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BIODIVERSITY BASED SOLUTIONS FOR THE SUPPORT OF ECOSYSTEM SERVICES,
PROVIDED BY URBAN GREEN INFRASTRUCTURE

Compact living of the population in the territory of modern cities on the one hand increases requirements for the quality of envi-
ronmental conditions, and on the other hand creates an excessive load on the city ecosystem. Green spaces are the main providers of
ecosystem services in cities, as urban fauna represented by a very limited number of species. The quality and range of ecosystems of
their services, which provided by natural plant associations and urban green spaces, is significantly different and affected by human
activity. The assessment of the quality of provision of ecosystem services by the parks of the left bank of the city was carried out
Kyiv. At the first stage of the work, an assessment of the potential of service provision was carried out according to 10 criteria. At the
second stage, the ratio between cultural and regulatory ecosystem services provided by the parks was performed using pair-wise we-
ighted evaluation. The assessment results show that large, little-altered forest parks provide the highest degree of services, in which
regulatory services dominate over recreational ones. Along with this, small lakes ecosystems under the condition of limited recreati-
onal improvement and use can also provide more services of a regulatory nature. Traditionally, the main means of ensuring the
ecosystems services and adaptation of cities to the conditions of a changing climate are nature-based solutions. Given the scarcity of
free space, such solutions include a number of conceptually new approaches that provide maximum involvement of spatial resources
of the city, in particular walls and roofs. Such decisions are important and effective, but technical aspects may delay their implemen-
tation. Under such conditions it is proposed to pay attention to biodiversity-based solutions, i.e. increasing species richness in already
existing facilities to improve the quality of the provided services in general and increase the weight of regulatory services. The atten-
tion should be paid to increasing the diversity of species and communities. The increase in species diversity can be implemented in
planned manner maintenance of existing plantations taking into account not only the tolerance of the selected species, but also in ac-
cordance with their functional role. This will contribute to the expansion of ecological niches of plantations and natural processes of
diversification.

Keywords: nature based solutions; biodiversity; urban ecosystem; species composition; green spaces.

infrastructure for the support of their ecosystem services.
The purpose of research is to consider the opportunities
and challenges for the growth of urban biodiversity as a
way to support urban green spaces functions.
To achieve this purpose, the following main research

Urban green spaces perform a wide range of functions
community members both directly usable, utilitarian,

Utilitarian include recreational opportunities, as urban

green areas offer people a place where they can relax, do
some physical activities, socialize, and be in contact with
nature. Major elements of urban green spaces — parks are
also the centers of communities, providing venues for cultu-
ral events and festivities, strengthening identity and unity of
community.

Life-sustaining involve supporting stability of urban
ecosystem through a range of natural processes in the form
of ecosystem services.

Object of research is the formation and provision of
ecosystem services.

Subject of research is the management of green

IHpopmauia npo aBTOpa:

objectives are identified:

e analyze the issues of ecosystem services provided by urban
ecosystems;

e study the provision of ecosystem services by a range of Kyiv
parks;

e compare the value of regulatory and cultural ecosystem services,
provided by Kyiv parks;

e consider nature based and biodiversity solutions for the support
of urban ecosystem services.

Analysis of recent research and publications. Eco-
system services at urban areas are considered in a variety of
research works in multiple applications and in the form of
case studies. Thus, a fundamental survey of ecosystem ser-
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vices provided by green spaces of Stockholm was done by
P. Bolund and S. Hunhammara [4]. This landmark publica-
tion covers such their services as air filtration, microclimate
regulation, noise reduction, rainwater drainage, sewage tre-
atment, as well as recreational and cultural values of urban
areas. It was also among the first to conclude that the provi-
sion of ecosystem services must be embodied into the urban
planning and land use decisions.

