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Abstract

Kawnio, Paavo, LANE, Unto & MAKINEN, YRIO. (Botany Dept., Univ., Turku 50, Fin-
land) Vascular Flora of Inari Lapland. 2. Pinaceae and Cupressaceae. REP KEVO Sus-

ArRcric Res Statr 8. 73—100. Illus. 1971. — The distribution, ecology, morphology and
taxonomy of the three native conifers (Picea abies, Pinus sylvestris, Juniperus communis)
are discussed, and the northern tree and forest lines of the spruce and the pine are
mapped. In spite of the fact that in many places human activities have strongly affected
the pine forest limit, it is one of the most important natural boundaries in Finland. The
warm decades in the beginning of this eentury have not helped the pine to spread beyond
this limit, Taxonomically, the variation of the pine is clinal, and no taxa can be separated.
Of the spruce, ssp. obovata which is considered to be the dominating type in Kola
peninsula rarely oceurs pure in Inari Lapland. On the basis of cone scales and growth
habit the variation of the spruce northwards is clinal and the Inari Lapland spruces
mostly belong to transitional populations between ssp. abies and ssp. obovata. A variant
form of the juniper with short and appressed leaves, known as var. montane, is recog-
nized, but it is fairly rare. The age of the juniper may exceed 1000 years, growth being
strongly dependent on local microclimatic factors.

1. Introduction

The first part of the vascular flora of Inari
Lapland included a description of the area, the
material and methods, and a list of the terms
and abbreviations used (KArrnio et al. 1969:
46—52). TFor a map of the most important
localities, see Fig. 19 in that study. A few
additional remarks should be made.

Owing to the fact that the conifers of Lap-
land have been ohserved and studied much more
thoroughly than the other plant species, they
have been listed and mapped in a somewhat
different way. For example, the maps have
been supplemented with original data collected
during the third General Forest Survey and

deposited in the Archives of the Forest Re-
search Institute, Helsinki.

The distribution maps published by Karrio
et al. (1969) will be continuously supplemented
with new records; copies of these maps are
obtainable upon request.

1. 1. Additional floristic excursions

During 1969 and 1970, a number of additional flo-
ristic excursions were arranged, mainly in the southern
part of Inari Lapland, which was the area most poorly
known (cf. KaLLio et al, 1969: Fig. 56, 58) In 1969,
floristic data was mainly collected during trips from
Angeli southwards via Vaskojoki—Poastajohka—Repojoki
and Lisma to the Pokka road, from Rajajooseppi via
Nangujirvi and Tsarmitunturit to Nellimo, from XKari-
gasniemi  via Muotkatunturit (Kaisavarri and Iourvi-
kodds) to Aksujdrvi, from the Kevo station to the
southern Jeskadamtunturit, and via Njallatunturi to
HarrematSohkka at the Norwegian frontier. Many of the
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islands in the southwestern part of Lake Inari were
also studied eastwards from Inari up to Kaamassaari.
In 1970, large areas of the Viipus-Maarestatuninrit fjeld
group (which had already been exploved hy Knockars &
LUTHER, 1938) were floristienlly inventoried by two
groups of botanists. Additional excursions inclhuded one
from Kalmankaltio in Enontekié via Peltotunturi, Korsa-
lunturl, Ivnlojoki and Lisma to the Pokka road, and
shprter trips around the village of Angeli and from
THulloveiddji at the Teno to Kaibmoaivi in the Paistunin-
rit area. The southern archipelago in Lake Inari was
studied east to Nellimé and Paatsvuono. Many new
anthropochores were found during a survey of the road-
side flora in Utsjoki and Tvalo.

The total number of observation points now amounts
to 2856. Of these, 1111 are in Utsjoki and 1745 in
Inari. 1234 are situated in the coniferous zone and
1621 in the alpine and birch belts. The distribution maps
of Pinus sylvesteris and Juniperus communis show the
majority of the additicnal obhservations (c¢f, Fig. 58,
KALLIO et al. 1969).

1. 2. Floristic mapping of Finland (FMF)

In PFinland a new biological mapping scheme was
adopted in 1970 to be used in the cartographic presentat-
ion of all records of animal and plant taxa. The basis
for this scheme is the uniform grid system (yhtendis-
koordinaatisto in Finnish); for further details ree Her-
KINHEIMO & RAATIRAINEN 1971. The country is divided
into 100 X 100 km squares, each of these into 10 X
10 km squares, and so on. Fig. 1 shows the 10 X 10
km squares in Inari Lapland; each of these squares
bears a five-digit code number (e.g. 777: 51). The total
numher of such squares in our area is 229 (combined
total of 191 whole squares and parts of 76 squares).
Those marked with a cross have not been studied by us.
The relative frequency of the squares in which the species
has been found is given after FMF (for the whole of
Inari Lapland). We suggest that the frequencies thus
obtained could be effectively used in comparisons with
other parts of Finland. Included in the upper left corner
of the distribution maps is a small-scale map which gives
the distribution in the FMF squares.
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Fig. 1. The squares in the new Floristic Mapping of
Finland scheme. The squares not studied by us are
marked with a cross,

1. 3. Coworkers during the cxcursions

We are especially indebted to Mr JAAKR0 NURMT,
M.Sc,, and Mr. ILMARI KAUSE, who in 1970 led separate
floristic working groups in the Viipustunturit and Angeli
areas, respectively. Persons who took part in the addi-
tional botanical exeursions and who have not been men-
tioned by KALLio et al. (1969: 45) include Pekka
Ahlquist, Matli Ahonen, Ulakaisa Alatalo, Leena Arola,
Kurt Ekman, Jouko Halula, Heilki Kallio, Tore Lind-
holm. Anja Niskanen (Vihdmurto) Leena Nurmi (Viher-
salo), Kaarlo Nygrén, Hannu Myrsky, Paula Paurola
(Ahonen), Albert Pyysalo, Eila Seikkula, Christer Tro-
berg, Merja Varjonen.

2. Cultivated conifers

In addition to the three native species, eight
others are occasionally planted in Inari Lap-

land.

Abies balsamea Miller
Yard of the Ivalon Em#ntékoulu, 2 specimens
planted in 1969, height ca. 50 em, thriving well.

Abtes sibirica Ledeb.

(1) According to PArRvELA (1930: 223), planted
in 1880 in the Toivoniemi park. In 1925 the
trees were 7 m high, and 30 c¢m in circumferen-
ce. In 1971 we counted 29 trees, many of them
2—3-branched at the base, 12—14 m high, very
dense, diameter 10—40 em, with abundant
cones. (2) Yard of the Tepsell farm-house, E.
shore of Vastusjdrvi, 1 specimen. (3) Yard of
the Ivalon Emiéntikoulu, 24 specimens planted
in 1961, height 1—2 m, thriving well, flowering
generally in the middle of June.

Lariz kaempferi (Lamb.) Carriére (= L.
leptolepis (iSieb. & Zuee.) Endl.)

Yard of the Ivalon Eméntikoulu, 5 specimens
planted in 1961, 3 specimens left in 1971, tallest
ca. 1 m, but they thrive poorly and apparently
are dying.

Lariz russica (Endl) Sabine (= L. sibirica
Ledeb.)

(1) Mierasrova at Mierasjarvi along the Uts-
joki highway, planted on a small area in 1960.
(2) Aksujivri along the Karigasniemi highway,
planted on a small area in 1960. (3) At the
Jidrvenpidsd farm-house at the NE end of Tsuo-
lisjarvi, planted on an area of 100 m? in 1913.
In 1971 there was a stand of about 15 trees, ca.
10 m high, vigorous and rising clearly above
the surrounding birch forest. (4) At the Kyy-
nelniemi farm-house, NE shore of Lake Inari,
G specimens, 6—12 m, diameter 8—15 em, and
a few saplings. (5) In 1881 planted in the
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Toivoniemi park by X. W. Nordling (Norbp-
LING 1884; ParverLa 1928; 1930: 228; 1932).
In 1926 the tallest tree was 9—10 m, and 53 em
in circumference. In 1971 three tall trees were
left, about 10—12 m high, very dense and
thriving well, about 45 em in diameter, with
abundant cones but avoid of seeds. (6) Yard
of the Ahola cottage, S shore of Syrminiemi,
1 specimen in 1965, about 3—4 m high and at
least 20 years old. (7) Koppelo, yard of the
house owned by Armas Peltonen, a few speci-
mens, abhout 50 years old, 16 m high, 40 ¢m in
diameter; seeds have not germinated. (8) Ves-
koniemi, 1 specimen, planted in 1916—17, 6—7
m high, 15—17 em in diameter. (9) Ivalo, yard
of the Distriet Forester’s Office, about 15—20
specimens, planted in 1960, 1.5—2.5 m high.
(10) Ivalo, yard of the Ivalon Eméntékoulu, 3
specimens, planted in 1961, about 2 m high.

Larix russica thrives very well in Inari Lap-
land up to the northern pine forest limit, and
in favorable places its annual growth exceeds
that of pine.

Pinus sibirica Du Tour

(1) Planted in Toivoniemi in 1883 (Norbp-
LING 1884), but did not thrive, remaining low
and shrubby. In 1923 they were no longer alive,
but according to information by T. Itkonen
there were slowly growing saplings somewhere
else in Inari (PaArverna 1930: 230). (2) Yard
of the Ahola cottage, S shore of Syrminiemi,
1 specimen, about 2 m high. (3) Inari, yard of
the District Forester’s Office, planted 6 spe-
cimens, 2 alive in 1971, height 70—100 cm. (4)
Yard of an adjacent house to (3), 7 specimens,
well thriving, highest 170 em. (5) Ivalo, yard
of the District Forester’s Office, planted 8
specimens in 1960, 4 alive in 1971, height 30—
40 cm. (6) Ivalo, at the entrance to the grave-
yard, 2 specimens, planted in 1931—32, height
ca. 2 m. (7) Yard of the Ivalon Emiéntékoulu,
5 specimens, planted in 1961, highest 1 m.

Pinus mugo Turra

(1) Planted on the top of the Palovaara hill
at Kaamanen in 1912 about 700 seedlings. In
1959 there was a small stand, fairly vigorous,
still alive in 1971. (2) NE end of Tsuolisjarvi,
close to the Jarvenpdi farm-house. (3) Yard
of the Ivalon Eméntikoulu, 8 specimens plant-
ed in 1968, thriving fairly poorly, 7 alive in
1971.

Pinus peuce Grised,

Yard of the Ivalon Emé&ntikoulu, 5 spe-
cimens planted in 1961 (%), thriving fairly
poorly, height ca. 1 m in 1971,

Thujo occidentalis L.
Yard of the Ivalon Eméntikoulu, 2 specimens
planted in 1968, thriving very poorly.

PINACEAE

Picea abies (L.) Karst.
Picea excelsa (Lam.) Link
Indigenous, rare

Distribution. East-European — Central-Asiatic conti-
nental. Common over most of Fennoscandia, but almost
totally absent or rare in southernmost Sweden, on the
Atlantic coast and in the north (LINDQUIST 1948: 263;
HULTEN: 73—75; Sarvas 1964: 224). The northern-
most localities in Fennoscandia are near Nejden and
in the southern part of Rybachi Island at about 69°50°
(DAHL: 237; LinpQuisT lec.; HYLANDER 1953: 60;
HusTicH 1966: 14), The polar tree limit of the spruce
along the Karasjohka and at the boundary between Inari
and Utsjoki runs about 50—70 kilometers north of the
forest limit of Picea abies. In the whole of Kola Peninsula
there are only some outposts north of the spruce forest
line (KiHLMAN 1890: 145, 146; SOLONEWITSCH 1938;
LinpQuisT lc.; Fl. Murm. I: map 35; KRYUKCHOV
1962; HUSTICH 1966: 14). Further east the distribution
of spruce is continuous and extends north of latitude
72° in Chatanga, in the continental areas of Siberia
(Fl. USSR I: 145; KryYLov 1955: 73; POLUNIN 1959:
20; TOLMATCHEV 1960: 68 and 1966: 198; HUSTICH
1966: 15; HAMET-AHTI 1970: 264).

