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Synopsis

Callivation experiments wilh 14 strains of Visearia alping have heen carried
oul. All strains had 2n = 24,

The experiments have demonstrated the stence of s series of races which
differ in flowersize, carliness, height, leal dimensions, morphology of the inflores-
cence ind habil. A very important difference in basal Jealf formation is found
hebween Greenland plants and plants of European origin. The most vigorous basad
feal cushions are produced by the boreal European races. The variation may be
clinal i areas where the species is Trequent, bui where il oceurs in isotated pocketls
the clines have become siepped. The clines are broken where the specics has crossed
the Denmark Strait and al the transition from high mountains 1o boreal-temperate
conditions in Scandinavia. Taxonomically the variation is hest described as three
subspecics: viz. ssp. americana (Greenland-N. 2. America), ssp. alpina (mouniains
in iurvope), ssp. boreale (borcal European areas). The latter subspecies is proposed
as a new taxon. The paper is concluded with a discussion of the type of varialion,
aains and losses of biolypes in refugia or during migralion as well as Jeaf size in
relation lo environment. Viscarie alping originated in Europe and was able lo
cross the Atlantic ocean from east 1o wesl: it is a genuine Amphi-Atlantic species.
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1. Introduction

he problems concerning Amphi-Atlantic distributions were recenlly discussed by

HuvwrEn (1958). His maps allord a much belter basis for such a discussion than
has been available hitherto. HuLrin also considers brieflv the rvacial dilferentiation
of Amphi-Allantic species by assuming a diminishing of the conlenls of hinlypes in
many species as a resull of the changing and ofien severe conditions of life during
the Ice Ages. He thinks thal the formerly glacialed arcas were “covered will laxa
less rich in biotypes than their original Tertiary populalions.”” He also mainlaing his
old theory about the origin of the Amphi-Atlantic distributions by saving thal the species
in question, with a few exceplions, arve remains of speeies which formerly possessed
circumpolar ranges but which have died out in the Pacifie sector owing ta vicissitudes
presumably of climatic nature. .

In my paper from 1938 (1938: 268-271) the Amphi-Atlantic distributions were
also discussed. Il was as inter alia concluded thal plants migraling from Furope to
Greenland—N. America (or vice persa) using the Atlantic Islands (Teeland, Faeroes,
British Isles) as their rouie would be exposed io cold maritime 1ypes of climale and
thus perhaps lose all continental biotypes during the migrations.

One of the many examples of true Amphi-Atlantic species which have never
been found in Asia or Western North America is Viscaria alpinea. Its range is shown av
map No. 49 in HULTEN’s treatise. On this map the species is differentiated into two
taxa, a western one called var. americana Fern. occurring in E. America-Greenland
and an eastern one, corresponding o typical V. alpina which ranges from lecland 1o
N. Russia and southwards to the Pyrenees and Apeunnines. Aparl from certain lowland
occurrences in soulhern Sweden, Viscaria alpina is confined to arcas with montanc
or sub-lowarctic climatic conditions. It is a low-subarctic montane species.

One type of modern gene-ecology deals wilth the geographical distribulion of
heritable characiers within the range of a species. Such character distributions have
mainly been traced in Europe (e. g. Prunella vulgaris, Holcus lanalus, Geranium
sanguineum, B&cHER 1949, Bocher & LamseEx 1958, Bocuer & Lewis 1962). In
Plantago maritima which was closely investigated experimentally by Gnrucor 1939
it was shown for the first time thal certain characters form gradienis in the North
Allantic area. Such experimental work is undoubtedly of fundamental imporlance
for the solution of the problems concerning the Amphi-Atlantic distributions and the
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Table 1. Cultivated material of Viscaria alpina.

Years of Chromesome

: J i Fignres
Nao. Cull. No. Origin cultivation Figores

count

New Foundland, Bonne Bay,
1 1 Serpentine slope (uppey parl) of 1061-63 2n = 24
Table Mi. Sceds from Dr.
AW, H. Damman

2 4753 W. Greenland, Holsteinshorg 1957-62 2n = 24

3 4843 W. Greenland, Head of S. Siromfj. 1957-62 Fig. 1 2n = 24

4 29 ‘W. Greenland, Kangersuneq 1 195962 Fig. 1 no=12

5 30 W. Grecnland, Kangersuneq 2 195963 Fig. 1 n=12

G 31 W. Greenland, Sukkertoppen 1959-62

7 41 S. Iceland, Thorsmork, 1960-63 2n = ca.24

Seeds from Prof. Morten Lange

& 36 Norway (seeds collected in nature 1961-63 Fig. 1 n =12
from Bot. Gard. in Bergen)
9 37 Norway, Lake Helin (Transplants) 1961-62
10 38 Norway, Bessheim (Trausplants) 1961-62 2n = 24
11 27 Sweden, Oland, Vickleby Alvar 1958-63 2n =24
12 33 Alps, Valais, Riffelberg 2600 m. 1960-62 n =12
13 34 Alps, Hortus Vilmorin Verricres 1960-62 n=12
14 35 Alps, Region du Lattaret 1960-62 n=12
(Seeds from the University of
Grenoble)

history and evolution of the plants in question. One of the main aims of this work is
to attempt to explain the present distribution of Viscaria alpina partly as a result of
ecotypic differentiation, partly of race formation either during migrations or due to
geographical isolation.

2. Material and Methods

Experimental cultivations of Viscaria alpina were carried out in the years 1957-
1963. The plants were grown in pots in frames at the experimental field west of Co-
penhagen (Téstrup) or in the arctic greenhouse in the Botanical Gardens in Copen-
hagen. 14 strains from various paris of the range of the species were investigated.
As a rule 10-15 plants of each strain were cultivaied. Population studies in nature
and herbarium studies as well as chromosome counts were undertaken in order to
supplement the results obtained from the cultivations. Table 1 gives a survey of the
cultivated strains, their origin, years of cultivation and chromosome number.
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3. Cytological Observations

2n = 24 (or n = 12) was found in 12 strains, sce Table 1. The number s in
agreement with many previous counls, i. ¢. by Bracknunrn (1928), Grovsinee (1937),
RonwEeDER (1939), Favanrcrr (1946, malerial from the Alps), Léye (1956, leeland
material), BLacksury & Morron (1957) and Joncrnsen ol al. (1958, material from
Disko, Greenland), see Love & Love (1961).
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Fig. 1. Chromosomes in Viscaria alpina. — a somatic metaphase from rool 1ip (strain Na. 3). - b melaphase]
(No. 4). — ¢ anapbase 1 (No. 5). — d anaphase I with bridge (No. 5). — ¢ metaphase ({1 (No. 4}, -— { mcta-
phase IJ (No. 8).
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Meiosis was studied in five strains. I appeared 1o proceed quite normally bul
i two Greenland strains, Nos. 4-5 from Rangersuneq, evidence ol the occurrence
of an wversion was found. The number of PMCGs with acenlries or bridges, however,
was always very low.
S 1o shows a dicst anaphase plate with a small fragment which was situaled

i the middle of the cell and was undoubtedly acentric. The bridges (¢. g. Fig. 1d)
were very thin and in most cases seemed o break very soon. In the case lustrated
i owas nmpossible o deleel iy acentrie fragment in connection with the bridge.

In foar of the slrains the oreein squash fechnigue was used. As compared with
microlomed Fruraen stained material (Fig. 1a-e) the squashed PMCs were usually
somewliat larger and the chromosomes larger and more swollen (Fig. 1{). In mela-
pliase H it was sometimes possible 1o detect very thin chromalin threads connecting
the chromosomes. Such connections may break and disappear as a resull ol a stronger
costtraction caused by the fixation and embedding technique.

4. Previous experimental and taxonomic work

Colour of e flower and chlorophyll deficiency. White flowering specimens have
been observed (requently in the Greenland population (f. albiflora Lange) as well in
lectund, Norway and Sweden. 1 deseribed a peculiar form from Greenland as f.
clirysocldoa (19520 21-23). It has yellowish stem leaves bul normal green roselte
teaves und light pink flowers. 1t probably represents a double heterozygote as iis
oftspring also gives sote white flowering individuals.

Comparison of alpine, monlane und lowland races in Scandinavia. TURrREsSON
{1927, 1932) compared alpine series from three Scandinavian mountain areas with
malerial rom the lowland in Southern Sweden, the Alvar on the Isle of Oland and
Vedeby in Blekinge. He concluded that the lowland series from Oland differed from
the alpine ones in many characters. Thus he was able to show that the Oland race
which had been treated by laxonomists as var. oelandica was not a habitat modi-
fication.

