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I. Introduction

From a strictly petrological point of view, ser-
pentine is a hydrated silicate of magnesium and
iron derived from a hydrothermal alteration of
olivine. The term serpentine denotes the mineral
itself as well as the rock consisting mainly of this
mineral. In regard to the low-iron olivine, which
usually occurs in the mountain district of N Sweden,
this alteration follows the approximate formula
(T. Du Rierz 1935 p. 255):

23 Mg,,Fe Sig0,, +176 H,0 + 38 Si0,+4 0 =11
Hj3,Mgy;Fe Siyg0q,+ 4 Fey0,.

It has long been known that rock and soil of
serpentine have a specific effect on vegetation and
harbour a flora peculiar to itself. Actually, this
effect is not restricted to serpentine only but is also
to some extent connected with the other ultrabasic
rocks, viz., peridotites and soapstones which have
a rather similar chemical composition, being ecologi-
cally more or less equivalent to serpentine. Of all
ultrabasic rocks, serpentine has the most striking
effect on the vegetation and is, moreover, the one
generally in contact with it. The ecological problems
associated with these kinds of rock were therefore
studied with particular regard to serpentine.

Ecologically, the meaning of the term serpentine
has come to involve also other ultrabasic rocks
equivalent to serpentine sens. str. Accordingly, the
serpentine flora of North Sweden, which will be
discussed in the present paper, includes also the
plants on peridotites and soapstones. However, it
should be stressed that this wider interpretation of
the term serpentine will be used here in an ecologi-
cal sense only, for example, as part of biological

definitions such as serpentine flora or serpentinic-
olous, etc. (see p. 78). This does not rule out a strict
mineralogical terminology in describing the diffe-
rent ultrabasic areas. In so far as the mineralogical
composition of the various areas is established, a
study of the differences in vegetation due to differ-
ences in mineralogical composition of the rock will
facilitate dealing with the problems concerning the
serpentine flora.

Ultrabasic rocks occur in different parts of the
world: New Zealand, New Caledonia, South Africa,
North and Central America, South and Middle
Europe. In N Europe, they are chiefly found in the
Caledonian mountain range. However, common
ultrabasic intrusions are restricted only to some
parts of this mountain range, e. g., some western,
coastal districts of Norway, and a central mountain
district comprising N Jémtland (Frostviken), S
Lappland and adjacent parts of Norway (lat. 64°
to 66° N). Being of the Lower Ordovician age, the
ultrabasic intrusions are probably the oldest intru-
sions of the Caledonian igneous rock. Asregards the
Swedish part of the mountainrange, they may occur
both in the phyllitic, or so-called K&li, region in the
west, and in the highly metamorphic, or so-called
Seve, region in the east. The serpentines, as well as
other ultrabasics, appear mainly as oval and lentic-
ular outcrops, being from a few metres to some kilo-
metres or more in length, their width being gener-
ally much less. They are generally seen as knobs
above the surrounding rocks as they are less rapidly
weathered. The serpentine outcrops of N Sweden
may occur at altitudes ranging from about 408 to
1400 m. Although several are situated below the
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alpine belt, they all appear rather barren, the non-
alpine ones being sparsely wooded. Moreover, they
are easily recognized by the reddish-yellow tints of
their weathered surfaces, sometimes accentuated
by red lichens (Caloplaca elegans) or algae (T'rente-
pholia jolithus). Most of the ridges are named after
their reddish colour. T. Du Rierz (1935) mono-
graphed geologically the ultrabasic rocks of N
Sweden.

Pancic, who described the flora of the serpentine
mountains of Middle Serbia in 1859, was the first
botanist to pay attention to the very peculiar
vegetation of serpentine soils. Some years later,
MmpE (1867, 1868) stated that the fern Asplenium
adulterinum, described by him two years earlier,
might be a form of 4. viride restricted only to
serpentine soil. However, the problems connected
with the serpentine flora were not discussed in
detail until after 1920 when especially the serpen-
tine floras of Middle Europe were described in
several papers. Thus, LAMMERMAYER in a series of
papers (1926, 1927, 1928 a b, 1934) dealt with the
serpentine flora of the Austrian Alps. NEVOLE
(1926) also contributed to this subject. In addition,
KRrETSCHMER (1931) described the serpentine flora
at Gurhof in the Danube Valley. The flora and
vegetation of the wide serpentine areas in Bohemia
and Moravia were closely studied by NovAk (1928,
1937) Suza, NoviCEK, DVORAK, and others (see
NovAk 1937). In Italy, the serpentine flora and
vegetation were studied by Pavarino (1914), and
by PicHI-SERMOLLI, who, in a recent informative
paper (1948), described the serpentine flora of
the upper Tiber Valley, and also treated the prob-
lems concerning serpentine floras in general. Out-
side Europe, the problems relating to serpentine
vegetation were also investigated in N America,
with special regard to the cause of the infertility
of serpentine soils. From New Zealand, CoOOKAYNE
(1921) gave a brief account of the vegetation
of mineral belts that consist mainly of serpentine.

In N Europe, the serpentine vegetation has been
largely overlooked by botanists, no doubt due to
the rather sparse occurrence of serpentine rocks
there and to their confinement to very distant and
botanically more or less unexplored mountains and
forest areas. Accordingly, so far only one paper on

the Scandinavian serpentine vegetation exists, viz.,
that of B. BJORLYKKE (1938) which was published
posthumously, and deals with the vegetation of ser-
pentine rocks in the district of Sumnoére at the west-
coast of S Norway (about lat. 62° 30" N). In Fin-
land, M. J. KoriLAINEN studied the plant life on
serpentine over a long period, with special regard
to the bryophytes, and in 1944 presented some
important results in an abstract from a lecture.

Apart from the above, the only contributions to
the study of Fennoscandian serpentine vegetation
are some brief notes in the vegetational monographs
by SmitH (1920), NoRDHAGEN (1928), and KNABEN
(1952), and some short items published by MikkKoLA
(1938), DanIELSSON (1948) and the present author
(1947 and 1949).

During the summers of 1945-1950, in studying
the mountain flora of S Lappland (Asele and Lyck-
sele Lappmarker), I travelled through the whole
mountain district of that area. As it is rather rich
in serpentine outcrops, I soon observed the peculiar
and very interesting flora connected with that kind
of rock. I therefore decided to visit every serpen-
tine outcrop of importance within the area. Fortu-
nately, this mountain district is mapped geologi-
cally (BaAckLUND and QUENSEL 1929), and parts of
it have also been more closely investigated by
Kurrineg (1933), BEskow (1929), and T. Du RiETrz
(op. cit.). These geological data facilitated the
fulfilment of my plans and I extended my serpen-
tine studies to include adjacent parts of Jamtland,
viz., the Frostviken parish which is also very rich
in ultrabasic rocks. Thus, I visited the areas of
Frostviken in 1947 and 1949, the last time to-
gether with M. J. KoTILAINEN who then studied
the bryophyte flora of that area.

As the bulk of the Swedish ultrabasics occurs
within the district of Frostviken—-S Lappland, I
was able to widen the range of my serpentine
investigations to comprise all N Sweden by visiting
only a few more localities in other parts of Jamt-
land and Lappland. Accordingly, in 1949 and 1950
I visited the serpentine areas south of Annsjon in
W Jamtland, and in 1949 also some peridotite areas
in Lule Lappmark (cf. map in Fig. 1). Thus, my
investigation comprises all the outcrops of ultra-
basic rocks in N Sweden of any importance with
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the exception of some in westernmost Lule Lapp-
mark. For comparative studies, in 1948 I visited
serpentine areas in N Finland, in 1950 serpentine
areas in Helgeland, Norway (Hattfjelldal, and
R6don in Tjétta), and in 1951 some serpentine
areas of E North America (cf. p. 91).

With regard to the Swedish ultrabasic rock
areas, I have endeavoured to list the complete
flora of each one visited. As most of the areas are
moderate in size and have a rather scanty vegeta-
tion, the listing of all the vascular plants met with
no obstacle. Still, as regards lichens and bryophytes
I had the opportunity of studying but a few local-
lities more in detail.

Seeds were collected from some serpentinicolous
plants and grown in the Botanical Garden of
Uppsala University. Soil samples were collected in
many of the areas visited and later analysed, by
the following determinations: 1) pH value (by glass
electrode in aqua dest. suspension); 2) Soluble
phosphatesaccordingto thelactate method (EGNER,
KOHLER, and NyDAHL 1938); 3) Soluble potassium
by extraction with mono-chlor-acetic acid, and
with a flame photometer (Eeon%r 1940). These
analyses were all carried out by Statens Lantbruks-
kemiska Kontrollanstalt (State Service Station of
Agricultural Chemistry). Some samples were also
analysed with regard to the total content of CaO
(by extraction with 209, HCl and precipitation
with oxalate). The CaO analyses were carried out
partly at the above-mentioned service station, and
partly at the Mineralogical-Geological Institute of
Uppsala University by Mrs BrRiTA COLLINI. At the
latter Institute, also the mechanical composition
of some samples of serpentine soil was determined
by elutriation analyses (ExsTrOM 1927), and some
rock slices were prepared.

I have the greatest pleasure in expressing my
gratitude to those who have contributed in diverse
ways to this paper in the course of my work.

Firstly, I am indebted to Professor Mauxo J.
KormLaineN, Helsingfors, for drawing my attention
to the problems of the serpentine flora and also for
the generous way in which he allowed me to bene-

fit by his extensive experience in the study of this
subject.

Professor G. EiNaArR Du Rierz, Head of the In-
stitute of Plant Ecology of Uppsala University,
gave my work invaluable support by placing the
resources of the Institute at my disposal, as well as
personally by his unfailing interest and kindness in
going through my manuscript.

Among the botanists and geologists with whom
I have had the privilege of discussing my work I
particularly wish to mention: Professor JOEN AXEL
NaANNFELDT, Professor HELGE BaAckLu~ND, Dr NiLs
HyrLanDER, Dr Harry SmiTH, Dr Gunnar Lo-
HAMMAR, Mr BeNgT CorrINt Fil. lic., Dr AXEL
NycerEN, Dr Hugo Ss6rs, Mr BENGT PETTERSSON
Fil. lic., Mr SveEN O. Bsorkman Fil. lic., Uppsala;
Professor Eric HuLTEN, Stockholm; Dr ToRSTEN
Du Rierz, Boliden; Dr ER1KA GAERTNER, Hamil-
ton, Ontario,and Mr MARCEL RaymonD, Montreal.

Finally, I also wish to record my indebtedness to
my faithful companions during field work in the
serpentine mountains. My wife, Mrs Mas RUNE,
my brother Mr SvEN RuUNE, Mr Tage Roos, Mr
VoLkMAR Stoy and Mr SvEN O. BJOREMAN ac-
companied me during different periods. Professor
Mauno J. KOTILAINEN accompanied me during
excursions in N Finland and N Jdmtland. During
a visit to N America in 1951, Professor Epcar
WHERRY and Dr Frawncis PENNEL, Philadelphia,
were kind enough to show me the serpentine areas
in Chester Co, SE Pennsylvania; Mr MARCEL RAY-
MOND and Mr Jim KucyN1ak, Montreal, supported

_my field work in Gaspé and organized an excursion

in order to show me the serpentine areas of Megantic
Co, Quebec.

The Latin diagnoses were translated by Dr NiLs
Hyranper, Uppsala.

In its English shape, the manuscript was re-
vised by Mr Davip SmrrH, Oxford, and Mrs ULLa
ScuOTT, Stockholm.

Viaxtbiologiska Institutionen
(Institute of Plant Ecology)
Royal University of Uppsala,
December 27th, 1952.
-Olof Rune






Prate I

“The pine lree wastes which is perched on the hill,

nor bark nor needles shelter it,”’
HAvVAMAL.

From serpentins area at Kittelfjill, Asele Lappmark (cf. Fig. 14). Photo Olof Rune 6.7.1946. Quotation from an English
translation of the Viking poem Havamal (OLiveE Bray, London 1908).

Acta Phytogeogr. Suec. 31



Prate IT

Serpentine area south of Kittelfjill village in Asele Lappmark (No. 22), appearing as big, barren heaps of boulder and
gravel almost destitute of vegetation, though only at about 500 m altitude. Photo Olof Rune 12.7.1946.

Acta Phytogeogr. Suec. 31



Prate I1I

Mt Atoklinten — big serpentine protuberance on northern side of Sédra Storfjallen (No. 36), west of Tirnaby near
Norwegian border. Rises about 100 m above surrounding level, reaching 1 020 m, with characteristic profile easily re-
cognized at great distance. Picture shows southwestern part of outcrop. Photo Olof Rune 27.8.1948.

Acta Phytogeogr. Suec. 31



PraTE IV

Serpentine area at Lingonberget in parish of Gallivare (No. 41) is the only one outside the high mountain districts.
Though surrounded by dense spruce forest, the serpentine is but sparsely forested with pine. In exposed parts, the

ground is barren, harbouring but a few serpentinicoles; in less exposed parts, the ground is covered with dwarf shrub
mats of Empetrum hermaphroditum and Vaccinium uliginosum. Photo Olof Rune 5.7.1949.

Acta Phytogeogr. Suec. 31



Prate V

Slope in serpentine area at Lingonberget with pronounced solifluction. Vegetation consists of abundant Asplenium viride
tufts and more sparse Festuca ovina, Deschampsia flexuosa, Viscaria alpina var. serpentinicola, and Cerastium alpinum
ad var. serpentinicola. Photo Olof Rune 5.7.1949.

Acta Phytogeogr. Suec. 31



PraTe VI

Above: Peridotite outcrop at about 900 m level duc west of Lake Ovre Altsvattnet in parish of Sorsele, Lycksele Lapp-
mark (No. 37). Photo Olof Rune 11.8.1949.

Below: Serpentine area of Mt Rautats in parish of Frostviken (No. 12), one of the largest in N Sweden, forming a wide
mountain plateau with highly alpine character, though situated only at about 700 m. Mountain in background is Gillet-
sentjékko.. Photo Olof Rune 2.7.1947.

Acta Phytogeogr. Suec. 31



Prate VII

Above: Peridotitc of Mt Aunevare in Asele Lappmark (No. 21) forms an isolated, big mountain reaching 1265 m. Firm
peridotite rocks crop out above about 1000 m, while below, the bedrock is mainly covered with moraine. Picture shows
northwestern part of mountain. Photo Olof Rune 29.8.1947.

Below: Serpentine outcrop of Mt Lebbinjesnjounje, due west of Kittelfjall village in Asele Lappmarlk (No. 23) is extremely
barren, being largely destitute of soil and vegetation. Mountain in background is Borkafjall. Photo Olof Rune 6.7.1946.

Acta Phytogeogr. Suec. 31



PraTte VIII

Above: The wide top-plateau of Aunevare is a stony waste, extremely dry and poor in weathered material. In foreground
sparse Juncus trifidus - Silene acawlis heath. See Pl VII. Photo Olof Rune 19.7.1946.

Below: Close-up of Juncus trifidus - Rhacomitrium lanuginoswm heath with Silene acaulis in foreground. Gurtatjikko ser-
pentine in Asele Lappmark (No. 24). Note different vegetation of lichens on erratic boulder to the left.
Photo Olof Rune 9.7.1946.

Acta Phytogeogr. Suec. 31



II. Flora and vegetation on serpentines and other

ultrabasic rocks in North Sweden

1. Description of ultrabasic rock

areas in North Sweden

In the following description the ultrabasic rock
areas will be mentioned in their order from south
to north. Adjacent areas are grouped together into
districts, named after characteristic mountains,
sometimes villages or lakes, within the district (see
map in Fig. 1). References are given for each dis-
trict including the numbers and names of the
sheets of topographical maps, scale 1: 200 000.

Swedish and Lappish words forming part of
place names have not been translated, e. g., Kyrk-
stensfjillet (fjill = high mountain), Overvattsberget
(berget = mountain), Graipesvare (vare = high

Fig. 1. Situation of ultrabasic rock areas. Each dot repre-
sents a district comprising one or several adjacent areas.

1. District of Handol

2 N ” Kall

3 e ”” Muruhatten

4. 2 ” Junstern

5. # ” Lake Blasjon
6 ™ " Vargaren
7 N ” N Burgfjallen
8. 2 ”” Graipesvare

9. 2 ” Kittelfjall

10. B * Grénssjo

11. . > Roénnbéck

12. 2 ” Tarna

13. ¥ 8 Storfjillen
14. » 7 Lake Altsvattnet
15. o >’ Ammarfjallen
16. " > Kvikkjokk

17. ” » Gallivare

Acta Phytogeogr. Suec. 31



10 Flora of serpentines in N Sweden

mountain [Lappish]), Higgsjon (sjon = lake), Smal-
sundstjiarn (tjarn = tarn), Slipsikjaure (jaure = lake
[Lappish]).

The terms serpentinophyte, serpentinicolous, etc.,

Fig. 2.
Bunnerviken area. Scanty vegetation domi-
nated by Asplentum viride in crevices, and

Westernmost serpentine barren of

Arenaria norvegica on loose gravel.
Photo Olof Rune 2.9.1949.

are defined on pp. 78—81. Some new varieties:
Cerastium alpinum var. serpentinicola, Melandrium
rubrum var. serpentinicola and var. smithii, etc.,
mentioned below are described on pp. 53—65.

JAMTLAND
PARISH OF UNDERSAKER % Actual composition
. N Sio, 38.53 (weight %)
District of Handél ALO, 0.29 Diivins  36.4
(map 65 Duved). Fe,0O, 3.74 Serpentine 43.8
L M s b Cr,0, 0.51 (0.35) Tremolite 11.3
=higrhalsglonsbeyget: FeO 5.06 Magnetite 4.9
South of Annsjén, a string of small serpentine Nio - (0.26) Breunnerite 3.6
outcrops runs eastward from Téljstenberget near 11:?‘8 0.11
the village of Handol. The westernmost of these c agO 3?2;
outcrops is situated on the northeastern side of Na,0, K,0 0:05
Téljstensberget quite near the road to Bunnerviken, Co, 1.80
and forms an isolated knoll on the 600 m level. Its 8 - (0.1)
area is about 1.5 hectares. As - (0.03)

According to T. Du Rierz (1935 p. 203) the
composition of the rock is as follows (figures in
parentheses are values given by T. Du RiETz in a
personal communication):

Acta Phytogeogr. Suec. 31

The calcium content of this serpentine rock is a
little higher than usual because of the occurrence
of tremolite and breunnerite. The vegetation is



Flora of serpentines in N Sweden 11

Fig. 3. Exposed parts of Bunnerviken barrens with scanty vegetation, due largely to strong wind erosion and frost action
during late winter. Growths in pictured area: Asplenium viride, Arenaria norvegica, Deschampsia flexuosa, Rumex acetosa,
and, in foreground, Rhacomsitrium lanuginosum. Annsjon in background. Photo Olof Rune 2.9.1949.

Fig. 4. Less exposed parts of Bunnerviken barrens covered with extensive Rhacomitrium lanuginosum mats, with inter-
spersed dwarf shrub thickets of Betula nana, Calluna vulgaris, Empetrum hermaphroditum, and Vaccinium uliginosum.
Photo Olof Rune 2.9.1949.

Acta Phytogeogr. Suec. 31



12

principally characterized by the great abundance
of Melandrium rubrum, represented by a particular
endemic serpentine race M. rubrum var. smithit.l
Asplenium viride and Rhacomitrium lanuginosum
are also particularly abundant there. In addition,
the following were noticed: Molinia coerulea, Des-
champsia flexuosa, Rumex acetosa, Calluna vulgarts,
Empetrum hermaphroditum, and Vaccinium wuligi-
nosum. However, Cerastium glabratum, Viscaria
alpina, and Silene acaulis, usually common on ser-
pentine, were not observed.

2. Bunnerviken (Figs. 2, 3, 4).

At a distance of 1-2 km from the southern shore
of Annsjon, and southeast of Bunnerviken farm,
two small serpentine areas crop out about 1 km
apart. They were mentioned by SmiTaH (1920) as
very rich localities of Arenaria norvegica. The area
of each outcrop amounts to approximately 0.5
hectare. They are both situated at the 600 m level,
and composed of firm rocks, largely overlaid by
weathered materials. Their surface is covered with
Rhacomitrium lanuginosum mats, alternating with
patches of barren soil in which particularly Asple-
nium viride and Arenaria norvegica occur rather
plentifully. In addition, the following plants were
observed: Melandrium rubrum, Festuca ovina, Des-
champsia flexuosa, Rumex acetosa, Juncus trifidus,
Molinia coerulea, Empetrum hermaphroditum, Vacci-
nium uliginosum, and Juniperus communis. How-
ever, the characteristic serpentinicoles, Cerastium
glabratum, Viscaria alpina and Silene acaulis were
lacking in this area.

3. Mt Rodberget.

The largest and most eastern of the serpentine
outerops within this district is Rodberget, situated
about 3 km southeast of the southeastern part of
Annsjén. Rédberget constitutes an isolated moun-
tain top on the northern side of Kyrkstensfjillet,
and its highest point reaches 784 m. The area equals
approximately 10 hectares. Large parts are covered
by extraneous moraine; only the top and the steep
southern parts consist of serpentine barrens. On
these, Calluna vulgaris and Rhacomitrium lanugino-

L Melandrium rubrum var. smithii nova var. cf. p. 62.
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sum are the most common plants. In rock crevices,
Arenaria norvegica, Silene acaulis, and Festuca
ovina appear rather frequently. Many characteris-
tic serpentine plants, such as Asplenium viride,
Viscaria alpina, Cerastium glabratum, and Rumex

_acetosa, are comparatively sparse. Actually, no

characteristic serpentine vegetation exists on Rod-
berget except on the barren serpentine rocks. In-
stead, the usual low-alpine, acid soil heath with
Empetrum hermaphroditum, Vaccinium uliginosum,
Lotseleuria procumbens, Juncus trifidus;, and Carex
bigelowri is dominant.

PARISH OF KALL

District of Kall
(map 66 Are).

4. The Kall Peridotite.

In the middle of the forest area between Hagg-
sjon and the village of S6lsved, about 5 km north-
east of the church village of Kall, quite a small
occurrence of peridotite is noted. However, this is
hardly at all serpentinized. This rock rises only a
few metres above the ground, and its area does not
equal more than a few hundred square metres. The
surrounding rocks are mica-schists and gneisses,
amphibolites, pegmatites, crystalline limestone and
quartsites (T. Du RIETz op. cit. p. 152). This Kall
peridotite is mentioned by T. Du RiErz (op. cit.
p. 152), being characterized as a greenish-grey oli-
vine rock, rich in actinolite and chlorite, sometimes
also in mica. The same author reported the follow-
ing analyses from the mica-bearing Kall peridotite:

% Actual composition

Si0, 41.78 (weight %)
Tio, 0.48 Olivine 42.4
ALO, 4.92 Actinolite  33.3
Fe, 0, 1.60 Chlorite 20.4
Cr,0, 0.08 Biotite 3.1
FeO 12.76 Ore minerals 0.8
MnO 0.25

MgO 30.03

CaO  3.77

Na, 0 0.40

K,O 0.35

As compared with other peridotites, this one
contains more Al, Fe, Ti, Na, and K, and less Mg
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and Cr than usual. Apart from a rather rich occur-
rence of Asplentum viride in crevices, not even traces
of a serpentine vegetation are to be seen on this
rock. All the flat parts are overgrown with the
same xerophytic Vaccinium vitis-idaea - Cladonia
communities as predominate in dry parts every-
where in the vicinity.

PARISH OF FROSTVIKEN

District of Muruhatten
(map 46 Frostviken).

About 10 km due west of the church village of
Giaddede, quite near the Norwegian border, several
large peridotite outcrops occur round the Stora
Muruhattstjirn. They constitute distinct summits
rising between 50 and 100 m above the general
level, thus reaching an altitude of approximately
600 m.

The surrounding rocks are mainly mica-schists,
injection-gneisses, and amphibolites. A detailed
geological study of this district was made by T. Du
RiETz (0p. cit. p. 160).

5. Mt Muruhatten.

Muruhatten, with an area of about 20 hectares,
is the biggest of these serpentine occurrences. It
consists of a typical peridotite protuberance which
rises about a hundred metres above the more easily
eroded mica-schists and amphibolites. The rock is
rich in tale and has been quarried as soapstone.
The vegetation shows only a few features associated
with serpentine. A common low-alpine heath vege-
tation with Empetrum hermaphroditum, Arctosta-
phylos alpina, Deschampsia flexuosa, Rubus cha-
maemorus, and Juncus trifidus, etc., is dominant.
However, a relatively abundant occurrence of
Asplenium viride, Viscaria alpina and Rhacomi-
trium lanuginosum may be regarded a typical
serpentine character. Yet, real serpentine rocks
occur only within the peripheral parts of Muru-

hatten. On its western side I found a place partic- -

cularly rich in highly serpentinized peridotite,
where the vegetation consists of abundant occur-
rences of an angustifoliate Melandrium rubrum (ad

var. serpenmtinicola), a serpentinicolous form of

Cerastium alpinum (ad var. serpentinicola), Rumex
acetosa, and Silene rupestris. See Table 1: 1 (p. 44).

The following analyses of peridotite from Muru-
hatten, quoted from T. Du Rierz (op. cit. p. 169),
shows the high content of talc in this rock. (Figures
in parentheses are values given by T. Du RiETz in
a personal communication.)

% Actual composition
Si0, 49.0 (weight %)
TiO, traces Olivine 28.7
AlL,O;, 0.73 Actinolite 24.4
Fe,O, 1.46 Talc 24.8
Cr,0, 0.34 (0.25) Serpentine
FeO 6.46 (Antigorite) 18.7
MgO 34.06 Chlorite 1.3
CaO 3.19 Breunnerite 0.3
Na,O 0.05 Magnetite 1.8
K,0 0.00
NiO  none (0.18)

6. Mt Lillfjallet.

Lillfjallet, which is situated about 1 km northeast
of Muruhatten, consists of some peridotite as well
as mica-schists, injection-gneisses, and amphiboli-
tes. The peridotite crops out at Sdterberget and at
a small summit about 200 m north of Smalsunds-
tjarn. The western part of Lillfjillet is called Sater-
berget and consists of a peridotite outcrop about
500 m long, but not more than about 50 m broad.
Its southern parts descend abruptly towards the
Muruhattstjarn. This southern slope is the only
part of Siaterberget I had the opportunity to visit.

-The large boulders below the slope are covered with

Rhacomitrium lanuginosum mats with tufts of
Asplenium viride and a few interspersed individuals
of Cerastium glabratum.

The peridotite summit north of Smalsundstjirn
harbours several serpentinicolous plants. In addi-
tion to the aforementioned plants the following were
established: Cerastium vulgatum var. kajanense,
Melandrium rubrum, Viscaria alpina, Stlene rupe-
stris, Calluna vulgaris, Agrostis canina, Deschamp-
sia flexuosa, Molinia coerulea, and Rumex acetosa.
In this place, Professor M. J. KoriLaINEN found
the moss Weisia viridula which is a very character-
istic serpentine plant in Finland previously un-
observed in any Swedish serpentine area.

Acta Phytogeogr. Suec. 31
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7. Mt Overvattsberget.

Overvattsberget is the easternmost peridotite
occurrence of the Muruhatten district. It
ated about 1.5 km east of Muruhatten. Its area
may be estimated at about 10 hectares. Besides
dunite (olivine + chromite), the rocks contain diop-
side (T. Du Rietz op. cit. p. 154). The consider-
able calcium content in this mineral has its effect
on the vegetation, in that several exclusively calcic-
olous mosses grow on the moist rocks of the nor-
thern part of the mountain. The central parts of
the mountain are covered by woods of birch
(Betula tortuosa) and spruce (Picea abies), and the
vegetation is rather similar to that on other kinds
of rock in the vicinity. The eastern and western

is situ-

parts of this mountain descend rather steeply.
However, on the boulders and screes of these parts
several serpentinicolous plants occur, viz., As-
plentum viride, Cerastium vulgatum var. kajanense,
Viscaria alpina var. serpentinicola, and Melandrium
rubrum.

District of Junstern
(map 46 Frostviken).

About 10 km north of the church village of
Giaddede, on the isthmus between the lakes of
Kvarnbergsvattnet, Jormsjon, and Kycklingvatt-
net, some ultrabasic rock areas appear quite near
the northern highway running from Géddede to
Norway. Surrounding rocks are mica-schists with
injection-gneisses and amphibolites.

8. Mt Junsterklumpen.

Junsterklumpen, the easternmost of these peri-
dotite outcrops, is fairly big. Its area comprises
about 75 hectares and the highest peak reaches
the 577 m level. The rock is dunitic, consisting
essentially of olivine, as is clear from the following
analysis published by T. Du Rigrz (op. cit. 141).
(Figures in parentheses are values given by T. Du
Ri1ETZ in a personal communication.)

% Actual composition
SiO, 40.50 (38.1) (weight %)
TiO, none Olivine 81.2
AlLO, 0.22 (0.54) Serpentine 15.9
Cr,0, 0.40 (0.50) Magnetite 2.9
Fe,0, 2.03 (3.3) (Chromiferous)

Acta Phytogeogr. Suec. 31

FeO 4.92 (2.5)
NiO - (0.34)
MnO 0.10 (0.33)
MgO 49.34 (43.0)
Ca0 0.02 (0.39)

Na,0 + K,O 0.08

The highest parts of this mountain form a large
plateau where barrens appear in several places. On
these outcrops a rather characteristic serpentine
vegetation occurs with plants such as Asplenium
viride, Viscaria alpina var. serpentinicola, M elan-
drium rubrum, Rumev acetosa, Cerastium vulgatum
var. kajanense, Agrostis canina, A. tenuis, Empe-
trum hermaphroditum, and Vaccinium wuliginosum.
Of these, especially Agrostis canina is very abun-
dant. Between the outcrops, where the rocks are
covered with a considerable humus layer, the
vegetation is of a trivial type with ericaceous
dwarf shrubs such as Calluna vulgaris, Vaccinium
myrtillus, Empetrum hermaphroditum, Vaccinium
vitis-tdaea, and scattered trees of spruce (Picea
abies), pine (Pinus silvestris) and birch (Betula
tortuosa).

9. Lermon Summits.

About 5 km northwest of Junsterklumpen, two
ultrabasic outcrops appear quite close to each other
near the Lermon farm. On the topographical map,
they correspond to the two summits of 440 and
464 m. In both places the rock is almost completely
transformed into soapstone which has been quar-
ried, especially at the easternmost summit.

Some serpentinicolous plants were found on
these soapstone summits, but on the whole the
vegetation is not characteristic of serpentine. Thus,
on the western summit the following plants were
observed on the steep western slope: A4splenium
viride, Cerastium vulgatum var. kajanense, Arenaria.
norvegica, Rumex acetosa, R. acetocella, and De-
schampsia flexuosa. The flat plateau of the top is
almost completely covered by carpets of Rhaco-
miatrium lanuginosum with, e. g., Draba norvegica,
Viscaria alpina, Sedum annuum, Woodsia alpina,
and Cystopteris fragilis growing between them.

The eastern summit harbours a few serpentinic-
olous plants: Viscaria alpina and Cerastium vul-
gatum var. kajanense growing on the very top pla-
teau. Among other plants growing there, Silene



Flora of serpentines in N Sweden 15

Fig. 5. Several serpentine rocks appear at
summit of Mt Klumpliklumpen. Vein struc-
ture of rock surface typical of serpentine.
In crevices of rock: Asplenium viride, Agrostis
stolonifera, Cerastium glabratum, and Silene
acaulis. Agrostis stolonifera is particularly
abundant, with real mats filling up the
depressions seen in the central parts of the
rock. Photo Olof Rune 28.8.1949.

rupestris, Sedum annuum, and Agrostis canina may
be mentioned.

10. Mt Norra Digerhésen.

Another ultrabasic rock area, called Norra Diger-
hosen, crops out about 5 km further to the north-
west, in a small peninsula of Kvarnbergsvattnet.
This is only a small outecrop with an area of less
than 0.5 hectare and situated at a height of 325 m.
The rock consists of soapstone of a type similar to
that at Lermon. Serpentine vegetation occurs only
in the western part where the rocks have been laid
bare by soapstone quarrying. Abundant occurrences
of Arenaria norvegica and Melandrium rubrum ad
var. serpentinicola appear particularly on the heaps
of crumbled soapstone. Although less plentiful,
Asplenium viride, Ramischia secunda and Rumex
acetosa were also found there. The abundant occur-
rence of the alpine plant Arenaria norvegica at this
rather low altitude is striking, as also the absence
of Viscaria alpina and any Cerastium species.

District of Lake Blasjon
(map 46 Frostviken)

About 15 km northeast of the Junstern district,
another ultrabasic rock district occurs south and

east of Stora Bldsjon. Within this district only two
different outcrops occur, both, however, constitut-
ing large mountains reaching up to the alpine
region. The surrounding rocks are mica-schists
with injection-gneisses and amphibolites.

11. Mt Klumpliklumpen (Fig. 5).

Klumpliklumpen is an isolated and rather large
mountain rising about 200 m above the general
level of the isthmus between the lakes of Blisjon
and Jormsjon. The summit, situated at 776 m,
reaches the alpine region. The area of its serpentine
outecrops amounts to about 50 hectares. According
to T. Du Rierz, the rock is much serpentinized
(see Fig. 5). A real serpentine vegetation is only
found on the very top, which mainly consists of
barren serpentine rocks. In crevices, the following
plants grow: Asplenium viride, Agrostis stolonifera,
Cerastium glabratum, Viscaria alpina, Silene acaulis,
and the moss Campylium stellatum. Of these,
Agrostis stolonifera is particularly abundant form-
ing continuous carpets especially in the moist crev-
ices and cavities.

The slopes of the mountain, except the southern
one, are mostly covered with extraneous moraine
or humus. In these places trivial low-alpine dwarf

Acta Phytogeogr. Suec. 31
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shrubs dominate, viz., Empetrum hermaphroditum,
Vaccinium uliginosum and V. myrtillus. Parts of
the southern slope are very steep and form real
precipices. Below the biggest one, situated at about
the 700 m level, the following plants were found
to grow on the serpentine scree (in order of abund-
ance): Cerastium glabratum, Viscaria alpina, Minu-
artia biflora, Roegneria scandica, Poa glauca, Agro-
stis borealis, Silene acaulis, Melandrium rubrum,
Gerantum silvaticum, Rumex acetosa, Calluna vul-
garis, and Solidago virgaurea.

12. Mt Rautats (Fig. 6, Plate VI).

The high Rautats mountain (the spelling “Ruo-
tats” is used in the topographical map) east of
Blasjon consists entirely of serpentine. With its
area of about 10 square km, it represents one of the
largest serpentine occurrences in Sweden. The shape
of this mountain is rather flat and the highest peak
reaches only to a height of 873 m. Serpentine crops
out from about 670 m and upwards. As the timber-
line is situated at about 700 m, the main part of
this serpentine area is situated within the low-
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Fig. 6. In the northern part of Mt Rautats,
schistose serpentine occurs in a limited area.
Arenarianorvegica has its only station in the
Rautats area on coarse, weathered material
connected with this type of rock.

Photo Olof Rune 2.7.1947.

alpine region. Especially at the higher levels, a
great deal of space is taken up by serpentine out-
crops with a very scanty vegetation (Pl. VI). This
is confined to crevices and other places where
weathered products have accumulated. Cerastium
glabratum, Silene acaulis, Agrostis stolonifera, As-
plentum wviride, and within a limited area also
Arenaria morvegica, are the most common plants
within such localities (Fig. 6). Between the out-
crops the moraine is mostly covered by a sparse
dwarf shrub heath vegetation with the following
dominant plants: Empetrum hermaphroditum, Cal-
luna wvulgaris, Vaccinium uliginosum, and Des-
champsia flexuosa. In places with moist ground, the
grasses Molinia coerulea, Anthoxanthum odoratum,
and Agrostis stolonifera preponderate.

However, the heath vegetation is often inter-
rupted by almost barren areas produced by defla-
tion or frost action. These areas are colonized by
clearly serpentinicolous plants, such as Silene
acaulis, Cerastium glabratum, Melandrium rubrum,
Viscaria alpina, Rumex acetosa, and Agrostis
stolonifera. See Table 1: 2-3 (p. 44).

According to T. Du RiETz (0p. cit. p. 149) the
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Rautats peridotite consists of olivines and ensta-
tites which are serpentinized up to 25-75 9%, while
chromiferous magnetite, chromite ore, tremolite,
chlorite and talc occur as secondary minerals. How-
ever, no analyses are published from Mt Rautats.
In a personal communication, the following values,
in %,, were provided by T. Du RiEe1z: Cr,03, 0.5 (in
chromite veins up to 47); FeO (soluble), 4.0; NiO,
0.22; Co0, 0.06; Pt, 0.1; S, 0.1. The chromium con-
tent is rather high, and the last time quarrying was
undertaken was during the period 1941-1944. Near
the miners’ huts, several anthropochors have settled,
viz., Stellaria media, Rumex acetocella, Poa trivialis,
P. annua, and Phleum pratense.

District of Lake Virgaren
(maps 46 Frostviken and 47 Risbéck).

Lake Virgaren is situated about 20 km east of
Blésjon. Serpentine outcrops occur at the southern
and northern parts of this long and narrow lake.
The composition of these rocks is rather similar to
that of Mt Rautats.

13. Mt Lejarklumpen.

Lejarklumpen forms a large isthmus between the
lakes of Lejaren and Virgaren, near the northern
end of the long lake of Virgaren. From the level
of the lake at about 580 m, Lejarklumpen rises
very steeply, reaching an altitude of 769 m. The
higher parts of Lejarklumpen consist, within an
area of about 1.5 square km, mainly of barren
serpentine outcrops. On these, Arenaria norvegica
is abundant in crevices and on weathered gravel,
growing between tufts of Asplentum viride and
Stlene acaulis. Many other serpentinicoles were
noticed, viz., Agrostis stolonifera, Minuartia biflora,
Rumezx acetosa, Cerastium glabratum, Melandrium
rubrum, and Viscaria alpina. In addition, the fol-
lowing plants listed also on Lejarklumpen are all
reported from several other serpentine areas: Scir-
pus caespitosus, Luzula spicata, Juncus trifidus,
Molinia coerulea, Anthoxanthum odoratum, Junipe-
rus communis var. montana, Salix herbacea, Em-
petrum hermaphroditum, Vaccintum uliginosum, and
Deschampsia flexuosa. The three serpentinicolous

2 — 537056 Olof Rune

mosses, Rhacomitrium lanuginosum, Drepanocladus
uncinatus, and Campylium stellatum, were all seen
in abundance on Lejarklumpen.

14. Serpentine areas at the settlement of Ostra
Vargaren (Fig. 7).

Several small serpentine outcrops occur near the
small Lappish settlement of Ostra Virgaren at the
eastern end of Lake Viargaren. The northernmost
outcrop is situated near the northeastern shore
of Virgaren at an altitude of 600 m, and about 2
km northwest of the settlement Ostra Virgaren.
It forms a single barren rock about 10 m high with
an area of about 0.25 hectare. In crevices and
weathered gravels the following plants are found:
Arenaria norvegica, Agrostis stolonifera, Asplenium
viride, Deschampsia flexuosa, Minuartia biflora,
Rumex acetosa, Silene acaulis, Viscaria alpina,
Salix herbacea, Vaccintum uliginosum, Empetrum
hermaphroditum, Juniperus communis var. montana,
and small shrubs of Betula tortuosa. The following
mosses appear in abundance: Rhacomitrium lanu-
ginosum, Drepanocladus uncinatus, and Campylium
stellatum.

At the southwestern shore of Véargaren, and due
south of the settlement of Ostra Virgaren, an-
other serpentine rock of about the same size crops
out. This forms a north-exposed flag with an in-
clination of about 30°, a length of about 150 m,
and a breadth of only 5 m. The flat summit parts
are covered with carpets of Rhacomitrium lanugino-
sum, and tufts of Asplenium viride, Agrostis stolo-
nifera, Descﬁampsia flexuosa, Viscaria alpina, Mi-
nuartia biflora, and Empetrum hermaphroditum.
The principal part of this outcrop is, however, a
north-exposed slope where at least the lower parts
are rather moist and shady (Fig. 7). Here Molinia
coerulea and Melandrium rubrum ad var. serpentini-
cola are very abundant. Other plants noticed on
this northern side are: Agrostis stolonifera, Juncus
trifidus, Anthoxanthum odoratum, Calluna vulgaris,
Vaccintum wuliginosum, Solidago wirgaurea, and
some small Betula tortuosa bushes.

A third serpentine outcrop of about the same
size occurs about 0.5 km east of the easternmost
cove of Viargaren. Except for the two species
Cerastium glabratum and Stlene acaulis which are
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Fig. 7. Serpentine area south of the Ostra
Vargaren settlement forming a north-exposed
flag partly covered with scree, and harbour-
ing Molinia coerulea, Deschampsia flexuosa,
and abundant Melandrium rubrum of a
particular serpentinicolous race (ad var.
serpentinicola), restricted to similar localities,
i.e. serpentine scree at low altitudes.

Photo Olof Rune 6.7.1950.

Fig. 8. Serpentine outcrops at Lake Slipsikjaure, usually slightly arched but easily perceived owing to their yellow-
brown colour, sharply contrasting with the dark brown low-alpine dwarf shrub heath. Vegetation in foreground consists
of Silene acaulis, Cerastium glabratum, Viscaria alpina, Minuartia biflora, Rumez acetosa, Juncus trifidus, Luzula spicate,
and the moss Rhacomitrium lanuginosum. Note different vegetation of lichens on erratic boulders to the right.

Photo Olof Rune 29.6.1947.
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restricted to this latter locality, these two last-
mentioned areas were found to have a similar flora.

15. Lake Steurenjaure.

DANIELSSON (1948) gave an account of some
botanical excursions in the high mountains of N
Frostviken, Jamtland. He mentioned a serpentine
occurrence at the eastern side of the Steurenjaure
tarn, about 3 km south of Ostra Virgaren. This
occurrence is situated in the low-alpine region at

side of the Steurenjaure tarn lies an isolated olivine
outcrop, visible at a great distance and having the
same reddish yellow colour as Mt Rautats. Only the
following 15 species were observed to grow there:
Arenaria mnorvegica, Asplenium wviride, Calluna
vulgaris, Cerastium glabratum, Deschampsia flexuosa,
Empetrum hermaphroditum, Juncus trifidus, Juni-
perus communis var. montana, Minuartia biflora,
Molinra coerulea, Rumex acetosa, Salix herbacea,

Stlene acaulis, Vaccinium uliginosum, Viscaria

about the 800-900 m level. DANIELSSON’s state- alpina.”
ment may be translated as follows: “On the eastern
LAPPLAND

Asele Lappmark

PARISH OF VILHELMINA

District of Norra Burgfjdllen
(maps 47 Risback and 40 Dikanés).

Norra Burgfjillen is a wide, high mountain
district extending along both sides of the border-line
between Jimtland and Lappland. The western part,
consisting mainly of mica-schists, is crossed by a
chain of small serpentine outcrops which passes
near the western end of Kultsjon in a southwestern
direction.

16. Serpentine areas at Lake Slipsikjaure
(Fig.8).

Lake Slipsikjaure is situated about 10 km south
of the village of Klimpfjill, close to the border-line
between Jimtland and Lappland. A chain of several
small serpentine outcrops passes west and south-
west of the lake, the area of each of the outcrops
being about 1-2 hectares. The whole area lies at
approximately the same level, viz., 900 m. The
southernmost of the outcrops, situated beside the
trail between the villages of Klimpfjall and Rauka-
sj0, differs somewhat from the others. It is high
and steep with a greyish green colour, while the
others are slightly arched and yellowish brown. A
mineralogical examination revealed it to consist
essentially of fresh olivine, while the others are

largely serpentinized. While the flat outcrops are
extremely dry, this southern one exhibits a moist,
steep northern side which is relatively rich in plants
not usually seen in serpentine, viz., Saxifraga rivu-
laris, S. stellaris, Ranunculus acris, Oxyria digyna,
Carex lachenalii, and Salix herbacea. The vegetation
of this olivine outcrop does not differ so markedly
from that of the surrounding mica-schists as does
the vegetation of adjacent serpentine rocks. These
are all very dry and deficient in weathered soil, so
that plants can only thrive in a few crevices and
cavities where soil has accumulated (Fig. 8). The
only plants of this scanty vegetation are: Silene
acaulis, Cerastium glabratum, Viscaria alpina, Mi-
nuartia biflora, Rumex acetosa, Juncus trifidus,
Luzula spicata and, among mosses, Rhacomitrium
lanuginosum. Se Table 1: 4-5 (p. 44).

17. Mt Rupsentjarro (Figs. 9, 10).

About 10 km northeast of Slipsikjaure, at Mt
Rupsentjirro — a northwestern offset of Fiskon-
fjallet — two rather small serpentine outcrops occur
near each other. The area of each is about 1-2
hectares, and they are both situated at the 900 m
level. The two outcrops are both strongly arched,
with hardly any soil, except in crevices and beneath
the cliffs where a yellowish brown, silty soil has
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Fig. 9. North serpentine outcrop at Mt Rupsentjarro, strongly arched and exhibiting a steep south-side. Dwarf Melandrium

rubrum is abundant in serpentine soil below. Border between serpentine and surrounding acid soil marks a sharp vegeta-

tion boundary; growth of dwarf shrub heath stops at serpentine soil border. A series of vegetational analyses was performed
along a line perpendicular to the longitudinal axis of the outcrop. Fig. 10 gives the results. Photo Olof Rune 30.8.1948.

accumulated (Fig. 9). As always, these serpentine
rocks are only sparsely covered with lichens, in
this case chiefly Caloplaca elegans and Physcia
caesta. At the time of my visit, the crevices were
full of beautifully flowering Cerastium glabratum
which occurs in abundance. In addition, the follow-
ing plants were observed: 4 splenium viride, Festuca
ovina, Juncus trifidus, Luzula spicata, Rumex ace-
tosa, Oxyria digyna, Minuartia biflora, Viscaria
alpina, Melandrium rubrum, Empetrum herma-
phroditum, Vaccintum wuliginosum, the moss Rha-
comitrium lanuginosum, and the lichens Cetraria
nwalis, Cladonia rangiferina, and C. sylvatica.

The longitudinal axis of the northern outcrop
has an almost east-western direction. The hillock
therefore shows well-outlined northern and southern
sides. In order to illustrate, firstly, the difference
between the vegetation on the northern and the
southern sides and, secondly, the sharp limit be-
tween the vegetation in serpentine soil and that in
the vicinity, a series of vegetation analyses were
carried out along a line perpendicular to the longi-
tudinal axis. The results are given in Fig. 10 and
Table 1: 6-10 (p. 44).

Surrounding the gerpentine, a common low-alpine
Empetrum hermaphroditum heath predominates, on
the northern side rich in mosses and Betula nana,
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and on the southern side rich in lichens. On the
northern side, the limit between the serpentine
vegetation and this Empetrum heath is not at all
sharp; a wide transition zone appears with Betula
nana, Salix herbacea, Carex lachenalii, and Juncus
trifidus growing among the typical serpentine plants
(Fig. 10, stands 1, 2). The serpentine soil of the nor-
thern side is covered by a layer of humus. On the
top, Cerastium glabratum is predominant (stand
3). The transition zone of the southern side is
characterized by an abundance of dwarf Melan-
drium rubrum; this transition zone has no humus
layer (stand 5). On the southern side the limit be-
tween the serpentine vegetation and the Empetrum
heath is very sharp (notice the difference between
stands 5 and 6). This limit is also illustrated in
Fig. 9. '

18. Mt Tjarve.

About 10 km further east of Rupsentjirro, and
5 km south of the village of Stornds, another
peridotitic area crops out. Its appearance differs,
however, from that of the other more serpentinized
outcrops within this district. It looks like a big
sugar-loaf, rising about 100 m above the plateau
level. The area equals about 8 hectares. The top of
this mountain, named Tjarve, reaches an altitude
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of 772 m. The outcrop has a pronounced longi-
tudinal axis with an east-western direction, which
gives it clearly marked southern and northern sides.
The rock, which has not been closely studied from
a geological standpoint, is greyish black and very
resistant to weathering. It seems to be rather
similar to the peridotite of Réberget which occurs
only about 10 km further to the northwest. The
peridotite of Roberget is, according to T. Du RiETz
(op. cit. p. 227), rich in carbonate (magnesite) and
tale. No thoroughly typical serpentine vegetation
appears on Tjarve. Serpentine plants only occur on
the western side, where Asplenium viride, Cera-
stium glabratum, Minuartia biflora, and Saxifraga
nivalis are rather abundant. The dry and warm
southern side is rich in plants, thermophilous at
this altitude, e. g., Roegneria scandica, Poa glauca,
Cystopteris fragilis, Lastrea dryopteris, Calamagro-
stis purpurea, Rubus saxatilis, and Silene rupestris.
See Table 1: 11 (p. 44).

District of Mt Graipesvare
(map 40 Dikands).

From about the middle of Lake Kultsjon, a ridge
of serpentine stretches almost 20 km NNW. This
ridge is most developed in the high mountains of
Graipesvare, Murfjillet and Aunevare. This is the
largest serpentine district in Sweden, forming a
large mountain ridge rising distinctly over the flat,
low-metamorphic, phyllitic or Kéli-rock level.

19. Mt Réberget (Fig. 11).

About 5 km east of the village of Lovberg, a
steep peridotite cliff rises from the northern shore
of Kultsjon. This mountain is called Roberget be-
cause of the red colour of the steep southern side,
caused by the lichen Caloplaca elegans. Roberget,
whose summit reaches the level of 680 m, rises
140 m above the surface of the lake and is visible
at a great distance from the lake. According to
T. Du RiETz (0p. cit. p. 227), the rock is mainly
olivine and serpentine but it contains also a great
deal of carbonate (magnesite) and some talc. Just
below Roberget lies a settlement where the grazing
of the cattle has caused great injury to the moun-
tain vegetation. Nevertheless, a typical serpentine

Fig. 10. Cross section through serpentine outcrop in Fig.

9 (perpendicular to longitudinal, east-west, axis) showing
situation of a series of stands (1 m?) analysed with regard
to vegetation. 1-2 north side, and 4-6 south side. White
areain centre =firm serpentine rock; striped areas =mineral
soil; black areas=humus-rich soil. The latter two on
enlarged scale. Distance between each stand approx. 2 m.
Ecological characteristics of stands given in Table 1, p. 44.
Stands 1, 2, 3, 5, 6 in present Fig. correspond to stands
6, 7, 8, 9, 10, respectively, in Table 1.

1. 2.
Humus layer 5 cm
Betula nana 5

Humus layer 3 cm
Festuca ovina 4
Empetrum hermaphrodi- Betula nana 2
tum 3 Viscaria alpina 1
Vaccintum uliginosum 2 Juncus trifidus 1
Saliz herbacea 1

Carex lachenalii 1 —

Phyllodoce coerulea 2
Juncus trifidus 2

Hylocomium splendens 4 cf. Table 1: 7
Pleurozium schrebert 5

Dicranum sp. 1

cf. Table 1: 6

3. 4,

Bare mineral soil Firm rock

Cerastium glabratum 1
Festuca ovina 1
Juncus trifidus 1
Minuartia biflora 1—
cf. Table 1: 8

5.

Bare mineral soil
Melandrium rubrum 3
Minuartia biflora 1
Rumez acetosa 1
Viscaria alpina 1
Festuca ovina 1

Salix herbacea 1—
Betula nana 1—

cf. Table 1: 9

Caloplaca elegans 1
Physcia caesia 1

6.

Humus layer 0-4 cm

Empetrum hermaphroditum 5

Betula nana 2

Vaccinium vitis-idaea 1 —
” uliginosum 1 —

Arctostaphylos alpina 1 —

Lozseleuria procumbens 1 —

Juncus trifidus 1 —

Cladonia sp. 1

Dicranum sp. 1

cf. Table 1: 10

vegetation was probably never confined to Ro-
berget. Below the steep southern side, the follow-
ing plants may be mentioned: Roegneria scan-
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Fig. 11. Peridotite cliff of Réberget, rising steeply close to shore of Kultsjon. Its red colour is due to abundant occurrences

of the lichen Caloplaca elegans. Below the southern biuff: Roegneria scandica, Poa glauca, Silene rupestris, and Stellaria

graminea. The opposite side slopes gently and is covered with moraine.

dica, Poa glauca, Silene rupestris, and Stellaria
graminea. The following values from Roberget
were obtained from T. Du RiETz in a personal

communication:
% %

Si0, 38.1 CaO 0.02
AL,O, 0.36 MnO 0.09
Fe,0, 8.29 NiO  0.29
Fel 1.4 Co traces
Fetll 4.6 Va ”
Cr,0, 0.43 S 0.059
MgO 39.3
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Photo Olof Rune 24.8.1946.

20. Mt Graipesvare and Mt Murfjallet (Figs.
12, 13).

The two high mountains of Graipesvare and
Murfjillet together form a mountain ridge more
than 10 km long between the two big lakes of
Kultsjon and Ransaren. The summit of Graipes-
vare reaches 1 117 m above sea level (Fig. 12), and
the summit of the more northern Murfjillet 1000 m
(Fig. 13). Almost the entire mountain ridge consists
of serpentine rock. The Graipesvare district is
distinguished by an irregular tectonic and a strong
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Fig. 12. Graipesvare top, reaching 1 117 m, consists of calcareous serpentine and harbours some calcicolous plants: Dryas

octopetala, Carex rupestris, and Gentianella tenella. Draba nivalis, Minuartia rubella, and Arenaria norvegica have disjunctive

localities on northern and eastern slopes of the top (to the right in the picture). Lake Ransaren discernible to the left.
Photo Olof Rune 24.6.1947.

Fig. 13. Murfjillet top, 1000 m, with typical appearance of an ultrabasic rock protuberance. On tower Dryas octopetala -
Carex rupestris heath, alternating with bare soil patches with Minuartia rubella, M. biflora, and Arenaria norvegica.
Foreground slope harbours, inter alia, southernmost Swedish locality of Euphrasia lapponica. Skyline to the right is
Graipesvare. Photo Olof Rune 24.6.1947.
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isoclinal folding of the rocks. Thus, the serpentine
ridge is interrupted in several places by other kinds
of rock, viz., quartzite conglomerate, greywacke-
quartzite, and quartzite. The geology of the
Graipesvare district was studied and mapped by
T. Du Rierz (op. cit. p. 222).

The southern parts of Graipesvare are largely
covered by extraneous moraine on which a common
low-alpine, acid soil Empetrum heath predominates.
In several places, serpentine outcrops rise above
the brown heath, like the grey towers of a fortress.
These outcrops consist of fairly pure serpentine
with a low content of lime (<< 19, Ca0O). On these
towers, a typical serpentine vegetation is found
with the following plants: Asplenium viride, Festuca
ovina, Rumex acetosa, Cerastium glabratum, C. alpi-
num var. serpenmtinicola, Viscaria alpina, Minu-
artia biflora, and Silene acaulis. In one place, a
small occurrence of Carex glacialis was observed,
a very rare plant known from only a few localities
in all S Lappland.

The northern part of Graipesvare and the main
part of Murfjillet are built up of a rather calcareous
T. Du Rierz did not publish any
chemical analyses from Graipesvare—Murfjéillet.
The value 14.29, CaO was obtained from one of

my own analyses. Microscopical examination of

serpentine.

rock sections revealed the presence of a great deal
of calcite, and an obvious effervescence was ob-
served in treating the rock with hydrochloric acid.
The values of chromium and nickel are 0.25 and
0.22 9%, respectively (according to a personal com-
munication from T. Du Rikrz). The vegetation on
this calcareous serpentine is considerably richer in
species than is usual on serpentine. The flora of
this calcareous serpentine is rather similar to that
of pure limestone or dolomite. Thus, the most pre-
dominant plants are Dryas octopetala and Carex
rupestris. In addition, Festuca ovina, Silene acaulis,
Minuartia biflora, and Salix reticulata are quite
abundant there. This Dryas heath is broken up into
a network of bare soil patches formed by deflation
or frost action. On these patches several rare plants
were found, viz., Minuartia rubella, Draba nivalis,
Arenaria norvegica, Gentianella tenella, and on
Murfjillet, also Euphrasia lapponica. See Table
1: 12-15 (p. 44).
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21. Mt Aunevare (Plates VII, VIII).

Aunevare is situated about 5 km northeast of
Murfjallet. With its area of about 25 square km, it
is the largest peridotite occurrence in Sweden. The
shape of Aunevare is like the gigantic frustum of a
cone, with a wide plateau-like summit at a level
of 1200 m (Pl. VII). The highest peak reaches 1265
m. Except for the northern side which is partly
well-covered with permanent
mountain is very dry because of the rich occurrence
of vertical systems of crevices. The vegetation is
also very sparse, and the whole mountain looks

snow, the whole

extraordinarily barren. The rock consists mostly of
a slightly serpentinized olivine and of diopside
(T. Du RiETz op. cit. p. 154). T. Du RIETZ re-
ported the following values from Aunevare (per-
sonal communication), in %: Cr,0, generally equal-
ling 0.4; NiO, 0.27; Co, 0.02; S, 0.1; As, 0.03. This
is a rock very resistant to weathering, and practi-
cally the whole plateau is a stony waste with hardly
any weathered soil (see Pl. VIII). Cushions of
Silene acaulis and meagre tufts of Festuca ovina
are very common in all the crevices. Other typical
serpentinicoles, viz., Asplenium viride, Rumex ace-
tosa, Viscaria alpina, Minuartia biflora, and Cera-
sttum glabratum, may be found, though sparsely.
See Table 1: 16 (p. 44).

