
Laufener Spezialbeiträge 2012 61

Ecosystem modelling based on holistic and reductionistic
measures in nature conservation planning in urban areas
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Ecosystem modelling based on holistic and reductionistic measures (...)

Zusammenfassung
Dieser Beitrag präsentiert die Ergebnisse einer Vegetationsbewertung
in einer mittelgroßen Stadt. Zur Analyse von Vegetationsstrukturen und
-funktionen auf einer Patch- und Landschaftsebene sowie zur Prüfung
ihrer Anwendbarkeit in der räumlichen Planung und zur Vegetations-

überwachung in städtischen Gebieten werden holistische sowie reduk-
tionistische Ansätze angewandt.

Schlüsselwörter: holistische und reduktionistische Ansätze, Vegetation,
Landschaft, Naturschutz in städtischen Gebieten

Abstract
This paper presents the results of vegetation valuation occurring in
a medium-sized town, based on holistic and reductionistic approach
to recognize vegetation structure and functioning at the patch and
landscape levels and to explore their applicability in spatial planning
and vegetation monitoring in urban areas. 
Key words: holistic and reductionistic approaches, vegetation, land-
scape, nature conservation in urban areas

1. Introduction
Nowadays the majority of people live in urban areas, thus urbani-
zation is considered as one of the processes which significantly con-
tribute to ecosystem change on the Earth. Human impact on flora
and vegetation appears by their qualitative and quantitative changes
such as the size of species pool and the variability of species traits,
caused by selection pressure as well as their spatial transformati-
ons, resulting from different availability of habitats and their spatial
arrangements. Reductionistic approaches do not recognize com-
plexity of the landscape features and various factors which govern
them, using a single measure i.e. naturalness which is very general
and difficult to apply in nature conservation practice in a changeable
environment. Although holistic approaches assume more detailed
measurement of features of a set of landscape components, they
take into account dynamic aspects of ecosystem functioning as a
reference measure of vegetation structure rather then the charac-
teristic species composition. The reason is that nature conservation
in urban areas is claimed to be different from traditional approaches,
because less emphasis is placed on rare species or habitats and
considerable weight is given to the values and benefits of urban
wildlife to local people. Consequently, vegetation is assessed on
the basis of self-organizing theory and diversity-stability models
which join the requirements of biodiversity preservation with human
economics and human perception of landscape in spatial planning
(HEARNSHAW 2005 et al.). As a result, the exploration of social
preference play important role during compilation of spatial manage-
ment plans and tools of social influence to enhance those activities
which favour the maintenance of species and ecosystems.
Numerous ecological theories which explain in different ways the
complexity of ecosystem structure and functioning, are applied in
nature conservation practice, then ecological indicators become a  

specific conservation value of ecosystems. Consequently, nature
conservation based on the information theory give a higher value
to ecosystems composed of many elements (species), in contrast
to community ecology background which weights the importance of
information included in the natural systems. The maintenance of
high species richness without community context requires enlarge-
ment of green areas in parallel with constant human interference in
condition of shortage surface within towns and their expansion into
adjacent areas. Because of such a reason, the preservation of rare
ecosystems in regional scale within urban areas and species diver-
sity (β) connected with them gain primary importance. 
The methodical aspect of preservation state in ecosystems’ model-
ling is an assumption of their intrinsic dynamics, determined by the
size of ecological niches of constituent species which is described
in conservative terms (correlative models) or adaptation (models
based on functional traits and species response to environmental
conditions) as well as ecological niche dynamics resulting from ge-
netic variability. Dependently on the measurement scale, species
diversity is shaped by microhabitat conditions and the area size (α
diversity) but also depends on the average value of environmental
parameters and species interactions (β diversity) at the community
level. Regardless of established model (additive or multiplicative)
the both aspects of species diversity determined γ diversity accor-
ding to the following formulas: α + β = γ; α x β = γ, respectively. As
a result one may distinguish two kind of habitat heterogeneity: those,
resulting from microhabitat diversity and habitat area (α) and those
related to habitat feature (β). Both components are influenced by
spatial factors, defined by neighbourhood and distance between
patches (meta-communities) as well as the history of land use (tem-
poral structure) (ANDERSON 2011 et al.). Although the increment
of both components of natural system diversity at the landscape
level, their influence on species composition within plant communi-
ties is different. The maintenance of stable ecosystem, it means ca-
pable to independent functioning is the basic goal of nature
conservation, thus estimation of preservation state and the direction
of ecosystem change within commune town, which was the main
goal of undertaken studies, were done based on characteristic spe-
cies composition. The supplementing and more detail inside into
community structure based on functional diversity of constituent
species enhances the power of ecological forecasting of ecosystem
change, incorporating demographic features and neighbouring
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vegetation in ecosystem modelling (TILLMAN 1994). As the basis
of this study, I assumed, that demographic processes and species
interactions modified by the method and intensity of land manage-
ment play an important role in structuring vegetation within particular
quarters (local scale) but spatial features affect on vegetation va-
riability at the town scale.