Being so important for the well-being of urban
ecosystems, green spaces are still more often assessed in
terms of their cultural service, as in the work by E. An-
dersson et al., M. P. Perring et al., E Gomez-Baggethun et
al., T. Plieninger et al. Among those the research by E. An-
dersson et al. highlights the fact of interaction between hu-
mans and ecosystems in the production of ecosystem servi-
ces [2]. A wide meta-analysis of 217 research papers de-
aling with urban ecosystem services showed a variety of to-
ols used for valuation of services and lack of the implemen-
tation of findings into land use and planning solutions [9].
T. Mexia et al. stated that purposeful interventions of hu-
mans in urban ecosystems using green infrastructure in the
form of nature-based solutions can help managers to opti-
mize ecosystem services provision [15]. Moreover, inves-
ting in urban nature based solutions may often be economi-
cally advantageous, as it was shown by the extensive rese-
arch conducted in 25 cities of the USA, Canada and China
by T. Elmgquvist et al. [5]. Researchers are sure about the im-
portance of green spaces in the provision of ecosystem ser-
vices [8], and health status of its citizens [17]. But growing
pressure of population and infrastructure raises the need for
some methods and techniques, able to support the provision
of ecosystem services for citizens. This is relatively new fi-
eld of theoretical and applied studies. However, some tho-
ughts have already been expressed about the possibility to
boost the complex of urban ecosystems services quality by
novel components [10]. One of the important preconditions
of the efficient improvements is clear differentiation of cul-
tural and regulatory services provided by green spaces, sin-
ce the latter one are of highest value for the stability and li-
vability of urban ecosystem. This issue of differentiation is
almost uncovered by modern research efforts.

Materials and methods of research. The quality of
ecosystem services is hard to measure; therefore the quality
of green spaces is used as a mirror for such assessment: he-
alth and integrity of plant communities are directly linked
to the services integrity they provide.

For the purpose of the given research a range of Kyiv
parks were assessed in terms of their ability to provide
ecosystem services. At the first stage the factors having ef-
fect on the services formation were rated by the scale from
1 to 10 points, including:

e F1 — Area, covered with canopy;
e F2 — Diversity of species — trees, shrubs and grasses;
e F3 — Percentage of tolerant tree species (not vulnerable to heat
extremes);
F4 — Quality condition of communities;
F5 — Areas available for expansion of green spaces;
F6 — Presence of blue infrastructure;
F7 — Number of bird species;
F8 — Soil condition and percentage of paved surfaces;
F9 — Quantity and diversity of lichens;
F10 — Habitat unity (level of fragmentation).
The rating by each factor was awarded based on visual
observations, literature and survey (for lichens community
parameters and avian fauna). Lichen cover was evaluated at

50 trees chosen randomly within each park using the stan-
dard of lichen indication [16]. The number of bird species
was defined based on 2 day observation, when all bird spe-
cies seen in the morning hours along the 2 diagonal routes
were counted. Identification of species was based on physical
appearance and vocalization, using ChirpOMatic software.

At the second stage the contribution to the support of
ecosystem services provision was considered from the
perspective of cultural and regulatory services. The impor-
tance of green spaces for the real estate value, community
well-being, recreation, sport activity and health of citizens
is well known and praised. Therefore a gradual improve-
ment of green spaces condition at the municipal territory
was observed over the last five years. However, the majo-
rity of these improvements promote the cultural services of
plant communities.

In order to conduct a rough estimation of the balance
between regulatory and cultural ecosystem services provisi-
on, the studied parks were additionally weighted by pair-
wise matrix comparisons [13] according to their relative
importance for either of the services groups. The scale used
for this comparison includes values: 1/9 — 1/7 - 1/5 - 1/3 —
1-3-5-7-9 (from the minor to the most significant con-
tribution in one of two groups of services. The principle of
comparison is reflective assessment: each parameter is val-
ued for the contribution to the type of services, so that the
other receives its reverse value, for example, 6 and 1/6. The
sum of the contributions was calculated separately for each
group of services and the balance in percents of the total
ability to provide ecosystem services was calculated.

The parameters for the contribution assessment were
chosen based on the factors having influence on the overall
quality of services provision, but which demonstrate clear
divergence and support under certain conditions predomi-
nantly one type of services. The chosen parameters were
provided with detailed rating from the highest to the lowest
input into the benefits, received from green spaces. The list
and the reference points of the parameters include:

e TR — Tree species — correlation between native and decorative

Species;

e FL — First level composition — natural grass cover of flower
beds and lawns;

e B - blue infrastructure — natural and man-made water bodies or
their absence;

e C - surface cover — canopy and grasses or paved or any other
solid surface;

e L — landscaping — equipment and structures for passive or active
recreation;

e RU — Intensity of recreational use — protected area or rarely visi-
ted area or intended for intensive recreation;

e A — landscapes anthropization — non-changed or modified com-
munities;

e O - origin of community — root old or newly established com-
munity;

e S — surroundings — neighboring objects create limited technoge-
nic pressure or high as industrial facility and infrastructure ob-
jects are around.

