Reviewed research article

Theories on migration and history of the North-Atlanticrfio
areview

Hafdis Hanna Agisdéttit and Péra Ellen boérhallsdéttir
! Institute of Biology, Askja, University of Iceland, Sturia 7, 1S-101 Reykjavik, Iceland
2Current address: Institute of Botany, University of BaSalhénbeinstrasse 6, CH-4056 Basel, Switzerland.
email: Hafdis-Hanna.Aegisdottir@unibas.ch; theth@hi.i

Abstract — Two theories on migration and the history of the North Atilarfifora have been the subject of
a popular debate for over a century. In late**Qentury when signs of glaciations had been recognized in
Scandinavia, it was concluded that the entire flora and tabad been destroyed during glacial periods and
that all plants immigrated after the last glacial period. i¥Iso calledtabula rasaheory was soon opposed by
the glacial survival theory which stated that plants suedvthe last or several of the Pleistocene glaciations
in ice-free refugia within North Europe. The glacial suraitheory was very popular, in the mid-20century,
notably because of three botanical arguments that weredated in its support: 1) it alone could explain the
distribution of the so-called west arctic element e.g. gwefound in Scandinavia, Iceland and North America
but missing in the Alps, Ural Mountains and Asia, 2) the adpeandemic element e.g. the relatively higher
proportion of endemic species in the alpine flora of Scaadia compared to the lowland, and 3) the special
disjunction of the alpine flora. Later, those argumentsavezconsidered for the Scandinavian flora and it
was concluded that they could be explained without glacialisal. In the last decade, new techniques e.g.
molecular methods, results from ice core projects and padiealyses have offered fascinating possibilities to
re-formulate the questions asked by research pioneers.d€bate on the plant migration and origin of the
flora in the North Atlantic region thus continues.

INTRODUCTION The first ideas

Itis generally believed that the present-day distributheTapula rasaheory

tion of plants and animals in the North Atlantic re-

gions is |arge|y a product of Quaternary climate and|t was not until the mld'l@ century that scientists
environmental change (e.g. Bennike, 1999; Tremblafjrst began accepting the fact that major parts of north-
and Schoen, 1999; Tiffney and Manchester, 2001§ Europe, North America and Siberia had once been
Contrasting ideas on p|ant migration and the Origirﬁovered with ice. Besides striated and pOliShed rOCkS,
of the flora in the North Atlantic regions have beenEuropean scientists found extensive unsorted sedi-
the subject of popular debate for over a century, witfnents that could only be explained by the existence
two contrasting theories emerging by the close of thef a large ice sheet (Dahl, 1946; 1955).

190 century: a) Theabula rasa(clean slate) theory, Before the end of the i@century, signs of glacia-
according to which all plants immigrated after the lastion were recognized on the outermost islands along
glacial period (Nathorst, 1892; Nordal, 1987) and b}he coast of Scandinavia. This led to the conclusion
The glacial survival theory of plant survival during thethat the entire Scandinavian peninsula had been cov-
last or several of the Pleistocene glaciations in ice-freered with ice during the “ice age” with the consequent
refugia (e.g. Dahl, 1963; Love and Love, 1963). destruction of the flora and fauna. This argument sub-
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sequently became the foundation of the theortabf  1893; Nordhagen, 1963).
ula rasai.e. that as a result the entire Scandinavian The Swedish botanist Rutger Sernander further
biota had been erased and must have immigrated dbrmulated the glacial survival theory in 1896. He
ter the “ice age” from parts of central Europe, Britishpointed out that in some of the Norwegian (Dovre,
Isles, and Siberia where plants and animals had be#&fordland and Finnmark) and Swedish (Jamtland
able to survive (Dahl, 1955). and Harjedalen) mountains, remnants from the inter-
The tabula rasatheory was already supportedglacial flora of Scandinavia, which had not been over-
with strong arguments. When the biota of Scandirun by the second inland ice, had been preserved. Ser-
navia was compared with biota from unglaciated arnander’s theory received almost unanimous support
eas, the former had remarkably few endemics. Thiom biogeographers dealing with the distribution and
tabula rasatheory could explain this by the youth history of plant species in the North Atlantic regions
of the flora and fauna. The time span from the “iceat that time e.g. Hansen (1904), Fries (1913) and oth-
age” was not sufficient for the development of newers (Dahl, 1955).
species (Dahl, 1955). Nathorst (1892) and Ander- The idea of glacial survival also became popu-
son (1906) were the first to report fossils of arcticlar in Iceland. The possibility of plants surviving
and alpine plants in southern Scandinavia (B&ula glacial periods in Iceland was first mentioned in the
nana, Dryas octopetala, Diapensia lapponica, Saxworks of Lindroth (1931) and Gelting (1934). As
ifraga oppositifoliaand Thalictrum alpinun). These early as 1879, Kornerup had proposed the existence
fossils were found in deposits formed under glaciabf un-glaciated areas in western Greenland during the
conditions after the retreat of the inland ice of theast glacial period. Warming (1888) and many oth-
last glacial age (Dahl, 1955). By this time, ttab-  ers agreed with Kornerup, and other ice-free areas in
ula rasatheory was firmly established. Migrations Greenland were suggested (see e.g. Gelting, 1934).
along the borders of the waning ice could explain thet was even proposed that the most northerly part of
presence of alpine and arctic plant species in Scandireenland (northernmost Peary Land) had never been
navia (Dahl, 1955). In Iceland the main supporters ofjlaciated (Koch, 1928).
thetabula rasatheory were the geologist Thorvaldur ~ The macro-lichen flora of south Greenland has a
Thoroddsen (1911; 1914) and the botanist Stefan Stedtrong resemblance to the Scandinavian arctic/alpine
ansson (1913). Later Sturla Fridriksson (1962) alsehacro-lichen flora (Dahl, 1946). Dahl maintained
supported the theory. that post-glacial migration could not explain this affin-
The Glacial Survival Theory ity, thus the flora must have survived the last glacial

