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abstract: The preparation of a proper zoning plan or landscape-ecological plan requires taking into account recogni-
tion of the natural values of an area covered by the plan and evaluating its abiotic and biotic diversities. The aim of the 
paper is to present the new approach to the procedure of geodiversity and biodiversity assessment. This procedure is 
used to characterise abiotic and biotic heterogeneity of the postglacial landscape modified by a man, tested on Dębnica 
River catchment (Western Pomerania, Poland). This catchment is a representative example illustrating the landscape 
of Central European Plain. The analytical algorithm of the geodiversity assessment is based on appropriate selection 
of the evaluation criteria: lithological, relative heights, landform fragmentation, hydrographical elements and mesocli-
matic conditions. Biodiversity was assessed on the basis of real vegetation, potential natural vegetation and the degree 
of anthropisation of the natural vegetation with respect to syngenesis of plant associations. Seven factor maps were 
obtained: five for the diversity of abiotic elements, and two for the diversity of biotic elements, which became the basis 
for the creation of total geodiversity and biodiversity maps. Maps produced in accordance with given methodology 
may find a wide range of applications. 
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Introduction

Natural environment consists of a variety of 
correlated abiotic and biotic systems, which are 
responsible for diversity in nature (Serrano, Ruiz-
Flaño 2009). Geodiversity determines biodiversity 
but occasionally an inverse relationship may occur, 
e.g. the impact of diversity and multiplicity of spe-
cies on the character of organogenic sediments on 
the biogenic plains. Despite the existing dependen-
cy of biodiversity on geodiversity, the current legal 

systems protect mostly biotic nature (Kistowski 
2012). This is reflected in the development of the 
assessment methods of biodiversity, while the 
research on geodiversity is neglected (Najwer, 
Zwoliński 2014a, Borysiak 2015, Speak et al. 2015).

Duff (1994) defines geodiversity as abiotic var-
iability and argues that certain elements of the 
geological substrate are reflected in the richness 
and diversity of plant species in a given research 
area. Numerous connotations of geodiversity have 
been recognised by Najwer and Zwoliński (2014a). 
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Geodiversity as a basis for the analysis of biodiversi-
ty is primarily found in German studies (Leser 1997, 
Barthlott et al. 1999, Jedicke 2001). Jedicke (2001: 60) 
defines geodiversity as variability in the abiotic ele-
ments and components in a hierarchical ecological 
system, such as geology, topography, surface wa-
ter and groundwater, weather conditions and soil 
cover. They form spatially functioning relational 
systems (physiotops), and together with biodiver-
sity, create an ecodiversity. The diversity of abiotic 
conditions is unfortunately treated as a secondary 
variable (Najwer, Zwoliński 2014a). According to 
Ratajczak-Szczerba (2013), biodiversity is usually a 
kind of a showcase and one of the elements used in 
tourism promotion, particularly in lowland areas. 
The role of geodiversity for geotourism is, however, 
underestimated (Ollier 2012, Thomas 2012), and its 
potential not fully utilised.

The research problems undertaken since the turn 
of the 20th and 21st century, consider geodiversity 
integrated with the natural habitats and landscapes 
(Silva 2004, Jačková, Romportl 2008, Alexandrowicz, 
Margielewski 2010, Parks, Mulligan 2010, Virtanen 
et al. 2010, Pellitero et al. 2010, Hjort et al. 2012, 
Kistowski 2012, Hjort et al. 2015), and even cultur-
al heritage (Mazurek et al. 2015). The preparation 
of a good zoning plan or landscape-ecological plan 
(Pauditšová, Reháčková 2010, łowicki 2014) re-
quires taking into account the existing and possi-
bly appointing new nature reserves, specifying the 
directions of their management. This condition can 
only be met via recognising the natural values of 
the area covered by the plan and by evaluating its 
abiotic and biotic diversity. 

The aim of the paper is to present a new uni-
fied assessment procedure for geodiversity and 
biodiversity, as well as establishing characteristics 
of abiotic and biotic heterogeneity of the postgla-
cial landscape modified by a man. Dębnica River 
catchment, illustrating a model landscape for 
Central European Plain, was selected as a test area. 
Geodiversity evaluation will be based on the meth-
od specified for two mountainous river catchments 
of the Swiss Alps (Jaskulska et al. 2013, Najwer et al. 
2014, Najwer, Zwoliński 2014a, b), as well as Tatra 
and Karkonosze Mts. (Najwer, Zwoliński 2014a, b). 
It was decided that the methodological assump-
tions for the mountainous areas would be applied 
for the postglacial area, which is characterized by 
relatively high relief energy against the background 
of geomorphometrically various lowland areas of 

the Central European Plain. Biodiversity is mainly 
determined on the basis of the analysis and the as-
sessment of abiotic characteristics of the study area, 
i.e. land cover and land use types, but supplement-
ed by types of real and potential vegetation. This is 
not a direct determination of the species diversity, 
but a reference to the impact of geodiversity on bio-
diversity. This approach is an attempt to integrate 
geodiversity and biodiversity assessments for the 
lowland areas of the postglacial origin.

Study area

The research was carried out in Dębnica 
River catchment located in Western Pomerania, 
north-western Poland. Study area of 289.1 km2 
belongs to two macro-regions: West Pomeranian 
Lake District and Koszalin Coastland (Kondracki 
2000, Fig. 1). The topography of Dębnica catchment 
partly reflects the pre-Quaternary substrate and the 
landforms formed during earlier glaciations. The 
processes of glacial and fluvioglacial erosion and 
accumulation occurring during Weichselian glaci-
ation as well as postglacial Holocene processes of 
erosion and denudation influenced the creation of 
contemporary topography of not only this region, 
but also the entire morphogenetic postglacial zone 
(Zwoliński et al. 2008), where Dębnica catchment is 
located. 

