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Abstract

We examined the habitat selection of the Middle Spotted Woodpecker in the approximate home range scale, using
a range of environmental predictors based on a forest inventory database. Our goal was to assess usefulness of the
quantitative inventory data in modelling of species’ distribution for conservation and management purposes. We used
128 woodpecker location points found in pre-breeding season and the same number of randomly selected absence points
to describe habitat preferences. For each natural and random location we obtained several environmental characteristics,
including forest type, stand age, share of individual tree species in the canopy layer and the complexity of stand structure.
The redundancy analysis revealed significant differences between occupied and random locations, with just five variables
explaining 89% of total variance in the dataset. The share of oak was the most important predictor of the presence of
Middle Spotted Woodpeckers. Areas occupied by birds were characterized by the presence of mature, unevenly structured
stands, with trees of different ages present in canopy layer. Moreover, riparian woodland and stands dominated by elms
were also preferred. These results confirm the general pattern of habitat selection by Middle Spotted Woodpeckers. Our
results provide the evidence that databases designed for the management of timber production can serve as a useful
source of ecologically-oriented habitat characteristics for habitat modelling of specialized and demanding forest dwelling

species.
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Introduction

Determining structure and composition of an area
that fulfils critical life history requirements for threat-
ened species is an important step to develop conser-
vation strategies (Pasinelli et al. 2001). In most stud-
ies on forest dwelling birds, such as woodpeckers
Picidae, environmental variables used to explain their
habitat selection include the diameter at breast height
and condition of nesting trees as well as the density
of trees potentially used for nesting and foraging (e.g.
Pasinelli 2000, Kosinski and Winiecki 2004, Kosinski
and Kempa 2007, Rehnus et al. 2011, but see Garmen-
dia et al. 2006). Data are often collected in the field
for the purpose of the particular study, making the
process time-consuming. On the other hand, forest
managers maintain their own inventory databases,
which contain data almost ready to use, compatible
with all commonly used GIS (Geographic Information
Systems) environments. Moreover, communication
between conservation biologists and forest managers
would be alleviated if factors affecting persistence of
species and crucial in the protection of birds were
expressed in terms of forest inventory data.

The Middle Spotted Woodpecker Dendrocopos
medius is a specialised, resident bird species of the
Western Palearctic, inhabiting mature deciduous for-
ests, in particular oak-dominated (Pasinelli 2003, Ko-
sinski 2006). Habitat requirements of Middle Spotted
Woodpeckers have been widely investigated. Howev-
er, most of these studies refer to small spatial scales,
i.e. nest-site selection (Kosinski and Winiecki 2004,
Kosinski et al. 2006, Pasinelli 2007), trees used for
foraging (Pasinelli and Hegelbach 1997, Robles et al.
2007), or general features affecting the occurrence of
Middle Spotted Woodpecker (Delahaye et al. 2010).
Several studies in larger, macrohabitat or landscape
scales describe habitat use or population density in
relation to, e.g., the type of forest, stand age, forest
patch size, the density and diameter of potential nest-
ing and foraging trees (Miiller 1982, Kosinski and
Winiecki 2005) as well as the management regime (Rob-
les et al. 2007). Exceptionally, the variation in home
range size has been analysed with regard to specific
factors, such as the amount of oaks, snags and the
canopy closure (Pasinelli 2000). According to the the-
oretical model by Pavlik (1994), the habitat selection
of Middle Spotted Woodpecker might be influenced
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by the density of canopies, the number of tree spe-
cies in the canopy layer and stand vertical diversity.
These results have been partially confirmed as poten-
tially important for Middle Spotted Woodpeckers in
landscape scale (Roberge et al. 2008) and microhabi-
tat scale (Delahaye et al. 2010). However, to our knowl-
edge no study has investigated the role of stand struc-
ture and composition, as described in the forest in-
ventory, in the habitat selection with regard to the
home range scale. Earlier studies of occurrence of
Middle Spotted Woodpeckers based on forest inven-
tory data tested the suitability of permanent forest
inventory plots (0.05 ha in size) for modelling its dis-
tribution and to derive habitat threshold values (Miiller
et al. 2008).

