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The effects of modern forestry on northwestern European
forest invertebrates are summarized and analyzed main-
ly on the basis of published literature. The direct influ-
ence of different practices including clear-cutting, thin-
ning, burning-over, ploughing, changes in tree species
composition of stands, fertilization, insecticides,
pheromones and biological control are discussed from a
forest zoological point of view. Also the indirect effects of
general changes in boreal forest dynamics, loss of
primevals, cessation of natural fires and the dominance
of young stands are described. The direct effects of
different silvicultural practices on the species composi-
tion and diversity of forest invertebrates are usually
considered to be striking but transient. However, when
large areas are treated, the species associated with
primevals, especially with the wood composition system
in them, as well as the species associated with fires, seem
to have drastically declined. In northwestern Europe,
efficient forestry has not caused such serious pest prob-
lems as is known from tropical countries or North
America.
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PREFACE

The present joint study was carried out in
the Department of Agricultural and Forest
Zoology, the Department of Entomology, the
Zoological Museum, and the Department of
Zoology, University of Helsinki. It is an at-
tempt to summarize and analyse the pub-
lished literature about northwestern Euro-
pean forest invertebrates in their changing
environment, and to connect the present
knowledge with our personal observations on
the invertebrate fauna in various stages of
forest succession. We hope that this piece of

work will increase the appreciation and con-
servation of the rich faunal diversity in boreal
forest.

We will express our sincere gratitude to
Professors Erkki Annila and Matti Nuorteva
for reading the manuscript and making sever-
al valuable comments and suggestions, and to
Patricia Poussa for revising the English text.

Helsinki November, 1984

Kari Heliovaara and Rauno Viisinen

1. INTRODUCTION

Intensive silviculture has often been criti-
cised because of its disturbing effect on the
equilibrium in nature. Alterations in the
proportional distribution of tree species and
the decrease in the area of old virgin forests or
primevals have been thought essentially to
impoverish the rich native fauna of forests.
On the other hand, old forests and primevals
have sometimes been regarded as dead, stag-
nated ecosystems or harmful centres of insect
pest dispersal, and thus an increasing threat
for the well-managed cultivated forests.

The real effects of modern forestry on the
forest invertebrates are still rather poorly
understood. The aim of the present synthesis
is to summarize both the direct and indirect
effects of modern forestry on invertebrates
and point out the most conspicuous gaps in
our present knowledge. Areally the study is
confined to the boreal forests of northwestern
European countries, Norway, Sweden, and
especially Finland (Fig. 1). Additional data
from other countries are included when avail-
able.

The invertebrate fauna can possibly be
used as an indicative factor giving an accu-
rate picture of the degree to which a primeval
forest remains in its original condition, and in
a cultivated forest the pest fauna can be
regarded as a test of success of the silvicultur-
al practices.

Are the effects of forestry on the forest
fauna so striking and irreversible as is some-
times believed? Is the primeval fauna already
well conserved within the existing nature re-
serves or are new reserves needed? Do the
protected primevals cause serious pest prob-
lems? Are the pest problems, in fact, a feed-
back effect of the efficient forestry itself? Is
such feed-back economically important in a

long term perspective? The present state of
knowledge does not allow us to answer all
these questions directly, but we hope that the
literature here reviewed will be useful for
further studies.

ey

250 km
Fig. 1. Boreal subzones in northwestern Europe. 1. N
boreal, 2. mid-boreal, 3. S boreal, 4. hemiboreal. (5.
atlantic + subatlantic) (according to Ahti et al.
1968). The area of Picea abies shaded (simplified from
Jalas & Suominen 1973).
Kuva 1. Boreaalinen vyohykejako Luoteis-Euroopassa. 1. pohjois-
boreaalinen, 2. keskib li 3. etelab lis 4.
L omih I; (5. ) : ja batl,
levinneisyysalue varjostettu.
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2. DIRECT EFFECTS OF DIFFERENT PRACTICES

We divide the direct silvicultural effects
affecting invertebrates in forest ecosystems
provisionally into six groups. Moreover, some
other practices in usage of land, such as
drainage of bogs and reforestation of agricul-
tural land, which are directed towards estab-
lishing a forest in an area, alter the original
fauna and create a new one.

The total area of forest drainage to the end
of 1982 was, for instance, in Finland 5.4 X 106
hectares, and the peak of this practice, 3.5 X
10° ha yr', was reached in the late 1960s
(Yearbook of forest statistics 1983: 111—113).
Drainage of bogs spells destruction of the
habitats of many insect species, but detailed
data are scarce. Butterflies Clossiana freija
(Thunberg) and C. frigga (Thunberg) have
been observed to have disappeared from a
bog in southwestern Finland after it was
ditched (Krogerus 1960). Other susceptile
lepidopterous species seem to include for inst-
ance Pyrgus centaureae (Rambur), Erebia embla
(Thunberg), Lycaena helle (Denis & Schiffer-
miiller), Scopula virgulata (Denis & Schiffer-
miiller), Idaea muricata (Hufnagel), Mamestra

w-latinum  (Hufnagel), Hypoxystis  pluviaria
(Fabricius) and Aspilates gilvaria (Denis &
Schiffermiiller) (Mikkola 1979).

Afforestation of agricultural land has also
created new forests. The afforested area of
arable land per year was in Finland in 1982
2.6 X 10° hectares and in 1972 as much as 1.3
X 10* hectares (Yearbook of forest statistics
1983: 96). In northern Europe the effects of
this practice are poorly known (see, however,
Hokkanen & Raatikainen 1977). In Poland,
for example, usually poor soils formed from
loose stands, with a low biological activity
and permanent water deficiency, have been
reforested. There the communities of soil
macrofauna in one to ten-year-old reforesta-
tion are dominated by phytophages and
zoophages, and are totally different from
those in forest plantations on clear-cuttings.
Only the soil macrofauna of 60 to 100-year-
old stands on arable land soils have the
species composition and community struc-
ture similar to those in stands of forest soil

(Szujecki 1979, see also Szujecki et al. 1983).
On the other hand, natural reforestation has
decreased the species bound to old agricul-
ture, pastures and meadows abounding in
groves (Mikkola 1979, Viisinen 1982; see
also Haeggstrom 1983 for effects on vegeta-
tion and flora). The planting of spruce in
wooded deciduous meadows has caused de-
clines in invertebrate populations of such
habitats, e.g. butterflies Parnassius mnemosyne
(L.) and Euphydryas maturna (L.) in southern
Scandinavia (Heath 1981, Svensson 1982).
The increased cultivation of spruce in Den-
mark and southern Sweden has also favoured
rapid northward expansion by the geometrid
moth Peribatodes secundaria (Schiffermiiller)
(Svensson 1982).

21. Clear-cutting and thinning

~ The total area of clear-cuttings was, for
instance, in Finland 1.9 X 10* hectares in
1982 (Yearbook of forest statistics 1983: 105).
The purpose of clear-cutting is to prepare the
stand for burning-over, seeding or plantation,
and increase wood production. The drastic
alteration in the forest naturally removes all
insects associated with old trees. Lack of trees
directly gives more light to the soil surface,
thus increasing vegetation, makes tempera-
ture conditions more extreme and changes
moisture conditions. Moreover, clear-cutting
of trees and subsequent soil management
coupled with the modification of microclima-
tic conditions bring about great changes in
the forest soil fauna. Specialized forest and
forest-soil invertebrates are eliminated and
replaced by eurytopic species with consider-
able ecological plasticity (Szujecki 1979). As
a whole, however, the changes in the soil
fauna as a result of clear-cutting are not very
conspicuous (Huhta et al. 1967). In spite of
the diminution in the number of individuals,
the same species seem to dominate. The
number of species increases, however, owing

to the influx of new ones (Huhta et al. 1967).
These new arrivals are present at least in the
beginning, in low densities in oribatid mites
(Karppinen 1957) and spiders (Huhta 1965).
Huhta et al. (1967) have reported four types
of reactions in the densities of soil-living ani-
mals in consequence of clear-cutting: sudden
increase in dipterous larvae and adult Cole-
optera, slow increase in Nematoda, Enchyt-
raeidae and Collembola, initial increase' fol-
lowed by decrease in Oribatidae, other Acari-
na and larvae of Coleoptera, and, decrease in
Lumbricidae and Araneae.

Lenski (1982) did not find any significant
difference between forests and clear-cut areas
in total species diversity in Carabidae (Cole-
optera) in the southern Appalachians in
North America. Genus diversity decreased on
all clear-cut areas relative to their forest con-
trols, although the difference was not signific-
ant. However, after forest cutting there was a
reduction in the numerical dominance of one
species over its congeners. Coyle (1981) ob-
served with spiders in the southern Appalac-
hians that after cutting, certain functional
groups (e.g. web builders) were severely re-
duced, but within less affected functional
groups (e.g. ground hunters) diversity in-
creased. Similar effects on invertebrates may
be found in northern Europe.

After clear-cutting the herbs such as Rubus
idaeus, Chamaenerium angustifolium, Calamagros-
tis spp. and Avenella flexuosa rapidly cover the
area and insects associated with these plants
appear, e.g. the geometrid moth Spargania
luctuata  (Denis &  Schiffermiiller) on
Chamaenerium (Svensson 1982). The unbind-
ing and mobilization of nutrients turn the
clear-cutting area gradually to grassland,
with species characteristic of open, sunny
field such as many syrphids or butterflies.
The faunal composition ot the field layer is
heavily affected by the elimination of brush-
woods, e.g. Vaccinium myrtillus, and replaced
by species of open field and meadow. Later
on when the released nutrients have been
used by pioneer plants, the vegetation be-
comes monotonous, often dominated by Av-
enella flexuosa, and the fauna seems to become
impoverished.

The total area of thinnings of forest land
was in Finland in 1982 2.1 X 10* hectares.
Effects of thinning on the soil fauna are sup-
posed to be basically the same as those of
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clear-cutting but much milder (Huhta et al.
1967). The most remarkable change is the
decrease of densities of Nematoda, Enchyt-
raeidae and Collembola, quite opposite of the
consequence of clear-cutting (Huhta et al.
1967). Mitchell et al. (1983) found that thin-
nings of lodgepole pine (Pinus contorta) stands
from below improve the vigor of residual trees
and reduced beetle attack in Oregon (see also
Knight & Heikkenen 1980).

