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True primeval forests in Estonia generally occur as isolated small patches while only a
few larger forest stands still remain, mainly in some protected areas. All the surviving
primeval forests have many characteristics in common, e.g., the abundance of hemero-
phobic vascular plant, lichen, bryophyte and fungus species, the high diversity of the
biota in general, and the abundance of coarse woody debris. In 1994 we started to study
primeval forests of Estonia and developed a ten point scale to estimate the status of a
forest to decide whether it can be classified as a primeval forest or rather as another
category of forest stand. Of the surviving primeval forests all the larger stands and some
of the smaller ones must be protected if they still support sufficiently large numbers of

rare species and hemerophobic species specific to primeval forests.
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INTRODUCTION

Primeval forests have become rare and fragmented
in the whole of Europe (Harris 1984, Saunders et
al. 1991, Noss & Csuti 1994, Kellman 1996). They
are biotopes that contain the maximum forest
biodiversity characteristics for the geographical
region and forest type (Magurran 1988, Groom-
bridge 1992, Ledig 1993, Ricklefs & Schuster
1993, Huston 1994, Sammuelsson et al. 1994,
Heywood & Watson 1995, Rosenzweig 1995) and
are refugia for many vulnerable and rare species

and those sensitive to human influence.

The area of woodland in Estonia was 2.015 mil-
lion ha in 1996. Forests form 46.2% of the whole
territory (Meikas 1997). Several reforms have
been carried out in Estonian forestry in recent
years (a reduction in the number of forestry dis-
tricts and the number of people working in for-
estry, the growth of private forestry, rearrange-
ments in forest research, etc.). They have caused
a rise in timber production and simultaneously
weakened controls over it. That is why some for-
est types have been put under strong economic
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pressure. There is a need for forest classification
according to the intensity and duration of human
impact. Several classifications of forest site types
in Estonia have been implemented (Karu & Muiste
1958, Masing 1969, Lohmus 1984, Paal 1997),
but a classification and criteria for distinguishing
primeval forests from forests with different rates
of human impact is still missing.

In a modern environment, the primeval for-
ests are characterized by a fragmentation into
small-areal forest pieces. When we look at the
floristic descriptions and associations distin-
guished in SW Estonia 70 years ago (Lippmaa
1931), we can see that there were large untouched
primeval forests, which, together with fens, tran-
sitional mires and bogs, formed varied complexes.
The mapping of Estonian plant cover (under the
leadership of T. Lippmaa and later, L. Laasimer)
began in the 1930s and finished in the 1950s. De-
scriptions of the mapping units show that prime-
val forests were quite widespread even at the end
of the 1950s (Laasimer 1965). Since then forest
management has been intensified enormously. As
a result of this, the total area of primeval forests
has decreased, the former large forests have been
split into smaller parts, and their structure and
species composition have been altered and im-
poverished. The fragmentation is characteristic of
all forests at present time, but the primeval for-
ests are more vulnerable to it. The rate and extent
of changes in different types of primeval forests
under different kinds of human influence is still
insufficiently researched.

The term “primeval forest” has been used dif-
ferently by different authors. The aim of this pa-
per is to give a definition of primeval forests and
criteria for identifying them.

DEFINITION OF PRIMEVAL FORESTS

Several authors have used the terms correspond-
ing to primeval forest (old forest, undisturbed f.,
virgin f., primary f., natural f., ancient f., pristine
f.), but unfortunately, the literature has not con-
tained an advanced and specific definition for pri-
meval forests. As a rule, the definitions given in-
clude only some characters, usually the age and
rate of human impact. For example, Finnish for-
est researchers (Atlas of Finland) have said: “pri-

