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ABSTRACT: One hundred years ago the striped bass Morone saxatilis was introduced in the San 
Francisco Bay estuarine system from the east coast of the United States. It was part of our national 
policy at the time to transplant all potentially useful species everywhere else. The policy was 
facilitated by completion of the transcontinental railroad in 1869. As a result, the present ichthyo- 
fauna of the San Francisco Bay area is largely alien. Introduction of eastern oysters Crassostrea 
virginica resulted in the inadvertent introduction of many species of invertebrates. Identification of 
these introduced species was not realized as a problem until recently, and no one knows how many 
exotic species there are. In other parts of the world there are examples of similar introductions, e.g. 
Crepidula fornicata and Rhithropanopeus harrisi in Europe. Although it is now the policy to frown 
upon and prohibit introductions, they cannot be prevented and the process still continues, as 
witnessed by the examples of Elminius modestus in Europe and Palaemon macrodactylus in 
California. In the USA the recently developed idea of "mitigation," the artificial replacement of 
disturbed or destroyed areas by development of quasi-natural areas in compensation, has been 
accompanied, at the hands of inexperienced practitioners, by potentially dangerous introductions of 
exotic species. The assumption, for example, that cordgrass (Spartina) should be equally beneficial 
everywhere in the world has led to the disrupting introduction of potentially hybridizing species in 
New Zealand and aggressive immigrants in Oregon marshes. This situation calls for more sophisti- 
cated understanding of the role of introduced species in natural aquatic ecosystems, and a higher 
degree of competence in systematic biology. 

INTRODUCTION OF EXOTIC SPECIES 

A hundred  years ago, in Ju ly  of 1879, 132 str iped bass Nlorone saxati l is  from N e w  

Je rsey  were  p lan ted  in San Francisco Bay. This p lant ing  occurred dur ing the he igh t  of 

hydraul ic  min ing  in the Sierra N e v a d a  with  its resul t ing heavy  silt loads in the rivers and 

the bay, and about  15 years after the greatest  floods on record had  inunda ted  much  of 

Cal i fornia 's  Centra l  Val ley  and turned the bay temporar i ly  into a f reshwater  lake; it took 

hold almost  immedia te ly .  Shad (Alosa sapidissima) had b e e n  p lan ted  a few years  before,  

and many  other  species  of fish from the eastern seaboard  and the streams of the midd le  

part  of North Amer ica  were  p lan ted  in San Francisco Bay. As a result, the fish fauna, 

which  formerly consis ted mostly of salmonids,  v iviparous perch (Embiotocidae) and 
various cyprinids and suckers (Catastomidae) was  comple te ly  altered. Various freshwa- 

ter basses, sunfish and others (Centrarchidae),  catfish and all  sorts of smal ler  fry (some of 

these for mosqui to  control) now flourish in the waters  of San Francisco Bay. The str iped 
bass b e c a m e  commerc ia l ly  important,  but  in 1935 it was restr icted for sport f ishing only 

as it b e c a m e  apparent  that the stock could not support  both commerc ia l  and recrea t ional  
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fishing. Today, however,  it is suffering a s ignif icant  decline,  pr imari ly  because  of the 

al terat ions in  California 's  water  system which involve massive diversions of water  from 
the bay  to irrigate the arid lands  of the southern part of the Central  Valley and  ma in t a in  
the monstrous sewers of Los Angeles .  In addi t ion  to the diversions, there are great losses 
of eggs and  young  fish through the pumps  that supply the enormous aqueducts  (Chad- 
wick et al., 1977). At the same t ime this in t roduced stock in  California is decl ining,  the 
parent  stock on the east coast, especial ly  in  Chesapeake  Bay, is decreas ing rapidly. In 
large part  this may be due to the unrestr ic ted resort fishing, without  bag  limits. So far, 
factors which may be common to both populat ions,  such as pesticide pollution, industr ia l  
diversions, etc., have not b e e n  inves t iga ted  to ascertain if there are some causes in  
common for d imin i sh ing  stocks on both sides of the continent .  

Most of the introduct ions of fish a hund red  years ago were results of the policy of the 
Uni ted States Fish Commiss ion to popula te  the waters of the Uni ted  States with as many  
useful  or va luab le  food species as possible. The effort was made to t ransplant  fishes from 
the Pacific coast to the eastern seaboard,  especial ly the salmons, inc lud ing  various 
members  of the genus  Oncorhynchus to streams of the east coast, and  even  to the 
lowland  streams of Texas. Rainbow trout (Salmo gairdneri) and  chinook salmon (Onco- 
rhynchus tschawytscha] were successfully p lan ted  in  New Zea land  streams, but  did not 
succeed in  Chile. 

