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ABSTRACT: Indirect evidence of the existence of long-distance dispersal of seaweeds is provided by 
the fact that mid-oceanic islands of volcanic origin are inhabited by well-developed seaweed floras 
which could reach these islands only overseas from continental donor areas. For instance, the flora of 
Tristan da Cunha (S. Atlantic Ocean) was estabhshed by long-distance dispe[sal in less than 1 
million years (the approximate age of the island); the seaweed flora of the Faeroes (N. Atlantic 
Ocean} could be constituted in less than 10,000 years (the end of the Pleistocene ice cover of these 
islands). There is no evidence for either supporting or discounting the possible role of planktonic 
stages of seaweeds (spores, propagules, zygotes) in the long-distance dispersal of seaweeds. There 
is, however, some evidence of long-distance dispersal as floating plants, or as plants attached to 
floating objects (including floating algae). There are a few examples of "artificial" long-range 
dispersal by man (possibly on ship hulls, oysters, in ballast water). Long-range dispersal of seaweeds 
does exist, but it is i~n exception rather than the rule. If it were the rule, the world's seaweed floras 
would show similar latitudinal gradients in species composition in the oceans and on both hemi- 
spheres. This is, however, not the case. 

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

So far, l o n g - r a n g e  d i spersa l  has  n e v e r  b e e n  an  ob jec t  of ser ious  r e s e a r c h  in s e a w e e d  
b i o g e o g r a p h y .  Of  course,  l o n g - r a n g e  d i spersa l  has  b e e n  the  ob jec t  of f r e q u e n t  and  

e l abo ra t e  specula t ion .  T h e  l ack  of ser ious  inves t iga t ions  on this topic  ref lec ts  t he  

m e t h o d o l o g i c a l  p r o b l e m s  wh ich  one  encoun t e r s  w h e n  one  tr ies  to t ack le  ques t ions  

r e g a r d i n g  l o n g - r a n g e  d i spersa l  in s e a w e e d s .  T h e  g r ea t e s t  p r o b l e m  is p r o b a b l y  the  

fo rmula t ion  of h y p o t h e s e s  tha t  can  be  tes ted.  

E V I D E N C E  O F  L O N G - R A N G E  DISPERSAL:  S E A W E E D  F L O R A S  

O F  V O L C A N I C  ISLANDS 

Does  l o n g - r a n g e  d i spersa l  of s e a w e e d s  exist? The  a n s w e r  mus t  be;  yes.  E v e n  t h o u g h  

the  e v i d e n c e  is ind i rec t  it is n o n e  the  less  compe l l ing .  T h e  e x i s t e n c e  of s e a w e e d  floras on 

isola ted,  m i d - o c e a n i c  vo l can i c  i s lands  is c o n v i n c i n g  e v i d e n c e  tha t  l o n g - r a n g e  d i spersa l  of 
s e a w e e d s  does  t a k e  p lace .  T h e s e  i s lands  w e r e  n e v e r  c o n n e c t e d  wi th  con t inen t a l  l a n d  

masses .  T h e y  rose  f rom the  bo t tom of the  ocean ,  a n d  the  s e a w e e d s  g r o w i n g  the re  mus t  

h a v e  c o m e  overseas .  
In Tab l e  1, I h a v e  s u m m a r i z e d  s o m e  da ta  on four  i s lands  or  i s land  g roups  on or n e a r  
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the Mid  Atlantic  Ridge, all of volcanic origin (Fig. 1). Gough  Island, Tris tan da  Cunha  and 
the Azores  arose as is lands from the Mid Atlantic  Ridge. The  two former i s lands  a r e  
approx,  one mill ion years  old; the la t ter  5'to 3 million years  old (Chamber la in  et al., 1985; 
Schmincke,  1982)�9 The Faeroes  are a leftover f ragment  of the  once cont inuous  Green-  
l and- Ice land-Sco t l and  Ridge (in Eocene, some 40 mill ion years  ago). The Faeroes  b e c a m e  
is lands in the  Miocene,  some 10 million years  ago (Nielsen, 1983; McKenna,  1983; 
Th iede  & ]~ldholm, 1983). 

