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Abstract / Anoramis

ITpupopHi reoekocrucTeMy IpoaHaIi3oBaHi 3a o-
[IOMOTOI0 CepeHbOMACIITAOHOTO (1:250000) ud-
POBOTO reonpoOCTOPOBOrO UIAPY, CTBOPEHOIO Y Ce-
penoBuii reorpadivnoi iHdpopmaniitHol cucTeMu
Ha mifcTaBi TonorpadivHol Ta TEMATUYHNX KapT,
JiTepaTypHUX IKepeI Ta clleljia/IbHMX OJIbOBUX
obcTexxenb. TeoekocucreMn Bifo6paxkaioTb B3a-
€MO3B’ 13KV MXK petbe(hOM, I PYHTOY TBOPIOIOIVMMU
BifkIagamy, 6i0K/1iMaTOM, IPYHTOM Ta IIOTEHIIl-
HOI0 NPUPOJHOI pOCIMHHIcTIO. baceitn Bepx-
Hboro JIHicTpa oxonme 42 TUIY Te0eKOCUCTEM,
sIKi GOPMYIOTBH I’ AT MaKpOeKOperioHis. 3axifHe
[oginnsa (5646 kM*) € TOpOUCTOIO Ta XBUJIACTOIO
JIECOBOIO BYICOYMHOIO 3 IIepEeBaKHO CipMMM J1ico-
BJMU I'PYHTaMM, B MeXaX IKOI BUJIi/IA€MO JIBa BU-
coTHi 6iokmimaTuyni nosacu. Hukaii mosc (~195-
325M H.p.M.) popmyIoTh rpaboBo-7y60Bi, a Bep-
XHill nosic (~325-471m) - rpaboBo-6yKoBi micu.
Posrouus (334 kmM”) - 1e ropbucTa J1ecoBa BUCO-
4YMHA, PO3JiJieHa DPEMiKTOBUMMM Mil[aHUCTUMMU
¢drroBiorsIianbHUMY JONMMHAMU. [HTepBamyu Bu-
cort (~275-397 M), a 0T>Ke J1 6i0K/IiMaTUYHI XapaK-
TEPUCTYUKY, € OIM3bKUMU [0 IOIEPESHbOrO pe-
riony. OfHaK MilAHNUCTI [I/ITHKY 32/ HATi COCHOBO-
AyOOBMMU Ta COCHOBO-OYKOBMMY JTicaMyl Ha Jie-
pHOBO-cnabomigzomuctux rpyurax. CsH-IIHic-

Introduction

Comprehensive and coherent information on land
resources serves as a basis for sustainable physi-
cal planning (e.g. MCHARG 1969; STEINER 1991).
A significant part of this information can be effi-
ciently represented as a single geo-dataset of natu-
ral landscape units (natural geoecosystems - 1.K.)

tepcoke Ilepenkapmarts (1261 km”) sBise co60m0
XBUJIACTY JIECOBY PiBHUHY 31 IIMPOKUMU PEIiK-
TOBUMM (IIOBIOIIALIaIBHUMY JOMUHAMU. A6-
COJIIOTHI BUCOT KOJIMBAKOTBCA y MeXax 245-341 m.
Cepep IpupOAHOL POCIMHHOCTI IOMiHYIOTb Ipa-
60BO-1y0OBi ymicu Ha cipux IiCOBMX IPYHTax Ta
COCHOBO-AY0OBI /1icu Ha lepHOBO-C/1abOMiA30MMC-
TUX NillaHUCTUX I'pyHTax. [IHicTep-IIpyTchke Ile-
penxapmarTs (7321 KM”) € 9epryBaHHAM XBUJISC-
TUX JaBHbOATIOBiaIbBHUX BUCOYMH Ta IIMPOKUX
CY4acHUX piuyKoBUX HOAMH. Tpu BucoTHi 6ioki-
MaTM4Hi I0sICHU IpefcTaB/eHi rpaboBo-ay0oBUMI
(~200-350 m), ssmuueBo-gy60BuMM (~350-500 M)
Ta sneBo-6ykoBuMu (~500-870 M) micamu Ha
IIOBEPXHEBOOITICEHNX [€PHOBO-MIA30/IUCTHX, OY-
PO3eMHO-III30/IMCTUX Ta TipCbKMUX /TicoBUX Oy-
poseMHux rpyHrax. Cxigni 3oBHimHi Kapnatn
(6933 kM”) € HUSBKMMY Ta CepenHiMu GioBUMI
ropamu. IT'sth 6iokniMaTnaHux nosicis cpopmo-
BaHi simnieBo-OykoBumn (~330-650M), cMmepe-
K0BO-6ykoBuMM (~650-950 M), 6YKOBO-CMeEpeKO-
BuMu (~950-1200M) Ta KeApO-BOCOCHOBO-CMe-
pexoBuMnu (~1200-1500 m) micamm Ha TipCbKUX
nicoBux 6yposemax, a TaKOX CybanbIilicCbKuM
yarapHuKamu ta aykamu (~1500-1818 m) Ha ripch-
KX KaM SIHUCTUX JIy9HUX OyposeMax.

and be used for the design of landscape visions as
an important step in physical planning processes
(BasTIAN 2000).

Much has been published in Ukrainian and
Russian about the nature of the Upper Dnister Ba-
sin - landforms, geology, climate, hydrology, soils,



vegetation, fauna, and natural landscapes (e.g.
HERENCHUK 1968, 1972, 1973, 1979; HOFSTEIN
1962,1979,1995; HOLUBETS et al. 1988; KRAVCHUK
1999, 2000; SHABLIY et al. 1989, 1990). However,
the information is often not harmonised and pre-
sented in a not spatial or loosely-spatial (in a form
of fine-scale schematic maps) manner, and, thus,
is hardly suitable for practical use. There are also
medium-scale (1:200,000) digital topographic
maps (ANONYMOUS 1997) as well as paper maps

Methods

Theoretical background

There are several apparently independent and,
therefore, somewhat different definitions of a geo-
ecosystem (BACHINSKIY 1989; HUGGETT 1995;
LESER 1991; ROWE & BARNES 1994). However, all
definitions recognise geoecosystems as models
of real landscapes, constructed using geospatial
and ecological approaches in the broad sense - as
a study of structure and functioning of nature
(Opum 1959). Unlike (bio)ecosystems as objects
of synecology which are essentially biocentric
entities, geoecosystems are studied as complex
geographical formations from a more holistic
(HUGGETT 1995; ROWE & BARNES 1994), or even
abiotic (LESER 1991) perspective. Socio-economic
aspects may also be integrated into geoecosystem
studies (BACHINSKIY 1989). The science of geoec-
osystems is called geoecology (BACHINSKIY 1989;
HuGGETT 1995; LESER 1991).

