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The post-gla cial ar eas are char ac ter ized by fa vor able con di tions for the for ma tion of wetlands as a re sult of the wide spread
oc cur rence of de pres sions with out out flow – cen ter for the de vel op ment of wetlands. The stud ies of morphogenetic con di -
tions of the wet land de vel op ment in Volhynian Polissia within the ter ri tory of Ukraine and the for ma tion of their wa ter re gime
re veal sev eral fea tures of their dis tri bu tion and ty po logi cal va ri ety. The lo ca tion of wetlands were char ac ter ized in ref er ence
to the shape of base/sub soil and its li thol ogy. The typ i cal struc ture of post-lac us trine, paludificational, riv er side and spring
peatlands of the Volhynian Polissia were shown and their de vel op ment were also dis cussed. The wet land evo lu tion un der
the in flu ence of the postglacial land scape deg ra da tion leads to dis ap pear ance of the de pres sion wetlands in gla cial forms,
in crease of the peat bog trophicity and the level of peat dis so lu tion. The sup ply con di tions and char ac ter is tics of wa ter re gime 
are de ter mined for sep a rate peatlands. Ac cord ing to the or i gin and wa ter flow/sup ply four types of wet land were ex tracted:
ombrogenic, topogenic, soligenic and fluviogenic. It was found that the rea sons of the high marshes ar eas (21%) in
Volhynian Polissia are the geo log i cal and geomorphological con di tions re tain ing/stop ping the run off and also lo cal ground -
wa ter cir cu la tion sys tem.

Key words: wetlands, clas si fi ca tion, spa tial dis tri bu tion, morphologic-ge netic and fac tor anal y sis, wa ter re gime, Volhynian
Polissia.

INTRODUCTION

The term “wet land” has a broad mean ing. It is the most of ten 
de ter mined on the ba sis of the eco sys tem ap proach (Has lam,
2003; £achacz, 2004; Mitsch and Gosselink, 2007; Mitsch et
al., 2009). Wet land – is the ter ri tory with an ex ces sive
humidification with hy dro philic veg e ta tion and or ganic soils.
Wetlands are tran sient eco sys tems be tween typ i cal aquatic
and typ i cal ter res trial sys tems be ing lo cated on their bor der and
formed un der the per ma nent or pe ri od i cal waterlogging of land
sur face that con trib utes to hy dro philic veg e ta tion and ac cu mu -
la tion of or ganic soils. There are nu mer ous dif fer ent def i ni tions
of wetlands such as “bogs and fens” (peat-ac cu mu lat ing
wetlands), marshes’ (her ba ceous, fre quently in un dated
wetlands) or “swamps” (for ested wetlands), and no stan dard -
iza tion of these terms.

Ac cord ing to the Ramsar Con ven tion Sec re tar iat (2013),
wetlands are ar eas where wa ter is the pri mary fac tor con trol ling
the en vi ron ment and the as so ci ated plant and an i mal life. They
oc cur where the wa ter ta ble is at or near the sur face of the land,
or where the land is cov ered by shal low wa ter. Thus the Ramsar 
Con ven tion de fines wetlands types of wetlands:

– coastal (ma rine) wetlands in clud ing coastal la goons,
rocky shores, and coral reefs;

– estuarine wetlands in clud ing del tas, tidal marshes, and
man grove swamps;

– lac us trine wetlands;
– riverine wetlands along rivers and stream;
– palustrine wetlands, in clude any in land wet land that

lacks flow ing wa ter. Wetlands within this cat e gory in -
clude in land marshes and swamps as well as peatland
(bogs and fens).

The first clas si fi ca tion of wetlands based on the trophicity of
wet land eco sys tems was sug gested by Schimper in 1889
(Wheeler and Proc tor, 2000). While de ter min ing the rel e vance
of wetlands to the clas si fi ca tion, sev eral ba sic is sues are ad -
dressed:

– geomorphic set ting;
– sub strate type (soils);
– or i gin of wa ter;
– trophicity;
– veg e ta tion.
The de ter mi nant morphogenesis fac tor of the wet land ba sin 

(gla cial, flu vial, karst, tec tonic) and its form are the pri mary cri te -
ria of the wet land clas si fi ca tion (Okruszko et al., 2001; Solovey,
2013). Geomorphological struc ture af fects wa ter con di tions
that, in turn, through hy dro log i cal type of nu tri ent sup ply and
hydroecological con di tions de ter mine the for ma tion of sub se -
quent wet land types in dif fer ent forms of re lief (Solovey, 2013).

The ex is tent hy dro log i cal clas si fi ca tion in volves sev eral el e -
ments of wa ter con di tions of wet land sys tems:
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– type of wa ter re charge;
– type of in flow and out flow of wa ters;
– in ten sity of wa ter ex change.
In re gards to the sources of wa ter sup ply, wetlands are di -

vided into two groups:
– wetlands that are sup plied only by pre cip i ta tion;
– wetlands with a mixed sup ply in clud ing un der ground

and sur face wa ters.
The most com mon clas si fi ca tion in Eu rope is based on the

work of Gilvear and McInnes (1994), who sug gested the wet -
land di vi sion into 4 types on the ba sis of the wa ter re charge: 

– ombrogenic – de pend ent only on pre cip i ta tion;
– rheogenic – fed by sur face wa ters and pre cip i ta tion;
– minerogenic – de pend ent on un der ground wa ters and

pre cip i ta tion;
– omnigenic – fed by un der ground, sur face wa ters and

pre cip i ta tion. 
The stag na tion and run ning re gimes of wa ter ex change in

re sponse to the in ten sity of wa ter ex change are dis tin guished
(Yvanov, 1975). The wet land clas si fi ca tion in Po land is built
around the con cept pro posed by Okruszko (Okruszko, 1992;
Dembek and Oœwit, 1992; Dembek, 2000) who con sid ers 4
types:

– fluviogenic – re charge mainly by river wa ters;
– soligenic – re charge by run ning ground wa ter that come

from aqui fers in the sur round ing ar eas;
– topogenic – also de pend ent on the re charge by ground -

wa ter but, in com par i son  with pre vi ous, the wa ter flow is
al most ab sent. Wetlands are formed in the places where 
aqui fers co mes to the sur face and with a min i mal slope
that con trib utes to the stag nant wa ter re gime;

– ombrogenic – mainly re charge by pre cip i ta tion due to
the lo ca tion in the iso lated de pres sions. They are
formed in the con di tions of the prev a lence of pre cip i ta -
tion above evapotranspiration and a dif fi cult wa ter out -
flow.

The wet land clas si fi ca tion on the ba sis of trophicity is per -
formed ac cord ing to the sat u ra tion of wa ter en vi ron ment with
nu tri ents for veg e ta tion: ni tro gen, phos pho rus and po tas sium.
Poor on nu tri ents wetlands are re ferred to oligotrophic, the ones 
with me dium nu tri ent avail abil ity – mesotrophic and rich on nu -
tri ents – eutrophic (Cowardin et al., 1979). Given these fea -
tures, two main eco log i cal types of peatlands are dis tin guished: 

fens (meso- and eutrophic) and raised bogs (oligitrophic). The
third eco log i cal type – poor fens – is po si tioned be tween the
men tioned ear lier two types. In suf fi cient oligotrophic fea tures
are char ac ter is tic of these poor fens. They of ten serve the tran -
sient stage in the pro cess of trans for ma tion of fens into the
raised bogs (Tobolski, 2000; Ilnicki, 2002; Pawlaczyk et al.,
2001, 2005; Jermaczek et al., 2009).

The ma jor ity of geobotanists con sider the eco log i cal and
phytocenotic clas si fi ca tion of wetlands since it con cerns the re -
la tion ships be tween wet land veg e ta tion and the growth en vi ron -
ment (West lake et al., 2012). The fol low ing syntaxons are used
in the clas si fi ca tion: class of for ma tions, group of for ma tions,
for ma tion and as so ci a tion (Grygora et al., 2005).

Ex am ples of the most use ful wet land clas si fi ca tion sys tems
have been pre sented in Ta ble 1.

The most com pre hen sive and multi-cri te ria clas si fi ca tion is the 
clas si fi ca tion pro posed by Bertrand et al. (2012) us ing four pa ram -
e ters: pedological, mor pho log i cal, hy dro log i cal and nu tri tive.