Gough  Is land and  Tristan da  Cunha  are s i tuated 370 k m  from one another .  Despi te  
this proximi ty  there  are  quite distinct differences b e t w e e n  their  floras (Chamber la in ,  
1965; Chamber l a in  et  al., 1985~ Baardseth,  1941). The flora of Gough  Is land has  the 
character is t ics  typical  of the cold t empera te  cl imate of the  southern hemisphere ;  the 
Tristan da  Cunha  flora shows the mark  of a more  warm t empera t e  zone�9 This is p robab ly  
corre la ted  with the fact that  the t empera tu res  of the  surface wa te r  at  Gough  Is land are 
lower�9 Gough  Is land lies just south of the  Subtropical  Convergence ,  and  Tris tan da  
Cunha  just  north of it. 
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Fig. 1. Volcanic islands and archipelagos in the Atlantic Ocean, whose seaweed floras have been 
formed by long-range dispersal (Gough Island, Tristan da Cunha, Azores, Faeroes) and short-range 

dispersal (Surtsey) 
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The Gough  Is land flora is most  closely re la ted  with the cold t e m p e r a t e  Southeas t  
Amer ican  flora. It is imag inab le  that  species  from SE Argen t ine  and  the  Fa lk lands  
t rave l led  over  4000 km in the  Wes t  Wind  Drift  to reach  Gough Is land (Chamber la in  et ai., 
1985). At  a m e a n  current  veloci ty  of 13 km d -1 this would  t ake  them about  300 days  ( ~ 1 
year).  They  would  stay in thei r  own t empera tu re  zone. On the other  hand ,  the  flora of 
Tris tan da Cunha  is most  closely re la ted  to the  S. African flora (Baardseth,  1941; 
I-Iommersand, 1986). Species  from S. Africa would  have to reach  Tr is tan  da  Cunha  
aga ins t  the direct ion of the  currents,  or at leas t  the  p reva len t  direction. The  floras of the  
Azores  and  the Faeroes  would  also have  to be  set t led by  a lgae  t ravel l ing  aga ins t  the  
p reva len t  direct ion of the  currents  (see below). 

I have  cons idered  the quest ion whe the r  the Pleis tocene ice ages  could  have  h a d  
some influence.  Por instance:  d id  the  t empera tu res  drop to such an  extent  tha t  the  floras 
b e c a m e  par t ly  or ent i re ly  extinct? Recent  reconstruct ions of the  sea  surface t empera tu re s  
dur ing  the last  glaciat ion (McIntyre et al., 1976) do n o t  sugge s t  dis t inct ly  lower  
t empera tu res  for e i ther  Gough  Is land or Tristan da  Cunha.  This sugges t s  tha t  their  
p resen t  floras have  d e v e l o p e d  in the  course of about  1 mill ion years.  The  low n u m b e r  of 
species  in both  floras could ref lect  the  fact that  only a small  propor t ion  of the  donor  floras 
has  succeeded  in "hitt ing" the  is lands and  in es tabhshing  themselves .  

However ,  one should also consider  the spec ies -a rea  problem.  A l a rge r  a rea  (here: a 
longer  coast) can  harbour  more  species  than  a smaller  area,  a w e l l - know n  rela t ion in 
b iogeography  (for an overview, see  Brown & Gibson, 1983). Therefore,  I have  a d d e d  to 
Table  1 the spec ies  numbers  of port ions of the  p resumpt ive  donor-floras;  these  port ions 
are be t te r  comparab le  to the  i s land  floras with r ega rd  to the a rea  avai lable .  However ,  this 
p rocedure  is of course ra ther  arbitrary.  Nonetheless ,  it p revents  the  a s sumpt ion  that  a 
small  is land -,~ould in the  end  harbour  the  entire flora of the donor area.  

Table  1 suggests ,  therefore,  that  Tris tan da  Cunha is pe rha ps  n ice ly  u n d e r w a y  to 
having  a "sa tura ted"  flora, whe rea s  Gough  Is land still has room for many  more  species.  
However ,  Gough  Is land has  c lear ly  been  undersampled ;  n e w  records  will  u n d o u b t e d l y  
become avai lab le  in the  for thcoming studies of Hay  et al. (see C h a m b e r l a i n  et  ai., 1985). 

