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Vegetation zones and biodiversity of the North- 
American Arctic

- Fred J.A. Daniels, Helga Bultmann, Christoph Liinterbusch and Maike Wilhelm, Munster -

1. Introduction

The circumpolar land beyond the northern limit of natural tree growth is generally consi­
dered as Arctic. Its southern border roughly coincides with the 10°C July isotherm. Natural 
tree growth is absent primarily due to insufficient summer warmth. Thus the rather warm 
inland part of South Greenland with stunted tree growth and nearly entire Iceland where gra­
zing prevents natural tree growth are excluded from the Arctic (Figs. 1 and 6).

In many aspects flora and vegetation within the circumpolar Arctic is rather similar 
obviously due to the strong convergent impact of the rather extreme climatological conditions 
in past and present. However regional variation exists from east to west and south to north due 
to differences in configuration of land and sea, relief, substrate, climate and glacial history.

This contribution mainly deals with latitudinal variation within the North-American part of 
the Arctic with emphasis on Greenland. It addresses floristics, vegetation, zonation approa­
ches from a syntaxonomical point of view and species richness.

The nomenclature of the vascular plants is in accordance with B ocher  et al. (1978). For 
the species occurring outside Greenland P o r sil d  &  C o d y  (1980) is followed. Nomenclature 
of higher syntaxa follows D ier ssen  (1996) however not so our concepts of the classes Cari- 
cetea curvulae, Koelerio-Coiynephoretea and Loiseleurio-Vaccinietea.

2. General features of the Arctic territory

The delimitation of the Arctic and subdivision as agreed on by a majority of the CAVM 
(Circumpolar Arctic Vegetation Mapping) group (see W alk er  et al. 1995) is depicted in Fig. 
1 (cf. E lv ebakk  et al. 1999). Many arctic regions are alpine (e.g. nearly the entire Greenland) 
but the endless lowlands and plains (e.g. in Alaska and Siberia) probably stronger portrays the 
typical features of the Arctic lands. Variation in geomorphology, substrate (acidic, non-aci- 
dic), climate (north-south and coast-inland) and glacial history (glaciated or not) cause biotic 
and abiotic patterns on different scales.

Major vegetation types of the landscape include tundras (vegetation where plant cover is 
complete and where woody species, sedges and grasses dominate), polar semi-deserts (where 
vegetation cover is less complete and where cushion plants, herbs and cryptogams dominate) 
and polar deserts (A lek sa n dr o v a  1988), including herb barrens and snow flush vegetation 
(B liss 1997). In addition grasslands and coastal salt marshes occur. Mosses and lichens are 
prominent.

Throughout the Arctic lands soils are permanently frozen (permafrost), with only the upper 
part (active layer) thawing each summer. Freezing and thawing of the upper soil result into the 
formation of patterned ground including circles, polygons, nets, hummocks, steps, stone
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Fig. 1: Subdivision of the Arctic territory according to Elvebakk et al. (1999). Names of the zones
have been changed by the present authors. 1 Arctic Herb Zone, 2 Northern Arctic Dwarf Shrub 
Zone, 3 Middle Arctic Dwarf Shrub Zone, 4 Southern Arctic Dwarf Shrub Zone and 5 Arctic 
Shrub Zone.

stripes and solifluction lobes which are all pronounced features of Arctic landscapes. They 
strongly influence the vegetation pattern.

Species numbers are comparatively low, especially in the North. The total amount of na­
tive bryophyte species is estimated 600-700 (Longton 1988), the lichen flora might compri­
se about 2000 species (Thomson 1972) and the number of flowering plants species might be 
estimated at about 900 (Polunin 1959) of which 700 occur in the Low Arctic and 350 in the 
High Arctic of North-America (Bliss 1997). The species number of mosses and lichens might 
be likely three times as high as that of the vascular plants. Species diversity, vegetation cover 
and height generally decrease with increasing latitude.

Due to low temperatures chemical and biological processes are slow, thus nutrient availa­
bility for plants is rather low. Development of soil horizons is less pronounced. Deep organic

132

©Reinhold-Tüxen-Gesellschaft (http://www.reinhold-tuexen-gesellschaft.de/)



soils (histosols) can be found in poorly drained lowlands in the southern parts. In well drain­
ed upland sites and in the North organic horizons are hardly developed (entisols). See further 
B liss (1997), B liss &  M atveyeva  (1992) and C hern o v  &  M atveyeva  (1997).

3. Flora
3.1 Status

The Arctic is considered by Y u rtsev  (1994) as a separate floristic region. In continental 
sectors the southern boundary coincides with the northern limit of the Taiga, in oceanic sec­
tors it crosses treeless areas. Thus some areas in the North-Pacific regions and North-Atlantic 
regions, such as Faroe Islands, Iceland and the southern part of Greenland as well as nor­
thernmost Scandinavia are excluded because the high proportion of „southern“ species alien 
to the circumpolar arctic area. Thus according to floristical criteria the Arctic is smaller than 
the Arctic defined in the Introduction (Fig. 1).

