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ABSTRACT: The green alga Codium fragile ssp. tomentosoides (Chlorophyta) has been introduced 
accidentally and successfully from Japan  to many shores of the northern and southern hemi- 
spheres, including those of the Northeast and Northwest Atlantic Ocean. On most European coasts, 
Codium occurs regularly but at low abundances  in the intertidal zone and is absent  from subtidal 
habitats, tn contrast. Codium is extremely abundan t  in subtidal kelp beds in the Northwest  Atlantic 
Ocean where it often reaches nuisance proportions. This differential success cannot  be accounted 
for by either the properties of the invader or by physico-chemical differences be tween  invaded 
coasts. A theoretical comparison between two regions on opposite sides of the Atlantic Ocean, i.e. 
Eastern Nova Scotia, Canada,  and south central  Britain, illustrates how the resident benthic com- 
munity may determine the difference in relative abundance  of Codium in subtidal  habi tats  be- 
tween northeast  America and Europe. In this review, low floral species diversity, biological distur- 
bance and facilitation by a previous species invasion are suggested as potential factors for the es- 
tablishment,  success and abundance  of Codium in the Northwest Atlantic Ocean, but these require 
testing in field experiments.  

I N T R O D U C T I O N  

S t u d i e s  of t h e  eco logy  of s p e c i e s  i n t r o d u c t i o n s  in to  n o v e l  m a r i n e  e n v i r o n m e n t s  h a v e  

o f t e n  e m p h a s i z e d  (1) t h e  p r o p e r t i e s  of s u c c e s s f u l l y  i n v a d i n g  spec ies ,  (2) t h e  c h a r a c t e r -  

is t ics  of f r e q u e n t l y  i n v a d e d  c o m m u n i t i e s  or (3) t h e  t r a n s p o r t  v e c t o r s  i n v o l v e d  in  ove r -  

c o m i n g  b a r r i e r s  of space ,  c l i m a t e  or h a b i t a t  (e.g. C a r l t o n  & Gel ler ,  1993; Ca r l t on ,  1996; 

Vermei j ,  1996). A s u c c e s s f u l  i n v a s i o n  h a s  b e e n  d e f i n e d  as  ' t he  ar r iva l ,  e s t a b l i s h m e n t ,  

a n d  s u b s e q u e n t  d i f fus ion  of s p e c i e s  in  a c o m m u n i t y  in  w h i c h  t h e y  d i d  n o t  p r e v i o u s l y  

ex i s t  in  h i s to r i ca l  t ime '  (Car l ton ,  1989) a n d  s imi l a r l y  as  ' t h e  g e o g r a p h i c a l  e x p a n s i o n  of a 

s p e c i e s  in to  a n  a r e a  no t  p r e v i o u s l y  o c c u p i e d  b y  t h a t  s p e c i e s '  (Vermei j ,  1996). V e r m e i j  

(1996) d i f f e r e n t i a t e s  b e t w e e n  t h r e e  s u c c e s s i v e  s t a g e s  of i nvas ion ,  i.e. a r r iva l ,  e s t a b l i s h -  
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Table 1. Properties of potentially successful biological invaders according to Lodge (1993) and their 
applicability to Codiam fragile (ssp. tomentosoJdes) 

Properties of 
successful invaders  
(Lodge, 1993) 

Applicability to Codium fragile 
(ssp. tomentosoides) 

References 

R-selected traits 

High dispersal rate 

Single parent  
reproduction 

Negative 
reproduction 

High genetic  
variability 

Phenotypic plasticity 

Large native range  

Eurytopy 

Probably high reproductive output, ? • 
high growth rates under  favourable 
conditions, no true ruderal  species 
but stress tolerator or competitor 

Several dispersal mechanisms:  ? • 
(1) gametes,  (2) adults, (3) frag- 
ments  of adults 

Parthenogenesis  of female gametes  + 

Human 
commensal ism 

Regrowth from (1) adults, (2) frag- + 
ments  and (3) individual utrictes 

High intrageneric morphological  and + 
genetic diversity; high intraspecific 
diversity (seven) subspecies  of 
Codium fragile worldwide) 

