b4 Karrro Axp HEINONEN:

LoNaToN, R. E. & HoLpgate, M. W. 1967: Temperature
relationships of Antaretic vegetation. — Phil.
Trans. Royal Soc. London B, 252: 237—250,

LUNDAGER, A. 1912: Some notes concerning the vege-
tation of Germania land: north-east Greenland.
— Medd. om Grenl. 43: 349—414.

Lye, K. A. 1966: A quantitative and qualitative investi-
gation of oceanic bryophyte communities and their
relation to the environment. — Nytt Magasin for
Botanikk 13: 87—183.

Mivara, 1. & Hosoxawa, T. 1961: Seasonal varia'ions
of the photosynthet)c efficiency and chlorophyll
g('}gtent of epiphytic mosses. — Ecology 42: 766—

Paorinro, D. J. Jr. & Bazzaz, F. A, 1968: Photosynthetls
in  Sporophytes of Poly’mchum and Funaria, —
The Bryologist 71: 335-—343.

P1sex, A. & KeMNIrzER, R. 1968: Der Einfluss von
Frost auf die Photosynthese der Weisstanne, —
Flora B 157: 314—-326.

PopPERA, J. 1954: Conspectus muscorum europaeum.
~— 297 pp. Praha.

RASTORFER, J. R. 1970: Effects of light intensity and
temperature on photosynthesis and respiration of
two Antarctic mosses, Bryum argentcum and
Bryum antarcticum. — The Bryologist 73: 544—

ey 1972 Comparative physiology of four west Ant-

:J):lactlc mosses. ——- Antarctic Res. Ser. 20: 145—

1

—,— & HIGINBOTHAM, N. 1968: Rates of photo-
synthesis and respiration of the moss Bryum
sandbergii as influenced by light intensity and
temperature. —- Amer. J. Bot. 55: 1225—-1229.

RoMoOSE, V. 1940: Okologlsche Untersuchungen iiber
Homalothecium sericeum, seine Wachstumsperi-
oden und seine Stoffproduktion. — Dansk. bot.
arkiv 10: 1—134.

FECOLOGY OF RHACOMITRIUM LANUGINOSUM

Ruporry, B, D. 1965: Antarctic lichens and vascular
plants: thelr significance. — BioScience 15: 285—

287.

Syrire, D, C. 1962: The biology of lichen thalli, —
Biol. Rev. 37: 587—570.

STEERE, W. C. 1954: Bryophytes. — Bot. Rev. 20:
425—450.

STALFELT, M. G. 1937: Der
— Planta 27: 30—60.

—,,— 1960: Flechten und Moose. — In RUHLAND, W.
(ed.): Handbuch der Pflanzenphysiologie V/2:
364—375.

STORMER, P. 1940: Bryophytes from Franz Josef Land
and eastern Svalbard. — Norges Svalbard. og
Ishavé-Undersokelser 47: 1—16.

SoRENSEN, T. 1941: Temperature relationships and phe-
nology of the northeast Greenland flowering plants.
—Medd. om Grenl 125: 1—305.

TaLnis, J. ¥. 1958: Studies in the biology and ecology
of Rhacomitrium lanuginosum Brid. I Distri-
bution and ecology. — J. Ecol. 46: 271—288.

—,,— 1959 : Studies in the biology and ecology of Rhaco-
mitrium lanuginosum Brid. II. Growth. repro-
duction and physiology. — J. Ecol. 47: 325—350.

Gasaustausch der Mooze,

~y=— 1964: Growth studies on Rhacomitrium lanugi-
nosum. — The Bryologist 67: 417—422
TaMy, C. O. 1953: Growth, yield and nutrition in

carpets of a forest moss (Hylocomium splendens).
—  Meddél. frin Statens Skogsforskningsinst.
(Stockholm) 43: 1—140.

—,,— 1964: Growth of Hylocomium splendens in re-
lation to tree canopy. — The Bryologist 67: 428—
427,

TIXHOMIROV, B. A., SHAMURIN, V. F. & SHTEPA, V., 8.
1960: Temperatura arktitsheskih rastenii. — Isv.
Akad. nauk. S8SR, Ser. Biol. 3: 429-—442.

WARREN WILSON, J. 1960: Observations on net assimi-
lation rates in arctic environments. — Ann, Bot.
N.8. 24: 372—381




Rep. Kevo Subarctic Res.
Stat. 10. 55—69. 1973.

Birch forest damage caused by Oporinia autumnata (Bkh.)
in 1965-66 in Utsjoki, N Finland

Paavo Karnnio and JUHANI LEHTONEN

Department of Botany, University of Turku, SF-20500 Turku 50, Finland

Received April 4, 1973 Printed December 15, 1973

Abstract

Karrio, Paavo & LErTONEN, JUHANI (Botany Dept., Univ., 20500 Turku 50, Finland)
Birch forest damage caused by Oporinia autumnate (Bkh.) in Utsjoki, N Finland.

Rer Krvo Susarcric RES STAT 10. 55—69. Illus. 1973. — In 1965—1966 the caterpillars
of the geometrid Oporinia autumnata defoliated vast areas of birch forests in Finnish
Lapland. The damage areas in Utsjoki, the northernmost district of Finland, were studied
more thoroughly. About 1350 km? were defoliated and large areas of this will be changed
into treeless “tundra”. Apparently due to temperature inversion, the valleys of the
bigger rivers are totally saved. Owing to a less prominent capacity for adventive shoot
formation the monocormic trees are more sensitive to the damage than the polycormic
ones. There are also areas of earlier damage, particularly from the years 1955 and 1927.
Vast treeless areas in the NW part of the study area were earlier birch forests; the
remnants are still to be seen. Effects of the damage on field vegetation and in particular

on juniper are discussed.

