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ABSTRACT

Through a theoretical review, the potential application of the genetic protection concept in urban green
spaces was discussed. Usually, urban green space is regarded as a part of urban real estate, and its use is often
related to the aesthetics of the city. Its planning does not consider technical or scientific aspects. In addition,
the study of cities ignores the genetic conditions of species in a generally hostile environment. It is suggested
to carry out genetic protection research in order to improve the quality of biodiversity in urban green spaces

and achieve greater functional purpose.
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1. Introduction

The majority of the world’s population lives,
works, mobilizes, and consumes in cities!!). By 2020,
there may be more than 500 cities with a population
of more than 1 million, the most important of which
are Tokyo, Shanghai, Jakarta, Delhi, Seoul, Mexico
City, New York, and Sao Paulo. For the first time in
history, the urban population will exceed the rural
population. In addition, it is expected that a large part
of the natural growth of the world’s population will
be absorbed by the least developed urban areas in the
world. As a key factor, urbanization is considered to
be a major cultural process in the development of
human society. Therefore, it must be dealt with as a
priority in order to achieve the desired sustainable
development.

ARTICLE INFO

In 2012, the United Nations recognized the
reality of contemporary cities, so improving the
sustainability of cities is one of the main objectives
of sustainable development. However, uncontrolled
or unplanned urbanization leads to the loss of natural
habitats, resulting in the loss of species!?. The
ecosystem services provided by natural areas to cities
are limited by the lack of clear guidelines and
practices for sustainable urban planning.

Maurice Strong said that the battle for urban
sustainability is either win or losel®. We can’t agree
with that anymore. The city is a basic logistics space,
but for many people, it is considered to be a space
with low biological productivity. This is an area that
imports resources such as energy and food from
remote areas and exports surplus products to rural
areas. In other words, it is a source of pollution, but
it cannot be separated from its territorial system. The
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development of urban space not only limits the
development of rural space but also decreases
continuously!!l.

On the contrary, cities usually rarely invest in
protecting,
ecological conditions of urban forests so as to
maximize the many ecosystem and aesthetic benefits
they provide!¥. The study will emphasize the role of
public green space in urban sustainability and how to
benefit from genetic protection
technologies.

maintaining, and improving the

tools and

2. Urban ecosystem

First of all, it is important to regard the city as a
place incompatible with natural space. The idea was
accepted by society. In the social sciences, cities are
seen as a special partnership between human beings
(economic, social, and cultural aspects)?®!. To a lesser
extent, it regards the city as an ecosystem. In some
cases, people tend to compare cities with a giant
creature, which is a mistake because this analogy
confuses the commandments established in human
ecology and urban ecology.

Treating the city as a man-made place without
nature has created a false culture of sustainability,
which in many cases only seeks to protect natural
areas. Worse, in the collective unconsciousness of
society, the continuous degradation of the urban
system 1is rationalized as a normal phenomenon, as
long as the natural space is protected. It is negatively
believed that the environmental conditions in urban
areas do not need to be improved because resources
can be extracted from nature.

Ecosystems are defined as networks of
relationships between biological and
elements that form a whole and are more complex
than the sum of their parts!. In addition, it can be
described by various material and energy flows
occurring in a specific space and time. According to
this definition, it can be said that cities are a complex
ecosystem, and their connections are all over the

world.

abiotic

The urban environment has seriously changed
the natural and environmental conditions of a
region!”). Because its operation depends on a lot of
energy consumption, which in turn allows its
maintenance and growth. Considering these
characteristics, Odum defined the city as a human-
dominated heterotrophic ecosystem that depends on
a wide range of energy and material boundaries that
are transported horizontally. The above reference
framework allows the use of concepts and methods
related to urban research, with just a few examples
from the perspectives of conservation biology,

sustainability, and ecology.

3. Urban green space

A As mentioned above, urban areas are
expanding rapidly and becoming more dispersed.
This has generated new interest in understanding the
relationship between cities and open spaces. This
growing interest is due to the fact that the urban park
system is increasingly becoming the only way for
urban residents to come into contact with nature.

Green areas and open spaces are very important
and can be used for many purposes. They are
essential to the ecological health of the urban
environment because they help regulate temperature.
They also reduce pollution and help control and clean
stormwater runoffl®. Urban parks jointly provide
amusement parks, ecological classrooms, sports
trails, flood control, leisure space, and entertainment
activities such as concerts and dramas. They protect
wildlife, provide space for gardens, and free people
from the impact and rapid changes of urban life>!%,

In addition to the leisure opportunities provided
by green spaces, recent studies have shown that
contact with the natural world improves people’s
physical and mental health®®!", According to
Calthorpe!'?, the main goal of the future park should
be to help the metropolis establish a sustainable
relationship with its water, atmosphere, and plant
systems. The second compatible goal should be to
encourage the metropolis to become a more suitable
place for its residents.
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In turn, economic and social benefits can be
determined. When they are close to such facilities,
their value tends to increase. They also often attract
business enterprises and nearby residents. In other
cases, they are part of the city’s tourist attractions. In
the social field, they are places of assembly where
major events in the history of a country can be
associated. They are a space that allows the
development of cultural expressions and even a space
for the
expressions.

