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Abstract. Diverse structural elements play an important role in sustaining biodiversity in old-
growth forests. Therefore, it is important to have thorough knowledge about these habitats
and their condition in protected areas. Metsakorralduse Biroo OU conducted a large-scale
Natura 2000 forest habitat inventory that covered 60% of Lahemaa National Park (LNP) area.
Western taiga habitat data (7,191 ha) from this inventory was used for analysis of forest stag-
es. The data was grouped according to stand classes by total area and these classes were com-
pared by deadwood occurrence and relative density. For more precise evaluation of coarse
woody debris (CWD) we used 27 sample plots from the Estonian Network of Forest Research
Plots (ENFRP) located in LNP. The biggest areas of Western taiga habitat were covered by
mature and old stages. CWD occurrence (over 5 m*ha™ of snags and logs) by habitat represen-
tativeness is higher in old and natural forest classes. This logical result is overshadowed by
the outcome that the CWD was not substantially present on 32% of the area in the old-growth
forest class. This indicates that these areas lack the potential of biological legacies to provide
critical niche habitats for different species. The study shows that the CWD quantity in Esto-
nian conditions is similar to that reported in previous studies in this region, but because many
of the older forest stage classes do not have any CWD present, these areas should include
ecological restoration practices in their conservation planning. By creating snags, logs and
gaps in these areas, we are able to create better structural variability and include wood into
different decay processes.
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for diverse structural elements, e.g. cano-
py gaps and deadwood, and biologically

The concept of biological legacies (Franklin ~ created patterns are important goals in

et al., 2007) is based on Clements’ concept
of organic residuals (Clements, 1916) that
remain from a pre-disturbance ecosystem
and have positive influence on the recov-
ery processes of the post-disturbance eco-
system (Franklin ef al., 2000). Providing
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ecological forestry (Franklin et al., 2007).
Biological legacies include persistent or-
ganisms, organic matter and diverse spa-
tial patterns in an ecosystem. Many biolog-
ical legacies strongly impact an ecosystem
for a short time period after a disturbance
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and subsequently decline in importance
due to different natural processes. Struc-
tural legacies lifeboat species that would
otherwise disappear from a disturbed site
by providing critical habitat (e.g., dens
and hiding places), substrate (e.g., in the
case of epiphytes), and nutrient sources.
Standing dead and downed trees are excel-
lent examples of such lifeboats in forested
ecosystems. In a less direct manner, struc-
tural legacies (both living and dead) also
promote survival and re-establishment of
organisms by moderating microclimat-
ic conditions in the disturbed area (e.g.,
shade and reduced temperature extremes)
and providing protection from predators
(Franklin et al., 2000).

Classification systems using forest
developmental stages with transitional
events between the stages remediate both
concerns of public comprehension and
succession by clarifying the successional
state and trajectory of forests in conser-
vation areas as well as characterizing the
habitat group to which they belong. To
add further utility to this system it is use-
ful to consider biological legacies. These
are biological elements of an ecosystem left
behind after a disturbance such as stand-
ing and downed logs or surviving trees as
the material legacies (Jogiste et al., 2017).
The presence or absence of biological leg-
acies in older forests provides evidence
about previous land management and can
indicate the type of treatments needed for
ecological restoration, such as activities to
provide future biological legacies.

Specific silvicultural actions bring out
the three main principles of ecological for-
estry (continuity, complexity (including
heterogeneity), and ecologically-grounded
intervention intervals) and fulfill the goal
of linking the natural variation of these for-
ests to the wide set of management goals.
Variable density thinning approaches pro-
mote the development of multiple-age tree
groups and maintain forest continuity at
the stand scale over time. Moreover, when
larger openings are cut in these forests, leg-

acy patches are retained within openings
to lifeboat species and structures, such as
large cavity trees, to enrich newly regener-
ating openings (Franklin et al., 2018).

Nature reserves are currently the cor-
nerstone to the forest ecosystem conserva-
tion effort but problematic when used as
the sole biological conservation strategy
(Lindenmayer & Franklin, 2002). Therefore,
analysis of their current condition and di-
rection of change is crucially important for
future nature conservation development
and management goals. If we map forest
types in different ownerships status and
assess natural representativeness of these
areas, we can provide additional clarity to
the extent of off-reserve conservation and
types of management activities required
for achieving larger-scale goals (Linden-
mayer ef al., 2006).

Natura 2000 is a network of nature
conservation areas in the European Union
with an objective to ensure the long-term
survival of valuable and threatened species
and habitats in Europe, listed under Coun-
cil Directive 2009/147/EC for birds and
Council Directive 92/43/EEC for habitats
and species protection. The largest propor-
tion (72,171 ha, constituting 35% of forest
habitats) of Natura 2000 protected forest
habitats in Estonia belongs to Western tai-
ga type (Habitat type *9010) (EELIS, 2016).

Natural forest classifications are often
used as references for achieving manage-
ment goals in protected forest areas. Dif-
ferent classification systems defining forest
site types (Lohmus, 1984), forest vegetation
types (Paal, 1997), Natura 2000 habitats
(Palo, 2010) in addition with forest survey
guidelines (Metsakorraldus, 2009), Forest
Act (Metsaseadus, 2006) and Nature Con-
servation Act (Looduskaitseseadus, 2004)
are used in Estonia.