Different morphologies be tween + 
geographic  regions 

Pacific and Subantarct ic  Oceans + 

Intertidal and sublittoral habitats; + 
exposed and protected shores 

Potyphagy Capabili ty of utilizing various + 
nitrogen sources (nitrate, nitrite, 
ammonium, urea) 

Not applicable 

Ramus, 1978; Ramus & 
Venable, 1987 

Fralick & Mathieson,  
1972; Dromgoole, 1982; 
Burrows, 1991 

Churchill & Moeller, 
1972; Fralick & Mathie- 
son, 1973; 1-1anisak, 
1979; Burrows, 1991 

Fralick & Mathieson, 
1972; Ramus, 1972 

Trowbridge, 1995, anti 
references therein; 
Silva, personal  com- 
municat ion 

Burrows, 1991 ; 
Silva, 1992 

Silva, 1955 

Silva, 1955; Carlton & 
Scanlon, 1985; 
Burrows, 1991; 
Trowbndge,  1995 

Hanisak, 1979 

m e n t  a n d  i n t e g r a t i o n ,  of w h i c h  t h e  l a t t e r  i n c l u d e s  e c o l o g i c a l  l i nks  w i t h  o t h e r  s p e c i e s ,  as  

we l l  as e v o l u t i o n  in  t h e  r e c i p i e n t  c o m m u n i t i e s .  

T h e s e  d e f i n i t i o n s  c o v e r  a w i d e  r a n g e  of ' s u c c e s s '  a n d  i n t e g r a t i o n  of a b i o l o g i c a l  

n e w c o m e r ,  i.e. t h e y  i n c l u d e  s p e c i e s  w h i c h  a r e  r a r e  or m o d e r a t e l y  a b u n d a n t  in  t he  n e w  

e n v i r o n m e n t ,  as  we l l  as s p e c i e s  w h i c h  b e c o m e  p e s t s  b y  s p r e a d i n g  at  h i g h  r a t e s  a n d  de -  

v e l o p i n g  in to  l a r g e  p o p u l a t i o n s .  F e w  s p e c i e s  i n t r o d u c t i o n s  h a v e  a s t r o n g  i m p a c t  o n  t h e  

r e c i p i e n t  c o m m u n i t i e s ,  e i t h e r  b e c a u s e  t h e  n e w c o m e r s  a re  n o t  a b u n d a n t  or b e c a u s e  t h e y  

a r e  v e r y  s m a l l  a n d  i n c o n s p i c u o u s .  T h e  t e r m  ' i n v a d e r '  m a y  a l l ow  us  to d i s c r i m i n a t e  b e -  

t w e e n  i n t r o d u c e d  s p e c i e s  b e y o n d  t h e i r  s u c c e s s f u l  e s t a b l i s h m e n t :  I s u g g e s t  it b e  a p p l i e d  

to s p e c i e s  w h i c h  t h r o u g h  l a r g e  b i o m a s s  a n d  a b u n d a n c e ,  or  t h r o u g h  s t r o n g  i n t e r a c t i o n s  

w i t h  na t i ve s ,  s i g n i f i c a n t l y  a l t e r  t h e  s t r u c t u r e  a n d  c o m p o s i t i o n  of t he  e x i s t i n g  c o m m u n i t y .  
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Table 2. Codium fragile ssp. tomentosoides in the Northwest versus the Northeast Atlantic Ocean. 
Comparison of {1) invasion characteristics, (2) abiotic conditions in both regions, and {3) properties 

of potential recipient benthic commumties 

Nova Scotia Southern England 

Codium tragile ssp. tomentosoides 
Time of introduction 1989 
Habitat Low intertidal and shallow 

sublittoral zone (to 13 m) 

Size Large plants (60-70 cm max.) 

Abundance High abundance,  large beds, 
'pests'  

Growing season Highest growth rates 
July-October 

Reproduction (1) Parthenogenesis, 
(2) fertilization? 
(3) thallus budding, 
(4) fragmentation of adults 

Substratum Attachment epiphytically 
(coralline crusts, Porphyra, 
Pacus) 

1939 
Low intertidal zone 

Small plants (25 cm max.) 