The Oland race was described as a variety of Lychnis alpina L. by LinpsTROM
(1517:17) who said that il differs by being much more pliable and having petals which
are pale pink (purpureo-albescentia). Frigs (1842: 170) obviously treated the same
ruce as var. pelraea (Herb. nporm. JV). Steaner (1938: 97) referred to the Oland
plant as var. velundica (Ablqu.) Sterner, but the correct name must be var. oelandica
(Lindstr.) Sterner in spite of the fact that the oldest collections from Oland are labelled
“Lychnis alping var. oelandica, Oelandia 1814 Ang. AsLouisT” (see further p. 23 and
Fig. §).

The montave Scandinavian plants occurring mainly on serpentine areas in the
voilerous Torest region (below 500 m) were described by Rune (1953: 56-60) as
var. serpenlinicole Rune. By cultivation experiments Rung, like Bidriyvske (1938:
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115), was able lo prove Lhe persisience ol all 1he characleristics of this variety. Il has
narrow leaves, more or less reduced petals, a slender but still stem and a highly
branched and clongated rvaceme. Some plants are apetalous, bul a gradual transistion
from such plants 1o plants with normal flowers could be demonsirated. According
to Rene (loc. cll.: 58) var. serpentinicola can be distinguished from certain lowland
specimens ol the species only after cullivation. He mentions a number ol fealures
common 1o the montane and Jowland forms bul adds, strangely enough, that var.
serpentinicola seems 1o have nothing 1o do wilh var. oelandica.

Compuarison of European and American populations. Frrnanp (1940) demonstra-
ied the difference belween lhe coarse wesl-arctic Viscaria alpina and the European
one. He referred the American-Greenland planls o a separate variely, var. americana
Fern. All diflerences hetween il and the typical plant are quantitative (see Table 2).

Table 2. Viscaria alpina (Data from FernaLp 1940).

American-Greenland

European malerial material
Length of radical leaves ................ 1.0-3.5 em 1.5-6.5 em
Breadth of radical leaves ............ ... 2 -5 mm 2 -8 mm
No. of canline leaves... ... ... .......... 2 ~4 pairs 3 -7 pairs
Length of larger cauline leaves . ... ... ... 1 -3 em 1.5-5.5 cm
Breadth of larger cauline leaves ... .. 2 -5 mm 2.5-16 mwm
Lenglh of calyx during anthesis .. ....... 3 -5 mm 5 -7 mm
Lengtlh of petals (incl. elawy......... ... 6 -8 (9) mm 8.5-14.5 nim
Breadih of petals . ..................... 3 -3.5 (4) mm 5 -6 mm

There js reason to mention that Ferynarp admits that some specimens {rom Iceland
and Norway have flowers approaching those of var. americana, and that dwarfed
plants (from Greenland) may be as small as some European ones. As already men-
tioned HULTEN ireals var. americana as a geographical race. He suggests, however,
that var. americana represents a different chromosome race, which is obviously not
the case (see Table 1).

5. Experimental cultivations carried out 1957—1962

Comparisons of two Greenland races with the Oland race (Table 3).

This first experiment which started in 1957 unveiled a rather large racial dif-
ference between the two Greenland strains and between them and the Oland sirain.
Typical plants from all three sirains are seen on Fig. 2 and the resulis of the com-
parisons in Table 3. It appears that No. 2 from Holsteinsborg (coastal mountains)

2*
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Fig. 2. Culture experiment with two (reenland races and the Oland race (on the vight) of Viscaria alpina.
From the left Nos. 2, 3, and 11 (4753, 4843, and 27). — Phot. Junc 1st 1959.

approaches the Oland race, No. 11, having pale pink flowers, one terminal inflores-
cence, intermediaie breadth of radical leaves and petal segments. On the other hand
it has many characters in common with No. 3 {rom the exireme continental area at
the head of Sendre Stromfjord. The latter matches tvpical “var. americana’, being
coarse with high conient of anthocyanin in leaves and stems and usually two small
additional inflorescences supported by the uppermosi pairs of leaves. The most
striking difference between the two Greenland strains and that from Oland appeared
in the number of stems per individual, this number heing much higher in the Oland
strain. Another imporiant difference concerned the hreadth of the stem leaves and
the flower size (cp. Table 3).

Comparisons of Greenland races with various European races (Table 4).

Material from three new stalions in West Greenland collected as seeds in 19538
(Nos. 4-8) was available for comparison with plants of European origin in the vears
1960-62. In 1960 No. 11 from Oland was almost as vigorous as in 1959 but later the
height of the plants and the number of stems decreased. As it was very low in 1962
(Fig. 4) it resembled the leceland dwarf race (No. 7) very much. However, as com-
pared in the second year of cultivation (1960 for No. 11, 1962 for No. 7) the dimensions
of the two races are veryv different.

The three Greenland strains did not differ so much as those used in the first
experimment (Table 3). The two strains from the inland area at Kangersuneq near
Christianshab, Nos. 4-5, resembled one another and No. 3 very much while No. 6
from Sukkertoppen (coastal mountains) somewhat approached No. 3 (also coastal)
by having narrower and smaller radical leaves (Plate I Fig. 1). This was already
obvious the first year (1959) when the plants had only developed basal rosettes. Later,
however, this difference was less pronounced.

1t appears that the variation among the European plants is large and seems to
surpass that found in Greenland. The comparisons of cultures in 1962 (Table 4)
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Table 3,

No. 3 {(Greenland
conlineninl)

No. 2 (Greenland

constal)

No. 1t (Sweden,
Oland, Alvary

Height of plants in em

16--10 (1459)
1214 (1960-61)

Ne12 (195
912 (1960-.61)

1016 195
Ho1O (1960 51y

Number of stems per individual

2-4 (1860)

36 (1060)

21 (10 20) (1060)

Direction of stems

Rigid. ereet

Rigid, erecl

Somewhai arenately

aseending

Dianteter of slems in
(middle part)

about 2

aboul (.45

Breadth of largest cauline leaves
in mm

T--0 (195%)
G-7 (1960-62)

78 (1054)
£-10 (1OR0- 62)

Colour of upper cauline leaves

Reddish

Green

2.4 (10959)
2085 (1960 62y

Green

Breadth of radical leaves in mm

4-G (1959)
4-5 (1960-62)

1 (1954
| (1960-62)

1.5- 3 (1960 G2y

Diameter of flower in mm

14-15 -

12-15

K-10

Shape of petals

Not deeply 2-cleft
segments hroad

intermediale

Deeply 2-cleft narrow

diverging segments

Colour of petals

Pink

Pale pink

Iale pink

Inflorescence

Usually divided,
lerminal one not

large

One large terminal

Earliness and lengih ol
flowering period

Relatively late, long
flowering period

Very early. short
flowering period

Usualiy ane termiual

fate, very short

flowering perior

show that the European material can be divided inio five types, viz. a Scandinavian
mountain type with large flowers (Nos. 8-10), an Alvar type with small flowers and
many flowering stems (No. 11), an Iceland dwarf tvpe (No. 7), an alpine tall type
(Nos. 13-14) and an alpine low growing ivpe with spreading stems (No. 12}, sce

Figs. 3—4 and Plates 1-11.

In order to be able to study the difference hetween Greenland and Furopean
plants in more delail, the various distinguishing characlers have been investigaled
separately. The resulls may be summarized as follows:

Height. No general differences, but heredilary dwarfs only found in Ieeland,
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Table
o T l Height in cm Number of
Clt Start ol Averages and ranges (in brackets) (Averages
Nu. Cult R S }
1960 I FHONE | 1962 1 TH62 A a6 1 1961 1¢
i IREH] [ (10 1) 12 (7 14) f Q{6 10) 1o 22 1.0¢1 1) 240 1)
7 W.‘x_ Tl 7\ 71\:(1117_':1; 1 (llljfi) i 15(8 16) 11 14 2.4 (1-5) 27 (10
7 <: ) { Dl LT (0 Ly 10 (7--15) 1318 13 (-2 2.6 (1
K o ]él‘l;ll 7 ‘ - » - 3 (2--1)F Ruosetles only -
7‘7«\'77‘ _1 il [ A H{7-14) 1418 -
) Vl-lrl N H;;H;; 77”’" - 1226 —_
W] 15 l ”;..(11 1) IRURD) G (3-8) - 21 (15-29) 18 (15-22)
7 1960 1 - 312 (8-16) -
N 1960 T a T 15 (10 22) 13 (7-18) 23 (18-26) —_ 1.4 (1-3)
1) 7 raGh J ) P 17 (1b-21) —_ —

-G from Greeuland, Nos. 7- 14 from Europe #)4(5-5) 1963
I« Experimental licld (pols m frames)
A= Arclie Greenhouse

Numiber of flowering stems. The largest number is usually reached in the second
vear ol cultivation. AH Greenland strains¥have few (less than 5-6) flowering stems
while most Luropean strains have more, some up o 25-30 flowering slems.

Caudine leqoes. The difference in breadith between Greenland and [uropean
plants is significant. Greenland plants have broader leaves (4-13 mm) European
sarrower ones (208 mm), see also Figs. 3--4. The number of leaf pairs varies; there
is evidenty oo general diflerence belween Greenland and European plants but some
observations indicate thal American plants are often particularlytall and have sometimes

up 1o 6-7 pairs of leaves.