1. Introduction

Utsjoki, the mnorthernmost administrative
distriet of Finland, about 5000 km? in area and
situated S of the latitude of 70°, was in 1965—
66 the scene for what is probably one of the
most abrupt changes in the landscape and in
the balance of the subarctic birch zone eco-
system; in this area, the caterpillars of
Oporimia autumnata (Bkh.) geometrid (autum-
nal moth) defoliated an area of ca. 135,000 heet-
ars, and approximately 5000 square kilometers
in whole Finnish Lapland (ef. Nuorreva &
Jussmna 1969). This area will largely be changed
into treeless ”tundra”. The Kevo Subarctic Re-
search Station of the University of Turku (Kaz-
Lo 1964), situated in the centre of Utsjoki,
undertook to classify and map the damage and
to study its biology. The present paper gives

some preliminary data about the main features
of the change that is taking place, and its dis-
ribution.

Among different attacks of insects in Lap-
land, the mass occurrences of Oporinia
auwtumnata arve known best; reports of these
cover a period of more than a century. TExOW,
in his excellent work (1972), gives a good
survey of the history of Oporinia damages in
Fennoscandia. In fact, the outbhreaks have
oceurred at intervals of ca. ten years on an
average. TENOW’s work also provides much
local data concerning the area investigated in
this paper. Other reports about the same area
include works by Karrriona (1941), NUORTEVA
(1963 ; 1966; 1971), Sinvora (1967), NUORTEVA
& Jussmma (1967; 1969), JussiA & NUORTEVA
(1968), Karnio et al. (1969), and Karnio &
MAKINEN (1974).
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The investigation area is in the centre of the
Oporinia problem, because the pure birch zone
is widest in the whole Fennoscandia (cf.
Hamer-Amrr 1963; Karrio et al. 1969), and
birch constitutes by far the most important
host plant for the autumnal moth. The area
is situated north of the continuous pine forest
line. Its topography shows typical features of
a “peneplane” with the top level of rounded
mountains at ea. 300—500 m, the highest tops
being 640 m, and the lowest parts (Tenojoki
valley in the NE corner) 15 m as.l. Most of
the land area is covered by birch forests con-
sisting of more or less typical Betula pubescens
ssp. tortuose. The areas above ea. 300—500 m
are beyond the climatic birch line, but some
areas below this limit are also treeless. These
areas are partly different types of bogs and
fens, but the dry ecosystem also includes
secondary treeless areas.

The birch forest type varies in different
zones and belts. A more maritime and moss-
rich forest type is met in the northernmost
periphery of the area and continues to Norway,
whereas a more continental and lichen-rich, dry
forest prevails in the interior (HiAmer-A®TI
1963). Scattered pines occur in many valleys
and slopes. Some isolated, small pine forests
are also met in the Utsjoki-Kevojoki valley.

There are two morphologically different
types of spp. tortucsa: a bush-formed or poly-
cormous, and a movre tree-like or monocormous
form (ef. HAmmr-Amr 1963; Karuio &
MAxINgN 1974). There are some areas, par-
ticularly E and N of Paistunturit, called the
Jeskaddam area, where monocormous trees are
dominating. Some parts of NE Utsjoki also have
plenty of momocormous birches, while poly-
cormous birches typically prevail in the con-
tinental parts, e.g. in the Utsjoki valley and
on mountain slopes in the Petsikko area, and
N of it.

Birches are used as firewood only near per-
mamnent settlements, but the forests constitute
an important pasture land for the ea. 17,000
reindeers in Utsjoki.

The climate in our investigation area is more
continental tham on the Norwegian coast. A
more detailed description of the topography,
vegetation, climatology and hydrology is given
by Karrio et al. (1969) and KirENLAMPI
(1972).

2. Methods

The investigation of the damaged area was started
in 1969, i.e. four years afier the outbreak. The ecology
of the Oporinia caterpillars is, therefore, not included
in this work, and the important birch physiology will be
included in the programme of the Kevo Research Station
later. However, some important entomological work has
been carried out by NUORTEVA and JussiLa (ecf. liter-
ature cited).

To map the damage, excursions were made in the
whole 5000 km2 +wide area of Utsjoki. Centres of
damage are found around the rivers Utsjoki~Kevojoki,
around the river Pulmankijoki in NE Utsjoki, and
around the river Kaamasjoki, the last centre being
& less coherent area than the first two. As seen in Fig, 1,
there are some smaller areas in addition to these, and
the mapping also includes Inarl, which was, however,
studied less thoroughly.

To get a general view of the area, flights at 600 m
were used to some extent before planning an excursion
to the area. In the excursions, plots of 50 m X 50 m
were taken randomly or 100 hirches were taken from
both sides of the selected route, not further than about
5 m from the route. Degrees of damage of the irees
were estimated using the following scale:

without any damage (i.e. “untouched”)

= 110 % of the tree without leaves
= 11—80 % of the tree without leaves

]
1
2 =
3 = 81~—99 9% of the tree without leaves
4 = total damage (no leaves)

A damaged birch may recover to some extent after-
wards (the recovery in the first two years after the
damage has not been studied). Both twigs and parts
of the basal stem are able to form adventive shoots, the
later being, however, more important (cf. MIKOLA 1942).
Consequently, the number of basal shoots was taken as
an indication of the degree of recovery. The following
scale was used for this:

0 = no shoots

1 = 1—5 ghoots

2 = 6—20 shoo's

3 = more than 20 shoots

Birch seedlings were also counted in every plot in two
random squares, one are (e, 10X 10 m) each. Only
rarely was there a problem in classify’ng a seedling’.
In most cases, there is a thickening of the stem base
without connection to any bigger birch bush, indicating
that their age may be many years, but even this type
of the seedling is easily drawn up with all the roots.

