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The post-glacial areas are characterized by favorable conditions for the formation of wetlands as a result of the widespread
occurrence of depressions without outflow — center for the development of wetlands. The studies of morphogenetic condi-
tions of the wetland development in Volhynian Polissia within the territory of Ukraine and the formation of their water regime
reveal several features of their distribution and typological variety. The location of wetlands were characterized in reference
to the shape of base/subsoil and its lithology. The typical structure of post-lacustrine, paludificational, riverside and spring
peatlands of the Volhynian Polissia were shown and their development were also discussed. The wetland evolution under
the influence of the postglacial landscape degradation leads to disappearance of the depression wetlands in glacial forms,
increase of the peat bog trophicity and the level of peat dissolution. The supply conditions and characteristics of water regime
are determined for separate peatlands. According to the origin and water flow/supply four types of wetland were extracted:
ombrogenic, topogenic, soligenic and fluviogenic. It was found that the reasons of the high marshes areas (21%) in
Volhynian Polissia are the geological and geomorphological conditions retaining/stopping the runoff and also local ground-
water circulation system.

Key words: wetlands, classification, spatial distribution, morphologic-genetic and factor analysis, water regime, Volhynian
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INTRODUCTION

The term “wetland” has a broad meaning. It is the most often
determined on the basis of the ecosystem approach (Haslam,
2003; tachacz, 2004; Mitsch and Gosselink, 2007; Mitsch et
al.,, 2009). Wetland — is the territory with an excessive
humidification with hydrophilic vegetation and organic soils.
Wetlands are transient ecosystems between typical aquatic
and typical terrestrial systems being located on their border and
formed under the permanent or periodical waterlogging of land
surface that contributes to hydrophilic vegetation and accumu-
lation of organic soils. There are numerous different definitions
of wetlands such as “bogs and fens” (peat-accumulating
wetlands), marshes’ (herbaceous, frequently inundated
wetlands) or “swamps” (forested wetlands), and no standard-
ization of these terms.

According to the Ramsar Convention Secretariat (2013),
wetlands are areas where water is the primary factor controlling
the environment and the associated plant and animal life. They
occur where the water table is at or near the surface of the land,
or where the land is covered by shallow water. Thus the Ramsar
Convention defines wetlands types of wetlands:
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— coastal (marine) wetlands including coastal lagoons,
rocky shores, and coral reefs;

— estuarine wetlands including deltas, tidal marshes, and
mangrove swamps;

— lacustrine wetlands;

— riverine wetlands along rivers and stream;

— palustrine wetlands, include any inland wetland that
lacks flowing water. Wetlands within this category in-
clude inland marshes and swamps as well as peatland
(bogs and fens).

The first classification of wetlands based on the trophicity of
wetland ecosystems was suggested by Schimper in 1889
(Wheeler and Proctor, 2000). While determining the relevance
of wetlands to the classification, several basic issues are ad-
dressed:

— geomorphic setting;

— substrate type (soils);

— origin of water;

— trophicity;

— vegetation.

The determinant morphogenesis factor of the wetland basin
(glacial, fluvial, karst, tectonic) and its form are the primary crite-
ria of the wetland classification (Okruszko et al., 2001; Solovey,
2013). Geomorphological structure affects water conditions
that, in turn, through hydrological type of nutrient supply and
hydroecological conditions determine the formation of subse-
quent wetland types in different forms of relief (Solovey, 2013).

The existent hydrological classification involves several ele-
ments of water conditions of wetland systems:
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— type of water recharge;
type of inflow and outflow of waters;
intensity of water exchange.

In regards to the sources of water supply, wetlands are di-
vided into two groups:

— wetlands that are supplied only by precipitation;

— wetlands with a mixed supply including underground

and surface waters.

The most common classification in Europe is based on the
work of Gilvear and Mclnnes (1994), who suggested the wet-
land division into 4 types on the basis of the water recharge:

— ombrogenic — dependent only on precipitation;

— rheogenic — fed by surface waters and precipitation;

— minerogenic — dependent on underground waters and

precipitation;

— omnigenic — fed by underground, surface waters and
precipitation.

The stagnation and running regimes of water exchange in
response to the intensity of water exchange are distinguished
(Yvanov, 1975). The wetland classification in Poland is built
around the concept proposed by Okruszko (Okruszko, 1992;
Dembek and Oswit, 1992; Dembek, 2000) who considers 4
types:

— fluviogenic — recharge mainly by river waters;

— soligenic — recharge by running groundwater that come

from aquifers in the surrounding areas;

— topogenic — also dependent on the recharge by ground-
water but, in comparison with previous, the water flow is
almost absent. Wetlands are formed in the places where
aquifers comes to the surface and with a minimal slope
that contributes to the stagnant water regime;

— ombrogenic — mainly recharge by precipitation due to
the location in the isolated depressions. They are
formed in the conditions of the prevalence of precipita-
tion above evapotranspiration and a difficult water out-
flow.

The wetland classification on the basis of trophicity is per-
formed according to the saturation of water environment with
nutrients for vegetation: nitrogen, phosphorus and potassium.
Poor on nutrients wetlands are referred to oligotrophic, the ones
with medium nutrient availability — mesotrophic and rich on nu-
trients — eutrophic (Cowardin et al., 1979). Given these fea-
tures, two main ecological types of peatlands are distinguished:

fens (meso- and eutrophic) and raised bogs (oligitrophic). The
third ecological type — poor fens — is positioned between the
mentioned earlier two types. Insufficient oligotrophic features
are characteristic of these poor fens. They often serve the tran-
sient stage in the process of transformation of fens into the
raised bogs (Tobolski, 2000; linicki, 2002; Pawlaczyk et al.,
2001, 2005; Jermaczek et al., 2009).