In addi t ion  to this effort to increase the supply of food fish, at tempts were made  to 
establish the eastern oyster Crassostrea virginica in  San Francisco Bay as soon as it was 
feasible to transport  them across the cont inent  after complet ion of the t ranscont inenta l  
rai l road in  1869. With this effort there also began,  apparently,  the steady influx of exotic 
inver tebra tes  hi tchhiking,  so to speak, among  the oysters. Many  of the species involved 
were not  recognized at first as in t roduced species, and  some of them may still not be. 
Lobsters were in t roduced in  the 1870's, but  they were never  heard of aga in  after be i ng  
re leased into the Pacific Ocean  at the Golden  Gate. There is still interest  in es tabl i sh ing 
Homarus in  Pacific waters, bu t  the condit ions do not seem right for it, and  such an  
in t roduct ion is be ing  discouraged in  the warmer  southern waters because  of possible 
compet i t ion with the nat ive  species of Panulirus. Carlton (1975), who has b e e n  s tudying 
the records of in t roduced species a long the Pacific coast, est imates that there may be as 
many  as 150 or 200 species of in t roduced invertebrates.  Introductions cont inue  despite 
the fact that del iberate  introduct ion of exotic species is now discouraged since some of 
them may be pests of commercial ly  va luab le  species, such as oyster drills. The little 
eastern mud  crab Rhithropanopeus harrisi was first not iced in  San Francisco Bay in  the 
late 1930's (Jones, 1940) and  an  oriental  shrimp Palaemon macrodactylus came to l ight  
sometime after 1950 (Newman, 1963). A freshwater clam from the Phi l l ip ines  was 
brought  in, probably  as bai t  at some time or another,  and  is now a pest in  the aqueducts ,  
where  it accumula tes  sed iment  and  reduces flow in  the canals. The latest addi t ion to the 
fauna  of San Francisco Bay appears  to be  a Japanese  goby, Acanthogobius flavimanus. 

Accidental  and  inadver ten t  introduct ions of mar ine  inver tebrates  into European  
waters b e g a n  early, perhaps  with the b e g i n n i n g  of t ransoceanic  voyages as early as the 
15th century. For m a n y  introduct ions we have no record, and  one, the small  mud  crab of 
nor theas tern  America,  Rhithropanopeus harrisi, was not recognized as an  immigran t  in  
Europe unt i l  the 1930's. In Europe this crab was or iginal ly  know n  as Heteropanope 
tridentatus, and  some carcinologists wonder  if it is really a nat ive Amer ican  species or an  
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amph i -a t l an t i c  spec ies  that  was  desc r ibed  first from Nor th  Amer i can  spec imens .  How- 
ever,  its recen t  expans ion  t•:the Black Sea  and  the Baltic Sea  {Pautsch & Lawinski ,  1966) 
wou ld  sugges t  that  it may  be  an immigran t  spec ies  f inal ly  t ak ing  hold.  It has  even  
r eached  the Casp i an  Sea. R. harrlsl is, as far as w e  can te l l  at this  t ime,  an  inoffensive 
introduct ion,  un l ike  the  Chinese  mi t ten  crab, Eriocheir sinensis, whose  hab i t  of bur row-  
ing  in  d ikes  and  cana ls  has  caused  m a i n t e n a n c e  problems.  E. sinensis is b e l i e v e d  to 
have  m a d e  its w a y  from China  in  the  wa te r  tanks  of ships  (Hoest landt ,  1948); it  is a 
spec ies  that  l ives  in  fresh wa te r  but  r ep roduces  in the  sea. It was  first no t i ced  about  1912 
in the  reg ion  of the  lower  Elbe a n d  Wese r  {Germany} and  has  sp read  south into France  
and nor th  into the  Gulf  of F in land.  

One  of the most  impor tan t  in t roduct ions  into European  waters  is that  of the  Amer i -  
can At lant ic  b lue  crab, Callinectes sapidus. This is a major  commerc ia l  spec ies  of the  
At lant ic  coasta l  bays  on the  Uni ted  States. It was  first no t iced  in Europe about  1901 
(Will iams,  1974), bu t  there  is no record  or ind ica t ion  of the  me thod  of how the species,  
and  other  d e c a p o d s  wi th  severa l  p l ank ton ic  larval  s tages,  made  thei r  w a y  across the 
ocean.  Ca111nectes sapldus has  b e e n  r epor t ed  at var ious  local i t ies  from D e n m a r k  to the 
Bay of Biscay, the  Med i t e r r anean ,  Adr i a t i c  and  A e g a e a n  Seas  (Holthuis,  1969). Some of 
these  records  are  p r o b a b l y  of i so la ted  occurrence  ra ther  t han  e s t a b l i s h e d  popula t ions ,  
bu t  the  immig ran t  popu la t ions  of the  b lue  crab in  the  eas te rn  Med i t e r r anean ,  e spec ia l ly  
a long  the coast  of Israel,  have  become  of economic  s igni f icance  in the  f ishery (Holthuis  & 
Gott l ieb,  1955, 1958}. There  is, inc identa l ly ,  no record  as far as I know of any a t t empt  to 
in t roduce  CalIinectes sapidus into San Francisco Bay. If the  a t t empt  was  made ,  its fa i lure  
w o u l d  ind ica te  that  wa te r  t empera tu re s  are  too low for this  spec ies  dur ing  its reproduc-  
t ive per iod;  C. sapidusrequires t empera tu re s  of 20 ~ and  above  for reproduc t ion  {Norse, 
1977). 