In Scandinavia, Blytt (1882) was the first to opposd®€riod in south Greenland or in areas nearby.

the tabula rasatheory and come up with the idea of [N Svalbard, various areas have been proposed as
glacial survival e.g. plants surviving the last or sevice-free Pleistocene islands and candidates for refu-
eral of the Pleistocene glaciations in ice-free refugiddia for different plant groups (Dahl, 1946). Lichen
Blytt concluded that most of the Norwegian mountairstudies in Spitsbergen convinced Lynge (1938) that
flora consisted of plant species with their main centr&® northernmost part of Spitsbergen had remained
of distribution in Greenland and North America. Tounglaciated. King Karl's Land (in eastern Sval-
explain the occurrence of the Greenlandic/AmericaR@rd) (Nathorst, 1901; 1910) and Bj6rnoya (Hada
element in the mountain flora of Norway, which hel941) were also considered to have escaped glaciation
called the west-arctic element, he proposed that a ladBahl, 1946).

bridge had connected Greenland_to western Norwa%/he Geologists’ Point of View

via Iceland and the Faeroes during the Quaternary.

This land bridge would have been glaciated only irrCeland

part and never simultaneously throughout, thus faciM/ere ice-free refugia geologically possible in Ice-
itating dispersal of plants in both directions (Blytt,land during the ice age? At the beginning of the
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last century, Thoroddsen (1905—-1906) introduced thiast glacial period. Théabula rasatheory, claiming
idea that the highest parts of the coastal mountairibat all plants immigrated after the last glacial period,
in Iceland had remained ice-free during the maxihad few proponents.

mum extent of the one major glaciation that he rec- Three botanical arguments were primarily for-
ognized. Nearly three decades later, Lindroth alswarded in support of the glacial survival theory:
supported the idea, based on entomological studies ]

in southeast Iceland (Norddahl, 1991 and references 1- The west-arctic element,

therein). Based on geomorphological evidence, the 2. The alpine endemic element and

Icelandic geologist Sigurdur Thorarinsson (1937) ar-
gued that large parts of northwest and north Iceland
were unglaciated during the last glacial period.

Scandinavia 1. The West-Arctic Element

The Norwegian geologist Hansen (1904) proposed Bahl (1955) discussed some plant/geographic patterns
theory of a broad ice-free margin along the NorwegiaMVhiCh were difficult to reconcile with th@bula rasa
Atlantic coast, where a large number of plant Speci(,:.tgleory. The west-arctic element is of special interest.
could have survived the last glacial period. Hanserthis comprises plant species found in Iceland, Scan-
also believed that he could trace a more or less coflinavia, Greenland and North America (a few occur-
tinuous line of moraines in the fjord-districts of Nor- ing also in Novaya Zemlya and Svalbard) but miss-
way, which marked the outer border of the last largéd in the Alps, Ural Mountains, and Asia. Dahl felt
ice-sheet along the Norwegian Atlantic coast (Dahli,t was difficult to explain the west-arctic element in
1955). Later it was shown that this line marks a certhe Scandinavian mountain flora by migration from
tain stage during the deglaciation of Norway and nothe south or east after the last glacial age. No similar
the outer boundary of the last ice-sheet (NordhageM/est-arctic elements have been found in the Alps, but
1963). In 1912, the geologist Vogt claimed that thevhy did these plants not migrate to the Alps if they
outermost Norwegian islands of Lofoten, Veeré andved along the margins of the ice in central Europe
Rost, had been ice-free during the last glacial pehroughtheice age (Dahl, 1955)7? As Blytt (1881) and
riod (Nordhagen, 1963). Although some early geo|others pointed out, the plant/geographic connections
ogists believed that ice-free areas existed during th#ithin Greenland, Iceland, Scotland and Scandinavia
last glacial period, the glacial survival theory also re2r€ SO close that direct migration across the Atlantic
ceived strong criticism from several Norwegian and2cean was very likely (Dahl, 1955).

