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ABSTRACT

University campuses, as important elements of urban greenery, are related with a positive impact on student
health and well-being. They provide unique possibilities for estimating biodiversity change. This study focused
on the biodiversity in the Campus. The study aimed at: assessing the plant biodiversity occurring in the park;
assessing the representation of native species and determining the frequency at which invasive species occur;
as well as recommending an adaptation of the park management. The Park was sub-divided into biotopes and a
phytocoenological relevé was recorded. Park projects create biodiversity islands that may contribute to improve
urban space. A species composition that is close to natural vegetation creates a space for native species, which
thus better adapt to living in urban conditions. Localities created by humans, which imitate natural ecosystems,
increase the biodiversity and are valuable natural islands in cities. The semi-natural phytocoenoses however, do
not resist the occurrence of invasive plant species. Regarding the small size of the studied park, manual elimina-
tion or cutting of invasive plant species is sufficient.
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INTRODUCTION

The growing number of city inhabitants re-
sults in increased interest in urban greenery all
around the world (Abass et al., 2019; Maurer
et al., 2021; Yang et al., 2021) from both resi-
dents and scientists. It is obvious that urban
greenery is a significant part of human civi-
lization and its role is unreplaceable. Urban
green areas contribute to numerous benefits to
the urban environment and the society, such
as maintaining ecological processes, generat-
ing ecosystem services (Bertram and Rehdanz,
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2015; Andersson-Skold et al., 2018), providing
the space for recreation and physical activities
(Schipperijn et al., 2013; Yang et al., 2021)
as well as exerting direct and indirect impact
on human well-being and health (Zhang et al.,
2021; Zhou et al., 2021). Green areas are in-
creasingly considered as tools for mitigation of
climate change (including urban-heat islands,
floods) and as biodiversity refuges (Byrne et
al., 2015; Boulton et al., 2020). Habitat frag-
mentation caused by urbanization or oblitera-
tion of natural vegetation leads to the loss of
native species and has a negative impact on
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the biodiversity (Nichol et al., 2010; Syphard
et al., 2011; Dylewski et al., 2020). Addition-
ally, urbanization causes the development of
new habitats such as roadsides, pavings, parks,
gardens, playgrounds and educational centres
(Li et al., 2019). In order to compensate na-
ture loss in the mass urbanization era, urban
green areas provide the opportunity of support-
ing and protecting the diverse ecosystems of
our planet (Hwang et al., 2021). This greenery
mainly includes city parks, which, however,
are very often established in the places strong-
ly influenced and created by humans. Various
Park projects, which imitate natural ecosys-
tems, have been developed. However, their an-
thropogenic character influences the models of
species biodiversity and has great impact on bi-
otic homogenization (Wang et al., 2021). Intro-
duction of new species based on human prefer-
ences supresses the natural barriers of species
distribution (Capinha et al., 2015). Moreover,
relatively similar urban environments with in-
tense anthropogenic disturbance, and different
climatic and soil conditions, compared to natu-
ral ecosystems may favour species with partic-
ular properties (Koda et al., 2013; Kowalik et
al. 2014; Williams et al., 2015). The question
whether the areas imitating natural ecosystems
may cope with the diverse requirements is of
key significance (Vaverkova et al., 2019).

According to Holt et al. (2019), univer-
sity campuses, as important elements of ur-
ban greenery, are strictly related with a posi-
tive impact on human health and well-being.
Campuses and academic premises also provide
unique possibilities for estimating biodiversity
change and effects of biotic homogenization
(Wang et al., 2021). However, little attention is
drawn to the greenery in campuses. Therefore,
this study focused on the biodiversity of an
educational park located in the premises of the
Warsaw University of Life Sciences (SGGW).
The analysed object is the Research and Edu-
cational Centre of the Faculty of Civil and En-
vironmental Engineering — the SGGW Water
Centre, comprising an area with a system of
water reservoirs. The study aimed at (i) assess-
ing the plant biodiversity occurring in the park;
(i) assessing the representation of native spe-
cies and determining the frequency at which
invasive species occur; and (iii) recommend-
ing an adaptation of the park management to
the existing vegetation in the park.