Low abundance, small disjunct 
populations 

Highest growth rates 
February-June 

(1) Parthenogenesis, 
(2) fragmentation of adults? 

Attachment epilithically, 
occasionally epiphytically on 
coralline crusts 

Abiotic conditions 

Nutrients 

Temperature 

Light 

Wave exposure 

Extremely oligotrophic 

0-19 ~ (min.-max.) 

Indirect evidence: kelp 
communities from 3-22+ m 

Exposed coast with protected 
bays 

Oligotrophic to eutrophic 

5-25 ~ (min.-max.) 

Indirect evidence: kelp 
communities from 5-34 m 

Exposed coast with protected 
bays 

Recipient sublittoral 
communities 

Structure 

Floral diversity 

Realized by Codium 

Kelp forests; large brown algae 
as primary producers, sea ur- 
chins (Strongylocentrotus droe- 
bachiensis) as main consumers 

Low 

Intrageneric diversity C. fragile 
of Codium 

Intraspecific diversity 0 
of Codium 

Species composition Specific 'A' 

Not realized by Codium 

Kelp forests; large brown algae 
as primary producers, sea 
urchins (Echinus esculentus) 
as main consumers 

High; more kelp species, 
more fucoid species (canopy), 
more red species (turf/epiphytes) 

C. adhaerens, C. bursa, C. fragile, 
C. tomentosum, C. vermilara 

Sspp. atlanticum, tomentosoides 

Specific 'B' 
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There are numerous  examples of marine species which are consistent in their de- 

gree of a b u n d a n c e  and  dominance  across various novel communities.  Thus, the fucoid 
brown alga Sargassum muticum not only has become successfully establ ished on many  
European coasts after its introduction from the Pacific Ocean (Rueness, 1989), but also 

is general ly  very a b u n d a n t  and often considered a nuisance  species and thus a suc- 
cessful invader  (Schories & Albrecht, 1995, and references therein). In contrast, the 
green seaweed Codium fragile (Sur.) Hariot ssp. tomentosoides (van Goor) Silva, also 
from the Pacific Ocean,  has been  introduced successfully to European and  New Zea- 
land as well as Northwest  Atlantic shores in the sense of pe rmanen t  es tabl i shment  and 
cont inual  dispersal, but  its a b u n d a n c e  and communi ty  dominance  varies significantly 
among  these regions. Whereas C. fragile ssp. tomentosoides occurs regularly but in dis- 
tinct and genera l ly  small populations around Europe, it reaches pest proportions on 

many  shores of New England,  USA, and Nova Scotia, Canada  (Prince, 1987; Coleman,  
1996; Garbary et al., 1997; Wallentinus,  unpubl i shed  manuscript).  In this paper  I review 

the properties of Codium as a potentially successful invader  on the one hand  (Table 1), 
and  of two contrast ing recipient communit ies  on the other (Table 2), and I suggest  rea- 
sons for the differential success of Codium on the two sides of the Atlantic Ocean.  