Swedish Quaternary geologists who demanded proof N Scandinavia, the west-arctic element includes
for the existence of ice-free areas. Other geologis@Pout 30 species. About half of these species are
did not totally denounce the “refugium theory” but'epresented in Iceland and about 40% in Spitzber-

preferred to remain uncommitted (Nordhagen, 1963g€n (Dahl, 1955). They show several distinct distri-
bution patterns, e.g. species which have their western

limits in Greenland (e.gArenaria pseudofrigidpand
A MATURATION OF IDEAS - IS in eastern North America (e.§edicularis flammeg

GLACIAL SURVIVAL THE ANSWER? Other species reach as far as the Alaska/Beringia re-

The North Atlantic Biota and their Histomyas the ti- gion (e.g.Campanula uniflorpand some have a high
tle of a symposium held at the University of Iceland arctic distribution, connecting Svalbard with northern
Reykjavik in 1962 (Love and Love, 1963). BiologistsGreenland (e.gMlinuartia rossi) (Dahl, 1955, 1998).
participating in the symposium almost unanimously

agreed that the observed distribution of certain Scar?- The Alpine Endemic Element

dinavian plant species could not be explained unlessccording to Dahl (1955), the glacial survival theory
they had survived in ice-free refugia at least during thes important to explain endemism in the Scandinavian

3. The special disjunction of the alpine flora.
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flora. Although Scandinavia only has a very smalll. Beringian land bridge:

endemic element, there is a difference between thene flora was originally circumpolar through migra-
lowland and the alpine flora, the latter having morejon across the Bering Strait. Subsequently, some
endemic species. If thabula rasatheory is correct, species became extinct in Siberia and western North

the arctic-alpine plant species and the lowland plarAmerica but survived in areas on both sides of the At-
species are approximately of the same age in Scan@émtic Ocean (Dahl, 1958).

navia, assuming that their ancestors migrated from the
south and east to Scandinavia in late-glacial and early \ 04 American — European land bridge:

postglacial times. If so, the relatively large number . ;
of endemic taxa in the mountain flora was considereﬁ>IantS dispersed from northeast America/Greenland

to be a problem. However, their relatively large num?° nqrthwest Europe via an ear_ller land bridge con-
ecting Europe and North America.

b be explained if th tain fI ived’ . .
er can be expained 1T e motintaimn fiora survive According to Lindroth (1963), R. F. Scharff was

the last glacial age in refuges along the ScandinaviapIe most ardent early supporter of the land bridge

t
Dahl, 1 )
coast (Dahl, 1955) idea and he introduced it in papers from the beginning

3. Disjunction and Centricity in the Alpine Flora of of the 20" century. The Norwegian botanist Dahl
Scandinavia (1958) later supported the idea. Several others (e.g.

The Swedish botanist Fries (1913) was the first t¢-0v€ and Love, 1956; Einarsson, 1961) assumed that
divide the Scandinavian mountain flora into groupdhe 1and bridge remained into Late Tertiary with sub-
according to distribution patterns. Fries showed thateduént survival of the biota through all Pleistocene
many species in the Scandinavian mountain flora ha@laciations.
a centric distribution. About 25 species showed a bi-
centric distribution, occupying an area in the moun3. Long distance dispersal:
tains of southern Norway and another in northerfPlants dispersed from northeast America/Greenland
Scandinavia. The uni-centric plant species were onl northwest Europe by long distance transport. They
found in one of these areas (Gjeerevoll, 1963). Theere classified according to their mode of transport
fact that 80% of the west-arctic element are “ceninto: 1) Wind dispersed, 2) Dispersed with animals,
tric” (Nordal, 1987) was explained by e.g. Nordha-3) Dispersed by the sea, 4) Limnic species and 5)
gen (1936, 1963) by the glacial survival theory. TheSpecies with no adaptation to long-distance dispersal
species must have survived in two separate refugi@ahl, 1958).
in Scandinavia; one in the Dovre/Jotunheimen moun- Dahl (1963) concluded that the second alternative,
tains in south Scandinavia and the other in north Scamlispersal via an earlier North Atlantic land bridge,
dinavia from the Arctic Circle northward to Troms was the most probable one. Dahl rejected alternative
and Finmark (Dahl, 1955). 1 (original circumpolar distribution becoming extinct)

) ) , as a general explanation, because several polymorphic
Land bridgeor L ong-Distance Disper sal taxa on both sides of the Atlantic are closer to each
The close phytogeographic relationship within theyther than to related forms in the Bering region. Dahl
flora of Scandinavia, the Scottish mountains, thejso considered long distance dispersal unlikely, due
Faeroes, Iceland and Greenland, made scientists wag-lack of special adaptations in the west-arctic ele-
der how the species originally dispersed. Dahl (1958&nent. Steindérsson (1963) agreed with Dahl when he
1961; 1963) proposed the following alternatives:  discussed the likelihood of plant species immigrating

1. Beringian land bridge, to Iceland. Steinddrsson (1963) considered three pos-
2. Land bridge connecting North America with SiPilities for immigration; ocean currents, air, and mi-
Europe and, grating birds, and found them all unlikely.

3. Long-distance dispersal.
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DID THE ICELANDIC FLORA SURVIVE showed the same kind of tendencies but the rest dis-
THE ICE AGE? played no centricity at all (Steindérsson, 1963). Other

Lindroth's and Gelting’s suggestion that plants Sur_centric species in Iceland were e.g. classified as alpine

vived in Iceland in ice-free refugia, as mentioneo(>200 m) or lowland (<.200 m) plants. The alpine
earlier, inspired the Icelandic botanist Steindg"OUP contains ,18 species and the lowland group 37
Steindérsson to make further studies to test this th&P€¢1€S (Stelndors_son,, 1963). .