Wetlands of the Volhynian Polissia within Ukraine are de -
scribed in the set of sci en tific works (Tanfiliev, 1895; Zerov,
1938; Kulczyñski, 1939a, b; Dokuchaev, 1949; Bachurina,
1964; Bradis and Bachurina, 1969; Balashov and Kucheryava,
1974; Ilyin, 2004; Ilyina, 2004, 2005; Grygora et al., 2005;
Solovey, 2013). Since the pub li ca tion of “For est wetlands of
Ukrai nian Polissia” (Grygora et al., 2005) there has been no
pub li ca tion where the com pre hen sive clas si fi ca tion of wetlands
of the Volhynian Polissia on the ba sis of rel e vant in ven tory data
would have been pro vided.

The aim of the study is to ana lyse nat u ral con di tions of dis tri -
bu tion of wetlands of Volhynian Polissia within Ukraine to gen -
er ate di ag nos tic and clas si fi ca tion structuration of wetlands and 
pe cu liar i ties of their spa tial or gani sa tion.

STUDY AREA

The study area cov ers the Volhynian Polissia within
Ukraine. The re gion of Volhynian Polissia is one of the marsh i -
est re gions of Ukraine. Wetlands con sti tute al most 633,000
hect ares that is 21.2% of the whole Volhynian Polissia area
(Solovey, 2013). The ter ri tory is the phys i cal and geo graph ical
re gion of Cen tral Eu ro pean low lands with the area of
30,000 km2 on the bor der of Po land, Ukraine, and Belarus
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Ref er ences cited in the text Clas si fi ca tion pa ram e ter Ex am ple

Cowardin et al. (1979)

type of sys tem

type of flood ing

mod i fi ers

ma rine, estuarine, riverine

per ma nent, intertidal

pH, sa lin ity

Okruszko (1992)
type of hy drog e nous site

geomorphic-hy dro log i cal con di tions

peatlands, al lu vial min eral marshes, telmatic or ganic marshes,
pe ri odic moistlands

fluviogenic, soligenic, topogenic, ombrogenic

Brinson (1993)

geomorphic set tings

or i gin of wa ter

hy dro dy nam ics

slope, domes

pre cip i ta tion, sur face wa ters, ground wa ter

ver ti cal fluc tu a tions, uni di rec tional flow

Gilvear and McInnes (1994) or i gin of wa ter ombrogenic, rheogenic, minerogenic, omnigenic 

Davies and An der son (2001)

geomorphic-hy dro log i cal con di tions

or i gin of wa ter

gross form and to pog ra phy

microtopographic fea tures 

de pres sion, chan neled wa ter flow

ombrotrophic, minerogenic

flat, con cave

pres ence of pools

Ilnicki (2002) type of soil min eral, peat

Bertrand et al. (2012) type of eco sys tem spring eco sys tem, sur face-wa ter eco sys tem, peatland, ground -
wa ter-de pend ent ter res trial eco sys tem 

T a  b l e  1

Pa ram e ters used in some pub lished wet land clas si fi ca tion schemes



(Fig. 1). The river val ley of Buh serves the bound ary on the
west, the hills of the Ukrai nian Shield – the bound ary on the
east, the out skirts of Volhynian up land is the bound ary on the
south. The Volhynian Polissia stretches me ridi on ally over
270 km. The land scape di ver sity of the re gion is in sig nif i cant.
Monotonic dunes are di ver si fied with mo raine hills, dunes, hills
built out of chalk, marl, and limes of Cre ta ceous pe riod and
broad val leys mainly formed on the places of rel ict val leys.

The re gion in ques tion lies on the Pre cam brian Plat form.
Two large tec tonic struc tures have been dis tin guished in this
area: the Lviv De pres sion – in the west of the Volhynian Polissia 
and the el e va tion of the crys tal line foun da tion – the Ukrai nian
shield – in the east ern part. In the part of the Lviv De pres sion,
the thick ness of the Phanerozoic cover is up to 5 km. This cover 
is mainly made up of Si lu rian, De vo nian and Car bon if er ous de -
pos its, on which the Me so zoic de pos its have been dis cor dantly
ac cu mu lated  – mainly the Up per Cre ta ceous. The thick ness of
the Qua ter nary cover in crease to wards the north, where it is
usu ally ca. 40 m ex cept the river val leys. In the south ern part
there is a cul mi na tion of the Cre ta ceous de pos its and the Qua -
ter nary cover is up to 2–10 m. In the east ern part, the
Phanerozoic cover is only 60 m, in clud ing 10–20 m of Qua ter -
nary for ma tions (Bogucki et al., 2003).

Con tem po rary re lief of the Volhynian Polissia is built by dif -
fer ent ge netic (gla cial, flu vial, paludic, eolic) and age (glacia -
tions of Odra, Warta and Wis³a) ac cu mu la tive pro cesses
(Marynych, 1962). The ter ri tory is gen er ally in clined in north -
east ern di rec tion. The rel a tive al ti tudes vary from 100 m a.s.l. in
the Prypiat River val ley to 210 m a.s.l. on the bor der of the

Volhynian Up land. Hypsometry dif fer ences are within 10 m but,
fore most are 2–7 m. The min i mum rel a tive heights are typ i cal
for lac us trine-al lu vial and outwash plains, max i mum rel a tive
heights are typ i cal for the cul mi na tion of eskers and kames and
ae olian forms (Bogucki et al., 2003).

Rel ict val leys in the Volhynian Polissia are su pe rior zones of 
out flow of river wa ters. The Prypiat River val ley be ing the Dnie -
per trib u tary and the mor pho log i cal axis of the Polissia is the
big gest rel ict val ley that flows from west to east. The river is
sup plied with nu mer ous trib u tar ies and es pe cially by right-bank
rivers – Turiia, Stokhid, Styr, Horyn and Lva. Within the ero sion
val leys and sec tions of the Prypec proglacial val ley, the thick -
ness of Qua ter nary de pos its is about 100 m (Bogucki et al.,
2003).

Near-sur face mo raine de pos its were formed dur ing the
Dniprovina Gla ci ation pe riod. Within the Volhynian de nuded
Morainic Pla teau, the thick ness of mo raine de pos its is, on av er -
age, 20–30 m. Outwashed sand flatlands with dunes with a
max i mum height of 5–10 m, have a high prev a lence within the
area. In Kostopilska Outwash Plain, the thick ness of glacifluvial
de pos its is on av er age 10–20 m. In the south ern part of the
area, in ten sive de vel op ment of karst pro cesses is ob served
due to the shal low oc cur rence of Cre ta ceous (marl and chalk).
The most com mon forms of sur face karst are con sid ered to be
sparse karsts of 20–60 m in di am e ter, their slopes are short
(1–2 m) with an in cli na tion of 10–20°. The depth of forms is
0.5–2 m, flat bot tom, boggy (Bogucki et al., 2003).
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Fig. 1. Lo ca tion of wetlands in the Volhynian Polissia within Ukraine



MATERIALS AND METHODS

The set of the in for ma tional da ta bases served the ini tial ma -
te rial. They are:

– ar chive doc u men ta ries with the de scrip tion of peat bog
de pos its pro vided by North-Ukrai nian Geo log i cal Ex pe -
di tion (Zaleskyi, 1997);

– the ma te ri als of the wet land in ven tory in the nat u ral re -
served ter ri to ries, where their lo ca tion and con tem po -
rary veg e ta tion is given. The ma te ri als are pro vided by
the ad min is tra tions of nat u ral parks;

– soil maps 1:10,000 pro vided by the ad min is tra tion of soil
and till age sta tions in Lutsk and Rivne (Veremejenko,
2005; Koloshko, 2007);

– geo log i cal maps 1:50,000 with the dis tri bu tion of the
sep a rate lithological groups of de pos its on the sur face
(Burov, 2000);

– SRTM the Dig i tal El e va tion Model (USGS, 2005);
– GIS da ta base of top o graphic ob jects cor re spond ing to

the top o graphic map in scale of 1:50,000;
– cli mate maps in a scale of 1:200,000;
– map of unit sur face run off in scale of 1:200,000.
The men tioned above in for ma tional re sources were pro -

cessed, uni fied, and sys tema tised in the form of GIS of the
Volhynian Polissia wetlands in the scale of 1:50,000. The da ta -
base does not in clude small marshes with the area less than 1
hect are since these ob jects were not doc u mented.

