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Vegetation patterns of oceanic heath vegetation in northern Norway are described on
the basis of systematically sampled vegetation data from two coastal mountain areas,
Vanngya and northern Varanger Peninsula. The data are classified into community
types by TWINSPAN clustering. On Vanngya. heaths of the Calluna-Bryophyta type
prevail at the lowest altitudes. Woodland habitats are scattered and confined to shel-
tered depressions. No well developed zone with Berula nana heaths or scrublands is
encountered. On the Varanger Penisula, neither Calluna vulgaris heaths nor woodland
patches occur. B. nana has a relatively high cover in snow-protected dwarf shrub heaths.
In both areas, the Ochrolechia type is characteristic on the wind-swept ridges of the
lower and middle oroarctic zones. On sheltered slopes of Vanngya, heaths with a high
cover of Vaccinium myrtillus have arelatively broad topographic range, whereas on the
Varanger Peninsula, heaths of the Empetrum-Dicranum-Lichenes type dominate. In
both areas, depressions are characterized by heath-like snowbed vegetation with Salix
herbacea co-occuring with graminoids. In the middle oroarctic zone, heaths of the Salix
herbacea-Empetrum type prevail. The highest slopes of Vanngya reach the upper oro-
arctic zone with patches of the Ranunculus glacialis-Gymnomitrion type. On Vanngya
we encounter a zonation pattern where low altitude Calluna heaths grade into oroarctic
vegetation. On the Varanger Peninsula, the climate is almost equally oceanic but the
vegetation pattern approaches that typical for the oceanic sectors of the southern arctic
Zone.

Key words: alpine vegetation, arctic vegetation, classification, northern Fennoscandia,
ordination, plant communities, vegetation zonation
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I. INTRODUCTION

The regional patterns in mountain birch forests of
northern Fennoscandia have been extensively
treated by Hamet-Ahti (1963), while treeless
heaths have been dealt with by Eurola (1974), Haa-
pasaari (1988), Engelskjon (1994), and Oksanen
and Virtanen (1995), and mires by Eurola and Vor-
ren (1980). The studies show a change in vegeta-
tion patterns along the sharp climatic gradient from
coastal areas to the interior parts of Finnmark (Hi-
met-Ahti 1963, Ahti et al. 1968, Sonesson ef al.
1975, Dahl er al. 1986). These inland areas repre-
sent one of the most continental areas in northern
Europe, where the amplitude of annual tempera-
ture fluctuations is high, and the precipitation is
low especially during the winter months (Tuhka-
nen 1980, 1987, 1992, Gjaerevoll 1978). The cli-
matic conditions on coastal islands contrast strik-
ingly against these areas. The vegetation patterns

of the coastal mountains have been less clear, be-
cause the mountains were not included in the da-
tabase of Oksanen and Virtanen (1995). Consist-
ent and systematic documentation of these veg-
etation complexes is also useful for a larger scale
comparison along a gradient from northern Fenno-
scandia to the Russian Arctic (Virtanen et al. 1999).

The present paper has two purposes. The first
is to describe topographic vegetation patterns of
the oceanic parts of northernmost Fennoscandia
based on systematically collected data from two
sites, Vanngya, Troms, and Varanger Peninsula,
Finnmark, along altitudinal gradients. Data from
less oceanic areas in northern Norway and Fin-
land have been included in the numerical analy-
ses. Second, these patterns are then discussed in
relation to arctic-oroarctic, oceanity-continentality
dimensions.

II. MATERIAL AND METHODS

STUDY AREAS

We chose two localities from northern Norway lying at the
outer coast of the northern Atlantic (Fig. 1). One was the
Varanger Peninsula, a mountain slope at the Sandfjord about
10 km east of Berlevag. Here mountains reach an altitude
of 450 m a.s.1. The vegetation sampling was carried out on
the slope with a mainly northern exposure. The other study
area was in the County of Troms, the Island of Vanneya.
On the southern side of the island a mountain peak called
Vannkista reaches an altitude of 950 m a.s.l. The sampling
was done along the southern slope which was gentle enough
to provide local topographic gradients.

In both study areas, bedrock was primarily composed

of siliceous material (Lindstrom 1987). For the sake of com-
parison with e.g., Haapasaari (1988), and Oksanen and Vir-
tanen (1995) we avoided areas with calcareous bedrock and
areas where indicators of calcium carbonate frequently oc-
curred in vegetation. Consequently, the sampling was con-
centrated on areas that were mainly covered by oligotrophic
vegelation on siliceous bedrock. A few quadrats on Vanngya
had Dryas octopetala which is much more wide-spread on
adjacent islands, e.g., Nord-Fugl6y (Engelskjgn 1970). Pod-
zol soils prevailed up to the lower oroarctic zone. A podzol
profile seemed to be weak or lacking at higher altitudes on
Vanneya, and it was weakly developed on the Varanger
Peninsula (Tedrow 1977).

Vanngya belongs to the Oceanic Central (OC) and Va-
ranger Peninsula mostly to the Oceanic North eco-geo-
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Fig. 1. Study areas in
northern Fennoscandia. e

— A: Vanngya; — B: Va-

ranger Peninsula; — C: I~
Ivggegéisat (Lyngsalpe-

ne); — D: Cahppisduottar.

graphical area (ON) delimited by Engelskjen (1994).
The following four main climatic features have to be
considered in coastal northern Norway:

1. The thermal sum (degree days, d.d.) at the sea level is
much higher in the OC (mean 730 d.d.) than in ON
(mean 650 d.d.). The mean temperature of the warmest
month (July) are also different, being +15.0°C for OC
and +12.6°C for ON (Engelskjgn 1994). The length of
the growing season (days, threshold +5°C) for OC is
about 140 and that for ON is 120 (Tuhkanen 1980).

2. The amplitude of annual fluctuations of temperature is
slightly higher on the Varanger Peninsula than on Van-
ngya.

3. Winter precipitation is much lower on the Varanger
Peninsula than on Vanngya.

4. The relationship between winter precipitation and ther-
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mal amplitude changes in a gradient from the west to
the east. The winter precipitation markedly decreases
along this gradient compared to a slower increase in
thermal amplitude. This implies an increase in the arc-
tic climate type with modest winter precipitation even
in a relatively oceanic area.

For additional details see Tuhkanen (1980), Haapasaari
(1988). and Oksanen and Virtanen (1995)

On Vanngya, grazing by sheep has a long history, pre-
sumably hundreds of years. The sheep population has been
about 700 during the last few decades (A. With pers. comm.
May 1995). The reindeer population decreases in summer-
time to about 400 individuals (A. With pers. comm. May
1995). The outer coasts of Varanger Peninsula, in Berlevag,
are only locally used for sheep husbandry (Alm et al. 1994),
but these areas are used as summer ranges for reindeer (Ok-
sanen ef al. 1995).
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SAMPLING AND NUMERICAL ANALYSES

Vegetation data were sampled along a transect laid along
mesotopographic ridge-depression gradients from wind-
swept ridges to depressions as in the study by Oksanen and
Virtanen (1995). Transects were sampled at altitudinal in-
tervals of 25 m. Sampling along the transects followed a
systematic procedure. A rope of 15 m was fixed from hill-
ock to depression. Along this 15 m long transect. eight plots
(size 0.64 m*) were sampled at regular intervals. At the high-
est altitudes, with fragmented vegetation, this method could
not be used. Instead, four sample plots with vegetation clos-
est to the transect line were sampled. The cover of plant
species was estimated according to the ten scale system of
Oksanen (1976), where 1 =0.125%, 2 =0.25%, 3 =0.5%,
4=11%,5=22%,6=44%,7=89%, 8=179%, 9 =
35.6%. and 10 =71.2%. The numbers of sample plots from
Vanngya and Varanger Peninsula were 239 and 112, re-
spectively.

The nomenclature of taxa is according to the following
references: vascular plants (Hamet-Ahti er al. 1998), bryo-
phytes (Soderstrom et al. 1992) and lichens (Vitikainen er
al. 1997).

The sample plots were classified into community clus-
ters by a divisive TWINSPAN program (Hill 1979b). The
cul levels for pseudospecies were set to default values 0, 2,
5. 10 and 20 suitable for cover classes transformed to actual
Go-cover. The minimum size of the group to be divided was
set to 15 plots, and the highest number of levels of division
was set to 7. In the classification, the divisions with eigen-
values of 0.2 or higher were treated as separate vegetation
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units.