Whi le  one might  specu la te  that  the  emigra t ion  into Europe  from Amer i ca  by  
Callinectes sapidus might  poss ib ly  have  b e e n  ach i eved  by  the s t raying  of g rav id  females  
from Amer i ca  (which does  not, however ,  exp la in  the  coloniza t ion  of the  Medi te r ranean) ,  
the  spec tacu la r  a p p e a r a n c e  of a New Z e a l a n d  barnac le ,  Elminius modestus, in  Europe in  
1943 must  have  b e e n  m a n a g e d  by  unwi t t ing  h u m a n  intervent ion.  Voyage  t imes  from 
New Z e a l a n d  h a d  not c h a n g e d  s igni f icant ly  for a h u n d r e d  years ,  and  it appea r s  that  the  
s u d d e n  a p p e a r a n c e  of this ba rnac le  on British shores may  have  b e e n  re l a t ed  to the  
inc reased  vo lume of sh ipp ing  dur ing  World  War  II, and  consequen t ly  inc reased  number s  
of barnac les ,  thus p rov id ing  a "cr i t ical  mass"  that  e n a b l e d  e s t ab l i shment  of the  spec ies  
so far from home (Hedgpeth ,  1957a). Six spec ies  of ba rnac le s  not  p rev ious ly  r eco rded  in 

New Zea l and  were  iden t i f i ed  among  the foul ing organisms  on an  oil  p la t form con- 
s t rncted in O s a k a  J a p a n  and  f loated to N e w  Z e a l a n d  (Foster & Wil lan,  1979). 

Many  in t roduct ions  of A m e r i c a n  inver tebra tes  into European  waters  can be  at t r ibut-  
ed  to the  in t roduct ion  of oysters, as in San Francisco  Bay. The  spec ies  invo lved  are  for the 
most  pa r t  a s soc ia ted  wi th  oysters  as  commensa l s  or pests,  bu t  a lmost  any  spec ies  
somehow assoc ia t ed  wi th  oysters  m a y  have  b e e n  t ransp lan ted .  Some of these  are  
i l lus t ra ted  in F igure  1. Kornicker  (1975) has  r ecogn ized  the  A m e r i c a n  ost racod Sarsiella 
zostericola as one of the spec ies  t ransfer red  wi th  oysters, and  states  that  " recogni t ion  of 
these  spec ies  is necessa ry  for correct  eco log ica l  and  zoogeograph ica l  in te rpre ta t ions ."  
The  economonic  impl ica t ions  of the  in t roduct ion  of the  assoc ia ted  s l ipper  l impe t  Crepl- 
dula fornicata have  long  b e e n  recognized .  This spec ies  t ends  to set t le  on oysters  in 
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s ignif icant  numbers ,  and  s ince  it has  s imi lar  f eed ing  habi ts ,  m a y  const i tute  act ive com- 
pe t i t ion  for food wi th  the oysters.  The oyster  dri l l  Urosalpinx cinerea l ike  the  J a p a n e s e  
oyster  dri l l  on the  Pacific coast, p reys  upon  young  oysters  and  m a y  be  a ser ious  pest .  

A n  exotic  ee l  grass, Zostera nolti, has e s t ab l i shed  itself  in  Wi l l apa  Bay, Washington .  
This species ,  wh ich  m a y  have  come from J a p a n  as seed  on oysters, is f ind ing  its p lace  on 
the ba re  in te r t ida l  surface b e t w e e n  the na t ive  Z. marina and  Salicornia. It m a y  become  
t roub lesome  in t ime,  p r e - e m p t i n g  space  w h e r e  the  p r inc ipa l  agen t  of p r imary  product i -  
vi ty has  b e e n  sess i le  d ia toms wi th  a r ich secondary  produc t ion  of var ious  worms,  
de t r i tus - feed ing  snai ls  and  smal l  crus taceans .  

It is to be  no ted  that  our concern  in these  var ious  in t roduct ions  has  not  b e e n  for the 
na tu ra l  communi ty  into which  we  have  in t roduced  them, but  for the  p roduc t ion  of the 
oysters  t ransfer red  from p lace  to place.  The s igni f icance  of in t roduct ion of exot ic  spec ies  
is stil l  not  comple t e ly  unders tood,  but  often the s ide effects or co inc ident  in t roduct ions  of 
other  spec ies  of po ten t ia l  ha rm to the  env i ronment  into which  they  are  in t roduced  have  
b e e n  ignored.  However ,  the  reac t ion  and  concern  for in t roduct ion  of s e a w e e d s  d iscussed  
b e l o w  indica tes  that  we  are  b e g i n n i n g  to rea l ize  that  in t roduct ions  of exot ic  spec ies  are 
not  an  u n m i x e d  bless ing.  

S e a w e e d s  are  impor tan t  sources of iod ine  and  a lg ina te ,  an  impor tan t  p lan t  add i t ive  
and  iner t  componen t  of drugs.  The  Ch inese  have  d e p e n d e d  on Laminaria for iod ine  for 
1500 yea r s  (Neushul,  1978), a l though  it does  not  occur na tu ra l ly  on the Ch inese  coasts. In 
the last  20 years  or so the  Chinese  have  u n d e r t a k e n  cul ture  of Laminaria (using s ter i le  
stock) in  the i r  own waters  wi th  such success  that  the  y ie ld  compares  wi th  that  of the  
Macrocystis harves t  on the  Cal i forn ia  coast, and  they  expor t  it  to J a p a n  (Cheng,  1969; 
Tseng,  1975). A few yea r s  ago  the poss ib i l i ty  of t r ansp lan t ing  the g iant  ke lp  Macrocystis 
pyrifera into European  waters  on the Bri t tany coast  was cons ide red  (Perez, 1972). 
A l though  Dr. W. North, who has  had  cons ide rab le  exper i ence  wi th  expe r imen ta l  p lant -  
ing  of this  spec ies  in its home waters ,  was  of the  op in ion  that  it could  not  be  na tu ra l i zed  
in Europe,  oppos i t ion  to the  i dea  was  vehement ;  Russell  (1978), for example ,  u r g e d  that  
in t roduct ion  of Macrocystis "should  be  res is ted ."  Eviden t ly  this oppos i t ion  was  in sp i r ed  
in par t  by  the  example  of the J a p a n e s e  Sargassum muticum, which  has  become  
na tu ra l i zed  in British C o l u m b i a  and  the Channe l  Is lands  off the Cal i forn ia  ma in l and ,  
and  has  r ecen t ly  a p p e a r e d  a round  the Isle of Wigh t  and  is soon expec t ed  on the British 
main land .  