CODIUNI FRAGILE (SUR.) HARLOT SSR TOMENTOSOIDES (VAN GOOR) SILVA 

The genus  Codium belongs to the division Chlorophyta and comprises approxi- 
mately 100 species (Silva, 1992). It is characterized by a s iphonaceous organizat ion of 
the thallus, i.e. its structural plan is based on mul t inucleate  filaments rather than indi- 
vidual cells (Fig. 1 B, C). Although the coenocytic utricles on the surface of the thallus 
are similarly a r ranged  among species, a broad range of macroscopic habits is found 
across the genus,  inc luding globose, crustose and branching  erect forms (Silva, 1992). 
C. fragile is erect and  dichotomously b ranched  (Fig. 1 A), and a cross-section of the thal- 
lus reveals the distinction be tween  the strongly p igmented  cortex of utricles and  the 
t ranslucent  central  medul la  of ex tended utricle filaments (Fig. 1 B). The only structures 
which are separated by septae are (1) utricle hairs and (2) gametangia .  Among  several  
subspecies of C. fragile, ssp. tomentosoides represents  the one which has been  most 
widely distr ibuted and  introduced to new environments ,  its origin most likely be ing 
Japan  (Silva, 1955). C. fragile ssp. tomentosoides (in short Codium hereafter) exhibits a 
variety of at tr ibutes which have been  proposed for potentially successful invaders  
(Lodge, I993; Table 1). It grows to be tween  15 and  60 cm tall as an adult  plant  (Silva, 
1955; Fralick and  Mathieson, 1972; Benson et al., 1983) and may reach even  1 m length 
(Burrows, 1991). The life cycle is simple, with monoecious adults reproducing either 
sexually or par thenogenet ica l ly  (Churchill & Moeller, 1972; Fralick & Mathieson,  1973; 
Hanisak,  1979; Prince, 1988). In both cases, the externally fertilized or the unfert i l ized 
female gamete  gives rise to a juveni le  tuft of dissociated filaments from which erect 
thalli grow unde r  favourable condit ions (Fletcher et al., 1989). Additionally, adult  Co- 
dium may dissociate into filaments in the absence  of shear forces (Ramus, 1972), and 
thallus fragments,  as well as individual  utricles, retain the potential  for rea t tachment  

and regrowth into adult  thalli (Fralick & Mathieson, 1972; Ramus, 1972). Codium is con- 
sidered perennia l  or pseudoperennia l  in that either the adult  thallus or remains  of the 
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Fig. 1. Codium fragile ssp. tomentosoides; A: habit (scale bar 4 cm), modified after Bold & Wynne, 
1978; B: cross-section of thallus branch (scale bar 1 mm), modified after Bold & Wynne, 1978; 

C: utricles with gametangia Igl (scale bar 0.5 mm), modified after Silva, 1955 

holdfast persist over several years. Thus, the species exhibits a wide morphological and 

functional plasticity. 
In a physiological sense, Codium is considered a warm temperate species with the 

opt imum water  temperature  for growth and reproduction (formation and release of ga- 
metes) at 24 ~ (Hanisak, 1979). However, growth and  reproduction - both in laboratory 
cultures and in the field - are still possible at approximately 12 ~ (Churchill & Moeller, 
1972; Fralick & Mathieson, 1973; Malinowski  & Ramus, 1973). Adults even survive win- 
ter temperatures  as low as -2  ~ (Carlton & Scanlon, 1985, and references therein). 

Light requirements  for growth of Codiurn are low in comparison with other fugitive 
green algae such as Enterornorpha sp. and  Ulva sp. (Arnold & Murray, 1980), and  satu- 
ration photon irradiance general ly  varies be t w e e n  60 and 90 pmol m -2 s -1 depend ing  on 

the associated temperature  and  daylength  (Hanisak, 1979). The thick, optically dense 
thallus of Codiurn prevents photoinhibit ion in full sunlight  (Ramus et al., 1976; Arnold & 

Murray, 1980). 
Similarly, nutr ient  requirements  are nei ther  specific nor particularly high; Codiurn 

grows equal ly well with nitrate, nitrite, a m m o n i u m  and  urea as a n i t rogen source 
(Hanisak, 1979) and it has the ability to store surplus ni t rogen for growth dur ing pen-  
ods of l imited external  supplies (Hanisak, 1979; Hanisak & Harlin, 1978). Furthermore,  
N2-fixation has been  documented  for cyanobacter ia  associated with Codium (Drom- 
goole et al., 1978); however, Gerard et al. (1990) suggest  that hardly any of the fixed ni- 

trogen is utilized by the seaweed.  
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Overall, Codium is very persistent in the face of envi ronmenta l  fluctuations, and 
grows under  a wide variety of irradiance and  nutr ient  conditions. However, in contrast 

to truly opportunistic species (e.g. UIva sp.) the trade-off in Codium for such flexibility 
lies in a comparat ively lower growth rate (Ramus, 1978; Ramus & Venable, 1987). 