Developing the current definitions, a geoeco-
system is interpreted as a geospatial model of ge-
netic and/or functional interrelations between se-
lected properties of a real landscape (KrRuHLOV
2005a). The landscape properties are referred to
as geocomponents. A natural geoecosystem rep-
resents geospatial relations only between the se-
lected properties of the potential (primary) natu-
ral landscape - i.e. the landscape that could have
evolved if no major disturbances, including hu-
man impact, had taken place. Hence, natural ge-
oecosystems are ideal constructions representing

on the Quaternary deposits (CHALYT 1993) and
the soils (KrRuPskYI 1967), which are not publicly
available.

The description of the Upper Dnister Basin nat-
ural geoecosystems presented here is based on a
respective medium-scale (1:250,000) digital geo-
dataset produced in the geographical information
system (GIS) environment using the above-men-
tioned material as well as field observation data.

spontaneous equilibrium between natural geo-
components, some of which (e.g. natural vegeta-
tion) do not exist in a real cultural landscape. This
concept is close to the idea of a natural terrain
complex (e.g. ISACHENKO 1965), or of a natural
area (“Naturraum”) (e.g. HAASE et al. 1991), and,
despite certain abstraction, is of high practical
significance, because it offers a reference to envi-
ronmental assessment, nature conservation, and
sustainable planning of land resources.

This study focusses on genetic relationships
between some principal natural geocomponents:
landforms, surficial rocks, topobioclimate, soils,
and potential natural vegetation (PNV) - the veg-
etation that possibly can develop under the given
edaphic and climatic conditions without human
impact (TOXEN 1956). The spatial structure of
such natural geoecosystems is reduced to the geo-
morphic component and, thus, they can be more
accurately named as natural morphogenic geoe-
cosystems (KRUHLOV 2005a). SOLNTSEV’s (1960)
idea about the inequality of natural landscape
factors is used to model interrelations between
the geocomponents. It is assumed that lithogenic
components (landforms and parent rock) deter-
mine hydroclimatic components (topoclimate)
and, together with the latter, control both charac-
ter and spatial pattern of the biotic components
(soil cover and PNV) (Fig. 1).

Transformation processes in the Western Ukraine — Concepts for a sustainable land use



The natural morphogenic geoecosystems of the
Upper Dnister Basin are considered at two geo-
spatial levels:

1. As relatively large and heterogeneous, in an eco-
logical sense individual regions (ecoregions)
formed mainly by neotectonics, which, never-
theless, reveal certain uniform spatial patterns of
structure and processes;

2. Asrelatively small and homogeneous typological
units, whose borders are predominantly shaped by
exogenous geomorphic processes. In this study,
the map of ecoregions provides a general frame
for the description of the lower-rank typologi-
cal units.

Materials and "l;echniques

To prepare a 1: 250,000 map of the Upper Dnister
Basin natural morphogenic geoecosystems, the
following data sources were used:

1. 1:200,000 digital topographic map (ANONYMOUS
1997);

2. 1:200,000 paper map of the Quaternary (CHALYI
1993);

3. 1:200,000 paper soil map (Krupsky1 1967);

4. Landsat ETM+ satellite scene of May 2000;

5. Numerous published texts and maps on geol-
ogy, geomorphology, climate, hydrology, soils,
vegetation, and natural landscapes of the Upper
Dnister Basin (mentioned in the text);

6. Field observations on the dependencies between
landforms, soils, vegetation, and cultural elements
were made according to the modified methodo-
logy of HERENCHUK et al. (1975); MILLER (1974)
on 204 sites in different parts of the Upper Dnis-
ter Basin during warm periods between spring
and autumn in 2002 and 2003.

The map was compiled in a GIS via geoecological
modelling. The essence of the geoecological mod-
elling was to make a geospatial interpretation of
the non-spatial, or loosely-spatial, knowledge
on relationships between PNV, soil, and climate
(published in the regional literature) using prop-
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Fig.1: Connections between components of a natural mor-
phogenic geoecosystem

erly georeferenced data on topography and surfi-
cial rocks. ArcGIS and Erdas Imagine software
was used for the digital processing, all geospatial
data were referenced (WGS 84, UTM). The mod-
elling consisted of the three main components
(KruHLOV 2004, 2005b):

1. Delimitation of lithomorphic units based on to-
pography (landforms) and surficial geological
deposits (soil parent rock);

2. Bioclimatic characterisation of the landforms;

3. Determination of the biotic components (soil and
PNV) for the landforms based on relationships
between the parent rock and the bioclimate.

The borders of the macroecoregions and of the
smaller regions with the uniform spatial distribu-
tion of landforms and surficial geological deposits
were delineated and automated into the GIS. The
borders of smaller landforms for relatively dis-
sected interfluves were generated in the GIS en-
vironment via processing of the digital elevation
model (DEM). This resulted in the geo-dataset
of lithomorphic units which reveal information
about landforms, geomorphic processes and the
surficial deposits.

The topobioclimatic modelling included strati-
fication of the DEM into altitudinal bioclimatic
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zones using data on average elevation spans of
natural vegetation belts (HOLUBETS & MILKINA
1988; KIREEV 1977; SHELIAG-SOSONKO 1985).
Bioclimatic zones were characterised by annual
precipitation (mm) and active air temperature
(above 10°C; ANDRIANOV 1968, 1979). Then the
average bioclimatic characteristics were calcu-
lated for each lithomorphic unit using a GIS zonal
function. Narrow valleys and valley bottoms were
excluded from the altitudinal topoclimatic char-
acterisation owing to specific conditions caused
by higher humidity and temperature inversions
(@2 Topoclimate of the Upper Dnister Basin: Con-
sequences for Crop Cultivation).