Belaviour of basal rosettes. European plants have green radical leaves which
are usually parrow (very narrow in Nos. 11 and 7). Some may be as broad as the
broadest ones in the Greenland plants (No. 13). With increasing age European plants
are wmore inclined to form sinall mounds of many dense leaf roseties, some of which
produce flowering shoots the next year. In the Iceland dwarfs the mounds may ap-
proach the appearance ol a hemispberical cushion planl (e.g. Armeria marilima).
b all Muropean strains new basal roselles are formed as short lateral shoots supported
by the leaves in the originuad basal rosette. The leaves of the new rosettes are very
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4.1
ftowering stems . .
and ranges) No. of internodia 1962 Breadth af leaves nin Flower size mum
T 1662 17 1962 A I A Cauline Radicat Lenglh of Calyx Diameter
T 2] 2.0 10 4 {i-12 2--h 0.8--1.2 1.3-1.5
2.3 (1-1 1--1 36 5 [ERN N1 3-6 1.0-1.3 1.3-1.6
2.7 (1-6) 1-3 3-5 . 45 4-10 2-4(6) 0.8--7.2 1.3-16
2.7 (1=8)¢ Rosetles only 2-49 Rosettes only 24 -3 0,617 0.8-0.49
4.0 (1-8) 39 34 o 3-7 2-4 1.1-1.1 1.3-1.7
1-5 . 4 4-6 21 (Lo-1.1 1.4-1.3
12 (1-30) - 3-4 — 24 1-3 0.5-0.9 0.8-1.0
- 5.5 (3-8) - 30 4-6 35 1.0-1.0 C1.2-1.3
9.3 (h-206) 6.5 (1-8) 306 o=l 4-8 2-5(6) 012 (h8-1.3
—— 4.0 (1-7) — 9 5-8 3-5 1.0-1.0 1.2-1.5

3) $(2-14) 1963

A —— ———

narrow, so that in the aulwmnn the basal leal assemblance is composed of leaves of
very different size (cf. Fig. 3).

Greenland plants have most often reddish radical leaves in the aulumn. They
are broader because the largest ones are comparatively short. The plants form very
low or no mounds and old planis have usunally rather few basal roseties (see Fig. 4).
A few observations of American plants (strain 1 and some transplants) make it prob-
able that they have longer basal leaves than most Greenland plants.

Flower dimensions and morphology. No general difference but most European
plants have smaller flowers. The Norwegian planis have large flowers bul these deviale
from flowers of Greenland plants by having narrower sepal lobes and petal segments.
The latter difference, however, is not quite reliable as some plants of No. 8 have
segments which are almost as broad as those in Nos. 4-6.

Some of the European plants with narrow petal segments deviale by a slight
outward curving of the segments. This applies to No. 7 from Iceland No. 13 from the
Alps, No. 10 from Norway and No. 11 from Oland.

Except No. 7 all strains are protandrous. No. 7 is probably autogamous, its sta-
mens mature allmost at the same time as the styles. Furthermore the anthers and the
pollen grains are whitish instead of lilac.

Comparisons of planis in pols in the experimental field and in the Arctic greenhouse.
The plants grown in the Arelic greenhouse in the Bolanical Gardens (A) in Copen-
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hagen werce exposed 1o light and positive lemperatures from May Tst until Ocl. 15th.
During the first three weeks and the Jast month the 1omperaiure was kept hetween
1 and 9°C while in the rest of the period the lemperature exiremes were fixed al 5°
and 16°C. Day length was reguialed so that il approximalely corresponded to condi-
lions in middle Greenland (2 hours darkness in the summer (5lh-141h week)).

Fig. 3. Two LFuropean races of Viscaria aipina compared with two Greeuland ones (both on the right in the
two pictures). Upper row on the left: No. 11 from Oland; on the right: No. 6 (31) from Greenland. Lower
row on ihe left: No. 13 (34) from ihe Alps, on the right No. 5 (30) from Greenland. — Phot. late May 1961.

In the Arclic house flowering took place laie in June or one month later than in
the experimental field of Tastrup (Copenhagen). Comparisons were made with six
cult. nos. (Table 4). It appeared that the Greenhouse plants became longer (see Nos.
4, 6, 13) a fact which probably was a result of somewhat reduced light intensily and
more sheltered conditions in the Arctic house. The batch of Iceland plants in the
Arctic house were all without flowers. The anthoeyanin content was low in all plants
from the Arclic house.

6. Possible ecological variation

It is difficult to estimale the ecological variation in Viscaria alpina. The only
way to obtain evidence is by varied environment experiments which unfortunately
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bave not yet been underlaken. The available information about the ceological demands
of the species is rather conlradictory, indicaling different ceological characters in the
various races.

Climalic demands. Lip & Zacuau (1928: map on p. 75) were the first o give
exact information aboul the distribulion in Scandinavia. They regavd V.o alpina as a
glacial relic which in Jowland arcas shows a marked wesicrn distribution. A similar
irend appears {rom HuviTin’s map in which a2 decreasing [requency ecastwards is
evident in North Scandinavia (Lofolen - Kola Peninsula). Accarding to Huronen
(1962: 33 and Fig. 24) V. alpina is one ol the many species which stop in the Karvelian
Isthmus. Its southern limit almost coincides wilh the southeast houndary of the
bedrock area. V. alpina also shows decreasing Irequency {rom west to cast in the
Alps.

In America-Greenland V. alpina may be composed of maritime and relatively
continental races (cp. Table 3). This would explain why the species in Greenland
reaches the extreme continental areas al the head of Sandve Stromfjord and penctrates
as far as Hudson Bay in Canada.

It is interesting that V. alpina is exclusively alpine in the Alps (between 1,900
and 8,100 m above sea level) while it is able to grow in the lewland of Sonthern
Sweden. This diserepancy is explained by the occurrence of special lowland races
in Southern Sweden and. absence of such races in the Alps.

In all there seem {o exist five climatic types connected with (liflferent ecological
races in V. alpina: viz. Continental-lowarctic (e.g. Cult. Nos. 3-3), oceanic-montiane-
lowarctic (e.g. coastal races in Greenland, mountain races of Scandinavia and Soulh-
European mouniains), subarctic-subcontinental (races in the coniferous helt in Seandi-
navia), temperale subcontinentat (No. 11) and finally a subarclic-oceanic ivpe (No. 7).

Edaphic demands. The planls of the Alps are said lo occur on rvocks poor in
lime (Heer). This stalement s in agreement with the behaviour of plants in the Scan-
dinavian mountains. According 1o Norpuacexn (1936) V. alpina shows a slrong pref-
erence o the acidophilous communities of his Juncion [rifidi, bul it also enlers com-
munities like the Carex rupestris-Encalypia-soc. and Alchemiila alpina-Desclhampsic
flexuosa-soc., which fact points towards a rather wide soil tolerance (sce details in
NorprAGEN 1943). KnaBEN (1950: 100) also found il on many types of rock. The
curious fact is that the species seems to be most abundani on serpentine and is able
to tolerate high concentration of copper, see Voor (1942), wha describes it as a copper
pyrite indicator, and CooMBE & Wuite (1951: 50) who found it the only representalive
of flowering plants on refuse heaps at copper mines in Norway. According to Rune
(1953: 105) V. alpina in the district of Bergslagen occurs abundantly and disjunctively
on ore and slag deposits. Il is very frequent on minerals conlaining copper, lead, and
zinc at the Garpenberg mines. V. alpina is also connected with serpentine or heavy
metal soils in Scotland and Ravex & Warrrrs (1956: 109) suggest that if ean only
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survive 1mosobl copditions that are so cepugnant lo the majorily ol plants 1hat any
severe cotnpelition is climinated. Na o doubl tie vaes serpentinicola is closely conneeted
willt serpeutine (Kexn 1953)0 The conclusion may therefore he drawn that typical

Fig. 4 Cpper vow on Lhe left No. 5 from Greenland, on the right Ne. 8§ from Norway. Lower row from the
teft Noo 1 tone poty from Oland, No. 7 (two pots) from lceland, and No. 13 from the Alps. Note strong
basal leaf formation in all except No. 5. — Phot. June 8th 1962.