The number of monocormous birches is indicated as
per cent of all birches. Notes were also made of bushes
and the field layer in every plot. The number of the
investigated plots is 204. The gaps between these plots
were filled by visual esiimation, The maps (Pigs. 3. and
5.) about the intengsity of the damage and the recovery
of b'rches in Utsjoki are based on the averages for the
degree of damage and recovery for every plot and on
visual estimations and observations, The line between
a damaged and a healthy birch forest is often very
sharp, and mostly there are no difficultles in placing
it on the map. In wide areas, and particularly during
the first few years of the study, the only map ava’lable
was the General Kconom'e Map of TFinland; in ihe
last two years, however, air photos, given to our disposal
by military authorities, were used to complete the General
Map. Good topographical maps, seale 1 : 20,000, were
published first in 1972.

Some information is based on discussions with people
from different villages, but the notes were, in most
cases, checked by excursions. In order to observe
changes over a long period, 9 enclosures were con-
strucied in the birch damage areas for the purpose of
eliminating reindeer influence (Map 2.). These enclosures,
only ca. 400 m2, are too small to climinate all the
"border effects”. Evidence from Kevonsuu Farm shows,
however, that a dense birch seedling stand has developed
in small fenced areas in a few years, while no birch
seedlings arve found outside these in the pasture land of
reindeer. Vegetation analyses were made in the enclo-
sures after constructing the fences, which took place in
1969—1971.
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3. Results

3. 1. The damage areas

Fig. 1 shows the damage areas of the 1965
66 outbreaks in the whole of Inari Lapland,
and those in Utsjoki birch forests are given
in more detail in Fig. 2. The intensity of the
damages in Utsjoki is indicated in Fig. 3. The
Kevo and Pulmankijoki areas are typical
damage centres, whereas the third main area
around the Kaamasjoki draining area shows
a less continuous grouping of damages. Typi-
cally, river valleys have remained untouched
and thus split the defoliate areas as narrow
belts from some metres to a few hundred
metres in breadth. This is clearly seen in Fig. d,
Plate I. The Kevojoki valley, with very little
damage near Njaggaljarvet (Fig. 4), Mad-
johka, and Tsarsjoki, are examples of such
quite healthy areas. Similarly, in the Pulmanki-
joki area, the Pulmankijoki, ASkasjohka, Lokta-
johka and Mori$veijohka valleys form narrow
bands of green in the almost totally defoliated

Fig. 1. The most important Oporinie damage areas from
1965—1966 in Inari Lapland, The areas in Utsioki are
studied in more detail.
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Iig. 2. The Oporinia damage
areas from 1965—1966 in
Utsjoki. The damage areas
are drawn by thick continu-

ous lines. Diagonal lines
show recent treeless areas,
which are partly of second-

ary origin. Crosses indicate
older birch damages, Circles
indicate the sites of fences. .

The two squares indicate the
locations of the maps in
Tig. 6,
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Fig. 8. The degrees of dam-
age in Utsjoki after the
Oporinia damage in 1965—
1966. The different approxi-
mate degrees of damage are
indicated by following sym-
bols: 1. degree of damage
4.00—3.51, 2, degree of
damage B3.50—2.51, 3. de-
gree of damage 2.50—1.51

(see the scale in chapter 2.).

birch areas. The wide area of Lake Vetsijirvi
distriet, with many bogs and rather low forest
land, is all undamaged. The unmarked areas
between the marked ones on the map do not
mean that they are completely undamaged; in
the Petsikko area, for instamce, there are many
isolated trees with more or less damage near
the main road. Similar scattered examples are
also found N of the western Utsjoki damage
area, and W of the Pulmankijoki area.

There are many examples of the effect of
local topography on the damage. In the north-
ernmost part of the skaidi between the rivers
Pulmankijoki and Mori$veijohka, in an area
which is 100 per cent defoliated, there is a
small pond which is almost dry in summer
and is surrounded by gently rising slopes. This
pond has a narrow belt of untouched birches
around it. Quite healthy or only slightly de-
foliated birches, mostly bushformed, are also
found in continuous damage areas on tops of
isolated mountains reaching near the climatice
birch limit (ea. 300—350 m). Typical examples
of this oceur E of Kenespahta (E of the river
Utsjoki) and near the border of Inari, W and
B of the highway to Utsjoki. Similarly, some
fells (height 300—350 m) W of the Kevo Sub-
aretic Research Station have a green top of
small birch bushes or rich shoots after the
damage, while all the slopes are totally covered
by dead birches. In the Utsjoki valley, the
lower damage limit joins the upper pine limit.

The birch forests of the Tenojoki valley and
the mountains in the Finnish side are mostly
well preserved, with only some local damage

areas on high slopes E of Outakoski. In the
northernmost corner of Finland (Nuorgam),
the Pulmankijoki damage centre reaches to
the banks of the river Teno, and at Harremat-
Sohkka close to the Teno, the damage is 100 %
and recovery ca 5 %.

As seen in Fig. 2, the almost continuous
Kevo damage area is separated from the Teno
birch forest area by an almost treeless heath
area, which is partly climatically determined
and partly of secondary origin. The Pulmanki-
joki damage centre continues east to the
Norwegian side, where there are also vast areas

Fig. 4. In some places the damage has also taken place in
bottom of the Kevojoki valley. The shore of Lake Njaggal-
jarvi. 81.7.1971. P. Kallio.
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of damage. The damage in some areas in NE
Inari is almost total; the widest of these is the
area around Lake Ailisjivri, Lake Nanabel-
jivri, and Vitsiri mountains, where the
varying topography does not give any local
differences in the intensity of damage: the
damage is in many places total also on lake
shores and on small islands (Fig. 1; cf. also
Fig. e in Plate I).

