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ABSTRACT: An overview of the biogeography of the benthic marine algae of the North Atlantic 
Ocean is presented. General and specific distribution patterns are discussed in the light of current 
knowledge of extant species, and of known events in the evolution of the North Atlantic Ocean. The 
close relationships between the Arctic, NW and NE Atlantic floras suggest their possible origin as a 
single flora in the early Ohgocene Arctic Ocean, when it was isolated by the Bering Land Bridge and 
the Greenland-Scotland Ridge. Migration of the flora into the North Atlantic Ocean could have 
occurred with the subsidence of the Greenland-Scotland Ridge. The present day distribution 
patterns are the main clue to unravelling the past, and study of vicariant amphi-Aflantic taxa using a 
variety of experimental techniques will yield the most valuable information in attempts to interpret 
major biogeographical events in the North Atlantic Ocean. 

INTRODUCTION 

One approacf, to the development  of b iogeographica/ theory  is through the analysis 
of the extant flora, thereby allowing conclusions to be drawn as to possible relationships 
among species or higher taxa, taking into consideration the geological history of the 
region. At the very least, this approach permits the development  of testable hypotheses,  
and serves as a basis for detailed experimental  study of key taxa. For the benth ic  mar ine  
algae, which with the exception of the calcified Rhodophyceae general ly  lack a reliable 
fossil record, the extant  living species are the only means  by which biogeographic  
questions can be addressed. 

During the past fifteen years, the benthic marine  algal flora of the North Atlantic 
Ocean has been  subjected to extensive floristic analysis (Hock, 1075, 1082a, lg82b, lg84; 
Hock & Donze, 1967; Lawson, lg78), with the result that the genera /d i s t r ibu t ion  pat terns 
of the species are reasonably well-known. On the basis of these analyses Hock (1975) has 
described the general  relationships of the flora on a regional (North Atlantic) basis and, 
us ing the genera  of the,Rhodophyta as an example (Hoek, 1984; Joosten & Hoek, 1986), 
on a world basis. 

Hoek's  (1975, 1984) and Joosten & Hoek's (lg88) floristic analyses were based  
largely on available checklists and  floras. For the North Atlantic Ocean there has b e e n  
considerable progress in the cataloguing of the marine algae dur ing the past three 
decades (cf. South & Titfley, 1986, for a review). Shortcomings in the data base, however,  
inc luded a lack of detai led distributional information and inconsistency in the taxonomic 
or nomencla tura l  t rea tment  of many  of the taxa. These inconsistencies inevi tably hamper  
the biogeographer,  and  it was as a result of this that South & Tittley (lg86) under took  the 
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p repa ra t ion  of their  checklist  and  geograph ica l  index  of the benth ic  mar ine  a lgae  of the  
North  Atlant ic  Ocean.  They  a rgue  that  their  b road  approach  provides  the  necessa ry  basis  
for taxonomic,  floristic, and  phytogeographic . inves t iga t ions .  

South & Titfley 0986) have  pooled  t h e  avai lab le  information on benth ic  mar ine  a lgae  
of the  North  At/antic  Ocean,  wi th  the objec t ive  of s tandard iz ing  the nomenc la tu re  as far 
as possible,  and  providing the first r eg ion-wide  geograph ic  index  of the  species.  Their  
"work now provides  a single informat ion source on which to base  further  s tudies  of N. 
Atlant ic  algae.  It also provides  a more  accura te  source of information than  previous ly  
avai lable ,  on which  to develop  tes table  hypo theses  regard ing  vicar iant  popula t ions  of 
amphi-Af lant ic  species.  

G e n e r a l  d i s t r i b u t i o n  p a t t e r n s  

South & Titfley (1986) ass igned  recorded  geograph ica l  distr ibutions of all benth ic  
mar ine  a lgae  of the nor thern North At /ant ic  Ocean  according to 32 arb i t ra ry  stations. 
They  def ined  the nor thern N. Atlant ic  Ocean  as ranging  from the Azores  to Sp i t zbe rgen  
in the  east, and  from Virginia to the eas te rn  C a n a d i a n  Arctic in the wes t  (Fig. 1). A total of 
1171 species  was  included.  
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Fig. 1. Stations employed by South & Tittley (1986) in their analysis of benthic marine algal 
distributions in the North Atlantic Ocean. 0 = Azores; 1 = Southern Spain and Portugal; 2 = 
Northern Spain; 3 = France (including the Channel Islands); 4 = Southern North Sea; 5 = West 
Baltic; 6 = East Baltic; 7 = Norway (boreal/subarctic); 8 = Norway (arctic); 9 = Ireland; I0 = 