One should expect that the Middle Spotted Wood-
pecker prefers more complex environment with multi-
storey profile of stands and high tree species diversi-
ty, supporting more diverse bird communities (Wiens
1989, Mikusinski et al. 2001). However, some studies
show that Middle Spotted Woodpecker also inhabits
homogenous, monocultural commercial oak stands (e.g.
Miiller 1982, Kosinski et al. 2006). Understanding var-
ious patterns of Middle Spotted Woodpecker’s habi-
tat selection is important due to the fact that the spe-
cies is considered as one of the best indicators of
forest bird diversity within its distribution range
(Roberge and Angelstam 2006) and natural forest dy-
namics (Roberge et al. 2008).

Forest inventory database has proved to be use-
ful in several studies dealing with the habitat selec-
tion of specialized species (i.e. Pakkala et al. 2002,
Miiller et al. 2008, Treinys et al. 2009, Treinys and
Mozgeris 2010), and the evaluation of forest biologi-
cal value (Kurlavicius et al. 2004). However, except for
a few countries such studies are not very common
across Europe due to the limited access to forest in-
ventory data, which are often not publicly available.
Some of these studies are based on data extrapolated
from small sample plots (Miiller et al. 2008, Delahaye
et al. 2010) or use advanced indicators of habitat suit-
ability (Pakkala et al. 2002).

In this study, we attempt to describe the habitat
selection of the Middle Spotted Woodpecker on the
home range scale in pre-breeding period, using a range
of environmental predictors based on a forest inven-
tory database. Specifically, we ask the following ques-
tions: 1) What are the habitat characteristics of nest-
ing areas with regard to stand attributes?; 2) Do Mid-
dle Spotted Woodpeckers select habitats with certain
physical atrributes related to the complexity of with-
in-stand age and vertical structure?

We use the total area of forest fulfilling specific
criteria, based on stand age and structure extracted

directly from a forest inventory database as model
predictors. Therefore we attempt to examine whether
this format of environmental data can provide reliable
results in predictive habitat modelling.

Materials and methods

Study area

The study area (7,370 ha) is located along the
Warta River Valley in central Wielkopolska (western
Poland, 52°05-52°11" N, 17°23-17°35’ E), covering the
western part of the ,,Middle Warta River Valley”, des-
ignated as an Important Bird Area (PL076) and NAT-
URA 2000 Special Protection Area (PLB 300002) (Wilk
et al. 2010). Approximately 56% (4,136 ha) of the study
area is covered by forests. The diversity of forest
types, age, species composition and spatial structure
results from the previous and current management
impact. Deciduous stands make approximately 46% of
all forests. Lower, temporarily flooded parts are dom-
inated by hardwood alluvial Quercus-Fraxinus-Ulmus
(Fraxino-Ulmetum) and ash-alder (Fraxino-Alnetum)
woodland, changing into oak-hornbeam and Quercus-
Carpinus (Stellario-Carpinetum) stands in the high-
er, drier parts. In total, wet and temporarily flooded
stands make up about 23% of all forests within study
area. Stands older than 120 years make about 10% of
total forest cover (cf. the average for Poland, 2.5%;
Anon. 2011), while stands between 81-120 years con-
stitute further 25%. The oldest stands (over 170 years),
rich in decaying snags, are protected inside the “Cze-
szewski Las” reserve (222.6 ha), as remnants of an
ancient European floodplain forest (Kosinski and Wi-
niecki 2004, Kosinski et al. 20006).