At the highest peak the following plants were
noticed to occur within an area of about 200 square
m: Lycopodium selago, Carex bigelowii, Agrostis
borealis, Trisetum spicatum, Luzula spicata, L. ar-
cuata, Salix herbacea, Oxyria digyna, Silene acaulis,
Cerastium alpinum, C. glabratum, Minuartia biflora,
Saxifraga nivalis, S. rivularis, and Vaccinium vitis-
tdaea.

On the northern side, which is kept moist by
permanent snow, the vegetation is richer. In these
stations, several mesophytes thrive which are
otherwise excluded from serpentine because of the
as a rule extremely dry character of that soil, viz.,
Poa alpina, Poa alpigena, Salixz lapponum, S. glauca,
S. lanata, Cerastium cerastoides, Sagina intermedia,
Ranunculus acris var. pumilus, and Erigeron uni-
florum.

On the northern side of Aunevare, just above
the timberline, a section of a strongly calcareous
serpentine appears like a socle. Just as at Mur-
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Fig. 14. Serpentine area at Kittelfjall village consists of big heaps of boulders and gravel, almost devoid of vegetation.

Scattered tufts, visible in picture: Asplenium viride, Agrostis stolonifera, Molinia coerulea, Deschampsia flexuosa, Rumex
acetosa, Cerastium glabratum, Silene acaulis, Viscaria alpina, Minuartia biflora, Empetrum hermaphroditum, Vaccinium
uliginosum, and Calluna vulgaris. Kittelfjall village discernible to the far left. Gronfjallet in background.

fjallet and at Graipesvare, the calcicoles Dryas
octopetala and Carex rupestris are predominant. In
one place, a large occurrence of Euphrasia lappo-
nica was established — together with a small occur-
rence at Murfjillet, these are the only stations
known in S Lappland. It is evident that these two

Photo Olof Rune 6.7.1946.

localities, at about lat. 65° 15" N, constitute a new
southern limit of Kuphrasia lapponica in Sweden;
the nearest Swedish locality is situated in the
northern part of Lycksele Lappmark at about
lat. 66° N.

East of Lake Vuokarjaure, a string of small ser-
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pentine outcrops form an offset from the northern
side of Aunevare. In contrast to the Aunevare
olivine, this is rather strongly serpentinized. The
vegetation is very rich in typically serpentinicolous
plants, particularly Cerastium glabratum which
forms wide, nicely flowering carpets. Because of
the folding of this rock, it is more easily weathered
than the Aunevare olivine, and a richer supply of
weathered soil seems, inter alia, to contribute to a
more pronounced serpentine vegetation.

District of Kittelfjall
(map 40 Dikanis).

Near the small village of Kittelfjill, in the valley
of the Vojman river, several serpentine outcrops
occur. Actually, serpentine rock was first dis-
covered in Sweden by A. E. TORNEBoOHM, in 1877,
at Kittelfjall. The different outcrops within this
district are rather small and are distributed over
a large area. They are comparatively little serpen-
tinized, though sometimes very strongly weathered,
and yellowish brown in colour. According to T. Du
RieTz (op. cit.), the composition is rather similar
to that of Mt Rautats in Frostviken. Recently,
Sunprus (1949) published a note on the chromium
content of olivine rock from Kittelfjall (cf. p. 113).
The surrounding rocks are mainly amphibolitic.

22. Serpentine outcrops south of Kittelfjall
village (Fig. 14, Plates I, II).

On the southern side of the Vojméan river, about
1 km south of the village of Kittelfjdll, olivine
rocks, partly serpentinized, crop out within an area
of about 0.5 square km. From the road passing
through the village, some reddish, barren hillocks
can easily be distinguished, which contrast sharply
with the green, wooded bottom of the wvalley
(P1. I, II).

These hillocks consist of soils and boulders from
the weathered olivine rocks, which are, contrary
to what is usual, completely covered with weathered
olivine and serpentine soil. The whole outcrop,
which is situated at an altitude of approx. 500 m,
is overgrown with a very sparse pine forest (Pinus
silvestris), while beyond it the forests consist essen-
tially of spruce (Picea abies) and mountain-birch
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(Betula tortuosa coll.). The field and ground layers
of the vegetation are very scanty, and the yellowish
brown soil is almost barren. Here and there on the
barren soil tufts of serpentinicolous plants occur
(Fig. 14), viz., Asplenium viride, Agrostis stolonifera,
Molinia coerulea, Deschampsia flexuosa, Rumex
acetosa, Cerastium glabratum, Silene acaulis, Vis-
caria alpina, Minuartia biflora, Empetrum herma-
phroditum, Vaccintum wuliginosum, and Calluna
vulgaris.

According to a legend in the villages, the barren
hillocks are the result of a fire started by the men
who first broke ground near this village, more than
a hundred years ago. Still, no marks of burning
have been detected, though this might be due to
the fact that no real forest has ever grown there.
On the northern side of the Vojmén river, a few
serpentine hillocks occur similar in appearance to
those on the southern side. The field and ground
layers of the vegetation on them are more continu-
ous, forming a real Calluna - Empetrum heath in
which some of the serpentinicolous plants from the
southern side also occur. These parts have probably
escaped burning, and show the original appear-
ance of the vegetation in the serpentine field. It is,
in fact, remarkable that plants should be so slow
in colonizing the serpentine soil as not to be com-
pleted even after a hundred years.

T. Du RieTz (personal communication) gave the
following results from analyses of one locality at

Kittelfjall:
% %
Si0, 39.1 CaO  0.36
ALO, 0.36 MnO 0.31
Fe,0, 8.60 (Fe' 5.9; Fe''' 0.3) NiO  0.47
Cr;0, 0.56 Co traces
MgO 47.0

23. Mt Lebbinjesnjuonje (Fig. 15, Plate VII).

About 2 km west of the village of Kittelfjall, a
serpentine outcrop with an area of about 5 hectares
occurs at Mt Lebbinjesnjuonje, a southern offset
of Mt Kittelfjall. The road westward from Kittel-
fjall passes just below the outcrop, which lies be-
tween the altitudes of 640 and 710 m. Although
the entire serpentine area lies completely within
the region of the mountain-birch wood (Regio sub-
alpina), only a few small birch shrubs grow there.
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Fig. 15. Surface of Lebbinjesnjuonje serpen-
tine gives impression of high-alpine region,
though situated at about 700 m. Note large
tufts of Rhacomitrium lanuginosum between
boulders, mats of Silene acaulis to the right,
and curtain of dense birch forest beyond
serpentine area. Photo Olof Rune 9.7.1946.

Fig. 16. Gurtatjakko serpentines form south-exposed bluffs. On scree accumulated on shelves and below cliffs, inter alia:
Arenaria norvegica, Melandrium rubrum, Asplenium viride, Cerasttum glabratum, Viscaria alpina, and Silene acaulis.
On summits: predominantly Juncus trifidus - Rhacomitrium lanuginosum heath (see Plate VIII). Sparse birch wood
below serpentine. Bright scrubs in foreground: mainly Saliz lapponum. Dark rocks of precipice above serpentine are
amphibolite. Photo Olof Rune 10.7.1946.
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Almost the whole area consists of rather barren
rocks with hardly any soil (P1. VII). The horizontal
areas are overgrown with carpets of Rhacomitrium
lanuginoesum interspersed with tufts of the follow-
ing plants, viz., Asplentum viride, Festuca ovina,
Agrostis stolonifera, Molinia coerulea, Juncus trifi-
dus, Luzula spicata, Juniperus communis var.
montana, Rumex acetosa, Cerastium alpinum, Cera-
sttum glabratum, Viscaria alpina, Saxifraga oppo-
sitifolva, Arctostaphylos alpina, Calluna vulgaris,
Empetrum hermaphroditum, and Vaccintum uligi-
nosum. The Calluna vulgaris- Silene acaulis- Asple-
ntum viride association of this area is a very peculiar
plant community in so far as Calluna vulgaris is
considered to be calcifuge, while the other two are
calcicolous.

24. Mt Gurtatjdkko (Fig. 16, Plate VIII).

About 6 km north of the village of Kittelfjall, a
rather large serpentine outcrop occurs on the
western side of Gronfjillet. It forms a rather highly
arched dome at the base of the summit of Gurta-
tjdkko (Fig. 16). The serpentine field has an area
of about 0.5 square km, and is situated between
the altitudes of 800 and 900 m. Thus, it lies entirely
within the alpine region. Microscopical examination
of rock sections showed the rock to consist princi-
pally of serpentine (antigorite and some pyroxene).
The largest part of the area constitutes a steep
southern slope. On the weathered gravels that have
accumulated on shelves and below the cliffs, rich
occurrences appear of Arenaria norvegica, Me-
Cerastium
glabratum, Viscaria alpina, and Silene acaulis; some

landrium rubrum, Asplenium wviride,

calcicolous Carex species, viz., C. rupestris, C. ca-
pillaris, and C. atrata were also noticed.

The occurrence of some calcicolous plants is un-
doubtedly due to the content of calcium-bearing
pyroxene. The horizontal areas above the steep
slope are covered by Rhacomitrium lanuginosum
mats with scattered tufts of Silene acaulis and
Juncus trifidus in it (Pl. VIII). Sparse occurrences
of Phyllodoce coerulea, Rubus chamaemorus and
Pedicularis lapponica were also noticed. See Table
1: 17-19 (p. 44).
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25. Mt Rotikken.

About 5 km northwest of Gurtatjikko, in the
northwestern parts of Gronfjallet, another serpentine
outcrop occurs, on the topographic map named
Rotikken. It lies at the same level as the Gurta-
tjdkko area, and is of a similar size. However, the
Rotikken serpentine is not inserted in the geological
map drawn by BACKLUND and QUENSEL (op. cit.).
The Rotikken serpentine is partly rather schistose
which makes it more easily weathered. Thus, large
areas consist of a scree rich in coarsely weathered
material and with an abundance of Arenaria nor-
vegica growing on it. In addition, Festuca ovina,
Agrostis stolonifera, Rumex acetosa, Cerastium gla-
bratum, and Muinuartia biflora are common on this
kind of soil. In more stable parts, an Empetrum -
Vaccinium uliginosum heath including tufts of
Rhacomitrium lanuginosum, Asplenium viride, and
Stlene acaulis predominates. See Table 1: 20 (p. 44).

District of Granssjo
(map 40 Dikanés).

In the high mountain district of Asele Lappmark,
two main chains of ultrabasic rocks occur: the
aforementioned Graipesvare—Aunevare-Kittelfjill
chain, and a western one, much smaller and run-
ning close to the Norwegian border. The centre
of this western chain is the serpentine mountain
Rotikken situated near the settlement of Gréinssjo
at the eastern end of Lower Vapstsjon. The border-
line between the districts of Asele Lappmark and
Lycksele Lappmark runs just south of Rotikken.
Although Rotikken is situated within Lycksele Lapp-
mark, it will be described in connection with the
outcrops of this chain which all lie within Asele
Lappmark. The surrounding rocks are phyllitic, low-
metamorphic Koli-rocks. The serpentines of the
Grénssjo district are not included in T. Du RiETz’
study (op. cit.). However, O. KuLLING has given
a short description of them (KurrLing 1933).

26. Mt Rotikken at Granssjo (Figs. 17, 18, 19, 20).

As mentioned above, Rotikken is a serpentine
mountain situated just north of the border-line be-
tween Asele Lappmark and Lycksele Lappmark,
and between the two lakes of Upper and Lower
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Fig. 17. Northern part of Granssjo Rotikken rises abruptly above surrounding subalpine birch forest.
Photo Olof Rune 17.8.1946.

Fig. 18. Main part of Grénssjé6 Rotikken slopes southward into valley of Vapstélven river. As the timberline is lowered

-on serpentine, most of this area is unforested, though mainly situated below 700 m. In foreground, western side of southern-
most part of the outcrop with schistose serpentine (cf. Fig. 19). Photo Olof Rune 19.8.1946.
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Fig. 19. Left: Close-up of the foreground of Fig. 18 showing abundant Molinia coerulea. The slope of the schistosity

makes the ground rather stable on this side.

Right: Corresponding eastern side slopes perpendicular to the schistosity and is largely covered with unstable scree,

harbouring abundant Arenaria norvegica.

Vapstsjon. It constitutes a distinctly marked moun-
tain ridgerising above the subalpine birch woodland
(Figs. 17, 18). The highest point reaches the altitude
of 747 m. The length of the mountain is about 3
km, while the breadth is much less, only about
1/, km. The upper limit of the mountain-birch
wood (Betula tortuosa) reaches an altitude of only
about 700 m, and the timberline is thus about
50-100 m lower on the serpentine ground than in
the vicinity.

A lowered timberline on serpentine seems to be a
general phenomenon observed also in the Alps
(ScHROTER 1926, LAMMERMAYER 1926). Minera-
logical examination of rock sections has shown the
serpentine of the Grianssjo Rotikken to consist
exclusively of antigorite and some ore (magnetite
or chromite). Particularly in the southern parts the
rocks are strongly folded. The schistose rock is
easily subjected a mechanical weathering so that
large areas are covered with gravel and splinters
(Fig. 19). Such areas are, as mentioned in connection
with Rotikken of the Kittelfjdll district, generally
characterized by an abundance of Arenaria nor-
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vegica. In addition, Cerastium glabratum, Viscaric
alpina, and Rumex acetosa are abundant in these
habitats. On this serpentine mountain, Molinia-
coerulea is strikingly abundant. This grass is often
completely dominant in crevices and other places
with a comparatively deep soil.

It is a remarkable fact that Silene acaulis seems
to be quite absent on this mountain, being probably
due to competition from Molinia coerulea which
seems to have conquered all habitats suitable for
the former. Thus, a Molinia-rich Vacrinium uligi-
nosum heath with Rhacomitrium lanuginosum in its
ground layer is the most common plant community
of the area. The summit of this mountain consists
of rather flat rocks, rich in hollows and crevices
which are more or less filled with soil. The district
has a rather high precipitation, and the hollows
are often very wet and overgrown by Agrostis
stolonifera which alone may dominate over wide
areas. Only in one place were a few individuals of
Carex canescens and Juncus filiformis observed in
the Agrostis carpet. See Table 1: 21 (p. 44).
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Fig. 20. Southernmost part of Grénssjo Ro-
tikken forms a small precipice, harbouring,
besides serpentinicoles, some thermophilous
plants: Poa glauca and Roegneria canina.
Though of moderate size, such southern
bluffs of serpentine harbour same thermophi-
lous elements as big southern bluffs of other
kinds of rock, so-called ‘‘sydberg’.

Photo Olof Rune 19.8.1946.

27. Isthmus of Lake Bleriken.

On the small isthmus between the two lakes
Gottern (Gotajaure) and Bleriken, south of Vardo-
fjallen, a chain of barren serpentine rocks rises
some 20 m above the dense birch wood. The chain
consists of three barren outcrops, each about 100 m
long and about 50 m broad. The sparse vegetation

is characterized principally by the following species:
Arenaria norvegica, Cerastium glabratum, Agrostis
stolonifera, and Rhacomitrium lanuginosum. The.

following are also abundant: Festuca ovina, Des-
champsia flexuosa, Viscaria alpina, Rumezx acetosa,
Melandrium rubrum, and some ericaceous dwarf
shrubs, viz., Vaccintum uliginosum, Arctostaphylos
alpina, and Empetrum hermaphroditum.

Lycksele Lappmark

PARISH OF TARNA

District of Ronnbdck
(map 40 Dikands).

In the neighbourhood of the village of Ronnback,
about 30 km southeast of the church village of
Tarnaby, several serpentine outcrops occur. This
district is situated at the eastern edge of the
mountain range and the serpentine generally crops
out at an altitude of about 400 m. They conse-
quently occur exclusively within the conifer forest
region, thus differing from all other ultrabasic rock

occurrences within this part of Lappland (Fig. 22).
This fact is reflected in the flora and vegetation
of the Ronnbick serpentine mountains.
Consequently, serpentinicoles with a strictly
alpine character, such as Arenaria norvegica, Cera-
stium glabratum, and Stilene acaulis, are lacking in
these areas. Instead, certain lowland plants appear,
all of them serpentinicolous, viz., Cerastium vulga-
tum var. kajanense, Viscaria alpina var. serpentini-
cola, and Melandrium rubrum var. serpentinicola.
As to the mosses, Rhacomitrium lanuginosum is far
less abundant than in the alpine and subalpine
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Fig. 21. Serpentine areas at Ronnbéck are situated at eastern edge of high mountain area, entirely in conifer forest

region. View northward from top of Vinberget showing Roénnbéckssjon with Rénnbéack peninsula (area No. 29) and, beyond,
Brandbergen (area No. 30). Utgardsberget (area No.31) on far left. Settlements of Rénnbéck villageright and left. Highway
to Bjorkvattnet and Tarnaby visible just above top of peninsula. Skyline formed by Brakkfjallet.

areas. Instead, Dicranum species, particularly D.
muehlenbeckii, appear very abundantly. In addition,
Campylium stellatum and Tritomaria quinqueden-
tata are very abundant.

In the Ronnbéck district, considerable serpen-
tine occurrences are concentrated within a rather
small area (see Fig. 21). Differences in position
and topography make it necessary to describe
different parts separately. The composition of the
serpentine rock seems to be rather similar over the
whole district. T. Du RieTz (personal communica-
tion) has given the following values, in %, Cr,0,,
0.4; NiO, 0.3; FeO, 3.6; As,0,, 0.03; CoO, 0.04. He
pointed out the rocks of this district as having a
particularly high content of nickel.

28. Serpentine mountains south of Rénnbiacks-
. sjén (Fig. 23).

On the northern slope of Vinberget, south of the
eastern part of Ronnbéckssjon, three big serpentine
cliffs rise about 30-50 m above the surrounding
forest land. Owing to their barren surface, and light
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greyish-green colour, they are perceptible even
from a great distance. These outcrops look much
like towers with nearly vertical sides and plateau-
like summits. It is possible to climb them only
from the western and southern sides. The vegeta-
tion is nearly the same on all these three adjacent
serpentine hillocks. The spruce forest of the vicin-
ity changes into a sparse mountain-birch shrub
(Betula tortuosa) vegetation. On the plateaus only
a few species occur, viz., Asplenium viride, Festuca
ovina, Agrostis stolonifera, Deschampsia flexuosa,
Rumezx acetosa, Cerastium vulgatum var. kajanense,
Melandrium rubrum var. serpentinicola, Viscaria
alpina var. serpentinicola, and Vaccinium uligino-
sum (Fig. 23). On the dry and warm southern sides
some xero- and thermophilous plants were noticed,
viz., Cystopteris fragilis, Woodsia alpina, W. ilven-
si8, and Roegneria scandica. The mountain walls of
the northern sides are often coloured red by the
lichen Caloplaca elegans and the alga Trentepohlia
jolithus. Below the northern walls,
humidity is greater, the vegetation is rather luxu-

where the

riant with thickets of Calamagrostis purpurea,
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Fig. 22. Serpentine precipice at southern point of Ronnbéck Peninsula harbours several ferns: Asplenium viride, Cystopte-

ris fragilis, Woodsia alpina, W. ilvensis, and Polypodium vulgare. In scree on shelves: Roegneria scandica, and abundant

Melandrium rubrum var. serpentinicola.

Chamaenerion angustifolium, Rubus idaeus, and
Ribes spicatum.

On the largest outcrop further to the south,
several subfossil pine trunks were observed, though
no pine is growing there in our days.

Near the top of Vinberget, at the level of 610 m,
still another serpentine occurrence exists. However,
it is rather diffuse and not so easily perceived as
the others. Nevertheless, serpentinicoles, such as
Agrostis stolonifera, Cerastium vulgatum var. kaja-
nense, and Viscaria alpina var. serpentinicola, occur
there sparsely. Polypodium vulgare and Poa glauca
should also be mentioned from the dry parts of
this locality. '

29. Rénnback peninsula (Figs. 21, 22, 24).

At the tip of the large peninsula of Rénnbécks-
sjon, serpentine crops out within an area of about
5 hectares. This outcrop constitutes the connection
between the serpentine areas south of the lake and
the large outcrops further to the north, viz., Brand-
bergen. The most prominent part of this outcrop
is the very steep southern side (Fig. 22), where
several ferns were noticed, viz., Polypodium vulgare,
Cystopteris fragilis, Woodsia alpina, W. ilvensts,
and Asplenium viride. The first-mentioned is very

3 — 537056 Olof Rune

Photo Olof Rune 19.8.1949.

rare in the high mountain districts of N Sweden,
being a thermophilous relic, restricted to southern
bluffs. Roegneria scandica and a very abundant
occurrence of Melandrium rubrum var. serpentini-
cola were noticed on the dry shelves. Above the
steep cliff a wide plateau extends in which barren
rocks alternate with areas covered by a thin layer
of soil. The only trees living on it are some small
mountain-birch shrubs (Betula tortuosa) (Fig. 24).

In fact, the flora of this area is rather similar to
that of the outcrops south of Ronnbéckssjon
containing: Festuca ovina, Agrostis stolonifera,
Rumex acetosa, Cerastium vulgatum var. kajanense,
Viscaria alpina var. serpentinicola (cf. p. 56), and
Vaccinium uliginosum. However, the occurrence of
the apetalous type of Viscaria alpina var. serpen-
tinicola is limited to the areas on the southern side
of Ronnbéckssjon.

30. Mts Brandbergen (Figs. 25, 26).

North of the village of Ronnbéck, a large area
extends, consisting entirely of serpentine (Fig. 21).
The road through the village passes quite near the
southern slope of a large serpentine mountain,
sparsely forested with pine. North of this, two more
serpentine mountains of the same size occur. These
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Fig. 23. Close-up of typical serpentine vegetation in out-
crops south of Ronnbéckssjon, showing abundant Asple-
nium viride tufts, even outside rock crevices. Apetalous

Viscaria alpina var. serpentinicola is also abundant,
though hardly discernible in the picture. Less abundant
occurrences: Agrostis stolonifera, Rumex acetosa, and Ce-

rastium vulgatum var. kajanense.
Photo Olof Rune 19.8.1949.

three serpentine mountains are arranged in a ring
surrounding a tarn which is situated about 1 km
northwest of the bridge over the sound at Rénn-
backssjon (Fig. 25). The area of these serpentine
mountains totals about 5 square km, the highest
points hardly reaching the 500 m level.

The whole area is covered with open pine forest.
Spruce is almost completely absent and birch is
very sparse. The pine forests of these dry moun-
tains are often subjected to forest fires, and the
last fire occurred about twenty years ago. The
villagers of Ronnbédck have actually called these
mountains, ‘“Brandbergen” (meaning ‘The Fire
Mountains™). On the high and very exposed parts
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of the mountains the pine forest is rather sparse.
The trees are stunted or broken, and the great
number of dead, whitening trunks illustrates the
extent of the adverse conditions for forest growth
(Fig. 26). As is usual on serpentine, the vegetation
of the field and ground layers is rather sparse. In
places with a closed vegetation, the most prominent
species are (in order): Calluna vulgaris, Empetrum
hermaphroditum, Vaccinium uliginosum, V. vitis-
idaea, Festuca ovina, and Molinia coerulea. The
first three are particularly common, and constitute
a dwarf shrub heath community with a ground
layer of Rhacomitrium lanuginosum, Dicranum,
Cladonia, and Stereocaulon species. This community
forms a thin humus layer which covers the serpen-
tine soil.

The silty serpentine soil is highly congeliturbate,
especially in places where the underlying rock is
impermeable to water, resulting in the destruction
of the heath vegetation and the formation of frost
scars. These bare patches are rapidly colonized by
special serpentine plants, viz., Agrostis stolonifera,
Viscaria alpina var. serpentinicola, Cerastium vul-
gatum var. kajanense, Rumex acetosa, Deschampsia
flexuosa, and Melandrium rubrum var. serpentinicola.

In places where the frost action is impermanent,
the heath vegetation soon returns. Several serpen-
tine plants, e.g., Viscarta alpina var. serpentinicola
and Rumex acetosa may also remain in the heath
vegetation. In places with permanent frost action
the serpentinicoles, viz., Agrostis stolonifera, Rumex
acetosa, Cerastium vulgatum var. kajanense, Viscaria
alpina var. serpentinicola, and Melandrium rubrum
var. serpentinicola, constitute the only vegetation.
The same vegetation also prevails at similarly open
deflation areas or on scree. See Table 1:22-29
(p. 44).

Brandbergen also exhibit several steep rock
faces, being, however, of a rather moderate height
(Figs. 27, 28). Crevices of the rock faces are often
filled up with Asplenium viride, in moist places
occurring together with Agrostis stolonifera and the
mosses Campylium stellatum, Drepanocladus unci-
natus, and Tritomaria quinquedentata.

The mechanical composition of some soil samples
from Brandbergen have been analysed, and the
results are given on p. 115.
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Fig. 24. On serpentine plateau of Réonnbéck Peninsula, barren rocks alternate with soil patches harbouring Festuca ovina,

Agrostis stolonifera, Rumex acetosa, Cerastium vulgatum var. kajanense, Viscaria alpina var. serpentinicola, and Vaccinium
uliginosum. Soil is not deep enough for other trees than birch bushes. Note abundance of Agrostis stolonifera.

31. Mt Utgardsberget (Figs. 27, 28).

Near the settlement of Utgdrd, south of the
village Bjorknds and about 5 km northwest of
Roénnbéck, another mountain, Utgardsberget, oc-
curs. This is of about the same size as all within
the Brandbergen complex. As Utgdrdsberget does
not differ from Brandbergen, whether in regard to
the kind of rock or the situation, the vegetation is
quite similar.

District of Tdrna
(map 32 Térna).

Northwest of the church village of Tarnaby, a
small string of peridotites occur. This stretches from
Laxfjdllet at Tarnaby towards the NNW, passing
the Isle of Storholmen in Lake Laisan and reach-
ing the vicinity of Laisholm village. All these

Phcto Olof Rune 19.8.1949.

peridotitic outcrops are small and often covered
with moraine. The ultrabasic rocks of the Téirna
district are surrounded by mica-schists, phyllites,
and amphibolites. The first-mentioned area is situ-
ated at the 800 m level, the others at about 450 m.

32. Mt Laxfjallet.

On the southwestern slope of Laxfjillet, below
its easternmost summit, some very small outcrops
of peridotite are found (cf. T. Du RiETz op. cit.
p- 154). One of these, which appears on the top of
a small summit, is free from moraine and harbours
a flora peculiar to itself. However, this area does
not attain a size of more than some hundred square
metres. As to the composition, this rock is different
from the other ultrabasic rocks of the district.
According to T. Du RiETZ (0Op. cit. p. 154), diopside
predominates entirely even though serpentine,

Acta Phytogeogr. Suec. 31



A

Figs. 25, 26. Waste serpentine area of Brandbergen with barren rocks and dead trees sharply contrasting with densely
forested surroundings. Whitening trunks of dead trees indicate adverse conditions of forest growth. Forest fires, Fig. 25,
and blizzards, Fig. 26, caused great injury to this dry and exposed pine forest. Foregrounds of both pictures show locali-
ties, bare soil and crevices, rich in serpentinicolous plants: Asplenium viride, Agrostis stolonifera, Cerastium vulgatum var.
kajanense, and Viscaria alpina var. serpentinicola. In Fig. 26 abundant mats of depressed Juniperus communis var.
montana. Photo Olof Rune 3.7.1948.
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Fig. 27. Serpentine mountain at Utgard
settlement, immediately north-west of Brand-
berget, harbours a more dense and vigorous
pine forest. Vegetation of ground and field
layers is rather similar, presenting Asplenium
viride, Agrostis stolonifera, Deschampsia flex-
uosa, Rumex acetosa, Cerastium vulgatum var.
kajanense, Viscaria alpina var. serpentinicola.

Photo Olof Rune 19.8.1949.

chlorite and some magnetite are also present. The
chemical composition of this rock was never es-
tablished. However, because of the diopside, this
rock may be assumed to be somewhat calcareous.

Above all, the vegetation of this outcrop is
characterized by an exceptional abundance of
Minuartia biflora. Other plants noticed in the area
are (in order of abundance): Cerastium alpinum,
Gnaphalium supinum, Luzula spicata, Cerastium
cerastoides, Polygonum viviparum, Carex bigelowis,
Salixz herbacea, Empetrum hermaphroditum, Arcto-
staphylos alpina, Salixz reticulata, Poa alpigena,
Saliz lapponum, Lycopodium selago. Still, all of
these plants are far from being as abundant as
Minuartia biflora.

33. Isle of Storholmen (Fig. 29).

At the southeastern tip of Storholmen in Lake
Laisan, some peridotite rocks occur quite near the
shore. These rocks constitute slightly arched flags
which slope downward from the highest shore line
into the water (Fig. 29). Above the highest shore
line the rocks are covered with moraine. The bar-

ren peridotite rocks are accordingly submerged
during the high water periods. This makes the
vegetation quite different from that of the gener-
ally very dry serpentine localities.

With the exception of Festuca ovina, Agrostis
stolontfera, Molinia coerulea, and Campanula ro-
tundifolia, all the plants generally typical of ser-
pentine are lacking. Instead, several shore plants
appear on these rocks. Thus, Prunella vulgaris and
Primula stricta, both common plants on the shores
of big lakes in the N Swedish mountain region,
occur here. The inundated zone of these lakes is
rich in alpine plants (Regio alpina descensa, BJORK-
MaN 1939). Apparently, on these peridotite bar-
rens of a low altitude, it is natural also to en-
counter such species as, T'risetum spicatum, Poa
alpina, Potentilla crantziv, and Leontodon autumnalis
var. tarazacs.

34. Village of Laisholm.

The ultrabasic outcrops at the village of Lais-
holm are situated beside a small brook at the
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Fig. 28. Brandbergen and Utgardsberget exhibit several
steep rock faces of moderate height. Rock faces are largely
red-coloured from lichen Caloplaca elegans, and crevices

are filled up with Asplenium viride, Agrostis stolonifera,
and mosses, viz., Campylium stellatum, Drepanocladus un-
cinatus, and T'ritomaria gquinguedentata. Picture from Ut-
gardsberget. Photo Olof Rune 19.8.1949.

northernmost farm, and at a tarn about 1.5 km
south of the same farm. At the first locality where
soapstone has been quarried, the rock is covered
with extraneous moraine, and the locality is of
little interest from a botanical point of view.

The other occurrence is a rather small but dis-
tinctly marked rock at the western shore of a small
tarn, situated at the 500 m level. The area of this
rock equals about 0.5 hectare. The following analy-
sis cited from T. Du RieTz (op. cit. p. 210) shows
the composition of this rock:
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% Actual composition

Si0, 38.12 (weight %)
AlLO, 0.20 Olivine 62.9
Fe,0, 4.89 Serpentine 28.9
Cr,0, 0.45 Magnetite 6.7
FeO 4.97 Chlorite 0.9
MnO 0.23 Carbonate 0.6
MgO 44.94

CaO 0.30

Na,O + K,0 0.03

From this it is clear that the rock consists mainly
of unaltered olivine. This mineral resists weathering
very well, and soil is almost completely lacking on
this rock. The long axis of the rock which is situ-
ated on a small peninsula has an east-western direc-
tion. The southern side descends very steeply into
the tarn, and is therefore strongly exposed. How-
ever, the rock rises only a few metres above the
surface, and the southern slope is rather small.
Rather typical serpentine vegetation occurs only
in the crevices on this side. Asplenium viride is
rather common, as well as Rumex acetosa, Des-
champsia flexuosa, Silene rupestris, and Sedum
annuum.

Other parts of the rock are almost totally bar-
ren, and only a few individuals of Empetrum herma-
phroditum and Vaccinium uliginosum, may be seen
here and there in crevices.

T. Du RiETz (personal communication) has given
the following analysis values from Laisholm, in %:
Cr,0;3, 0.5; NiO, 0.2; Co, 0.06.

District of Sédra Storfjdllen
(map 32 Térna).

West of the large and high mountain district of
Sodra Storfjillen, which lies west of the church
village of Térnaby, a wide area of serpentine stret-
ches southward from the Hattfjelldal valley and
northward to Lake Krutvattnet. Nearly the whole
serpentine district is situated on the Norwegian
side of the border. A small offshoot reaches the
northwestern part of Sédra Storfjillen. From about
the boundary cairn No. 211 A, south of Krutvattnet,
the serpentine area stretches northeast and forms
a large serpentine mountain, Mt Atoklinten, situ-
ated about 10 km from the border-line. The ser-
pentine chain continues and forms some small
outcrops further to the northeast of Atoklinten.



Flora of serpentines in N Sweden 39

Fig. 29. Southern point of Isle of Storholmen in Lake Laisan near Tarnaby, consisting of peridotite. Rocks are covered
with moraine except in actual shore region. Besides a few serpentinicolous plants, viz., Festuca ovina, Agrostis stolonifera,

Molinia coerulea, shore plants common to this lake have taken possession of the crevices of this rocky shore.

However, I have not visited all these outcrops
personally. The rocks surrounding these serpentines
are mainly Koli-schists.

35. Mt Skaritjdkko.

On the northern side of Mt Skaritjikko, the high
mountain with the boundary cairn No. 211 A, a
serpentine outcrop of about 1 km in length appears
at the 900 m level. It is only about 100 m broad
and the height is about 30-40 m over the general
ground level. Only the eastern third is situated
on the Swedish side of the border-line. The rock is
very resistant to weathering and seems to consist
mainly of unaltered olivine. No analyses from this
locality are to be found in the literature. Almost
the whole outerop consists of barren rocks. A sparse
vegetation occurs in crevices where the following
plants were noticed: Asplenium viride, Agrostis
stolontfera, Festuca vivipara, F. rubra var. mutica,
Cerastium glabratum, Arenaria norvegica, Minuartia
biflora, Viscaria alpina, Saxtfraga nivalis, S. tenuts,
and S. stellaris.

36. Mt Atoklinten (Plate III).

Atoklinten is one of the largest serpentine moun-
tains of S Lappland. Its length is about 2.5 km

Photo Olof Rune 15.8.1948.

and its width 0.5-1 km. It looks like a large wall,
rising about 100 m above the flat northern slope of
Sodra Storfjillen, with a summit that reaches an
altitude of 1020 m. The long axis of the mountain
has an east-western direction. Thus, Mt Atoklinten
has a dry southern side and a moist northern side,
rich in permanent snow. This makes different parts
of Atoklinten vary considerably from an ecological
standpoint. The flora of this serpentine area is
therefore rather rich in species, and the composition
of the vegetation varies.

Wide, cupola-like, barren rocks, with vegetation
only in crevices, are most common (Pl. III).
The most important species are: Asplenium viride,
Agrostis stolonifera, Arenaria norvegica, Cerastium
glabratum, Minuartia biflora, and Silene acaulis.

In places where the rock is somewhat schistose,
weathering has been stronger, and soil and splinters
cover the rocks. Here a sparse heath vegetation
occurs with the following plants, viz., Vaccinium
uliginosum, Empetrum hermaphroditum, Cerastium
glabratum, Silene acaulis, Juncus trifidus, Luzula
spicata, Festuca ovina, F. vivipara, Solidago virgau-
rea, Campanula rotundifolia, and, in the ground
layer, Rhacomitrium lanuginosum. On steep parts
where the vegetation cannot reach a climax stage
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because of the instability of the ground, the ser-
pentinicolous plants are especially prevalent, viz.,
Rumex acetosa, Cerastium glabratum, Silene acaulis,
and Arenaria norvegica.

In some places, the calcicole Dryas octopetala
occurs together with the serpentinicoles. The total
content of CaO in this serpentine soil is 1.159%,
(see Table 1: 30) which, for serpentine, is a little
higher than usual. This results in the occurrence of
other more or less calcicolous plants, viz., Selagi-
nella selaginoides, Festuca rubra var. mutica, Carex
capillaris, Salix reticulata, Potentilla crantzii, and
Thalictrum alpinum.

On the snow beds of the northern side, several
plants seldom seen elsewhere on serpentine have
been noticed, viz., Phippsia algida, Carex lachenalis,
Cerastium cerastoides, Sagina intermedia, Ranun-
culus pygmaeus, Saxifraga stellaris and S. rivularis.
The rarity of these plants on serpentine is no
doubt explained by the pronounced dryness of
these soils.

PARISH OF SORSELE

District of Lake Altsvattnet
(map 25 Nasafjall).
37. Mt Ruopsokvare (Plate VI).

About 5 km southwest of Lake Ovre Altsvattnet
in the western part of Sorsele parish, Lycksele
Lappmark (about lat. 66° N), a rather large peri-
dotite outcrop occurs. It forms two tower-like
summits, about 1 km apart (Pl. VI). These sum-
mits rise about 50-100 m above the general ground
level which lies at about 800 m and consists mainly
of phyllites. The area of each is about 5 hectares,
and they stand out clearly on the topographical map
where they are given the name Ruopsokvare. The
whole peridotitic area is situated within the alpine
region. No data are available concerning the com-
position of these rocks. The rock is greyish — some-
times changing into red — and seems to consist
chiefly of unaltered olivine.

The principal parts of the peridotitic area are
occupied by barren cupola-like rocks. Below these
parts, however, a fairly large amount of weathered
soil has accumulated. Among the sparse plants
growing there, the following are the most promi-
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nent: Festuca ovina, Rumex acetosa, Viscaria alpina,
Cerastium alpinum, and Minuartia biflora. Others
observed are: Asplenium viride, Scirpus caespitosus,
Carex rupestris, Juncus trifidus, Juniperus com-
munis var. montana, Salix herbacea, Arenaria
norvegica, Melandrium rubrum, Empetrum herma-
phroditum, Diapensia lapponica; and below a moist
Cardamine
pratensis ssp. angustifolia, Saxifraga stellaris, and
S. foliolosa. See Table 1: 31 (p. 44).

Itis remarkable that the common serpentinicoles
Cerastium glabratum and Silene acaulis are com-
pletely absent there.

northern side: Luzula wahlenbergiz,

District of Ammarfjillen
(map 25 Nasafjall).

Ammarfjillen form a rather large, high and iso-

"lated mountain district in the northern part of

Lycksele Lappmark (about lat. 66° N). The area
equals 200-300 square km, and the highest peaks
reach the 1600 m level. Within this district several
small peridotite outcrops occur. The serpentine
content is, however, rather low, and no pronounced
serpentine vegetation exists on these outcrops. The
surrounding rocks are mainly' amphibolites.

38. Mt St. Alke (Fig. 30).

A small peridotite outcrop, with an area of about
500 square m, occurs on the very top of Mt St. Alke
at an altitude of 1454 m.

The composition of this rock is clear from an
analysis of the adjacent peridotite at the tarn
Srattekjaure, given by T. Du Rierz (op. cit. p:
217). (Figures in parentheses are values obtained
by personal communication).

% Actual composition
Si0, 37.91 (weight %)
TiO, 0.10 Chlorite 48.7
ALO, 5.96 Olivine 29.6
Fe, O, 5.58 Serpentine 8.5
Cr,0, 0.22 (0.23) Tale 5.5
FeO 5.12 Magnetite 3.5
MnO 0.12 Tremolite 3.0
NiO - (0.04) Enstatite 1.2
MgO 36.18 Traces of
CaO  0.66 breunnerite
Na,O 0.03 and pyrrhotite
K,0 0.06
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Fig. 30. Peridotite, cropping out near peak
of St. Alke in high mountains of Ammar-
fjallen, lies at about 1450 m. Only three
species of phanerogamic plants, viz., Ranun-
culus glacialis, Luzula arcuata, and Agrostis
borealis were found on this high-alpine out-
crop. Similar vegetation established on sur-
rounding amphibolites. Skyline formed by
Spangfjallet, highest peak of Ammarfjillen.

Photo Olof Rune 28.7.1949.

According to T. Du Rigtz, the peridotite of St.
Alke differs from that of Srattekjaure by a higher
content of tremolite. As may be expected, there
is no typical serpentine vegetation on the peridotite
of St. Alke. Only three species were noticed there,
viz., Ranunculus glacialis, Luzula arcuata, and
Agrostis borealis. The small number of species is ex-
plained, however, by the high altitude of this local-
ity. The first two species mentioned are by far the
most prominent ones in the serpentine vegetation
at this high altitude, where the phanerogamic vege-
tation as a whole is very sparse, that of the peri-
dotite hardly differing from that of the surround-
ing amphibolites.

39. Mt Ruopskaisse.

Within the northeastern part of Ammarfjillen,
near the summit of Ruopskaisse, several small
peridotite outcrops occur. These are generally
situated at altitudes between 1000 and 1100 m.

Geological statements about these peridotite oc-
currences are lacking. However, the content of

serpentine seems to be somewhat higher here than
at St. Alke.

Thus, the surfaces of the rocks have the yellow-
ish brown colour generally characteristic of weath-
ered serpentine. This colour has probably inspired
the name Roupskaisse. The vegetation shows
characteristic serpentine features, viz., a great
abundance of Rumex acetosa, Viscaria alpina, and
Minuartia biflora. The dominating vegetation is an
Empetrum hermaphroditum heath, with scattered
tufts of Silene acaulis and Festuca ovina. The fol-
lowing plants were also noticed in these serpentine
fields: Carex bigelowis, C. lachenalii, Juncus trifidus,
Trisetum spicatum, Poa arctica, Cerastium cera-
stoides, Saxifraga rivularis, Oxyria digyna, Vacci-
nium vitis-idaea, Cassiope hypnoides, Phyllodoce
coerulea, Lycopodium selago and Antennaria alpina.

Lule Lappmark

PARISH OF KVIKKJOKK

District of Kvikkjokk
(map 19 Staika).

Within some parts of the high mountains of Lule
Lappmark several small serpentine outcrops occur.

Most of them are situated in the western parts
near the Norwegian border, viz., south of Lake
Virihaure and north of Lake Vastenjaure. Until
recently, these districts were not explored geologi-
cally, and still no maps or descriptions are available
from that part of Lappland. This, combined with

Acta Phytogeogr. Suec. 31
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the great difficulties of approaching such isolated
areas, has so far kept me from visiting these ser-
pentine occurrences.

In the eastern parts of the high mountains of
Lule Lappmark, two peridotitic occurrences have
been known to geologists for a long time (SVENONIUS
1883). The first, Mt Sidkok-Ruopsok, is situated
about 30 km northwest of the church village of
Kvikkjokk, and the second, Mt Vuoka-Ruopsok,
SSW of Kvikkjokk. The latter occurrence is by far
the largest in Lule Lappmark and it is the only
one that I have visited.

40. Mt Vuoka-Ruopsok (Fig. 31).

Mt Ruopsok is a mountain summit about 15 km
WSW of Kvikkjokk, and just west of the large
and high mountain of Vuoka. Mt Ruopsok com-
prises an area of about 2—-3 square km. The highest
peak reaches up to about 1000 m. To a large extent
the peridotite rocks are covered with extraneous
moraine and only at the very top do the olivine
rocks crop out (Fig. 31). The surrounding rocks are
strongly schistose amphibolites, mica-schists, and
mica-gneisses. The composition of the rock of
Vuoka-Ruopsok is clear from the following analysis
quoted from T. Du RIETZ (0p. cit. p. 143):

% Actual composition
Si0, 43.10 (weight %)
TiO, traces Olivine 79.6
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Fig. 31. On top of Vuoka-Ruopsok, unaltered
olivine rocks crop out. Serpentine vegetation
is confined to vicinity of these rocks, harbour-
ing, inter alia, Agrostis stolonifera, Festuca
ovina, Silene acaulis.

Photo Olof Rune 9.7.1949.

Al,O, 0.71 Enstatite 12.3
Fe,0, 1.42 Hornblende 6.4
Cr,0, 0.66 Chromite

FeO 6.69 (Magnetite) 1.3
MgO 45.71 Breunnerite 0.4
CaO 0.69

Na,0 (K,0) 0.06

The rock is characterized principally by un-
altered olivine, and by a rather high content of
chromium. Vegetation with “serpentine”’ features
is restricted to places where the rocks crop out.
Except for the particular serpentine race of
Agrostis stolonifera which occurs in abundance, no
other really serpentinicolous plants were found. In-
stead, an Empetrum hermaphroditum heath, with
scattered tufts of Festuca ovina and Silene acaulis
in it, predominates all over the area. In addition,
the following plants were noticed at the top of Mt
Ruopsok: Lycopodium selago, Deschampsia al-
pina, Carex bigelowir, Luzula arcuata, L. spicata,
Saliz  herbacea, Minuartia biflora, Cerastium ed-

mondstonii, C. alpinum, and Cassiope hypnotides.

PARISH OF GALLIVARE
District of Lingonberget

(map 22 Hakkas).

4]1. Lingonberget (Fig. 32, Plates IV, V).

In the southern part of the extensive parish of
Gillivare, comparatively far from the high moun-



Flora of serpentines in N Sweden 43

Fig. 32. Edge of serpentine
Lingonberget illustrates termination of spruce

outcrop at

forest on reaching serpentine. Barren ser-
pentine of foreground shows frost action
pattern, with boulders arranged in rings and
fine material in centres. This unstable ground
harbours several serpentinicoles, viz., Asple-

nium viride, Cerasttum alpinum ad var.

serpentinicola, Viscaria alpina var. serpen-
tenicola. Note different vegetation of lichens

on erratic boulder in right corner.
Photo Olof Rune 6.7.1949.

tain district, a single occurrence of serpentine ap-
pears near the settlement of Lingonberget (the
Finnish name is Poulalaki), in the village of Purnu.
Lingonberget is situated at about lat. 67° N, and
lies about 15 km northeast of the railroad station
of Nattavara. During the past years quarrying has
been undertaken, but only to a very small extent.
For that purpose, a road was built from the Lingon-
berget settlement up to the quarries.

The serpentine outcrop at Lingonberget has a
length of 700-800 m and a width of 20—50 m, and lies
at about the 400 m level. The serpentine outcrop
forms a sharply delimited zone on the northern
side of a rather large mountain, and consists of
several small, rather flat, barren rocks which ap-
pear on the similarly rather barren weathered soil.

The vegetation of the serpentine field differs
clearly from that of the surroundings. The spruce
(Picea abies) forest is dominant outside the serpen-
tine, but on the serpentine it is replaced by a
sparse forest of stunted pine (Pinus silvestris) (PL
IV). The most prominent plant of the field and
ground layers is Asplenium wviride, which occurs

everywhere — not only in crevices but also as

tufts and carpets on bare weathered soil (Pl. V).
Viscaria alpina var. serpentinicola and a glandulous
type of Cerastium alpinum, rather close to the var.
serpentinicola, are found in abundance there. Also
the following plants were noticed: Festuca ovina,
Deschampsia fleuxosa, Empetrum hermaphroditum,
Vaccintum witis-idaea, V. uliginosum, and V. myr-
tillus.

Hillock-tops and other exposed places exhibit al-
most bare deflation areas that harbour the above-
mentioned serpentinicoles, viz., Asplenium viride,
Cerastium alpinum, and Viscaria alpina var. ser-
pentinicola, and a few lichens: Cetraria nivalis, Ste-
reocaulon paschale, and Cladonia species (Fig. 32).
In depressions between the rocks a closed heath
vegetation occurs with Vaccinium uliginosum, V.
myrtillus, V. vitis-idaea, Empetrum hermaphrodi-
tum, and Deschampsia flexuosa. In Table 2 (p. 46)
stand No. 10 illustrates the composition of the
peculiar vegetation of this serpentine area, also
pictured in Plates IV and V.

Acta Phytogeogr. Suec. 31



Number of 8tBNdecaveciesscriescsonesasnns
ECOLOCICAL CBARACTERISTICS

Size of stand mz,
Altitude 100 m ..
ExXposuresseesssee
Slope degrees.
Wind exposure.
Minerals of substratum.. .
Mechanical composition (s=silt,g=gravel).
Thickneas of mineral soil cm....
" " humus layer “.....iieseene
Huwus content of root horizon epprox.%...
Water " noow " wo,
Ca0 total content Boeevverirceraosrorions
PE of root horizon.esscvenv.asss 1/10 x
Sol. phosphate mg/100 g dry soil. * D
" potassium " M 4 0 W " "

FLORISTIC COMPOSITION
Serpentinicolous plantss

Asplenium viride.seevess
Agrostis stolonifera.
Luzula spicata...
Rumex acetosa....
Cerastium alpinum v. serpentinicola

e glabratul. cocesavovecses

" vulgatum v. kajanense.
Minvartia biflora...
Arenaria norvegica....
Viscaria alpina.... .
Silene acaulis,..
Melandrium rubrlesccessoseonssocnrannan

Serpentine-indiff, and -accident. plantsi

Agrostis borealis....
Deschampsia flexuosa.
Trisetum spicatum..
Festuca ovina....

Betule nana...
Oxyria digyna.
Sedum rosea...
Saxifraga nivalis
Viola biflora......
Phyllodoce coerulea.....
Arctostaphylos alpina.
Vaccinium vitis-idaea

" ul 1g1nosum.
Calluna vulgariS.....
Smpetrum hermaphroditum,.....
Campanula rotundifelia..
S0l1dBg0 VIrgAUTEBeeuseasts -sasecsssns

Calcicolous plantss

Carex rupestris.

" glacialis.
Tofieldia pusilla.
Leuchorchis albida.
Salix reticulata...
Minuartia rubella
Thal ictrum alpinum.
Draba norvegicas...
Parnassia palustris
Dryas octopetala,.....
Saxifraga oppositifolia.
Euphrasia lapponica
Bartsia alpina.....
Pinguicula vulgariSe.covessevsosrvevener

Mosses and lichenss

BryUm SPPesesrecsssocssssscacancasnsseen
Dicranum SPpesesessrsveves
Drepanocladus uncinatus...
Aylocomium splendens,...
Pleurozium schreberic...

Cladonia pyxidata..
" rangiformis.,

Stereocaulon paschaleiiicssiiiaconccanas

Bare 80iliseccerccnss

Table 1.

123 4
1111
6 8 89
S L L E
30 0 010
0 + + +
st 8 8 o
8 8 8 eg
25 15 20 20
0 0 0O
0 0 0O
d d dn
-1211 10
65 71 72 6
02 00 00 O
45 55 45 3
- I 1 =
Rl |
- 111
- 111
== I A
e
=N s
- 215
1 - = G
- - 1
- 2 « =
-l - =
b 5 4

5 6
11
9% 9
L N
010
+ 0
8 8
8 s
0 30
05
025
d n
08 -
66 6
00 O
30 9
s B=
1 -
Tz
FNpE
5 =
1 =
= 3
- 5
2
o 2
w3
=5
- 4
= 5
2 -

o A\

w

NN
MO SUwWOouw lE + OO

I v P

LI B B

I o=

[ S W B

1

LI I B

| poOCum + om0

U}

(I I B

LI I T B I

1

L I I B O

(I

9 101112131415 16 171819

o

n
1 AOO0OR @ + OW\O

T

(TR

LI I I

LI I B

Py

W ~
AOOOCuU B + OV -

o =0 001

Ll 2P

LI I I I I

@
AOOUM® A + O

wWOooi
R

Pl ==

[ I I I |

LI I I O A

11111
91010 9 11
L N E WL
0101010 ©
+ o+ o+ o+ o+
s sc sc od sp
s s sgseg s
20 10 30 40 10
2 00 3 0
25 0 025 0O
a d d n d
0.61 14 37-
67 68 75 75 63
- 03 01 01 02
- 45 45 45 60
= = & A
& 2 =
- - = =1
T G
- = = =1
~ 111 -
o e o
1 - 111
- = = = 2
- = = =1
- = = 1 -
- s 1 =
PRSI
w 1 =

2 = - =
LmhE 1 S
- o 1 =
- =11 -
RS [
- = 1 -
o AL E
- - = 1 e
2 %% 5 =
S S
P hpn i, T,
- = =1 =
- i 1 -
L e = e
333 - 4

N
| AO00®™W + OO+

Nooo
1 AOO0O0CuUW + Or\0

Qo
[
[

65 -

[

o

LI T I I I

I

(I AR R

[ B (S35 BN T I I

)

Ll

Pam= 10 =1

1

LI I B I I

LI I I O I B

LI}

I o=

n
1l R000n T + O\

LHEEL L=~

LI B I T I T I B SO I

Analyses of vegetation and corresponding ecological characteristics

20 21 22 2324 2526 27 28 29 30 31
1111.11111111
9 8 4 4 4 4.4 4 4 41010
S SLLLTILLILTLSS L
2010 0 0 0 0 0 0 01010 O
+ + + F + o+t o+ E o+ o+ o+
80 8 8 5 3 8 8 8 8 8 8 O
88§ 8 B8 83 8 8 8 8 8 3 3
40 40 10 20 20 20 20 20 15 15 20 25
00 3 00O0O0O0O0S5TO0O0
0O 025 0 0O O O O 050 0 O
d d d d dddddmndd
i W R e = = 120
6271 72 - = = - ~ - 69 68 68
0301 05- = = = = = 250002
63 7565 - - = - 350 45 25
-11-154+5 -1 = =
- = = = = = = = = = =1
1111 @ @@l « = =1
e e e e ok
1 2 = = = = = = = =1 =
e =111 « =2al ==
1 2 e o om wr e o ol
1 2 - = = = = = = =1 =
- =112 121 - -1
B B e W el e & 1 -
- = =121 = = = = 5 -1
M Sl T
1 e e o e e B e
T e e M e e mmt &Y -
5 8 ramte A melees 2 -
- - - = = - - = = 1 a
- = m m wm = - - =1 =~
S B R R BN e = 1 =
- om lim om omomom oa = e =
T E 1l o e e e e R R R
i m ) e = e W o= e e e

= 5 = = = = = = = = =
o ER o e e w1 S

- - =151 = = = =
S B G Eom e B 203
e e g e UL e
.—.—....--_4_..__
o BT - P

P, | [k o rEe e e O
wr, wm LT w Ee e e w e
- w P S 2 = = -
TOR T - e s U s XY
55 - 55555 %5 5F%

from following ultrabasic
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1 No typical var. serpentinicole, but a distinct type rather similar to it (cf. p. 54).
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2. Notes on the vegetation of serpentine in North Sweden

As is evident from the preceding pages, the vege-
tation of at least all these northern serpentine areas
shows a superficial similarity. Their barren, rocky
character gives the impression of highly arctic or
alpine exclaves, sharply contrasting with their
vicinity. Nevertheless, the serpentine vegetation is
not uniform enough, even in as relatively limited
an area as N Sweden, to constitute a single phyto-
sociological unit. Considerable obstacles are to be
met with in a study of the plant communities in
typical serpentine vegetation. Firstly, the typical
serpentine vegetation seldom forms closed com-
munities, but rather consists of a few serpentinic-
olous species that alone colonize the wide, barren
soil patches produced by frost action, deflation or
simply by weathering. Consequently, the serpen-
tine vegetation shows the same variation and in-
stability as any other pioneer vegetation.

Actually, only few serpentinicolous plants occur
in almost every serpentine area in N Sweden, e.g.,
Asplenium viride and Viscaria alpina. However,
these plants are not characteristic only of the ser-
pentine vegetation, and have already been used in
Scandinavian phytosociology to characterize other
plant communities.

Explanatory note to Table 1. Soil samples taken from
thizosphere in centre of each square analysed with regard
‘to vegetation. Cover of species estimated according to
five-parted scale of HULT-SERNANDER. Contents of humus
.and water, as well as main fraction of mechanical composi-
are estimated. Other determinations see
p- 7. The following abbreviations, used in table, need ex-
‘planation:

tion of soil,

Exposure: L = level

Wind exp.: + =strong

Minerals: ¢ = calcite; d = diopside; o = olivine; p = pyr-

oxene; s = serpentine; t = tremolite. Correction:
column 15 should be se¢, and column 16 od.

Water cont.: vd = very dry; d = dry; n = normal (similar

to other soils of vicinity)

Note: To obtain values of pH, soluble phosphate, and
:soluble potassium, respectively, the figures in the columns
should be divided by ten. (Decimal points omitted from
«considerations of space.)

In dealing with the problems relating to serpen-
tine plant communities in N Sweden, I soon be-
came aware of the impossibility of keeping to-
gether, in one and the same alliance, even serpen-
tine vegetation from similar altitudes. I found that
some of the serpentine plant communities fitted
those phytosociological alliances already recognized
in Scandinavian alpine and subalpine vegetation
by NorDHAGEN (1928, 1936, 1943) and G. E. Du
RieTz (1942 a and b, 1950). Within these large
units they represent very special, depauperate
associations. As phytosociology does not form any
prominent part of my serpentine studies, this
material is too small to allow further descriptions.
Only some views on the connection b etween a few
types of serpentine vegetation and corresponding
types on soils of another lithological origin will
be stated.

A. Plant communities of serpentine rock cre-
vices, the Asplenion viridis subarcticum
alliance.

NorpHAGEN (1936) described an alliance of Fen-
noscandian calcareous rock crevices — Asplenion
viridis subarcticum — which is an equivalent
to BRAUN-BLANQUET’s Potentilletalia caulescentis
from the Alps. The same author (1943) also men-
tioned (p. 568) that on olivine and serpentine this
alliance appears in a particular form characterized
by, e.g., the following plants: Asplenium viride, A.
adulterinum, A. adiantum nigrum, Viscaria alpina,
Stlene vulgaris, S. maritima, and Arabis petraea.
Apparently, this refers only to the coastal districts
of SW Norway.

On calcareous rock, Asplenium viride seems to
be totally confined to rock crevices. This is not the
case on serpentine, where it sometimes forms tufts
or small mats on plain, bare soil patches (see P1. V).
In serpentine rock crevices, especially the shady
ones, Asplenium viride is very abundant in almost
all Fennoscandian serpentine areas at altitudes
from sea level up to about 1000 m. Thus, within
the Asplenion viridis subarcticum, a very distinct

Acta Phytogeogr. Suec. 31
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Table 2. Vegetational analyses of Asplenion communities from non-alpine serpentine areas.
Size of stand: 1 m?