The floristic integrity of the Arctic is very high, even on the species level. The circumpo­
lar species account for over 35% to over 80% of local Arctic floras apart from other species 
with wide distribution in the circumpolar region (Y u r tsev  1994). Several arguments support 
the concept of a separate floristic region. No less than 10% of species characteristic of the 
Arctic are endemic. There are even a few widespread endemic and subendemic genera (.Arc- 
tophila, Dupontia, Parrya s.str., Phippsia, Pleuropogon s.str.) as well as several endemic and 
subendemic sections in genera such as Cerastium, Drabci, Gastrolychnis, Oxytropis, Papaver, 
Poa, Puccinellia and Taraxacum.

Moreover the Arctic flora has a peculiar taxonomic structure: few species per genus and 
family; lack of phyletic lineages (which are typical for the Boreal region), even at higher taxo­
nomic levels, e.g. the lack of Gymnosperms. Moreover the number of mosses and lichens rela­
tive to the vascular plants is high.

Other arguments are the differences with the plants of the Boreal floras in respect of eco- 
physiological and morphological features (growth-forms), different vectors of evolution and 
modes of speciation and flora genesis. Recently C r a w ford  (1999) emphasised the high level 
of intraspecific variation in the Arctic flora (Arctagrostis latifolia, Anneria maritima, Carex 
bigelowii, Draba species, Dryas octopetcila, Saxifrciga species, Silene acaulis) in this peri­
pheral region of the world (cf. also M urray  1994). „Thus the Arctic flora is a taxonomically, 
ecologically, biologically, and genetically distinctive complex of young and dynamic species, 
that occupy a vast natural area“ (Y u r tsev  1994).

Sectorial differences in the Arctic Floristic Region are reflected in its subdivision into 5 
flora provinces: European-West-Siberian, East-Siberian and Chukotka, Alaska, Canada- 
Greenland and Baffin-Labrador (Y urtsev  1994).

3.2 Species diversity
There is convincing evidence that species richness of vascular plant floras within the Arc­

tic is strongly affected by summer temperatures (e.g. E d l u n d  & A lt 1989, Y o u n g  1971). 
E d l u n d  &  A lt (1989) found strong congruencies between species diversity, species domi­
nance, species distribution and mean July temperature in °C (mJT) in the Queen Elizabeth 
Islands, Northwest Territories, Canada. They distinguished 4 vegetation zones: Herb Zone (no 
woody plants and sedges, 1-35 species, mJT less than 3°C), Herb-Shrub Transition Zone (herb 
dominated, shrubs and sedges present but not dominant; wetlands dominated by grasses, 35- 
60 species, mJT 3-4°C), Prostrate Shrub Zone (dominated by Salix arctica and/or Dtyas inte- 
grifolia, wetlands dominated by sedges, 60-100 species, mJT 4-5°C) and Enriched Prostrate
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Shrub Zone (dominated by shrubs as previously, but more additional species, more than 100 
species, mJT 5-8°C).

A study of the vascular flora of St. Lawrence Island, Alaska in comparison with other local 
circumpolar arctic floras resulted into a subdivision of the Arctic into 4 floristic zones (Young 
1971). A strong correlation was found between floristic zones and the sum of the mean tem­
peratures in °C of months with a mean temperature above 0°C (=a°C, summer warmth). There 
was neither a correlation with mean annual temperature °C nor with precipitation and humi­
dity. Moreover species numbers were influenced rather by coast-inland effects than strict 
historical or geographical factors. Young’s 4 floristic circumpolar zones are characterised by 
the sum of the mean temperatures of months with a mean temperature above 0 °C (=a°C), spe­
cies number, northern distribution limits and distribution pattern of vascular plant species. 
From north to south the following zones are distinguished:

Zone 1: Less than 50 species, flora impoverished, no vascular cryptogams, almost only cir­
cumpolar species, a°C: 0-6°C;

Zone 2: Typical flora 75-125 species, many circumpolar or wide-ranging species, 7 species 
of vascular cryptogams, a°C: 6-12°C;

Zone 3: Typical flora well over 100 species, isolated sites 150 species, less isolated even 
more than 250 species. Differentiation in sectors more pronounced than in zone 2, 
a °C: 12-20°C;

Zone 4: Typical flora well over 200 species, up to 500 species, strong sectorial differences, 
a°C: 20-35°C.

3.3 Greenland
Flora and vegetation of Greenland are confined to mostly narrow coastal ice-free fringes 

who constitute only about 14% of the total area, which is covered for about 86% by a central 
ice-cap.

