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Abstract

Without human influence, boreo-nemoral (hemi-boreal) landscapes on fertile soils would be covered with mixed deciduous-
spruce-forest. At the stand level, patches with only dominant tree species (spruce or some broadleaved species) may also be present.
Nowadays, human impact seldom allows such forests to reach late-successional phase.

Our study results confirmed that also Habitat Directive Annex I forest types present on mesic fertile soils in Estonia, are mostly

highly human-influenced. Broadleaved forests (¥9020) are very common on areas that have been wooded meadows or pastures a
century ago. Depending on the soil type, they will remain as broadleaved communities, although the proportions of tree species may
change, or they will change to mixed forests with a variable cover of spruce in following generations. In contrast, the current Herb rich
spruce forests (9050) will develop into more diverse stands, containing many broadleaved species, especially in the understory.
Preferably on Gleysols and probably more frequently on Gleyic Cambisols or Luvisols, the spruce forest belonging to the type *9050
according to spruce coverage criteria may change into Broadleaved old-growth forest type (*9020). Spruce has been highly favored on
areas with evidence of management; the trend was confirmed by the analysis of deadwood parameters. The Esker forests (9060) will
have a different successional path on Arenosols and Mollic Cambisols.

We suggest that increasing the area and connectivity of the fertile soil forest habitat patches will ensure the heterogeneity and
availability of habitat conditions and substrates. Therefore, instead of implementing protection measures for each Natura habitat type
separately to maintain their current tree composition and structure, which is result of the nineteenth and twentieth century land use
practices, the entire forest area on fertile soil should be treated as one unit, within which patches are promoted to follow different

trajectories.

Keywords: Habitat Directive Annex I forest habitat types *9020, 9050, 9060, *9010; changing land use; tree composition;

succession; forest conservation.

Introduction

European hemi-boreal or boreo-nemoral mixed forests
are growing in Estonia on relief formed by the Weichselian
glaciation (Kalm et al. 2011). The mixture of spruce and
nemoral deciduous trees on fertile soils is viewed as the
climax stage of boreo-nemoral forests in Estonia (Laasimer
1965, Reitalu et al. 2013). Currently in Estonian landscapes,
three main forest landscape complexes alternate: 1. Over-
grown, historically agriculturally used sites on fertile soils
with various amounts of secondary deciduous forests or
traditional wooded meadows and wood-pastures; 2. Typi-
cal, mainly managed mixed forests with some historical agri-
cultural activities on moderately fertile and sometimes

drained minerotrophic peat soils; 3. Relatively large boreal
coniferous (mixed) forests with birch and aspen on peaty
soils around oligotrophic bogs or on sandy and limestone
areas. In practice it needs to be specified whether the dis-
cussion concerns landscape or stand level. However, the
mixed forests are difficult to define, study and protect as the
mixture of different trees is a complex phenomenon created
by soil and climatic conditions, ecological interactions and
management processes that have occurred in both time and
space (Barbati et al. 2006, Bravo-Oviedo et al. 2014).

In the last few thousand years, transformation of the
Estonian forest tree composition has been related to the
cumulative impacts of changing climate and human influ-
ences. While the first large regression of broadleaved
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nemoral tree species was associated with the cooling cli-
mate (5150 —3800 cal. yr BP), the subsequent land use inten-
sification (around 3800 —2000 cal. yr BP) had parallel influ-
ences on the distribution of different tree species. Peduncu-
late oak (Quercus robur L.) benefitted from human made
semi-open landscapes, in contrast with other nemoral de-
ciduous tree species, which were more sensitive to climate
change and especially to increasing competition with Nor-
way spruce (Picea abies L.) (Diekmann 1994, Reitalu et al.
2013). As a result of fire cultivation and increasing forest
felling around settlements, silver birch (Betula pendula
Roth.), grey alder (A/nus incana L.) and mixed spruce for-
ests became widespread (Jaits et al. 2010, Laasimer 1965).

The latest decline of all nemoral tree species started
with the preference for conifer timber in modern forestry
during the eighteenth and nineteenth centuries, and culmi-
nated with the abandonment of semi-natural woodlands
during the twentieth century (Etverk 2003, Etverk and Meikar
2008, Palo etal. 2013, Sammul et al. 2008). Until the middle of
the twentieth century, some agricultural activities such as
mowing and grazing around settlements were still common
in forests on fertile soils. Nowadays there is little grazing in
forests (Kull et al. 2003, Palo et al. 2008, Sammul et al. 2008).
For a long time, selective cutting was widespread in private
forests. In some areas (also in state forests) clear-cuts started
occurring and overcutting was especially evident during
the 1930-s. During the soviet regime, the large parts of these
formerly over-used forests were managed with low intensity
or not at all, allowing aging and recovery of the stands’
natural structure (Etverk 2003). Therefore, by the 2000s, their
structural quality was high enough to be considered as valu-
able and in need of protection. Currently, logging in strictly
protected areas is prohibited in Estonia since the protection
of forests in their natural state (including natural distur-
bances) is the primary objective of Estonian forest conser-
vation (Lohmus et al. 2004, Nature Conservation Act). Next
to maintenance for protected species habitats, only aging
and natural disturbances are considered as factors that are
allowed to influence the development and successional dy-
namics of the stands (L5hmus and Kraut 2010, Sorohova et
al. 2009).

Current boreo-nemoral stands in Estonia include Nor-
way spruce and nemoral deciduous tree species such as
pedunculate oak, small-leaved lime (7ilia cordata Mill.),
Norway maple (Acer platanoides L.), common ash (Fraxinus
excelsior L.), Scots elm (Ulmus glabra Huds.). In the
understory, hazel (Corylus avellana L.) has a high cover. In
early- or mid-succession phases, Scots pine (Pinus sylvestris
L.), grey alder and black alder (4/nus glutinosa L.), silver
birch and moor birch (Betula pubescens Ehrh.), and com-
mon aspen (Populus tremula L.) may occur (Diekmann 1994;
Paal 1997). Corresponding Estonian boreo-nemoral forest
site types in sensu stricto are Antennaria dioica, Fragaria
vesca, Corylus, Hepatica nobilis and Aegopodium

podagraria site types. In addition some stands from dry
alvar forest Calamagrostis arundinaceus type and nutrient
rich paludified Dryopteris spp., Filipendula ulmaria and
Molinia caerulea forest site types may occur (Paal 1997,
2002, 2004). According to the Nordic vegetation type list,
these forests belong to Ulmus glabra type, Fraxinus
excelsior type, Tilia cordata type, Quercus robur-Ulmus
glabra-Tilia cordata-type, Picea abies-Oxalis acetosella-
Melica nutans type, Picea abies-Dryopteris spp. type, Picea
abies-Geranium sylvaticum-Aconitum lycoctonum type,
Pinus sylvestris-Fragaria vesca variant and Pinus sylvestris-
Lathyrus spp.-Rubus saxatilis type (Pahlsson 1994, follow-
ing Paal 2004).