Number of stand 1 2 3 4 5 6 | 71 | 8 9 10
Asplenium viride .. .......... 1 3 3 2 2 4 1 1 1 2
Arenaria norvegica .......... 1-

Cerastium alpinum .......... 1

» vulgatum |

v kajanense) . 1= L L . o .
Melandrium rubrum . ....... 1 e 1 1
Rumex acetosa .............. 1 = 1- 1- 1-—- 1- 1[= =

acetocella .. .......... =
Silene rupestris ............. 1-
Viscaria alptna  ............ 1 1 = 1- 1- 1 1-
Agrostis canina . ........... =
2 stolonifera .......... 1 1 1 5
Deschampsia flexuosa ... ..... 1 1 e 1 1-
Festuca ovina .............. 1
Molinia coerulea ............ 1-
Poa glauca ................ 1-
Scirpus caespitosus .......... 1-
Empetrum hermaphroditum
Vaccinium uliginosum ... ... 1-
Pinus silvestris (15 em high). . 1-
l —_
Campylium stellatum . . ...... 1 2 1 1- 1 1= 1-
Drepanocladus uncinatus 2 1 2 1- 1 1=
Rhacomitrium lanuginosum 5+
T'ritomaria quinquedentata . ...| 1-— 1- 1- 1- 1= 1- 1= il = 1=
Cetraria nivalis ............ 1-
Cladonia rangiferina ........ 1=
Stereocaulon paschale . ....... =
Stand obtained from serpentine
area No. ................. 1 7 7 9 12 28 28 28 28 41
serpentine facies doubtless exists in all Fenno- Actually, all serpentinicolous plants listed on

scandia, distinguished above all by an occurrence
of Asplentum viride in much greater abundance
than ever found on calcareous rock.

In N Sweden, the only area I really thoroughly
studied, Asplenium viride is accompanied chiefly by
some serpentinicolous mosses, viz., T'ritomaria quin-
quedentata, Campylium stellatum, Drepanocladus
uncinatus, and Rhacomitrium lanuginosum. In
contrast to the aforementioned Norwegian coast
facies of this serpentine-plant association, its alpine-
subalpine facies in N Sweden contains some more
or less alpine elements, viz., Cerastium alpinum
Silene acaulis, Juncus trifidus, and Luzula spicata.
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pPp. 51-66 may appear more or less abundantly in
this serpentine plant association of Asplenion
which is, however, generally characterized by a
very complete dominance of Asplenium viride. This
serpentine facies of Asplenion viridis has a wide
altitudinal amplitude, ranging from sea level to
about 1000 m. However, the abundance of Asple-
nium viride decreases at increasing altitudes. Ac-
cordingly, the most typical Asplenion communities
are found below the alpine region. (See Table 2.)

As the vegetational analyses of Table 1, p. 44,
were made in order to show the vegetation con-
nected with the analysed soils, they do not repre-
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sent any communities from rock crevices. However,
within some serpentine areas — mainly from rather
low altitudes — some stands of Asplenion commu-
nities were analysed and the results are given
in Table 2 on the opposite page.

B. Plant communities of serpentine scree, the
Arenarion norvegicae alliance.

NORDHAGEN, in several papers (1935, 1936, 1943),
pointed out the peculiar character of the vegetation
which occurs on the debris of talus, and elsewhere
on unstable calcareous ground (limestone, dolo-
mite, and mica-schists). He discerned as a distinct
alliance — Arenarion norvegicae — the pioneer vege-
tation on unstable, calcareous ground, especially
talus, within the Scandinavian mountain area. This
alliance may correspond to the T'hlaspeion rotundi-
folit (BRAUN-BLANQUET 1926, JENNY-L1Ps 1930)
of the Alps. The Arenarion alliance is characterized
by the following pioneer plants as characteristic
species: Arenaria morvegica, Braya linearis, and
B. purpurascens. Further, as differential species
against the non-calcareous soil communities the
following are mentioned: Dryas octopetala, Saxi-
fraga oppositifolia, S. aizoides, Astragalus and Oxy-
tropts spp., Epipactis atropurpurea and Lastrea rober-
tiana (NORDHAGEN 1943). However, among these,
both Braya species are very rare, B. purpurascens is
confined to one single locality in northernmost
Norway, and the two last-mentioned ones do not
reach even to the subalpine region, except in very
warm, south-exposed places. Arenaria norvegica is,
therefore, by far the most important index species
of the Arenarion alliance. As Arenaria norvegica
grows in such great abundance on debris and bare
soil patches in several serpentine areas, it seems
reasonable to include much of the pioneer vegeta-
tion typical of serpentine in the Arenarion alliance.

On serpentine, Arenaria norvegica seems to have
no preferences as to the calcium content but is al-
ways found in abundance in places where the ser-
pentine rock is somewhat schistous, and gives rise,
by mechanical weathering, to a large amount of
coarse gravel debris. Such localities are found in
the areas Nos. 12, 25, 26, 36 (cf. pp. 16, 28, 30, 39,
resp.).

NorpHAGEN (1935) found the following to be
constants of the Arenarion on calcareous scree at
Junkerdalen in Salten, Norway: Arabis alpina, Are-
naria norvegica, Astragalus alpinus, Braya linearis,
Campanula rotundifolia, Cerastium alpinum, Saxi-
fraga aizoides, S. oppositifolia, Roegneria scandica,
Poa alpina, and P. glauca. The following were found
to be constantsin Arenarion communities at Duken,
Magerdya, N Norway: Arenaria humifusa, A. nor-
vegica, Pinguicula alpina, Polygonum viviparum,
Silene acaulis, Thalictrum alpinum, Tofieldia pu-
silla, Carex bigelowi, C. rupestris, Festuca ovina,
Dryas octopetala, Salix reticulata. Of these, Arabis
alp., Braya linearis, Astragalus alp. were never
found on serpentine, while the others may occur
more or less frequently on serpentine (cf. Table 1
p- 44 and pp. 51-76) — the bulk, it is true, confined
to calcareous serpentine. However, Arenaria humsi-
fusa, Silene acaulis, Campanula rotundifolia, Ceras-
ttum alpinum, and Festuca ovina, are all abundant
even on the pure serpentine. Besides, such plants as
Arenariaciliata ssp. pseudofrigida, Minuartiarubella,
and Arabis petraea, which all favour calcareous de-
bris, may also appear in abundance in the serpen-
tine facies of Arenarion. This again is very clearly
characterized by such serpentinicolous allies of Are-
naria norvegica as Cerastium glabratum and Rumex
acetosa which are certain constants of the serpentine
facies of Arenarion.

The vegetational analyses on next page further
illustrate the composition of these communities.

The coarsely weathered gravel,favourable for Are-
naria norvegica, is as a rule not common in connec-
tion with serpentine which normally weathers to
a silty soil. However, Arenaria norvegica may occur
even in that kind of soil, though more sparsely.
With the exception of Arenaria norvegica, none of
the above serpentinicolous plants seem to have
definite preferences with regard to the mechanical
composition of the soil. As all plant communities
of the Arenarion alliance are confined to unstable
ground, on serpentine as well as on calcareous rock,
a bottom layer of lichens and mosses is almost
completely lacking. On calcareous ground the un-
stable soil is more or less confined to the scree be-
low steep cliffs. However, this is not the case on ser-
pentine where the instability of the ground may just
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Table 3. Vegetational analyses of Arenarion communities on serpentine.
Size of stand: 1 m?2.

Number of stand 1 2 3 4 5 6 7 8 9 10 11 12 I 13 I 14
Arenaria norvegica ........ 2 1-] 1- 1 2 1 1 2 1 2 2
Asplenium viride . ......... 1 1- || 1=
Campanula rotundifolia . ... =
Cerastium glabratum . ... ... 1-( 1 1-( 1 1 11— 2 1 1-
Draba norvegica . .. ........ 1=
Melandrium rubrum . ...... 1
Minuartia biflora ......... 1-]11-1]1 1- 1-

” rubella . ........ 1-

Rumex acetosa ............ 1-(1—-] 1- 1- 1 1- (1 1-] 1 1-] 1-
Sazifraga oppositifolia . . . .. 1=
Silene acaulis............. 2 1 5 1 1 2 1
Viola biflora.............. 1-
Viscaria alpina . .......... 1- 1 1- 1 1-
Agrostis stolonifera ........ 1 1 1-— 1 1 1-
Festuca ovina .. ........... 1 1 2 1
Juncus trifidus............ 2 =
Dryas octopetala . ......... 3 2
Salixz herbacea ............ 1-
Salix reticulata. . .......... 1
Bare soil ......... ... ... 5 5 2 5 3 4 5 5 5 5 5 4 5 5
Corresponds to following No.

of Table 1.............. 2 3 5 11 14 19 20 21 30 — — — — —
Stand obtained from serpen-

tine area . .............. 12 12 16 18 20 24 25 26 36 10 2 13 14 27

as well be caused by frost action or deflation. Actu-
ally, the colonization proceeds very slowly on the
serpentine soil, and a closed community will not
be formed until a humus layer, produced mostly
by Rhacomitrium lanuginosum, covers the mineral
soil. Moreover, the closed communities on the
serpentine soil may again easily be destroyed by
frost action, etc., and then the recolonization has
to start anew.

With a few exceptions, Arenaria norvegica is re-
stricted to low-alpine and subalpine serpentine
habitats and is thus lacking on areas within the
conifer forest region. In some of the lowland areas
it is replaced in similar types of localities by the
typical serpentinophyte Cerasttum wvulgatum var.
kajanense. However, some truly alpine members of
the serpentine facies of Arenarion, e.g., Viscaria
alpina and Cerastium alpinum, occur also in low-
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land serpentine areas far from the mountain region
(cf. p. 43). Yet the lowland serpentine pioneer
communities are in some ways different from the
alpine and subalpine ones (cf. p. 31), and it is
doubtful whether they can be included in the
Arenarion alliance.

C. Climax communities on serpentine.

Although a closed mat of vegetation is never
typical of serpentine, it may still be found in places
protected from frost action and erosion, and where
the ground is stable (cf. BRAUN-BLANQUET 1951
p. 238). In fact, a closed vegetation will not be
found on serpentine unless the serpentine soil is
covered by a humus layer. This is formed mainly
by Rhacomitrium lanuginosum which, when the
ground remains sufficiently stable, slowly invades
the bare soil patches. Accordingly, as a first stage
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towards a climax, a Rhacomitrium mat appears, at
the beginning including most of the plants typical
of the bare soil, viz., Arenaria norvegica, Silene
acaulis, Cerastium glabratum, Minuartia biflora,
Viscaria alpina, and Rumex acetosa. The next stage
is the invasion by Juncus trifidus and some erica-
ceous shrubs, Calluna vulgaris, Empetrum herma-
phroditum, and Vaccinium uliginosum.

Thus, on stable and rather dry ground climax
communities appear which are dominated by Cal-
luna vulgaris, Empetrum hermaphroditum, Vacci-
nium wuliginosum, Juncus trifidus, and Festuca
ovine in the field layer, and Rhacomitrium lanugi-
nosum in the ground layer. Some serpentinicolous
plants, remnants from the pioneer stage, may
continue to exist also in these closed communities,
viz., Viscaria alpina, Stlene acaulis, Rumex acetosa,
and Asplenium viride. Thus, within these commu-
nities the acidicolous Calluna vulgaris is, curiously
enough, found to grow together with the calcicoles
Asplentum viride and Silene acaulis (cf. p. 28).

In the Scandinavian mountains Empetrum her-
maphroditum is, above all, characteristic of the low-
alpine heaths on acid soils, especially the parts not
protected by snow during winter. These Empetrum
heaths constitute a very clear phytosociological
unit of a high order — the Empetrion alliance
(G. E. Du Rierz 1942 a and b, 1950) or Loiseleu-
rieto-Arctostaphylion (KaLrioLa 1939, NORDHAGEN
1943). Most of the climax communities of alpine-
subalpine serpentine soils are likely to be regarded
as very special facies of the Empetrion alliance,
characterized, above all, by the abundant occur-
rence of Calluna vulgaris and Rhacomitrium lanu-
gimosum, and, in addition, serpentinicolous plants
such as Asplenium viride, Viscaria alpina, Silene
acaulis, ete.

The Empetrion alliance is the most xerophytic
type of low-alpine vegetation which appears chiefly
on crests, summits, and other, strongly exposed
places. Naturally, the dry character of the serpen-
tine outcrops is one of the main reasons why the
serpentine climax vegetation largely falls within
the Empetrion alliance.

In less exposed places where the vegetation is
protected by a considerable layer of snow during
winter, the Empetrum heath changes into a Vacci-

4 — 537056 Olof Rune

nium myrtillus heath which also contains several
herbs and grasses, viz., Solidago virgaurea, Cornus
suecica, Trientalis europea, Melampyrum silvaticum,
M. pratense, Pedicularis lapponica, Deschampsia
flexuosa, and Anthoxanthum odoratum. Besides
Vaccintum myrtillus, other dwarf shrubs also occur
there, viz., Betula nana, Phyllodoce coerulea, Empe-
trum hermaphroditum, and Calluna wvulgaris. This
type of heath vegetation constitutes another alli-
ance of the acid soils of the low-alpine region, and
has been named Myrtillion (G. E. Du Rierz 1942
a and b, 1950) or Phyllodoco-Myrtillion (NORD-
HAGEN 1936, 1943).

Although Vaccinium myrtillus itself is very rare
in serpentine soil, the serpentine climax vegetation
of shady or less exposed places seems most of all
reminiscent of this alliance. In this case, the humus
layer covering the serpentine mineral soil is quite
considerable and the serpentine character of this
type of vegetation is largely decreased. In this
community, Rhacomitrium lanuginosum is to a
certain extent replaced by Pleurozium schrebert,
Hylocomium splendens, and Dicranum species.
Among the dwarf shrubs the following are com-
mon: Calluna wvulgaris, Betula nana, Vaccinium
uliginosum, Empetrum hermaphroditum, and Phyl-
lodoce coerulea. Some of the most characteristic
herbs and grasses of the Myrtillion are also usual
in this type of serpentine vegetation, viz., Solidago
virgaurea, Deschampsia flexuosa, and Anthoxan-
thum odoratum. In fact, it is mainly the occur-
rence of these herbs and grasses that justifies look-
ing for Myrtillion communities on serpentine.

It is an important fact that the serpentine vege-
tation is rather similar to that of acid soils, though
the reaction of the serpentine soil itself is usually
neutral or slightly basic (cf. BRAUN-BLANQUET
1951 p. 238). However, when the serpentine con-
tains calcium (cf. p. 114), Dryas octopetala and Carex
rupestris will become dominant plants, and the
vegetation as a whole will approach the Dryadion
alliance (G. E. Du RiErz 1942 a and b, 1950) which
is the calcareous soil equivalent of the afore-
mentioned Empetrion and Myrtillion.

The climax communities on serpentine are far
more complex and difficult to recognize than the
typical serpentine communities within the Asplenion
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and Arenarion alliances, and the lack of further
investigations does not allow of more than a mere
indication of these outlines. Among the vegetational
analyses in Table 1, p. 44, only very few are based
on climax communities. Such are, indeed, stands
Nos. 6, 10, 15, and 22, while Nos. 17 and 18 may be
the first stages in forming closed communities. No.
6 may be a Myrtillion; 10 and 22 Empetrion com-
munities, while No. 15 illustrates the Dryadion of the
calcareous serpentine.

In conclusion, it may be stated that the plant
communities of serpentine areas in N Sweden,
which are mainly situated within the low-alpine
and subalpine regions, may to a certain extent
represent special associations within the ranges of
the large vegetational units of the Scandinavian
low alpine vegetation. Thus, it seems clear that the
Asplenion viridis subarcticum alliance described by
NoRrRDHAGEN, and typical of calcareous rock crev-
ices, is fully represented also in serpentine.

The most typical serpentine vegetation, i.e.
where the maximal abundance of serpentinicolous
plants occurs, is restricted to pioneer habitats —
debris and bare soil patches generally produced by
frost action. This typical serpentine vegetation,
which as a rule covers wide areas of the serpentine

outerops, does not form closed plant communities.
It is rather reminiscent of the pioneer vegetation
of unstable calcareous ground distinguished by
NoORDHAGEN as the Arenarion morvegicae alliance.
Thus, its most characteristic plant, Arenaria nor-
vegica, is very abundant also on serpentine barrens.
However, because of the rich occurrence of such
serpentinicolous plants as Rumex acetosa, Viscaria
alpina, Cerastium glabratum, etc., the serpentine
facies of Arenarion is quite peculiar to itself.

Closed plant communities may occur on serpen-
tine where the ground is stable enough to allow of
the existence of a humus layer. Because of the dry
character of most serpentine outcrops, the closed
vegetation will constitute dwarf shrub heath com-
munities which seem most closely related to the
low-alpine, acid soil alliances Empetrion and Myr-
tellion. However, as is general on serpentine, some
calcicolous plants may grow together with the
acidicolous ones (cf. p. 88). As serpentine outcrops
are very sparsely wooded, they may form alpine
exclaves in the subalpine and even in the conifer
forest region. The above types of serpentine vege-
tation, therefore, seem to have a very wide altitu-
dinal range, even though the number of alpine
plants decreases with increasing distance from the
mountain district.

3. List of plants found on serpentines and other ultrabasic

rocks in North Sweden

The following list of plants observed on serpen-
tines as well as other ultrabasic rock areas of N
Sweden is complete only as regards the vascular
plants.

In regard to its affinity to serpentine, any species
found on it may represent either of the following
three categories:

A. Serpentine-characteristic (serpentinicolous)plants.t
Plants occurring more frequently or abundantly

1 The shorter term serpentinicolous will be used in the
text.
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on serpentine than on other soils and rocks in
the vicinity.
B. Serpentine-indifferent plants.
Plants occurring more or less frequently or
abundantly on serpentine, though not more
so than on other soils and rocks in the vicinity.
C. Serpentine-accidental plants.
Plants occurring incidentally, and usually more
sparsely, on serpentine than on other soils and
rocks in the vicinity.

Plants of the first category are very abundant
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and vigorous on serpentine, being probably eco-
logically distinct races of the species. Some of
these races are morphologically distinguishable and
will be referred to as individual taxa. However,
several of them do not differ morphologically from
the type race of the species and have, moreover,
not been studied adequately with regard to their
ecological amplitudes. Thus, when listing, e.g., Ru-
mex acetosa as a serpentinicole, it must be borne
in mind that this probably only refers to a special
race of that plant.

Plants of the second category are not character-
istic of serpentine. In general, they are common,
ubiquitous plants with a wide ecological amplitude.
They do not give the impression of being especially
attached to serpentine as compared with soils of a
different lithological origin.

Though few in number, the plants of these two
categories are by far the most important on ser-
pentine, forming the bulk of its scanty vegetation.

The preponderant part of the listed plants be-
longs to the third category, being plants found
incidentally on serpentine. They are by no means
characteristic of serpentine. To prevent the more
important serpentine plants from being drowned
in the long list of serpentine-accidentals, each of
the above categories will be listed separately.

In the following list, also the non-serpentine
occurrences of the listed plants are taken into
consideration. Unless otherwise stated, these data
refer to conditions in the mountain districts of
S Lappland which harbour the main part of the
Swedish serpentine areas. Each plant is character-
ized also with regard to its soil preferences outside
serpentine. For this purpose the following well-
known terms will be used: acidicolous — indifferent
— calcicolous. With regard to altitudinal regions,
the following abbreviations are used: Reg. alp. =
Regio alpina = the alpine region; Reg. alp. inf. =
Regio alpina inferior = the lowest part of the al-
pine region; Reg. subalp. = Regio subalpina = the
mountain-birch forest region; Reg. conif. = Regio
coniferina = the conifer forest region. In regard to
the vascular plants, the nomenclature given by
HyLANDER (1941 and 1945) is in principle followed.

A. Serpentine-characteristic (serpentinico-
lous) plants.

a. Vascular Plants.

Asplenium viride Hubs.

SERPENTINE: Very abundant in all serpentine
areas except in extreme alpine situations, only
lacking in areas Nos. 38, 39, and 40. Most abundant
in crevices but forming also mats and tussocks in
the bare patches of weathered serpentine soil. Very
characteristic of serpentine in all Fennoscandia.

OUTSIDE SERPENTINE: Frequent in calcare-
ous rock crevices, generally in the low-alpine and
subalpine regions.

Agrostis stolonifera L.

SERPENTINE: Abundant in several widely
distant areas at altitudes from 300-1000 m, viz.,
Nos. 11-13, 22, 26, 28-31, 35, 36, 40. Growing in
both wet and dry habitats; in crevices or as mats
on bare soil. This plant is one of the first to colonize
the bare soil patches produced by frost action.
Specimens from dry habitats seem to differ from
those of wet stations, but when cultivated in
normal soil they proved to be identical. This plant
will be discussed also on p. 87.

OUTSIDE SERPENTINE: See p. 87.

Molinia coerulea L.

SERPENTINE: Abundant in several areas, viz.,
Nos. 1, 2, 6, 12-15, 22-26, 30, 31, 33; most of them
at altitudes below 700-800 m. They occur in dry
as well as wet habitats. Abundant on serpentine
also outside Sweden (cf. p. 87).

OUTSIDE SERPENTINE: In the Scandinavian
mountain district, frequent as a mire-plant; less
frequent in other habitats.

Luzula spicata (L.) DC.

SERPENTINE: Abundant in several alpine areas,
viz., Nos. 13, 14, 17, 22, 24, 32, 36, 40. It seems
more abundant in serpentine than in soils of other
lithological origin; restricted to alpine areas.

OUTSIDE SERPENTINE: Frequent on different
kinds of rock; mainly alpine.
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Fig. 33. Cerastium glabratum from Rupsentjirro serpentine (area No. 17). Specimens from serpentine are generally mere

slender and angustifoliate than others of the species.

Rumex acetosa L.

SERPENTINE: In serpentine areas of N Sweden
the complex species Rumex acetosa is represented
by a certain race, very abundant in most areas,
only lacking in the following, Nos. 7, 18, 19, 24, 38,
40, 41. It may occur in all kinds of serpentine
vegetation, and is often found in extremely dry
habitats. This serpentine race seems to be mor-
phologically more connected with the lowland popu-
lation of ssp. pratensis (WALLR.) BLyTT & DAHL,
than to the mountain population of ssp. alpestris
(Scop.) LOvE, having a laciniate ochrea and basal
leaves about 3—4 times longer than broad (cf. LOVE
1944). The height varies between 15-60 cm, the
root system is strongly developed and the inflores-
cence has usually a clearly red colour. Within the
Ronnbick areas some hairy specimens were also
collected which may belong to forma hirtulus
(FrEYN) LOVE, mentioned by LOvVE (op. cit.).

The population of Rumex acetosa, occurring within
the serpentine areas of N Sweden seems to be an
ecologically distinct race, reminiscent of the ssp.
pratensis. However, the Rumex acetosa complex is
highly variable and taxonomists have failed to
recognize distinct races based on morphological
characteristics. The serpentinicolous race of Rumex
acetosa. cannot as yet be distinguished taxonomi-
cally, since in spite of LOVE’s investigation (op. cit.)
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Photo Sven Eriksson 1948.

the Scandinavian mountain population of Rumex
acetosa is still very little known.

Rumex acetosa is also mentioned from the ser-
pentine areas of Sunmére (BJORLYKKE op. cit.)
and from the serpentine in the Danube Valley
(KRETSCHMER op. cit.).

OUTSIDE SERPENTINE: In the Scandinavian
mountain districts, Rumex acetosa is mainly repre-
sented by ssp. alpestris (Scop.) LOVE, which is a
rather common plant within and below the low-
alpine region, growing in meadows and other moist
habitats.

Cerastium glabratum HAarTM.

This plant was described as early as in 1820 by
HARTMANN, but was later usually considered as a
variety of Cerastium alpinum, (C. alp. var. glabrum
ReETz.) from which it differs mainly by its glabrous
leaves and stems, longer petals and narrower cap-
sules. Recently, ARwinsson (1943) and SELANDER
(1950) supported its rank of species. The peculiar
distribution and ecology of this plant seem rather
to justify a higher taxonomic rank than a variety.
In N Sweden, C. glabratum is almost limited to
serpentine when occurring south of Pite Lappmark
(about south of lat. 66°~67° N). It grows in abun-
dance in almost every serpentine area of the low-
alpine and subalpine regions, viz., Nos. 3, 6, 11-18,
21-27, 35, 36, there being a physiognomically
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distinctive and constant feature of the vegetation.
In serpentine, C. glabratum grows mainly in rock
crevices and patches of barren soil where it often
forms attractively flowering carpets. In fact, this
is one of the most characteristic pioneer plants of
the barren serpentine soil.

Serpentine-specimens of C. glabratum are often
morphologically somewhat different from the non-
serpentine ones in forming very large tufts and
having a more slender growth (see Fig. 33). Hovv-
ever, these differences do not appear distinctive
enough for taxonomic separation.

Outside serpentine, C. glabratum is generally
considered to be a calcicole. It is very common in
N Norway and N Lappland. In the southern parts
of the high mountains of Sweden it is found only
outside serpentine in a few places within the high
mountain district of SW Jamtland and NW Hirje-
dalen (Mts Sylarna and Helags). ARWIDSSON (op.
cit. p. 198) pointed out that within the northern
districts (Lappland) Cerasttum glabratum is totally
glabrous, while further south (Jamtland, Hirje-
dalen) the specimens might have a few hairs on
shoots and leaves. It may be questioned, therefore,
whether or not the southern specimens are really
true C. glabratum. However, on serpentine C. gla-
bratum is always totally glabrous, even in Jamt-
land and S Lappland. Yet semi-glabrous types
can also be found on serpentine, but as they
generally differ also in other respects — smaller
size, etc., — the latter should rather be consid-
ered to belong to the serpentinicolous variety of
C. alpinum (see below). Cerastium glabratum and
C. alptnum do not seem to occur together either in
serpentine or in other soils (cf. SELANDER 1950
IT p. 78).

Cerastium alpinum var. serpentinicola nova
var.

Planta sparse pubescens vel fere glabra, gracilis sed
plerumque caespites magnos, densos formans, ple-
rumque c.5 (3-7)cm alta, caulibus stricte erectis
plerumque unifloribus (raro bi- vel trifloribus); foliis
caulinis pro specie manifeste angustis, 1.5-2 mm la-
tis et plerumque duplo vel triplo longioribus (3—6 mm
longis); sepalis ¢. 5 (4-6) mm, petalis ¢. 7 (6—8) mm
longis; seminibus diam. 0.7—0.8 mm.

Habitat in serpentino regionis subalpinae et regionis
alpinae inferioris alpium Scandinaviae.

Fig. 34. Cerastium alpinum var. serpentinicola from ser-
pentine outcrop east of settlement Gruben in Kruta,
Hattfjelldal, Norway. Photo Sven Eriksson 1952.

Coll. orig.: Suecia, Lapponia &aselensis, par. Vil-
helmina, in saxis serpentini regionis alpinae c. 900 m
s.m. montis Graipesvare prope Grundfors, leg. O.
Rune 24. VI. 1947 (typus in Mus. Bot., Uppsala).

var. serpentintcola differs from other races of this
species mainly by its smaller size, approx. 5 cm,
excluding the root system which may be 2-3 times
that length. The stem leaves vary between approx.
3-6 mm inlength and approx. 1.5-2 mm in breadth;
the petals are approx. 7 (6-8) mm and the sepals
approx. 5 (4-6) mm. The seeds are 0.7-0.8 mm in
diameter. As regards the stem leaves, the variety
is more angustifoliate than other races of the
species. Though usually conspicuously slender, the
floral shoots are very stiff and erect. Each stem
has only one single flower (rarely 2-3). The pilosity
varies from slightly pilose to nearly glabrous. Actu-
ally, this variety is intermediate between C. alpinum
and C. glabratum in that respect.

var. serpentinicola usually forms dense and rather
large tufts. It is restricted to serpentine areas of
the lower alpine and upper subalpine regions and
is found in four different stations in Scandinavia
(see below).

I have in vain tried to cultivate this variety
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by growing seeds in normal soil in the Botanical
Garden of Uppsala University. Actually, some
seeds did grow, but the seedlings did not develop
normally and died during the following winter.
As the cultivation of alpine plants under unfamil-
iar climatic conditions often meets with diffi-
culties, the failures in growing this variety does
not preclude its capacity to thrive in normal soil.
However, this can only be proved in its native
area.

A small tuft of var. serpentinicola from the type
locality -at Graipesvare was growing well when
planted in the Botanical Garden of Uppsala
University. The original tuft increased consid-
erably in size during the cultivation which lasted
for several years. However, no morphological
changes were observed during that time.

var. serpentinicola is usually very abundant in
its localities. Besides, the populations are generally
conspicuously uniform. No doubt, dwarfish individ-
uals of Cerastium alptnum of the same size as var.
serpentinicola may appear on soils of a lithological
origin different from that of serpentine. In that
case, either one or a few individuals constitute
the extremes of a normal population that lacks
the gracile shape of var. serpentinicola. In fact,
the existence of large and uniform populations of
the dwarfish var. serpentinicola clearly indicates
its character of a distinct, independent race.

Typical var. serpentinicola has so far been estab-
lished in four different stations in Scandinavia.

The only Swedish occurrence is the type locality,
situated on Graipesvare in S Lappland. Here a
rather uniform and abundant population of var.
serpentinicola occurs on a small. barren outcrop of
non-calcareous serpentine at the 900 m level
Within an area of some ten square metres, var.
serpentinicola is very abundant. Being free from
intermediate types, this population of a very small
Cerastium, forming dense tufts and mats in crevices
and on serpentine scree, looks confusingly like an
Arenaria.

Another population, partly similar to that re-
ported, appears in the serpentine areas near the
settlement of Gruben southwest of Lake Krut-
vattnet in Hattfjelldal, Norway, adjacent to the
Swedish border. var. serpentinicola appears abun-
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dantly on the crests of several serpentine outcraps
at altitudes of 600-800 m. However, this large
population is far less uniform than that of the type
locality. Above all, the variation in size is consider-
able. Most of the specimens collected can hardly be
distinguished from those of the type locality. Also
larger specimens were encountered. They are of a
size similar to that of the normal C. alpinum but
have the gracile shape of var. serpentinicola and
may probably be considered as ‘“hybrids™.

K~ABEN (1952) -pointed out the existence of a
peculiar type of C. alptnum on serpentines in W
Norway, viz., an almost glabrous form from
More, collected by R. NORDHAGEN, and a more
variable one from the serpentine areas of Middle
Sogn, collected by G. KNABEN. In comparing my
own material of var. serpentinicola with the herbar-
ium specimens from these localities belonging to
the Botanical Museum of Bergen University, I
found the reference of the Norwegian material to
this variety fairly justified.

No doubt, the description of var. serpentinicola
does not by any means cover all the serpentinico-
lous populations of C. alpinum existing in Scandi-
navia. It includes only one of the types observed,
viz., the most distinct one and the only one detected
in more than one locality. For example, in the
serpentine areas of N Sweden, three other different
serpentinicolous local-populations of C. alpinum
were established. Although they have some fea-
tures in common with var. serpentinicola, they can-
not rightly be identified with it, but may for the
present be referred to as ad var. serpentinicola.
Thus, in area No. 5, Muruhatten, a type of C. alpi-
num occurs which is rather similar to var. serpen-
tinicola but is strongly glandular-pilose. Another
glandular-pilose type, larger than the variety,
appears abundantly in area No. 41, Lingonberget.
Finally, a dwarfish type which, however, lacks the
gracile shape of var. serpentinicola was found in
area No. 37, Ruopsokvare.

The complete list of the stations of Cerastium
alpinum var. serpentinicola runs as follows:

Norway: Sogn og Fjordarne, Vik hd, Arnafjell,
Vetle-Rauberg 14/8 1941 and Rauberg 2/8 1942, leg.
G. K~NaABEN. Bot. Mus. Bergen.

Moére, Sunndalen hd, Kopungen in Gjeitddalen on
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serpentine 8/8 1929, leg. R. NorDHAGEN, Bot. Mus.
Bergen.

Nordland, Hattfjelldal hd, serpentine outcrops east
of the settlement Gruben in Krutd 30/7 1950, leg.
O. RunEe. Bot. Mus. Ups.

Sweden: Lappland, Asele Lappmark, Vilhelmina
par., Grundfors, southern part of Graipesvare 24/6
1947, leg. O. Ru~E. Type locality. Bot. Mus. Ups.

Cerastium vulgatum L. var. kajanense
Kotir. & VEERA SaLmr

This typical serpentinophyte was recently de-
scribed from Finland by KoTiLAINEN and SaALmI
(KoTILAINEN & SaLm1 1950). Earlier, this plant
was referred to by KoTILAINEN as Cerastium
caespitosum var. angustifolium KotiL. & VEERA
SaLmi, ad interim. This variety differs from other
of Cerastium vulgatum
chiefly by its slenderness and very narrow leaves.
It is about 10-15 cm high with leaves about 5-15
mm long and 1.5-4 mm broad. In Finland, it is
only found within a few serpentine areas in Ostro-
bottnia Kajanensis (Paltamo parish, about lat.
64° N). In N Sweden this serpentinophyte has been
found in the serpentine areas (Nos. 28-31) of the

Fennoscandian forms

Roénnbéack district (Lycksele Lappmark, Térna
parish, about lat. 65° 30’ N) and in some serpen-
tine areas (Nos. 6-9) near Gaddede (Frostviken
parish, N Jdamtland, about lat. 64° 30" N). The
distance between its two Swedish distributional
areas is about 150 km.

In all its localities, this plant is totally re-
stricted to serpentine (in area No. 9 the rock is
mainly soapstone). The stations are all situated
within the conifer forest region, below an altitude
of 500 m. The plant is quite frequent in its localities,
growing most abundantly in patches of unstable
ground where climaxes are slowly formed.

From Sunmére, BIGRLYKKE (op. cit.) reported
Cerastium vulgatum from several serpentine areas.
Since no remarks are added to his statement, it
can hardly be a serpentinicolous variety. In the
serpentine areas of the Isle of R6dén, in Tjotta, I
myself noticed Cerastium vulgatum. Most of the
collected material seems to conform to var. glabre-
scens (G. F. W. MEyER) Hyr. This variety, recog-
nized by its glabrous, or almost glabrous, leaves
and one-sided pilose stem, seems to be a spontane-

ous coastal plant in NW Europe (cf. M6scHL 1948,
the maps in Figs. 13 and 14). The variety seems
to have a wide ecological amplitude and is not
restricted to wet habitats, as is often stated in the
literature. Specimens of dry stations are rather small
in size and have very stiff, erect stems, being
rather reminiscent of the serpentinicolous var.
kajanense. Actually, the latter differs from the
former only by its narrower leaves and slenderness.
Further, as they also have a similar type of pilosity,
var. kajanense may be assumed to be a serpentine
race morphologically distinct from the var. glabre-
scens complex from which it differs by such typical
serpentinomorphoses as stenophyllism and gracility.
This will facilitate an understanding of the remark-
abledisjunctions of var. kajanense. Asfarasis known,
var. glabrescens has never been observed near the
stations of var. kajanense. In fact, the distribution
of the different Cerastium vulgatum races in Scan-
dinavia has not been studied to any particular
extent. However, var. glabrescens seems to be a
spontaneous coastal plant distributed, inter alia,
along the coasts of the Baltic and, probably, also
of the Bothnian Sea. It has already been mentioned
that var. kajanense was found only in areas at a
low altitudinal level (below 500 m). In addition,
all its areas occur very close to great lakes and lake
systems: the lake system of Stroms Vattudal at
Géddede (cf. p. 13); the lake system of Umeilven
river at Ronnbick (cf. Fig. 22); and the lake
Uletréask at Paltamo in Finland. These lake systems
were all in much closer contact with the pre-
Bothnian Seas of early postglacial times than with
the Bothnian Sea of our days. Accordingly, during
these epochs the serpentine areas concerned here
might have been within easy reach of var. glabre-
scens — provided this was also a shore plant of the
preliminary stages of the Baltic and the Bothnian
Sea. Apparently, var. kajanense developed from
the var. glabrescens complex independently within
its three Fennoscandian centres. Specimens from
the different centres also show slight differences in
pilosity and in the shape of the leaves.

Another serpentinicolous variety of Cerastium
vulgatum — var. serpentini (NOVAK) GARTNER —
was found in Central Finland and Bohemia. This
type differs considerably from var. kajanense and
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seems to derive from other types of the species
complex.

Minuartia biflora (L.) Sca. & Th.

SERPENTINE: Very abundant in alpine and
subalpine areas (Nos. 11-18, 20-26, 32, 35-37, 39,
40); sparse or lacking at altitudes below about
500 m. Usually growing in crevices and on bare
soil patches, but sometimes also in closed commu-
nities (cf. p. 37).

Specimens from serpentine are usually rather
small, densely tufted, and with strongly developed
root systems. Whether or not this type is geno-
typical cannot as yet be decided owing to the
failure to cultivate this plant. From Sunmore, M.
biflora is mentioned by BJORLYKKE only from a
few areas. In N Finland, Minuartia biflora occurs
very disjunctively in several serpentine areas far
from alpine districts, thus appearing there as a
serpentinicolous relic.

OUTSIDE SERPENTINE: Frequent within the
alpine region. Most abundant on calcareous rock,
though not limited to this kind of rock.

Arenaria humifusa We.

Not found in N Swedish serpentine areas but
occurs rather abundantly within the Norwegian
serpentine areas, south and southwest of Lake
Krutvattnet, which lie very close to the Swedish
areas Nos. 35 and 36 (see p. 84).

Arenaria norvegica GUNN.

SERPENTINE: Very abundant in several low-
alpine and subalpine areas (Nos. 12-15, 20, 2426,
35, 36). In Jamtland abundant also in some areas
of the conifer forest region (Nos. 2, 3, 9, 10). Very
typical of unstable serpentine ground (cf. p. 47).
Abundant on serpentine also in the Shetland Is-
lands (EpmoNDsTON 1845).

OUTSIDE SERPENTINE: Occasionally on un-
stable calcareous ground. Map in Fig. 48,

Viscaria alpina (L.) G. Don.

This plant is very abundant in serpentine areas
of widely different altitudes (Nos. 1-9, 11-17, 20-31,
35-41). In some of these areas it is represented by
a particular variety (see below). It appears in
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abundance in different types of habitats, e.g., dry
or wet crevices, bare soil patches and closed heath-
communities. Within alpine districts the plant is
also rather common outside serpentine, even though
it does not appear there in the same abundance
as in serpentine. Viscaria alpina seems also to be
connected with heavy metals in the soil (cf. p. 105).

In the district of Sunmore, Viscaria alpina is
very abundant within the serpentine areas, though
it is almost absent on other kinds of rock (BJor-
LYKKE op. cit.). In Finland this plant is also very
typical of serpentine.

Viscaria alpina var. serpentinicola nova var.

Differt a formis ceteris speciei foliis angustioribus
(rosalibus 0.1 cm latis, caulinis 0.2 cm latis et 2—4 cm
longis), caule stricte erecto 5-15cm alto et inflo-
rescentia plus elongata et ramosa (parte inferiore
ramis floriferis in axillis foliorum superiorum caulino-
rum ortis composita). — Petala 0 vel minuta (sta-
minibus breviora); planta manifeste pollacantha.

Habitat in serpentino regionis coniferinae Scandi-
naviae borealis.

Coll. orig.: Suecia, Lapponia lulensis: Purnu, in
saxis serpentini montis Lingonberget, leg. O. RUNE
5. VII. 1949 (typus in Mus. Bot., Uppsala).

var. serpentinicola is characterized by its narrow
leaves; its more or less reduced petals; its slender
but very stiff, erect stem; the peculiar branching
pattern of the raceme, usually highly branched and
elongated owing to pedicels appearing from the
bases of stem leaves far below the very tip; its
ecological peculiarity and clearly pollacanthic
character.

As regards the reduction of the petals there is
a clinal variation from the absolutely apetalous
type of area No. 28 to the nearly ‘“normal-
flowered’’ one of area No. 41. The various popula-
tions also differ in that respect; thus apetalous
specimens were occasionally found in most popula-
tions (see below). When occurring, the petals are
narrow and generally shorter than the stamina.
The tendency of the raceme to increase in length
owing to pedicels issuing from parts of the stem
below the tip is especially pronounced in the case
of luxuriant growth, e.g., by cultivation in normal
soil (cf. Fig. 38).

All the characteristics have proved to persist
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Fig. 35. Specimens from the holotype of Viscaria alpina
var. serpentinicola. Serpentine area at Lingonberget, Parish

of Gallivare. Photo Sven Eriksson 1952.

under cultivation in normal soil in the Botanical
Garden of Uppsala University for several gen-
erations. However, cultivation in normal soil
seems to cause a more luxuriant growth — as
regards descendants from the Ronnbéck areas the
stem and the leaves increased in length by approx.
100 9%,. The stem leaves showed a corresponding
increase also in breadth, while the basal leaves re-
mained nearly constant in that respect — hence
even more angustifoliate (Fig. 38).

In fact, Viscaria alpina is represented in
Fennoscandia by several races (TUREssoN 1927)
which have never been closely studied. The main
race of Viscaria alpina is essentially an alpine plant,
rather abundant in the alpine and arctic parts of
Fennoscandia. However, outside the northern area

Viscaria alpina also appears sparsely in some

Fig. 36. Apetalous Viscaria alpina var. serpentinicola
from Ronnbéck (area No. 28) cultivated in serpentine soil
in Uppsala. Diameter of pot 10 cm.

Photo Olof Rune 25.5.1950.

isolated lowland areas of South and Middle Swe-
den, South Finland, etc. {(cf. Lip & ZacHAU 1929,
Huvr#n 1950). Within its isolated lowland-stations
Viscaria alpina is probably represented by races.
differing genotypically from each other and from
the alpine race (cf. TuREssON op. cit.). Yet it is
hard to find any clearly morphological differences
between them.

Actually, var. serpentinicola differs clearly from
the alpine race of Viscaria alpina by all the charac-
teristics mentioned above. Thus, the latter always
lacks the gracile shape of var. serpentinicola — its
leaves are generally twice as broad as in this
variety and its stem is also thicker. The flowers
occur in a dense, head-like raceme; the petals are
well developed and are always longer than the
stamina. Moreover, the alpine race of Viscaria
alpina does not seem to be as clearly pollacanthic
as the variety, instead it is mainly hapaxanthic.
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Fig. 37. Close-up of flowers from apetalous Viscaria alpina
var. serpentinicola pictured in Fig. 36, enlarged approx.
10 x. Photo Axel Nygren 1950.

Among the S Fennoscandian populations of
Viscaria alpina, one described as var. oelandica
(AHLQ.) STERNER is endemic of the calcareous steppe
of the Isle of Oland. Although this plant is also
a dwarfish pollacanthic plant, adapted to edaphical
conditions comparatively similar to those on ser-
pentine, it usually lacks the slender shape of var.
serpentinicola and seems to have nothing to do
with this type at all.

Among some other populations of southern and
middle Sweden, viz., in the provinces of Blekinge
and in Bergslagen, angustifoliate individuals may
appear which are reminiscent of var. serpentinicola
in that respect. However, they concern plants from
extremely dry localities constituting extreme feno-
types. For example, on the ore heaps at the Stoll-
berg mines in Bergslagen (cf. p. 105) a local-popu-
lation of Viscaria alpina appears confusingly like
var. serpentinicola. However, Viscaria alpina has
also spread from this locality to secondary ones on
roadsides of the close vicinity. In such localities
the individuals are much taller and less angusti-
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foliate than in the original locality. Seeds from the
ore-heap plants were grown in normal soil in the
Bot. Garden of Uppsala Univ. and they developed
into plants similar to those from the roadsides. This
type clearly differs from cultivated specimens of
var. serpentinicole — mainly because it lacks the
highly branched and elongated racemes typical
of the latter (cf. Fig. 38).

Thus, var. serpentinicola differs from the S Fen-
noscandian races of Viscaria alpina by its ten-
dency to reduced petals, by a genotypical steno-
phyllism pertinent to the entire populations and,
above all, by a tendency to elongated and highly
branched racemes that appears very clearly in cul-
ture. Yet, var. serpentinicola can be distinguished
with certainty from certain lowland specimens of
Viscaria alpina only after cultivation.

var. serpentinicola is found within six different
serpentine areas in N Sweden, all situated in the
conifer forest region (below 500 m). The variety is
generally very abundant within its localities, and
was never found there together with the main form.
On the other hand, the latter may be abundant
elsewhere on serpentine. Still, the main form
seldom occurs in such great abundance as does the
variety in, e.g., the areas Nos. 28, 29, 30, 41.

Each population of var. serpentinicola is fairly
uniform in itself, while the separate populations
differ from one another. The population of the
isolated serpentine area at Lingonberget in the
parish of Gillivare (area No. 41) has been chosen
as the type of var. serpentinicola. This population
is very uniform, but neither in regard to steno-
phyllism nor in the reduction of the petals does it
show the same extreme characteristics as, e.g., the
Roénnbiack populations (see below). However, as
regards the size and other characteristics of the
plants, the type population agrees with the ma-
jority of the populations referred to as var. ser-
pentinicola. The type population is clearly angusti-
foliate. The flowers are not apetalous but have
slightly developed petals. Above all, its members
are characterized by their very extended and
highly branched racemes and a stiff, erect stem.

The serpentine areas of the Ronnbick district
harbour by far the most abundant occurrences of
this variety ever noticed. In one of these areas, No.
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28, all the individuals are totally apetalous and very
angustifoliate. In the other areas of this district,
viz., Nos. 29, 30, 31, this plant is also very angusti-
foliate, though not apetalous. Apetalous flowers
may be noticed, but as a rule they have some thin,
narrow petals which are, however, shorter than the
stamina. However, in all the areas of this district
the individuals are smaller (approx. 10 cm heigh)
and have more rich-flowering and dense racemes
than is typical of var. serpentinicola.

var. serpentinicola was found also within some
adjacent serpentine areas in the neighbourhood of
Giddede in Frostviken, N Jimtland: 1) Mt Over-
vattsberget, area No. 7, where this variety grows in
abundance within a limited area (cf. p. 14). This
locality is rather shady and some specimens which
grew in extremely shady places behind boulders,
etc., are rather tall (17 cm). In this locality the
specimens are all angustifoliate. Some of them are
apetalous; the bulk, however, seems to have small
petals. 2) Mt Junsterklumpen, area No. 8, where
var. serpenmtinicola occurs within some limited
patches on the top plateau. This population is
angustifoliate and some apetalous specimens ap-
pear within it. Yet, this population differs from the
others by having rather few flowers in the racemes.
3) Lermon Summit, area No. 9, which is adjacent to
Mt Junsterklumpen. A few specimens of the same
type as on Mt Junsterklumpen were observed on
each of the two summits included in this area
(cf. p. 14).

The material of Viscaria alpina collected within
the serpentine area No. 22 — at the bottom of the
Kittelfjill valley — seems to belong to var. serpen-
tinicola. This type is very angustifoliate but has
larger petals than the other populations of this
variety. As the serpentine areas of the Kittelfjall
district were visited at the beginning of my ser-
pentine studies when I was unaware of the peculiar
serpentine variety of Viscaria alpina, further in-
formation about its occurrence in this locality can-
not be given. In any case, it is by no means so
strikingly abundant there as in most of its other
localities.

BJORLYKKE (op. cit.) called attention to an
angustifoliate form of Viscaria alpina from the
serpentine area of Almklovdalen, Sunmore. This

Fig. 38. Apetalous Viscaria alpina var. serpentinicola from
Ronnbéack (area No. 28). This specimen was grown in
normal soil in Uppsala from seed of original locality.
Normal soil brings about a considerable increase in
size and a richer flowering (cf. Fig. 36). Note peculiar
branching pattern of raceme appearing very clearly at

luxuriant growth. Photo Sven Eriksson 1952.

plant, pictured in BJORLYKKE’S paper (op. cit. p.
115), seems to agree quite well with var. serpentini-
cola. As its characteristics proved also to be re-
tained after cultivation in normal soil, it is no doubt
identical with var. serpentinicola. In addition,
Viscaria alpina forms which may rightly be
considered as var. serpentinicola have been found
in two Norwegian serpentine areas adjacent to S
Lappland. Thus, I observed an abundant occur-
rence of Viscaria alpina covering an area of some
ten square metres on the crest of the serpentine
knob which crops out due east of the settlement
Gruben near Kruté in Hattfjelldal. Although less
pronounced, this local-population shows all the
characteristics of var. serpentinicola and reference
to this variety seems quite justifiable.

Acta Phytogeogr. Suec. 31
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Fig. 39. Silene acaulis in a deep serpentine rock crevice.

This plant is very characteristic of alpine and subalpine
serpentine areas, growing usually on scree. Requires rather
deep soil. Picture from serpentine of Fig. 8.

Photo Olof Rune 29.6.1947.

Within the wide serpentine area of the Isle of
Rodon in Tjotta Viscaria alpina is rather frequent,
though never abundant. Most specimens collected
by me in this area agree very well with var. ser-
pentinicola. These plants are usually tall, about
15 cm, angustifoliate, and with an elongated, highly
branched raceme on the stiff stem. Since all plants
had passed flowering at the time of my visit, I was
unable to establish to what extent they are apetal-
ous. Within this area also the alpine main form
of Viscaria alpina was noticed — though never
mixed with the variety. However, more or less
intermediate types may appear in both populations.

Acta Phytogeogr. Suec. 31

In Middle Finland, Ostrobottnia Kajanensis, T
collected a few specimens of Viscaria alpina within
two different serpentine areas (see below). These
plants are quite tall, approx. 20 cm high and ex-
tremely angustifoliate. Unfortunately, all plants
had passed flowering at my visit and were, more-
over, rather damaged by grazing. Thus, as far as
can be decided from this meagre material, var. ser-
pentinicola seems to occur also in Finland.

Viscaria alpina var. serpentinicola is found in the
following localities in Fennoscandia:

Norway: Sumnoére, Almklovdalen (BJORLYKKE op.
cit. p. 60, 115); Hattfjelldal, Gruben near Kruta,
serpentine outcrop at about 400 m alt. 20/7 1950,
leg. O. RUNE.

Tjotta, Rodon Trolandet, on serpentine rocks, 50—
100 m alt. 18/7 1950, leg. O. RUNE.

Sweden: Jamtland, Frostviken par., Géddede,
1) Overvattsberget, E precipice, 28/8 1949, leg. O.
RunE, 2) Junsterklumpen 23/8 1949, leg. O. RUNE,
3) Soapstone outcrop p. 440 28/8 1949, leg. O. RUNE.
Lappland: Asele Lpm., Vilhelmina par., Kittelfjill
3/7 1946, leg. O. RUNE. Lycksele Lpm., Tédrna par.,
Roénnbéck, 1) Serpentine hill south of Lake Roénn-
backssjon 22/8 1947, 19/8 1949, leg. O. RUNE,
2) Mt Brandbergen 3/7 1948, leg. O. Ru~ne. Within
the Ronnbéck district, Viscaria alpina var. serpentini-
cola was noticed — though not collected — in some
other adjacent areas (cf. p. 85). Lule Lpm., Géllivare
par., Purnu, serpentine rocks at Lingonberget 5/7 1949,
leg. O. RuNE. Type locality.

Finland: Ostrobottnia Kajanensis, Paltamo par.,
1) Serpentine outcrop north of Lehmelampi 25/7 1948,
leg. O. RUNE, 2) Serpentine outcrop at Jormua, 25/7
1948, leg. O. RUNE.

Herbarium material from the localities mentioned
above in the Botanical Museum of Uppsala Uni-
versity.

Silene acaulis Jacg.

SERPENTINE: Very abundant in alpine and
subalpine areas (Nos. 3, 11-17, 20-25, 36, 39, 40).
Found in crevices or as large carpets on the weath-
ered serpentine soil (PL VIII, Fig. 39). Prefers deep
soil but, in other respects, its ecological amplitude
is very wide. Thus, it may occur in dry or wet
habitats, on hillock-tops as well as near snowbeds.

In the serpentine areas of Sunmore, Silene acaulis
seems quite abundant, but BJORLYEKEKE did not
characterize it as serpentinicolous. VoaT (1942 b)
pointed out its great abundance within the serpen-
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Fig. 40. Dwarf Melandrium rubrum from alpine serpentine
area at Rupsentjarre (area No. 17). This plant is grown in
normal soil in Uppsala from seed of original locality. Dia-

meter of pot 10 cm. Photo Olof Rune 25.5.1950.

tine areas of Roros. In N Finland, Stlene acaulis ap-
pears, like Minuartia biflora, very disjunctively
in lowland serpentine areas far away from alpine
districts, and it may be considered a serpentini-
colous relic in these areas.

OUTSIDE SERPENTINE: Abundant on calcar-
eous rocks within the alpine and subalpine regions
of Scandinavia.

Melandrium rubrum (WEIG.) GARCKE,

SERPENTINE: Very abundant in several ser-
pentine areas mainly below the alpine region
(Nos. 1, 2, 5, 6, 8, 10-14, 17, 27-31, 37). In some of
these areas it is represented by particular varieties
(see below). Among the rich populations that
generally appear on serpentine, large variations
can be observed. Thus, glabrous or white-flowered
specimens are not uncommon and angustifoliate
races are very typical of some areas (cf. below).

BJORLYKKE (op. cit.) noticed Melandrium rub-
rum in most areas at Sunmore, but he did not
consider it as serpentinicolous. According to VoaT
(1942 b), M. rubrum is very abundant in the serpen-
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Fig. 41. Specimens from the holotype of Melandrium rub-
rum var. serpentinicola. Brandbergen, Rénnbéck, Parish of
Tarna (left @, right 5‘). Photo Sven Eriksson 1952.

tine areas of Roros. Like Viscaria alpina, Melan-
drium rubrum seems to be connected with heavy
metals in the soil (cf. p. 105).

Though not usually an alpine plant, Melandrium
rubrum may yet appear in abundance also in ex-
posed situations in alpine serpentine areas (900-
1000 m, e.g., in areas No. 17 and 37). In that case,
however, it concerns dwarf specimens of Melan-
drium rubrum, mainly 10-15 cm high (the smallest
ones only 5-7 cm high). The root system of these
dwarf specimens is usually longer than the stem.
The flowers are of normal size, 1.5-2 cm, rendering
these dwarfs very large-flowered. Seeds of these
dwarfs, grown in normal soil in the Botanical Gar-
den of Uppsala University, produced plants of
the same small size. The serpentine-dwarfs of Me-
landrium rubrum therefore seem to be a distinct
alpine serpentine-ecotype (Fig. 40). Still, dwarf-
types of M. rubrum are occasionally found in the
low-alpine region even outside serpentine, though
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Fig. 42. Specimen (&) from the holotype of M elandrium
rubrum var. smithii. Téljstensberget, Handél, Parish of

Undersaker. Photo Sven Eriksson 1952.

never as abundantly as in the serpentine. Thus,
NormAN (1895) once described a dwarf race of M.
rubrum from N Norway, viz., var. subacaule, which
is only 10 cm high. Because of lack of sufficient
material of alpine, non-serpentine dwarfs, I have
so far not been able to compare the serpentine and
non-serpentine alpine dwarf-races of this species.

Melandrium rubrum var. ser pentinicola
nova var.

Differt a formis ceteris speciei caule stricto erecto
(12-)15-20(—25) cm alto et foliis angustioribus,
(0.3 -)0.5 -1.0( —1.2) cm latis, (plerumque anguste)
lanceolatis vel caulinis inferioribus et rosalibus +
anguste spathulato-lanceolatis, basin versus valde
angustatis (rosalibus + longe petiolatis), apicem versus
valde elongatis. — Planta perennis (pollacantha), bre-
vissime mollivillosa, radice valde elongata (saepe parti
epigaeae plantae aequilonga), saepe multicaulis. Flores
pauci, calyce in statu florendi parum inflato, in post-
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Fig. 43. Melandrium rubrum var. serpentinicola from type

locality at Ronnbéack, grown in normal soil in Uppsala
from seed of original locality. This is a female plant in
early postfloral stage. Flower with small petals (similar to
Figs. 44, 45) and swollen calyx. Diameter of pot 10 cm.

Photo Olof Rune 25.5.1950.

floratione sat manifeste inflato, 1.2-1.5 em longo,
petalis parvis, 2.0-2.5 cm longis.

Habitat in serpentino c¢. 400 m s.m. in Lapponia
Sueciae.

Coll. orig.: Suecia, Lapponia &selensis, par. Térna:
in parte australi montium Brandbergen prope Rénn-
béck, leg. O. Ru~Ne 7. VIL 1950 (typus in Mus. Bot.,
Uppsala).

Melandrium rubrum var. smithii! nova var.

Differt a var. serpentinicola foliis paullo crassioribus
sed angustioribus et basin ut apicem versus abruptius
angustatis, anguste lanceolatis vel fere lineari-lan-
ceolatis (in speciminibus macris + linearibus), (0.3 —)
0.4 - 0.7 (-0.9) cm latis. Flores numerosiores, petalis
2.5-3 cm longis, angustis et profunde bifidis. Calyx
etiam in speciminibus femineis vix manifeste inflatus,
1.2-1.5 em longus, dentibus sat elongatis. Planta

! Named after Dr Harry Smith, Uppsala, who first
paid attention to this plant.
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Fig. 44. Melandrium rubrum ad var. serpentinicola from
Muruhatten near Géddede (area No. 5) grown in normal
soil in Uppsala from seed of original locality. This is a

female plant with small petals (see flowers on right stem)
and swollen calyx. Whole plant pilose and with dark
purplish stems. Shape of leaves not typical of var. serpen-
tinicola. Diameter of pot 10 cm. Photo Olof Rune 25.5.1950.

tota glaberrima, caule et foliis caulinis saepe pur-
purascente.