As regards the degree of damage, the two
main centres are rather similar. Around a
central area with the highest degree of damage,
there are transitional zones with gradually
diminishing intensities of damage; often, how-
ever, the distinetions are sharp. Owing to the
scale of the map, Fig. 3, it is often impossible to
make the transitional zones discernible.

About half of the damaged area shown in
the map, Fig. 3., has a damage index of 3.51—
4.00; ie. more than 90 % of the green has
been destroyed. The most typieal areas of
total damage are in the western part of the
Kevo Nature Park, where the average of
many areas sampled for this study is 100 %
(no leaves). This is partieularly the case in
areas of monocormous birches (cf. Plate I,
Fig. a). A high degree of damage is also seen
in some central parts of the Pulmankijoki area
and also in Utsjoki Ailigas (cf. Fig. 7), while
the damage has not been so severe in areas E
of the Utsjoki valley, (e.gz. Kenespahta, cf.
Fig. 8).

Two areas in the Kevo damage centre were
investigated in more detail, and the mapping
was carried out in scale 1:20,000 (pages
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3914 07 and 391309 in Fig. 6). These areas
are typical of the region; the narrow valleys
of small brooks are almost untouched, and
there arve oceasional transitional areas. The
same maps also have areas of earlier damage
and tops reaching over the climatic birch limit.

3.2, The recovery of birches

The recovery of birches, ie. shoot formation,
is shown in the map, Fig. 5. There are no con-
tinuous areas of high recovery. ILigh damage
values and low recovery values often coincide
(cf. Figs. 7, and a, b, in Plate I), and areas with
high recovery values are offen seen as fran-
sitional zones around low recovery centres. The
Kevo Nature Park area has the lowest recovery,
and even the polycormic trees show low re-
covery values (Fig. 9).

At Kenespahta, in an area where the number
of totally defoliated trees is more than 95 %
of all, the recovery is also very high; 80—
100 9% of trees show at least some recovery.
There are rather few monocormic trees scattered
among the polycormic ones. When monocormic
trees are taken separately, their recovery is
under 10 % (16 of 165 trees show at least
a single shoot). W of the Kevo Station near
the valley of Tsarsjoki (NE from the point
322), all the totally defoliated monocormic
trees (100 counted) had not a single basal
shoot while the per cent value is 52 in the
polycormic birehes. Although the differences
are not always as clear as in these examples,
some differences are normally seen.
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In our linear survey estimations, altogether
14,800 birches were studied in 148 sites: 3044
monocormic and 11,756 polycormie trees. Of
all the trees, 51,2 % were totally defoliated
(damage class 4).

Table 1. Damage and recovery of monocormic and poly-
cormic blrches.

Number of Number of
totally de- trees
foliated Mean with no Mean
trees degree of recovery  degree of
(class 4), % damage (class 0), % recovery
Monocormic
birches 77.1 3.5 88.6 0.13
Polycormic
birches 44.5 3.2 50.1 0.83

Mean degrees of damage and recovery are

based on estimated values for all the studied
monocormic and polycormic trees.
It is naturally clear that the damage per cent
is higher in monocormous than in polycormous
trees, but the higher recovery per cent is more
dependent on different responses of the two
birch forms to the damage. A difference in
the succering capacity is apparently involved.
This has been discussed in Karrio & MAKINEN
1974.

3. 3. Reafforestation by seedlings

Numbers of seedlings vary according to the
vegetation and soil. Continuous thick layers of
mosses and lichens as well as dense dwarf
shrub vegetation (Vaccinium myrtillus) lower
the number of seedlings to the minimum of
almost 0 per are, On the other hand, higher
values are found in places where the vegetation
is broken by bare soil, e.g. on reindeer paths,
in camp fire places (where fire has burnt
the peat and the vegetation), on slopes with
moving soil or in sandy areas where the wind
erosion has blotted some spots, and on river
banks. For instance, 110 seedling per are were
found near Kaldaud§jiavri, and almost as many
at a brook band on the slope of Ailigas.

<

Fig. 6. Oporinia damage areas from 1965—1966 in the
western part of the Kevo Nature Park and N of this
(¢f. Fig. 2.). The river valleys are almost untouched
(narrow shaded areas limited by continuous lines). The
boundary between undamaged valleys and totally de-
stroyed slopes is mostly very sharp. Some transitional
areas are also seen. The climatic treeless area in the
west (Paistunturit-area) is limited by diagonal lines. The
maps used have been reduced from the topographical map
No. 39183 09 and 3914 07. Reproduced with the permis-
sion of the Cartographical Department of the National
Survey Board.

Itig. 7. Totally damaged birches at the W-slope of Utsjoki-
Ailigas near the birch forest limit. The degree of recovery
ds 0. 30.7.1971. P. Kallio.

Normally, however, the number of seedlings in
the investigated plots was between 0 and 5,
the average being 2. The seedlings are often
badly damaged, partly eaten by voles and
reindeer, and the base of the young stem is
often swollen. Fig. 11 shows typical seedlings,
age H—0 years. As the number of seeds in the
centres of the damage areas is small at present
and is dependent on long distance dispersal

Fig 8. Oporinia damage from the N'W slope of Utsjoki-
Ailigas. The polycormic birches have been tolally defoliated
and the stems are dead, but the basal shoot formation
is vigorous. 80.7.1971. P. Kallio.
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Fig. 9. Damaged Belula tortuosa forest at the NW slope
of the Kevojoki valley near Lakes Njaggalidrvet. No basal
shoots. 81, 7.1971, P. Kallio.

only, it is probable that some of the seedlings
are, in faect, of pre-damage origin. However,
the number of seedlings does not seem to be
higher at the margins of the damaged areas,
where distances to healthy forests are shorter.
A possible explanation is that reindeer grazing
may to some extent impede reafforestation by
seedlings. The enclosures seen in map, Fig. 2,
will provide information about this factor. The
first, quite preliminary observations in Kenes-
pahta seem to indicate that this may be the
case. The enclosures are, however, so small that
"border effects”, i.e. movements of small voles
(Clethrionomys) and hares (Lepus timidus)
may affect the results.