ory. Already in 1949, Steindérsson pointed out five AI_tog(_eth_er, Stemd_orsson (1963)_p0|nted out that
areas (which he called districts) in Iceland, whicH€ SiX districts contained 100 species almost exclu-
he considered possible refugia. Later the districtSVelY limited to them or to other places with possible
became six (Steindérsson, 1963). Their definitiounatak landscape. However, some of these districts

was based on the distribution of about 100 vasclAr€ Now considered very unlikely to have beenice-free
lar plant species that seemed to be concentrated Fi€aS: notably the Myrdalur district (Einarsson,1963)

them. Some had highly discontinuous distributions ifFigure 1). _ _
Iceland with no obvious natural obstacles to explain  Stéindorsson (1963) himself pointed out that
the gaps (Steindérsson, 1963). Steindérsson confh® Myrdalur district may be considered a dubious
pared these six districts with the areas that Théraring€fugium area”. Myrdalur enjoys the mildest climate
son (1937) had earlier suggested had been ice-fréelceland and most of its exclusive species @ign-
during the glacial ages and they appeared to matdRd0 lanceolata, Succisa pratensiadVicia sepium
well. These plant centres pointed out by Steindérssdi© thermophilic with their present distribution in Ice-
(1963) were: (1) The Breidafjordur district, (2) Vest-land most Ilkgly limited by 'Femperature, as Steindors-
firdir district, (3) Eyjafjérdur district, (4) Austfirdir Son (1964) himself recognized.
district, (5) Myrdalur district and (6) Hvalfjrour dis- ~ Steindorsson (1963) asked if the plant species
trict. mentioned above immigrated in postglacial time,
According to Steindérsson (1963) at least 1ghould they not just as easily have taken root in other
plant species, classified as west-arctic in Scandparts of Iceland? Glacial survival was therefore the
navia, are also found in IcelandCampanula uni- MOst probable explanation for their distribution.
flora, Carex macloviana, C. nardina, C. rufina, In 1964, Steinddrsson suggested that not only had
Cerastium articum, Draba norvegica, Epilobium lact-the 100 species already mentioned survived, but that
ifolium, Erigeron humilis, Euphrasia frigida, Festuca Up to 214 species, 48% of the present vascular flora,
vivipara, Pedicularis flammea, Sagina caespitasal may have survived the Pleistocene in Iceland. He di-
Stellaria calycantha Five (C. uniflora, C. maclo- Vided the Icelandic flora into three groups:
viana, C. nardina, E. humiliandS. caespitogghave 1) 214 species (48%) that survived in ice-free refugia,
a distinct centre in the Eyjafiérdur district (Steind6rs-2) 92 species brought in by humans (21%) and
son, 1963). Eight are found at more than 300 m a.s.8) 136 of uncertain origin (31%).
in Iceland and some even up to 1000 m. Steinddrsson was clearly a great supporter of the the-
Steindérsson (1963) not only proposed the wesgry of glacial survival in Iceland.
arctic species as ice-age candidates, he also consid- As mentioned before, Fridriksson (1962) sup-
ered the so-called North Atlantic species, a grouported theabula rasatheory. By 1978, his views had
closely affiliated with the west-arctic group, to bechanged and he had become an adherent to the the-
ice age survivors. The five plant species, whiclory of survival. At that time, Fridriksson was much
Steindérsson sorted under this group, walghemilla  involved in monitoring the immigration of plants and
faeroensis, Arenaria norvegica, Poa flexuosa, Saxgnhimals to the new island of Surtsey (Buckland and
ifraga aizoonand Carex bicolor Of these 18 (west- Dugmore, 1991).
arctic and North Atlantic) species, 11 have a distinct Hallgrimsson (1969, 1970) divided Iceland into
centric distribution in Iceland. Two more speciesfive climatic areas and grouped plant species accord-
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Figure 1. Areas of proposed limited glaciation during theidselian period. 1) ice-free areas according to
Einarsson (1963); 2) possible plant refugia areas (Stegsdd, 1963) and 3) areas of alpine landscape devel-
opment, including a relatively limited glaciation (Sighjarson, 1983). Figure reproduced with permission
from Ingdlfsson, 1991. -Svaedi sem liklega héfou takmarkada jokulmyndun & sidaktaskeioi. 1) likleg
islaus sveedi (Einarsson, 1963); 2) hugsanleg afdrep fydntur (Steind6rsson, 1963) and alpalandslag med
fremur litilli joklun (Sigbjarnarson, 1983). Myndin er Grgin Olafs Ingdlfssonar, 1991.

ing to habitat and areas. Although he did not reject thduring the last glacial period. Evidence from Horn-
idea of glacial survival, he points out that some mounstrandir (the northernmost part of the Vestfirdir penin-
tain plants e.gAntennaria alpinaandCarex nardina sula) suggests that active glaciers did not cover the
are restricted to areas of continental climate. high plateaus, as no sign of glacial erosion or depo-
sition were found there. However, it is possible that
Geological studies over the last twenty years havehe plateaus were covered by thin, inactive and/or cold
suggested that ice-free areas existed in Iceland dusased glaciers or firns (Hjoet al., 1985).
ing the last glacial period. The snowline in the fjords )
of northern Iceland is believed to have been signiféréenland — Survival or not?
icantly higher at the northern side of the main iceAround the middle of the last century, Danish
sheet than on the south side, due to different climateotanists, such as Boécher (1956, 1972) and Gelting
conditions, suggesting that single mountains or peak4941) supported the hypothesis of glacial survival
were ice-free during the last glacial period (Einarsin Greenland. Palaeoecologists, on the other hand,
son, 1991). The Vestfirdir peninsula in northwest Iceargued against this. In 1953, Iversen published the
land was probably covered by an independent icecdpst pollen diagram from a Greenland lake. This in-
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dicated that only the hardiest plants could have sutt) The West-Arctic Element
vived. Later, Fredskild (1973) also supported this