Research results and their discussion /
Pe3yibTaTH JOCTiP)KeHHsI Ta IX 06roBOpeHHA

Urban ecosystem services issues. According to the Mil-
lennium Ecosystem Assessment (2003 and 2005), benefits
from ecosystem services can be divided into four classes:
cultural, provisioning, regulating and supporting services.

Cultural, provisional and regulating services work toget-
her to make ecosystems clean, sustainable, functional, and
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resilient to change, but without supporting services, they
wouldn't exist.

The formation of ecosystem services is driven by living
organisms, — ecosystem service providers (ESPs). As a re-
sult the quality of ecosystem services depends on:

e Diversity and abundances of ESPs — species or populations of
organisms — define the intensity and mode of natural processes
and in this way — rates and essence of ecosystem service;

e Community interactions — structure aspects that influence how
ESPs function in their natural landscape, such as compensatory
responses that stabilize function and non-random extinction seq-
uences which can erode it;

e Quality of key abiotic factors influencing the living activity of
ESPs;

e Spatial and temporal fluctuations in the living activity of ESPs:
daily and seasonal changes, etc.

As it is clear from the definitions, ecosystem services
are closely interconnected with human activity, forming a
sort of edge, at which people have to have these services in
order to survive and at the same time, able to affect their
provision (Fig. 1).

* Humans directly consume * Humans affect the context of
provisioning and cultural ecosystem services formation, by
services: changing abiotic conditions;

+ Humans affect services providers by
changing composition of communities;

* Humans affect the services

* Humans exist ] ) consumption by changing land use
due to supporting services directions

l—- THE EDGE OF INTERACTION '—]

Humans define:
* quality, }ofecosvstem services

* Humans depend
on regulatory services;

* number, provided to them
* assortment

Figure 1. "Human-Ecosystem Services" interaction / B3aemoist
"JTI0IMHA-EKOCHCTEMHI ocTyru"

The everyday human activity makes contribution to the
degradation of environment components quality, changing
the fundament on which ESPs exist. Additionally, the
displacement or extinction of species as well as introducti-
on of new species can drastically or gradually change the
quality of ecosystem services provided. Moreover, people
are able to modify the way ecosystem services provided by
changing the landuse practices. This means that at the edge
of their interaction people are able to define quality, num-
ber and list of ecosystem services provided. But the same
means that humans are able to promote and support the pro-
vision of the existing and valuable ecosystem services.

Number and assortment of ecosystem services consu-
med by urban population is limited as compared to services
offered by plant associations, since their primary purpose is
rather non-material (Fig. 2).

Nevertheless, the same ecosystem services provided by
both ecosystems are not always of the same quality. For
instance, urban green spaces can work as habitats, but this
will be very limited area and very specific conditions in
terms of general quality and level of disturbance. Thus, it is
suitable only for synanthropic species and accidental invasi-
ons from wild animals. This makes a paradox of human
consumption: healthy, resilient and highly functional plan-
tations are harvested, while semi-natural, lacking diversity
and demonstrating poor self-regulation ability are supported
within urban ecosystems.

The decreased quality of urban ESPs and services is due
to man-made interventions, which strain the resilience of
unban plant communities and reduce their functionability:
increasing gaseous and dust pollution of air; special tempe-

rature and water conditions of air and soil; presence of sto-

ne, concrete and metallic surfaces, asphalt coverage of stre-

ets and areas; presence of underground communications

and buildings in the area of root; additional illumination of

plants in night-time; intensive mode of plantations usage.
Services provided by pristine plant associations

Provisional Regulatory Supporting Cultural
Wood - fuel and material; Clean water Nitrogen Recreation
Non-timber materials: Soil stability absorption
resin, gum, etc. M Degradation Ecotourism
Berries, mushrooms, nuts Microclimate ofwaste || pesthetic value
Game hunting regulation Primary Research and
Hey and pasture Air quality production scientific
Medicinal plant regulation Habitat