Domest ica t ion  of s eaweed ,  e spec ia l ly  the  la rge  kelps ,  in the  sense  of cu l t iva t ing  
crops of k n o w n  gene t i c  composi t ion,  appea r s  to be  on the w a y  (Neushul,  1978; Sanbon-  
suga  & Neushul ,  1978). These  workers  have  d e v e l o p e d  s ter i le  hybr ids  of Macrocystis and  
Pelagophycus; such hybr ids  if commerc ia l ly  successful  wou ld  - or should  - calm some of 
the  oppos i t ion  to domes t i ca t ion  of s e a w e e d s  in ext ra ter r i tor ia l  waters .  As M. Neushu l  
r emarks  (in lit.) the  use  of s ter i le  hybr ids  "wou ld  be  a very  safe w a y  to enhance  macro-  
a lga l  mar icu l ture ."  However ,  accord ing  to Dr. W. North  (in lit.) the French  h a d  p l a n n e d  
to use  s ter i le  p lan ts  (not hybrids) ,  but  this d id  not  reassure  crit ics of the  scheme.  

UNPLANNED IMPACTS 

Anothe r  ca tegory  of in t roduct ions  is that  resu l t ing  from man ' s  r e m o d e l i n g  of the 
ea r th  to suit  his  needs .  The  most  famous and  bes t  k n o w n  e xa mple  is of course the  Suez 
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Canal .  The first canal  be tween  the Medi te r ranean  and  Red Seas was constructed in 
anc ien t  t imes from the delta of the Nile to the Gulf  of Suez; after various periods of d isuse  
it was f inally a b a n d o n e d  in  the 8th century  A.D. This canal  was ma in t a ined  by fresh 
water  from the Nile, and  consequent ly  there may have b e e n  little in te rchange  of mar ine  
fauna  be tween  the two seas. The modern  canal, completed in  1869, is a hundred  miles 
long. Unti l  recent ly the hypersa l ine  Bitter Lakes and  the fresh waters of the Nile were 
effective filters agains t  faunal  in te rchange  (Hedgpeth, 1957b); recently,  however,  the 
salt deposits of the Bitter Lakes have b e e n  reduced  and  the inflow of fresh water  into the 
delta of the Nile has b e e n  reduced  by construction of the Aswan  Dam, and  migrat ions 
from the Red Sea have increased  (Thorson, 1971a, b). 

Among  the more spectacular  migrat ions  in  the last two decades has b e e n  that of the 
l izard fish Saurida undosquamis which first appeared  in  the Med i t e r r anean  in  1952. The 
popula t ion  increased  rapidly and  by 1955/56 it had become one of the important  
commercial  fishes, account ing  for 1 1 %  of the total fish landings .  The fishery for l izard 
fish increased unt i l  1959, whi le  at the same t ime that for hake Merluccius merluccius 
decl ined.  Ben-Yami & Glaser  (1974) have associated this popula t ion  surge with a 
complex in terplay  of physical  and  ecological  factors, though they do not consider  the 
changes  in  flow and  silt load of the Nile since construction of the Aswan  Dam. Undoubt-  
edly a s imilar  in terplay  of factors accompanied  the in t roduct ion of striped bass in  San 
Francisco Bay in  1879, but  we lack the necessary information, especial ly  on in terac t ing  
species. 

The Panama  Canal  is not an  open channe l  l ike the present  Suez Canal,  bu t  an  
elaborate  system of locks that are operated by fresh water  from Ga tun  Lake (85 feet 
above sea level). This a r r angemen t  prevents  the passage of all bu t  a few hardy species, 
mostly associated with foul ing growth on vessels. The canal  is now obsolete for the 
volume of traffic and  the enormous size of modern  oil tankers,  not only because  of the 
width  of the locks, but  because  the fresh water  supply from Gatun  Lake is inadequate ,  
because  of the small  ca tchment  area, to operate the locks f requent ly  enough.  For some 
years there has b e e n  discussion of a new canal  at sea level, perhaps to the south of the 
present  canal.  The m e a n  t idal  range  on the Atlant ic  side of the Isthmus is about  a foot 
whereas  on the Pacific side it is 12.6 feet, and  the m e a n  sea level  is 30 cm higher  on the 
Pacific side. These differences will require  locks, since they would  set up currents of at 
least 2 knots in  an  open  canal;  large ships cannot  be  m a n a g e d  in  such currents in  a 
narrow canal.  