The occurrence of Middle Spotted Woodpeckers
was recorded during 2010-2011. In 2010, inventories were
conducted over the entire study area, in all types of
mixed and deciduous forest stands, including also not
obvious locations such as generally conifer-dominat-
ed stands with a substantial admixture of old decidu-
ous trees. Since this inventory confirmed the preference
of Middle Spotted Woodpeckers to deciduous stands
older than 60 years old (Pasinelli 2003, Kosinski 2006),
in 2011 only potential habitats were checked. In both
years two censuses were carried out, with 1-2 additional
visits to the most densely occupied area (“Czeszewski
Las” reserve — Kosinski and Winiecki 2004, Kosinski
et al. 2006) where a long-term monitoring scheme of
Middle Spotted Woodpeckers based on at least three
visits was established in 2000. The number of territo-
ries was estimated at 132 in 2010 and 128 in 2011. Since
the species distribution was almost the same during
both years, to avoid pseudoreplication (Hurlbert 1984),
only data from 2011 was included in further analysis.
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Woodpecker surveys were performed during the
pre-breeding period, from the second half of March until
the end of April (23 days, 147 hours in total in 2011).
The survey was based on the well described and rec-
ommended audio stimulation (playback) method, as a
way of overcoming difficulties in detection and map-
ping (Kosinski et al. 2004). To provoke responses of
territorial birds, taped calls (rattle- and advertising-
calls of males) were used. To reduce the probability
of some individuals being attracted away from their
territories through use of the playback technique, the
minimum distance between points of stimulation was
ca 150-200 m and maximum time of stimulation in one
bout was 30—40 seconds followed by 1-2 minutes of
listening. The second bout of playback was rarely
performed. Territorial pairs or individuals were mapped.
The woodpecker’s position, behaviour, type of call and
movements were recorded. Special attention was paid
to register simultaneously active birds (Tomiatoj¢
1980). In this way the number of birds holding territo-
ry on study area could be assessed. It was assumed
that a minimum of two registrations are required to
accept a territory (Kosinski et al. 2004). Considering
the experience from previous studies, we can assume
that up to 80% of all territories can be found during
one visit (Kosinski et al. 2004), and two visits allow
an experienced observer to find almost 100% of terri-
tories (Z. Kosinski, unpubl. data). All surveys were
performed in good weather conditions without rainfall
and strong wind. All locations with any signs of wood-
pecker presence (observed individuals, spontaneous
or stimulated vocal response) were GPS-marked and
located on forest maps. The approximate centre of each
territory was identified on the basis of all collected
observations for each individual/breeding pair. Previ-
ous studies show that the distribution of Middle Spot-
ted Woodpecker nest-sites corresponds with clusters
delineated in pre-breeding season (Kosinski and Win-
iecki 2003, Kosinski et al. 2004, Kosinski and Ksit 2006).

In order to test habitat preferences, we created
randomly 128 absence points, enforcing a minimum
distance of 388 m between them, equal to the average
distance of each territory location point (where wood-
peckers were actually detected) to three nearest neigh-
bours. For all natural and random locations we creat-
ed buffers with 152 m radius, corresponding to the
average required area of a breeding pair (7.2 ha) in
early spring (Pasinelli et al. 2001). Within each buffer
we calculated the share (%) of total forest area for
every variable described below.

Environmental predictors
We used the forest inventory database main-
tained by State Forests National Forest Holding, to

obtain habitat characteristics for locations occupied
by the Middle Spotted Woodpecker. It consists of
tabular data of various type combined with stand-level
numeric maps, fully compatible with GIS environment.
An individual stand is considered uniform, thus envi-
ronmental characteristics of the stand are applied to
its every fragment. In the field, stands might present
some level of inner heterogeneity; therefore forest
inventory data are an approximation. In our study the
area of stands ranged between 0.01 and 23.55 ha (mean
area: 2.84+0.07 ha). Stand characteristics used include:
forest type, stand age (the age of dominant species),
individual tree species in the canopy layer and their
share in the total stand area. The database was up-
dated in 2010, therefore environmental data can be
mostly assumed as compatible with the bird data ob-
tained in 2011.

We divided all stands into 4 age classes: AGE1
— 1-40 years (young and pole stands); AGE2 — 41-80
years (premature forests); AGE3 — 81-120 years (ma-
ture forests); AGE4 — over 120 years (cutting age and
general old-growth). For each stand, we extracted the
total number of tree species in the dominant+canopy
layer and classified them into 3 categories: NSPE1 —
1-3 species; NSPE2 — 4-6 species; NSPE3 — more than
6 species. We also added 2 more criteria to describe
the complexity of within-stand age and vertical struc-
ture: STR1 — uneven age structure: stands at least
80 years old with at least 30 years of difference in
the age of trees in the canopy layer; STR2 — stands
with very old veteran trees (at least 20 years over the
cutting age for particular species). We adopted the
last two criteria from the methodology of Biological-
ly Important Forest Mapping Project (BIFM), aimed
at identifying forests with well developed natural
characteristics (Kurlavicius et al. 2004, Stachura-Skier-
czynska et al. 2009).