The Azores  (Table 1) differ from the previous  two is lands in their  g rea te r  age  (3 to 
5.10 e y), and  in the  much  l a rge r  a rea  avai lable  for algal  se t t lement .  None the less ,  the 
number  r ecorded  so far (Schmidt, 1931) is not  much h igher  than  that  r eco rded  for t iny 
Tristan da  Cunha.  The  flora of the  Azores  is most closely re la ted  with the  SW European-  
NW African flora. Their  a lgal  species  had  to t ravel  agains t  the  p reva len t  d i rec t ion  of the 
currents  (N. Atlant ic  Drift). 

The Pleis tocene ice ages  p robab ly  hard ly  inf luenced the s e a w e e d  flora of the  Azores.  
The Azores  were  then  not ve ry  far to the south of the polar  front, bu t  their  t e mpe ra tu r e s  
were  p robab ly  o n l y 2  to 3 ~ lower  than  they  are  now (McIntyre & Kipp, 1976; Sarnthe in  
et  al., 1982). The  Pleis tocene annual  t empera tu re  range  at the  Azores  was  s imilar  to the  
presen t  t empera tu re  r ange  on the coasts of W. Iber ia  where  most  of the  w a r m  t empera t e  
species  of the  Azores  also occur. The  la rge  majori ty,  if not all, of the spec ies  now hying  on 
the Azores  could  p robab ly  have  survived the lowered  Pleis tocene t empera tu res .  

The total  n u m b e r  of spec ies  on the Faeroes  is a round  200 accord ing  to Bergesen  
(1908), and  220 according  to Irvine (1982). The  Faeroes  as an  is land group are  much  older  
than any of the  other  examples .  However ,  in the  p resen t  context  this old age  is p robab ly  
hard ly  re levan t  at all, as the  Faeroes  were  covered by  th ick ice shee ts  dur ing  the 
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Pleis tocene glaciations.  If port ions of rocky coasts were  still avai lable  for a lgal  growth,  
only Arc t ic - to-cold- tempera te  species  could survive, i.e. species  now occurr ing on the 
coast  of Sp i t sbergen  (van den  Hoek  & Donze, 1967). This would  mean  that  ca 40 species  
of the  220 now living on the Faeroes  would  have  survived dur ing the glaciat ions.  The  
la rge  majori ty,  then, of the s e a w e e d  flora, or pe rhaps  the whole  s e a w e e d  flora of the  
Faeroes,  must  have  been  rees tab l i shed  after the  last  glaciat ion (10 000 years  ago). If one 
considers  N W  Hurope (Scotland, Norway) as the  donor-area,  d ispersal  must  have  t aken  
p lace  aga ins t  the  preva len t  direct ion of the  currents.  At  the  beg inn ing  of our century  
there  was  a ra ther  hea ted  deba t e  be tween  Bargesen,  on the one hand,  and  Porsfld and  
Simmons,  on the  other  hand,  about  the rees tab l i shment  of the Faeroes '  s e a w e e d  flora 
after the last  glaciat ion (see Borgesen,  1908). Porsild and Simmons pos tu la ted  a post-  
Pleis tocene Amer ican -European  l andbr idge  over  the  Faeroes,  whe reas  Bargesen  a rgued  
that  such a l andb r idge  exis ted much longer  ago in the Tertiary, before  the Pleis tocene.  
Borgesen demons t ra ted  that  the  actual  directions of the surface currents  were  very  
var iable  and  often opposi te  to the  p reva len t  direct ion of the currents.  One should,  in this 
context,  also consider  the role of the huge  eddies  a long the main  s t ream of the  currents  
(Pickard & Emery,  1982). 

The d is tances  to be  b r idged  by  the prospect ive  algal  inhabi tan ts  of the Faeroes  were  
compara t ive ly  small:  300 km from the Shet lands,  600 km from Norway.  Compar i son  with 
the  s e a w e e d  flora of the Trondhjemsfjord  sugges t s  that  the flora of the  Faeroes  is more  or 
less "sa tura ted" .  However ,  B~rgesen sugges ts  that  Pucus serratus is l ack ing  there  
because  it d id  not  succeed in reach ing  the Faeroes.  The reason would  be  this species '  
l ack  of f loating vesicles.  