The prospect of a sea- level  canal  of some sort across the Isthmus of Panama  has 
s t imula ted  discussion about  possible migra t ion  of organisms from one ocean to the other. 
Briggs (1968, 1969) views this prospect with considerable  alarm, predic t ing a mass 
migra t ion of Pacific species, i nc lud ing  Acanthaster planci and  poisonous sea snakes  
(Pelamis platurus) into the Atlant ic  with resul tant  competi t ion which would  "result  in  
the irrevocable loss of not  one or two but  hundreds  or even  thousands  of species" (Briggs, 
1974). The long geological  history of in te rchange  b e t w e e n  the oceans dur ing  periods 
w h e n  the cont inents  were not jo ined  by the isthmus, with the resul t ing deve lopment  of 
many  gemina te  pairs of species, suggests that Briggs' predict ions are on the drastic side. 

The concern for the biological  effects of a sea- level  canal  across the Isthmus of 
Panama  together  with the formidable eng ine e r i ng  problems of a sea- level  project have 
resul ted in  a tacit turn  to other possible al ternatives.  It has b e e n  suggested,  for example,  
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that  the  p r o b l e m  of opera t ion  of the  locks might  be  so lved  by  conver t ing  Ga tun  Lake  to a 
saIt  l ake  b y  p u m p i n g  sea  wa te r  b a c k  to ope ra te  the  locks.  This  w o u l d  of course e l imina t e  
the  f reshwater  ba r r i e r  to migra t ion ,  wh ich  so far has  p r e v e n t e d  al l  but  a few eu ryha l ine  
spec ies  from pass ing  from one ocean  to the  other  (McCosker  and  Dawson,  1975). Under  
the  p resen t  system, wi th  Ga tun  Lake  cons i tu t ing  a f reshwater  barr ier ,  some h igh ly  
eu ryha l ine  foul ing spec ies  have  pa s sed  th rough  often (Menzies,  1968}. The p roposa l  to 
convert  the  ent i re  cana l  sys tem to sea  wa te r  wi thout  any  cons idera t ion  of poss ib le  
admix tu res  of Pacific and  At lan t ic  b iota ,  is, as N e w m a n  (1972) states:  " the  i d e a  ot 
connec t ing  the t ropica l  A m e r i c a n  mar ine  b io tas  by  a s e a w a y  wi thout  an  effective 
ant ib io t ic  bar r ie r  is p re sen t ly  indefens ib le . "  The concern  over  the  p roposa l  to a l te r  the  
p resen t  r eg ime  of the  P a n a m a  Cana l  in  one w a y  or ano ther  has  g e n e r a t e d  a modes t  
vo lume of in formed scientif ic  opinion,  most  of it unfavorab le  (Rubinoff, 1968, 1970; 
SheIIey,  1968; Spr inger ,  I973). The most recen t  d e v e l o p m e n t  in the  low- leveI  cana l  
scheme (March, 1980) is d iscuss ions  b e t w e e n  J a p a n e s e  f inancia l  and  d e v e l o p m e n t  
in teres ts  and  P a n a m a n i a n  officials about  const ruct ing  such a canal ,  wi thout  locks, wes t  
of the  ex is t ing  canal .  No cons idera t ion  of env i ronmen ta l  impac t  is a p p a r e n t  in the  
reports  of these  discussions.  

For some spec ies  a cana l  wi th  its sa l in i ty  di f ferences  and  f luc tuat ing  current  pa t te rns  
acts as a "se lec t ive  bar r ie r"  as in the  case  of the  Suez Cana l  for ca lano id  copepods  and  
larval  decapods  (Kimor, 1971). The  Bosphorus acts in  a s imi lar  m a n n e r  as a na tu ra l  f i l ter  
res t r ic t ing  the pene t r a t ion  of M e d i t e r r a n e a n  forms to the  Black Sea, a l though  in this  case  
the di f ferences  in sa l in i ty  and  the  azoic  b e l o w  about  200 m are  s ignif icant  factors in the 
process.  Some e l emen t s  of the  Black Sea  fauna  are  cons ide red  to be  rel ic ts  of a "pre-  
Bosphorous"  pe r iod  (Caspers,  1968). 

The  ac t ion  of d i spe rsa l  or mig ra t ion  th rough  a cana l  or na r row p a s s a g e  involves,  in  
add i t ion  to the  p r imary  bar r i e r  of the  na r row passage ,  the  na ture  of the  sediments ,  
hydro log ica l  g rad ien t s  and  b io log ica l  factors. 

MITIGATION 

Mit igat ion ,  the  i d e a  that  u n a v o i d a b l e  or i r r epa rab le  d a m a g e  to an  env i ronment  m a y  
be  c o m p e n s a t e d  for by  u n d e r t a k i n g  some eco log ica l  ame l io ra t ion  somewhere  else as 
r e p l a c e m e n t  for the  damage ,  is a recent  concept  in env i ronmenta l  m a n a g e m e n t .  It seems  
to owe its inspira t ion,  in  par t  at  least ,  to the  prac t ice  of s tab i l i z ing  spoi l  banks  accumula t -  
ing  from harbor  and  channe l  d redg ings  wi th  marsh  p lan ts  and  u l t ima te ly  e s t ab l i sh ing  
marshes  on these  sites. This p rocedure  was  d e v e l o p e d  by  the Uni ted  States  Army Corps 
of Engineers ,  c h a r g e d  wi th  d e v e l o p i n g  harbors  and  m a i n t a i n i n g  channe ls  and  water -  
ways.  This necessi ' ty has  b e e n  m a d e  into a vir tue and  the emphas i s  now seems  to be  on 
"hab i t a t  d e v e l o p m e n t "  ra ther  than  s tab i l iza t ion  of freshly d r e d g e d  mater ia l .  The proce-  
dure  is de sc r ibed  in some deta i l  in the  Corps of Eng ineers  Techn ica l  Report  DS-78-16 
(United States,  1978). 