Trass etal. * ANN. BOT. FENNICI 36 (1999)

meval forests are generally ancient forests un-
touched by the axe which are protected against
all forms of forestry”. An exception is the 10-step
scale for identifying and defining nemoral forests
by Keddy and Drummond (1996), that partly re-
sembles our 10-step criteria for identifying pri-
meval forests. The selected identification proper-
ties of eastern North American nemoral forests by
Keddy and Drummond are: (1) basal area of trees
per hectare, (2) tree canopy composition, (3) occur-
rence of coarse woody debris in the forest, (4) her-
baceous layer, (5) corticolous bryophytes, (6) wild-
life trees, (7) macrofungi, (8) avian communities,
(9) large carnivores, (10) forest area. We think that
not all properties used by those authors are suit-
able for delimiting primeval forests in Estonia.
We define: (1) primeval forest is ecoenergeti-
cally arelatively stable old-growth natural wood-
land, (2) the development of its stands, habitat
parameters, community structure and species com-
position has taken place in an area that has not
significantly been touched by human activity dur-
ing at least the last one-two forest generations,
(3) the stands contain a great number of old trees
and logs of different age and rate of decay, (4)
presence of numerous hemerophobic species is
characteristic. Its stability should be understood
as a dynamic balance that enables the system to
persist as a more or less stable type in spite of
minor changes in ecological conditions, species
composition and community structure.

CRITERIA FOR IDENTIFYING PRIMEVAL
FORESTS

To identify primeval forests we have defined 10
criteria that have each been divided into 3 grades
(scoring 1-3). The maximum sum of points is 30,
which would correspond to an “ultimate prime-
val forest”. However, a few species-poor forest
types (e.g., heath forest, oligotrophic bog forest)
have very little chance of scoring the maximum
sum of points due to a very small numbers of he-
merophobic species in some forest biodiversity
groups, even if the stand has not been affected by
any human activities. Our studies have shown that
if a forest scores 25 or more points, it has to be
classified as a primeval forest, if it scores 20—
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24 points, the final decision should be made after
careful analysis of the criteria which have reduced
the sum (some of the criteria have more weight
than others); if a forest scores less than 20 points,
then it cannot be classified as primeval.

Criteria concerning the tree layer and human
impact (A)

I.  The landscape surrounding the forest.

1. The forest forms an islet in a landscape
that has been strongly altered by human
activity.

2. The surrounding landscape has been al-
tered by intermediate human activity.

3. The forest is surrounded by a natural
landscape little disturbed by human ac-
tivity, the width of the surrounding zone
must be at least 0.5 km.

II.  The age of individual trees.

1. Young forest (max 40 years).

2. Middle-aged forest, main tree species are
more or less of similar age (40-80 years).

3. Old forest with forest gaps, main tree
species belonging to at least three age
classes, the age of the oldest class being
more than 80 years for decidous trees
and more than 100 years for coniferous
trees.

II. The number of logs and windfall (& > 20 cm).
1. Absent or cleared away.
2. Few (on the average 2-5 per 400 m?).
3. Many (6 or more per 400 m?).

IV. The degree of decaying of larger logs (& >
20 cm) and their coverage with bryophytes.
1. The majority of logs are quite fresh,
bryophyte coverage is absent or low
(small, young patches).
2. At least half of the logs are moderately
decayed, bryophyte coverage up to 50%.
3. Atleast one third of the logs are strongly
decayed, bryophyte coverage on them
50%-100%.

V. Latest intensive cutting.
1. Less than 10 years ago.
2. 1040 years ago.
3. More than 40 years ago or never cut.
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VI. Other human impact.

1. Clearly visible (intensive cutting, tram-
pling that has strongly damaged the
ground layer, heavy vehicle tracks, fresh
ditches, etc.).

2. Intermediate (moderate cutting, tracks
or trampling, old ditches, etc.).

3. No clearly visible damage, may belong
to the limitation zone or reservate of a
nature reserve.

Forest biodiversity criteria (B)

VII. Occurrence of hemerophobic vascular plant
species.

1. Hemerophobic species absent, only he-
meradiophoric, many apophytic and
some anthropohoric species present.

2. Few hemerophobic species present.

3. Many hemerophobic species occurring
(sometimes up to 10% of the forest vas-
cular plant flora).

VIII. Occurrence of hemerophobic bryophyte
species.
1. Absent.
2. Few species present, less than 10% of
the whole forest bryoflora.
3. More than 10% of the whole forest bryo-
flora.