The vascular plant flora of Greenland is well know. B ocher  (1938) and B ocher  et al. 
(1959, 1978) compiled results from studies before the seventies. Important later contributions 
are by B ay (1992), F eilberg  (1984), F r e d sk il d  (1996) and S ch w a r zen ba c h  (2000). Total 
number of native species might be about 500 (485 in B ocher  et al. 1959).

We tried to correlate species numbers of vascular plant floras with some climate parame­
ters. Tab. 1 shows species numbers of regions (derived from important floristic studies in past 
and present including own data) with weather stations in Greenland, all situated below 100 m 
altitude, and a number of climate parameter (mainly derived from the Danish Meteorological 
Institute in Charlottenlund (A nonymous 1961-1967)) (Tab. 1, Figs. 2 and 3). Species number 
appeared to be (highly) correlated with mean temperature of the warmest month in °C, sum 
of mean temperatures of the months June, July and August in °C, mean annual temperature in 
°C, but the strongest with the sum of mean temperatures of all months with mean temperatu­
re above 0°C (=a°C). There were no congruencies with precipitation and humidity. Our results 
confirm the findings of Edlund & A lt (1989) and Young (1971). Thus vascular plant spe­
cies diversity in local floras of Greenland seems primarily be controlled by summer warmth 
as expressed by a°C.

Poor local floras occur in the cold outer coastal areas of the northern parts of Greenland, 
rich floras in Southwest Greenland and the inland in the South albeit substrate diversity (e.g. 
gneiss, granite, basalt, sandstone, limestone) in many parts of northern Greenland is even 
more pronounced than in the southern part of Greenland (with almost only old acidic gneis­
ses and granites). Thus summer warmth obviously has a stronger impact on species diversity 
of local floras than substrate diversity.
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l CÔr“T-

cm“CMco“T—
o>
0“T“

COCOCO
cm“of 10

,5| 00of O)
CM

OCM00

17
,6

15
,81 T—

CO

o Oo
(0

to mco“oo“COoo“

I 1
2>6

l

co“▼- I 2
2,

21 CO

20
,4 CMCOCM 34
,5 co

0“CM 21
,6 T“COCMof COco“CM 42
,3

31
,7| O)

cm“CO 28
,31

o>
CL
(0 mm
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Fig. 2: Map of Greenland showing locations (numbers) of weather stations and numbers of vascular
plant species in nearby floras (in circles).

sum of T [°C] of months with mean T [°C] above 0 °C

Fig. 3: Linear regression analysis of vascular plant species numbers of local floras and sum of mean
temperature of montts with mean temperature above 0°C (a°C).
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4. Vegetation
4.1 General features of arctic vegetation types

Circumpolar comparisons have been presented by a.o. A leksandrova (1980), B liss & 
Matveyeva (1992) and Y urtsev (1994), while A leksandrova (1988) and Chernov & M at­
veyeva (1997) reviewed arctic ecosystems of Russia, and B liss (1997) did so for North-Ame­
rica.

Vegetation pattern of the North-American Arctic and the Russian Arctic is different due to 
strong differences in configurations of land and sea (Alaska and mainland of Canada consti­
tute a continent; Northwest Territories, now pro major part Nunavut, is an extended group of 
islands in the Arctic Ocean, which are low and flat in the West, high and alpine in the East; 
Greenland is an island with ice-free land confined to coastal areas; the Russian Arctic is main­
ly a huge continent with some scattered islands). Moreover réfugiai and postglacial immigra­
tion routes are different. However in spite of local differences in flora and vegetation pattern 
Arctic vegetation shows many strong circumpolar convergencies on levels of synusiae, phyto- 
coenoses and formations. This is very pronounced in the northern parts of the Arctic and 
mainly due to the overruling influence of the extreme climate.

Although syntaxomical approaches to the circumpolar Arctic are comparatively young the 
circumpolar distribution of classes Thlaspietea rotundifolii, Carici-Kobresietea, Loiseleurio- 
Vaccinietea, Salicetea herbacecie, Scheuchzerio-Caricetea and Mulgedio-Aconitetea could be 
demonstrated (cf. Walker et al. 1995). This should stimulate further international co-opera­
tion in the development of an uniform circumpolar vegetation-classification system as is 
initiated by the CAVM group.

The vegetation of the entire Arctic territory is physiognomically characterised by the 
absence of trees, dominance of chamaephytes and hemicryptophytes, mosses and lichens, and 
almost absence of therophytes. Species richness of some vegetation types (e.g. Carici-Kobre­
sietea communities) is extremely high by the many bryophytes and lichens (cf. Gelting 1955, 
Lünterbusch & Daniels 2000; see also BOltmann & Daniels 2000 and chapter 3.2). Over 
60 species are commonly found in relevés of a few square meters.