The concept  of mi t igat ion,  as it is now deve lop ing ,  however ,  does  not m e a n  that  
wha t  must  be  d a m a g e d  or des t royed  has  to be  r e p l a c e d  exactly,  bu t  that  some equ iva len t  
effort be  put  into es tab l i sh ing  a n e w  environment ,  or that  dona t ion  or ded ica t ion  of some 
other  p roper ty  wi l l  be  accep t ed  as a quid  pro quo. Thus a l ogg ing  company,  in exchange  
for cu t t ing  t imber  on a controvers ia l  site, migh t  ded i ca t e  some pa rce l  cut over  years  
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before  and  now suppor t ing  a good  second  growth,  or some p rope r ty  inaccess ib le  to its 
e q u i p m e n t  as "mi t iga t ion"  for the  d a m a g e  to an  env i ronmen t  of eco log ica l  or es thet ic  
s ignif icance .  In prac t ice  this  app roach  can  l e a d  to incongruous  compromises  tha t  sat isfy 
no one, an  exerc i se  not  in a p p l i e d  eco logy  bu t  in m i s a p p l i e d  ecology.  A par t i cu la r ly  
gr ievous  e x a m p l e  of this sort of "mi t iga t ion"  is the  ope n ing  up of an  old  cow pas tu re  to 
the  t ida l  waters  of H u m b o l d t  Bay, Cal i fornia ,  in  compensa t ion  for the  des t ruc t ion  of 
Wood ley  Island,  an  a t t ract ive  fea ture  of the  downtown  waterf ront  a rea  of Eureka  (the city 
on H u m b o l d t  Bay) because  of its g rowth  of t rees  and  agg rega t ions  of birds,  e spec i a l l y  
egrets ,  for a mar ina  for f ishing boats,  wi th  p a r k i n g  lots, g a u d y  hot  dog  stands,  warehou-  
ses and  the l ike.  Al l  of this  to confront ~a ci ty beau t i f i ca t ion  scheme involv ing  r e d e s i g n  of 
streets,  and  r ehab i l i t a t i on  of Vic tor ian  archi tec ture  i n t e n d e d  to insp i re  both  ci t izens and  
tourists  wi th  p l e a s i n g  vistas.  M a n  has  s ince t ime imme mor i a l  improved  upon  na ture  to 
his own taste,  and  pe rhaps  has  as of ten b e e n  gui l ty  of such j a r r ing  inconsis tencies ,  but  
the  concept  of mi t iga t ion  g ives  sanct ion  to such m i s d e e d s  in the  name  of env i ronmen ta l  
qual i ty .  It is a not ion that  should  not  be  k ind ly  rece ived ,  and  is pa r t i cu la r ly  dange rous  
b e c a u s e  it m a y  encou rage  in t roduct ions  of aggress ive  plants .  

Wi th  respec t  to m a n a g e m e n t  of coasta l  regions ,  the  most  dange rous  p lan t s  invo lved  
in  such mi t iga t ion  schemes  are  the  spec ies  of cordgrass  Spartina. Here  we  are  d e a l i n g  
not  only w i t h  de l i be ra t e  or acc iden ta l  introduct ions,  bu t  wi th  wha t  a ppe a r s  to be  a 
spon taneous  hybr id .  Cordgrass  is most  charac te r i s t i ca l ly  found on sal t  mar sh l ands  of the 
eas t e rn  Uni ted  States  and  Gulf  coasts. It does  not  occur  na tu ra l ly  in N e w  Zea land ,  whe re  
it has  b e e n  in t roduced,  or a long  the nor thwes t  coast  of the  Uni ted  States  and  Canada ,  
a l though  it has  b e e n  recen t ly  in t roduced  in at  l eas t  one p lace  in Oregon.  It is not  a major  
m a r s h l a n d  p l an t  in most  locat ions  of Cal i forn ia  except  t he  bays  south of Los Angeles .  
Spartina foliolosa, the  spec ies  occurr ing  in San Francisco  Bay and  nor thwards ,  m a y  be  a 
souveni r  of Span i sh  colonia l  t imes,  w h e n  the p r inc ipa l  forage  p lan t s  of the  Cal i forn ia  
lowlands  and  hi l l s ides ,  the  wi ld  oat  Arena fatua, the  bur  c lover  Medicago hispida and 
the  f i la ree  l~rodium moschatum and  E. circutatium a long  wi th  the  ye l low mus ta rd  
Brassica campestris (and severa l  o ther  spec ies  of mustard)  were  in t roduced  from Spain.  