The determination of the natural soils and PNV
was based on the knowledge about their ecologi-
cal relationships with the parent rock and topo-
bioclimate, obtained from the literature, the soil

Regional descriptions

Considering the existing geomorphological and
landscape regionalisations (HERENCHUK 1972,
1973, 1979; KravcHUK 2000; MUKHA 2003; SHA-
BLIY et al. 1989, 1990), five natural macroecore-

map, and the field studies. The soils were given
Ukrainian (VERNANDER & TUTUNNYK 1986) and
international (ISSS-ISRIC-FAO 1998) names. In-
formation about soils afforded estimation of the
nutrient and moisture status (edaphic conditions).
The PNV was estimated at the level of the sub-for-
mation (HOLUBETS & MALINOVSKIY 1967). The
non-spatial ecological models were coupled with
the geo-dataset of the lithomorphic-bioclimatic
units. Field observations from 97 sites carried out
in 2002-2003 were used to verify the results of the
geospatial modelling. The verification witnessed
the maximum confidence of 83 % for the parent
rock estimations and the minimum confidence of
79 % for the PNV estimations. Taking into consid-
eration the map generalisation peculiarities, the
overall confidence can be estimated even as some-

what higher.

gions (Tab.1 and 2) - divided into smaller indi-
vidual units (mesoecoregions; Tab. 3) - can be de-
lineated within the Upper Dnister Basin (Fig. 2
and 3; @IV (2) Fig. 1).

A. Western Podillia: hilly and wavy loess up-
land with natural forests (beech, oak-hornbeam);
A1. High Opillia; A2. Low Opillia; A3. Koropets-
Seret Interfluve; A4. Pokuttia

B. Roztochia: hilly loess upland with sandy relict
fluvioglacial valleys covered with forests (beech,
pine-oak); B1. Southern Roztochia

C. San-Dnister Precarpathians (Peredkarpat-
tia): wavy loess plains with vast flat relict fluvio-
glacial valleys once with oak forests; C1. Vyshnya-
Dnister Interfluve

D. Dnister-Prut Precarpathians (Peredkarpat-
tia): sequence of wavy old-alluvium uplands sep-
arated by vast alluvial valleys once with oak and
oak-fir forests; D1. Upper Dnister Precarpathians;
D2. Stryi Precarpathians; D3. Bystrytsyia-Prut
Precarpathians

E. Eastern External Carpathians (Karpaty): low
and middle flysch mountains with beech, fir, and
spruce forests; E1. Dnister Beskydy; E2. Skole
Beskydy; E3. Marginal Gorgany; E4. Gorgany;
E5. Verkhovyna.

Fig.2: Ecoregions of the Upper Dnister Basin
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Tab.1: Some morphometric characteristics of the Upper Dnister Basin macroecoregions

elevatiox)\
region}\ areaA[kmz]

mean maximum
Western Podillia 5,646 325m Kamula - 471 m
Roztochia 334 326m Bulava - 397 m
San-Dnister Precarpathians 1,261 283m 341 m
Dnister-Prut Precarpathians 7,321 319m Kleva - 870 m
Eastern External Carpathians 6,933 761 m Syvulya - 1,818 m
Whole Upper Dnister Basin 21,493 461 m 1,818 m

Tab.2: Bioclimatic altitudinal belts of the Upper Dnister Basin macroecoregions

L. X annualsum of
shorg\de&gnatlons e,{evatlon

of bioclimatic belts [ma.s.L]
active T [°C] precipitation [mm]

Western Podillia, Roztochia and San-Dnister Precarpathians
Warm I 195-325 2,400-2,600 600-700

Warm IT 325-471 2,300-2,500 650-800

Dnister-Prut Precarpathians

Warm III 200-350 2,300-2,600 600-800
Moderately Warm 350-500 2,100-2,400 700-900
Moderately Cool 500-870 1,700-2,200 800-1,000

Eastern External Carpathians

Moderately Cool 330-650 1,700-2,200 800-1,000
Cool 650-950 1,400-1,900 900-1,100
Very Cool 950-1,200 1,000-1,500 1,000-1,200
Moderately Cold 1,200-1,500 600-1,100 1,100-1,300
Cold 1,500-1,818 <700 1,200-1,400

mean,
. slope
minimum
195m 3.3°
275m 2.0°
245m 0.8°
200m 1.3°
330m 10.4°
195m 4.7°
dominating\p otential
natural vegetation

Carpineto-Querceta

Carpineto-Fageta

Carpineto-Querceta
Abieto-Querceta

Abieto-Fageta

Abieto-Fageta
Piceeto-Fageta
Fageto-Piceeta
Pineto cembrae-Piceeta

Piceeto-Pineta mugo
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Ecoregions Western Podillia, Roztochia and

San-Dnister Precarpathians

Although Western Podillia, Roztochia, and San-
Dnister Precarpathians are different macroecore-
gions, they share common types of geoecosys-
tems of interfluve surfaces and slopes covered
with loess-like loam (Types 3-6). The climate be-
comes somewhat drier from the north-west to the
south-east of the region. Two altitudinal biocli-
matic zones (warm I and warm II) are delineated
for the uplands of the Western Podillia and Roz-
tochia.

Type 6a geoecosystems occupy the largest
area within the elevation span of 195-330m a.s.1.,
which corresponds to the warm I bioclimatic al-
titudinal zone of the Upper Dnister Basin. Loess-
like deluvial loam of several metres thickness
covers lower-grade areas, while steeper sections
are characterised by relatively thin layers of elu-
vial-deluvial debris loam. Surficial deposits over-
lay clay, sand, sandstone, limestone, or marlstone
strata. Under recent humid climate, the slopes ex-
perience deluvial wasting and gully erosion. The
steeper sections may also be influenced by soil
creep and occasional landsliding. Covered karst
may develop in the areas of gypsum and anhy-
drite occurrence on the Podillia and Pokuttia.
Somewhat exceeding, in comparison with evapo-
ration, the amount of precipitation (ANDRIANOV
1979) and good heat provisions caused the de-
velopment of well-drained, slightly acidic pod-
zolised grey and almost neutral dark-grey forest
soils (®IV (2) Tab.1). The tree layer is formed
mainly by Quercus robur and Carpinus betulus
but also contain Fagus sylvatica, Acer pseudoplat-
anus, A. platanoides, Tilia cordata, T. grandifolia,
Betula verrucosa. The shrub layer is formed by
Corylus avellana and Lonicera xylosteum, while
Galeobdolon luteum, Asarum europeum, Carex
pilosa, Aegopodium podagraria and Athyrium fi-
lix-femina (BEREZHNYI 1979; SHELIAG-SOSONKO
1977a) are prevailing amongst the herbs.

