (" in  mare a u s tra le " )  and 
m is takes  as s imple as m is labe l ing  w e re  fre q u e n t ,  and have le f t  a 
legacy  o f con fus ion . For example , it w a s  rece n t ly  d iscove red  and 
con f i rm ed  w i th  m o le cu la r  data th a t  the  type  loca l i ty  (or ig ina l c o l 
lec t ion) o f  a v e ry  com m on  red se a w e e d  know n  as Iridaea cordata  
(Turner) Bory  de S a in t -V in ce n t  w a s  the  t ip  o f  South A m e r ic a ,  not 
V a n c o u v e r  Is land, Canada, the  p ro ve n a n ce  w r i t te n  on the  h e rb a r i 
um shee t  (H om m ersand  eta l., 1993). T ha t  sp ec ies  name is the re fo re  
not app l icab le  to ou r  w e s t  c o a s t  sp ec ies  (n o w  kn o w n  as M a z z a 
e l a  s p /em /ens  [Se tche l l  &  G ardner]  Freder icq , based on a C a l i fo r
nia type  s pec im en  de sc r ib e d  by Se tche l l  and Gardner). Sim ilar ly , 
the  sou the rn  Cali fornia ro c k w e e d  Hesperophycus ca lifo rn icus  
P.C. Silva w a s  once  know n  as H. harveyanus  (D eca isne i  Se tche l l  
&  Gardner, based on a p lan t sup po se d ly  co l le c te d  in M o n te re y  in 
the  1830, but p robab ly  co l le c te d  in France and not Hesperophycus  
a t  all (Silva, 1996). W e  m us t  c r i t ica l ly  rev is i t  n o m e n c la tu ra l  h is 
to ry  as w e l l  as sp ec ies  iden t i ty  b ecause  the  bas is  o f  ou r  k n o w 
ledge of se a w e e d  d is t r ibu t ions  is cu l tu ra l  as w e l l  as b io log ica l .

NON-NATIVE SPECIES OF THE CALIFORNIAS

W e  c o n s id e r  o rgan ism s  to be native w h e n  th e y  o c c u p y  the  area in 
w h ic h  th e y  evo lved; usual ly  th e re  are na tura l ba rr ie rs  to the  d is 
persa l of a species.  Som e t im es  these  barr ie rs  s h i f t th ro u g h  hab i ta t  
o r  c l im a te  changes , a l low in g  a sp ec ies  to expand its g e og raph ic  
range. Som e t im es  w e  are able to a c ce s s  n e w  a reas  via n e w  t e c h 
nolog ies,  such  as SCUBA o r  subm ers ib les ,  and revise our  reco rds  
fo r  the  ranges of species.  But to d e te c t  in t roduced  spec ies ,  w e  
must re ly upon the  h is to ry  of ou r  ta x o n o m ic  s c ie n ce  and a r t  to 
iden t i fy  native spec ies.  A l th o u gh  some sp ec ies  are  easi ly  ide n t i 
f ied, o the rs  re p re se n t  a cha l lenge  to  con f i rm  th e i r  name. M o le c u la r  
too ls  are inc re a s in g ly  im po r tan t  to d is t ingu ish  iden t i fy  in t roduced  
sp ec ies  and to iden t i fy  sou rce  popu la t ions  (Booth  e ta l.,  2007).

To date, 27 non-na t ive  se a w e e d  sp ec ies  have been repor ted  
f rom  Cali forn ia , inc lud ing  5 green (C hlorophyta), 7 b ro w n  (P ha
eophyta) and 15 red (R hodophyta) spec ies, and 11 spec ies ,  9 of 
them  com m on  to both areas, f rom  the  c o a s t  o f  Baja Cal i fornia, 
inc lud ing  1 green , 6 b ro w n  and 5 red spec ies  (Table 1). Here w e  
d iscuss  the  in t roduc t ion  h is to ry  (i f know n) and the  d is tr ibu t ion  of 
these  in t roduced  species.

Inconspicuous, re la tive ly  rare introduced species. These s p e 
c ies are t iny, o ften f i lam en tous ,  and are eas i ly  over looked . M o s t

T a b le  1. N o n - n a t iv e  s e a w e e d s  in  th e  C a li fo r n ia s  (C a li fo rn ia ,  U S A ,1 
a n d  B a ja  C a li fo r n ia ,  M e x ic o 2). S e e  t e x t  f o r  re fe re n c e s .

C h lo ro p h y ta  (G re e n  A lg a e )

B ryopsiss p p . ( th re e  u n d e s c r ib e d  s p e c ie s .  S a n  F r a n c is c o  B a y )1

Caulerpa taxifolia  (M . V a h l)  C. A g a r d h * 1

Codium fragile  s u b s p . fragile  (S u r in g a r )  H a r io t1

Ulva fasciata  D e l i le 2

P h a e o p h y c e a e  (B r o w n  A lg a e )

Ascophyllum nodosum  (L in n a e u s )  Le J o l is 1 

Cutleria cylindrica  O k a m u ra 1' 2 

Cladostephus spongiosus  (H u d s o n )  C. A g a r d h 2 

Elachista nigra  T a k a m a ts u 1 

Fucus spiralis  L in n a e u s 1 

Sargassum ho rne ri!T u rn e r )  C. A g a r d h 1' 2 

Sargassum muticum  (Y e n d o ) F e n s h o lt1' 2 

Scytosiphon gracilis  K o g a m e 2 

Undaria pinnatifida  (H a rv e y )  S u r in g a r 1' 2 

R h o d o p h y ta  (R e d  A lg a e )

Aglaothamnion tenuissimum  (B o n n e m a is o n i F e ld m a n n -M a z o y e r1

Antithamnion nipponicumYamada et In a g a k i1

Asparagopsis armata H a rv e y 1

Caulacanthus ustulatus  ( M e r te n s  e x  T u rn e r )  K ü tz in g 1- 2

Ceramium  / ro n r fo /Y e n d o 1

Dasya sessilis  Y a m a d a 1

Dasya s p . (C o y o te  P o in t,  S a n  F r a n c is c o  B a y )1

Gelidium vagum  O k a m u ra 1

Gracilaria verm iculophylla !O h m i) P a p e n fu s s 1' 2

Grateloupia lanceolata  (O k a m u ra )  K a w a g u c h i1

Grateloupia turuturu  Y a m a d a 1' 2

Lomentaria hakodatensisYendo1' 2

Neosiphonia harvey i!J - B a ile y )  K im , C h o i, G u iry  e fS a u n d e r s 1 

Polysiphonia denudata ( D i l lw y n )  G re v ille  e x  H a rv e y 1 

Porphyra suborbiculata  K je l lm a n 1- 2

*  d e c la re d  era d ica ted .
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have been repo r ted  on ly  f rom  a f e w  loca l i t ies .  T he ir  d is tr ibu t ion  in 
the  Cal i forn ias is unknow n.

A glao tham nion  tenuissim um  (B on n e m a iso n i  Fe ldmann- 
M a z o y e r  and Polysiphonia denudata  (D i l lw yn i  Grevi l le  ex H arvey  
are  both red f i la m e n ts  or ig ina t ing  in England and d e te c te d  in San 
Franc isco  Bay (Josse lyn  & W e s t ,  1985). No th ing  is know n  abou t  
the  mode o r t im in g  o f  these  in t roduc t ions .  M o re  recen t ly ,  a n o the r  
red f i la m e n to u s  spec ies ,  Neosiphonia  h a rv e y i^ .  Bailey) Kim, Choi, 
Guiry &  Saunders ,  once  th o u g h t  to  be a native of the  east coas t  
o f  North  A m e r ic a ,  has been t ra c e d  th ro u g h  m o le cu la r  m ethods  
as o r ig ina t ing  in J a p an  and spread ing , via severa l  in t roduc t ions ,  
to  the  A t la n t ic ,  inc lud ing  the  Bri t ish Isles, N e w Z e a la n d ,  and U.S., 
inc lud ing  M o n te re y  Bay, Cal i forn ia , w h e re  it had been identi f ied 
as Polysiphonia acum inata  Gardner and in San Diego, as P. sim - 
p /e x  Ho l lenberg  ( M c lv o r  e ta l., 2001). This spec ies  w a s  repo r ted  a 
second  t im e  (Hughey e ta l.,  2009), co l le c te d  in Hum bo ld t  Bay on 
f loa t ing  docks  and pi l ings. Iden t i f ica t ion  o f the  Hum bo ld t  sample  
w a s  con f i rm ed  by analyz ing a port ion o f  the  rb c l  gene, w h ic h  w a s  
iden t ica l  to  a s pec im en  of N. harvey i f rom  A kkesh i ,  Hokka ido , J a 
pan. Both the  H u m bo ld t  and A kkesh i  s e q ue n ce s  con ta in  a gene t ic  
m a rke r  th a t  M c lv o r  e t al. (2001) de f ined  as d iagnos t ic  fo r  hap- 
logroup B. These data su p po r t  a second ,  un re la ted  in t roduc t ion  
o f N. harvey i to  Cal i fornia.