The diversity of geomorphological processes 
that shaped the relief of Dębnica catchment is re-
flected in the lithological diversity of surface sed-
iments. Different sedimentary series and their 
sequences are the result of the direct glacial accu-
mulation, as well as glaciofluvial waters activity of 
the Weichselian glaciation (Karczewski 1989, Kłysz 
1990). The youngest sedimentary series were the 
effect of the fluvial, aeolian and organogenic ac-
cumulation. The structure of the soil cover of the 
catchment area has been described as “irregularly 
patched”, and as including “strip ordered” struc-
tures (Prusinkiewicz, Bednarek 1991).

The valley network in Dębnica catchment reflects 
the layout of the depressions of glacial, fluviogla-
cial, fluvial and denudation genesis. Dębnica is the 
left tributary of Parsęta River, with a length of 39.6 
km and a main stream slope of 2.9‰. The rhythm 
of fluvial processes, climatically conditioned in the 
last 3–4 thousand years, has been variously distort-
ed due to human interference. Since the nineteenth 
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century Pomerania witnessed regulatory and drain-
age works that changed the length, slope and lon-
gitudinal profiles of many river channels (Florek 
1991, Szpikowski 2010, Szpikowski et al. 2015), and 
disturbed the sediment balance between erosion 
and accumulation in river valleys.

According to the geobotanical division of 
Poland, based on the potential natural vegetation 
(Matuszkiewicz 2008), Dębnica River catchment 
is located in the Land of the Central Pomeranian 
Lake Region. Its area is dominated by the potential 
biochore of mix pine forest (Querco-Pinetum) and 
rich beech forest (Melico-Fagetum). The river valley 
slopes are the domain of oak-hornbeam forest hab-
itat (Stellario-Carpinetum) and the valley bottoms 
are the area of ash-alder forest habitat (Fraxino-
Alnetum). After 1989 significant changes of the real 
vegetation in the catchment area have taken place as 
a result of the ongoing systemic transformation in 
Poland (Winiecki 2012). Among other things, agri-
cultural lands of low economic efficiency have been 

abandoned. As a result, poor sandy arable land with 
deep groundwater table has been spontaneously 
overgrown by vegetation composed of mainly na-
tive species. The same process, i.e. spontaneous, 
secondary biocoenotic regeneration succession, was 
observed within the non-mowed and non-grazed 
grasslands. As a result of this succession, non-forest 
anthropogenic phytocoenosis in many parts of the 
catchment, especially in the river valleys with the 
potential natural vegetation habitats of alder (Ribeso 
nigri-Alnetum) and riparian (Fraxino-Alnetum), has 
been replaced by forest habitats and hemeroby 
index is successively decreasing. The reduction of 
the anthropisation level and increase in the natural 
bio diversity was caused by the cessation of farming 
activity in many areas of former state farms around 
1989 (Borysiak et al. 2014).

Currently, Dębnica catchment shows forest-
ry-agricultural use, where forest areas account 
for 51.6%, and agricultural for 42.9% calculated 
from CORINE Land Cover 2006 (EEA 2006) and 

Fig. 1. Digital elevation model and location of Dębnica catchment on the physical-geographical division 
of Poland (after Kondracki 2000). 313.4 – Koszalin Coastland (313.42 – Białogardzka Plain), 314.4 – West 

Pomeranian Lake District (314.44 – łobeska Upland, 314.45 – Drawskie Lake District).
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supplemented by field mapping. Grasslands are 
mainly related to the drained mineral-organic and 
organic soils, occurring in large kettle-hole and val-
leys. They represent a total of slightly more than 
5% of the catchment area. Forests include conifer-
ous (21.6%), deciduous (14.9%) and mixed (11.8%) 
communities. In the research area economic and in-
dustrial activity is concentrated mainly in the city 
of Połczyn-Zdrój. Anthropogenically transformed 
areas represent 4% of the catchment area, where-
as oxbow lakes and eutrophic water bodies – 1.5%. 
Part of Dębnica catchment belongs to Drawsko 
Landscape Park and its a buffer zone.

Methods

In light of the explicit purposes of this paper it 
was important to correctly determine the current 
status of the geographical environment both from 
the point of view of its geodiversity and biodiver-
sity. This condition allows the assessment of the 
suitability of abiotic and biotic natural conditions to 
perform specific functions and influences the fore-
cast of changes in the environment (Richling, Solon 
2011). The research procedure presented below 
was fitted into the overall geodiversity assessment 
scheme proposed by Najwer, Zwoliński (2014a), re-
ferring in a modified way to the method of point 
bonitation (Bartkowski 1977, Sołowiej 1992, Bródka 
2010, Macias, Bródka 2014, Kot 2006, 2014).

Analogue and digital input data (Table 1), i.e. 
a digital elevation model DTED2 (NGIA 2004), 
sheets of the Detailed Geological Map of Poland 
(published by State Geological Institute), Map of 
Hydrographical Division of Poland (IMGW 2007) 
and the results from hydrographic field mapping, 
have been integrated on the geoinformation plat-
form ArcGIS 10. The analytical algorithm was 
based on an appropriate selection of the evaluation 
criteria in reference to the definition of geodiversi-
ty (Gray 2004, 2013, Zwoliński 2004). Geodiversity 
was assessed on the basis of five general criteria 
(Table 1), which characterise geodiversity of the 
area in the fullest possible way. Taking into account 
the resolution of the source data and their field de-
tailing, the size of the grid cell was set at 30 × 30 m. 
Most of the analysis have been carried out in the 
software ArcGIS 10.

The first factor map, i.e. of the lithological di-
versity, was based on the expert classification of 19 

types of deposits, mainly glacial and fluvioglacial, 
into 5 geodiversity classes (Table 1). The assessment 
criterion was the vulnerability of the identified de-
posits to the rate of relief evolution, i.e. the intensity 
of erosion and denudation processes and the ability 
to preserve the original landscape made up of these 
deposits. The study used the following sheets of 
the Detailed Geological Map of Poland, at the scale 
1:50,000: Dobrowo (Dobracka 2001), Połczyn-Zdrój 
(Dobracka 2009), Barwice (Popielski 2000) and 
łubowo (Lewandowski et al. 2006). 