Habitat in serpentino c. 550 m s.m. in prov. Jemt-
landia Sueciae.

Coll. orig.: Suecia, Jemtlandia, par. Undersaker:
in declivi septentrionali-orientali montis Téljstens-
berget prope Handdl, leg. O. Ru~ne 1. VIL. 1950 (typus
in Mus. Bot., Uppsala).

Melandrium rubrum var. serpentinicola and var.
smithit are closely related to the common subalpine

Fig. 45. Melandrium rubrum ad var. serpentinicola from
N Digerhosen near Giaddede (area No. 10) grown in serpen-
tine soil in Uppsala from small plant collected in original
locality. This is a male plant with small petals and ex-
tremely narrow leaves. Whole plant pilose. Diameter of
pot 10 cm. Photo Olof Rune 25.5.1950.

race of M. rubrum (var. lapponicum SIMMONS).
They differ from this, above all, by their slender
but always stiff, erect stems and narrow leaves.
As is clear from Fig. 46 the stem leaves, as well as
the basal leaves, are less than 1 c¢m in breadth.
The root system is usually strongly developed; the
central root may reach a length similar to (or even
longer than) that of the stem. Both varieties are
pollacanthic plants with a bunch of stems often
proceeding from the central root (Figs. 43-45, 47).

All these characteristics persisted at cultivation
in normal soil for several generations. However, their
growth in normal soil seemed to be more vigorous
— the plants increased in size by approx. 30 9%,
Even the strongly developed root system persisted
during the cultivation. Thus, a pot, 10 cm deep,
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The following populations are represented in the diagram:

1. (8,B,) Melandrium rubrum var.
2. (S,B,) ” ” ad var,
3. (S3By) " " var.
4. (S,B,) " s ”
5. (S3Bj) ® w
6. (SeBs) ” # »
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Fig. 46. Diagram showing length and breadth of leaves of ser-
pentinicolous races of Melandrium rubrum. Vertical length,
| horizontal breadth. Length unit 1 cm. Upper row: stem
g 1 leaves (middle pairs) S;-S;. Lower row: basal leaves (average
value of each specimen) B;-Bs.

smithii, Téaljstensberget (No. 1)
serpentinicola, Vargaren (No. 14)

i » Roénnbéck (No. 28)
" (No. 29)
(No. 30)
lapponica, non-serpentine population

”

” "

from subalpine meadow of Laxfjallet, Tarnaby, Lappland,
included for comparison.

Number of specimens measured in each population varies from about 10 to 30, depending on their abundance. Because
of a lack of measurable basal leaves in some specimens, stem and basal leaves may be unequal in number.

was quite filled up by the root system of a single
plant; the central root even grew out of the bottom
hole and continued some 10 cm down into the
sand layer.

Ecologically, var. serpentinicola agrees complete-
ly with var. smithii, both being confined to barren
serpentine rocks and scree of low altitudes (below
600 m). Both varieties occur very abundantly in
their localities.

Morphologically, var. serpentinicola and var.
smathis differ in the following respects:

1) var. serpentinicola shows the same degree of
pilosity as does the common subalpine race of the
species (var. lapponicum), while var. smithii is
totally glabrous. As a rule, the stems and leaves
are purplish in the latter.

2) var. serpentinicola has only a few flowers on
rather long pedicels (see Figs.), while var. smithis is
rather rich-flowering, having several flowers in a
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dense raceme. This difference is striking at cultiva-
tion (cf. Figs. 43, 44, and 47).

The petals of var. serpentinicola are relatively
similar to, or smaller than, those of the main form
and they also conform in shape. The calyx of var.
serpentinicola is always somewhat swollen or blad-
dery in the flowers of either sex (cf. Figs. 41, 43, 44).

The petals of var. smithii are relatively longer,
narrower, and more deeply split than in other bio-
types of the species. The calyx of var. smithii is
long and narrow, rarely somewhat swollen in female
specimens (Fig. 47).

3) Considering the whole populations,
smithit is more markedly angustifoliate than var.
serpentinicola (cf. Fig. 46). A difference in shape is
also discernible, the leaves of the former being
thicker and more linear than those of the latter
which are narrowly lanceolate.

Apparently, these varieties are also distinguished

var.



Flora of serpentines in N Sweden 65

from other types of Melandrium rubrum by the
above-mentioned characteristics.

It is only natural that such a variable species as
Melandrium rubrum will be found to have produced
morphologically different serpentinicolous ecotypes
in different stations. Thus, typical representatives
of these varieties are to be seen only in their type
localities.

The description of var. serpentinicola refers to
the populations of the Ronnbéck district, which
occur abundantly within three adjacent areas
(Nos. 28, 29, 30). As emerges from Fig. 46 the popu-
lation of No. 30 (type locality) is more angustifoliate
than the others of the district. The plants of this
locality are even smaller in size. These differences
are probably due to local modifications, the type
locality (No. 30) being situated on south-exposed
scree which is dry and warm, while the others, on
shelves etc., occur in partly shaded situations. In
other respects, the three populations of this district
conform well.

In Frostviken, Jimtland, different serpentinico-
lous local-populations of Melandrium rubrum occur
within three different areas, viz., Nos. 5, 10, 14.
Though not identical with var. serpentinicola
they are rather similar to it and will be referred
to as ad wvar. serpentinicola.

var. smithii is found in one single locality, viz.,
Taljstensberget at Handol, where it grows in
abundance. The population is rather uniform. Still,
pilose individuals have been detected. As they are
intermediate also with regard to other character-
istics they may be considered as “hybrids”. This
peculiar plant has been observed and collected by
several botanists and is also mentioned in the
literature (HYLANDER 1947).

Melandrium rubrum var. serpentinicola and closely
related forms have been established from the fol-
lowing localities:

Lappland, Asele Lappmark, Tirna par., Rénnbéck:
1) Brandbergen, southern part 7/7 1949, leg. O. RUNE,
2) Serpentine area of the Rénnbéck Peninsula 7/7

1949, leg. O. RUNE, 3) Serpentine area south of Rénn--

béckssjon 6/7 1949, leg. O. RUNE.

ad. var. serpentinicola: Jamtland, Frostviken par.,
1) Muruhatten 3/7 1947, leg. O. RUNE, 2) Norra Diger-
hoésen, not collected, 3) Serpentine area south of
Viargaren settlement 6/7 1950, leg. O. RUNE.

5— 537056 Olof Rune

Fig. 47. Melandrium rubrum var. smithii from Téiljstens-

berget, Handél, grown in normal soil in Uppsala from seed
of original locality. This is a male plant, approx. 30 em
high and totally glabrous. Note rich flowering with flowers
in dense head-like racemes, flowers with long, narrow
petals. Photo Olof Rune 10.6.1951.

Melandrium rubrum var smithii has been established
from the following locality:

Jamtland, Undersdker par., Handél: Téljstensber-
get, noth-east slope, 11/7 1946 leg. J. A. NANNFELDT,
and 1/7 1950 leg. O. RUNE.

Herbarium material from all the above localities
in the Botanical Museum of Uppsala University.

b. Bryophytes, Lichens, and Algae.

Among the lower cryptogams—bryophytes, li-
chens and algae—a similar poorness in species pre-
vails on serpentine as among the vascular plants.
However, certain species were invariably found in
abundance in almost every serpentine area, such
as the mosses Rhacomitrium lanuginosum, Drepa-
nocladus wuncinatus, Campylium stellatum, Trito-
maria quinquedentata, and the alga Trentepohlia
jolithus. These are all common and widespread in
the mountain district of N Sweden also on rocks of
a different lithological origin. However, they occur
so frequently and abundantly on serpentine as
to justify, apparently, their being considered as
serpentinicolous.

The lichen Caloplaca elegans is also very com-
mon on serpentine, especially on dry south-exposed
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bluffs, where the rock faces are sometimes red in
colour from this lichen. However, such abundant
occurrences of this lichen are not restricted to ser-
pentine only but characteristic of all basic rocks.
According to KoOTILAINEN (verbal information)
the moss Weisia viridula is highly characteristic of
the serpentine areas in Finland. It has so far been
found in one single Swedish serpentine area, viz.,
Lillfjdallet near Gdddede, by KoTILAINEN. As I am
no specialist in bryology, it is quite possible that
this moss may have been overlooked by me in
other serpentine areas of N Sweden. Even so, it is
quite clear that in N Swedish serpentine areas
Weisa viridula must be by far less frequent than
the serpentinicolous mosses mentioned above. In
contrast with E Fennoscandia, it is not particularly
serpentinicolous in Sweden. Also the specific ser-
pentine type of Brachythecium velutinum mentioned
by KOTILAINEN (1944) as typical of some serpentine
areas of Middle Finland has been searched for in
vain on the serpentines of N Sweden. Thus, the
only serpentinicoles of N Sweden among the lower
cryptogams seem to be the following species:

Bryophytes.
(nomenclature according to JENSEN 1939).
Tritomaria quinquedenta (Hups.) Bucs.

Abundant in moist and shady crevices of the
serpentine rocks. Lacking only in extremely dry
areas.

Rhacomitrium lanuginosum HEDw.

Extremely abundant in most of the western
alpine and subalpine areas, forming carpets on rocks
and weathered soil; more sparse in the low-alti-
tude areas of the eastern mountain districts. Abun-
dant on serpentine also in E Canada and in the
Austrian Alps (LAMMERMAYER 1926 p. 385).

Drepanocladus uncinatus (HEDW.) Warnst.
Abundant in crevices and on moist boulders in
areas of different altitudes.

Campylium stellatum (ScHREB.) BryHN.

A particular type of this variable species is very
abundant in crevices and on wet serpentine soil in
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most serpentine areas (cf. p. 46). This type of
Campylium stellatum has been observed by Kori-
LAINEN (1944) to be strongly characteristic of ser-
pentine in Finland.

Algae.
Trentepohlia jolithus (L.) WALLR.

Abundant on serpentine boulders and rock walls
in moist or shady places, notably, near snowbeds.
According to KNABEN (1952), abundant on serpen-
tine in Sogn, W Norway. Abundant also in the
Alps on serpentine, magnesite, and dolomite (LAM-
MERMAYER 1928 a, BRAUN-BLANQUET 1951 p. 236).

B. Serpentine - indifferent plants.
a. Vascular Plants.
Lycopodium selago L.

SERPENTINE: Occasional insomealpine areas (Nos.
12, 21, 32, 39, 40). In N Finland found also in lowland
serpentine areas (cf. MikkorLa 1938). According to
BJOorLYKKE, abundant in the serpentine areas of
Sunmore; occurring also in serpentine areas of Cen-
tral Europe (cf. BJORLYKKE op. cit. p. 118). Probably
more connected with serpentine outside Sweden.

OUTSIDE SERPENTINE: Rather frequent in the
alpine region on soils of a different lithological origin.

Juniperus communis L. var. montana A1r.

SERPENTINE: Abundant in areas of low altitudes
(below 700 m); occasional at higher altitudes, hardly
reaching above 900 (Nos. 1-3, 6, 12, 14, 15, 18, 19,
22-31). .

OUTSIDE SERPENTINE: Very abundant; indiffe-
rent. Reg. alp.-reg. conif.

Pinus silvestris L.

SERPENTINE: Areas of low altitudes (below c.
600 m) are usually covered with sparse pine forests.
Pines are the only trees to form forests in the serpen-
tine areas of N Sweden. Yet even the pine grows
slowly in serpentine soil. The trunks of the trees are
often stunted or broken. A large number of subfossil
trunks have been noticed in areas without pine forest
today (No. 28). In the serpentine areas of Sunmoére and
in Middle Europe, Pinus stlvestris is the only tree to
form forests (BJORLYKKE op. cit.,, LAMMERMAYER
1926, 1928 a, KrETscEMER 1931). Pine is found in
areas Nos. 1, 2, 4, 6-8, 22, 28-31, 41.

OUTSIDE SERPENTINE: Abundant, though un-
equally distributed in the mountain districts; in-
different. Reg. conif.
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Anthoxanthum odoratum L. (mainly A. alpinum
Love & LOvVE).

SERPENTINE: Abundant,especially in alpine areas;
preferential of not too much exposed habitats (Nos.
12, 13, 16, 17, 21, 24, 25, 36, 37). Abundant also in
the serpentines of Sunmore.

OUTSIDE SERPENTINE: Very abundant; indiffe-
rent. Reg. alp.-reg. conif.

Agrostis canina L. var. arida SCHLECHT.

SERPENTINE: Frequent in some areas at low
altitudes (areas Nos. 6-9, 12, 33). Very abundant in
area No. 8, Mt Junsterklumpen. Agrostis canina s.lat.
is frequent in the serpentine areas of Sunmére (BJOR-
LYKKE) and, according to my own observations, also
in the serpentine of the Isle of R6d6én, Nordland.

OUTSIDE SERPENTINE: Occasional, dry rocks in
reg. conif.; indifferent.

Deschampsia flexuosa (L.) TRIN.

SERPENTINE: Abundant in almost every area,
lacking only in shore area No. 33 and in the rather
extreme, alpine areas Nos. 38—40. Abundant also in
the serpentine areas of Finland (MIKKOLA op. cit.),
Norway (BJORLYKKE op. cit.), Central Europe

KRETSCHMER op. cit.). Very abundant on serpentine .

also in E Canada.

OUTSIDE SERPENTINE: Very abundant, reaching
in S Lappland the 1200 m level. Preferential of acid
soils. Found on extremely acid soil near the outcrops
of copperpyrite, e.g., at Remdalen, Asele Lappmark,
and accordingly also very resistant to the injurious
effects of a high copper content in the soil.

Deschampsia flexuosa is often denoted as acidico-
lous. This does not, however, seem adequate, con-
sidering the rich occurrence of this plant on serpentine
which has a slightly basic soil reaction.

Festuca ovina L.

SERPENTINE: Very abundant in most areas, at
altitudes ranging from 300 to 1200 m. Only lacking
in the high alpine area of Mt St. Alke (No. 38). Partic-
ularly abundant in very dry habitats, viz., parts
of south-exposed rocks, etc. Abundant also in ser-
pentine of N Finland (cf. MikxkorLa op. cit.). In
South and Middle Europe, several races of Festuca
ovina are very abundant on serpentine (cf. KRETSCH-
MER Op. cit., Suza 1928, and P1cHI-SERMOLLI 1948).

OUTSIDE SERPENTINE: Very abundant; indif-
ferent. Reg. alp.—reg. conif.

Scir pus caespitosus L. ssp. austriacus (PArLA) BroDD.

SERPENTINE: Frequent in moist crevices in some
alpine areas (Nos. 12, 24, 36, 37, 40). According to
BJORLYKKE (op. cit.) abundant on the serpentine of

Sunmoére. Rather abundant on serpentine also in E
Canada.

OUTSIDE SERPENTINE: Very abundant as a
mire-plant; on firm rock never as frequent as on
serpentine; indifferent. Reg. alp.-reg. conif.

Juncus trifidus L.

SERPENTINE: Very abundant in the areas of the
alpine and subalpine regions. At low-alpine and
subalpine altitudes, Juncus ¢rifidus is more abundant
on serpentine than outside, disclosing the same abun-
dance as generally seen in the mid-alpine region. Only
lacking in areas Nos. 4-10, 28—34, 41.

OUTSIDE SERPENTINE: Very abundant in the
alpine region, especially in the mid-alpine region
(1200-1400); indifferent.

Cerastium alpinum L.

SERPENTINE: Besides Cerastium glabratum, which
may be considered to belong to the C. alpinum complex,
also other races of it occur on serpentine. A serpen-
tinicolous variety of C. alpinum has been described
previously on p. 53. However, also the type-race of
Cerastium alpinum is rather frequent in alpine serpen-
tine areas. It was observed in the following areas,
Nos. 19, 23-25, 32, 36.

OUTSIDE SERPENTINE: Frequent in the alpine
region, occasional at lower altitudes; indifferent.

Minuartia rubella (W¢) HIiern.

SERPENTINE: Rather frequent in some localities
in the area of Graipesvare-Murfjéllet (No. 20), where
the serpentine is partly rather calcareous (cf. RUNE
1947).

OUTSIDE SERPENTINE: Frequent in the north-
ern parts of Lappland (Torne and Lule Lappmark),
very rare in S Lappland (Pite, Lycksele and Asele
Lappmark); calcicolous. Reg. alp.

Saxifraga nivalis L.

SERPENTINE: Frequent in several areas at dif-
ferent altitudes (areas Nos. 16, 18, 20, 21, 24, 25, 27,
29, 30, 35, 36). Saxifraga nivalis is also mentioned
by Ove DaHL (1915 p. 102) as abundant in the serpen-
tine areas southeast of Lake Rdsvatn (Hattfjelldal,
Nordland). It is also mentioned by KNABEN (1952)
from the alpine serpentine areas of W Norway (Sogn).
However, this plant does not seem to have been found
in the serpentine areas of Sunmoére (BJORLYKKE
op. cit.). Nevertheless, I myself have seen it growing
rather frequently on the coastal serpentine of N Nor-
way (Rodén in Tjotta, Nordland). Saxifraga nivalis
also appears very disjunctively in several low-altitude
serpentine areas of Finland (cf. p. 91). This species
might probably as well be characterized as serpentini-
colous.
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OUTSIDE SERPENTINE: Frequent in reg. alp. and
subalp., occasional in reg. conif.; indifferent.

Ramischia secunda (L.) GARCKE.

SERPENTINE: Frequent in a few areas at low
altitudes (Nos. 10, 28-31, 33). In Sunmore, this plant
seems also to occur quite abundantly in some areas
at low altitude (BJORLYKKE op. cit.). At Mt Taberg,
in the province of Sméland, Rasmischia secunda grows
abundantly in the soil derived from magnetite-olivi-
nite. In Finland, Ramsischia seems also to be rather
frequent on serpentine, and might perhaps be charac-
terized as serpentinicolous.

OUTSIDE SERPENTINE: Frequent; indifferent.
Reg. subalp.-reg. conif.

Arctostaphylos uva-ursi (L.) SPRENG.

SERPENTINE: Occasional in some areas at widely
different altitudes (areas Nos. 3, 20, 30).

OUTSIDE SERPENTINE: Occasional; indifferent.
Restricted to very dry habitats; unevenly distributed
in the mountain district. Reg. alp.-reg. conif.

Vaccinium uliginosum L.

SERPENTINE: Noticed in all the visited areas,
except in Nos. 4 and 38. Vaccinium uliginosum occurs
abundantly on serpentine and is undoubtedly one of
the most important plants of this substratum. How-
ever, as this plant is also very abundant on other
kinds of soil, it cannot properly be considered to be
serpentinicolous.

OUTSIDE SERPENTINE: Abundant in all altitu-
dinal regions. The alpine race seems to be somewhat
calcicolous.

Calluna vulgaris (L.) HuLL.

SERPENTINE: Abundant in most areas below the
alpine region (areas Nos. 1-15, 22, 23, 26, 28-31,
34, 41). Statements in the literature disclose Calluna
vulgaris as a common serpentine plant also in Sunmore
(BJORLYKKE op. cit.) and in the Austrian Alps
(LAMMERMAYER 1926). Though Calluna is known to
be acidicolous, it is one of the most important plants
on the slightly basic serpentine soil.

OUTSIDE SERPENTINE: Frequent (locally abun-
dant); calcifuge. Reg. alp. inf.-reg. conif.

Empetrum hermaphroditum HAGERUP.

SERPENTINE: Noticed in all areas, except No. 38
— often in great abundance.

OUTSIDE SERPENTINE: Very abundant; indif-
ferent. Reg. alp.—reg. conif.

Campanula rotundifolia L.

SERPENTINE: Frequent in several areas at dif-
ferent altitudes (areas Nos. 12, 19-24, 28-31, 35-36).
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Also outside N Sweden, Campanula rotundifolia seerns
to be a common serpentine plant. It is mentioned as
common in serpentine areas of Sunmore (BJORLYKKE),
Finland (MikkorLa), and Central Europe (LAMMER-
MAYER, KRETSCHMER, and others). Also in the serpen-
tine areas of E Canada, Campanula rotundifolia occurs
in abundance. Many different serpentine races may
of course exist in this variable species. Though very
typical of serpentine, Campanula rotundifolia is by
no means serpentinicolous. In N Sweden, it is not
more preferential of serpentine than, e.g., of lime-
stone.

OUTSIDE SERPENTINE: Frequent; especially on
calcareous rock. Reg.alp.-reg. conif.

b. Bryophytes and Lichens.

As a rule, the lower cryptogams are not included in
my study of the serpentine flora. Apart from my
observations concerning the serpentinicolous repre-
sentatives of these plant groups reported earlier (cf.
p- 65), further contribution to the knowledge of the
cryptogamic serpentine flora consists only of some
odd notes from a few areas which had also been in-
vestigated slightly with regard to these plant groups.
Thus, the collections, mainly from areas Nos. 18, 22,
29, 30, and 36, were determined by O. MARTENSSON
(bryophytes) and S. AHLNER (lichens). As it is impos-
sible to decide, on the basis of this fragmentary
material, which species are serpentine-indifferent and
which are accidentals, they will all be included in the
list below.

Bryophytes.
(nomenclature according to JENSEN 1939).

Sphenolobus minutus (Cr.) STEPH.

Area No. 30, frequentin tufts of Dicranum fuscescens.

Blepharostoma trichophyllum (L.) Dum.

Area No. 30, occasional in moist crevices.

Piilidium ciliare (L) HampE.

This common and widespread hepatic seems to
occur as abundantly on serpentine as on any other
kind of soil. Occasionally found on serpentine rocks,
though abundant only in the ground layer of the
dwarf shrub heaths which occurs where the serpentine
soil is covered with a humus layer.

Sphagnum nemoreurn Scor.

AreaNo. 30; a single tuft in a wet cavity on therock.

Dicranum tergeri BLAND.

Area No. 34, occasional.
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Dicranum fuscescens TURN.

Areas Nos. 29, 30, 31, abundant.

Dicranum majus TURN.

Area No. 30, occasional.

Dicranum muehlenbeckii Br. eur.

Areas Nos. 29, 30, 31, rather abundant. This moss is
considered by KOTILAINEN (verbal information) to be
very characteristic of serpentine in Finland. Found
also on serpentine in Central Europe (LAMMERMAYER
1927).

Dicranum scoparium (L.) HEpw.

Areas Nos. 29, 30, abundant; area No. 36, occasional.

Ceratodon purpureus (L.) Brip.

Areas Nos. 18, 29, 30, 36,
rock crevices.

rather abundant in

Distichium capillaceurn (HEpW.) Br. eur.

Areas Nos. 18, 30, occasional.

Ditrichum flexicaule (ScHLEICH.) HAMPE.

Areas Nos. 18, 36, sparse.

Tortula norvegica (WEB. fil.) LINDB.

Area No. 36, sparse.

Tortula ruralis (L.) EBRE.

Area No. 18, occasional on a south-exposed precipice.

Tortella tortuosa (L.) LiMPR.
Areas Nos. 18, 29, 30, 31, 36, occasional. This moss

which is considered to be a calcicole is observed also
on serpentine free from calcium (29-31).
Schistidium apocarpum (L.) Br. eur.

Areas Nos. 18, 36, occasional.
Tetraplodon bryoides (Zoica) LINDB.

Area No. 30, sparse on pieces of reindeer bones.
Webera cfr nutans HEDW.

Area No. 36, sparse.

Bartramia ityphylla Brip.

Area No. 18, occasional on a south-exposed precipice.

Leucodon sciuroides (L.) SCHWAEGR.

Area No. 18, rather frequent on a south-exposed
percipice.
Thuidium abietinum (L.) Br. eur.

Area No. 18, occasional on a south-exposed precipice.

Lichens.
Ionaspis odora (Acn.) TH. FRr.

Area No. 22, occasional.

Nephroma arcticurn (L.) Torss.

Areas Nos. 29-31, occasional on serpentine covered
with humus.

Lecidea lapicida Ach.

Area No. 22, occasional on serpentine boulders.

Lecidea sorediza NYL.

Area No. 22, occasional on serpentine boulders.

Rhizocarpon geminatum (Fror.) KBR.

Area No. 26, sparse on a south-exposed precipice.

Cladonia rangiferina (L.) WEB.

Occasional in places where the serpentine soil is
covered with humus.
Cladonia pyxidata (L.) Fr.

Same as above.

Cladonia sylvatica (L.) HorFm.

Same as above.

Stereocaulon paschale (L) Horrm.

Same as above.

Lecanora polytropa (EERE.) RABH.

Area No. 22, occasional.

Cetraria nivalis (L.) AcH.

Frequent in places where the serpentine is covered
with humus.
Caloplaca elegans (Link) TH. Fr.

Areas Nos. 3, 8, 9, 11, 18, 19, 21, 24, 26, 29-31, 35,
37. Rather abundant on dry south-exposed precipices.
Caloplaca sorediata (VaIN.) DR.

Area No. 26, same as above.

Physcia caesia (Horrm.) HaMPE.

Abundant on tops of exposed boulders, etc. (bird-
perches).
Physcia lithotodes NyL.

Same as above.

C. Serpentine-accidental plants.
Lycopodium alpinum L.

SERPENTINE: Rare, a few individuals noticed in
one area: Mt Rautats (No. 12).
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OUTSIDE SERPENTINE: Rather frequent; indif-
ferent. Reg. alp.-reg. conif.

Selaginella selaginoides (L) LINk.

SERPENTINE: Occasional in some areas (Nos. 20,
24, 33, 36).

OUTSIDE SERPENTINE: Rather frequent; some-
what calcicolous. Reg. alp.—reg. conif.

Athyrium alpestre (HorPE) MILDE.

SERPENTINE: Rare, only a few individuals
noticed at Mt Rautats (No. 12).
OUTSIDE SERPENTINE: Abundant; indifferent.

Reg. alp.-reg. conif.

Cystopteris fragilis (L.) BERNH.

SERPENTINE: Occasional on southern bluffs in
the Ronnbéck district (areas Nos. 28, 29), also No. 9.
OUTSIDE SERPENTINE: Occasional; probably

somewhat calcicolous. Reg. alp.—reg. subalp.

Woodsia ilvensis (L.) R. Br.

SERPENTINE: Occasional on some southern bluffs
of the Rénnbéck district (areas Nos. 28, 29).

OUTSIDE SERPENTINE: Occasional, mainly on
gouthern bluffs; indifferent. Reg. subalp.-reg. conif.

Woodsia alpina (BoLton) S. F. GrAY.

SERPENTINE: Rather frequent in one of the areas
(No. 29) of the Ronnbéck district, growing on serpen-
tine boulders below a southern bluff. Sparsely also
in area No. 28.

OUTSIDE SERPENTINE: Occasional; probably
somewhat calcicolous. Reg. alp.-reg. conif.

Polystichum lonchitis (L.) Rora.

SERPENTINE: Rare, only a few, very small indi-
viduals in one single locality: a southern bluff of
Graipesvare (No. 20) at a remarkably high altitude
(1000 m).

OUTSIDE SERPENTINE: Occasional;
calcicolous. Reg. subalp.-reg. conif.

somewhat

Lastrea dryopteris (L.) Bory.

SERPENTINE: Occasional on the southern bluff
of Mt Tjarve (No. 18).

OUTSIDE SERPENTINE: Very abundantinwoods;
indifferent. Reg. subalp.-reg. conif.

Polypodium vulgare L.

SERPENTINE: Occasional on dry cliffs of the
Ronnbéack area (Nos. 28, 29).

OUTSIDE SERPENTINE: Rare, in the high moun-
tain district, limited to the southern bluffs of the
reg. conif. Indifferent.
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Picea abies (L.) KARsT.

SERPENTINE: Rare; the spruce always seems to
avoid serpentine,and even when surrounded by spruce-
forests, the serpentine areas are almost devoid of
this kind of tree.

OUTSIDE SERPENTINE: Very abundant; indif-
ferent. Reg. conif.

Phragmites commaunis TRIN.

SERPENTINE: Growing very sparsely in a small
pool of the Kittelfjall serpentine (No. 22).

OUTSIDE SERPENTINE: Occasional and cal-
cicolous in the mountain region (reg. subalp. and
upper reg. conif.). Abundant and indifferent at lower
altitudes.

Phleurn pratense L.

SERPENTINE: Rare, only as a weed near the
miners’ huts at Mt Rautats.

OUTSIDE SERPENTINE: Only hemerophilous
around settlements, in lumbering places, etc.

Agrostis borealis HARTM.

SERPENTINE: Rather frequent in alpine and
subalpine areas (Nos. 12, 16, 18, 21, 23, 26, 28-30, 33,
34-38).

OUTSIDE SERPENTINE: Frequent at different
altitudes and on different kinds of rock.

Agrostis tenuis SIBTH.

SERPENTINE: Occasional in some areas at low
altitude (Nos. 8, 9, 33).

OUTSIDE SERPENTINE: Occasional in the moun-
tain district. Restricted to lower regions, doubtful
whether indigenous; indifferent.

Calamagrostis purpurea TRIN.

SERPENTINE: Occasional among boulders below
steep bluffs (Nos. 18, 28).

OUTSIDE SERPENTINE: Very abundant; indif-
ferent. Reg. alp.-reg. conif.

Calamagrastis neglecta (Egra.) G., M. & Sch.

SERPENTINE: Occasional, growing mostly round
bird-perches in alpine areas (Nos. 21, 36).

OUTSIDE SERPENTINE: Abundant; indifferent.
Reg. alp.-reg. conif.

Descham psia alpina (L) R. & S.

SERPENTINE: Rare, only few individuals in two
alpine areas (Nos. 12, 40).

OUTSIDE SERPENTINE: Frequent in the alpine
region; indifferent.

Descham psia caespitosa (L.) PB.

SERPENTINE: Occasional in two different habitats:



Flora of serpentines in N Sweden 71

a serpentine rock on the shore of Lake Laisan (No. 33),
and near the top of Mt Rautats (No. 12).

OUTSIDE SERPENTINE: Very abundant; indif-
ferent. Reg. alp.—reg. conif.

Triseturmn spicatum (L.) RicaT,

SERPENTINE: Occasional in some alpine areas
(Nos. 20, 21, 36) and on a serpentine rock on a lake
shore (No. 33).

OUTSIDE SERPENTINE: Frequent in the alpine
region; indifferent.

Poa alpigena (Fr.) Hur.

SERPENTINE: Occasional in some areas (Nos. 12,
19, 32, 33, 36).

OUTSIDE SERPENTINE:
Reg. alp.—reg. conif.

Frequent; indifferent.

Poa alpina L.

SERPENTINE: Occasional in a few areas (Nos.
19, 36).

OUTSIDE SERPENTINE: Abundant;
calcicolous. Reg. alp.—reg. subalp.

somewhat

Poa annua L.

SERPENTINE: Hemerophilous round the miners’
huts on Mt Rautats (No. 12).

OUTSIDE SERPENTINE: Inthe mountain district,
only hemerophilous on roads, etc.

Poa arctica R. Br.

SERPENTINE: Occasional in an area of Ammar-
fjallen (No. 39).

OUTSIDE SERPENTINE: A complex species with
bicentric distribution in the Scandes. Frequent in N
Lappland. S limit in Sweden at Ammarfjéllen; indif-
ferent. Reg. alp.

Poa glauca VAHL.

SERPENTINE: Rare, only on dry, south-exposed
rocks (areas Nos. 11, 18, 28).

OUTSIDE SERPENTINE: Occasional on southern
bluffs and dry rocks; indifferent. Reg. alp.—reg. conif.

Poa trivialis L.

SERPENTINE. Rare, only as a weed near the
miners’ huts on Mt Rautats (No. 12).

OUTSIDE SERPENTINE: Not indigenous in the
mountain district. Hemerophilous round settlements,
ete.

Phippsia algida (Sor.) R. Br.

SERPENTINE: Occasional only in one area: the
peak of Mt Atoklinten (No. 36), at 1000 m altitude.

OUTSIDE SERPENTINE: Frequent on snowbeds
in reg. alp., indifferent.

Festuca vivipara (L.) Sm.

SERPENTINE: Frequent in the alpine serpentine
areas of Sodra Storfjdllen (Nos. 36, 37), but not seen
elsewhere in the serpentine areas of N Sweden. Ac-
cording to BJORLYKKE (op. cit.), abundant in the
serpentine areas of Sunmore.

OUTSIDE SERPENTINE: Frequent; somewhat cal-
cicolous. Reg. alp.

Festuca rubra L. var. mutica HARTM.

SERPENTINE: Occasional in the same areas as
F. vivipara. According to BJORLYKKE (op. cit.), very
abundant in the serpentine of Sunmére.

OUTSIDE SERPENTINE: The var. mutica HARTM.
is an alpine, calcicolous race of Festuca rubra which
is rather abundant in the northern parts of the
mountain district of N Sweden, but becomes very
sparse towards the south.

Roegneria canina (L.) NEVSKL

SERPENTINE: Occasional on serpentine scree
below a southern bluff (area No. 26).

OUTSIDE SERPENTINE: Frequent below cliffs
and in rich woods; somewhat calcicolous. Reg. alp.—
reg. conif.

Roegneria scandica NEVSKI.

SERPENTINE: Occasional on serpentine scree be-
low southern bluffs (areas Nos. 18, 29).

OUTSIDE SERPENTINE: Occasional; dry and
warm habitats on calcareous ground. Reg. alp.-reg.
conif.

Eriophorum scheuchzeri HoPPE.

SERPENTINE: Occasional near ponds in two
alpine serpentine areas (Nos. 36, 37).

OUTSIDE SERPENTINE: Abundant in the alpine
region, occasional at lower altitudes; indifferent.

Eriophorum angustifolium Honck.

SERPENTINE: Rare, growing sparsely near a small
pond at Mt Rautats (No. 12).

OUTSIDE SERPENTINE: Abundant; indifferent.
Reg.alp.—reg. conif.

Carex rupestris ALL.

SERPENTINE: Very abundant on calcareous ser-
pentine (area No. 20), occasional on pure serpentine
rock (Nos. 21, 24).

OUTSIDE SERPENTINE: Very abundant; calcico-
lous. Reg. alp.—reg. subalp.

Carex lachenalii SCHKUHR.

SERPENTINE: Frequent in moist places in several
alpine areas (Nos. 12, 16, 17, 20, 21, 36, 37, 39).
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OUTSIDE SERPENTINE: Abundant; indifferent.
Reg. alp.

Carex canescens L.

SERPENTINE: Occasional in two areas, growing
near small ponds (Nos. 26, 29).

OUTSIDE SERPENTINE: Abundant; indifferent.
Reg. alp.—reg. conif.

Carex bigelowii ToRR.

SERPENTINE: Occasional in a few alpine areas,
growing only in soil rich in humus (Nos. 12, 16, 17,
24, 32, 39).

OUTSIDE SERPENTINE: Very abundant; indif-
ferent. Reg. alp.

Carex atrata L.

SERPENTINE: Occasional on calcareous serpentine
(Nos. 20, 24).

OUTSIDE SERPENTINE:
Reg. alp.—reg. conif.

Frequent; calcicolous.

Carex glacialis Mack.

SERPENTINE: This rare plant was found in one
alpine area, Graipesvare (No. 20), growing in weath-
ered serpentine soil. Yet the calcicole Carex glacialis
was not found among the other calcicoles which
occur on the calcareous serpentine of Graipesvare,
but on rather pure serpentine.

OUTSIDE SERPENTINE: Rare; calcicolous. Reg.
alp.

Carex capillaris L.

SERPENTINE: Rare in a few areas of calcareous
serpentine, Nos. 20, 24, 36.

OUTSIDE SERPENTINE: Frequent on calcareous
soil. Reg. alp.-reg. conif.

Juncus filiformis L.

SERPENTINE: Sparsely in one area, No. 26, grow-
ing near a small pond.

OUTSIDE SERPENTINE: Abundant; indifferent.
Reg. alp.—reg. conif.

Luzula wahlenbergii RUPR.

SERPENTINE: Occasional on rock ledges of a moist
north-exposed cliff (area No. 37).

OUTSIDE SERPENTINE: Frequent;
Reg. alp.-reg. subalp. .

indifferent.

Luzula arcuata (W) Sw. s. str.

SERPENTINE: Occasional in the markedly alpine
areas (Nos. 21, 36, 38, 40).

OUTSIDE SERPENTINE: Very abundant at high
altitudes (c. 1400-1800 m); indifferent.
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Tofieldia pusilla (MicHX.) PERS:

SERPENTINE: Occasional on the calcareous ser-
pentine (c. 25 % CaCO,) of Murfjillet (No. 20).

OUTSIDE SERPENTINE: Frequent; somewhat cal-
cicolous. Reg. alp.—reg. conif.

Leucorchis albida (L.) E. MEY.

SERPENTINE: Rare, a few individuals seen in the
same locality as Tofieldia pusilla (see above).

OUTSIDE SERPENTINE: Occasional; somewhat
calcicolous. Reg. alp.—reg. conif.

Salix reticulata L.

SERPENTINE: Rare and only in a few areas with
+ calcareous serpentine (Nos. 20, 22, 32, 36).

OUTSIDE SERPENTINE: Frequent on calcareous
rocks. Reg. alp.—reg. subalp.

Salix herbacea L.

SERPENTINE: Rare but is to be found in most
alpine areas. Only lacking in the low-altitude areas
Nos. 1,2, 4-10, 22, 26-32, 34, 41.

OUTSIDE SERPENTINE: Very abundant; indif-
ferent. Reg. alp.

Salix lapponum L.

SERPENTINE: Small shrubs of grey willows, Saliz
lapponum, Saliz glauca and their hybrids, occur
sparsely in most areas at altitudes between approx.
500 and 1000 m. Lacking only in areas Nos. 4-10,
28-32, 38, 41.

OUTSIDE SERPENTINE: Very abundant; indif-
ferent. Reg. alp.—reg. conif.

Salix glauca L.

SERPENTINE: See Salix lapponum.
OUTSIDE SERPENTINE: Very abundant; Indif-
ferent. Reg. alp.—reg. conif.

Salix lapponum x glauca.

SERPENTINE: See Salix lapponum.
OUTSIDE SERPENTINE: Abundant; indifferent.
Reg. alp.—reg. conif.

Betula tortuosa LED.

SERPENTINE: Trees of the mountain-birch occur
up to a level of about 600 m, and small shrubs up to
about 700 m. Thus, in the serpentine areas the
timberline is about 100 m lower than outside. As may
be seen from Pl. VI, the wide plateau of Mt Rautats
at the 700 m level has a totally alpine character.
Many serpentine areas (cf. Figs. 17, 18, Pl VII) are
also forming alpine islands in the subalpine birch-
forest region. Even in the low-altitude serpentine
areas, the birch-trees are restricted to favourable
habitats with deep soil. Usually, a clear contrast is
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noted between the scattered birch-bushes within the
serpentine area and the dense birch-forest beyond it.
A similar lowering of the timberline, here formed by
the spruce, is also reported from the serpentine areas
of the Alps (SCHROTER 1926, LAMMERMAYER 1926).
This phenomenon is no doubt due to unfavour-
able conditions for forest-growth, as offered by the
serpentine, and provides a good example of a timber-
line, which is orographically conditioned, i.e. not in-
fluenced by climatic factors only.

OUTSIDE SERPENTINE: Very abundant; indif-
ferent. Reg. subalp.—reg. conif.

Betula nana L.

SERPENTINE: Occasional in most areas, especially
when the serpentine soil is covered by a humus
layer. Lacking only in areas Nos. 4, 15, 32, 38, 41.

OUTSIDE SERPENTINE: Very abundant; indif-
ferent. Reg. alp.—reg. conif.

Rumex acetocella L. s. lat.

SERPENTINE: Rare, only as a weed near the
miners’ huts at Mt Rautats.

OUTSIDE SERPENTINE:
round settlements, etc.

Only hemerophilous

Oxyria digyna (L.) HiLL.

SERPENTINE: Occasional in alpine areas, espe-
cially on moist northern sides (areas Nos. 12, 13, 1625,
35-40).

OUTSIDE SERPENTINE:
Reg. alp.

Frequent; indifferent.

Polygonum viviparum L.

SERPENTINE: Occasional in one single area (No.
32).

OUTSIDE SERPENTINE: Frequent; calcicolous.
Reg. alp.—reg. conif.

Chenopodium album L.

SERPENTINE: One single individual in one of the
Ronnbéck areas (No. 29); escaped from the adjacent
settlement.

OUTSIDE SERPENTINE: Only as a weed in the
gardens of settlements.

Stellaria media (L.) ViLL.

SERPENTINE: Only as a weed near the miners’
huts at Mt Rautats (No. 12).

OUTSIDE SERPENTINE: Only as a weed near
settlements.

Stellaria graminea L.

SERPENTINE: Occasional in a single locality: the
boulder heaps below Réberget (No. 19).

OUTSIDE SERPENTINE: Occasional; indifferent.
Reg. subalp. —reg. conif.

Cerastium cerastoides (L.) BriTTON.

SERPENTINE: Occasional; near snowbeds in some
alpine areas (Nos. 12, 21, 32, 36).

OUTSIDE SERPENTINE: Frequent;
Reg. alp.

indifferent.

Cerastium edmondstonii (WATs.) MURB. & OsTF.
SERPENTINE: Occasional in one alpine area (No.
40).
OUTSIDE SERPENTINE:
Reg. alp.

Frequent; indifferent.

Sagina intermedia FENZL.

SERPENTINE: Occasional near snowbeds in two
alpine areas (Nos. 21, 36).

OUTSIDE SERPENTINE: Occasional; indifferent.
Reg. alp.
Sagina saginoides (L.) KARsT.

SERPENTINE: Occasional in a single locality, the
serpentine rock at the shore of the Isle Storholmen
in Lake Laisan (No. 33).

OUTSIDE SERPENTINE:
Reg. subalp.—reg. conif.

Frequent; indifferent.

Sagina normanniana LAGERH.

SERPENTINE: Rare, occurrring as a weed near
the miners’ huts at Mt Rautats (No. 12).

OUTSIDE SERPENTINE: Rare, only in Frost-
viken; indifferent. Reg. subalp.—reg. conif.

Silene rupestris L.

SERPENTINE: Rare, only on south-exposed cliffs
below the alpine region (areas Nos. 5, 9, 18, 19, 34).

OUTSIDE SERPENTINE: Rare, only on southern
bluffs of the subalpine and conif. forest regions; indif-
ferent.

Thalictrum alpinum L.

SERPENTINE: Rare, only in some areas with
calcareous serpentine (areas Nos. 20, 36).

OUTSIDE SERPENTINE: Frequent;
calcicolous. Reg. alp.—reg. conif.

somewhat

Ranunculus pygmaeus Wea.

SERPENTINE: Occasional in moist and shady
crevices and on north-exposed rock-sides in alpine
areas (Nos. 16, 21, 36, 39).

OUTSIDE SERPENTINE:
Reg. alp.

Frequent; indifferent.

Ranunculus acris L. coll.

SERPENTINE: Occasional in a few alpine areas
(Nos. 12, 16, 21).
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OUTSIDE SERPENTINE: Very abundant; indif-
ferent. Reg. alp.—reg. conif.

Draba norvegica GUNN,

SERPENTINE: Occasional in calcareous serpentine
{area No. 20). Sparse in area No. 9.

OUTSIDE SERPENTINE: Frequent; somewhat cal-
cicolous. Reg. alp.

Draba nivalis LILJEBLAD.,

SERPENTINE: Rare, found only in one locality:
on calcareous serpentine near the peak of Graipesvare
{No. 20).

OUTSIDE SERPENTINE: Frequent in thenorthern
parts of Lappland (north of about lat. 67° N), rare
in the southern parts — apart from the serpentine lo-
cality only very few are known in all S Lappland; calci-
colous. Reg. alp.

Sediem rosea (L.) Scop.

SERPENTINE: Occasional in a few areas of calcare-
ous serpentine (Nos. 20, 36).

OUTSIDE SERPENTINE:
Reg. alp.—reg. subalp.

Frequent; indifferent.

Cardamine pratensis L. ssp. angustifolia (Hook)
O. E. ScruLTzZ.

SERPENTINE: Rare, only a few individuals on
the moist northern side of area No. 37.

OUuTsIDE SERPENTINE: This alpine race of the
complex species occurs occasionally in the alpine
region of Lappland; indifferent.

Sedum annuum L.

SERPENTINE: Rare on a few south-exposed cliffs
below the alpine region (areas Nos. 9, 18, 19, 34).

OUTSIDE SERPENTINE: Occasional; restricted to
southern bluffs below the alpine region.

Parnassia palustris L.

SERPENTINE: Rare, only a few individuals in
three different areas (Nos. 12, 20, 33). The habitats
are all rather wet; in only one of them the serpentine is
calcareous (No. 20).

OUTSIDE SERPENTINE: Frequent; somewhat cal-
cicolous Reg. alp.—reg. conif.

Saxifraga aizoides L.

SERPENTINE: Rare, only a few individuals in
two areas (Nos. 12, 22).

OUTSIDE SERPENTINE: Frequent; calcicolous.
Reg. alp.-reg. conif.

Saxifraga foliolosa R. Br.

SERPENTINE: Rare, only a few individuals in one
area (No. 37).
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OUTSIDE SERPENTINE:
Reg. alp.

Frequent; indifferent.

Saxifraga groenlandica L.

SERPENTINE: Rare, only in some strictly alpine
areas (above 1100 m). Areas Nos. 20, 21.

OUTSIDE SERPENTINE: Occasional; somewhat
calcicolous. Reg. alp.

Saxifraga oppositifolia L.

SERPENTINE: Occasional in some alpine areas
(Nos. 21, 23, 24). Frequent when the serpentine contains
some calcium (area No. 20).

OUTSIDE SERPENTINE: Frequent; somewhat cal-
cicolous. Mainly alpine.

Saxifraga rivularis L.

SERPENTINE: Occasional in moist habitats in
some alpine areas (Nos. 16, 21, 36, 39).

OUTSIDE SERPENTINE: Occasional; indifferent.
Reg. alp.

Saxifraga stellaris L.

SERPENTINE: Occasional on the moist northern
slopes of some alpine areas (Nos. 16, 32, 35, 36).

OUTSIDE SERPENTINE: Frequent; indifferent.
Reg. alp.

Saxifraga tenuis (We) H. Sm.

SERPENTINE: Rare, only moist northern slopes of
strictly alpine areas (Nos. 20, 21, 36).

OUTSIDE SERPENTINE: Frequent; somewhat cal-
cicolous. Reg. alp.

Rubus chamaemorus L.

SERPENTINE: Occasional round bird-perches on
the tops of some alpine areas (Nos. 5, 12, 21, 36).

OUTSIDE SERPENTINE: Very abundant, though
mainly as a mire-plant. Acidicolous. Reg. alp.—reg.
conif.

Rubus saxatilis L.

SERPENTINE: Rare, only a few individuals in
one locality, the south bluff of Mt Tjarve (No. 18).
According to BJORLYKKE, abundant in the serpen-
tine areas of Sunmore.

OUTSIDE SERPENTINE: Abundant, mostly in
dry habitats, e.g., south-exposed slopes; indifferent.
Reg. alp. inf.—reg. conif.

Rubus idaeus L.

SERPENTINE: Occasional in one area of the
Roénnbéck district (no 28), growing among boulders
below a north-exposed precipice.

OUTSIDE SERPENTINE: Very abundant; in the
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mountain district mostly below southern bluffs; in-
different. Reg. subalp.—reg. conif.

Potentilla crantzii (CR.) G. BECK.

SERPENTINE: Occasional in three different areas
(Nos. 12, 20, 33); at least in one of these the serpentine
is somewhat calcareous (No. 20).

OUTSIDE SERPENTINE: Frequent; somewhat cal-
cicolous. Reg. alp.-reg. conif.

Dryas octopetala L.

SERPENTINE: Abundant in the area of Graipes-
vare-Murfjallet (No. 20) where the serpentine contains
a relatively great amount of calcite (10-15 9% CaO).
A few individuals are found also on Mt Atoklinten
(No. 36) where the calcium content (CaO) equals only
about 1.5 %.

OUTSIDE SERPENTINE: Very abundant; strictly
calcicolous. Mainly alpine.

Geranium silvaticum L.

SERPENTINE: Rare, only a few individuals in one
locality: Mt Rautats (No. 12).

OUTSIDE SERPENTINE: Very abundant; indif-
ferent. Reg. alp. inf.—reg. conif.

Viola montana L.

SERPENTINE: Occasional in one area: the shore
locality of the Isle of Storholmen near Térnaby
(No. 33).

OUTSIDE SERPENTINE: Occasional;
calcicolous. Reg. subalp.—reg. conif.

somewhat

Viola biflora L.

SERPENTINE: Occasional in two areas (Nos. 20,
36), both of which have + calcareous serpentine.

OUTSIDE SERPENTINE: Abundant; indifferent.
Reg. alp.—reg. conif.

Chamaenerion angustifolium (L.) Scop.

SERPENTINE: Frequent, though in one locality
only (area No. 28), growing among the boulders below
a steep north-exposed precipice.

OUTSIDE SERPENTINE: Abundant; indifferent.
Reg. subalp.—reg. conif.

Loiseleuria procumbens (L) DEsv.

SERPENTINE: Occasional in one area only (No. 3).
OUTSIDE SERPENTINE: Abundant; indifferent.
Reg. alp.

Phyllodoce coerulea (L.) Bas.

SERPENTINE; Occasional in a few alpine areas
(Nos. 12, 24, 39).

OUTSIDE SERPENTINE: Abundant in the alpine
region, occasional at lower altitudes; indifferent.

Cassiope hypnoides (L.) D. Don.

SERPENTINE: Rare, only a few individuals in
some alpine areas (Nos. 39, 40).

OUTSIDE SERPENTINE: Frequent in the alpine
region; indifferent.

Andromeda polifolia L.

SERPENTINE: Frequent in one area— Mt Rautats
(No. 12) — but never seen elsewhere on serpentine.

OUTSIDE SERPENTINE: Abundant; indifferent.
Reg. alp.—reg. conif.

Arctostaphylos alpina (L.) SPRENG.

SERPENTINE: Occasional in a few areas — not
all alpine (Nos. 5, 20, 23, 32).

OUTSIDE SERPENTINE: Very abundant; indif-
ferent. Reg. alp.—reg. subalp.

Vaccinium vitis-idaea L.

SERPENTINE: Occasional in serveral areas at
widely different altitudes (areas Nos. 4, 8, 17, 20, 21,
26, 28-31, 41).

OUTSIDE SERPENTINE: Very abundant; indif-
ferent. Reg. alp.—reg. conif.

Vaccinium myrtillus L.

SERPENTINE: Rare, only rather few individuals
noticed in some areas (Nos. 8, 11, 12, 28). Hence,
Vaccintum myrtillus seems clearly serpentinifuge,
and the widely extending Vaccinium myrtillus
heath ceases abruptly on reaching serpentine areas.

OUTSIDE SERPENTINE: Very abundant; indif-
ferent or somewhat calcifuge. Reg. alp.—reg. conif.

Diapensia lapponica L.

SERPENTINE: Rare, a few individuals in one
area only (No. 37).

OUTSIDE SERPENTINE:
Reg. alp.

Frequent; indifferent.

Primula stricta Horn.

SERPENTINE: Rare, a few individuals in one area
only: the shore locality of the Isle of Storholmen,
Téarnaby.

OUTSIDE SERPENTINE: Occasional, mostly on
shores of great mountain lakes; somewhat calcicolous.

Reg. alp. inf.—reg. conif.

Gentiana nivalis L.

SERPENTINE: Rare, a few individuals in two
areas with + calcareous serpentine (Nos. 20, 36).

OUTSIDE SERPENTINE: Frequent; somewhat cal-
cicolous. Reg. alp.—reg. conif.

Gentianella tenella (Rorts.) H. Sm.

SERPENTINE: Rare, a few individuals on the

. very calcareous serpentine of Graipesvare (No. 20).
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OUTSIDE SERPENTINE: Rare; calcicolous. Reg.
alp.

Prunella vulgaris L.

SERPENTINE: Rare, a few individuals in the
shore locality of the Isle of Storholmen, Tarnaby
(No. 33).

OUTSIDE SERPENTINE: Occasional; indifferent.
Indigenous only on the shores of large mountain
lakes. Reg. subalp.—reg. conif.

Euphrasia frigida PucsL.

SERPENTINE: Occasional in a few areas (Nos. 12,
33, 36). BJORLYKKE (op. ¢it.) mentioned Euphrasia
officinale among plants common in the serpentine
areas of Sunmoére. However, in this case probably
also other species of Euphrasia than E. frigida may
be concealed under the collective name “‘officinale’.

OUTSIDE SERPENTINE: Frequent; indifferent.
Reg. alp.—reg. conif.

Euphrasia lapponica Ta. FR. jr.

SERPENTINE: Occasional in two adjacent areas
in Asele Lappmark: 1) Murfjillet (No. 20), where it
grows rather sparsely, and 2) the northern side of
Aunevare (No. 21) where it is rather abundant. In
both localities the serpentine is very calcareous
(about 259, calcite). These localities, are very iso-
lated and situated about 120 km south of the near-
est non-serpentine station of Euphrasia lapponica in
Sweden.

OUTSIDE SERPENTINE: Bicentric distribution in
the Scandes, frequent in the northern parts of Lapp-
land; calcicolous. Reg. alp.—reg. subalp.

Bartsia alpina L.

SERPENTINE: Rare, only in the calcareous ser-
pentine of Murfjallet (No. 20; in the same locality
as Euphrasia lapponica).

OUTSIDE SERPENTINE: Frequent; somewhat cal-
cicolous. Reg. alp.—reg. conif.

Pedicularis lapponica L.

SERPENTINE: Rare in one single area (No. 24).
OUTSIDE SERPENTINE: Frequent; indifferent.
Reg. alp.—reg. conif.
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Pinguicula vulgaris L.

SERPENTINE: Occasional in two areas with more
or less calcareous serpentine, Nos. 20, 22.

OUTSIDE SERPENTINE: Frequent; somewhat cal-
cicolous. Reg. alp.—reg. conif.

Solidago virgaurea L.

SERPENTINE: Frequent in some areas at low
altitudes (areas Nos. 18, 20, 24, 28-31).

OUTSIDE SERPENTINE: Abundant on acid soils.
Reg. alp. inf.—reg. conif.

Erigeron uniflorum L.

SERPENTINE: Rare, only a few individuals on the
northern side of Aunevare (No. 21).

OUTSIDE SERPENTINE: Frequent in reg. alp;
occasional in lower regions; indifferent.

Antennaria alpina (L.) GAERTN,

SERPENTINE: Rare, only a few individuals in one
area (No. 39).

OUTSIDE SERPENTINE: Frequent;
Reg. alp.

indifferent.

Antennaria dioica (L.) GAERTN.

SERPENTINE: Rare in a few areas at different
altitudes (Nos. 20, 22, 32).

OUTSIDE SERPENTINE:
Reg. alp.—reg. conif.

Frequent; indifferent.

Gnaphalium supinum L.

SERPENTINE: Rare in one single area, No. 32.

OUTSIDE SERPENTINE: Frequent; indifferent.
Reg. alp. Occasional on snowbeds and trails also at
lower altitudes.

Leontodon autumnalis L. var. taraxaci (L.) HarTM™.

SERPENTINE: Rare, a few individuals in two
different areas (Nos. 20,22).

OUTSIDE SERPENTINE: Frequent, mostly in reg.
alp.; indifferent.

Hieracium alpinum L. coll.

SERPENTINE: Rare, a few individuals in one
area only (No. 20).

OUTSIDE SERPENTINE:
Reg. alp. inf.—reg. subalp.

Frequent; indifferent.



III. Problems of the serpentine flora

1. General characters of the serpentine flora

The unique character of the flora of serpentine
rocks has been stressed by all students of these
problems. According to my own observations in
Sweden, Norway, Finland and E North America,
and data from the literature, it seems clear that
all the characteristics denoting the serpentine flora
are about the same in different parts of the world.
The composition of the serpentine flora may differ
from one place to another, but the general character
seems invariably the same.

Thus, the following characteristics of the serpen-
tine flora of N Sweden are no doubt common to at
least all the northern serpentine floras: 1. The ser-
pentine flora is relatively poor in individuals as
well as in species. 2. In serpentine localities, several
species are represented by certain races (ecotypes)
differing ecologically and, sometimes, also mor-
phologically from their original types. 3. Many
plants appear very disjunctively in serpentine
localities. 4. The serpentine flora contains basico-
lous as well as acidicolous plants which often grow

together. 5. The serpentine flora has a relatively

xerophytic character. 6. The serpentine flora is
often dominated by certain families or genera, e.g.,
Caryophyllaceae in N Europe and E North America.
In the present chapter these general characteristics
will be discussed with special reference to N Sweden.

The waste and barren nature of serpentine areas
is always emphasized by botanists and geologists.
To a non-botanist, serpentine areas — especially
in the northern districts — seem practically desti-
tute of vegetation.

A very vivid impression of a serpentine area is
given by A. P. Low, a Canadian geologist, who in

1883 explored the big serpentine mountain, Mt
Albert, in the Gaspé Peninsula, Quebec (Figs.
49-51). This description is of particular interest to
us in our study of the northern serpentine flora.
The following may be quoted (Low 1884): “The
top of Mt. Albert is nearly flat and is rent by a deep
gorge on the east side, which near its head, splits
into several smaller ones. The sides of these gorges
are quite destitute of vegetation and the bare ser-
pentine rocks are weathered to a light buff color.
On the top of the mountain, blocks of serpentine
are scattered around, and are partially covered by
a thick growth of mosses (chiefly Rhacomitrium
lanuginosum) and lichens. Sheltered places are
occupied by a stunted growth of black spruce
(Abies migral), which rarely attains a height of ten
feet. The branches interlace near the ground and
form an impenetrable thicket. The whole surface
has a dead appearance and reminds one of pictures
of the moon.”