IX. Occurrence of hemerophobic lichen species.
1. Absent.
2. Few species present.
3. More than 10% of the whole forest li-
chen flora.

X.  Occurrence of hemerophobic macrofungal
wood-rotting species.
1. Absent, only common nonhemerophobic
wood-rotting fungi on trunks and logs.
2. 1-10 species.
3. More than 10 species.

The A-criteria can be used by all forest own-
ers and managers. If the sum of scores of the A-
criteria is 13—18, the forest should also be evalu-
ated by specialists on the basis of B-criteria for
final evaluation. As an example we have com-
pared three primeval forests (Table 1): in Urissaare
(South-western Estonia), in Kaukvere (North-east-
ern Estonia) and in Jirvselja (eastern Estonia).
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HEMEROPHOBIC SPECIES OF ESTONIAN
PRIMEVAL FORESTS

We mainly follow the treatment of hemerophoby
of Linkola (1916). Species are divided into 4 groups
according to their sensitivity to human activities:
hemerophobic (species sensitive to various hu-

Table 1. Comparison of Jarvselja*, Kaukvere** and Urissaare
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man activities), hemeradiaphoric (sensitive spe-
cies which are tolerant to weak or moderate influ-
ence of human activities), apophytic (species
which prefer sites moderately changed by man)
and anthropohoric (species which are regularly
disseminated by man, e.g., weeds and cultivated
plants).

*kk

primeval forests.

Criteria Jarvselja Points Kaukvere Points Urissaare Points
I. Landscape natural, partly 3 natural, partly 3 natural, partly 3
surrounding the little disturbed by little disturbed by little disturbed by

forest human activity human activity human activity

Il. Age of the 110-130 yr 3 90-120 yr 3 80-140 yr 3
individual trees

lll. Amount of 10 3 12 3 2 2
logs and windfall

IV. Degree of At least half of 3 1/3 strongly and 3 1/3 strongly, 3

decaying of logs
and their coverage
with bryophytes

logs strongly

decayed, 1/3
moderately decayed,
bryophyte coverage

50%-100%

V. Last cutting

VI. Other human
impact

more than 60 yearsago 3

old ditches 2

VII. Occurrence 56 3
of hemerophobic

vascular plant species

VIIl. Occurrence 16 3
of hemerophobic
bryophyte species

IX. Occurrence 18 3
of hemerophobic
lichen species

X. Occurrence 19 3
of hemerophobic

macrofungal

wood-rotting species

Total 29

1/3 moderately
decayed, bryophyte
coverage 50%—80%

40-50 years ago 3

no special studies -

1/3 moderately and

1/3 slighly decayed,

bryophyte coverage
30%—-80%

At least 20 yearsago 2

old ditches 2 old ditches 2
31 3 30 3
16 3 24 3
25 3 24 3

at least 10 species 3

26 27

*Jarvselja primeval forest reserve, founded in 1923, ca. 20 ha, 100% forested,; partly on mineral (27%), partly on
peat soils (73%); forests belong to the meso-oligotrophic boggy forests, drained peatland forests, mobile-water
swampy forests, coniferous subtaiga forests, deciduous broad-leaved forests (small patches).

** Kaukvere primeval forest, part of Muraka nature reserve founded in 1997, ca. 30 ha; mobile-water swampy
forests, meso-oligotrophic boggy forests, coniferous subtaiga forests.

*** Urissaare primeval forest, part of Nigula nature reserve founded in 1957; ca. 30 ha; predominantly mobile-
water swampy forests.
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Lists of hemerphobic species have been com-
piled considering the distribution, habitat require-
ments and sensibility of species only in Estonian
forests. Data from these lists can not be automati-
cally transferred for the evaluation of hemerphobic
species in neighbouring regions, since these spe-
cies behave differently according to their loca-
tion within the distribution area.

