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Abstract

Forest fragmentation, which is usually defined as a landscape scale process that involves both loss of forest and its
fragmentation per se, is important for understanding of ecological function and process. We performed a multiple-scale
analysis of forest fragmentation based on 30 m spatial resolution forest/non-forest cover raster maps, derived from
CORINE Land Cover database in Lithuania. We calculated forest fragmentation indexes within the fixed-set of non
overlapping analysis blocks of five sizes (2.25, 7.29, 65.61, 590.49, and 5,314.41 ha) and classified them with certain
category of fragmentation. Fragmentation assessed using proportion of forest was scale-dependent. In 2.25 ha size blocks
60.9% of all forest was classified as ,,inner” (those were at least 90% forested), but decreased rapidly in large blocks, so
that less than 2% of this class were found in 5,314.41 ha blocks. The decrease of “dominant” forest (those were at least
60% forested) along the scale was less steep. In 2.25 ha blocks share of the “dominant” forest was 74.9 %, while in
5,314.41 ha blocks — 30.1 %. Fragmentation of forest landscape assessed by using two fragmentation components
(proportion of forest and connectivity) was scale-dependent, more or less. Most Lithuanian forest was in fragmented
landscapes. In the mid-size blocks (7.29 ha and 65.61 ha) 35.3% and 8.1%, of all forest was contained in a fully forested
(“interior”) blocks, while 22.6% and 27.2% was attributed to an “edge”, 28.0% and 48.0% — “patch”, respectively.
Share of “interior” forest was smaller in larger blocks, with less than 1% of forest was classified as interior in 5,314.41
ha blocks while proportion of “patch” forest reached 74.4% at this scale. Though, relatively less fragmented forest
landscapes were in the south-eastern part of the country, our results suggest that fragmentation is so prevalent it could

potentially influence ecological processes on most forest landscapes of Lithuania.
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Introduction

Forest ecosystems are among those highly affect-
ed by various human activities, including timber ex-
ploitation, land use for agriculture, urban and road
building (Hunter 1990, Myers 1996). Human caused
forest fragmentation could be either temporary after
clearing and replanting the forest areas or long-last-
ing when caused by the expansion of agricultural and
urban areas.

In Europe, forest biomes are considered to be
particularly impacted by human caused fragmentation
(Wade et al. 2003). Here, fragmentation of forest land
has historically occurred in many countries, but for
several decades till now forest area is expanding (MCP-
FE 2007). For instance, lowest percentage of Lithua-
nian forest area was 19.7% in 1948 (Brukas et al. 1998,
Juodvalkis et al. 2003), since then Lithuanian forest
cover was steadily growing on average 0.2% per year
(Kuliesis 2006). However, increase of total forest area
may be accompanied by the decrease of core forest
and increased perforation or patchiness of forest are-
as (Kozak et al. 2007) and may cause an impact on

wildlife, as there are many animal and plant species,
requiring certain habitat sizes, edge zones and other
characteristics of forest stands (Andren 1994, Grashof-
Bokdam 1997, Gibbs 1998). Hence, data on forest frag-
mentation, amount of forest and its spatial pattern are
valuable for quantifying of changes in forest cover
associated with forest fragmentation and linkage
among ecological pattern, function and process.
Different authors measure forest fragmentation in
different ways and at different spatial scales (Fahrig
2003). In order to evaluate the fragmentation, which
is usually defined as a landscape-scale process involv-
ing both habitat loss and fragmentation per se, many
of forest fragmentation and connectivity measures
have been described in the literature (see, Vogelmann
1995, Trani and Giles 1999, Wickham et al. 1999). These
include mean forest patch size, percent of interior for-
est, mean forest patch density, number of forest patch-
es, interpatch distance, forest patchiness, forest con-
tiguity, forest continuity, total edge, etc. But many of
these measures have strong relationships with amount
of habitat as well as with each other (Gustafson 1998,
Wickham et al. 1999). It is quite common for fragmen-
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tation studies to report individual effects of fragmen-
tation measures without reporting the relationships
among them, or do not separate the effects of habitat
loss from the configurational effects of fragmentation,
which makes the results difficult to interpret (Fahrig
2003).