The mean coverage and frequencies for each species in
the TWINSPAN clusters was then computed. In the TWIN-
SPAN analysis, two additional data sets were used to ac-
complish a direct comparison to the vegetational units treated
in that study. These data come from Ivggegdisat (Lyngsal-
pene), a suboceanic mountain area in interior Troms, span-
ning an altitude from 250 m to 1 525 m (316 sample plots)
and from Cahppisduottar (Mt. Ailigas), northern Finnish
Lapland. spanning altitudes between 350-425 m a.s.l. (32
sample plots) (Oksanen & Virtanen 1995). The total number
of sample plots used in the TWINSPAN analysis was 698.

The TWINSPAN classification was used as a basis for
a hierarchic classification where the higher level clusters
correspond to groups of vegetation types (community
groups), and the clusters below are interpreted as vegeta-
tion types as outlined by Oksanen and Virtanen (1993). In
some cases, the subdivisions of the main clusters can be
best characterized as variants of a community type. The
variants have main differences in dominance relationships
and not essentially in species composition.

A detrended correspondence analysis (DCA) was per-
formed to analyze main vegetation gradients. To improve
clarity of ordination scattergram, the size of data was re-
duced to 500 plots by random deletion of plots. The DCA
was run using default options of the DECORANA (Hill
1979a) in the CANOCO for Windows 4.0 program (ter
Braak 1998). The new program version avoids the prob-
lems discussed by Oksanen and Minchin (1997). In the scat-
tergram of species ordination only the most important spe-
cies are shown.

III. CLASSIFICATION AND ORDINATION

The first TWINSPAN division separates the com-
munity clusters representing the high altitude
vegetation (the upper oroarctic zone) from the re-
maining sample plots (Fig. 2). The latter group
contains the major categories of boreal-oroarctic
heaths. This corresponds to the DCA ordination
showing that the first axis of vegetational varia-
tion correlates with altitude (Fig. 3). This is then
split into broad groups of chionophobous and
chionophilous-snowbed types of vegetation. Ac-
cordingly, in the DCA ordination the second axis
correlates with the topographic gradient from chio-
nophilous communities in depressions to wind-
exposed communities (Fig. 3). In the third level
of divisions, a cluster including three community
groups, the Betula-Myrtillus group., the Juncus tri-
Jidus-Salix herbacea group and the Phyllodoce-
Myrtillus group of Oksanen and Virtanen (1995),
is formed. One cluster contains entirely suboce-

anic vegetation of the Betula nana-Lichenes scrub
type and the Deschampsia flexuosa-Stereocaulon
type snowbed vegetation, and also some sample
plots of the arctic Empetrum-Vaccinium type, Be-
tula nana-Cladina type and arctic Myrtillus-Liche-
nes type (Haapasaari 1988, Oksanen & Virtanen
1995). This suboceanic vegetation of [vggegdisat
and Cahppisduottar is not treated here in details.
The chionophobous heath cluster is further dichot-
omized into the Arctostaphylos community group
of Oksanen and Virtanen (1995) and vegetation
characterized by Calluna vulgaris to be called the
Calluna group. The community composition of
the main clusters is not exclusive and the clusters
contain vegetation types of other groups.

In the main cluster of high altitude vegetation,
the second division produced a dichotomy be-
tween data from Ivggegdisat and from the corre-
sponding sample plots of Vanngya and Varanger
Peninsula. Again, the vegetation types of Ivgge-
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Fig. 2. The TWINSPAN dendrogram for the whole data set used in the analysis. The number of quadrats,
eigenvalues and indicator species given. The divisions continue in the figures mentioned. NT = the subdivisions
of material from suboceanic areas are not treated further (for the vegetation types see Oksanen & Virtanen

1995). See Fig. 3b for species codes.

gdisat are not any further treated here. These types
include the Luzula confusa-Saxifraga tenuis, Lu-
zula confusa-Cetraria nivalis, and Cassiope tetra-
gona-Ranunculus glacialis types of vegetation,
prevailing at altitudes above 1 050 m in the Ivgge-
gdisat. Some plots represent the Salix herbacea-
Cassiope hypnoides, Salix herbacea-Kiaeria and
Salix herbacea-Ochrolechia type vegetation of the
middle oroarctic zone (Oksanen & Virtanen 1995).
This clearly indicates that also high altitude veg-
etation is differentiated along the axis of increas-
ing oceanity (Fig. 3). In the third level of divi-
sions, the snowbed communities formed a sepa-
rate cluster, to be referred to as the Ranunculus
glacialis group. In the next main division, a clus-
ter of chionophobous vegetation characterized by
Salix herbacea is separated. This corresponds to
the Juncus trifidus-Cassiope tetragona group.

BETULA-MYRTILLUS GROUP

The subdivision of the cluster with vegetation of
the Betula-Myrtillus group and snowbed vegeta-

tion (Fig. 4) incorporates three clusters that resem-
ble forest types described by Hiamet-Ahti (1963).
The species composition is presented in Appen-
dix 1. The first cluster corresponds to the Cornus-
Empetrum-Myrtillus type (CoMT). Only two plots
of Vanngya (250 m a.s.l.), and one plot from the
Varanger Peninsula (25 m a.s.l.) are assigned to
this cluster. This suggests that typical mesic for-
est types rich in Cornus suecica are not common
in coastal mountains of northern Norway.

The other two clusters correspond to the sub-
alpine Empetrum-Myrtillus type (SEMT) and the
subalpine Empetrum type (SET) described by Ha-
met-Ahti (1963). These clusters only contain sam-
ple plots from Vanngya and Varanger Peninsula
being thus differentiated from those encountered
on Ivggegdisat. The subalpine Empetrum-Myrtil-
lus type is characterized by sporadic Betula pubes-
cens subsp. czerepanovii with Empetrum nigrum
subsp. hermaphroditum and Vaccinium myrtillus
codominant in the field layer. In the ground layer,
Pleurozium schreberi has slightly lower cover than
in the Hamet-Ahti’s (1963) sample plots. P. schre-




Fig. 3. — A. The ordina-
tion diagram of the
Detrended Correspond-
ence Analysis (DCA) for
the TWINSPAN site type
classes. aEDILIT = arctic
Empetrum-Dicranum-
Lichenes type, suboc =
suboceanic vegetation of
Ivggegaisat and Cahppis-
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trum-Myrtillus type, sET =
subalpine Empetrumtype,
ShDfT = Salix herbacea-
Deschampsia flexuosa
type, aMDIT = arctic Myr-
tiflus-Dicranumtype, JIDfT
Juncus trifidus-Des-
champsia flexuosa type,
OcT = Ochrolechia type,
HVF = high altitude vegeta-
fion fragments of the
Varanger Peninsula. — B.
The DCA ordination show-
ing the most common spe-
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phylos alpina, Barbilo =
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cyna, Cla unc = Cladonia uncialis, Con tet = Conostomum tetragonum, Cor sue = Cornus suecica, Des fle =
Deschampsia flexuosa, Dic fus = Dicranum fuscescens, Dic sco = Dicranum scoparium, Emp her = Empetrum
nigrum subsp. hermaphroditum, Fla niv = Flavocetraria nivalis, Gymnomi = Gymnomitrion spp. mainly G.
concinnatum, Hyl spl = Hylocomium splendens, Jun tri = Juncus trifidus, Kia sta = Kiaeria starkei, Loi pro =
Loiseleuria procumbens, Lophozi = Lophozia spp., Luz con = Luzula arcuata subsp. confusa, Nep arc = Neph-
roma arcticum, Ochrole = Ochrolechia spp., Ort sec = Orthilia secunda, Pel ruf = Peltigera rufescens, Phy cae
= Phyllodoce caerulea, Ple sch = Pleurozium schreberi, Poa alp = Poa alpina, Pohlias = Pohlia spp., Pol alp =

Polytrichastrum alpinum, Pol jun = Polytrichum juniperinum, Pol pil = Polytrichum piliferum, Pol sex

Polytrichastrum sexangulare, Pti cil = Ptilidium ciliare, Rac lan = Racomitrium lanuginosum, Sal her = Salix
herbacea, Sol cro = Solorina crocea, Sph glo = Sphaerophorus globosus, Stereoc = Stereocaulon spp., Vac
myr = Vaccinium myrtillus, Vac uli = Vaccinium uliginosum, Vac vit = Vaccinium vitis-idaea.
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given. Vann = Vanngya, Vara = the Varanger Peninsula. See Fig. 3b for species codes.

beri is a codominant with Barbilophozia spp.,
Dicranum scoparium and Prilidium ciliare. In the
sET cluster, the field layer is strongly dominated
by Empetrum nigrum subsp. hermaphroditum cor-
responding to Hiamet-Ahti’s (1963) description.
The only clearly distinctive feature in our mate-
rial is the fairly regular occurrence of Calluna vul-
garis. This species is much less frequent in the
inner fjord areas, represented in Himet-Ahti’s (1963)
or Oksanen and Virtanen’s (1995) material. Ac-
cording to Hamet-Ahti (1963: fig. 27) the subal-
pine Empetrum-Myrtillus type is confined to in-
land areas of northern Finland. The sub-alpine
Vaccinium-Empetrum heath described by Engel-
skjgn (1970) from Nord-Fuglgy seems to repre-
sent an extreme form of this vegetation.