The majority of geobotanists consider the ecological and
phytocenotic classification of wetlands since it concerns the re-
lationships between wetland vegetation and the growth environ-
ment (Westlake et al., 2012). The following syntaxons are used
in the classification: class of formations, group of formations,
formation and association (Grygora et al., 2005).

Examples of the most useful wetland classification systems
have been presented in Table 1.

The most comprehensive and multi-criteria classification is the
classification proposed by Bertrand et al. (2012) using four param-
eters: pedological, morphological, hydrological and nutritive.

Wetlands of the Volhynian Polissia within Ukraine are de-
scribed in the set of scientific works (Tanfiliev, 1895; Zerov,
1938; Kulczynski, 1939a, b; Dokuchaev, 1949; Bachurina,
1964; Bradis and Bachurina, 1969; Balashov and Kucheryava,
1974; llyin, 2004; llyina, 2004, 2005; Grygora et al., 2005;
Solovey, 2013). Since the publication of “Forest wetlands of
Ukrainian Polissia” (Grygora et al., 2005) there has been no
publication where the comprehensive classification of wetlands
of the Volhynian Polissia on the basis of relevant inventory data
would have been provided.

The aim of the study is to analyse natural conditions of distri-
bution of wetlands of Volhynian Polissia within Ukraine to gen-
erate diagnostic and classification structuration of wetlands and
peculiarities of their spatial organisation.

STUDY AREA

The study area covers the Volhynian Polissia within
Ukraine. The region of Volhynian Polissia is one of the marshi-
est regions of Ukraine. Wetlands constitute almost 633,000
hectares that is 21.2% of the whole Volhynian Polissia area
(Solovey, 2013). The territory is the physical and geographical
region of Central European lowlands with the area of
30,000 km? on the border of Poland, Ukraine, and Belarus

Table 1

Parameters used in some published wetland classification schemes

References cited in the text Classification parameter

Example

type of system
type of flooding
modifiers

Cowardin et al. (1979)

marine, estuarine, riverine
permanent, intertidal
pH, salinity

type of hydrogenous site

Okruszko (1992) geomorphic-hydrological conditions

peatlands, alluvial mineral marshes, telmatic organic marshes,
periodic moistlands

fluviogenic, soligenic, topogenic, ombrogenic

geomorphic settings
origin of water
hydrodynamics

Brinson (1993)

slope, domes
precipitation, surface waters, groundwater
vertical fluctuations, unidirectional flow

Gilvear and Mclnnes (1994) origin of water

ombrogenic, rheogenic, minerogenic, omnigenic

geomorphic-hydrological conditions
origin of water
gross form and topography
microtopographic features

Davies and Anderson (2001)

depression, channeled water flow
ombrotrophic, minerogenic
flat, concave
presence of pools

lInicki (2002) type of soil

mineral, peat

Bertrand et al. (2012) type of ecosystem

spring ecosystem, surface-water ecosystem, peatland, ground-
water-dependent terrestrial ecosystem




Wetlands of the Volhynian Polissia (Western Ukraine): classification, natural conditions of distribution and spatial difference 141

olhynian Polissia

Ukraine

Poland

= Je0morphological region
Volhynian Polissia
1 — Gornoprypiatska Accumulation Plain

3 — Sarnenska Ice Marginal Valleys

Belarus

4 — Klesiwska denuded Morainic Plateau
2 —Volhynian denuded Morainic Plateau 5 — Kostopilska Outwash Plain

ez
= . A
\.'v'nlud_\'rgi:r'é‘: e, |

e o,
RIW&):K]E{[“ 4

.C‘e

peatland

marshes

o 510 20 30 40km

Fig. 1. Location of wetlands in the Volhynian Polissia within Ukraine

(Fig. 1). The river valley of Buh serves the boundary on the
west, the hills of the Ukrainian Shield — the boundary on the
east, the outskirts of Volhynian upland is the boundary on the
south. The Volhynian Polissia stretches meridionally over
270 km. The landscape diversity of the region is insignificant.
Monotonic dunes are diversified with moraine hills, dunes, hills
built out of chalk, marl, and limes of Cretaceous period and
broad valleys mainly formed on the places of relict valleys.

The region in question lies on the Precambrian Platform.
Two large tectonic structures have been distinguished in this
area: the Lviv Depression — in the west of the Volhynian Polissia
and the elevation of the crystalline foundation — the Ukrainian
shield — in the eastern part. In the part of the Lviv Depression,
the thickness of the Phanerozoic cover is up to 5 km. This cover
is mainly made up of Silurian, Devonian and Carboniferous de-
posits, on which the Mesozoic deposits have been discordantly
accumulated — mainly the Upper Cretaceous. The thickness of
the Quaternary cover increase towards the north, where it is
usually ca. 40 m except the river valleys. In the southern part
there is a culmination of the Cretaceous deposits and the Qua-
ternary cover is up to 2-10 m. In the eastern part, the
Phanerozoic cover is only 60 m, including 10-20 m of Quater-
nary formations (Bogucki et al., 2003).

Contemporary relief of the Volhynian Polissia is built by dif-
ferent genetic (glacial, fluvial, paludic, eolic) and age (glacia-
tions of Odra, Warta and Wista) accumulative processes
(Marynych, 1962). The territory is generally inclined in north-
eastern direction. The relative altitudes vary from 100 m a.s.l. in
the Prypiat River valley to 210 m a.s.l. on the border of the

Volhynian Upland. Hypsometry differences are within 10 m but,
foremost are 2—7 m. The minimum relative heights are typical
for lacustrine-alluvial and outwash plains, maximum relative
heights are typical for the culmination of eskers and kames and
aeolian forms (Bogucki et al., 2003).