Type 6b is widely spread at the Western Podil-
lia and Roztochia. It corresponds basically with
Type 6a, except the less developed loess cover. The

higher elevation causes a somewhat higher amount
of precipitation and lower heat supply which in-
fluence the biotic components. The soil is slightly
more acidic and podzolised, in comparison with
Type 6a. The rather humid topoclimate, in com-
bination with a good drainage, increases compet-
itiveness of E sylvatica, which replaces Q.robur
and becomes the main forest tree species, often as
Carpineto-Fageta stands. Pure E sylvatica stands
also occur quite frequently, as well as Fagus-Carpi-
nus-Quercus forests. A. pseudoplatanus, A. plata-
noides, Tilia sp., Sorbus aucuparia, B.verrucosa,
Fraxinus excelsior can be found in the Fageta for-
ests, too. Abies alba and P. abies may accompany
E sylvatica in Roztochia, where precipitation is
somewhat higher than on the Western Podillia.
The herb layer, which may be rather sparse be-
cause of a dense shady canopy, is represented by
Asperula odorata, Carex pilosa and Aegopodium
podagraria. A shrub layer of e.g. Corylus avellana,
Swida sanguinea, Euonymus verrucosa, Daphne
mezereum may be formed under less dense tree
canopy (BEREZHNYI 1979; BEREZHNYI & SHY-
SHOVA 1972; SHELIAG-SOSONKO 1977a).

Steep slopes of Types 6a and 6b geoecosystems
often have shallow calcareous soddy soil devel-
oped on the eluvium of limestone and marlstone.
These habitats of southern aspect may be occu-
pied by patches of relict steppe vegetation with
predominance of Festuca sulcata and Carex hu-
milis. In addition, there may be stands of Quercus
petraea on steep slopes with a shallow stony soil
(BEREZHNYI 1979; SHELIAG-SOSONKO 1977a).

Type 5a is associated respectively with flat and
slightly convex (0-3°) watershed surfaces and
gentle (3-6°) slopes. The thickness of the loess-
like eolian-deluvial loam varies from 2 to 6 m and
more (BOHUTSKYI1979; BOHUTSKYI & DEMEDUK
1972). Geomorphic processes at the watershed sur-
faces are not explicit, except for occasional sur-
face subsidence in a form of wet micro-depres-
sions caused by loess suffusion and covered gyp-
sum karst. The gentle slopes are characterised by

Transformation processes in the Western Ukraine — Concepts for a sustainable land use



deluvial wasting and gully erosion. The drainage
of the soil is bad, owing to the insignificant sur-
face gradient. A fragmentary ground water table
may be within several meters from the surface
in the places, where surficial loam is bedded on
clay. Therefore, the soil may be gleyic in the lower
part of the profile. The soil has a well-developed
silt-loam humus horizon, slightly acidic reaction,
and slightly pronounced podzolic differentiation
of the profile. It is the most productive soil in the
Upper Dnister Basin region. The natural vegeta-
tion is the Q. robur forest with a significant partici-
pation of C. betulus at drier locations (BEREZHNYI
& SHYSHOVA 1972; SHELIAG-SOSONKO 1977a).

Type 5b has similar geomorphic conditions
as Type 5a, but differs in its cooler and moister
topoclimate owing to higher altitudinal location
(330-471m a.s.l.). Therefore, the soil is somewhat
more acidic and podzolised. Dark-grey forest soil,
sometimes together with podzolised chernozem,
dominates in the eastern part of the Upper Dnis-
ter Basin (Ternopil Plateau), where precipitation
is lower. Here, hydric habitat conditions prevent
extensive expansion of E sylvatica and the dom-
inant natural vegetation is Carpineto-Querceta
(SHELIAG-SOSONKO 1985). In the northern part of
the Upper Dnister Basin (in Roztochia and Upper
Opillia) with the higher amount of precipitation
and better drainage, owing to erosional dissection,
natural geoecosystems of this type are character-
ised by Carpineto-Fageta forests.

Type 3 occurs on the Vereshchytsia-Stavchanka
interfluve within the San-Dnister Precarpathians.
The geoecosystems have similar geomorphic and
topoclimatic characteristics as of Type 5a. How-
ever, the soil parent material has a coarser texture.
This is loess-like sandy loam bedded on fluviogla-
cial clay and sand. The coarser texture caused
more acidic soils with pronounced podzolic dif-
ferentiation of the solum and respectively less hu-
mus accumulation. The insignificant surface gra-
dient and availability of clayey underlying depos-
its do not provide enough drainage. Thus, the soil
is gley, slightly podzolic soddy loamy sand as well
as light-grey and grey forest loam. The local hab-
itats support Querceta and Carpineto-Querceta
natural forests with predominance of Aegopo-

11

dium podagraria, Asperula odorata, Carex brizo-
ides, C. pilosa, and Oxalis acetosella in the herb
layer (BEREZHNYI & SHYSHOVA 1972; SHELIAG-
SosSONKO 1977a).

Type 4 is also located within the Vereshchyt-
sia-Stavchanka interfluve, it has the same surfi-
cial deposits as Type 3, but refers to moderate
slopes, sometimes dissected by shallow gullies.
The slightly podzolic soddy and grey forest soils
are better drained, owing to a greater surface gra-
dient and thus form habitats which are suitable for
Carpineto-Querceta forests with predominance of
Aegopodium podagraria and Carex pilosa in the
herb layer (BEREZHNYI & SHYSHOVA 1972; SHE-
LIAG-SOSONKO 1977a).