Oyster cu l tu re  is a l ike ly v e c to r  fo r  se a w e e d  in t roduc t ions  
( M in e u r  e ta l., 2007). The h is to ry  o f  o ys te r  fa rm in g  in Cali fornia has 
been re v ie w e d  by B a rre t t  (1963). S ince 1902, the  Pac if ic  oyster,  C. 
gigas, w a s  im ported  f rom  va r io u s  s i tes  in J a p an  to o ys te r  fa rm s  
in Puget Sound, W a s h in g to n .  A c c o rd in g  to Ga ltsof f  (1930), oyste rs  
f rom  A kkesh i  Bay w e re  deem ed the  best adap ted  fo r  t ra n s p la n t 
ing to  North  A m e r ic a .  H o w e ve r ,  the  dec is ion  to  exc lude  Pac if ic  
oys te rs  f rom  Hum bo ld t  Bay, the  la rgest Cali fornia bay ava i lab le  
fo r  oys te r  cu l tu re ,  de layed the  s ta te 's  d e ve lo p m e n t o f  the  indus 
try. Im por ta t ion  o f  the  Pac if ic  o y s te r f ro m  J a p an  to  Hum bo ld t  Bay 
w a s  in i t ia ted in 1953, and in 1957-58, Pac if ic  o ys te r  seed w e re  
im por ted  f rom  W i l la p a  Bay, W a s h in g to n  to  H u m bo ld t  Bay. Large 
sca le  p roduc t ion  o f  Pac if ic  oys te rs  in Hum bo ld t  Bay began in 1955 
and has con t inued  to be an im po r ta n t  industry. A l th o u gh  it is c lea r  
th a t  N. harvey i in H u m bo ld t  Bay o r ig ina ted  in Ja p an  (H ughey e t 
al., 2009), the  t r a je c to r y  o f  the  in t roduc t ion  is unknow n . It may 
be pr im ary  (d i rec t ly  f rom  J a p an  to Cali fornia), s e co n d a ry  (f rom 
J a p an  to the  east c o a s t  of the  U.S. o r  to W a s h in g to n ,  th e n c e  to 
Cal i fornia) o r  even te r t ia ry ,  s ince  oys te rs  f rom  San F ranc isco Bay 
w e re  exported  to Hum bo ld t  Bay (B arre t t ,  1963).

A ntitham nion  n ipponicum  Yamada &  Inagaki, a red f i la m e n 
tous  spec ies ,  w a s  co l le c te d  from  M e lp o m e n e  Cove, Isla Guada l
upe, Baja Cal i forn ia , M e x ic o  in 1949 and d esc r ibed  as A. hubbsii 
D a w so n  (D aw son ,  1962). This sp ec ies  has been co l le c te d  in the 
USA f rom  Santa Catal ina Is land and Dana Point, both in sou thern  
Cali fornia (Young, 1981), and more rece n t ly  f rom  Half M o o n  Bay, 
cen tra l  Cal i forn ia , and N orth  Carol ina (Cho e ta l., 2005). It has also

been repor ted , as A. p ectina tum  (M ontagne) J. B ra u n e r , f rom  Italy 
(Cho e ta l. ,  2005). Cho e ta l.  (2005) sugges t  th a t  th is  sp ec ies  b e 
cam e estab l ished  in Cal i forn ia , the  M e d i te r ra n e a n  and w e s te rn  
A t la n t ic  o ceans  via a re c e n t  in t roduc t ion  f rom  Ja p an ,  possib ly  
co r re la ted  w i th  the  in t roduc t ions  of Undaria p inna tifida  (Harvey) 
S u r in g a r  and Codium frag ile  subsp. frag ile  (Sur ingar) Har io t  ( fo r 
m er ly  k n o w n  as Codium frag ile  subsp. tom entoso ides  [van Goor] 
P.C. Silva).

A sparagopsis arm ata  Harvey, a red alga e ndem ic  to  A u s 
tra l ia  and N e w  Zea land, w a s  in t roduced  into the  M e d i te r ra ne a n  
Sea and A t la n t ic  Ocean in the  1920s (Feldmann & F e ld m a n n ,  1942) 
and is n o w  a c o n sp icu o u s  invas ive sp ec ies  in N orth  A t la n t ic  Eu
rope (D ixon, 1964; Farnham, 1994). The m inute f i la m e n to u s  d ip lo id 
phase of th is  sp ec ies  w a s  co l le c te d  in 1972 in San Diego, CA, 
m a in ta ined  in cu l tu re  and ident i f ied  as A. arm ata  by ana lys is  of 
ch lo ro p la s t  D N A  RFLPs (N i  Chualáin e ta l., 2004). N iC h u a lá in  e ta l. 
(2004) specu la te  th a t th e  in t roduc t ion  f rom  A us tra l ia  is recen t ,  and 
th a t th e re  is a good poss ib i l i ty  f o r t h e  sp read of th is  sp ec ies  n o r th 
w a rd ,  fo l lo w in g  the  coo l  Cali fornia Current. To date, th is  spec ies  
( inc lud ing  the  c o n sp icu o u s  hap lo id  phase) has not been observed  
s ince the  o r ig ina l  co l lec t ion .

Ceramium kondo i Yendo, a red co r t ica te d  f i la m e n to u s  s p e 
c ies, is native to  China, Ja p an ,  Korea and eas tern  Russia, but has 
also been co l le c te d  in A laska ,  V a n c o u v e r  Is land, Canada and Or
egon (Cho e ta l.,  2002). In 1999, a s ing le s pec im en  w a s  co l lec ted  
a t Bodega Bay, Cali fornia in no r the rn  Cali fornia (Cho e ta l., 2002). 
In the  eas tern  Pac if ic , th is  sp ec ies  o c c u rs  on docks  and nea r  o y s 
te r  fa rm s , suggest ing  th a t  o ys te r  m ar icu l tu re  is respons ib le  fo r  its 
sp read (Cho e ta l., 2002).

E lachista n igra  T akam atsu  is a small  f i la m e n to u s  b row n  
ep iphyte  on kelps, native to Japan .  It w a s  d iscove red  on h e rb a r 
ium sp e c im e n s  o f  the  kelp Eisenia arborea  A re s c h o u g  from  San 
C lemente Is land, one o f  the  sou the rn  Cali fornia Channel Is lands 
(K itayama e ta l. 2005). This spec ies ,  as £  orb icu la ris  (Ohta) S k in 
ner, has also been re co rd e d  as in t roduced  to A us tra l ia ;  based on 
h is to r ica l  spec im ens  o f  its host, th is  in t roduc t ion  to o k  p lace a fte r  
1976 (W om ers ley ,  1987).

Introduced species w ith  lim ited observations. These are spec ies  
th a t  may be large and con sp icu o u s ,  but have been co l le c te d  in f re 
quent ly ,  most ly  a t  s ing le  sites.

G racilaria  verm icu lophylla  (Ohmi) Papenfuss is a red alga, 
native to Japan ,  th a t  has been proved to  be invasive in France, 
Spain, Ne the r lands ,  Portugal,  S w e d e n  and D enm ark  (Rueness, 
2005; Thom sen  e t al., 2007). A n  un iden t i f ied  G racilaria  spec ies  
f rom  Elkhorn S lough, cen tra l  Cali fornia (Goff e ta l.,  1994) and Es
te ro  f rom  Punta Banda, Baja Cali fornia (Bel lo r in  e ta l.,  2002,2004) 
w e re  ident i f ied  as th is  sp ec ies  using s e q ue n ce s  f rom  n uc lea r  
SSU rD N A  and ITS (Bel lo r in  e ta l.,  2002, 2004). Its d is tr ibu t ion  in 
Cali fornia and Baja Cali fornia is u n kno w n , due to the  d i f f icu l ty  of
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d is t ingu ish ing  G racilaria  sp ec ies  on th is  coast , bu t it is p robab ly  
fa r  more com m o n  than  w e  real ize. It has also been in t roduced  to 
V irg in ia ,  on the  east c o a s t  o f  the  USA (Thomsen e ta l.,  2006).