Recently, a forest fragmentation model that distin-
guishes different types of fragmentation categories
based on two measures: proportion of forest (i.e. hab-
itat amount) and connectivity (configuration) has been
developed by Riitters et al. (2000). With certain modifi-
cations this model has been used in the later studies
of forest fragmentation (Riitters et al. 2002, Wade et al.
2003, Riitters and Coulston 2005). Using the model, cat-
egories of forest fragmentation are well visually repre-
sented and easily understood. Any specified area (state
forest enterprise, municipality or town) can be quanti-
fied as having particular amount of forest, and the de-
gree to which that forest is fragmented. Fragmentation
estimates could be used by forest and conservation
officials, researchers in order to analyze, assess and
control fragmentation in forest landscapes.

It is generally recognized that landscape patterns
are spatially correlated and scale-dependent. Hence,
understanding of their structure requires multiscale
information (Wu et al. 2004). In our study, we presented
assessment of multi-scale forest fragmentation in
Lithuania. This analysis of forest pattern such as
presented herein provides a baseline, from which
changes in fragmentation patterns over time could be
monitored.

Material and methods

Land cover data

We used CORINE Land Cover database of the year
2000 with a minimum mapping unit of 25 ha (hereafter,
»CLC”). For CORINE Land Cover database as a pri-
mary photo interpretation data source Landsat 7 ETM+
satellite imagery was used. Lithuanian territory was
covered by 6 partially overlapping Landsat 7 ETM+
scenes: 185-21 (02-Mar-2000), 186-21 (10-Jun-2000),
186-22 (15-Jul-2001), 187-21 (03-Mar-2000), 187-22 (16-
Mar-2000), 188-21 (07-Mar-2000), 188-22 (10-Mar-2000)
and 189-21 (31-Jul-1999) (Vaitkus 2004). Standard meth-
odology of CLC2000 database has been specified in
several successive versions and updates of its tech-
nical documentation (e.g. Bossard et al. 2000).

According to the National Lithuanian CLC data-
base, which contains 32 (of the total 44 defined)
standard land cover classes in the 3rd level of CLC
nomenclature, forest area makes ~32%, agricultural
~60% and other ~8% (Vaitkus 2004). For multiple-scale
analysis of forest fragmentation we used 30 m spatial

resolution forest/non-forest cover raster map, derived
from CLC. Lithuanian CLC broad-leaved (CLC code -
3.1.1), coniferous (3.1.2) and mixed forest - (3.1.3) we
grouped into one general forest class “F”. The remain-
ing classes were grouped into one non-forest class
“N”. Inland and marine waters treated as missing data
values “M”, so they did not increase the forest frag-
mentation during the analysis. In forest/non-forest
raster map, “F” area covered ~29% (1862587.17 ha),
“N” area ~69% (4500627.48 ha) and “M” ~2% (126316.80
ha) of the study area.

Fragmentation metrics

Metrics that identify patterns of forest fragmen-
tation were based on the proportion of forest (P) and
the forest connectivity (P,) values within a fixed set
of non overlapping blocks (hereafter - “blocks™). P,
is the ratio of the number of forest pixels over the total
number of pixels within the block that are not water
(missed class). P, is the ratio of the number of pixel
pairs in cardinal directions that are both forest over
the number of pixel pairs in cardinal directions that are
either both forested or one is forested. Fragmentation
category for particular block was defined using P, and
P, values. Because both P and P values are propor-
tions, they range from 0 to 1. The model that deline-
ates fragmentation categories is shown in Figure 1.

The P values larger than P, indicate that forest
is more clustered (less fragmented). The P_values larg-
er than P_mean that non-forest is more clustered (Ri-
itters et al. 2002). Determination rules of six forest frag-
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Figure 1. The model used for determination of six forest
fragmentation categories based on local measurements of P,
and P within a given block (adapted from Riitters et al. 2000
— Erratum 2)
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mentation categories are presented below. Names af-
ter Riitters et al. (2000):

- “Edge”, if P, >0.6 and P_- P <0.