In summary,  w e  can conclude that  oceanic  is lands receive their  floras by  l ong - r ange  
dispersal .  It seems  as if a very dis tant  i s land l ike Tristan da  Cunha  can collect  a fairly 
"complete"  flora in a per iod  of less than  ca 1 mill ion yearsl  "complete"  me a n ing  he re  that  
the  number  of species  found is wha t  one would  expec t  for the i s land in relat ion to its size. 

There  is qui te  at tractive ev idence  that  the  Faeroes  could collect a fairly comple te  
flora by  long- range  dispersal  in a t imespan  of less than 10 000 years.  The  Faeroes ,  
however ,  are compara t ive ly  close to their  donor  areas.  Similarly, there  is ev idence  that  
long- range  d ispersa l  can take  p lace  agains t  the  prevalent  direct ion of the  currents.  

A recent  example  of a volcanic is land invaded  by  a s e a w e e d  flora is the  Is land  of 
Surtsey (Fig. 1). The  s eaweed  vege ta t ion  on this isle was fol lowed by  J6nsson (1970) 
dur ing  the per iod  1964-1970, that  is from its emergence  in 1964. in 5 years,  a s e a w e e d  
flora consist ing of 25 species  had  developed.  Among  these were  Laminaria hyperborea, 
Phycodrys rubens and Desmarestia ligulata. Harly colonizers were  species  of Urospora, 
Ulothrix and  F.nteromorpha; Alaria esculenta also a p p e a r e d  as ear ly as 1 yea r  after 
emergence  of the  isle, Petalonia fascia and  Scytosiphon lomentaria were  also ear ly  
colonizers. A l though  drift Ascophyllum nodosum was the first s e a w e e d  found on the 
island, this spec ies  d id  not es tabhsh  itself there  dur ing the whole  per iod  of observa t ion  
(36nsson, 1966, 1970). 

However ,  Sur tsey is only 5 k m  from the neares t  rocks and  30 km from the  m a i n l a n d  
of Iceland.  Here  we  cannot  speak,  therefore,  of " long-dis tance dispersal" .  

J6nsson also ment ions  which  Icelandic  species  were  still lacking;  Pucus species,  
Mastocarpus steflatus, Plumaria elegans, Palmaria palmata, Corallina officinalis, 
Laminana digitata and others. 
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If oceanic islands can be populated by seaweeds arriving by long-distance dispersal, 
it is likely that long-distance dispersal could also cause exchange of species between 
widely distant continental coasts, such as the .E. und W. coast of the Atlantic Ocean, and 
could maintain gene flow between amphioceanic populations of species occurring on 
both sides of the ocean. For instance, one wonders whether the similarity between the 
cold temperate floras of NE America and NW Europe reflects the exchange of species by 
recent or subrecent long-range dispersal. Or are these floras disjunct portions of a once 
continuous flora, for instance continuous along a Pliocene northern island chain repre- 
senting the subsiding Greenland-Scotland ridge (van den Hoek, 1984; Joosten & van den 
Hoek, 1986)? 

Another example is quite suggestive. About 45 % of the Canarian flora consists of 
tropical-to-warm temperate species shared with the Caribbean. This similarity in species 
composition suggests exchange between the Canaries and the Caribbean by long-range 
dispersal. Another possible explanation would be that these species had a once continu- 
ous distribution area which broke into two vicariant portions. This continuous distribution 
could have been situated in the early Tertiary (van den Hoek, 1975, 1984; Joosten & van 
den Hoek, 1986). 

LONG-RANGE DISPERSAL BY PLANKTONIC STAGES OF BENTHIC ANIMALS: 
EVIDENCE IS AVAILABLE 

It seems obvious to consider unicellular spores and zygotes of benthic algae as 
planktonic stages suited to long-range dispersal. These spores, so it seems, can be 
compared to the pelagic dispersal stages of marine benthic invertebrates. The dispersal 
of a number 6f planktonic invertebrate larvae has been investigated in the tropical-to- 
warm temperate zone of the Atlantic Ocean (see Scheltema, 1971, for a review). These 
studies confirm the suggestion from distribution data that algal species might regularly 
be exchanged, by long-range dispersal, between the eastern and western Atlantic coasts 
in tropical-to-warm temperate waters. Especially in these warm oceans, benthic animals 
tend to have planktonic larvae whose larval development is of a long enough duration to 
permit long-range dispersal. In cold water species, this development is mostly too short to 
permit the crossing of an ocean (Thorson, 1946). 