Services provided by urban plant associations

Provisional Regulatory Supporting Cultural
Fruits Soil stability | | Nitrogen absorption Recreation
Decorative materials| | Microclimate | [Degradation of waste | | Ecotourism

regulation -~ —— —
Air quality Primary production || Aesthetic value
regulation Habitat Educational

Figure 2. Ecosystem services provided by urban vs. pristine plant
associations / EkocucTeMHI OCIIyTH, 110 HaAAI0ThCSI MiICBKMMH
Ta MPUPOHMMH POCIHHHIMH yIPYyITyBaHHIMH

The global threats to urban green spaces viability are su-
perimposed on the mentioned local threats typical for urban
areas. This is mostly related to climate changes, which in-
volve increasing temperatures, sharp seasonal transitions
and changed rainfall patterns; and initiate intensified natural
disasters, new pests and diseases, as well as new competing
species arrival. Still, climate change is both the issue to be
tackled and the issue, which put obstacles on the way to so-
lution.

In the context of accelerating climate change, it is regu-
latory services that need to be focused on, or given the hig-
hest priority at urban areas. This is the only way to protect
all other services. In fact, the regulatory services provided
by plant associations are transformed into adaptation servi-
ces — extremely needed in urban conditions. Adaptation ser-
vices are the ecosystem process, which provide adaptation
to changing environment conditions by mitigation of nega-
tive factors and impacts.

Benefits provided can arise from either keeping eco-
system in as close to initial condition as possible, or from
new opportunities, formed due to transformation of eco-
systems in accordance with new conditions.

Thus, there is need to solve two issues: support the
ESPs at urban areas and increase the quality of services
provided, as well as promote the regulatory services provi-
sion, which are of highest importance.

Results. The study was conducted in 15 parks of various
types: residual native forests, urban forests transformed by
human activity, man-made parks. The survey didn't include
squares and other forms of minor green spaces. The results
of rating (Tabl. 1) demonstrated generally higher ability of
vast green spaces to provide ecosystem services. However,
smaller areas are not always completely outcompeted: those
which have solid green cover or water body with natural
plant communities (e.g. Rainbow Park, Rusanivska em-
bankments, Telbin Park) are also efficient.

However, the complex of services provided by each
parks may be quite different. The corresponding assessment
using pair-wise matrix comparisons (Tabl. 2) was conduc-
ted and the results were transformed into percentages of ge-
neral rating of services provision (Fig. 3). It has showed
that value of regulatory services weighted out the cultural
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ones in those parks, which have root communities of predo-
minately local species, with grassy and arboreal associati-
ons having similar importance. The presence of blue
infrastructure contributes to both groups of services, but is
also considered a balancing factor depending on the origin
and general condition. At the same time, parks created for
recreation have very limited contribution to the regulatory

services, since their design and communities structure acco-
unt very few environmental considerations. Thus, the
improvement of some of the design solutions and less inten-
sive landscaping in favor of recreation would bring some
additional benefits in the form of additional quality and qu-
antity of ecosystem services.

Tabl. 1. Rating of the selected parks by their ability to provide ecosystem services /
PeliTuHr 00paHKX MapKiB 3a HATAHHSIM EKOCHCTEMHHX TIOCIYT