In Finnmark the spruce occurs in the valleys of the
Anarjohka and Paatsjoki (e.g. KIHLMAN: 66; NORMAN:
1025; EIpE 1932; DAHL: 237; NORDHAGEN 1940: 26;
Lip 1963: 55). In Pechenga there are a few localities
north of the Luttojoki (KuJArLA 1929: 24; DAHL lec.).
In Kola there is & continuous spruce area in the
southern and central parts (e.g. KIHLMAN 1890; Kl
Murm. I), In the Saariselka district and along the Lut--
tojoki spruce forests are fairly common (Bora 1904;
TANNER 1913; RorvaINEN; Kusara 1929; PERTOLA),
and also in most of Kemi Lapland (HJseLr & HvuLt;
Hrrur 18388; WaiN1o; Hvurr; HusTIcH 1937 a; MoON-
TELL; ULVINEN). In Enontekio spruces grow in the SE and
E parts (SANDBERG 1898; HusTIiICH 1934; 1936a;
1937 a; HARVIAINEN & al. 1968; FINNE 1970).

InL ref. The first map showing the northern
forest limit of the spruce was by WAHLENBERG;
Paatsjoenniska, Sulkesjok, the sources of Vas-
kojoki, at the Inarijoki near Jorgastak (FELL-
MAN); north of the spruce forest limit the
species has been recorded in many places be-
tween Hammastunturi and Hammasuro, Mah-
latti island, between Siuttajoki (Tsiuttijoki)
and Nitsijdrvi, Junnas, the lower course of the
Kettujoki, Tirro, E of Vastusjirvi, Syrminie-
mi by Muddusjirvi, W of the mouth of Tersto-
joki, Karvaselkd, and Iso-Roiro island (Krar-
MAN; some observations reported by inhabit-
ants; not all finds have been localizable in our
map); between Ivalo and Koppelo common,
Veskoniemi and Nautsisuvanto (WaiN10); e.g.
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Kuodevediskaidi, Kuossavirri, Kunusivaara 15
km west of Mutusjirvi, Ledgguoaivi, by Aksu-
javri, Syrminiemi, Jankdjarvi (Jaggijayri)
district, between Hammasjérvi and Vaasiljarvi,
along Tsurnujoki (SawpeErc 1898); SW of
Vaijoki, between Vaijoki and Morgamjarvi,
Morgammaras, Nadttdselkd in the upper course
of the Vaskojoki, between Aivihjirvi and Paa-
darjirvi (Kvockars & LuraER); nearly the
whole valley of the Ivalojoki (KuJsara); Nieri-
vaara, N of Paltsavaara, Autovaara on the
lower course of the Vaskojoki (LaINg) ; Nukku-
map#d, Pasasjirvi and Akunjirvi distriets
(FInxE 1970). For the forest limit of spruce
and its occurrence in the area, see also HJELT
1897, HmmxinmrMo 1920a, 1920b and 1921,
LinpqQuisT 1948, and Hustice 1952.

Rare (264; 0.028). Inari: II (264; 0.046).
From the west the forest limit runs as follows:
S side of Ivalojoki — Lisma — Ivalon-Matti —
Pokka road — Xynsileikkaamapid — S of
Appistunturit — S end of Hammasjérvi —
mouth of the Sotajoki — Tolonen — Ivalo —
Koppelo — Laanila. From here the forest limit
runs off the map in the south. The spruce
Yzone” reappears in the district of Tsarmitun-
turit. The following localities are north of lat.
68°55’ and clearly on the northern side of the
forementioned forest limit: 1) The valley of
Inarijoki, Kuodevediskaidi (SanDBERG 1898,
ace. to A, J. Castrén 5 trees. 2) Inarijoki, 2 km

\

Jom

® vigorous &Birch forest
o0 decaying *%Young birches
/fallen ¥ Mountain ash

Fig. 2. Spruce stand on the Kuossavirri fjeld. According
to SANDBERG (1898). 1= Impeltrum (hermaphroditum),
2= Phyllodoce caerulea, 3= Pedicularis lapponica,
4= Diphasium alpinum, 5= Trientalis europaea. 6=
Cornus suecica, 7= Vaccinium myrtillus, 8 = Vaccinium
wliginosum.

south of Ranttila farm one tree (ace. to
Castrén). 3) The sources of Vuobmaveiijohka,
Kuossavirri (Hozur 1897; SanpeERG 1898 (cf.
Fig. 2), ace. to Castrén about 30 trees). 4)
Muotkatunturit, between Pastapelltsokka and
Aytjarvi (ace. to N. Ranttila and J. Sarre a
few trees); within the pine forest limit. 5) SE
of Verkkojirvi (aec. to Sarre; the number of
trees not exactly known, but this locality may
be the same as that mentioned by SANDBERG
(1898) : Iuusivaara, about 15 km west of
Mutusjérvi, over a hundred trees). 6) SE of
Metiskoaivi, about 2.5 km south-southeast of
Taidjijarvi (ace. to SAnNDBERG l.e. 130 trees;
also KorvisToinex); N of the pine forest limit.
7) S side of Le#igguoaivi, the sources of Koske-
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lojoki (Hsert le.; SAnNDBERG le.; at least 3
trees); N of the pine forest limit. 8) About 5
km west of the mouth of Terstojoki (KiELMAN,
a small forest). 9) W of Mutusjirvi, ESE side
of Tuorbumoaivi (ace. to Sarre a small stand).
10) The distriet of Aksujidvri, north of the Ka-
rigasniemi — Kaamanen road (one tree ace. to
SANDBERG lc.; 11) Mutusjirvi, Syrminiemi, W
part of Kaunisvaara hill (KraLman; ace. to K.
Kyro a small forest). 12) Kaamanen, W of
Vastusjirvi (KigLman; not mapped). 13) The
district of Tirro (KrHLMAN, young trees; not
mapped). 14) Inari Lake, Kaartassaaret, Kuu-
sisaari (10 trees; cf. Aurr 1927: plate VII).
15) Viyld, S shore of Ruohojdrvi (number of
trees uncertain, probably several hundreds). 16)
Partakko, Venehakkaamavaara (one tree). 17)
The upper course of Sinttajoki, N side of Joki-
selkdjirvi (ace. H. Kallio 3 trees). 18) S of
Paudijirvi, the ridge of Jankijarvi (HimLT
l.c.; SANDBERG lc., 12 trees). 19) W of Nitsi-
jarvi (one tree). 20) About 2 km southwest
of the Kivikumpu summer camp between the
mouth of Siuttajoki and Nitsijarvi (KIHLMAN,
about 200 trees). 21) Nitsijarvi, Hammasjérvi,
Palomaajiarvi distriet (ace. to A. Koivisto
several trees). 22) Between Hammasjirvi and
Vaasiljarvi (Hoerr le.; SANDBERG l.c.; several
trees). 23) Iso-Roiro island on N side of Sam-
makkoniemi (KrarnMan; several big trees). 24)
Kessivuono, Pitkdjirvi (many trees, ace. Y. Sii-
tonen). 25) Between Majavajirvi and Laklemi-
jarvet (several trees, acc. to Siitonen and the
Virtaniemi Frontier Guard). 26) Between
Korppikurujirvi and Kantojarvi (several trees,
ace, to the Virtaniemi Frontier Guard). 27)
Along Tsurnujoki on S side of Vitsdri fjeld
(SANDBERG l.e.; number of trees unknown). 28)
E of Tsurnujirvi, Surnup#i (several trees, ace.
Koivisto). 29) S of Tsurnujirvi, Mellalompolo
(one tree, ace. to Koivisto). 30) Tsuolisvuono,
Naudshusaari (one tree, ace. to Koivisto). 31)
NE of Tsuolisjarvi (one tree, ace. to Koivisto).
32) Pakanajoki, Jankkila (3 or 4 trees, ace.
to Castrén); the northernmost spruces in Fin-
land about 69°33’.

In fact, we have been able to map the spruce
tree limit largely hy means of the earlier litera-
ture and information given by foresters, Fron-
tier Guards and several inhabitants. We have
not even visited all the localities. It is more
difficult to determine the forest limit of the

Ao R N e = |
Fig. 3. The elevations of Picea abies in some localities
in Inari Lapland.

spruce than that of the pine, because the num-
ber of forests and stands diminish gradually
and not suddenly, as in the pine. Southern
continental.

FMF 0.382.

Vertical distribution. ¢: II (0.049), ab: I
(0.012) Difference***. Range 130 (Kuusisaari
and Iso-Roiro islands) —515 m (Morgam-Viib-
bus). In alpine belt solitary bushlike individuals
or seedlings in Morgam-Viibbus, Akalautiapii
and Kaunisp#i. In birch zone small stands or
forests e.g.in Kuossavirri, Lauravaara and Kuu-
sivaara, and between Roavveoaivi and Stuorra
Pogoaivi. Among others, in Piehtarlavttadoaivi
some trees above the pine forest limit (KIHL-
MAN: 64). According to HusricE (1937 a: 60)
ascends Ounas—Pallastunturit about 600 m,
even above the birch belt. In Levitunturi in Kit-
tild the spruce forms the forest limit (AUER
1927: table 11). The outposts in N Finland are
often met in groups in birch woods, where they
generally have slender, cylindrical ecrowns
(LinpqQuist 1948: 266). Silvike.

Ecology. Some ecological factors, such as
moisture, illumination and the degree of pod-
solization of the soil differ clearly from those
that as a rule dominate in spruce forests in
Rovaniemi and Kuusamo distriets. For instance,
such vasculars as Listera cordata, Melampyrum
sylvaticum, Miliwm effusum, Moneses uniflora,
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Petasites frigidus, Ranunculus lapponicus, and
Thelypteris polypodiotdes are not so typical of
spruce forests in Inari as they are in Muonio
district (MownTELL). Certainly, the above-men-
tioned species may oceur in many spruce forests
in Inari when these are eutrophiec and springy
enough. Vegetation dominated by Geranium
sylvaticum and ferns is found, for example
on the slopes of Tsarmitunturit, where the most
important species in the field layer are
Carpogymnia dryopteris, Dactylorhiza macu-
lata, Equisetum sylvaticum, Geranium sylvati-
cum, Luzula pilosa, Lycopodium annotinum ssp.
annotinum, Melampyrum pratense, and Trollius
europaeus (e.g. Kusana 1929: 28). In the
spruce forest on the slope of Nukkumap#i quite
near the summit of the fjeld there is mesic
vegetation (e.g. Cornus suecica, Dactylorhiza
maculate, Geranium sylvaticum, and Trollius
europaeus; FINNE 1970). In Kuusipidi fjeld
near Laanila the ground vegetation is composed
of a poor community, containing Empetrum
hermaphroditum, Linnaca borealis, Luzula
pilosa, Lycopodium annotinum, Vaccinium
myrtillus, V. uliginosum, V. wvitis-idaea, and
some mosses and lichens (Pleurozium schrebert,
Nephroma arcticum; ErikssoNn & StTrip 1969:
116). Maybe the most complete general view
of the typical field layer of the spruce forests
is to be seen in the area between Appesluobbal
and N Kulpakkojirvi, where birch and spruce
form mixed forests with the lowest parts clearly
paludified: Calamagrostis purpurea, Carex
vaginata, Coeloglossum viride, Cornus suecica,
Dactylorhiza maculata, Deschampsia flezuosa,
Diphasium complanatum, Equisetum pratense,
E. sylvaticum, Filipendula ulmaria, Geramium
sylvaticum, Linnaea borealis, Listera cordata,
Luzula pilosa, Lycopodiwm annotinum ssp.
annotinum, Melampyrum pratense, Pedicularis
lapponica, Rubus arcticus, and Vaccinium
myrtillus.