Spartina foliolosa in San  Francisco  Bay does  not  s eem to be  as aggress ive  a spec ies  
as those  of eas t e rn  marsh lands ;  ce r ta in ly  the  ev idence  sugges t s  it  is more  subjec t  to 
control  by  hyd rog raph i c  condi t ions  than  by  eco log ica l  in terac t ion  wi th  other  species .  It 
also seems  to be  less p roduc t ive  than  Spartina spec ies  of the  southeas t  At lan t ic  marshes ,  
pe rhaps  more  s imi la r  in this  respec t  to the  Spartina of Engl ish  marshes  (Mahal l  & Park,  
1976). Net  p roduc t ion  of Spartina alterniflora m a y  be  as much  as 17.8 tons p e r  acre  u n d e r  
cer ta in  condi t ions  as c o m p a r e d  wi th  14.7 tons pe r  acre  for H a w a i i a n  sugar  cane  and  5.7 
for an  A m e r i c a n  corn f ie ld  (Odum, 1974). Sugges t ions  that  this  p roduc t ion  may  in turn be  
a s igni f icant  par t  of the  nut r ien t  budge t s  of coas ta l  waters  (as d i s t i ngu i shed  from that  
r ecyc led  in the  marsh  itself) are  ev iden t ly  somewha t  opt imis t ic  (Haines,  1975). 

On the  Pacific coast, e spec ia l ly  in Cal i fornia ,  w h e r e  it is obvious  that  mar sh lands  (or 
in the b roade r  sense  "wet lands" )  b e c a u s e  of thei r  compara t ive ly  smal l  size are ins ignif i -  
cant  contr ibutors  to the oceanic  f isher ies  of coasta l  waters ,  it  is sugges t ed  that  t hey  are  
unneces sa ry  for pro tec t ion  of f isher ies  and  that  therefore  the  bes t  use  of t hem is to 
convert  t hem to boa t  harbors ,  e spec ia l ly  for r ec rea t iona l  boats.  This a t t i tude  be t rays  
ignorance  of the  funct ion of w e t l a n d s  wi th in  the  b a y  systems,  e spec ia l ly  of ba re  t ida l  
fiats. The  w a d d e n s  of the  North  Sea  and  the m u d  flats of San  Francisco Bay are  both  
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s ignif icant  reg ions  for secondary  product iv i ty  as demons t ra t ed  by  the work  of Wolff 
(1977) and  Nichols  (1977) and  it seems  obvious that  in jud ic ious  p l an t ing  of Spartina, 
espec ia l ly  of in t roduced  species,  should  be  avo ided  as a po ten t ia l  dange r  to ecosys tems 
of the  t ida l  flats. 

The British spec ies  is Spartina maritima. Accord ing  to the  summary  by  H u b b a r d  
(1965), the  Amer i can  S. alterniflora was first co l lec ted  in Engl i sh  marshes  in 1829, bu t  it  
was  p r o b a b l y  p resen t  severa l  yea r s  before  that  t ime.  As ear ly  as 1870 a hybr id  b e t w e e n  
these  spec ies  (not then  r ecogn ized  as such) was  d i scovered  and  n a m e d  S. townsendi. The 
occurrence  and  sp read  of this hybr id  has  b e e n  doc ume n te d  for Poole Harbour  where  it 
was col lec ted  in  1899, but  it was  appa ren t ly  p resen t  at  leas t  as ear ly  as 1887. In any 
event,  the  p lan t  sp read  th roughout  Poole Harbour  and its obvious success  as a colonizer  
of t ida l  flats and  pro tec t ion  aga ins t  eros ion and  an  agen t  for l and  rec lamat ion  l ed  to its 
in t roduct ion  in m a n y  other  par ts  of the  wor ld  (Goodman et al., 1959). D u r i n g  the la te  
1920's S. townsendi was in t roduced  in  Germany ,  D e nma rk  and  remote r  local i t ies ,  
i nc lud ing  Aus t ra l i a  and  New Zealand,  whe re  it was  w e l c o m e d  at  first as a useful  p lan t  
(Harbord,  1949). However ,  its r ap id  sp read  in the Avon-Hea thco te  es tuary  near  Christ-  
church has  e n d a n g e r e d  areas  u t i l i zed  by  bi rds  and  th rea tens  to r educe  the  wa te r  surface 
a rea  of the  bay,  and  it has  b e e n  dec l a r ed  a "noxious  w e e d "  in N e w  Z e a l a n d  (G. A. Knox, 
in lit.). 

In a n u m b e r  of p laces  in Eng land  its aggress ive  growth has  r equ i r ed  r e m e d i a l  
action. In other  regions ,  after a p p a r e n t  success,  it  has  s tar ted  to "d ie  b a c k "  which  
sugges ts  that  de l ibe ra t e  r ec l ama t ion  projects  u t i l i z ing  this p lan t  m a y  have  a dub ious  
future (Goodman et  al., 1959). 