Park name F1 F2 F3 F4 F5 F6 F7 F8 F9 | F10 | Total rating
Aurora=7.91 ha 2 2 3 4 1 1 3 2 3 2 23
Desnyansky park =9.67 ha 4 3 4 4 1 1 4 5 4 2 32
Dolobetsky island = 98 ha 8 8 4 7 1 10 9 8 8 7 70
Gorbachiha = 80.3 ha 9 9 6 8 1 10 10 9 9 9 80
Hydropark = 365 ha 8 8 4 7 1 10 9 7 8 8 70
Kyoto park = 13.4 ha 4 4 3 6 1 1 3 4 3 2 31
Malyshka and Popudrenko = 28.95 ha 4 3 4 4 1 1 3 3 2 2 27
Muromets = 219 ha 7 7 4 7 1 10 9 7 8 7 67
Partisan Glory Park = 111.9 ha 7 6 5 7 1 7 7 7 7 5 59
Shukhevych and Water Park = 23.3 4 4 4 5 1 5 5 5 4 3 40
Rainbow park = 32.8 ha 6 6 4 7 1 7 6 6 6 6 55
Rusanivsky embankment = 28.9 ha 6 5 5 5 1 7 6 6 6 4 51
Telbin park = 25.8 ha 6 6 4 7 1 7 6 6 6 5 54
Trukhaniv island (south to the Northern
bridge) = 121 ha 9 4 7 1 10 10 8 8 8 73
Victory Park = 66.09 ha 7 5 5 6 1 7 6 6 6 5 54
Tabl. 2. Weighting of the value of regulatory and cultural services from green spaces /
Bara peryimor0unx Ta KyJbTypHHX HOCIYT BiJl 3¢JICHUX HACAKCHb
Parks Type of service]| TR FL B C L RU A O S Sum
Aurora R 1/6 1/3 0 1 1/6 1/9 1/9 1/6 1/6 222
C 6 3 0 1 6 9 9 6 6 46.00
Desnyansky park R 1/6 1/3 0 3 1/6 1/9 1/6 1/6 1/3 4.44
C 6 3 0 1/3 6 9 6 6 3 39.33
. R 9 6 9 6 6 6 6 9 9 66.00
Dolobetsky island C /9 | 1/6 | 19 | 1/6 | /6 | 1/6 | 1/6 | 19 | 19 | 1.28
Gorbachiha R 9 9 9 9 9 9 9 9 9 81.00
C 1/9 1/9 1/9 1/9 1/9 1/9 1/9 1/9 1/9 1.00
Hydropark R 9 6 9 6 3 1 6 9 3 52.00
C 1/9 1/6 1/9 1/6 1/3 1 1/6 1/9 1/3 2.50
Kyoto park R 1/9 1/3 0 1 1/6 1/9 1/9 1/6 1/9 2.11
C 9 3 0 1 6 9 9 6 9 52.00
R 1/6 1/3 0 3 1/6 1/9 1/9 1/6 1/9 4.17
Malyshka + Popudrenko C G 3 0 3 6 9 ) G ) 1833
Muromets R 9 6 9 6 3 3 6 9 3 54.00
C 1/9 1/6 1/9 1/6 1/3 1/3 1/6 1/9 1/3 1.83
. R 6 6 3 6 3 1 3 6 1/9 | 34.11
Partisan Glory Park C 6 | 1/6 | 13 | 16 | 13 | 1 | 13 | 1/6 | 9 [I1167
R 1 1/3 6 3 1/6 1/9 1/6 1/3 1/6 | 11.28
Shukhevych + Water Park C 1 3 6 3 G 9 G 3 G 34,50
Rainbow park R 9 6 6 6 6 9 6 6 6 60.00
C 1/9 1/6 1/6 1/6 1/6 1/9 1/6 1/6 1/6 1.39
Rusanivsky embankment R 6 6 9 3 3 3 ! 9 I3 14033
C 1/6 1/6 1/9 1/3 1/3 1/3 1 1/9 3 5.56
Telbin park R 3 1 9 1 1/3 1/6 3 3 3 23.50
C 1/3 1 1/9 1 3 6 1/3 1/3 1/3 | 12.44
Trukhaniv island R 9 6 9 6 6 3 6 9 3 57.00
C 1/9 1/6 1/9 1/6 1/6 1/3 1/6 1/9 1/3 1.67
Victory Park R 6 3 3 3 1 1/3 3 6 1/6 | 25.50
C 1/6 1/3 1/3 1/3 1 3 1/3 1/6 6 11.67

Note: R — contribution to regulatory services; C — contribution to cultural services.

Recommendations. The main challenges for green spa-
ces, seen to a slightly different degree in all parks were:
e expansion of residential areas;
e diseases of trees;
e drying of trees and earlier senescence of leaves;
® intensive recreation activity;

excessive cutting of branches on trees;

considerable level of air pollution due to location in capital city;
lack of soil humidity;

tramping of soils, which reduces their filtering ability;

low diversity of communities;

domination of trees with low tolerance to fluctuation of abiotic
parameters.
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In the face of climate changes these issues become more
important and turn into urgent problems. The new approach
to adapting urban areas to climate change is by the expansi-
on of green and blue infrastructure — so called nature based
solutions.

ll Regulatory services .Cll|lLIh’l|5L‘r\fiEL‘5|

60

50

40

30

Figure 3. The balance of regulatory and cultural services provision
by the parks / banaHc perynor0dnx Ta KyIbTYpPHHX €KOCHCTEM-
HUX MOCITYT MapKiB

Nature-based solutions (NBS) refer to the sustainable
management and use of nature for tackling socio-environ-
mental challenges, like climate change, water pollution, etc.
They are also considered a contributor to ecosystem servi-
ces provision.