Vascular plants

The Estonian indigenous flora contains 1 675 spe-
cies (Trass 1994), and the Estonian forest flora
more than 450 species. About one third are ob-
ligatory forest species (those that occur prefer-
ably in forest ecosystems, very rarely elsewhere).
There are 90 hemerophobic species in the whole
forest flora (Table 2). By compiling the list we
have taken into account also the manuscript of
L. Enari “Cultural influences on the flora of Es-
tonia” and “The list of Estonian vascular plants”
by T. Kukk (unpubl.). The indicator value of
hemerophobic forest species is considerable and
they can be used as a basis for assessment of for-
est environmental properties. Indeed, several other
researchers have also done this (e.g., Wulf 1997).

Bryophytes

Estonian bryoflora contains 520 species (Ingerpuu
etal. 1994, Kannukene et al. 1997). The majority
of them can to a greater or lesser extent inhabit
forests, but we have defined 96 species as obliga-
tory forest species. The list of hemerophobic for-
est species contains 79 bryophytes (Table 3), about
one third of which are facultative forest species.
We treat as hemerophobic: (1) species that are
rare in Estonian forests (being near the border of
their distribution area and therefore sensitive to
human influence), (2) species inhabiting large
logs, which usually are absent from managed for-
ests and (3) species inhabiting trunks and stones
and demanding special shade and moisture con-
ditions that may be destroyed by cutting or drain-
ing.

Bryophytes have often been used as indica-
tors of ecological conditions in forest ecosystems,
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especially in primeval forests (McCullough 1948,
Davis 1964, La Roi & Stringer 1976, Soderstrom
1981, 1988, Gustafsson & Hallingbick 1988, Gus-
tafsson et al. 1992, Hallingbick 1992, Frisvoll &
Prestg 1997).

Lichens

About 800 species belong to the lichen flora of
Estonia. Approximately 300 are more or less as-
sociated with forests. Only macrolichens (332 spe-
cies; Trass & Randlane 1994) have been studied
sufficiently to divide them into obligatory and
facultative forest species groups. The list of more
significant hemerophobic forest lichens is given
in Table 4, which contains 88 species.

Several authors have used the frequency, cov-
erage, vitality and other characters of forest li-
chens as indicators for the condition of forest eco-
systems (Somermaa 1972, Rose 1976, 1985, 1992,
Esseen 1981, Lesica et al. 1991, Wolseley 1991,
Galloway 1992, Hyvirinen et al. 1992, Tibell
1992, McCune 1993, Goward 1994, Hilmo 1994,
Kuusinen 1994a, 1994b, 1995, 1996a, 1996b, Sel-
va 1994, Rosentreter 1995, Scheidegger et al.
1995, Alstrup 1996, Esseen et al. 1996, Pfeiffer-
korn 1996).

The informative value of hemerophobic spe-
cies may be reduced under some circumstances:
(1) if they occur very rarely (frequency index 1),
(2) if a change in certain ecological factors tends
to supress some hemerophobic species (for ex-
ample good lichen indicators such as Usnea-spe-
cies may be eliminated from the forest commu-
nity if the canopy coverage is 0.7 or more).

Fungi

Parmasto and Parmasto (1997) have compiled a
list of wood-rotting fungi as a result of their study
in the old forests of central Estonia. This list has
been amended and several species added in 1998
(Table 5). Some of these species are extremely
sensitive. If the habitats for such species (differ-
ent types of decaying wood) have once been de-
stroyed, the return of the species is very slow or
almost impossible after the re-establishment of
these habitats.
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Table 2. Hemerophobic forest vascular plant species of Estonia. Abbreviations of forest type groups: AL =
alluvial forest (f.), AR = alvar f., BG = meso-oligotrophic boggy f., BO = oligotrophic bog f., DE = deciduous
broad-leaved f., DP = drained peatland f., FE = eutrophic fen f., HE = heath f., ME = mesotrophic boggy f., MW
= mobile-water swampy f., SC = slightly calciphilous herb-rich f., SH = semiheath f., ST = coniferous subtaiga f.,
WS = wet herb-rich secundary f. Frequency (1 ... 5) is given for species occurrence in studied primeval forests.
Nomenclature follows Lid (1987).