Voalping is a little acidophilous although with a rather wide tolerance, while var.
serpeniinicola and related races are inoany case able 1o grow on a number of ultra-
basic rocks. However according lo Runne (1953 44) the pH values of the yoot horizon
in stands containing V. alpina on ultrabasic rocks are nol particolarly high. The pH
range whieh he found is between 6.3 and 7.2 or almost exactly the same as that given
by Strrnen (19380 97) for var. velandica. (pH 6.0-7.1). On the other hand, Norn-




next yvear will prodace severa) Rowering stems and one voung and small showing Uie formalion ol new nar-

row-Jenved rosciles, Cultures Trom the Arelic Greenhousy, Phot. Sept. 1962,

NAGH

C (1943 Tound Viscaria alpina in Juncion Lrifidi on soil with pll values between
1 and 5.3,

In America and Greepland the soil requirements of Voadping may nol be much
different from those found in Barope. ftis true that Feazann (1907) found v, alpina
confined o basic or neatral soils in the Guall of St Lawrence region, bul the species
is abundant in the bedrock arveas ol Greenland and does not seem to prefer basalt
lo gneiss

- So far, T ohave found it in Greenland on soils with pH values belween 6.0
and 7.0 bul il was scen in some communilies which presumably oceur on more acid
soils, i.e. Juncus trifidus-, Empelrum- or Loiseleuria socialions (see B 19540 32, 39,
118) and on lichen heaths in southern-most Greenland. It never grows on pealy and
acid solls or on ultrabusic, more or less saline sotls al lhe salt lakes in continental
Westl Greenland. On the other hand it is particularly abundant in places where rocks
arce disinlegraling (Fig. 10) or in arcas disturbed by bulldozers, occurring for example
in hundreds of 1all specimens on sloping, partly disturbed ground at Vandsoen (the
Waler Lake) near Holsteinshorg. Huge specimens have been found on bird clills in
Greenland (see Plate 1 Fig. 2) and a particularly high {requency was noliced on gravel
near the top of Preesteljeldet, Holsteinshorg, at a place where a calciphilous species
like Potentilla pahliana also grows (see population No. 2 Table ).

Aliogether it Is most probably thal the various races in V. alpina have ditlerent
soil requirements. All three subspecies (ep. p. 27), however, are found in abundance
on serpentine soils. Thus they may all possess some biolypes which are particularly
tolerant of serpentine soils. This question, however, can only be solved by experiments
like those carried oul by Krvexesenre (1951, 1954), who found serpentine- and non-
serpentine races in several species in California. 1t is most likely thal var. serpenlinicola
is a serpentine race and thal the lypical alpine races of Seandinavia are beller adapted
to non-serpentine soils, bul some American races (e.g. the tall race from the serpentine
areas of Mount Albert, Tab. 5 No. 1) may also be serpentine races in spite of the
fact thal they morphologically arve just forming the olher extreme from var. serpen-
tinicola.
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Table 5. Viscaria alpina. Larger population samples.
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No. of
o ﬁ inter- |Basat
f g | Height in Bx-oalglcst Broadest ll)mldia leal | No. of Morpho
S Origin and collectors 8 cm cauline radical | Dbelow | for- | flowering{" ° " 7| Size |Cont
2 :’;:'. Mean and leaves teaves inflores- | ma- | stems 41053 .Gf of ;netllis_ of
= - range cence 'lion AMean and “;eglsf_ flowers cyanin
= > mm bMean and range Mean [index| range ¢ .
IS z and  j(p.20)
range
1 | Canada, Gaspé Penins. Mt. Albert.
Collins, Fernald and others 29 1 18 (11-3 -
----- ¢ § -30) | 3.5(2-7 3.1 (2-6 -5 ~ -
2 | W.Greenland, Prrestefjmldet 550 m ) (2=7) | 31(2-6) | 4(3-5) | € |1.3(1-5) | sh-ah |large | interm.
above sea level. P. Frederiksen 18 9 (5.5
sen. . 9(5.5-12) [ 3 (2-4 3 (3- =
3 | N.E.Greenland, Upper E. Skeldal. ! @0 G- 1 3G-H | € 111(1-2) | sh large interm,
T. T. Elkington 20 | 14 = .
............... 4 (9-17) 5.8 (3-8 3o . .
4 | S.E. Greenland, Angmagssatik, 8(3-8) | 332 | 3(2-4) | € |1.3(1-4) | ah(sh) |large | high
: Kruuse, Riittel & Pedersen 15 9 g g
sen ... . 9 (5-13 3.3(2-4 1 (1 3 (9 -
5 | N. Iceland, Hof, Horgardal. ) =0 1 31U-0 | 3@ | B 2501-6) | sh() large | interm.
Olafur Davidssou. . 18 7(3.5
------------- (3.5-10) [ 1.4 (1-2 8 (1 » .
6 | Norway, IKongsvoll, Dovre. ! (1-2) P L8(1-8) | 3(2-9) 1 A | 1.3(1-2) | ah-sh small | interm.
Grevillius and Kindberg 15 | 13 . .
....... (6-20) | 3.8 (3 2-0) | 3(2- : ;
7 1 Sweden, Tornetrisk, Valfojokk. ) (3=5) [ 3.1(2-0 | 3(2-4) { C-B [ 1.4 (1-3) | sh (ah-D intern.} low-interm.
E. Asplund. ... .. 19 1 11 (7-18
..... e g -18 2.8 (11 — 9
8 | Sweden, Lyckscle Lapmark. ( ) (= 26 (-0 | 324 |G L1(1-2) | shah) [small | interm.
Olaf Rune....... 16 8 (6 =
............. 8 (6-10 1.5 (1-2 2 (1~ - -
9 | Sweden, Dalarne, Alvesta. ) b (1-2) 1 L.2(1-2) | 3(2-9) | B 2.1(1-7) | sh(ah) | small | interm.
C. Indebetou 21 | 12
.................. (5-22) 2.1 (1-4 91— B .
10 } S. Sweden, Vams, Karlskrona. (=5 120080320 1 B 15 (1-4) | 1) small | low
Bjorn Holmgren 18 | 1t (7-17 -
jorn Holmgren .. ...... ... ... 7-17 2.8 (1-3 2.0 (1- 3 (2.8 . ’
11 | S. Sweden, Oland, Méckelmossen. ( ! (1=5) [ 200=3) | 3(2-8) | B-A 1.8 (1-8) | sh(ah) | small | low
T. T. Elkington & M. C. l.ewis 17 7(3-22 .
- C. Lewis.. ~22) | 3.0 (1.5-5)] 2.3 (1.5-4)] 3 (2-5
12 | S. Sweden, Gland, Vickleby Alfvar. (3-22) (1.5-5)) 2.3 (1.5—4) 3(2-5) | A |L1(1-16)] sh small | Jow
T. T. Elkington and M. C. Lewis 17 | 103
- L S. 3-17) 2.9 (1.5-5 G (1-2.5) 3(3.3 3 =
13 | Switzerland, Zermatt and Riffelberg (15=5) 1.6 (1-2.5) 3 (3-3) | A |5.4(1-19) sh(ah) {smalt | tow
Marret, Davall, Gugly et al 22 G (3-9 5 5
s 3 ¢ 6 (1.5-2 - .
S 2.6 (1.5-5)) 2.7 (2-3) 3(2-4) | C-B | L6 (1-4) | sh small very low .,
- 2
jal
T [E T . .
I'able 6. Viscaria alpina. Small population samples, @
.S . Broadest| Broad Number | Basal
= = roadest| Broadest] of inter-{ leaf {No. of| Morpho-
] - vight | cauli i . : alorpho
_g Origin and eollectors - E li-:l(,x(il:‘L c;;:il:: lli;]‘xc'al Solrhu farma-flower-f logy of | Size of | Contents of
. > 5 UVes raves 3 i i i - low f
&s s aves | leaves | below | tion | ing | inflores | Flowers | snthocyanin
14 [ Canada, E.Coast Hudson Bay.
Baldwinetal. ................... 7 1(5)12-28 4-5 3-4 34 C 1-2 | sh-ah large high
15 | Canada, Labrador, Anatolak.
C.S.Sewall.............c..oonnn 5 12-26 3-6 24 4-3 C 1-4 § sh large Tow-interm,
16 | W.Newfoundland, Blomidon Mis,
Fernald & Wiegand .............. 6 20-32 4-6 34 3-6 C i-4 | sh-l large high =
17 | S. Greenland, Igaliko. =
Deichmann, Grontved et al. . ... .. 12 11-27 4-7 3-6 3-5 C 1 sh-ah large interm. &
18 | W. Greenland, N. Stromfjord.
NOPAMABI © oo e eve e iveee s 7 1 10-21 5-7 3-5 3-4 G 1 sh (ah) large high
19 | W. Greenland, Prmstefjeldet,
A Lundager...........oooo s 9 7-17 4-8 4-5 3-5 | ¢-B | 1-3 | sh(ah) large | interm.
20 | E. Greenland, Antarctic Hb.
T. T. Elkington .................. 6 7-14 3-5 2-3 2-3 B 1 sh large high
21 | N.W, Iceland, Lambadal.
C.H. Ostenfeld ................. 10 5-12 2-3 2-3 2-3 A 1-2 | ah small low
22 | S.W, Iceland, Hainarfjordur.
T.W.Bdcher ...t 12 5-135 2-4 1.5-2 2~-3 A 1-6 | sh-ah (D) small high
23 | N. Norway, Alten Kaafjord.
Lalin & Warming. ............... 8 8-18 2-3 2-3 2-1 B-A | t-4 | sh-l(ah) | small | interm.
24 | N.Norway, Lyngen, Lyngseidet.
J. Holmboe. ..ot 8 9-14 2-2.5 | 1.5-2 2-3 C-B 1-2 | ah small low
25 | S. Norway, Dovre.
LG Lindeberg. . ..ot 11 | 10-22 2-5 2-1 2-4 C-B | 1-4 | sh(ah) small | interm.
26 | S. Norway, Hallingdal (1200 m).
C.H. Ostenfeld ......coocvnooeens 1] 11-16 | 3¢4) 2-3 3(4) B 1—t | sh small | low
27 | S. Norway, Haukelifjeld (1000 m).
Fr. SYENdSeIl . oot vnererernaneen 7 7-17 2-4 1.5-3 3-4 C 1-3 | sh(ah) smatt low
28 | N. Sweden, Smeorajokk-Lulleha- :
tjAkko. E. Asplund. .. t1 9-16 2-3 2-4 3-4 -8 { sh (aly) small | interm.
29 | N. Sweden, Lule Lpm. Gillivare.
Serpentine rocks. Olaf Rune....... 3 9-18 1-2.3 1 0.3-1.5 2-3 C-B 1-10{ ah-l small low (intermt.)
30 | W. Sweden, Ko6n, Marstrand.
Bolander & Johnson.............. 10 }(5)10-13 3-4 2-3 3 B-A 1-5 | sh (ah) rather | low {interm.)
31 | S, Sweden, Blekinge, Bordkra. large
B. A, Sdderholm . ... ... 13 10-18 2-3 2-4 2-3 B-A (23| ah {H small fow
32 | s, Sweden, Oland, Skogsby.
Anders Holmertz, ... ... o3 ] Le-s 1-3 1-3 1-3 A 1-12] sk {al 4 smaill | jow
33 | S. France, Valle d'Evne. ; |
i AL Meebold . ... 3 6-13 | 2-2.5 | 1.5-20 2-4 3 1-2 | shualy ' small | ow
34 | S. France. Gedre (1430 m). | i | ]
| Bordere..............-o- e 11 . 512 ) 13-4 1-2.5 2-4 c-B |t shiaby } small | low
o v : { '
~