MATERIAL AND METHODS

University campus description

The SGGW is a modern natural science uni-
versity, with its roots its founding in 1816. The
university conducts the research in agricultural
sciences, but also in science, life sciences, social
sciences, or in engineering and technology. The
mission of SGGW is to serve the intellectual, so-
cial and economic development of Polish society
and international community with particular em-
phasis on sustainable development of rural areas,
food economy and widely understood natural
environment. Nowadays, SGGW has more than
70 hectares of land which includes more than 49
buildings; the students are educated in 14 faculties
(Figure 1). The university buildings also might
include: student hostels, library, Equine Clinic
and Small Animal Clinic, Production Greenhous-
es, Water Treatment Station, swimming and other
sports pools and a modern research site of Water
Centre with Water Park.

The SGGW university campus is located
in the southern part of Warsaw at the district of
Ursynow. This campus can be historically divid-
ed into two parts separated by Nowoursynowska
street (Figure 1). In the north-eastern part of the
campus, there are the most important historical
buildings, including Krasinski Palace (originally
also called Rozkosz Palace). The beginnings of
the palace and park complex are estimated in
1776, when Duchess Izabela Lubomirska of the
Czartoryski family built a small palace for her
daughter, Aleksandra Potocka (Figure 2a). In
this part of the campus, apart from the didactic
buildings, there are also the Rector’s office and
the university administration, as well as the green
Perennial Plant of SGGW and nature reserve
“Skarpa Ursynowska”. On the opposite side of
the Nowoursynowska street, the academic cam-
pus of SGGW is called the “new part”, which
includes modern completed academic buildings,
laboratories, dormitories, and green open space
for students (Figure 2b).

Greenery and sustainable development as-
pects are an important element of SGGW Uni-
versity Authorities management policy. Those
elements are visible both in spatial and architec-
tural organization of the entire campus, as well
as in the field of scientific research. One of the
most important laboratory facilities is the build-
ing of the Water Centre SGGW, where with the
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Figure 2. View of the SGGW campus: on the left the historical Krasinski Palace building, which
is currently the university’s rector’s office; on the right a view of the new campus buildings.

use of the newest laboratory equipment scientific
research is conducted, e.g. in the aspect of envi-
ronmental protection. Research and observation
of habitats carried out in the Water Park are used
in the management of greenery with the circula-
tion of water and biomass throughout the campus.
The presented habitat biodiversity assessment is
focused on the implementation of the Green Cam-
pus elements (Figure 3). The observations carried
out in the Water Park are also used to maintain
green areas in the historic part of the campus and
to limit the impact on the nearby nature reserve.
The Research and Educational Centre — Water
Centre of the SGGW is located at the main uni-
versity campus in Warsaw, in the eastern part of
the Ursynow district (Figure 1). The total area of
the project is around 14,600 m?. The Water Centre
comprises an educational and research facility with
the development area of ca. 2,000 m*and the total
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area of ca. 5,600 m?. The Water Centre consists of
three parts: the Main Laboratory Building, the Wa-
ter Park and the Meteorological Station (Figure 4).

The general aim of the Research Centre —
Water Centre is to improve the quality of educa-
tion in the Faculty of Civil and Environmental
Engineering, as well as permanent development
of the academic staff, improvement of the re-
search methods and techniques, implementation
of experience into practical applications, which
should support the University in its educational
and research activity, as well as in influencing
the economy through the knowledge-to-business
transfer. There are 20 laboratories in the building,
furnished with advanced scientific and research
equipment, as well as an exhibition hall, which
presents and popularises the research fields of the
Faculty of Civil and Environmental Engineering
(Szymanski and Borecki, 2010).
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An educational establishment known as the
Water Park is situated in the area around the Main
Building of the Centre. It comprises a model of
a watercourse connected with trophic reservoirs,
with its outlet in the ultimate water reservoir.
The whole water system represents water cir-
culation in the environment. The system is sub-
divided into a part that represents a mountain
catchment basin and a part that corresponds to a
lowland river catchment basin. The water system
is supplemented with models of hydrotechnical
facilities, situated along the river course and on
the reservoirs (trap, tower spillway, weirs). The
models present sample construction solutions of