The advantage of the planktonic stages of invertebrates is that they can be mor- 
phologically recognized. Larvae capable of long-range dispersal have been collected 
throughout the tropical and warm temperate Atlantic Ocean. They belong to diverging 
groups: gastropods, bivalves, polychaetes, sipunculids, zoantharians, crustaceans, 
echinoderms. They have morphological adaptations to their pelagic life. Scheltema terms 
them "teleplanic larvae". To cross, as a larva, the Atlantic from the Cape Verde Islands to 
the Caribbean would take 150 days (3700 km; velocity 0.9 km h-l; in the North Equatorial 
Current). To cross the ocean through the South Equatorial Current would take ca 90 to 
150 days (4600 km; velocity 1.3 to 2.2 km h-l). To cross the ocean in the Equatorial 
Undercurrent (Eastward current beneath the South Equatorial Current at 50 to 100 m 
depth) would take ca 40 to 110 days (at 1.8 to 5.4 km h-~). The distance of 4000 km 
between Cape Hatteras and the Azores could be crossed in ca 130 days (19 weeks) at a 
velocity of 1.3 km h -t. 

The "teleplanic" larvae are adapted to long-distance dispersal by their long larval 
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deve lopmen t  and  their  capaci ty  to de lay  their  final se t t lement  (sometimes for more  than  
one year). According  to Sche l tema there  is no doubt  that  there  is a reciprocal  exchange  of 
la rvae  be tween  the eas te rn  and  wes te rn  Atlantic,  and  consequent ly  gene  flow b e t w e e n  
the  two disjunct  populat ions.  However ,  he was  apparen t ly  search ing  for ev idence  in 
suppor t  of the  concept  of long- range  d ispersa l  in benth ic  inver tebrates .  The  major i ty  of 
the  inver tebra te  species  in the  Ca r ibbean  does  n o t occur in the E. Atlant ic  (see also 
Vermey,  1978, for a discussion of this topic). Can  we  be  as posit ive abou t  the  role of 
p lankt ic  s tages  of benth ic  a lgae?  Are they  ada p t e d  to long life {months} in the  phyto-  
p lankton? 

LONG-RANGE DISPERSAL BY PLANKTONIC STAGES OF BENTHIC ALGAE: 
NO EVIDENCE IS AVAILABLE 

There  is some evidence  with r ega rd  to dispersal  over short  distances,  Ander son  & 
North  (1966) de t e rmined  the es tab l i shment  of juveni le  Macrocystis pyrifera plants  
a round  one t ransp lan ted  adul t  specimen.  The  max imum dis tance was only 4 m. A similar 
resul t  was found by  Dayton (1973) for Postelsia palmaeformis. Anderson  & North  ascr ibe  
this to a combinat ion of a di lut ion effect, and  of a decreas ing  chance  that  male  and  female  
game tophy tes  are  sufficiently close to one another  for fertilization. They also inves t iga ted  
the  es tabhshment  of juveni les  from a dense  stand. At a dis tance of 40 m, juveni les  still 
had  an apprec iab le  densi ty  (on ave rage  9 m-2). The bounda ry  of their  occurrence  was  not 
de te rmined .  

Imagine  that  chance  d ispersa l  carries one spore of Macrocystis to a d is tant  shore. For 
the  deve lopmen t  of a n e w  sporophyte,  at  leas t  one other  spore of the  oppos i te  sex would  
b e  requ i red  and this does  not  favour the  idea  that  long- range  d ispersa l  of this spec ies  has  
been  brought  about  by  spores.  Rather, f loating adul t  plants  seem a much more  effective 
agen t  for long-dis tance  dispersal .  