Relict valleys in the Volhynian Polissia are superior zones of
outflow of river waters. The Prypiat River valley being the Dnie-
per tributary and the morphological axis of the Polissia is the
biggest relict valley that flows from west to east. The river is
supplied with numerous tributaries and especially by right-bank
rivers — Turiia, Stokhid, Styr, Horyn and Lva. Within the erosion
valleys and sections of the Prypec proglacial valley, the thick-
ness of Quaternary deposits is about 100 m (Bogucki et al.,
2003).

Near-surface moraine deposits were formed during the
Dniprovina Glaciation period. Within the Volhynian denuded
Morainic Plateau, the thickness of moraine deposits is, on aver-
age, 20-30 m. Outwashed sand flatlands with dunes with a
maximum height of 5-10 m, have a high prevalence within the
area. In Kostopilska Outwash Plain, the thickness of glacifluvial
deposits is on average 10—20 m. In the southern part of the
area, intensive development of karst processes is observed
due to the shallow occurrence of Cretaceous (marl and chalk).
The most common forms of surface karst are considered to be
sparse karsts of 2060 m in diameter, their slopes are short
(1-2 m) with an inclination of 10-20°. The depth of forms is
0.5-2 m, flat bottom, boggy (Bogucki et al., 2003).
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MATERIALS AND METHODS

The set of the informational databases served the initial ma-
terial. They are:

— archive documentaries with the description of peatbog

deposits provided by North-Ukrainian Geological Expe-
dition (Zaleskyi, 1997);

— the materials of the wetland inventory in the natural re-
served territories, where their location and contempo-
rary vegetation is given. The materials are provided by
the administrations of natural parks;

— soil maps 1:10,000 provided by the administration of soil
and tillage stations in Lutsk and Rivne (Veremejenko,
2005; Koloshko, 2007);

— geological maps 1:50,000 with the distribution of the
separate lithological groups of deposits on the surface
(Burov, 2000);

— SRTM the Digital Elevation Model (USGS, 2005);

— GIS database of topographic objects corresponding to
the topographic map in scale of 1:50,000;

— climate maps in a scale of 1:200,000;

— map of unit surface runoff in scale of 1:200,000.

The mentioned above informational resources were pro-
cessed, unified, and systematised in the form of GIS of the
Volhynian Polissia wetlands in the scale of 1:50,000. The data-
base does not include small marshes with the area less than 1
hectare since these objects were not documented.

Given the different specification of data in regards to the
type of organic deposits and the need for the integration of infor-
mation, a rather simple division of wetlands on peatlands (fens,
poor fens, raised bogs) and marshes (alluvial mineral marshes,
periodic moistlands, telmatic organic marshes). The type of or-
ganic deposits is the primary criteria according to which peat
and non-peat deposits are distinguished.

The information about peat bogs with existing documenta-
tion was supplemented with the data about genetic type of peat
bogs, the volume of deposits, the level of peat dissolution, type
of underlying rocks.

Boundaries of nature reserved territories and river basins,
hydro-melioration networks, the documented sites of peat de-
posits served other supplementary data.

In the proposed classification of the Volhynian Polissia
wetlands, three characteristics of geomorphic-hydrologic condi-
tions of the wetlands were used:

— geomorphic settings;

— type of substrate;

— origin of water.

The geomorphological location was determined on the ba-
sis of a detailed geological map based on the lithogenetic type

of surface deposits and SRTM the Digital Elevation Model.
Typization of relief forms is fulfilled on the basis of the classifica-
tion principles introduced by Zgorzelski (1988).

Type of substrate wetlands has been defined on the basis of
a soil map taking into account the international soil classification
system (Soil Taxonomy, 1999). Based on soil type, wetlands
have been classified into four groups:

— peatland — widespread peat soils — fibric, hemic and
episapric (soils formed out of hydrophilic plants in the
process of paludification in the conditions of excessive
humidification);

— telmatic organic marsh — widespread limnic soils
(formed out of underwater deposits— gyttja, silt);

— alluvial mineral marsh — widespread alluvial sediment
soil;

— periodic moistland — widespread folisols (formed in the
well-drained conditions with the dominance of
aerobiosis), black earth and murshic soils (formed out of
different organic deposits in the process of aerobic
transformation of organic matter).

The hydrological type of wetlands has been determined on

the basis of the criteria set out in Table 2.

A statistical analysis was used to evaluate the dynamics of
groundwater levels in the wetland. The basis of the analysis
was a set of data from the period 2005-2012, which provided
more than 8,700 observations regarding 21 observation points
located in the wetlands. Statistical analysis of observational
data is the most frequently used method to determine the range
of seasonal, annual and long-term changes in groundwater
level (Krogulec et al., 2015, 2016).

A factor analysis was used to assess the spatial dependen-
cies between elements describing the environmental condition-
ing of land bogging processes (Krogulec et al., 2016). In order
to identify the most important factors and to group them accord-
ing to the significance of the impact, principal component analy-
sis (PCA) was carried out using the Statistica 10.0 software.
The algorithm of the programme is based on the analysis of de-
pendencies between the indices of the process. As the result,
the indices are united into groups. Next calculating procedures
on the basis of statistical methods are to detect the factors that
influence on the generation of groups.

