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Abstract

The value of older forest for biodiversity conservation is thought to greater than younger forest, and therefore
they need particular consideration in sustainable forestry planning. In Latvia, sustainable forest management is a primary
goal set by the State Stock Company “Latvijas valsts mezi”. Landscape-level sustainability is also the goal for the North
Vidzeme Biosphere Reserve (NVBR), which was chosen as a study area. We used stand age as a criterion for selection of
stands of the common tree species — pine, birch, spruce, black alder, aspen, oak and ash. Forest inventory data from
2011 were used as the main source of information. This study utilized an analytical approach to the assessment of
spatial patterns of mature and overmature stands. Overmature stands might be considered as having high potential value
for conservation, thus promoting one of the biodiversity as one of key aspects for sustainable forest. Mature stands,
which are those that have reached legal cutting age, represent a reserve for the overmature stands, thus ensuring integrity
of biodiversity structures. The results showed various potential of mature forest to facilitate biodiversity in the nearest
decades from the aspect of stand spatial pattern properties. From the forestry target species, overmature spruce and
birch stands over time can be supplemented from the reserve of mature stands, but old aspen woodland was evaluated has

having the least potential for continuity in both state and private forest.
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Introduction

Latvia, like other countries in Europe, has under-
gone several phases of forest history, during which
natural forest structure has been highly altered
(Terauds et al. 2011, Zunde 1999). Wide-scale forest
harvesting has led to changes in the structure and
species composition in forest across Fennoscandia and
North America (Foster et al. 1998, Kouki et al. 2001,
Ostlund et al. 1997). Current forest spatial structure
in Latvia reflects historical disturbances, management
policy and actions (T&rauds 2011). For example, due
to overgrowing of agricultural lands, and management
promoting mixed forest stands in the Soviet period,
proportion of coniferous stands dropped from 78.2%
to 60.1%, and accordingly the area of deciduous for-
est increased (Laivin$ 1998). Currently, forests cover
54.7% of the total area that is twice more than in the
1930s (Latvijas Statistika 2011). Of the forest area, only
3.1% is protected from all types of wood removal

(VMD 2011a), which is less than the average of 5% in
Europe (MCPFE 2011, Wallenius et al. 2010).

Since wood is regarded as valuable natural re-
source, forest management has suppressed natural
disturbances like fire and pests, which are important
in maintaining the structure of natural forest (Frelich
2002, Spence 2001) and biodiversity (Kimmins 1987).
In managed forest, age structure reflects timber man-
agement strategy, which generally simplifies the for-
est age structure (Kuuluvainen 2002) resulting in more
uniform age distributions up to the rotation age, fol-
lowed by a sharp decline in older age classes (Fall et
al. 2004).

Old stands (‘old’ here denotes stands with dom-
inant species that have reached the overmature phase)
potentially provide critical habitat for rare and endan-
gered species (Berg et al. 1994) mostly from primitive
organism groups — fungi, bryophytes and lichens
(Angelstam et al. 2005). Old forest areas have declined
in many European countries due to introduction of
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stand-replacing clear-cutting methods (Rolstad et al.
2009) and private ownership can result in small and
isolated patches (Kurttila et al. 2002). In Latvia, up to
the year 2005, 19% of state-owned and 7% of private
or municipality-owned forest was above the cutting
age (Angelstam et al. 2005).

Maintenance and restoration of forest biodiver-
sity is still the main concern for many countries (An-
gelstam and Andersson 2001, Hunter 1999, Spence
2001) and the relevant information about habitat prop-
erties is needed to reach these goals (Noss 1999). Since
industrial forest exploitation in Latvia has a shorter
history than in, for example, Scandinavia, numerous
threatened species still have large populations in
Latvia (Angelstam et al. 2005) offering a pro-active
opportunity to conserve biological and landscape
values through sustainable forest planning. Designa-
tion of woodland key habitats is one of the ways of
conserving existing diversity (Ikauniece et al. 2012,
Spence 2001). Clarifying forest areas with biodiversi-
ty potential would be the next step towards sustaina-
ble forest management.