Gelidium vagum  Okamura is a red alga, native to Japan ,  
China and Russia. It has a l imited d is tr ibu t ion  in Br i t ish Columbia, 
Canada (R en few  e ta l., 1989) and w a s  co l le c te d  in Tóm a les  Bay, 
Cali fornia in 1995 (H ughey e ta l.,  1996). It has not been repor ted  
e lsew here .  B ecause  Tóm a les  Bay is home to o ys te r  m ar icu l tu re ,  
th is  sp ec ies  w a s  p robab ly  in t roduced  on o ys te r  spat.

The b ro w n  alga A scophyllum  nodosum  (L innaeus) Le Jo l is , 
the  knotted  w r a c k  native to the  A t la n t ic  Ocean w h e re  it is used to 
s team c lam s  and lobs ters  o r  p a ck  bait, ra re ly  es tab l ishes  in San 
Franc isco  Bay. M a ts  o f  A. nodosum  have been s igh ted f loa t ing  
in the  Bay on m any  o c ca s io n s  ove r  the  years ,  in t roduced  as d is 
ca rded  pack ing  m ater ia l  bu t w i th  no ev idence  o f  es tab l ishm en t  
(Silva, 1979; Josse lyn  &  W e s t ,  1985). In 2002, mats o f  A scophyllum  
w e re  observed  in San F ranc isco  Bay nea r  R edw ood  City M ar ina  
(M i l le r  e ta l., 2004). It appea red  to  have been l iving u n a t tached  fo r  
some t ime. A l th o u gh  these  mats w e re  rem oved  in 2002, s u b s ta n 
t ia l mats of A scophyllum  w a s  aga in  fo u n d  a t Bay Farm Island in 
San F ranc isco  Bay and rem oved  in 2008 (P.C. Silva, persona l c o m 
m unica t ion) .  It is c le a r  th a t  th is  sp ec ies  is in t roduced  aga in  and 
aga in  to  the  Bay, bu t thus  fa r  m anages  on ly  to  th r ive  local ly. It is 
un l ike ly  to  becom e  invas ive itself, bu t it is a v e c to r  fo r  non-nat ive  
inve r teb ra te  sp ec ies  (M i l le r  e ta l., 2004).

A n o th e r  ro c k w e e d  spec ies,  the  b ro w n  alga Fucus sp ira lis  
L innaeus, has been co l le c te d  f rom  a popu la t ion  in Tóm a les  Bay, 
no r the rn  Cali fornia (Hughey e ta l., 1996). This sp ec ies  is a lso p re s 
ent on the  coasts  o f  A t tu  Is land, A laska ,  Br i t ish Columbia, Canada 
and nor the rn  W a s h in g to n ,  USA (N orr is  &  Conway, 1975), w h e re  
it is a lso l ikely to be an in t roduc t ion  from  the  A t la n t ic  (Coyer e t 
al., 2006, 2010). It has no t been observed  at any o the r  loca t ions  in 
Cali fornia o r  Baja Cali fornia.

Oyster m ar icu l tu re  may be im p l ica ted  in the  d ispersa l  o f  the 
green  alga Codium frag ile  subsp. fragile, more  co m m o n ly  know n 
by the  ep i the t  Codium frag ile  subsp. tom entosoides, a spec ies  a d 
ept a t  asexua l  rep roduc t ion .  This invas ive s tra in  o f  Codium  has 
sp read from  its native J a p an  to the  n o r th e as t  A t la n t ic  (f rom the 
N e th e r la n d s  to Spain), m os t  o f  the  M e d i te r ra n e a n ,  the  n o r th w e s t  
A t la n t ic  (Nova Scot ia ,  Canada to  N e w  England and North  Caro
lina), N e w  Zea land, A us tra l ia  (T row br idge ,  1995, 1998), and to San 
Franc isco  and Tóm ales  bays, Cali fornia (S ilva, 1979). Codium  is a 
pest in N e w  England, w h e re  it o v e rg ro w s  and d is lodges  shel l f ish 
(earn ing  the  name "o y s te r  th ie f " )  and, w i th  an in t roduced  bryo- 
zoan, has d isp laced  native kelps (Levin e ta l., 2002). This invasive 
stra in  has not been repor ted  from  Baja Cal i forn ia , and in C a l i fo r
nia, it is sti l l rare, sp read ing  s lo w ly  or rem ain ing  un recogn ized , 
though  the  native Codium frag ile  subsp. ca lifo rn icum  (J. A ga rdh )
C.A. M a g g s  is w e l l  rep resen ted  from  A laska  to Baja Cali fornia (A b 
bott  &  Ho l lenberg , 1976; Ped roche  e ta l., 2002 as Codium fragile).

In add i t ion  to the  native green  alga Bryopsis co rticu lans  
Setche l l ,  th re e  u n de te rm ined  sp ec ies  in the  genus Bryopsis, w i th  
d i f fe re n t  re p roduc t ive  ch a ra c te r is t ic s ,  are reco rd e d  from  San 
Franc isco  Bay (Silva, 1979). One is en t i re ly  asexua l,  but l i tt le is 
k n o w n  a b ou t  these  sp ec ies  beyond the  o r ig ina l report.  It is pos 
s ib le  th a t  one o f  these  sp ec ies  goes unde r the  name Bryposis  
hypnoides  Lamouroux, w h ic h  is i tse l f  c ry p to g e n ic  (type locali ty : 
M e d i te r ra n e a n  c o a s t  o f  France) (Table 2).

The red alga Dasya sessilis  Yamada is native to J a p an  and 
Korea. It w a s  in t roduced  to  France via o ys te r  im por ta t ion  (Ver- 
laque, 2002), Spain via mussel cu l t iva t ion  (Peña &  Bárbara , 2006), 
and Portugal,  v e c to r  u n know n  (A rau jo  e ta l., 2009). S pec im ens  of
D. sessilis w ere  co l le c te d  in 2008 on the  f loa t ing  docks  in C orona
do Bay, San Diego; un iden t i f ied  he rbar ium  sp e c im e n s  in the  Un i
ve rs i t y  o f  Cali fornia at Berke ley 's  Herbar ium  (UC), co l le c te d  from  
docks  in Hun t ing ton  (in 2006) and Long Beach  (in 1976) harbors, 
p roved to  be D. sessilis  as w e l l  (H ughey  e ta l.,  2009). To conf irm  
the  iden t i f ica t ion , an ana lys is  o f  pa r t  o f  the  c y to ch ro m e  ox idase 
subun i t  2, the  5S RNA, and the  cox2-cox3  s p a c e r  o f  the  m i to c h o n 
dr ia l  genom e w a s  per fo rm ed  on one o f  the  sp e c im e n s  f rom  San 
Diego (Hughey e ta l. ,  2009). The D N A  s e quence  w a s  c om pared  
to  unpub l ished  G enB ank  s e q ue n ce s  f rom  an in t roduced  s p e c i 
men o f D. sess/7/s from M e d i te r ra n e a n  France and f rom  D. ba il
louviana [S. Gmelin) M o n ta g n e  f rom  N o rw ay .  Dasya sessilis  from 
San Diego w a s  fo und  to  be iden t ica l  in s e quence  to  the  invasive 
M e d i te r ra n e a n  s pec im en  o f D. sessilis, but d i f fe red  f rom  D. ba il
louviana  by 12 bp (Hughey e t al., 2009). A  s e q ue n ce  f rom  a th ird  
Dasya  s pec im en  in UC, co l lec ted  from  Coyote Point, San F ranc is 
co Bay in 2005, w a s  ana lyzed and fo u n d  to  d i f fe r  f rom  D. sessilis  
by 6 bp (H ughey e t al., 2009). This s pec im en  (Dasya sp. in Table 
1) appea rs  to  be a n o th e r  non-na t ive  spec ies.  The rb c l  gene from 
the  Hun t ing ton  Beach  and Long Beach  spec im ens  w a s  iden t ica l  
to  D. sess/7/s from San Diego (H ughey  e ta l.,  2009). This spec ies

T a b le  2. S o m e  e x a m p le s  o f  s p e c ie s  in  n e e d  o f  f u r t h e r  re s e a rc h  to  
d e te rm in e  th e i r  s ta tu s  (n a t iv e  o r  in t r o d u c e d )  in  th e  C a li fo r n ia ,  U S A ,1 
a n d  B a ja  C a li fo r n ia ,  M e x ic o .2

C h lo ro p h y ta  (G re e n  A lg a e )

Bryopsis hypnoides L a m o u r o u x 1

Ulva pertusa  K je l lm a n 1- 2

Ulva conglobata  K je l lm a n 1

R h o d o p h y ta  (R e d  A lg a e )

Asparagopsis taxiform is  D e l i le 1-2

Helminthocladia australis  H a rv e y 1

Pikea yoshizakiM a g g s  e f W a r d 1

P h a e o p h y c e a e  (B r o w n  A lg a e )

Tinocladia crassa  (S u r in g a r )  K y l in 1

Sporochnus pedunculatus  (H u d s o n )  C. A g a r d h 1' 2
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w i l l  p robab ly  be d iscove red  a t o th e r  s i tes  in Cali fornia and Baja 
Cali fornia.

