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Abstract

Biodiversity is a term that has recently been widely used. It is the variety and variability among
living organisms and the ecological complexes in which they occur. The ongoing Worldwide
biodiversity crisis comes along with a growing demand for feasible environmental indicators to
measure, evaluate and communicate anthropogenic influence on biodiversity. Those indicators
can be useful tools for national and regional management and support decision making processes.
Therefore, LBCI (Landscape Biodiversity Capacity Index) might be a reliable method to measure
biodiversity capacity, using land use data. The LBCI method is based on two indicators which are;
1. The landscape functional connectivity and 2. Landscape heterogeneity which includes number
of biotopes and evenness of all these biotopes in the specified landscape. The aim of the study was
to test for correlations between the BBCI (Biotope Biodiversity Capacity Index) to that of the
empirical estimated biodiversity indices of bird species for semi-natural grasslands in different
landscapes. The study involved the use of randomly selected fourteen landscapes of bird species,
each landscape of bird species observations was downloaded from Artportalen and then two
analysis were applied on the data using linear regression and non-linear fitting of Michaelis
Menten function to answer the research question. The results obtained suggest that with the
fourteen landscapes of bird species data, it was revealed that there was a better strong positive
correlation between species richness and BBCI. Moreover, the study also suggests of confirming

a positive relationship between Shannon index and BBCI respectively.



List of abbreviations

BBCI: Biotope Biodiversity Capacity Index
LBCI: Landscape Biodiversity Capacity Index
SR:  Species richness

Pi:  Proportion of the species individual count
NILS: National Survey of Landscape in Sweden

QGIS: Quantum Geographic information system
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1.0. Introduction
By the year 2050, it is estimated that the majority of the global population will live in urban areas

(S. R. Loss, M. O. Ruiz & Brawn, 2009). Threats to biodiversity are particularly inherent to such
rapid urbanization, which raises concern over the future of the already reduced diversity in
settings surrounding urban neighborhoods (Buckley and Freckleton, 2010). In many developing
countries, a large number of wildlife survive outside protected areas on farmlands, pasturelands,
and in urban areas (Humphrey, 2004). Among all wildlife, birds are one of the most common
wildlife in urban areas such as neighborhoods and cities, and many bird populations have been
declining as a result of landscape changes due to urban expansion (Heywood, 1997). At the local
level, these major changes include high rates of land conversion into urban uses and increasing
human pressure on biodiversity due to rapid population growth. Due to the important role that
birds play in maintaining ecosystems and supporting biodiversity, many seek their protection to
manage biological threats and efficiently protect the environment (Larsen et al., 2012). Birds
fulfill many ecological functions in their habitats. For instance, they are bioindicators of healthy
ecosystems. Biodiversity is a term that has recently been widely used. It is the variety and
variability among living organisms and the ecological complexes in which they occur (UNEP,
2013). It can be defined as the number of different items and their relative frequency, for
biological diversity, these items are organized at many levels, ranging from DNA sequences that
are the molecular basis of heredity to complete ecosystems (CBD, 1992). Thus, the term
encompasses genes, species, ecosystems and their relative abundance. For increase clarity the
convention on Biological Diversity expanded the definition to include; the variability amongliving
organisms from all source including, interalia, terrestrial, marine and other aquatic ecosystems
and the ecological complexes of which they are part; this include diversity within species,
between species and of the ecosystems (CBD, 1992). Biodiversity can be divided into three
hierarchical categories; a. Genetic diversity refers to the variation of genes within species
covering distinct populations of the same species or genetic variation within a population, b.
Species diversity refers to the variety of living organisms on earth, and c. ecosystem diversity
refers to variability of habitats and biotic communities including the variety of ecological

processes within ecosystems (Helms, 1998).

1.1.  Importance of Biodiversity

The diversity manifested by the countless kinds of genetic materials, varied species and
ecosystem types has enormous value. The variety of distinct micro-organisms, plants, animals
and habitats can influence the productivity and services derived from the ecosystem (Tilman,
2000). Biodiversity provides direct economic benefits in terms of food, medicine and industrial

raw materials, and supplies the functional ingredients for natural ecosystems to provide an array
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of essential services to man (Photosynthesis, regulation of absorption and breakdown of the
hydrologic cycle and climate, absorption and breakdown of pollutants and many others). Plants
and animals, like human beings, have an established right to existence, therefore we should be
concerned with their value and conserve their diversity. The species of plants and animals that
we depend on for food originated from wild stocks that contain genetic and physiological
variations that may prove essential to the continued supply of food under changing global
conditions. Cultural and spiritual needs are often satisfied by natural assets, as are many leisure,

educational and health needs (Pretty et al., 2005).