Type 1a is associated with slopes of Pleistocene
fluvioglacial valleys and plains of the Roztochia
and the San-Dnister Precarpathians located be-
low 330 m a.s.l. - in the warmest bioclimatic alti-
tudinal zone. The soil parent material is fluviogla-
cial sand re-deposited by deluvial and, sometimes,
eolian processes. The sand overlays clay strata as
well as bedrock sand and sandstone. The soil is
gleyic, slightly podzolic soddy sandy loam. The
natural vegetation is represented by Pineto-Quer-
ceta forests with Oxalis acetosella and Pteridium
aquilinum (BEREZHNYI & SHYSHOVA 1972; SHE-
LIAG-SOSONKO 1977a).

Type 2a is characterised by the same occur-
rence, geological and topoclimatic properties as
Type 1a, but refers to moderate slopes with more
pronounced deluvial processes and gully erosion.
Greater surface gradients cause better drainage
and respectively somewhat drier slightly podzolic
soddy soil favoured by Pineto-Querceta forest.
Q. petraea may substitute Q. robur at drier places
(SHELIAG-SOSONKO 1977a).

Type 1b, which occurs only in Roztochia, is
a geomorphological analogy of Type la, but has
a higher altitudinal location (above 330 m) and
thus belongs to a moister and cooler bioclimatic
zone. The parent material of some watershed sur-
faces consists of sandy eluvium of bedrock sand-
stone and limestone that lacks loess cover. The soil
is slightly podzolic soddy sandy loam. The com-
bination of the moist topoclimate and the coarse-
textured soil caused development of rather rare

Natural Geoecosystems of the Upper Dnister Basin
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natural vegetation — a Pineto-Fageta forest. The
tree stand may contain also A.alba and P. abies.
The herb layer is dominated by Oxalis acetosella
and Vaccinium myrtillus. In the forests with less
dense canopy, the understorey may include Co-
rylus avellana, Frangula alnus, Sambucus race-
mosa, etc. (BEREZHNYI & SHYSHOVA 1972; SHE-
LIAG-SOSONKO 1977a).

Type 2b refers to moderate and, sometimes,
steep slopes in Roztochia formed by sandy bed-
rock eluvium and by re-deposited Pleistocene
fluvioglacial sand. The geoecosystems have basi-
cally the same topoclimate and biotic properties
as Type 1b, but are characterised by more inten-
sive deluvial wasting and gully erosion as well as
somewhat drier xero-mesic habitats.

Type 12 is associated with flat and wavy sur-
faces of Neopleistocene alluvial terraces, which
are located along the river Vereshchytsia on the
San-Dnister Precarpathians. A fragment of a gen-
tly sloping terrace in the Dnister Canyon on the
Western Podillia can be also considered to be this
type of geoecosystems. The ground water table is
rather shallow in the depressions, so the soil is
often gleyic. Most likely, the natural vegetation
for this area is the Querceta forest with significant
participation of Fraxineto-Querceta and Alneto
glutinosae-Querceta.

Type 21 represents geoecosystems of river val-
ley bottoms which are similar for the three mac-

roecoregions. The flat surfaces are formed by a
Holocene mineral fine-texture alluvium and peat,
which frequently overlays Pleistocene fluviogla-
cial sand on the San-Dnister Precarpathians and
Roztochia. The topoclimate is somewhat cooler
than in the surroundings, owing to higher soil
humidity. Temperature inversions (cold air lake
effects L1 Topoclimate of the Upper Dnister Basin:
Consequences for Crop Cultivation) are possible.
The high ground water table determined the de-
velopment of hydromorphic soils. The over-mois-
tened and nutrition-rich substrate is suitable for
Alneto glutinosae-Querceta forests with participa-
tion of F excelsior (POVARNITSYN 1971; STOYKO
1988). Depressions may be occupied by boggy and
peat meadows (BEREZHNYI & SHYSHOVA 1972).

Type 23 designates relatively narrow (up to
100-200 m wide) alluvial valleys spread on the
Podillia, Roztochia, and the whole Precarpathians.
The steeper sections of the slopes may experience
landslides. The valleys have a specific topoclimate
as of Type 21, and the soils of the slopes are usu-
ally the same as of the surrounding interfluves,
but with higher content of organic matter and
moisture owing to deluvial accumulation. Under
natural conditions, hydric habitats are occupied
by Fraxineto-Querceta forests, sometimes with
C. betulus and E sylvatica. The valley bottoms fea-
ture hydromorphic alluvial soils covered with Al-
neta glutinosae communities.

Ecoregion Dnister-Prut Precarpathians

The macroecoregion features uplands with flat and
wavy upper surfaces composed of ancient (Plio-
cene-Mesopleistocene) alluvium (geoecosystems
of Types 7 and 8) and vast terraced river valleys
filled with more recent deposits (Types 13-20). The
macroclimate becomes cooler and moister to-
wards the mountains. Three altitudinal bioclima-
tic zones (warm III, moderately warm, and mod-
erately cool) are distinguished in the region.
Type 7a belongs to flat and slightly convex wa-
tershed surfaces and gentle slopes of eroded high
alluvial terraces located within the warmest bio-

climatic zone, the upper limit of which reaches
approximately 350 m a.s.l. The fine-texture par-
ent material, in combination with an exceed-
ing precipitation, caused the development of an
acidic brownish podzolic pseudogleyic soil. This
substrate is more suitable for Querceta forest, be-
cause F sylvatica does not tolerate gleyic substrate.
In drier (mesic) habitats, Q. robur is accompanied
by C. betulus, while in moister (hydric) locations,
which are less typical of these geoecosystems, it
can form monodominant stands, or together with
F excelsior (SHELIAG-SOSONKO 1977a; STOYKO &

Transformation processes in the Western Ukraine — Concepts for a sustainable land use



OpyYNAK 1988a). The Carpino-Querceta forests
of the Dnister-Prut Precarpathians are similar to
those of the Western Podillia and the San-Dnister
Precarpathians (Type 6a).