Large-scale forest inventories show
how forest types in different habitats and
age classes are present in landscapes. In
this study we analyzed large-scale habitat
inventory data, including the represen-
tation of old forest types by considering
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levels of forest development and levels of
biological legacies. We were interested in
determining how we can apply different
stand development classifications to Es-
tonian forest conditions and the effects of
coarse woody debris (CWD) presence on
Western taiga habitat quality.

Material and methods

Study area

The study area is situated in Lahemaa
National Park (LNP) in Northern Estonia
(59°56'N, 25°77’E) in the hemiboreal vege-
tation zone (Figure 1). LNP was established
in 1971 and its territory is 473 km? of land
and 275 km? of sea and waterbodies (Envi-

ronmental Register, 2017). Northern Esto-
nian forest flora is not very diverse and the
majority of them are dry boreal, heath and
ombrotrophic bog forests (Kalda, 1988).
The study area (27,206 ha) is based on the
Natura 2000 forest inventory (Maamets,
2012) that covered 60% of the LNP forests.
The inventory was conducted by Metsa-
korralduse Biiroo OU in 2010-2011.

The main coniferous tree species in the
study area were Scots pine (Pinus sylves-
tris L.) and Norway spruce (Picea abies (L.)
Karst.) and deciduous species included
birches (Betula pendula Roth. and B. pubes-
cens Ehrh.), European aspen (Populus trem-
ula L.) and black alder (Alnus glutinosa (L.)
Gaertn.).

kilometers.
Scale: 1.5 000 000

Finland

Russia

Lithuania

Figure 1. Location of the study area (LNP), Lahemaa National Park, Estonia.

Joonis 1. Uuringuala asukoht (LNP), Lahemaa rahvuspark, Eesti.

The territory of the study area is divided
into the following protection categories ac-
cording to protection regimes: strict nature
reserve, special management zones and
restricted management zone (Table 1). The
goal of a strict nature reserve is to allow
ecosystem development through natural
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processes and exclusion of direct human
influence. The goals of a special manage-
ment zone are to allow ecosystem devel-
opment through natural processes, protect
current Natura 2000 habitat types, and
reserve habitat for protected species and
to sustain natural biodiversity, landscape
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appearance, ecosystem types and their
specific species and age. The goals of a re-
stricted management zone are to protect
cultural heritage landscapes, including tra-
ditional settlements, historic scenery and
landscapes, farm architecture, historical-

Table 1. Protective zones in the study area.

cultural value buildings and Natura 2000
and protected species habitats. All these
goals vary by their protection zones that
are set by protection regulations of LNP
(Lahemaa, 2015).

Tabel 1. Uuringuala jaotumine kaitsevoéndite jérgi.

Protective zone Total area (ha) Forest area (ha) Forest area share (%)
Kaitsevéond Kogupindala (ha)  Metsade pindala (ha) Metsade osatihtsus (%)
Strict nature reserve 118 116 98
Loodusreservaat

Special management zone

Sihtkaitsevéond 17,736 15,536 88
Rg;tnctedmanagement zone 9,352 4,507 48
Piiranguvéond

Total

Kokku 27,206 20,159 74

The most widely distributed forest habitats
in LNP are Western taiga at 74% and Bog
woodlands at 13%, based on the inventory

that covered 60% of the park forests (Table
2). All other forest habitats constitute less
than 10%.

Table 2. Distribution of the study area in accordance with Natura 2000 forest habitat types. An
asterisk (*) indicates a priority habitat.
Tabel 2. Uuringuala jaotumine Natura 2000 metsaelupaigatiilipide jérgi. Tarniga (*) on margitud
prioriteetsed elupaigatiilibid.
Natura 2000 habitat type Area (ha) Share (%)
Natura 2000 elupaigatiiiip Pindala (ha) Osatahtsus (%)
9010 * Western taiga 7,846 73.8
91D0 * Bog woodland 1,426 13.4
9080 Fennoscandian deciduous swamp woods 875 8.2
9050  Fennoscandian herb-rich forests with 289 27
Picea abies
91E0  * Alluvial forests with Alnus glutinosa and Fraxinus
excelsior (Alno-Padion, Alnion incanae, Salicion 165 1.5
albae)
9060 Coniferous forests on, or connected to, glaciofluvial 18 0.2
eskers ’
9020 * Fennoscandian hemiboreal natural old broad-leaved
deciduous forests (Quercus, Tilia, Acer, Fraxinus or 17 0.2
Ulmus) rich in epiphytes
Total
Kokku 10,636 100
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This study focuses on the Western taiga
habitat type as it plays the key role in the
Natura 2000 network in Estonia. The term
“taiga” is broadly used in ecological liter-
ature and can be defined as a coniferous
northern forest with no admixture of de-
ciduous species, except birch and aspen
(Ritchie, 1962; Larsen, 1980, 1982). Accord-
ing to Palo (2010), these forests may be
influenced by human activities, but must
include very specific old-growth attributes
like gaps and groups of standing dead and
downed trees, nursery logs, and variable
age structure. Forests recovering from fires
and storms are also included in this habi-
tat type. These disturbances create gaps
of varied sizes that include snags and logs
which can provide habitat, substrate and
food sources to different species. These
disturbed areas also provide the youngest
forest developmental stages in natural ar-
eas.