In our previous paper (Palo and Gimbutas 2013) we dem-
onstrated that according to dominance and frequency of
tree species in different forest strata, large changes are to be
expected in the canopy composition of the habitat types in
the next generation. This would also mean some alterations
in their proportional coverage in Estonia, which then needs
to be explained in terms of the Habitats Directive Boreal
region level (European Commission 2006). We offered the
hypothesis, that the land use practices and intensity in the
nineteenth and twentieth centuries have widely influenced
the current stands’ tree composition (Palo and Gimbutas
2014 a, b). Therefore, the current monitoring results of pro-
tected forest habitats are describing the ongoing succes-
sion (including natural disturbances), which means the re-
sults must be interpreted from their ecological point of view.

The aim of the current research is: 1. To specify the soil
and management factors affecting stand development on
fertile soils in habitat types *9010, *9020, 9050, and 9060; 2.
To predict the most important changes of stands’ tree com-
position in the near future, if natural succession prevails;
3. To discuss the present habitat mapping and conservation
policy in the light of predicted changes.

Material and Methods

Identifying of habitats

The most typical Estonian lowlands boreo-nemoral
mixed forests on non-alluvial fertile soils Lohmus 1984; Paal
1997, 2002, 2004) belong to forest habitat types herb-rich
spruce forest (9050) or Broadleaved forest (¥9020), in terms
of European Habitat Directive (92/43/EEC). Patches of West-
ern taiga (*9010) and fire-influenced species-rich Esker for-
ests (9060) may also exist on these soils.

The habitat types were identified in the field according
to characteristic species composition (trees, shrubs, herb
and moss layer) and qualifiers (Paal 2002, 2004, Palo 2010).
In addition to the forest site type criteria, the ‘habitat type’
refers to dominant tree species in the canopy and under-
story: Herb-rich spruce forest (9050) must be a spruce-domi-
nated (mixed) stand; Broadleaved forest (*9020) tree com-
position contains >50% of species such as lime, ash, oak,
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maple or elm; Esker forests (9060) are defined as pine or
mixed coniferous forests with xeric and/or calciphilous herbs,
typically these forests are present on positive relief forms;
Western taiga (¥*9010) is uncommon on fertile soils but pos-
sible if the above mentioned sites types are dominated by
Betula sp., Populus tremula or Pinus sylvestris. In Estonia,
the Habitat Directive Annex I forest habitats are mapped
and monitored at a scale of 1:10 000, which means a very
high resolution in stands’ tree composition estimates. All
habitats need to contain enough old-growth stand struc-
tural features; normally managed commercial forests are not
presented (Palo 2010).

Data sampling and statistical analysis

The field data was collected from throughout Estonia
during the Habitat Directive Annex I forest habitat type
monitoring program (2010-2012 and 2014-2015; 204 plots).
Whole sampling was completed according to Liira (2009)
based on habitats’ actual area in so called Annex I habitat
types’ database managed by Estonian Ministry of the Envi-
ronment. The center coordinates for sample plots with ra-
dius of 20 m were randomly generated. The plots’ forest
structure was described in detail in the field. From the long
list of monitored parameters, factors relevant for this study
were selected

The soil type and past land use type of plots were manu-
ally identified from the maps of the Estonian Land Board Web
Map Server using public WMS-service (MapInfo 11.5). On
the basis of 1:42 000 scale topographical map from the begin-
ning of the twentieth century two parameters were recorded:
1. Main land use type in the radius of 100 m around monitor-
ing plot center point (wooded meadows/pastures, continu-
ous forest, open meadow/crop); 2. Main land use type in the
radius of 300 m around the monitoring plot center point (con-
tinuous forest, mixed land use). The soil types (Table 1) of the
monitored plots were taken from 1:20 000 scale soil type map.

Some soil subtypes were merged and there are many reasons,
why these soil data must be treated and interpreted on a gen-
eralized scale (Kolli and Kanal 2010, Reintam et al. 2005). There
was no field sampling of soil in the plot except for estimation
of the depth of organic horizon.

The distribution of soil types among forest types, char-
acteristic of dry or mesic fertile forests, was revised as a first
step. Plots growing on Endogleyi-Calcaric Cambisols were
removed from the data, since only Broadleaved forest type
(*9020) occurred on these, 70% of which are former wooded
meadows, as described by Palo et al. (2013) (compare also
with the data from Table 2). Esker forest (9060) was absent
form Gleysols/Gleyic soils and in addition the type Herb-
rich spruce forest (9050) was never found on Calcari-Skeletic
Cambisols.

Data analysis was performed in R (R Core Team 2015)
and STATISTICA. The influence of soil type and past land
use type on contemporary forest habitat type was analyzed
by multiple multinomial logistic regression. The results are
supported by frequency tables (Tables 1, 2 and 3). The influ-
ence of soil type and past land use on various forest stand
parameters was analyzed with one-way ANOVA (Table 4).

Results

Relationships between main factors

The Western taiga (*9010) stands grow mainly on
Calcari-Skeletic Cambisols and Arenosols (comparing fre-
quency with other habitat types p < 0.05, Table 1). The latter
is also common on Esker forest (9060) plots. The other com-
mon soil type under Esker forests was Mollic Cambisols,
where also many Broadleaved forests (¥*9020) grow.
Broadleaved forests prefer Gleyic Cambisols (p < 0.05) and
also Endogleyi-Calcaric Cambisols, as was mentioned be-
fore. Herb-rich spruce forests (9050) existed on a wide range
of soils. However, on Calcari-Skeletic Cambisols and

Table 1. Distribution (%) of forest habitats

. ) g N X Type Kr Lg Lp K Ko Ki G Kog Kilg
on fertile soils. Theoretically typical combi- ] *9010 572 452 334 95 139 59 111 91 214
nations (Paal 1997, 2002) are in italic-bold. ~ Rabitattypes g0, 1o 55 208 238 278 176 333 500 143
Soil type abbreviations according Estonian  on soils 9050 00 9.7 250 334 222 353 556 409 643
soil map and classification: Kr — Calcari-Ske- (%) 9060 238 419 208 333 361 412 00 00 0.0
letic Regosols or Cambisols (Pebble-rich
rendzinas); L I — Podzol (Arenosols; Sod- Kr Lyl Lp K Ko KI G Kog Kig
pOdZOliC SOilS); Lp — Stagnic Luvisols (Pseu_ Soil *9010 24.5 28.6 16.3 4.1 102 20 41 441 6.1
dopodzolic soils); K — Calcaric Cambisols distribution 9020 85 21 106 106 213 64 128 234 4.3
(Pebble rendzinas); Ko — Mollic Cambisols with.in 9050 00 52 103 122 13.8 103 17.2 155 155