England and Wales; II = Scotland; 12 = Shetlands; 13 = Faroes; 14 = Jan Mayen and Bjornoya; 15 

= Spitzbergen; 16 = Iceland; 17 = East Greenland; 18 = West Greenland, Baffin Bay and Davis 

Strait; 19 = arctic Eastern Canada; 20 = Labrador; 21 = Island of Newfoundland; 22 = Quebec; 23 = 

Maritime Provinces of Canada; 24 = Maine; 25 = New Hampshire; 26 = Massachusetts; 27 = Rhode 

Island; 28 = Connecticut and Long Island; 29 = New Jersey; 30 = Delaware; 31 = Maryland; 32 = 
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Table 1. Distribution of benthic marine algae of the North Atlantic Ocean in = 1171). Data derived 
from South & Tittley (1986) 

Group N.E.N. America Amphi-Atlantic N. Europe Arctic 
{n) n (%) n {%) n (%) n {%) 

Rhodophyceae(589) 20 (3.5) 138 (23.5) 424 (72.0) 7 {1.5) 
Phaeophyceae(324) 13 (4.0) 127 (39.5) 173 (53.5) i i  (3.0) 
Chlorophyceae (258} 15 (6.0) 89 (34.5) 149 (58.0) 5 (1.5) 

Total flora(ll71) 48 (4.0) 354 (30.0) 746 (64.0) 23 (2.0} 

Using the classification of Hoek (1975, 1984), the invest igated area represents  the 
arctic-cold temperate  regions of the North Atlantic Ocean. A b reakdown 0f the genera/  
distributions of the R_hodophyceae, Phaeophyceae and Chlorophyceae is provided in 
Table 1. Distributions can be  classified as genera/,  amphi-Atlantic  (east and  west  
Atlantic, but  with an  arctic discontinuity), western  Atlantic, eastern Atlantic, and  Arctic. 
Less than a third of the flora has a gene ra /o r  amphi-Atlantic distribution, and  a majority 
of the flora is confined to the eastern {European} Atlantic. Only a very small n u m b e r  of 
species is confined to the Arctic or the western N. Atlantic hold temperate  region. 

The proportional differences in general  distribution patterns can be de termined from 
Table 1 and  Figure 2. The Phaeophyceae dominate the genera/  and  amphi-Atlant ic  
groups, while the Rhodophyceae are the most important  group in the large European 
component  of the flora. 
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Fig. 2. Proportional differences in general distribution patterns of North Atlantic benthic algae. A = 
northeastern North America; B = Amphi-Atlantic; C = Arctic; D = European distributions of 

Rhodophyceae (R), Phaeophyceae (P) and Chlorophyceae (C) 
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Differences in spec ies  r ichness  b e t w e e n  the eas tern  and  wes te rn  N. Atlant ic  floras 
in the  cold t empera t e  region led  Hoek  (1975) to conclude that  the  f lora should  b e  
subd iv ided  into eas te rn  a n d  wes te rn  sectors. Subsequen t  de ta i led  ana lyse s  of the  
Rhodophyceae  by  H o e k  (1984) and Joos ten  & Hoek  (1986), as wel l  a s  the  analysis  
p re sen ted  here,  confirm these  E - W  differences.  Examinat ion  of the P h a e o p h y c e a e  and  
Chlorophyceae ,  however ,  sugges t  that  these  differences are  less dis t inct  in these  
groups,  s ince the  amphi -At lan t ic  e lements  in both  are  la rger  than  in the  Rhodophyceae .  
For all groups  there  is a very  low deg ree  of "endemism" in e i ther  the  Arct ic  or 
nor theas te rn  N. America .  There  are  cer ta inly  few grounds  to sugges t  t ha t  the  Arct ic  
now possesses  a dist inct ive flora. Wilce (pets. comm.) demons t r a t ed  that  less  than  10 % 
of the  Arct ic  flora is endemic ,  and  that  most  of the  Arct ic  spec i e s  a re  c i rcumpola r  in 
distr ibution.  More  than  90 % of the Arct ic  species  have  amphi -Nor th  At lan t ic  affinities. 
Wflce (pers. comm.) sugges ted  that  the  phytogeographic ,  geologic  and  hydrograph ic  
ev idence  s t rongly indicate  a warm wa te r  origin for most Arctic species.  They  occur in 
the  Arctic th rough  adapta t ions  to ice scouring,  and  m a r k e d  seasonal  f luctuat ions  in 
salinity, hght  and  tempera ture .  