Sampling and measurements

The sampling unit for Natura 2000 forest
habitats inventory was the forest stand. For
field inventory the Forest survey guide-
lines (Metsakorraldus, 2009) were used
and stand characteristics were assessed
for the main canopy (I), sub-canopy (II),
regeneration (R) and shrub (S) layer and
determinations of average age, height, di-
ameter at breast height (DBH) of trees. All
forest stands in different habitats with over
5 m’ha?’ snags (standing deadwood) and
over 5 m*ha” logs (lying deadwood) were
used for CWD assessment. Main canopy
consisted of taller trees, the species com-
position of which was assessed by share
according to the layer volume. II tree layer
included trees that were between 25 to 75%
of the average height of I tree layer (not
counting high Corylus avellana L. but in-
cluding Salix and Sorbus trees). The S layer
includes all shrub species (including e.g.,
Corylus avellana L. or Frangula alnus Mill.)
up to 8-10 m in height. R layer (regener-
ation) trees are all the seedlings and trees
lower than II layer (including Salix, Sorbus
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and Prunus padus L. trees).

Analyzed data is collected in LNP as a
part of the Natura 2000 forest habitat in-
ventory that was conducted in 2010-2011
(Maamets, 2012). All the collected forest
inventory data was merged with Palo’s
(2010) classification and the results were
used to analyze forest stages (See section
2.3.). Then the data was grouped by total
area (ha) into stand classes and these were
compared by deadwood occurrence and
coverage percent (%) of sub-canopy (1)
and regeneration (R) layer trees.

For more precise evaluation of CWD
and its level of decomposition we used 27
sample plots from the Estonian Network
of Forest Research Plots (ENFRP) located
in LNP. The ENFRP plots are circular and
plots consist of 59-387 (average 194) trees
from the canopy layer. Plot radius varies
between 20-30 m. On these plots Scots pine
is the dominant tree species and site type
varies from heath to dry boreal (Cladonia,
Rhodococcum and  Myrtillus site types).
Twenty-five sample plots were established
in 1998 and have been re-measured three
times with five-year intervals (in 2003,
2008 and 2013), two of the plots were first
measured in 2002 and have been re-mea-
sured three times at five-year intervals (in
2007, 2012 and 2017). According to the EN-
FRP survey protocol (Kiviste et al., 2015),
the stem location and DBH are recorded
for all trees with a diameter larger than 4
cm. Also data on snags and regeneration
is collected.

Classification and analyses

The Forest Act (Metsaseadus, 2006) of
Estonia determines the minimum allow-
able regeneration cutting ages (criteria for
mature stands) for deciduous- and coni-
fer-dominated forests depending on the
site quality and tree species composition.
In silver birch and black alder stands the
allowable cutting age differs depending
on the site quality and ranges from 60 to
80 years and in European aspen stands
from 30 to 50 years. In mature stands of
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Norway spruce the range is from 60 to 120
years and in Scots pine stands from 90 to
160 years. In previously managed forests
the natural developmental processes may
take longer before the old forest attributes
start to develop. By comparing forest
stand development stages with the Forest
Act (Metsaseadus, 2006) and the Habitats
Directive forest habitat inventory guide
(Palo, 2010) to typical stage ages, we infer
that forest should be older than allowable
cutting ages to have developed the vertical
and horizontal diversification stages that
characterize early old-growth forest condi-
tions. The forest development stages were
compared and integrated into Franklin et
al. (2018) classification. The typical stage
year classes (Appendix 1) were defined by
average stand age and dominant tree spe-
cies in the canopy layer.

For analyses of CWD we divided in-
ventory data and ENFRP according to
their habitat representativeness (Palo,
2010) into four groups: OG - old-growth
stand, developed continuously without
management signs; N - natural stand with
all structural elements, mostly a sufficient-
ly old and sustainably developing forest
with some minor management signs; REC
- recovering stand, because of earlier man-
agement some structural elements can be
missing or moderately represented, but at
the moment the stand has been developing
continuously; POT - potential stand that
has the possibility of developing into a Na-
tura 2000 habitat in the future depending
on management planning. The LNP West-
ern taiga habitat type data met the criteria
of the representativeness class on 7,191 ha;
data for areas that did not meet the repre-
sentativeness class criteria (655 ha) were
excluded from current analyses.

Results

LNP Natura 2000 forest inventory shows
the largest share of mature and early old
forest stages. By comparing dominant tree

species and deadwood occurrence for typ-
ical stage years (Appendix 1) we can see
also the features these stands contain by
area (Table 3). Except the first stage, most
of these classes have substantial deadwood
present.

Forests that reach maturity after having
been planted usually will have an under-
story, but other important attributes of old-
growth (snags, logs, etc.) are not well pres-
ent. That is why the age of vertical (early
old forest) and horizontal diversification
(late old forest) in Appendix 1 is set high-
er than the mature stand age as defined in
the Forest Act (Metsaseadus, 2006). When
grouping these forests by I layer tree spe-
cies the greatest areas are in mature and
early old-growth forest classification
groups. The occurrence of deadwood is
highest in older forest development stages
but it is still not present in 25% of the areas.
In young forest stages 33-40 % of the areas
lacked CWD (Table 3).