On the other  hand,  Kain (1964) found that, in culture, most  zoospores  of Laminaria 
hyperborea lost motili ty in a day  but  r e m a i n e d  suspended  for many  days.  Some spores 
were  able  to survive for a t 1 e a s t 40 d at  17 ~ and 60 d at 5 ~ 

Microscopic female game tophy tes  bea r ing  few-cel led  sporophytes  would  seem to be  
more  sui ted  to long- range  dispersal .  Moss et al. (1981) specula te  that  this is the  d ispersa l  
s tage  which  es tabl ishes  Laminaria popula t ions  on the oil platforms in the  Nor th  Sea. 

Small  size (5 to 20 ~m) is much more impor tant  for a p lanktonic  mode  of life than  
motility. Therefore,  the observat ion  that  some swarmers  of Enteromorpha intestinal_is can 
remain  motile for about  8 days  is not so re levant  for the p rob lem of long- range  d ispersa l  
(Jones & Babb, 1968). 

I know three  studies in which  the pe lag ic  rea lm was actual ly  s ampled  for spores  of 
benth ic  algae.  Hruby  & Norton (1979) took 500 ml surface wa te r  samples  from three  areas  
in the  Firth of Clyde. These  were  f i l tered th rough  45-mm glass fibre filters and  the 
d isseminnles  re ta ined  on the filters were  cul tured afterwards.  The spore l ings  were  
identif ied.  Blidingia, Enteromorpha, Ulothrix and  small  f i lamentous browns  were  h ighly  
p redominan t  (21 species  were  recogn ized  in total). This accords  wi th  the i r  observa t ion  
that  the  same species  were  p redominan t  colonizers  of glass sl ides exposed  for 1 w e e k  on 
the  shore. 

In a similar approach  (cultures of f i l tered sea -wate r  samples),  Zechman  & Math ieson  
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(1985) obtained young plants of 22 to 28 taxa from inshore water samples taken at one 
point of the New Hampshire coast (USA). Here, again, Blidingia minima, Enteromorpha 
spp., various "Chaetophoraceae" andfflamen.tous browns were predominant.  Only once 
was a young Laminaria-sporophyte obtained over their whole period of sampling (five 
times in the period August 1980-July 1981). They also sampled, on one occasion (Nov. 
1981), offshore waters at distances of 8, 16 and 24 km from the coast. These samples 
i~roduced plantiets of only 5, 11 and 1 species, respectively. Enteromorpha spp., 
"Chaetophoraceae" and brown aigai filaments were again predominant.  Only 
Enteromorpha was sampled from the farthest point. Their study also included estuarine 
waters but these are not considered here. In both above-c/ted studies, the composition of 
the seaweed disseminules in the near-shore waters differed widely from that of the 
seaweed floras on the nearby rocks with their predominance of brown and red algal 
species. 

Amsler & Searles (1980) collected seaweed disseminules on plastic and glass slides 
which were left for 8 to 9 days in 20 m deep water 30 km off the coast of North Carolina. 
They were then cultured into recognizable stages. The upper layers of the water column 
produced "Chaetophoraceae", Enteromorpha spp. and small Bangiophycidae (Erythro- 
trichia and Erythrocladia). The Enteromorpha spores were 35 km from the nearest sizable 
population of this genus. Slides left near the rocky bottom (with a diversified seaweed 
flora) also collected spores of Florideophycidae. 

Do the observations in the three above-cited papers have any relevance for the topic 
of long-range dispersal over thousands of kilometers? Perhaps they suggest that easy and 
early colonizers such as Blidingia and Enteromorpha have more chance for long-range 
dispersal by spores than other species. Further, these studies tend rather to discount the 
role of planktonic seaweed stages in long-range dispersal. However, these studies do not, 
of course, consider a realistic time scale (I0 000 to 1 000 000 years for the establishment 
of a flora; see first paragraph of this paper). Further, the volumes of water filtered 
(200-500 ml) in the first two papers are minute. 

Actually, our conclusion must be that there is not any evidence available for either 
supporting or discounting the role of planktonic stages of seaweeds in long-range 
dispersal. 

LONG-RANGE DISPERSAL BY DRIFT ALGAE: EVIDENCE IS AVAILABLE 

In discussions on long-range dispersal of seaweeds, the role of floating algae is 
generally stressed. This is understandable, as drift algae have been observed all over the 
world, often at great distances from the nearest shores (cf. Oltmanns, 1923; Boergesen, 
1905; Norton & Mathieson, 1983). 