Species AL AR BG BO DE DP FE HE ME MW SC SH ST WS Freq.

Actaea spicata X X

Adoxa moschatellina X X
Allium ursinum

Alnus glutinosa X
Anemone ranunculoides

Asarum europaeum X
Athyrium filix-femina

Botrychium virginianum
Brachypodium sylvaticum

Bromus benekenii

Campanula latifolia

Carex digitata X X
Carex disperma

Carex elongata

Carex globularis X

Carex heleonastes X

Carex loliacea X
Carex pauciflora X X

Carex remota

Carex rhynchophysa X

Carex sylvatica X X

Carex vaginata

Chimaphila umbellata X
Cinna latifolia X X

Circaea alpina X X X
Corallorhiza trifida X X X
Cotoneaster niger X X
Crataegus rhipidophylla X X X
Cypripedium calceolus X X
Daphne mezereum

Diphasiastrum complanatum X

Dryopteris carthusiana X

Dryopteris expansa X

Dryopteris filix-mas X X X
Epipactis atrorubens X X
Epipactis helleborine
Epipogium aphyllum X X
Festuca altissima

Festuca gigantea

Galeobdolon luteum X
Galium odoratum

Glyceria lithuanica X

XXX XXX XXX
x
X X X

X X X X x
X XX XXX xX X
x

X X X

X X X X
X X X

X
x

X X X X
WWWNMNNWWPAWRWWONMNDNWONNWPRARLOUNWWWWWLWPRWPRPLWLONDNNMNOWDROND WA

X X X X

Continued
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Table 2. Continued.

Species AL AR BG BO DE DP FE HE ME MW SC SH ST WS Freq.

Goodyera repens X X
Gymnocarpium dryopteris X X X
Huperzia selago X X
Impatiens noli-tangere X X

Lathraea squamaria
Lathyrus niger
Lathyrus pisiformis
Lathyrus sylvestris
Lathyrus vernus
Linnaea borealis X
Listera cordata
Lonicera caerulea
Lunaria rediviva
Lycopodium annotinum X
Lycopodium clavatum X X
Maianthemum bifolium X

Matteuccia struthiopteris X

Mercurialis perennis X X

Moehringia lateriflora X

Moneses uniflora X
Monotropa hypopitys X X
Mycelis muralis X X
Neottia nidus-avis

Orthilia secunda X
Oxalis acetosella X X
Paris quadrifolia X X
Phyteuma spicatum X X
Poa remota X X X X
Pulmonaria officinalis X X X

Pyrola chlorantha

Pyrola media

Pyrola minor X X
Ranunculus lanuginosus X

Ranunculus nemorosus X X
Sanicula europaea X

Sorbus rupicola X X

Stachys sylvatica X
Stellaria holostea

Stellaria longifolia

Stellaria nemorum X X
Taxus baccata X X X
Thelypteris phegopteris X X X

Trientalis europaea X X
Ulmus glabra X X
Ulmus laevis X X X
Vicia sylvatica X X

Viola hirta X X
Viola riviniana X

x X XX X X X
X X X
x
X X X
XX X X X XX X X X

x

X X X x
X X X XX X X X X

X X X

X X X
ANWWWUW=DBDBEABEABRNONMNNONNDRONPOOPRAOPROWO=SLDBEARARIONONOAOLONOWON AW

X X X
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Table 3. Hemerophobic forest bryophyte species of Estonia. Abbreviations of forest type groups and frequency
as in Table 2. Nomenclature follows Ingerpuu et al. (1994) and Kannukene et al. (1997).

Species AL AR BG BO DE DP FE HE ME MW SC SH ST WS Freq.