The highest proportion of II layer trees
in forests dominated by Norway spruce
is in the mature age class, while the Scots
pine and deciduous regeneration (R) layer
occurs mostly in the old forest stage (Table
4). In young forests the cover of the regen-
eration layer is low, from a trace up to 17%.
The majority of Il layer in deciduous-domi-
nated forest is Norway spruce, indicating
the natural successional shift away from
old deciduous forest to conifer-dominated
systems. In forests dominated by Norway
spruce and Scots pine the II layer is also
Norway spruce, demonstrating the first
signs of vertical diversification. However,
the amount of regeneration in deciduous
forests is relatively low. The lower number
for the deciduous forest may reflect low
numbers of gaps in this forest type, which
would provide more horizontal diversifi-
cation for these areas.

CWD occurrence (over 5m’ha™ of snags
and logs) by habitat representativeness is
higher in OG and N classes (Table 5). This
result is limited by the fact that CWD was
not present in substantial amounts on 32%
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of area in the old-growth forest class (OG).  spread site type group in Western taiga
This indicates that these areas lack critical — habitat. This site type provides the highest
niche habitats for different species that areas in all representability classes (Table
would otherwise be expected in older for-  6). Most of the stands are present in good
est. and average representability classes.

In LNP the dry boreal is the most wide-

Table 3. Different stages of Western taiga habitats according to the dominant tree species in the
study area. Typical stage years are according to species groups in Appendix 1 and classifi-
cation by Franklin et al. (2018).

Tabel 3. Vanade loodusmetsade elupaigatiiiibi puistute jaotus arenguklassidesse uuringualal
enamuspuuliigi jirgi. Arenguklasside tiilipilised vanused enamuspuuliikide kaupa on esi-
tatud lisas 1 ja arenguklasside klassifikatsioon on Franklin et al. (2018) jargi.

Stage class Total area Area (ha) by dominant tree species Deadwood
Arenguklass Kogu- Pindala (ha) enamuspuuliigi jérgi occurrence
pindala Lagupuidu
(ha) esinemine

Norway Scots Silver Black European Snags  Logs

spruce pine birch alder aspen Surnud  Lama-
Harilik  Harilik  Arukask Sanglepp  Harilik puud  puit
kuusk méand haab (%) (%)

Disturbance and

legacy creation 0.6 0.0 0.6 0.0 0.0 0.0 100.0 0.0
Pre-forest 9.4 2.0 1.1 6.3 0.0 0.0 100.0  100.0
Canopy closure 9.4 8.1 0.0 0.8 0.5 0.0 53.2 100.0
Young forest 167.8  17.2 136.8 8.7 2.6 2.5 60.8  60.1
Mature forest 2871.7 258.5 2470.0 118.6 11.7 12.9 61.0 66.4
gtlggfg)r“t (farly 37063 11617 24650 667  19.7 3.5 63.8  65.5
gtlggf:)reSt(Late 413.3 87.6 124.6  147.1 39.9 14.1 64.4  Thi4

Table 4. Relative frequency (%) of sub-canopy (II) and regeneration (R) layers at inventoried West-
ern taiga habitats according to dominant canopy (I) layer tree species.

Tabel 4. Puistu Il rinde (II) ja jarelkasvu rinde (R) suhteline esinemissagedus vanade loodusmetsade
elupaigatiiiibis uuringualal I rinde enamuspuuliigi jérgi.

Stage class according to Franklin et al. (2018) Norway spruce Scots pine Deciduous
Arenguklass Franklin et al. (2018) jargi Harilik kuusk Harilik mand Lehtpuud
II R II R I R
Young forest 9 17 37 11 41 0
Mature forest 97 34 48 20 63 7
Old forest (Early stage) 42 52 58 38 78 16
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Table 5. Occurrence of CWD (over 5 m*ha of snags and logs) and average stand age in Western
taiga habitat representativeness classes. Representativeness classes: 0G - old-growth,
N - natural, REC - recovering and POT - potential stand.

Tabel 5. Lagupuidu esinemine (lile 5 m*ha™ pistiseisvaid surnud puid ja lamapuitu) ja puistute
keskmine vanus vanade loodusmetsade elupaigatiilibi puistutes esindusklasside jirgi. Es-
indusklassid: 0G - pélismets, N - loodusmets, REC — taastuv mets, POT - potentsiaalne
elupaik.

Occurrence of CWD Area (ha) /percentage Average stand age (years)

Lagupuidu esinemine Pindala (ha)/osakaal Puistute keskmine vanus (a)

0G 707 ha 128
No 32% 137
Yes 68% 123

N 3,547 ha 129
No 41% 132
Yes 59% 125

REC 2,914 ha 119
No 50% 121
Yes 50% 118

POT 23 ha 120
No 87% 118
Yes 13% 130
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Table 6. Occurrence of Estonian forest site type groups (according to Lohmus, 1984) in Western
taiga habitat representativeness classes. Representativeness classes: 0G - old-growth,
N - natural, REC - recovering and POT - potential stand.