Scytosiphon g ra c ilis  Kogame is a small  tu b u la r  b ro w n  alga 
native to  J a p an  and Korea. In J a n u a ry  2003, th is  sp ec ies  w a s  f i rs t  
observed  in Baja Cali fornia in the  in te rt ida l zone a t Playa Salda- 
mando , a b ou t  25 km north  o f  Ensenada (A gu i la r-R osas  e ta l., 2006). 
It w a s  ident i f ied  by m o rph o lo gy  and by RuBisCo s equence ,  both of 
w h ic h  m atched  sp e c im e n s  f rom  Korea (Cho e ta l.,  2001; A gu i la r -  
Rosas e ta l.,  2006). To date, th is  spec ies  has not been repo r ted  at 
o th e r  loca l i t ies.

The t in y  red alga Porphyra suborb icu la ta  K je l lman, d e 
sc r ibed  from  Ja p an ,  is b road ly  d is t r ibu ted  in the  Pac i f ic  and 
A t la n t ic  oceans ,  but is native to  the  Pac if ic  (B room e ta l.,  2002). 
M o le c u la r  ana lys is  o f  the  n u c le a r  small  s ubun i t  rD N A  (SSU) and 
in te rna l  t ra n sc r ib e d  sp a ce rs  (ITS), w h ic h  inc luded  m ater ia l  from 
Baja Cal i forn ia , sugges ted  th a t  th is  spec ies  w a s  p robab ly  in t ro 
d uced  to the  w e s te rn  A t la n t ic  f rom  the  Pac if ic  Ocean, and th a t  
the  na tura l range o f  the  sp ec ies  e ncom passed  both s ides o f  the 
Pac if ic  c o a s t  (B room  e t a I., 2002). H ow eve r ,  A gu i la r -R osas  and 
A gu i la r -R osas  (2003) c o n c lu de d  th a t  P. suborb icu la ta  w a s  in fa c t  
in t roduced  to Baja Cali fornia som etim e a f te r  1985, w h e n  it w a s  
f i r s t  repor ted , s ince  surveys  p r io r  to th a t  t im e  did not revea l its 
p resence .  To date, it has been observed  a t  7 s i tes in n o r th w e s te rn  
Baja Cali fornia (A gu i la r-R osas  &  A gu i la r -R osas ,  2003), g ro w in g  on 
rocks  o r  ep iphy t ic  on uppe r in te rt ida l se a w e ed s .  In M a y  2011, J e f 
fe ry  H ughey  d iscove red  Porphyra suborb icu la ta  in Tóm a les  Bay 
in no r the rn  Cali fornia, g ro w in g  on ba rnac les  a f f ixed to the  p il lars 
in the  uppe r in te rt ida l;  he con f i rm ed  the  iden t i f ica t ion  by s e q u e n c 
ing the  large subun i t  o f  the  RuBisCo gene (J. Hughey, persona l 
c o m m u n ic a t io n  o f  unpub l ished  data).

Ulva fasc ia ta  Deli le is a fo l iose  green  alga, o r ig ina l ly  d e 
s c r ibed  from  Egypt but cons ide red  w id e ly  d is t r ibu ted  in the  A t la n 
t ic ,  Indian and Pac if ic  oceans .  It has been repor ted  as in t roduced  
in H aw a i i  and A us tra l ia  (Phi l l ips, 1988). It w a s  co l le c te d  a t  Playa 
Santa Elena, on the  c o a s t  of Oaxaca (M a teo -C id  &  M endoza -  
González, 2001) and, in 2002, f rom  the in tert ida l zone on the  e a s t
ern side o f Todos Santos  Bay (Playa M o n a l isa ,  Playa el Faro and 
Estero de Punta Banda), n o r th w e s te rn  c o a s t  o f  Baja Cali fornia 
(A gu i la r-R osas  e t al., 2005). The vege ta t ive  a n a to m y  and phe n o l
ogy  o f  M e x ic a n  p lan ts  m atched  those  o f  co l le c t io n s  f rom  o the r  
parts  o f  the  w o r ld  (A gu i la r-R osas  e ta l.,  2005). H o w e ve r ,  recen t  
resea rch  ind ica tes  th a t  U. fasc ia ta  cou ld  be c o n sp e c i f ic  to U. 
la c tuca  L. (O 'Kelly  e ta l.,  2010). W e  reta in  th is  reco rd  unti l  the re  
are  de ta i led  s tud ies  of Ulva sp ec ies  f rom  the  Cal i fornias.

W ell-es tab lish ed  introduced species. These are in t roduced  s p e 
c ies th a t  have been observed  at many s ites  on many o c ca s io n s  in 
the  Cali forn ias, but f o r  w h ic h  adverse  eco lo g ica l  im pac ts  and /o r  
invas ive sp read have not been dem ons tra ted .

Lom entaria hakodatensisYenóo  is an in co n sp icuo u s  red a l 
ga th a t  has qu ie t ly  sp read f rom  its native Ja p an ,  China and Korea

to Italy, France, Spain, Russia, Phi l ipp ines, H aw a i ian  Is lands and 
A us tra l ia  (Curiel e ta l., 2006). It has been re co rd e d  on the  eastern 
Pac if ic  c o a s t , f ro m  Br it ish Columbia, Canada (South, 1968), W a s h 
ington (H aw ke s  &  Scage l ,  1986) and Oregon (Hansen, 1997) to 
Cali fornia (D aw son  &  Neushu l ,  1966; A b b o t t  &  Ho l lenberg , 1976), 
the  Gulf of Cali fornia (D aw son ,  1944) and Pac if ic  M e x ic o  (S e tch 
ell &  Gardner, 1930; D aw son ,  1950). It is cons idered  exot ic  in the 
eas tern  Pac i f ic  because  it w a s  not observed  in ear ly  surveys, 
e.g., E.Y. D a w so n 's  su rveys  o f  the  nor the rn  c o a s t  f rom  Cape M e n 
doc ino  to  C rescen t  City. H o w e ve r ,  som e o f the  Cali fornia and Baja 
Cali fornia spec ies  also o c c u r  in Ja p an ,  making  it d i f f icu l t  to d e te r 
mine w i th o u t  good h is to r ica l  co l le c t io n s  if a g iven spec ies  o c cu rs  
na tu ra l ly  th ro u g h o u t  the  eas tern  and w e s te rn  north Pac if ic  o r  if it 
is an in t roduc t ion . Neve rthe less ,  L. hakodatensishas  inc reased  in 
a b u n d an ce  on the  nor the rn  Cali fornia coas t  (e.g., Hum bo ld t  Bay) 
in the  last tw o  de cad e s  (Boyd e ta l., 2002).

The sub t ida l  b ro w n  alga Cutleria cy lind rica  Okamura is native 
to J a p an  and Korea and w a s  f i r s t  d iscove red  on the  w e s t  c o a s t  at 
Santa Catal ina Is land, Cali fornia in 1973 (H ol lenberg , 1978). It has 
s ubsequen t ly  been co l le c te d  a t La Jo l la  and San C lemente Is land, 
in sou the rn  Cal i forn ia , in the  1980s (S tew art ,  1991 ), at Raul's in Baja 
Cal i forn ia , in 1990 (Agu i la r-Rosas , 1994), and, in 2007, a t  A n a ca pa  
Island (K.A. M i l le r ,  pe rsona l  c om m un ica t ion ) .  This spec ies  g ro w s  
on pebb les  in so ft  sed im en t,  a hab i ta t  th a t  is both less f re q u e n t ly  
co lon ized by native sp ec ies  and less f re q u e n t ly  exp lo red  by m a 
rine botan is ts.  It appea rs  to be a w in te r -sp r in g  annua l in C a l i fo r
nia. M o le c u la r  w o r k  has l inked the  Cali fornia popu la t ions  to  a 
popu la t ion  in Tsugaru  Stra it ,  Ja p an ,  w h e re  pa r th e no g e n ic  fem ale  
gam e to p h y te s  dom ina te  unde r a w id e  range of te m pe ra tu res ,  f rom  
6-22°C (K itayama e ta l., 1992; Kogishi e ta l.,  2010). This sp ec ies  is 
w e l l  es tab l ished  a t w a rm  w a te r  s i tes  and is g radua l ly  extend ing 
its d is tr ibu t ion  a t the  w a rm  w a te r  is lands. The mode and t im ing  
o f its in t roduc t ion  to Cali fornia and Baja Cali fornia are unknow n .