In the whole of Periipohjola county there
are typical HMT spruce stands with poor
growth (Laxarr 1920; Sméxy 1955). This
forest type dominated by a thick moss carpet
and blueberry seems to be rare in Inari Lap-
land. However, KusALa mentions its ocecurrence
at the Ivalojoki (ef. also AanronEx 1919: 27).
According to HrErkINHEIMO (1920 b: 36, 37), the
extensive spruce area in the Repokaira district
consists partly of paludified heaths, partly of
drier Empetrum-Cladina heaths.

The spruce thrives quite well on drier soils,
too, but in such sites it generally occurs scatter-
ed. SanpBERG (1898) gives descriptions of
some of the northernmost localities (e.g. a
sketeh made of the stand consisting of over 30
trees on the SW slope of Kuossavirri fjeld;
Fig. 2). The spruce forests mixed with pines
and birches between the mouth of the Siutta-
joki river and Nitsijirvi lake is the largest to
the north of Lake Inari, In that habitat there
are a few signs of nemoral vegetation (Cornus,
Geranium), but vasculars (e.g. Eriophorum
vaginatum, Equisetum sylvaticum, Rubus cha-
maemorus, and Vaccinium microcarpum) are
abundant, giving peculiar, more oligotrophic
and paludified heath forests.

As we have stated above, the plants especially
characteristic of spruce forests (restricting
within such habits) are almost totally absent
from Inari Lapland. Thus, it may be futile at-
tempt to search for the following species
in the spruce stands, even though the vas-
culars are not uncommon in our area: Athyrium
filiz-femina, Carex loliacea, Stellaria longifolia,
Ptilium crista-castrensis, and Rhytidiadelphus
triquetrus. The habitats of the last-mentioned
plants seem to concentrate along brooksides and
riversides (except those of Ptilium).

Fungi and epiphytes. The northernmost oe-
currences of the following fungi seem to be at
the northern boundary of the spruce forests,
and in certain years they may even be common
in the spruce area of Ivalo: Clitocybe inversa,
Hygrophorus olivaceoalbus, Micromphale per-
forans, Mitrula abietis, and Tricholoma ina-
moenum. On the other hand, we can state that
some  macromycetes, e.g. Camarophyllus
caprinus, Hygrophorus piceae, and Lactarius
scrobiculatus, usually considered as species of
spruce forests only oceur as far as the pine
district of the Utsjoki valley (Karrio & Kax-
KAINEN 1964, 1966). Many of the spruces with
dry tops which seem to be afflicted with rot are
surprisingly sound. The annoying Fomes
annosus, found generally in S and Central Fin-
land, does not occur here, but, unfortunately,
is replaced by the equally dangereous Phellinus
pini var. abtetis. Other parasitic fungi destruec-
tive to forests are Abortiporus (Spongipellus)
borealis, Fomitopsis pinicola, and Polystictus
circinatus var. triqueter (= Inonotus triqueter).
Cf. Jgrsrap & Juun 1939; Eriksson 1958;
ERrikssoN & StrIp 1969. According to KuJsara
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(1950: 99), not a single example of Puccini-
astrum padi has been found anywhere in N
Finland, but in 1970 it grew on old fallen
cones of spruces in Ivalo, In certain years
Chrysomyza ledi is very conspicuous in the
landscape.

The local inhabitants say that the Lappish
spruces are often very ”hairy”. What they
mean is that their branches, twigs and trunks
are thickly clad with lichens. Especially the
Alectoria species (A. fremontit, jubata and
simplicior) may be almost as common on pines
and sprueces growing close to each other. In the
Ivalo district, which is eclimatically moister
than many other habitats of the spruce in our
area, Ramalina dilacerata is found exclusively
on spruces (AHLNER 1937 and 1948: map 22).
Trivial constituents of epiphytic lichens are
Hypogymnia physodes, Parmelia sulcata, Par-
meliopsis ambigua, and P. hyperopta.

Sexual and asexual reproduction. The present
forest limit of spruce gives the impression of
being unchangeable. Good seed years on the
northern boundary are rare and thus seedlings
are almost totally lacking (cf. Sarvas 1970 b).
Futher, much seed has been destroyed by
insects of the Cecidomyia group (HEIKINHEIMO
1921: 17) =and, for example in 1920 over 50
per cent proved empty. In 1970 seeds of high
quality seem to have developed for the first
time after a long interval. Of the material
collected at Ivalo 32 per cent, at Koppelo 30
per cent and at Vuomaselkd in N Sodankyld
69 per cent germinated in the Department of
Botany, University of Turkun. On the other
hand, seeds taken at Kaunisvaara by Mutus-
jarvi germinated very poorly (only 3 per cent).

Fig. 4. Picea abies on Jink#jirvi ridge south of Paudi-
jirvi lake (ca. 69°22') in Inari Lapland. 12, 7. 1959
Rauno Tenovuo.

Iig. 5. A solitary spruce in the subalpine belt on the
Pieni Joenkielinen fjeld south of the Lemmenjoki river.
in Inari. 10, 7, 1970 Jaakko Nurmi.

According to Mixkona (1952: 27) spruce
tolerates at its northern limit extreme climatic
alterations better than pine. However, its repro-
duction is small. This is according to Mixora
(Le.: 25) mainly due to the unfavorable ground
conditions for the seedlings. Further south, at
least, in the so-called HMT forests, the seed-
lings can not grow through the thick moss
cover (cf. Hustica 1954: 39; SirEn 1955). In
our area the widespread mineral soils, which
are readily pervious to water, arve also unfa-
vorable for hygrophilous seedlings. In the open
peatlands the seedlings are sensitive to frost.
Furthermore, they appear to be unable to grow
in burned areas. Solitary seedlings are to be
found on barren soil at the base of spruces and
by roadsides (AArronEN 1919: 310). On the
other hand, the fact that lower branches have
the ability to form adventitious roots guarantees
that the spruce will persist even in its most
northerly habitats (ef. Normax: 1025 ; HusTicn
1951: 176; SAARNIJOKI 1963). For example,
many of the spruce groups on the upper courses
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of the Lemmenjoki and Vaskojoki rivers are
clones developed from one or more mother
trunks (c¢f. DEuBER & FarrAr 1940).

Age and growth. In many of their northern-
most localities spruces may grow fairly tall
(Fig. 4 and 5) and often their crowns rise
above those of birches and pines. The biggest
trees hardly reach twenty meters in height and
often not even fifteen meters. SANDBERG (1898:
186G) estimated the ages of the oldest trees at
210 years and 195 years in Kuusivaara hill near
Verkkojiarvi lake. About the ages of the spruces
in Kuusipiad (Laanila) Saarvigox: (1963)
writes (original text): ”Owing to the medullary
decay the corresponding number of the annual
rings of the trunk cannot, however, have been
counted quite to the pith, but since we have to
add to the number of the preserved 166 annual
rings some 40 or 50 ones we see that there have
been on breast height in the said trunk more
than 200 annual rings all”. Different results
were obtained at different heights: at breast
height there were 67 and 93 whole annual rings
in two trees measured, but 126 and 138 near
the base. Thus the addition of 50 to the number
of annual rings measured at breast height would
raise the ages of a couple of trees (255 and 258
annual rings at breast height) to over 300
years. In general, the diameter at breast height
is under 20 centimeters, but in some specimens
it is over 0.5 m, A relatively thick base rapidly
tapering towards the top is typieal of Lappish
spruces. Crowns with many tops are common
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owing to storm or/and snow damage, It is very
important, however, that even the lower bran-
ches of trees with dry tops remain vigorous and
send down roots and gradually grow indepen-
dent in favorable moisture, e.g. under the snow
cover.

Taxonomy, morphology and variation. The
area of distribution of the spruce is relatively
continuous and limited, the variation range
being considerable. As regards Fennoscandia the
most important races are ssp. abies and ssp.
obovata (Ledeb.) Hult. (F1. SSSR I; Linp-
Quist 1948; Fl. Eur. I; ToLmarcHEv 1966;
Hiver-AnTi 1970). The area of distribution
of ssp. obovate is considered to continue
through N Russia as far as the Kola Peninsula
and the northern parts of Seandinavia (HuLrn
1949 and 1950: maps 74, 75; Fl. Eur, I), while
that of ssp. abies includes Central, Eastern and
Northern Europe (LinpquisT 1948; MEZERA
spruces. Crowns with many tops are very
1939). After the Ice Age the two advancing
fronts spreading from the south and south-
east evidently joined each other (cf. Aurr
1929; HyyppA 1936; VASARI 1962; AARTOLAHTI
1966; Mor 1970), at any rate in the northern
part of Fennoscandia. The question of differ-
ent races of the spruce is at present still very
critical north of the 66th latitude. Ssp. obovata
in considered to be the dominating type in the
southern and central parts of the Kola Penin-
sula (FELLMAN 1869; Fl. Murm. I; HYLANDER
1953), but ssp. abies also occurs there (KruL-
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6 Fig. 6. Cone scale types of
Picea abies s.Jat, 1 = Ylino
(S Tinland), 2 = Tvalo village,
3 = Ivalo, Hoikkanlem! farm,

4 = Mutusjirvi, Kaunisvaara
district, 5 = Lemmenjoki, Huk-
kaselkd hill, 6 = Siberia, at

the river Lina. Photo K. Alho.
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I'ig. 7. Cone scale model of
Picea abies, 1 = obovala type
(Siberia, Lena district); 2 =
obovata ("fennica'') type (Ina-
ri, Jankdjarven harju); 3 =
intermediate type (Inari, Mud-
dusjéarvi) ; 4 = abies (’euro-
paea’) type (Sodankyld, Vuo-
maselkd); 5 = abies ("'mcumi- 1 2
nala’’) type (Ylane, Elijarvi).

MAN 1890; TormarcHEV 1960). According to
Lip (1963) and HyLanpEr (1953), the spruces
in Finnmark belong to the Siberian race (ef.
also Damn: 237). Older phytogeographical
studies often lay stress on the great variation
of cone scales, e.g. in the Luttojoki district
(Rorvainen), in N Sodankyld (Huont: 5), in
Muonio (MonTELL), and in the valley of the
Ivalojoki (KiarLMan; Wamnio: 86). Partly the
spruces with the intermediate forms of cone
scales belong to the types called femnica and
mediozima (e.g. AALTONEN 1919: 33; Danimov
1943), From this we can conclude that transi-
tional populations often occur in Inari Lapland,
SAARNITOKI (1965), in studying his miaterial of
cone scales, states that the scales become
broader and more obovate towards the north.
Some authentic cone samples from Siberia in
H have broadly obovate scales with faintly
indented — entire front margins (ef. Fig. 6).
The material is too scanty, however, to permit
any conclusions. When investigating eritical
taxa in the field, we try, as is known, to choose
the most typical specimens. Linpguist (1948:
295) is also of the opinion that the variety in
the type obovata would be greater than one
would be led to expect from a perusal of litera-
ture.