Type 8a is in the same topoclimatic altitudi-
nal zone as Type 7a, but refers to moderate and
steep slopes (over 6°) dissected by gullies. Delu-
vial wasting, soil creep, and landslides are the ma-
jor geomorphic processes here. The soil and the
natural vegetation are similar to the geoecosys-
tems of Type 7a, but there are less hydric habitats
owing to a better surface drainage.

Type 7b is a geomorphic analogy of Type 7a,
which belongs to a cooler and moister bioclimatic
zone located within the elevation span of approxi-
mately 350-500 m a.s.l. The podzolised soil has a
more distinct brownish colour and contains more
traces of pseudogley process owing to a higher
amount of precipitation in comparison with
Type 7a. The natural vegetation is represented by
Abieto-Querceta forest. The first tree layer is usu-
ally formed by Q. robur and A. alba, sometimes to-
gether with E sylvatica. The second and the third
layers contain C. betulus, A. alba, F sylvatica, and
sometimes Tilia sp. The hydric habitats are char-
acterised by vast occurence of Vaccinium myrtil-
lus, Carex brizoides in the herb/dwarf shrub layer
and of Polytrichum among mosses. The mesic
habitats are more likely to feature Oxalis acetosella,
Carex pilosa, and Galeobdolon luteum (SHELIAG-
S0SONKO 1977a; STOYKO & ODYNAK 1988a).

Type 8b is associated with moderate and steep
slopes of the moderately warm bioclimatic zone.
The slope processes such as gully erosion, soil
creep, and landslides are spread here. The soil
and natural vegetation are basically the same as
of Type 7b, however, better drained substrate also
provides habitats for Abieto-Fageta stands (SHE-
LIAG-SOSONKO 1977a).

Type 7c represents slightly convex upper sur-
faces and gentle deluvial slopes. Sometimes the
loam is rocky — when it is a regolith of flysch that
composes the most elevated south-eastern part
of the Bystrytsia-Prut Precarpathians. The geoe-
cosystems occupy the highest areas of the region,
which are within 500-870 m elevation span and
thus belong to the moderately cool bioclimatic
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zone. The high amounts of precipitation and a
relatively cool vegetation period cause the devel-
opment of a typical low-mountain biotic com-
plex. The soil is acidic brown podzolic and brown
mountain forest pseudogley. The climate is too
moist and too cool for Q. robur stands and, there-
fore, A.alba becomes the main tree species here.
In mesic and hydric habitats, it forms together
with E sylvatica Fageto-Abieta forests, which are
widely spread in the low mountains of the Upper
Dnister Basin Carpathian section (Type 9a).

Type 8c designates moderate and steep slopes
of the same moderately cool bioclimatic zone as
of Type 7c. Slope processes such as gully erosion,
soil creep and landslides take place here. Better
drainage provides somewhat drier habitats that
are suitable for Abieto-Fageta stands.

Type 13 describes geoecosystems on mostly
gently sloping surfaces dissected by small stream
valleys. Deluvial movement of slope material is
the main geomorphic process here. The area is lo-
cated in the warmest altitudinal bioclimatic zone,
but the heat supply significantly decreases and
the precipitation increases towards the moun-
tains in the same way as for Type 7a. The soil and
the PNV are also similar to Type 7a — respectively
brownish podzolic pseudogleyic silt and Carpi-
neto-Querceta. However, owing to somewhat
moister substrate (because of a lower surface gra-
dient), Q. robur can form monodominant stands
here, or together with hydrophilic species such as
F excelsior or A.glutinosa (HRYN 1971; SHELIAG-
S0SONKO 1977a; STOYKO & ODYNAK 1988a).

Type 14 is similar to Type 13, except that the
surface is almost flat. Predominance of poorly
drained hydric habitats implies Fraxineto-Quer-
ceta forests, with Alneto glutinosae-Querceta, and
with extensive participation of Carex brizoides in
the herb layer as natural vegetation (SToyko &
ODpYNAK 1988a).

Type 15 refers to flat and slightly wavy surfaces
ofa5-10 m Neopleistocene river terrace with loamy
and silt-loamy alluvial podzolised (meadow) soil.
A flat surface, a fine soil texture and a relatively
shallow ground water table produce hydric hab-
itats favoured by Fraxineto-Querceta and Alneto
glutinosae-Querceta forests.

Natural Geoecosystems of the Upper Dnister Basin
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Type 16 also describes the same 5-10m Neo-
pleistocene river terrace, but with sandy and sand-
loamy alluvial sod podzolised soil. These better
drained but less productive habitats support oak
forests with a mixture of Pineto sylvestrae-Quer-
ceta and Carpineto-Querceta.

Type 17 characterises peat bogs located on the
low alluvial terrace. Peat is at the surface, or is
buried under up to one-metre-thick layer of a
mineral soil. The ground water is right near the
surface, which is suitable for Alneta glutinosae
stands as well as for peat meadows (Prata turfosa).
The Alneta forest is mostly associated with Fili-
pendula ulmaria, or with Phragmites communis,
while the meadows are: Cariceto (appropinqua-
tae, inflatae, lasiocarpae)-Hypneta, Phragmiteto-
Hypneta, and Cariceto (lasiocarpae)-Sphagneta
(SHELIAG-SOSONKO 1977a).

Type 18 represents the Dnister floodplain, com-
posed of loam overlaying gravel, and with several

Holocene “row terraces” (E3 Late Pleistocene and
Holocene Landscape Evolution of the Upper Dnis-
ter Valley) and oxbows produced by the meander-
ing river (HUHMANN et al. 2004). The soil is al-
luvial soddy loam, which, in combination with a
shallow groundwater and floods, provides habi-
tats for Fraxineto-Querceta and Alneta glutinosae
forests.

Type 20 geoecosystems are similar to Type 18,
but refer to floodplains of smaller lowland rivers
with less intensive flood regime.

Type 19 describes floodplains of rivers with fast
flow rate and braided channels. Therefore, the soil
has a coarser texture (with sand and gravel as a
parent material) and contains less organic matter.
The habitats are more suitable for Salicetea which
include Salix alba, S. fragilis, S. pentadra as well
as Populus nigra (SToyko 1988).