The next factor map uses a digital elevation 
model and the natural breaks classification method 
(Jenks 1967) to show the diversity of relative (lo-
cal) heights, which reflects the energy of the relief 
(Zwoliński 2008, 2009). These values were calculat-
ed for each grid cell by analysing the neighbour-
hood (Focal Statistics), in a 3 × 3 grid cells moving 
window (Zwoliński, Stefańska 2015) and reclassi-
fied into 5 classes of geodiversity (Table 1).

Another criterion, using a digital elevation mod-
el, was the factor map of the landform fragmentation. 
For this purpose an algorithm for calculation and 
semi-automatic classification of the Topographic 
Position Index – TPI (Weiss 2001) was used, which 
is implemented in the Land Facet Corridor Designer 
(Jenness et al. 2011) in ArcGIS. The algorithm rec-
ognises six main classes of morphologic landforms, 
separated by breakpoints (using standard deviation 
units): ridge, upper slope, middle slope, flat slope, 
lower slope and valley (Weiss 2001). Calculations 
were made in many variants of the neighbourhood 
of a moving window (Zwoliński, Stefańska 2015) 
so that the result best characterised the topogra-
phy of the test area. A circle of a radius of 100 grid 
cells was chosen experimentally. The distinguished 
landforms were expertly reclassified into 5 geodi-
versity classes (Table 1).

The most complex factor map is the map of hy-
drographical elements diversity, which is the result 
of the map algebra (adding function) of three frag-
mentary maps showing diversity of lakes, rivers 
and groundwater outflows. The fractional assess-
ment referring to lakes depended on the surface 
area and shoreline development index, referring 
to stream reaches depended on their longitudinal 
slope, and referring to outflows of groundwater de-
pended on their type and discharge. The calculated 
or measured parameters were divided into 5 geo-
diversity classes using Jenks (1967) natural breaks 
classification method. Due to their point nature, 
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Table 1. The criteria for the assessment of geodiversity values for particular factor maps.
Factor 
maps Source data Classification method Parameters and criteria Geodiversity 

value

Li
th

ol
og

ic
al

Detailed 
geological 
map of 
Poland 
1:50,000

Expert classification peats; loams; humus sands; gyttjas and lacustrine 
chalk; calcareous tufa

1 – very low

lake sands, silts and clays; ice-dammed clays, silts 
and sands

2 – low

glacial sands and gravels; outwash sands and grav-
els; fluvioglacial sands and gravels; kame sands and 
silts; sands and gravels of crevasse accumulation 
and eskers; alluvial sands of valley floors and flood-
plains; alluvial sands of river terraces; aeolian sands

3 – medium

end-moraine gravels, sands, boulders and tills; col-
luvial sands and clays

4 – high

glacial tills 5 – very high

Re
la

tiv
e 

he
ig

ht
s 30-meter 

Digital 
Elevation 
Model  
(DTED 2)

Automatic 
classification with 
a natural breaks 
method (Jenks 1967)

Hw: 0–2.3 m 1 – very low
Hw: 2.4–4.5 m 2 – low
Hw: 4.6–7.5 m 3 – medium
Hw: 7.6–11.8 m 4 – high
Hw: 11.9–29.7 m 5 – very high

La
nd

fo
rm

 
fr

ag
m

en
ta

tio
n Semi-automatic 

classification and 
expert classification 

valleys; lower slopes 1 – very low
gentle slopes 2 – low
upper slopes 3 – medium
steep slopes 4 – high
ridges 5 – very high

H
yd

ro
gr

ap
hi

ca
l e

le
m

en
ts

Map of 
Hydrological 
Division of 
Poland in the 
scale 1:50,000; 
field mapping

Automatic 
classification with 
a natural breaks 
method (Jenks 1967)

A: 0.0–0.6 ha; K: 77–579 m ha–1 1 – very low
S: 0.0–1.2‰, Br: 250 m
Qz: 0–1 l s–1; type: linear seep, Bz: 30 m
A: 0.7–2.7 ha; K: 580–955 m ha–1 2 – low
S: 1.3–2.4‰; Br: 150 m
Qz: 1–5 l s–1; type: bog–spring, Bz: 60 m 
A: 2.8–7.2 ha; K: 956–1235 m ha–1 3 – medium
S: 2.5–4.0‰; Br: 100 m
Qz: 5–10 l s–1; type: seepage spring, Bz: 90 m
A: 7.3–23.7 ha; K: 1236–1508 m ha–1 4 – high
S: 4.1–7.1‰; Br: 50 m
Qz: 10–20 l s–1; spring and linear outflows, Bz: 120 m
A: 23.8–56.1 ha; K: 1509–2245 m ha–1 5 – very high
S: 7.2–16.1‰; Br: 25 m
Qz: 10–100 l s–1; type: seepage spring area, Bz: 150 m

M
es

oc
lim

at
ic

30-meter 
Digital 
Elevation 
Model  
(DTED 2)

Automatic 
classification with 
a natural breaks 
method (Jenks 1967)

TWI: 8.4–10.5; K↓: 2.1–3.8 kWh m–2 1 – very low
TWI: 10.6–11.5; K↓: 3.9–4.1 kWh m–2 2 – low
TWI: 11.6–12.6; K↓: 4.2–4.3 kWh m–2 3 – medium
TWI: 12.7–13.9; K↓: 4.4–4.5 kWh m–2 4 – high
TWI: 14–17.9; K↓: 4.6–5.6 kWh m–2 5 – very high