As we know very little about the true ampli-
tude of ssp. obovata, we are obliged to make a
model of interpretation of our own. As the
normal type of ssp. abies we selected the scale
which is broadest in the nearly middle of the
scale. The scale of the type ssp. obovata is
broadest close to its edge (Fig. 6 and 7; cf.
also SaArNIJOKI 1965). In a scatter diagram
(Fig. 8) each scale type is the average value of
five scales detached from the middle part of the

scale, Each of the eones examined was taken
from a different tree. The cone size of ssp.
obovata is stated to be clearly smaller than that
of ssp. abies (Fl. Eur. I; Fl. USSR I). The
mean length of the cones collected in Ivalo is
577 £ 011 (n. = 24; ef. Kiunman 1890: 146)
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explanations:
@ (= type 1 (obovata) scale margin:
W= type 2 (obovata) no bar = entire
@O: type 3 (abies § obovata) = short bar = ser-
A\ type v (abies) rate

vv= type 5 (abies) long bar = dentate
white = southern population (3 sarples)

black = northern population (3 samples)}

a = Ivalo, Koppelo; b = Muddusjdrvi, Syrminiemi;
¢ = Ivalo, along Ivalojokij d = Lemmenjoki, tHuk-
kaselkd; e = Sodankyld, Vuoraselkd; f = Sodanky-
14, Vuotso; g = Sodankyld, Petkula; h = Yldne,
Elijdrvi; i = Piikki§, Harvaluoto; j = Lokalahti

Pig. 8. Scatter diagram of cone scale types of Picea
abies in Inari Lapland (a—d), Kemi Lapland (e.—g).
and SW Finland (h—j) in T Fennoscandia See Fig. 6
and 7.
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and in Yline in Southern Finland 8.68 = 0.25
(n = 24),

By examining a eomprehensive material Linp-
QuisT (1948) established that the hairiness of
the annual shoots of spruces increases towards
the north. The number of glandular hairs also
tends to increase in the same direction. Yet
types with glabrous shoots oceur in the fjeld
districts of Scandinavia, with outposts in the
area of the Nuortijoki and in the eastern part
of the Kola Peninsula (ef. LinpQuist le.: 304;
Hurrén: 74). From Finland LinpQurst had
no records of this type. Later on, however,
SaarNITOKI (1965) reported that this race”
oceurs in the northern parts of our country.
Our material from the Appesluobbal distriet
(N of the Ivalojoki) contains at least one
sample with glabrous shoots, most of the shoots
of nearby trees being extremely pubescent (Fig.
9). LinpqQuisT (l.c.) regards this type, which
he called var. arctica, as a race that has possibly
survived in refuges.

In describing ssp. obovata the floras mention
the dense brown hairiness of the annual shoots
(FL. USSR T; Fl. Murm. I; Fl. Eur. I). There
are also individuals of this kind in Inari Lap-
land, but the degree of pubescence varies

Fig. 9. Young annual shoots of Picea abies from the
vicinity of Appesluobbal, southeast of Menesjirvi. Photo
K. Alho.

greatly, Iowever, we do not regard this feature
as suitable for determination of individual cases,
although it is of course of importance when a
population sample is examined.

On account of the short branches (especially
the lower ones), the general habit of the spruce
in N Finland and Lapland is very narrow.
However, this is not a feature of taxonomic
significance, but an ecotype resulting from
extreme circumstances, The narrow habit is not
correlated either with the type of cone scales
or with the pubescence of the young shoots.
As regards the length of needles, there is no
great difference between the southern and
northern Finnish materials, though individunals
with long needles are more often found in S
Finland. The size of the needles varies greatly
in shoots of different ages, even on the same
branch. Further, the position of the leaves in
northern specimens is rather irregular, not
comblike, as in S Finland. A characteristic of
the spruces in Inari Lapland is the presence
of faleate needles even on the lower branches.

Dependence on culture (human influence). It
is most likely that the number of spruce forests
has decreased in some degree during the last
hundred years. Disastrous forest fires are an
important factor stopping the spread of spruce
forests (Kamamo: 257; Kusana 1926). In a
table SANDBERG (1898: 153) presents a list of
76 forest fires in Inari in 1865-—1892, careless
people heing mostly responsible for fires. The
total burned area was estimated roughly at
52.000 hectars. It is possible that in the whole
of Inari only a few districts were spared from
forest fires. And the spruce, as well known, is
one of the most sensitive trees to fire. In gene-
ral, according to foresters, the spruce forests
in Inari have not recently been destroyed by
forest fires.

The northernmost forests, stands and solitary
trees of spruce belong to the Utsjoki reserve,
where all the trees are protected from timber
cutting. But the situation is different in the
Inari reserve, because spruces in vast areas
have been cut down, even in recent years, and
seedlings of pine have been planted instead.
However, the reforestation has been unsucces-
ful. HEIXKINHEIMO (1920a: 63) reported that the
Lappish spruce forests were of bad quality and
thus of no value, a forester’s point of view. On
account of their small cubic eapacity, the
spruces are not very suitable for firewood.
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Fuarther, it is not easy to ecut them down,
because of the dense branches and twigs.
Kusara mentions that poles at the Ivalojoki
are mainly made of spruce. In general, we can
state that timber cutting and other economic
uses have not lowered the present tree and
forest limits of spruce. In Utsjoki we have
only twice seen planted spruces (at Puksala and
Haukiniemi farms) but these trees were not
VigoTous.

Pinus sylvestris L.

Indigenous (partly planted), frequent,

Distribution. Boreal Eurasiatic (from Scandinavia
almost to the Sea of Okho'sk.). The northern limit de-
scends from 70°18'N (Stabbursdalen, Porsangerfjord,
Norway) to about 60° in Lastern Sbheria (HUSTICH
1966: 18). Kast of Pechenga it is no longer important
as a forest tundra conifer. Common throughout Fenno-
seandia. the fjeld areas and the outermost archipelago
excluded (HULTEN: 71; HYLANDER 1953; also SEULT
1956; TENOVUO 1956). In Troms mostly in the interior
of the long valleys (fjords) but only reaches the seashore
in very few places, Often it forms mixed forests with
birch, Pure pine forests mostly oceur on burns and as
plantations (BENUM: 82). Jvun (1925) and DAHL
extensively mapped the distribution in TFinnmark. The
long fjords with their continental character harbour
many isolated pine forests (e.g. Alta, Lakselv and
Porsangerfiord). Along the river Teno, on the Norwegian
side (cf. RYVARDEN 1969) there are isolated trees from
Polmak as far north as the Laevvajohka (there are ca.
40 trees), and from there towards the south small stands
and sparse forects oceur as far as the mouth of the
Karasjohka, bheyond which continuons pine forests domi-
nate. Southwards in the Inarijoki and Xietsimijoki
valleys there are poorly developed forests, mostly isolated
trees. In Pechenga continuous pine forest extends north-
wards along the Paatsinki vallev to ca. 20 km south of
Kirkenes, Around Tuulijirvi (Petsamojoki and Lammas-
joki), there is an isolated pine area the northernmost
trees being at 69°37'N (KUTALA 1929): to the east of
Pechenra the pine forest line descends to 69°N. In
Kola pine avoids the shore and the eastern part of the
peninsula (here the forest tundra with some isolated
vines is also wider than in Finland; ef, KIHLMAN 1890;
Fl. Murm. I: 36).

InL ref. WAHLENBERG drew the northern pine
forest limit south of N##timojoki (where the
continuous pine forest extends further north
than anywhere else in the world), and south of
Tijarvi; at the present Utsjoki highway his
limit ran north of both SHytsjirvi and Savu-
jdrvi (Syysjirvi?) up to “Betsekojaure”. This
is of importance, as this is the only place in
Inari where WAHLENBERG personally observed
the northern pine limit; obviously at this point
the forest limit has receded southwards about
10 km, West of the highway the houndary ran
as at present (through the mouth of the Pelto-
joki). In the Inarijoki valley the pine forest
reached the mouth of the Karasjohka. The isolat-
ed pine forest of Utsjoki—Kevo was noted.
KiLMAN presented a more detailed map; in

subsequent publications (e.g. Bore 1904; Ren-
varn 1919; HeEmxinmemo 1921) nothing essen-
tially new has been reported.

In the economic forest maps prepared by the
National Board of Forestry (”’Yleissilmiys-
kartta Utsjoen hoitoalueesta”; 1943, completed
1956) the limit of the continuous pine forest and
that of the isolated pine forests are drawn
separately. The latter coincides better with the
pine forest limit presented by the authors men-
tioned above and with that given in our map.
In the maps of Hustica (1958; 1966; 1969)
the generalized northern limit of ”more or less
closed pine forests”, and ”a bhelt with pine
stands and trees among dominant low birch
forests” is indieated and north of these limits,
isolated trees and seedlings. Our additions for
these maps cannot be very important. Other
papers of Husricya (1940; 1942 a; 1944; 1947;
1948; 1956; 1958) which deal mainly with the
ecology and plant geography of the pine also

contain local distributional data.

In collecting the data for the distribution map in
addition to our floristic lists and literature (KALLIO &
MARINFN; LAINE 1964; LAINE & al.; HAMET-AHTI
1963; WAINIO), we consulted the following sources:

a) Information obtained from the Lapp farmers and
foresters, and from the frontier guard, mostly verified
afterwards.

bh) The pine forest limit in the Saariselkd area is
taken from the tourist map (1:50 000) published in
1967, based on aer.al photographs.

¢) Aerial observations and photographs by the authors
(1966, 1968, 1971).

The old dead fallen pines mostly lie so close to the
living trees or forest that it is only in rare cases possible
to indicate them separately.

Frequent (1804; 0.464). Utsjoki: V (341:
0.274), Inari: VII (1463; 0.584). Difference***,

The pine forest limit in our map corresponds
to the northern limit in the maps of the Board
of Torestry and of Hustica. In some places,
e.g. along the Utsjoki highway at Syysjarvi,
where it coincides with the southern margin of
a bog area, the limit is sharp, only a few pines
oceurring north of it. In some places between
Paudijirvi and Apukasjirvi the limit is more
gradual and therefore perhaps different inter-
pretations are possible.

Fig. 10, 14, 17 and 19 give examples of the
appearance of the pine forest limit (see also
Kanrro et al. 1969: Fig. 39). It is important
to note that in form and size the pines are not
dwarfed even in the northernmost habitats,
although the pines growing isolated are smaller
than those in closed forests (ef. REnvALL 1919:
23).

In our research area the prostrate and table-
shaped trees common in the forest limit e.g.in
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PINUS
SYLVESTRIS

1ol

Kola and Siberia (ef. TrxkHOMIROV 1970) are
absent. Even if the trees are smaller (maximum
height 10 m), the stem is thick and the crown
is well developed, often asymmetrical, roundish
and rather dense (cf. REnvarLL 1919). At the
upper vertical limits the trees may sometimes
show features of "Krummholz” (e.g. the highest

North of the continuous pine forest limit, dots indicate isolated trees, open circles seedlings only (below 2 m in
height). The dots in rows derive from the results of the 3rd General Forest Survey,

pine on Jesnalvaara at Kevojirvi, at an
altitude of almost 300 m).