PHYLLODOCE-MYRTILLUS GROUP

In the TWINSPAN analysis, a pair of clusters
clearly corresponds to the traditional Phyllodoco-
Vaccinion alliance (Nordhagen 1943), Phyllodo-
co-Vaccinion myrtilli (Dahl 1957) or the Phyllodo-
ce-Myrtillus community group (Oksanen & Virta-
nen 1995). characteristic to sheltered slopes (Fig. 4).
The closest counterparts of these clusters seem to
be the arctic Myrtillus-Dicranum-Lichenes type

and, particularly, the arctic Myrtillus-Dicranum
type (Haapasaari 1988). An obvious difference
as compared to Haapasaari’s (1988) Myrtillus-Di-
cranun type, is the relatively high cover of Empe-
trim nigrum subsp. hermaphroditum in our ma-
terial. Within this type, two regionally differenti-
ated variants (one from Vanngya and another from
Varanger Peninsula) can be recognized (Appen-
dix 2). In the first variant with plots mainly from
Vanngya, the cover value of Emperrum tend to be
higher than that of Vaccinium myrtillus. In the
ground layer, Dicranum fuscescens and D. scopa-
rium are the most common species and Cladina
mitis occurs sparsely. An additional difference
compared to Haapasaari’s descriptions is the rela-
tively high abundance of Deschampsia flexuosa
and Barbilophozia spp. Overall, lichens are mod-
erately abundant, and the cluster shares features
of the arctic Myrtillus-Dicranum-Lichenes type
(Haapasaari 1988). This type grades directly into
Calluna heaths.

In the other variant cluster with sample plots
mainly from Varanger Peninsula, the cover of Be-
tula nana is relatively high while Betula pubescens
subsp. czerepanovii is scattered. Moreover, Cor-
nus suecica and Vaccinium uliginosum have rela-
tively high cover values. This cluster shows hemi-
arctic features and some sectorial or altitudinal




10 Virtanen et al.

differentiation. The prominent position of Berula
nana reflects that the chionophilous vegetation
of Varanger Peninsula resembles the tundra areas
in the east of the Kola Peninsula. A similar pat-
tern holds good for Vaccinium uliginosum which
obtains a relatively high dominance in arctic veg-
etation complexes east of northern Fennoscandia
(Virtanen et al. 1999).

CALLUNA GROUP

This cluster is characterized by relatively abun-
dant and constant occurrence of Calluna vulgaris
(Appendix 3). The community composition re-
sembles the north boreal Calluna-Bryophyta type
(nCalBryT) described by Haapasaari (1988). In
addition to a fairly high cover of Calluna vulgaris,
this vegetation is characterized by Emperrum
nigrum subsp. hermaphroditum, which can be lo-
cally dominant. Arctostaphylos alpina and Loise-
leuria procumbens occur patchily in low cover
values. The ground layer is bryophyte-rich with
typical species such as Dicranum scoparium,
Pleurozium schreberi, Ptilidium ciliare, and Raco-
mitrium lanuginoswm. In the subdivision of TWIN-
SPAN, this type is further split into a variant in
which C. vulgaris and E. nigrum subsp. herma-
phroditum have about equal cover and P. schreberi
is characteristic in the ground layer. In the other
variant, E. nigrum subsp. hermaphroditum is
clearly dominant and C. vulgaris has a mean cover
of less than 10%. It seems that the latter variant is
confined to more exposed ridges, which is also
indicated by the presence of Sphaerophorus glo-
bosus and Ochrolechia frigida, and the absence
of P. schreberi.

This community type, almost restricted to Van-
ngya in our material. resembles the vegetation of
the Arctous-Calluna association described by
McVean and Ratcliffe (1962) and McVean (1964)
from fairly extreme habitats of northern Scottish
highlands. Hence, these heaths of northern Nor-
way appear to represent the extreme edge of the
Calluna heath formation typical of the oceanic
north Atlantic region (Gimingham 1964).

ARCTOSTAPHYLOS GROUP

The vegetation of this group corresponds to the
alliance Arctostaphyleto-Cetrarion nivalis (Dahl
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1957). In this community group, Calluna vulgaris
is totally lacking (Appendix 3). The clusters seem
to correspond either to the arctic Empetrum-Dicra-
num-Lichenes type (Haapasaari 1988), or to the
Ochrolechia type of Haapasaari (1988), and Oksa-
nen and Virtanen (1995). In the ordination space,
this cluster occupies an extreme position in re-
spect to the second DCA axis correlating with the
duration of snow cover (Fig. 3). In this cluster,
suboceanic vegetation of the Empetrum-Cetraria
nivalis type and the Empetrum-Loiseleuria type,
the Empetrum-Dicranum-Lichenes type and to
lesser extent the Salix herbacea-Ochrolechia and
Ochrolechia types (Oksanen & Virtanen 1995),
form a separate cluster, and they are not further
described here.

Arctic Empetrum-Dicranum-Lichenes type
(aEDILiT, Haapasaari 1988)

This community type consists of four clusters (Figs.
5 and 6) that share the characteristics of the arctic
Empetrum-Dicranum-Lichenes type (Haapasaari
1988). The dominant dwarf shrub is Empetrum
nigrum subsp. hermaphroditum. In the ground
layer. bryophytes and lichens occur in about equal
abundances. In our clusters, typical species include
Cladina mitis, Dicranum fuscescens and Ochro-
lechia frigida. In one of the subclusters assigned
close to the north boreal Calluna-Bryophyta type
by TWINSPAN (Fig. 5), there is an exceptional
composition of species: Loiseleuria procumbens
is relatively abundant (mean cover 14%), but Em-
petrum 1s nevertheless the dominating plant, and
Vaccinium myrtillus occurs quite regularly while
indicators of extremely sparse snow cover are miss-
ing. This community, to be called the Loiseleuria
variant of the arctic Empetrum-Dicranum-Lichenes
type, represents oroarctic-oceanic vegetation on
upper parts of the topographic sequence. In the sec-
ond cluster, the plant cover seems to be more open
due to stones and and active polygons. Conse-
quently, Empetrum does notreach high dominance,
and open patches are occupied by Gymnomitrion
hepatics. This variant is called the Gymnomitrion
variant of the arctic Empetrum-Dicranum-Lichenes
type. The third cluster is closest to the earlier char-
acterizations of Haapasaari (1988). and Oksanen
and Virtanen (1995). This cluster can thus be re-
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garded as the typical variant of the arctic Empetrum-
Dicranum-Lichenes type. The fourth subcluster is

a fairly extreme form of the community type and
has characteristics that resemble the Empetrum-
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Cassiope tetragona-Alectoria type encountered in
the middle oroarctic zone on subcontinental moun-
tains (Virtanen & Eurola 1997). This community
is fairly xeric and chionophobous and occurs mainly
at the high altitudes of the Varanger Peninsula. This
variant approaches the Ochrolechia type described
below and is called the Sphaerophorus globosus
variant of the arctic Empetrum-Dicranum-Lichenes
type. These communities show some affinity to the
vegetation found in the highest altitudes of Scot-
tish mountains (Cairngorms) where Calluna vul-
garis occurs sparsely or is absent and Empetrum
nigrum subsp. hermaphroditum and Loiseleuria
procumbens are dominant (McVean 1964).