Similar descriptions have been given by various
authors from different parts of the world.

The border-line between serpentine and sur-
rounding non-serpentine soil is always distinctly
marked by a clear difference in vegetation (Fig. 49).
Thus, the vegetation of the serpentine soil is al-
ways very poor, as compared with that of the
vicinity, and the number of species as well as of
individuals is smaller. However, this difference in
number has never been subjected to a close analy-
sis requiring as it does a thorough knowledge of
the flora of the surrounding district. In one of

1 Both Picea mariana and Abies balsamea constitute
these thickets, cf. Fig. 49).
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his papers, FERNALD (1907) discussed the soil pref-
erences of certain alpine plants in E North Amer-
ica, comparing the number of alpine species grow-
ing on certain kinds of rock. FERNALD distinguished
a group of 21 plants localized to the serpentine
area of Mt Albert in the Gaspé peninsula equalling
only 89, of the 258 alpine and subalpine plants of
that district.

BJORLYKKE (op. cit.), who studied the flora of
30 different serpentine areas in the district of Sun-
moére on the west coast of Norway (about lat.
62°N), found 289 vascular plants. Thishigh number
is, however, due to the fact that these localities
represent altitudes from sea level up to the alpine
region (600 m).

This number can be estimated at less than one
third of the total number of the flora in the district.

In N Sweden I studied the flora of different ser-
pentine areas, representing altitudes from about
350 to 1400 m above sea level. Approximately 140
different species of vascular plants were found, but
about 40 were observed very sparsely in one single
locality where they occurred only incidentically.
As the total number of species growing in the vicin-
ity of these serpentine areas can be estimated to
be about 400 (excluding the microspecies of the
genera of Taraxacum and Hieracium), it is clear
that only about 259, of the flora can grow in the
serpentine of N Sweden.

Serpentine soils are generally dry, and this fact
no doubt limits the occurrence of meso- and hy-
grophytes. However, some serpentine areas in N
Sweden are situated in high mountain districts
with a damp climate, and at least the north-
exposed parts of the serpentine outcrops are
continually moist. Though relatively sparse, meso-
and hygrophytes are far from totally excluded
from serpentines in N Sweden: among the 140
vascular plants mentioned above, several belong
to these categories. In serpentine areas at low alti-
tudes, the flora is much more scanty than at high
altitudes as compared with that of the vicinity.
This is probably caused partly by a higher precipi-
tation at the higher altitudes, and partly by the
fact that truly alpine plants seem more tolerant
to serpentine soil.

The question of the existence of plants strictly
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limited to serpentine soils has been much discussed
in earlier papers. Long ago it was observed that
several species of plants are represented in serpen-
tine soil by particular races differing, morphologi-
cally as well as ecologically, from the typical species.
In many cases they were described as new species,
subspecies, varieties or forms. In the literature,
plants preferring serpentine soils are variously re-
ferred to by the following terms: serpentine plants,
serpentinicolous plants, serpentinophytes, serpen-
tine endemics, or serpentinomorphoses. In the pres-
ent paper, principally the nomenclature proposed
by PicHI-SERMOLLI (1948 p. 243) is used. Accord-
ingly, any plant with an affinity for serpentine soil,
i.e. growing more abundantly on it than on other
soils of the vicinity, will be referred to as serpen-
tinicolous.

The term serpentinophyte is used in a more
specific sense, i.e. to designate a serpentine race
morphologically differentiated to such an extent
as to be distinguished as an individual taxon, even
a new species, thus being more or less restricted
to that substratum. Serpentinomorphoses imply
only the morphological changes characteristic of
serpentinophytes (see further p. 108).

Nov4k in a paper from 1928, — “Quelques re-
marques relatives au probléme de la végétation sur
les terrains serpentiniques” — compiled a compre-
hensive list of plants, essentially from Bohemia,
Moravia and the Balkan Peninsula, which he con-
sidered to be serpentinophytes (les types serpen-
tiniques).

NoVAK obviously considered all serpentinicolous
plants to be serpentinophytes, i.e. differentiated
within serpentine areas and strictly limited to these
habitats. From a taxonomic point of view they
represent, according to him, three different cate-
gories:

“Au point de vue systématique, il faut souligner
que la notion de types serpentiniques est tres large,
puisqu’elle embrasse, d'une part, des especes systé-
matiquement et géographiquement bien caracte-
risées pour lesquelles nous ne connaissons pas (du
moins avec streté) le type originaire non-serpen-
tinique (par ex. Halacsya sendtneri, Sempervivum
Euphorbia serpentini, etc.), d’autre
part, des races ou variétés dont nous connaissons

pittonis . . .
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bien les types non-serpentiniques les plus appa-
rentés (vraisemblement le type originaire), mais les
différences entre les deux sont tres frappantes et
dont l'aire d’extension coincide avec des limites des
serpentines a l'intérieur de l'aire d’extension de
leur type originaire (par ex. Asplenium adiantum
nigrum var. cuneifolium, Potentilla crantzis var.
serpentini), et, enfin, elle comprend des types ser-
pentiniques qui quantitativement difféerent peu du
type originaire, mais dont la différence apparait de
fagon constante sur les serpentines et qui sont
susceptibles, une fois transportées sur un autre sub-
strat, de retourner, au cours d’une seule génération,
au type” (l.c. p. 44).

LAMMERMAYER, in several papers (1926-193%),
denied the existence of plants which grow exclu-
sively on serpentine soil. He pointed out that
according to his own observations several plants,
referred to by NovAk as serpentinophytes, did
occur in other magnesian soils and, in a few in-
stances, also in non-magnesian soils. This applied
especially to the two serpentine ferns, Asplenium
adulterinum and A. cuneifolium. LAMMERMAYER’S
criticism was justified in so far as many serpentino-
phytes may also occur more or less sparsely or
incidentally in other kinds of soil.

In a later paper (1937), NovAk divided the
serpentinophytes into two groups: obligate serpen-
tinophytes, i.e. plants found only in serpentine soils;
and facultative serpentinophytes, i.e. plants prefer-
ential of serpentine but sometimes found in soils
of another lithological origin. He also pointed out
the existence of some pre-glacial relics in the latter
group.

Many serpentinophytes growing under natural
conditions only in serpentine soils have, during
cultivation, proved capable of growing also in
normal garden soil. So far, it has not been clearly
demonstrated that any serpentinophytes exist that
cannot be cultivated in normal soil. NovAk (1937)
tried to grow seeds of Euphorbia serpentini NovAK
in normal garden soil, but failed. As pointed out
by PicHI-SERMOLLI (op. cit.), this experiment
proved nothing, as NovAk had made no control
experiments by sowing the same sort of seed in
serpentine soil.

Recently, PicHI-SERMOLLI (op. cit.) contended

that also NovAk’s last attempt to group the
serpentine plants was incorrect. PICHI-SERMOLLI
states that many serpentinicolous plants must be
regarded as relics, now growing on serpentine soils
only because of the specific, edaphic conditions
created by the serpentine rocks. He strongly
emphasized that the serpentinicolous relics must
not be confused with the real serpentinophytes
which have arisen within serpentine areas and
seldom occur outside them. Thus, serpentinicolous
relics are plants that have occurred outside serpen-
tine during earlier epochs, or still occur in other
kinds of soil within other parts of their distribution
areas. Therefore, serpentinicolous relics are plants
which are becoming extinct. They have totally, or
partly, died out over their whole area of distribu-
tion, except in certain serpentine areas where they
have been conserved owing to specific, edaphic
conditions.

Like Novik, PrcHi-SERMOLLI also divides the
serpentinophytes into two groups: serpentinophytes
only observed in serpentine soils; and serpentino-
phytes growing also in other magnesian soils (mag-
nesite, diabas, etc.). The first group is named
“typical serpentinophytes” (serpentinofite tipiche),
the second one, ‘“‘preferential serpentinophytes’”
(serpentinofite preferentiale).

PicHI-SERMOLLI’s introduction of a new category
of serpentinicolous plants seems important in offer-
ing a classification of the serpentine flora from a
phytogeographical standpoint. A serpentinicolous
relic must be understood as an edaphic relic. Like
geographical relics (CAaIN 1944 p. 150) the edaphic
ones are associated with the existence of a refugium,
according to CaIN (op. cit. p. 150) defined as fol-
lows: “A refugium consists of some locality which,
for one reason or another, has not been as drasti-
cally altered climatically or otherwise as the region
as a whole.”

Serpentine areas are no doubt refugia created by
the edaphic conditions of the serpentine soil rather
than by climate conditions. In serpentine habitats
the soil factor is dominant enough to cause small
climatic changes to have hardly any effect on the
vegetation. The essential factor is a capacity to
withstand the toxic effect of serpentine soil. As
only a limited part of the surrounding flora seems
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to have this capacity, serpentine areas are always
more or less barren and they are seldom invaded
by closed communities. Thus, plants thriving in
serpentine live there almost without any actual
competition. This factor has a conserving effect on
the serpentine flora, as the waves of new climaxes
following climatic changes (cf. CLEMENTs 1916,
1934) have never been able to wash over the ser-
pentine areas to any noteworthy extent.

In this connection some remarks by CAIN may
be quoted which give a good idea of the nature of
the serpentinicolous relics (op. cit. p. 223): ““A study
of relics in general provides valuable clues to vege-
tational history, as ably pointed out by CLEMENTS
(1934), because each major climatic shift produces
a corresponding clisere and leaves behind relics of
each climax type in formerly occupied regions.
Such relics, however, are seldom endemic to their
station, but are merely disjunct from the major
area of the community or species population which
has moved on elsewhere.”

According to CAIN (op. cit. p. 213), plants re-
stricted to strongly marked habitats, e.g., serpen-
tine soils, can be regarded as endemics. The con-
cept of endemism, however, includes two different
types of organisms: endemics sens. str., which are
relatively young species, and epibiotics, which are
relatively old relic species. These concepts are
applicable to groups other than species (RIDLEY
1925; CAIN op. cit. p. 213).

“Since the term endemic signifies that the or-
ganisms live with their own people, RIDLEY (1925)
proposed the term epibiotic signifying survivors, to
distinguish those endemics which are relics of a lost
flora. If we follow him, the term endemic would be
reserved for those organisms which are related to,
or evolved from other plants in the same area. If
circumstances permit, there would appear to be
no a priori reason why endemics could not spread
and become ordinary, widespread, successful plants.
He considers them to be ‘mewborn’ species. In
contrast, epibiotics are relics of an earlier flora
which has nearly disappeared from the region as
a result of climatic or other environmental vicissi-
tudes” (CAIN op. cit. p. 213).

Both these categories are represented among the
plants endemic to serpentines. Thus, serpentino-
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phytes must be regarded as endemics sens. str.
(neoendemics), while serpentinicolous relics are
perfect examples of epibiotics.

No doubt, the group of serpentinicolous relics is
rather complex, consisting of plants of different
age and origin. For example, old serpentinicolous
relics may once have been more or less morpho-
logically distinct serpentine races, thus even ser-
pentinophytes which were later the only surviving
populations of a species, or group of species. Today
they appear as puzzling, morphologically isolated
endemics. '

The actual existence of such a plant was de-
monstrated by CLAUSEN (1951). In the inner Coast
Range of central California he found a plant
belonging to Compositae and ‘“‘so unlike anything
previously named that it was thought to belong to
an undescribed genus”. It occurs ‘‘as a small colony
of some 300 individuals on a hillside of unfertile
serpentine soil”’. CLAUSEN showed by cultivation
and crossing experiments that ‘“the new form is a
subspecies of Layia glandulosa, probably an edaphic
race adapted to the serpentine soil and possibly an
ancient relict” (CLAUSEN op. cit. pp. 80, 82).

On the other hand, serpentinicolous relics from
the northern areas which were covered by the
Pleistocene ice sheets are all comparatively young
in their serpentine habitats. They are therefore
seldom endemic to their stations but merely dis-
junctive from their major areas of distribution.
Usually they do not differ morphologically! from
their main populations, but probably often con-
stitute particular, ecological races.

Apparently, the connection between serpentino-
phytes and serpentinicolous relics is more com-
plicated than assumed by PicHI-SERMOLLI. Since a
serpentinicolous relic, i.e. a serpentine ecotype geo-
graphically isolated from the main populations of
the species, probably always differs ecologically,
sometimes even morphologically, from the main
population of the species, it is actually also a ser-
pentinophyte in its initial stage. In addition, a
serpentinophyte, i.e. a morphologically distinct
serpentine race distinguished as an individual taxon,

! Small morphological differences may exist, though

not sufficiently clear for taxonomic separation (cf. pp. 52,
108).
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may appear also as a serpentinicolous relic
when geographically isolated from its original type.
It should be emphasized, therefore, that the char-
racteristics of the serpentinicolous relics do not
exclude those of the serpentinophytes, and the
classification must be based on the dominant
character.

No doubt, serpentinicolous plants exist which
cannot properly be considered either as serpenti-
nicolous relics or as serpentinophytes, since they are
rather indifferent in these respects. This implies
that the serpentinicolous populations do not differ
morphologically from other populations of the spe-
cies, and do not even appear geographically iso-
lated from them. Such serpentinicolous ubiquists
are frequent in the serpentine flora of N Sweden.

It was stated previously (p. 50) that any member
of the serpentine flora in N Sweden may represent
either of the following categories:

A. Serpentine-characteristic or serpentinicolous
plants.

B. Serpentine-indifferent plants.

C. Serpentine-accidental plants.

This classification is based on the relative abund-
ance of the plants on serpentine as compared with
other kinds of rock in the vicinity, and has a gen-
eral applicability.

The serpentine-characteristic plants may be
classified as follows:

a. Serpentinophytes.

Morphologically recognizable serpentine races
distinguished as individual taxa. Not geographi-
cally isolated from allied races or species.
1. Typical serpentinophytes.

Exclusively serpentinicolous.
2. Preferential serpentinophytes.

Preferentially serpentinicolous.

b. Serpentinicolous relics. .
Any serpentinicolous plant appearing disjunc-
tively in serpentine areas, thus geographically
isolated from allied races or species.

¢. Serpentinicolous ubiquists.

Serpentinicolous plants not appearing as mor-
phologically recognizable races and not geo-

6 — 537056 Olof Rune

graphically isolated from allied races or species —
being probably morphologically unchanged ser-
pentine races of ubiquitous plants of the sur-
roundings.

When comparing NovAK’s “‘systematical’ classi-
fication of the serpentinicolous plants (cf. p. 78)
with the phytogeographical one given above, certain
points of agreement are to be noted. It will be seen
that the first of NovAK’s categories corresponds to
the serpentinicolous relics and the second to the
serpentinophytes. Plants of the third of Nov4ik’s
categories may be serpentinicolous relics as well as
serpentinicolous ubiquists.

As a rule epibiotics seem to be more or less re-
stricted to habitats with a low competition, i.e.
where vegetation is kept at the pioneer stage. Apart
from serpentine soils, this happens also in places
where the ground is unstable for some reason or
other, e.g., on shores, and on talus or faces of easily
weathered rocks. The similarity between serpentine
and other such habitats of a low competition seems
rather evident in the flora of the Gaspé Peninsula,
Quebec, which is very rich in epibiotics. However,
this will be discussed more closely further on in
this chapter (p. 97).

In this connection it should be emphasized that
the recognition of serpentinicolous relics must be
based chiefly on their present occurrence distant
from their main population as epibiotics in isolated
habitats outside of which they cannot survive.
The question whether such a relic is really a rem-
nant from a once wider distributional area, or the
result of long distance dispérsal, cannot be deter-
mined with accuracy, even though the latter alter-
native seems to concern only the plants with very
light diaspores.

The existence of two different types of serpen-
tinicolous endemics was recently demonstrated
experimentally by KrRUCKEBERG (1951), who grew
seeds of serpentine and non-serpentine plants from
the Central Coast Range reciprocally on serpentine
and non-serpentine soils in the Botanical Garden
of the University of California. He tested the com-
plex species Streptanthus glandulosus HooK., the
forms of which are clearly serpentinicolous; most
of them grow exclusively on serpentine. However,
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non-serpentine localities for some of the infraspe-
cific units are occasionally encountered.

KRUCKEBERG states: ‘It might be supposed that
the few non-serpentine forms are merely migrants
from serpentine populations and have soil-tolerance
ranges like those of the serpentine forms. However,
such is not the case. All the non-serpentine strains
of this species-complex tested on serpentine proved
to be serpentine-intolerant.” From this the author
draws the conclusion that the serpentine endemics
within the section Euclisia of the genus Streptanthus
have arisen by biotype depletion. Thus, with a few
exceptions, the serpentine biotypes should be the
only survivors of a once richer set of biotypes.
Apparently, this serpentine endemic, which is
mentioned by KRUCKEBERG as belonging to the
“depleted species’” type (STEBBINS 1942), will pro-
bably be classified as a serpentinicolous relic, ac-
cording to the nomenclature used in the present
paper.

The other type of endemics mentioned by
KRUCKEBERG (citing STEBBINS 1942) is the insular
species, viz., ‘“‘those which have developed on an
island or an isolated ecological habitat on a con-
tinent . . .”” The three best known indicator spe-
cies for the serpentine habitats in this area —
Quercus durata, Ceanothus jepsonit, and Cupressus
sargentit — are mentioned as good examples of the
“ensular type’ of endemic. Apparently, they are
typical serpentinophytes, as stated in this paper.

However, KRuCKEBERG did not deal only with
narrow endemics. His cultivation experiment in-
cluded ubiquitous plants growing on serpentine.
He reports the results from experiments with Gilia
capitata DOUGL., a complex species in which GRANT
(1949) recognized six ecogeographical subspecies.
KRUCKEBERG tested a type of Gilia capitata which
grows in serpentine as well as non-serpentine soil.
He states: “Beginning with the seedling stage, the
reaction of serpentine and non-serpentine strains
of Gilia capitata diverges into two distinct classes:
serpentine-tolerant and serpentine-intolerant types.
By maturity only the serpentine strains are seen
to be doing well on the serpentine medium. Usually,
even a serpentine strain fares better on the more
fertile non-serpentine soil than on its native ser-
pentine substratum. However, with Gilia, there is
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no such diminution of vigor.” (KRUCKEBERG op.

-cit. p. 413.) Thus, the yields of dry matter of a

serpentine-tolerant type on serpentine are quite
similar to the yields on more fertile, non-serpentine
soil. It is evident that in Gilia serpentine and non-
serpentine races exist even on an infraspecific level.

Finally, KRUCKEBERG also tested the herbaceous
perennial Achillea borealis BoNa., well known for
its ecotypic responses to climatic gradients (CLavU-
SEN et al. 1948). He states: “It occurs on serpentine
throughout the central inner Coast Range areas, as
well as on soils of almost all possible lithological
origin ... Consistent with the results presented
above for the two annuals, the Achillea strains can
be readily separated into serpentine-tolerant and
serpentine-intolerant types... As with Streptan-
thus and Gilia, strains from serpentine localities
are far more successful than non-serpentine strains
when grown on the serpentine medium.”

However, in the case of 4. borealis the situation
seems to be more complex: ‘“Some non-serpentine
strains of A. borealts show a partial tolerance to
serpentine in that a few scattered individuals are
able to perform just as well on serpentine as do the
plants of a serpentine-tolerant strain. This sporadic
tolerance of certain non-serpentine individuals sug-
gests that some populations of A. borealis are more
variable than others: That is, they may include
biotypes that are potentially adapted to the more
severe, selective serpentine habitat.” Still more
striking is the case of a coastal, non-serpentine
strain showing an even more uniform tolerance to
serpentine.

Thus, it seems probable that most of the plants
thriving well on serpentine are true serpentine
races, whether they show morphological differences
or not, for in this case the fundamental problem
must be physiological rather than morphological.
However, KRUCKEBERG's results do not allow of
any further general conclusions concerning the
serpentine flora of, e.g., N Sweden since this is
largely arctic-alpine and consists mainly of peren-
nials. In regard to such plants, Achillea borealis
showed that the problem is rather complex.

I have not, as yet, been able to make any corre-
sponding cultivation experiments with the serpen-
tine plants of N Sweden, which would have been
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very valuable. In our case, the difficulties connect-
ed with such an enterprise are considerable, because
serpentine areas are only to be found in remote
mountain districts far up in the North. Besides,
the arctic-alpine origin of the serpentine plants in
N Sweden makes it impossible to carry out cultiva-
tion experiments in botanical gardens in southern
parts of the country where the climate differs a
good deal from what is normal to these plants.

The serpentine floras of Central and South
Europe are very rich in serpentinicolous endemics.
Many of them have a clear epibiotic character and
should be classified as serpentinicolous relics, e.g.,
Forsythia europea, Halacsya sendtnert (belonging to
the borage family), and Potentilla visiani. The last
one, a representative of the Tanacetifoliae-group,
has quite an isolated position in Europe with regard
to the morphology (PICHI-SERMOLLI op. cit.,
BrAUN-BLANQUET 1951 p. 239).

Other serpentinicoles are likely to be neoende-
mics and should be classified as serpentinophytes.
In addition to the two serpentine ferns already
reported, Asplenium adulterinum and A. cunei-
folium (A. adiantum nigrum var. cuneifolium),
occasionally found outside serpentine and thus be-
longing to the category of preferential serpentino-
phytes, the following typical serpentinophytes from
S Central Europe should be mentioned: Dian-
thus capillifrons, Sempervivum pittonii, S. hille-
brandtii. (BRAUN-BLANQUET op. cit. p. 239.)

In the serpentine areas of N Sweden we find, as
always in serpentine, certain plants growing more
abundantly and, sometimes also, more luxuriantly
than anywhere else. Some of these serpentinicolous
plants are easy to group in the categories of P1cHi-
SErmoLLI. Thus, the following distinct serpen-
tine races may be characterized as typical serpen-
tinophytes: Cerastium wvulgatum var. kajanense,
Cerastium alpinum var. serpentinicola, Melandrium
rubrum var. serpentinicola and var. smithii, and
Viscaria alpina var. serpentinicola.

Of these, the first may probably also be consi-
dered as a serpentinicolous relic — provided it has
really evolved from the indigenous coastal race of
Cerastium vulgatum, viz, var., glabrescens (cf. p. 55).
However, since the different races of the Cerastium
vulgatum complex are but little known, it is prob-

ably better to leave the question open as to the
origin of var. kajanense and consider it as a serpen-
tinicolous variety of the ubiquitous species complex
only. In that case, it should be characterized as a
serpentinophyte. The other serpentinophytes men-
tioned are serpentinicolous races of common species
which are also represented on serpentine by other
types than the varieties concerned here.

It is evident that northern serpentine areas, e.g.,
in N Sweden, are very poor in serpentinophytes as
compared with more southern areas, e.g., in South
and Middle Europe. While the serpentinophytes of
northern areas differ only to a small extent from
their original species, thus representing mere varie-
ties, the southern ones are often so different that
they are liable to be treated as new species or sub-
species. This difference is easily realized by the fact
that northern serpentine areas have been totally
glaciated during the Pleistocene glaciations. Thus
all serpentinophytes specific to these areas must
have been differentiated in postglacial time. On
the other hand, serpentinophytes from southern
unglaciated areas may, in many cases, have grown
in their present stations since the Tertiary (PicHI-
SERMOLLI op. cit. p. 245).

The serpentine flora of N Sweden contains no
representative of preferential serpentinophytes. A
very typical representative of this category, the
fern Asplenium adulterinum, the best known and
most widespread of all European serpentinophytes,
reaches N Europa but is not found in N Sweden.
In Norway, Asplentum adulterinum is found on
serpentine as far north as lat. 66° N. This locality
is, however, situated near the sea level. As Asple-
nium adulterinum is limited to low altitudes at
these northern latitudes, one cannot expect to find
it in any serpentine area of N Sweden which are
all situated above 300 m.

Except for the morphologically distinguishable
serpentine races mentioned above, no other serpen-
tinicolous plants within the whole of N Sweden are
strictly limited to serpentine. However, many of
them conform with the criteria of serpentinicolous
relics, disclosing 1) disjunctive occurrences in
serpentine localities, and 2) restriction to serpen-
tine in certain areas but not in others. This holds
true for the following plants: Arenaria humifusa,
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Arenaria norvegica, Cerastium glabratum, and Agro-
stis stolonifera (as regards its indigenous occurren-
ces in the high mountains of Scandinavia). The
reasons for considering them as serpentinicolous
relics may be stated as follows, beginning with the
most obvious example, Arenaria humifusa. Actu-
ally, this plant was never found on serpentine in
N Sweden. Nevertheless, it will be discussed here
since it was found on serpentine very close to the
Swedish border.

The distribution of Arenaria humifusa comprises
arctic N America from Alaska to Newfoundland,
NW and S Greenland, Spitsbergen, and a few local-
ities in Scandinavia. Its occurrence in Scandinavia
was recently clarified by NORDHAGEN (1935).
Arenaria humifusa was first collected by WAHLEN-
BERG, in 1807, on the small mountain Unna Tuki
south of Lake Virihaure in S Lule Lappmark, and
a few years later described by him as a new species.
This new species was later confused with other
types of Arenaria and then vanished from the
floristic literature. Accordingly, when next found
in Scandinavia (on the Isle of Magerdya in northern-
most Norway), this plant was first identified with
the American Arenaria cylindrocarpa FERNALD.
NorDHAGEN, the discoverer of this new plant, made
clear the identity of A. humifusa WAHLENBERG and
A. cylindrocarpa FERNALD. By revising herbarium
collections of related species, NORDHAGEN was able
to establish some more localities in N Norway.

For the present, ten localities of 4. humifusa are
known within Scandinavia. The bulk of them is
situated in Finnmark, N Norway (mostly north of
lat. 70° N). One locality, the Isle of Stjerndy, is
characterized by gravels of olivine or gabbro. Most
localities in this district are, however, situated on
calcareous rock. The most eastern localities are
situated on the Peninsula of Fiskarhalvon in Lap-
ponia tulomensis (Russian Lappland). The two
most southern localities in Scandinavia are very
disjunctive and, contrary to all others, not situa-
ted in coastal districts.

Among specimens of Arenaria norvegica GUNN.,
collected by DAHL on Mt Krutvattsroddiken, a
serpentine mountain near the church village Hatt-
fjelldal in Nordland, Norway (lat. 65° 30" N),
NorpHAGEN also found specimens of 4. humifusa.
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Krutvattsroddiken is situated in a large serpentine
chain, stretching from Hattfjelldal to Lake Krut-
vattnet near the Swedish border, a distance of
about 15 km.

In this area I found abundant occurrences of
Arenaria humifusa south of Krutvattnet, about 7
km east of Krutvattsréddiken, very close to the
Swedish border, and also southwest of Krutvatts-
réddiken, near the settlements of Krutd. This last
locality is situated in the subalpine belt at an alti-
tude of about 400 m. In all likelihood, more finds
of 4. humifusa will be made in this wide serpentine
area in the future. On the Swedish side of the bor-
der, I have searched very carefully, though in vain,
for this plant on the serpentine of Mt Atoklinten.

The only Swedish locality of Arenaria humifusa
is Mt Unna Tuki in S Lule Lappmark. Apparently,
this rare plant disappeared from WAHLENBERG’s
original locality where it has never been found
again. In 1939 DaAHLBECK found a new locality on
a hillock below the southwestern slope of Mt Unna
Tuki. About a hundred individuals were observed
growing in weathered soil from calcareous ‘‘schist”
(SELANDER 1943 and 1950 II).

Serpentine outcrops are rather common south of
Mt Unna Tuki, but their flora is still uninvestigated.
SELANDER (1950 p. 132) assumed the station of
A. humifusa on Unna Tuki to be secondary, the
primary ones being probably situated on the
adjacent serpentine hills. However that may be,
we maintain with certainty that A. humifuse in
its southern, isolated, and very abundant area
northeast of Hattfjelldal is strictly limited to
serpentine.

In E North America a parallel exists. We also
find there a southern, isolated area of distribution
with an abundant occurrence restricted to the ser-
pentines of Mt Albert and W Newfoundland. In
Gaspé a few localities also exist outside serpentine,
in so far as A. humifusa grows very sparsely on
moist, alpine, calcareous cliffs. One locality in the
lowland is of particularinterest, viz., at Coppermine
in the valley of York River (DANSEREAU & Ray-
MOND 1949). As is evident from the name, this
locality is connected with an outcrop of copper
ore. This is an interesting phenomenon which will
be discussed in a later chapter (p. 105). Outside
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this southern centre, the nearest localities are
situated in N Labrador, at the east coast of Hud-
son Bay, and in the district of Lake Mistassini.
These abundant, isolated occurrences on serpentine
of a very rare plant with doubtless epibiotic
character (cf. NORDHAGEN 1935) are very good
illustrations of the conception of serpentinicolous
relics.

In the Scandinavian mountain flora another,
more common and widespread representative of the
genus Arenaria, occurs—A. norvegica GUNN., which
I am placing also in the category of serpentinicolous
relics. The Scandinavian distribution of this plant
is clear from the map in Fig. 48 (next page).

This plant is rather characteristic of unstable
ground, and is generally limited to calcareous
weathered gravels (limestone, dolomite and calcar-
eous schists). In addition, it also occurs in serpen-
tine soil growing there almost more abundantly
and luxuriantly than anywhere else (cf. p. 47). In
some serpentine areas local-populations exist differ-
ing from the type race by a more slender growth,
a bright green colour, and by forming large, dense
tufts (cf. p. 108).

Asis clear from the map, the Scandinavian dis-
tribution of Aremaria mnorvegica has a bicentric
tendency. A more or less bicentric distribution is
characteristic of many Scandinavian alpine and sub-
alpine plants and is considered to be characteristic
of glacial survivors (cf. HuLTEN 1950). When only
other localities than serpentine are considered, the
bicentric distribution becomes even more apparent.
In other words, Arenaria morvegica is mainly re-
stricted to serpentine in the area including Jamt-
land and S Lappland. This constitutes the gap be-
tween the two centres of the bicentric plants. The
occurrence of Aremaria morvegica in that area in
serpentine is not particularly remarkable since this
kind of rock is rather common there. However, the
fact that hardly any locality is to be found on other
kinds of rock, though parts of this area are very
rich in calcareous schists (Koli-schists), is more
noteworthy. Even more remarkable is, perhaps,
the finding of Arenaria morvegica in Jémtland,
south of Annsjén and in the parish of Frostviken
in very small, isolated serpentine outcrops in the
conifer forest region.

The assumption of an earlier continuous distri-
bution in the Scandinavian mountain range seems
more probable than a long distance dispersal to
these small, isolated areas. In early postglacial
time, whenlarge areas of “new soil’” hastily appeared
through the melting of ice and the draining of
ice-dammed lakes, a plant like Arenaria norvegica
with claims to bare soil must have had a good
chance of a wide distribution. Through an invasion
of climax vegetation, this pioneer may have be-
come extinct from large areas, except in a few
localities where it survived thanks to certain
edaphic conditions. This would suggest that mainly
the serpentine populations survived there.

The map of the recent distribution of Arenaria
norvegica shows a much more abundant occurrence
of this plant in the northern parts of the Scandes
than in the southern. Thus, Arenaria norvegica,
with a few exceptions, is restricted to serpentine
south of lat. 66° N. The northern non-serpentinous
area of A. norvegica coincides well with the area of
the northern unicentric and the northern area of
the bicentric plants. Like many bicentric plants,
Arenaria morvegica is rather sparse in S Norway
(see Fig. 48).

The increasing difficulties of survival of this plant
in the southern parts of the Scandes may be due
to intense competition in late postglacial time. In
view of the fact that 4. norvegica is mainly a low-
alpine plant, it is clear that the strong invasion of
forest communities and southern plants during
warm postglacial periods must have created highly
unfavourable conditions for Arenaria norvegica in
the southern parts of the Scandes (cf. NORDHAGEN
1935, p. 141).

A similar type of distribution is also shown by
Cerasttum glabratum. This plant is rather common
in N Norway (Troms and Finnmark) and in N Lapp-
land (Torne and Lule Lappmark) where it is mainly
calcicolous (cf. ArwiDpssoN 1943 and SELANDER
1950 II). In S Lappland (Asele and Lycksele Lapp-
mark) and Jamtland, C. glabratum occurs very
constantly and abundantly in almost every alpine
serpentine outcrop. Also in this case the serpentine
populations are characterized by a markedly slender
growth (cf. p. 52). In this area, C. glabratum is not
found outside serpentine, except in a few stations
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Fig. 48. Distribution in Fennoscandia of Arenaria norvegica (dots and circles) and A4. ciliata ssp. pseudofrigida (squares).
Dots and black squares denote occurrences on serpentine and peridotite, open circles and squares occurrences on
other rocks. Half-filled squares denote occurrences of A. ciliata ssp. pseudofrigida on basic eruptives other than ultrabasics.
Distribution of Arenaria norvegica revised and supplemented after NorDEAGEN (1935); A. ciliata ssp. pseudofrigida
according to information from M. J. KOTILAINEN.
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of the high mountain districts of SW Jamtland
and adjacent parts of Harjedalen, viz., Mt Helags
and Mt Sylarna (cf. ArRwiDsson 1943 p. 199). In
the high mountain districts of S Norway this plant
seems to reappear on other soils. In Finland, C.
glabratum has a very isolated station on the perio-
dotite of the district of Panajirvi (E Finland at
about lat. 65° N), now USSR territory. It also
appears disjunctively in the serpentine areas of the
lowlands of Finnish Lappland (cf. p. 91).

Agrostis stolonifera may be mentioned as a fourth
representative of the serpentinicolous relics of the
serpentine flora in N Sweden. In the high moun-
tains of Scandinavia, this plant was earlier known
to grow indigenously only on the shores of a few
large lakes in Lappland (Tornetrésk and Virihaure).
This type has been named, in schedis, var. arctica
by WESTERGREN and ssp. inundatum by SELAN-
DER (cf. SELANDER 1950 II p. 8).

When listing the flora of the serpentines of N
Sweden, I noticed very rich occurrences of certain
biotypes of Agrostis stolonifera in several serpentine
areas from different parts of Lappland and N Jamt-
land. In connection with a caryo-systematic study
of the genus Agrostis, S. O. BsorKMAN, Uppsala,
has cultivated and examined also the serpentine
biotypes of Agrostis stolonifera. His results have not
as yet been published, but according to verbal in-
formation the serpentine biotypes can hardly be
distinguished from the aforementioned shore bio-
types. The only ecological factor common to these
two types of localities is the relatively feeble com-
petition. The shore localities are situated in N
Lappland, far from serpentine areas, thus render-
ing quite impossible any direct communication be-
tween serpentine and shore localities via water
streaming from surrounding mountains.

If we consider the Agrostis stolonifera populations
from the serpentines and the mountain-lake shores
to be identical from a taxonomic point of view,
their occurrence in these two extreme types of
localities can be explained only by assuming them
to be epibiotics surviving only in localities with a
low competition. Many other shore and coastal
plants are known to appear disjunctively in ser-
pentine areas far from shores and coastal districts,
respectively, viz., Asplentum adiantum mnigrum,

Sagina modosa, Armeria maritima, Stlene mari-
tima, Plantago maritima, and others, cf. pp. 90,
91.

The possibility of classifying the above-men-
tioned serpentinicoles of N Sweden according to
PicHI-SERMOLLT'S system is fairly evident. The sta-
tus of the remaining plants seems more doubtful.
Such plants as Asplentum viride, Molinia coerulea,
Viscaria alpina s. str., Silene acaulis, Melandrium
rubrum s. str., Minuartia biflora, and Luzula spicata,
are clearly serpentinicolous. Yet, they do not fit
into either of the categories mentioned above. Their
serpentine populations do not differ morphologi-
cally from other ones of these species, nor are any
considerable distributional disjunctions manifested
by these common plants. These plants seem to be-
long to a category of their own, for which I have
proposed the name serpentinicolous ubiquists (cf. p.
81). However, this holds true exclusively with
regard to N Sweden. Such plants as Molinia coeru-
lea and Minuartia biflora appear disjunctively on
serpentine outside Sweden and may be classified
as serpentinicolous relics there (cf. pp. 56, 90).

Although the character of a narrow disjunction
does not necessarily differ in principle from that of
a wider one, a true serpentinicolous relic always
presupposes a considerable disjunction. However,
as regards the narrow disjunctions of several rela-
tively ubiquitous plants on serpentine, they may be
referred to as local serpentinicolous relics. Thus
Molinia coerulea is a rather ubiquitous and abun-
dant plant in all Fennoscandia. However, it seems
to show a preference for serpentine within different
parts of Europe. I have ascertained this in N Fin-
land, Sweden and Norway. The literature gives
similar information from Italy (P1cHI-SERMOLLI
op. cit.), the Danube Valley (KRETSCHMER op. cit.),
and Bosnia (CoNrRATH 1887). In the serpentine of
N Sweden, Molinia is also very common, even in
very dry localities.

However, outside serpentine, Molinia occurs in
the mountain districts as an exclusive mire-plant.
On the large serpentine area of the Isle of R6don
on the west coast of Norway (Tjotta, at lat. 66° N),
Molinta is extremely abundant, though, as far as
I was able to see during my short visit, totally
lacking in the vicinity. Accordingly, Molinia ap-
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pears locally as a serpentinicolous relic in Fenno-
scandia. Still, it should not actually be considered
as such, in view of its marked frequency and the
narrow disjunctions.

Another type of local disjunction is shown on
serpentine by plants which are not usually serpen-
tinicolous but appear incidentally — generally with
a comparatively small disjunction —in one (or a few
adjacent) serpentine areas. This is illustrated by
e.g. Minuartia rubella which has two large occur-
rences on the two adjacent serpentine mountains,
Murfjillet and Graipesvare in Asele Lappmark
(about lat. 65° N). This plant has a bicentric
distribution in Scandinavia with a large northern
area reaching southwards to about lat. 66° N and
a southern area in S Norway. These isolated ser-
pentine localities, being the southernmost in Swe-
den, are situated more than 100 km from the
nearest stations on calcareous ground.

Two other bicentric plants, Draba nivalis, and
Euphrasia lapponica present the southernmost
occurrences of their northern areas on calcareous
serpentine at Graipesvare and Murfjillet, respec-
tively. With the exception of another locality on
calcareous serpentine about 10 km north of Mur-
fjallet, Euphrasia lapponica also has its nearest
occurrence about 100 km further north. Draba
nivalis, however, occurs about 50 km north of
Graipesvare.

From Finland another example could be men-
tioned, viz., Dianthus superbus, which has an isolat-
ed locality on serpentine rock in N Karelia about
200 km from its nearest localities. Still another
example can be given from Norway. The fern
Asplentum adiantum nigrum, which occurs within
the outermost coastal districts of the west-coast of
S Norway, has an isolated locality in the district of
Sunmére, growing on serpentine quite distant from
the sea (BJORLYKKE op. cit.).

In several papers (1926, 1927, 1928a) on the flora
of serpentine in the Austrian Alps, LAMMERMAYER
pointed out the fact that the serpentine flora
contains basicolous as well as acidicolous plants.
He calls particular attention to the remarkable
fact that the acidicolous heather, Calluna vulgaris,
is common on serpentine together with the basic-
olous Erica carnea. A similar condition is noted in
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regard to Alnus wviridis and Pinus montana. The
Calluna-Erica association has also been described
from other parts of S Europe, Serbia (PANGIC 1859)
and Italy (Pavarino 1914). LAMMERMAYER men-
tioned that serpentine soil, being poor in mineral
nutrients and having an alkaline-neutral reaction,
combines the properties of non-calcareous and
calcareous soils, and he presents this fact to explain
the above circumstances. These problems will be
discussed further on, but the distribution of acidic-
olous and basicolous plants within N Swedish
serpentines will be treated briefly here.

It emerges from the list of plants on pp. 50-76
that the preponderant part of all plants found on
serpentines in N Sweden has a wide ecological
amplitude and must be regarded as nearly indiffe-
rent to soil reaction. However, several plants cha-
racterized as calcicolous are also included in the
serpentine flora. It is a simple matter of observation
that in localities with serpentine mixed with calcite
the number of calcicolous plants has on the whole
increased. This is true, for example, in several parts
of Graipesvare, where plants such as Dryas octo-
petala, Draba nivalis, Minuartia rubella, Euphrasia
lapponica, Carex rupestris, Carex atrata, Carex
capillaris, and Selaginella selaginoides are more or
less abundant. Of these, Dryas octopetala, Carex
rupestris, Carex atrata, Carex capillaris, and Sela-
ginella selaginoides are found in localities with a
calcium content in the soil of only approx. 194
Ca0O. However, none of these were found in serpen-
tine soil where the calcium content is as a rule very
low (<19, Ca0). In this pure serpentine soil with
hardly any calcium content, several plants com-
monly characterized as calcicolous are also to be
seen, e.g. Asplenium viride, Carex glacialis, Stlene
acaulis, Arenaria morvegica, Cerastium glabratum,
and Campylium stellatum among bryophytes, and
Caloplaca elegans among lichens.

On the other hand, markedly acidicolous plants
are abundant in the alkaline-neutral serpentine
soil, viz., Calluna vulgaris, Deschampsia flexuosa and
the bryophyte Rhacomitrium lanuginosum. These
plants very often grow side by side with the calci-
coles Asplentum wviride, Silene acaulis, and Cera-
stium glabratum.

Whether this divergence from the usual behav-
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iour shown on serpentine by several plants is due
to the existence of particular races is a complex
problem that cannot be solved without extensive
cultivation experiments.

The xerophytic character of the serpentine flora
is emphasized by many authors. This character is
comparatively independent of climatic conditions,
and is due to the serpentine rock and soil which
creates a dry and warm micro-climate. As to the
serpentines of N Sweden, the dry character is caused
by the most markedly convex arching of the
serpentine outcrops, and the rich occurrence of
vertical systems of crevices (cf. Fig. 9). The warmth
is moreover due to some extent to the pronounced
arching which subjects at least the south exposure
to strong irradiation by the sun. To this may be
added the high heat capacity of the serpentine rock
(according to RINNE 1908, serpentine and dolomite
0.24, sandstone 0.21, basalt 0.20, granite 0.19).

For example, the vegetation of the serpentine
areas in Moravia consists mainly of a steppe with
Festuca glauca, Stipa capillata, and Sesleria calcarea
(Suza 1928). Xerophytes are also dominant within
the serpentine area in the Danube Valley described
by KRETSCHMER (op. cit.), viz., Festuca glauca,
F. ovina, Genista pilosa, etc. PICHI-SERMOLLI (0p.
cit.), in his comprehensive paper on the vegetation
of the serpentine areas of the upper Tiber Valley
in Tuscany, described several markedly xerophytic
plant communities.

LiMMERMAYER (1927) pointed out that, in the
Austrian Alps, the thermophilous plants, Potentilla
arenaria, Teucrium chamaedrys, and Tunica saxi-
fraga, reach much higher altitudes in serpentine
habitats than is usual. Still another example may
be given: the northernmost localities in Europe of
the thermophilous mediterranean fern Notholaena
maranthe are situated in serpentine areas in the
Danube Valley and at Mohelno in SW Moravia.

The typical serpentine vegetation of N Sweden
has also a xerophytic character. The most extreme
serpentine vegetation is found in localities with a
dry micro-climate, viz., at low altitudes and at the
summits and south-exposed parts of the rocks. In
moist localities, e.g., north-exposed sides of the

rocks, the serpentine soil is usually covered by a
layer of humus or peat, varying from a few to some
10 cm in thickness (Fig. 10). This enables several
plants which cannot grow in pure serpentine soil
to grow in serpentine localities. However, typical
serpentine vegetation is always characterized by
more or less xerophytic plants, e.g. ericaceous
shrubs, viz., Calluna vulgaris, Empetrum herma-
phroditum, Vaccinium uliginosum; xerophytic gra-
minids, viz., Festuca ovina, Molinia coerulea, Juncus
trifidus; and also herbs with deeply descending root
systems, viz., Silene acaulis, Rumezx acetosa, and
Viscaria alpina.

The tendency of serpentine to maintain ther-
mophilous plants is clear from the fact that south
exposures of rather small serpentine cliffs often
harbour the same thermophilous elements as the
big south-bluffs of other rocks, so-called sydberg.
Among plants which are more or less thermophi-
lous within the mountain district of N Sweden
and found on south-exposed slopes of serpentine
hills (not alpine), the following may be mentioned:
Polypodium vulgare, Woodsia ilvensis, W. alpina,
Silene rupestris, Sedum annuwum, and the mosses
Leucodon sciurotdes, Thuidium abietinum, and Tor-
tula ruralis.

It is noteworthy that the serpentine floras of N
Sweden and other parts of N Europe are rich in
representatives of the family Caryophyllaceae. No
other families are nearly so well represented in the
serpentine floras there. A similar condition seems
to prevail in the serpentine areas of E Canada. In
the serpentine areas of E Quebec, Gaspé Peninsula,
and W Newfoundland, there are no less than 8
clearly serpentinicolous representatives of the Ca-
ryophyllaceae: Arenaria humifusa, Minuartia (Are-
naria) rubella, M. marcescens, M. biflora, Vis-
caria alpina, Silene acaulis, Stellaria longipes, and
Cerastium arvense. In more southern serpentine
areas, viz., in Central and South Europe, the domi-
nance of the family Caryophyllaceae seems far less
striking. This is mainly due to the increasing impor-
tance of such large families as Leguminoseae and
Compositae in these parts.
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2. Flora of other, mainly northern, serpentine areas outside Sweden

A. Norway.

Practically all the serpentine areas of N Sweden
are situated in the Scandinavian Mountain Range
(the Scandes), and the serpentine flora of N Swe-
den therefore derives from an alpine flora. Serpen-
tine areas also occur in the Norwegian part of the
Scandes. The flora of these alpine serpentine areas
of Norway does not differ essentially from that of
similar areas in N Sweden.

In Norway serpentine also occurs in several places
in the coastal districts. For example, considerable
serpentine areas occur in the district of Sunmoére
(S Norway at lat. 62° N). The flora of these areas,
which was described by B. BJORLYKKE (op. cit.),
differs in composition in some respects from the
serpentine flora of N Sweden. Thus the serpentine
flora of Middle Europe is represented by the ser-
pentine fern Asplenium adulterinum which grows
together with other representatives of the genus
Asplentum, viz., A. adiantum nigrum, A. trichoma-
nes, and A. viride.

Arabis petraea LaM. is a very common plant in
the serpentine areas of Sunmdre, occurring there
in no less than 13 different areas. Outside serpen-
tine, this plant has only one locality at Sunmdore.
It has a rather peculiar distribution in Fenno-
scandia: a main area in S Norway (Rogaland to
More and Romsdal, east to Opdal) and further
some other, disjunctive occurrences, viz., at the
coast of the Bothnian Sea (Sweden, province of
Angermanland, approx. lat. 63° N), and at the
northern part of Lake Onega in East Fennoscandia.
Outside Fennoscandia, Arabis petraea is known
from Scotland, Iceland, and the mountains of
Middle Europe. In Russia, closely related species
occur east of the Petschora river (HuLTEN 1950).
This scattered distribution points to an epibiotic
character and, at least in Scandinavia, this plant
grows exclusively in localities with low competition
— shore or river gravels and scree. Thus Arabis
petraea, being very abundant in the serpentine of
Sunmore, can no doubt be characterized as a ser-
pentinicolous relic in this area. The serpentine
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areas of Sunmoére also have some serpentinicolous
plants in common with the serpentine areas of N
Sweden, viz., dsplenium viride and Viscaria alpina
var. serpentinicola. According to BJORLYKKE, Mo-
linia coerulea is also very characteristic of these
serpentine areas.

I had the opportunity to visit a more northern
serpentine area on the Norwegian coast, the Isle of
Rodon (Tjotta in Nordland, lat. 66° N), where
serpentine rocks emerge from the sea level up to an
altitude of about 300 m. This serpentine area is
situated at the same latitude as the majority of the
serpentine of N Sweden. The flora, however, has
but a few species in common: Asplentum viride,
Molinia coerulea, Viscaria alpina var. serpentini-
cola, Cerastium alpinum, Calluna vulgaris, and the
moss Rhacomitrium lanuginosum. The vegetation
of the R6don serpentine is above all characterized
by Molinia coerulea and Rhacomitrium lanuginosum,
with Lotus corniculatus and Polygala vulgaris form-
ing a richly coloured pattern in the uniform mat.
Some shore plants, Plantago maritima, Armeria ma-
ritvma, Sagina nodosa and Silene maritima, although
far from the sea shore, are also common there. In
this serpentine area Asplenium adulterinum has its
northernmost occurrence in Europe.

B. Finland.

An arctic-subarctic serpentine lowland-flora is
also recorded in North and Middle Finland where
rather small serpentine outerops occur in Lapponia
Kemensis, Lapponia Inarensis, Ostrobottnia Kaja-
nensis (about lat. 64° N), and N Karelia (about
lat. 63° N); all situated at an altitude of 100400 m.

The flora of some serpentine areas of Finnish
Lappland has been briefly described by MIKKOLA
(1938). The characteristic plants of these serpentine
areas are also common on serpentine in N Sweden,
viz., Asplenium viride, Viscaria alpina, Cerastium
alpinum, Minuartia biflora, Campanula rotundi-
folia, and Molinia coerulea. MIKKOLA also mentions
a very disjunctive occurrence of Arenaria ciliata
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from a serpentine area near the Russian border in
the district of Tuntsajoki. Arenaria ciliata, in this
case no doubt identical with A. ciliata ssp. pseudo-
frigtda OsTENF. & DAHL, is a very rare, arctic
plant restricted in Fennoscandia to the far north-
eastern parts (see map Fig. 48). As shown in Fig. 48
this plant appears disjunctively on serpentine not
only in Finnish Lappland but also in Kuusamo.
According to KoTiLAINEN (verbal information),
who later visited some of these areas, MIKKOLA’S
statement concerning Cerastium alpinum probably
refers to C. glabratum which is abundant there.

In the Karelian serpentine areas the southern
serpentinophyte Asplenium adulterinum was found
(KoTiLAINEN 1921). Another serpentinophyte from
E Central Europe (Moravia) has been found in
some serpentine areas of the province of Ostrobott-
nia Kajanensis, Cerastium vulgatum var. serpentini
(Nov4ik) GARTNER. Another serpentinicolous race
of this species, C. vulg. var. kajanense KoriL. &
VEERA SaALMI was recently described from this
district (KoTILAINEN & SarLmr 1950).

This second variety was also found in two differ-
ent places in N Sweden, viz., Rénnbédck in S Lapp-
land and Géddede in N Jamtland. Some of the
most abundant plants of the serpentines of Middle
Finland are also common to the serpentine areas
of N Sweden: Asplenium viride, Viscaria alpina var.
serpentinicola, Molinia coerulea, and the mosses
Campylium stellatum and Weisia viridula. Another
moss, Brachythectum velutinum, is also characteris-
tic of the serpentine in Finland (KOTILAINEN 1944).
However, it has not as yet been found in the ser-
pentine areas of N Sweden. Besides the very typical
serpentinicolous relic of N Karelia, Dianthus super-
bus, mentioned earlier in this paper (p.88), some
more plants with a similardisjunctive occurrence on
N Karelian serpentines might be mentioned, viz.,
Sedum telephium, Sagina nodosa, and the alpine
plants Cerastium alpinum and Saxifraga nivalis.
In this connection also two arctic mosses may be
mentioned, Bryum nittdulum and B. arctogaeum
occurring in lowland serpentine areas in the prov-
ince of Ostrobottnia Kajanensis (KOTILAINEN
1944).

Apparently, the similarity between the serpen-
tine floras of N Sweden and North and Middle Fin-

land seems more marked than that between N
Sweden and the coastal districts of Norway.

C. North.America.

Another serpentine flora from an area with a
climate much like that of N Fennoscandia is found
in E Canada. The largest and best known serpen-
tine area there is Mt Albert in the Gaspé Peninsula
(E Quebec, about lat. 49° N). The flora of this
serpentine mountain was described by FERNALD
(1907), RavymoxnD (1949), ScoceanN (1950), and
others. In the summer of 1951, I personally visited
Mt Albert and was able to compare its serpentine
flora with that of Scandinavia.

Next to Table Top, Mt Albert is the highest and
broadest mountain top of the Shickshocks, which in
the Gaspé Peninsula form the northernmost region
of the Appalachian mountain system. Mt Albert
consists of serpentinized peridotite surrounded by
dark amphibolite. The very wide plateau-like sum-
mit (about 5 km in breadth) varies in elevation
from approx. 1100 to 1230 m. The border between
amphibolite and the serpentine appears distinctly
as a sharp vegetation boundary (Fig. 49). Thus,
amphibolite is everywhere covered by a close growth
of low shrubby spruce and balsam fir, while the
wide barren serpentine area possesses an arctic-
alpine flora quite peculiar to itself; the ground as
well as the vegetation is reminiscent, above all, of
the arctic tundra or high alpine areas. The ground
shows a very typical congeliturbation pattern
(BrYaN 1946), viz., stone polygons with fine mate-
rials in their centres (Fig. 50).

On the highly congeliturbate soil in the centre
of the polygons, Arenaria humifusa, Minuartia (Are-
naria) rubella, M. marcescens, and Artemisia borealis
grow in abundance. At peripheral, more stable,
parts, Rhododendron lapponicum, Vaccinium uligi-
nosum var. alpina, Carex scirpoidea, and sometimes
Stlene acaulis are very common. In places less
exposed to the wind and therefore protected by
snow during winter, the intensive frost action de-
creases; in the places where the soil does not dry
out as extremely, a tundra-like vegetation will pre-
vail. The soil is covered by mats of Rhacomitrium
lanuginosum in which occur especially, Viscaria
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Fig. 49. In the northern part of the Mt Albert top plateau, the border-line between amphibolite and serpentine appears
as a sharp vegetation boundary. Dense mats of low shrubby spruce and balsam fir covering amphibolite cease directly
on reaching serpentine. This serpentine harbours a vegetation rather reminiscent of arctic tundra with, Arenaria humifusa,
Minuartia marcescens, M. rubella, M. biflora, Armeria scabra ssp. labradorica, Artemisia borealis, Betula glandulosa,
Carex scirpoidea, Ledum groenlandicum, Rhododendron lapponicum, Vaccinium wuliginosum var. alpina, Viscaria alpina,

etc. Note congeliturbation pattern of boulder rings. Gaspé, Que., Canada.

alpina, Armeria scabra ssp. labradorica, Scirpus
caespitosus, Deschampsia caespitosa, Campanula
rotundifolia, Ledum groenlandicum, Betula glandu-
losa, and Saliz brachycarpa. Thus, on the serpen-
tine plateau a tundra-like vegetation extends with
arctic plants predominating. Many of these occur
very disjunctively on Mt Albert and similar ser-
pentine areas in W Newfoundland; beyond these
places they are not found south of N Labrador.
The extreme alpine character of the Mt Albert
serpentine tableland is edaphically conditioned,
mainly because of its extremely congeliturbate
soil. The mechanical composition of the serpentine
soil, combined with its scanty vegetation, seems
always to cause a considerable congeliturbation
in alpine serpentine areas. On Mt Albert this ten-
dency is largely increased because of the horizontal
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serpentine bedrock situated a few feet below the
surface of the soil. Thus, the bedrock there plays
a role similar to the permafrost of the arctic tundra,
which delays the disappearance of the water.

From the southern edge of the serpentine table-
land a deep gorge — Devil’s Gulch — stretches
towards the centre (Fig. 51). Its steep walls and
talus harbour a serpentine flora different from that
of the plateau. Three very interesting ferns, Poly-
stichum mohroides var. scopolinum, Cheilanthes
siliquosa, and Adiantum pedatum var. aleuticum,
can be found in crevices and behind boulders. The
two grasses Festuca scabrella and Danthonia inter-
medtia, also seen there, are of particular interest
as regards distribution.

Finally, there is one plant growing abundantly
everywhere on the serpentine of Mt Albert, viz., a
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very distinct, angustifoliate serpentine race of
Cerastium arvense, which may possibly correspond
to C. arvense f. serpentini NovAk from E Central
Europe. It is difficult to decide from the meagre
description given by Novik (1928 p. 48) to what
extent these races are similar. Except on Mt Albert
the American serpentine race is found also in the
serpentine areas of Megantic Co, S Quebec. Yet it
is not found in the serpentine areas of W Newfound-
land. In the more southern serpentine areas of E
North America, e.g., the Conowingos of SE Penn-
sylvania, it is replaced by another serpentine race
of Cerastium arvense, C. arvense var. villosissitmum
PENNEL.

The serpentine variety of Cerastium arvense men-
tioned above is the only typical serpentinophyte
of the Mt Albert serpentine. However, Minuartia
marcescens (FERNALD) HoUSE, extremely abundant
on the Mt Albert serpentine may probably be
considered a preferential serpentinophyte, closely
related to M. obtusa of the West (cf. FERNALD
1925). It is a St. Lawrence Gulf endemic found
only on Mt Albert serpentine and in W New-
foundland, growing on serpentine and magnesian
limestone barrens.