We combined forest site categories from the in-
ventory database into 4 main classes: coniferous
(CON) - dry, fresh and wet coniferous stands (mainly
pine monocultures); mixed coniferous (CONM) - fresh
and wet conifer-dominated stands with the addition of
deciduous species (mainly pine with oak and some-
times spruce); deciduous (DEC) - fresh deciduous and
mixed stands (mainly oak-hornbeam forests); riparian
(RIP) - wet forest (mainly ash-elm riparian forests). For
each stand, we calculated proportional area covered
by 10 most abundant tree species: PIN — Scots pine
Pinus sylvestris, OAK — oak Quercus spp. (native
species only), BIR — birch Betula pendula, HB — horn-
beam Carpinus betulus, ASH — ash Fraxinus excel-
sior, ALD — black alder A/nus glutinosa, SPR — Nor-
way spruce Picea abies, LIM — lime Tilia spp, ELM —
elm Ulnus spp., MAP — maple Acer pseudoplatanus.
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Data analysis

In order to identify differences between environ-
mental characteristics of habitats of natural and ran-
dom locations, we used a constrained ordination meth-
od (Lep$ and Smilauer 2003). The longest gradient in
Detrended Canonical Correspondence Analysis (DCA)
was estimated at 3.0, making it possible to use Redun-
dancy Analysis, which is applicable for largest gradi-
ent values not exceeding 4.0 (Lep§ and Smilauer 2003).
The overall significance of the multivariate analysis
was tested with Monte Carlo permutation test (499
permutations). All analyses were performed in CANO-
CO 4.5. The importance of individual environmental
predictors was tested using a forward selection ap-
proach, with automatic selection. Random and natural
locations were also tested for differences in their en-
vironmental characteristics using a two-sample Mann-
Whitney U test (99% confidence interval) in SPSS 18.0.

Results

Natural and random locations differed significant-
ly in the majority of environmental predictors (Table 1).
Territories inhabited by Middle Spotted Woodpeckers
had significantly older stands (=81-year-old — AGE3 and
AGE4) and stands with a more complex structure (STR1,

STR2) and more than six tree species (NSPE3), and a
lower proportion of stands with 4—-6 tree species
(NSPE2). Coniferous stands (CON, CONM) were almost
absent in the Middle Spotted Woodpecker territories but
the share of riparian and other wet stands (RIP) were
higher at occupied sites. Similarly, the share of tree
species connected with fresh deciduous and mixed
stands (DEC) as well as riparian and other wet stands
(RIP) was higher in occupied than in randomly select-
ed stands. Oaks (OAK) dominated in occupied sites and
pines (PIN) prevailed in random locations.

Being aware of potential linkages existing between
environmental variables, we checked the Spearman’s
rank correlation coefficients between pairs. The strong-
est (positive) correlations were found between struc-
tural variables (STR1, STR2) and age-related (AGE3,
AGE4) meaning that older stands tend to have more
complex structure; nevertheless the correlation coef-
ficients did not exceed 0.516, indicating at least mod-
erate correlation. Relationship between predictors was
taken into account in the course of further analysis.

The Redundancy Analysis effectively distin-
guished between natural and random locations, with
just five environmental variables explaining 89% of
total variance in the dataset. In the final model OAK,
PIN, ELM, STR1 and RIP were included as significant

Present Absent Table 1. Comparison of environmental predictors

Predictor Mean SE Mean SE Pvalue between territories (N=128) and random it would

Uneven age structure 496 318 121 214 -9251 <0.001 (N=128) locations of Middle Spotted Woodpeck-