3. 4 Previous destructions of birch forests

Previous damages by Oporinia in Utsjoki
have been described by Karrrona (1941) in
the Karigasnjarga-Ailigas area and north of
that. The damage occurred in 1927, and clear
signs of the lowering of the bireh forest
limit were seen in 1950, when Nuorteva visited
the area. According to his measurements in
1962, the dead birch forest belt on the slopes
of Ailigas was 0.6—1 km wide and comprised
an area of 15.56 km? (NuortEvAa 1963). Nuor-
teva also supposed that forests in the Paistun-
turit area N of Ailigas had disappeared,

possibly ”as a result of the damage done by
0. autumnete during the years 1927”7, However,
no divect evidence of this was found.

The senior author made, in 1954, an ex-
cursion in the area between Madjokskaidi and
Kuivi and observed many largely decayed
birch stems still standing in the area E of
Paistunturit; this area at present has very few
birches. It seems that some stems (possibly the
thickest ones?) may stay nearly 30 years after
the damage. Texow’s study (1972, Fig. 21,
p. 60) shows that dead stems of 20 years are
totally branchless. There may be local differ-
ences in this respect, however (c¢f. NUORTEVA
1963). Accordingly, the forest killed in the
big damage in 1955, e.g. around the
Kaamanen—Xarigasniemi road near Kaamas-

Fig., 10, A shoot grown in a fairly decayed birch trunk,
apparently dating the Oporinia damage in 1927 or be-
fore that. The basal globe is an isolated part of the trunk.
— Drawn by Marketta Lehikoinen.
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Fig. 11, Typical seedlings from
the Jeskaddam area. The seed-
lings have been broken several
times by voles and reindeer.
— Marketta Lehikoinen.

mukka and Aksujivri and particularly in the
Rastigaissa area W of the river Geidnojohka,
was still standing in 1971—72.

We have made observations of earlier birch
damage in places shown in Fig. 2. Wide areas
of such ancient birech forests are to be found
in the Jeskaddam arvea, (ef. Plate I, fig. f)
B and N of Paistunturit. This is very typically
represented in the Skierrevadda mountains:
in an area of many square kilometres, there is
not a single bireh tree to be seen. Wide areas
are covered with dwarf bireh (Betula nana),
and typical oligotrophic dwarf shrub heaths
with Empetrum hermaphroditum, Phyllodoce,
Loiselewria, Juncus trifidus and lichens, par-
ticularly Cladonias and Cetrarias. Remmants of
ancient birches, long bits of bark, indicate that
quite thick birches have grown in the area.
Small hummocks are also found, usually covered
by erustaceous lichens and Vaccinium vitis-idaea,
Empetrum hermaphroditum, and other typieal
representatives of dry heath vegetation. These
hummocks contain clear remmants of Betula.

The number of such hummocks may be as high
as 300 per ha, i.e. 30,000 per square kilometre,
and apparently only a (small?) part of the
original birches can be identified. Quite small,
mostly less than 10 em long shoots of Betula
pubescens ssp. tortuosa, arve found in about

109% of the hummocks in many places
(Fig. 10), but not a single shoot has grown
up to form a tree or a bush. In the Jeskaddam
area, there are, however, some isolated birches
and birch groups.

All these trees are monocormous (eg. Tuolba
Njaugoaivi, Holgadanoaivi, the bog area W
of Koddigvarri, W of the point 322, Linkki-
varri, Skierrevadda, Nuvvvusaittivarri, Kirje-
idna, Nuvvulvaara, RuSogoalggi, Pirkkoaivi,
Paddaskaidi and Erttehvarri).

Large aveas of Jeskaddam belong to the
climatical bireh zone, which is also seen in that
there are isolated birches on some mountain
tops. The question arises why the birches have
not recovered in this area and why it has not
been reafforested later by seedlings.
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In addition to the damages from 1955 and
1927, there are signs of older damages. Old
people in Talvadas village and other vil-
lages in the Teno valley tell about big birch
damages that occurred in the first deecade of
this century. This means that the damage
period 1905—1909, known from Sweden and
Norway (ef. Texow 1972: map 13 VI, p. 30),
also reached as far as Utsjoki. However, there
has been an earlier “tundra” arvea in this region,
known e.g. in the map of Krmrman (1884).
It seems that the area discussed forms a very
labile ecosystem, and that recent development
has not favoured birch forests.

One problem is connected with the variation
and adaptation of birches, particularly the
problem of monocormic versus polycormie
forms. It is of particular importance that the
monocormous birch is prevalent in the Jeskad-
dam; the solitary forest remnants and isolated
trees in the area, as well as the decaying stems,
represent monocormic forms, and almost the
whole margin of the area is bordered by mono-
cormic birches or forests where monocormic
trees dominate. Also the widening of the tundra
after the 1965—066 damage is most pronounced
in the areas of monocormie trees.

Fig. 12. A typical table”’-
juniper from the area between
Koddigvaara and Xamaoaivi.
— Marketta Lehikoinen.

There are very few seedlings in the Jeskaddam

area. In the periphery, where their number
is higher (e.g. in the westernmost enclosure),
almost every seedling has been damaged (many
times?) by reindeer and/or small voles (Fig.
11). As the number of reindeers has continuons-
ly increased in Utsjoki, the grazing pressure is
obviously an important factor prohibiting the
reafforestation of the damaged birch forests in
the Jeskaddam area.