Managed forest in Latvia after 2008 experienced
a sharp increase in annual cutting volume (VMD 2010)
due to the economic crisis. Since 2009 there was also
a change in tactics of forestry planning by switching
from irregular planning of cuttings to a block cutting
method in state-owned forest (VMD 2011b), therefore
impacting forest spatial structure, in a different way
as in private forest.

Quantitative indices have been often used for
assessment of spatial patterns of old forest (Brotons
et al. 2003, Mladenoff et al. 1993, Ripple et al. 2000,
Spies et al. 1994). Landscape metrics are indicators
for quantifying the specific spatial characteristics of
patches, classes of patches, or entire landscape mo-
saics (McGarigal 2002). These indices characterize
different aspects of spatial patterns in landscapes.
Metrics are more suitable analysis of remnant patch-
es than for describing matrix (Lofman and Kuoki
2001). The opportunity to calculate statistical indi-
cators like landscape metrics has provided research-
ers with a wealth of information, but careful consid-
eration is needed on how many components of land-
scape structure are relevant and which metrics should
be used to represent those components (Cushman et
al. 2008). Studies concerning the particular landscape-
scale pattern characteristics like patch size and iso-
lation evidence their relation to abundance of wild-
life species like wild hog (Gaines et al. 2005), elk (Stub-
blefield et al. 2006) and gray wolves (Mladenoff et
al. 1995).

In this study, spatial properties of state and non-
state forest were examined in relation to management

differences. The aim of the study was to assess the
spatial pattern of overmature and mature forest stands
in managed forest landscape of North Vidzeme Bio-
sphere Reserve (NVBR) to evaluate the spatial struc-
ture of old forest habitats and to clarify the potential
of mature forest stands to serve as a reserve for fur-
ther development of overmature stands. The follow-
ing questions were raised: (1) What are the composi-
tional and spatial configuration characteristics of ma-
ture and overmature stand pattern? and (2) How does
the mature forest pattern relate to the overmature stand
pattern as a potential target for sustainable manage-
ment? In this regard, spatial-statistics analysis was
performed for the focal forest stands.

Materials and methods

Study area

The study covered the entire NVBR terrestrial area
(Figure 1), located in northern Latvia (central coordi-
nate 57°49° N; 25°03” E). NVBR is the largest protect-
ed area (terrestrial area 457,708 ha) in Latvia, estab-
lished in 1997 under the UNESCO programme “Man and
the Biosphere”. The forest area of the area is 191,147.7
ha, which comprises 6% of the total forest area in
Latvia (Latvijas Statistika 2011).

The conservation aim of the territory is to pro-
tect natural values and landscapes of international
significance, promoting sustainable economic and
social development (Urtans and Seilis 2009). Howev-
er, the NVBR is no different from any other landscape
of Latvia in regard to logging restrictions, as desig-
nation as a biosphere reserve is not associated with
any additional restrictions above those that exist in
specific areas of the biosphere designated in legisla-
tion as protected. In other words, forest management
outside of protected areas of the biosphere reserve is
no different from that outside of the reserve. The NVBR
area is comprised of woodland, agricultural lands, built-
up areas, lakes, bogs and swamps. Approximately one
half of all the forest is state-owned and other half is
mostly owned by private owners. A small part is owned
by municipalities. Further, the private and municipal
forest area is grouped together as “non-state” forest).
Almost the entire forest area consists of commercial
forest, excluding several nature protection reserves and
one Nature Park.

The area of NVBR is large and diverse — it can
roughly be divided into three main sub regions (Fig-
ure 1): the coastal plain in the western part with ex-
tensive forest cover; the Lake Burtnieks plain in the
central part, dominated by agricultural areas with for-
est patches and the Ergeme hilly area, characterized
by mosaic landscape of forest and open territories.
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The climate is moderate and precipitation exceeds
evapotranspiration. Mean annual temperature is +5.5°C
and mean precipitation is 700-800 mm with about 500
mm falling in the growing season. Moraine relief with
sandy clay and clay sand sediments is dominant in this
area (Terauds et al. 2011). In general, mixed forest is
typical in Latvia, which is located between boreal and
nemoral forest biomes, resulting in merging vegetation
elements from both (Terauds et al. 2011).