Given the dif fer ent spec i fi ca tion of data in re gards to the
type of or ganic de pos its and the need for the in te gra tion of in for -
ma tion, a rather sim ple di vi sion of wetlands on peatlands (fens,
poor fens, raised bogs) and marshes (al lu vial min eral marshes,
pe ri odic moistlands, telmatic or ganic marshes). The type of or -
ganic de pos its is the pri mary cri te ria ac cord ing to which peat
and non-peat de pos its are dis tin guished.

The in for ma tion about peat bogs with ex ist ing doc u men ta -
tion was sup ple mented with the data about ge netic type of peat
bogs, the vol ume of de pos its, the level of peat dis so lu tion, type
of un der ly ing rocks.

Bound aries of na ture re served ter ri to ries and river bas ins,
hy dro-me lio ra tion net works, the doc u mented sites of peat de -
pos its served other sup ple men tary data.

In the pro posed clas si fi ca tion of the Volhynian Polissia
wetlands, three char ac ter is tics of geomorphic-hydrologic con di -
tions of the wetlands were used:

– geomorphic set tings;
– type of sub strate;
– or i gin of wa ter.
The geomorphological lo ca tion was de ter mined on the ba -

sis of a de tailed geo log i cal map based on the lithogenetic type

of sur face de pos its and SRTM the Dig i tal El e va tion Model.
Typization of re lief forms is ful filled on the ba sis of the clas si fi ca -
tion prin ci ples in tro duced by Zgorzelski (1988).

Type of sub strate wetlands has been de fined on the ba sis of 
a soil map tak ing into ac count the in ter na tional soil clas si fi ca tion 
sys tem (Soil Tax on omy, 1999). Based on soil type, wetlands
have been clas si fied into four groups:

– peatland – wide spread peat soils – fibric, hemic and
episapric (soils formed out of hy dro philic plants in the
pro cess of paludification  in the con di tions of ex ces sive
humidification);

– telmatic or ganic marsh – wide spread limnic soils
(formed out of un der wa ter de pos its– gyttja, silt);

– al lu vial min eral marsh – wide spread al lu vial sed i ment
soil;

– pe ri odic moistland – wide spread folisols (formed in the
well-drained con di tions with the dom i nance of
aerobiosis), black earth and murshic soils (formed out of
dif fer ent or ganic de pos its in the pro cess of aer o bic
trans for ma tion of or ganic mat ter).

The hy dro log i cal type of wetlands has been de ter mined on
the ba sis of the cri te ria set out in Ta ble 2.

A sta tis ti cal anal y sis was used to eval u ate the dy nam ics of
ground wa ter lev els in the wet land. The ba sis of the anal y sis
was a set of data from the pe riod 2005–2012, which pro vided
more than 8,700 ob ser va tions re gard ing 21 ob ser va tion points
lo cated in the wetlands. Sta tis ti cal anal y sis of ob ser va tional
data is the most fre quently used method to de ter mine the range
of sea sonal, an nual and long-term changes in ground wa ter
level (Krogulec et al., 2015, 2016).

A fac tor anal y sis was used to as sess the spa tial de pend en -
cies be tween el e ments de scrib ing the en vi ron men tal con di tion -
ing of land bog ging pro cesses (Krogulec et al., 2016). In or der
to iden tify the most im por tant fac tors and to group them ac cord -
ing to the sig nif i cance of the im pact, prin ci pal com po nent anal y -
sis (PCA) was car ried out us ing the Statistica 10.0 soft ware.
The al go rithm of the programme is based on the anal y sis of de -
pend en cies be tween the in di ces of the pro cess. As the re sult,
the in di ces are united into groups. Next cal cu lat ing pro ce dures
on the ba sis of sta tis ti cal meth ods are to de tect the fac tors that
in flu ence on the gen er a tion of groups.

The ap pli ca tion of fac tor anal y sis en ables to as sess sta tis ti -
cal sig nif i cance of ev ery given fac tor of the ter ri tory marshiness. 
The spe cific value in gen eral dis per sion of in di ces served the
sig nif i cance in di ca tor. While build ing the range of fac tors ac -
cord ing to their sig nif i cance, frac tion in the gen eral dis per sion is
taken into ac count. The big ger the frac tion the more sig nif i cant
the fac tor is.
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Type of wetlands
Pa ram e ter used

Or i gin of wa ter re charge sys tem Type of sub strate

Soligenic ground wa ter spring, seep age, out flow or ganic-car bon ate se quences of de posit,
spring peat

Topogenic ground wa ter wet land as a re sult of shal low 
oc cur rence of the ground wa ter level

peat, folisols, black earth and murshic
soils

Ombrogenic pre cip i ta tion sur face run off, pre cip i ta tion in fil tra tion limnic and peat soils

Fluviogenic river wa ter river flood ing al lu vial sed i ment soil

T a  b l e  2

Hy dro log i cal types of wetlands de pend ing on the source and wa ter sup ply sys tem



RESULTS

NATURAL CONDITIONS AND SPATIAL DIFFERENCES OF WETLANDS
 OF THE VOLHYNIAN POLISSIA

The wet land area in the Volhynian Polissia is 6,327.43 km2.
It in cludes wetlands with the area larger than 1 hect are. The
level of waterlogging in the Volhynian Polissia reaches 21.3%,
and the level of peat for ma tion is 9% that is in five times more
than the av er age level for the coun try – 1.7% (Lappalainen,
1996). More than half (56.6%) of wetlands are pe ri od i cal
non-peat bogs. Peatlands are found on the ter ri tory with the
area of 2,744.02 km2 cov er ing 9.2% of the whole Volhynian
Polissia. Fens with the area of 1,921 km2 (70%) are dom i nant.
The area of raised bogs and poor fens is 823 km2 (30%). 75% of 
all the raised bogs and poor fens of Ukraine are lo cated in the
Volhynian Polissia.

Due to the con tin u a tion of the Volhynian Polissia re gion in
Po land, it is im por tant to com pare the spa tial di ver sity of the
wetlands of the dis cussed ter ri tory of Po land and Ukraine. For
the Polissia re gion within Po land, a large num ber of wetlands,
mainly var i ous types of peat bogs, with a sig nif i cant share of
raised bogs are char ac ter is tic. Among the raised bogs there are 
also rare car bon ate bogs (Oœwiecimska-Piasko et al., 2009).
Due to the lack of nu mer i cal data for Polissia within Po land, the
data for the old gla cial zone were used for com par i son. In the
Pol ish old gla cial zone, wetlands oc cur on as much as 19% of
the area (2 159,000 ha), which is as so ci ated with nu mer ous oc -
cur rence of large, flat-bot tomed, val leys or oc cur rence of
flooded ar eas within the val ley net work. In the ma jor ity (15%)
they are non -peat wetlands, mainly al lu vial min eral marshes
and telmatic or ganic marshes. The bog ging of the Pol ish old
gla cial zone is 4% (Oœwiecimska-Piasko et al., 2009).

The fea tures of lo ca tion and pe cu liar i ties of dif fer ences of
the Volhynian Polissia wetlands are re flected in the
geomorphological zon ing. Five geomorphological re gions are
dis tin guished here (Steciuk, 2010). They are Gornoprypiatska
Ac cu mu la tion Plain, Volhynian de nuded Morainic Pla teau,
Sarnenska Ice Mar ginal Val ley, Klesiwska de nuded Morainic
Pla teau and Kostopilska Outwash Plain (Fig.1).

The Gornoprypiatska Ac cu mu la tion Plain (the Prypiat rel ict
val ley) and Sarnenska Ice Mar ginal Val ley with the ar eas of
33.9 and 29.1% re spec tively are the most wa ter logged. Half of
these ar eas are cov ered with peatlands (Ta ble 3).

Peatlands are dis trib uted in ice mar ginal val leys the most.
They are mostly the low land ones with the vol ume of peat de -
pos its of 4 m. On the ter ri tory of rel ict val leys, there are three re -
gions of wet land con cen tra tion (Fig. 2):

– Ice Mar ginal Val leys of Styr–Slovechno – since the times 
of the Odra Gla ci ation; 

– Ice Mar ginal Val leys of Turia – since the times of the
Odra Gla ci ation;

– Ice Mar ginal Val leys of Prypiat – since the times of the
Warta Gla ci ation (the larg est peat bog – Prypiatske –
35,000 hect ares).