The application of factor analysis enables to assess statisti-
cal significance of every given factor of the territory marshiness.
The specific value in general dispersion of indices served the
significance indicator. While building the range of factors ac-
cording to their significance, fraction in the general dispersion is
taken into account. The bigger the fraction the more significant
the factor is.

Table 2

Hydrological types of wetlands depending on the source and water supply system

Tvpe of wetlands Parameter used
yp Origin of water recharge system Type of substrate

S . ic- f i

Soligenic groundwater spring, seepage, outflow organic carbongpt)?ir?g%léea?ces of deposit,
: wetland as a result of shallow peat, folisols, black earth and murshic

Topogenic groundwater occurrence of the groundwater level soils
Ombrogenic precipitation surface runoff, precipitation infiltration limnic and peat soils
Fluviogenic river water river flooding alluvial sediment soil
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RESULTS

NATURAL CONDITIONS AND SPATIAL DIFFERENCES OF WETLANDS
OF THE VOLHYNIAN POLISSIA

The wetland area in the Volhynian Polissia is 6,327.43 km?.
It includes wetlands with the area larger than 1 hectare. The
level of waterlogging in the Volhynian Polissia reaches 21.3%,
and the level of peat formation is 9% that is in five times more
than the average level for the country — 1.7% (Lappalainen,
1996). More than half (56.6%) of wetlands are periodical
non-peat bogs. Peatlands are found on the territory with the
area of 2,744.02 km? covering 9.2% of the whole Volhynian
Polissia. Fens with the area of 1,921 km? (70%2 are dominant.
The area of raised bogs and poor fens is 823 km* (30%). 75% of
all the raised bogs and poor fens of Ukraine are located in the
Volhynian Polissia.

Due to the continuation of the Volhynian Polissia region in
Poland, it is important to compare the spatial diversity of the
wetlands of the discussed territory of Poland and Ukraine. For
the Polissia region within Poland, a large number of wetlands,
mainly various types of peat bogs, with a significant share of
raised bogs are characteristic. Among the raised bogs there are
also rare carbonate bogs (Oswiecimska-Piasko et al., 2009).
Due to the lack of numerical data for Polissia within Poland, the
data for the old glacial zone were used for comparison. In the
Polish old glacial zone, wetlands occur on as much as 19% of
the area (2 159,000 ha), which is associated with numerous oc-
currence of large, flat-bottomed, valleys or occurrence of
flooded areas within the valley network. In the majority (15%)
they are non -peat wetlands, mainly alluvial mineral marshes
and telmatic organic marshes. The bogging of the Polish old
glacial zone is 4% (Oswiecimska-Piasko et al., 2009).

The features of location and peculiarities of differences of
the Volhynian Polissia wetlands are reflected in the
geomorphological zoning. Five geomorphological regions are
distinguished here (Steciuk, 2010). They are Gornoprypiatska
Accumulation Plain, Volhynian denuded Morainic Plateau,
Sarnenska lce Marginal Valley, Klesiwska denuded Morainic
Plateau and Kostopilska Outwash Plain (Fig.1).

The Gornoprypiatska Accumulation Plain (the Prypiat relict
valley) and Sarnenska Ice Marginal Valley with the areas of
33.9 and 29.1% respectively are the most waterlogged. Half of
these areas are covered with peatlands (Table 3).

Peatlands are distributed in ice marginal valleys the most.
They are mostly the lowland ones with the volume of peat de-
posits of 4 m. On the territory of relict valleys, there are three re-
gions of wetland concentration (Fig. 2):

— lce Marginal Valleys of Styr—Slovechno — since the times

of the Odra Glaciation;

— Ice Marginal Valleys of Turia — since the times of the
Odra Glaciation;

— Ice Marginal Valleys of Prypiat — since the times of the
Warta Glaciation (the largest peat bog — Prypiatske —
35,000 hectares).

Ice marginal valleys are distinguished for the broad shape
(5-10 km), flat bottom, mostly filed up with the fens.
Waterlogging of the mentioned valleys varies within 30—85%.
The high level of waterlogging is the result of favourable
geomorphological conditions. The valley is supplied by the
slope surface and underground flows from the neighbouring
moraine and sandr landscapes. The flat-bottomed character of
the valley contributes to stagnation and the complicated water
flow that triggers waterlogging.

The peatlands have been also often developed in the lacus-
trine-accumulation plains during the Wista Glaciation on the
outskirts of the Vezhytsia (the largest peatlands — Kreminne —
40,000 hectares) and Kamin Kashyrskyi localities.

Two thirds of raised bogs and poor fens with the total area
larger than half (55%) of all the peatlands in the area are lo-
cated in the Volhynian denuded Morainic Plateau. The majority
of peatlands have a preserved mound with the height of 1 m.
Small (less than 5 hectares), but at the same time deep
peatlands (2—5 m — 58% of peatlands, more than 5 m — 23% of
peatlands) are dominant. The column of low-penetrating mo-
raine deposits serves the underlying rocks. Peatlands with the
biggest volume (up to 8 m) and the bottom covered with gyttja
are sporadically distributed in subglacial depression.

The most appropriate geomorphological conditions for
wetlands are detected in the Kostopilska Outwash Plain, where
lacustrine and peatlands complexes are dominant. The down-
ward direction of the peat genesis process is characteristic of
the complexes. The age of lakes of the Volhynian Polissia is re-
ferred to the final stage of the North Polish glaciation (Bogucki,
2005). Small and shallow wetlands (0.5-1.75 m) in local de-
pressions are typical for sandr plains. The volume of clayey
sands on fluvioglacial anisomerous sands with the depth of
10-25 m serves the underlying rocks.