Ochrolechia type (OcT, Haapasaari 1988)

This cluster corresponds well to the Ochrolechia
type of Haapasaari (1988). The field layeris large-
ly open with fragmented stands of Empetrum
nigrum subsp. hermaphroditum and a few other
dwarf shrubs creeping along the soil. Even the
cryptogam layer is normally sparse, typically con-
sisting of Ochrolechia frigida and Sphaeropho-
rus globosus, while Alectoria spp. and Flavoce-
traria nivalis are typical on inland tundras (Oksa-
nen & Virtanen 1995). In the subdivision, TWIN-
SPAN separates a community cluster with fairly
abundant Racomitrium lanuginosum (mean cover
9%), and it is called the Racomitrium lanuginosum
variant of the Ochrolechia type. This variant pre-
vails on moderately wind-swept ridge tops. The
other cluster, characterized by Gymnomitrion spp.
and Polytrichum piliferum, prevails on highly
wind-exposed sites with patches of bare soil raised
by cryoactive polygons. A plateau form of this
type has been described by Engelskjon (1970) as
low-alpine, chionophobous heather vegetation.

JUNCUS TRIFIDUS-SALIX HERBACEA GROUP

In the material of Oksanen and Virtanen (1995),
the moderate snowbeds (the alliance Herbaceon,
Gjzrevoll 1956) classified by TWINSPAN, co-
incide poorly with the traditional associations
belonging to the alliance Herbaceon (Gjzrevoll
1956). In the present analysis, the chionophilous
vegetation is in part assigned close to the chiono-

ACTA BOT. FENNICA 167 (1999)

philous Vaccinium myrtillus heaths (Fig. 4) and
in part close to the arctic Empetrum heaths (Fig. 6).
These snowbed communities can be best collected
together under the Juncus trifidus-Salix herbacea
group representing moderate snowbeds with a spe-
cies composition intermediate between the heath
types and the more extreme snowbeds (Appendix 4).

Juncus trifidus-Deschampsia flexuosa type
(Oksanen & Virtanen 1995)

This clusters is quite similar to the Juncus trifidus-
Deschampsia flexuosa type described by Oksanen
and Virtanen (1995) from suboceanic mountains
of Ivggegdisat. An obvious difference is the rich
occurrence of Barbilophozia spp. including spe-
cies of the subgenus Orthocaulis, reflecting the
influence of a moist coastal climate (Haapasaari
1988). This heath-like snowbed type seems to be
confined to the suboceanic-oceanic mountains.

Salix herbacea-Deschampsia flexuosa type
(Salix herbacea-Deschampsia flexuosa associa-
tion, Gjerevoll 1956)

TWINSPAN separates three clusters fairly simi-
lar to the Juncus trifidus-Deschampsia flexuosa
type described above, but these clusters seem to
be composed of species indicating more mesic
conditions (hepatics, Deschampsia flexuosa), and
Salix herbacea has clearly the highest cover among
vascular plants, in all but one cluster (Appendix
4). Overall, the compositional features seem to re-
semble the Salix herbacea-Deschampsia flexuosa
association of Gjzrevoll (1956). This community
type is confined to sheltered slopes and depres-
sions, where snow remains well into June, melt-
ing a week or two later than on the adjacent
chionophilous heaths. These three clusters seem
to be differentiated in relation to the duration of
snow cover. One of the clusters is heath-like, hav-
ing a relatively high cover of Empetrum nigrum
subsp. hermaphroditum, thus to be called as the
Empetrum variant of the type. The second cluster
has a relatively high cover of Dicranum spp. and
characteristic of chionophilous heaths, and is thus
described as the Dicranum variant of the type. The
third cluster is much like genuine snowbeds with
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Fig. 7. The TWINSPAN subdivision of the cluster containing vegetation of the Juncus frifidus- Cassiope tetragona
and Ranunculus glacialis groups. See Fig. 3b for species codes.

only sporadic occurrences of evergreen dwarf
shrubs and with a high cover of Kiaeria starkei,
typical of the relatively late snowbeds. This vari-
ant is thus called as the Kiaeria variant of the Salix
herbacea-Deschampsia flexuosa type. It resem-
bles the Salix herbacea-Cassiope hypnoides type
of Oksanen and Virtanen (1995), but the high cover
of Deschampsia flexuosa in the former type is a
distinguishing feature between these two types.

JUNCUS TRIFIDUS-CASSIOPE TETRAGONA
GROUP

This community group represents at least weakly
snow-protected vegetation of the middle oroarctic
zone and our present material from coastal moun-
tains forms clusters which closely resemble the

Salix herbacea-Empetrum type of Oksanen and
Virtanen (1995) encountered on the suboceanic
mountains of [vggegdisat. This type vegetation is
further split into three subclusters (Fig. 7) with a
fragmented field layer. Empetrum nigrum subsp.
hermaphroditum and Salix herbacea occur with
approximately equal cover, and open patches colo-
nized by Gymnomitrion spp., Pohlia spp. and cup
lichens of genus Cladonia (Appendix 5).

Salix herbacea-Empetrum type (ShET, Oksanen
& Virtanen 1995)

In the three clusters representing this community
type. Empetrum nigrum subsp. hermaphroditum
and Salix herbacea are codominant. One of the
clusters is similar to that described by Oksanen
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and Virtanen (1995), exept for having Kiaeria
starkei as characteristic species in the ground
layer, and is hence referred to as the Kiaeria vari-
ant of the Salix herbacea-Empetrum type. The
second cluster is characterized by Deschampsia
flexuosa and even Vaccinium myrtillus occurs only
fragmentarily. This community type occurs adja-
cent to moderate snowbeds in areas transitional
between the lower and middle oroarctic zones.
The third cluster consists of somewhat chiono-
phobous vegetation of the middle oroarctic zone
and closely related to the Ocholechia type (see
above). The indicators of wind-swept heaths are
meager or absent and are replaced by species ex-
tending their range into higher altitudes (e.g.,
Cetrariella delisei), where both chionophobous
and chionophilous species occur in the commu-
nity. A factor contributing to this is the cryoper-
turbation which breaks up Empetrum clones and
forms open space for colonizing small hepatics,
such as Gymnomitrion concinnatum, Marsupella
condensata and Pohlia spp. We name this cluster
the Gymnomitrion variant of the Salix herbacea-
Empetrum type. This type corresponds to the mid-
dle-alpine, chionophobous heaths of Engelskjen
(1970).

RANUNCULUS GLACIALIS GROUP

The vegetational fragments at high altitudes form
a somewhat heterogeneous group of clusters,
which overlap little with the earlier community
types of Oksanen and Virtanen (1995). They con-
cluded that a collective community concept is sen-
sible when dealing with the small fragments of
vegetation encountered in upper oroarctic boul-
derfields, because conditions varied locally even
within these patches and because the vascular plant
component of these communities was probably
profoundly influenced by founder effects. This
vegetation was collectively assigned to the Ranun-
culus glacialis-Gymnomitrion type (RgGT) con-
sisting of several variants. The present material
also includes clusters that are relatively similar to
this type vegetation. Nevertheless, even in light
of the DCA ordination (Fig. 3) the emerging clus-
ters in our material seem to have a composition
that is not equal with the variant types recognized
by Oksanen and Virtanen (1995). We found it use-
ful to combine some of the subclusters generated
by TWINSPAN (Figs. 2, 7 and 8), and finally
could recognize four variants within the type (Ap-
pendix 6).
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Ranunculus glacialis-Gymnomitrion type (RgGT,
Oksanen & Virtanen 1995)

Ranunculus glacialis can be regarded as a char-
acteristic species for the type in a broader biogeo-
graphic scale (Gjzrevoll 1956, Oksanen & Virta-
nen 19953), although it is totally absent in most of
the clusters emerging from our material. The ac-
companying less showy species, Luzula arcuata
subsp. confusa, Oxyria digyna and Salix herbacea,
occur in variable quantities. The ground is cov-
ered by a thin layer of Gymnomitrion spp. mixed
with other similar small hepatics, and patches of
Kiaeria starkei, Pohlia spp. and Polytrichastrum
sexangulare.