Ice mar ginal val leys are dis tin guished for the broad shape
(5–10 km), flat bot tom, mostly filled up with the fens.
Waterlogging of the men tioned val leys var ies within 30–85%.
The high level of waterlogging is the re sult of fa vour able
geomorphological con di tions. The val ley is sup plied by the
slope sur face and un der ground flows from the neigh bour ing
mo raine and sandr land scapes. The flat-bot tomed char ac ter of
the val ley con trib utes to stag na tion and the com pli cated wa ter
flow that trig gers waterlogging.

The peatlands have been also of ten de vel oped in the lac us -
trine-ac cu mu la tion plains dur ing the Wis³a Gla ci ation on the
out skirts of the Vezhytsia (the larg est peatlands – Kreminne –
40,000 hect ares) and Kamin Kashyrskyi lo cal i ties.

Two thirds of raised bogs and poor fens with the to tal area
larger than half (55%) of all the peatlands in the area are lo -
cated in the Volhynian de nuded Morainic Pla teau. The ma jor ity
of peatlands have a pre served mound with the height of 1 m.
Small (less than 5 hect ares), but at the same time deep
peatlands (2–5 m – 58% of peatlands, more than 5 m – 23% of
peatlands) are dom i nant. The col umn of low-pen e trat ing mo -
raine de pos its serves the un der ly ing rocks. Peatlands with the
big gest vol ume (up to 8 m) and the bot tom cov ered with gyttja
are spo rad i cally dis trib uted in subglacial de pres sion.

The most ap pro pri ate geomorphological con di tions for
wetlands are de tected in the Kostopilska Outwash Plain, where
lac us trine and peatlands com plexes are dom i nant. The down -
ward di rec tion of the peat gen e sis pro cess is char ac ter is tic of
the com plexes. The age of lakes of the Volhynian Polissia is re -
ferred to the fi nal stage of the North Pol ish gla ci ation (Bogucki,
2005). Small and shal low wetlands (0.5–1.75 m) in lo cal de -
pres sions are typ i cal for sandr plains. The vol ume of clayey
sands on flu vio gla cial ani so mer ous sands with the depth of
10–25 m serves the un der ly ing rocks.

On the bor der of the Volhynian Polissia and the Volhynian
up land, the cul mi na tion of lime stone de pos its of Cre ta ceous
pe riod is found. The vol ume of qua ter nary de pos its de creases
to 2–10 m. The Up per Cre ta ceous de pos its are mostly rep re -
sented by marl. In some places, they come to the sur face that
leads to the de vel op ment of karst forms. Car bon ate low land
peatlands are formed in drainless hol lows where the lime stone
and de tri tus gyttja cov ers the bot tom (Bogucki, 2005). The vol -
ume of peat is 3 m, max i mum – 8.5 m. It is an ab so lute low land
peat, mostly with sedge and rush. The peatlands are de vel oped 
on the car bon ate de pos its of Up per Cre ta ceous. Sur face de -
pos its of Up per Cre ta ceous are of small vol ume and built up by
flu vio gla cial and aluvial-periglacial de pos its.
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Geomorphological re gion To tal area
[km2]

Par tic i pa tion in the wetlands area [%]

Share of wetlands Share of peatlands Marshes

Gornoprypiatska Ac cu mu la tion Plain    5173.94 33.9 12.4 21.5

Volhynian de nuded Morainic Pla teau 10 508.62 18.5   7.3 11.2

Sarnenska Ice Mar ginal Val leys    3513.11 29.1 15.1 13.9

Klesiwska de nuded Morainic Pla teau    3528.12 24.6 16.0   8.6

Kostopilska Outwash Plain    7012.11 10.5   3.3   7.1

Volhynian Polissia 29 735.90 21.3   9.2 12.1

T a  b l e  3

Wetlands in geomorphological re gions of Volhynian Polissia



The spring peatlands formed in paralimnic and paludic en vi -
ron ments are lo cally dis trib uted on the ter ri tory. Biogenic de -
pos its in paraliminic con di tions are rep re sented by rhyth mic se -
quence of trav er tine and silt de pos its that are ac cu mu lated in
small spring bas ins of karst wa ters. Here, paludic en vi ron ment
is de vel oped in the re sult of a grad ual ter mi na tion of the karst
wa ters out flow. In such con di tions, peat con tam i nated by cal -
cium car bon ate is formed.

In the Volhynian Polissia, pre cip i ta tion sums in suf fi ciently
ex ceed the evapotranspiration rate (Kynal and Krogulec, 2009). 
The lo ca tion of most of the wetlands in con cave re lief forms
points to the dom i nant in flu ence of geo log i cal, geomorpho -
logical and hydrogeological con di tions on the de vel op ment of
hydrogenic com plexes.

To de ter mine the main fac tors of the Volhynian Polissia de -
vel op ment, fac tor anal y sis is used. Wa ter body area served the
el e men tary spa tial unit of fac tor anal y sis. 406 wa ter body area
is lo cated in the re search area. Quan ti ta tive mea sure ment pa -
ram e ters that de scribe nat u ral con di tions of the wet land de vel -
op ment served the ini tial in for ma tion for fac tor anal y sis. The in -
volved data can be di vided into three blocks.

The first block con sists of hydrologic and cli ma tic pa ram e -
ters that de ter mine the wa ter bal ance in the re gion:

– norm of an nual pre cip i ta tion sums on the ba sis av er age
weighted value within the re gion [mm];

– norm of an nual max i mal po ten tial evapotranspiration on
the ba sis of av er age weighted value in the re gion [mm];

– av er age multiannual sur face dis charge vol ume on the
ba sis of av er age weighted value within the re gion
[l/s ´ km2].

Geo log i cal, geomorphological and hydrogeological pa ram -
e ters that de scribe waterlogging con di tions con sti tute the sec -
ond block:

– max i mal depth of ver ti cal re lief dis sec tion [m];
– in te gral level of hor i zon tal and ver ti cal re lief dis sec tion

on the ba sis of re lief dis sec tion in dex [km/km2];
– wa ter per me abil ity of dom i nant sur face de pos its on the

ba sis of the fil tra tion [m/day];
– ground wa ter level on the ba sis av er age weighted value

within the re gion [m];
– den sity of springs [amount/km2].
Main morphometric pa ram e ters of wa ter body area con sti -

tute the third block:
– geo graph ical po si tion on the ba sis of co or di nates of its

av er age weighted cen tre;
– av er age al ti tude of sur face [m];
– den sity of river net work [km/km2];
– lakes on the ba sis the co ef fi cient of lakes [%];
Marshiness of the ter ri tory as a de pend ent char ac ter is tic is

de ter mined with the co ef fi cient of marshiness.
The se lected pa ram e ters have been cal cu lated for ev ery -

one 406 wa ter body area. Ta ble 4 pres ents the range of vari -
abil ity of pa ram e ters in cluded in the fac tor anal y sis.

The ma trix of cor re la tion co ef fi cients that is the ba sis for fac -
tor anal y sis is given in the Ta ble 5.
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Fig. 2. Gen eral Ice Mar ginal Val leys the Volhynian Polissia (after Marynych and Shyshchenko, 2006)



Ta ble 5 shows that the first block of fac tors ex plains 25% of
gen eral spa tial vari abil ity of marshiness in Polissia. The sec ond
block ex plains 42%, and the third one – 33%.

The first fac tor high lights cli ma tic con di tions of the ter ri tory.
Marshiness of the ter ri tory is re lated to the value of an nual sum
of pre cip i ta tion that de creases in the south ern di rec tion. Re -
verse con nec tion be tween cli ma tic char ac ter is tics and mar -
shiness is char ac ter is tic of the an nual max i mal po ten tial evapo -
transpiration the value of which in creases in the south ern di rec -
tion. The first fac tor ex plains 25% of to tal dis per sion.