Timber cutting around the year and stacks
of unbarked logs beside roads as well as clear-
cutting areas have generated pest problems
(see Nuorteva 1964a, 1965). In this article
this wide area of forest zoology is only shortly
reviewed. Best known cases include Tomicus
bark beetles in pine (Tragardh & Butovitsch
1934, Butovitsch & Spaak 1939, Nuorteva
1956, 1957, Langstrom et al. 1984). In the
upper part of the pine wood stacks 20—200
egg galleries m™ of Tomicus piniperda (L.) have
been observed (Ehnstrom 1976, Dehlén &
Léangstrom 1977, Heikkila 1978, Juutinen
1978). In Sweden the pest species composi-
tion breeding in the pine stacks is usually
formed by T. piniperda, Trypodendron lineatum
(Olivier), Hylurgops palliatus (Gyllenhal), Pis-
sodes pini (L.), Monochamus sutor (L.), Acan-
thocinus aedilis (L.), Orthotomicus laricis (Fab-
ricius) and Pityogenes quadridens (Hartig), and
also Ips acuminatus (Gyllenhal) in the north
(Skogsskyddsutredningen  1977).  Tomicus
minor (Hartig) is seldom met in the pine
stacks (Skogsskyddsutredningen 1977, Lang-
strom et al. 1984). Concerning the pests
breeding in the stacks of spruce, perhaps
most attention has been paid to Ips typographus
(L.). Most of these beetles are also concen-
trated in the upper parts of the stacks, and
they seem to prefer smaller stacks. 1 m? of the
bark of spruce has been observed to produce
up to 1000 new adults (Skogsskyddsutred-
ningen 1977).

Pine stumps created by clear-cutting are
also suitable reproducing sites for several in-
sects. Tomicus piniperda, Hylobius abietis (L.),
Trypodendron lineatum and possibly Pissodes pini
of the pest species have perhaps gained the
most remarkable advantage (see Wallace
1953, Wiackowski 1957, Elton et al. 1964,
Langstrom 1979, 1982, Hellqvist 1984). Most
abundant insect pest species living in the
logging waste include the scolytids Pityogenes
chalcographus (L.), P. bidentatus (Herbst) and
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P. quadridens. In more heavy slash as in
crowns and thick branches also breed Ips spp.
and Pissodes spp. in spruce, and Tomicus minor,
Ips acuminatus and Pissodes spp., sometimes
also cerambycids in pine.

It is evident that clear-cutting with its con-
sequences as a modern silvicultural practice
has increased the abundance of the timber-
associated species mentioned in this chapter.

22. Burning-over

Burning is used in practical forestry, espe-
cially in places with thick raw humus, in
order to improve the quality of the soil and
uncover it for seedlings (Huhta et al. 1967).
Burning usually destroys the litter and the
above-ground parts of vegetation. After burn-
ing-over the soil remains still more exposed to
fluctuations in temperature and humidity
than in clear-cut areas (Huhta et al. 1967).
Fire affects the invertebrate fauna of an area
in two ways: firstly, there are direct effects of
heat and smoke upon the invertebrates living
at the time of the fire; secondly, there are
indirect effects caused by the fire’s modifica-
tion of the habitat (Lyon et al. 1978, Richard-
son & Holliday 1982).

The effect of the burning-over procedure
itself upon the soil fauna is very destructive to
nearly all groups, because of the heat pro-
duced. If the environmental conditions in the
burnt-over area are favourable for the ani-
mals, the fauna, however, soon recovers from
the losses caused by burning (Huhta et al.
1967). In the following four years after burn-
ing-over, some groups remain permanently at
very low levels of density, few if any signs of
recovery being observed (Nematoda and
Coleoptera with some recovery in the fourth
year, oribatid mites and spiders with none).
The pH remains permanently unfavourable
to the growth of fungi which form an impor-
tant nutritional resource of these groups. The
most sensitive groups seem to be Lum-
bricidae and Collembola. Enchytraeids and
Collembola, however, reproduce quickly after
burning, and so possibly do lumbricids, but
later on their numbers gradually decline
(Huhta et al. 1967). In one study (Huhta et
al. 1969) the soil animal populations seemed

to be labile still in the seventh year after
burning-over. There had been violent
changes in the numbers of animals all the
time. Dindal & Metz (1977) have concluded
that fire can cause shifts for and against
certain species and associations of Collembo-
la, thus modifying their total community
structure.

In ground-living spiders, the effect of burn-
ing-over seems to be largely the same as that
of natural fires. A certain increase in species
number has been noticed during the first
years after fire in Norway. There also was a
qualitative change during these years as some
of the ’pioneer species’ appeared in the ear-
liest years and then disappeared, being re-
placed by other species (Hauge & Kvamme
1983, see also Huhta 1971). Schaefer (1980)
observed that only 1 % of the spider and
harvestman population survived the fire.
However, the burned area — as well as the
young pine population — were recolonized
rapidly. In the second year after the fire the
burned pine forest was characterized by
number of species, population density, and
index of diversity that did not differ very
much from the values in the unburned pine
forest. Apart from pioneer species, spiders
and harvestmen typical of open habitats
dominated. Lycosidae, for instance, attained
high population densities.

As far as the insects of the ground and field
layers are concerned, the burning-over prob-
ably has similar effects to natural fires.
Pioneer species of open habitats are first
favoured, including species living on slime
and other fungi which are pioneer stages of
’plant’ succession followed by the fire, and
zoophagous species of Carabidae and Salpin-
gidae follow the mycetophagous species
(Schauermann 1980, Winter 1980, Richard-
son & Holliday 1982, Szyczko 1984, Lund-
berg 1984). Some species such as the cur-
culionid weevils Hylobius abietis, H. pinastri
(Gyllenhal) and H. piceus (Degeer) are strong-
ly attracted by the smell of smoke, or by the
high temperature itself as in the case of
Melanophila acuminata (Degeer) (Lundberg
1984). Juutinen (1962) even reported burn-
ing-over to increase the damage caused by
Hylobius abietis on the planted pine saplings.
Also coniferous trees damaged by the fire
may attract some species including the
cerambycids Asemum striatum (L.), Acanthocinus

aedilis and Monochamus sutor to burnt-over sites
(Forslund 1934, Lundberg 1984). However,
the most important difference between the
burning-over and natural fires is the fact that
in the latter case the damaged trees are left in
the burned forest. Several Heteroptera and
many Coleoptera are known to be associaFed
just with the burned tree trunks or the rich
fungal flora growing on burned trees. .Thu§,
the burning-over does not correspond biologi-
cally to the effect of natural fires (see further
section 32.).

23. Ploughing

In Finland, 5.5 X 10* hectares of forest
land were ploughed in 1982 (Yearbook of
forest statistics 1983: 92). There are very few
observations about the effect of ploughing on
the occurrence of forest invertebrates in the
literature. Kellomaki (1972) has shown that
ploughing increases the amount of flowering
herbs and other vegetation. According to
Nuorteva et al. (1983) this may be respons-
ible for the recent increase in the population
of Meloe violaceus Marsham (Coleoptera,
Meloidae). Detrimental effects of dcqp
ploughing on forest-soil fauna is reflected in
the increase of xerothermophilous and eury-
topic species, and in the decrease of
hemizoophagous species (Szujecki 197.9).
This is thought to lead towards delaying
faunal succession. Even epigeic carabids,
which generally stabilize their communities
most rapidly, are affected according to one
Polish study (Szujecki 1979).

In northern Finland, the advance of dam-
age in Pinus sylvestris plantations on un-
ploughed sites has been observed to }.;)e equal
to that on ploughed sites, the basic difference
being the somewhat milder effect of drought
on ploughed sites and evidently the scarcity
of vole damage that resulted from the lack of
grass cover (Heikkild 1981). Damage caused
by Hylobius abietis can be reduced by making
15—20 cm wide zones of mineral around the
pine seedlings (Christiansen & Sandvik 1974,
Soderstrom 1976), and it has been observed
that the damage has been less serious on
ploughed sites, as well (Levula & Heikkila
1981).

24. Tree species composition of stands

Any study of virgin forests will furnish
proof that mixed stands are much safer
against insect injury than pure stands. Tree
species which tend to form large, homogene-
ous stands also tend to have a rich and injuri-
ous bark beetle fauna (Lekander et al. 1977).
In southern Scandinavia the spruce monocul-
tures have also been considered to have par-
tially caused the outbreaks of the nun moth
Lymantria monacha L. (see e.g. Bejer 1979,
1980, 1981a, 1982). Moreover, the numbers
of such predators as Carabidae and para-
sitoids as Ichneumonidae in forest sites in
multispecific stands are higher than in pure
stands in the same site (Szujecki 1979, see
also Gyorfi 1952). In fact, it can safely be said
that the greater the diversification of tree
species, the less frequent insect outbreaks will
be (Knight & Heikkenen 1980).

Many human practices in the past have
unconsciously encouraged insect outbreaks
(Knight & Heikkenen 1980), as well as de-
creased numbers of other species. Especially
species associated with Populus tremula (m
particular old trees) have decreased (e.g. Vii-
sanen 1982). This tree species has been
strongly persecuted because of its low
economic value, its tendency to form thickets
of sprouts and partially because of its status
as a host of Melampsora pinitorqua, a serious
disease of Pinus sylvestris. Also other deciduous
trees, e.g. Salix caprea, growing among young
conifers have been destroyed, either mechani-
cally or by means of herbicides. How t'his
practice affects invertebrates is poorly studied
(see e.g. Eijsackers & van der Drift 1976).