Tabel 6. Kasvukohatiiibirihmade (L6hmus, 1984 jargi) esinemine vanade loodusmetsade
elupaigatiiiibi puistutes esindusklasside jérgi. Esindusklassid: 0G - pélismets, N - loo-
dusmets, REC - taastuv mets, POT - potentsiaalne elupaik.

Site type group Site types Area

Tiicibirdhm Kasvukohatiiiip Pindala (ha)
Representativeness class
Esindusklass
0G N REC POT
Alvar Arctostaphy/qs—alvar 0 0 1 0
Calamagrostis-alvar

Bog Ombrotrophic bog, mixotrophic bog 0 12 15 0

Drained peatland Drained bog and swamp forests 17 180 121 0

Dry Boreal Rhodococcum, Myrtillus 537 2489 2045 23

Eutrophic boreo-nemoral Aegopodium, Dryopteris 3 67 13 0

Eutrophic paludifying Filipendula, Molina 2 40 23 0

Heath Cladonia, Calluna 89 393 454 0

Meso-eutrophic Oxalis, Hepatica 9 53 46 0

Oligotrophic paludifying V. uliginosum, Polytrcihum 49 307 193 0

Swamp Stagnant-water swamp, mobile-water 0 5 4l 0

swamp

Total / kokku 707 3,547 2,914 23

Table 7. The area of Western taiga habitats according to habitat representativeness classes in dif-

Tabel 7.

ferent protective zones at study area. Representativeness classes: 0G - old-growth, N -
natural, REC - recovering and POT - potential stand.

Vanade loodusmetsade elupaigatiiiibi puistute pindala uuringualal kaitsevoéndite ja es-
indusklasside jérgi. Esindusklassid: 0G - pélismets, N - loodusmets, REC - taastuv mets,
POT - potentsiaalne elupaik.

Protective zone Area Pindala (ha)

Kaitsevdond 0G N REC POT /Ig}(z}\(z
Nature reserves 49 15 0 0 64
Special management zones 621 3,270 2,442 23 6,356
Limited management zones 38 261 472 0 771
Total / kokku 708 3,546 2,914 23 7,191
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Table 8. The volume of snags (m*ha™) in Lahemaa 27 ENFRP in the study area in 5-year periods.
Representativeness classes: N - natural, REC - recovering and POT - potential stand.

Tabel 8. Surnud puude mahu diinaamika (m’ha”) 27 metsa kasvukéigu plisiproovitiikil uuringualal
5-aastaste perioodide kaupa. Esindusklassid: 0G - pélismets, N - loodusmets, REC - taas-
tuv mets, POT - potentsiaalne elupaik.

ENFRP Habitat Volume of snags
number representativeness Surnud puude maht
Proovitiiki Elupaiga esindusklass (m*ha?)
number First measurement ~ Second measurement  Third measurement
Esimene méétmine (+5 years) (+10 years)
Teine mootmine Kolmas mootmine
(+5 aastat) (+10 aastat)
736 N 30.6 34 30.4
737 N 9.6 9 34.5
1074 N 9.4 26.6 28.4
1077 POT 2.6 6.3 7.9
1078 POT 2.4 4.9 7.8
1079 REC 18.3 21.6 32.8
1080 POT 8.1 19.3 30.9
1081 POT 2.9 5.8 9.6
1082 N 11 15.5 16
1084 N 29.1 46.6 53.3
1093 N 0 1.2 1.2
1094 N 0.7 5.2 5.2
1100 REC 25.2 47.2 45.3
1101 REC 5.3 26.2 31.7
1102 REC 7.6 12.1 16
1108 REC 2.3 9.6 20.2
1113 POT 5 5.9 9.3
1114 POT 6.6 15.2 19.2
1115 N 3.5 5.4 6.7
1116 N 2.4 4.1 15.2
1117 POT 0.9 2.4 4.2
1118 POT 0.6 6.2 7.7
1120 REC 6.8 8.4 15.2
1121 REC 4.3 10.7 17.3
1122 POT 2.9 3.1 6.8
1132 REC 5.1 7.9 13.4
1133 REC 12.1 18.5 22.3
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Table 9. Average stand characteristics on pine dominated heath to dry boreal forest habitat type
based on ENFRP data of 27 sample plots in the study area. Representativeness classes (N -
natural, REC - recovering and POT - potential stand) are divided by stage ages (Appendix
1): Y - young stand (20-90 years), M - mature stand (90-120 years), OE - old early stage

(120-200 years), OL - old late stage (200+ years). SE- standard error.