Plate I

a. Total damage, recovery excluded, in W part of the
Kevo Nature Park. 31.7. 1971 P. XKallio.

b. Rich grass and herb vegetation (Linnwea in bloom)
under birches after the Oporinia damage. Upper slope
of the Kevojoki valley, near lakes Njaggaljirvet. 31.7.
1971 P. Kallio.

¢. West slope of Jesnalvaara. Only a few birches are
green in the front; the rest of the landscape totally
destroyed birch forests. 29.7. 1971 P. XKallio.

d. Paavalvaara seen from south. The river valleys (Kitis-
joki) are green, but all mountain slopes are covered
by totally dead birch forests (at the left some isolated
pines). 27.7. 1971 P. Kalllo.

e. The to'al damage of birch forests around lake Nanabel-
jiizvi in_NE-Inari, scen from the north. 25.7.1972
Juhani Lehtonen.

f. Earlier birch forest area with 800 remnants of
birches per hectar. West border of the Kevo Nature
Park, view to the north. Even junipers are mostly
dead. 1.8. 1971 P. Kallio.
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3.5. Chances in vegetation

The changes in the vegetation after the
birch damage are dramatic in the birch forests
of Myrtillus-Hylocomium type and other mesic
or hydrie types, while only slight changes are
seen in forests dominated by lichens and
Empetrum. Same features are seen in these
changes in the whole of Fennoscandia: the
biomass of Deschampsia flexuosa, Festuca
oving, and some herbs increases. This has been
mentioned e.g. by Hommerey (1905), Kar-
LIoLA (1941), SawpBERG (1958; 1963), HimET-
Amrrr (1963), Nuorteva (1963), Texow (1972),
KirenzAMPI & Kavmaney (1972) and Kaz-
Lo & MAxINeN (1974). No defailed anal-
yses are given in this paper, but the changes
are drastie, particularly in forests in more
humid localities, e.g. in Lake Pulmankijdrvi
area, especially around Tsuomasvaara, which
deviates from its surroundings edaphically
as being a less acid area (ef. KArrio et al
1969). Many places have been changed into
Deschampsia meadows on the slopes of the
Kevojoki valley as well as on the lower slopes
of the fells around the river Tsarsjoki and in
Kenesvaara. In 1972, these meadows were still
different from untouched areas; during the
first 4—5 years especially Trientalis europaea,
Linnaea borealis, Solidago virgaurea, and
in some places, Chamenaerion angustifolium
bloom more than on average (ef. Fig. b in
Plate I). In some places, e.g. around Lake Aslis-
jivri damage area in Imari, the leaves of
V. myrtillus were red in early summer 1972,
while this colour change was almost missing
in undamaged areas. Empetrum was also
damaged in some places, but this was partly

due to the outhreak of small voles in 1969—70.-

Oporinia caterpillars are rather selective in
their food plants. When the birch leaves have
been totally used, caterpillars often move to
Betula nana. In some large areas, B. nana
stands are defoliated completely and killed.
Such areas are found particularly between the
lower course of the river Kevojoki, and Pais-
tunturit mountains. These stands are regularly
situated near ssp. tortuose damage. In an open
boggy area in the upper course of the river
Niljok, there was a small but totally defoliated
area of B. nanae stand which was far from
ssp. tortuosa. Willows have been only oceasion-
ally damaged. Saliz borealis is often the only

green tree in totally defoliated birch forests,
and S, glauce has never been damaged. Sorbus
aucuparia does not seem to be a host plant for
Oporinia either. It was seen abundantly in
bloom in = totally damaged birch forest on the
upper slope of the Kevojoki valley, though it
has been mentioned as a host plant for Oporinia
by Szmppiwen (1954), for instance. Vaccinum
myrtillus and V. wuliginosum are damaged in
many places, e.g. in Kaktsavarri and Stuor-
ravdsi, It seems that dwarf shrubs have mostly
recovered after damage. Populus tremula has
never been damaged by Oporinia. It seems to
take advantage of the Betula damage; for
instance, young adventitious shoots had grown
rapidly near the Fiello waterfalls after the
damage of birches.

Juniperus communis is a common plant in
Oporinia damage areas. The thick-stemmed and
7table-formed” juniper has, in Utsjoki, develop-
ed its most typical form in the western moun-
tain area; the stem may be as thick as 25—
29 cm in diametre, but the whole plant is less
than one metre high. (Fig. 12). The form is
determined by the macroclimatic desicecation ef-
fect of the winter; the only parts that stay are
the ones protected by snow against desiceation.
Good examples of the effect of winter were seen
e.g. in 1969, when the snow cover was thin.

Although the most typical table junipers
are met particularly in the Jeskaddam area,
N and E of Paistunturit, some areas in the
SW corner of Utsjoki and e.g. Stuorravdsi
area also have similar junipers. The junipers
are old; the oldest ones are more than 1000
years (cf. Karrro & al. 1971). Large numbers
of dead junipers occur in areas of big Oporinia
damages. Typical such areas are seen e.g. in
Aittivarri at the NW border of Jeskaddam.

All these juniper damages seem to date from
1927 (or older) Oporinia outbreaks. One possible
factor in the destruction of junipers is the
change that took place in the local climate
after the birch damage. In the Nuvvusvaara—
Kirjeiidna area, almost all the dead junipers —
more than 200 of them have been counted —
are not as upright as they were originally;
the wind effect has increased, and the wind
has pressed the junipers so that the ancient
7tables” are badly slanting, The upper part has
died first. It is also possible that snow relations
changed after the birch damage so that the
snow was blown to the valleys. Damage of roots,
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and the consequent desiccation effect, may also
have played some role. Some quite continuous,
dense juniper stands in the Oporinia damage
area have been preserved under favourable con-
ditions, the damage being mainly confined to
stands of isolated table junipers. Apparently
in the dense stands in the valleys, the wind
effect is not so strong as in the damage areas
described, and the birch shelter has not the
same ecological significance.