The  southern  limit of the  Arct ic-cold t empe ra t e  floristic reg ion  (or the  nor thern  l imit  
of the warm t empera t e  region) is we l l  de f ined  and  has  b e e n  sub jec ted  to numerous  
ana lyses  (see Searles,  1984). The s ignif icance of this bounda ry  was a p p a r e n t  w h e n  South 
& Titt ley accumula ted  records  for their  index  (South & Titfley, 1986), in i t ia l ly  inc luding  
records from North Carol ina  and  hence  south of Cape  Hat teras .  While  t he re  is some spill- 
over  b e t w e e n  the co ld - tempera te  and  warm t empera t e  floras, the w a r m  t e m p e r a t e  
species  p redomina te  south of Cape  Hat te ras  and,  if inc luded  in the genera l  ana lys is  of the  
nor thern  N. Atlant ic  flora, in t roduce  a l a rge  number  of spec ies  and  g e n e r a  o therwise  
absent  from the cold t empera t e  region.  There  is also a much  grea te r  e l e m e n t  of wes t e rn  
Atlantic  endemism in the warm t empera t e  compared  with  the cold t e m p e r a t e  floras 
(Searles, 1984), and  a grea te r  contrast  b e t w e e n  the warm t empera te  floras of both  s ides  of 
the At lant ic  than  is ev ident  from the cold t empe ra t e  floras. 

P resen t -day  genera l  pat terns  o f  a lgal  dis tr ibut ion in the  N. Atlantic fol low t empera -  
ture trends,  these  emphas i zed  by  the gene ra l ly  N - S  orientat ion of the coas t l ines  (Fig. 3; 
cf. also Hoek,  1975, 1984; Yarish et al., 1986; Joosten &Hoek ,  1986). The  in f luence  of the  
Gulf S t ream and  the consequen t  contract ion versus  expans ion  of t e m p e r a t u r e  zones  in 
the wes te rn  compared  with the eas tern  North  Atlantic  is wel l  known. A lga l  dis t r ibut ions 
show m a r k e d  differences in la t i tudinal  r ange  as a resul t  of the Gulf s t r eam deflection.  
Wilce (pers. comm.) d iscussed the inf luence of the Gulf S t ream on North  At lant ic  a lga l  
distributions.  He  a t t r ibuted  the  low level  of endemism in the  nor theas te rn  Nor th  Amer i -  
can flora to the fact that  the Gulf S t ream acts as a one -way  donor of spec ies  from west  to 
east. There  appear ,  however ,  to be  much s t ronger  reasons  for the lack of e n d e m i s m  in the  
co ld - t empera te  nor theas te rn  North Amer ican  flora, as d iscussed be low.  Long- range  
migra t ion  cannot  be  ru led  out, however ,  and  the possibi l i t ies  of this should  be  e x a m i n e d  
exper imenta l ly .  The impor tance  of subs t ra te  must  be  recognised,  as not  a l l  d is t r ibut ion 
pa t te rns  strictly follow tempera tu re  regimes .  Winter  or summer  le thal  t e m p e r a t u r e s  m a y  
provide  impor tan t  clues to many  of the  distr ibution pa t te rns  observed,  a l t hough  differ- 
ences  in responses  by  different  hfe history or deve lopmenta l  s tages  must  be  t a k e n  into 
acount,  a n d  for some amphi -At lan t ic  spec ies  there  are  differences in t e m p e r a t u r e  respon-  
ses b e t w e e n  eas te rn  and  wes tern  popula t ions  of the same species.  
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Fig. 3. Distribution of August and February isotherms in the North Atlantic Ocean, in relation to 
stations given in Fig. 1 