- “Perforated”, if P, >0.6 and P_- P >0.

- “Undetermined”, if P, >0.6 and P, = P_.

- “Interior”, if P_=1.

- “Patch”, if P_<0.4.

- “Transitional”, if 0.4<P_<0.6.

Computation of P_and P values within 5x5 pixel
hypothetical blocks is shown in Figure 2 and Table 1.

In order to evaluate forest fragmentation on a
multiple spatial scale, P_and P_ values were calculat-
ed within the blocks, which represent real landscapes,
using a raster overlay at multiple scales. Forest frag-
mentation indexes were calculated within five select-
ed block sizes, spanning four orders of magnitude (e.g.
Ostapowicz et al. 2008) and based on grouped CLC
raster grid: 2.25 ha (5x5 pixels); 7.29 ha (9x9 pixels);
65.61 ha (27x27 pixels); 590.49 ha (81x81 pixels) and
5,314.41 ha (243x243 pixels).

(edge) (perforated) (undetermined) (interior) (patch) (transitional)
____________ [ Y YL e T I A R T T T T T A I I e R
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Figure 2. Illustration of measurements that identify: "edge" (A), "perforated" (B), "undetermined" (C), "interior" (D), "patch"
(E), and "transitional" (F) fragmentation categories within six hypothetical blocks. Letters within the blocks indicate "F" —
forest, "N" — non-forest and "M" — missing pixels. Heavy solid lines indicate {FN} connection, light solid lines — {FF}, no
lines — {NN}, {MM} pixel edge types. {NN}, {MM} and dashed lines are not used in calculations. Computation of P, and

P values is shown in Table 1

An assignment of fragmentation categories to
blocks started with calculation of P, for the entire
dataset. P values were calculated in order to define
edge (A) and perforated (B) fragmentation categories
(see, Table 1). For interior (D), patch (E) and transi-
tional (F) categories, P values were not calculated.
In case P = P, fragmentation category for a particu-
lar block was defined as undetermined (C).

We also set two threshold values (0.9 and 0.6) for
proportion of forest (P) in order to evaluate this com-
ponent of fragmentation separately from forest con-
nectivity (P,), for each of the five block sizes. A land-
scape with a P of at least 0.9 was referred to as “in-
ner”, at least 60% forested landscapes were classified
as “dominant”. The threshold values were chosen by
analogy to percolation theory (Stauffer and Aharony

Table 1. Computation of P, and P values for determination of fragmentation categories within six

hypothetical blocks (shown in Figure 2). P, thresholds were used to define "interior",

non

patch" and

"transitional" fragmentation categories. P, - P thresholds were used to define "edge", "perforated"
and "undetermined" fragmentation categories. Numbers in bold indicate values that were critical to

determine particular fragmentation categories

Fragmentation categories

Measurements Edge Perforated Undetermi- Interior Patch Transitional
ned
Sum of heavy solid lines 6 16 3 lgnored Ignored Ignored
2{FN}
Sum of heavy light lines 18 13 30 Ignored Ignored Ignored
2{FF}
Proportion of forest 13/21 = 13/21 = 20/22 = 2121 =1* 5121 = 10/21 =
Py = Y FIF +3"N") 0.619 0.619 0.909 0.238* 0.476*
Forest connectivity 18/(18+6)  13/(13+16)  30/(30+3) Ignored Ignored Ignored
Py = 2{FFY(Z {FF} + =0.75 =0.448 =0.909
2{FN})
Py - Py -0.131 0.171 0 Ignored Ignored Ignored

* —if P, =1 or Pf<0.6, calculations of {FF},{FN}, P, and P, - P, were ignored
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1991, Riitters et al. 2000), assuming a random distri-
bution of forest in a landscape (Wade et. al. 2003,
Riitters et al. 2002). These categories are somewhat
arbitrary and not exclusive, landscape that meets in-
ner criterion also meets dominant criterion.