Invasive or potentia lly  invasive introduced species. These are 
sp ec ies  th a t  have estab l ished  rap id ly  and have the  potent ia l  to 
com pe te  w i th  native spec ies.  M a n y  are g loba l ly  d is tr ibu ted .

Oysters have been the  v e c to r  fo r  m any  in t roduced  spec ies, 
inc lud ing  Sargassum m u ticu m (Y en á o )?e n sM t, a s p e c ie s th a t  can 
be c ons ide red  t ru ly  invas ive due to  its rapid spread. In t roduced  to 
the  w e s t  c o a s t  f rom  J a p an  before  W o r ld  W a r  II, it w a s  de tec ted  
in Br i t ish Columbia, Canada in 1944, Oregon in 1947 (Scage l,  1956), 
C rescen t  City, Cali fornia in 1963, Santa Catal ina Is land in southern  
Cali fornia in 1970 (N icho lson ,  1979), and San Franc isco  Bay in 1973 
(Silva, 1979). S ince 1973, S. m uticum  has been repor ted  in severa l 
loca l i t ies  th ro u g h o u t  Baja Cali fornia (N ienhuis ,  1982; A g u i la r -R o 
sas &  Agu i la r -R osas ,  1985; R iosmena-R odr iguez  e ta l., 1992). This 
sp ec ies  has becom e a c o n sp icu o u s  and a b u n d an t  pa r t  o f  ou r  in 
te r t ida l  and s h a l lo w  subt ida l c o m m un it ies  w i th  va ry ing  deg rees  of 
im pa c t  on native com m u n i t ie s  (A m brose  &  Ne lson, 1982; D eysher 
&  No rton ,  1982; W i ls o n ,  2001; B r i t ton-S im m ons,  2004).
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Undaria p inna tifida  (Harvey) Sur ingar ,  a 2 m e te r  long kelp 
native to  sou theas te rn  Russia, Japan ,  no r the rn  China and Korea, 
is an aggress ive  invas ive sp ec ies  in the  M e d i te r ra n e a n  Sea, Eng
land, A t la n t ic  Europe (w he re  it w a s  a c c id e n ta l ly  in t roduced  w i th  
cu l tu red  oys te rs  and then  p ropaga ted  as a crop), N e w  Zea land, 
A us tra l ia ,  and A rge n t in a  (Silva e ta l.,  2002). A  va r ie ty  o f  d ispersa l 
events  (s ingle in t roduc t ions ,  mu lt ip le  in t roduc t ions ,  loca l s i te- to - 
site d ispersa l)  as w e l l  as va r io u s  m ic ro e vo lu t io n a ry  p rocesses  
( founder 's  e f fect ,  bo t t lenecks ,  se lec t ion  fo r  novel, loca l ly  adapted 
gene co m b ina t ions )  are  respons ib le  f o r  U. p inn a tifida 's  w o r ld 
w id e  s u cc e s s  (Voisin e ta l.,  2005).

Undaria  w a s  d iscove red  in Los A n g e le s  H a rbo r  in 2000, and 
rap id ly  sp read  to Santa Barbara  Harbor. In 2001, it appea red  in 
M o n te re y  H a rbo r  and a small cove  on the  leeside o f  Santa Cata
lina Is land (Silva e ta l., 2002; T h o rn b e r  e ta l., 2004). A t  these  sites, 
it is a shor t - l ived  annua l,  rec ru i t ing  in the  ear ly  spr ing, and w i th  
a s m a l le r  pulse o f n e w  spo rophy tes  in the  fa l l  a t  some sites, and 
then  d isappea r ing  fo r  the  w in te r  (T ho rnbe r  e ta l.,  2004). In 2009, 
th is  spec ies  w a s  d iscove red  in San Franc isco  and Half M o o n  bays 
(Zabin e t al., 2009), w h e re  it can be fo u n d  th ro u g h o u t  the  year. 
M o s t  o f  the  Cali fornia popu la t ions  are l imited to ha rbors  and th e i r  
a r t i f ic ia l  substra tes , espec ia l ly  f loa ts ,  p iers and boa t  hulls. Santa 
Catal ina Is land is the  on ly  site in Cali fornia a t  w h ic h  it c o -o c c u rs  
w i th  native s e a w e e d s  in a re la t ive ly  na tura l (non-harbor)  se t 
t ing. H ow eve r ,  the  popu la t ion  a t  Santa Catal ina Is land is s tr ic t ly  
subt ida l,  pers is t ing  a t  lo w  dens i t ies  in and around  a M acrocys tis  
pyrife ra  (L innaeus) C. A g a rd h  com m un ity .  In 10 y e a rs  o f  o b s e rv a 
t ion at Catal ina, Undaria  has sp read w i th in  the  site, moving into 
s h a l lo w e r  depths , but it has no t ex tended  its range to o th e r  s ites 
around  the  is land o r  to  o th e r  is lands (M i l le r  &  Engle, 2009). S im i
lar ly, in Baja Cal i fornia, th is  sp ec ies  is res t r ic ted  to  a small  area 
on the  p ro tec ted  side o f  Todos San tos  Is land and Punta Banda 
(A gu i la r-R osas  e ta l., 2004). These popu la t ions , d e n se s t  in the  a u 
tum n, are m ain ly  sub t ida l  th o u g h  in some y e a rs  the re  are a f e w  
mature  sp e c im e n s  in the  in te rt ida l zone. U w a i e ta l. (2006) t ra c ed  
the  mult ip le  Ja p a n e s e  o r ig ins  o f  w o r ld w id e  popu la t ions  using 
m o le cu la r  m ethods  and s p ecu la ted  th a t  the  Cali fornia and Baja 
Cali fornia popu la t ions  w e re  in t roduced  via sh ipp ing vec to rs .

The b ro w n  alga Sargassum h o rn e r i{Turner) C. A g a rd h ,  n a 
t ive to the  w a rm e r  parts  o f  J a p an  and Korea, has not been re p o r t 
ed as an invasive sp ec ies  pr io r  to  its a rr iva l  in Cal i fornia. S argas
sum h o rne ri w a s  f i r s t  co l le c te d  in 2003 by b io log is ts  c o n duc t ing  
su rveys  in inne r  Long Beach  Harbor ,  Cali fornia (M a r in e  B io log ica l  
Consu ltan ts,  persona l  com m un ica t ion ) .  By O c tobe r  2005, the  p o p 
ula t ion had sp read w i th in  Long Beach  Harbor. The Long Beach 
p lan ts  w e re  a t ta ch e d  to  the  subs t ra te  or ep iphy t ic  on Sargassum  
muticum. In Baja Cal i forn ia , the  f i r s t  spec im ens  of S. h o rne ri were  
observed  dr i f t ing  in the  in tert ida l zone at La Jo l la  in Todos Santos 
Bay in 2005. In 2008-2010, sam p l ing  in the  in te rt ida l and subt ida l 
zone (to 10 m depth) revea led  a w e l l -e s ta b l ish e d  popu la t ions  o f  S. 
h o rne ri in severa l  loca l i t ies  in Todos Santos  Bay, Baja Cali fornia,

M é x ic o .  In 2006, S. h o rne ri w a s  d iscove red  n e a r t h e  w e s te rn  end 
o f  Santa Catal ina Is land. Sam ples  from  3 s i tes shared the  same 
cox3 seq ue n ce  as sam p les  f rom  the  Seto In land Sea, J a p an  (M i l l 
er e t al., 2007). In one year,  S. h o rne ri sp read rap id ly  a long the 
enti re  lee side of the  is land, fo rm in g  dense groves. In 2007, th is  
sp ec ies  w a s  d o c um e n te d  on the  w in d w a rd  side o f Catal ina Island 
and popu la t ions  w e re  d iscove red  at 2 loca t ions  on the  lee side of 
San Clemente Is land, to  the  south  (M i l le r  &  Engle, 2008). Currently , 
S. h o rne ri fo rm s  v e ry  dense but p a tch y  popu la t ions  on both s ides 
o f Catal ina Is land, the  lee side o f  San C lemente Is land, and the  
eas t end o f Santa Cruz Is land as w e l l  as at severa l  s i tes on the 
sou the rn  Cali fornia main land coast ,  inc lud ing  Laguna Beach  and 
Crystal Cove (K.A. M i l le r ,  persona l observa t ion) .