Hoek (1982a, 1982b), Cambridge et al. (1984) and Yarish et al. (1986) have examined 
the hypothesis that biogeographic boundaries can be defined by experimentally examin- 
ing the relationship between the distributional extremes of a species and the extremes of 
temperatures within which the species can complete its life history. Two kinds of 
boundaries have been defined: growth/reproduction boundaries (where a species is not 
exposed every year to a sufficiently high or low temperature for growth and reproduction 
in the favourable season), and lethal boundaries (where a species is exposed once in 
several years to a lethal temperature} (Yarish et al., 1986}. Cambridge et al. (1984} 
confirmed the role of temperature responses for growth and survival of six species of 
Cladophora: with one exception, distribution patterns matched experimentally deter- 
mined lethal temperature limits. Yarish et al. (1986} showed that for members of the 
warm-temperate Mediterranean Atlantic group, northern and southern boundaries 
appeared to be determined by winter and summer lethal temperatures, respectively. For 
two amphi-Aflantic temperate species, Callithamnion tetragonum (With.} S. F. Gray and 
Lomentaria orcadensis (Harvey} F. Collins ex W. Tayl., there appeared to be ecotypic 
differentiation with regard to temperature tolerance for populations from the same and 
from either side of the Atlantic. 

Specific distr ibution pat terns  

Present-day benthic algal distribution patterns in the northern North Atlantic Ocean 
provide many clues to biogeographers. As described earlier, distributions fall into a 
number of categories: general; amphi-Atlantic; northeastern North America; Europe; 
Arctic. Lfining (1985) presented a number of North Atlantic distribution patterns, and a 
number are referred to briefly here. Vicariant populations of amphi-Atlantic taxa are the 
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most useful  potent ia l  e x p e r i m e n t a l  examples  for the  b iogeographer ,  s ince they  may  
provide  indicat ions of the rate of evolut ionary change.  

N o r t h - e a s t e r n  N. A m e r i c a  iFig. 4-1): e.g. Hummia onusta (Harvey) Fiore. 
Approx imate ly  4 % of the nor thern North Atlantic flora falls into this group (Table 1). Of 
species  l is ted in South & Titfley (1986), a number  can  be  der ived  from the endemic  warm-  
t empera t e  group: i.e. they  represen t  spil l-over from more southern e lements ,  ab le  to 
survive in more nor ther ly  sites whe re  t empera tu res  are  e leva ted  sufficiently dur ing  the 
summer  to allow reproduct ion and growth, and  where  winter  t empera tu res  are  not  lethal ,  
or whe re  winter  can be  spent  as an ecological ly more  tolerant  a l ternate  phase  in the  life 
history. H. onusta occurs from N. Carol ina nor thwards  to the Mar i t ime Provinces of 
C a n a d a  (including the Gulf of St. Lawrence).  It is p robab ly  a spil l-over species  from the 
warm tempera te  flora further south, surviving in more  norther ly  sites in she l te red  habi ta t s  
whe re  summer  t empera tu res  are e l eva ted  compared  with the open  coast. 

N o r t h e a s t e r n  N. A m e r i c a :  A r c t i c  (Fig. 4-2): e.g. Papenfussiella calli- 
tricha (Rosenv.) Kylin. Members  of this group are co ld -adap ted  nor thern  species,  pe rhaps  
coming the closest to be ing  "arctic endemics" ,  since their  occurrence in more  souther ly  
locat ions is genera l ly  confined to localit ies where  cold wate r  masses  persist ,  at  leas t  
be low a thermocline.  In addi t ion to Papenfussiella, other  members  of this group inc lude  
Laminaria solidungula J. Aga rdh  and  Omphalophyllum ulvaceum Rosenv. (Phaeophy-  
ceae). Papenfussiefla callitricha occurs as far south as Newfoundland,  w h e r e  it is con- 
f ined to low- tempera tu re  environments  (Hooper & South, 1977b; South & Hooper ,  1980); 
its nor thern limits are  not  known, but  could conceivably  include the C a n a d i a n  eas te rn  
Arctic. 

The  genus  P.apenfussiella is disjunctly dis t r ibuted be tw e e n  the N. Atlant ic  and  the 
southern  hemisphere ;  this separa t ion  is sugges t ive  of a very ear ly d ivergence ,  wi th  the 
cold adapta t ion  of the nor thern species  enabl ing  it to survive for long per iods  in the  far 
nor thern  regions.  