1 sh single terminal head: ah additional small heads below terminal one: 1 loose and elongated inflorescence.
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Viscaria alping vccurs in America, Greenland, and Scandinavia on relatively
dry soil, while, in the Alps, it is counected with moister habitals (see p. 24). This
divergeuce may be explaiped by the existenee in the two aveas of races with difleyent

moisture demands,

7. Population studies

As soon as the heritable background of morphological characters has been
tested by culture experiments the same characler can, with due consideration to
cuviconmental influenc be studied with good resulls on population samples of
arious sizes. In Viscaria alpina samples from nature for the purpose ol population
studies were collected by bro TUT. Eoxineron, M. C Lews, Bl Se., and myself.
However, as V. alping is a small plant, several herbarium collections contain a large
mmouul of specimens which show the characters of the population in question and
thelr variation. Such herbarium sheets were also sorted out and used for measure-
wments, In some cases specimens from the same station, but collected by more than
one person, were used, but only if the specimens resembled one another very much.
Al measurements were made on dried and pressed material.

In addition to the population samples herbaria were used in order to estimate the
range of variation in such large geographical areas as Greenland, Scandinavia ete.
The collections in the following museams were used:

S,

National museum of Canada, Ottawa, Canada
Universitetets Bolaniske Museum, Copenbhagen, Denmark
Botaniska Museet, Uppsala, Sweden

Botanische Staatssamlung, Minich, Germany
Naturhistorisches Museum, Vienna, Auslria.

North-east American populations, Plate 111 Fig. 1.

Tall plants are particularly common in N. America. This appears also from the
nmseasurements of the ML Albert population (Table 3, No. 1) and the populations from
Hudson Bay, Labrador and W. Newfoundland (Table 6, Nos. 14-16) which all con-
lain specimens more than 25 em high and very few or none lower than 11 cm. As
compared with most Greenland specimens the leaves ave relatively long in proportion
to their breadth. The flowers are large and the inflorescence usually dense. The popula-
tion from Blomidon Mts. (Newfoundland, No. 16) is devialing as several specimens
bhave a very loose and elongated inflorescence. The formation of new basal rosettes
is relatively weak and most specimens accordingly have only one or few flowering
steins.

Gireerdand populations, Plate 111 Fig. 2.

Some few specimens from Greenland are very tall and vigorous, 30-35 em
high and with up to 12 mm broad leaves (Plate I Fig. 2), but they have been collected
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on manured soil (bird clifls) and do nol express the normal size of the plant. in Sonlh
Greenland (Table 6, No. 17) some populations reseinble the Jast American ones very
much and have also compuaralively tong leaves. Taken as a whole, Greenland plants
are intermediale in heigh) bul have large flowers and broad comparatively short
lfeaves (Fig. 10). The talfest plants e.g. population No. 18, Table 6 and No. 3 in Table

Fig. 6. Two different races from the Alps cullivated in the Arctic Greenhouse. Two specimens of No. 12
(lefl) and two of No. 13 (right). — Phot. June 22th 1962,

5 come from the inland areas and correspond to my cnlture No. 3 (Table 3) and
Nos. 4-5 (Table 4). Four lypical specimens from Qeqerlalik, collected by Buun-
MERSTEDT (1890), are 21-26 cm high with 4-5 and 3-5 mm broad cauline and radical
leaves. Such plants from inland areas have usually two additional heads under the
large terminal head. The lower coastal race is exemplified by population No. 2 in
Table 5. It corresponds to my culture No. 2 in Table 3 and have frequenily only
one terminal head.

As already pointed out by FERNaLD some Greenland plants approach European
mountain plants very much. In the Copenhagen Herbarium specimens of this lype
are mainly from lhe southernmost part of Greenland, i.e. from Tunugdliarfik fjord
(legit J. Vanr 1828, T. W. BocueRr 1946, J. GrontveED 1853), Frederiksdal (J. Vant
1828), and Ivigtul (Lixomarp 1899, A. E. & M. P. PorsiLp 1925, R. Beavap 1931)
but may even occur as far north as Sarkak in W. Greenland (J. Vanu 1833) and
Sydkap @ at lat. 71°20" N. in Easlt Greenland (Tu. Sgrensen 1937). The Angmags-
salik population (No. 4 in Table 5) seems to approach European ones by its basal
leaf tussocks and rather abundani flowering stems.

Biol. Skr. Dan. Vid. Selsk. 11, no. 6. 4
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Iceland populations, Plale 1V.

There is a striking difference between the Greenland and the Ieeland material.
0Of 70 eolleclions in e Copenhagen Herbarium 67 per cenl consist of small, slender
plants, 43 per cent have two or more flowering stems amd in 40 per cenl the inflores-
cences are ralher Joose and clongated although usunally with a lerminal assemblage
of flowers. 11 is characleristic that strong Ieeland specimens have clongated inflores-
cences and vigorous roseltes with long narrow leaves a fact which appears from the
comparison with vigorous Greenland specimen in Plale I Fig. 2. Many specimens
resemble var. serpentinicola of Scandinavia and many of the dwarfish populalions are
very similar to var. oelundica. Thus, the population from Hof in Horgardal, No. 5 in
Table 5, has been delermined by Orarvr Davinsson as var. peiraea Fr.

It s difficull 1o find Iceland specimens which correspond to Scandinavian
mountain plants. I have seen a few from Sighufjérdur and Godafoss in northern Ice-
land.

Scandinavian populations, Fig. 7 and Plates V-V

Thanks to access to comprehensive collections in the Uppsala Botanical Museum,
it has heen possible to survey the range of varialion, which appears to he very wide.
Three main types corresponding to the threc varieties alpina, serpentinicola and
oelandica can be distinguished.

(1) Mountain type (var. alpina and relaled races). Typical populalions are
found in Table 5, Nos. 6-7, and Table 6, Nos. 25-28. They correspond to my culture
numbers 8 and 10 (Table 4). Many mountain plants have fairly large rosettes and more
than one flowering stem thus matching the specimen illustrated by NorpusceN (1943
Fig. 51). The radical leaves are usually narrow and the anthocyanin contents clearly
lower in Greenland plants. Many collections, however, strongly resemble Greenland
plants although they may deviate by one or several characters particularly by having
smaller flowers. The following specimens were selected as approaching var. ameri-
cana most: Norway, Lomsfjellene (leg. ZETTERrsTEDT), Finsehogda (Jeg. G. SaMuELS-
son), Dovre, Varstien (leg. Kixpsere), Dovre Kongsvold (Table 5 No. 6). Sweden,
Torne Lappmark, Shore of Tornetrdsk (leg. Carr G. Arm), Tornetrdsk (Table 5
No. 7). Further specimens from Lycksele Lappmark, Tjajtisen and Neadalen in
Jimtland and Skarfljéllet in Hérjedalen.