The four subclusters show some differentia-
tion in relation to altitudinal and topographic po-
sition. Two of the clusters, characterized by a high
cover of Gymnomitrion, are encountered in de-
pressions of the mountain slope of Vanneya just
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above the lower limit of the boulder field zone. In
one cluster R. glacialis occurs (typical variant),
while it is lacking from the others. In the latter
cluster, Gymnomitrion spp. have the highest cover,
and hence, this is referred to as the Gymnomitrion
variant. The remaining two clusters resemble the
mossy variant of the Ranunculus glacialis-Gym-
nomitrion type of Oksanen and Virtanen (1995).
These clusters are characterized by Anthelia jurat-
zkana, Gymnomitrion concinnatum, Kiaeria star-
kei, Lophozia sudetica and Polytrichastrum sexan-
gulare, indicating very late lying snow conditions.
The clusters may reflect slight differences in length
of the snow free period. The first, emerging ear-
lier from the snow, has a higher cover of Salix
herbacea and Oxyria digyna and a number of
mosses (the mossy variant), while the other is a
more extreme snowbed. dominated by Gymnomnii-
trion spp. and P. sexangulare (the Polytrichastrum
sexangulare variant).

IV. TOPOGRAPHIC AND ALTITUDINAL PATTERNS

PATTERNS BELOW AND AT THE TREE-
LINE

On Vanngya, the sites with mountain birch forest
are scattered, and reach an altitude of only 100 m.
In some places, even the lowest altitudes are char-
acterized by the treeless heaths of the north boreal
Calluna-Bryophyta type, which forms the preva-
lent vegetation up to the altitude of 200 m (Fig. 9).
In depressions of the lower slopes of Vanngya,
the subalpine Empetrum type prevails together
with the subalpine Empetrum-Myrtillus type. On
the Varanger Peninsula, forested habitats are com-
pletely lacking, but some stands of the lower
slopes represent boreal heath types.

PATTERNS FROM THE TREE-LINE TO THE
ALTITUDINAL LIMIT OF CONTINUOUS
VEGETATION

On Vanngya, with increasing altitude. the Callu-
na-Bryophyta type grades into the arctic Empe-
trum-Dicranum-Lichenes type and to the Ochrole-
chia type (Fig. 9). Above an altitude of 200 m.

depressions harbour snowbed vegetation of the
Salix herbacea-Deschampsia flexuosa type, and on
sheltered slopes, heaths of the arctic Myrtillus-
Dicranum type prevail up to an altitude of 475 m.
No communities dominated by Betula nana occur.
The Empetrum-Dicranum-Lichenes type extends
up to an altitude of 500 m. The uppermost frag-
ments of Myrrillus heaths reach the same altitude.

On the Varanger Peninsula, ridges from the
lowest altitudes upwards are characterized by
wind-swept heaths of the Ochrolechia type, while
sheltered slopes are covered by the arctic Empe-
rrum-Dicranum-Lichenes type (Fig. 9). The arc-
tic Myrtillus-Dicranum type occurs regularly in
snow protected slopes. The upper limit of this type
in our material lies at ca. 250-275 m a.s.l. The
vegetation pattern differs from that of inland ar-
eas of northern Fennoscandia. For instance, Phyl-
lodoce caerulea is considerably less frequent and
less abundant in the oceanic sectors of northern
Fennoscandia than on the isolated subcontinental
mountains (Kalliola 1939, Haapasaari 1988, Oksa-
nen & Virtanen 1995).

On the Varanger Peninsula, Betula nana ob-
tains higher cover values in both arctic Empetrum-
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Fig. 9. The community complexes along the ridge-depression topographic sequences. — A: Vanngya; — B:

The Varanger Peninsula.

Dicranum-Lichenes type and arctic Myrtillus-Di-
cranum type (about 10%) than in the correspond-
ing communities on Vanngya (Appendices 2 and
3). This suggests that the vegetation character on
the Varanger Peninsula resembles that of subcon-
tinental areas in interior Finnmark (Oksanen &
Virtanen 1995), subcontinental-suboceanic moun-
tains (Jonasson 1981, Haapasaari 1988, Oksanen
& Virtanen 1995), or hemiarctic tundras east of
the Kola Peninsula (Virtanen et al. 1999). On Van-
ngya, Vaccinium myrtillus heaths are much more
characteristic in the lower oroarctic vegetation,
while on the Varanger Peninsula, Empetrum heaths
dominate,

At altitudes of 500 m, the vegetation of Van-
ngya changes fairly abruptly due to the change in
macrotopography. The mountain slope is strongly
concave, with jagged peaks rising from the “shoul-
ders” with relatively gentle topography. At this
transition boulders start to dominate while the
characteristic vegetation types include the Ochro-
lechia type on the ridges, the Salix herbacea-Em-
petrum type in more sheltered slopes, and the Ra-
nunculus glacialis-Gymnomitrion type in depres-
sions (Fig. 9). This pattern corresponds to the mid-
dle oroarctic vegetation compelexes encountered

on the suboceanic Ivggegdisat mountains (Oksanen
& Virtanen 1995). On the Varanger Peninsula,
macrotopography becomes flat or convex at alti-
tudes of about 300 m. Above this limit topographic
variation becomes very modest and places of sub-
stantial snow accumulation do not occur. The veg-
etation of somewhat sheltered slopes represents
the Salix herbacea-Empetrum type which is the
characteristic element of the middle oroarctic zone.

PATTERNS AT HIGH ALTITUDES

On Vanngya at altitudes above 750 m, the veg-
etation pattern is similar to the one encountered
on the suboceanic Ivggegdisat above the altitude
of 1 100 m, with various variants of the Ranuncu-
lus glacialis-Gymnomitrion type (Oksanen & Vir-
tanen 1995). The details differ, however. R. glacia-
lis is less abundant on Vanngya. The Polytrichas-
trum sexangulare variant of the Ranunculus glacialis-
Gymnomitrion type, dominating at altitudes be-
tween 750 and 900 m is without a close counter-
part in the material from Ivggegdisat, but ap-
proaches the Anthelia juratzkana-Polytrichastrum
sexangulare type described from subcontinental
Finnish mountains (Virtanen & Eurola 1997) or
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the bryophyte-rich high-altitude communities de-
scribed by Engelskjon (1994) or from Jan Mayen
(Virtanen er al. 1997). Fragments of Luzula con-

Jusa heath, which abound on the upper oroarctic

ridges of Ivggegdisat, are not encountered on Van-
ng@ya at all. Even another heath fragment type typi-

cal for suboceanic mountains, the Cassiope tetra-
gona-Ranunculus glacialis type (Oksanen & Vir-
tanen 1995). is lacking. These vegetational dif-
ferences are reflected in the DCA ordination show-
ing a clear segregation in the high altitude veg-
etation (Fig. 3).

V. DISCUSSION

ECOLOGICAL CONDITIONS OF EUOCEANIC
ISLANDS

The lowland vegetation of outer coasts in north-
ern Norway is shaped in part by the cool coastal
climate type, in part by restricted tree growth. and
in part part by human activity. It is likely that for-
merly forested areas to some extent have become
replaced by treeless heaths during this process.
Hence, the Calluna heaths at low altitudes must
be regarded as secondary vegetation created by
sheep and reindeer plus logging for fuel (Hamet-
Ahti 1963, Haapasaari 1988, Oksanen ez al. 1995),
as 1s the entire Atlantic Calluna formation (Gimin-
gham 1964, McVean 1964, Gwynne er al. 1974).
Widespread occurrences of Calluna heaths extend
to the central oceanic area (OC, Engelskjgn 1994)
of northern Troms (Skogen 1974), which is also
the northern limit of the common occurrence of
some temperate Atlantic mosses, such as Rhytidia-
delphus loreus. In this area Calluna heaths merge
into the arctic-oroarctic tundra heaths (Tuhkanen
1987).

A striking difference between suboceanic and
euoceanic heath communities is the overwhelm-
ing predominance of evergreen plants, mainly eri-
caceous dwarf shrubs, on euoceanic heaths. This
was unexpected because deciduous dwarf shrubs
and herbs increase with increasingly oceanic cli-
mate along the gradient from continental to sub-
oceanic areas (Oksanen and Virtanen 1995, see
also Hamet-Ahti 1963). Moreover, vegetation of
the subalpine Empetrum-Myrtillus type typical to
subcontinental mountains re-emerged on the
euoceanic outer coasts. A likely underlying rea-
son is a difference in the duration of the snowy
season. The suboceanic parts of northernmost Fen-
noscandia are characterized by copious snow
cover. As summer conditions are moist, decidu-
ous dwarf shrubs and herbs (e.g., Cornus suecica)
with good capacity to transpire water, are fa-

voured. On the outer coasts, however, the vegeta-
tion indicates “Scottish™ winter conditions, with
only periodic snow cover, which gives possibili-
ties for photosynthesis in late winter, especially
on the Atlantic coast where the thermal climate is
mild. The prevalance of Calluna vulgaris is prob-
ably associated with these climatic conditions
(Barkman 1990).