A m p h i - A t 1 a n t i c (Fig. 4-3): e.g. Myriodadia lovenii .l. Agardh .  As desc r ibed  
above,  the  amphi-At lant ic  group, which  includes  some 30 % of the  total flora (Table 1), is 
the  most  in teres t ing from the b iogeograph ica l  s tandpoint .  Ltining (1985) has  g iven  a 
n u m b e r  of examples ,  and  a number  (Cambr idge  et al., 1984; Yarish et  al., 1986) have  
b e e n  the subject  of exper imenta l  invest igat ions.  Not all amphi-Aflant ic  dis t r ibut ions are 
necessar i ly  a reflection of true pat terns;  however ,  Fucus serratus L. is wel l  k n o w n  as an 
introduct ion to the  wes te rn  North Atlantic, and  other  species  may  have  b e e n  t ranspor ted  
from Europe by  man  dur ing  the pas t  500 years  of exploration.  M. lovenii is rare  in eas te rn  
N. Amer ica  (Hooper & South, 1977a; South & Hooper ,  1980) and  much  more  wide ly  
d is t r ibuted  in Europe.  Little is known  of its ecology or t empera tu re  tolerance,  bu t  it  is 
poss ible  that  N. Amer ican  popula t ions  represen t  re la t ively recent  introductions.  The  
amphi-Aflant ic  dis tr ibut ion of this species  might  thus be  artificial. 

A m p h i - A t 1 a n t i c (Fig. 4--4 A/B): European  e.g. Saccorhiza dermatodea (Bach. 
Pyl.) J. Agardh  and  S. polyschides (Lightf.) Batters. The genus  Saccorhiza prov ides  an 
in teres t ing  example  of different distr ibution pa t te rns  within the same genus.  Spec ies  of 
Saccorhiza exhibi t  a number  of primit ive traits compared  with other  m e m b e r s  of the  
Laminariales ,  sugges t ing  an ear ly separa t ion  (Henry & South, 1987). Their  re la t ionship  
with Phyflariopsis (Phyllariaceae),  a primit ive Med i t e r r anean  genus,  sugges ts  a Te thyan  
origin. S. dermatodea is co ld -adap ted  and has  an arctic-cold t empera t e  distr ibution,  
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while S. polyscIn'des has a strictly European distribution in the cold-temperate, and does 
not penetrate the Arctic. If S. polyschides or species of Phyflariopsis were ever distributed 
in the western N. Atlantic, they were very likely exterminated during the ice ages. 

A r c t i c / A m p h i - A t l a n t i c  (Fig. 4-5): e.g. Odonthalia dentata (L.) Lyngbye. A 
number of northern North Atlantic species have a wide distribution in the more northerly 
regions, and exhibit a pan Atlantic-Pacific distribution pattem. These are likely examples 
of exchange between Pacific and Atlantic floras during periods of depression of the 
Bering land bridge. Taxonomic and nomenclatural problems have sometimes obscured 
these relationships (e.g. Caflophyllis cristata (Agardh) Kuetz.; cf. Hooper & South, 1974). 
Odonthalia dentata is an example of an arctic/cold temperate species with a wide 
distribution, this extending into the N. Pacific (Lindstrom, 1987). Local distribution in the 
more southerly parts of the range is restricted to sites not subjected to excessive summer 
warming. 

A m p h i - A t l a n t i c ,  c o l d  t e m p e r a t e  e n d e m i c s  (Fig. 4-6): e.g. Tflopteris 
mertensii (Tumer in Sin.) Kuetz. Tflopteris, together with Haplospora and 
*Phaeosiphonia" spec. inedit. (Hooper, pers. comm.} belongs to the order Tflopteridales, 
the only order of brown algae endemic to the North Atlantic Ocean. Haplospora and 
"Phaeosiphonia" are cold-adapted species, the latter with a very restricted geographical 
distribution in Newfoundland, and with a very low temperature optimum (Henry & 
Hooper, pers. comm.), whereas Tflopteris has a more southern distribution. All exhibit a 
reduced sexual reproduction, of an advanced oogamous type, and trichothallic growth. 
There appear to be no really close relatives of this group in the N. Atlantic flora: the cold 
adaptation suggests that they were able to survive adverse conditions during the 
Pleistocene; with their lack of apparent close relatives, it could be suggested that they 
represent an ancient relict group stemming from an early time in the evolution of the N. 
Atlantic (Arctic) flora. 

S o u t h e r n  E u r o p e a n / w a r m  t e m p e r a t e  e l e m e n t s  (Fig. 4-7, 4-9}: e.g. 
Arnphiroa spp., Botryocladia sp. A number of southern European taxa represent a spill- 
over from the more southern warm temperate flora, or from the Mediterranean flora. 
Surprisingly few species may fit into the latter category, although Phyflariopsis purpurata 
(cf. Henry & South, 1987) is one example. The larger number have more southern 
distributions, such as species of Amphiroa and Botryocladia. Lethal winter temperatures 
are likely to be the limiting factor preventing their extension northwards. 