Like Sargassum muticum, S. hom erus  h igh ly  invasive because  
it is adap ted  fo r  w id e s p re a d  d ispersa l  and rap id  co lon iza t ion  (Ny- 
berg &  V a len t inus , 2005), due to  m o rpho log ica l  and rep roduc t ive  
ch a ra c te r is t ic s ,  such  as bu o ya n cy  and high re p roduc t ive  ou tpu t  
(A g u i la r -R o s a s & A g u i la r -R o sa s ,  1993; M i l le r  efa/ . ,  2007). H ow ever,  
it w i l l  p robab ly  be l im ited to w a rm  te m p e ra te /s u b t ro p ic a l  sites.

The red alga Caulacanthus ustu la tus  (M e r te n s  ex Turner) 
KOtzing is a cosm opo l i tan ,  c ryp to g e n ic  spec ies,  repor ted  from 
Ja p an ,  Indones ia ,  South A f r ic a ,  Spain, N e w  Zea land - all p laces  
w h e re  p lants  have been des igna ted  as typ e s  fo r  spec ies  n o w  
cons idered  synonym s o f C. ustu la tus (Zuccaretto e ta l., 2002). This 
small ,  t u r f  spec ies  also o c c u rs  in A u s tra l ia ,  A f r ic a ,  India, Hawaii ,  
and M e x ic o  as w e l l  as Br i t ish Columbia, Canada, W a s h in g to n  
and Cali fornia. In sou the rn  Cali fornia, C aulacanthushas  been o b 
served  at num erous  s ites  dur ing  the  last decade  (S. M u r ra y ,  p e r 
sonal c om m un ica t ion ) ,  bu t w a s  not re co rd e d  30 y e a rs  ago dur ing 
extens ive  in te rt ida l surveys  sponso red  by the  g o v e rn m e n t  ( M u r 
ray  &  Lit t ler, 1981) no r  40 y e a rs  ago w h e n  E.Y. D aw son  co n du c ted  
in tens ive  su rveys  (D aw son ,  1959). It is a lso repor ted  f rom  cen tra l  
Cali fornia (Santa Cruz, CA), San Franc isco  Bay (M i l le r ,  2004), and 
Tóm a les  Bay in no r the rn  Cali fornia (spec im ens  in UC). It appea rs  
to  be sp read ing  no r thw ard .

In con tras t ,  the re  are f e w  reco rds  o f C. ustu la tus m Baja Cali
fo rn ia .  D aw son  (1944) pub l ished the  f i r s t  reco rd  in the  Gulf o f  Cali
fo rn ia  at Punta San Pedro, Sonora  and Bahia A g u a  Ve rde ,  Baja 
Cali fornia Sur. On the  Pac if ic  coast ,  D aw son  (1961) repor ted  it at 
som e loca l i t ies  b e tw e e n  Cedros Is land, Baja Cali fornia and Bahia 
M a g d a le n a ,  Baja Cali fornia Sur. S ince th a t  t im e , a l though  the re  
have been severa l  co l lec t ing  t r ips  it has not been observed  in the 
Pac if ic  c o a s t  of Baja Cali fornia.

In 2000, the  green  alga Caulerpa tax ifo lia  w a s  d iscove red  in 
sou the rn  Cali fornia. Caulerpa tax ifo lia  has p roven i tsel f  to be a 
devas ta t ing  p lague in the  M e d i te r ra n e a n  (M e inesz  e t al., 1993). 
D is tas te fu l  to herb ivo res, it has cove red  a c re s  o f  sea f loo r ,  out- 
c o m pe t ing  native seagrasses  and sm o the r ing  native fauna. This 
e scaped  invas ive aqua r ium  stra in , ident i f ied  as o r ig ina t ing  in 
A us tra l ia  and s ubsequen t ly  hybr id iz ing w i th  o th e r  s tra ins, is to l -
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e ran t  o f  w a rm  te m p e ra te  w a te rs  (M e u s n ie r  e t al., 2002). During 
ee lg rass  surveys, Caulerpa  w a s  d iscove red  in a s h a l lo w  lagoon, 
A gua  H ed ionda, near  San Diego, and in Hun t ing ton  Harbor ,  Cali
fo rn ia  (Jousson  e ta l., 2000). B ecause  the  p lan t f ra g m e n ts  and re 
gene ra tes ,  it ca n n o t  be m anua l ly  rem oved  (W i l l iam s  &  Grosholtz, 
2002). Caulerpa  pa tches  w e re  cove red  w i th  ta rp  and b leach  w a s  
in jec ted  beneath  (W i l l iam s  &  S ch roede r ,  2004). Severa l  y e a rs  of 
th is  t r e a tm e n t  (and severa l  mil l ion do l lars) resu lted  in a v ic to ry ;  
Caulerpa ta x ifo lia w a s  de c la re d  e rad ica ted  in 2004 (M e rke l  & A s -  
soc ia tes ,  2005). B ecause  o f  th is  c o n ce r te d  effort ,  the  d ispersa l  of 
th is  sp ec ies  a long the  c o a s t  o f  Cali fornia and Baja w a s  s topped.

Recent introductions. A  non-na t ive  spec ies  rece n t ly  identi f ied 
in Cali fornia is the  J a p an e se  red alga Grateloupia lanceo la ta  
(Okamura) K a w a g u c h i  (M i l le r  e ta l., 2009). This spec ies  w a s  d is 
cove red  in sou thern  Cali fornia a t  Santa Catal ina Is land in spr ing 
2003 and A p r i l  2008 and in cen tra l  Cali fornia a t  the  mouth  o f  the 
Elkhorn S lough in M o s s  Landing in M ay ,  J une  and J u ly  o f  2008. It 
has s ince  been repo r ted  from  San Diego, Port Huenem e and San 
Franc isco  Bay, Cali fornia (H ughey  e ta l., 2009). The m o rph o lo gy  of 
tha l l i  ag rees  w i th  pub l ished f igu res ,  and both popu la t ions  w e re  
a bun d an t ly  rep roduc t ive .  S eq u e n ce s  from  the  large subun i t  o f  the 
rb c l  gene and the  n u c le a r  marker ,  ITS-1 from  Cali forn ian G. lan 
ceola ta  w ere  iden t ica l  to those  f rom  tw o  spec im ens  o f  G. lanceo 
la ta  in t roduced  to  the  Thau Lagoon, M e d i te r ra n e a n  France and a 
s p e c im e n  f rom  J a p an  (M i l le r  e ta l., 2009, H ughey  e ta l.,  2009). This 
sp ec ies  has also been repor ted  f rom  the  Canary Is lands (Garc ia - 
J im é n e z  e ta l., 2008). It is l ikely th a t  the  im po r t  o f  oys te rs  f o r  m a r i 
cu l tu re  played a role in its in t roduc t ion  into Cal i fornia, and equa l ly  
l ike ly t h a t th is  c o n sp icu o u s  sp ec ies  has been con fused  w i th  o the r  
fo l iose  red a lgae unti l  now. W e  p re d ic t  th a t  th is  sp ec ies  w i l l  soon 
be d iscove red  in Baja Cali fornia.

A n o th e r  re c e n t  add it ion  to the  Cali fornia and Baja Cali fornia 
f lo ra  is the  red alga G rateloupia turuturuYam ada, a sp ec ies  native 
to  J a p an  and Korea but w id e ly  invasive th ro u g h o u t  the  w o r ld .  In 
1973, it w a s f i r s t  repor ted  outs ide  o f its native range in Portsmouth , 
England (Farnham &  Irv ine, 1973). G rateloupia tu ru tu ru  sp reads  by 
spo res  con ta ined  in the  ba l las t  w a te r  o f  sh ips (V i l la la rd -B o h n sa ck  
&  Harl in, 1997). Based on the  a gg ress iveness  o f  th is  spec ies ,  as 
w e l l  as its p resence  in m a jo r  sh ipp ing  ports, G. tu ru tu ru  w a s  p re 
d ic ted  to  sp read th ro u g h o u t  North  A m e r ic a  and the  res t  o f  the 
w o r ld  (S imon e ta l.,  1999). Gavio and Freder icq (2002) w e re  the 
f i r s t  to  s h o w  th a t  G. tu ru tu ru  w a s  the  c o r re c t  name to app ly  to 
the  invas ive A t la n t ic  N orth  A m e r ic a n  spec ies  th a t  w a s  in c o r re c t ly  
ident i f ied  as G. d o ryp h o ra !M o n ta g n e )  M . A. Howe.