Sonie specimens from Scandinavia are 25-30 em bigh. They were collected on
lowland, e.g. in Finmark, sometimes along rivers or at the mouth of rivers. Lip &
Zacuav (1928: 72-738) mention that V. alpina has migrated down from the mouniains
along the rivers and has reached the skerries at the Gulf of Bothnia. The very tall
specimens might be interpreted as lowland modifications but they are presumably
derived from such mountain populations as are heriditarily rather tall (ep. Cult.
Nos. 8 and 10, Table 4). Specimens from Helsingland, Sweden (e.g. Ljusdal, legit
Carr Hartman and K. F. Dusgn) reach 34 and 42 em. Their appearance is so striking
that the question of some kind of introgression from Viscaria viscosa is raised.
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Fig. 7. Vigorous Viscaria alpina from the West Coast nf Sweden (Solberga, Ristdngen, legit Harald Fries
1923) Herb. Uppsala. Population No. 30 (Table ). ~ abont '/,.

The typical mountain variely is also found in Russian Lapland and il seems o
have migrated southwards along the Swedish west-coast to Bobuslan, Most speciinens
from this part of Sweden are coarse with broad leaves and large flowers (see Fig. 7
and population No. 30 in Table 6).

(2) Boreal gravel type (var. serpentinicola and relaled races). BIORLYEKE
(1938) was the first 1o pay atlenlion 1o 1his iype. His piciure (Tig. 101) from the
olivine area of Almklovdalen greatly resembles my piclures of similar Teeland spec-
imens (Plate IV) and Runre’s picture of the type of var. serpentinicola from Gillivare.
In Alklovdalen in Norway V. alpina grows in places where the wood is open, ¢ £
on gravelly slopes. The same is the case in Sundal and many olher places investigated
by BsdrLykke in Norway and by Ruxe in Sweden. The flora which ocenrs logether

with V. alpina is boreal-lemperate with some few arelic.monlane species.
11‘



99 Nr. ¢

Ruone (1953 60) has a list of stalions for var, serpenlinicola. 1 have studied his
lype collection and the plants he collected at Ronnbiick (Brandberget, 500 m above
sea level), see Table 5, No. 8 and Plate ¥ Figo 1. 10 is impossible to distinguish belween
plants Trom these stations and plants Irom some other places in Scandinavia not
included in Ruxe’s list tn Uppsala and Copenhagen there are fine collections from

A ——— e -
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Fig. 8. Probably specimens o] the Lype collection ol Viscwrie ulpina var. velandicu. Herl. Copenhagen
(shightly reduced).

Alvesta in Dalarne (leg. CoIxpesgrov), see No. 9, Table 5, Plate V IFig. 2, which
musl belong to var. serpentinjcola; the same is the case with a collection made by
GoSamustson (1933) 1o Raudabygd at Nordfjord, Norway (780-800 m above sea
fevel). More inleresting perhaps is an old record found on a sheel in the Uppsala
Museum and labelled Lychnis alpina var. gracilis. It is from Karesuando in Lapland
and was collecled by Lagstapivs in 1830 (Herbar. Wahlenberg). No doubt the de-
lerminator had ihe same idea as Rune did later by referring such slender narrow-
leaved plants with loose inflorescences to a separate variety. There are transitional
plants available from a number of stations indicating that var. alpina and var. serpen-
tinicola exchange genes where they meet, Examples of such transitions are the follow-
ing: Daluarne, Norrbirka (legil CeperereEN and HAGERSTROM, both collections with
u terminal assemblage of flowers), Norrbotlen, Térendé Village (legit CarL G. Arm
(1958), deviating by having 4 nmum broad cauline leaves), Mi. Kaunispid, 68°30° Lap-
ponia pokojnensis (leg. H. Steerex 1930), Norway, Kaafjord, Allen (leg. LaLix
(1883) and Wanrsxa (1854), efr. Table 6, No. 23).

(3) Sandflicld and Alvartype (var. oelundica and related races). Three
Oland populations were studied (recent collections made by Dr. T. T. ELkingron
and M. C. Lrwis), see Nos. 11-12in Table 3, and an old collection by ANpeus HoLMERTZ
from Skogsby (Table 6, No. 32). While the first ones contain a good deal of large and

"»5:
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Fig. 9. Material from the Alps of Viscariu alpina. Upper row four slender specimens from Bormio region
(Livigno, nei prati legit M. Longa Herb. Miinich). — Lower specimen from 13erger Alpe near Kals (legit
Harnschuch, Herb. Copenhagen). . 3/,

vigorous plants the latter is composed of dwarfish 1.5-6 cm high plants (Plate VI).
They are indistinguishable from the old collection by Auvguist (1814) which may
represent the type of var. oclandica (Fig. 8). Al Olandic plants have headlike terminal
inflorescences, very many llowering stems from vigorous basal leaf cushions and lhe
flowering siems are slender and often arcuale, not erect. Almosl the same habit is
found in the Blekinge populations, see Table 5, No. 10 from Vimd, Karlskrona, and
Table 6, No. 31 from Bordkra. Some of the planis from Blekinge, however, have a
rather loose inflorescence or very narrow leaves and thus approach var. serpentinicola.
The Vimé population is interesting as it contains a slender group collected by B.
Biol, Skr, Dan. Vid, Selsk. 11, no. 6. 5
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Hownmarex (Table 6, No. 10) or N. Hyranounr and a group which approaches typical
V. alpina by their coarser habit and broader leaves.

Poputalion in the Alps and the Pyrences. Fig. 9.

The following nole was made afler a study of the herbarium of the Naturhisto-
risches Museum in Vienna in 1959: Slender and small specimens oceur in the Alps,
the Pyrenees, Iceland, and Dalarne in Sweden, robust specimens with broad stem
leaves and large flowers in Greenland and North America but some specimens from
Dovre and Lapland approach the west-arclic planis in dimensions. Some Swedish
planis ave slender and narrow-leaved bul vigorous e.g. specimens {rom Pajala col-
leeled by Lacerkranrtz 1951 and specimens labelled "'Lychnis suecica” from Avesla
Dajarne (Dalecarlica). Among the plants from the Alps those from Tyrol appear to
be larger than the others approaching closely the normal Scandinavian mountain
plants.

This piclure was nol modified after a studyv of the material in Munich and
Copenhagen. The collections from Wallis (Valais; Zermati-Rilfelberg) are + uniform,
no specimens being more than 9 cm high (Table 5, No. 13); ihis is the lowgrowing
race described in Table 4 (Cult. No. 12) and seen in Fig. 6 (on the left). Other plants
from the Alps are taller, 17-23 em high, but very slender with small heads and narrow
leaves (e.g. Livigno near Bormio, N. Italy, Fig. 9) or fairly robust and with green
somewhal succulent leaves (e.g. plants from Berger Alpe at Kals (see Fig. 9) and
Algauer Alpen). These may correspond to the taller races in Table 4. According to
Dsrrs Torne (1899: 86) V. alpina is 4-9 cm high and in Heer (1ll. Flora) 15 em is
mentioned as ils maximum height. These statements are in agreement with the ma-
jority of collections. In culture, however, under optimal conditions or in certain
natural environments (Livigno material) greater heights are attained and some races
are clearly tall (Table 4, No. 13).

From the Pyrenees two populations have been studied (Table 6 Nos. 33-34).
Both consists of small slender plants.

Almost all plants from the Alps and the Pyrenees have one terminal inflorescence.
Very rarely the iwo uppermost leaves support {wo small additional inflorescences or
single flowers. All have a very low anthocyanin content and the difference in breadth
between cauline and radical leaves is very small or none. The green somewhat fleshy
habit of many Alpine specimens is striking, but may be explained by a differential
ecological behaviour in the arctic-boreal area and the Alps. While in the north V.
alpina is common on dry rocks and gravel slopes, it is in the Alps a plant of the "Al-
penmatten” i.e. the fairly wet meadows. The alpine population may not contain
biotypes fitted for the “'schutthialden’. If such plants were present the species would
probably be much more frequent in the Alps.
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8. Summary of variational pattern

In Table 7 the most important morphological characters in V. alpina ave sur-
veyed. The available information from the enltivation experimentis and the popula-
lion studies is arranged geographically in order lo examine the vavialion in velalion
to geographical distribution. IZach characler is expressed by three grades: A means
a high, B intermediate and Clow value or degree. By lolalling up the number of signs
for the various geographical arcas the conclusion may be reached that the variability
is largest in Scandinavia and lowesl in E. America and Ihe mounlaing of Middle-

Table 7 (explanation in the text).