4.2 Major classes of the North-American Arctic
The Low-Arctic (sensu Bliss 1997) is characterised by low shrub tundra with several wil­

low species (probably belonging to Salicetea purpureae, Mulgedio-Aconitetea or Loiseleurio- 
Vaccinietea), dwarf shrub heath tundra (Loiseleurio-Vaccinietea, see also Daniels 1982), 
dwarf shrub heath-tussock tundra (probably Oxycocco-Sphagnetea, see also Walker et al. 
1994), graminoid-moss tundra (mires) (Scheuchzerio-Caricetea) and cushion plant-crypto- 
gam semi-deserts with Dryas species (Carici-Kobresietea).

In the High-Arctic (sensu Bliss 1997) occur: graminoid-moss tundra (mire) (Scheuchze­
rio-Caricetea), dwarf shrub heath tundra (especially with Cassiope tetragona, Salix arctica, 
Vaccinium uliginosum ssp. microphyllum, Rhododendron lapponicum, Betula nano) 
(Scheuchzerio-Caricetea/Carici-Kobresietea), tussock tundra (with Eriophorum vaginatum, 
Vaccinium vitis-idea ssp. minus) {Oxycocco-Sphagnetea1. ) and sporadically low shrub tundra 
(0,5-2,0 m high; built up by Salix alaxensis and S. pulchra) {Scheuchzerio-Caricetea or Sali­
cetea purpureael). The polar semi-deserts are represented by cushion plant-cryptogam semi- 
deserts on gravelly raised beaches (Carici-Kobresietea) and cryptogam-herb semi-deserts on 
sandy-silty clay soils with black organic crust, many small herbs, without dwarf shrubs and 
sedges, but with abundant mosses {Salicetea herbaceae, Saxifrage-Ranunculion). The polar 
deserts consist of herb barrens {Thlaspietea rotundifolii) and snow flush communities {Sali­
cetea herbaceae, Saxifrago-Ranunculion).
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Salt marshes (.Juncetea maritimi, Puccinellion phryganoclis) and dry beach vegetation 
(.Honckenyo-Elymetea) locally occur mainly in the southern parts of the Arctic (cf. de 
Molenaar 1974, Thannheiser & W illers 1988), just as grasslands of Calamagrostis neglec- 
ta (Scheuchzerio-Caricetea or Honckenyo-Elymetea?) and C. purpurascens steppes. Syntaxo- 
nomically this latter vegetation type most certainly should be considered as a new class pro­
visionally named here Calamagrostietea purpurascentis. This syntaxon is characterised by a 
set of good character and differential species (a.o. Calamagrostis purpurascens, Carex supi- 
na ssp. spaniocarpa, Arabis holboellii, Erigeron compositus, Caloplaca tominii Savicz, Col- 
lema substellatum H. Magn. and Didymodon rigidulus Hedw.). It has a distinct ecology and 
distribution ((East-Siberian-)North-American), and an own Pleistocene history (see also 
Bocher 1954). This class surely is a „good class“ according to the concept of Pignatti et al. 
(1995). A first syntaxonomical synopsis of the vegetation of (sub)oceanic low arctic Green­
land included the following classes: Asplenietea trichomanis, Thlaspietea rotundifolii, Cari- 
cetea curvulae, Loiseleurio-Vaccinietea, Carici-Kobresietea, Salicetea herbaceae, Mulgedio- 
Aconitetea, Montio-Cardaminetea, Scheuchzerio-Caricetea, Oxycocco-Sphagnetea, 
Honckenyo-Elymetea, Juncetea maritimi (syn. Asteretea), Littorelletea and Potametea (Dani­
els 1994).

5. Latitudinal zonation schemes
5.1 Survey of approaches

In their recent papers Walker (1999b) and Elvebakk (1999) reviewed existing subdivi­
sion concepts and schemes of the Arctic (a.o. A leksandrova 1980). Moreover new zonation 
approaches were proposed. Tab. 2 summarises major subdivision systems in Russia, North 
America and Fennoscandia. Walker (1999b) prefers 4 arctic subzones which are named 
Cushion Forb, Prostrate Dwarf Shrub, Erect Dwarf Shrub and Low Shrub after the dominant 
„plant functional type“ in the zonal situation (Tab. 3).