Figure 4. Location of the SGGW Water Centre
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linear scale

hydrotechnical facilities and allow the students
to become acquainted with modelling systems
of hydraulic and hydrobiological conditions. In
the reservoir, there is a dock ending with a glass
wall and lighting, which allows descending into
the water reservoir and observe the development
of a coastal area. Water in the Water Park system
flows in a closed circuit using a system of pumps
feeding water from the ultimate reservoir to the
initial station, which is a ground object built in a
gabion and landmass construction. Water quality
is maintained mainly through a natural reed bed
treatment plant which is part of the water system.
A model of the watercourse is related to trophic
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reservoirs, with its outlet in the ultimate water
reservoir. The structure is unique for Poland. It
is used in the educational process, scientific ac-
tivities, and popularisation of general knowledge
to illustrate the water circulation in nature and to
teach about the principles of designing and ex-
ecuting hydrotechnical activities. Two habitats
with vegetation representative for a wet habitat
on a sandy subsoil and on an organic soil — peat
are also located in the Water Park. A large area
of the Water Park is covered by lawns. Depend-
ing on the location, the lawns are equipped with
irrigation and drainage systems. This allows for
analysing vegetation growth and behaviour dur-
ing dry and wet periods.

The Water Park as an external laboratory and
the laboratories located in the Water Centre build-
ing are a common research base and complemen-
tary to each other. A meteorological station situ-
ated in the surroundings of the Main Building of
the Centre monitors the quality of atmospheric air
and selected meteorological parameters, as well
as air pollution measured on multiple levels. The
results of meteorological measurements are used
in many aspects related to the research carried out
in other laboratories, pertaining to environmental
elements and climate change.

Biotope characteristics and monitoring
of the existing vegetation

Several different habitats were created in the
park: (i) Hill with grasslands: the biotope imitates
a meadow community. Mowing takes place sev-
eral times during the growth season and the cut
biomass is removed (Figure 5a). (ii) Pond: the
biotope is a smaller water reservoir with unclosed
coastal vegetation maintained only extensively.
Dry and dead vegetation parts are removed con-
tinuously (Figure 5b). (iii) Oligotrophic reservoir:
the biotope includes a shallow water reservoir
and adjacent coastal areas. A substrate with a low
nutrient content was used for its establishment.
Dead vegetation residues are removed and nutri-
ents are not replenished (Figure 5c¢). (iv) Meso-
trophic reservoir: the biotope includes a shal-
low water reservoir and adjacent coastal areas.
A substrate with the moderate content of nutrients
was used for its establishment. Dead vegetation
residues are removed sporadically and nutrients
are not replenished (Figure 5d). (v) Eutrophic
reservoir: the biotope includes a shallow water
reservoir and adjacent coastal areas. A substrate
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with a high content of nutrients was used for its
establishment. Dead vegetation residues are not
removed (Figure 5e).

The vegetation was assessed using the meth-
od of phytocoenological relevés, 30 m? in size.
The Park was sub-divided into 5 biotopes and a
phytocoenological relevé was recorded in each of
them. The assessment took place twice: in July
2020 and July 2021. First, all taxa of vascular
plants occurring in the phytocoenological relevé
were identified. Then, the above-ground biomass
coverage of individual taxa was estimated. The
scientific names of the recognised plant species
were taken from the flora and vegetation database
(Pladias, 2020). On the basis of the information
from the Pladias database, the plant species were
classified into groups according to their invasive
status. Spatial and graphical expression of the re-
lationships between the monitored habitats and the
occurrence of plant species was processed using
canonical correspondence analysis (CCA). The
data were processed using the Canoco 4.0 com-
puter program (Ter Braak and Smilauer, 2012).

The invasive status is a classification of alien
taxa into three categories reflecting their position
in the invasion process. The alien taxa which only
occasionally reproduce in the wild in Central Eu-
rope, do not form self-replacing populations, and
rely on repeated introductions for their persis-
tence, are referred to as casual. Naturalized taxa
are alien plants which reproduce in the wild and
sustain populations over many life cycles with-
out the direct human intervention (or despite hu-
man intervention). Invasive plants are naturalized
plants (Paukova, 2019) which produce reproduc-
tive offspring, often in large numbers, at consid-
erable distances from the parent plants, and thus
have a potential to spread over wide areas (Rich-
ardson et al., 2000, 2011; Bielecka and Krolak,
2019; Fos et al., 2021). This classification does
not apply to native taxa which are reported as
separate categories. The data were taken from the
second edition of the Catalogue of alien plants of
the Czech Republic (Pysek et al., 2012 and refer-
ences related to individual taxa therein).