INVASION HISTORY (WALLENTINUS, UNPUBLISHED MANUSCRIPT, 
AND REFERENCES THEREIN) 

Codium fragile ssp. tomentosoides was first reported in Europe in 1900 from Hol- 
land (Silva, 1955). From there it spread cont inual ly  and rapidly around the continent:  in 
1920, it occurred in Limfjorden, Denmark  (Silva, 1957) and  since then has colonized the 
Skagerrak,  Kattegat and  Danish North Sea coast (Christensen et aL, 1985). In 1930, 
Codium was discovered on Helgoland in Germany  and  since 1932 also occurs on artifi- 
cial hard substrata off the island of Sylt (Kornmann & Sahling, 1994; Schories et al., 
1997). First reports of Codium from Bohuslfin in Sweden  date back to 1938 (Silva, 1957) 
and  from Norway to 1952 (Silva, 1955). Wallent inus  (unpubl ished manuscript)  suggests 
that Codium was a b u n d a n t  after its first introduction in both Norway and Sweden,  and 
has since been  common but not dominant .  Around the British Isles, Codium started 
spreading  in 1939 when  it was introduced to Devon in southern England  (Silva, 1955). 
It moved northward to Ireland in 1950 (Silva, 1955), where  it now occurs a long the west 
and north coasts. Codium has reached southwest  Scotland, but  it is completely absent  
from the central Irish Sea (Burrows, 1991). On its way south, Codium was sighted in At- 
lantic France in 1946 (Silva, I955), in the Medi te r ranean  (from Banyuts to Marseille) in 
the 1950s (Gerbal et al., 1985; Riouall, 1985) and in nor thern  Spain in the 1980s (Perez- 
Cirera et al., 1989). There  are no records of Codium ever having spread to nu i sance  pro- 
portions in European waters, either immediate ly  after its initial introduction or later. 

In North America, the first record of Codium on the Atlantic coast was from Long Is- 
land Sound in 1957 (Carlton and Scanlon, 1985, and references therein). Codium spread 
north and south and its recent  distribution ranges  from North Carolina, USA (Searles et 
al., 1984) to Eastern Nova Scotia and Prince Edward Island (Gulf of St. Lawrence) in 
Canada  (Bird et al., 1993; Garbary et al., 1997). In the Pacific Ocean, Codium was in- 
t roduced to San Francisco Bay, USA, in the 1970s (Goff et al., 1992) and  to Auckland,  
New Zealand,  in 1973 (Dromgoole, 1975). 

The original vector of transport to Europe is unknown  for Codium; afterwards, epizoic 
transport  on oysters within Europe, and movemen t  of plants  to North America at tached 
to ships' hulls is considered most likely (Carlton & Scanlon, 1985; Wallentinus,  unpub-  
lished manuscript).  Additionally, along the east coast of North America the dispersal of 
Codium probably has b e e n  facilitated by the use of plants  as packing mater ial  in marl- 
culture as well as by individuals at tached to fishing nets  (Carlton & Scanlon, 1985). 

CODIUNI FRAGILE SSR TOMENTOSOIDES IN THE NORTHWEST 
VERSUS THE NORTHEAST ATLANTIC OCEAN (INCLUDING THE NORTH SEA) 

The variat ion in success of Codium be tween  both sides of the Atlantic Ocean  is ex- 
pressed mainly  as differential a b u n d a n c e  in the intert idal  and  subtidal zones of coastal 
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waters {Table 2). For a comparison of the recipient benthic  communit ies  of the North- 
west versus the Northeast Atlantic Ocean, I have chosen Mahone Bay in Nova Scotia, 
eastern Canada,  and the rocky coasts of southern England  (Dorset and Devon). These 
locations appear  reasonably representat ive of the biotic and abiotic conditions encoun-  

tered on either side of the Atlantic Ocean  as well as with respect to Codium abundance ,  
and they will serve as sites for a field study of the communi ty  ecology of Codium in a 
t ransat lantic  comparison. The problem of selecting a single area as representat ive for a 
coast which stretches across a wide lat i tudinal  gradient  (especially in the case of the 
Northwest Atlantic Ocean) is outweighed by the advantages  of extensive knowledge  
about  sublittoral communi ty  dynamics in Nova Scotia. The fact that the abundance  of 
Codium is uniformly high all along the eastern North American coast (Carlton & Scan- 
lon, 1985; Bird et al., 1993) as well as over large temporal scales (between 10 and 40 years 
since its first introduction, loc sit) justifies the selection of a species communi ty  towards 
one end  of the lat i tudinal  gradient  for the purpose of a transatlantic comparison. 