. o . habitattypes g9og0 100 260 100 1740 26.0 140 00 00 00

(Leached or typical brown soils); KI —Luvi- (%)
sols (Eluv.iated brown soils)% G - (Gleysols K Lol Lp K Ko KI G  Kog Kig % Count
s.1., combined Mollic, Dystric, Histic Gley- *9010 59 69 39 10 25 05 10 10 15 230 47
sols); Kog — Gleyic Cambisols (Gleyed typ- oo 9020 20 05 25 25 49 15 29 54 10 240 49
ical brown soils); Klg — Gleyic Luvisols 9050 00 15 29 34 39 29 49 44 44 245 50
(Gleyed eluvial soils) (soil names by Kdlli 9060 25 64 25 34 64 34 00 00 00 284 58
and Kanal 2010; Kolli et al. 2004, World % 103 152 118 103 176 83 88 108 6.9 100.0
Reference Base for Soil Resources (WRB)) Count 21 31 24 21 36 17 18 22 14 204
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Endogleyi-Calcaric Cambisols spruce rarely dominates in
canopy but usually appears in the understory and regrowth.
Looking at the distribution of today’s forest habitat
types on past land use units (Table 2), the former wooded
meadows and pastures are now, in half of the cases, covered
by Broadleaved forests (*9020, different from other habitat
types, p < 0.05). Monitoring plots on past wooded mead-
ows/pastures also showed more signs of management (75%;
signs of management are mainly stumps, but also fences,
traces of vehicles etc.) compared to forests on past mead-
ows/crops (41%, p < 0.05). 73% of monitored areas that were
meadows or crops about 100 years ago have nowadays de-
veloped into Herb-rich spruce forests or Esker forests.

Table 2. Distribution (%) of monitored forest habitats with
different land use history

Type *9010 *9020 9050 9060
36.2
Habitat types Wooded meadow/pasture (W) 10.2 i 10.3 8.0
distribution Forest (F) 83.7 E 75.9 76.0
inland use Open meadow/crop/pasture (M) 6.1 6.4 13.8 16
types (%)
*9010 *9020 9050 9060
Land use types Wooded meadow/pasture (W)  15.6 53.1 188 125
distributionin  Forest (F) 273 180 293 253
habitat types  Open meadow/crop/pasture (M) 13.6 13.6 364 36.4
(%)
*9010 *9020 9050 9060
. Wooded meadow/pasture (W) 25 8.3 29 2.0
Total (%) Forest (F) 201 132 216 186
Open meadow/crop/pasture (M) 1.5 1.5 39 39

Past agriculturally used areas have existed on most soil
types (Table 3). Only on Gleysols, no meadows were found
in the beginning of the twentieth century, but it is probably
not a rule: solitary trees and shrubs were common on most
wet meadows. The symbols used for these kind of meadows
on the topographical maps were the same for typical wet
wooded meadows. Meadows and crops were quite evenly
found on Stagnic and Gleyic Luvisols, Mollic and Calcari-
Skeletic Cambisols. Wooded meadows were most common
on Gleyic and Mollic Cambisols (p < 0.05). Historically con-

tinuous forests were found on every soil type. As for the
most agriculturally used soils (Gleyic Cambisols and
Luvisols), only about 54-57% of monitoring areas were regu-
lar forests about 100 years ago. Management signs were
least often found on Gleysols (22.2%), on other soils the
signs of management were found on 45.8% (Stagnic Luvisols)
— 81% (Calcaric Cambisols) of the monitoring plots, (the
difference between Gleysols and Calcaric Cambisols was
statistically significant).

Influence of main factors on the forest stand param-
eters

The organic horizon in the forests was thickest on
Gleysols (15.7cm) (p < 0.05), on other soils the mean thick-
ness was 1.6-3.4 cm less. The depth clearly depends on land
use type since all kinds of agricultural and forestry signs
had statistically significant decreasing effect (p < 0.05, one-
way ANOVA, Table 4 for now on).

Compared to other soil types, the number of tree spe-
cies on Calcari-Skeletic Cambisols was among the lowest in
all forest strata (canopy, sub canopy and regrowth). Simi-
larly, the tree species number on Mollic Cambisols Gleyic
Luvisols and Gleysols was among the highest in all forest
strata. On the other hand, some soil types have relatively
more species in one of these layers, but less species in other
layers (f.e. Stagnic Luvisols and Calcaric Cambisols); some
soils always have modest values (f.e. Gleyic Cambisols).

Canopy layer species number was higher for historical
wooded meadows or pastures (p < 0.05). In forests with
management signs, the canopy layer species number may
be somewhat lower (p < 0.08). Significant relationships be-
tween signs of management or appearance of stumps and
the forest regrowth layer species number indicate that natu-
ral forests have a higher number of species in the regrowth
layer (p <0.05).

The coverage of Scots pine in the canopy layer was
dependent (p < 0.05) on soil type as well as on management.
Pine prefers dry soils, which were avoided by spruce
(p <0.09). There was always a higher coverage of pine in

Table 3. Distribution (%) of past land

. . . Type Kr Ll L K Ko K G Kog Ki
use types on different soils. Soil ab- - yP WP g _*%
T . Soil type w 48 97 83 19.0 222 59 111 409 14.3
breviations see in Table 1 and land use distribution
L . ¢ F 76.2 871 70.8 76.2 66.7 82.4 889 545 57.1
type abbreviations in Table 2 in land use
types (%) 19.0 32 20.8 48 111 11.8 00 45 286
Kr Lol Lp K Ko Ki G Kog Kilg
Land use types w 31 94 63 125 250 31 63 281 6.3
distribution ¢ 10.7 18.0 11.3 10.7 16.0 93 107 80 53
in soil types
(%) 18.2 45 227 45 182 91 00 45 182
Kr Loyl Lp K Ko Kl G Kog Klg % Count
w 05 15 10 20 39 05 10 44 10 157 32
Total (%)
F 78 132 83 78 118 69 78 59 39 735 150
M 20 05 25 05 20 10 00 05 20 108 22
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plots with historically continuous forests (as opposed to
forests grown on former wooded meadows/pastures or mead-

ows/crops) and management signs also increased the cov-

erage of pine. Management signs (p < 0.06) and occurrence

of stumps (p < 0.08) was also related to higher coverage of

spruce, which may refer to its former high coverage, too.
Birch preferred mesic soils, with a higher coverage in

forests without management signs (p < 0.05). Aspen also

Table 4. Influence of historical land use factors and soil type on forest stand parameters. Based on one-way ANOVA,
levels of factors are grouped according to results of Duncan's multiple range tests. If p-value is not noted, it is less than
0.05. For continuous variables, minimal and maximal least squares means are reported in brackets