Tabel 9. Ménni enamusega puistute keskmised nditajad némme- ja palumetsades 27 metsa
kasvukdigu plsiproovitiikil uuringualal. Esindusklassid: 0G - pélismets, N — loodusmets,
REC - taastuv mets, POT — potentsiaalne elupaik, ja arenguklassid vanustega: Y - noor

puistu (20-90 aastat), M - kiips puistu (90-120 aastat), OF - vana metsa algfaas (120-

200 aastat), OL - vana metsa hilisfaas (200+ aastat). SE - standardviga

Habitat representativeness/stage Snags I layer diameter Age
Elupaiga esindusklass ja arenguklass Surnud puud Esimese rinde Vanus (a)
ha? (+ S£) diameeter years
cm
N 115424 25 137
Y 108+ 24 23 78
M 181+57 19 103
OE 102+ 38 26 156
oL 7+3 36 238
REC 312+38 16 79
Y 293 +38 16 76
M 428 +141 19 95
POT 166 + 29 15 75
Y 135+31 14 67
M 23461 16 95
Total / kokku 199+ 20 18 96

Comparison of Western taiga in different
LNP protective zones shows that most of
the forests are present in a good stage (e.g.,
OG and N) in conservation zones (Table 7).
The average and potential stages (REC and
POT) occur in special and limited man-
agement zones which shows that forests
in these areas still have room for develop-
ment. In limited management zones the
priority is protection of cultural landscapes
and therefore, it can also influence the total
area of natural habitats. In the future the
focus of restoration should be on special
management zone forests with average
and potential representation.

If we look at the volume of snags (Ta-
ble 8) in ENFRP plots in LNP we can see
there is lot of variability which is hard to
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generalize. If natural stands have more
snags than potential ones, it is the result
of competition and natural succession, be-
cause in natural stands these snags have
already fallen down. The lower number
of snags also reflects the previous man-
agement in potential stands. Evaluation of
snags and logs can be a good starting point
for Western taiga conservation planning
in the future, but more knowledge about
this variable is still needed. To see how fast
snags appear in stands we used ENFRP
data after the first 5-year measurement
period (Table 8). The higher numbers of
snags appeared on potential and average
stands. This means that these stands are
more productive in young forest and early
maturing stages (Table 9). Area distribu-
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Figure 2. Area distribution of CWD presence in different stages according to dominant tree species
in the study area. Logs - downed stems, snags - standing stems.

Joonis 2. Uuringuala pindala jaotumine lagupuidu esinemise ja enamuspuuliigi jérgi. Logs - lama-

puit, snags - plistiseisvad surnud puu

tion of CWD presence in different stages
according to dominant tree species in the
study area (Figure 2) shows more diverse
CWD in later stages.

Discussion

If we compare collected data with litera-
ture (Table 10), the CWD volume and den-
sity discussed in the current study seem
to have similar patterns. The highest con-

d.

trast comes out from the data reported by
Shorohova & Kapitsa (2014), where in
100% Scots pine dominated forests the to-
tal CWD volume (47-130 m*ha™) and Shan-
non index for the decay class distribution
(1.2-2.1) is indicative of higher decompo-
sition rates in these areas. In these pris-
tine forests the availability of substrates in
different decay classes seems to be higher
than in currently protected areas in Lahe-
maa and South-Eastern Estonia (Lohmus &
Kraut, 2010).
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Table 10. CWD characteristics in Scots pine dominated natural® forests in different vegetation zones
according to literature. Abbreviations: CWD - coarse woody debris, SE - standard error,
SD - standard deviation. Vegetation zones according to Ahti et al. (1968).

Tabel 10. Lagupuidu néitajad hariliku manni enamusega looduslikes metsades erinevates taimkat-
tevoondites vastavalt erinevatele uurimustele. Liihendid: CWD - lagupuit, SE - standard-
viga, SD - standardhélve. Taimkattevédndid on esitatud Ahti et al. (1968) jargi.

Vegetation zone  Total CWD Snags Logs CWD extent Location Reference
Taimkattevoond  Lagupuit Surnud Lamapuit  Lagupuidu Asukoht Kirjandusviide
(m*ha?) puud (m*ha?) arvukus
(m*ha?) (hat)
Hemiboreal 18.2 9.46 8.72 . Lahemaa, Koster et al.,
(S£2.09)  (SE£1.09) (S£1.2) Estonia 2005
. . 13.6 . Lohmus & Kraut,
Hemiboreal 36 (SD29) (S0 11.8) 64 (SD46)  SE Estonia 2010
11.3 .
18.8 (S0 6.6 (35.1% . Lapland, Sippola et al.,
Northernboreal "7 ov"  “orcwp) (6%\;,;/; of Finland 1998
Southern and 69.0 .
. 14.8 Hame
middle boreal * * (total range . ’
(5016.5) 35-120) Finland
124.0 Rouvinen etal.,
Middle boreal (5[1715'59 3) * * (total range léiﬂ?nod’ 2002
’ 75-190)
82.1 Vienansalo,
Middle boreal 0.7 (501.0) * * (total range Russian
45-135) Federation
169
. N . « (34%of  Seitseminen,  Nilsson et al.,
Middle boreal standing Finland 2003
trees)
Northern boreal 47-112 * * * Russian Shorohova &
Karelia Kapitsa, 2014
Northern boreal 81-130 * * *
Northern to 22.9 . * .
southern boreal (5£1.89) Jonsson et al.
Sweden ’
12.77 2016
Hemiboreal (551‘.12)
Hemiboreal . 10.0 . 81.2 Lahemaa, Current study
(S£3.1) (SE 29.2) Estonia

'Natural is considered as old-growth or pristine forests. For Jonsson et al. (2016) we used the Natura 2000 habitat group “Taiga
expanded”. Only OE and OL stage classes were included from the current study.