In Nova Scotia, Codium grows at tached in the low intertidal and shallow subtidal 
zones (Bird et al., 1993) to approximately 15 m water depth (Scheibling, personal commu- 
nication; personal observation). The plants are large (max. 50-60 cm tall) and very abun-  
dant, locally forming dense beds, and often occur within kelp communities. Codium plants 
overwinter  as adults and are thus perennial ,  a l though the growing season which is reg- 
ulated by water temperature  (Fraiick & Mathieson, 1973) extends only from approxi- 
mately June  to October. The modes of reproduction probably include (1) par thenogen-  
esis of female gametes  (Fralick & Mathieson, 1973), (2) fertilization of female gametes 
as observed in populat ions from Maine  (Prince, 1988), (3) budding  of adult  thalli and 
subsequen t  release of vegetat ive juveni les  (several centimeters in length) in the sum- 
mer (personal observation), and (4) winter  f ragmentat ion of adult thalli with potential  
rea t tachment  of fragments  (Fralick & Mathieson, 1972). Depending  on the availability 
of primary space, Codium either grows attached to rock (Bird et al., 1993) or epiphyti- 
cally on other algae such as coralline crusts, Chondrus crispus or Fucus evanescens 

(personal observation). 
In southern England,  Codiurn occurs mainly  in the low intertidal zone; only few 

records exist for subtidal  specimens (Dyrynda & Farnham, 1985). Plants reach up to 
25 cm height and  appear  in disjunct occasional populat ions (R. Fletcher & B. Farnham, 
personal communication).  Although few large populat ions exist, local a bunda nc e  is 
general ly  low. Codium populations from Bembridge (Isle of Wight) overwintered as 
small individuals  (5-15 cm), with greatest  growth rates dur ing the winter  months (Ben- 
son et al., 1983). The only reported mode of reproduction of Codium in the Northeast 
Atlantic Ocean  and  North Sea is through par thenogenes is  of female gametes  (Benson et 
al., 1983). At tachment  is usually epilithic or epiphytic on coralline crusts, either exposed 
or within tide pools of lower shore elevations (W. Farnham & R. Fletcher, personai  com- 

munication).  
Might the high a b u n d a n c e  of Codium (particularly in the subtidal zone) on North- 

west Atlantic coasts be explained by more favourable abiotic condit ions in eastern 
Canada?  This quest ion must clearly be refuted: light and  nutr ient  conditions are 
broadly similar in Nova Scotia and southern Britain (Slinn, 1966; Chapman,  1969; Chap- 
man  & Craigie, 1977; Hatcher  et al., 1977). Photon irradiance levels also are similar on 
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both coasts as e v i d e n c e d  indirect ly  by similar  dep th  dis tr ibut ion of ke lp  communi t i es  
(Kain, 1971; Tremblay & Chapman ,  1980). Any expec ted  d iscrepancies  (h igher  a ve r a ge  
wate r  tempera tures ,  h igher  ampl i tude  in var ia t ion of sea  surface t e mpe ra tu r e s  and  
compara t ive ly  eu t rophic  waters  in southern  England)  should benefi t  the  g rowth  and  
survival  of Codium, as t empera ture ,  in part icular,  is the pr imary  factor r egu la t ing  
growth  and reproduc t ion  in the species.  Never theless ,  the a b u n d a n c e  of Codium is lim- 
i ted in the Nor theas t  Atlant ic  Ocean  desp i te  potent ia l ly  more favourable  abiot ic  condi-  
tions. Thus, the phys ico-chemica l  character is t ics  of the two regions do not exp la in  the 
var ia t ion in success  of Codium. 