The splitting of forests has increased edges
of forests with typical bush vegetation associ-
ations. The influence of the so-called edge
effect has not been studied in forest inverte-
brates, but this development has surely in-
creased at least species living on young wil-
lows etc. 4

Exotic conifers in the Nordic Countries
have mainly been attacked by indigenous
pests (e.g. Pinus contorta, see Annila et al.
1983; Larix spp., see Langstrom 1981). How-
ever, several species are bound to live on
Larix and have thus been transported to Nor-
dic Countries (Eidmann 1965). Exotic insects
associated with seed and small plants have
spread best, those associated with bark and
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timber have followed the trad t
(Bejer 1981b). o S ooy

25. Fertilization

In northern Europe, forest fertilization
commenced in the early 1950s. In Finland
6.6 X 10* hectares mineral land and 4.4 x 10°
hectares peatland were fertilized in 1982
(Yearbook of forest statistics 1983: 103). In
Norway, the respective areas were in 1981 2.4
X 10%* and 1.6 X 10° hectares (;\rsmelding for
193{31: 43), and in Sweden 1.3 X 10° and 3.0 X
!0 hectares in the same year (Skogsstatistisk
arsbok 1981—1983: 82). The aim of this prac-
tice is to increase the content of nutrients in
the soil, and so accelerate the growth of trees.
This increase of nutrients unavoidably be-
nqﬁts other vegetation, too, as well as many
micro-organisms (Franz 1963, Huhta et al.
1967).

Thf. most important factors in fertilization
affecting the soil invertebrates in northern
E}xropean heath forests are the content of
nitrogen and pH value in the soil (Marshall
1977, Lohm et al. 1977, Behan et al. 1978
Abrahamsen & Thomson 1979, Huhta et alj
1984). Microbial activity is quickly acceler-
ated after the application of fertilizer (Franz
1963) This may be due to the decrease in
acidity rather than the increase in nutrients
(Huhta et al. 1967). The significant role of
pH for the soil invertebrates has been recent-
ly experimentally demonstrated in several
laboratory studies (Baath et al. 1980, Hagvar
& Abrahamsen 1980, Hagvar & Amundsen
1981). The increase of the nematode species
fcec_img on bacteria and the decrease of many
typical species of the acid heath forest soils
feeding on litter or mycelia (Enchytraeidae,
e.g. Cognettia sphagnetorum, and several com-
mon oribatids) is probably due to the change
towards a microbial flora dominated by soil
bacteria (Huhta et al. 1984). The impact on
Nematoda is transient, lasting only from one
to two years. According to Huhta et al.
(1967) the numbers of Enchytraeidae, Col-
lembola and dipterous larvae increased in the
second or third year after the fertilization
treatment. Fertilization seems to decrease the
number of Lumbricidae, while it has no effect
on macroarthropods of the the soil (Huhta et

al. 1967, Huhta et al. 1984:
i, 84; see also Lohm et
In general, rather little is known about the
effect of fertilization on the invertebrate
populations of field layer and trees. Forest
fertilization has been found to affect the oc-
currence and harmfulness of many insects
(Oldiges 1960, Schwenke 1960, Stark 1965
Hoffmann 1966, Baule 1968, Krauss 1969,
Mitscherlich 1975): Fertilization either in:
creases the number of pests, decreases it or
has no effect. (1.) Population densities of
Ama'u's cinnamomeus  Panzer (Heteroptera
Aradlda_c), a sap sucking insect living on
young pines, have been recorded to be greater
in fertilized than in unfertilized trees
(Helibvaara et al. 1983). It is probably easier
for the sucking insects to take sap from host
trees which have a high turgor pressure ow-
ing to fertilization (Schwenke 1961, Mitscher-
lich 1975). (2.) Loyttyniemi (1978) reported
that nitrogen fertilization with the standard
dosage had little effect on pine shoot beetles
(Tm{licu.r spp., Scolytidae) and caused no es-
sential changes in the level of damage. (3.)
An ana!ysis of a recent outbreak of the Euro-
pean pine sawfly (Neodiprion sertifer (Four-
croy), Diprionidae) on Scots pine in southern
Sweden showed that the damage was less
severe in a fertilized stand (Larsson & Tenow
1984). Mortality in the larval stage has been
suggested as the main reason for the low
number of defoliating insects observed after a
fertilization of pine stands (e.g. Schwenke
1960). The better nutritive state of stands
probably implies an increase in available re-
sources for allocation to other processes than
growth, e.g. for synthesis of defensive chemi-
cals, making fertilized stands less susceptible
than non-treated stands (see Larsson &
Tenow 1984).

26. Insecticides, pheromones and biolog-
ical control

As a mean of forest protection, direct con-
trol has both special merits and certain disad-
vantages. Some disadvantages are inherent in
some of the methods of direct control because
of the damage to the forms of life other than
noxious insects, and even the strategic objec-
tive of forest protection may be partially defe-

ated by improper use of commonly used tac-
tics. Insecticidal applications are the chief
target for criticism in these respects. The
undesired effects of insecticides may include
damage to beneficial predaceous insects and
mites, as well as to birds, fish and other
aquatic life (see Gustafsson 1960, Graham
1963, Eidmann et al. 1979).

Various insecticides including DDT, lin-
dane, malathion and dimethoate are used in
forestry against harmful insects in northwest-
ern Europe (see Bakke et al. 1984). DDT has
been used in Finland from 1945 until Sep-
tember 1971, when its legal use was restricted
in treating saplings in nurseries (see
Rautapai et al. 1976), but the use of lindane
has been wider (e.g. Markkula 1974). In
Sweden the use of DDT and lindane has not
been permitted since 1975. In the period
1970—1974 treatment of conifer seedlings was
the only use of DDT permitted in Sweden.
During this period 10.3 tons of DDT were
annually used for treating 2.71 X 10% seed-
lings, amounting to 38 mg DDT per seedling
(Eidmann et al. 1979). Instead of DDT,
synthetic pyrethroids are nowadays used in
Sweden. In 1981, every third pine plant was
treated by pyrethroids in central and south-
ern  Sweden  (Skogsstatistisk  arsbok
1981—1983: 71). In Finland there were, for
instance, in 1973 two preparates for the con-
trol of insects in forest nurseries and two for
the protection of unbarked timber. The quan-
tity of these insecticides used in forestry total-
led 17.7 tons, and contained 90 kilos of DDT
and 3453 kilos of lindane (Markkula 1974).
In Norway, 1.5 tons DDT preparate is yearly
used against Hylobius (Bakke et al. 1984); the
accurate amount of lindane used is not avail-
able. In Denmark during outbreaks of Lyman-
tria monacha, insecticides, especially phenit-
hrothion and endosulphan, and biological
control have been used (Bejer-Petersen 1974,
Zethner 1976). In Poland, large areas have
been treated against Lymantria with pyret-
hroids dispersed from the air (Krél 1983).

When planting a new pine stand, protec-
tion of seedlings against Hylobius abietis with
lindane or other means of combatting is usu-
ally considered necessary (see Annila 1982a).
Treatment with lindane essentially decreases
the amount of injuries caused by this serious
pest and gives a sufficient shelter for the
seedlings for the first period of growth (Eid-
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mann 1972, 1974). Though the treatment
with lindane kills a proportion of the weevils,
we can hardly say that it has decreased the
population of H. abietis. Hylobius specimens
are sometimes eaten in great quantities by
some birds such as Larus canus (Pulkkinen
1983). Thus, transfer of insecticides through
this insect species to higher trophic levels is
probable.

Chemical control against other forest pests
has not been applied very widely in north-
western European forests. In Sweden, DDT
has been used in practical forestry against
several forest pests, including Lymantria
monacha, Panolis flammea (Denis & Schiffer-
miiller), Operophthera brumata (L.), O. fagata
(Scharfenberg), Erannis defoliaria (Clerck),
Cephalcia abietis (L.), and Neodiprion sertifer
(Lekander 1954). Bupalus piniarius (L.) has
been controlled in an area of 6300 hectares
with DDT in southeastern Finland (Simolin-
na et al. 1959), and with Dimilin in 1984 in
eastern Finland (unpubl. data). In 1963 a
forest area of several hundred hectares in
southwestern Hame was sprayed with a
thiodan preparation by airplane (Képpa
1964). Other treatments have been in Fin-
land more or less experimental (see Annila
1973, 1977). Tests of chemical methods for
protecting stacks of pine pulp wood especially
against Tomicus piniperda have been made, but
they have not been applied very much in
practical forestry (see Butovitsh & Eidmann
1962, Rummukainen 1964, Heikkild 1978,
Juutinen 1978).

According to the investigations made by
Huhta et al. (1967) the mean density of the
soil fauna including all groups of animals
except oribatids, was considerably lower in
the area treated with insecticides (lindane
preparate) than in the untreated control loc-
ality. The losses varied from 22 to 35 % in
different groups, and in chilopods up to 68 %.
The species living mainly on the soil surface
and among litter, and especially the predat-
ory ones (beetles, spiders, chilopods), seemed
to suffer most (more than 30 %), while the
true soil fauna was less affected. Zoebelein
(1960) reported that Psocoptera, Arachnida
and to some extent Collembola, Carabidae
and Chalcididae are particularly threatened
by DDT treatment. According to Sheals
(1955) BHC (benzene hexachloride) is de-
leterious to mites and springtails, but DDT
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indirectly increases the number of springtails
twofold by suppressing predatory mites. Ed-
wards & Heath (1963) also report that the
density of springtails is increased by DDT,
but decreased by aldrine. Richter (1953) has
stated that BHC powder has only a slight
influence in forest soil, but that if the same
poison is given as an emulsion or suspension,
a sharp decline in springtail and mite popula-
tions is observed. In Denmark, Dahl & Beier
Petersen (1960) have studied the influence of
control experiments on the remaining part of
the arthropod fauna during a control of Ly-
gaenomatus abietinus (Christ). It was estimated
that about 3.5 X 10° insects per hectare were
killed by the treatment by parathion, but only
a few days after the treatment the arthropod
fauna again seemed to be of normal size. The
groups most seriously affected were Diptera,
Hymenoptera and Psocoptera. According to
Bracher & Bider (1981), in Canada the
lepidopterous and arachnid activity de-
creased significantly right after the aerial
spray of aminocarb. In Germany, DDT treat-
ment caused apparent injury to parasitoid
insects, syrphids, coccinellids, spiders etc.
during only four days (in some places even up
to twenty days) (Zoebelein 1958). Large scale
control measures against Elkneria pudipunda
(L.), using less than 1 kg DDT-active ingre-
dient per hectare reduced the parasitoids of
these moths only slightly (Zoebelein 1960).
At nearly 100 % kill of Lymantria larvae there
was a 99 % reduction in injurous insects, and
a 45 % reduction in other insects (Zoebelein
1957). The recolonization and replenishment
of the fauna of treated areas takes place rela-
tively quickly (Zoebelein 1960).