Anastrophyllum hellerianum X X X
Anomodon attenuatus X

Anomodon longifolius X
Anomodon viticulosus X
Aulacomnium androgynum X
Barbilophozia attenuata X X
Barbilophozia hatcheri X X
Barbilophozia floerkei

Barbilophozia lycopodioides X X X
Bazzania trilobata X X X
Blepharostoma trichophyllum
Brachythecium campestre X

Brachythecium erythrorrhizon X X
Brachythecium starkei
Buxbaumia viridis
Callicladium haldanianum
Calypogeia suecica X X X
Cynodontum strumiferum X
Dichelyma capillaceum X

Dichelyma falcatum X

Dicranum drummondii

Dicranum flexicaule

Dicranum fuscescens X X
Dicranum spurium X X
Dicranum viride

Eurhynchium pulchellum X
Fissidens bryoides

Fissidens exilis X
Frullania dilatata X
Helodium blandowii X X X
Hylocomium umbratum
Isopterygiopsis pulchella X
Isothecium alopecuroides
Isothecium myosuroides
Jamesoniella autumnalis
Jungermannia leiantha

Lejeunea cavifolia

Lepidozia reptans X
Leskea polycarpa

Leucobryum glaucum

Lophozia incisa

Lophozia longidens X
Lophozia longiflora X
Lophozia opacifolia
Lophozia ventricosa X X
Metzgeria conjugata

Metzgeria furcata X
Mnium hornum X
Mnium stellare

Neckera complanata

Neckera pennata X
Nowellia curvifolia

>
x
x
x
x
>
x
X X X
x

X X X

XX X X X
> X X X X
x x

X X X X X X X
X X X X x x
x XX X X X x >
x
x
x
x x
XXX X X X X x
x
x

x
x

X
X X X X X

WW_2MNWAAN A aNDNWORWNNN A AL a2 aWPR 2 AN 2NN 2 a0 aWNNDN AN a2 DNaagaaaagaawphwn

x
XXX XXX X XXX

X X X X

Continued
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Table 3. Continued.
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Species

AL AR BG BO DE DP FE HE ME MW SC SH ST WS Freq.

Plagiothecium cavifolium X
Plagiothecium latebricola
Plagiothecium nemorale
Plagiothecium ruthei
Plagiothecium succulentum
Plagiothecium undulatum
Platygyrium repens

Pohlia cruda

Polytrichum formosum
Porella platyphylla
Pseudobryum cinclidioides
Riccardia latifrons
Riccardia palmata
Scapania apiculata
Scapania umbrosa
Scapania undulata
Schistostega pennata
Thamnobryum alopecurum
Thuidium tamariscinum
Timmia bavarica

Timmia megapolitana
Trichocolea tomentella
Tritomaria exsectiformis
Tritomaria quinquedentata
Ulota bruchii

Ulota crispa

Zygodon viridissimus

X X X

X
X
X

XXX XXX XXX

X X X

X 1

X 1

X 1

X X 1

X 2

X X 1

X X 2
X 2

X 4

1

X X X 3
X X X 4
X X X 3
X 2

1

X X 1

X 2

1

X X X 2

1

1

X X X 2

X 1

X 1

X X X X 1

X X X X 3

X 1

Occurrence of hemerophobic species in differ-
ent forest site type groups

To ascertain the relationships between forest site
type groups and hemerophobic vascular plant,
bryophyte and lichen species, the data from the
studied forests as well as data from herbaria and
literature was used. The frequency index (1-5) is
based on the studies in primeval forests (Tables 2—
4). The results are influenced by distribution fre-
quency and the rate of investigation of different
forest site type groups.