Fig. 1 depicts the subdivision of the Arctic recently published by Elvebakk et al. (1999). 
The five bioclimatic (sub)zones are essentially characterised by temperature regimes (mJT) as 
found along latitudinal (north-south) as well as along coast-inland (low-high summer tempe­
rature) gradients. These differences in climate are reflected in differences in life- and growth 
forms in mesic (zonal) sites, abundances of species in the landscape and sequences of vege­
tation types along dry-wet gradients (Figs. 4 and 5). The (sub)zones are named Arctic Polar 
Desert Zone, Northern Arctic Tundra Zone, Middle Arctic Tundra Zone, Southern Arctic Tun­
dra Zone and Arctic Shrub Tundra. We follow this 5 subzone approach and their characteri­
sation, however prefer a different nomenclature (Fig. 6). Our nomenclature avoids the con­
flicting terms desert and tundra. It focuses on three different growth forms and the variation 
in the large dwarf shrub region is expressed by geographical terms.

(1) Arctic Herb Zone: entirely herbaceous, primarily characterised by the absence of woody 
plants and Carices. Vascular plant cover is very low (<5%). Papaver dahlianum agg. is 
characteristic in dry, Phippsia algicla in moist sites. Saxifraga species are prominent; mJT 
0-2,5°C (Fig. 7: a, b).

(2) Northern Arctic Dwarf Shrub Zone: transitional between zone 1 and zone 3. Prostrate 
dwarf shrubs such as Dryas species occur on exposed ridges, Salix (arctica or polaris) in 
snowbeds. Carices occur; mJT 2,5-4°C (Fig. 7: c, d).

(3) Middle Arctic Dwarf Shrub Zone: Dryas species occur on dry ridges, Cassiope tetragona 
in zonal sites, herbs in late snowbeds. Mires with pleurocarpous mosses and Carices are 
well developed; mJT 4-6°C (Fig. 7: e, f).

(4) Southern Arctic Dwarf Shrub Zone: Prostrate dwarf shrubs occur on dry ridges (Loise-
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Tab. 2: Survey o f approximate equivalent subdivisions o f the Arctic in Russia, North America and Fen-
noscandia (taken from W a l k e r  1999b).
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Tab. 3: Summary o f climate parameters and vegetation features o f the 4 Arctic vegetation subzones
(taken from W a l k e r  1999b).
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Scattered rosette 
herbs {Papaver spp.)

A Arctic Polar Desert (1 - 2,5 °C) 
(= Arctic Herb Zone)

Prostrate dwarf-shrubs 
Dryas spp.

Prostrate dwarf-shurbs 
{Salix spp.) and herbs

Herbs like 
Saxifraga spp. 

and Oxyria  digyna
Mires of pleurocarpous 
mosses, Carex spp. and 

Dupontia  fisheri

Vegetation of Wet Sites

Mires With Moderate 
Peat Layers

B Northern Arctic Tundra (2,5 - 4 °C)
(= Northern Arctic Dwarf Shrub Zone)

Prostrate dwarf-shrubs 
Dryas spp.

Discontinuous
Vegetation

The dwarf-shrub 
Cassiope  tetragona

Herbs like
Saxifraga spp. and Oxyria digyna 
plus weakly southern species like 

Trisetum  spicatum

Mires of pleurocarpous 
mosses and Carex spp.

Vegetation of Wet Sites

Continuous Vegetation

C Middle Arctic Tundra (4-6 °C)
(= Middle Arctic Dwarf Shrub Zone)

Fig. 4: Generalised zonation of vegetation types along a dry-wet gradient in the Arctic Polar Desert,
Northern Arctic Tundra and Middle Arctic Tundra according to Elvebakk (1999).
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Prostrate dwarf-shrubs 
Dryas spp.
ç4>

Discontinuous
Vegetation

Dominance of 
dwarf-shrubs other 

than Cassiope 
(Betula nana s i ,  Empetrum, 

Vaccinium, Salix)

Thermophilous herbs 
like Sibbaldia and 
Potentilla crantzii

Mires of pleurocarpous 
mosses in admixcture 
with Sphagnum  spp., 

Carex dominance

Thick Peat

Continuous Vegetation

D Southern Arctic Tundra (6 -8 °C)
(= Southern Arctic Dwarf Shrub Zone)

Prostrate dwarf-shrubs 
and rosette plants 

Loiseleuria procumbens, 
Diapensia lapponica

^Shrubs (Salix, Betula, Alnus) 
^and in the Amphi-Beringian 

area tussock tundra of 
Eriophorum vaginatum

Discontinuous
Vegetation

Numerous herbs and forbs 
like Alchemllla spp. and 
Epilobium angustifolium

Continuous Vegetation 
with Partly Podzol 

Development

Development of 
hummocky bogs with 

Sphagnum  dominance

Thick Ombrogeneous 
Peat

Arctic Shrub Tundra (8-10 °C) 
(= Arctic Shrub Zone)

Fig. 5: Generalised zonation of vegetation types along a dry-wet gradient in the Southern Arctic Tun­
dra and Arctic Shrub Tundra according to Elvebakk (l 999).
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leuria procumbens, D iapensia lapponica  on acidic substrates; D ry as spec, on non-acidic 
substrates), erect dw arf shrubs other than Cassiope tetragona, such as Em petrum  nigrum  
ssp. hermaphroditum, Phyllodoce coerulea, Betula nana, Ledum  palustre  ssp. decumbens, 
Vaccinium uliginosum  ssp. microphyllum, Salix glauca  ssp. callicarpaea  dominate in  
zonal sites. Snowbed vegetation is w e ll developed. M ire  vegetation w ith  Sphagnum  spe­
cies occur on acidic substrates. Low  shrub vegetation and ta ll forbs are found along water 
in  sheltered sites; mJT 6-8°C (Fig. 7: g, h).