Even the co-occurrence of the chionophilous
bilberry which is sensitive to freeze-drying (Sjors
1989) and chionophobous evergreen dwarf shrubs
(e.g., Loiseleuria procumbens) is probably a con-
sequence of mild winters, weak freezing of the
soil and cool springs. Under such conditions, bil-
berry twigs survive on sites with thin snow cover,
because they are unlikely to be exposed to the
combination of desiccating sunshine and frozen
ground. On the other hand. evergreen cushion-
forming plants can be competitive even outside
the most extreme ridge sites, because of their ca-
pability of trapping warm air is especially advan-
tageous in cool, windy habitats (Gauslaa 1984).

In the lower oroarctic zone, the clearest dif-
ference between suboceanic and euoceanic veg-
etation patterns is the high abundance of grami-
noids (especially Deschampsia flexuosa) in euoce-
anic snowbeds. This feature is probably a straight-
forward consequence of moisture conditions.
Moderate snowbeds irrigated by temporary creeks
tend to be graminoid-dominated even in inland
areas (Gjzrevoll 1956).

At higher altitudes, bryophytes (e.g., Gymno-
mitrion spp. and Polytrichastrum sexangulare) are
common in euoceanic vegetation. The uppermost
vegetation fragments of suboceanic mountains are
typically patches of high alpine herbs or wood
rushes, and scanty lichens (e.g. Solorina crocea)
and mosses on bare ground (Du Rietz 1925, Engel-
skjon 1994, Oksanen & Virtanen 1995). On Van-
ngya, however, mosses are the dominating com-
ponent of these fragments, whereas Ranunculus
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glacialis is relatively uncommon. Mosses are
probably favoured by the cool and moist summers
and by the mild, snowy winters, when cold ero-
sion is not likely to be intense (Nordhagen 1928,
Engelskjgn 1986). High alpine herbs, which re-
produce mainly or exclusively sexually (Oksanen
& Virtanen 1997) are, in turn, likely to have prob-
lems coping with the moss cover (Soyrinki 1938).

On the northern coast of the Varanger Penin-
sula, facing the Barents Sea, deciduous dwarf
shrubs (e.g. Betula nana) are relatively abundant,
and among evergreens, the primarily arctic Em-
petrum nigrum subsp. hermaphroditum is the
overwhelmingly dominating species. Moreover,
the topographic amplitude of Vaccinium myrtillus
heaths is relatively narrow and ridges are occu-
pied by Ochrolechia heaths, just as in suboceanic
areas, whereas Calluna heaths are virtually ab-
sent. It might be argued that the north-facing coasts
of the Barents Sea are not as oceanic as the west-
facing Atlantic coasts. However, the vegetation
patterns described from the outer coasts of west-
ern Greenland (Bocher 1954, 1963, Elvebakk
1985) are quite similar to those encountered on
the northern shores of the Varanger Peninsula. We
thus propose that the main reason for the vegeta-
tional differences between Vanngya and the Va-
ranger Peninsula is a shift from oroarctic to arctic
conditions, where even oceanic areas have rela-
tively cold winters and considerably less winter
precipitation than what is typical for correspond-
ingly oceanic mountains, rising from the boreal
zone. Hence, freeze-drying is a problem even in
oceanic sectors of the arctic zone, favouring deci-
duous plants and desiccation-tolerant evergreens.

ZONATION OF EUOCEANIC HEATH VEG-
ETATION IN NORTHERNMOST FENNO-
SCANDIA

On Vanngya, areas below the altitude of 250 m
harbour plant communities with clearly boreal or
even temperate affinities. In spite of the scanty
occurrence and partial absence of mountain birches,
these areas are thus to be regarded as boreal or
(oro)hemiarctic (Fig. 10). However. it is difficult
to decide whether the lowermost parts of this Cal-
luna zone are truly boreal. Data from adjacent sub-
oceanic and continental areas (Oksanen & Virta-
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nen 1995) suggest that the hemiarctic zone is nor-
mally a mosaic of boreal and (oro)arctic commu-
nity types, with few distinctive vegetation types
of its own. The outer coasts of Troms were as-
signed to the hemiarctic zone by Dahl et al. (1986)
and to the boreal zone by Haapasaari (1988).
However, the vertical width of the (oro)hemiarctic
was normally about 150 m (Oksanen & Virtanen
1995). If this criterion is applicable to the outer
coasts, then the areas below 100 m belong to the
boreal zone, and cultural factors (logging, sheep
grazing) account for their hemiarctic physiog-
nomy. Engelskjgn (1970) does not discuss the de-
Iimitation of boreal and hemiarctic zones, but ac-
cording to him, the vertical range of the collec-
tive subalpine zone on adjacent Nord-Fugloy Is-
land extend to an altitude of 250 m.

In the Sandfjord area on the northern coast of
the Varanger Peninsula, communities with boreal
affinities were encountered in the lowermost tran-
sect only. At the same altitudes, the gravel bars in
a creek mouth support willow stands up to 3 m
tall (pers. obs.). Hence, at least a narrow hemiarctic
zone seems to be present on the northern shores
of the Varanger Peninsula. The seemingly south-
ern arctic landscapes of adjacent peninsulas prob-
ably owe their arctic physiognomy to the lack of
sheltered sites, not to their zonal position, con-
trary to the arguments of Haapasaari (1988).

If the upper limit of the lower oroarctic zone
is defined by the disappearance of bilberry heaths,
it lies at 500 m on Vanngya and at 275 m on Va-
ranger Peninsula. In both areas, the vertical width
of the lower oroarctic zone would thus be 250 m,
which is a typical figure throughout the Scandina-
vian mountain chain (Kalliola 1939, Nordhagen
1943, Dahl 1957, Holten 1983, Oksanen & Virta-
nen 1995). We suspect, however, that we have
for methodological reasons underestimated the
positions of both limits on the northern coast of
the Varanger Peninsula. In this area, almost all
slopes have a northern exposition and are thus
microclimatically unfavourable. The proper place
for the upper limit of the hemiarctic zone lies at
the altitude (or latitude), where boreal communi-
ties disappear even from sites with maximally
favourable microclimate. On the few south-fac-
ing slopes found in the area, we have observed
shrubby vegetation rich in Cornus suecica and
Gymnocarpium dryopteris up to an altitude of
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100 m, which is probably an appropriate altitu-
dinal limit of the hemiarctic zone in this area. The
disappearance of bilberry heaths at an altitude of
300 m is, in turn, probably influenced by the con-
vex macrotopography of the plain which starts at
this altitude. The proper limit between the lower
and the middle oroarctic zones should be deter-
mined by looking at the vegetation patterns on
the few protruding hilltops with concave slopes.
We consider that the limit lies at least at an alti-
tude of 350 m (Fig. 10).

Even the upper limit of bilberry heaths in our
material from Vanngya may provide a biased es-
timate of the transition between lower and mid-
dle oroarctic zones, because even strongly con-
cave macrotopography may be unfavourable, as
such areas accumulate copious amounts of snow
during the winter. On adjacent Nord-Fuglgy Is-
land, bilberry heaths extend to an altitude of 600
(or even 650) m on the southern side of the island

(Engelskjgn 1970), which suggests that there is
either considerable variation between near-by is-
lands or the real transition occurs at the altitude
of about 600 m. Moreover, itis possible that Engel-
skjgn (1970) refers to the uppermost heath frag-
ments with some bilberry twigs, which our method
would probably treat as snowbeds or as Salix her-
bacea-Empetrum heaths. Due to the uncertainties
of the situation, we preliminarily accept the 500 m
limit (Fig. 10).