1.2.  Loss of Biodiversity and its causes

Global biodiversity and associated ecological systems are under continued and increasing
pressure from human population growth. The need for food, minerals, energy and places to live
exerts pressure on natural assets which are often finite and must be carefully managed or
harvested carefully if they are to remain sustainable. For example; growing demand for
agricultural output increases agricultural land cover and encourages ever intensive management
of existing farmland (Humphrey et al,, 2004). Mono-cultured agricultural ecosystems become
functionally altered by the use of artificial fertilizers, pesticides and irrigation. The removal or
suppression of organisms from within agro-ecosystems through the use of pesticides and
fungicides often has the effect of imposing pressure on non-target plants and animals at all tiers
of trophic organization (Geiger et al., 2010). The known manifestations of the loss of biodiversity
are: habitat loss and fragmentation, overharvesting, introduce species, chemical pollution, global
climate changes, and agriculture and forest industries. The decline of biodiversity is caused by
direct and indirect factors. It is the consequence of use or misuse of the environment by man for

his own purposes.

1.3.  Future Plans

Our understanding of the Earth’s biological diversity has significant gaps. The lack of information
hampers our ability to comprehend the magnitude of the loss of biodiversity and to formulate
sustainable alternatives to resources depletion. To achieve good conservation and management
of our natural resources, we should know the status of our genetic and biological resources (CBD,
1992). Thus, continuous work and intensive research in the fields of genetic diversity, species
diversity and ecosystem diversity are urgently needed. It is indeed to instigate international

collaboration in education, technology transfer, research and last, but not least, financial support.

1.4.  What does Species need to survive?

Every organism (Gamfeldt et al. 2008) has a unique ecosystem within which it lives. This
ecosystem is its natural habitat. This is where the basic needs of the organism to survive are met;
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food, water, shelter from the weather and place to breed its young. All organisms need to adopt
to their habitat to be able to survive. Animals need food, water, shelter and space to survive.
Herbivores can live only where plant food is available, carnivores can live only where they can
catch their food and also omnivores can live in many places because they eat both plants and
animals (ten Kate et al., 2004). Species survival also include the theory of metapopulation, which
states (EPA, 2008) that a large population consisting of a single species is most stable over a large
area when it is divided up into smaller subpopulations. These subpopulations take advantage of
small, local environments, like your backyard or the park down the street. These small, local

environments are known as patches.

1.5. How can Biodiversity be measured?

Measuring biodiversity is an extremely complex task, especially, when it is defined with the broad
concept described by the Convention on Biological Diversity and global agendas such as the
intergovernmental Science-policy Platform on Biodiversity and Ecosystem services (Fahrig
2003). However, to understand biodiversity it is essential to have accurate quantitative data of
the study systems, and thus generate adequate conceptual and theoretical models that can be

used to inform management and conservation practices (Ewer and Didham 2006).

Previous studies had reported that under the scenario of complexity and urgency, methods for
measuring biodiversity have rapidly evolved, from the sample number of observed species that

is using an open-access species data (Hanski 1994)

There are multiple ways to measure biodiversity. Biodiversity can be measured in relation to
species richness, or the number of species in a given area. Species diversity, also called alpha
diversity, is a combination of species richness and also evenness (Mace et al. 2010). Some
measure biodiversity on a genetic level while others measure biodiversity within a single habitat
or between ecosystems (Noss, 1990). No single standardized protocol for the assessment of
biodiversity in afforestation sites or forested ecosystems exists. Assessment of species
biodiversity typically includes traditional ecological inventory and census techniques (Noss,
1990). Data obtained from inventories of biota are important in the estimation of species and
habitat diversity, population densities and geographical distribution, and to provide baselines as
an aid in the prediction of changes in biodiversity as an integral part of monitoring Programmes.
Inventories help to develop strategies for the management and conservation of species and
habitats (Stork & Samways, 1995). Methods of inventory and biodiversity analysis vary widely,
and there is no single protocol for the standardization of assessment techniques. However, each
assessment should use the minimum amount of proven collecting methods for each taxon and

allow variation to be estimated and analyzed (Malinga et al, 1991). Ideally, surveys of
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biodiversity should be carried out on different occasions and at different times of the year (Harris
& Harris, 1997), in order to obtain representative data. Measurement of species diversity usually
distinguishes two components: species richness, the number of species present in a given area,
and evenness. Diversity indices, such as the Shannon index or Simpson’s index, attempt to
combine richness and evenness in one statistic and have been used widely to estimate species
diversity. Such indices, however, do not distinguish among species and therefore cannot identify
sites with species that are considered rare at regional or national scales. Such sites may have low
species richness but high biodiversity value compared to a site with higher richness of common
species. Therefore, caution must be exercised in using mathematical indices, or indeed species

richness or any single statistic, to assess biodiversity value (Gaston, 2000).