Classical Clementsian plant communities
were viewed as complex organisms that
go through predictable, developmental
changes leading ultimately to a stable cli-
max community (Worster, 1994). Old for-
est stands give us spiritual and biological
values that managed forests cannot pro-
vide but do not represent a “stable climax
community” as predicted in that paradigm.
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These forests are continuing to undergo
change as a result of growth, tree senes-
cence and mortality. We cannot determine
their ultimate condition but can describe
some stages or levels of old-growth devel-
opment. Old-growth is best understood as
a stage of forest development characterized
by greater diversity of structures and more
heterogeneous arrangements of structures
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than are found in younger successional
stages originating after harvests (Thomas
et al.,, 1988). In structural descriptions of
old-growth it is important to distinguish
between certain features - like having old
relatively large trees, several canopy lay-
ers, dead trees and logs.

Among boreal tree species, Nor-
way spruce hosts the greatest number
of red-listed species (Jonsson et al., 2005;
Tikkanen et al., 2006). This is the second
most dominant tree species in the cano-
py layer after Scots pine in Western taiga
and the most abundant tree in the regen-
eration layer. Naturally, rare species are
often assumed to depend on some “cli-
max” condition, such as old-growth but
in fact may be limited by soil, deadwood,
microclimate, disturbance, or other factors
(Carey, 2009). The majority of rare species
actually seem to require some defined fine-
scale niche. So identifying these niches in
old-growth forests provides us with the
opportunity to restore them in even-aged,
pre-managed forests. One way to do this
is to create more snags, logs and gaps. A
major part of the lifeboating functions for
species are typically provided by larger bi-
ological structures that persist following a
disturbance, such as live trees, snags and
downed boles (Franklin et al., 2007). Also
different restoration treatments increase
the deadwood input and heterogeneity in
a stand (Laarmann et al., 2013). By incor-
porating biological legacies into harvest
prescriptions it is possible to increase the
proportion of many different tree species
and tree snags and thereby increase the
occurrence of niches required by threat-
ened species.

Conservation planning can set the goal
of old-growth, but can we actually achieve
the state as it was historically? Much more
than half of forests have been influenced
by human management activities in one
way or another and their ability to recover
to their historical natural condition is un-
known. It is hard to determine the histor-
ical stage of previously managed forests

and set the conservation goals according
to historical stage. Koster et al. (2005) de-
termine that areas in Lahemaa, which had
been clear-cut at the beginning of the twen-
tieth century, had lower volume of CWD
than areas that were thinned or not man-
aged. We do not always know if previous
activities by humans have changed the
forest ecosystem resilience in a way that
makes the return to “historical” through
natural processes impossible. Forest eco-
systems may have shifted to a different sta-
ble state resulting in the question of wheth-
er we should attempt to restore them to
their previous state or sustain them in their
current state.

The issue of biodiversity also emerges
when we talk about different habitats in
conservation areas. The main forest habi-
tat type in Lahemaa National Park is over-
whelmingly considered as Western taiga.
If we are concerned about biodiversity it
will be important to improve the condi-
tions and representation of other habitats.
For example, there were no wooded pas-
tures and only 6 ha of old broad-leaved
deciduous forests in Lahemaa National
Park. Lindenmayer et al. (2006) note that
forest types that are poorly protected in a
reserve system will need to be managed
differently than forest types already well
represented in reserves. Underwood et al.
(2014) advised that passive management
in the US will realize slower growth rates,
and accordingly slower development of
complex forest structures associated with
biodiversity and recovery of the Northern
Spotted Owl. Lastly, passive management
would also slow the creation of openings
dominated by a variety of plant life forms,
which in many forest landscapes actually
have the highest levels of biological diver-
sity (Swanson et al., 2011). To summarize,
there may be the need to enlarge the areas
of other forest habitats that are poorly rep-
resented or absent in the current landscape
but which would enrich the overall diver-
sity of forest habitats.

Integrated approaches are particular-
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ly relevant in European landscapes that
have a long history of human influence
and limited amounts of protected areas
(Monkkonen ef al., 2011). The core areas of
reserves would be left out of any manage-
ment activities except those restorative of
natural values. Ecologically-based forest
management approaches (Franklin et al.,
2007, 2018) may be the most reasonable
way to go when considering limited man-
agement zones, forest areas outside nation-
al park territories, and forests in younger
development stages. Since protected forest
areas and managed forests are typical-
ly intermingled in all forest landscapes,
the maintenance of biodiversity depends
on both (Polasky et al., 2005). Incorporat-
ing models of natural disturbance and
stand development processes more fully
into silvicultural practices is the basis for
an ecological forestry approach (Franklin
et al., 2018), which can benefit both local
communities and nature. The scenario that
accelerates the development of a complex
forest and also increases timber harvests
produces increases in the average standard
of living in the community, an increase in
biodiversity, and an expanded habitat for
protected species (Underwood et al., 2014).
While some land uses are clearly incompat-
ible with some conservation goals, many
elements of biodiversity can readily tol-
erate at least some level of human distur-
bance and alteration of the landscape (e.g.,
Redford & Richter, 1999; Currie, 2003).