Alternatively,  the structure or composi t ion of the two benthic  species  communi t i es  
t a rge t ted  by biological  invaders  may  e luc ida te  why Codium is ab le  to s p r e a d  to nui-  
sance  proport ions in eas te rn  C a n a d a  but  has never  been  repor ted  in large  a b u n d a n c e  
from southern Eng land  and remains  res t r ic ted on nor theas t  Atlantic shores.  The  invasi-  
bil i ty of communi t ies  may  be faci l i ta ted by a number  of factors such as (I) d i s turbance ,  
(2) low diversi ty of nat ive species  [congener ic  with the  invader  and others), (3) absence  
of predators ,  and  (4) ear ly success ional  s tage  [Lodge, 1993). Here, I will e x a m i n e  theo-  
ret ical ly the extent  to which these  factors may  be app l i cab le  in a compar i son  b e t w e e n  
Nova Scotia and southern  England,  cons ider ing  the immense  var ia t ion in a b u n d a n c e  of 
the successful  invader  Codium. However ,  the hypo theses  put  forward  here  n e e d  to be 
tes ted  through compara t ive  field exper iments ,  especia l ly  since k n o w l e d g e  abou t  the 
communi ty  ecology of subt idal  habi ta t s  is very  l imited for the British south coast. 

In both regions (Nova Scotia and  southern  England) ,  kelp  forests are  the  preva i l ing  
communi t ies  of the shal low subl i t toral  zone (to 20 m water  depth)  (Kain, 1971; Chap-  
man, 1986). They have  a similar communi ty  s t ructure  with large brown a lgae  (Laminar-  
iales) as pr imary producers  and  urchins as major p lant  consumers  (Kain & Jones ,  1967; 
Scheibl ing,  1984, 1986). However ,  the benthic  floral species  diversi ty in the Nor theas t  
Atlantic  Ocean  is approx imate ly  threefold that  of the nor thwest  Atlant ic  O c e a n  [South 
& Tittley, 1986). This is ref lected also in southern  England  compared  to Nova Scotia in 
the grea te r  amount  of ke lp  and fucoid species  in the shal low subt idal  zone as potent ia l  
compet i tors  for Codium (South & Tittley, 1986). Also, red algal  species,  which  often 
grow epiphyt ica l ly  on Codium, are  more  numerous  in Southern  Eng land  than  in Nova 
Scotia. In t ragener ic  (Codium) and intraspecif ic  (C. fragile) diversi ty is h igh in the  British 
Isles where  there  are  five species  of Codium and two subspec ies  of C. fragile [Silva, 
1955), whereas  in Nova Scotia the  invas ive  C. fragile ssp. tomentosoides is the  only rep-  
resenta t ive  of the genus.  

As pr imary consumers  of kelps,  sea  urchins (Strongylocentrotus droebachiensis) 
regu la te  kelp  bed  popula t ion  dynamics  in the Nor thwes t  Atlantic in per iod ic  cycles 
of 10-I2  years  (Scheibling,  1986; Fig. 2). Thus, ke lp  communi t ies  shift b e t w e e n  two 
major  stages: (1) fully d e v e l o p e d  ke lp  beds  with low or modera t e  urchin densi t ies ,  and  
(2) 'bar ren  grounds '  affected by  mass ive  explos ion of urchin popula t ions  and  subse-  
quent  dest ruct ive graz ing  of all foliose macroa lgae .  Since urchins also have  been  shown 
to feed  on Codium (Prince & LeBlanc, 1992), the es tab l i shment  ( recrui tment  success)  of 
this invasive spec ies  might  be e l eva t ed  dur ing  the transit ion per iod  b e t w e e n  the two 
s ta tes ,  wh ich  is c h a r a c t e r i z e d  by  the  s i m u l t a n e o u s  a b s e n c e  of the  m a i n  p r e d a t o r  
(S. droebachiensis) and potent ia l  ke lp  competi tors .  With regard  to communi ty  invasibi l -  
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Fig. 2. Periodic cycle 110-12 years) of kelp communities in Nova Scotia (modified after Scheibling, 
unpublished). Healthy kelp community with grazing urchin population (stage 1). Increased urchin 
density and feeding aggregations graze destructively and gradually lead to barren grounds Istage 
2). Insufficient food supply of sea urchins or an infectious amoeboid disease cause sea urchin mass 
mortality and allow new kelp*, and sea urchin recruitment. The simultaneous absence of potential 
kelp competitors and predators (sea urchins) may represent a facilitative time window for Codium 

establishment 

ity, the barren state may be v iewed  as an early successional  s tage of kelp beds after se- 

vere  biological  disturbance,  and may facilitate the es tabl ishment  of invading species.  