1.6.  Why Measure Biodiversity?

Biodiversity is a measure that combines richness and evenness across species (Ferris &
Humphrey, 1999). It is often measured because high biodiversity is perceived a synonymous with
ecosystem health. In general, diverse communities are believed to have increase stability,

increase productivity, and resistance to invasion and other disturbances.

1.7. Ways to monitor biodiversity

Monitoring of biodiversity is in general thought to be important to be able to intervene in case of
negative changes. Monitoring different aspects of biodiversity, such as species richness and
composition, physical structure of ecosystems and processes, is difficult so a variety of shortcuts
have been used where the focus is on one or a few species (Heywood, 1997). One of those
shortcuts is using indicator species. Indicator species are supposed to reflect other species in the
community and changes that might occur within the habitat. The characteristics of the indicator
species such as density, distribution and presence or absence are used as indices of elements
which are problematic or costly to measure for other species (Landres et al., 1988). Indicators are
measurable substitutes for variables in the environment such as biodiversity. Preferably an
indicator should be representative of the chosen taxa and be able to reflect ecosystems health. It
needs to be sufficiently sensitive to detect early changes; easy and cost-efficient in practice and
process and all its measures easily repeated. Indicator has to be capable of differentiating
between natural cycles and influences from anthropogenic stress; have a broad geographical
distribution; ecologically relevant and easily understood and interpreted by non-experts (Noss,
1990, Gregory, 2006, Munn, 1988). Birds have been used as indicators on biodiversity. They are
common, diverse, widespread and mobile and can be found in all habitats. Birds are at high levels
in the food chain and are dependent on other groups of animals and plants, so a decline at the
lower ecosystem levels will affect their distribution and abundance. Their ecology and taxonomy

are relatively well known so the driving forces behind changes should be identifiable. They are
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sensitive towards, and therefore reflect, habitat changes and their visibility make them easy to
observe and quality data is often available (Larsen et al., 2012, Doxa et al., 2010). Last, but not
least, birds have a broad popular appeal so great volume of data gathered by volunteers is often
available on which to build and test hypotheses about changes. However, the use of birds as
indicators has been criticized for several reasons. Some studies suggest that other species are
more suitable as indicators (Lund and Rahbek, 2002) and it has been pointed out that birds do
not necessarily reflect the status of other organisms in the focal habitat and some are migratory
species, making it difficult to identify drivers of change (Gregory, 2006). But, despite these flaws,
it has been argued that birds are indeed the best indicators available (Butchart et al.,, 2010) even
though it is unreasonable to expect any single indicator to provide the complete picture (Moore
et al.,, 2003). By supplementing birds with other taxa, such as invertebrates, the effectiveness of

birds as indicators can be improved further (Larsen et al., 2012).

1.8. Landscape Biodiversity Capacity Index (LBCl)- Measure biodiversity Capacity
using land use data; Is this method reliable?

The ongoing Worldwide biodiversity crisis comes along with a growing demand for feasible
environmental indicators to measure, evaluate and communicate anthropogenic influence on
biodiversity. Those indicators can be useful tools for national and regional management and

support decision making processes.

Therefore, Landscape Biodiversity Capacity Index (LBCI) might be a reliable method to measure
biodiversity capacity, using land use data. The LBCI method is based on two indicators which are;
1. The landscape functional connectivity and 2. Landscape heterogeneity which includes number
of biotopes and evenness of all these biotopes in the specified landscape. In order to calculate the
LBCI, the sub index BBCI (Biotope Biodiversity Capacity Index) is calculated for one biotope at a
time. The BBCI is defined as the dominant eigenvalue of the biotope specific matrix that is
parameterized based on the distance between biotope patches, area of biotope patches, species

dispersal ability and resistance to disperse in the landscape (see Berg et al 2020, in prep).