Parameter Soil type Land use type (abbr. in Land use type (abbr. in Managed (M)- Stumps found (S)/not
tabel B) »Data sampling") nonmanaged (N) found (N)
Organic horizon (cm) (1.6 cm) K.Kog Klg,Lp Ko,Lggl, K1, Kr (1.8cm) Wk)<F (5.5cm)  (3.2cm) M<N (4.7¢m)  (3.2cm) S<N (4.7cm)

Canopy layer species
number

Subcanopy layer species
number

Regrowth layer species
number

Presence/density of
subcanopy layer (0,1,2)

Presence/density of
regrowth layer (0,1,2)

Presence/density of
shrub layer (0,1,2)

Coverage of Pinus
sylvestris

Coverage of Picea abies

Coverage of Betula
pendula

Coverage of Populus
tremula

Coverage of Quercus
robur

Presence of large semi-
open woodland -trees

Standing recently dead
trees

Snags

Deadwood from first
decay classes with
d=10-25cm
Deadwood from latest
decay classes with
d=10-25¢cm
Deadwood from first
decay classes with
d=25cm

Deadwood from latest
decay classes with
d=25cm

Diameter of greatest
lying deadwood stump

Mean diameter of 3
greatest living trees

(3.4cm) <G (15.7cm)

(2.1 species)
Kr[Lp,Lal]<KI,K.Ko,Klg<[G]Kog (3.1
species)

(1.9 species)
Kr{K]<[Ko,KI,Lp,Kog,Lwl]KIg,G (3.8

species)

(2.3 species)
Kr, K, Ko[Lgl Klj<[Lp,Klg,Kog]G (4.6
species)

Kr,K,Kog,Ko,[Klg,KI,G Lll<Lp
KolLml]<[Kog, K,KI,Lp Kr Kig]<G
Lml[Kog, G, Kr]<[Lp,Ko,Kig, KK

(2%) Kig,G,Kog.K,Lp,KI,Ko<Lgl,Kr
(52%)

p<0.09; (23%)
Kr,Lil[Kog,Lp,Ko,G, Kig,Ki]<K (50%)

(5%) Kr.KI,Lwl K, Ko, KoglG]<[Klg]Lp
(34%)

(3%) G,Lpal, K, Klg,Lp,KI,Kr[Ko]<Kog
(26%)

Klg[Lp.G.K Ki]<[Lwl,Ko,Kog]<Kr

Klg, Ko, Kl Ll K,Lp[Kog,Krj<G
KI[Kr,Ko,Klg,Kog,Lwl][Lp.K]<G

KI[Kr,Ko,Kog, Ll KIg][K,Lp]<G
Kr{Lual KI][Kog, Ko,Klg,K,Lpl<G
Kog, Kr{Kl, Lyl Ko, K Klg]<Lp,G
Kr{Kog,Lw!,Ko,Kl,Lp,Kig, K]<G

(28 cm) Kr[Lml Kog, Ko KI K Klg,G]<Lp
(45 cm)

(41 cm) Kr[K,G,Kog,Klg,KI,Ko,Lp]<Lgl
(52 cm)

(4.3cm)

(2.8 species) M(F)=W
(3.5 species)

(B%) W(M)<F (24%)

(3%) M,F<\W (28%)

MF<W

(18%) MIX<F (29%)

p < 0.08; (3 species)
M=<N (3.3 species)

(3.1 species) M<N (3.6
species)

(15%) N<M (25%)

p < 0.06, (29%) N<M
(37%)

(13%) M<N (21%)

p < 0.07; (B%) M<N
(14%)

(4%) F<MIX (12%)

M<N

M=N

M=N

M=N

M=N

M<N

M=<N

(3 species) S<N
(3.7 species)

p < 0.08,; (29%) N<S
(37%)

{14%) S<N (21%)

(8%) S<N (14%)

S=<N
S<N

S=N

S=N

S<N

S<N

S=<N
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showed a tendency for higher coverage in unmanaged for-
ests (p < 0.07). The cover of oak was linked to a higher his-
torical wooded meadows/pastures percentage (p < 0.05) and
this relationship was in concordance with the soils since the
Gleyic and Mollic Cambisols had the highest percentage of
historical wooded meadows/pastures (p < 0.05, Table 3). The
coverage of shadow tolerant nemoral broadleaves (elm, ash,
maple, and lime) had no significant relationship with the
studied factors.

The presence of large semi-open woodland trees was
connected with the dryer soil types, historically covered
with wooded meadows/pastures (p < 0.05) because the tree
species, which have a large canopy in lighter conditions are
mainly pine and oak, which are widespread on these soils.

All deadwood parameters also reflect the soil proper-
ties and have quite similar trends as tree species numbers
on different layers. At the same time, the presence of dead-
wood was highly dependent on management signs and
stumps found in stands. In natural stage forests, deadwood
appeared significantly more frequently.

The soil type order by average diameter of three largest
living trees probably reflects some mixture of all studied fac-
tors, as it may depend on tree species, tree age, soil properties
as well as management type and intensity. Also, the breast
diameter of the largest living tree were analyzed, but did not
have significant relationships with land use and soil type.

Discussion

Most habitat types were found on soils, where the re-
spective forest site types (Kolli and Kanal 2010, Paal 1997,
2002, 2004) were expected to occur. There are some excep-
tions, which we will discuss in depth.

Inspection of the raw data reveals that the presence of
Western taiga plots on Mollic Cambisols (10.2%, Table 1) is
explained by higher coverage of successional tree species
(birch and aspen) in these stands. Alternatively these stands
are spruce forests with species poor regrowth and shrub
layer. Therefore these forests do not fit the definition of
Herb-rich spruce forests or Esker forests which typically
occur on this soil type (Paal 2004, Palo 2010). It was not
possible to identify the main driving factor for the changes
in composition, but it can be related to the historical land
use and management intensity. Most of these plots showed
signs of management or they were located on past private
ownership land with mixed land use, where selective felling
and grazing in forests was common a century ago.