The study area is dominated by mixed forest with
birch, pine and spruce. The Coastal plain is covered
mostly by mixed birch-pine or birch-spruce forest with
pine forest on sandy or peat soils. In the Burtnieks
plain, agriculture has left only remnant forest patches
on hills, which are mostly covered with pine-dominat-
ed stands or deciduous stands in river valleys. The
forest of Ergeme hilly area mainly consists of spruce-
pine and pine stands with admixture of birch.
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Figure 1. Study area of NVBR. I — Coastal plain, IT — Burt-
nieks plain, III — Ergeme hilly area

Data acquisition

Forest inventory data for the year 2011 was ob-
tained from the State Forest Service. Forest inventory
database is a compilation of field survey results, done
by certified forest valuators. There was no ground-
truthing done by authors to verify the accuracy of in-
ventory data. This data, available as a GIS database was
processed in GIS environment, in which stand bound-
aries are delineated. Of the total area of 191,147.7 ha,
state-owned forest area comprised one half. Non-state
forest here includes municipal and private forest.

The forest stands were grouped by the dominant
tree species as Scots pine (Pinus sylvestris L.), Nor-
way spruce (Picea abies (L.) Karst.), silver and downy
birch (Betula pendula Roth. and Betula pubescens

Ehrh.), black alder (4/nus glutinosa (L.) Gaertn.), Eur-
asian aspen (Populus tremula L.), pedunculate oak
(Quercus robur L.) and European ash (Fraxinus ex-
celsior L.) (Table 1). Stands dominated by, for exam-
ple, grey alder (4/nus incana (L.) Moench.) were not
considered to very low area in the NVBR.

Stands were generally grouped into two categories
— mature (over cutting age) and overmature (biologi-
cally old), stand ages were derived from forest inven-
tory database information. However, when cutting age
thresholds (VMD 2000) differed between forest site
types, the mean threshold age was used (Table 1).

Table 1. Stand age thresholds used in data
selection (modified from VMD 2000)

Age threshold (years)

Species Mature Overmature
Eurasian aspen 41 61
Silver and downy birch 61 81
Black alder 71 91
European ash 81 121
Norway spruce 81 121
Pedunculate oak 111 151
Scots pine 121 141

Data analysis

The first phase of data processing was performed
in ArcGIS environment. Selected data layers were com-
piled and converted into raster data format (ArcGRID).
Raster images had a selected cell (pixel) size of 10x10 m,
giving high landscape resolution. FRAGSTATS anal-
ysis was applied using only relevant metrics with min-
imal interdependency describe the stand patterns com-
prising forest structure. Since the input data has iden-
tical extent and spatial resolution, calculated metrics
are mutually comparable. As the basic indicators for
characterizing the landscape pattern, seven metrics
were chosen, based on the literature (McGarigal 2002,
Wu et al. 2000). Class area (CA, measured in hectares)
was the sum of areas of all patches of the same type.
Identical to it, TA (total area) was used at the land-
scape level. The number of patches (NP) showed how
many patches comprise the pattern of the particular
class. Mean patch area (AREA_MN) indicates the mean
patch area. Proximity index (PROX MN), which was
developed by Gustafson and Parker (1992), character-
ized the mean patch isolation by considering the size
and proximity of all patches with edges within a pre-
defined threshold distance. Since this study was aimed
at a general assessment of stand pattern, threshold
distance was chosen arbitrarily as 300 m, correspond-
ing to 30 pixels in the landscape model. Mean shape
index (SHAPE MN) was the ratio between perimeters
of measured patches and minimal possible perimeter
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of patches of the same area (e.g. square-shaped). Mean
Euclidean nearest neighbour distance (ENN_MN) met-
ric evaluated the patch isolation in sense of minimum
distance between patches of the same type. Aggrega-
tion index (Al), developed by He et al. (2000), meas-
ures cell adjacencies in class or landscape levels to
characterize patch spatial distribution. For metrics
averaging lower level metric values standard devia-
tions (AREA SD, SHAPE SD, PROX SD and
ENN_SD) were shown (Table 2).