The hybr id  Spartina is obvious ly  not  an  u n m i x e d  bless ing,  and  m a y  at bes t  be  an  
un re l i ab l e  p lan t  for r ec lamat ion  purposes  in the  long run  w h e n  it is not  a dange rous ly  
aggress ive  immigrant .  Ano the r  eas te rn  species ,  Spartina patens, was in t roduced  at the  
mouth  of the Sius law Is land in Oregon,  whe re  it is appa ren t ly  r ep l ac ing  the na t ive  Carex 
lyngbyia (Dr. P. P. Rudy, pe r sona l  communicat ion) .  This is not  a hybr id  species ,  and  m a y  
in the long run  turn  out  to be  a more  ser ious in t roduct ion,  for even  if it should  d ie  back ,  
d i s rupt ion  of the  na t ive  flora and its assoc ia ted  faunal  complex  have  a l r eady  occurred.  In 
San Francisco Bay one not too we l l - in fo rmed  consul tant  p l a n t e d  both  Spartina maritima 
and S. alterniflora as par t  of a m u d  flat s tab i l i za t ion  project ,  thus es tab l i sh ing  the 
po ten t ia l  for fresh hybr id i za t ion  to p roduce  S. townsendi (Dr. H. T. Harvey,  in lit.). It is 
my u n d e r s t a n d i n g  that  some effort has  b e e n  made  to uproot  the  offending introduct ions;  
it is ea rnes t ly  to be  h o p e d  that  San Francisco Bay, wi th  all  its p resen t  t roubles,  wil l  not 
have  to endure  a repe t i t ion  of the Engl ish  and  New Z e a l a nd  exper iences .  

CONCLUDING REMARKS 

In gene ra l  our expe r i ence  wi th  in t roduc ing  exot ic  spec ies  of mar ine  and  es tuar ine  
an imals  and  p lan ts  has  b e e n  that  those  we  w a n t e d  to es tab l i sh  in a n e w  env i ronment  
have  not  succeeded ,  whi l e  spec ies  thai: are  harmful  to na t ive  spec ies  or eco log ica l ly  
d i s rup t ing  have  succeeded  al l  too well .  Oysters  may  grow wel l  in s t range  waters ,  but  
they  usua l ly  do not  r ep roduce  and  requi re  constant  imports  of fresh stock, or must  t~e 
sus ta ined  by  ha t che ry - r ea r ed  larvae.  Na tura l  r eproduc t ion  has  occurred spon taneous ly  
wi th  J a p a n e s e  oysters  in British Columbia ,  but  this  is an except ion,  and  it was  not 
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p lanned .  All at tempts to establ ish Atlant ic  lobsters in  the nor theas tern  Pacific have 
failed. The spectacular  success with shad, str iped bass and  m a n y  other fishes into San 

Francisco Bay and  its fresh water  t r ibutaries may be more an  indica t ion  of a d is turbed 
es tuar ine  env i ronment  with avai lable  niches  for colonizat ion than  of in t roduct ion into an  
in tegra ted  ecosystem in  a s teady state condition. The spontaneous  accl imat ion of the 
b lue  crab Callinectes sapidus is a happy  example  of a va luable  species that succeeded 
without  apparen t  h u m a n  intervent ion.  Here again,  however,  it may represent  coloniza- 
t ion of an  unoccup ied  niche.  

In most of these examples  of in ten t iona l  or accidental  introduct ions we have no clear 
evidence  of the effects of the introduct ion on other species, for the most part  because  we 
have no adequate  base l ines  of pre- in t roduct ion condit ions for eva lua t ing  the impact  of 
the introductions.  This is par t icular ly  true for the case of San Francisco Bay. The effects 
of the in t roduct ion of p lants  l ike Spartina and  Zostera on sed imenta t ion  and  consequent  
al terat ion of hydrographic  regimes a re  almost immedia te ly  apparent ,  bu t  some introduc- 
ed inver tebrates  may survive for many  years after their int roduct ion before producing  
obvious populat ions.  Eriocheir sinensis and Rhithropanopeus harrisi appear  to be 
examples  of this in  European  waters. 

In Europe, where  the flora and  fauna  are fairly wel l  known,  the presence  of 
in t roduced species may be not iced almost immediate ly ,  or at least perhaps  wi th in  a 
decade of introduction.  In regions where  the biota  is not adequate ly  known,  introduc- 
tions may be unno t i ced  for m a n y  years. Of course it may be said, in  v iew of the n u m b e r  of 
cosmopolitan,  pantropical ,  circumboreal ,  etc., species and the catastrophes of sea- level  
changes,  volcanic upsets, shift ing rivers and  the like, that man ' s  activities are insignif i -  
cant contr ibut ions to long- term natura l  processes in f luenc ing  distribution. Perhaps so, 
but  at the same t ime premature  introduct ions without  the accompan iment  of such 
physical  changes  may accelerate changes  in ecosystems that will  u l t imate ly  affect man ' s  
dependence  on the productivi ty of coastal waters. Provoking Mother Nature is a risky 
business.  

Detect ion of new  addit ions to mar ine  and  es tuar ine  biota and of the changes  they 
may precipi tate in the endemic  biota  calls for a h igh level  of survei l lance and  compe- 
tence in  systematic biology and  an  adequate  staff in  museums  and conservat ion agencies  
to review collections and  detect a l ien  species. Adequa te  and  accurate species lists may 
well  be the most impor t an t  data bases for implementa t ion  of all  our env i ronmenta l  
concerns, as Slobodkin  et al. (1980) suggest,  for without  a clear knowledge  of what  we 
are dea l ing  with, models  and  elaborate  food web diagrams have little mean ing .  A 
vigorous, aggressive migran t  into the system may inval idate  our concepts of the status 
quo and  require  reconsiderat ions of m a n a g e m e n t  and  protective procedures.  
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