Also, an exceptionally high percentage of Broadleaved
forests was present on Mollic Cambisols (21.3% of total
*9020, Table 1); which is clearly related with the historical
land use, since 22.2% of monitoring plots on these soils
incurred on past wooded meadows/pastures (Table 3) and
altogether from earlier wooded meadows/pastures 25% (Ta-
ble 3, p < 0.05) was located on Mollic Cambisols. The semi-

natural origin of these forests could refer to possible changes
in the future because of changes in land use practice (Kull et
al. 2003, Palo and Gimbutas 2014a,b, Palo et al. 2008, Sammul
etal. 2008). Since typical Herb-rich spruce-forests and Esker
forests were also common on Mollic Cambisols, the ques-
tion to be posed is: will the forests on past semi-natural
plots develop into coniferous stands in the future? Con-
trary to this, several researchers hold the opinion that conif-
erous forests on mesic fertile soils are secondarily impover-
ished and that the natural forest could consist of nemoral
deciduous species with different proportions of spruce in
time and space (Jaits et al. 2010, Laasimer 1965, Reintam
1995, Reitalu et al. 2013). This subject is discussed thor-
oughly by Lohmus and Kraut (2010). Also, the results in
Table 4 show that pine and spruce cover is higher in stands
with management signs as opposed to birch and aspen cover.
Based on a comparison with the raw monitoring data, we
support the idea that the unmanaged pine-forests (Esker-
forests 9060) on this soil will develop into spruce forests
(9050) and all current Herb-rich spruce forests will be re-
placed with spruce-broadleaved tree mixtures in time (with
about 200 years or two new spruce generations). If hazel
shrub rich stands are included to natural forest types as
well, then it will probably take only 50-100 years to develop
such mixed or broadleaved forests.

By raw monitoring data we noticed the tendency, that
*9020 on the Mollic Cambisols, which have been forests all
the time, do not change very much: maple, elm and spruce
stay as common species but there will probably be more lime
and ash and all other currently growing tree species may
also occur with a lower percentage. Broadleaved stands with
management signs and which have grown on earlier wooded
meadows are species-poorer and there are more pioneer tree
species, but their subcanopy and regrowth layer contained
more nemoral broadleaved tree species than their canopy
layer. Therefore broadleaved trees percentage will probably
increase in future (generally presented in Table 4 — earlier
wooded meadows’ canopy layer was species-richer as in
continuous forests, but the clear management signs had a
decreasing effect on the species number).

The pines from Esker forests growing on Mollic
Cambisols will totally disappear in next generations and
these stands are expected to develop into mixed broadleaved
forests, since the subcanopy and regrowth layer are very
species-rich and contained many nemoral broadleaved tree
species. We find 9060 type forests on Mollic Cambisols to-
day probably only because of earlier land use methods,
management intensity and disturbance (pasturing, fire, cut-
ting) effects, which have changed the soil properties in up-
per horizon and thus supported the high coverage of pines
(Paal et al. 2004a, b, Bizzari et al. 2015). Nowadays spruce-
forests (9050) on Mollic Cambisols are probably more resist-
ant to changes in the canopy layer; however the spruce will
have lower coverage in the future. This trend in raw data
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was probably supported due to higher percentage of spruce
on managed areas (Table 4). The possible changes in for-
ests growing on Mollic Cambisols confirm our general re-
sults in Palo and Gimbutas (2013), where stands’ composi-
tion of the monitoring plots were analyzed without consid-
ering the past land use effects. There we also found that in
type *¥9020, oak, birch and aspen frequency will decrease in
the future and there will be an increase in the frequency
spruce and nemoral broadleaves in the next generations.
The type 9060 will lose pine and the canopy composition
will change in the direction of current 9050; however, the
current 9050 tree composition in the next generation will
have much more similarities with current old-growth *9020
type canopy layer.

Another atypical soil seems to be Podzols in Esker for-
ests (9060) (Lohmus 2004, Paal 2002, 2004). The later studies
within these soil type areas have described special Arenosols
- sandy soils without diagnostic horizons, which are par-
ticularly typical for South-Estonian Esker forests (Paal et al.
2004a, b, 2011). According to sediments’ geographical loca-
tion and origin (in Estonia mostly glacio-fluvial or coastal
sediments; the base rock consists of limestone and sand-
stone) the sand may have different calcareous/clay content.
In Estonia, the habitat type Esker forest (9060) was defined
as coniferous species-rich esker, drumlin or hillock forest
(Paal 2002, Paal et al. 2004a, b, species-poor coniferous for-
ests on sandy soils are, for example, dune forests from type
2180), since very few of these landforms consist of nutrient-
poor sand and silicate boulders, in contrast to Finland
(Heikkinen 1991, Karukdpp 2005). Esker forests in Latvia and
Sweden are quite similar to the Estonian descriptions (Laivins$
2014, Asbarrskog 2012). We inspected the raw data to see if
present or future differences are to be expected in 9060 for-
est type tree composition growing on Mollic Cambisols or
Arenosols. The current canopy layer had similar tree spe-
cies frequencies and coverages on both soil types, however
in following generations the succession on both soils may
differ. Pine will not disappear on Arenosols and the frequency
of oak will also be much higher than on Mollic Cambisols.
Spruce will remain as the dominant species, but birch and
aspen will become more common, as well as maple, lime and
elm. Hazel is common on both soils, but in addition, on
Arenosols, juniper (Juniperus communis L.) and rowan
(Sorbus aucuparia L.) may appear more frequently and with
a higher cover. The results of this comparison agree well
with earlier results from South-Estonia (Paal et al. 2011), since
these authors did not find major differences between tree
composition in Esker forests that had been used differently
historically. If looking at the places, where Esker forests on
Arenosols were monitored, then all of them were located on
South-Estonian hillocks or on the island Saaremaa (Ancylus
Lake seashore terrace on Viiduméde Reserve). Comparable
forest communities are also described in a neighboring coun-
try, Latvia (Ikaniece et al. 2012, Laivins 2014). The majority

of Esker forests growing on Mollic Cambisols were located
in North-Estonian Pandivere Upland and only very few ex-
amples were present in South-Estonia, most of which had
developed on past meadows or wooded pastures.

A large part of Arenosols are currently covered with
Western taiga stands (*9010). How will these stands change
in the future, compared to Esker forests on the same soil?
Most of these forests are located on continuously forested
land and despite the management signs, the comparison of
different tree layers indicated the likely future disappear-
ance of pine, a slight rise in spruce frequency, relative stabil-
ity of birch and aspen, but also a great increase in
broadleaved tree species frequency, especially oak. There
was also hazel present in about 70% of the plots. The cur-
rent pine-dominated or pine-spruce Western taiga forests
will, without any management or burning, develop into
spruce-deciduous mixed forests with a much species-richer
canopy and sub-canopy layers containing oak, lime, elm,
both alders, maple, together with shrubs such as hazel and
rowan. The growth of broadleaved saplings depends on
many factors and interactions between the structural layers
of the different forests. Light availability will be an impor-
tant factor, especially for oak (Brumelis et al. 2011, Gotmark
etal. 2005, Ikauniece et al. 2012, Liira et al. 2011, Sims et al.
2014). Many saplings, present in regeneration layer, are un-
likely to ever reach higher layers, but their presence in for-
ests still retains that potential.