The success of pheromone traps in catch-
ing bark beetles gave rise to the idea that
traps scattered throughout a pest’s environ-
ment could be used to control population
levels. The most ambitious trap-out program-
me was undoubtedly that launched in Nor-
way and Sweden in 1979. In Sweden, from
1971 to 1980, the bark beetles have killed
1.2-3.4 X 10° cubic meters spruce wood
every year, and 2.3 X 10° in total (Skogs-
statistisk drsbok 1981—1983: 70, 76). Follow-
ing a population explosion of Ips typographus,
and the threat of more catastrophic tree los-
ses, pheromone-baited traps (600 000 in Nor-
way and 200 000 in Sweden), were distri-
buted throughout infested forests. Some 2.9

X 107 beetles were trapped in 1979 and 4.9 X
10% in 1980. Synthetic pheromones of Ips ty-
pographus have also been observed to act as
kairomones. For instance in 1970s in Norway
one predaceous clerid specimen (Thanasimus
JSormicarius (L.), T. femoralis (Zetterstedt)) was
trapped for approximately every fourth 1.
pographus (Bakke & Kvamme 1978, 1980).
In new trap models used in the 1980s their
proportion was only about 0.2 % (Bakke et
al. 1983, 1984). In Finland also Epuraea
species, predators of bark beetles were trap-
ped (Selander & Nuorteva 1980). Pheromone
traps are not used in practical forestry in
Finland. Whether the removal of several bil-
lion beetles has had any effect on averting
even more catastrophic losses remains open
to conjecture (see Birch & Haynes 1982).

As regards biological control in the north-
ern European forests, only nuclear polyhed-
rosis virus against Neodiprion sertifer has been
applied in practical forestry (see Nuorteva
1972, Bakke et al. 1984). Though the effects
in the mortality of its target are indisputable,
the application of nuclear polyhedrosis virus
has hardly had any permanent influence in
the abundance of N. sertifer. This is because
the latent stage of the polyhedrosis disease is
naturally present, especially in areas where
these diprionid sawflies have been abundant
for several years (Nuorteva 1964b, 1972). In
experiments, the nuclear polyhedrosis virus
disease of certain other insects has had no
effect on other insect species, or on mammals
(Ignoffo & Heimpel 1965, Heimpel 1966,
1967, Meinecke et al. 1970). In Denmark and
southern Sweden, Lymantria monacha has been
controlled by aerial spraying of insecticides,
NPV-virus and Bacillus thuringiensis (Bejer-
Petersen 1974, Zethner 1976, Austara et al.
1983).

We may summarize that the application of
insecticides, pheromones, and biological con-
trol agents in practical forestry has been used
on such a small scale in the Nordic Countries
that hardly any irreversible effects on the
forest invertebrates are visible. It must be
noted that pesticides used especially in ag-
riculture have caused well-known cases of
permanent population declines in several ver-
tebrates. The slight usage of chemical control
agents in forests can also be seen as a sign of
success in silvicultural practices used in
northwestern Europe.

3. GENERAL CHANGES IN FOREST DYNAMICS

Untouched boreal forests include both a
series of successive age-class stages in a single
site and the mosaic-like complex of these sites
in different stages. The different forest types
(dry heath forest, moist heath forest ctc..) can
be recognized with the aid of the vegetation of
field and bottom layers, although the domi-
nance relations of plant species vary during
the succession (see Cajander 1926, 1949,
West et al. 1981).

Finegan (1984) has recently reviewed the
theories of forest succession. According to the
holistic theory of forest succession, succes-
sional change is often considered to occur in
stages through wave-like invasions by groups
of species, and it is thought to be controlled
by the vegetation itself. Thus autogenic
change caused by the presence of a particular
species or a group of species makes the envi-
ronment suitable for the next group of species
and so facilitates successional change. Suc-
cessional change is usually held to be predict-
able and therefore deterministic, converging
to forest from various different starting
points. According to the reductionist theory
the plant community is interpreted to be a
fortuitous assemblage of species populations,
each with unique behaviour. The fundamen-
tal stochasticism of this view is supported by
evidence of several alternative successional
pathways within a given vegetation type.
Succession is merely regarded as the sequen-
tial physiognomic dominance of the site by
species with different life histories, grqwth
rates and sizes at maturity, and, as cspccxglly
emphasized, all the species participating in a
succession become established at or very

shortly after initiation (initial floristic com-
position model). The theoretical back_ground
of forest succession is thus controversial and
not yet fully understood (see further Finegan
1984). However, it would be valuable to
notice the different interpretation possibilities
of the succession also when considering the
successional changes in invertebrates.
Modern forestry strongly affects any for.cst
just under treatment, as shown in the section
2. The vegetation and presumably also the

invertebrate community have a good capabil-
ity to return to the original compositiop with-
in a few years after treatment, at least in most
cases. However, the detrimental effects be-
come more apparent when larger geographi-
cal areas are treated. The large-scale ecologi-
cal changes in the backwoods and untouched
forests are mainly due to the efficient silvicul-
ture, since other factors in land usage have
had only a minor role in reducing the area of
old forest during recent years.

Man’s effect on northern European forests
dates back to several thousand years before
the present day. Woodland burning and tar
burning modified the age-class and species
composition in the forests over several cen-
turies up to the beginning of the 1900s (e.g.
Heikinheimo 1915, Ayrapaa 1946). However,
old backwoods and remote virgin forests were
left untouched by man until the recent years
of efficient forestry.

31. Loss of primevals

In virgin forests relatively old age-classes
dominate. Two examples of the age-class dis-
tribution in boreal forests are given in Fig. 2.
These two nature reserve arcas have been
practically unaffected by human practices at
least during this century, either by silvicul-
ture or by the prevention of natural fires. In
some extreme cases the climax stage can be
reached in moist forest types only after
500—600 years from a fire (Heikinheimo
1915, Kalliola 1973). Because fires have usu-
ally occurred more often, the real climax
stages in boreal forests seem to have been
relatively rare even in natural conditions.
The present data show, however, the con-
spicuous fact that even the middle-aged
stages are nowadays rarities and areally small
in Sweden, Finland and elsewhere in north-
ern Europe (Tables 1, 2, Figs. 3, 4). ;

The loss of primeval forests has most dis-
tinctly influenced the specialized species of
the decomposition system associated with de-
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Fig. 2. The age-class distribution of moist and dry heath forests ( Vaccinium myrtillus and V. vitis-idaea
site types) in two untouched boreal forest areas. 1. Ulvinsalo, a. moist heath forest (1067 ha), b.
dry heath forest (254 ha). 2. Pyhi-Hzkki, a. moist heath forest (249 ha), b. dry heath forest (217
ha) (data from Salonen et al. 1980). White — 0-100 years, shaded — 101-150 years (note the
difference from Figs. 3-4), black — more than 150 years.

Kuva 2. Metsin ikaluokkajakauma tuoreella ja kuivahkolla kankaalla (MT Jja VT) kahdella koskemattomalla
metsdalueella. 1. Ulvinsalo, a. MT (1067 ha), b. VT (254 ha). 2. Pyhi-Hikki, a. MT (249 ha), VT (217
ha). Valkea — 0-100 vuotta, varjostettu — 101-150 vuotta (huomaa ero kuviin 3-4), musta ~li 150 vuotta.

caying logs and wood-rotting fungi, and
species with strict microclimatic require-
ments (stable moisture and shade). Many
such invertebrate species have drastically de-
clined and some of them seem to have van-
ished from northern Europe. Often the evi-
dence of faunal changes is very weak due to
the scarcity of old reference studies and the
present rarity of the declined species. No
abundant invertebrate species strictly re-
stricted to primeval forests is known to the
authors. More abundant primeval species
such as geometrid moth Eupithecia conterminata
(Zeller), noctuid moth Xestia sincera (Herrich-
Schaffer), or beetles Ostoma ferruginea (L.)
and Dendrophagus crenatus (Paykull) can be
met in cultivated forests, too, although in
lesser numbers. The tendencies in the popu-
lation declines of different species have, how-
ever, usually been observed over large geo-
graphical areas. Species commonly collected
by students of the previous centuries are rare
or have disappeared today in spite of the
many more collectors, and seem to be evident
cases of declines or even local extinctions.
Invertebrate species associated with primeval
forests in northern Europe are listed in Table
3. The data is based mainly on literature such
as Saalas 1932, 1939, Krogerus 1943, Kangas
& Kangas 1944, Kangas 1947, 1961, 1971,
1979, 1983, Lundblad 1950, Kaisila 1960,
Linnavuori 1967, Lindroth 1973, Mikkola
1974, 1979, Baranowski 1977, Lundberg
1977a, b, 1978, Bistrom 1978, Imby & Palm-

qvist 1978, Muona 1978, 1984a, b, Rutanen
1980, Helve 1981, Bily 1982, Clayhills 1982,
Palm 1982, Viisinen 1982, Helibvaara &
Viisianen 1983.

At present many important invertebrate
groups of northern European forest ecosys-
tems which have possibly suffered from the
large-scale forest management are still tax-
onomically very poorly known or even cannot
be identified at all (e.g. Diptera, My-
cetophiloidea and several parasitoids). Thus,
the available data are restricted to large and
conspicuous species and the above list of
declined primeval species must be seen only
as a collection of examples.