FRAGSTATS analysis (McGarigal et al. 2002) was
conducted separately for mature, overmature and all
forest stands. After defining the required metrics, pa-
rameters and variables, seven metrics were calculated
in each analysis. For calculating isolation metrics, the
»8 cell neighbour” method was used. Significance lev-
els were calculated for differences in metric values
(AREA_MN, SHAPE MN, PROX MN, ENN MN) be-
tween state and non-state forest areas using the non-
parametric Wilcoxon test (a=95%) conducted with R
software (R Development Core team 2008). The p val-
ues were adjusted using the method Holm.

Results

Considering all forest as one class, the forest arca
(41.8% of its terrestrial area) in the landscape had fairly
large patch areas (26.79 ha) with a mean distance of
2,110.76 m from each other and patch aggregation
(AI=96.7%). Although total area of state and non-state
forest was almost equal (49.2 and 50.8% in state and
non-state stands respectively), their spatial patterns
differed greatly (Table 2). Mean area of forest patch-
es was much higher for state forest, while non-state
forest patches were more numerous (NP=1,127 and
6,007, respectively) and less isolated.

Also patch number in non-state mature stands was
almost twice as high as in state-owned stands, but the
patches were smaller (AREA_MN=1.49 and 2.69 ha,
respectively). Also, mature stands had slightly higher
aggregation (AI=91.07). The spatial patterns for over-
mature forest patches showed less pronounced differ-
ences than those for mature stands. Total stand area
of state-owned overmature forest was higher
(TA=7,015.3 versus 4,346.0 ha in non-state forest), but
patch number was similar (Table 2). Overmature patch
size was small (mean 1.34-2.14 ha) for both ownership
types. Patch shapes were more compact for overma-
ture non-state forest patches. State-owned forest
patches had higher proximity and isolation measures,
as well as aggregation index (AI=90.17 and 88.06). This
difference in aggregation was similar to that for ma-
ture forest patches.

Significant differences between two ownership
types in patch size, shape, proximity and isolation were
tested for patches divided by tree species (Tables 3-
4). Regarding mature forest, the patterns for birch
patches differed for all tested indices and pine for all
except shape. Other species showed significant differ-
ences in some of these indices. Birch and aspen dom-
inated stand area of overmature stands significantly
differed between state and non-state forest in all tested
metrics. This was also true for black alder, excepting
for patch shape. From remaining species only pine and
spruce in one aspect of pattern properties (patch area
and isolation, respectively). Of the metrics indices
tested, patch shape (SHAPE MN) showed the least
significant differences in patches segregated by own-
ership type.

Compared to the area of overmature forest, the
area of mature forest was higher for pine, spruce, black
alder and particularly birch, in both ownership types

Table 2. Landscape level met-

Total forest area Mature Overmature ric values and standard devia-
Total State ::?9: State Non-state State gtg?(; tions for total forest area, ma-
TA, ha 1911477 940993 970484 146244 136307 70153 43460  ture and overmature stand pat-
NP 7134 1127 6007 5437 9154 3281 3254 terns, divided by state and non-
state forest area
AREA_MN,ha 2679 83.50 16.16  2.69 1.49 2.14 1.34
SHAPE_MN 1.89 2.04 1.86 1.59 154 1.55 1.49
PROX_MN 211076  7250.37 114649 1831  7.05 7.35 3.11
ENN_MN, m 88 119 82 390 413 561 698
Al 96.68 97.70 9569 9102  88.18 9017  88.06
Standard deviations from category means
AREA_SD, ha 37658 6620 468 2.30 2.88 2.00
SHAPE_SD 1.58 0.92 0.44 0.39 0.39 0.34
PROX_SD 18313.98 3713.93 8201  24.71 2713 1120
ENN_SD, m 29593 11937 101074 798.13 1268.43 150046
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(Tables 3-4). However, the area of overmature aspen-
dominated stands was greater than mature stand area.