ArcGIS Spatial Analyst tools combined with and
custom Python-based forest fragmentation calculation
application was used for calculations.

Results

Generally, the study area and area of landscapes
that contained forest increased when larger blocks were
chosen. With block size of 150 x 150 m the total study
area covered 6 426 441 ha and landscapes with forest
covered 2 419 329 ha (36.7%). With block sizes of 270 x
270 m, 810 x 810 m, 2,430 x 2,430 m and 7,290 x 7,290 m,
the study area covered 6 466 426.8 ha, 6 554 767 ha,
6 710 918.8 ha and 7 089 422.9 ha, forested landscapes
— 2 851 098 ha (44.1%), 4 158 493 ha (63.4%),
5962 176.00 ha (88.8%) and 6 988 449 ha (98.6%), re-
spectively. The increase of percentage of forested land-
scape was because larger blocks were more likely to
include at least some forest, so these blocks were con-
tributing to forested landscapes. Similarly, larger blocks
subsumed more area that was outside of Lithuania, so
the total amount of study area also increased.

Proportion of forest (P)) that reflects one aspect
of fragmentation i.e. amount of habitat, was scale de-
pendent in Lithuanian forest landscapes. The percent-
age of both inner and dominant threshold categories
diminished in broader scales (Figure 3). Responses of
these metrics to changing scale were simple scaling
relations. 60.9% of all forest was classified as inner in
2.25 ha size blocks, but decreased rapidly in large

100 «
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Percent of forest area

20 4

0 L T L L]

2.25 7.29 65.6 590.49 5314.41
Block size (ha)

Figure 3. Scale-dependent fragmentation of Lithuanian for-
ests: the percentage of blocks of different sizes that meet
the criteria of "dominant" (@) and "inner" (M) fragmenta-
tion categories

blocks, so that less than 2% of this class were found
in 5,314.41 ha blocks. The decrease of dominant for-
est was less steep. In 2.25 ha blocks share of the
dominant forest was 74.9%, in 65.6 ha — 61.3%, and in
5,314.41 ha blocks — 30.1%.

The fragmentation index categories reflecting both
aspects of fragmentation i.e. amount of habitat and frag-
mentation per se were more or less scale-dependent in
Lithuanian forest landscapes. Responses of interior,
patch, perforated and undetermined categories to
changing scale were consistent scaling relations. The
percentage of interior, perforated and undetermined
categories diminished in broader scales, while propor-
tion of patch fragmentation category increased. Tran-
sitional and edge categories showed no simple scaling
relations to the changing scale (Figure 4).

The interior category was most common for the
two smallest block sizes whereas the patch category
was most common for the three largest block sizes
(Table 2, Figure 4). Perforations (non-forest areas) in
the two smallest block sizes (2.25 ha, 7.29 ha) were
much more common than in the large ones. The unde-
termined category was the least common and none of
it was assigned for larger blocks. The edge and tran-
sitional categories were less common than interior
category in two smallest block sizes and more com-
mon for three largest block sizes.

Distribution of Lithuanian forest fragmentation
categories, in 65.61 ha and 590.49 ha blocks, are shown
in Figure 5. Interior and edge forest landscapes cor-
respond with largest forested areas in Lithuania (e.g.
Dainava, Riidninkai, Labanoras, Kazly Riida and Ka-
rSuva forests). At the broader scale (590.49 ha), con-
siderable amount of interior landscapes were substi-
tuted by edge and transitional landscapes, while patch

100 =
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A A A

[
(=]
A

Percent of fragmentation category

2.25 7.29 65.60 590.49 5314.41

Block size (ha)

Figure 4. Distribution of fragmentation index categories in
blocks of different sizes, where "interior" (x), "patch" (+),
"edge" (), "transitional" (A), "perforated" (<), "undeter-
mined" (O)