(5) A rc tic  Shrub Zone: D w a rf shrubs dominate on dry ridges, low  shrubs (0,5-2m ) such as 
Salix  and Betula glandulosa  occur in  zonal sites. Hum m ocky bogs w ith  some boreal spe­
cies are w e ll developed; mJT 8-10°C (Fig. 7: i, j) .

Fig. 6 depicts a s ligh tly  m odified subdivision o f Greenland. The boundaries o f the zones are 
rather p re lim inary due to lack o f relevant knowledge in  particu lar from  northern and in land 
areas. The A rc tic  Shrub Zone is confined to warm  in land areas being w e ll developed in the

Fig. 6: Zonal subdivision of Greenland. 1 Arctic Herb Zone, 2 Northern Arctic Dwarf Shrub Zone, 3
Middle Arctic Dwarf Shrub Zone, 4 Southern Arctic Dwarf Shrub Zone and 5 Arctic Shrub 
Zone. 6 Boreal enclave in the inland in the South.
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Fig. 7a: Landscape in the Arctic Herb Zone near the coast of eastern North Greenland, July 1993, 
courtesy Dr. C. Bay.

Fig. 7b: Papaver dahlianum, Ellesmere Island, Canada, August 1999.
Fig. 7c: Landscape in the Northern Arctic Dwarf Shrub Zone Cornwallis Island, Canada, August 

1999.
Fig. 7d: Salix arctica, Ellesmere Island, July 1992.
Fig. 7e: Landscape in the Middle Arctic Dwarf Shrub Zone, Inland of eastern North Greenland, 

July 1995.
Fig. 7f: Cassiope tetragona in West Greenland, August 1992.
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Fig. 7g: 
Fig. 7h: 
Fig. 7i: 
Fig. 7j:

Landscape in Southern Arctic Dwarf Shrub Zone, West Greenland August 1992. 
Empetrum nigrum ssp. hermaphroditum, West Greenland, August 1998. 
Landscape of the Arctic Shrub Zone, inland Southwest Greenland, August 1998. 
Pedicularis labradorica, inland Southwest Greenland, September 1993.

southern part of West Greenland. The innermost parts of the Scoresby Sund area in East 
Greenland very probably also belong to this zone. It is fragmentarily developed in inland loca­
lities of the southeast coast of Greenland. Due to the lower summer temperatures northwards 
the Southern Arctic Dwarf Shrub Zone retreats from the coast being replaced by the Middle 
Arctic Dwarf Shrub Zone. The very cold outermost fringes of the coast of East and Northeast 
Greenland belong to the Northern Arctic Dwarf Shrub Zone. However this zone is absent in 
Northwest Greenland, where the climate is less harsh. The Arctic Herb Zone is confined to the 
outermost coast of eastern North Greenland, where summer temperatures are extremely low 
due to frequent clouds and fog which shields off insolation (cf. Bay 1997, Edlund & Alt 
1989).

5.2 Syntaxonomical aspects of the vegetation zones of Greenland
Syntaxonomical approaches to subdivision of the Arctic are very scant, however promising 

as was shown by e.g. Elvebakk (1985), Thannheiser (1987) and Walker (1999a).

Tab. 4 shows an inventory of classes which are known from 6 lowland regions in Green­
land. These regions are rather well known (mainly Bay 1997, Böcher 1954, Daniels 1982, 
1994, Daniels & Alstrup 1996, de M olenaar 1974, 1976, Fredskild, 1998, Lünterbusch
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Tab. 4: Occurrences of syntaxa (classes) in several localities in Greenland as examples of the different
zones:
1 Station Nord in the Arctic Herb Zone, 2 Amdrup Land in the Northern Arctic Dwarf Shrub 
Zone, 3 Inland of eastern North Greenland and localities in Northeast Greenland belonging to 
the Middle Arctic Dwarf Shrub Zone, 4 Coastal Angmagssalik District belonging to the Sou­
thern Arctic Dwarf Shrub Zone and 5 Inland around Sondre Stromfjord in Southwest Greenland 
(Arctic Shrub Zone). Fragmentary or less common occurrence in brackets (x).