Most of the plants typical of the Mt Albert ser-
pentine can be characterized as serpentinicolous
relics. Thus, one group includes the arctic plants,
reaching its southern limit in E North America
in the serpentine areas of Mt Albert and W New-
foundland. Such plants are: Armeria scabra ssp.
labradorica, Viscaria alpina, Minuartia biflora, Arte-
misia borealis, Arenaria humifusa. The four first-
mentioned, in particular, appear very disjunctively
in the serpentine areas of Mt Albert and W New-
foundland, which are their only localities in E
North America outside the arctic region. Appar-
ently, these plants, occurring together with other
arctic-alpine plants of wider distribution, e.g.
" Carex scirpordea, Minuartia rubella, Rhododendron
lapponicum, Ledum groenlandicum, Vaccinium wli-
ginosum var. alpina, grow there on account of
the edaphic, “arctic”” conditions created by the
serpentine soil.

However, there is also another group of plants
on Mt Albert, showing another type of disjunctive
distribution. It comprises the members of what was

called the Cordillera-group by FERNALD (FERNALD
1925). This group consists of species with a gener-
ally wide western distribution, ranging mostly from
Alaska to the Rocky Mts, and represented in E
North America in but a few localities in the St.
Lawrence Gulf region. The fern Polystichum mohroi-
des var. scopolinum has its only E North American
locality on Mt Albert. This fern has a scattered
distribution in the West, ranging from Idaho and
Montana to S California. However, it is a very rare
plant known only from about ten localities. This
variety represents one of the geographic races of
the subantarctic species Polystichum mohroides,
which is distributed northward along the Andes
of S America.

Another fern of the Mt Albert serpentine, Adian-
tum pedatum var. aleuticum occurs mainly from
Kamtchatka and Alaska to California and the
Rocky Mts, where it is rather typical of alpine basic
rocks. However, in its E North American area,
ranging from Newfoundland to N Vermont, it is
restricted to peridotites (serpentine, asbestos). In
W Newfoundland it also has a few localities on
other magnesian rocks.

The third serpentine fern of Mt Albert also be-
longs to this group of distribution. Thus, Cheilan-
thes siliqguosa, which is rather sparse on Mt Albert
but more abundant in the Black Lake serpentine
area of S Quebec, is a Cordilleran plant ranging
from S British Columbia to NW Wyoming, N Utah
and S California, generally growing on magnesian
or limestone rocks (FERNALD 1950, St. JoHN 1937).
Like many other plants belonging to this distribu-
tional group, it also has an isolated station in the
Great Lakes region, viz., at the Bruce Peninsula,
Ontario, growing on dolomitic limestone.

All three ferns mentioned above are, undoubt-
edly, typical serpentinicolous relics. The question
whether these ferns are relics from a once wider
eastern area of distribution, or whether the eastern
serpentine stations result from long distance disper-
sal, cannot be easily decided. As these ferns are also
represented by serpentine populations in the West
and, like all ferns, have very light diaspores, the
latter possibility cannot be excluded. However, this
problem does not affect their status as serpentinic-
olous relics, because this concept refers mainly to
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their present existence in isolated, ecologically very
specific areas outside which they cannot survive
(cf. p. 81).

Besides these ferns, also some other serpentine
plants on Mt Albert belong to the same distribu-
tional group. Thus the tall, beautiful grass Festuca
scabrella, rather abundant on Mt Albert, is widely
distributed in the Cordillera from British Columbia
and Alberta to Oregon, N Dakota, and Colorado.
It also occurs disjunctively in the Great Lakes
region. In Gaspé, it is also found sparsely in two
localities outside the serpentine. In W Newfound-
land, it is found onserpentine and limestone barrens.
In addition, its E North American area comprises
a rich occurrence in the Black Lake serpentine area
in Megantic Co, S Quebec.

A rather similar distribution is shown by an-
other grass, Danthonia intermedia VASEY, which ex-
tends from Kamtchatka, Alaska, Yukon, and Mani-
toba southward to California and New Mexico, and
with isolated areas in the Great Lakes and the St.
Lawrence regions. In Gaspé only one locality exists
outside the Mt Albert serpentine, viz., in a calcare-
ous subalpine meadow at Table Top, adjacent to
Mt Albert. In W Newfoundland, Danthonia inter-
media is confined to serpentine and magnesian
limestone. However, in E Labrador it is found in
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Fig. 50. The Mt Albert top forms a wide
serpentine plateau at about 1200 m altitude.
Its scanty vegetation is extremely alpine
including several arctic plants, reaching the
southernmost outposts of E North America
in this locality, viz., Arenaria humifusa, Mi-
nuartiabiflora, Armeria scabrassp. labradorica,
Artemzisia borealis, Viscaria alpina. The alpine
character is edaphically conditioned, and
is largely due to pronounced solifluction
and frost heaving effects in soil, producing
conditions in ground similar to arctic and
high-alpine areas. Note congeliturbation
pattern of boulder rings. Gaspé, Que., Canada.

Photo Olof Rune 29.7.1951.

meadows as well as on peats and gravel (FERNALD
1950).

Another example is the small grey-pubescent
willow, Salixz brachycarpa NuTT., which grows in
abundance on the Mt Albert serpentine. Further-
more, this willow is also found in this region on
limestone gravels on Anticosti Island. However, its
wide main area extends from Ungava to N British
Columbia, and southward to Manitoba, Saskatche-
wan, Colorado, Utah, and Oregon (FERNALD 1950).

In the Longe Range Mts in W Newfoundland,
some large serpentine areas occur, i.e. southwest
of the port of Corner Brook. FeErNaLD (1911)
once botanized there and mentions the flora of this
serpentine area as being much the same as on Mt
Albert. This is confirmed by recent studies by
E. RourLEau. Thus, Armeria scabra ssp. labra-
dorica, Viscaria alpina, Arenaria humifusa, M-
nuartia marcescens, M. rubella, Silene acaulis, Arte-
maista borealis, Festuca scabrella, Carex scirpotdea, and
Advantum pedatum var. aleuticum are common to
both areas. However, some plants very typical of
Mt Albert serpentine are lacking on the serpentine
of W Newfoundland, e.g. the ferns Polystichum
mohroides var. scopolinum and Cheilanthes siliquosa,
as well as the serpentine race of Cerastium arvense,
and Salix brachycarpa.



Problems of serpentine flora 95

Fig. 51. Devil’s Gulch, the deep gorge stret-
ching from the southern edge towards the
centre of the Mt Albert table-land. Its steep
walls harbour several endemic and disjunctive
plants restricted to this part of the moun-
tain, e. g., three ferns with main distribu-
tion in the West: Polystichum mohroides
var. scopolinum, Cheilanthes siliquosa, and
Adiantum pedatum var. aleuticum. Bottom
of valley is forested with shrubby spruce and
balsam fir. Gaspé, Que., Canada.

Photo Olof Rune 12.8.1951.

In the northernmost parts of the Appalachians,
serpentine also occurs in S Quebec, viz., at Black
Lake in Megantic Co, about 160 km E of Montreal.
Unlike Mt Albert these areas, which I visited in
1951, are not alpine at all. Outside the serpentine,
spruce forests (Picea alba and P. mariana) domi-
nate; but as is usual on serpentine, pine is by far
the most common tree, being represented here by
the red pine (Pinus resinosa). Although rather
sparse in this district, it occurs abundantly in the
serpentine areas. In this district the serpentine out-
crops form rather small isolated and steep sum-
mits. They are, apart from cliffs and talus, more or
less wooded. The most typical serpentine vegetation
appears on the scree and among boulders in the
steep talus parts. The following plants are found
there: Cheilanthes siliquosa, Adiantum pedatum var.
aleuticum, Carex scirpoidea, Festuca scabrella, Stel-
laria longipes, Campanula rotundifolia, and Juni-
perus communis var. depressa. In the crevices of the
cliffs are found Minuartia rubella (= Arenaria ru-
bella), and also the same serpentine race of Cerastium
arvense as is common on Mt Albert. This latter plant
is the only typical serpentinophyte within this dis-
trict, and, as on Mt Albert, the bulk of the serpen-
tinicolous plants is likely to be cemposed of ser-
pentinicolous relics.

Thus, we find in the Black Lake district some of

the members of FErRNALD’s Cordillera-group dis-
cussed above in connection with Mt Albert, viz.,
Cheilanthes siliquosa, Adiantum pedatum, var. aleu-
ticum, and Festuca scabrella. The three arctic or
arctic-alpine plants Carex scirpoidea, Minuartia
rubella and Stellaria longipes within this compara-
tively low and southern district, are, invariably
restricted to serpentine, and are very good examples
of serpentinicolous relics.

When comparing the vegetation and flora of the
serpentine areas of E Canada and N Sweden, the
following points become evident:

1) Superficially, a great resemblance exists between
the vegetation of, e.g., the alpine serpentine area of
Mt Albert and any corresponding area of N Sweden.
This resemblance is, above all, due to the very
abundant occurrence of Rhacomitrium lanuginosum
and to the intensive frost action in the soils, to-
gether causing physiognomically rather similar
plant communities in both areas.

2) The following serpentinicolous plants of Mt Al-
bert ar® also more or less serpentinicolous in Scandi-
navia:

Viscaria alpina, occurring as a serpentinicolous
relic on Mt Albert and W Newfoundland, is
clearly serpentinicolous in Scandinavia, though
it is a rather common and widespread alpine plant
here. The American population of V. alpina was
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distinguished by FERNALD as a var. americana.
However, the difference is only due to the size
(var. americana is somewhat taller), and does not
seem very distinctive.

Arenaria humifusa and Minuartia rubella (= Are-
naria rubella) are serpentinicolous relics in the
serpentine area of Mt Albert. Both occur in N Scan-
dinavia as serpentinicolous relics, though much
more sparsely (cf. pp. 84, 88). Minuartia rubella is a
very polymorphous species in N America, and,
according to my own observations, the Mt Albert
specimens are rather different from what I have
observed in Scandinavia. To a certain extent this
is true also of Arenaria humifusa.

Silene acaulis may probably be characterized as
a serpentinicolous relic on Mt Albert and in W
Newfoundland, but it does not seem to be as im-
portant on serpentine there as in Scandinavia. On
the whole, this plant is far more common in Scandi-
navia. The E American population belongs to var.
exscapa.

Armeria scabra ssp. labradorica is a very typi-
cal serpentinicolous relic on Mt Albert and in W
Newfoundland. According to IVERSEN (1940), this
plant is identical with 4. scabra ssp. sibirica, which
is, for instance, known from Mt Peldsa in northern-
most Scandinavia. This arctic race is monomorphic
and differs in that respect from the common Scan-
dinavian sea shore plant 4rmeria maritima (MiLL.)
WiLrp. which shows a marked pollen and style
dimorphism. However, the latter seems to grow
abundantly in Norwegian coastal serpentine areas,
even quite far from the sea shore (cf. p. 90).

Finally, the following plants may be mentioned:
Scirpus caespitosus, Deschampsia caespitosa, D.
flexuosa, and Vaccinium uliginosum. They are
rather abundant on Mt Albert, but cannot be
considered as particularly serpentinicolous, being,
no doubt, omnipresent plants in this area. Thus,
they have much the same mode of occurrence as in
Scandinavia (serpentinicolous ubiquists).

3) The following serpentinicolous plants of Mt Al-
bert occur in Scandinavia, but only as non-serpenti-
nicolous ones:

Rhododendrom lapponicum, which is extremely
abundant on Mt Albert, is also found, though very
sparsely, on two other adjacent mountain tops in
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Gaspé. Although Rhododendron is a rather common
alpine plant, at least in the northernmost parts of
Scandinavia (about north of lat. 66° N), it is not
found onserpentine. Actually, most serpentine areas
in Scandinavia are situated south of the distribution
area of Rhododendron. Still, the distance is com-
paratively inconsiderable and in view of the serpen-
tinicolous character of this plant in E Canada it is
remarkable not to find it as a serpentinicolous relic
also in Scandinavia like, e.g., Arenaria humifusa
and Minuartia rubella.

Furthermore, Carex scirpoidea, which is rather
serpentinicolous in E Canada, has a single locality
in Scandinavia, though not on serpentine.

Stellaria longipes appears to be serpentinicolous
in the Black Lake district of E Quebec. In Scan-
dinavia, this complex species is represented by a
certain type, distinguished by HULTEN (1943) as an
Stellaria  crassipes HULTEN.
However, this very rare plant was never found in

individual species,

connection with serpentine.

Finally, Cerastium arvense, which is represented
in serpentine areas of E North America by some
special serpentine races, appears in Central Europe
as a highly serpentinicolous plant. Still, this species
hardly reaches N Fennoscandia as an indigenous
plant.

4) The following serpentinicolous plants of Fenno-
scandia occur as non-serpentinicolous plants in E
Canada:

Asplenium wviride, the most common and wide-
spread of all serpentinicolous plants in Fenno-
scandia, is completely lacking in the serpentine
areas of E Canada, even though it occurs on cal-
careous rock in the arctic-boreal parts of America.
Actually, this fern seems to be more common and
widespread in Europe than in America, and the
European population is apparently richer in bio-
types. In Europe, Asplenium viride lives under a
variety of climatic conditions, because its area
comprises all N Europe as well as the mountains
of Middle Europe. In N Europe it is strictly ba-
sicolous (serpentine, calcareous rocks), while in
Middle Europe it is classified as indifferent (HEGI
I p. 27). The American distribution is mainly arctic
and alpine (Alaska to Labrador and Newfoundland,
and in the West along the mountains to Colorado,
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Utah, and Washington, with isolated outposts
southward to Vermont, New York, Ontario, and
Wisconsin).

Cerastium alpinum seems to be quite a parallel.
In N Europe it is a very common alpine plant which
sometimes occurs in the lowland as a “‘glacial relic”’.
As a whole, it is a very polymorphous species with
a wide ecological amplitude. Some of its races are
highly serpentinicolous (cf. pp. 52-54, 67), and
representatives of C. alpinum sens. lat. are seldom
lacking in any alpine serpentine area of N Sweden.
In N America this species is strictly arctic, and in
the East it does not occur south of Newfoundland
(cf. FERNALD 1950). Thus, it does not reach Gaspé.
However, it is represented there by its close ally,
Cerastium beeringianum (C. alpinum var. beeringia-
num) which is found in a few localities, all outside
serpentine.

In this connection also Minuartia biflora could
be mentioned. This circumpolar species is highly

erpentinicolous in Fennoscandia. In America,

where usually referred to as Arenaria sajanensis,

it is widely distributed in the Arctic and Mt
Albert has been recorded as its southernmost
outpost in the East. I found only very few in-
dividuals of AMMinuartia biflora (4. sajanensis) on
Mt Albert and in spite of its disjunction it gave
the impression of being far less serpentinicolous
here than in Fennoscandia.

To sum up: a comparison between the serpentine
floras of Fennoscandia and E Canada demonstrates
fairly clearly the well known fact that a certain
species may have different ecological claims or
amplitudes, in different (or at least sufficiently re-
mote) parts of its distributional area. This appar-
ently also holds true concerning such homogeneous
species as Asplenium wviride and Rhododendron
lapponicum. More light is shed on these prob-
lems when the results obtained by KRUCKEBERG
(1951) are taken into account. As mentioned
previously he demonstrated, by cultivation experi-
ments with Streptanthus sp. and others, that the
ability to grow on serpentine was confined to a
certain ‘‘biotype’’. The offspring of specimens which
had not grown on serpentine did not thrive when
cultivated in serpentine soil. However, the results
from other cultivated plants were not so informative
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(for a further discussion, cf. p. 82). In the light of
this fact, the varying ability of a plant to grow on
serpentine in one part of its distributional area,
but not in another, may be explained by the distri-
bution of its serpentine-tolerant biotypes. After
all, not so few species show a similar inclination to-
wards serpentine within two widely remote parts
of their distributional range, e.g., Viscaria alpina,
Arenaria humifusa, Minuartia rubella, and Silene
acaulis. It is remarkable that all these, though
ecologically similar, are morphologically somewhat
different in Scandinavia and E North America.

Actually, the serpentine of Mt Albert is not the
only area in Gaspé which harbours rare plants with
a disjunctive distribution; some of them are also
found on a few other mountains, e.g., on Table Top
and Mt Logan, on the calcareous sea-cliffs of the
north shore, and on the gravels of river flats near
the mouths of the great rivers of the south coast
(e. g., Cascapedia, Bonaventure, and Grand River).
Moreover, plants with a similarly disjunctive dis-
tribution (FErRNALD’s Cordillera-group) also occur
on Anticosti and Mingan Islands. As a whole, the
area all around the Gulf of St. Lawrence seems to
be a centre of plants with a disjunctive distribution.

In a classical phytogeographic study — ‘“Per-
sistence of plants in unglaciated areas of boreal
America” — FErRNALD (1925) explained the rich
flora of the Gaspé Peninsula as the result of an
incomplete glaciation of the Gaspé mountains dur-
ing the Wisconsin glaciation. However, this nuna-
takk-theory of FERNALD was founded on incom-
plete botanical and geological evidence, and further
investigations do not seeam to confirm his theory
(cf. WyNNE-EDWARDS 1939). This complex problem
cannot be dealt with here. Only a few points re-
lating to serpentine will be briefly considered.

Mt Albert is by far the richest locality of Gaspé
for the many arctic and Cordilleran plants which
appear there more or less disjunctively as serpen-
tinicolous relics. Since serpentine areas everywhere
in boreal and subarctic areas — and even in once
heavily glaciated districts — are rich in serpenti-
nicolous relics, it is not necessary to assume incom-
plete glaciation as the cause of the very particular
flora of Mt Albert. Moreover, the serpentine areas
of Black Lake, which are situated in a once heavily
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glaciated district, also harbour serpentinicolous
relics, some of which are found also on Mt Albert
(cf. p. 95).

As mentioned above, rare plants occur in Gaspé,
not only on serpentine but also in some other types
of localities, as follows: 1) calcareous, easily
weathered schists in alpine situations, e.g., Table
Top and Mt Logan (on Table Top the rare plants
are not found on the very top, which is granitic,
but on the surrounding tops which are built up of
schists); 2) bluffs and talus of limestone, calcareous
schists or conglomerates on the steep north coast
of the peninsula, e.g., Mt St. Pierre, Anse Pleureuse,
Cape Bon Ami, Percé, and Bonaventure Island;
3) river flats and delta deposits of the rivers of
the south coast. In W Newfoundland the rare
plants are found on limestone and magnesian lime-
stone barrens as well as on serpentine. On Mingan
and Anticosti Islands, limestone cliffs and gravels
harbour the interesting elements.

Besides a basic soil reaction, these different types
of localities have a certain property in common —
a property which is also characteristic of serpentine:
they are not occupied by closed plant-communities.
The vegetation is kept at the pioneer stage by the
instability of the soil — combined with the infer-
tility in the case of serpentine. In a study of the
ecology of rare plants, Gricas (1940) declared that
“rare plants are rare, because they cannot com-
pete”’. He states that epibiotics can only survive
in localities free from hard competition. According
to him, the St. Lawrence Gulf region has numerous
such localities, which would account for the many
rare plants there. However that may be, the rare
Gaspé plants are undoubtedly concentrated to
pioneer habitats without a closed vegetation. At
all events, the Gaspé flora, so rich in epibiotics,
demonstrates that serpentinicolous relics are quite
equivalent to other epibiotics in that they are all
confined to habitats with a low competition.

In E North America, serpentine areas also occur
at more southerly latitudes. Thus, along the Pied-
mont Plateau, from New England to N Carolina, a
series of serpentine outcrops are to be seen, the
Conowingo Barrens. PENNEL (1911, 1912) studied
the flora of the Conowingo Barrens within Chester
Co in SE Pennsylvania, and I had personally the
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opportunity to visit these areas in July 1951. As
they were never reached by the Wisconsin ice,
these serpentine areas look rather different from
what I have seen in more northern districts. The
serpentine rock is almost everywhere covered by
weathered soil. However, the serpentine is dis-
tinguishable from its vegetation. The surrounding
hardwood forest ceases as soon as it reaches the ser-
pentine which is either totally destitute of trees, or
sparsely forested by pine (Pinus rigida) and bushes
of Quercus marylandica. Besides, the vegetation is
above all characterized by the big tussocks of
Deschampsia caespitosa, between which a more or
less bare soil occurs. The bare soil patches are some-
times attractively coloured by a beautiful little
plant, Phlox subulata, which is characteristic of
some of these serpentine areas.

PennEeL (1912) found a group of 17 species re-
stricted to serpentine in this section of the Pied-
mont area. According to him, the following ele-
ments are represented in this group: 1) northern or
Alleghanian plants appearing disjunctively or reach-
ing their southern limit in the Conowingo Barrens,
viz., Sporobolus heterolepis, Atheropogon curtipen-
dulus, Galium boreale, Deschampsia caespitosa,
Carex bicknellii; 2) southern, coastal plain species
reaching their northern limit here, viz., Quercus
marylandica, Asclepias verticillata, Phlox subulata;
3) plants with very disjunctive localities in the
Conowingo Barrens, occurring in widely remote
areas over most of the Eastern States, viz., Panicum
annulum, Sphenopholis obtusata var. pubescens,
Scutellaria parvula var. ambigua; 4) Talium tereti-
folium and Cerastium arvense £. oblongifolium (TORR)
PENNEL, which are practically confined to serpen-
tine in the East, but are adapted to other xero-
phytic habitats within the western parts of their
range, Minnesota to Colorado. Finally, at least one
typical serpentinophyte is endemic in one of the
serpentine barrens of Chester Co, viz., Cerastium
arvense var. wvillosisssmum PENNEL. This variety
is very long-haired, of depressed growth, and forms
widely spreading mats (cf. p. 110).

As might have been expected, the serpentine
flora of the Conowingo Barrens differs considerably
from that of E Canada. Considering that the Cono-
wingo flora has only a few endemics but many
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serpentinicolous relics, we may add that there
is a clear resemblance to the northern serpentine
floras. This may seem remarkable since the Cono-
wingo Barrens in question are situated south of the
range of the Wisconsin ice. However, the distance
is rather inconsiderable (some hundred km) and the
area has certainly undergone great changes in cli-
mate.

As mentioned before, a recent report on the ser-
pentine flora of the Central Coast Range in Cali-
fornia is given by KRUCKEBERG (op. cit.). He
characterizes these serpentine areas as very rich in
endemics. Further, he states that these serpentine
endemics represent two major types, and, as dis-
(p- 82), they probably cor-
respond to serpentinophytes and serpentinicolous
relics, respectively. According to KRUCKEBERG (op.
cit.), the three best known indicator species for the
serpentine habitats of thisdistrict — Quercus durata,
Ceanothus jepsonii, and Cupressus sargentii — may

cussed previously

beinterpreted as good examples of the ‘‘insular type”
of endemics which correspond with our concept of
the serpentinophytes. Examples of the other type
of endemics, the ‘“‘depleted species” type, may be
found in the section Ewuclisia of the cruciferous
genus Streptanthus. According to our nomenclature,
this type of endemic may belong to the serpenti-
nicolous relics.

The vegetation of the Coast Range serpentine
areas is of the chaparral type and dominated by the
above-mentioned serpentine-endemic shrubs, such
as Ceanothus jepsonti, Quercus durata, and Garrya
congdonit, as well as by the non-endemics, Adeno-
stema fasciculatum, Photinia arbutifolia and Pinus
sabiniana (KRUCKEBERG op. cit.).

In this connection, some remarks may be made
on the large serpentine areas of the northeastern
parts of Cuba, since they will be referred to in later
pages (p. 118). A paper on the vegetation of the
large serpentine mountain, Sierra de Nipe, in that
area was published by CaraBia (1945). He men-
tions that from this area sixteen endemic genera
and a large number of species have been described,
representing about 809, of the total flora.

Many of these are characterized as relics, ‘“but
there is no doubt that here, also on this serpentine
soil, we are in the presence of a great center of neo-

endemic or vicarious species being mainly selected
by local edaphic phenomena” (CARABIA op. cit. p.
325). Apparently, the number of serpentinophytes
on the tropical mountain of Sierra de Nipe is enor-
mous as compared with northern areas. To a certain
extent, this high number of endemics may also
be explained by the geographical isolation of these
mountains. In other southern serpentine areas the
number of endemic serpentine plants is far less.

From Italy and Albania, PICHI-SERMOLLI men-
tioned about twenty serpentinophytes and about
the same number of serpentinicolous relics (PIcHI-
SERMOLLI op. cit.). From E Central Europe and the
Balkan Peninsula, NovAx mentioned about sixty
species, varieties and forms which he considers
“certainement rigoureusement liées pour leur exis-
tence et leur développement favourable au sol des
roches serpentiniques ou magnesitiques” (NovAk
1928, p. 57).

From this it is clear that the flora of serpentine
strikingly emphasizes the general fact that the
lands of the northern hemisphere, which were
covered by the Pleistocene ice sheets, are conspicu-
ously poor in endemics (cf. CaiNn 1944, p. 216).

D. East Asia.

Finally, some very recent notes on the serpentine
flora in Japan (KitamMura & Momorant 1952, and
Kitamura & MuraTa 1952) will be considered
where an interesting serpentine flora is outlined
which, apparently, has several general features
in common with the serpentine floras mentioned
previously.

In the serpentine area of Sugashima Island, Prov.
Shima, the dominant species are dwarf Pinus thun-
bergii and Buxus microphyllus var. japonicus. Salvia
tsensts is mentioned as a serpentine plant common
in the area, though not as yet found outside serpen-
tine, appearing as a distinct species with villose
petioles and stems. Thymus quinquecostatus is abun-
dant on the serpentine rocks of this area, situated
at about 100-200 m. In Hondo, the same species
occur on denudated rocks at 1000-2000 m. Enkian-
thus perulatus var. japonicus is mentioned as a relic
in this area. Other dominant species are Pertya
glabrescens, Dicranopteris dichotoma, Maiscanthus
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sinensis, Swertia japonica, Atractylodes japonica,
Rhododendron sanctum, Malus toringo, Chrysanthe-
mum makinoi, Wikstroemia sikokiana, Berberis
thunbergir, Lilium japonicum, Viburnum erosum,
and Fraxinus sieboldiana.

In the serpentine area of Awa, Shikoku, Spirea
blumei is mentioned as an indicator of serpentine,
being very abundant on this kind of rock, though
not restricted to it. This plant is rare elsewhere in
Japan. In the same areas, Saussurea nipponica ssp.
yoshinagt and Lilium japonicum var. abeanum are
mentioned as endemic serpentine races. “The for-
mer seems to be a relic and deformed in this area.
The latter seems to have been selected in this area”
(loc. cit. p. 122). The authors especially studied the
association dominated by Pinus densiflora and
Enlianthus perulatus var. japonicus, in the area

Problems of serpentine flora

near Sakushiu village. In this area, situated at
650 m, Sciadopitys verticillata, Thujopsis dolabrata,
and Pinus parviflora are found as relics. Buxzus
microphyllus var. japonicus, Pertya glabrescens,
Wikstroemia trichotoma, Berberis thunbergii, Smilax
china, S. sieboldii, S. oldhami, Rhododendron reti-
culatum, R. metternichii, R. macrosepalum and Pieris
japonica are common in this area.

From the above, we may conclude that, even in
this part of the world, pine is the dominant tree on
serpentine. In principle, this particular serpentine
flora is rather reminiscent of the others mentioned
above, being rich in relics, neoendemics, and dis-
junctive elements. However, it differs from the
serpentine floras of Europe and E North America
by a lack of caryophyllaceous plants among its
characteristic species.

3. Flora of different kinds of magnesian rock

It was previously mentioned that the unique
flora of serjentine is more or less common to all
ultrabasic rocis. In the upper Tiber Valley, P1cHI-
SERMOLLI (op. cit.) found that the flora of other
ultrabasic (ofiolitic) rocks than serpentine disclose
serpentine features, though to a less pronounced
degree. In the previous chapter the flora, as well as
the principal rock composition, of the ultrabasic
rock areas of N Sweden, studied by the author,
were reported. From this it became clear that dif-
ferences exist between different ultrabasic rocks as
regards their effect on plant life. The following may
be briefly deduced from these observations.

Among the ultrabasic rocks of N Sweden some
do not harbour a characteristic serpentine vegeta-
tion. They are as follows:

1) Serpentine rocks containing considerable amounts
of calctum. When the serpentine rocks contain
calcium as carbonate, the serpentine character of
the vegetation will be largely decreased. Calcium
as silicate is far less effective (cf. p. 114).

2) The Kall peridotite (p. 12), which holds olivine
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and some biotite, but no serpentine. Furthermore
the chromium content in this rock is very low.

3) The peridotites of Ammarfjillen, especially the
areas near the peak St. Alke and the tarn Srattek-
jaure, which consist of unaltered olivine, chlorite,
tremolite, and some carbonate, etc. (cf. p. 40).
The nickel content is very low, while the chromium
content is normal of serpentine. It must be empha-
sized that these areas are situated at a compara-
tively high altitude (1400 and 1200 m, resp.), a fact
which probably may alone prevent the occurrence
of many serpentinicolous plants.

4) Mt Aunevare and Mt Vuoka- Ruopsok, two of
the largest peridotitic outcrops in N Sweden (cf.
PPp- 24, 42), consist mainly of unaltered olivine and
do not harbour a typical serpentine flora. The
same applies to some small olivine outcrops (cf.
pp. 19, 37, 40).

5) The soapstone occurrences of N Frostviken which
do not generally harbour a typical serpentine vege-
tation. Still, as in olivine, serpentinicolous plants
may also be found there, though less abundantly
(cf. pp. 13, 14).
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As a general observation it may be stated that
the ‘‘serpentine character’” of the vegetation on
peridotitic rocks seems to increase with increasing
serpentinization of the rock. To a certain extent,
this is due to differences in weathering. Thus, with
increasing serpentinization the rock usually weathers
more easily, and gives rise to a serpentine soil which
harbours the typical serpentine flora. On the other
hand, the unaltered olivine is extremely resistant
to weathering, and the olivine rocks often seem
nearly destitute of soil and vegetation (see P1. VIII).
However, also another difference between serpen-
tine and olivine rocks, of definite importance to
vegetation, may be considered. The solubility of
nickel and probably also chromium compounds
seems to increase with increasing serpentinization.
The effect of these factors will be discussed in
greater detail in a later chapter (cf. p. 119).

Soapstone also has a chemical composition rather
similar to that of serpentine and olivine. As to the
vegetation, soapstone is much like olivine rock; it
is very resistant to weathering and does not pro-
duce any considerable amount of soil. However,
when soil occurs, e.g., in talus parts below steep
cliffs or where the rock has been crushed by quarry-
ing, serpentinicolous plants and even serpentino-
phytes may be found (cf. pp. 14, 15).

In addition to the ultrabasics, another mineral
rich in magnesium, viz., magnesite, may be dis-
cussed in this connection. This is composed of a
rather pure magnesium-carbonate. In nature, mag-
nesite occurs in about the same way as serpentine,
though more sparsely. The flora of the magnesite
rocks has not been studied to any great extent.
However, LAMMERMAYER, in connection with his
studies of the serpentine flora of the Austrian Alps,
also directed his attention to the flora of magnesite.
In his last papers (1928a,b, 1934), he made a compre-
hensive comparison of the floras of serpentine and
magnesite. He pointed out that magnesite occurs
much more sparsely than serpentine in his area,
and that the vegetation of many magnesite out-
crops was destroyed by quarrying. For this reason
the flora of the magnesite was not studied as
closely as that of serpentine.

LAMMERMAYER arrived at the result that the
flora of magnesite does not correspond to that of
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serpentine, though they have several features in
common. According to him, the flora of magnesite
is intermediate between that of serpentine and that
of limestone. In his area the majority of the ser-
pentinicolous plants, e.g., Asplenium adulterinum,
Asplenium cunesfolium, Dianthus capillifrons, Sem-
pervivum pittonis (cf. p. 83), and many other are
found also in magnesite, even though very sparsely.
As in
plants, e.g., Calluna vulgaris and Erica carnea also
grow together in magnesite. The flora of magnesite
differs from that of limestone by a decrease in the

serpentine, basicolous and acidicolous

number of species and by containing acidicolous
plants as well. It differs from the serpentine by
harbouring serpentinicolous elements only occa-
sionally, and to a limited extent.

Dolomite rocks (carbonate of calcium and mag-
nesium) have a flora which is generally quite remi-
niscent of the limestone flora (cf. BRAUN-BLANQUET
1951 p. 235). However, in the mountains of Spain
and in the S Alps several plants occur which seem
restricted to dolomite. This chiefly applies to
epibiotics of the Tertiary age, occurring within very
limited areas only. They are all confined to stations
on debris or barren soils and rocks where they have
no doubt survived owing to edaphic conditions
created by the dolomite rocks. Hence, these dolo-
mite relics should be compared particularly to the
serpentinicolous relics. The epilithical vegetation of
cryptogams (notably lichens and algae) on dolomite
rocks differs in general from that of limestone, and
harbours communities peculiar to the dolomite
(BRAUN-BLANQUET op. cit. p. 236).

Some of the plants which appear as serpentini-
coles in the serpentines of Gaspé and W Newfound-
land may occasionally be encountered also on the
dolomite barrens of W Newfoundland or in the
Great Lakes region (cf. p. 93). Such plants are,
e.g., Adiantum pedatum var. aleuticum, Cheilanthes
siliquosa, Danthonia intermedia, Festuca scabrella,
Minuartia marcescens. But for the last one, they are
all clear epibiotics.

In N Sweden, G. BsorkmaN (1937) studied the
flora of a magnesite outcrop at Mt Apartjikko in
the national park of Sarek in N Lule Lappmark,
N Lappland (about lat. 67° N). His short paper is
of great interest in this connection because it is
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Fig. 52. Limestone barrens at northern end of Lake Altsvattnet in parish of Sorsele, Lycksele Lappmark, are seemingly
reminiscent of serpentine outcrops. This may be due to scanty vegetation with comparatively few species viz., Dryas

octopetala and Carex rupestris, being the only dominant plants. Lappland, Sweden.

the only statement on the magnesite flora from
Scandinavia, and affords an opportunity to draw a
superficial comparison between the floras of ser-
pentine and magnesite in the mountain districts of
N Sweden.

It is evident from BJORKMAN’s study that the
magnesite flora of Apartjikko is more similar to
that of limestone than to that of serpentine. The
resemblance to the latter is limited to the occur-
rence of the following rather ubiquitous plants:
Festuca ovina, Juncus trifidus, Silene acaulis,
Vaccinium uliginosum, and Rhacomitrium lanugi-
nosum. In addition, this magnesite locality main-
tains a very rare plant, Carex tncurva LIGHTF.,
which appears there rather disjunctively. In Scan-
dinavia, it is mainly an Atlantic sea-shore plant, in
Norway occurring also on sandy river flats in the
high mountains. Apart from a recent anthro-
pochorous dispersal from the Norwegian coast
along the railroad to Abisko, the Apartjikko
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magnesite is the only locality of Carex incurva
known in the high mountains of N Sweden.

On the other hand, several typically serpentinic-
olous plants are lacking in the magnesite locality,
viz, Asplentum viride, Rumex acetosa, Cerastium
glabratum, Viscaria alpina, Calluna vulgaris, and
many more. Besides, several calcicolous plants also
occur in the magnesite locality which, according
to BJORKMAN, contains about 10 9%, calcium carbo-
nate. Such are, e.g., Carex rupestris, Dryas octo-
petala, Rhododendron lapponicum.

Magnesite is very rare within the mountain dis-
tricts of N Sweden. Apart from this occurrence in
the national park of Sarek, there is, as far as I
know, only one more occurrence of importance in
Lappland, situated at Mt Tarrekaise about 100
km south of Mt Apartjikko. The flora of this mag-
nesite area has never been closely studied. How-
ever, some observations of SELANDER, who studied
the flora of that district, makes probable that the
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flora of the Tarrekaise magnesite, too, resembles
that of limestorie.

I have not had the opportunity to study the flora
of magnesite personally, but impressions gained
from BJORKMAN’s paper convince me that it is
very similar to that of pure limestone, such as I
have found it in the district of NW Lycksele Lapp-
mark, S Lappland (about lat. 66° N). There the
crystalline limestone crops out in the same way
as serpentine, forming arched domes at the 800
m level (Fig. 52). These limestone rocks are very
dry and barren, and their vegetation consists mainly
of Dryas octopetala and Carex rupesth's, and also
of sparse Saxifraga aizoides, S. oppositifolia, Fes-
tuca ovina, Vaccintum uliginosum, Asplenium viride,
Euphrasia lapponica, and Draba norvegica. This
flora is also very reminiscent of that on dolomite.
(See G. E. Du Rierz 1925 b, Plate 23 b.)

The outcrops of ultrabasics, magnesite, dolomite,
and crystalline limestone generally form so-called
barrens, i.e. dry, strongly exposed ridges or rocks
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with scanty vegetation. The floras of all such bar-
rens seem to have a superficial resemblance, caused
by a relative poverty of plants, species as well as
individuals. This poverty may be explained partly
by the dry character of all these habitats, and partly
by the one-sided composition of these rocks, caus-
ing a deficiency in several elements necessary to
plants. Yet the meagre floras of the above barrens
often contain rare plants, being epibiotics appearing
disjunctively or as endemics. All these rocks have
a high heat capacity (cf. p. 89) that may contrib-
ute to a warm micro-climate, and they all produce
basic soils. :

However important these factors may be for epi-
biotics, the main thing for these plants is the occur-
rence of bare mineral soil.

Similar traits between the floras of serpentine,
magnesite, dolomite, and limestone no doubt exist,
the most important one being caused by the ability
of these rocks to harbour epibiotics owing to a
resistance to the invasion of a climax vegetation.

4. Plants connected with other specific minerals

It is a well known fact among geologists and
mining engineers that certain minerals can be
traced by the occurrence of certain plants. This
seems particularly to apply to ores containing
heavy metals, e.g., copper, lead, zinc, nickel, etc.
Such plants have been known for a long time in
Central Europe. In the German literature, they are
called “‘schwermetallhold”, and are chiefly associ-
ated with zinc ores, especially calamine (zinc car-
bonate and silicate).

In the calamine soils of Europe, i.e. in Belgium,
Poland, Germany, and Austria, a certain violet,
Viola calaminaria LE3. (V. lutea var. multicaulis
KocH), grows in abundance. This plant is not
entirely restricted to calamine soil, but is always
plentiful there, occurring in such localities very dis-
junctively. Another calamine plant with a similar
distribution is Thlaspi calaminare LEJ. et COURT.
Both these plants may be regarded as chemo-

morphoses derived from Viola lutea and Thlaspt
alpestre, respectively, and may correspond to the
serpentinophytes (serpentinomorphoses) within the
serpentine flora (cf. p. 108). Also some other plants,
viz., Minuartia (Alsine) verna, Silene inflata var.
glaberrima, and Armeria maritima, occur abundantly
in certain calamine areas (cf. Hecr 1918 V p. 607,
ScHIMPER 1898).

ScHWICKERATH (1931) studied the vegetation of
calamine soils near Aachen (cf. BRAUN-BLANQUET
1951 p. 240). He found a strange calamine vegeta-
tion on soils containing 0.35-4.57 %, Zn, and 0.06—
1.79, Pb. However, the ash analyses did not show
any Pb content in the calamine plants, while, e.g.,
21.39, ZnO was found in Thlaspi calaminare. 1t
was demonstrated that the content of lime in the
calamine soil also affected the vegetation. The
calamine soils near Aachen are high in lime and
have a basic soil reaction, while those at Mt Hartz
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are low in lime. The real calamine soils near Aachen
are destitute of trees and shrubs but have a closed
climax vegetation which is rather similar to the
Bromion alliance. Because of the occurrence of
special calamine plants, viz., Viola calaminaria,
Thlaspr calaminare, Armeria maritima var., Stlene
vulgaris, Minuartia verna, Festuca ovina, SCHWICKE-
RATH (op. cit.) described this calamine vegetation
as a distinct alliance (Violion calaminariae).

The calamine vegetation at Mt Hartz differs
from the above by the absence of Viola calaminaria.
Armeria maritima is represented here by a par-
ticular race, ‘var. halleri, restricted to heavy-
metal soils and, apparently, more closely related
to the coastal type-race of 4. maritima than to
the more continental var. elongata (IVERSEN 1940).
At Mt Hartz, Minuartia verna, Armeria maritima
var. halleri, and Cardaminopsis halleri are also
reported from other ores than calamine, viz., slag
and ores of copper and lead (Heer 1918 V:3 p.
1890). However, these ores may probably hold also
small amounts of zinc.

In Finland, Minuartia verna was found in an
isolated locality at Impilahti. KoTILAINEN (1944)
assumed this locality to be connected with the
veins of skarn-minerals occurring in this area. In
Derbyshire, England, Thlaspi alpestre, Minuartia
verna and similar calamine plants grow on the lead
veins (holding small amounts of zinc) of the fluor-
spar occurrences. Minuartia verna followed the
fluorspar imported to Norway from this district,
now thriving on zinc ore at the loading place of a
melting mill at Odda, SW Norway (NORDHAGEN
1930). Minuartia verna is a rather polymorphous
species and the ore plants certainly represent a
distinct race of this large species.

It is an interesting fact that some calamine plants
— or related species — simultaneously seem to
be more or less serpentinicolous (cf. LAMMERMAYER
1927 p. 49). Thus, different races of Armeria ma-
ritima s. lat. appear as serpentinicoles in Scandi-
navia (p. 90), Austria, SW Moravia and E Canada
(p-92). Thlaspi alpestre, which is the original type
of Th. calaminare, is abundant on serpentine in
Austria and Bosnia. Silene inflata var. glaberrima
is a calamine plant (see above), while S. inflata
var. glauca is a serpentinicole from Austria (LAM-
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MERMAYER 1926). Molinia arundinacea is a cala-
mine plant in Austria, while Molinia coerulea
often appears as a serpentinicole (cf. p. 51).

RoByNs (1932) described a particular vegetation
connected with the copper fields of Upper Katanga
in Congo. Trees of any kind are lacking on these
copper soils, holding 8-14 9, Cu, which are colonized
by open stands of herbs, 50-60 cm in height. At
places with a lower copper content, a more closed
vegetation appears with shrubs and herbs, approx.
1 m high. The following plants are characterized
as specific for copper soils in Upper Katanga (cf.
BRrRAUN-BLANQUET 1951): Uapaca robynsi and Aca-
lypha cupricola (Euphorbiaceae), several species of
Triumfetta (Tiliaceae), Barleria variabilis and Ju-
sticta cupricola (Acanthaceae), Buchnera cupricola
(Schrophulariacea), several species of Iconum and
Tinnea obovata (Labiatae), Guttenbergia cupricola
(Compositae).

Among the bryophytes, some rare species are
encountered which are considered to be associated
with copper ores, viz., Merceya ligulata, Mielich-
hofera elongata, M. nitida, Dryoptodon atratus, and
the hepatics Gymnocolea acutiloba and Cephaloziella
sp. (Gams & MorToN 1925, PERssON 1948).

In a short paper, Buck (1949) recently compiled
a list of plants from different parts of the world
which are considered to be associated with heavy
metals in the soil. From this list it emerges that in
N America zinc carbonate, too, is indicated by
certain plants, viz., Populus deltoides and Ambrosia
species. In N America, Silene species are considered
to indicate copper, and in Australia this is valid
for the whole family of Caryophyllaceae (notably
Polycarpaea spirostyles). This is of great interest
because the family of Caryophyllaceae is strikingly
well represented also in serpentine, at least in the
northern areas.

In Scandinavia two representatives of the family
Caryophyllaceae are to be found which undoubt-
edly show an “affinity” to heavy metals, viz.,
Viscaria alpina and Melandrium rubrum, These
plants are, however, clearly serpentinicolous. Vis-
caria alpina was pointed out by several Scan-
dinavian authors as characteristic of the outcrops
of copper ore (copper pyrite) (NORDHAGEN 1930,
TiBErG 1931, Vogr 1942 a, LuNDMARK 1948). In
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the district of Petsamo, N Finland, this plant was
used as a good indicator of nickel ore deposits
(TANNER 1930). The ore consists of pyrite, copper
pyrite, and pentlandite, chiefly representing sul-
phides of Fe, Cu, and Ni.

In Middle Sweden (the district of Bergslagen,
Dalecarlia), Viscaria alpina occurs very abundantly
and disjunctively on ore and slag deposits. This
plant is especially abundant on minerals containing
copper, lead, and zinc at the Garpenberg mines. At
the Stollberg mines in the parish of Norrbarke,
which I visited in 1949, I found Viscaria alpina
accompanied by another serpentinicolous plant,
Rumex acetosa, growing together with Agrostis
cantna which is characteristic of some serpentine
occurrences (cf. p. 67). Apart from these three
species, no other plants were noticed on the ore
heaps. Thus, I came across a plant community
confusingly like one from serpentine. The ore of
the Stollberg mine is a complex iron-lead-zinc-
ore, holding about 25-28 9, Fe, 4-6 %, Mn, 1.5-29,
Pb and 3.5-5 9%, Zn (GEIJER & MAGNUSSON 1944).

Melandrium rubrum may also be defined as a so-
called copper plant. VoagT (1942 b) demonstrated the
abundance of this plant in soils with a toxic con-
tent of copper at the mining district of Roros, S
Norway. Besides Melandrium, the following plants
proved their ability to endure a high copper
content in the soil: Salix herbacea, Betula nana,
Salixz glauca, Salix reticulata, Oligotrichum hercyni-
cum (bryophyte), Agrostis canina, Juncus trifidus,
Eriophorum vaginatum. Except for the moss, all
these plants are found on serpentine, though more
or less sparsely.

Voaer and BRAADLIE (1942) carried out chemical
analyses of this poisonous soil, containing sulphides
of iron, copper, and zinc. They found that Melan-
driwm could grow even at a copper content of 650
mg Cu/100 g dry soil, which is about 300 times as
great as the concentration of copper in normal soil.
The pH values varied between 4 and 5, which is
not low enough to suggest H,SO, as the toxic
factor. In this case, the authors consider copper
and, perhaps, ferrous iron or zinc as the essential
toxic factors.

In Czechoslovakia, at Piesky, in Slovakia, PRAT
(1934) found Melandrium rubrum growing abun-

105

dantly in soil rich in copper as copper-hydroxy-
carbonate. Agrostis alba L. (probably 4. stolonifera)
is also common in this copper soil and even grows
in places where the copper content reaches 39 %,.
Melandrium rubrum is found at a maximum con-
tent of 1.8 9, Cu. By cultivation experiments PrRAT
demonstrated that the ability to endure a high
concentration of copper in the soil is limited to
plants from this copper soil and their descendants.
Melandrium rubrum from other localities did not
grow in copper soil. No morphological changes
could, however, be observed in this “‘copper-race”
of Melandrium rubrum.

A recent report (BRADSHAW 1952) on Agrostis
tenuis shows that also this species of the genus
Agrostis is resistant to heavy metal poisoning. This
grass was found in a disused lead mine near Aber-
ystwyth in Wales. The soil of the mine contains
about 1%, Pb and 0.03 %, Zn, mostly as sulphates
and sulphides, and carries no plant life except
Agrostis tenuis. It was proved by cultivation exper-
iments which included A. tenuis biotypes from
the vicinity of the mine that resistance to the
poisonous soil is restricted to the particular popu-
lation of the mine which, moreover, seemed to
be less vigorous in normal soil.

In the district of Remdalen, Asele Lappmark,
S Lappland, I had the opportunity of studying the
vegetation near an outerop of copper pyrite. Melan-
drium rubrum is also extremely abundant there
(Fig. 563). Within these populations glabrous speci-
mens are in the majority, but otherwise no mor-
phological difference could be noticed. Apart from
Melandrium only a few species grow on the slope
below the outcrop, viz., Juncus trifidus, Deschampsia
flexuosa, D. caespitosa, Euphrasia frigida, and
Equisetum pratense (Fig. 51). All these are to be
found in serpentine. Finally, the aforementioned
occurrence of Arenaria humifusa at Coppermine in
Gaspé should be remembered (cf p. 84).

Whether or not certain ecotypes of the above
plants are common both to serpentine and soils
rich in heavy metals, is an important question
which remains to be answered. Still, a link between
these two ecologically extreme types of habitats
may be assumed to exist for the very reason that
several species are common to both of these habitats.
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A problem relating to serpentine vegetation is
the phenomenon of gypsocolous plants growing
in soils of pure hydrated calcium sulphate, or soils
rich in this mineral, and more or less restricted to
the substratum. The gypsum flora of some Mexican
deserts was recently studied by JorNsToN (1940)
who enumerated a number of species that tolerate
or require gypseous soils. From Europe, gypsum
vegetation is described from Central Europe and
Spain (MEUSEL 1939, BrRAUN-BLANQUET 1951).
Gypsocolous endemics are known only from Spain
where they represent gypsum formations of ex-
tremely arid areas. These habitats harbour several
gypsocolous Tertiary relics, viz., Gypsophila his-
panica, Herniaria fruticosa, Lepidium subulatum,
Helianthemum squamatum, Ononis tridentata, which
occur, inter alia, together with some semi-desert
plants with main distributions in N Africa and
Central Asia (Lygaeum spartum, Artemisia herba-
alba, Ermopyrum cristatum) only reaching isolated
outposts there. The gypsum formations south of
Mt Hartz harbour, inter alia, several arctic-alpine
relics growing on ‘“gypsum barrens” (cf. MEUSEL
op. cit.).
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Fig. 53. Copper soil near outcrop of copper
pyrite in Remdalen, parish of Vilhelmina,
Asele Lappmark, harbours only Melandrium
rubrum which is abundant. Some tufts of
Note
dense birch forest which ceases on reaching

Deschampsia flexuosa occur to left.

copper soil. Lappland, Sweden.
Photo Olof Rune 8.8.1950.

In this connection the sulphur springs or solfa-
taras may be mentioned. No vegetation at all
exists in close proximity to these volcanic springs,
but, at a distance, a few, often very specific plants
may be seen. The flora round sulphureous springs
has been studied in Java, in particular. In a recent
paper, PERssoN (1948) drew attention to a very rare
moss, Merceya lingulata, occurring sparsely in dif-
ferent parts of the world. It is an in teresting fact
that this plant seems to be localized to volcanic
springs as well as to copper ores.

From Iceland, OsTENFELD (1899) gave some in-
formation concerning vegetation near sulphur
springs. There is one plant actually limited to such
places, Ophioglossum vulgatum L. var. polyphylla
A. Br. Other plants which may be found in the
neighbourhood of the solfataras are Agrostis stolo-
nifera, Sagina procumbens, Cerastium vulgatum,
Plantago major f. pygmaea, and Stellaria media. The
first three of these plants are also found on serpen-
tine in Scandinavia.

Other examples of plants associated with certain
minerals can no doubt be given, but the above
suffice for a comparison with the problems con-



Problems of serpentine flora

Fig. 54. From outcrop of copper pyrite in
Fig. 53. Copper has leached downward along
slope producing an infertile belt several
hundred metres long, harbouring only
Juncus trifidus and Deschampsia flexuosa.
Bright zone at base of tufts derives from
preceding year’s dead shoots, so rich in cop-
per as to become light blue in colour and
resist decay. Lappland, Sweden.

Photo Olof Rune 8.8.1950.

cerning serpentine flora. As the minerals are rather
insoluble in the above instances, it must be empha-
sized that these problems should not be mixed up
with those connected with halophytic plants and
vegetation which are related to high concentrations
of soluble salts in the soil.

In minerals or soils particularly characterized by
peculiar vegetation or plants, there is actually one
factor in common, viz., their toxic effect on the
bulk of the surrounding plants. It is an important
fact that the floras of the soils mentioned above
are very poor in species containing as a rule only
species considered to be associated with the specific
mineral. The few species resistant to the toxic effect
of the mineral are left without severe competitors.
They will therefore occur very abundantly. In
many cases it has been demonstrated that the
resistance is restricted to a particular race which
does not usually differ morphologically from the
type race.

There is no reason to assume that certain plants
are associated with certain minerals, e.g., copper
and zinc ores, because of the need of large amounts
of certain elements, viz., copper and zinc. This
seems clear from the few cultivation experiments
made in this field. With a few exceptions, these
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plants do not, even in nature, appear exclusively
restricted to a certain metal soil. Thus, so-called
copper plants may occur on serpentine, zinc and

lead ores, near sulphur springs, etc. In this connec-
tion it should be borne in mind that there are
probably no serpentinophytes that cannot also
grow in normal soil. Furthermore, PRAT succeeded
in cultivating the copper-race of Melandrium ru-
brum in normal soil. I have grown, inter alia, Vis-
caria alpina, Agrostis canina, and Rumex acetosa
from some mines in Bergslagen (Garpenberg and
Stollberg) in normal soil; the only difference notice-
able in the cultivated plants was, perhaps, a slightly
more vigorous growth.

However, it must be admitted that cultivation
in normal soil with high nutritional contents does
not clearly disclose the effect of these heavy metals
on the plants in nature. Actually, the soils of ser-
pentine, calamine, copper ore, etc., to which certain
plants seem to be restricted are characterized by a
low nutritional content — even a deficiency in im-
portant elements — combined with high concen-
trations of nickel, zinc, copper, etc.

It was assumed that the serpentinophyte Alyssum
bertolonii might be capable of compensating a de-
ficiency in certain necessary elements by excess
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quantities of nickel, an element which occurs in a
comparatively high concentration in serpentine
and is shown to be accumulated in this plant
(M1vcuzzi & VERGNANO 1948 p. 62). However that
may be, this is a rather complex matter and no
conclusive proof can be derived from the present
observations owing to the lack of more compre-
hensive inquiries.

To sum up, it can be stated that plants restricted

to, e.g., dolomite, magnesite, and gypsum are prob-.

ably mostly epibiotics, having survived there owing

Problems of serpentine flora

to specific, edaphic conditions. They may be com-
pared to the serpentinicolous relics. On the other
hand, plants restricted to calamine, copper soil or
similar substrata, seem to be neoendemic races or
species having become differentiated in the peculiar
substratum to which they are adapted. Apparently,
they correspond to the serpentinophytes of the
serpentine. The fact that chemical properties of
magnesian as well as “heavy metal” soils are com-
bined in the serpentine soil is reflected in the ser-
pentine flora (cf. chapter IV).

5. Serpentinomorphoses

As mentioned before, certain plants are repre-
sented on serpentine by distinct races characterized
by definite morphological changes. These morpho-
logical changes are so evident as to render several
serpentine races distinguishable as definite taxo-
nomic units (species, subspecies, varieties, and
forms). These changes, represented within different
genera and rather uniform, are called serpentino-
morphoses. Novik (1928) was the first to use the
term in a similar sense.

Much earlier, however, NEGER, in his Biologie
der Pflanzen (1913), introduced the concept eco-
morphose to comprise any irreversible adaption of
a plant to a habitat as against the reversible
adaption called ecologism. The neo-Lamarckian
viewpoint underlying the concept of ecomorphoses
has probably affected the interpretation of serpen-
tinomorphoses in so far as they have been largely
looked upon as mere adaptions to the serpentine
habitats.

Thus, LAMMERMAYER (1926) established by
photometric measurement that the serpentinophyte
Asplenium adulterinum requires more light than its
close ally, and probably its original type, Asplenium
viride. He concluded that the increased light on the
barren serpentine areas plays an important part in
forming serpentinomorphoses.

On the other hand, Novik (op. cit.) considered
the chemical peculiarity of the serpentine substra-
tum to explain the serpentinomorphoses. ‘“‘Les
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serpentinomorphoses appartiennent au groupe des
chémomorphoses, c¢’est-a-dire au groupe des phéno-
menes dans lesquels la plante réagit & une certaine
composition chimique du sol par une changement
de la forme de son corps “’(loc. cit. p. 43). — This
question will be discussed more in detail below, but
it should be emphasized that in the present paper
the term serpentinomorphose covers any morpho-
logical characteristic distinguishing a serpentinic-
olous race from other races of the species, irre-
spective of whether this characteristic is an adap-
tion or not.

The nature of the serpentinomorphoses of phan-
erogamic plants has been closely studied by PicHI-
SERMOLLI (op. cit.). According to him, these serpen-
tinomorphoses mainly constitute the following
changes: 1. stenophyllism, 2. glabrescence, 3. pla-
giotropism, 4. nanism, 5. a greater development of
the root system, 6. glaucescence. In some cases
anatomical and embryological changes have also
been established.

The observations of P1cHI-SERMOLLI include only
vascular plants, but Suza (1930) has also estab-
lished serpentinomorphoses among lichens, and Ko-
TILAINEN (1944) has presupposed serpentinomor-
phoses among mosses. Serpentinomorphoses include
hereditarily fixed changes, persisting at cultiva-
tion in normal soil, as well as nonhereditary modifi-
cations (cf. PrcuI-SERMOLLI op. cit. p. 292).

However, only a few serpentinomorphoses have
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been thoroughly studied in this respect by cultiva-
tion for a long period. Thus, the hereditary nature
of the serpentinomorphoses within the serpentine
races of Cerastium vulgatum described by KoriLAI-
NEN and SarLmI (1950) is established by cultivation
for several generations. This is true also of the
serpentinomorphoses of Viscaria alpina and Melan-
drium rubrum described in the present paper.

Asearly as in 1871, SADEBECK (1871, 1887) culti-
vated the well-known serpentine fern Asplentum
adulterinum which proved to be constant in nor-
mal soil for three generations. The fifth genera-
tion, however, seemed to be similar to A. viride. In
cultivating 4. wiride in serpentine soil, SADEBECK
did not find any changes even after six generations.
Although never verified, SADEBECK’s results were
later called in question.

As previously mentioned, the N Swedish serpen-
tine flora is very poor in serpentinophytes and gives
only few opportunities for studying serpentino-
morphoses. For this purpose only the following
will come into consideration: Cerastium vulgatum
var. kajanense, Cerastium alpinum var. serpentini-
cola, Viscaria alpina var. serpentinicola, and Melan-
drium rubrum var. serpentinicola and var. smithis.
They all belong to the family Caryophyllaceae.