Symbols: Hw – relative height, TPI – Topographic Position Index, A – lake surface area, K – shoreline development 
index, S – reaches with the average slope, Br – buffer along the stream reaches with a radius of..., Qz – groundwater 
discharge, Bz – buffer around the groundwater outflows with a radius of..., TWI – Topographic Wetness Index,  
K↓ – Total Insolation
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groundwater outflows had a buffer zone added of 
a various radius: 30, 60, 90, 120 or 150 m, resulting 
from the influence of a specific outflow on the en-
vironment as well as their discharge. In this way 
protection zones of spring areas were considered 
(Water Law 2001). A similar procedure was used for 
stream reaches. In this case, the buffer size varied 
depending on the longitudinal slope of the stream 
reaches in accordance with the principle that the 
smaller the slope the wider the buffer, which means 
a larger impact of the valley bottom and a lower 
valley slope on the development of the riverbed 
(Table 1). All calculations were made using both the 
Map of Hydrographical Division of Poland (IMGW 
2007) and a digital elevation model.

The map of mesoclimatic diversity is derived 
from the sum of two selected geomorphometric 
parameters determining the intensity of processes 
which may change the topography of the area and 
which result from microclimatic and topoclimatic 
conditions, i.e. Topographic Wetness Index TWI 
(Beven, Kirkby 1979) and Total Insolation (ESRI 
2015). These two indices, although calculated on 
the basis of the digital elevation model, are asso-
ciated with two meteorological elements, namely 
precipitation and air temperature, and therefore 
they optimally characterise climatic conditions in 
the area (Zwoliński et al. 2008) from the morpho-
climatic point of view (Zwoliński, Gudowicz 2015). 
Calculations were made using digital elevation 
model and the software Saga GIS 2.0.8., and then 
the resulting continuous maps were reclassified 
into 5 geodiversity classes using the Jenks (1967) 
natural breaks classification method (Table 1) and 
aggregated using the Weighted Sum tool.

A key step in the implementation of the geodi-
versity map in the Multi-Criteria Evaluation (MCE) 
using the Analytic Hierarchy Process (AHP) is to 
calculate properly the selected weights for particu-
lar factor maps of abiotic diversity from the point of 
view of their potential impact on the overall geodi-
versity of the study area. The calculation of weight is 
carried out by pairwise comparison by Saaty (1977, 
1980, 1994), which is implemented in the software 
IDRISI Selva. The following weight values were cal-
culated for individual factor maps of abiotic diver-
sity: landform fragmentation – 0.36, relative heights 
– 0.35, hydrographical elements – 0.18, lithology – 
0.08, and mesoclimate – 0.03. Maps were integrated 
using the Weighted Sum tools in ArcGIS. The final 
step of the research procedure was reclassification 

to 5 total value classes of geodiversity: very low, 
low, medium, high and very high, in order to better 
visualise homogeneous spatial units.

Biodiversity was assessed on the basis of the 
types of land cover and land use as well as their 
spatial distribution. Source data was obtained from 
the database CORINE Land Cover 2006 (EEA 2006) 
and updated during the field mapping in the years 
2011–2014. The update concerns the diversification 
of the real vegetation, potential natural vegetation 
and the degree of anthropisation of the natural 
vege tation. The scope and methods for biodiversity 
research are presented in Figure 2. 

The real vegetation was inventoried in the field 
in the years 2011–2014 at the level of phytocoenotic 
diversity. The inventory results were summarised 
in the form of a list of plant communities accord-
ing to the phytosociological system of Brzeg and 
Wojterska (2001), and Matuszkiewicz (2012). Plant 
associations were grouped into the homologous 
series of dynamic circles of substitute associations, 
according to the concept of Matuszkiewicz (1974). 
In forest areas their ranges were based on the data 
from the management plans for forest divisions, 
as well as the algorithms provided by Pawlaczyk 
et al. (2003), based on the taxation description of 
the tree stand and forest habitat type. The charac-
teristics of forest habitats were given by Sikorska 
(1999). For arable land and grassland the ranges 
of potential natural vegetation units were based 
on ranges of complexes of agricultural suitability 
of soils. The ranges of the complexes were taken 
from pedological-agricultural maps for municipal-
ities (lowest administrative units in Poland) located 
within Dębnica River catchment: Barwice, Borne 
Sulinowo, Czaplinek, Połczyn-Zdrój, Rąbino and 
Tychowo (Marshal’s Office 2015). Particular types 
of complexes were assigned potential natural vege-
tation units, based on the results of own research in 
the study area. Classification and characteristics of 
the complexes were based on the paper by Drozd 
et al. (2010). What was assessed was biodiversity 
of the potential natural vegetation of forested areas 
and agricultural land, and the criterion was the tro-
phy of the habitats. The indexation applied 5-class 
biodiversity scale (same as for geodiversity). The 
criterion for this assessment was based on the com-
mon view (including Falińska 2012) that species di-
versity increases with the habitat trophy. The low-
est grade – 1st class (Table 2), was assigned to units 
correlated to oligotrophic habitats (poorest), while 
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the highest (5th class) – with extremely eutrophic 
(richest). Data on the trophy of plant communities 
was obtained from the studies by Matuszkiewicz 
(2012) and Roo-Zielińska (2014).

Compact areas of settlement, industry and tech-
nical infrastructure and the like were omitted in 
the diagnosis of potential natural vegetation due to 
the strong transformation of the land surface. Their 
biodiversity, as well as of other areas of identified 
types of land cover, was rated on the basis of the 
concept of hemeroby presented by Sukopp (1972), 
except that the hemeroby degrees were specified 
by authors on the basis of syngenesis of plant as-
sociations forming the real vegetation. The assess-
ment used a 5-class scale that reflected the level 
of vegetation anthropisation (Table 2). Syngenetic 

classification was given by Faliński (1969), whereas 
the data for syngenesis of plant communities was 
taken from Brzeg and Wojterska (2001). 