2. Methods
The basic aim of this compilation was to valuate vegetation within
commune town – Trzebinia, located in the southern part of Poland,
on the border of the Silesian Upland (the northern part) and
Krakowsko-Częstochowska Upland (smaller, southern part). The
town is distinguished by the long-standing industrial tradition, started
at the beginning of the XIII-th century, when the first zinc and lead
mines were established and the pick of development in the second
part of XX-th century when three coal and one dolomite mines, re-
finery, ironwork, power plant and many light industry were functio-
ned. Nowadays, the distribution of different economic branch within
this urban area is presented in Fig. 1.

To estimate the magnitude of environmental influence on preserva-
tion state of plant communities, including the length of spatial gra-
dient, raster map was done (municipality order, “Proglob” company)
which covered the whole town area. Vegetation cartography was
done based on aerial photo and remote sensing data. Vegetation
sampling was conducted using stratified random sampling proce-
dure. Preferred method of ecosystem management in relation to ex-
pected benefit of local society from natural resources was
investigated on the basis of revealed preferences. The estimation
of landscape fragmentation was done by calculating aggregation
index for distinguished vegetation patches, scaled to value I – IV
(range from small to high fragmentation) (URBAŃSKI 2008). The
spatial and habitat gradients resulting in different species turnover
were investigated using non-metric multidimensional scaling
(NMDS, Bray-Curtis formula) and detrended correspondence ana-
lysis (DCA). The values of component scores of two DCA axes were
correlated with the values of ecological indicators for species
(ZARZYCKI 2002 et al.) and scaled distance between vegetation
samples using multiple regression analysis to label gradient into or-

dination axes. Constrained canonical correspondence
analysis (CCA) was applied to reveal the influence of
spatial and habitat gradients on vegetation groups
(forests, meadows, grasslands and bushes). To forecast
the direction of species composition change during
secondary succession on non-managed grasslands,
functional diversity indices were calculated (LEPˇS 2006
et al.; SCHLEUTER 2010 et al.) in parallel with modelling
of distinguished as the important species traits using mi-
nimum spanning tree (MST) (PODANI 2001). All analy-
ses were done in SYN-TAX, Statistica, ArcGIS software. 

3. Results
Vegetation of commune town is composed of 52 natural
and semi-natural plant communities representing water,
rush, marshy, xerothermic and sandy grasslands, bus-
hes and forest patches listed in Fig. 2. Species richness
is more diversified along environmental gradients (the
range of dissimilarity: min. = 0.0047, max. = 0.9892 level
for dendrogram based on presence/absence data), ho-
wever less connected with habitat features (cophenetic

correlation = 0.7960) suggesting the significance of spatial effect in
shaping diversity of vegetation patches. Changeability of species
abundance is lower (the range of dissimilarity is more narrow as fol-
lows: min. = 0.6349, max = 0.9973 level for dendrogram based on
quantitative data) but strongly correlated with habitat characteristics
(cophenetic correlation = 0.9783).
Flora analysis revealed the occurrence of 642 taxa of vascular
plants, among which 16.2% is anthropophyta, most commonly
ergasiophygophyta (39.6%) and agriophyta (30.2%). Nitrophilous
species are the most numerous among the habitat groups (18.7%),
in contrast with the groups of water plants (1.7%) and heath or spe-
cies-poor Nardus grassland (2.5%). 38 species of town flora are
protected under Polish law and 84 taxa are locally endangered
which together constitute about 19% of overall town flora. Within
particular quarters the distribution of historic-geographical groups
is not uniform, revealing the greatest percent of alien species (in-
cluding cultivated ones) within I and V quarters as a result of their
introduction by landscape architects, private persons or foresters.