Of the mature stand area, the area dominated by
the tree species much differed between state and non-
state forest area — birch dominated in both (approxi-
mately 70 per cent), but in non-state forest mature pine
stands had a total area that was four times less, while
the spruce-dominate area two-times higher, compared
to state forest (Table 3). State-owned mature forest
also had larger areas of black alder and ash. As ex-
pected, mature birch patches had the highest density,
particularly in non-state forest. Mean patch area was
generally larger for state forest, especially for mature
birch and pine stands. Aspen stands had the most
compact patch shape for both ownership types
(SHAPE _MN=1.46-1.42). More complicated shapes
were observed in mature pine, birch and oak stands,
with higher shape indices in state-owned forest. Mean
patch proximity was generally higher in state forest for
all species, especially birch (PROX_MN=27.36). How-
ever, Euclidean neighbor distances were higher in state
forest only for spruce and oak pattern, suggesting
indicated lower patch isolation in non-state mature
stands. Patch aggregation was higher in state-owned
mature stands, reaching 91.61% for birch.

Table 3. Class level metric values for mature stand patterns

0. pine spruce  birch b.alder aspen oak ash
CA, ha S 1964.6 1205.3 10258.7 685.9 361.4 65.2 83.4
N-S 465.3 25283 9708.8 409.2 3712 89.4 58.6
NP S 775 812 3131 390 242 33 54
N-S 323 1841 5888 365 575 97 65
AREA_MN,ha S 253 148 3.28 1.76 1.49 1.97 1.54
N-S 1.44 1.37 1.65 1.12 0.65 0.92 0.90
SHAPE_MN S 1.62 1.51 1.62 1.55 146 1.59 1.45
N-S 1.54 1.50 1.56 1.50 142 1.52 1.44
PROX_MN S 10.17 5.10 27.36 3.08 1.61 6.49 1.11
N-S 2.87 2.86 9.62 2.56 0.75 247 0.56
ENN_MN, m S 429 536 184 693 1156 3112 2320
N-S 1109 442 193 1134 1004 2485 3731
Al S 90.45 88.622 91.61 89.05 89.33 90.75 89.68
N-S 88.38 87.86 88.51 86.91 83.50 85.64 86.62

O. — ownership type: S — state-owned, N-S — non-state-owned
stands. Significant (p<0.05) differences between state and non-
state owned stand metric values are bolded

Within the category of overmature stands, there
was very uneven species distribution in non-state
forest: birch and aspen together comprised 90% of total
area (Table 4). In state-owned forest overmature pine,
birch and aspen together comprised 87% of total for-
est. Patches in state-owned overmature forest were
generally larger, only spruce showed similar mean patch
size (AREA_MN=2.63 ha) to that in non-state stands.
Patch shapes were quite similar in stands under both
ownership types, with minimal differences between
species. Both proximity and patch isolation metrics had
generally higher values for state-owned overmature

forest. Overmature oak and pine stands appeared to
be much less isolated in state forest. Aggregation was
also higher for state forest patterns of all species,
except spruce.

Table 4. Class level metric values for overmature stand pat-

terns
0. pine spruce birch b.alder aspen oak ash
CA, ha S 14481 2577 31812 430.0 15733 395 855
N-S 1953 1420 31157 834 781.0 216 7.0
NP S 543 161 1449 238 839 19 32
N-S 129 54 2127 82 834 21 7

AREA_MN, ha S 2.67 1.60 220 1.81 1.88 208 267
N-S 151 2.63 1.46 1.02 0.94 1.03 0.9
SHAPE_MN S 1.59 1.50 1.58 1.52 1.49 1.44 1.57
N-S 157 1.48 1.50 1.45 1.43 1.53 1.60
PROX_MN S 1213 1.80 8.42 274 5.13 0.99 1.49
N-S 754 0.64 3.61 0.67 1.66 0.04 0.06
ENN_MN, m S 570 1514 337 1007 463 2793 3642