RESULTS AND DISCUSSION

Vegetation assessment identified 79 taxa of
vascular plants. The number of species classified
according to their invasive status is presented in
Table 1. Contributions of individual groups on
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Figure 5. Biotopes in the Water Park: a) Hill with grasslands; b) Pond;
¢) Oligotrophic reservoir; d) Mesotrophic reservoir; e) Eutrophic reservoir.

the coverage in the phytocoenological relevés are
presented in Figure 6.

Urban greenery and its biodiversity repre-
sent an important connection between humans
and nature in the Anthropocene (Aronson et al.,
2017; Wang et al., 2021). Moreover, it has a great
potential with regard to environmental protec-
tion among the habitats present in cities all over
the world; however, it is still not sufficiently
used (Chollet et al., 2018). These habitats cover
large areas and may represent perfect opportuni-
ties to increase biodiversity in cities. This is par-
ticularly important in the context of diminishing

extensively managed urban green areas, as ob-
served in Western Europe (Peyraud et al., 2012).

The number of plant taxa found in the first
biotope Hill with grasslands was 41. Native
plant species included: Achillea millefolium,
Calamagrostis epigejos, Cerastium holosteoides,
Crepis mollis, Elymus repens, Epilobium hirsu-
tum, Equisetum arvense, Festuca arundinacea,
Festuca rubra, Fraxinus excelsior, Hypericum
perforatum, Lolium perenne, Lycopus europae-
us, Medicago lupulina, Pilosella officinarum,
Plantago lanceolata, Poa pratensis, Populus
alba, Salix caprea, Taraxacum sect. Taraxacum,

Table 1. Number of plant species from the monitored biotopes classified in groups according to their invasive status

) . . Biotopes
Groups according to invasive Oliaotronhi Mesotronh Ey—
status Hil Pond igotrophic esotrophic utrophic
reservoir reservoir reservoir
Native 23 10 13 24 32
Naturalized 12 1 1 1 3
Casual 1 0 0 0 1
Invasive 5 1 1 4 4
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Figure 6. Contribution of plant species groups on the coverage in the phytocoenological relevés.

Tragopogon orientalis, Trifolium pratense, Tri-
folium repens, Urtica dioica, and Vicia tetrasp-
erma. The native plant species living in cities are
part of the regional pool of species. According to
Werner (2011), urban areas contribute to changes
but also to conservation and protection of this re-
gional pool of species. Therefore, it is extremally
important to protect and plan the conservation of
these native species.

Naturalized plant species were Bromus
hordeaceus, Cichorium intybus, Lactuca serriola,
Lathyrus tuberosus, Linaria vulgaris, Oenothera
biennis, Parthenocissus quinquefolia, Senecio
vulgaris, Setaria pumila, Sonchus arvensis, and
Sonchus oleraceus. The plant species with casual
status included Berberis thunbergii and the plant
species with invasive status in this biotope were
Cirsium arvense, Conyza canadensis, Galinsoga
parviflora, and Solidago canadensis. Invasive
plants may result in biodiversity decrease, dimin-
ish the ecosystem resistance to perturbations and
cause ecosystem degradation (Jang et al., 2020).
Additionally, Jang et al. (2020) confirmed that
private housing areas are the main sources of
invasive plant spread. What is more, the propor-
tion of invasive species are an indicator for the
intensity of human disturbances (Gregor et al.,
2012). However, this is not standard for all cities.
For example, Frankfurt/Main (Germany) differs
somewhat in the share of invasive species from
the average of Central European cities. According
to the study conducted by Gregor et al. (2012) the
low proportion of invasive species in Frankfurt,
probably, reflects large areas of forests and low
productive grasslands in today’s city’s limits.
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Water environments, such as rivers, ponds and
ditches, are particularly affected by the invasion
of exotic water plants. Moreover, pond sediments
act as seed banks of many species, and water level
oscillations cause recruitment of seeds from these
banks (Hayasaka et al., 2018). The number of
plant taxa found in the second biotope Lake was
12. Native species included Epilobium hirsutum,
Equisetum palustre, Iris pseudacorus, Juncus ar-
ticulatus, Juncus effusus, Mentha aquatica, Nym-
phaea alba, Phragmites australis, Populus alba,
and Salix caprea. Naturalized species were repre-
sented by Epilobium adenocaulon and the plant
species with invasive status identified in this bio-
tope included Solidago canadensis.