CONCLUSIONS 

Hoek (1984) has suggested that the N. Pacific and N. Atlantic temperate benthic 
algal floras developed independently since the Oligocene (ca. 40.1 million years [my] BP) 
deterioration of the climate, and to have partially mixed their cool water genera only after 
the Pliocene inundation of the Bering Land Bridge (2.1 my BP) (Joosten & Hoek, 1986). 
The Bering Land Bridge reemerged during the Pleistocene as a result of the lowering of 
the sea level, with the result that the Pacific became separated again from the Arctic 
Ocean. The Arctic Ocean remained open to the N. Atlantic, however, with the result that 
the N. Atlantic experienced much more severe climatic deterioration during the ice ages. 
This possibly caused more extinctions in the N. Atlantic than in the N. Pacific (Hoek, 
1975; Joosten & Hoek, 1986). 
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Hoek ' s  (1984) analysis  showed that  the most  narrowly re la ted  floras on a world  basis  
are those of the  NW Atlantic, the  NE Atlantic and  the Arctic. He  sugges t ed  that  the  group 
may  have  or ig ina ted  as a s ingle flora in" the ear ly  Ol igocene Arctic Ocean,  which  was 
highly  isola ted  by  the Bering Land Bridge and  the Sco t l and-Green land  Land  Bridge 
(McKenna, 1983). The flora could have migra ted  into the N. Atlant ic  Ocean  fol lowing the 
subs idence  of the  Sco t / and-Green land  Land Bridge, and  could have  b e e n  dis t r ibuted  
a long a more  or less cont inuous coastl ine or series of "s tepping  stones" until  at  leas t  the 
Miocene  (10.1 my  BP; McKenna,  1983) or even  the Pliocene (3.1 m y  BP; Th iede  & 
Eldholm, 1983). Dur ing the glaciat ions the flora was d i sp laced  southward,  wi th  much  
grea te r  d i sp lacement  in the  NW Atlantic than  in the NE. Post-glacial  recolonisa t ion has 
subsequen t ly  t aken  place,  wi th  the result  that  the NW and  NE Atlant ic  floras are 
cons idered  as vicar iant  port ions of a once (Miocene and Pliocene) cont inuous flora. Their  
re la t ively recen t  separa t ion  and  isolation (i.e. Pliocene, ca 2.1 my  BP) could  exp la in  their  
h igh  degree  of r e semblance  (Hoek, 1984). 

A close s tudy of amphi -At lan t ic  and  pan  Pacific/Atlantic taxa  should  be  a pr ior i ty  for 
future research.  The impor tance  of combining these  studies wi th  an in t imate  k n o w l e d g e  
of pa leo -oceanograph ic  and  geologic  events  cannot  be  overstressed,  s ince it will  only be  
through such de ta i l ed  compara t ive  work  that  e lements  of the evolut ionary  pic ture  will  be  
revealed .  The use of a var ie ty  of approaches ,  such as .cladist ics (Lindstrom, 1987; 
Garbary,  1987) and  i soenzyme analysis  of key  taxa will be  especia l ly  useful.  Biogeo- 
graphers  of the  North  Atlantic  Ocean  will eage r ly  wai t  for the results  of the  current  Arctic 
deep  sea dri l l ing program,  since our under s t and ing  of the comphca ted  events  in the  north 
is still too f ragmenta ry  to fully expla in  the de ta i led  t iming and  na ture  of Pacific-Arctic-  
Atlantic  connect ions  in the  recent  and  distant  past.  Impor tant  quest ions r e g a r d i n g  the 
recent  history of the  N. Atlantic flora can be  addres sed  by  examin ing  v icar iant  groups  
with NW and  NE Atlantic distr ibutions (Amphi-Atlant ic  species).  Assuming  that  these  
vicar iant  popula t ions  were  once par t  of the  same populat ion,  quest ions  re la t ing  to the 
t ime of separa t ion  and  the rate  of evolution can be  addressed  by  expe r imen ta l  s tudies 
examin ing  physiologica l  responses ,  reproduct ive  compatibi l i ty  and  gene t ic  isolation. 
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