In the mountain region of the Muotkatuntu-
rit fjelds the forest stretches along the valleys
of the rivers and brooks deep into the fjeld
area. In the Inarijoki-Teno valley the contin-
uous pine forest reaches Outakoski up to

Repr. KEvo SuBsrctic REs. StaT. 8. 1971 85

Fig, 10. Distribution of Pinus syleestris around the
Kevo Subarctic Research Station, according to aerial
color pictures from 1965. The sizes of the dots indicate
the heights of the trees. From LaAssina (1966).

Fig. 11. DPlantat-
ions of the Scots
pine in the Uts-
joki valley. The
origins and the
planting years are
(from north to
south; data of the

Dlstrlct I‘orestel s E

mi (1950), letor
nio (1951), 1. Ko-
lari (1926), Rau-
danjirvi (1936),
Kemuarvl (1948)

Kemijarvi
(1928), Raudan-
jarvi {1936,
1938). 19. Kolari
(1926, 1929, 1924,
1925). 1%9a. Ko-
lari (1929). 12.
Kemihaara (1942)
Kitinen (1942),

Tnari (1952), Kolari (1953, 1954) 13. Kolari (1925).
18. Kemijirvi (1928). 6. Raudanjoki (1938), Kitinen
(1939), Inari and Muonio (1939—1940),
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Jedgelveidji, and isolated small stands and
trees extend to the mouth of the Utsjoki. In the
Teno valley between Utsjoki and Nuorgam
there are only a few pine trees, perhaps relies
of an ancient pine forest (REnvaLn 1919;
Juurn 1925). Because SANDBERG (1898) knows
only one pine near Ailigas and a few seedlings
near Vetsijoki and no pines between Vetsijoki
and the Polmark river, it is clear that no essential
change has taken place in this area in the last
80 vears. An isolated and vigorous pine forest
exists in the Utsjoki and Kevojoki valleys,
thoroughly studied by REnvarn (1919). The
map of Lassa (Fig.10) shows the distribution
of the pine around the Kevo Station. In this
area pure pine forests prevail with a dence
tree cover and typical pine forest undervegetat-
jon. A further, smaller isolated pine forest
extends along the Pulmankijoki, just south of
Pulmankijarvi (only a few hectares), but until
the last century it was much more extensive
(ef. SanpBEre 1898: 138; REwvALL 1919).
Southern.

FMF 0.891

Vertical distribution. ¢c: VII (0.709), ab: V
(0.276). Difference***. Range 25—450 m (tree)
—539 m (seedling). KiHLMAN gives the follow-
ing data of the vertical distribution: S. slope of
Piehtarlavttasoaivi, forest limit 368 m, isolated
trees 396 m; Hammasurotunturi forest limit

Fig. 12, Isolated, badly damaged pine from Joenkielinen,
Inavi. Elev. about 450 m. 9. 7. 1970 Jaakko Nurmi.

368 m, a small isolated, bushy pine 473 m;
Tuarpumoaivi, isolated trees between 278 and
324 m; Kolsanoaivi (Kudossuvannonpii),
forest limit 274 m, scattered trees 322 m; Aili-
gas, forest limit 293 m, isolated trees 335 m.
For Muotkatunturit SANDBERG (1898) gave
upper limits for pines between 320 and 420 m.
Tn the Lemmenjoki area the pine forest limit is
at Morgammaras between 340360 m (isolated
trees up to 450 m), and at Morgam-Viibbus
360—380 m. Herkmwaemo (1921:9) gives the
values 270—285 m for the forest limit and
290—355 m for the tree line in the Hammas-
Maarestatunturit area.

At the southernmost border and partly south
of our area in eastern Saariselkd the forest
limits, as measured from the topographie
1 :50 000 map (1966), are south of Luirojarvi,
Vesipsd, S slope of Rovap#d, Kaarnepdd and
Lupukkapis about 400 m, Peuranampumapid
and Hirvaspis about 370 m. In some places
south of Sokosti the spruce extends to higher
altitudes than the pine. In Laanila the forest
limit is at 340—360 m (Kaunispdid, Palopii,
Kivipid). Horr (1898: 108) recorded the pine
limit in the Raututunturit as 367—428 m.

In Inari Lapland the upper limit of the pine
descends towards the north. From the southern
horder up to the Ivalojoki region this change
is about 30 m (cf. Honr 1898: 108).

The continuous pine forest limit runs mainly
hetween altitudes of 150 and 200 meters on the
northern border of the Lake Inari hasin (cf.
Karuo et al: Pig. 41), solitary trees and
seedlings extend about 100 m higher, e.g. in
Karigasnjarga Ailigas in 293 m (KmaLmAw).

In the Utsjoki-Kevojoki pine forest area the
pine limit is at a height of about 250 m, but is
slightly lower around Kevojirvi. The top of
Tsarsjokskaidi (over 240 m) is devoid of pines,
and on the eastern side of Kevojdrvi there are
only solitary trees over 250 m. On the other
hand, a southern slope of Puksalskaidi, 1 km
SSE of Kotkapahta still houses a pine stand
at a height of 250—260 m. In the Kevojoki
valley the pine forests extend as far south as
the upper Njaggaljérvi, and the vertical limit
at Madjokskaidi lies at about 250 m. Isolated
pines grow up to the Fiello Falls. Solitary
small trees (more than 50 years old) are found
above the birch forests on the slope of Tuolba
Njaugoaivi at a height of about 400 m (LaAINE
1970). North of Kevo the pines do not generally
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extend to altitudes higher than 200 m (e.g. near
Mantojarvi). In the Polmak river area (at 69°
53’) the upper limit of pine is between 200 and
240 m (SANDBERG 1898: 166) and at Potsuviir-
ri (69° 54’) 210 m. In the southern part of the
research area the pine may form the upper
forest limit (e.g. on Stuorra Rivttu$varri), but
in the north, birch forest always extends beyond
it. Silvike.

Ecology. At its northernmost limit the pine
is no longer totally adapted to the prevailing
environmental conditions. In this marginal zone
it is more dependent on the most favorable
habitats and for reproduction, on favorable
years (c¢f. RENVALL 1919; Sarvas 1970). There
is also evidence that genetically the pine is
much less variable here than in the more south-
ern areas. The northernmost localities are
characterized by a relatively warm local summer
climate and dry soil (ef. Krunman 1884: 185;
Huur 1898: 41—43; Kusata 1929: 21). On
the other hand, the low winter temperatures are
apparently without significance (e.g. in winter
1939—40 with unusually low temperatures; cf.
Husricr 1942: 228). Thus the pine grows in
the deep valleys of the Utsjoki and Kevo,
where the temperature minima in winter may
be nearly 20° lower than in the surrounding
fjelds but where the summer temperature is
higher than in the mountains (according to the
meteorologic observations at Tsieskulvaara and
in Tsieskula farm yard). The soil on the best
pine forests of Utsjoki-Kevo is glacial sand
and gravel with a vegetation of Cladina and
dwarf shrubs (Empetrum hermaphroditum,
Vaccinium vitis-idaea and Arctostaphylos wa-
urst). The same features of the habitat also
prevail in the Pulmankijoki valley. In Inari
Empetrum nigrum is typical of warm (pine
forest) soil. At its northern limit, pine rarely
grows on bogs. The gravelly slopes of the
mountains, particularly those with a southern
exposure, are typical habitats of pine in the
valleys of the rivers Teno, Inarijoki and Kaa-
masjoki and their tributaries. The soil pII is
mostly 4—5, and podsolization is rather well
developed; in the Kevo IBP site the 4 layeris
very thin, 4 ¢m, and at Angeli it averages 4.5—
5 em.

Age and growth. The pine forest grows
slowly here — the annual growth in the research
area has been estimated as 0.8 m®/ha in southern
Inari and 0.4 m®/ha near the forest limit

Fig., 13. Young pines at the Kevo Station. Note the
uppermost, very short annual shoots of the year 1969.
1970 Matti Sulkinoja.

(ILvessaro 1957; Mixorna 1970) and the timber
volume from 53 to 15 m3/ha. The radial incre-
ment of the pine is correlated with the tem-
perature prevailing during the growing season
(ReEnvaLL 1912; HusticH 1940; 1941; 1944;
1947; 1948; 1956; 1969; MikorLa 1952; SIREN
1961; Lmrxkora 1969: 116, and the literature
cited there). At the outermost pine forest limit
the average width of the annual ring was 0.46
mm in the years 1851—1900, but in 1930—
1939 it was 0.90 mm. In the southern part of
N. Finland the difference is less pronounced
(Mixkora 1952: 11). The growth of about 60
first years for the seedlings is very slow (REn-
VALL 1919). The length of the annual shoots
in the pine is closely correlated with the
temperature of the previous year (Hwvsticn
1969). The pine grows slowly and may reach a
great age in the research area, although the
growth of length ends at the age of about 150
years. The oldest pines in the vicinity of the
station are about 450 years old, but trees more
than 800 years old are known from Inari Lap-
land (SwrEn 1961). Storms have often felled
pines in the research area where in many places
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Fig. 14. A view from Ravadaspii, Inari. There is mo
birch belt above the pine forest. 10. 7. 1970 Jaakko
Nurimi.

there are trees that have all fallen in the same
direction (ef. SaxpBERG 1898), mostly towards
the south or southeast. In October 21 and 22,
1965 a heavy storm (21 m/sec) felled about
4000 pines in the Kevo forests. The prevailing
northern winds may also cause an excentric
growth of the stem (Renvarn 1923: 13). Al-
though normally the winter temperature seems
not to be a factor limiting growth of pine,
after too short a summer the severe cold may
cause severe catastrophes; such a catastrophe
took place in 1902 (ef. MixkorA 1950). Another
oceurred in winter 1968—1969; the September
was very cold, having a mean temperature of
only +3.4° the minimum night temperature
fell below 0° on 19 nights; the mean temperature
for June-September was only 7.4° C. During
the winter 15—20 % of the young pines in the
Kevojoki valley were very badly damaged, and
80—90 9, of the pines grown from seeds
collected in Kolari — in the plantation near
Utsjoki church. Similar damage was seen eve-
rywhere in Inari Lapland, even in the southern-
most parts. In the more favorable summer of
1969 (mean temperature 9.2°) the damaged
shoots lost their needles. In a few shoots the
apieal bud remained alive and the growth of
the shoot continued, but mostly branching of
the stem resulted.

The young pines in the fjelds are in most
cases very badly damaged, with branched stems,
and show clear ruination in all probability
caused by freeze-drying (cf. EicHE 1966) and
mechanieally by reindeer or (as was verified at
the Kietsimdjoki and Peltojoki areas) by elk.
The disturbance caused by reindeers is at Kevo
as it was for 50 years ago when 90 9% of all

pine seedlings were more or less damaged
(REnvaLL 1919). Local counts made at Stuorr-
avdsi on the Muotkatunturit, indicated that
the mean age of 12 pine seedlings in the alpine
belt, the lengths of which varied from 20 to
36 cm, was 31 £ 4 years. The seedlings of the
pines from many different favorable years in
this century (cf. HusTicr’s papers cited; SI-
REN 1961) have not led to a northward expan-
sion of the pine forest limit. There are, how-
ever, many seedlings at this limit (particularly
in the Kevojoki-Utsjoki area but much less
than in the northwest corner of Inari), and
this means at the very most that the favorable
years help to retain the present position of the
forest line.