The invertebrate species in the decomposi-
tion system of timber seem to be the ecologi-
cal group which has most seriously suffered
from the loss of primevals. Fresh wood can be
attacked by scolytid, curculionid, buprestid
and cerambycid beetles or sawfly larvae and
later by Diptera such as Tipulidae, My-
cetophilidae, Cecidomyiidae and Sciaridae.
Some beetles carry ambrosia fungi which pro-
liferate in the tunnels and provide food for
their larvae. Moisture is important and soak-
ing for long periods makes the woody tissues
more susceptible to attack by micro-organ-
isms. Fungal mycelia ramify through cracks
and soften tissues, and then many inverte-
brates, especially scarabaeids, millipedes and
isopods begin to invade the moist tissues.
Often mosses may begin to grow on the out-
side of the wood and provide a moist habitat

Table 1. Age structure of the stands on forest land in
1978-1982 by forestry boards districts in Sweden (see
Fig. 3). All tree species (data from Skogsdata 83,
1983).

Taulukko 1. Metsien ikirakenne metsimaalla vuosina 1978-1982
piirimetsilautakuntien alueilla Ruotsissa (katso kuva 3).
Kaikki puulajit.

Total area of

Age classes/per cent of total area forest land/

District 0-100 101-140 141- 1000 hectares

1 95.0 5.0 0.0 84

2 96.6 3.4 0.0 288

3 98.5 1.4 0.1 190

4 97.6 2.3 0.1 295

5 95.2 4.5 0.3 194

6 67.8 28.3 3.9 138

7 92.8 6.7 0.5 723

8 95.9 4.0 0.1 628

9 92.9 6.3 0.8 693
10 90.5 9.1 0.4 705
11 93.1 6.2 0.7 382
12 91.0 8.3 0.7 607
13 92.0 6.9 1.1 329
14 13.7 12.3 1.4 286
15 90.6 8.8 0.6 421
16 91.3 8.2 0.5 386
17 89.4 9.8 0.8 569
18 83.7 14.1 2.2 1325
19 66.9 26.8 6.3 2048
20 82.6 15.5 1.9 1469
21 76.4 20.9 2.7 1715
22 56.0 323 11.7 2804
23 64.8 26.1 9.1 3300
24 62.0 24.7 13.3 3924
1-12 92.9 6.6 0.5 4925
13-19 79.6 17.1 3.3 5364
20-22 68.4 249 6.7 5988
23-24 63.2 25.4 11.4 7224
1-24 74.5 19.4 6.1 23501

for invasion by arthropods. Eventually the
wood becomes soft, fragmented, gradually
incorporated into the humus layer, and final-
ly thoroughly distributed through the upper
layer of soil (Edwards et al. 1970).

Ehnstom (1978, 1979) distinguished four
temporal successive phases in the inverte-
brate community exploiting dead wood (Fig.
5): Phase A — a short-term stage mostly with

Fig. 3. Age structure of the stands on forest land in 1978
1982 by forestry boards districts in Sweden (data
from Table 1). White — 0-100 years, shaded 101-140
years, black more than 140 years.

Kuva 3. Metsien ikirakenne metsimaalla vusina 1978-1982
piirimetsalautakuntien alueilla Ruotsissa. Valkea — 0-100
vuotta, varjostettu — 101-140 vuotta, musta - yli 140 vuotta.

species feeding on bark, such as Scolytidae,
Cerambycidae and species living in their
cavities as well as parasites and predators of
them. Phase B — a rather short stage with
species mainly living under bark and in the
surface layer of timber, and species associated
with fungi. Bark becomes loose and falls from
the stem. Phase C — a long term stage which
can take several decades, mostly with wood-
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Fig. 4. Age structure of the stands on forest land in 1971—
1976 by forestry boards districts in Finland (data
from Table 2). Symbols as in Fig. 3.

Kuva 4. Metsien ikirakenne metsimaalla vuosina 1971-1976
piirimetsdlautakuntien alueilla Suomessa. Merkkien selitykset
kuten kuvassa 3.

inhabiting species. Most of the species de-
clined belong to this stage. Phase D — a very
long stage during which many wood-inhabit-
ing species are replaced by species living
under the shelter of decaying logs, such as soil
insects, molluscs and chilopods. At this stage
the stem begins to break.

Although the invertebrate species of the
decomposition system of timber seem to be
the ecological group which has most seriously
suffered from loss of primevals, we can find
even there species that have, in fact, became
more abundant. The pioneer species, the
phase A of this system which occurs in the
logs during the first few years after the death
of the tree has had the best success, and many

Table 2. Age structure of the stands on forest land in
1971-1976 by forestry boards districts in Finland (sce
Fig. 4). All tree species (data from Yearbook of
forest statistics 1983).

Taulukko 2. Metsien ikirakenne metsimaalla vuosina 19711976
piirimetsalautakuntien alueilla Suomessa (katso kuva 4).
Kaikki puulajit.

Total area of

Age classes/per cent of total area forest land/

District 0-100 101-140 141- 1000 hectares
0 83.1 14.8 2.1 70
1 92.1 7.1 0.8 352
2 91.4 7.4 0.8 459
3 89.9 9.6 0.5 661
4 90.8 8.1 1.1 533
5 89.1 9.7 1.2 782
6 94.8 4.8 0.4 609
7 95.7 4.2 0.1 805
8 93.7 5.8 0.5 621
9 93.7 6.1 0.2 509
10 88.1 9.7 2.2 1368
11 93.0 6.5 0.5 1312
12 89.7 9.5 0.8 1226
13 89.0 10.5 0.5 883
14 87.5 12.0 0.5 445
15 90.5 8.8 0.7 677
16 65.5 23.6 10.9 1627
17 81.3 13.9 4.8 1472
18 51.6 16.3 32:1 1783
19 49.8 16.9 33.3 3544
0-15 91.1 8.1 0.8 11312
16-19 58.6 17.6 23.8 8426
0-19 77.2 12.2 10.6 19738

of these species are nowadays injurious pests
of cultivated stands, although in primevals
they had only a minor role (see Franz 1948,
Lindberg & Saris 1952, Schimitschek 1952,
1953a, b, 1954). After storms some scolytids
of the phase A such as Tomicus spp. and lps
bpographus living in the windthrown conifers
in old natural forests may increase in num-
bers and cause injury also in the nearby
cultivated forests (Kolbe 1980, Annila
1982b). Also the last phase D seems to have
suffered only little, like the soil fauna in which
there are no evident examples of species ex-
clusively associated with primeval forests (see
c.g. Huhta & al. 1967, Palmgren & Bistrém
1979). In herbivorous invertebrates the

Table 3. Invertebrate species associated with primeval forests in northern Europe. There is a great variation in the

strictness of the association.
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Taulukko 3. Harvinaisia, erityisesti vanhoista metsista Pohjois-Euroopassa t uja selk ¢j
ARACHNIDA Keroplatidae Thymalus subtilis
Pseudoscorpionida (?) Keroplatus sesioides Ni‘tifiulidae
Lamprochernes chyzeri Mycetophilidae Ipxdm.{exguttala
l (?) several species Cucujidae
INSECTA Solvidae Uleiota planata
Heteroptera Solva interrupta Cum]:u: cinnaberinus
Cryptostemmatidae Cucujus {{atmatodes
(?) Ceratocombus corticalis Hymenoptera L{mgumdac
Aradidae (?) several parasitoid species Eicolyctus 'lrmnnm:
Aradus pictus Ocdemeridae
Meziridae Coleoptera Ditylus laevis
Mezira tremulae Leiodiidae Pythidae
Liodopria serricornis Pytho kolwensis
Homoptera Agathidium pulchellum P)‘ll{n abieticola
Achilidae Staphylinidae Boridae
Cixidia confinis Tachinus elegans Boros Jchfleideri
Cixidia lapponica Eucinetidae Mord'elhdae”
Eucinetus caucasicus Conalia baudii
Lepidoptera Lucanidae N}c!andq’idae
Arctidae Ceruchus chrysomelinus Xylita livida
Borearctia menetriesii Eucnemidae Zilora elongata
Noctuidae Hylochares cruentatus Cerambycidae
Xestia borealis Buprestidae Tragosoma depsarium
(?) Chalcophora mariana Leptura thoracica
Diptera Peltidae Monochamus urussovi
Pachyneuridae Peltis grossa Scolytidae o
Pachyneura fasciata Thymalus limbatus Orthotomicus longicollis
s B e D
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Fig. 5. Successive phases in the invertebrate community exploiting dead wood (for details, see the
text). Note that much variation occurs depending on the tree species and geographical areas in

years from the death of the tree

question (according to Ehnstrém 1979).

Kuva 5. Kuolleessa puussa elavan selkarangatonyhteison sukkessiovaiheet (katso teksti). Kehitys vaihtelee

huomattavasti alueittain ja puulajeittain.
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Table 4. Invertebrate species associated with natural fires in northern Europe. At least Aradus spp. except A. lugubris,

and Agonum bogemanni have drastically declined.

Taulukko 4. Erityisesti kuloalueilta tavattua hyinteislajistoa Pohjois-Euroopassa. Ainakin Aradus-suvun latikat A. lugubrista

lukuunottamatta ja Agonum bogemanni ovat suuresti taantuneet.

Heteroptera
Anthocoridae
Scoloposcelis obscurella
Scoloposcelidea phryganophila
Aradidae

Aradus anisotomus
Aradus signaticornis
Aradus angularis
Aradus aterrimus
Aradus lugubris
Aradus laeviusculus

Coleoptera
Carabidae

Agonum bogemanni
Staphylinidae
Elateridae
Denticollis borealis

Buprestidae

Melanophila cyanea

Pterostichus quadrifoveolatus
Agonum quadripunctatum

Paranopleta inhabilis

Melanophila acuminata

Bostrichidae
Stephanopachys substriatus
Stephanopachys linearis
Cucujidae
Laemophloeus muticus
Latridiidae
Corticaria planula
Salpingidae
Sphaeriestes stockmanni
Anthribidae
Platyrhinus resinosus

change in the age class distribution of forests
seems to have caused only few distinct de-
clines, and in general they apparently have a
less prominent role in old forests than in
cultured young stands.

32. Cessation of natural fires

Fire represents a natural factor in boreal
forest ecosystem and maintains the diversity
and long term stability of the forest. Due to
the efficient fire suppression in northern
Europe during the last two hundred years,
natural fires are no longer a rejuvenating
factor in these boreal forests. According to
Zackrisson (1977), for instance, the conifer-
ous forest had burned in a river valley in
northern Sweden at mean intervals of 80
years, and in contrast, the mean time since
the latest fire was found to be 155 years. In
eastern Finland the average time lapse be-
tween fires has been 120 years, but in the late
1800s a strong fire peak was caused by in-
creased human activity (Haapanen & Siito-
nen 1978).