view. Funder, who puplished the first poII.en diagram%S Nordal (1987) emphasized, geologists do not agree
from east Greenland in 1_978, also studied the aregs the timing of the ultimate disappearance of the
geomorphology and glacial geology. The latter studp|gjsiocene North-Atlantic land bridge. Many believe
ies led him to conclude that some lowland areas ighat this happened over two million years ago and
east Greenland were |ce-,free during the last glaciagme even claimed that the main ridge platform sank
tion. Even though Funder's poIIen. dlagrams indicatge|ow sea level about 15 million years ago (Nordal,
that many species were Holocene immigrants, he cORgg7). Recent evidence indicates that direct land con-
cluded that some species could have surylved the i¢Ryction between southern Greenland and Europe was
age (Funder, 1979; Bennike, 1999). Sediments cORokenin the early Eocene (approx. 50 M yrs ago), al-
taining a macroflora of bryophytes and few herbs havg,ing Atlantic waters to flow into the Arctic Ocean

recently been studied in NE Greenland. It has bee(Marincovichet al, 1990; Tiffney, 2000; Tiffney and
concluded that the woody plants found in these earlyj,chester 2001')_ ' ’ ’

Holocene sediments did not all survive the last glacia-
tion in nonglaciated areas. However, it is speculated Reconstruction of glacial limits in Greenland in-
that a few species of vascular plants may have sugicates that virtually all of Greenland was covered
vived (Bennikeet al,, 1999). with inland ice during the penultimate glacial stage.
If plant species did immigrate to Greenland via land
bridges, then they would have had to survive repeated
TABULA RASAFTER ALL? glacial periods during the last million years and this
is hard to reconcile with the above information (Ben-

As mentioned earlier, participants at the symposium. X :
in Iceland in 1962, on the North Atlantic biota andn'ke’ 1999). But could the Greenlandic flora survive

. . .
their history, agreed that glacial survival had replace(t:rIe last glacial period? Then, ice covered much larger

the tabula rasatheory (Love and Love, 1963). How- areas than it does today. However, fairly extensive
' ) land areas and mountain peaks probably remained

ever, a different picture has gradually been emerginJgon—glaciated where plants could have survived the

over the last decades as knowledge about the Pleis- i . .
: g , ast glacial age in Greenland (Funder 1989; Bennike

tocene climate, the ocean floor and tectonic move- . ) .
- 1999). Paleoclimatic reconstructions from the Green-

ments has accumulated and become more difficult ﬁo

S : and ice cores indicate mean annual temperatures as
reconcile with the refugia theory (Buckland and Dug-
. much as 25C lower than the present (e.g. Dahl-
more, 1991). For example, putative land Connecjenseret al, 1998: Ganapolsiét al, 1998), makin
tions between North America and Europe have now ? ' b 5 i 9

been pushed back at least 15 million years (Laughto@l.m”.vaI of ?ozsct)géant species impossible (Philipp and
1971; Nilsen, 1978; Buckland and Dugmore, 1991). 1egismund, ):

In 1987, Nordal reconsidered th&bula rasahy- Nordal (1987) also challenged Dahl's assertion
pothesis in an article titledTabula Ras&fter All?”  that the lack of west-arctic species in Siberia and the
Nordal queried earlier interpretations of evolutionaryAlps proved that the west- arctic element did not sur-
rates and went on to consider what she proposed waie the last glaciation in Europe outside Scandinavia.
the most parsimonious hypothesis for the putative er=ossil remains ofPedicularis hirsutanear London
demism in the Scandinavian flora and a reinterpretdiave been used as proof that some west arctic species
tion of the three main arguments for glacial survival: may, after all, have survived the glaciation south of

1) The west-arctic element, the ice but since become extinct in W-Europe. To-
2) The alpine endemic element and day, other amphi-Atlantic species are on the verge of
3) The disjunction and centricity of the alpine flora inlosing their southern area (einuartia stricta), and
Scandinavia. others may already have lost it (Nordal, 1987).
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2) The Alpine Endemic Element i.a. based on the fact that three of the west-arctic

As mentioned earlier, a relatively high proportionSPecies/species complexes, all of which lack special
of endemic species is found among the Scandin@daptation to dispersal, are in fact represented in
vian arctic-alpine flora compared to the lowland flora southern South America. If migratory birds brought
Supporters of the theory of glacial survival believedhese species all the way across the American conti-
that these species survived the last glaciation. Accordent, why could they not be brought across the At-
ing to Nordal (1987), glacial survival is not necessaryantic Ocean in the same fashion (Nordal, 1987)?