To identify plant communities, flora and vegetation inventory was
done according to Braun-Blanquet approach. Based on the data set
of 225 vegetation samples (preferential sampling procedure) and
hierarchical clustering (presence/absence data – Jaccard formula,
abundance data – Ruzicka formula, UPGMA) 52 plant communities
were distinguished. Cophenetic correlation was calculated to com-
pare the accuracy of classifications with the ordination results
(PODANI 2001). Based on the land use forms, appointed by the
index of built-up areas, vegetation cover as well as dominating type
of economy, the town area was divided on seven quarters which
partially are consistent with the administrative division. The calcu-
lated Simpson diversity index for vegetation within each distinguis-
hed part of town was correlated with scores of PCA (for binary data).
However, the obtained results showed lack of significant correlation
between environmental gradient and species diversity within town
centre which might be the result of spatial effect and strong depen-
dability of Simpson index on evenness model, thus this part of ana-
lysis was omitted in this compilation. 

Fig. 1: Location, division and the way of management of investigated area
(Coordinates: 50° 09’  N; 19° 28’ S; Altitude: 315 M)
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Fig. 2: Unconstrained classification of vegetation samples (abundance data) done within the patches of natural and semi-
natural plant communities in the town area.
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Among 96 protected and rare species within town quarters, three
were found only on secondary habitats and one – Epipactis helle-
borine – classified as characteristic for the common beech forests
does not show any habitat preference. The high value of species
diversity index for the town centre is due to high portion of alien spe-
cies, but species richness of IV-th part is connected with habitat he-
terogeneity. The low value of species diversity index in the area of
VII-th quarter results from habitat homogeneity and low variability
of plant communities, mainly composed by coniferous forests.
The changeability of species composition along gradients suggest
the primary role of habitat humidity and distance in shaping the ve-
getation structure as well as secondary significance of habitat aci-
dity, which may be related to calcium carbonate content or habitat
fertility (Fig. 3). However within particular town quarter, the length
of environmental gradients determining species diversity and tur-
nover was created by humidity and management.
The influence of spatial and habitat effect on species composition
among particular type of habitat (forests, meadows, grasslands and
bushes) is not equal. Taking into account habitat age and the way
of ecosystem management as well as spatial effect (neighbourhood)
in constrained ordination (CCA), species diversity of forest commu-
nities is mainly shaped by humidity gradient thus environmental fil-
tering strongly prevail, in contrast with meadows and grassland
whose community composition is determined by spatial effect, most
probably as a result of the abandonment of mowing practice. 

Fig. 4: Minimum spanning tree of vegetation samples based on im-
portant traits for secondary succession in unmanaged grasslands

4. Conclusion
Vegetation of commune town, explored during this study, shows
high variability and diversified preservation state. The habitat pat-

ches with regional importance in terms of con-
servation value are concentrated within the II-nd
and the IV-th quarter. However, local society
does not recognize the whole potential and
value of some ecosystems thus the abandon-
ment of grassland management prevail which
has primary importance in grassland mainten-
ance. 
The phenomenon of rare species occurrences
on secondary habitats as well as the lack of ha-
bitat preference of such an taxa which is classi-
fied as diagnostic species, suggest the need of
further investigation of their adaptations in broa-
der scale (across climate and human impact
gradient) to estimate the scale and magnitude
of this effect, to enhance the forecasting of spe-
cies composition change and mean time to ex-
tinction of populations as well as create the
adaptive maps. 
Balancing the scale of human impact on natural
habitats to preserve ecosystem values and to
provide healthy environment for people is the
core issue of modern spatial planning. The
maintenance of ecosystem remnants is more ef-
fective strategy from ecological and economic
perspectives then habitat creation. Therefore,
the preferences of local society, including inspi-
ration for economic development should be
weighted by the value and the level of ecosys-
tem vulnerability in broader, it means a regional
scale. 

Fig. 3: Ordination of vegetation samples along environmental gradients (NMDS, DCA
– correlation of component scores for two axes with environmental data in multiple
regression analysis)
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The highest concentration of not-mown grassland patches was
found within the III-th quarter. Incorporating their spatial contact with
vegetation of former arable lands, dominated nowadays by Solidago
sp. patches and classifying vegetation according to their species
traits at the community level (MST), the most probable direction of
grassland change is their transformation into monoculture built by
Solidago sp. population or bushes communities (Fig. 4).
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