development of social and political

Therefore, the advantage of urban forests is a
function of the plant composition of the forest itself.
The specific benefits come from the precise mixing
of vegetation and forest structure. Structure is also a
function of several factors, including the number of
plants, whether arbors, shrubs, or herbs, species
distribution, age, and physiology®. Under this
concept, it is important to determine an urban green
space sequence that almost conforms to the
ecological succession process in terms of services
provided. Therefore, green space can be described as:

(1) Private residential gardens
(2) Walking in a straight line
(3) Small square

(4) Large urban park

(5) Urban forest

The formation of each “green” sequence has an
explanatory process. Attention and conditions need
to be paid in the management process. These
attention and conditions can be minimal and general,
or specific and complex. Due to the dynamic nature
of cities, large open spaces in the periphery of cities
are usually assimilated by urban growth, just as in
more natural areas. In addition, although not
common, it is possible to find degraded urban areas
that are slowly restored by nature. However, through
the study of history and time, it is possible to
determine the process of development there, and it is
possible to apply ecological restoration methods
according to the theory of landscape ecology.
Especially under the principle of fragmentation of
natural patches, it is applicable to urban areas.

In terms of generality, consideration, and
application of landscape ecology, this paper lists the
objects and variables of land attribute analysis, which
may be the key factors of human intelligent control;
land as a whole is created and influenced by different
elements; and the development and dynamics of
spatial  heterogeneity; land ecosystem. The
spatiotemporal interaction and exchange between
heterogeneous landscapes, the impact of spatial
heterogeneity on biological and abiotic processes,
and the management of spatial heterogeneity.

To sum up, the theme axis of landscape
composition that is of great significance to landscape
ecology is structure, function, and change!'*!4, Cited
by Garener!'>!% is defined as follows:

Structure refers to the spatial relationship
between different ecosystems or elements. More
specifically, it refers to the distribution of energy,
matter, and species related to the size, shape,
quantity, type, and configuration of ecosystems.

Function is the interaction between spatial
elements, that is, the flow of energy, matter, and
species among the components of the ecosystem.

Change is the change of ecological mosaic
structure and function over time.

These axes can be interconnected to introduce
the principles of genetic protection and apply their
methods and tools.

4. Green space restoration

The main change in urban pattern is caused by
accidents, because the resulting order is not the result
of design but the expression of human trend or
behavior. People want to maintain unsustainable
consumption patterns, which often affect the
increasingly car-, building-, and paving-oriented
urban design. Although there is increasing evidence
that society benefits from ecosystem services
provided within and outside urban boundaries,
Empirical data, specific tools, and guidelines are
often lacking to plan and manage urban landscapes
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to optimize the services and

17,18]

provision of
resources!

In this context, municipalities are using the
ecological restoration of green spaces, in particular
urban forests,
sustainability of cities and provide public health and
welfare to the public!'®?%. By applying succession
theory to urban ecological restoration and the
adaptive succession stage, it can provide a new
method for urban natural environment planning with
high disturbance and heterogeneity.

as a measure to improve the

By predicting urban turbulence and ecological
succession, management can become a goal in the
development of ecological processes. The ecological
restoration model developed in a more primitive
environment can be modified to be used in cities.
Urban ecological restoration methods should pay
attention to existing habitats in order to protect and
improve urban biodiversity, which has both short-
term benefits and long-term sustainability.

Before proposing some genetic conservation
strategies that can be used to improve green space, it
must be noted that regulations and actions to destroy
urban biodiversity have been introduced from the
conceptual stage of urban parks and tree planting
programs. With the formation of urban green space,

what people pursue is improving urban
environmental conditions. Nevertheless, when
selecting plant species, aesthetic and timeliness
standards override functional standards, which

makes little or no contribution to the ecological
restoration of human settlements. Even in the vast
majority of cases, municipalities tend to allocate the
maintenance of public parks and green spaces to
decoration and toilet departments, which engage in
more horticultural activities and have limited links
with management
settlement improvement services.

environmental and human

5. Genetic protection of urban
green space

After searching the literature in the index
database on this specific subject, it can be said that
this is a subject that has not been deeply developed
by researchers. Most publications on green space
study the structural components, that is, the
composition,
individuals or species in cities (Figure 1). According
to the plant physiology, leaf, and canopy shapes of
tree species and their age and spatial distribution, a
list of tree species is generated and managed to assign
an urban function to each tree species. However,
these indicators have not been translated into a viable
strategic forest succession plan that
components for adapting to degraded environments
or considering climate change scenarios. In the case
of landscape genetics studies, these studies involve
the effects of landscape composition, shape, and
quality of the landscape matrix on gene flow and
spatial genetic variation but have a strong interest in
diagnosing habitat

layout, and location of forest

includes

loss, isolation, or

fragmented natural space!?!-?2],

spatial

Turning the research work of landscape ecology
and genetic protection to urban planning and design
will provide a new perspective for studying or
processes
occurring in these spaces, which may be the key to
conservation and ecological restoration efforts in
other arecas with low or more natural degradation.
The combination of population genetic indicators
and spatial statistics will make it possible to reassess
the landscape design strategy, positioning, and
selection mode of forest species improvement in
urban green space design.