The sec ond fac tor re flects the de pend ence of the ter ri tory
marshiness on the geo log i cal, geomorphological, and hydro -
geological con di tions that in sum de ter mine the dis tri bu tion and
de vel op ment of marshes. They are the level of hor i zon tal and
re lief dis sec tion, the depth of the first aqui fer po si tion and the
out lets of un der ground wa ters in the form of springs. The ter ri -
tory marshiness is the most closely re lated to hydro geological
char ac ter is tics. Here, the re lease of pres sure un der ground wa -
ters is more sig nif i cant than the depth of the first aqui fer po si -
tion. An other valu able pre dic tor de ter min ing marsh iness is the
level of hor i zon tal and ver ti cal re lief dis sec tion (di rect con nec -
tion). Close di rect con nec tion be tween lakes and the ter ri tory

marshiness wit ness of post- gen e sis of marshes. The sec ond
fac tor char ac ter ises 42% of to tal dis per sion.

The third fac tor de picts the close con nec tion of main
morphometric in di ces – in te gral re lief dis sec tion level and the
den sity of river net work and the re verse re la tion of these char -
ac ter is tics with lakes. Hydrographical net work suf fi ciently de ter -
mines the wet land dis tri bu tion. The frac tion of the third fac tor in
to tal dis per sion is 33%.

The re sults show that marshiness in the Volhynian Polissia
is mostly de ter mined by the pe cu liar i ties of geo log i cal, geo -
morphological and hydrogeological con di tions. The in flu ence of 
cli ma tic fac tor is me di ated and third in im por tance.

CLASSIFICATION OF WETLANDS OF THE VOLHYNIAN POLISSIA

The doc u men ta tion anal y sis of peat de pos its in clud ing geo -
log i cal and strati graphic pro files of peats showed that peatlands 
are lo cated in de pres sions of dif fer ent gen e sis and geo log i cal
struc ture. De pend ing on the re lief form of wet land de pres sion, 7 
groups of wetlands on the ba sis of morphogenetic struc ture of
de pres sions in the Volhynian Polissia: ice mar ginal val leys,
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Group of pa ram e ters Type of pa ram e ter Range of vari abil ity

Hy dro log i cal and cli ma tic

av er age multiannual pre cip i ta tion sum 510–720 mm

av er age multiannual evapotranspiration 430–540 mm

av er age multiannual dis charge 2.2–4.5 l/s ´ km2

Geo log i cal,
geomorphological and
hydrogeological

max i mum depth of ver ti cal re lief dis sec tion 0.3–25 m

in te grated level of hor i zon tal and ver ti cal re lief dis sec tion 0.2–0.8 km/km2

wa ter per me abil ity of dom i nant sur face de pos its 0.1–75 m/day

groundwater level 0.2–18.7 m

den sity of springs 0–17 amount/km2

Morphometric

av er age al ti tude of sur face 100–210 m

den sity of river net work 0.1–1–1 km/km2

co ef fi cient of lakes 0.1–73%

T a  b l e  4

Range of vari abil ity of pa ram e ters in cluded in the fac tor anal y sis

Pa ram e ters
Fac tors

1 2 3

Geo graph ical lat i tude of geo met ri cal cen tre of the re gion   0.69 –0.43 –0.46

Geo graph ical lon gi tude of geo met ri cal cen tre of the re gion –0.57 –0.05 –0.32

Av er age al ti tude of sur face   0.10 –0.10 –0.33

Co ef fi cient of the den sity of the river net work   0.08   0.58   0.61

Co ef fi cient of lakes   0.35   0.73 –0.53

Max i mum depth of ver ti cal re lief dis sec tion   0.03   0.21   0.16

In te grated level of hor i zon tal and ver ti cal re lief dis sec tion   0.06   0.71   0.91

Wa ter per me abil ity of dom i nant sur face de pos its   0.00 –0.10   0.30

Groundwater level –0.33   0.81   0.26

Den sity of springs   0.41   0.91   0.29

Av er age multiannual pre cip i ta tion sum   0.71  0.44   0.15

Av er age multiannual evapotranspiration –0.65   0.03 –0.11

Av er age multiannual dis charge   0.51 –0.26 –0.32

Marshiness of the re gion   0.59   0.67   0.48

Frac tion in gen eral dis per sion   0.25   0.42   0.33

T a  b l e  5

The ma trix of main fac tors of marshiness of wa ter body area



meltout de pres sions, shal low de pres sions with out out lets the
morainic pla teau, chan nels de pres sions, intra-dune de pres -
sions, sink holes and head wa ter ar eas and the wet land ar eas in
these morphogenetic struc tures are rep re sented in Ta ble 6.

The re la tion be tween morphogenetic pe cu liar i ties of wet -
land de pres sions and wet land type is ar gued. The va ri ety and
di a met ri cal zonality in the dis tri bu tion caused by microrelief and
dif fer ences of hy dro log i cal sup ply of wetlands are char ac ter is tic 
of the river val ley bogs. One spe cific type of wetlands is dom i -
nant in the rest of morphogenetic struc tures.

Ac cord ing to the ac cu mu la tion type of or ganic de pos its in
the Volhynian Polissia, four types of peatlands are dis tin -
guished: post-lac us trine, paludificational, riv er side and spring.
The struc ture of post-lac us trine peatlands of the Volhynian
Polissia im ply that in the pro cess of peat ac cu mu la tion in lakes,
first, the low land fens was de vel oped that, later, in the re sult of
suc ces sion was trans formed in the raised bogs one. Rarely, in
the re gion, in the pro cess of peat gen e sis of dystrophic lakes,
poor fens, or some times the raised bogs ones were formed.
Post-lac us trine peatlands are the most nu mer ous in the re gion
(al most 70%). In the his tory of de vel op ment of post-lac us trine
peatlands, the par tic u lar se quence of suc ces sion is no ticed. It is 
re flected in the pro file of de pos its: on the bot tom – the de tri tus
and lime stone gyttja, above on which – sedge, sedge and
moss, and al der peat bogs. The lat ter points to the vari abil ity of
the wa ter in flow con di tions. The al der peat bog is char ac ter is tic
of small peatlands.

In paludificational peatlands, or ganic de pos its are ac cu mu -
lated right above the min eral foun da tion. The marshiness pro -
cess is pos si ble be cause of the sur face po si tion of ground -
waters. The first stage – gley and ju ve nile – oc curs in the case
of an aer o bic con di tions in min eral soil that is caused by the high 
level of groundwaters. It is man i fested in the gley for ma tion of
the soil pro file. The pro cesses of gley for ma tion in the con di -
tions of sta ble waterlogging trans form into the wet land soil gen -
e sis pro cesses. Due to the lat ter, gley min eral soils turn into
peat and gley with the peat vol ume up to 30 cm that sig nif i cantly 
in flu ences phytocenotical fea tures of the eco sys tems. In the
case, mesophilic types are ejected, in stead, hy gro phytes and
hy dro phytes ap pear. In the de cay pro cess of bog phyto -
cenoses, peat is ac cu mu lated. The peat ac cu mu la tion with the
vol ume of 30 cm de ter mines the bound ary be tween the
gley–juvenile and eutrophic stages of the peatlands de vel op -
ment. The next stages are the same as the post-lac us trine type
of wet land gen e sis. In stead, this type of peatlands re mains
eutrophic in the Polissia while not turn ing to oligotrophic stage. 

In the pro files of riv er side wetlands in for mer river beds, silt
is the typ i cal layer, and peat de pos its are rare and two-lay ered.
In the lower part, al der or rush peat is lo cated. The up per part is
built up with sedge cane peat, some times the al der one. Hu mus 
is the main com po nent of silt with ad mix tures of col loi dal min -
eral par ti cles that al to gether form or ganic and min eral com -
plexes. The silt vol ume reaches max i mally 1 metre, but mainly
is within 0.2–0.25 m.

The spring wetlands in karst mas sifs in the Volhynian
Polissia are de vel oped in the form of swamps. Their pro file is
rep re sented by a thin-rhyth mi cal se quence of trav er tine, sedge, 
and rush peat. Top-shaped spring peat bogs some times have
place too.

In the area of re search, all hy dro log i cal types of wetlands
are wide spread, in clud ing: 

1. Ombrogenic wetlands that are lo cated in drainless hol -
lows in the con di tions of good iso la tion from
groundwaters. They are formed due to the sur face flow
stag na tion and the ac cu mu la tion of pre cip i ta tion on the
wa ter proof foun da tion of sur face de pos its. Ombrogenic
wetlands are char ac ter is tic of land scapes of the
wavy-bot tomed or hilly fi nal mo raine and lac us trine-ac -
cu mu la tion plains.