Ecoregion Eastern External Carpathians

A series of low (up to ~1,000m a.s.l.) and middle
(up to 1,818 m a.s.1.) mountain ridges stretching in
north-west to south-east direction is composed of
flysch. The ridges are separated by small parallel
river valleys; they are also dissected by larger river
valleys sub-perpendicular to the direction of their
stretch. Five altitudinal bioclimatic zones are de-
lineated here - from moderately cool to cold. The
climate also becomes cooler and moister towards
south-west (mountain interior) owing to orogra-
phy and air macro-circulation.

Type 9a is associated with flat surfaces of
mountain ridges and moderate slopes (up to
20°) that have elevations of up to approximately
650m a.s.l,, which indicate the moderately cool
altitudinal bioclimatic zone. Surface gradients are
relatively small, as for the region, and allow the
development of a rather thick regolith, which, in
humid climate conditions, experiences gully ero-
sion, deluvial wasting, soil creep, and landslides.
The soil is a relatively deep loam with a moder-
ate and small content of small rocks in the pro-

file - brown podzolic and brown mountain forest,
sometimes pseudogleyic. The natural vegetation
is Abieto-Fageta forests with a change in domi-
nance to Fageto-Abieta. The altitude of 650 m fixes
the upper margin of E sylvatica and A. alba for-
ests without natural admixture of P abies (HoLu-
BETS & MILKINA 1988). Although E sylvatica and
A. alba have close ecological requirements, A. alba
is likely to dominate in the areas of a deep soil on
non-calcareous flysch with good moisture supply,
but not boggy. Eutrophic mesic A. alba forests usu-
ally include up to 30 % of E sylvatica that creates
the second tree layer. The stands may also contain
A. pseudoplatanus, A. platanoides, Ulmus sp. and
E excelsior. The shrub layer of Corylus avellana,
Sambucus nigra, and S. racemosa is poorly devel-
oped. The herb layer is usually dominated by As-
perula odorata and Dentaria glandulosa (HoLu-
BETS 1971, 1988; HOLUBETS & MILKINA 1988).
Type 10a is located in the same altitudinal bio-
climatic zone as Type 9a, but refers to steep (20-
30°) and, sometimes, very steep (over 30°) slopes

Transformation processes in the Western Ukraine — Concepts for a sustainable land use



that are characterised by gully erosion, soil creep,
and landslides. The brown mountain forest soil is
moderately deep or shallow and contains rocks
in the profile. The habitats are suitable for Abieto-
Fageta forest. Monodominant FE sylvatica stands
have one or two tree layers with a very dense can-
opy and undeveloped understorey. A dispersed
herb layer may be represented by Asperula odo-
rata, Dentaria bulbifera, D.glandulosa, Asarum
europeum, Symphytum cordatum. Abieto-Fageta
forests are stable communities, which are most
likely accompanied by Vaccinium myrtillus in
mesotrophic habitats and by Dentaria sp. in eu-
trophic habitats (SToyko & ODYNAK 1988a).

Type 9b has the same geomorphic properties
as Type 9a, but is located, on the average, within
the elevation span of 650-950 m a.s.l., which is as-
sociated with the cool altitudinal bioclimatic zone.
The whole period of vegetation here is 135 days,
and the active vegetation period is limited to 85
days (ANDRIANOV 1968). The soil is brown moun-
tain forest, usually rocky and moderately deep.
The cool topoclimate determines the participa-
tion of P abies in the Abieto-Fageta forest stands.
Usually the first and rather sparse tree layer in Pi-
ceeto-Abieto-Fageta forests is formed by A. alba
and P, abies, while the second and dense layer is
represented by E sylvatica. Vaccinium myrtillus
and Oxalis acetosella dominate among herbs in
mesotrophic mesic habitats (SToyko & ODYNAK
1988a).

Type 10b refers to steep (20-30°) slopes dis-
sected by gullies. The area is also located in the
cool bioclimatic zone. The brown mountain for-
est soil is moderately deep or shallow, owing to
rather intensive slope wasting, and contains a sig-
nificant amount of rocks. According to STOYKO &
ODpYNAK (1988a), P. abies is more competitive on
the rocky substrate and thus may be better repre-
sented here than in Type 9b forming Abieto-Pi-
ceeto-Fageta forests.

Type 11b characterises very steep (over 30°)
slopes of the cool zone. High surface gradients
determine the predominance of gravitational
processes — soil creep and debris flow. The brown
mountain forest soil is shallow and rocky. The
natural vegetation is the same as for Type 10b,
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but there may be so-called lithogenic P. abies and
Fageto-Piceeta forests in oligotrophic habitats with
a very rocky soil (HOLUBETS & MILKINA 1988).

Type 9¢ describes geoecosystems of convex
surfaces on ridges and moderate slopes of the
very cool altitudinal bioclimatic zone, which oc-
cupies elevations between approximately 950 and
1,200 m a.s.l. The geomorphic properties are basi-
cally the same as of Type 9a. The topoclimate is
characterised by further decrease of heat supply
and increase of precipitation — the whole vegeta-
tion period is about 120-130 days, while the ac-
tive vegetation period (average daily temperature
>10°C) is about 50-60 days (ANDRIANOV 1968).
The soil is deep and moderately deep brown moun-
tain forest rocky silt loam. The natural vegetation
is Fageto-Piceeta and Fageto-Abieto-Piceeta for-
est. The stands may also contain A. pseudoplata-
nus and B. verrucosa. The herb layer is formed by
nemorose and boreal species such as Asperula od-
orata, Dentaria glandulosa, Mercurialis perennis,
Galeobdolon luteum, Oxalis acetosella, Dryopteris
austriaca, Vaccinium myrtillus, Luzula sylvatica,
Homogyne alpina, Soldanella hungarica, Lycopo-
dium annotinum. The moss cover is quite well-
developed in more humid habitats. Spiraea ulmi-
folia, Sambucus racemosa and Lonicera nigra can
be found among the shrubs (HOLUBETS 1988).

Type 10c geoecosystems are in the same bio-
climatic zone, but refer to steep slopes with rather
intensive deluvial wasting and soil creep as well as
gully erosion and occasional landslides. The biotic
components are similar to Type 9¢, but the soil
may have a somewhat shorter profile and contain
more rocks.