N-S 1597 3469 39 2724 740 7184 6438
Al S 90.89 8939 90.11 89.38 8982 9253 9178
N-S 8846 93.03 8824 8733 86.43 8733 87.14

O. — ownership type: S — state-owned, N-S — non-state-owned
stands. Significant (p<0.05) differences between state and non-
state owned stand metric values are bolded

Discussion and conclusions

As the NVBR, by definition of a reserve, is sup-
posed to represent a model for sustainable develop-
ment, the area has received attention from and the
viewpoints of landscape planning, conservation of
biodiversity and sustainable tourism in the study of
complex interactions of man and nature (Urtans and
Seilis 2009). Considering the extent of commercial for-
est in the area, maintaining a component of old forest
that would be sufficient for conservation of biologi-
cal diversity is important. The biological conservation
often appears to be a problematic aspect for imple-
menting sustainable forest management system
(Lindenmayer et al. 2000).

In this study, the term “overmature” was used as
a designation of “old” forest, as previously done by
others (Kneeshaw and Gauthier 2003, Kurttila et al.
2002, Mladenoff et al. 1993, Wallenius et al. 2002).
Managed forest younger than 70 years old rarely con-
tain structures typical of natural forest (Angelstam et
al. 2005) and thus lack many species. However, an age
of 70 years is the average cutting age in commercial
forest. Siitonen et al. (2002) argued that consideration
of spatial objectives is mandatory to assess old for-
est stand networks as a complement to existing re-
serves in Northern Finland.

In the NVBR, the overall structure state-owned
forest patches at the landscape scale had more integ-
rity compared to other stands. State forest was com-
posed of large, continuous tracts with significantly
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larger patches and higher proximity, while the non-state
pattern had more dispersed and generally smaller
patches. These are obvious consequences of the cen-
tralized management of state forest resources, in con-
trast to many small forest owners with diverse man-
agement strategies. The area of overmature stands in
state-owned forest is higher in comparison to non-
state forest, but the number of patches is similar, Thus,
the non-state forest is more fragmented with smaller
patches with less connectivity. This suggests that
landscape management for conservation should be
focused on state forest, as this would be more cost-
efficient considering the conditions of only one land
owner and present fragmentation level. However, the
spatial patterns of state forest show insufficiency of
patch size, which had a mean smaller than 3.28 ha for
all tree species (Table 3), and patch size was even lower
for non-state forest (except for spruce). Clearly, a patch
size of a few hectares is far from that present in a
natural landscape, and cannot support the full range
of disturbance-driven successions (Kuuluvainen 2002).
The low patch size of overmature forest in Latvia is
not surprising, as the forest area in Latvia has almost
doubled in the last 100 years, i.e. a large proportion
of stands are young. Spruce was the focus for plant-
ing in the Soviet period (Terauds et al. 2011), but these
stands will reach the mature stage not earlier than in
2030. The lack of overmature pine stands and relatively
large areas of overmature aspen are the consequenc-
es of active timber extraction with pine as a main tar-
get species and aspen as an early-successional spe-
cies in natural regeneration process in clear-cuts dur-
ing the pre-war era (Térauds et al. 2011). Also, the
simple shapes of aspen patches also suggest origin
as successional stands in clear-cut areas. Despite the
deficiencies in connectivity, at the landscape scale,
centralized management resulted in a pattern more fa-
vourable for facilitating ecological connectivity than
in non-state forest.

The landscape patterns of mature forest patches
can be used to determine the potential of this age class
in replenishing overmature stands in the future, with
the aim to improve connectivity. Again, the spatial
pattern of state forest is less fragmented, which was
evident for most spatial metrics (area, shape, isolation
and aggregation) for the trees species examined. How-
ever, outside of protected areas these stands can and
probably will be harvested. Therefore, there is a need
for setting targets for the amount of overmature for-
est that should be retained in the landscape in com-
mercial state forest.