Enormous amounts of seaweed are thrown upon the Netherlands' shores especially 
during autumnal gales. Stegenga & Mol (1983) give a few remarks which are relevant to 
our topic of long-range dispersal. Only few algae drift as a result of their own floating 
capability. These are Pucus vesiculosus, P. spiralis, Ascophyllum, Cystoseira spp., bIali- 
drys siliquosa, HimanthaIia elongate. Other species drift only if they grow attached to 
other floating substrates, such as wood, cork, plastic etc, and also to other floating algae. 
In general, the material is in good condition; it is often reproductive. Most of the material 
is of southern origin, coming from the coasts of Normandy, Brittany or S. England (a 
distance of ca 500 to 800 km). The algae were probably several months underway. 
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In this context, it is relevant to recall that many benthic seaweeds do not need 
attachment to solid substrates. Especially in calm fjords and bays, loose lying vegetation 
of many different species may flourish on shallow sediment bottoms {Norton & 
Mathieson, 1983}. However, this vegetation (which should not be confused with the 
floating vegetation of shallow eutrophic lagoons} sinks to the bottom; it does not float at 
the surface, and this draws attention to the point already raised that only a limited 
number of algal species do actually float. 

In the tropical and subtropical Atlantic Ocean, the floating populations of Sargassum 
natans and S. fluitans would seem to be particularly effective carriers of other algae from 
one coast of the ocean to the other. Woelkerling (1975) describes their epiphytes, About 
forty amphiaflantic, tropical-to-warm temperate species are recorded. Typical examples 
are Cladophora dalmatica, C. laetevirens, C. socialis, Crouania attenuata, Herposiphonia 
secunda, H. tenefla, Heterosiphonia wurdemannii, Hypoglossum tenuifolium. Col- 
pomenia sinuosa, which floats easily, has been also found among the Sargassums. 

Ascophyllum nodosum and Fucus vesiculosus are regularly recorded in the Sargasso 
Sea~ they come from more northern latitudes. They bear northern algae as epiphytes 
(Woelkerhng, 1975}. Floating Ascophyflum plants were found near the equator off the 
coast of W. Africa by John (1974). The specimens collected were, according to John, 
healthy and reproductive! These plants must have travelled at least 5500 km (which 
would take ca 430 days at a speed of 13 km d-l). 

Bergesen (1908) argues that the seaweed flora of the Faeroes was re-established 
after the last glaciation mainly by floating algae. He mentions Fucus serratus as a species 
lacking on the Faeroes but which would be expected there. He thinks that this is related 
to the species' lack of floating capability. 

In conclusion, there is convincing circumstantial evidence that drifting algae could 
be an important agent in long-range dispersal of benthic seaweeds. However, the 
majority of algae cannot float, and they can only be transported by other floating algae or 
other floating objects. 

LONG-RANGE DISPERSAL BY OTHER FLOATS 

Jokiel (1984) reports on a few anecdotic records of long-range dispersal across the 
Pacific Ocean (20 000 to 40 000 km}: (1) A glass net float from Japan, bearing a coral 
colony of Pocillopora, was recorded at Hawaii; this had badged  7000 km. (2) A piece of 
floating pumice from San Benedicto Island, Mexico, was also recovered at Hawaii. It also 
bore a colony of the coral Pocillopora. This had reached Hawaii in 264 days (4800 km at 
18 cm s'). 

The author comments that two events in 4 to 5 years equals 400 000 times per million 
years! Other records of rafting pumice are cited in this paper. For instance, pumice of the 
Krakatao eruption which drifted 8500 km across the Indian Ocean in ca 1 year. 

Again, there is circumstantial evidence that rafts may function as agents in long- 
distance dispersal. 