For the  w e s t  c o a s t  o f  N orth  A m e r ic a ,  G. tu ru tu ru  w a s  f i r s t  o b 
served  in the  por t  o f  Ensenada, Baja Cali fornia in N o v e m b e r  2008. 
The iden t i f ica t ion  w a s  c on f i rm ed  by D N A  seq ue n ce  (A gu i la r -R o 
sas e ta l.,  submit ted).  The popu la t ion  has not sp read beyond th is  
f i r s t  observa t ion . The f i rs t  repo r t  of G. tu ru tu ru  in Cali fornia w a s  
f rom  Santa Barbara  H a rbo r  in A u g u s t  2009 (H ughey e t al., 2009).

To con f i rm  the  iden t i f ica t ion ,  m o le c u la r  ana lyses  on tw o  o f the 
Santa Barbara  sp e c im e n s  using ITS-1 and rb c l  gene s e quences  
w e re  pe r fo rm ed;  D N A  s e q ue n ce s  w e re  iden t ica l  to  p rev ious ly  
pub l ished s e q ue n ce s  of G. tu ru tu ru  from  J a p an  and Korea, and to 
in t roduced  s p e c im e n s f ro m  N e w Z e a la n d ,  N orth  A m e r ic a ,  Br ita in, 
and France (H ughey e ta l. ,  2009). In Santa Barbara , G. turu tu ru  
w a s  found  a t ta ch e d  g ro w in g  on the  docks  in a 1,133 s l ip -h a rb o r  
th a t  a c c o m m o d a te s  res iden t  house and p leasure  boats, and t r a v 
eling sail boats and yach ts .  S ince G. tu ru tu ru  w a s  g ro w in g  in th is 
small  harbor ,  it is l ike ly th a t t h i s  se a w e e d  w a s  in t roduced  by t r a v 
eling boaters ,  ra the r  than  by c o m m e rc ia l  sh ipp ing  vesse ls .  If th is  
is the  case, Santa Barbara  is no t l ike ly the  site o f  p r im ary  in t ro 
duc t ion . It is more p robab le  th a t  G. tu ru tu ru  w a s  f i r s t  es tab l ished 
in a la rge r  sh ipp ing  port ,  then  s e co n d a r i ly  in t roduced  via sail boat 
by a t ta c h m e n t  to the  hull, a l though  an ana lys is  of the  la t te r mode 
o f in t roduc t ion  by rec rea t io n a l  ya ch ts  w a s  fo und  un l ike ly  (M in e u r  
e ta l., 2008). H o w e ve r ,  th is  sp ec ies  w a s  rece n t ly  d iscove red  (S ep
te m b e r  2010) a t  P il lar Point M a r in a  in Half M o o n  Bay, San M a teo  
County  (K.A. M i l le r ,  persona l com m u n ica t io n )  and w e  e xpec t  to 
f ind it in San F ranc isco Bay.

A  non-na t ive  sp ec ies  rece n t ly  repor ted  from  Baja Cali fornia 
is the  b ro w n  alga Cladostephus spongiosus  (Hudson) C. A ga rdh  
(M a za r iegos -V i l la rea l  e ta l., 2010), a b ro w n  alga native to  England. 
It is w id e s p re a d  on te m p e ra te  coasts  m ain ly  in Europe, A f r ic a ,  
A us tra l ia ,  N e w  Zea land (Guiry &  Guiry, 2011) and eas tern  North  
A m e r ic a  (Sears, 1998). Records  f rom  the  Pac if ic  coas t  inc lude 
A rge n t in a  (Skot tsberg , 1921), Chile (Ramirez &  S an te l ices, 1991) 
and Baja Cali fornia Sur (M a za r iegos-V i l la rea l  e ta l., 2010). M a z a r 
iegos-V i l la rea l  e ta l.  (2010) repor ted  severa l  o b serva t ions  o f th is  
sp ec ies  in the  m id - in te r t ida l  zone to 6 m depth  at the  southern  
end o f  Bahia Sebast ián  V izca ino dur ing  a s tudy  o f juven i le  lobs ter 
hab i ta t  (Castañeda-Fernandez de Lara e ta l.,  2005). M aza r iegos -  
V i l la rea l  e t al. (2010) con s id e r  it an un in ten t iona l  in t roduc t ion ,  
p robab ly  via sh ipp ing  f rom  A us tra l ia  to Baja Cali fornia.

PERSPECTIVES

Future introductions? There  are many c ryp to g e n ic  spec ies  in the 
Cal i forn ias; a v e ry  f e w  are  l isted in Table 2. The genus  Bryopsis  
needs  c r i t ica l  s tudy  to  estab l ish  the  p ro ve n a n ce  o f  B ryopsis hyp
noides  and the  unde te rm ined ,  in t roduced  sp ec ies  in th is  genus. 
The genus Ulva  is la rge ly  u n kno w n , a l though  Hayden and W a a -  
land (2004) analyzed severa l  Cali fornia spec im ens.  Ulva pertusa  
K je l lman, c ons idered  an invasive in the  Thau Lagoon (Ver laque 
e ta l., 2002), has been repor ted  f rom  Cali fornia (Hayden &  W a a -  
land, 2004) and Baja Cali fornia (A gu i la r-R osas  e t al., 2008) but it 
is no t know n  w h e th e r  th is  sp ec ies  is native o r  in t roduced. Ulva 
conglobata  K je l lman, a lso native to Japan ,  China and Korea, w a s  
ident i f ied  a t t h e  Farallón Is lands w e s t  of San Franc isco  (C. Tanner,  
pe rsona l  com m u n ica t io n ) ,  but its iden t i ty  needs to be con f i rm ed 
w i th  m o le cu la r  methods.
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M a g g s  and W a r d  (1996) sugges t  th a t  the  Ja p a n e s e  spec ies  
Pikea yosh iyaki M a g g s  &  W a r d  o c c u rs  in sou the rn  Cali fornia; 
fu r th e r  co l le c t io n s  and s tudy  are ca l led  fo r ,  espec ia l ly  s ince  the 
native sp ec ies  in the  genus needs fu r th e r  de l inea t ion  (M a g g s  &  
W a rd ,  1996). This l ist w i l l  con t inue  to g ro w  as more quest ions  
a b ou t  sp ec ies  ident i t ies  and ranges  arise.

Based on pa tte rns  of in t roduc t ions  in o th e r  parts  o f  the 
w o r ld ,  it is v e ry  p robab le  th a t  more s e a w e ed  spec ies  w i l l  be in 
t r o d u ce d  to  the  Ca l i fo rn ias (Table 3). M a n y  o f  these  (Grateloupia  
asia tica  K a w a g u c h i  &  W a n g ,  G rateloupia subpectina ta  Holmes, 
G rateloupia im bricata  Holmes) have been repo r ted  in the  Thau 
Lagoon (Ver laque e ta / . ,  2002; V e r laque  e ta / . ,  2005). Grateloupia  
im bricata  has rece n t ly  been ident i f ied  in the  Canary Is lands (Gar- 
c ía -J im énez  e ta l.,  2008) as we l l .  Heterosiphonia  ja pon ica  Yendo 
{“ Dasysiphonia sp.") is an aggress ive  invasive spec ies  in Europe 
(Husa &  Sjotun, 2006) and, v e ry  recen t ly ,  in Rhode Island (S ch 
neider,  2010). W h i le  th is  sp ec ies  has been repo r ted  in Cali fornia 
(A bbo t t  &  Ho l lenberg , 1976), the  aggress ive  s tra in is appa ren t ly  
absent.

Introductions and c lim ate  changes. It is a lso read i ly  app a re n t  
th a t  m any  o f  the  in t roduc t ions  repo r ted  here are re c e n t  (this does 
not exc lude  the  poss ib i l i ty  o f  h is to r ica l  in t roduc t ions  o f  w h a t  w e  
n o w  c o n s id e r  c ryp to g e n ic  species) . M o s t  in t ro d u c t io n s  have o c 
cu rred ,  o r  been de tec ted ,  s ince the  1970s, and many in the  last 10 
years .  A re  the  num bers  of in t ro d u c t io n s  h igher than  before? Are  
th e y  a response  to n e w  c l im a t ic  cond i t ions?