The factor maps of biodiversity assessment, 
based on potential natural vegetation and hemer-
oby referring to the diversity of real vegetation, 
have the same resolution (i.e. 30 × 30 m) and spa-
tial range as the geodiversity assessment map. To 
obtain total biodiversity maps, as in the case of ge-
odiversity maps, the methods of combining factori-
al maps through the Weighted Sum tool in ArcGIS 
was used. Based on the expertise, a higher weight, 
i.e. 0.75, was attributed to the assessment based on 
hemeroby and syngenesis of plant communities, 
while lower weight, i.e. 0.25 – was attributed to the 
assessment of potential natural vegetation diversity.

Fig. 2. The Scope and methods of biodiversity assessment.
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Table 2. The criteria for the assessment of biodiversity values for particular factor maps.

Criterion Potential natural vegetation Habitats trophy Forest habitat 
type Biodiversity value

Po
te

nt
ia

l n
at

ur
al

 v
eg

et
at

io
n 

of
 th

e 
fo

re
st

 
ar

ea
s

Vaccinio uliginosi-Pinetum, Leucobryo-Pinetum dystrophic, 
oligotrophic

Bb, Bśw 1 – very low

Sphagno squarrosi-Alnetum oligotrophic, 
mesotrophic

LMb 2 – low

Vaccinio uliginosi-Betuletum, Deschampsio 
flexuosae-Fagetum (= Fago-Quercetum p.p., Luzulo 
pilosae-Fagetum), Calamagrostio arundinaceae-
Quercetum (= Fago-Quercetum p.p., Pino-
Quercetum p.p., Querco-Pinetum p.p.)

mesotrophic BMb, Bmśw,
Bmw, LMw

3 – medium

Ribeso nigri-Alnetum (=Carici elongatae-Alnetum), 
Mercuriali-Fagetum, Melico-Fagetum, Stellario-
Carpinetum

eutrophic, 
meso trophic

Ol, LMśw, Lśw, 
Lw

4 – high

Salicetum albae (=Salici-Populetum p.p.), Fraxino-
Alnetum, Querco-Ulmetum minoris (=Ficario-
Ulmetum)

eutrophic Lł, Olj 5 – very high

Criterion Complex of agricultural suitability of soils Potential natural vegetation Biodiversity value

C
om

pl
ex

es
 o

f a
gr

ic
ul

tu
ra

l s
ui

ta
bi

lit
y 

of
 s

oi
ls Tz. build-up areas None specified (metahemeroby) 1 – very low

3z. poor and very poor grasslands Carici elongatae-Alnetum (=Ribeso 
nigri-Alnetum)

2 – low

6. weak rye, 7. very weak rye, 9. weak cereals-
fodder, RN. agricultural land designed 
for afforestation

Deschampsio flexuosae-Fagetum 
(=Fago-Quercetum p.p., Luzulo 
pilosae-Fagetum), Calamagrostio 
arundinaceae-Quercetum (=Fago-
Quercetum p.p., Pino-Quercetum p.p.)

3 – medium

2. wheat very good, 3. wheat defective, 4. rye 
very good, 5. rye good, 8. good cereals-fodder, 
14. arable lands changed into grasslands, 1z. 
very good and good grasslands, N. wasteland, 
W. water, WN. water wasteland

Stellario-Carpinetum, Melico-Fagetum, 
waters

4 – high

2z. intermediate grasslands Salicetum albae (=Salici-Populetum 
p.p.), Fraxino-Alnetum, Querco-
Ulmetum minoris (=Ficario-Ulmetum)

5 – very high

Criterion Hemeroby Degree of synatropisation of the natural vegetation Biodiversity value

H
em

er
ob

y 
an

d 
sy

ng
en

es
is

 o
f p

la
nt

 
as

so
ci

at
io

ns

Metahemeroby The strongest influence of anthropogenic factors; strong effect of 
chemical substances in the air, water and soil; almost complete 
destruction of biological life; areal dominance of synanthropic 
plant associations of unspecified syntaxonomy

1 – very low

Polyhemeroby Very strong influence of different anthropogenic factors causing 
very high changes in substrate; areal dominance of specialized 
synanthropic ruderal plant associations

2 – low

Euhemeroby Strong and continuous influence of anthropogenic factors 
causing distinct changes in substrate; areal dominance of 
synanthropic segetal and ruderal, as well as xenospontaneous 
plant associations

3 – medium

Mezohemeroby Weak or only periodically active anthropogenic factors; small 
changes in substrate of reversible character; areal dominance 
of autogenic natural and anthropogenic seminatural plant 
associations

4 – high

Oligohemeroby Small influence of human that does not cause changes in 
substrate; real vegetation corresponds to potential natural 
vegetation; areal dominance of autogenic natural plant 
associations

5 – very high

http://sia.eionet.europa.eu/CLC2000/classes/Pictures?CLCcategory=1/1.1/1.1.1&CLCtitle=Continuous urban fabric
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Geodiversity and biodiversity 
assessments

The collected field and literature data, both an-
alogue and digital, allowed for assessing geodiver-
sity and biodiversity of Dębnica River catchment. 
A total of seven factor maps were obtained, i.e. five 
maps for the diversity of abiotic elements (Figs 3–7), 
and two for the diversity of biotic elements (Figs 
9–10), which became the basis for the creation of 
total geodiversity (Fig. 8) and biodiversity (Fig. 11) 
maps. 