EE 2011, Vol. 17, No. 1 (32) I (SSN 1392-1355

131



BALTIC FORESTRY

I MULTI-SCALE ANALYSIS OF FOREST FRAGMENTATION IN LITHUANIA (IR . KUCAS ET AL. I

Table 2. Distribution of

Fragmentation categories

the total forest area Block size Egge Perfgrated Undet(aermlned Intgrlor Pa3tch Transsmonal
10" ha) (10" ha) (10" ha) (10" ha) (10" ha) (10" ha)
among "patch", "edge", (
| o PO MRer i 320.155 81738 0.635 1361315  419.744 235.742
transitional", "interior", 5x5 pixels - 2.25 ha (13.2%) (3.4%) (0.0%) (56.3%) (17.4%) (9.7%)
"perforated" and "unde- 9%9 pixels - 7.29 h 643.773 72.565 0.219 1007259  799.115 328.167
termined” fragmentation SR - D v S 7 S -y D <vyie N (i
categories for five blocks 27x27 pixels - 65.61 ha (27.2%) (0.4%) (0.0%) (8.1%) (48.0%) (16.4%)
; 1041.034 1.771 0.000 31.886 3897.234 990.251
B1xglpixels-590.49ha  (175%)  (0.0%) (0.0%) (05%)  (654%)  (16.6%)
243%243 pixels - 5314.41 728.074 0.000 0.000 0.000 5202.807 1057.568
ha (10.4%) (0.0%) (0.0%) (0.0%)  (74.4%) (15.1%)

Percentages of total forest area for the given block size do not always sum to 100.0 due to round-
ing. Non-forested landscapes were ignored in calculations

landscapes subsumed portion of non-forest land. The
patch landscapes covered large portion of the Lithua-
nian territory, representing the highly fragmented for-
est landscapes at broader scales. Transitional forest

Fragmentation categories
[ Edge
I Undetermined
[ 1 Perforated
I nterior
B Patch
I Transitional

Fragmentation categories
— Edge
I Undetermined
[ | Perforated
I interior
[ Patch
I Transitional

Figure 5. Distribution of Lithuanian forest fragmentation
categories at: A — 65.61 ha blocks, B — 590.49 ha blocks
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landscapes were mainly located between edge and
patch landscapes.

Discussion and conclusions

Similarly to other forest fragmentation studies
completed in multiple landscape sizes (Riitters et. al.
2002, Ostapowicz et. al. 2008) the results of our study
on Lithuanian forest fragmentation were scale depend-
ent. This dependence supports the statement that there
is no single “correct” or “optimal” scale for charac-
terizing and comparing landscape patterns (e.g. Levin
1992, Wu et al., 2002) and the same spatial resolution
and extent should be used in comparison between the
landscapes. Moreover, because the ecological systems
also operate on multiple scales multiscale landscape
patterns are likely to be successful for linking land-
scape fragmentation pattern to the ecological pattern.

On the other hand, observed sensitivity of the
forest fragmentation categories to the observational
scale indicates general level of fragmentation. If for-
est was not fragmented, increased landscape sizes
would not alter composition of forest fragmentation
classes (Riitters et. al. 2002). The marked decreases in
inner, which reflects a single fragmentation component
- amount of forest and interior that reflects both amount
of forest and connectivity, categories over the range
of block sizes tested indicate that fragmentation is
prevalent in the forested landscapes. Well-marked in-
crease of patch fragmentation category that corre-
sponds to the most fragmented forest landscapes sup-
ports the claim. The amount of dominant forest de-
creased by around 45% as landscape size changed
over four orders of magnitude. This indicates a mod-
erate distinction between the areas, that are mostly
forested and those that are not.