The high temperature over 20°C, required by
the pine for optimal net photosynthesis at Kevo
(UnGErsON & ScHERDIN 1968: 420), which is
higher than that of the typical subarctic plants
(Betula tortuosa, Arctostaphylos alpina ete.,
UneErsON & ScHERDIN 1962), does not indicate
very good adaptation of the pine in its north-
ernmost extension, The yearly inactive phase
is apparently more rigid than in southern Fin-
land. In January a temperature of 5° C during
3 days is needed to produce a net gain from
photosynthesis, or 15° C during one day. The
minimum temperature for respiration is —17°
to —18° C (Unczrson 1968). The chlorophyll
content shows a yearly rhythm (Fig. 18). The
very yellow autumn color is typical of the Lapp
pine (cf. WriGHET & BuLL 1963).

Reproduction. Up to this century the repro-
duection of pine has been very weak, as clearly
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Fig. 15. Variation of the chlorophyll (1) and carotenoid
{2) content of Pinus sylvestris in 1969 at Kevo.
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indicated in the studies of REnvann (1912;
1919). In this century, on the other hand, many
rather favorable years for seed production have
occurred, as Hustica (1940; 1942; 1944; 1947,
1948; 1956; 1958), Mikora (1952; 1959; 1971)
and StrEx (1961) have shown. Around Kevo
young pines of several age classes between
5 and 50 years are common. Mostly they are
around seed trees, but even in the birch forest
may be seedlings some hundreds of meters from
pine trees. In the Inari fjelds seedlings are
also common in the alpine belt. In 1965, a
count was made at Rovapii near Kietsim#joki,
and about 400 pines per square kilometer,
30—40 years old, and mostly branched and
badly damaged if not totally dead were found
in the lower alpine belt over a wide area. In
the alpine zone of Stuorravd$i in the Muot-
katunturit fjelds about 700 young but very
badly damaged seedlings per square kilometer
were counted in 1966. The age classes vary,
but one contingent is from the last years of
the 1930s (perhaps from the warm summer of
1937). In the Saariselkdi, pine seedlings are
not uncommon in the alpine region (cf.
Bruracen 1970: Kaunispdd). In the alpine
region of Toaresoaivi several young pines have
reached a height of about two meters (hence
they originated during the first warm summers
of this century). On Puurihroaivi, Muotkatuntu-
rit, (539 m) a pine seedling was observed right
at the top! In SW Inari, e.g. near Poastajohka,
dense stands of pine seedlings (18—25 years;
more than 10/m?) in some places even form a
hindrance to walking.

In the Kevojoki and Utsjoki valleys pine
seedlings are rarely found outside of the pine
forest area (cf., however, SrEN 1960; 1960 b;
1970. Between Paavalvaara and Juovvaskallo-
varri there are some young pines originating
from the years 1945—1947. From the early
years of the 1950s however there are quite
isolated seedlings to as far north as Kuorboaivi,
as well as some totally dead ones from the
1930s. Around Vetsijarvi the frequency of pine
seedlings is apparently highest in the NE fjeld
area of Utsjoki. But these examples show that
here the pine seedlings are of no significance
for the expansion of the pine forest in this
direction.

Still more important than for vegetative
development is the limiting effect of low tem-
perature on sexual propagation, The mean

summer temperature (June-September) is one
parameter which gives good correlations for
seed formation (HaceEm 1917; HEIKINHEIMO
1921; Kusava 1927; Smrén 1961; Mixora
1970), but apparently the thermal sum gives a
still better correlation (Sarvas 1962; 1970). In
the 1960s the mean temperature of June-Sep-
tember never reached 10.5°C, which has been
regarded as a lower limit for (minimum) seed
production. From the earlier decades (in the
literature cited) there is ample evidence that
many good seed years have occurred at the pine
forest limit even in this century. On the other
hand, in the year 1970 the summer mean tem-
perature was 11.3°, which is enough to permit
adequate seed formation (ef. Kujana 1927).
The effective thermal sum in such a rather
average year as 1966 at Kevo was 550 d.d.
(= degree days summed for days over +5°%)
and in 1965 605 (Yrr-Marrma 1967). In such
thermal conditions, the pine is mostly able to
produce only empty seeds. Even in the closed
forests of Inari average seed formation per
unit area is low as compared with that of
southern Finland, and the average number of
viable seeds may be only 10 % of the total seed
count (cf. SarvAS 1962: 151). In the research
area the thermal sum declines steeply from
south to north. In Inari the d.d. in the last
decade (1961—1970) was, according to MIKOLA
(1971), 664 and 800 d.d. is first able to ensure
a weak seed formation (VALTANEN 1968). When
calculated in the same way at Kevo it is only
586 (in 1962—1970). The value is the lowest
mean in Inari in this century (cf. also VALTA-
NEN 1968, dealing the Sodankyld area) and
makes it understandable that conditions are by
no means promising the northward expansion
of the forests.

The pine forest limit. There is much evidence
that the pine forest limit has receded in North-
ern TFennoseandia owing to deterioration of
the climate. Confirmation is forthcoming from
Utsjoki where some pine trunks have been
found in lakes and ponds now situated north
of on above the present pine area. Two such
places mentioned by SANDBERG (1898: 140)
are: ”Skadtjanjargalompolo”, 10 km from the
mouth of the Utsjoki at the Tenojoki river, and
Ailigasjayri.

It is apparent that the pine forest limit
irrespective of whether it has receded to its
present position ov not and whether or not it is




90 Paavo Kavuio, Uxro Lamvg AND YryO MAKINEN: FLora ok INARL LAPLAND. 2.

Fig. 16. 01d pine at the Stuorravdsi river. 1965 Paavo
Kallio.

affected by human aetivity, is the most natural
phytogeographic limit in Inari Lapland. The
pine forest limit coinecides with the northern
distributional (absolute or relative) limits of
many plants, e.g. Picea abies, Juncus stygius,
Scirpus palustris, Carex globularis, Phragmites
communis, Scheuchzeria palustris, Betula pen-
dula, Saliz xerophila, S. pentandra, Moneses
wniflora, Empetrum mnigrum, Vaccinium oxy-
coceos, Drosera anglica, D. rotundifolic and
with the southern limit of common oceurrence
for some alpike species, e.g. Phyllodoce caerulea
and Loiseleuria procumbens (cf. KALLIO et al.
1969: Figs. 40 and 42). Even if the pine is
disregarded, this limit is the sharpest distribu-
tional limit and apparently is correlated with
the temperature and with the maritimity (e.g.
dependent on elevation).

Fungi and eptphytes. The pine limit is the
distributional limit of several mycorrhizal
fungi, or at least the limit for the formation of
their fruiting bhodies (KarLrio & KANKAINEN
1964). The typical mycorrhizal fungi (common
in the whole boreal coniferous zone in Finland)

distributed up to the tree limit of the pine are:

Swillus  bovinus (up to Kidsajarvi in the TUtsjoki
valley)

S. htteus (Kevo and Pulmanki. also around some
isolated pines north of the forest line)

8. variegatus (as the previous species)

Boletus edulis var. pinicole (up to Kevo)

B. vulpinus Watling (as the previous species)

Amanite porphyria as far north as Kevo and Laevva-
johka)

Tricholoma pessundatum, T, virgatum, Collybia putilla
{Kevo)

There ave still other apparently mycorrhizal
species which in Finland are more abundant in

the northern pine forests than in those of the
south, Armillaria focalis is typical of the Kevo-
joki valley (the species also grows at the east-
ernmost margin of the range of pine ie. in
Yakutia, where the author Kallio collected it in
1967). A. goliath is another typical fungus of
northern pine forests.

The various diseases of the pine that are
common in the south also occur in Lapland;in
addition, some northern species are apparently
very important. Most of the dangcrous species
of Polyporaceae extend as far north as Inari
Lapland, although isolated trees apparently are
not so susceptible to these fungi as those in
closed forests. For example Fomitopsis pinicola
is rare in the timberline area (KArrio & Kax-
KAINEXN 1964 ; Eriksson & Strip 1969). Such
more or less parasitic microtungi as Cenan-
gium  ferruginosum, Cronartium peridermii-
pint, Lachnellula suecica, Lophodermium pi-
nastri, Phacidium infestans and Scleroderris
lagerbergii are common in the area, at least in
some years (e.g.1969). All these are also collect-
ed in the Kevo area.

The epiphytie lichens, which are typical of
the closed pine forests up to the main forest
limit (e.g. near Syysjarvi) — Alectoria fre-
montii, A. jubate, A. simplicior — are much
rarer in the isolated pine areas of Utsjoki. A.
fremontii is totally lacking in the Kevo area
and in Pulmanki, although in the Utsjoki valley

I'iy, 17. Mixed bhireh-pine forest mnear the pine forest
limit between Syysjirvi and Sammutjarvi. 1966 Paavo
Kallio.
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Flg 18. Pines near the pine forest limit, southwest of
lijirvi. 1970 Heikki Kallio.

there are rather abundant epiphytic Alectorias
at Korretoja. On the other hand, Parmelia
olwwacea (found particularly on bireh but also
on pine) seems to be commoner north of the
continuous pine forests.

Dependence on culture. The rivers in the
research area that run to Norway — the Teno
with its tributaries and the N#atimdjoki have
been routes for timber floating, and it is appar-
ently human influence that has given rise to
the pure birch forests e.g. along the lower
course of the Teno, which was earlier covered
by mixed pine forests up to the Arctic Ocean
(SaxpBERG 1898; Juurn 1925: 376; MikoLa
1959). In other parts, too, particularly north
of Saariselkd, human influence has affected
the pine forest limit (Kruraman 1884 ; RENVALL
1919; Invessano 1942; HusrticH 1944; SmiN
1958). Apparently the forest fires have had
the most effect on the withdraw of forest limit
but the tree felling particularly along Utsjoki,
Naatimojoki and Pulmankijoki have been also
very important. On the other hand, even the
“bark bread” (the common emergency food)
use (until 1880) has alone heen able to affect
the forest limit (Renvarn 1919: 56). Possibly
the retreat of the limit north of Syysjirvi may
he an example of the effects of human influen-
ce (see p. 83); this, then must have taken
place in the period between WAHLENBERG'S
(1802) and KraLman’s (1880) expeditions (ef.
Kimnman: 29). On the other hand, in the area
east of Syysjdrvi there is no evidence to sup-
port the view that recession of the forest is
dependent on felling. In this area settlements
have apparently always concentrated on the
shore of Lake Inari - the Sevettijirvi line (ef.
Nickun 1952), about 20 km south of the pine
forest limit. Neither have the routes of the

people Lrom Pohjanmaa and Inarito the Aretic
Ocean (cf. Kinraawn, 29) ftollowed the forest
line. Kven here however, forest fires have
evidently affected the forest line (Sirfn 1956;
1960).

Only very rarely do young pine seedlings
occur outside the pine forests in a group. One
such locality is not far from Selsjarvi (south
of Kuorboaivi). Because there have been no
seed trees in the vicinity, the occurrence is pos-
sibly anthropochorous: an old reindeer route
passed this way from Inari to Polmak (accord-
ing to Juhani Nuorgam), and the Lapps lined
their reindeer sledges with pine twigs (cf. also
Hustica 1958).

Reforestation in areas near the pine forest
limit started at Harrisuvanto near Naatamojoki
in 1911 and was later practiced at Pakanajoki,
Pulmankijdrvi and at many places in the Uts-
joki valley (cf. Fig. 11).

The seediings of northern provenience have
survived, although their growth is very slow
(KarLErLa 1937; NUuortEva 1948; Mikona 1952;
1959). However the cold years, e.g. 1968—1969,
caused severe damage, as described earlier (cf.
also HorrMmEIEr 1971). Although it now sounds
somewhat too optimistic to say that ”probably
the whole fell-birch region could be ceonverted
into coniferous forests” (Mrkora 1952: 35),
some reforestation aectivity will presumably
continue.