Conclusions

Stand development classification can be a
good tool for describing old-growth for-
est. Acknowledging specific structural ele-
ments helps us better understand the level
of previous human influences and the de-
velopmental path through which these for-
ests evolve naturally.

If we understand and preserve biologi-
cal legacies on any forest areas previously
subject to even-aged forest management, it

58

should give us confidence that in the long
term, ecological forestry actions can help
to contribute to increased ecological het-
erogeneity and biodiversity in these areas.
It is not an easy task for conservation and
overall landscape planning, because these
actions may not be visible in the short
term. But by thinking in sustainable terms
we take the longer view because forestry
actions taken today are not just for today
but, most profoundly for future genera-
tions.
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Appendix 1. Development stage classifications

Lisa 1. Arenguklasside klassifikatsioon

Table A1.1.

stand age.

Tabel A1.1.

vordluses.

Examples of different forest stand development stage classifications in relation to

Erinevad metsa arenguklasside klassifikatsioonid enamuspuuliigi ja puistu vanuse

Typical stage years

Tiidipiline puistu vanus

Stand development stage classifications
Arenguklasside klassifikatsioon

arenguklassis
Deciduous Norway Scots pine  Forestsurvey  Simplified stage  Eight-stage 0G Guide
Lehtpuud  spruce Harilik guidelines model model Pélismetsade
Harilik ménd Metsa Lihtsustatud Kaheksa Juhend
kuusk korraldamise arenguklasside  arenguklassi ~ (Van Pelt, 2007)
Juhend mudel (Franklin mudel
(Metsakorraldus,  etal., 2018) (Franklin et
2009) al., 2002)
. Disturbance
Disturbance and
0 0 0 Temporary legacy creation and legacy
unforested area creation
Cohort Cohort
1= -5 1-5 Pre-forest establishment  establishment
Sapling stage,
5-15 5-20 5-20 young stand. Canopy closure  Canopy closure  Canopy closure
pole stand
Late canopy
closure and
15-30 20-40 20-45 early Biomass
Biomass accumulation/
Middle-age Young forest accumula}h_on/ stem exclusion
stand competitive Biomass
exclusion accumulation/
30-50 40-70 45-80 stem exclusion
and early
Maturation I
50-60 70-80 80-90 Maturing stand Maturation I
60-70 80-90 90-120 Mature forest Maturation Maturation II
70-80 90-100 Mature stand
Old forest (Early Vertical Vertical
80-90 100-150  120-200 stage) diversification  diversification
Old forest (Late Horizontal Horizontal
90-150 150-220  200-300 stage) diversification  diversification

Pioneer cohort
loss
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Vanade loodusmetsade elupaigatiiiibi inventeerimine

Lahemaa rahvuspargis

Teele Paluots, Jerry F. Franklin, Lembit Maamets, Diana Laarmann,

Ahto Kangur ja Henn Korjus

Kokkuwote

Polismetsade elurikkuse sdilitami-
sel on oluline méista puistus esinevate
struktuurielementide tdhendust. Seetottu
on looduskaitsealadel vajalik metsaelu-
paikade seisundi pidev inventeerimine.
Metsakorralduse Biiroo OU tegi 2010. ja
2011. aastal Natura 2000 metsaelupaika-
de suuremahulise inventuuri, mis hélmas
60% Lahemaa rahvuspargi pindalast. Siin-
ses uurimuses on kasutatud selle inven-
tuuri kdigus kogutud andmeid vanade
loodusmetsade elupaigattitibi kohta (7191
ha), et analiitisida selle elupaigattitibi puis-
tute seisundit. Andmeid analtitisiti rinnete
ja lagupuidu esinemise jérgi ning aren-
guklasside ja esindusklasside jargi. Tapse-
mateks hinnanguteks kasutati ka Lahemaa
rahvuspargis asuva 27 proovitiiki andmeid
Eesti metsa kasvukéigu ptisiproovitiikkide
vorgustiku andmetest. Lahemaa rahvus-
pargis on vanade loodusmetsade elupai-
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gatlilibis suurema pindalaga kiipse metsa
ja vana metsa arenguklassid. Lagupuidu
esinemine (iile 5 m*ha™) oli sagedasem po-
lismetsa ja loodusmetsa esindusklassides.
Ullatuslikult ei esinenud nimetatud kogu-
ses lagupuitu 32%-1 polismetsade esindus-
klassi kuuluvate puistute pindalast. Seega
toendoliselt ei ole sellistel aladel piisavalt
mitmesuguseid elupaiganisse erinevatele
looma- ja taimeliikidele. Siinne uurimus
kinnitas varasemate uurimuste tulemusi
lagupuidu koguste kohta siinse regiooni
looduskaitsealadel. Samas oleks voimalik
looduskaitsealadel loodusvéaartust suuren-
dada rakendades mitmesuguseid 6koloo-
gilise taastamise votteid. Piistiseisvate sur-
nud puude, tiitigaste, lamapuidu ja teiste
struktuurielementide kunstlik tekitamine
suurendab metsadkosiisteemisisest ruu-
milist varieeruvust ja korduvate votetega
saab tagada pideva lagupuidu voo ning
seeldbi tekitada lagupuidu erinevaid ko-
dunemisastmeid.