Fragmentation maps (2.25 ha, 7.29 ha, 65.61 ha
block size), those represent local or national-scale
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patterns of forest fragmentation in Lithuania (Figure
5A) compared with the soil and relief data (see, Me-
jeris and Vaitiekiinas 1981), suggest that most of the
forest persist in the areas less favorable for agricul-
ture, where soils are sandy, poor in nutrients, and on
hilly or very wet terrain. Similar association patterns
were generally observed for other areas in Europe (e.g.
Wulf 1998). Broader scale fragmentation (e.g. 590.49
ha, Figure 5B) suggests regional scale fragmentation
patterns. At this scale neither local forest fragmenta-
tion nor forest area are precisely represented, but it
is suited for comparison of regional or global landscape
patterns and tracking changes of large scale process-
es. At this scale, landscapes of fragmented forest cat-
egorized as patch covered 65.4% of all forested land-
scapes where forest did occur, but interior covered
only 0.5%, suggesting a lack of large and not fragment-
ed by the human activities forest areas in Lithuania.
However, those large and not fragmented forests may
serve as potential wildlife refuges.

There is shown in the literature that forest frag-
mentation can have an impact on plant and animal
species diversity (e.g. Mikk and Mander 1995, Jans-
son and Andren 2003), plant colonization (Dzwonko
and Gawronski 1994, Grashof-Bokdam 1997), animal
movement (Gardner et al. 1992, Belisle et al. 2001),
predation (Mazgajski and Rejt 2005), habitat suitabil-
ity (Burke and Nol 2000) and changes in microclimate
(Chen et al. 1995). Though effects of fragmentation
vary from species to species, it may be summarized as
follows: specialist species are more likely to be affected
by the small fragmentation than generalists.

Recently, possible negative effects of the forest
fragmentation on distribution of common dormouse
(Juskaitis 2007) and wolves (Bal¢iauskas 2008) in
Lithuania and Eurasian lynx in Poland (Niedzialkows-
ka et al. 2006) were suggested. However, studies that
use multiple scale fragmentation patterns and metrics
that compute both components of fragmentation (i.e.
amount of forest, and fragmentation per se) in order
to assess ecological effects for the region are still lack-
ing. We hope that our study will foster future land-
scape fragmentation research in order to define and
quantify causes of fragmentation and possible effects
of fragmentation on biodiversity and will serve as basis
for the future analysis of temporal changes of forest
fragmentation.

Our analysis was limited (considering temporal
extent of data used) to the forest-non-forest fragmen-
tation but distinguishing among forest vegetation
types (e.g. specific habitats) and historical forest con-
tinuity would expose even more fragmentation. Al-
though, relatively less fragmented forest landscapes
were in the south-eastern part of the country. The

study results suggest that fragmentation is so preva-
lent it could potentially influence ecological process-
es on most forest landscapes of Lithuania.
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MHOT'OMACIITABHBIN AHAJIN3 ®PATMEHTAIIVM JIECA B JINTBE