In state-owned forest, the highest potential to
decrease fragmentation of overmature patches for a tree
species was for mature spruce stands. Overmature

spruce stands in the studied area cover an area of only
258 ha, while the area of mature spruce forest is al-
most 5 times larger. However, spruce is one of the main
target species for forestry. Nevertheless, spruce stands
are an important habitat for rare species (Kuusinen and
Siitonen 2008, Ohlson et al. 1997). A similar difference
in mature and overmature forest was observed in non-
state forest.

Aspen stands show an opposite pattern — there
are much less aspen stands, which could eventually
replace current old forest after 20-30 years. These dif-
ferences are more pronounced in state-owned forest
where the amount of mature stands is five times less
than amount of overmature stands. Considering that
aspen is an early successional species, the overma-
ture aspen stands might be expected to change in the
dominant tree species. As old aspen is a key structur-
al element important for biodiversity, the suggested
lack of temporal continuity of overmature aspen is a
concern, and the restrictions should be made on har-
vest of this species. The same should apply to ma-
ture and overmature oak and ash stands, which have
a very low area. However, the oak and ash stands are
aggregated in several nature protected areas in state-
owned forest, and thus logging of most of these stands
is not forecast. In a recent study (Ikauniece et al. 2012)
of regional differences in fragmentation of old (over
100 years) nemoral and aspen forest, an insufficiency
was noted in the western part of the NVBR.

There is a greater area of mature pine forest in
state forest, compared to overmature forest, provid-
ing a potential reserve for decreasing fragmentation.
However, since pine is the main target species for timber
industry it is doubtful that a significant fraction of the
existing mature stands will donate to the formation of
old forest in nearest future. It is also likely that most
of the overmature pine outside protected areas will be
lost, unless plans for further protection are adopted.

Among the dominant tree species, birch stands are
the least fragmented, and there is a large area in both
state and non-state forest of large mature patches with
good connectivity. The growing demand of birch tim-
ber will probably result in increased harvesting pres-
sure, but the comparatively large amounts of mature and
overmature birch area reduce such concerns.

Black alder stands in Europe are a relatively rare
wetland forest type that is stable over time given that
environmental conditions do not change (Orczewska
2009, Prieditis 1999). The small area of old black alder
stands in non-state forest can potentially be replaced
after logging by the considerable amount of mature
stands, while in state-owned stand pattern this gap is
less dramatic. Furthermore, the pattern of non-state
stands has smaller and more isolated patches.
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Table 5. The proportion of strictly protected
stands and WKH’s of total area under different
ownerships

Maturity class Ownership  Strict protection (%) WKH'’s (%)

Mature State 199 6.7
Non-state 0.60 0.5

Overmature State 437 255
Non-state 2.80 1.0

Due to the increased intensification of forest har-
vest in Latvia (VMD 2010), a large supplement to the
existing amounts of overmature stand patterns is
doubtful for forestry target species, unless targets for
improvement of biological diversity are set. In non-
state forest, in the next 20-30 years, due to compara-
bly small area of mature and overmature forest, frag-
mentation will increase further. The area of old birch
and spruce forest will potentially increase, while as-
pen fragmentation will likely increase. Nemoral tree
species stands, which already are highly fragmented,
most require logging restriction. Calculated of area, at
most 4.37% of analyzed overmature stands are strict-
ly protected (Table 5), and much less in non-state
forest. Woodland key habitats (WKH) reached 25.5%
in state forest, significantly less in non-state forest.
This ratio shows the need not only for the supplement
for stand patterns, but also for increase of legally
protected areas, recognized as WKH’s.