These solutions are inspired and supported by nature,
they are cost-effective, provide complex environmental, so-
cial and economic benefits and help build resilience. There
is a wide variety of possible solutions, which could be com-
bined into the following groups: greening interventions;
public green spaces; vertical greening; green roofs; water
sensitive urban design measures; river restoration; measures
of bioengineering. Some of them are hard to implement, but
still efficient, like greening interventions and public green
spaces, while others seem to give good results under the
conditions of limited spaces available, which is a problem
for any city.

Thus, a range of limitations of NBSc must be accounted:

e green spaces expansion is not equal to supporting ecosystem
services, as their provision is foremost dependant on the level
biodiversity;

e spatial aspect is still important, as it is obviously defining factor
for possible emergent effect of green infrastructure develop-
ment. Smaller area support less biodiversity and thus cannot
provide wide spectrum of services;

e new green areas can be still mostly monocultural and strongly
dependent on human maintenance;

e new greenery is of functional type and mostly serves human ne-
eds instead of natural balance.

Moreover, all the parks involved in the research have no
additional space for further expansion, except vertical sur-
faces, which the case outside the parks. So, if the ecosystem
services are to be the aim of interventions, these must be
approached with biodiversity based solutions. These soluti-
ons intend to increase the diversity of species and commu-
nities and thus increase overall resilience of urban eco-
systems. Thus, nature based solutions will increase in the
number of ecosystem services providers, while biodiversity
based solutions enhance ecosystem services quality.

The diversity should be developed at multiple levels and
not be limited to only to planting new species of plants. Di-

versity of communities is also an important component of
the process. The latter can be performed as a continuation
of species diversity improvement or as a complex of actions
aimed at inventory and protection of the existing ecosys-
tems, which demonstrate mosaic character. In terms of the
city of Kyiv, these are lake ecosystems, which have area
over 0.5 km®. For example, Lake Almazne (1.65 km?) in the
northeastern part of the city encloses such distinctive com-
munities: peat bogs with peat vegetation and animals;
swamp forest with willow and other deciduous moisture-re-
sistant species; circular birch plantations in drier conditions;
pine forest with dry sandy soils; swamp; and sand dunes.
Lake Radunka (0.8 km?) and Minister (0.45 km®) are smal-
ler, but also have diverse communities: wetland with
swampy vegetation; willow thickets with other deciduous
moisture-resistant species; mixed forest plantations in rela-
tively dry conditions and sand embankments. These lakes
are man-made, but based on natural preconditions and thus
have attributes of self-regulated natural communities. But
active recreational development of their resources compro-
mises their ability tj perform high-quality ecosystem service
of such a great importance for urban residents.

To support the diversity of communities the following
approaches are valid:

e Conservation of natural grassland communities around urban
areas and creation of green parking areas, as well as green roofs
and sport facilities with grass covers, as they increase diversity
of landscapes, reduce thermal pressure and provide habitat for
insects-pollinators and food source for birds.

e Creation of wetlands and expanded floodplains in addition to ar-
boreal communities to provide habitat for urban fauna and recre-
ational opportunities.

e Improvement of connections between the existing areas in order
to reduce fragmentation, increase core parts of associations and
reduce the level of disturbance inside them.

e Development of blue infrastructure (restoration of rivers, forma-
tion of retention ponds, recreational water facilities) will offer
new ecological niches and thus forms new communities.

e Expansion of areas free from infrastructure, as they tend to hou-
se small, but diverse communities.

Additional opportunities for species and communities
diversity arise from climate changes, since initiated succes-
sions and shifting habitats could contribute to increasing di-
versity of landscapes.