Human influence in recent years has been
most felt over wide areas hecause of timber
felling and many doubts have heen expressed
concerning the success of reforestation in these

IMg. 19. Aerial view of the pine forest limit south of
Palloaivi, Inari. 9. 4. 1971 Saini Heinonen.
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areas (ef. Mixona 1971). For example felling
has been fairly extensive between the Virtanie-
mi and Rajajooseppi roads, and also in SW
Inari, mainly south of Ivalojoki, and new
temporary roads are continuously being built
deeper into the still primeval pine forest areas.
As is obvious even to a casual visitor, this
felling has radically changed the whole
landseape. Apparently, the amelioration of
the summer temperature in the 1930s has also
caused pressure against the protection-forest
act since 1950 (Mixkora 1971) before the
deterioration of the climate had affected the
planning.

Taxonomy and variation. In the Flora Euro-
paca the Lapp pine is named var. lapponice
Fr. Hyvaxper (1953) and Bewum use this
name at subspecific level. The taxon has also
been accorded the rank of a species (P. lappo-
nica Mayr and P. frieseana Asch.). In the
history of its taxonomy, the Scots pine has
acquired at least 144 names for geographic and
morphologic variants (ef. CaruisLe 1958).
However, from the studies of LANGLET (1936),
WrieHT et al. (1958), ete., the clinal nature of
lapponica is evident. Perhaps the ”ecotype A”
of WricET & BuLn (1963) is identical with
lapponica. We can thus give no nomenclatural
status to the Lapp pine.

The young Lapp pine, with its relatively
thick and straight stem, is narrow with short
horizontal twigs and short needles lasting from
4 to 6 years. The ash content of the needles is
high. The color of the cones is mostly of a
somewhat more yellowish brown shade than
that of the more southern representatives.
Apparently, all the northernmost pine popula-
tions are rather uniform and physiologically
specialized (cf. Sarvas 1970 a, b). Particularly
the long distances over which pollen is dis-
persed (cf. Koskr 1970) and the small chance
that viable seeds will be obtained from self
pollination are responsible for the fact that for
example the two northernmost pine forest
exclaves (Utsjoki—Kevo and Pulmanki)
differ very little genetically. There are, how-
ever, slight but significant differences in the
morphology of the conmes as well as in the
thickness of the hypoderm (Koski, private
communication). Because responses to different
environmental econditions in the Kevo and Pul-
manki areas may be involved, it is only by
growing the trees in identical condition that

{he real relations of the two populations can
finally be unraveled. The distance of about 50
km separating the pine exclaves apparently
dates from the Subboreal age (cf. RUUHITARVI
1962); the time may be long enough to cause
some small differences.

In 1969 it was easy to see that the planted
pine populations (Utsjoki church and Mieras-
jarvi) grown from seed brought from Kolari,
which has proved to be one of the most favor-
able provenience for transplantations in forest
limit (ef. Karena 1937), and from Sodankyld
(Mjelkkijoki) clearly differ from the local
strains in their adaptation to the yearly rhythm
of activity and the response to the situation
caused by the very early onset of winter.

CUPRESSACEAE

Juniperus commumnis L.

Indigenous, very frequent

Distribution. Boreal cirumpolar; the only almost
completely  cireumpolar  conifer (HuLrex  1962: 755
Hustici  1967).  Commoon  thronghout Fennoseandia
HuLres: 68) . Common in Troms (BexuM: 82), in
Finnmark {(Daun: 287) eg in the Rastiguissa area
(Ryvarpis 1069}, in Pechengn and in  Kols (Rolvat-
NEN: VALLE 108#n; SbvmiNgr: 1; FL Muorm, I: G6).
Cominon  in the whole of northern Finland (Hopnr &
Hunr: 155: Huwr: 1709; Hoopr 1888: 70; LiIN-
pExN; MoNTELL; PrrToLa; Kusapa 1964) in hoth
lowland and mountain areps,

InL ref. Common — very common (IKIHL-

MAN; Wamnio; Mikkona MS; KLOCKARS &
LurEER; LAINE et al.; Kusana; KALLio & M-
KINEN; LAINE).

Very frequent (2312; 0.758). Utsjoki: VII
(838; 0.755) ; Inari: VIL (1474; 0.759). Fairly
evenly distributed over the whole area. How-
ever, there is a slight concentration in the east-
ern and southern parts which is not obvious
from the distribution maps. For the southern
areas, this is detected if the relative frequencies
are plotted against the geographical latitude at
5 intervals, and a rank correlation test made
between frequency and latitude. This gives
+ = 0.22, which denotes a correlation significant
at the 3.5 per cent level. According to Kusarna
(1964: map 20), the conifer forest areas in Lap-
land form a zone where the juniper is very
frequent. In the Lake Inari area, the juniper
oceurs on the larger islands (but is not very
abundant), is often totally lacking on the
medium-sized islands, and again becomes com-
mon on the small skerries, but then as a prostate
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form instead of the shrubby ecotype which
grows on the larger islands. Whole area.

FMF 0.910.

Vertical distribution. ¢: VII (0.737), ab: VII
(0.772). Difference ***. Recorded range 13 —
620 m (SW slope of Kaibmoaivi); SE slope of
Peldoaivi 550 m (Krmarman). Common in the
conifer region and in the birch belt; still fairly
common in the alpine belt but becoming rare
and local on the highest tops. Finnm, 722 m,
Troms 1024 m, EnL 884 m; Vuomapii in So-
dankyli 634 m (Hunr: 179). Vertical ubiqui-
tous.

Ecology. Moisture requirements. Although
the juniper is one of the commonest vasculars
in Inari Lapland, it has distinet ecologic requi-
rements as to both soil and climate. Solitary
shrubs occur scattered in every type of com-
munity, but there are no stands of any size on
the dry heaths which form the main vegetation
type in the area. This statement is valid both
for the pine region and for the birch and alpine
belts. According to KArLvrioLA: 209, it is one of
the species characteristic of the mesophilous
Phyllodoceto — Vaceinium myrtillion but absent
from the xerophilous Loiseleurieto — Arctosta-
phylion. In the heath areas the juniper occurs
almost without exception along brooks and riv-
ers, usually in places which are inundated during
the spring, often with such associates as Cirstum
heterophyllum, Geraniwm sylvaticum, Carpo-
gymnia dryopteris and Saussurea alpina;
according to KowtunmEmi (1932: 43), the
juniper is strikingly common and abundant in
the Dryopteris — Myrtillus sociations. Along
the riversides it wusually forms continuous
stands. In the birch belt the juniper also com-
monly ocecurs at the margins of bogs, often
forming a narrow belt between the wet bog
and the drier ground, and in depressions and
other places which remain long inundated.
Later during the summer the habitats may dry
out considerably but in the habitats of the
juniper the ground water level is always fairly
near the surface, and it should be remembered
that the root system reaches deep into the soil
(LemMBERG 1933: 94; Kusara 1958). On inun-
dated riversides the juniper also forms large
and continuous stands on sandy soil; typical
examples are the Lohiniemensaaret islands in
the Teno river, where almost pure juniper
stands dominate an area of about 3 hectares.

[ junipERUS
COMMUNIS

Similar stands occur elsewhere, e.g. along the
Polmakelven, Luobmo$johka and Ivalojoki.
These alluvial stands apparently correspond to
the dune habitats in S Finland (LemBERG 1933 :
94),

As well as along the rivers, the juniper also
forms dense stands on moist, usually birch-
covered hill-sides, particularly on the lower
slopes, where the ground water is nearest to
the surface. In the alpine belt it forms very
extensive stands in many places, espeecially in
the Paistunturit and Jeskadamtunturit area,
e.g. at the sources of the Madjohka at Koddig-
varri and by the Nuvvusjohka west of Kir-
jeedidna (see also Mikkora MS). Similar large
stands oceur on the S and SW slopes of AkSo-
njunni and on Seppeheikkavaara in the Muot-
katunturit area; SOYrRiNKI: 1 mentions that on
the N slope of Kiilopid it forms a zone about
50-—100 m wide just at the upper birch limit.
The other large juniper stands are also usually
found at this altitude; maybe their presence
there is partly linked with the calamities to the
birch caused by Oporinia; in places which are
moist enough the juniper certainly benefits
from the killing of the birches.

Our concept of the moisture requirements of
the juniper is somewhat at variance with the
views of DAmL: 237 and BeEnum: 82, who both
stress that it occurs in dry sites. This differen-
ce may be due to three factors: (1) the climate
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of N Norway is more hwuid than that of N
Finland, and thus the juniper may thrive on
drier grounds there; (2) Troms and Finnmark
are more alpine and maritime, and this leads
to a greater abundance of low and appressed
types, which generally occur on drier ground;
(3) there is much ecalcareous substrate in N
Norway, and this seems to compensate (at least
partly) for moisture.

Edaphic and microclimatic requirements. To
a certain degree Jumiperus communis is also
edaphically exacting. For example, in the Ke-
vojoki valley it is clearly concentrated on the
parrow amphibolite aveas which traverse the
valley. These requirements — besides the need
for a humid soil — may partly explain its
preference for brooksides. According to BExuM:
82, it is very abundant on dry caleareous hills,
and we have observed the same preference in
several localities in Finnmark. There are no
equivalent habitats in Inari Lapland, but on
the ultrabasic serpentine rocks the jumiper is
one of the most characteristic species, Accord-
ing to KusaLa, it is especially frequent on eu-
trophic fens along the Ivalojoki, and Aurr &
Himer-amsm (1970) also stress its abundance
in ”eutrophic fens and moist forests”.

To some extent the juniper also shows south-
ern characters here; the largest stands espe-
cially are confined to the southern slopes of
the hills and fjelds. This has also been pointed
out by Damr: 237, Bexum: 82 and T. LAINE.
Especially large and vigorous stands characte-
rize slopes which provide all the various condit-
ions required by the juniper: soil moisture,
basic soil, and southern slope. Typical examples
of such stands are the southern lower slope of
Tsuomasvaara, where its associates include
Athyrium filiz-femina, Cirsium heterophyllum,
Geranium sylvaticum and Milium ef fusum, and
a hillside slope west of Uusipii, Tsarmitunturit
area, where, for example, Athyrium filiz-femi-
na, Galiwm triflorum, Geranium sylvaticum,
Goodyera repens, Luzula pilosa, Melica nutans,
Milium  effuswm and Rubus sazatilis grow
among the juniper shrubs.

Probably the most typiecal sites of the juniper
in steep river valleys are talus slopes and
ground at the foot of cliffs. In the Kevojoki
valley the juniper stands on these sites are
often so numerous and extensive that we can
speak of a “juniper belt”. The associates of the
juniper in these habitats are chiefly species

which prefer a microclimatically warm south-
e exposure, e.g. Chamaenerion angustifo-
lium, Hackelia deflexa, Melica nutans, Poa
glauca, P. nemoralis, Ribes spicatum, Rubus
saxatilis. Louxpgvist (1968: e.g. 89—92) tho-
roughly investigated the ecology of such juni-
per scrubs and pointed out that special micro-
climatic conditions develop within these very
closed juniper stands, and that there is also a
change in the quality of the soil.