3.6. Changes in fauna

Birch damage also had an effect on the
fauna. Smvora (1967) showed that the bird
population in the defoliated birch forests de-
ereased almost to 50 9 in 1966, while the
population density increased in the «closely
situated undamaged birch forests. The popu-
lation of small rodents in the subarctic Betula
pubescens ssp. tortuosa forest near the Kevo
Research Station showed following relative bio-
mass values in 1970, which was the year of great
rodent populations (private communication by
K. NYGREN) :

D o]
Clethrionomys rufocanus . 5617 5957
Clethrionomys rutilus .... 987 843
Microtus oeconomus 4041 33

The nurmbers indicate biomasses in grams per
similar areas; abbreviations: D = damaged
area, C = control area. It is seen that there
are no significant differences in the Clethrio-
nomys species in the compared areas, but the
third species, Microtus oeconomus, has in the
Oporinia-damaged area a population density
more than hundred times as high as in the
control area, Differences are also seen in the
invertebratas; the question is discussed by
Nvuorreva (1966).

104 27 28.2 82 3012 R
2 o 2 0 12 0 2 0 2

4, Discussion

The periodicity of the Oporinia outbreaks
has been known for a long time. The interval
of these outbreaks in Fennoscandia is about
9—10 years (Hormerex 1912; Emmany 1957).
Texow (1972) has given a survey of the
history of the occurrences. In this ecentury,
4 bigger damages of birch forests have taken
place in Utsjoki: in 1965, 1955, 1927, and
probably in the first decade of the century.

The synchronous rhythm of the Oporinia
caterpillar oceurrences and the abundance peaks
of some of its parasites of the family Ichneu-
monidae point to one of the regulation mecha-
nisms in the ecology of Oporinia. This has
been studied extensively by Nuorteva and
Jussila (NuowrtEva 1966; 1971; NUORTEVA
& Jussma 1967; 1969; Jussma & NUORTEVA
1968). The problem of osecillations in the popu-
lation densities is characteristic in the Sub-
arcticum. A very well known phenomenon is
the oscillation of lemmings and other small
voles and their predators, Variations in the
primary production level may also have an
effect (cf. Tast & Kanena, 1971).

The topography of the calamity may give
some hints for detecting the regulative ecological
factors. The best preserved areas in Utsjoki are
river valleys. Tenow (1972) has pointed to
the ecological factor of cold winter conditions
for the eggs of Oporinia. In deep valleys the
winter temperature is assumed to exceed the
limit of tolerance (ea. —33°...—37°) of the
eggs (ef. MacPHER 1967; Texow 1972). There
has been a temporary meteorological obser-
vation point in the yard of Tsieskula Farm in
the bottom of the Utsjoki valley, at the height
of ea, 85 m, and another one at the top of
Tsieskulvaara ridge at the height of ca. 250 m,
about 3 km from the former. Typical birch
bush and polycormic tree vegetation damaged
in 1966 by Oporinia is seen around the upper

Fig. 18, Curves showing tem-
peratures during 27.12. 1965—
8.1.1966 in the River Utsjoki

[~
o
=3
o

4O

valley (1.) and on the top of
Kotkapahta ridge, 180 m
higher, in the vicinity of the
former place (2.). Very strong
thermal inversion  between
these two places can be seen.
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Fig. 14, Curves showing tem-
peratures during 21. 3. 1966—
23.3.1966 in the same places
as in Fig. 13. (1: valley, |
2: ridge). o

observation point, whereas no damage is found
in the Utsjoki valley.

There are very typical temperature inversions
in the areas around Kevo, particularly on clear
winter nights, and these observation points were
used to study this phenomenon. A comparison
of the measurements made at these two obser-
vation poinis is very illustrative: in January
1966, there were 10 days in the valley with
temperatures below —30° C and 3 below
—35° C, and the absolute minimum in the
valley was -—43° C. At the same time the
temperature at Tsieskulvaara ridge was only
three times below —30° C, the lowest value
being —33° C. The temperatures in January
1965 had been very similar: in the valley,
5 days below —30° C, 3 days below —35° C,
the lowest point being —36.8° C; at the ridge
the absolute minimum was —21.6° C.

When all the reecords of temperature helow
—-30°C are combined in the two winters
preceding the top of Oporinia damage the
result is as follows:

Valley Ridge
Winter 1964—65 .............. 12 0
Winter 1965—66 .............. 52 5

Very likely the temperature minima differences
clear up the contrast between valley and moun-
tain when the Oporinic damages are compared.

In some valleys the snow cover may be thick
enough to proteet Oporinia eggs. According
to the information obtained from Mr. Kar:
Kyr8, the forest ranger of the Kevo Nature
Park, it is possible that the birches near Njaggal-
jarvet (ef. Fig. 4), at the bottom of the Kevo-
joki valley have totally or at least partly been
covered by snow.

The winters preceding the Oporinia out-
breaks have been colder than the average (e.g.
the mean temperatures of February and March
in 1966 in Kevo were —23.7° C and —16.7° C,
while the mean values for the same months

during the years 1962-—1969 were —15.7° C
and -—11.4° C, respcetively). This may have
an cffeet on the contrast between the
damages in valleys and on mountains. This
contrast is less pronounced in more oceanic
areas, e.g. in the lower course of the river
Teno as well as in the easternmost part of
Inari — in the Adlisjivri area.

Summer temperatures may also be of im-
portance to Oporinic damages, and partieularly
to the recovery. The outbreak of new leaves
after the defoliation, and the basal shoot for-
mation in the following years, depend on the
energy restored in the roots and stems. The
amount of this energy is largely dependent on
the environmental conditions controlling the net
photosynthesis of the birch. The thermal sum
of the year provides a good estimate of this.