Geodiversity map

The first factor map – a map of lithological diver-
sity (Fig. 3), was based on discrete qualitative data 
as a result of aggregation of 19 classes of sediment 
lithology. The analysis excluded poorly studied 
bottom sediments of larger water bodies (‘no data’ 
in the legend). The boundaries of the classified 
poly gons in the form of patches are clearly indicat-
ed on the map design. More than half of the study 
area was classified as lithologically moderately di-
verse (Table 3). It includes mainly a wide valley of 
Dębnica River, developed in the sands and gravels 
of fluvioglacial origin, and river valleys of lower 
order, as well as forms generated in the area of ar-
eal deglaciation built of sand and gravel deposits. 
A larger part of the catchment is taken by areas of 
high and very high lithological variety. These are 
the areas least sensitive to mechanical denudation 
that is, much bigger resistance to soil and gully ero-
sion, which transposes into preservation of the relief 
rhythm, and thus slope shapes and gradient. What 

should be distinguished here are frontal moraines 
hills, mainly built of gravels and glacial tills, part 
of the Pomeranian Ridge. The smallest lithological 
diversity is associated primarily with large flat bot-
tomed depressions filled with silt mineral-organic 
deposits and/or biogenic deposits, e.g. peat.

The map of relative heights (Fig. 4) is the result 
of processing a digital elevation model of the inves-
tigated area, and thus it is continuous quantitative 
data. In terms of the local heights Dębnica River 
catchment diversity is relatively minor (Table 3), 
which clearly reflects the morphology of the fore-
ground and background of the frontal moraine hills 
of the postglacial genesis. Over 70% of the catch-
ment area shows very low and low diversity, indi-
cating heights up to 5 m. The highest (class 4 and 5) 
differences in relative heights comprise about 10% 
of the area. These are mainly the edges of the mo-
raine plateaus and elevated valley slopes, including 
gorge sections of Dębnica River, as well as hillslopes 
of frontal moraines and kame hills. The map of rel-
ative height diversity highly correlates (r = 0.976) 
with a slope map of Dębnica River catchment.

The landform fragmentation diversity map (Fig. 
5) is the result of processing continuous quantita-
tive data from a digital elevation model. As a re-
sult of the semi-automatic and expert classification, 
the map is characterised by an irregular mosaic of 
landforms, similar to the lithological diversity (Fig. 
3). The map mainly highlighted Weichselian post-
glacial forms characteristic for the study area, such 
as extensive ice-marginal valley (Pol. pradolina), 
deeply incised erosion and erosion-denudation val-
leys, frontal moraine hills, kame plateaus, undulat-
ing moraine plateaus, and even a gorge of Dębnica 

Table 3. The percentage of diversified areas in terms of geodiversity values based on: lithological diversity (A), 
relative height diversity (B),  landform fragmentation diversity (C), hydrographical elements diversity (D), 

mesoclimatic diversity (E) and total geodiversity (A+B+C+D+E).

Geodiversity 
value

Geodiversity factor map

Map of total 
geodiversity

based on 
lithological 

diversity

based on 
relative height 

diversity

based on 
landform 

fragmentation 
diversity

based on 
hydrograph-
ical elements 

diversity

based on 
mesoclimatic 

diversity

(A) (B) (C) (D) (E) (A + B + C + D + E)

[%]
1 – very low 6.4 33.5 28.2 16.5 10.2 19.5
2 – low 1.2 36.6 37.2 15.9 36.4 31.9
3 – medium 55.4 19.2 18.3 8.3 27.8 24.8
4 – high 14.6 8.5 6.8 0.9 18.5 14.9

5 – very high 21.8 2.2 9.5 0.2 7.2 8.9
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Fig. 3. Factor map of the lithological diversity.
Diversity classes: 1 – very low, 2 – low, 3 – medium, 4 – high, 5 – very high.
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Fig. 4. Factor map of the relative height diversity.
Diversity classes: 1 – very low, 2 – low, 3 – medium, 4 – high, 5 – very high.
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Fig. 5. Factor map of the landform fragmentation diversity.
 Diversity classes: 1 – very low, 2 – low, 3 – medium, 4 – high, 5 – very high.
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Fig. 6. Factor map of the hydrographical elements diversity.
Diversity classes: 1 – very low, 2 – low, 3 – medium, 4 – high, 5 – very high. 
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Fig. 7. Factor map of the mesoclimatic diversity.
 Diversity classes: 1 – very low, 2 – low, 3 – medium, 4 – high, 5 – very high.
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Fig. 8. Total geodiversity map of Dębnica River catchment.
Geodiversity classes: 1 – very low, 2 – low, 3 – medium, 4 – high, 5 – very high.
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Fig. 9. Factor map of the biodiversity based on potential natural vegetation.
Diversity classes: 1 – very low, 2 – low, 3 – medium, 4 – high, 5 – very high.
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Fig. 10. Factor map based on hemeroby and vegetation origin (synanthropisation of plant cover).
Diversity classes: 1 – very low, 2 – low, 3 – medium, 4 – high, 5 – very high.
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Fig. 11. Total biodiversity map of Dębnica River catchment.
Biodiversity classes: 1 – very low, 2 – low, 3 – medium, 4 – high, 5 – very high.
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River in the southern part of the catchment. What 
dominates is low and very low diversity (about 65%, 
Table 3), including primarily the middle reaches of 
the wide valley of the main river. The largest di-
versity of landform fragmentation occurs along the 
morphological axis of the Pomeranian Ridge built 
of sequences of moraine hills of the recession stages 
of the Pomeranian phase in the middle part of the 
catchment.

The diversity of hydrographical elements relates 
to 41.8% of the catchment (Fig. 6). Such spatial par-
ticipation of hydrographical elements is due to the 
youth and weak development of the river network 
in the postglacial area and – locally – small share 
of lakes in hydrographic network. Very low, low 
and medium degree of diversity dominates (97%, 
Table 3), mainly due to the river network. The high-
est values occur most frequently at single places: in 
the groundwater zones and upper reaches of riv-
ers, and in patches: around Lake Kłokowskie and 
Lake Dębno. The areas with locally higher diver-
sity emphasise the importance of the groundwa-
ter outflows in the development of a river system 
(Mazurek 2010).