to explain their existence in the Scandinavian flora. If arctic long distance dispersal actually took
Five of these endemic taxaitennaria nordhageni- Place, how did it occur? Most likely, plants were car-
ana, Arnica alpina, Poa stricta, Saxifraga opdalen-fied by wind across sea-ice in winter, across glaciers
sis, Taraxacum dovrensend T. norvegicurh belong and snow in the treeless arctic environment, by ice-
to apomictic groups within which “speciation” can bebergs, or by birds. Seeds and fruit lacking hair, wings
rapid, e.g. is a single mutation with phenotypic ef-or other morphological adaptations may occasionally
fect distinct enough to give rise to a new “species”be dispersed by wind over large distances (Bennike,
Five other taxa:Dactylorhiza pseudocordigera, Pa- 1999; Brochmann and Steen, 1999). For example,
paver laestadianum, Pyrola norvegica, Euphrasia hyCerastium arcticurhas no apparent adaptations for
perboreaand E. lapponicabelong to groups with long-distance dispersal. Recent molecular analyses
complex and often unresolved taxonomy where jusshow that populations of. arcticumon both sides
tification for specific delimitation may be questioned®f the Atlantic share identical multilocus phenotypes,
(Nordal, 1987). Some of the endemics are high poly0st probably caused by postglacial dispersal (Hagen
ploids e.gDraba cacuminum, D. dovrensisdPrim- et al, 2001).

ula scandinavia The high polyploids may have beenDispersal by Ice and Wood

established by hybridization followed by allopoly-The jdea of biota dispersal by icebergs or drift ice is
ploidation, but that kind of speciation could certainlysa, from new. Darwin (1859) introduced it in his fa-
occur during postglacial time (Nordal, 1987). She&noys hook “The Origin of Species”. A few decades
concluded that the endemic species may well be Ngier Blyit suggested this as a possible explanation
more than postglacial in age (e.g. no older than aboyf the west-arctic element in Scandinavia (Nordal,
10,000-15,000 years). 1987). Hultén (1962) and Nordal (1987) also con-
3) Disjunction and Centricity sidered drift ice or even driftwood as means of long-
Nordal (1987) pointed out that glacial survival is notdistance dispersal in the Northern Hemisphere (Jo-
necessary to explain the centricity of the alpine flor{'@nsen and Hytteborn, 2001). Drift ice and driftwood
of Scandinavia. She argued that in the late glacidlV€ @lso been considered important dispersal vec-
period, many of the disjunct species may have had tors for the immigration of the Icelandic flora, with

wide and more or less continuous distribution in Scari'€ flora transported from northern Eurasia via the

dinavia but later had their range contracted by com!ranspolar Drift and East Greenland Current (Rund-

petition and/or the ice expansion 11,000-10,000 BBren and Ingolfsson, 1999).

(Nordal, 1987). Dur_ing the late Weichselian and early Holocene,
. . both drift ice and driftwood may have been important
Long-Distance Dispersal for the dispersal of diaspores from Siberia and north-

Excluding migration along land bridges, could long-west Russia to parts of the North Atlantic region. The
distance dispersal explain the present distributiobasins of the great Siberian rivers, draining areas far to
of the west-arctic element? Nordal (1987) questhe south, are believed to have been sources of seeds
tioned whether the lack of special adaptation preer other biota. Species likeraba sibirica, Oxytropis
sented serious obstacles to long-distance dispersal deflexassp. norvegicaotentilla stipularisandTrise-

Dahl (1963) had argued. Nordal's arguments wertum subalpestreall with highly disjunct distributions
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in the North Atlantic regions, may be examples of RAPD phylogeography has been used to study
such long-distance dispersal from Siberia. Moreovewariation in two arctic/alpine species in Svalbard.
it has been suggested that parts of northern Norwa8oth were interpreted in support of thabula rasa
and east Greenland, where extremely disjunct Euragheory (Gabrielseret al., 1997; Tollefsrudet al,
atic vascular plants occur, are linked to coastal ared®998). The results indicate that Svalbard popula-
favourable for accumulation of drift ice and driftwoodtions of Saxifraga caespitosandS. oppositifoliaare
from Siberia during an initial immigration following closely related to Norwegian mainland populations.
the last glaciation (Johansen and Hytteborn, 2001). This close relationship cannot be explained with-
out recent long-distance dispersal across the Barents
NEW TECHNIQUES — THE DEBATE Sea barrier and it is most !ik(_ely that th_is dispersal
CONTINUES occurred after the last glaciation (Gabrielsenal,
1997; Tollefsrucet al., 1998).
Much research has been conducted in the last decade pphot et al, (1995) detected 5 different Cp-
to try to resolve the question of plant migration anqqap|0types in a population &. oppositifoliain Sval-
history of arctic and alpine plant species. By usingyard, and interpreted this as an indication of possible
molecular methods as well as results from e.g. pollegyryival in high arctic refugia during the last glacia-
analyses and statistical models for species richneggn. A more recent study challenges these conclu-
pattern the debate on the plant migration and the orkjgns as only two Cp-DNA haplotypes were found in
gin of the flora in the North Atlantic region has beens, oppositifoliain Svalbard. This result supports the
revived. proposal that there is no molecular evidence for local
Through molecular techniques, it is now possisyrvival ofS. oppositifoliavithin Svalbard or Norway

ble to examine genetic similarities between differengjyring the last full-glacial period (Abboét al., 2000).