The number of plant taxa found in the third
biotope ,,Oligotrophic reservoir” was 15. Native
species included Alisma lanceolatum, Epilobium
hirsutum, Equisetum palustre, Iris pseudacorus,
Juncus articulatus, Juncus effusus, Lycopus eu-
ropaeus, Nymphaea alba, Phragmites australis,
Populus alba, Ranunculus repens, Typha angus-
tifolia, and Typha latifolia. Naturalized species
were represented by Epilobium adenocaulon and
the plant species with invasive status in this bio-
tope included Solidago canadensis.

The number of plant taxa found in the fourth
biotope Mesotrophic reservoir was 29. Native
species included Achillea millefolium, Alnus glu-
tinosa, Calamagrostis epigejos, Epilobium hir-
sutum, Equisetum hyemale, Equisetum palustre,
Juncus articulatus, Juncus effusus, Lycopus eu-
ropaeus, Lysimachia vulgaris, Mentha aquatica,
Phragmites australis, Plantago lanceolata, Ra-
nunculus repens, Salix xrubra, Salix alba, Salix
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euxina, Salix viminalis, Sambucus nigra, Trifo-
lium fragiferum, Trifolium pratense, Trifolium
pratense, Typha angustifolia, Typha latifolia, Ul-
mus laevis, and Urtica dioica. Naturalized plant
species were represented by Setaria pumila and
the plant species with invasive status identified in
this biotope were Conyza canadensis, Erigeron
annuus, and Solidago canadensis.

The number of plant taxa found in the fifth
biotope Eutrophic reservoir was 40. Native plant
species included Alisma lanceolatum, Betula pen-
dula, Bidens tripartita, Calamagrostis epigejos,
Carex pseudocyperus, Epilobium hirsutum, Eq-
uisetum palustre, Eupatorium cannabinum, Fes-
tuca arundinacea, Filipendula ulmaria, Juncus
articulatus, Juncus effusus, Lycopus europaeus,
Lythrum salicaria, Mentha aquatica, Nymphaea
alba, Persicaria amphibia, Phragmites austra-
lis, Plantago lanceolata, Populus alba, Quer-
cus cerris, Ranunculus repens, Rumex aquati-
cus, Salix euxina, Salix viminalis, Symphytum
officinale, Tussilago farfara, Typha angustifolia,
TBypha latifolia, Typha laxmannii, Urtica dioica,
and Veronica maritima. Naturalized plant spe-
cies were Lactuca serriola, Linaria vulgaris and
Parthenocissus quinquefolia. Plant species with
casual status included Viburnum rhytidophyllum
and the plant species with invasive status found
in this biotope were Conyza canadensis, Erig-
eron annuus, Reynoutria japonica, and Solidago
canadensis.

The species spectrum of vegetation differs
significantly between habitats, as can be seen in
Figure 7. The Hill habitat creates conditions for
meadow species. Other habitats create conditions
for more water-intensive species. The nutrient-
and water-rich habitat (Mesotrophic reservoir;
Eutrophic reservoir) is also the most diverse spe-
cies. The species located in the middle of the or-
dination diagram (Figure 7) are the species whose
occurrence intersects between habitats. This may
be due to the proximity of habitats, or their intro-
duction through human activity, or their natural
ability to spread.

Many of the identified plant species were not
typical representatives of coastal or aquatic veg-
etation. The conditions were created artificially;
some local plant species succeeded in coping with
these new and untypical conditions and survived.
Plant species may spread from adjacent areas
and colonize sites in artificially created biotopes
where the competition from other plants is lower.
Although the ecosystems were created artificially,

native plant species significantly predominated
in them. The authors of this paper found that the
research area contributed to the species richness,
irrespective of the presence of native and non-
native species. This provides the preconditions
for the development of a stable phytocoenosis
that will be able to resist invasion of non-native
species. The importance of campus areas is sup-
ported by previous studies in China and Turkey
(Liu et al., 2017; Giiler, 2019); other urban green
areas, such as urban parks and botanical gardens
have also been considered (Golding et al., 2010;
Nielsen et al., 2014).