Age and growth. Junipers may reach a con-
siderable age in Inari Lapland. The oldest
known specimen was one studied by G. SIREN
in the Lemmenjoki area, Pellinen (1070 years;
personal comm.). The oldest observed by us
showed exactly 900 annual rings, to which
about 40 years should be added, giving a total
age of about 940 years (mouth of the Puordna-
johka by the Kamajohka, upper birch belt).
Numerous other samples have proved to be
300—400 years old. According to KIHLMAN
(1890), the juniper in Kola may reach 230—
544 years. It may be mentioned that the oldest
juniper on record grew in Livonia, circumfe-
rence 2.75 meters and estimated age 2000 years
(KXanNGIESSER 1909).

Long ago, SANDBERG (1898: 195) pointed out
that part of the stem may continue to grow
even though other parts are dead. This has very
often been observed in the junipers studied by
us; Fig. 20 shows an example of a very asym-
metrical old juniper stem. It is evident that
certain microclimatic factors are responsible
for the one-sided growth of such junipers. The
most important of these is probably the wind,
which molds the form of the crown and thus
also affects the growth of the stem, and which,
during snow- and ice-storms, injures the wind-
ward side. These factors also include such local
topographic features as big stones and adjacent
slopes which raise the temperature in the miero-
climate.

Fig. 21 shows the growth of juniper accord-
ing to 13 samples, collected in various parts
of the Paistunturit area in the upper bireh
helt or in the lower alpine belt. As a rule,
initially the growth has been fairly slow;
according to KusarLa (1958), growth is most
rapid between the ages of 5 and 20 years but
it should be noted that in our specimens these
very first years are always missing. During
the recent years growth has been fairly rapid,
and generally steadily inereased during the last
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Fig. 20. A very asymmetric old juniper

3 g per stem, age
990 + 40 years (mouth of the Puordnajohka by the
Kamajohka, Scale 5 c¢cm, Photo K. Alho.

150-—200 years. Short-term fluctuations in the
climate are not apparent in the annual growth
of juniper; obviously microelimatic factors
largely mask the general macroclimatic featu-
res. The radial inerement ranges yearly from
ca. 0.16 to 0.55 mm, the grand mean of all the
annual growth rings measured being 0.31 = 0.03
mm. Very similar results were obtained by
Kranyan  (1890), who reported the radial
growth to be 0.15— 0.39 mm per annum.
Reproduction. In southern Finland juniper
seedlings are fairly common (Kusara 1926:
113), and because berry production is high,
conditions are favorable for sexual reproduct-
ion. In Lapland, however, it seems that the
importance of asexual reproduction increases.
In Pechenga SOYRINKI: 1 has only rarely found
seedlings in the alpine bhelt, and KonTunmmr
(1932: 43) found none in the subalpine belt.
In Utsjoki, seedlings have been found at least
on the sandy bank of the Teno close to the
Utsjoki Frontier Guard Station. In Lapland
especially, the boughs are capable of forming
adventitious roots and thus the juniper may
spread vegetatively (SOvriNkI: 1; Kujara
1958; LEmMBERG 1933: 95); Sarvas (1964: 493)

mentions that a vegetatively spreading juniper
may form stands covering tens of square me-
ters, and that in suitable habitats reproduction
is predominantly vegetative. Probably, however,
the capacity to form adventitious roots is
intimately correlated with edaphic conditions,
especially with moisture, and thus extensive
juniper stands only develop in the edaphically
most suitable habitats.

The parasites and epiphytes. Gymnosporan-
gium cornutum is very common in Inari Lap-
land on Sorbus qucupaeria (MAKINEN 1964h)
but has only once been found on juniper leaves
(Kotkapahta by the Kevojoki). Other parasitic
fungi found in our area include Lophodermium
juniperinum and Sphaerella juniper,

The commonest epiphytic lichens are Parme-
liopsis pallescens, P. ambigua and Cetraria
Jumipering, and in the southernmost parts also
C. caperata. — Amphicline.

Morphology. Table junipers. In exposed
localities in the lower alpine belt the juniper
may form a single and usually very thick (about
10—25 ¢m) stem ca. 0.8— 1.5 m high. The
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Fig. 21. Growth of juniper stem as a mean of 13
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branches are very densely crowded in the crown,
which is elearly flattened and 1--3.5 m wide,
so that the whole plant aequires a table-like
form. Sawpsurc (1898: 195) describes such
junipers and mentions that the crown may
reach a diameter of 3.5 m, the same maximum
value which has also been found by us. The
question is ome of adaptation to the winter
snow and wind conditions; only very few of
the outermost tips of the branches extend above
the protective snow cover. These conditions
also modify the form of the birch, and they are
also clear in the lack of branches in those
spruces which grow at the upper forest limit
in the zone immediately above the snow (in N
Canada this phenomenon is very elear in black
spruce and white spruce, see e.g. HARE 1971:
Fig. 9). According to our observations, such
table junipers are totally lacking in the eastern
part of Utsjoki; typical table junipers oceur
e.g. at Kirjeeidna by the Nuvvusjohka, on the
E slope of Nuvvusaittevarri (also one-stemmed
birches), in the whole bog and heath area
immediately E of the Paistunturit (e.g. at the
mouth of Puordnajohka), and between Puu-
rihroaivi and Portstiohkka in the Muotkatun-
turit area. The saddle between the two tops of
Nuvvusvarri is characterized by dead single-
stemmed birches and dead or dying table juni-
pers; on the E slope of the same fjeld three-
quarters of the large table juniper stand has
died. The trees deseribed by SOYRINKI: 1 in
Kiilopdd were also evidently table junipers
(height up to 1.5 meters). Fig. 22 shows a very

Fig. 22. A very old (age not determined) table juniper,
alveady partly collapsed and decayed (sources of the
Stuorravdsi river). 1965 Paavo Kallio.

old table juniper, which is partly decayed and
has eollapsed on the ground but is still partly
alive.

Size. The size of juniper shrubs does not nor-
mally exceed 1 m. Table junipers, however,
generally exceed this limit (see above). Mik-
roua (MS) mentions a juniper stand on the W
slope of the Paistunturit, in which most of the
plants had stems 1—1.3 m high and 20—30
ey thieh, Aceording to Sovmnzr: 1, the ju-
niper may exceed 1 m even in Pechenga; on
the Nattastunturit fjelds in Sodankyld the
thickness of the stem was 25 em. Between Puu-
rihroaivi and PortstSohkka the height of the 39
tallest table junipers ranged from 1.1 to 1.65
m (at the upper birch limit), the mean being
137 m. The thickest stem that we have mea-
sured is 22.5 em in diameter (Kamajohka at
the mouth of the Puordnajohka), but one spe-
cimen (Fig. 20) collected in the same locality
had a radius of 20.6 em, although its growth
was strongly one-sided. The 1070 years old
juniper recorded by G. SirEN was almost 40 cm
in diameter. According to SOYRINKI: 1, prostra-
te specimens in the Petsamontunturit area may
reach a length of 320 em.

Taxonomy and variation. Numerous authors
have mentioned that var. montana Ait. (var.
nana (Willd.) Loud., ssp. nene Syme, J. nana
Willd., J. sibirica Burgsd.) oceurs on the high-
est fjelds and on other open and exposed
localities, e.g. in N Finland and on outer islands
of the archipelago as a plant of the seashore
rocks. In Finland, intermediate types have been
called var. subnana Sael. According to AHTI &
Himer-AmTI (1970), the junipers on hemerobe
habitats in Kuusamo approach var. montana.
In the Soviet Arctic, only J. sibirica is mentio-
ned (TormATcHEV 1960: 74); according to Fl.
Muorm. I: map 37, J. communis hardly oceurs
at all in Kola, but we strongly suspect that
there it must have a wide distribution, and in
our opinion should also occur in the Soviet
Subarctic elsewhere.

Unfortunately, exact notes have not usually
been made on the occurrence of var. montana
in our area. However, our observations strongly
suggest that this variety is extremely rare in
the forest belts (KusaLa mentions one locality
along the Tvalojoki) and fairly rare even in the
alpine belt, the situation being very much the
same as in Troms; BENUM: 82 mentions that
prostrate specimens of both races oceur in the
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Fig, 24, Variation in the length of the leaves and in
the Dbreadth of the one year old shoots in the Lapp
specimens of Juniperus communis (deposited in H and
TUR). The dots indicate var, communis, the open circles
var. montana.

alpine belt (but also in the lowlands), and pure
ssp. nana is confined to the alpine belt but even
there is rather infrequent or rare, We believe
that in our area var. montana is still raver in
the alpine belt than in N Norway. Numerous
authors mention that var. montane is the only
race occurring in the alpine areas, hut the form

Fig., 23. DRepresentatives of
(a) and (b) Juniperus com-
munis var. nana, and (c¢) and
(d), var, communis. (a) Ah-
venanmaa {Aland), Kokar,
Bergskir, rocky seashore slope,
June 19 1955 Y. Mikinen;
(b) TInari, Laanila, Kaunis-
piii, subalpine bhelt, 28, 6 1931
Lauri E. Kari (TUR 157.850) ;
(c) Utsjoki, Kevo, Tsarsjoki
valley, sandy riverside bank,
23, 7. 1964 Unto Laine (TUR
130.581).; (d) Inari, Lake
Inari, Pietarinlaasca, creeping
ecotype on a rocky slope, 7. 8,
1970 Yrjs Mikinen 70—13317.
Scale 5 e¢m. Photo K. Alho.

in question may equally well be prostrate
specimens of var. communis. At least in our
area, most of the prostrate types in the alpine
belt clearly belong to the main variety. Gene-
rally, the prostrate types seem to oceur on
drier ground than the erect shrubby types.
Whether there is difference in this respect
between var. montene and prostrate types of
var. commaunts remains to be studied.

Apparently no-one has ever made any popu-
lation analyses or transplantation experiments
to clarify how far the variation in the juniper
is hereditary and how far duc to environmental
influences. It seems obvious that in our area
the differences between ecotypes are due to
both causes, at least in the case of var.
communis.

According to Fl. Eur. I: 38, the most impor-
tant differences between var. communis and
var. montana (there called ssp. nana) are the
following: (1) growth habit (prostrate in
montana, erect in communis); (2) length of
the leaves (10—15 mm in montane, 20 mm in
communis); (3) form of the leaves (acute to
obtuse in montana, acuminate-subulate in com-
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munis); (4) position of the leaves (closely set
and upcurved in montana, spreading in com-
munis). Fig. 24 shows the variation in the Lapp
specimens of Jumiperus communis according to
the length of the needles, and the thickness of
the one year old shoots, measured from the
specimens in H and TUR. It is evident that
the variation is fairly continuous, thus not
allowing sharp delimitation of the two varie-
ties, at least not on this basis. It should be
noted that specimens exactly similar to the
Lapp montana are known in the southern
archipelago; see Fig. 23 for typical representa-
tives of var. montana and var. commumis.
(A good picture of both is given in ¥1. Murm.
I: 97). Detailed morphologic and ecologic
studies are needed to elarify the taxonomic
rank, delimitation, occurrence and distribution
of var. montana.

Dependence on culture. On mesohemerobe ha-
bitats the juniper has gained through the ma-
nuring by ecattle, and through extermination of
other species by sheep. (PULLIAINEN et al.
(1968) have shown that in Lapland the juniper
forms a very wanted winter food for the elk!)
The old junipers in fjeld areas (e.g. in the
Raututunturit and Saariselkd fjelds which
during recent years have become popular
tourist areas) are being used for firewood by
tourists (we mainly use dry willow, which is
better), and are locally in a danger of extinetion.
In Kuusamo, Aumrr & HAumer-Anrr (1970)
found that the juniper occurred on only 6.7 %
of the investigated hemerobe localities. He-
meradiaphore.
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