Additionally, the preceding  recent  es tabl ishment  of the non-nat ive bryozoan/Vlem- 

branipora membrunucea in the Nor thwest  Atlantic Ocean  (Berman et al., 1992; Lambert  

et al., 1992) may have  facilitated the success of Codium by affecting its compet i t ive  in- 

teractions with kelps. M. membrunacea infests and rapidly overgrows large portions of 

the kelp blades, affecting growth and reproduct ion through e levated  winter  losses of 

kelp canopy. In contrast, Codium seems to be less fouled by the bryozoan (Scheibling, 

personal  communicat ion)  and thus may be at a compet i t ive advantage .  

In contrast to the substantial insight into the communi ty  ecology of kelp beds in 

Nova Scotia (Scheibling, 1984, 1986, 1988; Scheibl ing and Stephenson,  1984), little is 

known about  the processes and mechan isms  de termining  community  dynamics  of kelp 

beds in southern England. Whether  (1) a grea te r  floral species diversity in southern 

England or (2) the constant abundance  of sea urchin predators  (Echinus escutentus) 

prevents  the es tabl ishment  of Codium in the subtidal  zone remains to be invest igated.  

Alternatively, the key to explaining differential  abundance  of Codium on two sides of 
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the North Atlantic Ocean  might  not lie in structural communi ty  propert ies  at all, but 

rather  in part icular  biotic interactions of individual  species with the invader.  As an ex- 

ample,  the absence  of Laminaria hyperborea from the species communi ty  in Nova Sco- 

tia may be critical in comparison with southern England because  of par t icular  interac- 

tions of this kelp species with the invading Codium. Similarly, feeding habits  and thus 

the impact  of the primary predator  on Codium populat ions may differ b e t w e e n  sea 

urchin species from Nova Scotia and southern England.  Despite structural similarit ies of 

subtidal kelp communi t ies  on both sides of the North Atlantic Ocean,  the invasion suc- 

cess of Codiurn may be modified through biotic interactions at species level. 

C O N C L U S I O N  

I suggest  the following features of the non- indigenous  C. fragile ssp. tomentosoides 

or the respect ive  target  communit ies  to be responsible for the differences in abundance  

of Codium be tween  the shal low subtidal zone of Nova Scotia and southern England:  

1. The high floral species diversity in southern England compared  to Nova Scotia may 

reflect strong competi t ion pressure against  Codiurn in various stages of its life cycle, 

p revent ing  its es tabl ishment  in the subtidal  zone of Northeast  Atlantic shores. 

2. During the periodic cycle of kelp bed communi t ies  in Nova Scotia, bar ren  grounds 

are created after severe  biological d is turbance and may represent  a communi ty  

s tage which s imultaneously lacks major competi tors and predators of the invasive 

Codium. Thus, a time window is produced  in which conditions are sui table  for es- 

tabl ishment  of the int roduced species. Such periodic kelp bed dynamics  have  not 

been  repor ted  for East Atlantic coastal communi t ies  and may very well be absent,  

not a l lowing the initialization of an invasive newcomer  in the community.  

3. The previous recent  invasion of the bryozoan Membranipora membranacea may in- 

terfere with the compet i t ive  ability of kelps in Nova Scotia through the disruption of 

growth and reproduct ion of kelp species. Codium remains uninfested by the bry- 

ozoan and its success thus may be indirectly facilitated. 

4. Al though subtidal  kelp bed communit ies  are structurally similar on both sides of the 

North Atlantic Ocean,  the distinct species composit ion in Nova Scotia versus  south- 

ern England  may lead to species-specif ic  interactions b e t w e e n  Codium and con- 

sumers (competitors), particular to each  region. 
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