Lom entaria hakodatensis, Sargassum  m uticum  and perhaps  
Cutleria cy lind rica  are p robab ly  the  ear l ies t  in t roduc t ions  to  the 
Cali fornias. It is im poss ib le  to t ra c e  the  date o f  the  in t roduc t ions  
o f m os t  o f  these  spec ies ,  e spec ia l ly  the  t in y  ep iphy tes  and f i la 
ments. There  is long t rad i t ion  o f  o ys te r  cu l tu re  on the  w e s t  coas t  
o f  N orth  A m e r ic a  (Beat t ie ,  1982; M in e u r  e t al., 2007). Severa l in 
t ro d u c t io n s  can be l inked to o ys te r  m ar icu l tu re  (Sargassum m u ti
cum, Neosiphonia  harveyi, G rateloupia lanceolata, Caulacanthus 
ustu latus, Gelidium vagum, Ceramium kondoi) but w e  do not kn o w  
if these  are p r im ary  in t roduc t ions  f rom  As ia  or s e co n d a ry  ones 
f rom  W a s h in g to n  o r  Br i t ish Columbia, Canada o r  Europe. Presum-

T a b le  3. S o m e  e x a m p le s  o f  s p e c ie s  t h a t  a re  l ik e ly  to  b e  in t r o d u c e d  
to  C a li fo r n ia ,  U S A , a n d  B a ja  C a li fo r n ia ,  M e x ic o  in  th e  fu tu r e .

R h o d o p h y ta  (R ed  A lg a e )

Grateloupia asiatica  K a w a g u c h i e fW a n g

Grateloupia subpectinata  H o lm e s

Grateloupia imbricata  H o lm e s

Heterosiphonia japonica  Y e n d o  ( " Dasysiphonia s p . "  in v a s iv e  
s t ra in )

Womersleyella setacea  ( H o lle n b e r g )  R.E. N o r r is

ab ly  the  rest of these  in t roduc t ions  can be a t t r ibu ted  to in te rn a 
t iona l  sh ipp ing  and subse q u e n t  sp read  via loca l c ra f t  o r  na tura l 
d ispersa l ,  espec ia l ly  those  o c cu r r in g  at some d is tance  f rom  in te r 
nat iona l  ports  (W asson  e ta l., 2001; Zabin e ta l.,  2009).

The inc rease  in in te rna t iona l  sh ipp ing  in the  20th c e n tu ry  and 
the  opp o r tun i ty  fo r  spec ies  to move via ba l las t  w a te r  o r  hull f o u l 
ing are w e l l  es tab l ished  (Carlton &  Geller, 1993). Ca l i fo rn ia 's  large 
in te rna t iona l  ports  in San F ranc isco  B a y a n d t h e  Los A n g e le s  area 
hos t a s teady  s tream of sh ips f rom  all ove r  the  w o r ld .  A l th o u gh  
the  por t  o f  Ensenada, Baja Cali fornia is no t large, dur ing  the  last 
tw o  d e c ad e s  the  t ra f f ic  o f  cargo sh ips f rom  A s ia n  coun t r ies  and 
large to u r is t  boats  f rom  Los A n g e le s  and San Diego has inc reased  
d ram a t ica l ly ,  as has the  poss ib i l i ty  o f  the  in t roduc t ion  and es tab 
l ishm en t o f  nonna t ive  spec ies. The v e c to rs  are in p lace.

A c c o rd in g  to  Carl ton (1996b), severa l  p ro ce sse s  mediate 
invas ions, inc lud ing  cha ng e s  in do n o r  and re c ip ie n t  reg ions, " i n 
vas ion  w in d o w s "  in re c ip ie n t  reg ions  w h e n  c ond i t ions  are r ight 
(e.g., ava i lab le  n iche) fo r  the  e s tab l ishm en t o f  an in t roduced  s p e 
c ies, and s to ch a s t ic  inocu la t ion  events. Severa l  au tho rs  have p ro 
posed th a t  c l im a te  change  has d i re c t  e f fec ts  on these  fac tors .

O cch ip in t i -A m bro g i  and Savini (2003), using exam p les  from 
the  M e d i te r ra n e a n  and B la c k S e a  reg ion, emphasize  the  e nv i ron 
m enta l s ta tus  o f  the  rec ip ie n t  area as a p re requ is i te  fo r  the  s u c 
cess fu l  e s tab l ishm en t o f  non-na t ive  spec ies. The sp read o f  Caul
erpa tax ifo lia \n  the  n o r th w e s te rn  basin o f  the  M e d i te r ra n e a n  Sea 
w a s  fa c i l i ta te d  by the  ins tab i l i ty  of the  endem ic  Posidonia oce
an ica  (L.) Deli le c o m m u n i ty  due to both na tura l and an th ro po g e n ic  
s tressors .  S im ilar ly , the  main land  coas t  in sou thern  Cali fornia has 
been seve re ly  s tressed by de ve lo p m e n t  and po l lu t ion , v e ry  pos 
s ib ly  a l low in g  the  b loom of Caulacanthus ustulatus, c u r ren t ly  a 
d o m in a n t  in the  uppe r in te rt ida l zone w h e re  it w a s  h is to r ica l ly  
absent.

Experim ents  w i th  native and non-na t ive  tu n ica te s  by Sta- 
c h o w ic z  e ta l. (2002) ind ica ted  th a t  the  g re a te s t  e f fec ts  o f  c l imate  
change  on b io t ic  c o m m un it ies  is due more to  chang ing  maximum 
and m in imum te m p e ra tu re s  ra the r  than  d i f fe ren t  annua l  means. 
In t roduced  sp ec ies  re c ru i t  and g ro w  ear l ie r  re la t ive to  native 
spec ies ,  sh if t ing  dom in a n ce  to non-na t ive  spec ies.  The ser ies 
o f  ENSO (El Niño/La N iña -S ou the rn  Osc i l la t ion) events  a long the 
w e s t  c o a s t  in the  last 30 y e a rs  w a s  rem arkab le ,  w i th  e spec ia l ly  
large s w in g s  in te m pe ra tu re  in 1983-4 and 1998-9. These d ram a t ic  
te m p e ra tu re  sh if ts  may have opened  an " inva s io n  w in d o w "  fo r  
sp ec ies  th a t  may have fa i led  to estab l ish in the  past, and may a c 
c o u n t  fo r  the  re c e n t  l ist o f  n e w  in t roduc t ions .

W h i le  te m p e ra tu re  is one o f  the  s t ro ng e s t  s igna ls  o f  c l im ate  
change ,  and may be p red ic ted  to  in f luence  sp ec ies  ranges by 
pushing cool te m pe ra te  sp ec ies  north and encou ra g in g  the  es
ta b l is h m e n t  o f  w a rm  te m p e ra te  non-na t ive  spec ies,  Harley  e t al.
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(2006) p re d ic t  th a t  c l im a te  change  w i l l  br ing e f fec ts  th a t  are  more 
c o m p le x  and subtle . They cite changes  in ocean  c h e m is t ry  th a t  
w i l l  a f fe c t  the  s t ruc tu re  of m any  c a rb o n a te -d e p e n d e n t  spec ies, 
ch a ng e s  in ocean  c i rcu la t ion  th a t  w i l l  a f fe c t  the  t r a n sp o r t  o f  prop- 
agu les, changes  in co m m u n i ty  in te rac t ions ,  e spec ia l ly  p reda tors  
and herb ivo res  th a t  w i l l  a f fe c t  food  w e b s ,  and p ressures  on key 
s p ec ies  th a t  w i l l  have co m m u n i ty -w id e  consequences .  A lo n g  the 
w e s t  coast ,  a l te ra t ions  in the  Cali fornia C urren t and pa t te rns  of 
seasona l u p w e l l ing  cou ld  nega t ive ly  a f fe c t  the  kelps th a t  depend 
on the  nu tr ien ts  c h a ra c te r is t ic  o f  co ld w a te r .  These ecosys tem  
e ng inee rs  prov ide hab i ta t  fo r  w h o le  com m un it ies .  During  strong 
ENSO events , even the  re la t ive ly  sho r t - te rm  dem ise  of kelp f o r 
ests is s tunn ing , and re co ve ry  can be s low , espec ia l ly  if he rb i 
vo res ,  such  as u rch ins ,  are  com m on. The long- te rm  loss o f  key 
co m m u n i ty  p layers  (kelps, cora l l ine  a lgae, im po r tan t  herb ivores) 
c o m b ined  w i th  d e c im a t ion  o f  key p reda to rs  due to overf ish ing , 
w o u ld  su re ly  open  up oppo r tun i t ie s  fo r  in t roduced  sp ec ies  th a t  
have been unab le  to estab l ish  in the  past. Curren t ly  in Cali fornia 
and Baja Cal i forn ia , the  r ich  d ive rs i ty  and a b u n d an ce  o f native 
spec ies ,  e spec ia l ly  on the  w i ld  open coast ,  may be inh ib i t ing  inva 
s ions  (W asson  e ta l., 2005), but th is  may change.
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