Another interesting forest succession path will be the
Herb-rich spruce forests (9050) development on fertile gleyic
soils. As mentioned before, on Endogleyi-Calcaric Cambisols
soils they were absent but on Gleysols and Gleyic Cambisols
or Luvisols such forests are dominant in conjunction with
Broadleaved forests (*9020). If on Endogleyi-Calcaric
Cambisols, the main reason for low cover of spruce was past
land use (there are many broadleaved forests from earlier
wooded meadows), then low spruce cover in the canopy
layer may be also be a result of fungal disease, especially on
human-influenced fertile soils. Root rot, especially
Heterobasidion spp., is a problem in forests managed today
with maintenance logging, as well as in stands growing on
afforested historical agricultural land (Hanso and Hanso
1999a,b, Piri and Korhonen 2008). Gleysol forests are mostly
historically continuous forests; in contrast to Gleyic
Cambisols or Luvisols, which have a high percentage of
former wooded meadows, meadows and crops (Table 3). 30%
of the spruce forests were also located on past agricultural
land (within radius of 100 m from monitoring plot) and about
70% were on areas with mixed land use (within radius of 300
m from monitoring plot). The type 9050 on Gleysols have
species-richest canopy layer (Table 4: all these 3 soils have
the highest tree species richness). There was no difference
in the frequency of pine, spruce, birch and aspen, but on
Gleysols, both alder species and other nemoral broadleaved
tree species were more frequently found. These differences
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will probably also persist in the following generations. How-
ever, spruce will always appear on about 50% of the areas
where birch and/or aspen are now found. Also both alder
species, ash, lime and oak will be frequent in such stands.
The old-growth forests on Gleysols will probably become
mixed deciduous-spruce forests. Comparing the Gleyic
Cambisols with Gleyic Luvisols, the last one will probably
become a little bit species-richer and have more frequent
shade-preferring broadleaved species such as lime, maple
and elm. At the same time, forests on Gleyic Cambisols will
have more ash, grey alder and other woody species, mostly
occurring in lower layers (rowan, bird cherry (Prunus padus
L.) etc.). In spruce forests growing on earlier agricultural
land, grey alder and some tall willows (Salix sp.) or rowan
are especially common. Therefore these spruce forests may
develop into broadleaved forests in the future. On the other
hand, the majority of monitored *9020 forests on Gleyic
Cambisols were located on former agricultural land and their
subcanopy as well as regrowth contained dominantly spruce.
Therefore *9020 on Gleyic Cambisols and Luvisols will very
likely have higher spruce cover in future. In contrast, in
current 9050 forests on these soils, spruce will have a some-
what lower cover: pine will totally disappear from these
unmanaged forests and there will be many more deciduous
species present with higher cover.

In the future, we will see stands with very different and
diverse tree composition instead of the current clearly dis-
tinguishable structural layers with dominant tree species in
the upper canopy. Main reasons are the competition for light
between different tree species and the local environmental
conditions, as well as other stand level natural disturbances
(Brumelis et al. 2011, Gotmark et al. 2005, Tkauniece et al.
2012, Liira et al. 2011, Lohmus and Kraut 2010, Sims et al.
2014). In the light of successional changes, there is no need
for maintenance thinning to preserve the current composi-
tion of habitat patches. Rather it will be more effective to
connect these areas with each other, in a similar way to the
boreal forests growing on soils with lower fertility (Lohmus
et al. 2004, Sorohova et al. 2009). Considering the habitat
preferences of species, the continual availability of different
substrates and microhabitats must be ensured through main-
taining a sufficient patch size of forests that have devel-
oped naturally. The exact composition of the tree layers will
be mostly temporary and will vary from patches containing
only spruce to those dominated only by broadleaves.

Conclusions

Our study results confirmed that current Habitat Direc-
tive Annex I forest types related to the mesic fertile soils are
in Estonia mostly highly human-influenced. Broadleaved
forests (*9020) are very common on areas that have been
wooded meadows or pastures a century ago. Depending on
the soil type, they remain broadleaved communities (the

composition of tree species may change) or there will change
to mixed forests with varying coverage of spruces in the
next generations. In contrary, the current Herb rich spruce
forests (9050) will develop into much more diverse stands,
containing many broadleaved species in their canopy and
especially in the subcanopy layer. Instead of Herb-rich spruce
forests now growing on Gleysols, Gleyic Cambisols or
Luvisols, typical broadleaved old-growth forests belonging
to the type ¥*9020 according to tree species coverage criteria
may occur. The spruce is highly favoured on areas with
management signs, the trend is confirmed with the response
of deadwood parameters. The Esker forests (9060) will have
a different successional path on Arenosols and Mollic
Cambisols.

We suggest to consider the protection of habitat types
on fertile soils (*9020, 9050, 9060) together, since in natural
conditions they will form a continuum of stands with tempo-
rarily prevailing tree species. To ensure the availability of
habitat conditions and substrates for all species found in
these habitat types, the naturally developing areas must be
large enough to hold different patches in the entire forest
landscape.

Acknowledgments

This paper was supported by Target Funding project
1UT2-16 of the Estonian Research Council; monitoring field
work was financed by Estonian Environmental Board and
Ministry of Environment. We are grateful to Robert Gerald
Henry Bunce from Estonian University of Life Sciences and
Asko Lohmus from University of Tartu for critical review
and to Dagmar Hoder for editing the text, and anonymous
reviewers for very useful comments on the manuscript.

References

Barbati, A., Corona, P. and Marchetti, M. 2006. European
forest types. Categories and types for sustainable forest
management and reporting. EEA Technical Report No 9/
2006. 114 pp. Available online at: http://www.eea.europa.
eu/publications/technical report 2006_9/at_download/file
Last accessed on: 18.09.2015.

Bizzari, L.E., Collins, C.D., Brudvig, L.A. and Dam-
schen, E.I. 2015. Historical agriculture and contempo-
rary fire frequency alter soil properties in longleaf pine
woodlands. Forest Ecology and Management 349: 45-54.

Bravo-Oviedo, A., Pretzsch, H., Ammer, C., Andenmat-
ten, E., Barbati, A., Barreiro, S., Brang, P., Bravo,
F., Coll, L., Corona, P., Ouden. J., Ducey, M. J.,
Forrester, D.I., Giergiczny, M., Jacobsen, J.B., Les-
inski, J., Lof, M., Mason, B., Matovic, B., Metslaid,
M., Morneau, F., Motiejunaite, J., O’Reilly, C.,
Pach, M., Ponette, Q., Rio, M., Short, I., Skovsgaard,
J.P., Solino, M., Spathelf, P., Sterba, H., Stojanovic,
D., Strelcova, K., Svoboda, M., Verheyen, K., von
Liipke, N. and Zlatanov, T. 2014. European Mixed For-
ests: Definition and research perspectives. Forest Systems
23(3): 518-533.