Type 11c is also located in the very cool zone,
but on very steep gravitational slopes. The brown
mountain forest soil is shallow and rocky. The
participation of A. alba and E sylvatica is likely to
decrease on the oligotrophic rocky substrate.

Type 9d belongs to convex surfaces on ridges
and moderate slopes of the moderately cold bio-
climatic belt that has an elevation span of approx-
imately 1,200-1,500m a.s.l. and is almost exclu-
sively located in the Gorgany mesoecoregion of
the Upper Dnister Basin. The brown mountain
forest soil is characterised by a significant content
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of rocks in the profile and may have a peat hori-
zon under the forest litter — the limited warm pe-
riod does not allow complete decomposition of
organic matter. The climatic conditions prevent
the occurrence of E sylvatica and A. alba, and thus
monodominant P. abies stands as well as Pineto
cembrae-Piceeta are the natural vegetation here.
The tree layer is formed by P. abies, sometimes with
a significant admixture (10-40 %) of P cembra and
solitary B. verrucosa trees. The understorey is usu-
ally rather sparse in the middle-aged forests. The
shrub layer may contain Lonicera nigra, Sambucus
racemosa, Sorbus aucuparia, Daphne mezereum,
Spiraea ulmifolia as well as Pinus mugo, Alnus
viridis, Juniperus communis ssp. nana - closer
to the timber line. The boreal dwarf-shrub spe-
cies such as Vaccinium myrtillus and V. vitisidaea
are well represented here. The herb layer includes
Luzula sylvatica, Oxalis acetosella, Calamagrostis
villosa, Athyrium alpestre, Dryopteris austriaca,
Homogyne alpina, Soldanella hungarica and
other boreal species. The moss cover is well-devel-
oped and formed by Sphagnum sp., Hyloconium
splendens, Pleurozium schreberi, Polytrichum ju-
niperinum, P.commune, Dicranum scoparium
(HoLuBETs 1971, 1988).

Type 10d also belongs to the moderately cold
belt, but describes steep (20-30°) slopes with
rocky and sometimes peaty brown mountain for-
est soils. The natural vegetation component is the
same as for Type 9d.

Type 11d is in the same way as Types 9d and
10d located in the moderately cold belt. However,
it refers to very steep slopes with explicitly devel-
oped gravitational processes such as soil creep
and debris flow. The surface may be covered with
platy sandstone debris, which causes fragmenta-
tion of the vegetation cover. The participation of
P.cembra increases in the natural P. abies stands
on rocky and shallow brown mountain forest soils
(HoLuBETs 1988).

Type 9e describes watershed surfaces and mo-
derate slopes of the Gorgany ecoregion, which
are elevated to 1,500-1,818 m a.s.l. and belong to
the cold altitudinal bioclimatic zone. The whole
vegetation period is limited to 90-120 days here
(ANDRIANOV 1968). Frost gradation is the main

geomorphic process, which has formed vast de-
bris fields composed of platy sandstone fragments.
The soil cover is fragmentary and represented by
rocky brown mountain meadow soils that often
have a peat horizon under the sod layer (Gogo-
LEV 1986; GOGOLEV & PROSKURA 1968; MILKINA
1988). The habitats support communities of
P.mugo and sometimes Juniperus communis ssp.
nana. The latter more likely occupies warmer
southern slopes. P. abies may form a low light for-
est in the lower part of the zone. The shrub layer
may also include Alnus viridis. Dwarf shrubs are
represented by Vaccinium myrtillus, V.vitisidaea,
V. uliginosum, while Calamagrostis villosa is most
frequent among herbs. Lichen and moss cover is
well-developed here (MaLYNOVsKYI 1980, 1988).

Type 10e refers to steep and very steep slopes
of the cold belt, where frost gradation is supple-
mented by gravitational processes — regolith creep
and rock sliding. The biotic components are basi-
cally the same as for Type 9e.

Type 24 stands for the geoecosystems of rela-
tively wide mountain valley bottoms with alluvial
terraces formed by gravel and sandy alluvium.
The floodplains consist of gravel, while on the ter-
races gravel is covered by loam sometimes trans-
ported from the slopes (GoGoLEV 1986). The lo-
cal climatic conditions are defined by the position
of the valley bottoms within the moderately cool-
very cool altitudinal zones (330-1,000m a.s.l.),
relatively high humidity, and by the possibility
of temperature inversions during calm weather
(A Topoclimate of the Upper Dnister Basin: Conse-
quences for Crop Cultivation). The alluvial brown
soil usually features a shallow ground water table
and creates habitats, which are suitable for spruce
stands and formations of Alnus incana. Saliceta
communities are frequently observed in the flood-
plains. Hydrophilic species such as Petasites al-
bus, Carex brizoides and Athyrium sp. dominate
among the herbs.

Type 22 describes narrow alluvial mountain
valleys with V-shaped profiles. The narrow bot-
toms are filled with gravel alluvium. The steep
slopes are with deluvial fans and experience land-
slides provoked by the side erosion of the streams.
The same type of valley geoecosystems is delim-
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ited for all altitudinal bioclimatic zones (from
moderately cool to cold), so the characteristics

Conclusions

The analysis shows that the Upper Dnister Basin
embraces a high diversity of geoecosystems rang-
ing from warm lowland oak forests to subalpine
rocky shrublands. This diversity is predominantly
caused by contrasting geomorphic conditions
and various parent rock material, which differ-
ently modify macroclimate and lead to the for-
mation of manifold soil and vegetation cover. The
absolute majority of the natural geoecosystems
is of the forest type, thus indicating that the Up-
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of the biotic components vary and are similar to
those of the steep slopes of the respective zone.

per Dnister Basin, in its natural state, should be
almost completely covered by broad-leaved and
coniferous forests. The high diversity of the Up-
per Dnister Basin natural geoecosystems offers
many possibilities and challenges to the sustaina-
ble planning of the region, some issues are consid-
ered in L1 The Sustainability of Agricultural Land
Use, L From Sector Evaluation to Integrated Land
Use Planning.
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