On the border of the Volhynian Polissia and the Volhynian
upland, the culmination of limestone deposits of Cretaceous
period is found. The volume of quaternary deposits decreases
to 2-10 m. The Upper Cretaceous deposits are mostly repre-
sented by marl. In some places, they come to the surface that
leads to the development of karst forms. Carbonate lowland
peatlands are formed in drainless hollows where the limestone
and detritus gyttja covers the bottom (Bogucki, 2005). The vol-
ume of peat is 3 m, maximum — 8.5 m. It is an absolute lowland
peat, mostly with sedge and rush. The peatlands are developed
on the carbonate deposits of Upper Cretaceous. Surface de-
posits of Upper Cretaceous are of small volume and built up by
fluvioglacial and aluvial-periglacial deposits.

Table 3
Wetlands in geomorphological regions of Volhynian Polissia
Geomorphological region Tofﬁlnigea Participation in the wetlands area [%]
Share of wetlands Share of peatlands Marshes
Gornoprypiatska Accumulation Plain 5173.94 33.9 12.4 215
Volhynian denuded Morainic Plateau 10 508.62 18.5 7.3 11.2
Sarnenska Ice Marginal Valleys 3513.11 29.1 15.1 13.9
Klesiwska denuded Morainic Plateau 3528.12 24.6 16.0 8.6
Kostopilska Outwash Plain 7012.11 10.5 3.3 71
Volhynian Polissia 29 735.90 21.3 9.2 121
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Fig. 2. General Ice Marginal Valleys the Volhynian Polissia (after Marynych and Shyshchenko, 2006)

The spring peatlands formed in paralimnic and paludic envi-
ronments are locally distributed on the territory. Biogenic de-
posits in paraliminic conditions are represented by rhythmic se-
quence of travertine and silt deposits that are accumulated in
small spring basins of karst waters. Here, paludic environment
is developed in the result of a gradual termination of the karst
waters outflow. In such conditions, peat contaminated by cal-
cium carbonate is formed.

In the Volhynian Polissia, precipitation sums insufficiently
exceed the evapotranspiration rate (Kynal and Krogulec, 2009).
The location of most of the wetlands in concave relief forms
points to the dominant influence of geological, geomorpho-
logical and hydrogeological conditions on the development of
hydrogenic complexes.

To determine the main factors of the Volhynian Polissia de-
velopment, factor analysis is used. Water body area served the
elementary spatial unit of factor analysis. 406 water body area
is located in the research area. Quantitative measurement pa-
rameters that describe natural conditions of the wetland devel-
opment served the initial information for factor analysis. The in-
volved data can be divided into three blocks.

The first block consists of hydrologic and climatic parame-
ters that determine the water balance in the region:

— norm of annual precipitation sums on the basis average

weighted value within the region [mm];
— norm of annual maximal potential evapotranspiration on
the basis of average weighted value in the region [mm];

— average multiannual surface discharge volume on the
basis of average weighted value within the region
[/s x km?.

Geological, geomorphological and hydrogeological param-
eters that describe waterlogging conditions constitute the sec-
ond block:

— maximal depth of vertical relief dissection [m];

— integral level of horizontal and vertical relief dissection

on the basis of relief dissection index [km/km?;

— water permeability of dominant surface deposits on the

basis of the filtration [m/day];

— groundwater level on the basis average weighted value

within the region [m];

— density of springs [amount/kmz].

Main morphometric parameters of water body area consti-
tute the third block:

— geographical position on the basis of coordinates of its
average weighted centre;
average altitude of surface [m];
density of river network [km/km?];

— lakes on the basis the coefficient of lakes [%];

Marshiness of the territory as a dependent characteristic is
determined with the coefficient of marshiness.

The selected parameters have been calculated for every-
one 406 water body area. Table 4 presents the range of vari-
ability of parameters included in the factor analysis.

The matrix of correlation coefficients that is the basis for fac-
tor analysis is given in the Table 5.
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Table 4

Range of variability of parameters included in the factor analysis

Group of parameters Type of parameter Range of variability
average multiannual precipitation sum 510-720 mm
Hydrological and climatic average multiannual evapotranspiration 430-540 mm
average multiannual discharge 2.2-4.5 /s x km?
maximum depth of vertical relief dissection 0.3-25m
Geological, integrated level of horizontal and vertical relief dissection 0.2-0.8 km/km?
geomorphological and water permeability of dominant surface deposits 0.1-75 m/day
hydrogeological groundwater level 0.2-18.7m
density of springs 0—17 amount/km?
average altitude of surface 100-210 m
Morphometric density of river network 0.1-1-1 km/km?
coefficient of lakes 0.1-73%
Table 5
The matrix of main factors of marshiness of water body area
Parameters Factors
1 2 3
Geographical latitude of geometrical centre of the region 0.69 | —0.43 | -0.46
Geographical longitude of geometrical centre of the region | -0.57 | —-0.05 | -0.32
Average altitude of surface 0.10 | -0.10 | -0.33
Coefficient of the density of the river network 0.08 0.58 0.61
Coefficient of lakes 0.35 0.73 | -0.53
Maximum depth of vertical relief dissection 0.03 0.21 0.16
Integrated level of horizontal and vertical relief dissection 0.06 0.71 0.91
Water permeability of dominant surface deposits 0.00 | -0.10 0.30
Groundwater level —0.33 0.81 0.26
Density of springs 0.41 0.91 0.29
Average multiannual precipitation sum 0.71 0.44 0.15
Average multiannual evapotranspiration -0.65 0.03 | -0.11
Average multiannual discharge 0.51 | -0.26 | -0.32
Marshiness of the region 0.59 0.67 0.48
Fraction in general dispersion 0.25 0.42 0.33

Table 5 shows that the first block of factors explains 25% of
general spatial variability of marshiness in Polissia. The second
block explains 42%, and the third one — 33%.