The burnt areas formed a part of the natur-
al mosaic of boreal forests. In northern Swe-
den 1 % of the forest area was affected by fire
every year up to this century (Zackrisson
1977). The fires have thus been an unpredict-
able but relatively common phenomenon in
the boreal ecosystems. This has made it poss-
ible that a specialized fauna associated with
burnt areas, e.g. burnt tree trunks with fungi,

has developed. Specialized species associated
with naturally burnt areas and now declined
or vanished in northern Europe are listed in
Table 4. The list is entirely based on litera-
ture (Palm 1955, Linnavuori 1967, Lindroth
1973, Ehnstrom 1977a, b, Heliévaara & Vii-
sanen 1983, Lundberg 1984). The faunal suc-
cession in burnt areas include also many
species of open habitats and that can be
found commonly in areas which have been
clear-cut, burned over and ploughed (see
Hauge & Kvamme 1983, Huhta 1971,
Schaefer 1980, Schauermann 1980, Winter
1980, Winter et al. 1980). Especially in North
America (see e.g. McLeod 1980 and the refer-
ences there and Wright & Bailey 1982), con-
cern has recently expressed that the practices
suppressing forest fires may ultimately lead to
lowered productivity, reduced species diversi-
ty, and the distinct possibility of the extinc-
tion of some species.

33. Dominance of young stands

The single-species, even-aged forest is un-
doubtedly easier to manage and more profit-
able than mixed forest. Therefore foresters
tend to favour large-scale, pure-stand sil-
viculture over practices that grow trees in
mixture, in rotations that alternate species, or
in diversified age-classes and size classes
(Knight & Heikkenen 1980). This has led to
encouraging pests, especially those of young
stands, that under primitive forest conditions

were unknown. The arthropod densities of
young stands can be high. According to Mar-
tin (1966) the arthropod densities in relation
of the crown size of Pinus resinosa in Canada
increases rapidly until the trees are about 15
years of age, and then declines. In young
stands e.g. Orthoptera and Hemiptera are
more common than in later successional
stages of the forest (e.g. Martin 1965). In
Sweden, the number of Arachnida species
and individuals is lower on spruce planta-
tions with closed canopy and no field layer
then in more open plantations with field layer
(Almquist 1982). Moreover, the composition
of the forest as a whole is of great significance,
for instance, in the composition of inverte-
brate fauna of pine stumps. In monocultures
of pine the fauna of the stumps has been
observed to be made up of fewer species, but
the density of the invertebrates is greater
(Wiackowski 1957).

Hpylobius abietis L. was regarded as a serious
pest in Central Europe in the early 1800s. In
Finland, scattered records on small injuries of
planted pines and spruces exist since planting
has been used in artificial regeneration of
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forests (Saalas 1949). However, from the
1950s natural regeneration has been largely
abandoned and seedlings are planted among
fresh stumps in clear-cut areas. Nowadays
some 1.7 X 10® coniferous seedlings are
planted here per year and the damage caused
by H. abietis destroys every fifth of them on
average (Nuorteva 1982). The injuries would
be much more serious still if chemical control
was not used. Similar records are available
from the other northwestern European coun-
tries (e.g. Ehnstrom et al. 1974, Loyttyniemi
et al. 1979, Langstrom 1980, Austara 1983).

The pine bark bug Aradus cinnamomeus is
another important pest of young stands
which has greatly benefited by the silvicultur-
al practices favouring large-scale pure stands
of pine seedlings (Brammanis 1975,
Heliovaara 1982, Heliovaara & Viisdnen
1983). The first records of this sap-sucking
insect from Finland, for instance, are from the
end of the 1800s, during this century the
records gradually increased, but it was not
until the early 1970s that the bug was finally
recognized as a pest.



4. SPECIES DIVERSITY IN NATURAL AND CULTIVATED
FORESTS

In this section we try to summarize records
on the diversity, the numbers and relative
abundance of invertebrate species, in natural
and cultivated forests. Before this it seems
necessary to discuss briefly the concept of the
natural equilibrium, so widely used in the
forest entomological literature.

41. Equilibrium in virgin forests?

Recently many ecologists have altered their
view of ecosystem function, structure, and
behaviour from an equilibrium-centred view
to an non-equilibrium one dominated by
catastrophes (e.g. Connell 1978, McLeod
1980). Consequences of these developments
in ecological theory pertaining to the coexist-
ence of insect species in response to forest
disturbances have been reviewed from a
forest entomological point of view by McLeod
(1980) concentrating on the situation in
northern boreal forests in Canada.

According to the traditional equilibrium
view a system will inevitably return to its
equilibrium if it is perturbed from that state.
Each species is specialized to its habitat or
the resource which it can most efficiently use.
In the absence of disturbance, the species
assemblage persists at a high level of diversi-
ty. An equilibrium condition might be main-
tained in a community, if the frequency of
disturbance were slower than the recovery
rate of the community; if not, however, sys-
tems would rarely if ever reach the stable
state. It has been observed that, if not dis-
turbed, communities would be reduced to a
low diversity equilibrium through processes
of competitive exclusion (Connell 1978). In
fact, a highly diverse community is main-
tained because of, rather than in spite of|
disturbances on a moderate scale.

On the other hand, if these disturbances
are short, only those species which quickly
mature will form the new community. They
must be opportunistic occupiers of empty

space. These pioneer communities will be low
in diversity. In graphical form, the curve of
diversity as a function of disturbance frequen-
cy will be dome-shaped peaking at moderate
disturbance frequencies (Connell 1978).
Moderate frequencies are referable to the
normal replacement rate of the forest.
McLeod has reviewed some cases in North
American forests supporting Connell’s ideas.
Auclair and Goff (1971), who studied diversi-
ty changes in time in the upland forest of the
Great Lakes, related diversity to an environ-
mental gradient and showed that diversity
peaked at mesic conditions. According to
their results in stressed sites where pioneer
species occur, the diversity increased progres-
sively with time.

McLeod (1980) points out that the com-
monly observed saturating relationship be-
tween the diversity of taxa and the area of
substrate they occupy seems to contradict
Connell’s model. He asks, if species/area rela-
tionships strongly suggest an equilibrium
world, how does this reconcile with non-
equilibrium theory? According to him the
problem only lies with the choice of the term
“equilibrium” to describe the saturation of
species assemblages with area. If species as-
semblages are attuned to disturbance rather
than exclusively to competitive coexistence
on a finely divided niche space, saturation
would still occur at levels determined by the
scale of the disturbances, and the rapid re-
turn to normalcy following disturbance could
be more logically explained.

In Fig. 6, McLeod’s (1980) hypothetical
landscape of insect faunal diversity is shown
on a “time since disturbance” vs. area gra-
dient for mesic sites. The time required for
species to saturate increases as a function of
area. This is because invaders would fill the
small patches much more rapidly than the
large ones. On small areas, a peak in diversity
would occur relatively early following a dis-
turbance, but overall the diversity would be
low, simply because of restrictions on the
variety of plant species which would occupy
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diversity

Fig. 6. McLeod’s (1980) hypohetical landscape for an insect species assemblage showing diversity

in relation to patch size (area) of disturbance, and time since disturbance.

Kuva 6. McLeodin hypoteettinen malli hyinteisten lajistollisesta diversiteetista suhteessa héirialueen laajuuteen ja

hairiosta (esim. kulo, myrskytuho, hakkuu) kuluneeseen aikaan.

the area. As patch size increases, however,
the peak of diversity occurs later, and is more
pronounced. Thus, diversity/area and diver-
sity/time relationships are difficult to recon-
cile in the absence of disturbance hypotheses
(non-equilibrium).

42. Available data on numbers of species

The extremely low numbers of species in
planted tropical monoculture stands when
compared to the natural conditions in the
same locality is a well-known fact. In forest
zoological literature there are also examples
of similar cases from other areas, e.g. about
the diversity of arthropods in Pinus radiata
stands in California (Ohmart & Voigt 1981).
Thus, the scarcity of available data on the
species diversity in natural and cultivated
forests in northern Europe becomes still more
surprising. In fact, only some pieces of infor-
mation have been published. Studies, where
the invertebrate communities of the same
age-class stages in natural and cultived
stands would have been compared, seem to
be entirely missing.

In the present situation the only possibility
is to compile the knowledge from scattered
and incomplete sources. Ehnstrém (1979,
1983) gives an approximation: the numbers
of species of a stand could decrease from 8000

to 2000 due to the efficient silviculture in
Sweden. Although such an estimate is coarse,
of course, it clearly describes the tendency,
and something like the maximum diversity
(see Fig. 6) and the minimum as well. How-
ever, as shown previously the invertebrate
diversity can return to a higher level of diver-
sity when the “time since disturbance” be-
comes longer. One may also ask how many
species are really completely missing in the
cultivated forests and how many species are
only represented in low densities and thus not
captured (cf. the holistic and reductionist
theories of forest succession).

43. Island biogeographical aspects

When dealing with the species diversity in
natural and cultivated forest it is not possible
to restrict the discussion to a diversity within
a single habitat (e.g. a primeval vs. a clear-
cut area) but the natural mosaic including a
range of habitats and age-class stages should
be compared with that of a cultivated forest.
The age-class distribution in a forest today
seems to be quite contrary to that of a natural
forest (see Fig. 7).

The extremely large boreal zone with long
history seems to have been a relatively stable
system in spite of the occurrence of fires.



22

A

Fig. 7. A schematized illustration on the age-class distribution of forests in natural (A) and
cultivated (B) forest areas. White — open field or young forest, shaded — middle-aged forest,
black — old forest.

Kuva 7. Kaavio puuston ikaluokkajakaumasta |

B

ilaisella (A) ja hoidetulla (B) metsaalueella. Valkea —

avoin alue tai nuori metsd, varjostettu — keski-ikdinen metsd, musta — vanha metsa.