The last of the factor maps, a map of mesocli-
matic diversity (Fig. 7), is a map of continuous data. 
Its mosaicism is very large. The largest percentage 
of the area is a zone of low (2nd class – 36.4%) and 
medium (3rd class – 27.8%) mesoclimatic diversity 
(Table 3). In Dębnica River catchment 7% of the area 
comprises the areas of the scattered distribution, 
which may be described as mesoclimatically di-
verse. These are mainly steep slopes of valleys and 
subglacial channels occupied by lakes of southern 
and south-western exposure that receive the great-
est amount of solar radiation. 

Figure 8 shows the total geodiversity map of 
Dębnica River catchment. To a large extent it re-
fers to the factor maps: of a landform fragmenta-
tion diversity (Fig. 5) and of relative heights (Fig. 
4). This is primarily a result of glacial genesis of 
the relief and its denudation-fluvial transforma-
tion in the Holocene, as well as fragmented relief 
and the present-day differences in elevation, slope 
and exposure. Therefore, these two factor maps 
were assigned higher weights, i.e. 0.36 and 0.35, 
respectively.

Very low (19.5%) and low geodiversity (31.9%) 
characterises more than half of the catchment area 
(Table 3). It is mostly a vast valley of the mouth 

and middle reaches of Dębnica, and a drainage 
area around Lake Radoniowieckie. This group also 
includes anthropogenically changed areas with 
bigger towns such as Połczyn-Zdrój, Barwice and 
Polne (see Fig. 1). Very high fragmentation and sig-
nificant participation show the areas classified as 
areas of medium geodiversity (24.8%). High (14.9%) 
and very high (8.9%) geodiversity is mainly asso-
ciated with the typical postglacial relief forms of 
the marginal zone of the Pomeranian phase of the 
Weichselian glaciation.

The biggest patch of high geodiversity in the 
catchment are Skowrończe Hills, adjacent to the 
lower reach of Dębnica River valley from the 
east. It is a kame plateau, approx. 9 km long and 
2–3 km wide, built of fluvioglacial and lacustrine 
sandy-gravel deposits (Dobracka 2009). This area 
has highly varied topography with plenty culmi-
nations, erosion-denudation valleys dissecting the 
hillslopes and headwater alcoves, which are an 
effect of groundwater seepage erosion (Mazurek, 
Paluszkiewicz 2013). The area of high and very 
high geodiversity are also Buślarskie Hills locat-
ed on the west side of Dębnica River valley. This 
is an area of undulating plateau elevations built 
of sandy sediments. The slopes of the plateau are 
scattered with numerous erosion-denudation val-
leys (Paluszkiewicz 2013). High geodiversity is also 
found at a terminal moraine hill of Piaskowa Hill 
from the east and Brusińskie Hills from the west, 
dissected by a gorge of Dębnica River valley. The 
height difference at this gorge section reaches 40 m, 
and the slope of the riverbed of up to 23‰ is con-
ducive to severe bottom erosion. High geodiversity 
values were assigned to the moraine hills, such as 
Wiatraczna Hill (203 m a.s.l.), Popielewskie Hills 
and kame hills, such as Kołacza Hill (160 m a.s.l.), 
and the moraine hills constituting the watershed.

In conclusion, the adopted procedure for assess-
ing geodiversity provides very good results that 
reflect an extremely genetically varied Quaternary 
postglacial landscape with the Holocene denuda-
tive transformation. The areas with the highest ge-
odiversity value, due to their uniqueness are often 
legally protected, such as Drawsko Landscape Park 
and the Dębnica River Gorge Nature Reserve. It 
should be recognised that this method can be used 
for the delimitation of abiotically diversified areas 
for geoconservation and geoheritage as well as con-
duct relevant forms of sustainable development.
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Biodiversity map

Maps that evaluate biodiversity based on po-
tential natural vegetation (Fig. 9), hemeroby and 
syngenesis of plant associations (Fig. 10) differ one 
from the other substantially. These differences are 
visible both in the spatial distribution of areas dif-
fering in natural values and their shape and size.

Based on field mapping real vegetation of 
Dębnica River catchment is differentiated into 165 
plant associations representing 23 classes, 31 orders 
and 52 alliances of the phytosociological syntaxono-
my. The majority of associations are of natural syn-
genesis (108 associations, 65%). The rest belong to 
anthropogenic syntaxa, including: seminatural (16 
associations, 10%), synanthropic ruderal (22 associ-
ations, 13%), synanthropic segetal (13 associations, 
8%) and xenospontaneous (6 associations, 4%). The 
majority of associations belong to common (54 asso-
ciations, 33%) or frequent (74 associations, 45%) in 
the West Pomerania region, while the contribution 
of very rare (5 associations, 3%) and rare (32 associ-
ations, 20%) associations is low. Numerous associa-
tions are ranked as vulnerable on the regional scale 
(34 associations, 21%) and some as endangered (11 
associations, 7%). As a result of the field mapping 12 
units of potential natural vegetation were identified: 
swamp alder forest Carici elongatae-Alnetum, peat-
bog birch forest Vaccinio uliginosi-Betuletum, peat-
bog pine forest Vaccinio uliginosi-Pinetum, willow 
carr Salicetum albae, ash-alder carr Fraxino-Alnetum, 
oak-elm carr Querco-Ulmetum minoris, oak-horn-
beam forest Stellario-Carpinetum, springfen beech 
forest Mercuriali-Fagetum, lowland forb-rich beech 
forest Melico-Fagetum, lowland acidophilous beech 
forest Deschampsio flexuosae-Fagetum, acidophilous 
oak forest Calamagrostio arundinaceae-Quercetum 

and typical pine forest Leucobryo-Pinetum. Units 
were classified according to the methodology of 
Matuszkiewicz et al. (1995). The spatial extent of 
these units was recognized.