The first factor highlights climatic conditions of the territory.
Marshiness of the territory is related to the value of annual sum
of precipitation that decreases in the southern direction. Re-
verse connection between climatic characteristics and mar-
shiness is characteristic of the annual maximal potential evapo-
transpiration the value of which increases in the southern direc-
tion. The first factor explains 25% of total dispersion.

The second factor reflects the dependence of the territory
marshiness on the geological, geomorphological, and hydro-
geological conditions that in sum determine the distribution and
development of marshes. They are the level of horizontal and
relief dissection, the depth of the first aquifer position and the
outlets of underground waters in the form of springs. The terri-
tory marshiness is the most closely related to hydrogeological
characteristics. Here, the release of pressure underground wa-
ters is more significant than the depth of the first aquifer posi-
tion. Another valuable predictor determining marshiness is the
level of horizontal and vertical relief dissection (direct connec-
tion). Close direct connection between lakes and the territory

marshiness witness of post- genesis of marshes. The second
factor characterises 42% of total dispersion.

The third factor depicts the close connection of main
morphometric indices — integral relief dissection level and the
density of river network and the reverse relation of these char-
acteristics with lakes. Hydrographical network sufficiently deter-
mines the wetland distribution. The fraction of the third factor in
total dispersion is 33%.

The results show that marshiness in the Volhynian Polissia
is mostly determined by the peculiarities of geological, geo-
morphological and hydrogeological conditions. The influence of
climatic factor is mediated and third in importance.

CLASSIFICATION OF WETLANDS OF THE VOLHYNIAN POLISSIA

The documentation analysis of peat deposits including geo-
logical and stratigraphic profiles of peats showed that peatlands
are located in depressions of different genesis and geological
structure. Depending on the relief form of wetland depression, 7
groups of wetlands on the basis of morphogenetic structure of
depressions in the Volhynian Polissia: ice marginal valleys,



146 Tatiana Solovey

Table 6
The wetland division of the Volhynian Polissia according to geomorphological conditions
A f tlands [h
Geomorphological conditions — | Total area of wetlands, | Area of marshes ea 0_ peatlands [hal
occurrence of wetlands ha [%] [ha] Total Raised bogs and Fens
poor fens
Ice marginal valleys 84 784 (13.4) 81 362 63 594 17 170 46 424
Meltout depressions 40 235 (6.4) 0 25192 23 867 1325
Shallow depressions without
outlets on the morainic plateau 118 324 (18.7) 39 581 63 700 20 425 43 275
Channel depressions 18 350 (2.9) 0 18 350 1835 16 515
Intra-dune depressions 71376 (11.3) 0 56 333 15 309 41 024
Sinkholes and headwater areas 24 677 (3.9) 8 400 16 277 977 15 300
River valleys 274 997 (43.4) 228 998 30 956 2719 28 237
Volhynian Polissia 632 743 (100) 358 341 274 402 82 302 192 100

meltout depressions, shallow depressions without outlets the
morainic plateau, channels depressions, intra-dune depres-
sions, sinkholes and headwater areas and the wetland areas in
these morphogenetic structures are represented in Table 6.

The relation between morphogenetic peculiarities of wet-
land depressions and wetland type is argued. The variety and
diametrical zonality in the distribution caused by microrelief and
differences of hydrological supply of wetlands are characteristic
of the river valley bogs. One specific type of wetlands is domi-
nant in the rest of morphogenetic structures.

According to the accumulation type of organic deposits in
the Volhynian Polissia, four types of peatlands are distin-
guished: post-lacustrine, paludificational, riverside and spring.
The structure of post-lacustrine peatlands of the Volhynian
Polissia imply that in the process of peat accumulation in lakes,
first, the lowland fens was developed that, later, in the result of
succession was transformed in the raised bogs one. Rarely, in
the region, in the process of peat genesis of dystrophic lakes,
poor fens, or sometimes the raised bogs ones were formed.
Post-lacustrine peatlands are the most numerous in the region
(almost 70%). In the history of development of post-lacustrine
peatlands, the particular sequence of succession is noticed. Itis
reflected in the profile of deposits: on the bottom — the detritus
and limestone gyttja, above on which — sedge, sedge and
moss, and alder peatbogs. The latter points to the variability of
the water inflow conditions. The alder peatbog is characteristic
of small peatlands.

In paludificational peatlands, organic deposits are accumu-
lated right above the mineral foundation. The marshiness pro-
cess is possible because of the surface position of ground-
waters. The first stage — gley and juvenile — occurs in the case
of anaerobic conditions in mineral soil that is caused by the high
level of groundwaters. It is manifested in the gley formation of
the soil profile. The processes of gley formation in the condi-
tions of stable waterlogging transform into the wetland soil gen-
esis processes. Due to the latter, gley mineral soils turn into
peat and gley with the peat volume up to 30 cm that significantly
influences phytocenotical features of the ecosystems. In the
case, mesophilic types are ejected, instead, hygrophytes and
hydrophytes appear. In the decay process of bog phyto-
cenoses, peat is accumulated. The peat accumulation with the
volume of 30 cm determines the boundary between the
gley—juvenile and eutrophic stages of the peatlands develop-
ment. The next stages are the same as the post-lacustrine type
of wetland genesis. Instead, this type of peatlands remains
eutrophic in the Polissia while not turning to oligotrophic stage.