Zone 1 2 3 3 4 5

Name AHZ NADZ MADZ MADZ SADZ ASZ

Locality Station Amdrup Centrum NEG Ammas SSF
Nord Land Soe salik
81°36* ca 81°N 80°10'N 75-72°N ca 65° N 67°N
Nc Nc Ni NEG(c) SEG(c) WGi

Author CBay CBay FDan BFred FDan TBoch
Number of classes 2 4 7 12 20 19
Minimum number of associations 2 4 11 13 45 45

Thlaspietea X X X X X X

Salicetea herbaceae X X X X X (X )

Carici-Kobresietea (X ) X X X X

Scheuchzerio-Caricetea (X ) X X X X

Montio-Cardaminetea (X ) (X ) X X

Calamagrostietea purpurascentis (X ) X (X ) X

Loiseleurio-Vaccinietea X X X X

Juncetea maritimi X X (X )

Phragmitetea X X X

Honckenyo-Elymetea (X ) (X ) (X )

Asplenietea (X ) (X ) (X )

Isoeto-Nanojuncetea (X ) (X ) (X )

Salicetea purpureae ? X X

Potametea X X

Mulgedio-Aconitetea X X

Oxycocco-Sphagnetea (X ) X

Koelerio-Corynephoretea (X ) (X )

Littorelletea uniflorae (X ) (X )

Utricularietea (X ) (X )

Caricetea curvulae X

et al. 1997; see also Fredskild 1992). Two regions belong to the Middle Arctic Dwarf Shrub 
Zone, the other zones are represented each by one region.

In the Arctic Herb Zone ( I) only two classes occur: Thlaspietea rotundifolii and Salicelea 
herbaceae represented each by one association: Papaveretum dahlianae Hoffmann 1968 and 
Phippsietum algidae-concinnatae Nordh. 1943 (derived from Bay 1997).

In the Northern Arctic Dwarf Shrub Zone (2) the same associations and Salix arctica 
snowbeds are found, but additionally fragmentarily developed communities of the classes 
Scheuchzerio-Caricetea and Carici-Kobresietea occur: Carici-Dryadetum Dan. 1982 and 
Drepanoclado-Caricetum stands (sensu D ierssen 1996) (derived from Bay 1997). Thus four 
classes and at least 4 associations occur.

In the Middle Arctic Dwarf Shrub Zone (3) in the inland of eastern North Greenland at 
least eleven associations occur in the inland of eastern North Greenland belonging to 7 clas­
ses, the previous four and Montio-Cardaminetea, Calamagrostietea purpurascentis prov. and
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Loiseleurio-Vaccinietea. (Pleuropogon sabinei vegetation is provisionally classified in the 
Scheiichzerio-Caricetea) (Daniels 1999, Daniels & A lstrup 1996).

In Northeast Greenland the zone is well represented. Minimum number of associations is 
13 just as the number of classes. Apart from the previous 7 classes, salt marsh associations of 
the Juncetea maritimi occur now, just as vegetation types of the classes Phragmitetea (repre­
sented by the Hippuridetum vulgaris Riibel 1912), Honckenyo-Elymetea, Asplenietea and 
Isoeto-Nanojuncetea (cf. Fredskild 1998).

The Southern Arctic Dwarf Shrub Zone (4) in coastal Southeast Greenland has at least 45 
associations spread over 19 classes. New occurrences are Salicetea purpureae (?), Mulgedio- 
Aconitetea, Po tame tea, Caricetea curvulae, Oxycocco-Sphagnetea, Littorelletea uniflorae 
and Utricularietea intermedio-minoris.

The Arctic Shrub Zone (5) in the inland of southern West Greenland has approximately the 
same diversity as zone 4, however the classes Oxycocco-Sphagnetea and Calamagrostietea 
purpurascentis prov. are well represented now, while the Salicetea herbaceae class is not pro­
minent (Bocher 1954).

Thus diversity in terms of plant communities (associations) and classes increases as expec­
ted from the Arctic Herb Zone to the Southern Arctic Dwarf Shrub Zone and Arctic Shrub 
Zone. Thlaspietea rotundifolii and Salicetea herbaceae occur in all zones; Carici-Kobresietea 
and Scheuchzerio-Caricetea are with many vegetation types well developed in the Middle and 
Southern Arctic Dwarf Shrub and Arctic Shrub Zones. There is much syntaxonomical simila­
rity on the class level between the latter two zones; moreover both zones have several diffe­
rentiating classes against the other 3 zones.