These varieties all differ from the main types of
the corresponding species by a more or less pro-
nounced stenophyllism. The gracility is not re-
stricted to the leaves alone; also the stems and the
pedicels are extremely slender in these varieties.
Yet, in spite of their slenderness these varieties are
always very stiff and erect. Morphological changes
in the flower were observed, above all, in the case
of Viscaria alpina var. serpentinicola which shows
a, trend to reduced petals. Trends to glabrescence
were observed in two serpentinophytes, the type
races of which are pilose: Cerastium alpinum var.
serpentinicola and Melandrium rubrum var. smithis.
However, they only show a clinal trend to glabres-
cence that never appears as a constant feature
within an entire population.

P1cHI-SERMOLLI (op. cit.) demonstrated that
glabrescence as a serpentinomorphose was com-
bined with an increased thickness of the cuticula
as a protection against high transpiration. Thus, this
type of glabrescence should be ecologically equiva-
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lent to a high pilosity. Whether this holds true
with regard to our northern serpentinophytes was
never established and seems rather doubtful. Not
a few serpentinophytes of southern areas are highly
pilose, and Suza (1928) as well as PavariNo (1914)
considered the increased pilosity to be a serpentino-
morphose. To this P1cHI-SERMOLLI (op. cit.) raised
the objection that a pronounced pilosity is a gene-
ral xeromorphism, not typical of the serpentine
only. An increased pilosity was never observed in
the northern serpentinophytes, nor was the plagio-
tropism and glaucescence mentioned by PicHI-
SERMOLLI (op. cit.). However, in addition to the
serpentinomorphoses mentioned by him, the tend-
ency of several northern serpentinophytes to be-
come purplish in colour may also be considered a
serpentinomorphose.

A very pronounced nanism — as typical of the
serpentinophytes of the serpentine steppe at Mo-
helno, SW Moravia (DvorR4k 1935) — is not perti-
nent to the northern serpentinophytes. Yet all the
serpentinophytes of the Fennoscandian flora show
a decrease in size as compared with the main type
of the species, and in some stations the specimens
of Cerastium alpinum var. serpentinicola are so
small that one can really speak of nanism.

A strongly developed root system is usually typ-
ical of the N Swedish serpentinophytes, although
considerable differences exist from one station to
another. Above all, the unstable serpentine soil,
scree etc., seem to favour the enlargement of the
root system. Yet the strongly developed root sys-
tems of the serpentinicolous varieties of Meland-
rium rubrum were retained even under cultivation
in normal soil. Obviously, the perennial character
of the serpentinicolous varieties of Viscaria alpina
and Melandrium rubrum is connected with the
strongly developed root systems.

As regards the serpentinomorphoses of the bryo-
phytes Campylium stellatum and Brachythecium
veluttnum, assumed by KOTILAINEN (1944), too
little is still known of them to justify inclusion in
the present discussion.

In conclusion, it may be stated that under fairly
equal climatic conditions, the serpentinomorphoses
of the phanerogamic plants will run on similar lines.
Thus, in Fennoscandia the phanerogamic serpen-
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tinophytes are all distinguished by narrow leaves
and slender, but very stiff, erect stems and pedicels.
A trend is noticed to smaller size and relatively
larger root systems, as well as a tendency of the
whole plant to become glabrous and purplish in
colour. Serpentinomorphoses similar to these ap-
pear in another area with a rather similar climate,
viz., E Canada.

In more southern areas, such serpentinomorpho-
ses as plagiotropism, glaucescence and increased
pilosity may play an important role (cf. pp.
98, 99).

The parallelism of the serpentinomorphoses dem-
onstrates clearly the fact that different species
may evolve parallel ecological races in similar
environments. This fact was proved earlier by
TuressoN (1922), CLAUSEN (1951), and others with
regard to other environmental factors.

Many serpentinophytes are true endemics, hav-
ing arisen in a single area only. However, more
often the same serpentinophyte seems to have
evolved in different places independently. This was
assumed by KoTiLAINEN (1944), who explained the
large disjunction of the serpentinicolous varieties
of Cerastium vulgatum (cf. pp.55and 91) as result-
ing from a parallel evolution. Since all but one of
the N Swedish serpentinophytes appear in several
different stations geographically more or less iso-
lated from each other, the polytopic origin of these
serpentinophytes cannot be doubted.

Also PicHI-SERMOLLI (op. cit. p. 292), mention-
ing LAMMERMAYER’Ss results, considered the serpen-
tinomorphoses to be adaptions to the intense light
(esp. the stenophyllism), the dry micro-climate, and
the low nutritional content, all of these factors be-
ing highly characteristic of serpentine habitats. How-
ever, it is often difficult to decide which characters
are adaptive or not. To this end, superficial ob-
servations are far from enough. “If we are ignorant
of the life history, development, and ecological
relationships of a species we must maintain a
completely open mind and an agnostic position
concerning the adaptiveness or nonadaptiveness of
its distinguishing characteristics. Even in the case
of better-known species, neither the adaptive nor
the nonadaptive quality of a particular character
should be assumed unless definite evidence is avail-
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able concerning that character.” (STEBBINS 1950
Le. p. 119.)

From the above, the following may be stated
with regard to the N Swedish serpentinophytes.

Morphological changes essentially similar to the
serpentinomorphoses can also be seen in plants liv-
ing in other distinct habitats where edaphic con-
ditions are characterized by nearly the same factors.
In N Europe, this is true of the calcareous steppe
(the Alvar) of the Isle of Oland (cf. WITTE 1906).
Actually, these habitats have some factors in
common with the serpentine soils — intense
light, dry micro-climate, frost heaving, basic soil
reaction, low nutritional content of the soil, etc.
The morphological changes shown by the alvar-
plants correspond partly to serpentinomorphoses
and constitute, inter alia, nanism, a strongly de-
veloped root system, plagiotropism, increased pilos-
ity, etc. By comparing the relative effect of diffe-
rent serpentine habitats on the development of
serpentinomorphoses, I came to the conclusion
that the nanism and the strongly developed root
system are more or less adaptive characters. On
the other hand, I have become convinced that the
stenophyllism, and even the glabrescence, are not
adaptions to the intense light but, instead, rela-
tively nonadaptive characters. This is evident from
the fact that serpentinophytes with even the
most pronounced stenophyllism are not restricted
to habitats where the light is the most intense
and the micro-climate the driest. True, all serpen-
tinophytes are more or less restricted to open areas
without a closed vegetation. In spite of this they
may be found on dry and sunny southern sides as
well as in more moist and shady parts of the serpen-
tine outcrops. The whole plant increases and the
root system decreases in size in the last type of
locality, but there is only small changes with re-
gard to the stenophyllism. Not even cultivation in
normal soil changes this character. Moreover, most
serpentinophytes occur in the serpentine areas of
the lowest altitudes. Alhough these areas are rather
sparsely wooded, there are still enough trees to
lower considerably the light intensity in the field
layer.

However, provided that stenophyllism as a ser-
pentinomorphose is not simply an adaption to light
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conditions, another explanation has to be found.
This is a rather complex problem that calls for
further studies. Presumably the stenophyllism of
the serpentinophytes may be linked to physio-
logical characteristics of these plants, with a high
selective value and developed by means of what
has been mentioned as an adaptive compensation
(STEBBINS 1950 p. 122).

Actually, not only the serpentine but many other
extreme habitats harbour ecological races which
may differ morphologically from the type races of
the species. However, only the serpentine habitats
seem to cause such an increased evolution as to
produce a great number of morphologically dis-
tinctive races and even neoendemic species. An
exhaustive analysis of this process cannot be made
at present. Here only a few aspects of the problem
will be ventilated.

The tendency of the serpentine to further an
increased evolution presupposes the existence of a
very effective isolation mechanism in these habitats.
According to the nomenclature proposed by STEB-
BINS (1950 p. 196), the isolation mechanisms oper-
ating in the serpentine habitats are both spatial
and physiological (ecogeographical). The spatial
isolation is due to the very distinctive cropping out
of the serpentine areas either individually or in
isolated chains or clusters. Serpentine areas, with
their specific flora, will therefore form islands in
the surrounding vegetation. Because serpentine
outcrops are mostly rare and restricted to certain
districts, the flora of each serpentine area will have
a very isolated position.

As regards the physiological isolation, the in-
vestigations of KRUCKEBERG (op. cit.), previously
mentioned on p. 82, should be borne in mind. He
clearly proved the existence of distinct, physi-
ological races of several species with different
degrees of tolerance to serpentine. In ecological
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races of a species, such a physiological differentia-
tion precedes the development of morphological
and genetical discontinuities (cf. CLAUSEN 1951 p.
90). Apparently, the tolerance to serpentine (cf.
pp. 82 and 115), limited to rather a few species,
or races and biotypes of a species, is a very strong
ecological barrier that acts as a very effective
isolation mechanism.

It may be questioned to what extent the serpen-
tine substratum also furthers an increased variation.
SALISBURY (1940) has noticed that species of open
habitats are frequently more variable than species
of closed communities. He suggests that “the in-
crease in variability which a wild species frequently
shows when brought under cultivation and pro-
tected from competition is due not to a change in
inherent conditions but to the preservation of
forms which, in nature, would be rapidly elimi-
nated” (quotation from CAIN 1944 p. 232). Since in
serpentine single species often occur over wide
areas with hardly any competitors, conditions are,
no doubt, favourable for an increased variability.

Picu1-SErMoLLI (op. cit.), who had a larger
material for studying serpentinomorphoses than the
author, mentions the following genera as especially
rich in serpentinomorphoses: Cerastium, Silene,
Dianthus, Alyssum, Potentilla, Euphorbia, Armeria,
Stachys, and Galiwm. Serpentinomorphoses seem
particularly common and widespread within the
genus Cerastium (esp. C. vulgatum and C. arvense).
Obviously, variable genera or species are highly
disposed to serpentinomorphoses. Most of the
above-mentioned genera are more or less charac-
terized by polyploidy and variable chromosome
numbers. These problems of serpentinomorphoses
have not as yet been studied from a cytogenetic
point of view and offer a wide field for further
studies.
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IV. Serpentine soil and its effect on plant life

1. Chemical and mechanical composition of serpentine soils

Only a few statements are to be found in the
literature on the pedological nature of serpentine
soils. Botanists, who have discussed the effect of
serpentine soil on vegetation, have drawn their
conclusions merely from data on the chemical com-
position of the parent rock (LAMMERMAYER, NOVAK,
etc.). As far as I know, only one comprehensive
study of serpentine soils exists, viz., that of RoBIN-
soN, EpcingTOoN and ByERs (1935). They studied
in detail the chemical composition of a number
of serpentine soils from different parts of of the
United States in order to discover the reason for
their infertility.

Although their investigation falls entirely within
the range of pedology and contains no statements
on vegetation, it is an important contribution to-
wards the solution of the problems concerning
serpentine vegetation. It was demonstrated that
the chemical composition of soils derived from ser-
pentine rocks may differ considerably, depending
on the climatic conditions under which weathering
has taken place. In a humid and rather cold climate
Maryland),
small changes occur in the composition of the soil,

(Pennsylvania, only comparatively
as compared with the parent rock. Some magnesium
may be lost, and iron, chromium, and silica gained,
but the changes are small. “It would seem as though
the constituents were being carried away by the
ground water in much the same proportions as they
occur in the rock” (op. cit. p. 19). In a warm and
humid climate (Cuba and Puerto Rico), serpentine
weathers to a laterite soil from which nearly all the
magnesium of the parent rock has been leached
away. On the other hand, sesquioxides (iron and
chromium) accumulate. This may be illustrated by
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the examples on top of opposite page, cited from
RoBINSON et al. (op. cit. p. 11).
The chemical composition of the parent rocks of
these areas is, of course, not quite identical. Even
so, the striking difference in the chemical composi-
tion of the Nipe clay does not correspond to a
similar difference in the parent rock.
Picur-SErmoLLI (1948), in his comprehensive
paper on the vegetation of the serpentine area in
the upper Tiber Valley in Tuscany, gives the follow-
ing values for the chemical composition of the
serpentine soil:

8$i0, Al,0, Fe,0, FeO CaO MgO

387 0.58 3.19 7.26 tr 36.44
42.05 0.73 14.12 tr 32.39

Parent rock ....

From theserpentine area at Gurhof in the Danube
Valley, KrerscHMER (1931 L c. p. 173) found the
following constituents of the serpentine soil to be
soluble in hydrochloric acid (1:1). I is characterized
as a light soil and IT as a heavy one.

$i0,| ALO[Fe, 04| Cr,0,| FeO | MgO |Ca0|MnO| K,0
I |0.34] 5.75| 4.69| 1.24 | 4.99[27.5 | 3.28| tr [0.04
I | 0.62| 353 3.68| 1.70 | 5.38 | 28.15| 1.11| tr |0.11

Unfortunately, the nickel content was not deter-
mined in these analyses.

No chemical analysis was carried out on the soils
of N Sweden, but the climatic conditions under
which weathering occurs would indicate the un-
likelyhood of any considerable difference between
the soil and the parent rock. The rock analysis
made by T. Du Rietz (1935) may, therefore, ap-
proximately represent the chemical composition of
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Si0, | TiO, [Al,04 |Fe,04(Cr,04| NiO | MnO | CaO |MgO [ K,O [ Na,O| P,O;| SO; | N
Nipe clay, Nipe Bay, Oriente, | 11.05 1.03 |14.58 (55.23 [ 3.60]0.28 | 0.59 | 0.04| 0.60| 0.10 | 0.17| 0.06 | 0.29 | 0.11
Cuba ....voiiiiiiinn.n.
Mt Tamalpais, Marion Co.,|40.28/ 0.12| 2.36 | 9.31( 0.29|0.25 | 0.13| — |36.42| — [ 0.02| 0.02| 0.08 | —
Calif. ..................
Conowingo, Oxford, Penn. ..|51.49 0.18| 7.52| 8.33| 0.36 | 0.064( 0.08 — |[25.01 0.12| 0.03 | 0.04| 0.08| —

Chemical composition of serpentine soils from America according to RoBiNsoN, EpciNgToN and ByERs (1935). See

opposite page.

the soils. Some of these analyses were quoted in
connection with a description of the areas (pp. 9-
43). In general, the N Swedish serpentine rocks
(and peridotites) have the following approximate
composition:

SiO, c. 40 %; Al,O, 1 %; Fe,O, mostly 5 %; Cr,0,
c. 04 %; FeO c. 5 %; NiO c. 0.2 %, MnO traces,
MgO c. 40 % CaO traces, Na,O - K,O traces.

For further discussion, it is important to obtain a
knowledge of the contents of chromium and nickel.
According to information obtained from T. Du
RiETz, all peridotites and serpentine rocks in the
mountain district of N Sweden contain chromium,
averaging about 0.49, Cr,0; (the chromite veins
of Mt Rautats 47 %,), and 0.1-0.4 %, nickel, aver-
aging 0.2 9%, NiO. Nickel occurs partly as silicate
and partly as sulphide; in the latter form particu-
larly at increased serpentinization. The content
of cobalt is much lower than that of nickel, and
does not exceed 0.19%, CoO.

The chromium and nickel contents of olivine
rocks from Kittelfjall (cf. p. 26) were studied by
Sunp1Us (1949) who found 0.43 %, Cr,0, and 0.26 9,
NiO. He further demonstrated that the chro-
mium content did not only occur as a chromite but
to a large extent also as silicates while, in his
case all nickel occurred as silicates.

The occurrence of two different forms of chro-
mium in serpentine was noticed also by RoBINSON
et al. “Chromium apparently occurs in two forms
in the parent rocks and the soils formed from them.
One form, chromite or ferrous chromite is not at-
tacked by fusion with sodium carbonate and po-
tassium nitrate and is left as a brownish black
insoluble residuum when the products of fusion are
treated with hydrochloric acid.” (l. c¢. p. 20.) To
furnish evidence as to whether or not these forms

8 — 537056 Olof Rune

of chromium and nickel were sufficiently soluble
to have an influence on the plants, ROBINSON et al.
tested the solubility and exchangeability of chro-
mium and nickel from serpentine soils by leaching
with acetate according to the method of SCHOLLEN-
BERGER and DREIBELBIS (1930). They found “‘ap-
preciable quantities of available chromium in all
of the soils and the presence of available nickel in
all but one of the soils tested”” (op. cit. p. 21).

It was demonstrated in Table 1 (p.44) that the
pH, the contents of soluble potassium and phos-
phates, and in a few cases also of calcium, were
determined in soils representing the majority of
the serpentine areas of N Sweden. The pH values
of mineral soils vary between 6.1 and 7.2, but
are usually a little less than 7.

According to RoBINSON et al., the pH of the ser-
pentine soils of N America varies considerably.
Many of the surface soils are quite acid, pH 4.5,
and others are alkaline, pH 8.3. The bulk, however,
seems to have pH values between 6 and 7. These
soils, indeed, represent areas with greatly differing
climates. KRETSCHMER (op. cit.) found that the pH
in the serpentine area at Gurhof in the Danube
Valley was between 6 and 7. The same author also
determined the pH values in KCI solution in order
to obtain the exchangeable hydrogen-ion concentra-
tion. These values were not much different from
those in water solution. However, this is not un-
expected when bearing in mind the low content of
colloids in serpentine soils.

The quantities of soluble potassium and phos-
phates in serpentine soilsare very low (P,05<<1 and
K,0<10 mg per 100 g soil). Similar analyses
(obtained by the same methods) from forest soils
in S Lappland are given by ARNBorG (1943) who
found values of the same proportions in the bleached
zone (A-horizon) of the podsol soils. In the cli-
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mate of the mountain district of N Sweden, the
leaching of phosphates and potassium is consider-
able in all the mineral soils. Thus, the correspond-
ing values of P,0O; and K,O from weathered soil of
calcareous phyllites (Mt Gréaskevardo in Dryas
octopetala - Carex glacialis community) are O and
14, respectively. From weathered soils of quartzite
(Mt Mieskattjakko) the values are 0.1 and 11.8;
from limestone (Mt Seinestjakko) 0.5 and 10, and
limestone (Strimasund) 0.5 and 5.5, respectively.
True, these few examples will not allow any draw-
ing of conclusions. However, on account of the re-
sults of analyses by ARNBORG (op. cit.), it can pro-
bably be assumed that there-is no considerable
difference with regard to the contents of soluble
potassium and phosphate between serpentine and
many other soils of the mountain district in N
Sweden. ROBINSON et al. (op. cit.) reported that the
contents of potassium and phosphate in the ser-
pentine soils of N America are extremely low but,
on the other hand, not lower than in many fertile
soils.

Serpentine rocks and soils of N Sweden are gener-
ally very low in calcium, mostly less than 1 %, CaO.
In some samples, however, a calcium content of
more than 109, was established (Kittelfjall and
Mt Rautats). In these soils, calcium occurs as sili-
cate, due to the occurrence of, e.g., calcium-bearing
pyroxene in the parent rock. Such pockets with a
high calcium content may appear strictly locally,
and the high calcium content cannot be considered
as representative of the whole area. Calcium oc-
curring as silicate seems to have only a rather
limited effect on vegetation (cf. Table 1 p. 44).

In the serpentine soils of N America the quantity
of calcium varies widely. “In the Conowingo soils it
is generally low, but in some it is abnormally high.
The lowest horizon of the Belmont Conowingo, no.
6175, shows nearly, if not quite, the maximum
calcium content of any carbonate-free soil. There
is some indication that the high-lime Conowingo
soils are less infertile than the low-lime Conowingo
soils. The difference in lime is due to the difference
in the parent rock. The presence of hornblende
and pyroxene accounts for the high calcium con-
tent.” (ROBINSON et al. op. cit. p. 13.)

In the serpentine areas of Graipesvare and Mur-

Acta Phytogeogr. Suec. 31

Serpentine sotl

fjillet in Asele Lappmark, S Lappland, the serpen-
tine is mostly rather calcareous (1-149, CaO).
There, the calcium occurs as carbonate (calcite),
and the rock shows signs of effervescence when
treated with hydrochloric acid. A few slices studied
under the microscope showed about 259, calcite.
Calcium occurring as carbonate has a marked effect
on the vegetation, and a rather rich flora with
several calcicolous plants was observed (cf. p.
24). As to the peridotites of N Sweden, the chemi-
cal composition ia one case differs considerably
from that of the others, viz., the mica-bearing
peridotite of Kall, Jamtland. “Compared with
other peridotites, this one exhibits higher percent-
ages of alumina, iron, titanium and alkali metals,
and lower percentages of magnesium and chro-
mium.” (T. Du RiETz op. cit. p. 153.) The vege-
tation in this locality shows no typical “‘serpentine
features” (cf. p. 12).

Some other ultrabasic rocks in N Sweden men-
tioned in this paper are not serpentines in a strict
sense, and the chemical and physical properties of
their soils may differ from those of typical serpen-
tine soils. This applies, e.g., to the soapstones of
Frostviken (Muruhatten, Lermon, etc., cf. pp.13,14),
which contain less chromium and nickel than does
serpentine (cf. T. Du RikTz op. cit. p. 182), and
seem more resistant to weathering. The peridotite
of Aunevare, consisting of diopside and unaltered
olivine, appears hardly weathered at all and the
whole mountain is nearly destitute of weathered
soil (cf. p. 24 and Pl VIII). Some peridotites of
Ammarfjillen, viz., St. Alke and Srattekjaure, con-
sist — apart from olivine — mainly of chlorite (cf.
p- 40). This rock has a low nickel content, 0.04 9,
(according to information from T. Du RiETz), and
the vegetation is not typical of serpentine. This,
however, may be due to a certain extent to the
high altitude, 1400 and 1200 m, resp. Serpentine
rocks generally weather slowly and weathered
materials are relatively sparse in serpentine areas.
At least in areas of N Sweden, the weathering seems
to increase with the degree of serpentinization.

The serpentine rock may sometimes be some-
what schistose or folded, a condition that favours
weathering and yrovides especially a rich occurrence
of coarse weathered materials (cf. Figs. 6, 19).
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These splinter materials will be accumulated in the
surface layer by frost heaving. Among such splin-
ters Arenaria morvegica generally grows in abun-
dance (cf. p. 47). Usually, however, the serpentine
soil is very poor in coarse material. This may result
in a poor drainage, at least within the lower hori-
zons, which will result in an increasing quantity
of ferrous iron. Such a reduction phase has been
noticed in some serpentine soils of N America
by RoBINsoN et al. (op. cit. p. 10) who noticed a
gain in weight on treating the soil with hydrogen
peroxide.

The mechanical composition of two serpentine
soils from Ronnbdck has been determined. Sample
I represents a soil without coarse material, and
sample II a soil from a place with coarse material.

Coarse | Fine Coarse | Fine Silt Clay
gravel | gravel | sand sand 0.02- >
20-6 | 6-2 | 2-0.2 |0.2-0.02| 0.002 |= 9002
mm mm mm mm mm I
I 1.36 7.63 16.5 44.92 30.77 8.80
II| 14.10 4.62 13.56 29.40 24.29 15.15

In these localities the mechanical composition
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explains the pronounced congeliturbation tend-
ency, which is actually characteristic of all the
serpentine soils of N Sweden. This tendency may
be accentuated by other factors, e.g., the scanty
vegetation and the fact that the bedrock, lying
only some 10 cm below the surface, is permeable
by water to a limited extent only. Thus, a frost
heaving occurs there much like that of the so-called
alvar areas on the isles of Oland and Gotland,
which has been studied from an ecological point
of view by HesseLmaN (1908), Du Rietz (1925 a),
STeErRNER (1925, 1926), ALBERTSON (1946), and
others. solifluction tendency
of the serpentine soils is an important ecological
factor contributing to the prevention of closed
communities (cf. p. 48).

RoBINSON et al. (op. cit.) studied the mechan-
ical composition of several American soils and all

The pronounced

of them showed a maximum in the silt fraction
(international silt: 0.02—-0.002 mm diam.). As men-
tioned above, RoBINSON ef al. found indications of
poor drainage in some soils, but concluded that the
infertility of serpentine soils cannot be attributed
to the mechanical composition.

2. Views on the causal connection between vegetation and chemical

composition of serpentine rocks

It seems clear that the peculiar vegetation of
serpentine soil is due to the unique chemical
composition of the parent rock. Serpentine vege-
tation is actually composed of a very small number
of species. Serpentine soils impress us as very un-
favourable to most plants. This infertility may be
the result of a direct toxic effect, an unfavourable
balance between different ions, or a deficiency of
necessary elements. In the following, these possi-
bilities will be more thoroughly discussed and the
opinion of other specialists on the subject will be
reported.

One of the first attempts to explain the influence
of serpentine on vegetation was made by Novik
(1928) who stated that the following qualities in ser-
pentine rock affect vegetation:

1. A considerable excess of magnesium.

2. The ratio MgO /CaO >1 which NOoVAK considers
to prevail in all serpentine soils.

3. A total lack of chlorides.

NovAx’s theory is founded on observations from
Moravia and statements from the literature. On the
basis of available geological data, he proved that the
above conditions are fulfilled whenever typical ser-
pentine vegetation occurs.

However, his theory appears to be principally an
application of data obtained some ten years earlier
by Loew (1901), who studied the effect of the ratio
Mg/Ca on certain cultivated plants. By means
of extensive cultivation experiments, LoEW showed
that an excess of magnesium as against calcium
generally has an injurious effect on plant growth. The
optimum ratio varies from one species to the other,
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but general indications show it to be about Mg/Ca =
4:5, counted in mols.

The difficulty of applying LOEW’s results to natural
soils was emphasized by RoBINsON et al. (op. cit.).
Usually only the total concentration of Mg and Ca
is known, while only the quantities occurring as
exchangeable cations are available for plants. This
criticism definitely concerns NovAk who used only
total analyses of the parent rock. LAMMERMAYER
(1928 b) criticized NovAK’s theory stating as a main
argument that the flora of magnesite differs from
that of serpentine, though the Mg:Ca ratio is in both
cases about the same.

In agricultural-chemical quarters in the U.S.A,
much attention has been directed to the problems of
the infertility of serpentine soils. Thus, GorpoN and
Lrrman (1926) stated that the infertility of serpentine
soil depends on a deficiency of nitrogen, potassium
and phosphates. The alkaline soil-reaction (pH = 8. 2)
and the poorness in colloid substances were also con-
sidered to contribute to the infertility. ’They state
positively that the excess of magnesium has no relation
to the infertility of serpentine soils, basing this state-
ment on two experiments. 1) They cite GERICKE’S

experiment of successfully growing plants in solutions,’

the salt constituent of which was seven-eighths magne-
sium salts. 2) GorpoN and LipmMAN added magnesium
salt to some of their culture solutions, without render-
ing them toxic or more toxic thereby.” (RoBINSON
et al. op. cit. p. 3.)

A weighty objection may be made to the experi-
mental results arrived at by GorponN and LipMAN.
The solution obtained by extracting minerals of a
serpentine soil in water only does not correspond to
the amount of elements available to plants. Plants are
able to take up exchangeable cations carried by colloid
particles and, perhaps also, to etch the mineral parti-
cles.

Recently, cultivation experiments with serpentine
soil have been carried out by VviaNIiEs and JENNY
(1948), and WALKER (1948). The former described a
bad growth in serpentine soil cultures due to a cal-
cium deficiency. The latter found, in addition, a lack
of a certain minor element, molybdenum, which
produced a diseased condition in the experimental
plants. As these data are available only in an abstract
form in a preliminary publication, it is hard to judge
whether they can be used also in a wider sense.

RoBINSON et al. (op. cit.) studied the chemical com-
position of several infertile serpentine soils from dif-
ferent parts of the United States. They found them to
contain a comparatively large quantity of chromium
and nickel (cf.p.113). “Whereas poor mechanical com-
position, causing poor internal drainage, an excess of
magnesium, and lack of plant-food elements may be
frequent causes of infertility in the soils studied, the
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only general and dominant cause of infertility in soils
derived from ferromagnesian rocks is the compara-
tively high percentages of chromium and nickel”
(RoBINSON et al. op. cit. p. 26). This was deduced by
them from investigations of the toxicity of chromium
compounds carried out by Koenic (1910).

By cultivating different plants in water cultures,
in sand cultures, and in humus soils to which vari-
ous chromium compounds had been added, the latter
demonstrated, that chromium in all but small con-
centrations is toxic to plants. The chromates proved
to be the most toxic, and the highly insoluble chromite
was toxic to more sensitive plants in the heaviest
applications only. Small applications of chromous
salts, and very small applications of chromates, as
well as rather high concentrations of chromite, had a
stimulating effect. Germination was prevented by a
small concentration of chromium, and the roots of the
plants in the chromium cultures contained more
chromium than other parts of the plants. In sand
cultures, 50 parts per million of chromium as dichro-
mate were toxic. It took higher concentrations to
produce toxicity in humus soils. Lime counteracted
chromium toxicity. (cf. ROBINSON et al. op. cit. p. 23.)
To this may be added that KoeNic found that
plants containing much silicic and oxalic acid were
more resistant to chromium toxicity.

ROBINSON ef al. cite the results of SCHARRER and
ScHRrOPP (1933) with regard to the toxicity of nickel.
“Nickel in sand cultures in quantities of about 50
parts per million was somewhat stimulating, but was
toxic at higher concentrations. Cobalt at concentra-
tions less than 1 part per million was stimulating to
corn and. barley but toxic to other plants, and in
higher concentrations was toxic to all plants. The
earlier works reviewed by SCHARRER and SCHROPP
show, in general, that nickel and cobalt are toxic to
plant-growth and particularly toxic to yeast.”” (RoB-
INSON et al. op. cit. p. 25.)

In an abstract from a lecture, M. J. KOTILAINEN
(1944), who studied the serpentine flora of Finland,
assumed, probably without being aware of the study
by ROBINSON et al., that the “‘serpentine effect’ is due
to a high content of chromium, or other minor ele-
ments. This he concluded from the following facts:
1) Rock analyses from some serpentine areas in
Finland with pronounced serpentine vegetation show
a rather high chromium content (0.48—0.22 9% Cr,0,).
2) Spectrographical analyses proved that Arenaria
pseudofrigida from a serpentine locality contained
rather much chromium. The ‘“‘serpentine moss’ Cam-
pylium stellatum was also very rich in chromium.
3) In N Karelia peridotitic outcrops exist without
characteristic serpentine vegetation; geological in-
vestigations from these areas proved some of them
to have a very low chromium content.



Serpentine soil

KoTILAINEN assumed a connection between these
phenomena, but he had no opportunity to enter more
thoroughly into the subject.

P1cHI-SERMOLLI (Op. cit.), in discussing the relation
between serpentine vegetation and chemical soil fac-
tors, refuted the ideas of RoBINSON et al. He admitted,
however, that chromium toxicity may play a certain
part in the infertility of serpentine soils without
being of any essential significance. On the whole,
PicuI-SERMOLLI is far from inclined to consider that
it is only the chemical composition of serpentine
soils that causes the unique character of its vegeta-
tion. He emphasized the importance of taking other
factors such as micro-climate, the mechanical compo-
sition of the soil, etc., into consideration.

Two studies on the chemical composition of ash
from serpentinicolous plants may also be referred to
in this connection. WHERRY (1936) analysed ash from
several plants of the Conowingo Barrens in SE Penn-
sylvania; in some cases he found extremely high
contents of magnesium. Later, MiNncuzzl and VER-
GNANO (1948) published analyses from the ash of
Alyssum bertolonii DESV., a typical serpentinophyte
known from Italy and the western Balkans. They
found a varying but always considerable content of
nickel in the different organs of the plant (up to 10 %
NiO). Within these organs the sum Ni + Mg and the
ratio Ca:Ni were always constant, and the authors
assumed nickel to play an extraordinary part in the
metabolism of this plant.

In KRUCKEBERG'S paper (1951), reported in an
earlier chapter (p. 82), a short account is given of
his chemical approach to the serpentine problem.
“It seemed likely that mineral-nutrition studies could
point to some of the physiological differences between
serpentine-tolerant and serpentine-intolerant races of
a given species. To follow up this aspect of the problem,
serpentine soils were reconstituted with varying
amounts of calcium, a nitrate-phosphate-potassium
mixture and molybdenum. Of these (added singly),
only calecium was able to bring about ‘normal’
growth of a non-serpentine strain on serpentine soil.
A complete analysis of these nutritional studies, as
well as further tolerance tests, are to be presented
elsewhere (KRUCKEBERG, in manuscript.)”’ (KRUCKE-
BERG Op. cit. p. 415.)

In conclusion, my own observations from N Swe-
den, regarding the causal connection between ser-
pentine soil and vegetation, will be described and
discussed with reference to earlier theories already
mentioned.

The deficiency of plant nutrients (potassium,
phosphate, calcium, etc.) in serpentine soil is, no
doubt, an important factor which may favour, to a
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certain degree, the poorness of serpentine vegetation.
However, this factor does not totally explain the
“infertile’”’ nature of serpentine rocks. As mentioned
above, the experimental results of GorpoxN and
LipMAN cannot be accepted. Moreover, RoBINSON
et al. demonstrated that there are many other
soils with a similar nutritional deficiency, but
without the same “infertility”.

The serpentine soils of N Sweden proved to have
very low contents of potassium and phosphates.
On the other hand, many other soils of the moun-
tain district of N Sweden show similar low values.
My own observations support the conception that
the infertile nature of serpentine soils must be due
to the toxic effect of the elements from serpentine
rock. Consequently, the elements of the serpentine
rock should all be examined separately in order to
ascertain the toxic ones.

As is apparent from several analyses mentioned
earlier in this paper, serpentine rocks are rather
rich in silicon. However, this is a quality common
to most other types of rock and may be excluded
from further discussion.

Next to silicon, magnesium is the element with
the highest concentration in the serpentine rock,
and is often discussed in relation to the toxicity of
serpentine. The toxicity of magnesium may be dis-
cussed from two different points of view: 1) wheth-
er or not the absolute high Mg concentrations are
toxic; 2) whether or not the balance between Mg
and other cations— Ca, above all—is unfavourable.

With regard to the first question, the phenome-
non that many serpentine plants accumulate Mg in
their tissues (EBNER 1861, WHERRY 1936) may be
interpreted as an indication that serpentinicolous
plants are distinguished by an extreme tolerance
to high Mg concentrations (cf. LUNDEGARDH 1950
p- 447). The theory that the serpentinicoles should
be plants with an affinity for soils rich in magnesium
compounds was denied by LAMMERMAYER (1928
a, b). He pointed out that magnesite and dolomite
rocks are mostly covered by a flora differing from
that of serpentine. Other evidence is given by
RoBINSON et al. (op. cit.) who demonstrated that
the serpentine rocks of Cuba weather into a laterite
soil from which nearly all magnesium is lost by
leaching. The vegetation of these soils has never-
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theless a marked serpentine character (cf. CARABIA
1945).

As regards the unfavourable balance between
Mg and Ca ions, NoviKk’s theory and LoEw’s in-
vestigation, mentioned earlier in this chapter (p.
115), must be borne in mind. Also in this connection
the comprehensive study of RoBINSON et al. has
shown that the high Mg/Ca ratio is probably not
the main cause of the infertility of serpentine soils.
Out of 15 serpentine soils studied by RoBINSON
et al.,11 were found to have an unfavourable Mg/Ca
ratio (>1). The other 4 soils were classified as
infertile although they had no unfavourable Mg/Ca
ratio. These authors did not deny that the occur-
rence of unbalanced Mg may be conducive to
infertility but, in their opinion, other factors are
more likely to be responsible. During my studies
in N Sweden, I noticed how the serpentine charac-
ter of the vegetation decreases when the serpentine
rock is calcareous. In that respect calcium occur-
ring as carbonate gives a much greater effect than
silicates of calcium. However, even in the areas of
Graipesvare and Murfjillet, where the Mg/Ca ratio
is mostly rather low, the serpentine character of
the vegetation is to a certain extent retained, even
when typically serpentinicolous plants are lacking.

Similar observations were made by RoBINSON
et al. who found high-lime Conowingo soils that
were less infertile than low-lime. KRUCKEBERG,
moreover, made serpentine soil fertile for ser-
pentine-intolerant plants by adding calcium (cf.
p.- 117). Still, it must be emphasized that calcium
also counteracts the toxic effect of other elements
(e.g., chromium; cf. p. 116). Therefore a decreasing
serpentine character, as related to the occurrence
of calcium in the serpentine, gives no true indi-
cation of the effect of the increasing Mg/Ca ratio.

Besides magnesium, serpentine also contains a
considerable amount of iron. The parent rock has
an iron content of about 109,. A variable and,
sometimes, considerable part of the iron occurs in
the ferrous form. In a temperate climate the ser-
pentine soil has nearly the same iron content as
the parent rock. In tropical areas, e.g., Cuba and
Puerto Rico, the serpentine rock weathers into a
laterite soil very rich in iron sesquioxide (more than
50 9%, Fe,0, according to RoBINSON et al.).
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KreETscHMER (1931) disclosed the presence of a
considerable content of ferrous iron (cf. p. 112) in
serpentine soils from the Danube Valley. RoBIN-
soN et al. found a gain in weight when treating
some serpentine soils with hydrogen peroxide, and
attributed this to an oxidation of the ferrous iron.
However, a determination of the actual content of
ferrous iron in a certain serpentine soil must involve
many difficulties, for the redox equilibrium between
ferric and ferrous iron will, no doubt, change as
soon as the spade is put into the soil.

Novik (1928) assumed that the iron content
probably contributes to the strange character of
serpentine soils. However, he did not give any
further explanation. Also KRETSCHMER (op. cit. p.
174) believed that the high iron content might
possibly explain the effect of serpentine on vege-
tation. However, in opposition to this theory, which
she calls “a bribing assumption”, she cited G6H-
LERT’s (1928) Die Flora iiber Eisenkarbonat. On
the basis of anatomical and histochemical studies
carried out on plants grown in iron quarries in
Austria, GOHLERT demonstrated that a high iron
content in the soils does not influence the plants.
Iron occurs there as a carbonate together with lime,
and the vegetation consists mainly of calcicolous
plants, Sazifraga aizoides, etc. (According to HAYEK
[1923], the flora of the siderite in Styria'is rather
similar to that of limestone.) GOHLERT's conclu-
sions are therefore based on facts inapplicable to
serpentine. My own observations show that other
kinds of rock rich in iron, e.g., different mag-
netite ores do not manifest the same type of
vegetation as serpentine. The occurrence of the
two serpentinicolous ferns Asplentum adulterinum
and A. wiride and other serpentine characters
of the vegetation of Mt Taberg (prov. Sméland,
S Sweden), which consists of magnetite-olivinite, is
more likely due to the olivine content of the rock
(Ru~E 1950).

In the preceding pages (p. 105), the abundant
occurrence of Viscaria alpina, Melandrium rubrum,
and other serpentinicolous plants near pyritic out-
crops has been mentioned. It is true that iron is
common to serpentine and pyrite, but on the other
hand pyrite also holds many other elements,
e.g., copper and other heavy metals, known to be
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highly toxic to plants in high concentrations. As
an example of “iron vegetation’’, BRAUN-BLANQUET
(1951), citing Gora (1910), mentioned the barren
soils round the pyrite mines of Italy which are
colonized by only a few plants, viz., Calluna vulgaris,
Agrostis canina, Silene rupestris, and Molinia
coerulea. The same author (op. cit. p. 239) also
referred to VIELLARD who reported that the ‘“‘red
soils”’ of New Caledonia have a flora characterized
by particular plants. In both these instances, other
elements besides iron, viz., copper, chromium,
etc. may be responsible for the effect.

From Finland, KoTILAINEN (1944) maintained
that the occurrence of ferrous phosphates (vivia-
nite) at the bottom of swamps gives rise to a special
type of vegetation, with birch (Betula alba coll.) and
the rare, beautifully yellow-flowering Saxifraga
hirculus as the most characteristic components. The
same author draws attention to the fact that in
Westfalen v. LinsTow (1928) was able to trace a
vein of siderite (ferrous carbonate) by following the
vegetation; only the birch (Betula alba?) grew on
the ore vein which was avoided by oak and beech
(Quercus and Fagus sp., respectively).

In regard to the iron content of the serpentine
soil, the following remarks may be made. Iron in
the ferric form has probably no effect on plants.
When the internal drainage of the soil is poor, fer-
rous iron is easily produced. This form of iron is
known to be unfavourable to plant growth and
may, in some cases, give rise to a specific vege-
tation. The mechanical composition, no doubt,
makes the serpentine soil tend towards easy reduc-
tion. This was demonstrated by RoBINsoN et al.
(op. cit.). The occurrence of ferrous iron in ser-
pentine soil may therefore sometimes be asso-
ciated, to a certain extent, with the infertility (cf.
RoBINsON etal. op.cit. p. 13).

Finally, some minor elements occurring in ser-
pentine in relatively large quantities, viz., chromium
and nickel, will be discussed.

Chromium occurs in most serpentine rocks and
amounts to about 0.5 9, Cr,0;. The quantity may,
however, be much larger in the chromite veins (in
N Sweden about 47 %, cf. p. 113).

All the serpentine soils of N America studied by
RoBINSON et al. proved to contain mostly less than
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19, chromium, but inlateriticserpentine soils, where
sesquioxides are accumulated, the chromium con-
tent amounted to 3-59%, As mentioned earlier in
this chapter, the chromium content occurs, partly,
as highly insoluble chromite and, partly, as more
soluble silicates (cf. p. 113). RoBINSON et al. stated
that serpentine soils contain quantities of chro-
mium, classified by KoENIG as toxic (cf. p. 116).

Besides chromium, RoBINSON et al. found rela-
tively large quantities of nickel (max. 0.459,
NiO) in all the infertile soils. They stated that this
element is also conducive to infertility (cf. p. 116).
This theory derives support from the observations
made by Mineuzzi and VERGNANO (op. cit.), who
found that the organs of the serpentinophyte A4lys-
sum bertolonit accumulate considerable quantities
of nickel (cf. p. 117).

Practically all the serpentine and peridotite rocks
of N Sweden show rather similar contents of chro-
mium and nickel (approx. 0.4 9% Cr,0; and 0.2 9,
NiO, cf. p. 113). These values are of the same pro-
portions as those found by RoBINsox ef al. in
American serpentine soils and considered as toxic.
However, there are two exceptions: 1) The Kall
peridotite which has an extremely low chromium
content (cf. p. 114). Unfortunately, the nickel con-
tent is unknown. 2) The peridotites of Ammar-
fjallen (cf. p. 114) which are low in nickel but nor-
mal in chromium content. None of these peridotites
show a real serpentine character with regard to
the vegetation. However, this is not conclusive,
because the Kall peridotite holds mica which may
likewise contribute to diminishing the serpentine
effect, and the peridotites of Ammarfjillen are
probably too alpine (1400 m) for a typical serpen-
tine vegetation. .

In the previous chapter (p. 101) it was stated
that highly serpentinized peridotites show a more
pronounced effect on vegetation than do the un-
altered olivine rocks. This may, to some extent,
be explained by the increased weathering that
results from serpentinization. However, the differ-
ences in vegetation are generally so clear that also
another factor must be considered.

Earlier, chromium was stated to occur in serpen-
tine, partly as insoluble chromite and, partly, as
more soluble silicates. SUNDIUS (op. cit.) showed
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that the more soluble form mainly occurs in the
serpentinized minerals of the rock.

Nickel occurs as silicate and sulphide, in the
latter form, which is comparatively more soluble,
particularly at increased serpentinization. Appa-
rently, the solubility of chromium and nickel seems
to be accentuated by increased serpentinization.
Thus, the theory propouned by RoBINSON et al. is
strongly borne out by the difference in vegetation
observed in relation to the degree of serpentinization
of the peridotitic rock.

These authors discussed the chromium toxicity
as the main cause of the infertility of serpentine
soils. However, they also considered the high nickel
content of the serpentine soils to be an important
factor.

In fact, some of the observations reported in the
present paper seem to prove that nickel has an
even greater significance than chromium.

Firstly, the serpentinicolous plants Viscaria al-
pina and Melandrium rubrum are also typical so-
called copper plants; V. alpina is to be found abun-
dantly in connection with nickel ore and ores
containing zinc (cf. p. 105). Many other plants
which have proved their tolerance of high concen-
trations of copper in the soil are often found also
on serpentine. Actually, members of the Caryo-
phyllaceae family show a particular “inclination”
both to serpentine and copper (cf. pp. 89, 104).

In addition, the peculiar flora of calamine soils
is essentially like the serpentine flora (e.g., the
existence of certain neoendemics restricted to each
of these particular habitats). Plants typical of cal-
amine soils — or plants closely related to them —
are sometimes found on serpentine or in connection
with high concentrations of copper or other heavy
metals in the soil (cf. p. 104). However, the soils
rich in “other heavy metals” (mainly Pb) harbour-
ing specific “ore plants” seem to contain also Cu
and (or) Zn, though in a concentration of but a few
percentages.

It may be assumed that serpentine, copper soils,
and zinc soils have a rather similar effect on plants,
though without any elements in common.! The

1 Small amounts of nickel (approx. 0.01 %) may often
follow the sulphide ores of copper and zinc.
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most probable link between these three different
substrata appears to be the three metals Ni, Cu,
and Zn, occupying the order numbers 28, 29, and
30, respectively, in the Periodic System. These
three elements all belong in the group of true minor
elements, essential in small concentrations for nor-
mal plant development. In small concentrations
they act as stimulants and seem essential to plant
growth, but are injurious in higher concentrations.
However, the biochemical effect of these elements
has been closely studied only in relation to Cu and
Zn, while hardly anything is known concerning Ni
in this respect (cf. LUNDEGARDH 1950). Actually
Ni and Cu have some chemical properties in com-
mon which may be of a biochemical significance,
namely a pronounced catalytic effect and a great
tendency to form complexes with ammonium.

Nickel is definitely the element in serpentine
which has a physiological effect most closely re-
sembling that of copper and zinc. In view of the
existence of plants associated with copper and zinc
ores, it should be natural to assume that nickel
might connect certain plants to serpentine. This
assumption derives support from investigations by
Minguzzi and VErRGNANO. They maintained that
the serpentinophyte Alyssum bertolonii accumu-
lates excess quantities of nickel, possibly similar to
the zinc accumulation of the zinc plants (cf. p. 103,
ScHARRER 1941, Camp 1945). True, ash analyses of
plants from serpentine have also shown high con-
tents of magnesium and chromium (cf.p.117). How-
ever, the high magnesium content appeared vari-
able (cf. WHERRY op. cit.), and data concerning
the chromium content are very sparse (cf. p. 116).

Finally, my observations may be said to confirm
the theory presented by RoBINSON et al., that
the rather high content of chromium and, above
all, nickel in serpentine soils constitutes the general
and dominant cause of infertility. Still, it must
be emphasized that the effect of these elements on
serpentine depends on several other properties of
this rock, i.e. low nutritive content, low calcium
content, high magnesium content, pH value, me-
chanical compositon, etc.

RoBINSON et al. carried out their investigations
on serpentine soil in order to find out the cause of
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its infertility, particularly relating to cultivated
plants. They did not, however, deal with the scanty
but unique flora that actually exists in serpentine
soils. A mere ascertainment of the cause of the
infertility will not suffice to solve all the problems
concerning the serpentine flora. Nevertheless, the
infertility probably still marks the peculiar charac-
ter of the serpentine flora whose members are left,
on the whole, without any serious competitors.

Apparently, all plants thriving well on serpentine
are indirectly favoured by the high nickel and
chromium contents. However, these minor elements
(especially Ni) probably also act directly; the abun-
dance and vigour of many serpentinicolous plants
may justify the assumption that these plants are
stimulated by the high nickel (and perhaps chro-
mium) content, even at concentrations toxic to
other plants. In this case, we may have to deal with
typical serpentinophytes which may be considered
as nickel plants, corresponding to zinc and copper
plants (cf. p. 103). All these plants accumulate
large quantities of the minor element in question,
and it is not improbable that excess quantities of
these minor elements, i.e., Ni, Zn, Cu, may play a
special part in the metabolism of such plants
(Minguzzi and VERGNANO, op. cit. p. 62).

The high nickel and chromium contents must
not be considered as the only, deciding factors
underlying the existence of serpentinicolous plants.
Many serpentinicolous relics are probably confined
to serpentine because of other factors, such as the
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physical properties of the serpentine soil, the par-
ticular micro-climate, the low competition, etc.

As shown on p. 103, the serpentine flora also has
some properties in common with the floras of
magnesite and dolomite, e.g., the tendency to har-
bour epibiotics. This is probably explained by
the similar physical properties of these rocks rather
than by the high contents of magnesium, for a
similar tendency is to be found in the limestone and
gypsum floras (cf. pp. 106, 108). Concerning the ser-
pentine flora of the upper Tiber Valley, Picui-
SERMOLLI (op. cit.) considered the physical proper-
ties of the serpentine rock, micro-climate, etc., to
be factors more important than high contents of
chromium and nickel.

It would seem as though the answer to the
question of which factor in serpentine is the main
cause of the peculiar effect on vegetation may
certainly differ with climate, local topography, age
of the flora, etc.

Apparently, the causal connections between ser-
pentine soils and vegetation are too complex to be
given a general explanation based on conditions
in one limited area. A further discussion of these
problems is, moreover, beyond the scope of a com-
parative ecological study. Conclusive proof of the
infertility of the serpentine soils as well as an-
swers to other questions mentioned above, can be
obtained only after continued investigations, also
within the fields of physiology, biochemistry, and
genetics.
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Rocks and soils of serpentine — a hydrous ferro-
magnesium silicate formed from olivine by hydro-
thermal alteration — are known all over the world
to have floras quite peculiar to themselves. A similar
effect, though less pronounced, is shown also by other
ultrabasic rocks. The serpentine flora has been studied
in Central and South Europe, and North America,
in particular. In N Europe serpentines occur, though
rather sparsely, in the northern parts of Fennoscandia.

While the serpentine flora has earlier been studied
to some extent in Norway and Finland, these problems
were not investigated in Sweden. This is no doubt
due to the fact that serpentines occur in Sweden
mainly within botanically rather unexplored parts of
the northern mountain districts. During the summers
of 1946-1950, the author visited 41 different ultra-
basic rock areas in the mountain district of N Swe-
den, and made a relatively complete inventory of
their flora.

In chapter II pp. 9-76 an account is given of the
flora and vegetation of each area visited. In several
areas soil samples were collected, which were analysed
with regard to pH, soluble potassium and phosphates.
The results are given in Table 1, p. 44.

Flora and vegetation on serpentines in N Sweden.

The flora of the serpentine areas of N Sweden is
very poor in species and usually also in individuals.
In fact, only about 140 species of vascular plants
were found within all the serpentine areas of N
Sweden, though the altitudinal level varies from 350
to 1400 m. In addition, this number includes many
species occurring incidentally in one single area.

As regards their affinity to serpentine, the plants
observed on this substratum can be grouped into
three categories: serpentine-characteristic (serpentinic-
olous) plants, serpentine-indifferent plants, and ser-
pentine-accidental plants. Each plant growing more
abundantly or frequently on serpentine, as compared
with other rocks and soils of the vicinity, may be
classified as serpentine-characteristic or serpentinic-
olous. Although the serpentinicolous plants are not
particularly numerous, they play by far the most
prominent role in serpentine vegetation. According to
my observations the following plants are serpenti-
nicolous in N Sweden: Asplenium viride, Agrostis
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stolonifera (considering its indigenous occurrence in
the mountain districts of N Sweden), Molinia coerulea,
Luzula spicata, Rumex acetosa, Arenaria morvegica,
Cerastium alpinum var. serpentinicola, Cerastium gla-
bratum, Cerastium vulgatum var. kajanense, Viscaria
alpina (including V. alp. v. serpentinicola), Meland-
rium rubrum (including M. rubr. v. serpentinicola and
smithii). Besides, the mosses Rhacomitrium lanugino-
sum, Campylium stellatum, Drepanocladus uncinatus,
Tritomaria quinquedentata, and the alga T'rentepohlia
jolithus, may be characterized as serpentinicolous.

Of these, Cerastium vulgatum var. kajanense is a
distinct serpentine race — probably evolved from
the coastal C. vulg. var. glabrescens — restricted to
serpentines of Finland and N Sweden. Cerastium
alpinum var. serpentinicola, Viscaria alpina var. ser-
pentinicola, and Melandrium rubrum var. serpentinicola
and smithit are morphologically recognizable serpen-
tine races described in this paper (pp. 53, 56, 62).

Rumex acetosa is represented in serpentine by a
distinet, ecological race. It is, however, difficult to
distinguish it morphologically, because of the great
number of different races existing within this complex
species.

Although very abundant on serpentine, the other
serpentinicoles are not restricted to this kind of rock.
Thus, Asplenium viride, Arenaria norvegica and Ce-
rastium glabratum, are more or less frequent on cal-
careous rock. Molinia coerulea, Luzula spicata, and
the serpentinicolous mosses are all rather common
and widespread outside the serpentine, and are not so
clearly serpentinicolous as the others. Apart from the
aforementioned races, also Viscaria alpina, Melan-
drium rubrum, and Cerastium alpinum, are rather
common and widespread plants on soils of a lithologi-
cal origin different to that of serpentine soil.

The group of serpentine-indifferent plants includes
all those found on serpentine — whether abundantly
or rarely — which do not occur in greater abundance
or frequency on serpentine than in soils of another
lithological origin in the vicinity. They are usually
common and widespread plants with a very wide eco-
logical amplitude, occurring rather abundantly also
in serpentine soil, e.g., Empetrum hermaphroditum,
Festuca ovina, and Juncus trifidus.

Finally, the third category comprises plants found
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incidentally on serpentine, growing sparsely in one
or a few areas only. Although constituting the bulk
of the plant list, these plants are the least important
of the serpentine flora.

As the serpentine soil seems rather unfavourable to
most plants, the vegetation will very slowly colonize
this kind of soil. In addition, the lack of a closed
vegetational mat, combined with the pronounced
frost action in the silty serpentine soil, makes the
ground very unstable. The serpentine areas of N
Sweden, therefore, usually seem very barren, being
almost destitute of vegetation, even at altitudes far
below the alpine region. The typical serpentine vegeta-
tion consists of pioneer communities formed by one
or a few serpentinicolous plants, generally occurring
in great abundance. However, it is impossible to keep
together the different types of serpentine vegetation
even from similar altitudes in the same phytosocio-
logicalunit (alliance). Some serpentine plant communi-
ties seem rather to be closely connected to phyto-
sociological alliances already recognized in Scandina-
vian alpine and subalpine vegetation. However, in
these large units they would represent very special
and depauperated associations. The most typical ser-
pentine vegetation, i.e. where the maximal abun-
dance of serpentinicolous plants occurs, is restricted
to pioneer habitats: debris and bare soil patches,
generally produced by frost action. Because of the
abundant occurrence of Arenaria norvegica in many
of these habitats, this type of serpentine vegetation
seems rather reminiscent of the pioneer vegetation
of unstable calcareous ground distinguished by NorD-
HAGEN (1935, 1936, 1943) as the Arenarion norvegicae
alliance. Moreover, the great abundance of Asple-
nium viride in serpentine rock crevices shows the
Asplenion viridis subarcticum alliance — described by
NoRDHAGEN (1936) and characteristic of calcareous
rock crevices — to be a very common community
of serpentine rocks.

Closed plant communities may occur on serpentine
rocks where the ground is stable enough to allow the
existence of a humus layer. Because of the dry charac-
ter of most serpentine outcrops, the climax vegeta-
tion under such circumstances is dwarf-shrub heath
communities which seem most closely related to the
low-alpine acid soil alliances Empetrion and Myrtillion.
The humus layer covering the serpentine soil is as a rule
formed by Rhacomitrium lanuginosum which slowly
invades the bare patches, provided the ground remains
sufficiently stable. Therefore, as a first stage towards
a climax, a Rhacomitrium mat appears, including at
the outset most of the serpentinicolous plants charac-
teristic of bare soil. The next stage is the invasion by
Juncus trifidus and some ericaceous dwarf shrubs:
Calluna wvulgaris, Empetrum hermaphroditum, and
Vaccinium uliginosum. Also some serpentinicolous
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plants, remnants from the pioneer stage, may continue
to exist in the closed communities. The pioneer plants
growing in the pure mineral soil of serpentine are all
more or less basicolous (serpentini- or calcicolous),
while the climax communities on serpentine are domi-
nated by acidicoles. The fact that basicoles grow
together with acidicoles, e.g., Asplenium wviride and
Calluna vulgaris in the case of N Sweden, is a striking
feature of serpentine vegetation.

General character of serpentine flora.

In chapter III (pp. 77-111) the general problems
concerning the serpentine flora are discussed. In com-
paring my own observations on the serpentine floras
of N Sweden, Finland, Norway, and North America
with statements from the literature, I found the
following features to be common to at least all the
serpentine floras of the North: 1. The serpentine
flora is relatively poor in individuals as well as in
species. 2. On serpentine, several species are repre-
sented by particular races (ecotypes) differing eco-
logically and sometimes also morphologically from the
type races of the species. 3. Many plants occur very
disjunctively on serpentine. 4. The serpentine flora
contains basicolous as well as acidicolous plants which
often grow together. 5. The serpentine flora has a
relatively xerophytic character. 6. The serpentine
flora is often dominated by a certain family or certain
genera, e.g., Caryophyllaceae in N Europe and E
North America.

As emphasized by botanists and geologists who
have described outcrops of serpentine, the waste and
barren surface clearly indicates this kind of rock. The
number of species occurring in serpentine areas is as
a rule strikingly low. Thus in the 41 areas visited in N
Sweden, only 140 species of vascular plants are found,
this being only 25 % of the total number of species
within the district.