In the profiles of riverside wetlands in former river beds, silt
is the typical layer, and peat deposits are rare and two-layered.
In the lower part, alder or rush peat is located. The upper part is
built up with sedge cane peat, sometimes the alder one. Humus
is the main component of silt with admixtures of colloidal min-
eral particles that altogether form organic and mineral com-
plexes. The silt volume reaches maximally 1 metre, but mainly
is within 0.2-0.25 m.

The spring wetlands in karst massifs in the Volhynian
Polissia are developed in the form of swamps. Their profile is
represented by a thin-rhythmical sequence of travertine, sedge,
and rush peat. Top-shaped spring peat bogs sometimes have
place too.

In the area of research, all hydrological types of wetlands
are widespread, including:

1. Ombrogenic wetlands that are located in drainless hol-
lows in the conditions of good isolation from
groundwaters. They are formed due to the surface flow
stagnation and the accumulation of precipitation on the
waterproof foundation of surface deposits. Ombrogenic
wetlands are characteristic of landscapes of the
wavy-bottomed or hilly final moraine and lacustrine-ac-
cumulation plains.

2. Topogenic wetlands are formed in the places of shallow
position of groundwaters with an insignificant slope that
provides almost stagnant water regime. The wetlands
have place in sandr landscapes and develop in total de-
pendence on groundwaters.

3. Soligenic wetlands — spring and running wetlands devel-
oped in the places of outlets of groundwaters. The
wetlands are formed in the bank parts of river valleys in
the places of numerous outlets of groundwaters and in
karst massifs. Pressure soligenic bogs are related to the
erosion and karst structures.

4. Fluviogenic wetlands are typical for wide and flat-bot-
tomed river valleys with the distinctive phase of durable
stagnation of waters in flood plain. Old-river beds are the
main centres of fluviogenic wetland genesis determined
with regular waterlogging of flood plain by flood waters
and discharge of groundwaters.

Every hydrological type has its own features of water re-
gime. The analysis of annual changes of the groundwater level
of wetland was performed on the basis of 21 wetlands:

1. Ombrogenic (5 observation points), in the supply of

which groundwater are not present, located in drainless
hollow.
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Table 7

The depth of the groundwater levels in wetlands of different hydrological types

The main statistical characteristics of the depth (m) of the groundwater levels
Hydrological type of wetland average (geometricaf?Verage T penes 2(:r?:>;r2n0a1|2) minimal | variation
annual depth annual range depth depth | coefficient
Ombrogenic 0.06 0.34 0.23 +0.11* 0.025
Topogenic 0.15 0.33 0.32 +0.01 0.014
Soligenic 0.10 0.31 0.26 +0.05 0.007
Fluviogenic 0.17 0.60 0.50 +0.10 0.056

* — (+) means the outlets of groundwaters on the surface

2. Topogenic (5 observation points), with hydraulic con-

nection with non-pressure groundwater.

3. Soligenic (5 observation points), influenced by pressure

groundwater and located in relict valleys.

4. Fluviogenic (6 observation points), located in the zone

of river waters in flood plain.

Monitoring data of Geological Survey of Ukraine and
North-Ukrainian Geological Expedition are the input material
(http://www.geo.gov.ua). The observation points have the suffi-
ciently long and continuous observational time series
(2005—-2012) with the frequency of measurements at least once
per week. All the basic results from all of the observation points
are presented in Table 7.

The highest average annual groundwater level in the period
2005-2012 at the level of 0.06 m below the earth’s surface re-
mained in the ombrogenic wetlands. The deepest groundwater
table was maintained in the fluviogenic wetlands. The average
annual level of groundwater in this period was 0.17 m below
ground surface.

The average annual level of groundwater in this period fluc-
tuated in the wetlands:

— ombrogenic —from 0.01 m below ground surface (b.g.s.)

in 2010 to 0.14 mbgs in 2005;
— topogenic—from 0,08 mb.g.s.in2011t00.23 mb.g.s.in

2006;

— soligenic —from 0.03 m b.g.s.in 2010 t0 0.17 m b.g.s. in
2006;

— fluviogenic — from 0,08 m b.g.s. in 2010 t0 0.38 m b.g.s.
in 2006.

Similar trends in the annual average groundwater level in
the wetland areas were observed in central Poland (Krogulec
and Zabtocki, 2015).

Table 7 shows the difference in quantitative parameters of
water regime of wetland depending on the hydrological type.

The characteristic feature of seasonal dynamics of water
levels in ombrogenic wetlands is a rapid increase and gradual
decrease that is related to the small area of catchment and less
time for water running. As a result, more rapid reaction of water
level on precipitation in the wetlands occurs. Due to the domi-
nance of an insufficiently decayed moss peat in the wetland
structure, the wetland is able to accumulate and hold a big
amount of stagnant waters the volume of which reach 90% of
the wetland depression volume (Maslov, 2009). Consequently,
the level of groundwaters of the ombrogenic wetland in the dry
period gradually decreases. The close relation between the
level of groundwaters and precipitation, as well as air tempera-
ture and humidity that determine the evapotranspiration value,
is detected in ombrogenic wetlands. Average annual depths of
the groundwaters position are in close relation with the annual
precipitation sum. The coefficient correlation calculated for the

ombrogenic wetland is within 0.82. Summer decrease of
groundwaters is closely related to the evapotranspiration value:
the correlation coefficient is 0.78.