N 2017, Vol. 23, No. 3 (46) I ISSN 2029-9230

553



BALTIC FORESTRY

[ SUCCESSIONAL DYNAMICS OF TREE COMPOSITION IN MIXED /.../ STANDS /.../ BB A. PALO AND M. GIMBUTAS i

Briumelis, G., Dauf$kane, I., Ikauniece, S., JavoiSa, B.,
Kalviskis, K., MadZule, L., Matisons, R., Strazdinpa,
L., Tabors, G. and Vimba, E. 2011. Dynamics of natu-
ral hemiboreal woodland in the Moricsala Reserve, Latvia:
the studies of K. R. Kupffer revisited. Scandinavian Jour-
nal of Forest Research 26(1): 54-64.

Diekmann, M. 1994. Deciduous forest vegetation in Boreo-
nemoral Scandinavia. Acta Phytogeographica Suecica 80.
Uppsala. Oppulus Press AB, 116 pp.

Estonian Land Board Web Map Server. X-GIS. Maa-amet (in
Estonian). Available online at: http://xgis.maaamet.ce/
xGIS/XGis. Last accessed on: 28.04.2016.

Etverk, I. 2003. The 20th century in Estonian forests. Esto-
nian Society of Forests, 193 pp.

Etverk, I. and Meikar, T. 2008. Era- ja pdllumajandusmetsad
Eestis. [Private and agricultural forests in Estonia]. Si-
htasutus Erametsakeskus. Tartu, 248 pp. (in Estonian).

European Commission 2006. Assessment, Monitoring and Re-
porting under Article 17 of the Habitats Directive. Ex-
planatory Notes & Guidelines. EU, Brussels. 64 pp. Avail-
able online at: http://www.artdata.slu.se/filer/gybs/notes_
guidelines_report_art17_final.pdf. Last accessed on: 10-
05-2010.

Gotmark, F., Fridman, J., Kempe, G. and Norden, B. 2005.
Broadleaved tree species in conifer-dominated forestry:
Regeneration and limitation of saplings in southern Swe-
den. Forest Ecology and Management 214: 142-157.

Hanso, M. and Hanso, S. 1999a. Andmeid juuremédanike
tekitajate kohta Eesti metsades [On the root rot fungi in
the forests of Estonia]. Forestry Studies 31: 141-161 (in
Estonian, with English abstract).

Hanso, M. and Hanso, S. 1999b. Juurepessu levimisest Eesti
metsades [Spread of Heterobasidion annosum in forests
of Estonia]. Forestry Studies 31: 162-172 (in Estonian,
with English abstract).

Heikkinen, R.K. 1991. Multivariate Analysis of Esker Vege-
tation in Southern Hidme, S Finland. Annales Botanici

Fennici 28(3): 201-24.
Ikauniece, S., Briumelis, G., Kasparinskis, R., Nikode-
mus, O. and Amatniece, V. 2012. Augsnes faktora

nozime kokaudzes sastava veidoSana ozolu (Quercus robur
L.) mezaudzes. [Effect of soil factors on tree species
composition in oak (Quercus robur L.) forests].
Mezzinatne 26(59): 41-60 (in Latvian, with English ab-
stract).

Jaits, L., Kihno, K., Tomson, P. and Konsa, M. 2010.Trac-
ing fire cultivation in Estonia. Forestry Studies 53: 53—
65.

Kalm, V., Raukas, A., Rattas, M. and Lasberg, K. 2011.
Chapter 8 — Pleistocene Glaciations in Estonia. In: Eh-
lers. J., Gibbard. P.L., Hughes. P.D. (Eds.). Quaternary
Glaciations — Extent and Chronology — A Closer Look.
Amsterdam. The Netherlands: Elsevier. Developments in
Quaternary Science 15: 95-104.

Karukipp, R. 2005. Eskers in the periphery of their distribu-
tion in North Estonia. Proceedings of the Estonian Acad-
emy of Sciences. Geology 54(1): 26-39.

Kull, K., Kukk. T. and Lotman, A. 2003. When culture sup-
ports biodiversity: The case of the wooded meadow. In:
Roepstorff, A., Bubandt, N. and Kull, K. (Ed.). Imagining
Nature: Practices of Cosmology and Identity. Aarhus
University Press, p. 76-96.

Kbolli, R., Asi, E. and Koster, T. 2004. Organic Carbon pools
in Estonian forest soils. Baltic Forestry 10(1): 19-26.

Kélli, R. and Kanal, A. 2010. The management and protec-
tion of soil cover: an ecosystem approach. Forestry stud-
ies 53: 25-34.

Laasimer, L. 1965. Eesti taimkate. [Estonian Vegetation].
Tallinn, Valgus, 397 p. (in Estonian, with English ab-
stract).

Laivin§, M. 2014. Latvijas meza un krimaju augu sabiedribas
unbiotopi.[Latvia’s forest tree and shrub plant communi-
ties and biotopes]. Mezzinatne 28(61): 6-38 (in Latvian,
with English abstract).

Liira, J. 2009. Olemasolevate koosluste seiremetoodikate
hindamine ning soovitusi Natura 2000 elupaikade seisun-
di seiremetoodika edendamiseks. [The evaluation of
present day methods of habitat monitoring and sugges-
tions for the updated monitoring of Natura 2000 habi-
tats]. Tartu University Press. 34 p. (in Estonian).

Liira, J., Sepp, T. and Kohv, K. 2011. The ecology of tree
regeneration in mature and old forests: combined knowl-
edge for sustainable forest management. Journal of For-
est Research 16(3): 184-193.

Lohmus, E. 1984. Eesti metsakasvukohatiiibid. [Estonian
forest site types]. Eesti NSV Agrotdostuskoondise Info-
ja Juurutusvalitsus. Tallinn, 121 pp. (in Estonian).

Lohmus, A., Kohv, K., Palo, A. and Viilma, K. 2004. Loss
of old-growth, and the minimum need for strictly protect-
ed forests in Estonia. Ecological Bulletins 51: 401-411.

Lohmus, A. and Kraut, A. 2010. Stand structure of hemibo-
real old-growth forests: characteristic features, variation
among site types, and a comparison with FSC-certified
mature stands in Estonia. Forest Ecology and Manage-
ment 260: 155-165.

Nature Conservation Act. RT I 2004, 38, 258. 35 pp. Availa-
ble online at: https://www.riigiteataja.ee/en/eli/508112
013010/consolide. Last accessed on: 07-09.2015.