populations of species and compare them to their 9% acial Survival
ographic distances (Brochmann and Steen, 1999). Bi-

ologists have been debating the genetic consequenddien records from Iceland have been interpreted
of survival of isolated plant populations in glaciall" Support of the glacial survival theory (Rundgren

refugia. Many predict that higher levels of diver-and Ingdlfsson 1999). PoIIen_ records from Lake

sity should characterize refugial populations relativd 0rfadalsvatn, N-Iceland spanning 11,300-9,000 BP
to their descendant populations (e.g. Gabrietseai, ~Show that many of the taxa present prior to the
1997; Comes and Kadereit, 1998). Others assume'@unger Dryas stadial (11,000-10,000 BP) continued
massive loss of allelic variability in refugial popula- {0 Produce pollen during that cold event. Rundgren
tions through inbreeding, founder events and popu"lnd _Ingolfs_son (1999) interpreted this as_ewdt_ence_ for
lation bottlenecks, especially in small refugial areaglacial survival, e.g. that many plant species with high
and populations (Fiichtet al, 2001). Even though tolerance for_cllma_te f!uctuatlons prob_ably ;urvwed

small and inbred plant populations often show a ver§1® Whole Weichselianin Iceland, and cite a high plant
small amount of genetic diversity within populations,diversity in arctic areas and present-day nunataks in
the genetic distance between different populations i@_eland and Greenland as further support for their the-

most often large (Nordadt al., 1998). SIS.
Some recent molecular research also favours

Tabula Rasa glacial survival at high latitudes. Using isozyme
Statistical analyses of diversity patterns in the Norweanalyses, Odaset al. (1991) measured genetic dis-
gian mountain flora indicate that contemporary distritances between geographically isolated populations of
bution patterns can be explained by climate, geologRedicularis dasyanthen Spitsbergen, Svalbard. They
and topography without recourse to historical varifound significant variation in allele frequencies and
ables. The glacial survival theory thus seems to bimterpreted the pattern of variation, and the evolu-
redundant (Birks 1993, 1996). tion of self-compatability in an otherwise mostly self-
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Fjallablaklukka
Campanula uniflora

Figure 2. Distribution ofCampanula unifloran Iceland. FigureMynd: Kristinsson, 2003. Utbreidsla fjalla-
blaklukku(Campanula uniflorad islandi

incompatable genus, as consistent with the theory @. uniflorais rare and its populations are restricted

glacial survival. to a few isolated populations in the coastal moun-
tains of the north and northwest (Figure 2) (Kristins-
Tabula Rasa or Glacial Survival? son, 1986), which probably were ice-free during the

last glacial period (about 115,000 yrs ago until 10,000

' icts? A hi -
Where should one look for glacial relicts? A high arc s ago) (e.g. Hjoret al, 1985; Einarsson, 1991 and

e e popuaten Yoradan, 1961) (Figure 1. Accorngi. un
. . 9 . X Y SUThorais one of the most likely glacial survival candi-
vival candidate. High arctic species are most likely

2 ; . dates in the Icelandic flora (Steinddrsson, 1963). A
better adapted to in situ survival than species of low- ( )

) L ; . 'study on the genetic diversity @ampanula uniflora
arctic or boreal origin. In terms of environment, high. i
. : in Iceland has recently been completed (Agisdattir,
coastal mountains situated close to deep ocean wat

X : 92@03). Results from an isozyme study on five dif-
are more likely to havg been |ce-frge (Dah_l, 1946.)' ferent populations in Iceland show no molecular evi-
Campanula uniflords a mostly high arctic species

with an amphi-Atlantic distribution (Brochmann anddence for glacial survival as there was no genetic di
Steen, 1999) and can be found as far north 2880 versity between geographically isolated populations

Greenland (Bocheet al, 1978) and Svalbard (data (/Egisdottr, 2003).
provided by Herb. Univers. Osloensis). In Iceland,
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INTERPRETING ENDEMISM IN THE  found in the Faroe Islands. Considering its size, iso-
ICELANDIC FLORA: A lation and the presence of endemic taxa both to the
BIOGEOGRAPHICAL COMPARISON east and west, the figure may be lower than expected.
However the expectation might be defined and what-
Our present picture of the North Atlantic biota derivesver the cause of the lack of endemism, it is at least
from the climatic and glaciation history of the region,clear that these data do not support a long and iso-
species distribution patterns and floristic affinities, aplated evolutionary history of the Icelandic flora. A
parent speciation patterns and endemisms, with themilar point was made by Brochmann and colleagues
most recent advances coming from molecular biol2003), who remarked on the low degree of endemism
ogy. A comparison with the Antarctic has rarely beerin North Atlantic regions compared to areas outside
employed and is mostly of limited value because othe main ice sheets, and concluded that this did not
the totally different distribution of landmasses in thesupport then situ Pleistocene survival of the flora.
southern hemisphere. However, for Iceland in partic-
ular, a comparative approach may be informative. A
survey of the world’s oceanic islands soon confirms CONCLUSIONS

that there are no comparable islands for all three imy, gpite of numerous studies and discussions on the
portant criteria, size, degree of isolation and C“matﬁlacial and migratory history of the North Atlantic

(Table 1). Svalbard is most similar in terms of Sizejq 3 for over a century, conclusive answers have not
and isolation but its climate is much harsher. Ice;