Water regime of soligenic and topogenic wetland is rather
stable. Hydrogeological factor is the main regime-forming fac-
tor. Diurnal fluctuations of the groundwater position in wetlands
in the conditions of the supply by pressure groundwaters are
minimal — 0.01-0.02 m per day. Wetlands dependent on
groundwaters have the longest (2.5-3 months) phase of the
spring period of the water level increase in comparison to the
other wetland types. It is caused by the bigger inertia of ground-
water. In water regime of non-pressure wetlands, the spring-au-
tumn and winter period of the water level slight decrease is ob-
served.

The main feature of water regime of fluviogenic wetlands is
the significant dependence on the river water regime and the di-
rect influence of high waters. The wetland water regime follows
the phases of the river water regime. Alongside, more durable
intervals of the high waters stagnation are detected. For in-
stance, if the duration of high waters on the river is
1.5-2 months, then this phase on the flood plain wetland lasts
for almost 2.5 months. In this wetland, maximal levels reached
0.34 m above the ground surface. In the mean water time, the
groundwater level was 0.50 m. It was minimal for the system.
Water regime of fluviogenic wetlands is characteristic of the big-
gest range of fluctuations (in the investigated wetland, it
reaches 0.60 m) and variability (coefficient of variation is 0.056)
of the groundwater level.

Consequently, the stability of water regime of wetlands is
determined by multi-variance of the supply sources, and is
strengthened by the increase of groundwater discharge. Water
regime of soligenic wetlands follows the character of function-
ing of the hydrgeoological system within which it exists. Water
regime of ombrogenic wetlands is totally controlled by meteoro-
logical rhythms and is distinguished for the apparent seasonal-
ity. The variety of the supply sources of fluviogenic wetlands
contributes to the most complicated manifestation and the larg-
est dynamics of the level changes and the directions of water
flow in wetlands.

CONCLUSIONS

The review of the wetland definition underlines that for a
given area to be considered wetland, it must meet three criteria
at the same time: (1) permanent or periodical waterlogging; (2)
the dominance of hydrophilic vegetation; (3) hydromorphic type
of the soil-genesis process and the peat accumulation.

The proposed wetlands classification of Volhynian Polissia
aims to take into account the main environmental conditions for
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the development of wetlands and includes geomorphological,
soil and hydrological criteria. This classification includes similar
assumptions to the classification scheme proposed by Okruszko
(1992).

The developed GIS of the Volhynian Polissia wetlands in
the scale of 1:50,000 made it possible to determine the spatial
diversity of the wetlands in the research area. The level of de-
velopment of wetlands in the Volhynian Polissia that cover
9.2%. The type and location of wetlands in the region depend
on geological, geomorphological and hydrogeological condi-
tions. Geomorphological zoning reflects the features of distribu-
tion and the peculiarities of the wetland variety in the Volhynian
Polissia. Four types of post-glacial relief are dominant in the re-
gion: moraine uplands, relict valleys, and lacustrine-accumula-
tion and sandr plains.

Two thirds of raised bogs and poor fens in the region are lo-
cated in moraine uplands. They are non-uniformly distributed in
depressions of different genesis. Soligenic type of supply is char-
acteristic of the majority of wetlands. The largest peatlands,
mostly fens, are located in relict valleys (Styr—Slovechno, Turiia,
Prypiat). Wetlands of the soligenic supply type are developed on
the sides of valleys. Wetlands of fluviogenic type are concen-
trated in the old-river beds. Peatlands in the lacustrine-accumu-
lation plains (on the outskirts of the Vezhytsia and Kamin
Kashyrskyi localities) are related to drainless depressions and
are considered to have ombrogenic type of supply. Peatlands of
the topogenic type of supply are formed in shallow concave relief
forms in sandr plains. Other marshes are related to river valleys
and have fluviogenic type of supply. On the southern rim of the
Volhynia Polissia, in carboniferous karstic basins, carbonate
peatbogs with a soligenic type of alimentation have developed.

Statistical analysis of the point monitoring data enabled a
determination of the scope of the groundwater level changes in
the period 2005-2012, and in the annual and seasonal periods.

It was found that in 2005-2006 and 2010-2011 there were the
lowest and highest levels of groundwater respectively. The
range of changes ranged from 0.01 m b.g.s. (2010) to
0.14 m b.g.s. (2005) in ombrogenic wetlands; from 0.08 m b.g.s.
(2011) t0 0.23 m b.g.s. (2006) in topogenic wetlands; from 0.03
mb.g.s. (2010)t0 0.17 m b.g.s. (2006) in soligenic wetlands and
from 0.08 m b.g.s. (2010) to 0.38 m b.g.s. (2006) in fluviogenic
wetlands.

Maximal ranges of diurnal changes are observed in the veg-
etation period, when transpiration and evapotranspiration are
the leading processes in the discharge part of water balance.
Seasonal changes are determined by the type of the wetland
supply. The most apparent seasonal cycles are detected in
ombrogenic wetlands. The highest annual stability of water re-
gime is typical for soligenic and topogenic wetlands. The diver-
sity of supply sources of fluviogenic wetlands causes the most
complicated character and the biggest dynamics of level
changes and water flow directions in wetlands.

Results of the factor analysis indicate that in the Volhynian
Polissia the marshiness of the area is to a greater extent deter-
mined by the peculiarity of the geological and geomorphological
conditions. The climatic factor has an indirect and tertiary im-
pact. Presence of peatbogs within the river valleys is mostly re-
lated to the presence of a dense river network and a shallow
depth of the groundwater table while presence of peatbogs
within the wavy moraine plains is determined by the occurrence
of numerous outflow depressions and the presence of sources.
On sandbank plains, presence of peatbogs is associated with li-
thology of subsurface sediments.
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