Highly invasive non-native plant species,
such as Conyza canadensis, Erigeron annuus,
Galinsoga parviflora, Reynoutria japonica and
particularly Solidago canadensis, were recorded
there as well. The future management of the Wa-
ter Park needs to be focused on the elimination of
these species in order to prevent their overpopula-
tion and possible spreading to other neighbouring
localities. On the basis of the studies of invasive
species, Hayasaka et al. (2018) suggest manage-
ment of such areas through successful control
and/or elimination of invasive species (Fos et al.,
2021) in order to maintain biodiversity of the na-
tive vegetation and achievement of the prevalence
in the restriction of its development. Furthermore,
the most effective method of controlling invasive
species is maintaining and clipping rhizomes and
stalk segments underwater.

It is also necessary to give attention to the
control of plant species with airborne fruits and
seeds, such as Calamagrostis epigejos, Cirsium
arvense, Epilobium adenocaulon, Lactuca serrio-
la, Oenothera biennis, Senecio vulgaris, Sonchus
arvensis, Sonchus oleraceus, and Tussilago far-
fara. Seed dissemination is of key importance for
a wide range of ecological processes (Trakhen-
brot et al., 2014). Although these species do not
belong to typical representatives of coastal veg-
etation, they are often distributed by wind from
the nearby surroundings and colonize sites with
scarce vegetation.

Undesirable plant species, whose occurrence
has to be controlled and greatly limited, are ru-
deral species which colonize sites rich in nutri-
ents; they belong to widespread species such as
Sambucus nigra, Setaria pumila and Urtica dio-
ica. The occurrence of these species is often con-
nected with unkempt and neglected localities.
Seeds and propagules of ruderal species may be
transported to other biotopes (Vaverkova et al.,
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Figure 7. Graphical expression of relationships between habitats and found plant species.

Explanations: Habitats: Hill — Hill; Pond — Pond; Oligo — Oligotrophic reservoir; Meso — Mesotrophic reservoir;
Eutro — Eutrophic reservoir.

Species: AchMill — Achillea millefolium, AliLanc — Alisma lanceolatum, AlnGlut — Alnus glutinosa, BerThun
— Berberis thunbergii, BetPend — Betula pendula, BidTrip — Bidens tripartita, BroHord — Bromus hordeaceus,
CalEpig — Calamagrostis epigejos, CarPseu— Carex pseudocyperus, CerHolo — Cerastium holosteoides, Ciclnty —
Cichorium intybus, CirArve — Cirsium arvense, ConCana — Conyza canadensis, CreMoll — Crepis mollis, ElyRepe
— Elymus repens, EpiAden — Epilobium adenocaulon, EpiHirs — Epilobium hirsutum, EquArve — Equisetum
arvense, EquHyem — Equisetum hyemale, EquPalu — Equisetum palustre, EriAnnu — Erigeron annuus, EupCann
— Eupatorium cannabinum, FesArun — Festuca arundinacea, FesRubr — Festuca rubra, FilUlma — Filipendula
ulmaria, FraExce— Fraxinus excelsior, GalParv — Galinsoga parviflora, HypPerf— Hypericum perforatum, IriPseu
— Iris pseudacorus, JunArti — Juncus articulatus, JunEffu — Juncus effusus, LacSerr — Lactuca serriola, LatTube
— Lathyrus tuberosus, LinVulg — Linaria vulgaris, LolPere — Lolium perenne, LycEuro — Lycopus europaeus,
LysVulg — Lysimachia vulgaris, LytSali — Lythrum salicaria, MedLupu — Medicago lupulina, MenAqua — Mentha
aquatica, NymAlba — Nymphaea alba, OenBien — Oenothera biennis, ParQuin — Parthenocissus quinquefolia,
PerAmph — Persicaria amphibia, PhrAust — Phragmites australis, PilOffi — Pilosella officinarum, PlaLanc —
Plantago lanceolata, PoaPrat — Poa pratensis, PopAlba — Populus alba, QueCerr — Quercus cerris, RanRepe —
Ranunculus repens, ReyJapo — Reynoutria japonica, RumAqua — Rumex aquaticus, SalAlba — Salix alba, SalCapre
— Salix caprea, SalEuxi — Salix euxina, SalVimi — Salix viminalis, SalXrub — Salix xrubra, SamNigr — Sambucus
nigra, SenVulg — Senecio vulgaris, SetPumi — Setaria pumila, SolCana — Solidago canadensis, SonArve — Sonchus
arvensis, SonOler — Sonchus oleraceus, SymOffi — Symphytum officinale, TarSect — Taraxacum sect. Taraxacum,
TraOrie— Tragopogon orientalis, TriFrag— Trifolium fragiferum, TriPrat — Trifolium pratense, TriRepe — Trifolium
repens, TusFarf — Tussilago farfara, TypAngu — Typha angustifolia, TypLati — Typha latifolia, TypLaxm — Typha
laxmannii, UlmLaev — Ulmus laevis, UrtDioi — Urtica dioica, VerMari — Veronica maritima, VibRhyt — Viburnum
rhytidophyllum, VicTetr — Vicia tetrasperma.