A. Kyuac, I. Tpakumac, JI. Bansusayckac u I. BaiiTtkyc
Pesrome

OparmeHTanus Jieca onpeaeseTcs Kak Mpolecc JaHIaGTHOTO YPOBHS, BKIIOUAIONINI 1 yMEHbIIEHHE JIECUCTOCTH, U
npobieHne MaccuBa per se. PparMeHTanus SBISETCS BaKHOW COCTABIISIONICH MOHUMAHHS DKOJIOTHUECKUX (GYHKIHHA H
nporeccoB. MBI BBINOIHIWIN (pparMeHTapHbINA aHAIIN3 JIECHBIX MACCHBOB B Pa3iIMYHBIX MacmrTabax, Hcrnoib3ys 30-MeTpoByIo
MPOCTPAHCTBEHHYIO PE30JIIONUIO JIECHBIX/HEJIECHBIX PAaCTPOBEIX M300pakeHHH, COCTABICHHBIX Ha OCHOBE 0a3bl JaHHBIX
nokposa JIureer CORINE. MsI paccuntany HHISKCH ()parMEeHTAINH JICCHBIX MAaCCHBOB, HCIOJNB3Ysl HENEPEKPHIBAOIINECS
Omoxu mATH pa3Mepos (2,25, 7,29, 65,61, 590,49 u 5314,41 ra) u knaccupuUUPOBATIN UX KaK COOTBETCTBYIOLIHE KOMIIOHEHTHI
¢parmenTaiuu. OneHka GpparMeHTalMH, UCHONIB3Ys MPOMOPLHIO Jeca, 3aBUCHT OT Macmraba. B Giokax pasmepom 2,25 ra
60,9% Bcero neca ObUIO KIACCH(UIPOBAHO KaK «BHYTPEHHUH JIECHON JTaHAA(T (TEppUTOPHS, TIe JIeC 3aHNMaeT He MeHee
90%), HO COOTBETCTBYIOIIHE MPOIEHTHI OBICTPO YObIBaNIM B OONMBIIMX OJIOKAX, TAKMM 00pa3oM, 4To MeHee 2% 3TOoro Kiacca
ObUTO HaiieHo B Omokax pasmepoM 5314,41 ra. YObIBaHHE «IOMHHHUPYIOIIETO JECHOTO NaHamadTay (TIe jiec 3aHNMaeT He
meHee 60%) c¢ m3ameHeHHeM MacmTaba Obulo MeHee pe3koe. B 6mokax pasmepa 2,25 ra 74,9% Bcero neca OblIO
KJIacCH(ULIUPOBAHO KaK JOMUHUPYIOIHHI JIecHO anamadT, a B 6:1okax pasmepa 5314,41 ra — 30,1%. Ouenka ¢pparmeHTanuu
JIECHOTO JTaHamadTa ¢ NCIOIb30BaHHEM JBYX KOMIIOHEHT ()parMeHTanuy (IPOIOPIMY U CBI3aHHOCTH Jieca) Obuta Oonee min
MeHee 3aBHCHMa 0T MaciiTaba. bonsmmHCTBO N1ecoB JINTBEI IpeicTaBisieT co00H pacwiIeHeHHBIH ((pparMeHTapHbIi) TaHAmadT.
Hampuwmep, B 61okax cpennux pasmepoB (7,29 ra u 65,61 ra) ObTH BBIIEICHBI IIOJTHOCTHIO JICCHBIC JTaHAMA(TEHI
cootBeTcTBeHHO 35,3% 1 8,1% OT BCero JIeCHOr0 MaccuBa; «JIaHAIIA(THI JIECHBIX OKpanH» COOTBETCTBEHHO 22,6% u 27,2%;
«r1aHamagThl ¢ OYECHb PSIKUM JICCOM (PEAKOeChe)» cooTBeTCTBEHHO 28% u 48%. B nByX HamMeHbIIEro pa3mepa Onokax
«IOMMHUPYIOIIHH JecHOH nangmadt» cocrasisut 40-60%, Torna kak B Ooyiee KPyIHBIX OJOKax €ro KOJHMYECTBO OBLIO
3HAUUTENbHO MeHbIIe. [ToiMHOCThIO NIeCHOH MaHgmadT pe3ko yMEHbIIANCs IpH M3MEHEHUH Macmitaba B CTOpoHY Ooiee
KPYITHBIX OJIOKOB U B Orokax pasmepa 5314,41 ra menee 1% Teppuropuii ObU10 KIACCHPUIMPOBAHO KaK «IIOTHOCTHIO JTECHOM
JaHImadT», a NPOIOPLHUS «PEIKOIeChs» B 3ToM Maciutade nocturia 74,4%. Xors cpaBHHUTENBHO MeHee (parMeHTapHbIe
necHble JaHAmadTh HaOMIONAINCh B FOTO-BOCTOYHOM YacTH CTPaHBI, HAIIM PE3yJbTAThl MOKA3bIBAIOT, YTO (parMeHTanus
pacnpocTpaHeHa TaKUM 00pa3oM, YTO OHA ITOTEHIUAIBHO MOXKET BIMATH Ha SKOJIOTMUECKHE MIPOLECCHI OONbIIIEil YacTH JIeCcOB
JIutBsl.

KiroueBble ciioBa: sKocucTeMbl, GparMeHTanus jieca, obOpa3 manamadTa, d3pdexr Maciiraba, MpoCTPaHCTBCHHAS
CTPYKTypa
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