2. Topogenic wetlands are formed in the places of shal low
po si tion of groundwaters with an in sig nif i cant slope that
pro vides al most stag nant wa ter re gime. The wetlands
have place in sandr land scapes and de velop in to tal de -
pend ence on groundwaters.

3. Soligenic wetlands – spring and run ning wetlands de vel -
oped in the places of out lets of groundwaters. The
wetlands are formed in the bank parts of river val leys in
the places of nu mer ous out lets of groundwaters and in
karst mas sifs. Pres sure soligenic bogs are re lated to the 
ero sion and karst struc tures.

4. Fluviogenic wetlands are typ i cal for wide and flat-bot -
tomed river val leys with the dis tinc tive phase of du ra ble
stag na tion of wa ters in flood plain. Old-river beds are the 
main cen tres of fluviogenic wet land gen e sis de ter mined
with reg u lar waterlogging of flood plain by flood wa ters
and dis charge of groundwaters.

Ev ery hy dro log i cal type has its own fea tures of wa ter re -
gime. The anal y sis of an nual changes of the ground wa ter level
of wet land was per formed on the ba sis of 21 wetlands:

1. Ombrogenic (5 ob ser va tion points), in the sup ply of
which ground wa ter are not pres ent, lo cated in drainless
hol low.
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Geomorphological con di tions –
oc cur rence of wetlands

To tal area of wetlands, 
ha [%]

Area of marshes
[ha]

Area of peatlands [ha]

To tal Raised bogs and
poor fens Fens

Ice mar ginal val leys 84 784 (13.4) 81 362 63 594 17 170 46 424

Meltout de pres sions 40 235 (6.4) 0 25 192 23 867   1 325

Shal low de pres sions with out 
out lets on the morainic pla teau 118 324 (18.7) 39 581 63 700 20 425 43 275

Chan nel de pres sions 18 350 (2.9) 0 18 350   1 835 16 515

Intra-dune de pres sions 71 376 (11.3) 0 56 333 15 309 41 024

Sink holes and head wa ter ar eas 24 677 (3.9) 8 400 16 277      977 15 300

River val leys 274 997 (43.4) 228 998 30 956   2 719 28 237

Volhynian Polissia 632 743 (100) 358 341 274 402  82 302 192 100  

T a  b l e  6

The wet land di vi sion of the Volhynian Polissia ac cord ing to geomorphological con di tions



2. Topogenic (5 ob ser va tion points), with hy drau lic con -
nec tion with non-pres sure ground wa ter.

3. Soligenic (5 ob ser va tion points), in flu enced by pres sure
ground wa ter and lo cated in rel ict val leys.

4. Fluviogenic (6 ob ser va tion points), lo cated in the zone
of river wa ters in flood plain.

Mon i tor ing data of Geo log i cal Sur vey of Ukraine and
North-Ukrai nian Geo log i cal Ex pe di tion are the in put ma te rial
(http://www.geo.gov.ua). The ob ser va tion points have the suf fi -
ciently long and con tin u ous ob ser va tional time se ries
(2005–2012) with the fre quency of mea sure ments at least once 
per week. All the ba sic re sults from all of the ob ser va tion points
are pre sented in Ta ble 7.

The high est av er age an nual ground wa ter level in the pe riod
2005–2012 at the level of 0.06 m be low the earth’s sur face re -
mained in the ombrogenic wetlands. The deep est ground wa ter
ta ble was main tained in the fluviogenic wetlands. The av er age
an nual level of ground wa ter in this pe riod was 0.17 m be low
ground sur face.

The av er age an nual level of ground wa ter in this pe riod fluc -
tu ated in the wetlands:

– ombrogenic – from 0.01 m be low ground sur face (b.g.s.)
in 2010 to 0.14 mbgs in 2005;

– topogenic – from 0,08 m b.g.s. in 2011 to 0.23 m b.g.s. in 
2006;

– soligenic – from 0.03 m b.g.s. in 2010 to 0.17 m b.g.s. in
2006;

– fluviogenic – from 0,08 m b.g.s. in 2010 to 0.38 m b.g.s.
in 2006.

Sim i lar trends in the an nual av er age ground wa ter level in
the wet land ar eas were ob served in cen tral Po land (Krogulec
and Zab³ocki, 2015).

Ta ble 7 shows the dif fer ence in quan ti ta tive pa ram e ters of
wa ter re gime of wet land de pend ing on the hy dro log i cal type.

The char ac ter is tic fea ture of sea sonal dy nam ics of wa ter
lev els in ombrogenic wetlands is a rapid in crease and grad ual
de crease that is re lated to the small area of catch ment and less
time for wa ter run ning. As a re sult, more rapid re ac tion of wa ter
level on pre cip i ta tion in the wetlands oc curs. Due to the dom i -
nance of an in suf fi ciently de cayed moss peat in the wet land
struc ture, the wet land is able to ac cu mu late and hold a big
amount of stag nant wa ters the vol ume of which reach 90% of
the wet land de pres sion vol ume (Maslov, 2009). Con se quently,
the level of groundwaters of the ombrogenic wet land in the dry
pe riod grad u ally de creases. The close re la tion be tween the
level of groundwaters and pre cip i ta tion, as well as air tem per a -
ture and hu mid ity that de ter mine the evapotranspiration value,
is de tected in ombrogenic wetlands. Av er age an nual depths of
the groundwaters po si tion are in close re la tion with the an nual
pre cip i ta tion sum. The co ef fi cient cor re la tion cal cu lated for the

ombrogenic wet land is within 0.82. Sum mer de crease of
groundwaters is closely re lated to the evapotranspiration value: 
the cor re la tion co ef fi cient is 0.78.

Wa ter re gime of soligenic and topogenic wet land is rather
sta ble. Hydrogeological fac tor is the main re gime-form ing fac -
tor. Di ur nal fluc tu a tions of the ground wa ter po si tion in wetlands
in the con di tions of the sup ply by pres sure groundwaters are
min i mal – 0.01–0.02 m per day. Wetlands de pend ent on
groundwaters have the lon gest (2.5–3 months) phase of the
spring pe riod of the wa ter level in crease in com par i son to the
other wet land types. It is caused by the big ger in er tia of ground -
wa ter. In wa ter re gime of non-pres sure wetlands, the spring-au -
tumn and win ter pe riod of the wa ter level slight de crease is ob -
served.

The main fea ture of wa ter re gime of fluviogenic wetlands is
the sig nif i cant de pend ence on the river wa ter re gime and the di -
rect in flu ence of high wa ters. The wet land wa ter re gime fol lows
the phases of the river wa ter re gime. Along side, more du ra ble
in ter vals of the high wa ters stag na tion are de tected. For in -
stance, if the du ra tion of high wa ters on the river is
1.5–2 months, then this phase on the flood plain wet land lasts
for al most 2.5 months. In this wet land, max i mal lev els reached
0.34 m above the ground sur face. In the mean wa ter time, the
ground wa ter level was 0.50 m. It was min i mal for the sys tem.
Wa ter re gime of fluviogenic wetlands is char ac ter is tic of the big -
gest range of fluc tu a tions (in the in ves ti gated wet land, it
reaches 0.60 m) and vari abil ity (co ef fi cient of vari a tion is 0.056)
of the ground wa ter level.

Con se quently, the sta bil ity of wa ter re gime of wetlands is
de ter mined by multi-vari ance of the sup ply sources, and is
strength ened by the in crease of ground wa ter dis charge. Wa ter
re gime of soligenic wetlands fol lows the char ac ter of func tion -
ing of the hydrgeoological sys tem within which it ex ists. Wa ter
re gime of ombrogenic wetlands is to tally con trolled by me te o ro -
log i cal rhythms and is dis tin guished for the ap par ent sea son al -
ity. The va ri ety of the sup ply sources of fluviogenic wetlands
con trib utes to the most com pli cated man i fes ta tion and the larg -
est dy nam ics of the level changes and the di rec tions of wa ter
flow in wetlands.

CONCLUSIONS

The re view of the wet land def i ni tion un der lines that for a
given area to be con sid ered wet land, it must meet three cri te ria
at the same time: (1) per ma nent or pe ri od i cal waterlogging; (2)
the dom i nance of hy dro philic veg e ta tion; (3) hydromorphic type
of the soil-gen e sis pro cess and the peat ac cu mu la tion.