er (Mann-Whitney U, p<0.001). Significant val-

Presence of veterantrees 446 348 132 234 -7262 <0.001 ues are marked in bold

g Age 1-40 years 9.5 140 230 263 -4116 <0.001
g Age 41-80 years 187 241 366 312 -4840 <0.001
g Age 81-120 years 243 285 166 242 -2413 0.016
§ Age > 120 years 334 336 21 87 -9088 <0.001
2’ 1-3 species in the canopy 143 229 138 212 -0.836 0.403
4-6 species inthe canopy 246 254 402 314 -3.88 <0.001
> 7 speciesinthecanopy 471 315 244 311 -5839 <0.001
g Coniferous 0.0 0.0 1.3 82 -2474 0.013
E‘ Mixed coniferous 0.5 25 284 348 -8577 <0.001
é Deciduous 394 425 439 401 -1.847 0.065
w Riparian 46.1 368 58 173 -9.301 <0.001
Pine 10.6 147 536 31.7 -10.101 <0.001
Oak 484 206 134 137 -11.606 <0.001
$ | Birch 3.8 6.9 7.5 83 -6.380 <0.001
8| Hombeam 137 167 37 77 7003  <0.001
é Ash 121 16.0 27 86 -8433 <0.001
%’ Alder 4.6 10.7 44 9.1 -0.271 0.787
% Spruce 17 31 34 50 -379% <0.001
% | Lime 63 95 17 43 -7585 <0.001
Elm 25 2.8 0.3 08 -8.245 <0.001
Maple 04 1.4 1.0 26 -1.697 0.090
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variables (Monte Carlo permutation test, p < 0.05)
(Table 2, Figure 1).

Table 2. Monte Carlo tests for the significance of environ-
mental predictors in explaining variation among natural and
random locations of Middle Spotted Woodpecker. Permuta-
tions were run using the automatic forward selection of in-
dividual variables (OAK — oak Quercus spp.; PIN — Scots
pine Pinus sylvestris; ELM — elm Ulnus spp.; STR1 — stands
at least 80 years old with at least 30 years of difference in
the age of trees in the canopy layer; RIP — riparian forest)

Predictor % variation F p
OAK 62.5 110.2 0.002
PIN 16.7 30.0 0.002
ELM 6.3 13.2 0.002
STR1 2.1 6.3 0.008
RIP 2.1 4.5 0.018
8 o el
4
o} o

-1.0 1.0

Figure 1. Scatter plot of occupied (diamonds) and random
locations (circles) along gradients of environmental variables

Discussion and conclusions

Our results, based on forest inventory data, con-
firm the general patterns of habitat selection by Mid-
dle Spotted Woodpeckers (Pasinelli 2003): a preference
for stands with a high share of oak, significantly dif-
ferent from pine-dominated forests common in the
study area. However, to our knowledge, this study is
the first one, which demonstrates an important role of
mature unevenly structured stands, with trees of dif-
ferent ages present in the canopy layer on the home
range scale. Moreover, our study indicates that ripar-
ian woodland, and stands dominated by elms were also
selected.

The presence of oak was the most important fac-
tor determining the habitat selection. This result is in

line with previous studies demonstrating that oak-
dominated stands are crucial for the Middle Spotted
Woodpecker all through the year on various spatial
scales (Miiller 1982, Pasinelli 2000, Kosinski and Win-
iecki 2005, Kosinski 2006, Miiller et al. 2008, Delahaye
et al. 2010). The availability of old oaks with fissured
bark rich in arthropods creates an important foraging
substrate for the Middle Spotted Woodpecker (Nico-
lai 1986, Torok 1990, Pasinelli and Hegelbach 1997,
Winter et al. 2005). Recent studies, involving radio-
tracking of twenty Middle Spotted Woodpeckers in the
»Czeszewski Las” reserve, have revealed that during
the nestling period adult birds most frequently use oaks
for food collecting (66% of all observations; Lenio-
wski 2012). During earlier studies we have found that
old oaks are also preferred for hole excavation both
in near-natural riverine forests and in managed stands
(Kosinski and Winiecki 2004, Kosinski et al. 2006). The
density of Middle Spotted Woodpeckers was positive-
ly correlated with the percentage of the oldest decid-
uous stands, mainly oak-dominated, also on the mac-
rohabitat scale (Kosinski and Winiecki 2005).

The second most important predictor of the pres-
ence of the Middle Spotted Woodpecker was the share
of elm, which is probably the consequence of the fact
that ash-elm riparian stands with a substantial share
of oak cover the oldest and the most natural part of
the study area, making it particularly attractive for
woodpeckers (Kosinski and Winiecki 2004, Kosinski
et al. 2006). Moreover, the share of elm was signifi-
cantly correlated with the presence of riparian stands
(although the correlation was weak, r < 0.30); there-
fore its influence might be interpreted as a surrogate
of the presence of floodplain forests. Floodplain oak-
elm forests were also identified as the preferred hab-
itat of the Middle Spotted Woodpecker in the Rhine
Valley (Spitznagel 1990). However, this study was sim-
ply based on comparison between numbers of records
of woodpeckers in different forest types vs. their to-
tal area (Spitznagel 1990).