2012; Vaverkova and Adamcova, 2014; El-Bana, of an ecosystem in a given area, replacing less
2015). Moreover, according to Fortuna-Antosze- expensive and less competitive species.

wicz et al., (2018) excessive expansion of inva- The results of studies by Nordh et al. (2009)
sive species may disturb the ecological balance  indicate that the quality of small urban parks does
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not only depend on their size. Nevertheless, small-
scale landscaping works often go hand in hand
with a radical transformation of geological and
paedological conditions, as well as water regime
changes that result from human activity. Due to
this, an ecosystem imitating natural ecosystems
comes to existence, which would not originate
without human intervention. Managers should
reduce extensive planting of non-native species
and replace them with native species suitable for
specific local conditions (Wang et al., 2021).

According to El-Bana (2015), perturbations
of native species results in breaks in their spatial
distribution, favouring the colonization by less
competitive ruderal and invasive species. Correct
Park management may potentially have impact
on the sustainable development of the campus
and the city. The adaptation level of each park
should differ depending on the local neighbour-
hood and context (Ibrahim et al., 2020). These re-
search results demonstrate that humans not only
affect landscapes, but they directly create also
new ecosystems (Winkler et al., 2021).

CONCLUSIONS

Ecological building design, including sustain-
able development and a circular economy, will
definitely be one of the foundations of construc-
tion industry in the future. Some companies, na-
tional and academic institutes are already being
modernized to face these challenges in the near
future. The discussed case of the Warsaw Uni-
versity of Life Sciences is an interesting example
of implementation of the green building strategy
of the future, taking into account historical (Old
part campus) and environmental aspects (location
next to nature reserve). The implemented strat-
egy of the Warsaw University of Life Sciences
development considers not only the reduction
of CO, emissions, but also the development of
a circular economy, waste recycling, production
of green energy, and use of rainwater. The inno-
vative building of the Water Centre the Warsaw
University of Life Sciences is also a proof of the
above. It constitutes a modern laboratory adapted
to the research on the improvement of the natural
environment. These activities deserve to be dis-
tinguished on the scale of academic campuses in
Poland and Europe.

Small Park projects increase the diver-
sity of plant species, due to which they create

biodiversity islands that may contribute to im-
prove sustainable urban space. The interconnec-
tion of city and nature finds applications exactly
in such projects. A species composition that is
close to natural vegetation creates a space for na-
tive animal species, which thus better adapt to liv-
ing in urban conditions.

Studies of the vegetation composition show
that most plant species are native. However, the
occurrence of invasive plant species was recorded
as well. Therefore, it is necessary to focus on veg-
etation control and removal in order to prevent
the development of new diaspores. Regarding the
small size of the studied park, manual elimination
or cutting of invasive plant species is sufficient.
Nevertheless, correct identification of plants and
educating the park managers are necessary. If
these invasive plant species are not subject of tar-
geted control, even small plots may become sourc-
es of diaspores and cause their further undesirable
spreading. By competition, the invasive plant
species suppress the native species, thus chang-
ing the food supply of the habitat and inducing
changes in the faunal composition. In addition,
they can also affect humans either in the form of
pollen allergies or impair the aesthetic impression
provided by the vegetation. The localities created
by humans, which imitate natural ecosystems, in-
crease the biodiversity and are valuable natural
islands in cities. The semi-natural phytocoenoses
of these localities, however, cannot resist the oc-
currence of invasive plant species.
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