On Vanngya, the continuous middle oroarctic
vegetation was only found within an altitudinal
interval of 50 m. From 550 m upwards, there was
Just steep, rocky slopes without continuous veg-
etation. On the other hand, the mossy variant of the
Ranunculus glacialis type, which in many ways
resembles middle oroarctic heaths and snow-beds,
occurred up to an altitude of 900 m. The proper
border between middle and upper oroarctic zones
might thus be as high as 900 m, which would imply
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that the vertical width of the middle oroarctic zone
is 400 m. This might not be unreasonable. In coastal
areas, the air masses normally have high water-
vapour content, which is condensed when the air
mass rises and cools down. This process releases
much energy, which counteracts the cooling of
the air. Hence, the impact of increasing altitude
on thermal conditions need not be as pronounced
on coastal mountains as on inland mountains, es-
pecially not in the “fog zone™ at higher altitudes.

ACTA BOT. FENNICA 167 (1999)

The discussion above indicates that macro-
topographic conditions may strongly affect the
distribution pattern of community types. The con-
cave parts of the slopes on Vanngya strongly
modify the vegetation complex and contribute to
the prevalence of snowbed vegetation. On the Va-
ranger Peninsula convex upper slopes tend to cre-
ate reverse conditions favouring chionophobous
vegetation. These factors have to be considered
when delimiting altitudinal zones (Fig. 10).
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Appendix 1. Mean percentage cover of clusters of the Betula-Myrtillus group. The frequencies are indicated as
follows: bold = f> 66.7%; underlined = 33.3% < f< 66.7%; normal text = f < 33.3%. SEMT = subalpine Empefrum-
Myrtillus type, sET = subalpine Empetrum type, CoMT = Cornus-Myrtillus type.

sEMT sET CoMT sEMT sET CoMT
Alchemilla spp. - = 0.1 Vaccinium uliginosum 2.4 + 33
Andromeda polifolia 0.8 0.3 = Vaccinium vitis-idaea 2.2 5.1 6.2
aatoraniunedoraium Anthelia juratzkana - 0, f]
UL e ] — 22 pabilophozia's 50 02 09
Arcfostaphylos alpina + 6.9 - Cal P Siaa pp- = +— i
2canaa B B +0 Lopgg;ga sppp. + + =
Betula pubescens t Ly
subsp. czerepanovif 2.8 1.3 0.2 Pr.rhd;un? Gare &0 18 Ot
Bistorta vivipara - - + Scepeate = 5 Ol
Calamagrostis lapponica - - 04 Aulacomnium furgidum — - +
Calluna vulgaris 47 217 = Dicranum fuscescens 5 2.3 1.0
Carex lachenalii = = 0.2 Dicranum majus = + =
Cornus suecica 3.5 1.2 289  Dicranum scoparium 11.2 9.8 3
Deschampsia flexuosa 21 0.2 5.3 Hylocomium splendens 1.2 6.0 34.1
Empetrum nigrum subsp. Kiaeria starkei - - 1:5
hermaphroditum 364 605 13.3 Plagiothecium sp. + - =
Equisetum arvense — = + Plagiothecium undulatum - + =
Equisetum pratense - - 0.1 Pleurozium schreberi 8.5 8.5 18.6
Equisetum sylvaticum = + Pohlia nutans - = 01
Festuca ovina = = + Polytrichastrum alpinum = 2 0.8
Gymnocarpium dryopteris - = 1.0 Polytrichasfrum sexangulare — - +
Hierochloé alpina = = + Polytrichum juniperinum = o +
Juncus trifidus = = + Racomitrium lanuginosum - 0.4 =
Juniperus communis 6.5 = 0.3 Rhytidiadelphus loreus 24 - =
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Lycopodium annotinum — = 0.4 Cladina mitis 3 03 0.1
Melaupyruni pralense = B 5 Cladina rangiferina 0.3 1.3 +
Me!ampyrt:'m sylvaticum 0.2 - + Clatont sratroorioa = b =
Nardus stricta £ ~ Cladonia bellidifiora + = +
Orthilia secunda g & 41 Cladonia chlorophaea + 0.1 =
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Salix herbacea = = 0.8 Flavocetraria cucullata = = +
Salix myrtillus = = 0.1 Nephroma arcticum - 1.0 66
Salix phylicifolia = - 0.4 Ochrolechia spp. — - +
Solidago virgaurea = - 0.2 Peltigera aphthosa = = +
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Appendix 2. Mean percentage cover of clusters of the Phyllodoce-Myrtillus group. The frequencies are indicated
as follows: bold = f> 66.7%; underlined = 33.3% < f< 66.7%:; normal text = f< 33.3%. aMDiT = arctic Myrtillus-
Dicranum type, with two (regional) variant clusters.

aMDiT aMDIT aMDIT aMDIT
var. 1 var. 2 var. 1 var. 2
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Appendix 3. Mean percentage cover of clusters of the Calluna and Arctostaphylos groups. The frequencies are
indicated as follows: bold = > 66.7%; underlined = 33.3% < f < 66.7%; normal text = f < 33.3%. nCalBryT =
north boreal Calluna-Bryophyta type, typ.var. = typical variant, Pcil var. = Ptilidium ciliare variant, aEDiLiT =
arctic Empetrum-Dicranum-Lichenes type, Lpro var. = Loiseleuria variant, Gym var. = Gymnomitrion variant,
type var. = typical variant, OcT = Ochrolechia type, Sglo var. = Sphaerophorus globosus variant, Rlan var. =
Racomitrium lanunginosum variant, Gym var. = Gymnomitrion variant.
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Appendix 3. Continued.
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Appendix 4. Mean percentage cover of clusters of the Juncus trifidus-Salix herbacea group. The frequencies
are indicated as follows: bold = f> 66.7%; underlined = 33.3% < f< 66.7%; normal text = f < 33.3 %. ShDfT =
Salix herbacea-Deschampsia flexuosa type, Kiaeria var. = Kiaeria variant, Dicr var. = Dicranum variant, Eher
var. = Empetrum hermaphroditum variant, JIDfT = Juncus trifidus-Deschampsia flexuosa type.

ShDfT JIDIT ShDIT JIDfT
Kiaeria Dicr Eher Kiaeria Dicr Eher
var. var. var. var. var. var.
Agrostis mertensii = = = 0.3 Moerckia blyttii + + - -
Anthoxanthum odora- Ptilidium ciliare 0.2 - - 0.8
tum subsp. alpinum 0.5 1.0 20 = c
Bistorta vivipara 0.8 = = 0.4 ‘;g?;ﬁ;’;ﬁ o4 -
i ji — 1.3 - =2 r = = :
gz;g gﬁi‘::’;:: orE 0.2 el L o Dicranum fuscescens 5.0 10.0 19.7 294
Carex lachenaiii 1.9 03 20 0.6 gr_cranum scoparium 4.4 238 2441 0.3
Carex rupestris = = - 0.6 "é:?s’; c:}";f Sk 7 9
Carex sp. 0.2 - - - el ] = =
Carex vaginata 2.0 . DT Eg:g;;ﬁ;ﬁ’n - 22‘2 I = 12—7
Cassiope hypnoides — - - 0.3 : L =
Cornus suecica = 03 = = ﬁf;gig? schreberi o 0 W ?LE
Deschampsia i : Dl 2
flexuosa 237 178 209 67 0"{,"”?"”33"”’” e 1
Empetrum nigrum subsp. X ?p'?';’]m : s :
hermaphroditum 1.0 39" 461 = OSJ:::” gsg‘r‘;” e - e
Equisetum arvense - - - + : : : i :
o _ L = 0.1 ‘f:o;ﬂr{c:um commune — 20 - -
Gnaphalium supinum 0.2 0.2 = 0.3 ohyfnc rbum 0.3 03
Hieracium sp. + = 01+ o Uj;ﬁr ,E:; h;; m ¥ * : ;
Hilogibe aliina - e = juniperinum L 04 07 0
Huperzia selago * 01 03 01 povtrichum piliferum 1.0 - - 06
Juncus trifidus 0.2 - 0.3 21 LR
Loiseleuria microcarpon = - + +
procumber_?s + 03 01 i b} Rhytidiadelphus
Nardus stricta = s 18 - loreus 0.5 01 09 +
Phyllodoce caerulea — — 1.8 47 Sanionia uncinata = - 1.8 —
Rubus chamaemorus — - 0.4 03 a s
Rumex acetosa 0.3 0 = - etraria ericeforum - = = +
Salix herbacea 366 425 196 17.7 Cef’?”?f islandica subsp.
Saussurea alpina - - + - CHSDIOBILSE = s = +
Sibbaldia procumbens — - - 0.3 ge!ran_a I;s!ffn?fcat B 03 - 5 !
Solidago virgaurea - 18 02 0.1 Cfé:;‘?;aerifrfse 2 : : 6 g o8
g 0000 T =, T Chdnabolidion 02 (04 i 0 22
e ool s Cladonia chlorophaea - 05 - -
Vaccinium myrtillus 0.5 123 193 42 Glidonts coctitara i 0 S 0.4
Vacc{n{um u{;gmgsum - = 1.8 1.2 Cladonia ecmocyna 0.8 03 041 1.0
Vacc:ry L w%‘;s—rdaea 3% . o == Cladonia macrophylla + + 0.2 0.8
Vg_emmca _ar‘pma = = = G Cladonia pleurota - - + -
Viola canina L - 0.1 i Cladonia spp. 0.2 + 0.1 +
Viola sp. s = = 5 Cladonia subfurcata - - - 0.2
Anthelia juratzkana _ _ o 0.1 Cfadon_';a uncialis - - + 0.1
Lepraria sp. + - - -
Barbilophozia spp.  37.6 455 46.8 18.1 Nephroma arcticum  — D2 =
Gymnomitrion spp. 0.2 = = 1.2 Ochrolechia spp. - - 0.2
Lophozia spp. 0.2 B 6.1 Stereocaulon sp. - = = +