It has for long been observed that several plant
species are represented in serpentine soils by partic-
ular races, differing morphologically as well as eco-
logically from the typical species. In many cases they
have been described as new species, subspecies,
varieties, and forms. In the literature, the plants
more or less restricted to serpentine soils have been
variously characterized as serpentine plants, serpen-
tinicolous plants, serpentinophytes, serpentine endem-
ics, or serpentinomorphoses. Though many of these
plants were found exclusively in serpentine soils, all
the tested ones could be cultivated in normal soil.
Novik (1928) listed a great number of plants from
South and Central Europe which he considered to be
restricted to serpentine soil. He considered these so-
called serpentine types (les types serpentiniques) to
have become differentiated in the serpentine areas,
and never to have occurred outside them. However,
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in several papers LAMMERMAYER (1926-1934) pointed
out that, according to his own observations, several
of the plants mentioned by NovAK as exclusive ser-
pentinophytes occurred.in other magnesian soils and,
in a few instances, also in non-magnesian soils. This
applied especially to two well-known serpentine ferns
— Asplenium adulterinum and A. cuneifolium. Later,
therefore, NovAk (1937) divided the serpentinophytes
into two groups: obligate and facultative serpentino-
phytes.

Recently, Picui-SErMoLLI (1948) made clear that
all plants that are serpentine endemics need not be
considered as neoendemics produced in serpentine
areas. He stated that many serpentine endemics
and other serpentinicolous plants are actually relics
(epibiotics), now more or less restricted to serpentine,
since they are enabled to survive only under the
specific edaphic conditions created by the serpentine
rocks. These serpentinicolous relics are plants that
have occurred at earlier epochs, or still occur in other
kinds of soil in other parts of their area of distribution.
Thus, among the serpentinicolous plants two different
categories exist: 1) serpentinophytes which are neo-
endemics differentiated within the serpentine areas,
and 2) serpentinicolous relics which are epibiotics more
or less restricted to serpentine habitats since they
became extinct outside.

P1cHI-SERMOLLI’S opinion (op. cit.) derives support
from a recent experimental study by KRUCKEBERG
(1951) who grew seeds of serpentine and non-serpen-
tine plants of the same species from the Central Coast
Range on serpentine and non-serpentine soils in the
Botanical Garden of the University of California.
Using the terminology of STEBBINs (1942), KRUCKE-
BERG stated that among the serpentine endemics of
the Central Coast Range areas, both the “insular
species” type (neoendemics) and the “depleted spe-
cies” type (epibiotics) exist. He demonstrated that
the highly serpentinicolous section FEuclisia of the
cruciferous genus Streptanthus may probably have
originated in a biotype depletion, i.e. the serpentine
biotypes are the only survivors of a once richer set of
biotypes.

The existence of serpentine-tolerant and serpentine-
intolerant biotypes within ubiquitous species was
propounded by KrUCKEBERG. However, the physio-
logical and ecological differences did not necessarily
correspond to morphological changes. Although
KRrRUCKEBERG’s results do not allow of such wide,
general conclusions including also our mainly arctic
and alpine serpentine floras, they nevertheless point
out the existence of distinct serpentine races with
very particular ecological requirements. In the event
of such a population being the only to survive within
a species, it would appear as a serpentinicolous relic.

The main condition for the survival of epibiotics
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seems to be rather low competition (Gricas 1940),
this being exactly what characterizes the serpentine
habitats. In this respect the serpentine habitats are
the equivalents of shores, scree and the faces of
easily weathered rocks, which are the types of locality
usually harbouring epibiotics. This is, for instance,
evident from the fact that many shore and alpine
plants appear in serpentine areas far away from water
and high mountains. — A good example of this may
be seen in the flora of the Gaspé Peninsula which is
very rich in epibiotics, all more or less restricted to
serpentine, shores, and debris of talus.

Serpentinicolous plants in the flora of N Sweden.

In the serpentine flora of N Sweden, as in other
northern floras, the number of serpentinophytes is
very small. From a taxonomic viewpoint, those mani-
fested have hardly differentiated further than to
varieties. However, in the serpentine areas of the
South, e.g. in S Europe, the number of serpentino-
phytes is considerable, and many of them have been
distinguished as individual species. This difference is
explained by the fact that all northern serpentine
floras are comparatively young, and their serpentine
races did not have more than the postglacial period
in which to differentiate. Thus, in the flora of N
Sweden the only members of the serpentinophyte
group are the serpentinicolous races of Cerastium
alpinum, C.vulgatum, Viscaria alpina, and Melandrium
rubrum. However, some of the most common and
widespread serpentinicolous plants of N Sweden are
likely to be considered as serpentinicolous relics.
Such are: Arenaria humifusa, A. norvegica, Cerastium
glabratum, and Agrostis stolonifera (when indigenous
in the high mountains of Scandinavia). These plants
are not restricted to serpentine throughout Scandi-
navia. In some parts of the mountain areas they
may appear abundantly on serpentine, though they
were never observed there on soils of another li-
thological origin. The distribution of these plants is
discussed more in detail on pp. 84-87. The bulk of
the serpentinicolous plants of N Sweden, viz., Asple-
nium wviride, Molinia coerulea, Silene acaulis, Minu-
artia biflora, and Luzula spicata, can hardly be classi-
fied as serpentinophytes or as serpentinicolous relics.
Although clearly serpentinicolous, they are seldom
restricted to this kind of rock over extensive areas.
These plants are still too common and widespread
outside serpentine to be classified as serpentinicolous
relics. The term serpentinicolous ubiquists charac-
terizes this group more adequately. Still, the border-
line between these two categories is rather diffuse.
For example, Minuartia biflora, which is a serpentini-
colous ubiquist in N Sweden, appears as a serpenti-
nicolous relic in Finland.

Several plants — not necessarily serpentinicolous
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— appear very disjunctively in serpentine habitats.
They may be alpine plants appearing in serpentine
areas below the alpine region, or shore plants appear-
ring in serpentine areas far from the sea (cf. p. 87).
Northern plants may have their southernmost out-
posts, and southern plants may have their northern-
most outposts, even in the same serpentine area, e.g.,
Mt Albert in the Gaspé Peninsula (cf. p. 93). In
Sweden the southernmost stations of the northern
distributional areas of Draba nivalis, Euphrasia lap-
ponica, and Minuartia rubella, are found on serpen-
tine. Apparently, the vast areas of barren soil on
serpentine are favourable stations for alpine and
shore plants.

Several thermophilous plants are restricted to
the south-exposed parts of serpentine cliffs. The high
heat capacity of the serpentine rock (similar to lime-
stone and dolomite) and the protruding shape of the
outcrops contribute to a warm local climate on the
south-exposed parts of the serpentine cliffs. Such
habitats harbour a thermophilous flora and many
plants may be found there at unusually high altitudes
or latitudes.

Several serpentinicolous plants of N Sweden are
also calcicolous — or rather basicolous — e.g., Asple-
nium viride, Stilene acaulis, and Arenaria norvegica.
However, some very important serpentine plants,
viz. Calluna vulgarts and Deschampsia flexuosa, are
also typical acid soil plants. The notable fact that
basicoles and acidicoles are found together on serpen-
tine is reported also from the Alps (LAMMERMAYER
1926).

In the serpentine flora of N Sweden — and all
Fennoscandia — no family is so well represented
as the Caryophyllaceae. Actually, most plants typical
of serpentine belong to this family, e.g., the genera
Cerastium, Viscaria, Melandrium, Arenaria, and Mzq-
nuartia. Within the serpentine areas of E Canada a
similar predominance of the Caryophyllaceae was
established. However, in S Europe the important
families Leguminosae and Compositae seem also to
dominate in serpentine areas.

Serpentine flora in Norway and Finland.

As the Swedish serpentine areas are situated within
high mountain districts, their flora derives from the
arctic-alpine mountain flora of the Scandes. In the
high mountain districts of Norway serpentine areas
with a flora greatly resembling that of Sweden are
to be seen. In Norway, however, large serpentine
areas occur at low altitudes in the coastal districts,
viz., at Sunmoére and S Nordland. This serpentine
flora is rather different from the corresponding one
in the high mountain districts.

Thus, a serpentinicolous fern typical of the serpen-
tine flora of Middle Europe is found here, viz., Asple-
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nium adulterinum, having its northernmost outpost in
the serpentine area of the Isle of R6dén, S -Nordland.
In addition, from the Sunmére district Arabis petraea
may be mentioned, an epibiotic element with a scat-
tered distribution in Europe and, probably, a serpenti-
nicolous relic in Sunmére. Some shore plants, viz.,
Plantago maritima, Armeria maritima, Sagina nodosa,
and Stlene maritima, occur abundantly on the ser-
pentine of the coastal district, even comparatively far
from the sea. However, some typical serpentine
plants actually occur both in the serpentine areas
of the coast and of the high mountains, viz., Asplenium
viride, Molinia coerulea, Viscaria alpina, Cerastium
alpinum, and Calluna vulgaris.

Although situated at a rather low altitude —
mainly below 400 m — the serpentine areas of N and
Middle Finland have a flora which contains several
arctic-alpine elements as serpentinicolous relics: Are-
naria ciliata ssp. pseudofrigida, Minuartia biflora, Ce-
rasttum glabratum, Viscaria alpina, and Saxifraga ni-
valis. Two serpentinicolous races of Cerastium vulgatum
were recently described from Finland: C. vulg. var.
kajanense and C. vulg. var. serpentini. The former is
found also in N Sweden, the latter only in Moravia.
The serpentinicolous fern Asplenium adulterinum also
reaches the serpentine areas of Middle Finland. The
serpentine vegetation in Finland is dominated by the
same plants as in N Sweden, viz., Asplenium viride,
Molinia coerulea, and Calluna wvulgaris. Considering
the serpentine flora of all Fennoscandia, most of the
serpentinicolous plants seem to be restricted only to
certain parts of it. However, two plants occur almost
constantly, as well as abundantly, in practically every
serpentine area of Fennoscandia: Asplenium wviride
and Viscaria alpina.

Serpentine flora in E North America.

For comparison, the flora of some serpentine
districts of E Quebec is discussed in this connection.
Mt Albert is a wide serpentine mountain situated in
the Shickshock mountains within the central parts of
the Gaspé Peninsula. Its very wide plateau-like
summit varies in altitude from 1100 to 1230 m, and
constitutes a barren serpentine table land which
possesses on arctic-alpine flora quite peculiar to itself.
On the bare patches of extremely congeliturbate soil
the following plants are to be found: Arenaria humz-
fusa, Minuartia marcescens, M. biflora, M. rubella,
and Artemisia borealis. At peripheral, more stable,
parts of the solifluction polygons are found: Rhodo-
dendron lapponicum, Vaccinium uliginosum var. alpina,
and Carex scirpoidea. At places with a more stable
ground, a tundra-like vegetation prevails. The soil is
covered by mats of Rhacomitrium lanuginosum in
which occurs in particular: Viscaria alpina, Armeria
scabra subsp. labradorica, Scirpus caespitosus, Des-
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champsia caespitosa, Campanula rotundifolia, Ledum
groenlandicum, Betula grandulosa, and Salixz brachy-
carpa. Thus, on the serpentine plateau of Mt Albert
an arctic flora prevails, and many of the species
appear very disjunctively there. From the southern
edge of the table land a deep gorge stretches towards
the centre. Its steep walls and talus harbour a serpen-
tine flora, differing in some respects from that of the
plateau. Thus, three ferns, Polystichum mohroides var.
scopolinum, Cheilanthes siliquosa, and Adiantum peda-
tum var. aleuticum, and two grasses, Danthonia inter-
media and Festuca scabrella, appear very disjunctively
there. They all belong to FErRNALD’s Cordillera-group,
i.e. plants with a main distribution in the West, and
disjunct stations in the St. Lawrence Gulf region in
the East. This distributional type was explained by
FErNALD (1925) as a result of the incomplete glacia-
tion of the St. Lawrence region during the Wisconsin
glaciation. However, recent investigations have proved
the problem to be more complex. The abundance
of disjunct occurrences on Mt Albert may be due to
the serpentine itself, which always seems to harbour
disjunctive plants even within once heavily glaciated
areas. Most of the rare plants of Mt Albert are probably
serpentinicolous relics which have survived the post-
glacial changes of climate because of the edaphic
conditions created by the serpentine rock, irrespective
of whether they are remnants of once richer eastern
populations or whether they arrived there by long
distance dispersal. The latter seems conceivable only
with regard to the serpentine ferns. Besides, some of
the plants appearing disjunctively on Mt Albert —
members of both the arctic and the Cordillera-group
— also appear as serpentinicolous relics on the ser-
pentine hills of the Black Lake district in Megantic
Co, E Quebec, an area which was heavily glaciated
by the Wisconsin Ice.

Mt Albert harbours only one true serpentinophyte
(serpentine neoendemic), viz., a very distinct,
though not yet described, serpentine race of Cerastium
arvense. As mentioned before, this poorness in serpen-
tine neoendemics in the northern serpentine areas may
be explained by the fact that their flora is of post-
glacial age only. The flora of the serpentine of Mt
Albert, therefore, does not bear out the theory that
the top of this mountain was never covered by the
Waisconsin Ice.

A comparison between the serpentine flora of Mt
Albert and the corresponding alpine serpentine flora
of Scandinavia throws some interesting light on the
arctic-alpine plants common to N America and N'W
Europe. Some of these are serpentinicolous in both
places, viz., Viscaria alpina and Arenaria humifusa.
However, the most typical serpentinicole of all in
Fennoscandia, viz., Asplentum wviride, also occurs in
the northern areas of North America, though never on
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serpentine. Cerastium alpinum and Minuartia biflora
are similar examples. On the other hand, plants that
are serpentinicolous in N America may occur in
Scandinavia though never on serpentine, e.g., Rhodo-
dendron lapponicum and Carex scirpoidea. The latter-
is, however, very rare in Scandinavia, being found
only in one locality. Such ecological differences may
be due to an unequal distribution of serpentinicolous
biotypes within the species.

Effect of different magnesian rocks on vegetation.

As regards the ultrabasic rock areas studied in N
Sweden, differences are to be noted in the composition
of the rock. These differences may sometimes corre-
spond to differencesin vegetation. Thus, the serpentine
character of the vegetation is less marked in areas
where the serpentine contains considerable amounts of
calcium. Calcium has a far more pronounced effect
in the form of carbonate than in the form of silicate.
A mica-bearing peridotite with a low chromium content
did not show a serpentine character in regard to its
vegetation; nor did the peridotites of Ammarfjéllen
(Nos. 38—39) which are rather high in calcium but low
in nickel. However, most of these last-mentioned
areas are situated at altitudes sufficiently high to
prevent most of the typical serpentinicoles from
growing there. Nor do some outcrops of unaltered
olivine (Mt Aunevare and Mt Vuoka-Ruopsok) and
soapstones (Mt Muruhatten and the Lermon Summits)
disclose a typical serpentine flora. This may partly
be explained by the lack of weathered material which
makes these rocks nearly destitute of vegetation. In
addition, it may be stated as a general observation
that the serpentine character of the vegetation in-
creases with increasing serpentinization of the rock.

Inthe Austrian Alps, LAMMERMAYER (1928 a,b,1934)
made a comparative study of the floras on serpentine
and magnesite. He found serpentinicolous plants
growing occasionally also on magnesite, and he con-
sidered the flora of this kind of rock to be intermediate
between that of serpentine and that of limestone.
Within the mountain district of N Sweden, magnesite
occurs very sparsely, and I have never had the
opportunity myself to study the magnesite flora.
However, thanks to BsorkMAN’s (1937) study of the
flora of a magnesite outecrop in the Sarek National
Park area, the flora of this kind of magnesian rock
can be compared with that of serpentine in the
mountain district of N Sweden. It appears, from
BJOrkMAN’s paper, that this magnesite flora is rather
different from that of serpentine, and that it is more
reminiscent of the limestone and dolomite floras.

Plants connected with specific minerals.

For a further comparison, plants connected with
other specific minerals will also be discussed. From
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Europe, a few plants connected with calamine soils
(zinc carbonate and silicate) are known, viz., Viola
calaminaria and Thlaspt calaminaria, which may be
considered as special calamine races of Viola lutea
and Thlaspi alpestre, respectively. Moreover, Minuar-
tia (Alsine) verna, Silene inflata var. glaberrima, and
Armeria maritima also appear in abundance in cala-
mine soils. Some of the calamine plants, especially
Mrinuartia verna, seem to be connected with ores
of lead and copper. However, considering the fact
that the lead ores, in particular, usually contain
zine, it is difficult to judge which is the metal respon-
sible for the effect on plant life.

Some bryophytes are known to be associated with
copper ores, viz., Merceya ligulata, Mielichhofera elon-
gata, M. nitida, Dryoptodon atratus, Gymnocolea acu-
tiloba, and Cephaloziella sp. From N America, the fol-
lowing plants are known to indicate ores (Buck
1949): Populus deltoides and Ambrosia species which
are associated with zinc carbonate, and Stilene species
associated with copper. In Australia another member
of the Caryophyllaceae, Polycarpaea spirostyles, is used
as a copper indicator.

In Fennoscandia at least two members of the
Caryophyllaceae are known to appear abundantly in
connection with copper ores, viz., Viscaria alpina and
Melandrium rubrum. The latter, in particular, has
proved able to endure very high concentrations of
copper in the soil, and is found in abundance even
in localities where the soil is too poisonous for other
plants to grow. In N Finland, Viscaria alpina was
also found in abundance on the nickel ores of Petsamo.
It is noteworthy that these copper plants are very
typical of serpentine in Fennoscandia. A similar
affinity both to copper ores and serpentine is shown
by several members of the Caryophyllaceae in other
parts of the world.

A very specific flora is found also on certain
gypsum soils and near volcanic sulphur springs.
It is interesting to note that the aforementioned so-
called copper moss, Merceya ligulata, is to be found
near volcanic springs. All the cases referred to here
concern relatively insoluble minerals. The particular
problems involved should, therefore, not be confused
with those of halophytic plants and vegetation which
concern high concentrations of soluble salts in the
soil.

Minerals or soils characterized by a certain vegeta-
tion or certain plants seem to have one factor in
common, i.e. a toxic effect on the bulk of the surround-
ing plants. It should be borne in mind that the
floras of these minerals — like the serpentine flora —
are markedly poor in species and contain on the
whole only such species as may be connected with
the mineral in question. The few species capable of
tolerating the toxic effect of the minerals are left
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without any strong competitors and will therefore
occur very abundantly. There is no reason to assume
that certain plants are associated with certain min-
erals, e.g., copper or zinc ores, because of their need
of large amounts of the elements in question. This
seems evident from the cultivation experiments made
in this field. With but a few exceptions, these plants
do not, even in nature, appear exclusively restricted
to a certain metallic soil. Thus, “copper plants” can
occur on serpentine or on lead ores, as well as near
volcanic springs. However, no further conclusions
can be drawn owing to the lack of detailed investiga-
tions.

Serpentinomorphoses.

It was mentioned previously that many serpentine
races show distinct morphological changes, some-
times ranking as individual taxa. These changes,
which are represented within different genera and
rather uniform, are called serpentinomorphoses. PIcHI-
SErMoLLI (1936, 1948) discussed the serpentinomor-
phoses of vascular plants and found that they
disclose the following changes: 1. Stenophyllism;
2. glabrescence; 3. plagiotropism; 4. nanism; 5. a
greater development of the root system; 6. glauces-
cence. In some cases, anatomical and embryological
changes have been ascertained. Suza (1930) noted
serpentinomorphoses among lichens, and KOTILAINEN
(1944) assumed their existence among bryophytes.

PicHIi-SERMOLLI (1948) contended that the ser-
pentinomorphoses are adaptions to intense light, dry
micro-climate, and low nutrient content, all these
factors being characteristic of serpentine localities.
Serpentinomorphoses include hereditarily fixed
changes which persist at cultivation in normal soil,
as well as non-hereditary modifications.

As the serpentine flora of N Sweden is very poor in |
serpentinophytes, few opportunities are obtained for
studying them. However, stenophyllism, and tenden-
cies to glabrescence, nanism, and a greatly developed
root system, are characteristic of all the Fennoscandian
serpentinophytes. Of these, nanism and the greatly
developed root system seem to be adaptive characters
— xeromorphoses — typical of plants in dry habitats.
The stenophyllism and probably also the glabrescence
seem to be nonadaptive characters, which may be
linked to physiological characteristics of serpentino-
phytes with a high selective value.

The tendency of serpentine to further an increased
evolution is probably due to very effective isolation
mechanisms operating in these habitats. Serpentine is
very unfavourable to plant life in general, and plants
thriving well on this substratum are, in many cases,
particular ecotypes physiologically adapted to ser-
pentine. Such a physiological differentiation is known
to precede the development of morphological and ge-
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netical discontinuities (CrAuseN 1951). Moreover, a
spatial isolation may exist in connection with serpen-
tine in so far as these rocks usually crop out very
distinctively in isolated chains or clusters. The serpen-
tine flora will, therefore, form islands in the sur-
rounding vegetation. The fact that in serpentine a
single species may often occur over a wide area with
hardly any competitors may also contribute to an
increased variation.

Many serpentinophytes are true endemics, having
arisen in a single station only. However, more often
one and the same serpentinophyte seems to have
evolved in different places independently. The ser-
pentinophytes of N Sweden with one exception occur
in several different geographically isolated areas, which
is indicative of their polytopic origin.

Serpentine soil.

In chapter IV (pp. 112-121) the chemical properties
of serpentine soil are dealt with, and the particular
factors responsible for the pronounced effect on vege-
tation are discussed.

An important contribution to the knowledge of the
pedological properties of serpentine soil has been made
by RoBINSON, EDGINGTON, and ByERs (1935) who stud-
ied serpentine soils from different parts of the United
States. They found that, in a humid and rather cold
climate, the changes in the composition of the soils
are only relatively small as compared with the parent
rock. In a humid and warm climate (Cuba and
Puerto Rico), serpentine weathers into a lateritic
soil from which nearly all the magnesium of the
parent rock is leached out, while sesquioxides of
iron and chromium are accumulated.

No complete chemical analyses of the serpentine
soils of N Sweden are available. However, the climatic
conditions for weathering indicate the improbability
of ‘any considerable difference between soil and
parent rock. Accordingly, the rock analyses given by
T. Du Rierz (1935) cited on pp. 10-42, give an ap-
proximate idea of the chemical composition of the soils.
The average composition of a serpentine soil in N
Sweden is as follows: SiO, and MgO each approx.
40 %; Fe,0, and FeO each approx. 5 %; Cr,0, approx.
0.4 %; NiO approx. 0.2 %; CaO, MnO, and Na,O - K,O,
only in traces. Chromium occurs partly as a highly
insoluble chromite and partly as more soluble sili-
cates. Nickel occurs partly as silicate and partly
as sulphides. For evidence as to whether or not
chromium and nickel in serpentine are soluble enough
to affect the plants, RoBiNsoN et al. tested the
solubility and exchangeability by leaching with ace-
tate, and found ‘‘appreciable quantities of available
chromium in all the soils and the presence of available
nickel in all but one of the soils tested”.

As regards serpentine soil analyses, my own stud-
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ies cover pH, soluble potassium and phosphates,
and in some cases the total calcium content. As
emerges from Table 1, p. 44, the pH varies between
6.1 and 7.2. Most of the serpentine soils of North
America have a pH between 6 and 7. In the serpentine
soils of N Sweden, soluble potassium and phosphates
are very low. However, the values are not lower than
in many other more fertile soils. According to ROBIN-
SON etal., the serpentine soils of North America show
similarly low values. Yet even these values are not
lower than in many fertile soils. The serpentine soils
of N Sweden are generally very low in calcium,
mostly less than 19 CaO. However, in some cases
a calcium content exceeding 10 9% was established.
This may be due to the occurrence of calcium-bear-
ing pyroxene, often rather locally as pockets. Never-
theless, calcium in the form of silicate seems to have
but a rather limited effect on vegetation. Within the
serpentine areas of Graipesvare and Murfjallet, the
serpentine shows a comparatively high calcium content
in the form of carbonate (about 25 9, calcite). The
flora of these areas shows an increasing number of
species and the vegetation is dominated by such
calcicolous plants as Dryas octopetala and Carex ru-
pestris.

As mentioned on pp. 100, 114, the serpentine in one
particular area (No. 4: the Kall peridotite) contains
mica which is responsible for the considerable content
of alkali metals (cf. p. 12). Besides, the chromium
content of this rock is low. Moreover, some perido-
tites of Ammarfjillen (No. 38) contain largely
chlorite and have a very low nickel content. In both
instances, the vegetation is by no means typical of
serpentine. However, as many factors (altitude, etc.)
differ in these cases, no far-reaching conclusions can
be drawn as to the influence of the different rock
compositions on the vegetation.

The mechanical composition of two samples of
serpentine soil from N Sweden was determined.
The soils proved to be very rich in silt and fine sand.
The high percentage of these fractions in the ser-
pentine soil is the main reason why serpentine soils
of N Sweden are as a rule highly congeliturbate.
According to ROBINSON ef al.,, who analyzed the
mechanical composition of a large number of serpen-
tine soils in the United States, these generally show
a clear maximum in the silt fraction. They stated
that the infertility of serpentine soils was not due
to the mechanical composition.

Elements in serpentine affecting plant life.

The causal connection between the peculiar vege-
tation and the chemical composition of serpentine
rocks has been much discussed. Apparently, the ser-
pentine soils are unfavourable to most plants. This
may be due to the direct toxic effect, to an un-



Summary

favourable balance between different ions, or to a
deficiency in necessary elements. Novik (1928) consid-
ered an excess of magnesium and a high value of the
ratio MgO /CaQ to be responsible for the serpentine
effect. His theory is based mainly on observations in
Moravia and statements from the literature. From
available geological data, he demonstrated that the
ratio MgO /CaO > 1 whenever typical serpentine vege-
tation occurs. This was an application of data obtained
some ten years earlier by O. LoEw, who studied the
effect of a different Mg/Ca ratio for certain culti-
vated plants, and demonstrated that an excess of
magnesium over calcium has generally an injurious
effect on plant growth. However, the difficulties of
applying LoEWwW’s results to natural soils were em-
phasized by ROBINSON et al. As arule,only the total
concentrations of Ca and Mg are known, while only
the quantities occurring as exchangeable cations are
available to plants. NovAk’s theory was criticized
by LAMMERMAYER (1928 b) who found the floras of
magnesite and serpentine to be different, though the
Mg /Ca ratio was nearly the same.

GorpON and LipmaN (1926) made experiments
with water cultures obtained by the water extraction
on serpentine soils. They stated that the infertility
of serpentine soils might be caused by a dificiency of
nitrogen, potassium, and phosphates. To this the
objection may be raised that the solution obtained
by extracting serpentine soils in water does not corre-
spond to the amount of elements available to the
plants.

RoBIiNsoN etal. (op. cit.) found comparatively large
quantities of chromium and nickel in serpentine soils,
and stated the general and dominant cause of infer-
tility in these soils to be the rather high concentrations
of those elements. This they deduced from investiga-
tions of the toxicity of chromium compounds carried
out by Koenic (1910) who studied the reaction of
different plants cultivated in water, sand, and humus
soil cultures, to which different chromium compounds
were added. With regard to nickel toxicity, RoBINSON
etal.cited the results of SCHARRER and ScHROPP (1933)
who found that nickel salts in low concentrations
slightly stimulated plant growth, but became toxic
at higher concentrations.

KoTiLAINEN '(1944) also assumed the serpentine
effect to be due to a high concentration of chromium
in the serpentine rock. PICHI-SERMOLLI (op. cit.)
refuted the idea that chromium should be the main
cause of the serpentine effect. He admitted that
chromium toxicity may be of a certain significance.
However, he emphasized that factors other than the
chemical composition, e.g., micro-climate, mechanical
composition, etc., might be responsible for the unique
character of the serpentine vegetation.

The chemical composition of the ash from serpen-

9 —~ 537056 Olof Rune

129

tinicolous plants was studied by WHERRY (1936),
among others, who in some cases found a very
high content of magnesium. MINGUzzI and VERGNANO
(1948) published analyses from the ash of a typical
serpentinophyte, Alyssum bertolonii DEsv., known
from Italy and the W Balkans. They found a varying
but always considerable content of nickel in the
different organs of the plant (up to 10 % NiO). Within
the different organs, the sum Ni + Mg and the Ca/Ni
ratio were constant, and the authors assumed nickel
to play a certain part in the metabolism of this
plant. KRUCKEBERG, in his aforementioned study,
briefly sets down his chemical approach to the ser-
pentine problem. Serpentine soils were reconstituted
with varying amounts of calcium, a nitrate-phos-
phate-potassium mixture, and molybdenum. In this
way, only calcium was found to be able to bring
about a ‘“normal” growth of a non-serpentine strain
on serpentine soil.

My own observations from N Sweden concerning
these questions may be summarized as follows. The
deficiency of plant nutrients in serpentine soil is,
no doubt, an important factor which may to some
degree be responsible for the poorness of the serpen-
tine vegetation. However, in the cold and humid
climate of the mountain districts, where the weather-
ing is slow and the leaching of ions considerable,
many soils — even the quite fertile ones — show
low values similar to those of serpentine soils. Accord-
ingly the serpentine may be assumed to possess
elements unfavourable to most plants. The high mag-
nesium content in serpentine rock was often suspected
to be responsible for the so-called serpentine effect.
The toxicity of magnesium may be considered from
two points of view: 1) whether or not the absolute
high Mg concentrations are toxic; 2) whether or not
the balance between Mg and other cations, above
all Ca, is unfavourable. LAMMERMAYER (1928 a and b)
pointed out that in the Austrian Alps the flora of
other rocks with a high magnesium content, e.g.,
magnesite and dolomite, did not show a serpentine
character.

Magnesite is very sparse in the mountain dis-
tricts of Scandinavia and only a few data exist con-
cerning its vegetation. Still, they prove the Swedish
magnesite vegetation to be different from .that of
serpentine. The most conclusive proof that mag-
nesium is not the main cause of the ‘‘serpentine
effect’” is presented by ROBINSON et al. who pointed
out that the serpentine rocks of Cuba weather into a
laterite soil from which nearly all magnesium is lost
by leaching (cf. p. 112). The vegetation of these
soils has, nevertheless, a marked serpentine character
(cf. CARABIA 1945).

The fact that the serpentine character of the vege-
tation decreases whenever calcium is present may be
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interpreted as the result of a decrease in the Mg/Ca
ratio. Further, KRUCKEBERG’S experiments showed
that the serpentine toxicity was counteracted by
adding calcium. However, these observations are
ambiguous because toxicity caused, e.g., by chrom-
ium, is also counteracted by calcium, as shown by
KoEN1G (0p. cit.).

Apart from magnesium, serpentine also contains a
considerable amount of iron (c. 10 %). A variable and
sometimes considerable part of it occurs in the
ferrous form. ROBINSON et al. (op. cit.) found a gain
in weight when they treated some serpentine soils
with hydrogen peroxide. They concluded that this
was due to an oxidation of the ferrous iron. Novik
(1928) and KrETSCHMER (1931) assumed that the high
iron content might contribute to the ‘‘serpentine
effect”. A particular iron vegetation is described
from pyrite mines in N Italy by BRAUN-BLANQUET
(1951). The same author refers also to VIELLARD
who contended that so-called red soils of New Cale-
donia have a flora characterized by particular plants.
However, these cases may include small amounts of
other elements, e.g., zinc or chromium, causing the
effect. In Finland, KoTILAINEN (1944) found a special
type of mire vegetation connected with vivianite de-
posits. In Sweden, however, I have not found that
the flora of rocks rich in, e.g. magnetite resembles
that of serpentine, except when connected with oli-
vine (Mt Taberg) or minerals holding other heavy
metals (Cu, Pb, Zn, and Mn, as in some ores of the
Bergslagen district, cf. p. 107).

In the ferric form, at least, iron does not seem
responsible for the serpentine effect. However, high
concentrations of ferrous iron are known to be toxic
to plant growth. The mechanical composition of ser-
pentine soils doubtless makes them tend towards an
easy reduction, as demonstrated by ROBINSON et al.
The occurrence of ferrous iron in serpentine soil may,
therefore, sometimes be connected with infertility (cf.
RoBINsoON et al. op. cit. p. 13).

Finally, some minor elements remain to be discussed
that occur in relatively large quantities in serpentine,
viz., chromium and nickel. Chromium occurs in ser-
pentine partly as a highly insoluble chromite, and
partly as a more soluble silicate; together they usually
total 0.59% (cf. p. 113). RoBINSON et al. (op. cit.)
assumed a chromium and nickel toxicity to be the
main cause of the infertility of serpentine. I have
found some evidence in support of this theory, partic-
ularly in regard to nickel. The only peridotite of N
Sweden which is low in chromium, viz., the Kall
peridotite (p. 12), does not harbour serpentine vegeta-
tion. However, this rock is also unique in that it
contains mica, which may certainly contribute to the
decreased serpentine character. Actually, the solubil-
ity of the chromium content is a more important
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question than the total chromium content. In ser-
pentine the chromium occurs partly as highly insoluble
chromite and partly as more soluble silicates, as
demonstrated by RoBINSON et al. (cf. present paper
p- 113) and Sunprus (cf. present paper p. 26). How-
ever, the content of the more soluble form seems to
increase with increasing serpentinization (cf. p. 120).

The nickel content of the serpentine rocks of N
Sweden is usually between 0.1 and 0.4 % NiO. Nickel
occurs partly as a silicate and partly as sulphide, in
the latter form particularly at increased serpentiniza-
tion. Thus, also in the case of nickel the solubility
seems to increase with increasing serpentinization.
Therefore, the observation that the serpentine charac-
ter of the vegetation increases with increasing ser-
pentinization may support the theory of RoBINsON
et al.

Certain plants which appear in abundance in
connection with copper and zinc have been described
earlier in this paper (cf. pp. 103, 127). In Fennoscandia,
the plants known to be connected with copper, viz.,
Viscaria alpina and Melandrium rubrum, are also
characteristic of serpentine. In addition, Viscaria is
reported as a nickel ore indicator (cf. p. 105).

Outside Fennoscandia, members of the Caryo-
phyllaceae show a similar inclination, partly towards
serpentine and partly towards copper ores. As regards
the effect on plant life, a link seems to exist between
the ores of zinc and copper, and the serpentine.
Presumably, this link comprises the three metals Ni,
Cu, and Zn, occupying the order numbers 28, 29, and
30, respectively, in the Periodic System, all belonging
in the group of true minor elements. From a physio-
logical point of view, Cu, Zn, and Ni, seem to have a
rather similar effect on plants. Thus, in small concen-
trations they act as stimulants and appear essential
to plant growth, but are injurious in higher con-
centrations. The physiological effect of these ele-
ments has only been studied in regard to Cu and Zn,
while hardly anything is known in this respect con-
cerning Ni. As we know of plants associated with
copper and zinc ores, it should be natural to assume
nickel to have a similar effect on serpentine. This
assumption is, moreover, borne out by an investiga-
tion by MinNcuzzi and VERGNANO (cf. the present
paper, p. 117).

In conclusion, it may be stated that my observa-
tions support the assumption of RoBINSON et al.
(op. cit.) that the rather high contents of chromium
and nickel are general and dominant causes of infer-
tility. Special indications have been noted in regard
to nickel. It should be emphasized that the ef-
fect of these elements on the serpentine soil depends
on many other properties of this rock, e.g., the low
nutrient content, absence of calcium, high magnesium



Summary

content, presence of iron in reduced form, pH value,
mechanical composition, etc.

The “infertility’’, no doubt, explains several im-
portant characteristics of the serpentine flora, for it
leaves the members of that flora largely without seri-
ous competition. Still, the problem of the effect of the
serpentine on plant life is too complex for a general

9*—537056

131

explanation. Thus, the abundance and vigour of many
serpentinicolous plants might justify the contention
that serpentinicolous plants are, nevertheless, stimu-
lated by the minor elements in question. However,
conclusive proof of this is beyond the scope of a com-
parative ecological study, since it rather belongs to
physiology and biochemistry.
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INDEX TO LATIN NAMES

Figures in italics indicate passages where data are given concerning the distribution ete. of a plant or this
is dealt with at some length.

Acalypha cupricola 104

Achillea borealis 82

Adenostema fasciculatum 99

Adiantum pedatum v. aleuticum 92, 93, 94, 95, 101
Agrostis alba 105

Agrostis borealis 16, 24, 41, 70

Agrostis canina 13, 14, 67, 105, 107, 119
Agrostis stolonifera 10—50, 51, 87, 106
Agrostis tenuis 70, 105

Alnus viridis 88

Alyssum bertolonii 107, 117, 120

Ambrosia 104

Andromeda polifolia 75

Antennaria alpina 41, 76

Antennaria dioica 76

Anthoxanthum odoratum 16, 17, 49, 67
Arabis alpina 47

Arabis petraea 47, 90

Arctostaphylos alpina 13, 28, 37, 75
Arctostaphylos uva-ursi 68

Arenaria ciliata ssp. pseudofrigida 86, 91, 116
Arenaria humifusa 56, 84, 89, 91—97, 105
Arenaria norvegica 10—50, 56, 85, 88
Arenaria sajanensis 97

Armeria maritima 87, 90, 96, 103

Armeria scabra ssp. labradorica 92, 94, 96
Armeria scabra ssp. sibirica 96

Artemisia borealis 91, 93

Artemisia herba-alba 106

Asclepias verticillata 98

Asplenium adiantum nigrum 45, 87, 88, 90
Asplenium adulterinum 45, 83, 90, 91, 101, 108, 118
Asplenium cuneifolium 79, 101

Asplenium trichomanes 90

Asplenium viride 10—50, 51, 88, 90, 96, 102, 109, 118
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Chrysanthemum makinoi 100
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Cladonia rangiferina 20, 69
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Cystopteris fragilis 14, 21, 32, 33, 70
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Dicranum 32, 49, 69
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Draba nivalis 24, 74, 88
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Iconum 104
Tonaspis odora 69

Juncus filiformis 30, 72
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Lastrea robertiana 47
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Potentilla crantzii 37, 75

Potentilla crantzii v. serpentini 79
Potentilla visiani 83

Primula stricta 37, 75

Prunella vulgaris 37, 76

Ptilidium ciliare 68
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Ranunculus acris 19, 24, 73
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Rhacomitrium lanuginosum 10—50, 66, 91, 95, 102
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Roegneria scandica 16, 21, 32, 33, 47, 71
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Rubus saxatilis 21, 74

Rumex acetocella 17, 73

Rumex acetosa 10—50, 52, 89, 102, 105, 107

Sagina intermedia 24, 40, 73
Sagina nodosa 87, 90, 91

Sagina normanniana 73
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Salix brachycarpa 92, 94

Salix glauca 24, 72, 105

Salix herbacea 17, 19, 42, 72, 105
Salix lapponum 24, 37, 72
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Schistidium apocarpum 69
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Scirpus caespitosus 67, 96
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Sedum annuum 38, 74, 89

Sedum rosea 74

Sedum telephium 91

Selaginella selaginoides 40, 70, 88
Sempervivum hillebrandtii 83
Sempervivum pittonii 83

Sesleria calcarea 89

Silene acaulis 10—50, 60, 89, 96, 102
Silene inflata v. glaberrima 103, 104
Silene inflata v. glauca 104

Silene maritima 45, 87, 90, 104

Silene rupestris 13, 14, 21, 22, 38, 73, 89, 119

Silene vulgaris 45

Smilax 100

Solidago virgaurea 16, 17, 49, 76
Sphagnum nemoreum 68
Sphenolobus minutus 68
Sphenopholis obtusata v. pubescens 98
Sporobolus heterolepis 98
Stellaria crassipes 96

Stellaria graminea 22, 73
Stellaria longipes 89, 95, 96
Stellaria media 17, 73, 106
Stereocaulon paschale 46, 69
Stipa capillata 89

Streptanthus glandulosus 81
Swertia japonica 100

Talium teretifolium 98
Tetraplodon bryoides 69
Teucrium chamaedrys 89
Thalictrum alpinum 47, 73
Thlaspi alpestre 103
Thlaspi calaminare 103
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Thujopsis dolabrata 100
Thymus quinquecostatus 99
Tofieldia pusilla 47, 72

Tortella tortuosa 69

Tortula norvegica 69

Tortula ruralis 69, 89
Trentepohlia jolithus 6, 32, 66
Trientalis europea 49

Trisetum spicatum 24, 37, 41, 71
Tritomaria quinquedentata 33, 46, 66
Tinnea obovata 104

Triumfetta 104

Tunica saxifraga 89

Uapaca robynsi 104

Vaccinium myrtillus 14, 16, 43, 49, 75

Vaccinium uliginosum 10—15, 68, 96, 103
Vaccinium vitis-idaea 14, 41, 43, 75

Viburnum erosum 100

Viola biflora 75

Viola calaminarig 103

Viola lutea 103

Viola montana 75

Viscaria alpina 10—50, 56, 87, 90, 104, 118, 120
Viscaria alp. v. serpentinicola 14, 31, 56, 91, 109

Webera nutans 69

Weisia viridula 13, 91
Wikstroemia sikokiana 100
Woodsia alpina 14, 32, 33, 70, 89
Woodsia ilvensis 32, 33, 70, 89

Acta Phytogeogr. Suec. 31






SVENSKA VAXTSOCIOLOGISKA SALLSKAPETS HANDLINGAR

1.

10.

11.

12.

13.

H. OsvaLp, Die Vegetation des Hochmoores Komosse.
xX11+436 s. (114 textfig.)+10 pl. och 2 farglagda
kartor. 1923. Pris kr. 15: — (10: —).

. G. E. Du Rierz, Gotlindische Vegetationsstudien.

65 8. (16 textfig.). 1925. Pris kr. 4 — (2 —).

. G. E. Du Rierz & J. A. NANNFELDT, Ryggmossen und

Stigsbo Rodmosse, die letzten lebenden Hochmoore
der Gegend von Upsala. Fiihrer fiir die vierte I. P. E.
21 s, (5 textfig.) och 1 pl. 1925. Pris kr. 2: — (1: —).

. G. E. Du RiETrz, Zur Kenntnis der flechtenreichen

Zwergstrauchheiden im kontinentalen Siidnorwegen.
80 s. (8 textfig.). 1925. Pris kr. 4: — (2: —).

. Tr. C. E. Fries, Okologische und phanologische Beob-

achtungen bei Abisko in den Jahren 1917—~1919. I.
171 8. och 2 pl. 1925. Pris kr. 5: — (2: 50).

6.

7l

8.

10.

Tr. C. E. Fries, Die Rolle des Gesteinsgrundes bei
der Verbreitung der Gebirgspflanzen in Skandinavien.
17 s. (6 textfig.) och 1 pl. 1925. Pris kr. 1: 50 (0: 50).
H. Osvarp, Zur Vegetation der ozeanischen Hoch-
moore in Norwegen. Fiihrer fiir die vierte I.P.E.
106 s. (15 textfig.) + 16 pl. 1925. Pris kr. 5: — (2: 50).
G. E. Du RieTz, Die regionale Gliederung der skandi-
navischen Vegetation. Fiihrer fiir die vierte LP.E,
60 s. (4 textfig.)+32 pl. 1925. Pris kr. 5: — (3: —).

. G.SaMUELSSON, Untersuchungen iiber die hohere Was-

serflora von Dalarne. 31 s. och 1 utvikn.-tab. 1925.
Pris kr. 2: — (1: —).

Ta. C. E. Fries, En vaxtsociologisk huvudfraga. 5 s.
1926. Pris kr. 0: 50 (0: 25).

ACTA PHYTOGEOGRAPHICA SUECICA

. E. Armquist, Upplands vegetation och flora. xm+

624 s. (11 textfig.) + 107 s. med 431 kartor. 1929. Pris
kr. 16: — (10: —).

. S. THUNMARK, Der See Fiolen und seine Vegetation.

vir + 198 s. (22 textfig.). 1931. Pris kr. 12: — (5: —).

: 1. G. E. Du Rirrz, Life-forms of Terrestrial Flowering

Plants. I. 95 s. (18 textfig.) och 10 pl. 1931. Pris kr.
8: — (4: —).

B. LinpQuisT, Om den vildvéaxande skogsalmens raser
och deras utbredning i Nordvésteuropa. (English
Summary.) 66 s. (17 textfig.). 1932. Pris kr. 6: —
(2: —).

. H, OsvaLp, Vegetation of the Pacific Coast Bogs of

North America. 33 s. 1933.

Pris kr. 5: — (2: —).

(6 textfig.) och 4 pl

. G. SamUELss0N, Die Verbreitung der h6heren Wasser-

pflanzen in Nordeuropa. 211 s. (60 kartor i texten).
1934. Pris kr. 12: — (7: —).

. G. DEGELIUS, Das ozeanische Element der Strauch-

und Laubflechtenflora von Skandinavien. xir+411 s.
(88 textfig. varav 78 kartor)+2 ufvikn.-kartor och
4 pl. 1935. Pris kr. 15: — (8: —).

. R. SERNANDER, Granskir och Fiby urskog. En studie

6ver stormluckornas och marbuskarnas betydelse i
den svenska granskogens regeneration. (English Sum-
mary.) 232 s. (87 textfig.) och 2 pl. 1936. Pris kr.
12: — (6: ~).

. R. STERNER, Flora der Insel Oland. Die Areale der

Gefasspflanzen Olands nebst Bemerkungen zu ihrer
Oekologie und Soziologie. 169 s. (8 kartor i texten) +
64 8. med 288 kartor. 1938. Pris kr. 12: — (7: —).
B. Linpquist, Dalby Soderskog. En skadnsk lévskog i
forntid och nutid. (Deutsche Zusammenf.) 273 s.
(99 textfig. varav 70 kartor). 1938. Pris kr. 12: —
(7).
N. STiLsERG, Lake Vittern. Outlines of its Natural
History, especially its Vegetation. 52 s. (2 kartor i
texten) och 8 pl. 1939. Pris kr. 5: — (2: —).
G. E. Du Rierz, A. G. HaNNERZ, G. LoHaMMAR, R.
SanTEssoN und M, WxRN, Zur Kenntnis der Vegeta-
tion des Sees Takern. 65 s. (4 textfig. varav 2 kartor)
och 7 pl. 1939. Pris kr. 5: — (2: —).
Vaxtgeografiska Studier tillagnade Carl Skottsberg
pé sextiodrsdagen /13 1940. x +296 s. (49 textfig.
varav 26 kartor)+1 portratt och 30 pl., darav tva i
farg. 1940. Pris kr. 15: — (8: —), for numrerade upp-
lagan (150 ex.) kr. 30: — (25: —). Contents:
AHLNER, 8., Alectoria altaica und ihre Verbreitung
in Fennoskandia.

14.

15.

16.

17.

ALBERTSON, N., Scorpidium turgescens. En sen-
glacial relikt i nordisk alvarvegetation.

ANREP-NORDIN, B., Till Carl Skottsberg.

ARNBORG, T. Der Vallsjo-Wald, ein nordschwe-
discher Urwald. (27 S., 10 Taf.)

CHRISTOPHERSEN, E., Ranunculus Caroli
Tristan da Cunha.

DanLBeck, N., Arenaria humifusa och skyddet av
sillsynta vaxter. .

Dvu RIETZ, G. E., Problems of Bipolar Plant Distri-
bution. (68 pp. with 13 maps and 10 pp. biblio-
graphy.)

HoLMBOE, J., Osmunda regalis. Norge.

HAvYREN, E., Meeresalgen. Insel Hogland.

voN KRUSENSTJERNA, E., Mossamhillen och moss-
arter i Vasterbotten.

LinpQuisT, B., Juncus alpinus var. Marshallii.
Scotland. Race Differentiation in the Species J.
alpinus.

NorDHAGEN, R., Cladium mariscus. Norge.

Osvarp, H., Sphagnum flavicomans Taxonomy,
Distribution, and Ecology.

PETTERSSON, BENGT, Orchis Spitzelii var. gotlan-
dica n. var.

PETTERSSON, BROR, A Case of Long Distance Dis-
persal of Plants through the Import of Timber.

SANDBERG, G., Gasteromycetstudier

SanTEssoN, R., Valdiviansk regnskog.

SELANDER, 8., Till Carl Skottsberg.

SERNANDER, R., Prunus spinosa x P. insititia och
Prunus-arternas vaxtgeografiska stallning i den
svenska vaxtvarlden.

SmitH, H., Carex arctogena n. sp.

WaxrN, M., Cladophora pygmaea und Leptonema
lucifugum an der schwed. Westkiiste.

N. HyvLanDER, De svenska formerna av Mentha gen-
tilis L. coll. (Deutsche Zusammenf.) 49 s. (8 textfig.)
och 4 pi. 1941. Pris kr. 4: — {2: —).

T. E. Hasserrot, Till kinnedomen om nagra nordiska
umbilicariacéers utbredning. (Deutsche Zusammenf.)
75 8. (6 textfig. varav 4 kartor) och 4 pl. 1941. Pris
kr. 6: — (2: 50).

G. SamuEeLssoN, Die Verbreitung der Alchemilla-
Arten aus der Vulgaris-Gruppe in Nordeuropa. 159 s.
(24 kartor). 1943. Pris kr. 10: — (6: —).

Ta. ArRWIDSSON, Studien iiber die Gefasspflanzen in
den Hochgebirgen der Pite Lappmark. 274 s. (53
textfig., varav 24 kartor) och 1+16 pl. 1943. Pris
br. 12: — (7: —).

n. sp.



18.

19.

20.

21

22.

23.

24.

N. DanLBECE, Strendwiesen am siidéstlichen Ore-
sund. (English Summary.) 168 s. (29 textfig.). 1945.
Pris kr. 10: — (6: —).

E. voN KRUSENSTJERNA, Bladmossvegetation och
bladmossflora i Uppsalatrakten. (English Summary.)
v +2560 8. (13 textfig. varav 9 kartor) och I1+4 pl
samt 1 utvikn.-karta. 1945. Pris kr. 12: — (7: —).
N. ArserTsoN, Osterplana hed. Ett alvaromrade pa
Kinnekulle. (Deutsche Zusammenf.) xm+ 267 .
(18 textfig. varav 13 kartor) + 16 pl. 1946. Pris kr.
14: — (8: —).

H. Ss6mrs, Myrvegetation i Bergslagen. (English Sum-
mary: Mire Vegetation in Bergslagen, Sweden.) 300 s.
(69 textfig. varav 16 kartor)+ 16 s. tab.+24 8. med
117 kartor+ 32 pl. och 2 utvikn.-kartor. 1948. Pris
kr. 16: — (8: —). :

S. AgnNeR, Utbredningstyper bland nordiska barr-
tradslavar. (Deutsche Zusammenf.: Verbreitungs-
typen unter fennoskandischen Nadelbaumflechten.)
x+2567 8. (22 textfig. varav 13 kartor) + 13 utvikn.-
kartor och 16 pl. 1948. Pris kr. 14: — (7: —).

E. JuLiN, Vessers udde. Mark och vegetation i en
igenviaxande léviing vid Bjarka-Saby. (Deutsche Zu-
sammenf.: Vessers udde. Boden und Vegetation in
einer verwachsenden Laubwiese bei Bjarka-Saby in
Ostergotland, Siidschweden.) xv + 186 s. (73 textfig.)
+40 s. med 65 tab.+48 s. med 80 kartor+16 pl.
1948. Pris kr. 16: — (8: —).

M. Fries, Den nordiska utbredningen av Lactuca
alpina, Aconitum septentrionale, Ranunculus platani-
folius och Polygonatum verticillatum. (Deutsche Zu-
sammenf,: Die nordische Verbreitung von Lactuca
alpina . . .) 80 s. (16 textfig.) +1 pl. + 6 utvikn.-kartor.
1949. Pris kr. 7: — (4:—).

25.

26.

27.

28.

29.

30.

31.

0. GJEREVOLL, Snoleievegetasjonen i Oviksfjellene.
(English Summary: The Snow-Bed Vegetation of Mts
Oviksfjallen, Jamtland, Sweden.) 106 s. (17 textfig. +
14 tab. +24 kartor och diagr.). 1949. Pris kr. 6: —
4:—).

(H. Osvarp, Notes on the Vegetation of British and
Irish Mosses. 62 pp., 13 Figs, 10 Tables, and 16 Plates.
1949. Pris kr. 8: — (4: —).

S. SELANDER, Floristic Phytogeography of South-
Western Lule Lappmark (Swedish Lapland) I. 200 pp.,
33 Figs (12 maps), and 12 Plates. 1950. Pris kr. 18: —
(12:—).

S. SeLanDER, Floristic Phytogeography of South-
Western Lule Lappmark (Swedish Lapland) II. Karl-
véxtfloran i sydvastra Lule Lappmark. (English Sum-
mary.) 164 s. (6 textfig.) + 61 s. med 302 kartor. 1950.
Pris kr. 18: — (12: —).

M. Frigs, Pollenanalytiska vittnesbérd om senkvartér
vegetationsutveckling, sirskilt skogshistoria, i nord-
vastra Gotaland. (Deutsche Zusammenf.: Pollenanaly-
tische Zeugniese derspatquartéren Vegetationsentwick-
lung, hauptséchlich der Waldgeschichte, im nordwest-
lichen Gétaland, Siidschweden. 35 s8.) 220 8. (43
text-fig.) + 1 + I—VIII pl. (kartor och diagram). 1951.
Pris kr. 18:— (12: —).

M. WxrN, Rocky-Shore Algae in the Oregrund Archi-
pelago. XVI+ 298 pp., 106 Figs, and 32 Plates. 1952,
Pris kr, 26: — (16: —).

O. Ruwe, Plant Life on Serpentines and Related
Rocks in the North of Sweden. 139 pp., 54 Figs,
and 8 Plates. 1953. Pris kr. 18: —.

RABATTER . DISCOUNT . ERMASSIGUNGEN

Medlemmar och abonnenter kunna vid rekvisition

direkt hos Sillskapet erhélla ovannémnda avhand-

lin,

gar till de inom parentes angivna priserna.

On application to the Society members of the So-

ciety and subscribers may obtain these publications

at

the prices given in brackets.

Mitglieder der Gesellschaft und Abonnenten kénnen
bei der Gesellschaft die obigen Abhandlungen zu den
eingeklammerten Preisen erhalten,

Pris 18 kronor

Printed in Sweden, June 13th, 1953



	APS 31_0001
	APS 31_0002
	APS 31_0003
	APS 31_0004
	APS 31_0005
	APS 31_0006
	APS 31_0007
	APS 31_0008
	APS 31_0009
	APS 31_0010
	APS 31_0011
	APS 31_0012
	APS 31_0013
	APS 31_0014
	APS 31_0015
	APS 31_0016
	APS 31_0017
	APS 31_0018
	APS 31_0019
	APS 31_0020
	APS 31_0021
	APS 31_0022
	APS 31_0023
	APS 31_0024
	APS 31_0025
	APS 31_0026
	APS 31_0027
	APS 31_0028
	APS 31_0029
	APS 31_0030
	APS 31_0031
	APS 31_0032
	APS 31_0033
	APS 31_0034
	APS 31_0035
	APS 31_0036
	APS 31_0037
	APS 31_0038
	APS 31_0039
	APS 31_0040
	APS 31_0041
	APS 31_0042
	APS 31_0043
	APS 31_0044
	APS 31_0045
	APS 31_0046
	APS 31_0047
	APS 31_0048
	APS 31_0049
	APS 31_0050
	APS 31_0051
	APS 31_0052
	APS 31_0053
	APS 31_0054
	APS 31_0055
	APS 31_0056
	APS 31_0057
	APS 31_0058
	APS 31_0059
	APS 31_0060
	APS 31_0061
	APS 31_0062
	APS 31_0063
	APS 31_0064
	APS 31_0065
	APS 31_0066
	APS 31_0067
	APS 31_0068
	APS 31_0069
	APS 31_0070
	APS 31_0071
	APS 31_0072
	APS 31_0073
	APS 31_0074
	APS 31_0075
	APS 31_0076
	APS 31_0077
	APS 31_0078
	APS 31_0079
	APS 31_0080
	APS 31_0081
	APS 31_0082
	APS 31_0083
	APS 31_0084
	APS 31_0085
	APS 31_0086
	APS 31_0087
	APS 31_0088
	APS 31_0089
	APS 31_0090
	APS 31_0091
	APS 31_0092
	APS 31_0093
	APS 31_0094
	APS 31_0095
	APS 31_0096
	APS 31_0097
	APS 31_0098
	APS 31_0099
	APS 31_0100
	APS 31_0101
	APS 31_0102
	APS 31_0103
	APS 31_0104
	APS 31_0105
	APS 31_0106
	APS 31_0107
	APS 31_0108
	APS 31_0109
	APS 31_0110
	APS 31_0111
	APS 31_0112
	APS 31_0113
	APS 31_0114
	APS 31_0115
	APS 31_0116
	APS 31_0117
	APS 31_0118
	APS 31_0119
	APS 31_0120
	APS 31_0121
	APS 31_0122
	APS 31_0123
	APS 31_0124
	APS 31_0125
	APS 31_0126
	APS 31_0127
	APS 31_0128
	APS 31_0129
	APS 31_0130
	APS 31_0131
	APS 31_0132
	APS 31_0133
	APS 31_0134
	APS 31_0135
	APS 31_0136
	APS 31_0137
	APS 31_0138
	APS 31_0139
	APS 31_0140
	APS 31_0141
	APS 31_0142
	APS 31_0143
	APS 31_0144
	APS 31_0145
	APS 31_0146
	APS 31_0147
	APS 31_0148
	APS 31_0149
	APS 31_0150
	APS 31_0151
	APS 31_0152