Thus, we can expect that specialized species
characteristic of old age-classes or even stag-
nated climax stages can have occurred. Such
a situation with a large and relatively con-
tinuous net of primeval forests has not neces-
sarily favoured good dispersal abilities, and
some of those species cannot have been
adapted to the new situation where the
habitats are small and far from each other.
On the other hand, species of early stages of
forest succession seem to have been favoured,
as well as those of open biotopes, so that even
new pests have appeared. The species associ-
ated with fires probably have good dispersion
abilities but the practically total loss of fires
seems to have been too great a change for
some of them to survive.

The conservative influence of the present
protected nature reserves on the species as-
sociated with primevals is not known. In
isolated stands even a single nature catas-
trophe (or a disease etc.) may destroy any
invertebrate population, and since source
areas for a recolonization are far away and

the dispersal abilities of these species less well
developed, a certain gradual reduction can be
expected in the numbers of species exlusively
associated with primeval forests. In the case
of these “taiga species” a suspicuous attitude
to the conservative value of very small re-
serves could be realistic.

When considering the strategy in the de-
sign of natural reserves the theory of island
biogeography has often been discussed (e.g.
Diamond & May 1976, Simberloff & Abele
1976a, b, Gilbert 1980, Gilpin & Diamond
1980, Hanski 1982, Jarvinen 1982, Margules
et al. 1982, Simberloff 1982). In the case of
northern European primeval forests the prin-
cipal question on the relation of the number
of reserves and their area is not of current
importance: Only few small forest areas are
in primeval state. In those cases when a
decision between a single large and several
small reserves must still be made, the deci-
sion should be based on empirical studies on
threatened species.

5. CONCLUSIONS

. The direct effects of different silvicultural prac-

tices of forest invertebrates are usually striking
but transient. Invertebrate communities have
in most cases a good capability to return to the
original composition.

. Detrimental effects of efficient forestry on forest

fauna have become more apparent when larger
areas are handled, including the primeval
forests which were preserved until our days.

. The loss of primevals has most seriously af-

fected the decomposition system of timber,
especially those invertebrates associated with
logs decayed for some years and wood-rotting
fungi, as well as some species with strict mic-
roclimatic requirements.

. Cessation of fires has changed the forest dy-

namics, fire being no longer the main re-

juvenating factor in boreal forests. Several

forest insects associated with fire have drasti-
cally declined and may become extinct in the
near future.

. The abundance of young, even-aged stands and

the aim for single-species forests have caused
some pest problems, although less serious than
in the tropics or in North America, for instance.
This is also reflected in the slight usage of
chemical control agents in northwestern Euro-
pean forests.

6. The nature reserves are not centres of pest

dispersal. Although the injurious species in
northern European forests are native, they have
only a minor role in primeval ecosystems, much
less important than in cultivated forests. The
pest problems are mainly caused by the sil-
vicultural practices themselves. As a consequ-
ence of strong storms bark beetles can some-
times become abundant in the fallen logs in
nature reserves, as well.

. The ”equilibrium” of virgin forests seems to be

dynamic, stabilized by disturbances, such as
natural fires and storms. As pointed out by
McLeod (1980) a highly diverse community is
maintained because of, rather than in spite of,
disturbances on a moderate scale. However,
when very large areas are handled, efficient
forestry cannot be a disturbance on a moderate
scale, as contrasted to natural fires, etc.

. Old stagnated primevals belong to the natural

boreal forest ecosystem and their loss evidently
decreases the faunal diversity on a larger geog-
raphical scale, although in a single locality the
diversity may be highest in middle-aged stages.

. Comparative studies on the species numbers in

several stages of the succession in cultivated
and virgin forests are needed to estimate more
accurately the effects of forestry on the natural
environment. In addition, studies of the in-
vertebrate fauna of primeval nature reserves is
needed to estimate the conservative value of
protected areas, and especially in relation to
their areal extent.
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SELOSTE

NYKYAIKAISEN METSANKASITTELYN VAIKUTUKSET LUOTEISEUROOPPALAISEN METSAN
SELKARANGATTOMIIN: SYNTEESI

1. Johdanto

Voimaperiistd metsitaloutta on usein moitittu luon-
non tasapainon jarkyttamisesta. Puuston ikdrakenteessa
ja lajikoostumuksessa tapahtuneiden muutosten sekd
aarnimetsien vihenemisen on ajateltu yksipuolistaneen
metsien selkdrangatonlajistoa. Toisaalta vanhoja metsia
on joskus pidetty kuolleina, jahmettyneiné ekosysteemei-
na tai tuholaisten leviamiskeskuksina, joista on vaaraa
ympiriston hoidetuille metsille.

Nykyaikaisen metsinkasittelyn vaikutukset metsidn
selkdrangattomiin tunnetaan yleensa varsin puutteelli-
sesti. Kisilld olevan yhteenvedon tarkoituksena on esitel-
14 ja analysoida metsin rakenteessa tapahtuneiden muu-
tosten ja metsinkasittelyn sekd suoria etti epasuoria
vaikutuksia selkdrangatonlajistoon sekd osoittaa tar-
keimmiit tietimyksen aukot. Tutkimuksessa keskitytdan
Luoteis-Euroopan — Norjan, Ruotsin ja erityisesti Suo-
men — boreaalisiin metsiin. Artikkeliin on sisillytetty
my6s muilta alueilta saatavilla olevia valaisevia lisitie-
toja.

2. Metsankisittelyn suorat vaikutukset
selkirangattomiin

Metsankasittelyn suorat selkdrangattomiin kohdistu-
vat vaikutukset on tydssa kisitelty kuutena kokonaisuu-
tena, joiden lisiksi etenkin soiden ojitus ja maatalous-
maan metsittiminen ovat ympiristéa muuttamalla vai-
kuttaneet selkirangattomiin. Soiden kuivattaminen mer-
kitsee monille hyonteislajeille elinympiristén totaalista
katoamista, mutta yksityiskohtaista tietoa aiheutuneista
muutoksista on vihan saatavilla. Erdiden perhoslajien
tiedetdan hiavinneen kokonaan ojitetulta suolta, ja mo-
nien lajien tiedetdén olevan herkkié pienillekin suoympa-
riston muutoksille. Maatalousmaan metsittiminen on
puolestaan luonut uutta metsaa ja lisainnyt metsissa ela-
vien selkirangattomien mairaa. Toisaalta vanhojen lai-
dun- ja hakamaiden metsittyminen on vihentanyt tietty-
ja lajeja. Kuusettaminen on vahentényt erdita lehtoniit-
tyjen lajeja kuten pikkuapolloa ja maitikkaverkkoperhos-
ta Eteld-Skandinaviassa.

Avohakkuussa puihin tavalla tai toisella sitoutuneet
elaimet luonnollisesti katoavat puuston mukana. Valon
maara maanpinnassa kasvaa, kenttikerroksen kasvilli-
suus lisddntyy lampd- ja kosteusolot muuttuvat. Maape-
raelaimistossa tapahtuva muutos avohakkuun jilkeen ei
kuitenkaan ole kovin huomattava, samat lajit nayttavat
dominoivan, vaikka yksilomaarit pienenevitkin. Maassa
elavien selkdrangattomien reaktiot avohakkuun jilkeen
on ryhmitelty neljaan ryhmiéin: 1. kaksisiipisten toukat
ja aikuiset kovakuoriaiset lisaantyvat voimakkaasti; 2.
sukkulamadot, ankyrimadot ja hyppyhintiiset lisdanty-
vat hitaasti; 3. punkit ja kovakuoriaistoukat lisaantyvit
aluksi, mutta vihenevit pian; 4. lierot ja hamahakkielai-
met vahenevit. Avohakkuun jilkeen ravinteet maassa
vapautuvat ja vadelma, maitohorsma, kastikat ja metsa-
lauha valtaavat alaa. Samalla esimerkiksi erdit perhoset
ja kukkakdrpaset lisaantyvat.

Harvennuksen vaikutuksen maaperan elaimistoon ole-
tetaan olevan avohakkuun kaltainen, mutta heikompi.
Sukkulamatojen, ankyrimatojen ja hyppyhintiisten vi-
heneminen ovat huomattavimmat erot avohakkuun seu-
rauksiin nahden. Alaharvennuksen on todettu lisidvan
jadvin puuston resistenssia kaarnakuoriaisia vastaan.

Avohakkuut ja kuorelliset puutavarapinot ovat luoneet
tuholaisongelmia. Kisilld olevassa tyossa tihan laajaan
metsaentomologian osa-alueeseen puututaan vain ly-
hyesti: Erityisesti pystynavertija ja kirjanpainajat ovat
lisaantyneet puutavarapinoissa. Avohakkuualoille jaa-
neet kannot ovat hyddyttineet erityisesti tukkimichen-
tai

Kulotuksessa syntyvi kuumuus on tuhoisa miltei kai-
kille maaperaelaimille. Kulotuksen jalkeen alkuperiinen
eldimistd, erityisesti ankyrimadot ja hyppyhantiiset, kui-
tenkin palautuu melko nopeasti. Lierot nayttavit olevan
kulotukselle herkka ryhmi. Hiamiéhikkielaimet palautu-
vat jonkin verran kulotuksen

lkeisind vuosina, mutta
lajistossa tapahtuu kvalitatiivisia muutoksia. Monien
pohjoiseurooppalaisten hyonteislajien tiedetaan suosivan
tai elavdn vain palaneissa metsissi. On ilmeistd, ettei
kulotus entomologisessa mielessa korvaa luonnonkuloja.

Aurauksen on havaittu lisiavan kenttakerroksen maa-
raa. Tama saattaa suosia erdita hyonteislajeja. Toisaalta

esimerkiksi aurauksella voidaan jossain ma
tukkimiehentain aiheuttamia tuhoja.