. e
land’s closest neighbours, the Faroe Islands, are pr0¥)— Discussion has been limited to the pros and cons

aE)Iy most similar in climate but their area is I_es_s tha%f the two contrasting theories. Alternative and less
2% that of |celand. Sqme of the subantarctic ISIandéxclusive explanations have been little considered but
have a comparable climate, although more ;trong%ay be more fruitful. The age, origins and history
oceanic. Several have the same degree of 'SOlat'OBIf the biota of the North Atlantic are likely to vary
but again they are all much smaller than lceland. regionally. While molecular methods have recently
The most striking pattern to emerge from the tappened exciting new avenues for exploring migration
ble is the difference between the arctic-subarctic, arﬁstory, their power may not suffice to provide a gen-
the subantarctic islands in degree of endemism. Eré-ra| answer. For examp|e’ can we interpret results
demism is low (<2% of vascular plant species) in thgvhich indicate a large genetic distance between pop-
North Atlantic islands but >10% in all the subantarcticylations as evidence for glacial survival or should it
islands. Glaciation history is incompletely known forgnly be interpreted as an indication of a long time iso-
the subantarctic islands but some appear to have begfion? Will a Pleistocene origin be evident after smalll
at least partly glaciated. The difference in endemisryelict glacial populations have mixed with perhaps re-
between the arctic and subantarctic islands may bep@ated Holocene immigrations? Pollen and macrofos-
product of the different ages of these floras, or theyj analyses offer the most direct access to site history.
may reflect much lower probabilities of seed dispera problem with the interpretation of pollen records
sal from the much smaller continental landmasses Qé that very h|gh tempora| resolution may be needed
the southern hemisphere, even with similar dispersg distinguish between glacial survival and postglacial
distances. immigration, if most immigration took place during
Greenland and Svalbard both have some genesnusual conditions prevailing for a short or very short
ally acknowledged endemic taxa of vascular plantperiod immediately following deglaciation.
although the precise number is not agreed upon. Of When considering two contrasting hypotheses, the
all the islands, Iceland has the lowest percentage gfinciple of parsimony (Occam’s razor) should be em-
endemic vascular species, with only one weak claimloyed, e.g. the simplest explanation of a phenomenon
at present, the apomictiglchemilla faeréensisalso (requiring the fewest leaps of logic) should be ex-

t emerged.
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Table 1: A comparison of vascular species richness and eisdemn selected oceanic islands at latitudes
>30°N and >30S. Greenland is included because of its geographical gedniceland’s closest neighbour.
— Samanburdur & tegundaaudgi sedplantna og fjdlda einlendgarida & véldum Gthafseyjum & breiddar-

gradunum >30N og >3C°S. Graenland er tekid med i samanburdinn vegna naleegdar rsiridasland.

Island or archipelago | ref. latitude isolation approx. area| indigenous | endemic %
approx. km to of island or vascular taxa endemism
nearest continent island group species
Greenland 1 59°46’-83°41'N 2,175,600 497 15 3.0
383,600)
Svalbard 2 74-8PN 930 62,000 164 2-3? 1.2?
Iceland 3 63°23'-66°32’'N | 810 (Scotl.), 970 (Norw.)| 103,000 480 (% (0.3)
Faroe islands 1 62°N 330 (Scotl.), 600 (Norw.) 1,399 250 Ly (0.4)
French Southern 1 37°41'-48°50'S >2,000 7,829 50 11 22.0
Territoried)
Chatham island 1 43°58'S 800 965 320 40 12.5
subantarctic islands | 1,5 | 49°42'-5437'S 200-800) 949 ca. 250 35 ca. 14
(Auckland, Campbell,
Antipodes and
Macquarie islands)
Falkland islands 1 52°S 530-550 12,200 165 14 8.5

2) area of ice-free land (Bocher and Petersen, 1997)

") includes the archipelagos of Crozet and Kerguelen and tlearie islands of Amsterdam and St Paul

©) refers to distance to New Zealand

4 the bracketed figure of 1 refers to the same species for bethrid and the Faroe islands, the apomiétichemilla
fareoensis

References, 1) Davist al., 1996; 2) Elvebakk, 1997; 3) Valisti 1. Plontur, 1996; 4) §cb985; 5) McGlone, 2002.
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tabula rasa to glacial survival in the mid Bacen- AGRIP

tury. At present, the pendulum seems to be movin& . . . .

towardstabula rasaagain (Brochmanet al, 2003) enningarum sogu florunnar vié N-Atlantshat

but whether that will be the end of the debate is haréigreininni er fjallad um proun érdeydu- og midsveeda-
to say. Only more studies and discussions in the flkenninganna fra lokum 19 aldar en peer hafa verid

ture will help us further in our search for an answefmidpunktur skodanaskipta um uppruna og sogu flor-
on the history of the North Atlantic flora. unnar vid Nordur Atlantshaf allt fram & okkar daga.

Ummerki eftir isaldarjékulinn i Skandinaviu uréu um
midja 19. 6ld kveikjan ad hugmyndum um ad allt lif-
riki hafi daid ut & jokulskeidum isaldar en borist pang-
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ad Ur sudri eftir sidasta kuldaskeio (6rdeydukenningand genetic diversity within and among populations.
in). I'lok 19. aldar var 6rdeySukenningunni andmeliselr.compatibility refers to plants that are capable of
og hugmyndin um midsvaedakenninguna kom framygi_tertilization.

p.e. ad plontutegundir hafi lifad af & islausum sveed-

um sem st6du upp Ur meginisbreidunni. Midsveeda-
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