The diversity of hemerophobic species in for-
est site type groups is different (Table 6). As we
can see from these lists the forest type groups rich-
est in hemerophobic species of vascular plants are
coniferous subtaiga forests (51 species), decidu-
ous forests (44) and mobile-water swampy for-
ests (37), of bryophytes are deciduous forests (53),
semiheath forests (31) and alvar forests (31) and
of lichens are coniferous subtaiga forests (55),

deciduous forests (34) and mobile-water swampy
forests (26). This does not mean that these forest
type groups are most primeval, but that the eco-
logical conditions for hemerophobic species are
most suitable in these forests and that hemero-
phobic-poor forests, especially strongly paludified
and extremely dry (heath-) forests, are as a rule
species-poor. There is a great similarity between
vascular plants and lichens — the five most heme-
rophobic-rich groups overlap. The sequence of
forest site type groups according to hemerophobic
bryophyte species richness is different. The rea-
son for this could be the different ecological de-
mands of bryophytes and the differences in in-
vestigation rates in various forest sites.

CONCLUSIONS

Primeval forests with their rich and differentiated
species compositions and complicated commu-
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Table 4. Hemerophobic forest lichen species of Estonia. Abbreviations of forest type groups and frequency as
in Table 2. Nomenclature follows Trass and Randlane (1996) and Santesson (1993).

Species AL AR BG BO DE DP FE HE ME MW SC SH ST WS Freq.

Arthonia leucopellaea X
Arthothelium ruanum X

Bacidia arceutina

Bactrospora dryina

Biatora efflorescens X
Biatora helvola X X X

Bryoria capillaris X X

Bryoria fuscescens X
Bryoria implexa

Bryoria nadvornikiana X X
Bryoria subcana

Buellia erubescens

Buellia griseovirens X
Buellia schaererii

Calicium adspersum

Calicium claucellum

Calicium viride X X X
Cetraria sepincola X X X
Cetrelia cetrarioides X
Chaenotheca chlorella X X
Chaenotheca chrysocephala

Chaenotheca furfuracea X

Chaenotheca trichialis

Chaenothecopsis consociata X
Chrysothrix candelaris X X X
Dimerella lutea X X
Evernia divaricata X X

Evernia mesomorpha X

Gualecta ulmi X X
Hypogymnia farinacea X
Hypogymnia tubulosa X X
Hypogymnia vittata
Lecanactis abietina X
Lecanora albella X
Lecanora piniperda X X X X X
Lecanora populicola X X
Lecidea turgidula X
Leptogium cyanescens

Leptogium saturninum

Lobaria pulmonaria X
Lobaria scrobiculata X
Loxospora elatina X X X
Megalaria grossa X

XX X X X
<
x
X X X X
> XX X X X

XX X X X X
x
x

X X X X

X X X

X X X X

X X X
X X X X X X
x X X X X
S N =2 WW=LNPAPWWWNWWNMNODNONNWONPAERARRN=LPRPAORNNNPOWOONPREWOONN = ==

Continued
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Table 4. Continued.

Species AL AR BG BO DE DP FE HE ME MW SC SH ST WS Freq.

Melanelia glabra X

Melanelia glabratula X X
Melanelia septentrionalis X X X
Menegazzia terebrata X X

Mycoblastus fucatus
Mycoblastus sanguinarius X X X
Nephroma bellum

Nephroma helveticum

Nephroma laevigatum

Nephroma resupinatum X
Ochrolechia androgyna X X X X X
Ochrolechia arborea X
Ochrolechia pallescens X
Opegrapha atra X
Opegrapha rufescens

Opegrapha varia X
Opegrapha vulgata X X

Pannaria pezizoides X
Parmeliella triptophylla X
Parmeliopsis hyperopta X X X X
Peltigera collina X X

Peltigera degenii X

Peltigera horizontalis X X

Peltigera membranacea X X
Peltigera neopolydactyla X

Peltigera polydactyla X X
Pertusaria flavida X
Pertusaria hemisphaerica
Pertusaria leioplaca