6. Some examples of species richness of arctic plant communities

Species diversity of vascular plants is known to decline from temperate to arctic regions 
(see chapter 3.2). Species diversity of cryptogams however remains about the same (e. g. 1674 
lichen species in Germany including the alpine parts (W irth 1994), 919 in Denmark 
(A lstrup & Sochting 1989) and at least 1013 in Greenland (unpublished checklist). Also 
M atveyeva (1998) observed a rather stable composition of crytogams from south to north in 
the Russian arctic tundra with a change of the proportions of vascular plants/mosses/lichens 
from 1/0.9/1.1 in the Southern to 1/1.5/1.8 in the Northern Tundra Zone and 1/2/3 in the Polar 
Desert.

On the community level and if the cryptogams are considered species richness tends to be 
higher in the Arctic than in temperate areas as was for example shown by comparative studies 
of lichen dominated vegetation (cf. B ultmann & D aniels 2000) (Tab. 5). Very extreme habi­
tats in the Arctic such as snow beds or extremely wind swept sites are poorer in species than 
moderate habitats. In lichen snow beds e.g. Cetrarietum delisei (Res.-Holm. 1920) Dahl 1957 
17 species/m2 are found, in bryophyte snow beds 23 species; in moderate Empetrum n. ssp. 
hermaphroditum-Betula nana-Vaccinium uliginosum ssp. microphyllum heaths 32 species 
occur (mean species richness calculated from 5 one square meter plots each)(unpublished data 
from West-Greenland). Matveyeva (1998) found a significant reduction of cryptogam spe­
cies number only for the High Arctic.

The decline in species richness from circumneutral to acidic substrates which is well 
known for temperate regions, exists in the Arctic too. For example species richness of the 
wind-exposed heath community Sphaerophoro-Vaccinietum Dan. 1982 on acidic substrate is 
36, that of the windexposed Dry as-vegetation on neutral soil 50; of Empetrum n. ssp. herma­
phroditum-Betula nana-Vaccinium u. ssp. microphyllum heath on acidic substrate 32 and of
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Tab. 5: Comparison of species richness of several vegetation types dominated by terricolous lichens in
Germany, Denmark, Finland and Southeast Greenland

total species 
richness

per 0,25 m2

phanerogam 
species richness

per 0,25 m2

N

max.
Germany
Denmark
Finland
Greenland

26
41
39
71

mean min. max. mean min.
16,3 4 15 4,4 0 1 1 1
17,7 4 21 5,2 0 85
16,7 4 11 2,1 0 140
31,3 9 13 4,7 0 152

Cassiope tetragona-heath with Dry as on neutral substrate 43. Species richness is calculated 
from 5 one square meter plots each (unpublished data from West-Greenland). The species 
richness on circumneutral soil can be extraordinarily high in the Arctic. More than 60 species 
can be found in plots of about 4 square meter (see Lünterbusch & Daniels 2000).

As reason for the high species richness in the Arctic on the community level the high diver­
sity of micro-habitats mostly caused by small scale disturbances is assumed. The importance 
of habitat diversity on species richness on the community level has been shown by Shmida & 
W ilson (1985) for desert vegetation and by Gould & Walker (1999) for a river valley 
system in the Canadian Arctic.

Summary

An overview is presented of flora and vegetation zonation within the North-American Arc­
tic with major emphasis on Greenland. Vascular plant species diversity in Greenland appears 
to be strongly correlated with summer temperature as expressed by the sum of mean tempe­
ratures in °C of months with mean temperature above 0°C. This is in conformity with pre­
vious studies in the Alaskan and Canadian Arctic. A recent bioclimatic subdivision of the Arc­
tic is slightly modified for Greenland. An alternative nomenclature is proposed and the zones 
are syntaxonomically described by their classes. With the decline in summer temperature the 
number of vascular plant species and syntaxa decrease. However total species richness 
remains high or even increases in many vegetation types if mosses and lichens are considered 
adequately.

Zusammenfassung

Es wird ein Überblick über Flora und Vegetationszonierung der nordamerikanischen Ark­
tis am Beispiel von Grönland gegeben. Die Diversität der Gefäßpflanzen Grönlands korreliert 
gut mit der Sommertemperatur, ausgedrückt als Summe der mittleren Temperaturen in °C der 
Monate mit einer mittleren Temperatur über 0°C. Das stimmt überein mit bestehenden Studi­
en aus den arktischen Regionen Alaskas und Kanadas. Eine rezente bioklimatische Untertei­
lung der Arktis wurde am Beispiel von Grönland modifiziert. Eine alternative Nomenklatur 
wird vorgeschlagen und die Zonen werden anhand ihrer Klassen syntaxonomisch dargestellt. 
Mit abnehmender Sommerwärme verringert sich die Anzahl der Gefäßpflanzen-Arten und 
Syntaxa. Der Artenreichtum bleibt für die Bestände der meisten Vegetationseinheiten jedoch 
hoch oder nimmt sogar zu, wenn Kryptogamen angemessen berücksichtigt werden.
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