Alps and
To.Amcevica Greenland legland Seandinavia N

Pyrenees
Size of plants A-B Al (AYB-CC A-13 ARG
Breadth of leaves A-N3 A3 nC B B
Basal leaf formation B-C B C AR ARG 13- C
No. of flowering stems [ B uo A - [
Morphology of inflorescence cp. sh-ab (1) * heah )] sh-ah-| sh-ah-} sh (ab)
Tables 5-6 :
Size of flowers A A (B} B-C A R-C B G
Contents of Anthocyanin A-B A-R A-B-C n-G C
Sum of signs (Nos. in brackets 12 0 16 19 12
omitted)

and Southern Europe. All the characters show a tendency lo change in a wesi-cast
direction and from north to south in Europe. The varialion can be expressed as a
number of character gradients or topoclines in spite of the fact thal these clines in
certain places are broken by some degree of discontinuity.

9. Intraspecific taxonomy

The Greenland-American populations of Viscaria alpina differ from the Enropean
populations with regard to a number of characters. The difference secins 1o he great
enough to justify the maintenance of a separate taxon. As this can be distinguisbed
by several characlers and occupies a separaie geographical area il ought to he given
subspecific rank.

Al the same time, however, it must he admilted that (he Greenland population
comprises some biotypes which approach European ones and that certain montane

5%
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Jurepean plants vesemble Greenland plants in Dower size and breadih of he cauline
Tenves.,

Fhe cultivations and herbarvium studies, however, elearly show that the European
miaterial falls atso into two groups which are distinguished by a number of characlers

Fig. 10, Viscaria alpina ssp. wnericane Basalt rocks facing the Denmark Sirait. Cape Daussy, East Green-
land 68733 Ial. N. (from 3. 1933).

and behave differently ccologically and in their distribution. This means that the range
ol variation in Viscaria alpina ought 1o be expressed taxonomically by three subspecies.
As the montane Furopean material corresponds 1o ssp. alpina another subspecific
name has 1o be found for the boreal-temperale group with very narrow basal leaves
forming dense persistent Jeaf cushions and with a clear tendency lowards the formation
of many slems and clongation of the inflorescence. The laller subspecies described
below as ssp. borealis, covers sevecal minor units which might be maintained as vari-
clies. As amentioned alveady it s difficull 1o separate Swedish lowland races (var.
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oelandicd) Trom the var. serpenlinicold and 1he latier closely resemble the leeland
planis. The differences belween the unils within ssp. boreale seemy 1o he of the same
magnitude as those found between certain Greenland races (see Table 3) or hetween
the American and the Greenland races.

Viscaria alpina (L.) Don subsp. borealis subsp. nov.

A subsp. alping stalura dense caespilosa ut - foltis basalibus angustissimis differt.
Folia rosularia plantarum veiustiorum in hemisphaeram fere congesla, unde caules flo-
riferi complures pel mulll, erecti vel subadscendenles, capitulo quisque terminalus, infra
illud saepe capitula accessoria paroa vel flores singulos in axillis superioribus gerens,
capitulis in planlis nonnullis satis laxis. Typus 612 cm allus, caulibus floriferis 1-7,
foliis basalibus 0.1-0.2 e, caulinis 0.2—0.4 cm labis.

Habilal in Islandia, ut in regione coniferina scandinavica, ul in Blekinge el Oland
Sueciae meridionalis.

Typus (Plaie IV Fig. 1) mense Julio anni 1962 in loco ¢ sinu islandico Hafnar-
fjordur meridionali ab auctore lectas, in Museo Bolanico Hauniensi deposilus.

KEY TO SUBSPECIES AND VARIETIES

1. Cauline leaves often b nuu broad or broader. Flowers relalively large. ssp. americane {Fern,)) Plate 11,

1. Cauline leaves 1-4 mm rarely 5 mm broad. Flowers usually smaller.
2. Radical leaves nol particularly narrow. Inflorescence usually dense with a terminal headlike part.
ssp. alpine Plate 11 Fig. 1; textfig. 7 ana 9.
2. Radical leaves narrow forming dense persistent cushions. Inflorescences often clongated and sometimes
Joose. Flowers small. ssp. boreadis Plates V-V

3. Stems creel.

4. Stems rigid, often low. Inflorescences usually rather dense with small addilional ones or single
flowers supporied by uppermost stem leaves. var, borealis Plate 1V.
4. Stems slender. Inflorescences usually elongated and loose. Pelals sometinmes reduced or missing.
var, serpentinicole Rune Plate V.
3. Stems:-arcuate. Old specimens with particularly many flowering stems. Inflorescence usually rather
dense. var. celundica (Lindstr.) Sterner Plate V1.

10. Evolutionary trends in Viscaria alpina

The genus Viscaria and the origin of V. alpina.

Viscaria Bernh. is a small genus containing two species only viz. V. piscosa
(Scop.) Aschers, and V. alpina (L.) Don. A third species V. intermedia Ledeb. has
been transferred to the genus Silene (S. chamarensis Turcz.). V. viscosa and V. alpina
are frequently united with some other species in the genus Lychnis L. In the manv-
seript to the “Flora Europaea™ O. Cuatkn has included § species in Lychnis and
among them the lwo species of Viscaria. V. viscosa (Lychnis viscaria L.) is said 1o be
very variable. Two species described from the Balkan peninsula, V. alropurpurea
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Griseb. and V. sarforii Boiss. arc referred by Cnatrer to one subspecies (ssp. alropur-
purea) of Lychnis viscaria.

Both V. viscosa and V. alpina have lhe chromosome number 2n = 24 and oce-
sasionally form hybrids, ¢.g. in Sweden aceording to Linpman (1926: 270) and
Srerner (1938: 97). As a rule hybridization in the Lychnideae lakes place very
casily even bebween taxa referved fo different gencera (Nyvenin 1957, Kruckesere
1962).

As V. piscosa and V. alping are able o cross and both oceur in Europe and as
apayt from V. alpina ssp. americana no indigenous American Viscarin is known, il is
very probable that V. alpine originaled in Europe. This is supported by the fact that
Lurope harbours a related species viz. Lychnis pipalis Kit. in Schult. (or Viscaria
siegeri Griseb.),! only known {rom Mi. Rodne!l in Rumania. Further suppori is given
by the fact thal V. alpina has its centre of diversity in Scandinavia (Tahle 7) while
according 1o CuaTex, this centre in V. viscose is situaled in Macedonia. All available
evidence implies a Iluropean ovigin for V. alpina and that this species was able to
cross the North Allantic Ocean [rom easl lo west. There is no evidence indicaling
that the species formerly had a circumpolar range and has died out in the Pacific
sector as claimed by Huitex for the majority of species with this type of distribution.
Viscaria alpina is whal might be called a genuine Amphi-atlantic species.

Type of variation. )

In'the preceding section it was proposed to divide V. alpina into three sub-
species. This was done because at our present stage of knowledge the variation ap-
pears to be particularly abrupt in two areas: (1) At the transition from Iceland to
Greenland, (2) At the transition from high moniane to boreale and temperate situa-
tions in Scandinavia.

Within all three subspecies the variation seems 1o be fairly evenly graded, al-
though clearly less so in ssp. borealis. In this subspecies geographical ecological isola-
tion has probably been operative over a long period of time. The differentiation be-
tween plants from leeland, Oland and the Scandinavian coniferous belt may be
ecotypical in nature but as the habitats are clearly demarcated (oceanic-volcanic
soil, continental-calcareous soil (Alvar), boreal-serpentine soil) we find a stepped
ecological gradient (cp. Hesrop-Harrison 1953: 57) and distinct ecotypes. Owing to
geographical isolation the vace differentiation in this case has been particularly strong.
It might perhaps be possible to promote var. oelandica and var. serpentinicola to sub-
specific rank. In some ways it is justifiable bul this would mean having to operate
with a natural group of subspecies within a species which would be less clear or
practical. Also in ssp. americana we have ecotypical variation (see e.g. Table 3 and
Fig. 2), bul the variation at least within Greenland appears to be truly clinal. In North-
America likewise there are all {ransitions from tall to medium high races. On the other
hand the Mt. Albert population is fairly isolated and may possess some independent

! Also known as Polyschemone nivalis (Schott) Nym. & Kotsehy.
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characters. My impression is thal the vavialion in Visearia alpina is clinal in arveas
where il is a frequenl species, e.g. most parts ol ils Greenland range. However, where
the species occurs in a number of isolated pockels the elines have become stepped or
broken.

Types of isolalion. Gain and loss of biolypes in refugio or during migration.