understanding  the  spatio-temporal

For example, Millward and Sabir report that
40% of newly planted trees in urban areas die in the
first 10 years, and their growth rate is much lower
than the average compared with species in the natural
environment., Considering the type of time and
resources invested in the maintenance of green space
and the huge benefits brought to the urban system, it
seems normal to consider how to improve the
performance of the expected function of the green
space system.
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Therefore, when designing and implementing
the ecological suggestions required by urban green
space, it is necessary to clarify which characteristics
are the most important protections or improvements.
Then they can understand the role of genetic patterns
in their relationships. Even landscape genomics can
help to understand the nature of genes involved in

local adaptation to environmental heterogeneity.
However, landscape genomics must also shift from
identifying selected genomic sites or regions to
dissecting and genes,

genomic structure, molecular mechanisms, and
[23]

characterizing potential

ecological functions

1103500 1104000 1104500

1105000

Figure 1. Eredia: green area identification (2017).

Some desirable ecological functions that can
guide the selection of species characteristics are
ensuring genetic diversity in order to maintain
healthy populations and improve the resilience of
pests to adapt to the future by maintaining sufficient
variability, rapid growth of species with a view to
establishing or restoring green space in the shortest
possible time, and improving crown development
(vertical or horizontal) as needed. For example, in
order to shade and reduce noise, larger cork leaves
are recommended, while for areas with high exposure
to wind, leaflets and crowns are selected with low
elongation. Some species are more likely to filter
dust and particles, while others are more vulnerable
to photochemical pollutants prevalent in cities.
According to its soil yield, 75% to 80% of green
space problems are caused by soil, so some species

can be selected according to their response to the
main soil conditions. These examples show that the
number of options to be considered is as wide as
existing biodiversity and can be combined as much
as necessary.

Some considerations in this regard relate to the
limitations of studying the genetic diversity of trees
because the genetic diversity of trees cannot be
observed directly, the phenotypic
differences between local provenances or varieties of
forest trees are not as obvious as many agricultural or
animal crops?!. Although the public demand for
genetic variation in vertebrate species is obvious, it
is much more difficult to raise public awareness of
forest genetic resources. This lack of interest may be
due to the concept of forests as self-sufficient

and even
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entities. Therefore, professionals and the public must
play a more active role in this field. Another
limitation is the associated costs.

In addition, many analysis methods commonly
used in landscape genetics assume equilibrium
conditions, such as migration drift equilibrium. This
assumption is due to the limited development of the
consolidated theoretical basis. For example, the
theory predicts the loss of genetic diversity caused by
tree drift and inbreeding affected by habitat
fragmentation. In urban areas, this proposition must
be handled very carefully. The theory of population
genetics may be misunderstood as plant species,
which is related to ecological reality in the process of
ecosystems. In other words, in cities, fragments
cannot describe populations, so the genetic theory of
small populations is not applicable. Even in spatially
isolated populations, genetic theory can eventually
be applied, and the argument of evolution assumes
that samples of fragmented populations represent
trees that have had enough time to experience drift,
inbreeding, and final inbreeding inhibition. An
unfounded assumption is that

fragments are living relics of unrelated populations
[25]

individuals in

before possible interference

In this case, the potential research directions that
can be used to improve green space and general
forests are inbreeding analysis, genetic enhancement
to enhance resistance to the most extreme
environmental conditions, and the selection of
genetic resources (forest areas or endangered
species), preservation for practical purposes only
(e.g., traditional methods of selecting high-quality
trees or trees, planting in protected areas). That is,
whether a resource is protected because of its high
variability or genetic uniqueness. These two goals are
often compatible. The protection of common and
economic species is achieved through “utilitarian”
methods, while the protection of rare and endangered
species is achieved through “ecological” methods.
Similarly, it is necessary to address the lack of
markers showing adaptive changes and begin to
document the use and transfer of forest germplasm,

not just plant species of economic interest. Although

the current high economic cost of such research is
understandable, it is expected that these technologies
will be substantially improved and their costs will
decrease in the next few years.

6. Conclusions

In order to move towards more sustainable cities,
the challenge for policymakers is to develop
strategies to improve environmental quality through
the use of ecosystem approaches, in which public
space and green space must play a leading role.
Green areas not only provide leisure experiences, but
also play other roles such as oxygen production,
cooling, runoff, and biodiversity protection.

In addition, the evolutionary and ecological
potential of tree species must be maintained.
However, the ecological approach should be the
foundation, as it is consistent with conservation and
economic objectives. This must be supported by tools
developed from biological
landscape genetics methods. Therefore, we should
encourage the protection of forest genetic resources
and start the process of urban ecological restoration.

conservation and

More research is needed to identify important
areas of diversity, describe population structure and
phylogeographic patterns, especially endangered
species, and develop conservation strategies to
improve the natural and urban environment.
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