Useita puulajeja kasvavat metsat ovat tuholaisia vas-
taan kestavampia kuin yhta puulajia kasvavat tasaikiiset
metsit. Tuhohy6nteisten petojen ja loisten laji- ja yksilo-
maiérit ovat sekametsissa huomattavasti suurempia kuin
yhtd puulajia kasvavissa metsissa. Vesakonmuodostaja-
na ja mannynversoruosteen vali-isantina tunnettu haapa
on vihentynyt metsistimme (etenkin jireit puut), ja
useat silld eldvit selkarangatonlajit ovat niin ikdin taan-
tuneet. Vieraista puulajeista padasiassa siemeneni tuo-
tettu kontortaménty ei ole tuonut mukanaan uusia tuho-
laislajeja. Erdit ainoastaan lehtikuusella elivit lajit ovat
kulkeutuneet Pohjois-Eurooppaan ravintokasvinsa mu-
kana.

Lannoitus lisia maaperin ravinteita ja siten kasvilli-
suuden ja mikro-organismien mairai. Mikrobiaktiivi-
suus lisdantyy lannoituksen jilkeen lihinna happamuu-

den vihenemisen seurauksena. Ankyrimatojen, hyppy-
hantdisten ja kaksisiipistoukkien mairan on havaittu
lisidntyneen, mutta lierojen viahentyneen lannoituksen
jalkeen. Maaperin suurempiin niveljalkaisiin lannoituk-
sella ei ole todettu olevan vaikutusta. Typpilannoituksen
tiedetddn vaikuttavan erdisiin puulla elaviin tuhohyon-
teisiin. Se lisda esimerkiksi mannystd nesteitd imevin
punalatikan runsautta, mutta vihentaa neulasia syovia
mantypistidisid

Nilassa elavien kaarnakuoriaisten maa-
rissa ei ole havaittu lannoituksen aiheuttamia muutoksia.

Hyonteismyrkyt vaikuttavat populaatiotiheyksia alen-
tavasti kaikkiin elainryhmiin ilmeisesti kuoripunkkeja
lukuunottamatta. Eniten hyonteismyrkyt nayttavat vai-
kuttavan maanpinnalla eldviin lajeihin, erityisesti hama-
hakkeihin ja petokovakuoriaisiin. Kaytannén metsanhoi-
dossa myrkkyjen kaytté on Luoteis- Euroopassa varsin
vahaista. DDT:ta on Suomessa kaytetty laajalti vuodesta
1945 syyskuuhun 1971, jolloin sen kdyttd rajoitettiin
taimitarhoihin. Norjassa DDT:ta kaytetaan yha tukki-
miehentdin torjuntaan. Suomessa tukkimiehentdin tuho-
ja pyritaan vihentamaian kasittelemilld istutettavia tai-
mia lindaanilla, mutta Ruotsissa seki DDT:n etta lin-
daanin kaytté on nykyisin tdysin kielletty. Laaja-alai-
semmin kemiallista torjuntaa on kaytetty Suomessa
miéntymittaria vastaan kahdesti ja mantypistidista vas-
taan kerran. Muiden hyonteisten kemiallinen torjunta
metsissa on ollut lahinna kokeellista. Feromonipyydysten
avulla on pyritty Ruotsissa ja Norjassa kaarnakuoriais-
ten, lahinnd kirjanpainajan ja tikaskuoriaisen vihenta-
miseen. Biologisista torjuntaeliGista Luoteis-Euroopassa
kaytetaan tumamonisarmiovirusta ruskean méantypistiai-
sen torjuntaan. Kokonaisuutena hyonteismyrkkyjen, fe-
romonien ja biologisten torjuntaelididen kiaytt6 kaytan-
nén metsanhoidossa on ollut melko pienimuotoista, eika

niiden vaikutuksia metsien selkirangattomien runsau-
teen voida juuri havaita. Toisaalta on huomattava, etta
erityisesti maataloudessa kiytetyt pestisidit ovat aiheut-
taneet eraiden selkarankaisten kannanromahduksia.
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3. Yleiset muutokset metsien dynamii-
kassa

Luonnontilaiset boreaaliset metsit kisittavit useita
perikkiisia ikdluokkavaiheita tietylld paikalla ja eri vai-
heissa olevien metsikiden mosaiikkimaisia komplekseja.
Aarnimetsissa suhteellisen vanhat ikaluokat ovat vallit-
sevia. Tilastot metsien ikiluokkajakaumista osoittavat
kuitenkin, ettd jopa keski-ikdiset metsit ovat harvinaisia
ja alueellisesti rajoittuneita koko Pohjois-Euroopassa.

Ikimetsien vaheneminen on vaikuttanut eniten lahoa-
via puita ja lahottajasienia hyviksikayttaviin spesialisti-
lajeihin seka lajeihin, joilla on ahtaat mikroklimaattiset
vaatimukset (tasainen kosteus ja varjoisuus). Monet tal-
laiset lajit ovat vihentyneet ja erait jopa nayttavat koko-
naan hévinneen Pohjois-Euroopasta (esimerkkilajeja
taulukossa 1). Useat taksonomisesti ja faunistisesti hei-
kosti tunnetut ryhmait, esimerkiksi loispistidiset ja sieni-
saasket ovat ilmeisesti my6s kirsineet laajamittaisesta
metsien kasittelysta.

Palaneet metsit muodostivat osan luonnontilaisten
metsien mosaiikista, ja niissé eli spesialisoitunutta selka-
rangatonlajistoa, joka on voimakkaasti taantunut Poh-
jois-Euroopassa (ks. taulukko 2).

Nuorten, paiasiassa yhtd puulajia kasvavien, istutet-
tujen metsien osuus on voimakkaasti lisadntynyt. On
ilmeista, etta eraat tuholaislajit ovat suuresti hyotyneet
tasta kehityksesta.

4. Lajiston diversiteetti luonnontilaisissa
ja viljellyissd metsissa

Artikkelin tdssa osassa tarkaste'laan luonnon tasapai-
non kisitetta metsaeldintieteelliseltd kannalta. Nykyisin
katsotaan usein, ettd yhteison suuri diversiteetti sailyy
ldhinna pienten héirididen takia eika siis niista huolimat-
ta. Tallaisista vahaisista metsien uudistumisen ja dynaa-
misen tasapainon kannalta keskeisistd hairiotekijoista
voidaan mainita luonnonkulot ja myrskytuhot.

On yleisesti tunnettua, ettd trooppisilla yhden puula-
jin metsanviljelmilld lajistollinen monimuotoisuus on
huomattavasti pienempi kuin luonnontilaisissa trooppi-
sissa metsissi. Sen sijaan Pohjois-Euroopassa nayttag
tissd suhteessa olevan huomattava aukko vertailevassa
tutkimuksessa: luonnontilaisten ja viljeltyjen metsikoi-
den selkarangattomien laji- ja yksilomaaria kasittelevat
tutkimukset nayttavat tyystin puuttuvan. Eraan arvion
mukaan metsikon selkarangatonlajimidra voisi pudota
8000:sta 2000:een voimaperdisen metsatalouden seu-
rauksena Ruotsissa.

Tarkasteltaessa lajistollista diversiteettia luonnontilai-
sissa ja viljellyissa metsissa ei voida rajoittua vertaile-
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puissa
Niiden

rkkyjen kaytossa luo-
hividminen viahentaa vaistamatta lajistollista diversi-

-Amerikassa. Tama na-
erilaisten hairiciden kuten

runsastua kaatuneissa
myrskyjen ja kulojen tasapainottama. Kuitenkin laa-

jotka ovat kuitenkin pienempid kuin esimerkiksi

ia, niilli on vain vihdinen merkitys

errattuna viljelymetsiin. Tuholaison-

utuvat padasiassa itse metsinkasittelyme-

Myrskyjen jalkeen erdat kaarnakuoriaiset

loutta ei voida endd pitdd tasapainottavana vahiisena
hairiona ekosysteemin tai selkdrangatonlajiston kan-
teettia tarkasteltaessa laajoja maantieteellisid alueita,
toon voidaan tarkemmin arvioida. Tkimetsia kasitta-

vaikka tietylla paikalla diversiteetti voikin olla suurin
sissd tarvitaan, jotta metsinhoidon vaikutuksia luon-

keskuksia. Vaikka pohjoiseurooppalaiset tuholaislajit
joja metsdalueita kisiteltaessa intensiivista metsita-
sanhoidollisesti kasitellyissa ja luonnontilaisissa met-

osana havumetsavyohykkeen ekosysteemiin.
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6. Luonnonsuojelualueet eivit ole tuholaisten leviamis-
7. Luonnon tasapaino niyttai olevan luonnontilaisissa
8. Puustoltaan vanhat aarnimetsit kuuluvat olennaisena
9. Vertailevia tutkimuksia selkdrangatonlajistosta met-

wer

5. Paatelmia

lajistoon ovat kayneet ilmeisiksi, kun laajoja alueita,
myos tihdn pdivaan saakka sdilyneitd ikimetsia, on

hakattu.
spesialistilajit ovat voimakkaasti harvinaistuneet ja

miikka on muuttunut, ja eraat palaneiden metsien
saattavat kokonaan havité lahitulevaisuudessa.

min puunhajottajalajistoon seki lajeihin, joilla on tiu-

neva. Useimmilla selkdarangatonyhteisoilla naytt
kat pienilmastolliset vaatimukset.

metsissd. Arvioitaessa luonnonsuojelualueiden merkitys-

ta vanhojen metsien selkirangatonlajiston suojelussa ja

uusia suojelualueita perustettaessa korostetaan empiiris-
Useiden metsankasittelymenetelmien vaikutus selka-
rangatonlajistoon on yleensd voimakas mutta ohime-
olevan hyvi palautumiskyky.

2. Voimaperiisen metsitalouden tuhoisat vaikutukset

3. Ikimetsien vaheneminen on vaikuttanut voimakkaim-

4. Kulojen harvinaistumisen seurauksena metsien dyna-

maan yksittiisia habitaatteja vaan koko luonnontilaisten
metsien ikaluokkakirjoa tulisi verrata vastaavaan viljely-

ten tutkimusten kiireellista tarvetta.

2

vien suojelualueiden selkiarangatonlajiston tutkimuk-

5. Nuoret, tasaikdiset metsit, joissa pyritaan yhden paa-

jeluarvon arvioimi-

sia tarvitaan myos alueiden suoj

puulajin kasvatukseen, ovat runsastuneet Luoteis-Eu-

seksi.

roopassa. Niin on aiheutunut erditd tuholaisongel-
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