The woodpecker’s inhabitation preference for the
mature unevenly structured stands with trees of dif-
ferent ages present in canopy layer corresponds to
earlier findings that it prefers forests characterized by
a higher tree species and vertical diversity of forest
stand (Spitznagel 1990, Kosinski and Winiecki 2004,
Delahaye et al. 2010). It should be noted that in our
study the STR1 variable only included unevenly struc-
tured stands that were also at least 80 years old; thus
our results complement those from previous studies
where preferences towards mature forests (at least 80
years old) were recorded (Kosinski and Winiecki 2005).
Unevenly structured stands with rough-barked tree
species other than oaks present, e.g. ash, elm and al-
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der, may offer additional feeding opportunities for
Middle Spotted Woodpeckers (Pavlik 1994, Delahaye
et al. 2010); however, other studies do not confirm this
hypothesis (Pasinelli 2003). It is worth noting that food
limitation seems to be one of the most important agents
affecting breeding density of birds (Newton 1994). The
presence of unevenly structured deciduous stands may
increase winter survival rates of Middle Spotted
Woodpeckers and stabilize their population size (Z.
Kosinski unpubl. data). It is also noticeable that the
woodpecker nesting sites often had a very rich tree
species composition (NSPE3), although this variable
did not appear in the reduced habitat model. Tree
species diversity, along with the uneven vertical stand
structure, often indicates high degree of forest natu-
ralness (Bobiec 1998, Hanski 2005, Bartha et al. 2006,
Clark and Covey 2012). It can be concluded that oc-
currence of Middle Spotted Woodpeckers might be
related to some extent with the naturalness of forest,
as was earlier reported by Roberge et al. (2008).

Considering the fact that Middle Spotted Wood-
pecker is usually described as a deciduous forest spe-
cialist, it is interesting to note that its territories did
not differ from random sites by the share of fresh
deciduous forest (DEC), while riparian and wet types
(RIP), dominated by ash-elm communities but also with
a high share of oak, were preferred as the primary
nesting habitat. It should be noted, however, that the
forest type, as described in forest inventory database,
is not always in accordance with the actual species
composition, since it mostly reflects soil conditions
and primary vegetation type. For example, many sites
primarily covered by deciduous oak-hornbeam commu-
nities (DEC), have been transformed into artificially
planted pine stands due to improper management de-
cisions made in the past. In our study area, approxi-
mately 440 stands (1,424 ha) described as deciduous
or deciduous-mixed forest type, had pine as dominant
tree species. Therefore, since woodpeckers definitely
avoid forests with high share of pine, mainly due to
the food scarcity (Lohmus et al. 2010), such stands,
described in the database as deciduous “by type”
(DEC), but pine-dominated, also would not be pre-
ferred. Such misclassifications do not occur in case
of riparian habitats due to their specific and unique
water conditions. Therefore while using forestry da-
tabase, one should refer to the actual species compo-
sition. It is worth noting that the percentage of conif-
erous stands was the single most important factor
decreasing the crude density of the Middle Spotted
Woodpecker in macrohabitat scale (Kosinski and Win-
iecki 2005).

To our knowledge, this study is the first one, which
uses the data expressed as the total area of forest ful-

filling specific criteria and extracted directly from a for-
est inventory database to study Middle Spotted Wood-
pecker’s habitat selection. The inventory database had
been designed primarily for commercial purposes; as
such, it does not provide detailed information, such as
the quantity and quality of decaying wood, which is
essential for many studies concerning forest specialist
species. However, it contains detailed information about
age, stand structure and composition fully compatible
with accurate digital maps. Moreover, some additional
characteristics describing complexity of within-stand
age and vertical structure can be simply obtained di-
rectly from basic data (Kurlavicius et al. 2004, Stachu-
ra-Skierczynska et al. 2009). The characteristics of in-
dividual stand are an approximation, and stand might
present some level of inner heterogeneity. This nonu-
niformity, however, can be accepted for the purpose of
habitat modelling in spatial scales larger than microhab-
itat level. It should be stressed that State Forests Na-
tional Forest Holding established standard methods for
sampling forest stands. In consequence data obtained
in different sites are fully comparable. Therefore, for-
est inventory database can still serve as a useful source
of ecologically-oriented habitat characteristics for hab-
itat modelling of specialized and more demanding for-
est dwelling species.
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DOAKTOPBI, BJIUAKOIMUE HA OBUTAHUE CPE/JHUX JAATJOB, COIJTIACHO JAHHBIM