The lowest values for the thermal sum, or
dd (degree days summed for days over
—-+-5°), have been measured in the Finnish Lap-
land during the last ten years of this century,
as shown by the estimated thermal sums in
Sodankyld and Inari (from Mixora 1971):

Sodankyld Inari

781 690

808 703

861 768

818 729

809 716

772 664

In Kevo, the meteorological station was

founded only 1862, and the average thermal
sum for 1962—1970 is 577, while the two
damage summers 1965 and 1966 have given
the values of 444 and 589, respectively (KAREN-
LaMPI 1972).

The largest known birch ecatastrophe in
TMinnish Lapland in the 1960s hence took place in
a period when the average summer temperature
was lowest. An explanation for this must be
sought from energy balance in birch. The same
environmental faetor, however, may also affect
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the balance at the consumer-predator level; the
number of Ichnewmonidue had decreased appa-
rently beeause of low temperature (NUORTEVA
& Jussma 1969).

The distribution of Oporinic and B. ssp.
tortuosa damage areas overlap to a great extent
— i.e. the areas of B. ssp. pubescens and B.
pendula ave less affected. The ecology, taxon-
omy and evolution of B. ssp. tortuosa has
been investigated in Fennoscandia for a long
time. One of the most important results is the
discovery of the essential role of the hybrid
origin between B. pubescens and B. nana, and
the introgression of the nana genes to pubescens
(Svnkmxosa, wnpubl; Kainro & MARINEN
1974). Ecologically the most important charac-
teristic that has been more or less transferred
to ssp. tortuosa is the succering capacity typical
to the Nanae section, even though it also occurs
in the Albae section (VAARAMA & VALANNE
1970). In the University Botanical Garden in
Ruissalo, Turku, ssp. tortuose seedlings form
basal shoots under conditions in which ssp.
pubescens does not. The eapacity to form basal
shoots is a feature which is seen in the main
morphology of ssp. tortuose in Utsjoki. It is
known that the big birch “bush” is & clone
which is potentially immortal. The roots only
seldom form adventive buds, but the clone ean
take the advantage of also this form of
"dispersal” (ef. Kawnro & MIixiNvex 1974).
However, “dispersal” begins more frequently
from the adventitious buds of twigs and stems,
which are covered by litter and ground vege-
tation (cf. Mixora 1942; Karvro & MAKINEN
1974). The normal way for enlargement of a
bush is that the shoots isolate and form root
systems of their own around the basal en-
largement (ef. Casanprr 1917; Mixora 1942).
Tig. 10 shows an example of this.

As the introgression is still going on, and the
evolution of B. ssp. tortwosa is in a very active
phase, there is much variation in Lappish
birches as regards their ability for clone for-
mation. Because the ability for regeneration is
very important in different birech damages,
Oporinia has become an effective selective
factor in the evolution of birches. The mono-
cormic trees show a lower recovery percentage,
but on the other hand, they mainly occur in
valleys and in the maritime zone of their distri-
butional area. The worst calamities before the
cne in the 1960s in Utsjoki have occurred in the

Jeskaddam area, where the monocormic trees
have dominated and the temperature inversion
apparently is not important.

It is possible that there have been several
damages during the history of the subarctic
birch forests, but the latest damage in 1965—66
was one of the most severe; it destroyed
areas which have, in all probability, been
continuously covered by bireh for hundreds
of years. A new factor has become increasingly
important during the last few decades: the
number of reindeer, which has never been so
high as it is now. Clear signs of overgrazing
are seen in the area (KARENLAMPI & PULLIAI-
NEN, in preparation). The grazing pressure is
too high for the reafforestation of birch foresis
after so severe a damage as has happened. An
additional factor is still to be considered: the
very high peak in the population density of
lemmings and other small voles in 1969—70.
As a result of the joint effect of all these
factors, a large area of damaged birch forests
will not recover. Treeless tundra has already
widened approximately 500—600 square kilo-
metres in Utsjoki, and a little smaller area will
be changed into foresis with a density of less
than half of that earlier.

The whole study of Oporiniec damages in the
subarctic birch forests contains the following
sub-studies, which have already been partly
included in the research programmes in the
Finnish research of the Subarcticum:

1. Mapping and observing the damage of
birch forests in detail in relation to topography
and local climate and following the de-
velopment of damages from the beginning, on
the basis of knowledge from earlier damages
(This time it was not possible to start the
investigation at Kevo in the years of the
damage).

2. It is most important to know in detail the
variations of birches and their evolution in
order to understand the significance of Oporinia
as an agent of selective pressure. The problem
of mecnocormie and polyeormic forms in partic-
ular has not been cleared satisfactorily.” A
study of this has started recently at Kevo
in the frames of the birch research programme.
This programme includes a bireh culture
garden in Utsjoki, where the monocormic and
polycormic trees will be compared.

3. A very detailed observation of Oporinia
damages (the next one!) to find out their
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effects on the physiology of birches, and a
simulation of the Oporinias by bireh defoliation
to clear up what is the cause for different
effects and degrees of birch damage.

4. Investigation of the effect of rodents and
reindeer on the reafforestation of the bireh
forests. The effect of reindeer can be investi-
gated using the 9 enclosures that have been
constructed in the birch areas of Utsjoki and
by comparing areas of different grazing pres-
sure.

5. A study of the field layers starting after
the defoliation in areas which recover and
areas that are changed to treeless tundra. The
effect of defoliation on the soil, microclimate
and fauna, both vertebrata and evertebrata,
must be studied in detail.

Because birch is an important fodder for
reindeer and the problem of pasture land has
a very close contact with all these changes
taking place in the ecosystem, this birch
catastrophe has a great effect on the economy
of this part of the Subarctic where the Lappish
people are one part of the subarctic ecosystem.
Therefore this study is also important from
the point of view of the Finnish IBP of
Tundra Biome.
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