EVIDENCE AGAINST LONG-RANGE DISPERSAL OF SEAWEEDS 

The question is apparently not whether long-range dispersal exists or not. It evi- 
dently does, Floating is probably an important agent for long-range dispersal, but we 



270 C. van  den  H o e k  

don ' t  ac tual ly  know anyth ing  about  the  role of spores. One  wonders  w he the r  b ig  
calcareous  coral l ines could ever  reach  oceanic  is lands as a f loat ing alga.  I don ' t  th ink  so. 
Spores are  n e e d e d  here,  or pe rhaps  ~uvenile, s tages  growing a t t ached  to f loat ing algae.  
Rather, the ques t ion should  be:  how impor tant  is long- range  dispersal?  

Let us assume for the  sake  of a rgumen t  that  all a lgal  species,  g iven  enough  time, 
could freely d i sperse  to all coasts of the  world  and  settle w h e r e  they  f ind favourable  
conditions. One would  expec t  the  coasts of the  world ' s  oceans  to be  i nhab i t ed  by  the  
same la t i tudinal ly  chang ing  floras. This is not the case; the  Atlant ic  and  Pacific Oceans  
and  within these  oceans  thei r  W and  E shores,  and  their  southern  h e m i s p h e r e  and  
nor thern hemi sphe re  par ts  harbour  different  floras. Their  di f ferences  are  much  more  
p ronounced  than  their  r e semblances  even  on the gener ic  leve l  (van den  Hoek,  1984; 
Joosten & van den  Hoek,  1986). Apparent ly ,  long- range  d ispersa l  is ineffect ive for most  
species  of a lgae.  

In t roduced a l ien  a lgae  are  somet imes  ci ted as examples  for the  r ap id  d ispersa l  
capabi l i t ies  of seaweeds .  A famous example  is Sargassum muticum, a J a p a n e s e  spec ies  
which  was p robab ly  in t roduced  toge ther  with J a p a n e s e  oysters. It was  first r epo r t ed  from 
S. England  (vicinity of Portsmouth} in 1973, and  has  sp read  since a long the coasts  of the  
British Channe l  to r each  the Ne ther lands  coasts in 1977, and  Norway  in 1984 (albeit  as 
f loating plants)  (Farnham, 1980; Cri tchley et  al., 1983; P r u d ' h o m m e  van  Reine,  1977; 
Rueness,  1985}. Of course,  this example  demons t ra tes  the h igh ly  effective d ispersa l  of 
this species  by  f loat ing vege ta t ive  b ranches  a long more or less un in te r rup ted  shores  
(Deysher & Norton,  1982}. The  monoecious  na ture  and  the r ap id  growth of this spec ies  
are p robab ly  also essent ia l  for its h igh  d ispersa l  capabil i ty.  

The success  of S. mut icum as an invader  also suggests  (as do other  in t roduced  
species) that  many  s e a w e e d s  are  potent ia l ly  capab le  of es tabl i sh ing  themse lves  on 
foreign coasts w h e r e  they  have  so far not occurred.  Apparen t ly  there  are  cons ide rab le  
obstacles  to thei r  free dispersal .  As soon as man  has he lped  a lgae  to ove rcome  the 
Obstacles to their  dispersal ,  s o m e  a lgae  can be  quite successful  a long shores  wi th  
favourable  condit ions.  A recent  example  is the  successful  es tab l i shment  of the  J a p a n e s e  
Laminar ia lean  a lgae  Undaria pinnatifida, and  Laminaria japonica in the ~.tang de  Thau,  
a l o n g  the French  Med i t e r r anean  coast. Undaria is in the process  of sp read ing  b e y o n d  the 
l~tang de Thau  w h e r e  these  spec ies  were  p robab ly  in t roduced  with J a p a n e s e  oyster  
b reed  (Boudouresque et  al., 1985). Other  "ahen" a lgae  are  less successful  t han  Sar- 
gassum mut icum in d i spers ing  from their  first point  of introduction.  An  e x a m p l e  is 
Grateloupia doryphora, a Pacific species  d iscovered  in 1969 in the  Solent  r eg ion  of 
southern Eng land  and  which  in 1978 had  not  ye t  sp read  b e y o n d  this reg ion  (Farnham, 
1980). 

The vectors for, the above "artificial" long-range dispersal of seaweeds are not 
predsely known. Introduced shellfish, ship hulls and ballast water are l ikely candidates 
(Farnham, 1980~ Carlton, 1985). 
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