Pertusaria pertusa X
Physcia semipinnata

Psilolechia lucida X X
Pyrenula coryli X X
Pyrrhospora quernea

Ramalina dilacerata X

Ramalina thraucta

Rinodina exigua X
Thelotrema lepadinum X

Tuckermannopsis chlorophylla X X X

Usnea filipendula X
Usnea fluvoreagens

Usnea glabrata

Usnea glabrescens X
Usnea lapponica

Usnea scabrata

Varicellaria rhodocarpa X

X X X
XXX XXX XXX x

X X X X
x

XXX XXX XX x

XX X X X
x
X X X
X X X X X X X X
X
x x X X X x
>

X X X X
NBORANWAPLPONMNODNOMNNENNONNORER=2LPNDNBENNNAEAN2L2PROOONNNENDNONN=2ONDONBAND

XX X X X
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nity structure have as a result of human activities
become rare and fragmented in Estonia today. The
remnants of primeval forests have already an im-
poverished species composition and they are ex-

Trass et al.
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tremely vulnerable. They serve as refugia for a
great number of rare and specialized species that
are sensitive to human impact. Now is our final
chance to register and give protection to the for-

Table 5. Hemerophobic old forest fungi indicator species of Estonia. Nomenclature follows Hansen and Knudsen
(1997) and Ryvarden and Gilbertson (1993—1994).

Amylocorticium subincarnatum
Amylocystis lapponica
Anomoporia bombycina
Antrodia crassa
Asterodon ferruginosus
Boletopsis leucomelaena
Byssocorticium atrovirens
Ceriporia excelsa
Ceriporia subreticulata
Ceriporiopsis aneirina
Ceriporiopsis myceliosa
Ceriporiopsis resinascens
Dentipellis fragilis
Diplomitoporus flavescens
Fomitopsis rosea
Ganoderma lucidum
Gloiodon strigosus

Grifola frondosa
Hapalopilus croceus
Hapalopilus salmonicolor
Haplotrichum aureum
Hericium coralloides
Inonotopsis subicolosus
Junghuhnia collabens
Junghuhnia luteoalba
Junghuhnia pseudozilingiana

Junghuhnia separabilima
Leptoporus mollis
Multiclavula mucida
Oligoporus guttulatus
Oxyporus philadelphi
Oxyporus placentus
Perenniporia medulla-planis
Perenniporia subacida
Phaeolus schweinitzii
Phellinus ferrugineofuscus
Phellinus nigrolimitatus
Phlebia centrifuga
Physisporinus sanguinolentus
Physisporinus vitreus
Pseudomerulius aureus
Punctularia strigosozonata
Pycnoporellus fulgens
Rigidoporus crocatus
Serpula himantioides
Sistotrema raduloides
Skeletocutis odora
Skeletocutis stellae
Skeletocutis vulgaris
Steccherinum robustius
Tomentella crinalis

Table 6. The number of hemerophobic vascular plant, bryophyte and lichen species in different forest type

groups in Estonia.

Forest type groups Vascular plants Bryophytes Lichens
Coniferous subtaiga f. ST 51 15 55
Deciduous broad-leaved f. DE 44 53 34
Mobile-water swampy f. MW 37 15 26
Semiheath f. SH 23 31 19
Alluvial f. AL 15 13 16
Slightly calciphilous herb-rich f. SC 14 6 7
Mesotrophic boggy f. ME 7 9 8
Meso-oligotrophic boggy f. BG 6 20 10
Eutrophic fen f. FE 6 7 10
Wet herb-rich secundary f. WS 6 19 5
Heath f. HE 5 3 8
Alvar f. AR 4 31 7
Drained peatland f. DP 4 4 13
Oligotrophic bog f. BO 2 7 4
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est communities that still satisfy the criteria for
primeval forests.

We have compiled a 10-step system for iden-
tifying primeval forests. The 6-step A-criteria of
this system can easily be used by every forest in-
spector. With minor changes it can be applied to
neighbouring countries, too.

As an appendix to the B-criteria lists of
hemerophobic vascular plant, bryophyte, lichen
and fungi species have been compiled. These lists
are specific to Estonia and can not be used with-
out revision in neighboring countries.
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