The conclusions from this study are limited since
fields survey was not conducted to assess factors sig-
nificant for biodiversity (e.g. dead wood volumes, in-
dicator species) hence it deals only with spatial pat-
tern as one of the components of forest landscape
structure. However, old stands can be expected to have
a greater potential to support important structures,
compared to young stands. The obtained stand pat-
terns, which were standardized in extent and spatial
resolution, were comparable and applicable for exam-
ination with landscape metrics. This methodology pro-
vided opportunity to assess spatial properties of for-
est landscapes over large areas to determine the area
of concern regarding fragmentation of forest, which
needs to be considered in landscape level planning of
sustainable forestry.
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CTPYKTYPA MIEPECTOMHOI'O JPEBOCTOS B BUOCHEPHOM PE3EPBATE
CEBEPHAS BUI3EME

3. Pennenuexkc u O. Hukonemyc
Pestome

OCHOBHOH IIeIIbI0, TOCTABIEHHON JaTBHiicKOH rocynapcTBeHHO kommanueil OAO ,,Latvijas Valsts mezi” sBusiercs
YCTOMUYMBOE Pa3BHUTHE JICCOMONB30BaHMA. Ta jKe Ielab YCTONYMBOIO pa3BHTHUS, HO Ha JAaHIAGTHOM YPOBHE, SBISETCS
TJIaBHOM 1enbio OrochepHoro peseprara CeBepHas Bumzeme, KOTOpbIi ObUT BEIOpaH HccienyeMoi Teppuropreil. B kadectse
KpPUTEpHs [UIA aHaIU3a JIPEeBOCTOS. OCHOBHBIX BUAOB JEPEBLEB (COCHBI, OepE3bl, eNu, YEPHOM OJIbXHU, OCUHBI, 1y0a U ACCHA)
0611 BHIOpaH BO3pacT. B pamkax mccienoBaHus ObUIM HCIIOJIB30BAaHBI JaHHBIE O COCTOSHHMU JApeBocToeB B 2011 romy. s
HOTy4YeHUs] NHYOPMAIIMU O COCTOSIHUH APEBOCTOEB, B TOM YHCIIE M AN OLCHKU IIPOCTPAHCTBEHHOH CTPYKTYPHI CHEIOT0 U
HMepecTOHHOTO Jeca, OBLI MCHONIB30BaH aHAINTHYECKUN moaxon. IlepecToifHbIe JPEeBOCTOM MOTYT HMETh BBICOKYIO
MOTEHIHANBHYIO IIEHHOCTh B COXPAaHEHHH OMOJIOTMYECKOTO Pa3sHOOOpasus, SIBISIOIIETOCS OJHUM U3 KITIOUEBBIX acleKTOB
YCTOHYMBOTO Pa3BUTHUS Jieconoib3oBanus. Crienble IPEeBOCTOM, JOCTHTIINE BO3pacTa pyOkH (T.c. MMEIOIINA HanOOMbIINA
TOAWYHBIN TPUPOCT IPEBECHHBI), MPEACTABIsIET COOOH pe3epB IS NMEePEeCTOHHBIX IPEBOCTOEB, 00ECIIeUnBas LEJIOCTHOCTh
CTPYKTYpPHI OHOIOTHYECKOTO pa3sHooOpas3us. Pe3ynsrarel nccieqoBaHMs, C TOYKU 3PEHUS IIPOCTPAHCTBEHHOH CTPYKTYpHI,
MOKa3aJIH PA3IHIHBII HOTEHIINAII CIIENIOTO JIeCa, CIIOCOOCTBYIOMIET0 Pa3BUTHIO OHOIOTHYECKOT0 pa3Ho00pas3ys B Ommkaiime
necsitunietust. Co BpeMeHeM, TIepecTOHHbIE €0BbIe U 6epe30BbIe APEBOCTON MOTYT ObITh IOMOIHEHBI TEMEPEIIHIMH CHETbIMU
JIPEBOCTOSIMH, B CBOIO OYepeb CIIeJble OCHHOBBIE IPEBOCTOM MMEIOT HaWMEHbBIINE MEPCIEeKTUBbl YCTOMUMBOCTU Kak B
YaCTHBIX, TaK U B TOCY/IapCTBEHHBIX JIECaXx.

KnroueBble cj10Ba: IepecTOMHBIIN IPEeBOCTOH, CTPYKTypa JaHAmAdTa, JaHAIIA(THEIE HHANKATOPHI
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