The pro posed wetlands clas si fi ca tion of Volhynian Polissia
aims to take into ac count the main en vi ron men tal con di tions for
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Hy dro log i cal type of wet land

The main sta tis ti cal char ac ter is tics of the depth (m) of the ground wa ter lev els
(av er age for the pe riod 2005-2012)

av er age (geo met ri cal)
an nual depth an nual range max i mal

depth
min i mal
depth

vari a tion
co ef fi cient

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 out lets of groundwaters on the sur face

T a  b l e  7

The depth of the ground wa ter lev els in wetlands of dif fer ent hy dro log i cal types 



the de vel op ment of wetlands and in cludes geomorphological,
soil and hy dro log i cal cri te ria. This clas si fi ca tion in cludes sim i lar
as sump tions to the clas si fi ca tion scheme pro posed by Okruszko
(1992).

The de vel oped GIS of the Volhynian Polissia wetlands in
the scale of 1:50,000 made it pos si ble to de ter mine the spa tial
di ver sity of the wetlands in the re search area. The level of de -
vel op ment of wetlands in the Volhynian Polissia that cover
9.2%. The type and lo ca tion of wetlands in the re gion de pend
on geo log i cal, geomorphological and hydrogeological con di -
tions. Geomorphological zon ing re flects the fea tures of dis tri bu -
tion and the pe cu liar i ties of the wet land va ri ety in the Volhynian
Polissia. Four types of post-gla cial re lief are dom i nant in the re -
gion: mo raine up lands, rel ict val leys, and lac us trine-ac cu mu la -
tion and sandr plains.

Two thirds of raised bogs and poor fens in the re gion are lo -
cated in mo raine up lands. They are non-uni formly dis trib uted in
de pres sions of dif fer ent gen e sis. Soligenic type of sup ply is char -
ac ter is tic of the ma jor ity of wetlands. The larg est peatlands,
mostly fens, are lo cated in rel ict val leys (Styr– Slovechno, Turiia,
Prypiat). Wetlands of the soligenic sup ply type are de vel oped on
the sides of val leys. Wetlands of fluviogenic type are con cen -
trated in the old-river beds. Peatlands in the lac us trine-ac cu mu -
la tion plains (on the out skirts of the Vezhytsia and Kamin
Kashyrskyi lo cal i ties) are re lated to drainless de pres sions and
are con sid ered to have ombrogenic type of sup ply. Peatlands of
the topogenic type of sup ply are formed in shal low con cave re lief
forms in sandr plains. Other marshes are re lated to river val leys
and have fluviogenic type of sup ply. On the south ern rim of the
Volhynia Polissia, in car bon if er ous karstic bas ins, car bon ate
peat bogs with a soligenic type of alimentation have de vel oped.

Sta tis ti cal anal y sis of the point mon i tor ing data en abled a
de ter mi na tion of the scope of the ground wa ter level changes in
the pe riod 2005–2012, and in the an nual and sea sonal pe ri ods.

It was found that in 2005–2006 and 2010–2011 there were the
low est and high est lev els of ground wa ter re spec tively. 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) to 0.23 m b.g.s. (2006) in topogenic wetlands; from 0.03
m b.g.s. (2010) to 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.

Max i mal ranges of di ur nal changes are ob served in the veg -
e ta tion pe riod, when tran spi ra tion and evapotranspiration are
the lead ing pro cesses in the dis charge part of wa ter bal ance.
Sea sonal changes are de ter mined by the type of the wet land
sup ply. The most ap par ent sea sonal cy cles are de tected in
ombrogenic wetlands. The high est an nual sta bil ity of wa ter re -
gime is typ i cal for soligenic and topogenic wetlands. The di ver -
sity of sup ply sources of fluviogenic wetlands causes the most
com pli cated char ac ter and the big gest dy nam ics of level
changes and wa ter flow di rec tions in wetlands.

Re sults of the fac tor anal y sis in di cate that in the Volhynian
Polissia the marshiness of the area is to a greater ex tent de ter -
mined by the pe cu liar ity of the geo log i cal and geomorphological 
con di tions. The cli ma tic fac tor has an in di rect and ter tiary im -
pact. Pres ence of peat bogs within the river val leys is mostly re -
lated to the pres ence of a dense river net work and a shal low
depth of the ground wa ter ta ble while pres ence of peat bogs
within the wavy mo raine plains is de ter mined by the oc cur rence
of nu mer ous out flow de pres sions and the pres ence of sources.
On sand bank plains, pres ence of peat bogs is as so ci ated with li -
thol ogy of subsurface sed i ments.

Ac knowl edg ments. Au thor wish to thank by Prof. E. Kro -
gulec and anon y mous re view ers for their very con struc tive sug -
ges tions and com ments.

REFERENCES

Bachurina, G., 1964. Torfovi bolota Ukrayinskoho Polissya (in
Ukrainian). Naukova dumka, Kyiv.

Balashov, L., Kucheryava, L., 1974. Olihotrofni bolota Poliskoho
derzhavnoho zapovidnyka (in Ukrai nian). Ukrayins'kyy
botanichnyy zhurnal, 31: 83–88.

Bertrand, G., Goldscheider, N., Gobat, J.M., Hunkeler, D., 2012.
Re view: from multi-scale con cep tu al iza tion to a clas si fi ca tion
sys tem for in land ground wa ter-de pend ent eco sys tems.
Hydrogeology Jour nal, 20: 5–25. 

Bogucki, A., Zaleski, I., Karpenko, N., Kowalczuk, I., Krawczuk,
J., 2003. Goelogic-geomorphologic evo lu tion of the nort-west -
ern part of the Volhynia Polesie. Acta Agrophysica, 1: 217–232. 

Boguckij, A., 2005. Rozwa¿ania nad morfogenez¹ Polesia (in Pol -
ish). Materia³y XIII ukraiñsko-polskiego seminarium. Centrum
wydawnicze Narodowego Uniwersytetu im. Iwana Franko,
Lwów: 211–219.

Bradis, E.M., Bachurina, G.F., 1969. Bolota URSR (in Ukrainian).
Naukova dumka, Kyiv.

Brinson, M., 1993. A hydrogeomorphic clas si fi ca tion for wetlands.
Fi nal re port, tech ni cal re port WRP-DE-4. US Army Corps of En -
gi neers, Wash ing ton DC.

Burov, V., 2000. Heolohichna karta Volyns'koyi oblasti 1:50 000 (in
Ukrai nian). Pivnichnokoreys’ka heolohichna ekspedytsia, Luck.

Cowardin, L.M., Carter, V., Golet, F.C., LaRoe, E.T., 1979. Clas si fi -
ca tion of wetlands and deep water hab i tats of the United States.

U.S. De part ment of the In te rior, Fish and Wild life Ser vice, Wash -
ing ton, D.C., James town.

Davies, R.B., An der son, D.S., 2001. Clas si fi ca tion and dis tri bu tion
of fresh wa ter peatlands in Maine. North east Nat u ral ist, 8: 1–50.

Dembek, W., 2000. Wybrane aspekty zró¿nicowania torfowisk w
m³odo- i staroglacjalnych krajobrazach Polski wschodniej (in
Pol ish). IMUZ, Falenty.

Dembek, W., Oœwit, J., 1992. Rozpoznawanie warunków
hydrologicznego zasilania siedlisk mokrad³owych (in Pol ish).
Biblioteczka Wiadomoœci IMUZ, 79: 15–37.

Dokuchaev, V., 1949. Po voprosu ob osushenyy bolot voobshche i,
v chastnosty, ob osushenyy bolot Polesya (in Rus sian). Raboty
v oblasty ge ol ogy, Moskov.

Gilvear, D.J., McInnes, R.J., 1994. Wet land hy dro log i cal vul ner a -
bil ity and the use of clas si fi ca tion pro ce dures: a Scot tish case
study. Jour nal of En vi ron men tal Man age ment, 42: 403–414.

Grygora, I., Vorobyov, E., Solomakha, V., 2005. Lisovi bolota
Ukrayinskoho Polissya (pokhodzhennya, dynamika, klasyfika -
tsiya) (in Ukrai nian). Fitosotsiotsentr, Kyiv.

Has lam, S.M., 2003. Un der stand ing Wetlands. Fen, bog and marsh. 
Tay lor and Fran cis, Hard back.