Going back to species diversity, efficient development
of richness at this level must be based on changing overall
principles of green infrastructure management. The most
important of this is shifting from the decorative and ge-
ometrical principles of green spaces design to choosing spe-
cies of higher diversity, resilience and preferably with foun-
dation or engineering functional potential, as it will create
new niches. This will affect not only the new sites, but also
the existing ones, since the substitution of losses due to sa-
nitary or emergency cutting could be based on diversificati-
on, instead of visual uniformity and order. Attention should
be also paid to the improvement of habitat potential of park
for avian fauna, since birds are almost the only and exclusi-
ve group of animals, which can efficiently coexist with hu-
mans in cities and thus perform their seed dispersal and ot-
her ecological functions.

Discussions. There is a lack of clear knowledge about
the regularities in the system "urban biodiversity and
ecosystem functioning", which is necessary for their mana-
gement [14]. And species richness cannot be considered the
only basis of the ecosystem services formation [9, 1]. More-
over, relations between the ecosystem services must be ac-
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counted as an important driver of their formation and deli-
very, and consequently attention to only one service might
damage the quality of others [3]. However, most of the aut-
hors agree on the fact that biodiversity supports the resilien-
ce of ecosystems, which is the core for urban ecosystems
[14, 3, 7, 6]. The diversity of both species and communities
is argued to be the top priority for all solutions [18].

So, based on the results of the work performed, it is pos-
sible to formulate the following scientific novelty and prac-
tical significance of the research results.

Scientific novelty of the research is in the formation of
the concept of biodiversity based solutions to support the
ability of green spaces to provide ecosystem services and
increase the efficiency of the functioning of the urban
ecosystem.

Practical significance of the research results — the
implementation of the developed recommendations for the
growth of urban biodiversity within green spaces will help
maintain viability of plant associations and their role in pro-
tection of urban environment, as well as improve quality
and assortment of ecosystem services provided.

Conclusions / BUCHOBKH

1. Urban ecosystems combine man-made and residual na-
tural objects, which have to work on provision of ecosystem
services for all urban population. People and living organisms
interact in the process of formation and consumption of
ecosystem services, since humans are able to define the con-
text and assortment of ecosystem services they consume. This
is especially seen in the case of green spaces.

2. The number and quality of ecosystem services by plant
communities depend on a number of factors and the potential
of urban parks of the Kyiv city to provide them was evaluated
using score assessment. The results showed the highest ability
to provide ecosystem services is typical for bigger parks and
those with integral green plantations and blue infrastructure.

3. The relative contribution of the same parks to regulatory
and cultural ecosystem services was weighted by pair-wise
matrix comparison. This has also demonstrated the biggest val-
ue of regulatory services for the parks with root communities
of predominately local species. However, those parks intended
mostly for recreation and having few environmental solutions
included, may improve their potential to provide the regulatory
services by implementation of special actions.

4. Nature-based solutions offer a wide range of opportuniti-
es, but have limited implementation within densely populated
cities. Biodiversity based solution might be a good option in
case of lacking space and poorly designed green spaces. The
diversity solutions must be implemented at both species and
community levels.
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M. M. Padomcbka