The biodiversity map based on potential natu-
ral vegetation (Fig. 8) shows that areas with high 
biodiversity decidedly prevail (Table 4). They form 
extensive matrixes containing patches of high or 
medium biodiversity. These patches are dispersed 
on the moraine hills of Pomeranian Ridge, situat-
ed in the south-west and south-central part of the 
catchment. In the whole catchment, along its SE–
NW axis, the areal contribution of the patchwork of 
high and medium biodiversity areas is more or less 
balanced. Patches with high biodiversity are situat-
ed along Dębnica River valley, which accentuates 
the axial layout of vegetation. 

On the biodiversity map showing evaluation 
based on hemeroby and syngenesis of plant associ-
ations (Fig. 9), the patches of the highest value are 
clearly concentrated in the south, mostly forested 
part of the catchment, where they occupy large 
and compact areas bordered by the areas of high 
or medium biodiversity. In the northern part of the 
catchment, dominated by agricultural landscapes 
of ground moraine, areas with medium biodiversi-
ty decidedly prevail.

The total biodiversity assessment based on both 
mentioned maps provided a similar outcome (Fig. 
10). However, in this case, the contribution of areas 
with low biodiversity is distinctly smaller, while ar-
eas of very high and high biodiversity refer to the oc-
currence of areas with very high and high degree of 
hemeroby. This results from the assigned weights, 
which for the biodiversity map based on hemeroby 
and vegetation origin was 0.75, while in case of the 
map based on potential natural vegetation – 0.25.

Table 4. The percentage of diversified areas in terms of biodiversity values based on: potential natural vegeta-
tion (A), hemeroby and plant association syngenesis (B) and total biodiversity (A+B).

Biodiversity value

Biodiversity factor map
Map of total biodiversity

(A + B)
based on potential natural 

vegetation 
(A)

based on hemeroby and plant 
association syngenesis 

(B)
[%]

1 – very low 4.0 1.6 1.6

2 – low 5.2 15.8 5.4

3 – medium 26.0 51.5 58.8

4 – high 59.6 14.9 18.7

5 – very high 5.3 16.2 15.5
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Conclusions

In this paper an attempt was primarily made to 
propose a new unified procedure for geodiversity 
and biodiversity assessments through factor maps 
of the natural environment components aggrega-
tion, with the use of multi criteria evaluation. The 
adopted method achieved good results that reflect-
ed an extremely genetically varied postglacial land-
scape with the Holocene remodelling. The obtained 
results were reviewed during the field exploration 
with positive results, which afforded a basis to con-
clude that the methodology used was correct and 
could be applied for other similar areas. Maps pro-
duced in accordance with given procedure may 
find a wide range of applications.

Field mapping set the opportunity for a very 
accurate clarification of the source data that allows 
evaluation of the abiotic and biotic natural environ-
ment components in detail. The resolution of geo-
spatial data (30 m) permits the use of the created 
maps primarily for the analysis of landscape evolu-
tion, planning purposes to prepare projects for local 
area development or landscape-ecological plans.

The comparison of the percentage of an area of 
particular classes of geodiversity and biodiversi-
ty, has been presented on a single graph (Fig. 12) 
and gives the possibility to conclude that the class-
es of biodiversity have a distribution close to nor-
mal (Gaussian), while classes of geodiversity have 
a right-skewed (positive skewness) distribution. 

While the distribution of biodiversity classes can be 
regarded as an appropriate for natural environmen-
tal phenomena, in the case of geodiversity classes 
an interpretation of that right-skewed distribu-
tion remains for further investigation. Referring to 
Zwoliński’s concept of geosuccession (2007) it can 
be insinuated that a right-skewed distribution may 
signal the advanced stages of geosuccession in the 
landscape development. However, that statement 
requires further verification and confirmation in 
areas morphogenetically and morpho-chronologi-
cally different.

Maps of geodiversity and biodiversity produced 
in accordance with given procedure may prove to 
be helpful in determining the directions for man-
agement of lands valuable from the nature point of 
view, as well as delimitation of new forms of nature 
preservation. The procedure may also become an 
outstanding and universal tool to facilitate proper 
management of natural environment resources for 
the purpose of geopark establishment as well as 
tourism and especially geotourism. Hopefully, pre-
sented research results are going to be used in the 
development of the spatial-functional organisation 
in the design of the Postglacial Land of Drawa & 
Dębnica Geopark (Pol. Polodowcowa Kraina Drawy 
i Dębnicy) which partially covers the area of research.

On the basis of the factor and total maps of ge-
odiversity and biodiversity, it is also possible to 
present actions preventing, restricting (minimiz-
ing) or offsetting the negative impact on the natural 

Fig. 12. Ecodiversity pattern between geodiversity and biodiversity for Dębnica River catchment  
(cf. Table 1 and 2).
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environment. Particularly in case of the reports on 
environmental impact assessment of projects they 
might be indispensable for an appropriate indica-
tion of the best project variant that would be the 
most advantageous for the natural environment 
and prevent the most diversified areas from perma-
nent degradation. 

As underlined by Hjort et al. (2015) the basic 
assumption of the biodiversity protection is simul-
taneous preservation of its abiotic environment. 
The assessments of geodiversity and biodiversi-
ty can be indispensable for creating identification 
cards and landscape audit (Solon et al. 2014) and 
for developing the national list of protected land-
scapes based on the guidelines of the European 
Landscape Convention (Marcinek et al. 2009) and 
the Landscape Act (Ustawa krajobrazowa... 2015), 
as well as when choosing landscapes for the Red 
Book of the Landscape of Poland (Baranowska-
Janota et al. 2007). 

Maps of geodiversity and biodiversity show 
hotspots of ecosystem services from all sections 
distinguished in the hierarchical classification 
CICES_V.4.3: a) provisioning, b) regulation and 
maintenance, and c) cultural (Borysiak et al. 2014, 
Science for Environment Policy 2015). Hotspots are 
the areas that have been highly valorised in terms of 
geodiversity and biodiversity. Their identification 
allows for the implementation of the policy of sus-
tainable management of geographical environment.
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