Paal, J. 1997. Eesti taimkatte kasvukohatiiipide klassifikat-
sioon. [Classification of Estonian vegetation site types].
Tallinn, 297 pp. (in Estonian).

Paal, J. 2002. Estonian forest site types in terms of the

Habitat Directive. Baltic Forestry 8: 21-27.

J. 2004. Loodusdirektiivi elupaigatiiiipide kédsiraamat.

[Interpretation Manual of Natura 2000 habitat types].

Digimap OU. Tallinn. 283 pp. (in Estonian).

J., Rooma, I. and Turb, M. 2004a. Siirjametsadest

Otepdd korgustikul. [About meso-eutrophic boreo-nemoral

hillock forests on Otepdd Upland]. Forestry Studies 40:

124"149 (in Estonian, with English abstract).

Paal, J., Rooma, I. and Turb, M. 2004 b. Kas Karula kupli-
tel kasvab siirjametsi? Eesti Looduseuurijate Seltsi aas-
taraamat. [Do hillock forests grow on Karula Upland?
Year-Book of the Estonian Naturalists Society] 82: 90—
131 (in Estonian, with English abstract).

Paal, J., Turb, M., Koster, T., Rajandu, E. and Liira, J.
2011. Forest land-use history affects the species compo-
sition and soil properties of old-aged hillock forests in
Estonia. Journal of Forest Research 16(3): 244-252.

Palo, A. 2010. Loodusdirektiivi metsaelupaikade inventeerim-
ise juhend. [Mapping manual of Habitat Directive Forest
Habitats]. Ed.: Viilma, K., Paal, J., Tirnpu, T., Maamets,
L., Otsus, M. and Animégi, A. Eesti Keskkonnaministeeri-
um, (unpubl.), 46 pp. + App., (in Estonian). Available
online at: http:/www.envir.ee/sites/default/files/metsain
venteerimine juhend 2011 2605 lopp.pdf. Last accessed
on: 28-04-2016.

Palo, A. and Gimbutas, M. 2013. Dynamics of tree layer
composition, tree age and large diameter trees in Habi-
tats Directive Annex I forest habitats in Estonia on the
basis of monitoring data collected from 2010-2012. For-
estry Studies 58: 57-73.

Palo, A. and Gimbutas, M. 2014a. Nowadays valuable forest
habitats in Estonia are heritage of 20th centuries land use

Paal,

Paal,

N 2017, Vol. 23, No. 3 (46) I ISSN 2029-9230 .

554



BALTIC FORESTRY

[ SUCCESSIONAL DYNAMICS OF TREE COMPOSITION IN MIXED /.../ STANDS /.../ B A. PALO AND M. GIMBUTAS Il

practices. In: The 9th European Conference on Ecolog-
ical Restoration — Abstracts: SER2014. Oulu, August 3-8.
2014. Ed. Tolvanen, A. and Hekkala, A.-M. Finnish For-
est Research Institute (METLA), p. 193. Available online
at:  http://www.metla.fi/ser2014/SER2014_abstracts-www.
pdf. Last accessed on: 28.04.2016.

Palo, A. and Gimbutas, M. 2014b. 20. sajandi maakasutuse
muutused ja tdnaste loodusdirektiivi metsaelupaikade ku-
junemine. [Changes in land use during the 20™ century
and the development of the Habitats Directive’s forest
habitats]. In: Tammiksaar, E., Pae, T. and Mander, U.
(Ed.). Tartu. Eesti Ulikoolide Kirjastus. Publicationes
Instituti Geographici Universitatis Tartuensis 111: 204—
218 (in Estonian, with English abstract).

Palo, A., Ivask, M. and Liira, J. 2013. Biodiversity compo-
sition reflects the history of ancient semi-natural wood-
land and forest habitats “ Compilation of an indicator
complex for restoration practice. Ecological Indicators
34: 336-344.

Palo, A., Linder, M., Truu, J. and Mander, U. 2008. The
influence of biophysical factors and former land use on
forest floristic variability on Saaremaa and Muhu islands,
Estonia. Journal of Nature Conservation 16(3): 123-134.

Piri, T. and Korhonen, K. 2008. The effect of winter thin-
ning on the spread of Heterobasidion parviporum in Nor-
way spruce stands. Canadian Journal of Forest Research
38: 2589-2595.

Pahlsson, L. (Ed.) 1994. Vegetationstyper i
maNord 1994: 665, 627 pp. (in Swedish).

Reintam, L., Rooma, I., Kull, A. and K&élli, R. 2005. Soil
information and its application in Estonia. In: Jones,
R.J.A., Houskova, B., Bullock, P. and Montanarella, L.
(Ed.). Soil Resources of Europe, Second edition. Europe-
an Soil Bureau Research Report 9: 121-132.

Norden. Te-

Reitalu, T., Seppi, H., Sugita, S., Kangur, M., Koff, T.,
Avel, E., Kihno, K., Vassiljev, J., Renssen, H., Ham-
marlund, D., Heikkild, M., Saarse, L., Poska, A. and
Veski, S. 2013. Long-term drivers of forest composi-
tion in a boreo-nemoral region: the relative importance
of climate and human impact. Journal of Biogeography
40: 1524-1534.

R Core Team 2015. R: A language and environment for statis-
tical computing. R Foundation for Statistical Computing,
Vienna, Austria. Available online at: https://www.R-
project.org/. Last accessed on: 31.05.2016.

Sammul, M., Kattai, K., Lanno, K., Meltsov, V., Otsus,
M., Nouakas, L., Kukk, D., Mesipuu, M., Kana, S.
and Kukk, T. 2008. Wooded meadows of Estonia: con-
servation efforts for a traditional habitat. Agricultural
and Food Science 17(4): 413-429.

Sims, A., Mindma, R., Laarmann, D. and Korjus, H. 2014.
Assessment of tree mortality on the Estonian Network
of Forest Research Plots. Forestry studies 60: 54—60.

Sorohova, E., Kuuluvainen, T., Kangur, A. and Jogiste,
K. 2009. Natural stand structures, disturbance regimes and
successional dynamics in the Eurasian boreal forests: a
review with special reference to Russian studies. Annals
of Forest Science 66(2): 1-20.

Asbarrskog. 2012. Vigledning for svenska naturtyper i habi-
tatdirektivets bilaga 1. NV-04493-11. Beslutad: maj 2012,
12 pp. Available online at: http://www.naturvardsverket.se/
upload/stod-i-miljoarbetet/vagledning/natura-2000/natur-
typer/skog/vl-9060-asbarrskog-maj-12.pdf Last accessed
on: 26.04.2016. (in Swedish).

Received 5 July 2016
Accepted 24 February 2017

N 2017, Vol. 23, No. 3 (46) I 1sSN 2029-9230

555