ACTA BOT. FENNICA 167 (1999) < Patterns of heath vegetation 27

Appendix 5. Mean percentage cover of clusters of the Juncus trifidus- Cassiope tetragona group. The frequencies
are indicated as follows: bold = > 66.7%; underlined = 33.3% < f< 66.7%; normal text = f< 33.3%. ShET = Salix
herbacea type, Kiaeria var. = Kiaeria variant, Gymn var. = Gymnomitrion variant, typ. var. = typical variant.

ShET ShET
Kiaeria Gymn typ. Kiaeria Gymn typ.
var. var. var. var. var. var.
Bistoria vivipara 0.9 3 - Dicranum fuscescens 1.8 - -
Cardamine bellidifolia + - - Kiaeria starkei 26.7 10.5 17
Carex bigelowii — + = Oligotrichum hercynicum — 0.3 0.1
Carex brunnescens = = + Pohlia spp. 0.2 27 0.1
Carex lachenalii 0.3 = = Polytrichastrum alpinum 0.3 - -
Cassiope hypnoides - = = Polytrichastrum sexangulare — +
Deschamps;'_a flexuosa 0.1 3.9 + Polytrichum hyperboreurn 0.2 = +
Egie;‘;;;;:} ;:g;m subsp. a5 o i Polytrichum piliferum 0.1 3.8 0.2
Ghapialiim sipiam oo 0.8 ] Racomitrium microcarpon + + 0.3
Huperzia selago + + = Cetraria ericetorum 1.2 - =
Juncus trifidus 24 1.3 21  Cetraria islandica = - +
Loiseleuria procumbens - = 29  Cetrariasp. - - +
Luzula arcuata Cetrariella delisei 0.2 07, . 43
subsp. confusa 0.1 = =~  Cladina mitis 06 20 01
Luzu{fa pacal 09 1.9 03 Cladina rangiferina = 0.1 +
gﬁg ‘;?Ogg} J’(; ’;‘;a 5 P Cladonia amaurocraea 09 + ~
DA ab oS i < — C;‘adon."a be,‘;‘rd.fﬂora 11 4.4 2.8
Hihecoiaea = i i Cfadom_a cocch:era L) 0.3 0.6
Salix herbacea 6.1 56 3.4 Cladoniagracilis " = 11
Sibbaldia procumbens = 0.3 -3 Cladonia macrophylla 0.1 0.6 0.3
Solidago virgaurea — = + Cladonia spp. + = 0.4
Vacecinium myrtillus 0.4 5.1 = Cladonia subfurcata 0.2 0.3 0.6
ol Cladonia uncialis + 0.3 -
Anthelia juratzkana 0.1 0.6 0.2  jecidea Spp. 11 0.3 17
Barbilophozia spp. 2.0 0.6 — Lepraria sp 0.2 i p:
Diplophyllum taxifolium 0.2 - - Ochmiechfé spp 6.7 57 157
Gymnomitrion spp. 1.6 10.9 7.1 o i {y}."na D. 1 " ¥
Lophozia spp. 1.1 10.9 2.8 SOlOHNG troche +‘ i a4
Ptilidiumn ciliare — 0.6 1.7
Stereocaulon sp. - + =
Conostomum tetragonum — 03 0.2  Thamnolia vermicularis + - =
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Appendix 6. Mean percentage cover of clusters of the Ranunculus glacialis group. The frequencies are indicated
as follows: bold = f> 66.7%; underlined = 33.3% < f < 66.7%; normal text = f < 33.3%. RgGT = Ranunculus
glacialis-Gymnomitrion type, mossy variant, Psex var. = Polytrichastrum sexangulare variant, Gymn var. =
Gymnomitrion variant, Rgla var. = Ranunculus glacialis variant.

RgGT RgGT
mossy Psex Gymn Rgla mossy Psex Gymn Rgla
var. var. var. var. var. var. var. var.
Agrostis mertensii = 0.2 = - Dicranum scoparium = 0.4 — +
Antennaria alpina - 0.4 - - Dicranum spp. 0.2 = 0.1
Bistorta vivipara - 0.1 &= - Ditrichum sp. = + — +
Cardamine bellidifolia - = 01 + Kiaeria starkei 8.8 4.3 3.1 0.2
Carex bigelowii - 115 - - Oligotrichum
Carex brunnescens 0.4 = 038 = hercynicum = 0.2 = 0.2
Carex lachenalii + + 05 06 Pohlia spp. 07 04 08 03
Carex sp. + = = =: Polytrichastrum alpinum 0.4 1.0 - -
Cassiope hypnoides — - 06 + Polytrichastrum
Deschampsia flexuosa 0.1 + - 0.6 sexangulare 44 7.7 [l |
Empetrum nigrum subsp. Polytrichum
hermaphroditum = == shitlil — hyperboreum - - - 0.1
Gnaphalium supinum 0.2 0.4 = + Polytrichum piliferum - - 01 -
Juncus trifidus 0.3 225 Ehi Racomitrium fasciculare 0.1 - - -
Loiseleuria procumbens — - - + Racomitrium ellipticum — + = =
Luzula arcuata subsp. Racomitrium
confusa - = = 1.5 lanuginosum - = - +
Oxyria digyna W = = = Racomitrium
Ranunculus glacialis - — - 0.5 microcarpon 3.4 02 02 L
Rhodiola rosea = + = = Sanionia uncinata 02 - -
Salix herbacea 11.3 0.2 13 = Schistidium spp. 0.1 e = 5
Sibbaldia procumbens 1.6 0.1 - = {
Trisetum spicatum G4 — e 0.7 Cetraria islandica subsp.
Vaccinium myrtillus - + - — crispiformis 04 - = 0.4
Veronica alpina 0.1 = — — Cetrariella delisei = - 26 01
Viola spp. = + — = Cladina mitis + - - -
ol Cladonia bellidiflora 0.9 1.2 — +
Anthgha / ura_rzkana 8L 3 5 = Cladonia coccifera 0.1 - 0.3 0.7
Bgrb opliosia PD. 2 h =3 L Cladonia ecmocyna 0.9 - - -
Diplophyllum eodfolivm =+ - ’ L Cladonia gracilis 02 - - 0.3
Gymno{mrnon"spp, 3.4 69 114 17.2 Cladonia macrophylla  — o 06 -
Moerckia blyttii 0.2 - — — -
Lophozia spp 8.7 53 28 05 Cladonia spp. + 0.1 26 =
; [ : : : Cladonia subfurcata - - 09 -
Andreaea rupesiris - — - + Flavocetraria nivalis - - - 0.2
Bartramia ithyphylla 0.2 — - - Lecidea spp. 0.1 0.1 1.8 0.1
Bryum sp. — - — B Lepraria sp. 0.1 1.4 — -
Conostomum Ochrolechia spp. - 0.1 02 23
tetragonum 0.1 + 06 + Solorina crocea - 0.6 e 0.5
Dicranella sp. - - - + Sphaerophorus
Dicranoweisia crispula 0.1 0.4 - - globosus — = - 1.6
Dicranum elongatum - = + Stereocaulon spp. o 0.1 - 0.1
Dicranum fuscescens 4.9 - + Thamnolia vermicularis — - = +