Ilnicki, P., 2002. Torfowiska i torf (in Pol ish). Wydawnictwa Akademii 
Rolniczej, Poznañ.

Ilyin, L., 2004. Ozerno-bolotni kompleksy Volyni (in Ukrai nian).
Hydrologia, Hydrochemia, Hydroekologia, 6: 314–319.

148 Tatiana Solovey



Ilyina, O., 2004. Bolota i zabolocheni dilyanky Volynskoyi oblasti:
Dovidnyk (in Ukrai nian). Teren, Luck.

Ilyina, O., 2005. Ekologo-geografichnyj analiz bolit Volynskoyi
oblasti (in Ukrainian). L'vivs'kyy natsional'nyy universytet, Lviv.

Jermaczek, A., Wo³ejko, L., Misztal, K., 2009. Poradnik ochrony
mokrade³ w górach (in Pol ish). Wydawnictwo Klubu Przyrod -
ników, Œwiebodzin.

Koloshko, L., 2007. Karta gruntu Volyns'koyi oblasti 1:10 000.
Materialy Upravlinnya hruntovo-sil's'kohospodars'koyi stantsiyi
v Lucku  (in Ukrai nian). Hruntovo-sil’s’kohospodars’ka stantsia,
Luck.

Krogulec, E., Zab³ocki, S., 2015. Re la tion ship be tween the en vi -
ron men tal and hydrogeological el e ments char ac ter iz ing
ground wa ter-de pend ent eco sys tems in cen tral Po land. Hydro -
geology Jour nal, 23: 1587–1602.

Krogulec, E., Zab³ocki, S., Sawicka, K., 2016. Changes in ground -
wa ter re gime dur ing veg e ta tion pe riod in Ground wa ter De pend -
ent Eco sys tems. Acta Geologica Polonica, 66: 525–540.

Kulczyñski, S., 1939a. Torfowiska Polesia (in Pol ish), T. 1. Wyd.
Uniwersytetu Jagielloñskiego, Kraków.

Kulczyñski, S., 1939b. Torfowiska Polesia (in Pol ish), T. 2. Wyd.
Uniwersytetu Jagielloñskiego, Kraków.

Kynal, O., Krogulec, E., 2009. Hidroklimatychni osoblyvostyi
zvolozennyia terytoryij (in Ukrainian). Moshynski, Kamieniec
Podolski.

Lappalainen, E., 1996. Global Peat Re sources. Jyska.

£achacz, A., 2004. Mokrad³a w krajobrazie – wybrane pojêcia  (in
Pol ish). Woda – Œrodowisko – Obszary Wiejskie, 4, z. 2a:
295–301.

Marynych, O., 1962. Ukrayinske Polissya (in Ukrainian).
Wydawnyctwo ra di ans'ka shkola, Kyiv.

Marynych, O.M., Shyshchenko, P.G., 2006. Geografia fizychna
Ukrainy (in Ukrainian). Tov-vo “Znannyia”, Kyiv.

Maslov, B., 2009. Hydrolohyya Torfyanykh Bolot (in Russian). Wyd.,
Moskva.

Mitsch, W.J., Gosselink, J.G., 2007. Wetlands. 4th ed., John Wiley
and Sons, Hoboken, NJ.

Mitsch, W.J., Gosselink, J.G., Zhang, Li, An der son, C.J., 2009.
Wet land Eco sys tems. Wiley and Sons, Hoboken, NJ.

Okruszko, H., 1992. Siedliska hydrogeniczne, ich specyfika i
zró¿nicowanie (in Pol ish). Biblioteczka Wiadomoœci IMUZ, 79:
1–100.

Okruszko H., Dembek, W., Oœwiecimska-Piasko, Z., 2001.
Geomorfologia a mokrad³a jako prob lem naukowy. Woda –
Œrodowisko – Obszary Wiejskie, 1, z. specj.: 7–16.

Oœwiecimska-Piasko, Z., Piórkowski, H., Rycharski, M.,
Jarzombkowski, F., Jakubowski, W., eds., 2009. Ekosystemy
l¹dowe pozostaj¹ce w dynamicznych relacjach z wodami
podziemnymi i powierzchniowymi dla obszarów dorzeczy w

Polsce. Czêœci I–III (in Pol ish). TECHMEX S.A., IMUZ,
Warszawa (praca niepublikowana).

Pawlaczyk, P., Wo³ejko, L., Jermaczek, A., Stañko, R., 2001.
Poradnik ochrony mokrade³ (in Pol ish). Wydawnictwo
Lubuskiego Klubu Przyrodników, Œwiebodzin: 59–151.

Pawlaczyk, P., Herbichowa, M., Stañko, R., 2005. Ochrona
torfowisk ba³tyckich (in Pol ish). Przewodnik dla praktyków,
teoretyków i urzêdników. Wydawnictwo Lubuskiego Klubu
Przyrodników, Œwiebodzin.

Ramsar Con ven tion Sec re tar iat, 2013. The Ramsar Con ven tion
Man ual: A Guide to the Con ven tion on Wetlands (Ramsar, Iran,
1971), 6th ed. Ramsar Con ven tion Sec re tar iat, Gland, Swit zer -
land.

Soil Tax on omy, 1999. A ba sic sys tem of soil clas si fi ca tion for mak -
ing and in ter pret ing soil sur veys. Soil Sur vey Staff.
USDA-NRCS. Agric. Handb. 436. US Gov. Print ing Of fice,
Wash ing ton DC.

Solovey, T. 2013. Osoblyvosti formuvannya i hidroloho-hidro -
khimichnyy rezhym bolit v umovakh posthlyatsialnykh terytoriy
Ukrayiny i Polshchi (in Ukrai nian). Yurii Fedkovych Chernivtsi
Na tional Uni ver sity, Chernivtsi.

Steciuk, V., 2010. Relyief Ukrainy (in Ukrainian). Slovo, Kyiv.

Tanfiliev, G.I., 1895. Bolota i torfianiki Polesia (in Russian ). San Pe -
ters burg.

Tobolski, K., 2000. Przewodnik do oznaczania torfów i osadów
jeziornych (in Pol ish). PWN, Warszawa.

USGS, 2005. SRTM DTED. US Geo log i cal Sur vey, URL:
http://edc.usgs.gov/prod ucts/el e va tion/ srtmdted.html

Veremejenko, S., 2005. Karta gruntu Rivnets'koyi oblasti 1:10 000.
Materialy Upravlinnya hruntovo-sil's'kohospodars'koyi stantsiyi
v Riv nomu  (in Ukrai nian). Hruntovo-sil’s’kohospodars’ka
stantsia, Rivne.

West lake, D.F., Kvet, J., Szczepanski, A., 2012. The Pro duc tion
Ecol ogy of Wetlands. Cam bridge Uni ver sity Press, Cam bridge.

Wheeler, B., Proc tor, M., 2000. Eco log i cal gra di ents, sub di vi sions
and ter mi nol ogy of north-west Eu ro pean mires. Jour nal of Ecol -
ogy, 88: 187–203.

Yvanov, K., 1975. Vodoobmen v bolotnykh landshaftakh (in Rus -
sian). Hydrometeoyzdat, San Pe ters burg.

Zaleskyi, I., 1997. Heomorfolohichna karta Volyns'koyi oblasti
1:100 000 (in Ukrai nian). Pivnichnokoreys’ka heolohichna
ekspedytsia, Luck.

Zerov, D.K., 1938. Bolota URSR. Roslynnist i stratygrafia (in Ukrai -
nian). Akademiya Nauk Ukrainskoy Radyanskoy
Socialistichnoy Respubliki, Kyiv.

Zgorzelski, M.S., 1988. Sys tem klasyfikacyjny form ukszta³towania
powierzchni ni¿owych obszarów polodowcowych (in Pol ish).
Uniwersytet Warszawski, Warszawa.

http://www.geo.gov.ua/Geo log i cal Sur vey of Ukraine

Wetlands of the Volhynian Polissia (West ern Ukraine): clas si fi ca tion, nat u ral con di tions of dis tri bu tion and spa tial dif fer ence 149


	Tatiana SOLOVEY – Wetlands of the Volhynian Polissia (Western Ukraine): classification, natural conditions of distribution and spatial difference 139