Hayionanvnuii asiayitinuil ynisepcumem, m. Kuis, Yxpaina

MNIATPUMKA EKOCUCTEMHMUX ITOCJYT MICbKHX 3EJIEHUX 30H
3bIVIBINIEHHAM BIOPI3BHOMAHITTA

YpboekocucteMn XapaKTeprU3yIOThCsl 3HIDKCHHSIM SKOCTI Ta AESKUX eKOCHCTEMHHUX IOCIYT, IO HaJaloThCsl O10TOIOM Ta €KOTO-
TIOM MICTa, X04a [OIKT HA HUX MiJABHIICHUH. 3a TAaKUX YMOB iCHYe€ moTpeba MiATPUMATH NPOLECH HaTaHHs eKOCHCTEMHUX ITOCIYT Ha
HajiexxHoMY piBHi. [Toka3aHo, 110 SKICTh Ta aCOPTUMEHT €KOCHCTEMHHUX IOCIIYT, 10 HaJal0Th NPUPOAHI POCIMHHI acowianii Ta Mich-
Ki 3eJIeHI HaCaJLKCHHS, ICTOTHO BiPI3HSAIOThCS. 3IMCHEHO e()eKTHBHE OI[IHFOBAHHS MOTCHINANY Ta SKOCTI HaJaHHSI €KOCUCTEMHHX
MOCIYT IapKaMu JiiBoOepesxHoi yactiuau Micta Kuesa. Ha mepiromy erari poO0TH OLIIHEHO MOTEHIIa HAJaHHSI TOCIYT 32 JecsAThbMa
kputepisimu. Ha npyromy erami BCTaHOBJICHO CIiBBIZHOIIEGHHS MK KyJIbTYPHHMHM Ta PEryJIIOBAIbHUMH €KOCUCTEMHUMH NOCITyTaMH,
10 HAJAIOTHCS MapKaMH, 32 JOTIOMOTOK MOMAPHOTO 3BAYKCHOTO OLIHIOBaHHA. BCTaHOBJIEHO, 10 HAHOLIPIIMK NOTEHIIA HalaHHS
€KOCHUCTEMHHX TOCIYT y MICTi MAlOTh BEJIMKI MAJIO3MiHEH] JIiCOTIAPKH Ta 03€pHI EKOCUCTEMH, MIPH OMY 3HAUHY YaCTHHY HaJaHUX
TIOCJTYT CTAHOBJISITH CaMe PETyJIITOPHI, a He KyJIbTYpHi. PO3IIIsIHYyTO MOXKIIMBOCTI JUIS IIOKpAIIEHHS HATaHHS €KOCHCTEMHUX ITOCIYT Y
MICTax 3a JIONOMOTOIO NIPUPOJHUX PIMIEHB Ta 3'SICOBAHO iX MOMJIMBOCTI 0OMEXKEHHs. 3aIlpOIIOHOBAHO 30CEPEAUTH yBary Ha pillleH-
HSIX, SIKI IPYHTYIOTBCS Ha 301IbIICHHI 010PI3HOMAHITTS, 110 32 YMOB IIPOCTOPOBOTO OOMEKEHHS A€ peaibHi 3aCO0H IS TIOKPAICHHS
cHUTyallii Ha JOBIrOCTPOKOBY HEPCHEKTUBY. JIOIIIBHO MPUALINTH yBary 30LIBIICHHIO PI3HOMAHITTS BHIIB Ta YrpyIOBaHb 3aBISKH
CTBOPEHHIO 200 PEKOHCTPYKLii BOAHO-OOJIOTHHUX YTijib, BOAHUX O0'€KTIB i TPaB'THUX KOMIUICKCIB SIK y MeXax MICT, Tak i Ha Horo
OKOJNHLSIX. BecTaHoBIeHO, 1110 00anITyBaHHs 00'€KTiB AKTUBHOTO BiIMIOYHMHKY HE POOHTH MO3UTHBHOTO BHECKY Y (YHKIIOHAIBHICTD
3€JICHUX 30H SK YHHHUKIB PEryJismii SKOCTI JOBKULISA B MicTi. PeKOMEHIOBaHO OTpUMAaTH MEpeAyMOBH HAaJaHHSI CKOCUCTEMHHUX ITTOC-
JYT T[] 9ac CTBOPEHHS Ta PEKOHCTPYKIII 00'€KTiB 3eeHoi Ta OakuTHOI iH(pacTpykTypu Micta. Hagano pekoMeHnanii momo 3MiHA
BUJIIB CTPYKTYPH BXKE HAsSBHUX 3€JICHUX HacakeHb. [Ioka3aHo, 110 MiJBUIICHHS BUIOBOTO PI3HOMAHITTS MOXKHA pealli30ByBaTH ILIa-
HOBO IiJ{ 9ac 00CIIyroByBaHHS HassBHUX HAaca/DKEHb 3 ypaxyBaHHSIM HE TIJIbKH TOJICPAHTHOCTI BUOpAaHUX BUAIB, a i BIIMOBIIHO 10 1X
¢dyHkioHaNbHOI poii. Lle crpusie po3MUpPEHHIO EKOJOTIYHKUX HIlll HACA/KEHD 1 MPUPOIHUM IpoIliecaM ypPi3HOMAaHITHEHHS YIPyIo-
BaHb.

Knirouogi cnosa: npuponnundi pinieHHs; 6i0pi3HOMAHITTS; ypOOeKOoCHCTeMa; BUIOBUI CKIIaJ; 3eICHI HacaXKeHHI.
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