O JIECHBIX PECYPCAX

JI. Baapuak, 3. Kocunbcku u K. Craxypa-CkepunHbCKA

Pesiome

[Ipenmer uccnenoBanus - BEIOOP THE3OBAHHS CPEAHUM IECTPBIM JISTIOM Ha YPOBHE OPUEHTHPOBOYHO OTIPEIEIICHHOTO
apeana Buaa. B miccieioBaHNM OBLT UCTIONB30BAH PSiJI AKOJOTHYECKUX (PaKTOPOB, OMPENEIICHHBIX Ha OCHOBAHUH 0a3bl TaHHBIX
0 JecHbIX pecypcax. Llenb uccnemoBanus - OLEHKA IPUTOAHOCTH KOJIWYECTBEHHBIX JaHHBIX 00 yMOMSHYTHIX (hakTopax mpu
MOJICTTUPOBAHUU OOUTAHUS BUIOB, MPOBOJIUMOTO C IIENBI0 X OXpaHbl U KOHTpous. McciaenoBano 128 myHKTOB, 3aceleHHBIX
JIATIAMU B TIEPUOJ JI0 BBICAJIKH SHII U TAKOE JK€ KOJTHYECTBO CIyYaifHO BHIOPAHHBIX MTYHKTOB 0€3 MTHII, C IIEIBI0 OMTUCAHUS UX
MPEANOYTeHUH TIpU THe310BaHuU. Kakioe mpupoHOe U CIydaifHOe MecTO OBIIIO OMMCAHO C TOYKU 3PCHHUS XapaKTEPUCTHKH
cpensl, BKIIIOYAs CICIYIONINE 3JIEMEHTHI: THI Jieca, BO3PACT JIPEBOCTOS, JAOJS OTACIBHBIX BUAOB JEPEBHEB B JPEBECHOM
SIpyce U CI0XKHOCTh CTPYKTYPBI APEBOCTOS. AHAIN3 PEAyAaHTHOCTH IOKa3all CYIIeCTBEHHYIO Pa3HUILy MEXIy 3aCeICHHBIMH
1 CIy4YaliHBIMH MECTaMH TIPH MCIIOIBb30BAaHUU BCETO MATH MEPEMCHHBIX, 00BACHIIONIMU 89% 00IIIei qrcrepCHy B MaCCCHUBE
JaHHBIX. Jlons my0a sBUIaCh BaXKHEHITUM MPOTHO3HBIM (DAKTOPOM MPHUCYTCTBHS CPEIHETO IATNA. TeppuTopun, 3aHUMaeMbIe
NTUIAMH, XapaKTepU3YITCS HAIWYUEM 3PEJOro JAPEBOCTOS C HEPaBHOMEPHOW CTPYKTYpOH W NEPEBBIMHU Pa3IUIHOTO
BO3pacTa B JIpeBecHOM spyce. KpoMe Toro, mpeamoyTeHne OTAABAIOCH TaKKe MPUOPEKHBIM JiecaM U JIPEBOCTOIO C
JIOMUHHMPOBAHUEM BsA3a. DTU PE3yJIbTaThl MIOATBEPIKIAIOT OOIUI CTEPEOTHIT BEIOOpA MecTa THE3I0BAHUS CPEAHUMHE JATIaMH.
Pe3yapTaThl MPOBENCHHBIX MCCIACMIOBAHUM MOKA3bIBAIOT, YTO 0a3bl JAHHBIX, MpPEAHA3HAYCHHBIC IS YIIPaBICHUS
BOCIIPOU3BOJICTBOM JIeCa, MOTYT CIY)KUTh MOJIC3HBIM UCTOYHUKOM 3KOJOTUYCCKON XapaKTEPUCTHKUA OOUTAHUS MPH CO3aHUU
MECT JJIsl THE3IOBaHUsI OTJCIBHBIX M PEIKUX BHJIOB JIECHBIX TTHIL.

KiroueBble cjioBa: BEIOOp MecTa THE310BaHUS, JIECHOE XO35MCTBO, TOKOBAaHHE, CPEAHUMN NECTPHINA sATEN
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