The sharp difference bebween lhe Greentand and The Jeeland populations is of
particular inleresl. According to the collections in the Copenhagen Museum most tee.
land malerial belongs to ssp. berealis. Typical plants (ssp. alpina), however, mav ocenr
in the highland, but this is uncertain at the moment. One thing is evident: Ssp. borealis
did nol cross the Denmark sirait. IUmust have heen (aivly broadlenved plants which
crossed i.c. plants approaching ssp. alpina. As mentioned already certain Norwegian
mountain planis closely resemble ssp. americana in theie llawer size and leaves, [
similar plants immigrated to Greenland they would here escape hybridization with
narrow leaved and small flowered biotypes. Thus they would mainlain at least (heir
leal and flower size. But if the immigrating populalion included pavticularly broad-
leaved biotypes or if such biotypes arose by mutation in Greenltand, this would lead
to a populalion strincture as that {ound in Greenland lodav. In that case we would
have lo assume thal the broad leaved biolypes in Greenland were al a selective ad-
vaniage seeing that the Greenland population, with very few exceptions, has broad
cauline leaves. 4

Similar reasonings may be made when considering Ihe immigration {rom Green-
fand to Labrador. The Greenland population is composed mostly by plants of medium
height but with some rather low and {all anes. If tall plants for some reason were
selected for in a more sounthern environment this would make the ocenrrence of so
many vigorous American specimens more conceivable. A selection of this type is
paralleled by that found in species having tall lowland races and low montane ones.

Another possible explanation is that montane planis corresponding enlirely 1o
ssp. americana did occur also in the Scandinavian mouniains al a time when Viscaria
alpina was a young species with a more continuous range. They were move adapied
to relatively continental climatic conditions. All the montane hintypes migrated carly
westwards crossing the north Atlantic and the broad leaved fypes established themselves
in America-Greenland while in Europe they became exstirpaled or modified as a
result of crossings later. This theory implies different climatic conditions in e refu-
gia available for montane races of V. alpina during the lasl glaciation and consc-
quently a different selective pressure of the climate on the persisling populations.

In Europe the three races of ssp. borealis are now complelely separaled. Leolog-
ically they are related being boreal not arctic-montane and perhaps by having similar
soil requirements. It is therefore not unlikely that they represent the remains of one
continuous population which during glacial and late glacial conditions in Europe
had a wider and continuous area probabhly along the southern margin of the Tee sheet.
They followed the reireating ice but during post glacial forest cxpansion the area
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became disrupted and e three groups began lo develop independently. Ieeland today
has many lowland areas with subarctie climale but which have never been covered
by continnons woodlands. Also the Alvar of Oland was never tolally covered. Aboul
ll;(~ serpentine area Ruxa (18957) says that even in l()\\'~:1l!illlti<- serpentine arcas birch-
trees are restricted o favourable habitals with deep soil. Pinus silvestris is the only
tree able to form forest on serpentine in N. Sweden, but the trees grow slowly and their
trunks are often stunled or broken. Rusy has some {ine pictures (Plate V, Figs. 25-27,
32) showing recent localities of his var. serpentinicola. It grows in bare rocks or crev-
ices or on gravelly slopes with solifluction surrounded by forest, somelimes it may
cven enler the light Torest flor together with e.g. Aspelenium oiride. This type of oc-
currence reminds a good deat of that of ssp. borealis in leeland The lype collection
(Plate IV) is from a wind-swep! lowland area with voleanic patterned solifluction soil.
The vegelation in question was not arclic but temperate with a few low-arclic elements.
The most abundant plants associated with Viscaria were: Dryas octopetala, Thymus
druced, Armeric maritima, and Anthyllis oulneraria. Alchemilla alpina, Galium verum,
Silene warilima, Kobresia myosuroides, Festuce vivipara, Sesleria coernlea, Agrostis sp.,
and Plulanthera hyperboreq var. minor were also very common. Vegelation of this
kind is very common in leeland. The unstable soil conditions and the strong wind
are unfavourable to forest growlh. In any case birch has never formed conlinuous
woods in sueh areas.

ft is possible to explain the variational pattern found in Viscaria alpina today
by assuming a splitting up of « species which started as one polymorphic group with
clinal variation. The boreal biotypes of V. alpina were unable 1o make the crossing
to America via Southern Greenland; the low arclic-montane climate of S. Greenland
would have eliminated then.

The Enropean montane pupufali(m was split up and depauperaied during the
last lee Age. Oue group have persisted in the Pyrenees another in the Western Alps
while some persisted in coastal mounlain refugia in Norway, e.g. in the More region,
where the species occurs al present on several high peaks near the coast. In these
refugia only relatively oceanic biotypes survived. A theory of this kind would explain
why the species has nol extended further iowards the east along the Arctic coast. On
the other hand relatively continental broad leaved biotvpes reached Greenland-
America prior o the fast Ice Age and were later able to penetrate to Hudson Bay and
lo the hiead of Sondre Stromfjord.

The Greenland population was probably able to survive the last glaciation in
various tvpes of refugia. Now the species is found e.g. on the steep slopes of Kap
Daussy in Last Greenland together with such a rare relic plant as Ranunculus lyngei
M. Swith (R, auricomus var. glabrata Lynge), see maps in Bocuer 1938: 89 and
Huvrtin 19580 30, and Fig. 10. In West Greenland it is abundant on coastal mountain
tops (¢.g. population No. 2) and in South Greenland it is a species of open exposed
habitats.

The boreal European population had probably a continuous range on open
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arcas along the soulhern margin of the ice cap. Boreal biolypes may have reached
feeland during the late-glacial period or have survived the last fee Age in Ieeland.
Some of the more continental groups of biolypes are now isolated from one another
by waooded arcas; one group heing resiricled to southernmost Sweden and another
to the coniferous region on open serpenline arcas. Hybridizalion and introgression is
probably now going on where the montane and horeal biolype meet in middle and
North Scandinavia. In the case of the boreal population il may be assumed that the
relatively conlinental hiotypes survived the glaciation in the areas along the ice sheet.
It is generally accepted that the ice margin elimale at Ieast in Middle and East Europe
was dry and continenlal. In the case of var. oelandica Srinvier (1944: 222) and
Jater SELaNDER (1950 62) proposed a survival in Ceniral Last Europe and a similar
post glacial history as many of the rare eastern species in Oland (c.g. Arfemisia
laciniata).

11. Leaf size and environment

The possible connection belween clines in leaf size or in breadth of leal sections
and climalic differences was recently discussed by Bocner & Lrewis (1962). In the
case of Viscaria alping a series of races with dilferent leaf sizes (leaf breadths) have
been demonstraled, and il was proposed that the broad-leaved weslern races werc
perhaps adapled lo relatively conlinental climatic conditions. This may be true. On
the other hand very narrow leaves characterize all the boreal European races of which
the Oland race and the serpentine race grow under relatively continental conditions.
This makes any simple climatic adaption uncertain and supports the idea that the
leaf characters are non-adaplive. Thus, the abrupt leaf size cline in the North-Atlantic
area may be merely a topocline and not what might be called a ‘‘topo-eco-cline”,
viz. a geographical characier gradient dependenl on a parallel ecological gradient.

Considering, however, the clear correlation between narrow radical leaves and
the formation of vigorous basal leaf cushions, il is possible in Viscaria to look upon
the leaf size as a secondary concomitant character. The two specimens seen in Plate 1
Fig. 2 demonstrate that in robust specimens of the very different Greenland and Ice-
land populations broad siem leaves are associated with weak basal rosettes and nar-
row leaves with strong rosettes. The strong basal leaf cushions (Fig. 5) may be a
character of fundamenial importance only for the boreal races which grow on unstable
solifluction soils or in any case soils which are unfavourable to forest vegetation or
other types of dense vegetation.

In Greenland Viscaria alping hardly occurs on solifluction soils or very loose
screes. It is mainly connected with stable conditions in rock fissures and rock ledges
or sandy or gravelly dry areas.

The narrow leaves of var. serpentinicola deserve special attention. Together wilh
the slender stems and the reduced petals, narrow leaves may be a response to the
serpentine soil. Several serpentinomorphoses are known with narrow leaves (steno-
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phyllism, see Pien-Senyoris 1848, Visenano 18958). According o Piem-SeiamonLs
(op. cil. p. 292) serpeslinomorphoses include heriditary fixed changes (c.g. the soil
ceotypes Tound by Krvcikksene) as well as non-heriditary modificalions. Going
throagh the colleclions of var. serpentinicola (poputation 8 and 29) some specimens
appear particularly weak with extremely narrow leaves and very thin stems (Plate V
Fig. 1). They are clearly narvow-leaved modifications of a variety which is also
hereditarity relatively narrow-leaved. This gives us another cxample of parallelism
bebween orpliological inter-race pattern and reaclion pattern in a species (ep.
Bocnrr & Liewis 19620 12). At the same time it makes it clear that angustifoliale
varielies can be looked upon as ecological races, sometimes connecied with unfa-
vourable chemical soil properties, sometimes perhaps with particularly dry habitals,
or other envirommental conditions.
At our present stuge of knowledge the relations between leaf size—or leaf breadih
i V.o alpina und the environment are doubtful or unclear. The only way to unravel
the interesting problems are comparative eco-physiological experiments using members
of the various leaf lype races as Llest plants.

tnstitute of Plant Anatomy and Cylology, Universily of Coperthagen
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