However, the empirical match of this index has not been evaluated, which leads to the project aim

of the study.
1.9. Research Aim

The aim of this research was to test for correlations between the theoretical estimated
biodiversity indices (BBCI) to that of the empirical estimated biodiversity indices of bird species
for semi-natural grasslands in different landscapes. The combined effects of climate and land use

change constitute a major threat to global biodiversity. Accurate tools to track changes in
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biodiversity have been largely called upon in order to address global conservation targets. In
response to this, a range of ecological indicators have been developed to measure the state of
biodiversity in a changing world on bird species. Because of their sensitivity to environmental
changes, birds are increasingly used in the construction of multi-species indicators, which
represent a powerful tool for decision-making to access conservation effectiveness. The research
will mainly look at the theoretical approach in measuring biodiversity in relations to bird species
available data collected in an ongoing project in the department of Bioscience at the University of

Skovde.
1.10. Research Question

The project is expected to answer the question; is there a relationship between theoretical
estimated biodiversity (BBCI) and empirical estimated biodiversity (empirical collected data) of
bird species for semi-natural grasslands in different landscapes? That is, if a landscape is given a

high BBCI, does that landscape also have a high occurrence of bird species.
1.11. Research Hypotheses

a) Ho. “There is no relationship between BBCI and empirical estimated biodiversity (empirical
collected data) of bird species for semi-natural grasslands in different landscapes"”. Hi. “There is
a relationship between BBCI and empirical estimated biodiversity (empirical collected data) of

bird species for semi-natural grasslands in different landscapes".

b). Ho. “There is no relationship between BBCI and Shannon Index. Hy. “There is a relationship

between BBCI and Shannon Index”.

2.0. Materials and methods
2.1. Objectives

It is generating the data with the aid of QGIS 3.10 and also getting data from Artportalen as well
as comparing collected data (empirical estimated data) to that of the theoretical data (BBCI
generated using MATLAB.

2.2. Study Area

The study was conducted on an ongoing Research Project namely, Biological diversity index for
measurement, monitoring and management at the landscape level in the department of

Bioscience at the University of Skovde in Sweden.
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Figure 1. The area map of all landscapes used in the study in Sweden.

The above (Figure 1) shows the area map in Sweden where all of the fourteen landscapes were
randomly selected and used in the research project. The black indicators with numbers represent

each landscape respectively.

2.3. Landscape Selection

The study focused on an available data in the ongoing project of fourteen (14) landscapes of bird
species that were randomly selected from the National survey of landscape in Sweden using QGIS
3.10 software. The Quantum Geographic information System is a free and open-source cross
platform desktop geographic information system (GIS) application that support viewing, editing
and analysis of geographical data (Larsen & Gilliland, 2008). The process of landscapes selection

was done as followed;

1. Downloaded shapefile from the NILS-Programme was uploaded to QGIS 3.10. The
shapefile which contained a collected biodiversity and vegetation data on Landscape level
for analysis of state conditions and temporal trends across different spatial scales,
ecosystems, and habitats (Svensson et al. 2009)

2. Fourteen (14) of the squares from the NILS-shapefile were randomly selected of 5*5km
and then saved as a new shapefile as the center of the landscape

3. Lastly, 10km buffer around each selected square was created followed by uploading the

GIS-data of semi natural grasslands from TUVA within the landscapes.
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2.4. Bird Species data

The study used an open-access bird species data from Arportalen. For each landscape of bird
species observations were captured using map search of Sweden on “Artportalen”, a website for
observations of Sweden plants, animals and fungi, commonly termed to be species observation
system. Artportalen is developed and operated by the Swedish information center at Swedish
University of Agricultural Sciences. Furthermore, the bird species observations captured on the
map of each landscape were downloaded and exported to excel 2007. The total number of bird
species and number of individual observations were summed and recorded. Also, an assumption
was made that unknown observations were set to one individual. Both the number of species and
the number of individual observations of each landscape downloaded, was set to be the empirical
estimated biodiversity (empirical collected data of bird species) for semi-natural grasslands of
each landscape. Finally, the theoretical estimated biodiversity (BBCI) was then made possible by
calculation of each landscape using MATLAB, which was done by Sofia Berg-the research

Supervisor.

2.5. Species richness estimations

Species diversity was then made possible for each landscape by calculating a Shannon diversity
index to determine each landscape species richness. The frequency data were used to calculate
the index which numerically describe diversity in terms of the evenness with which species are
distributed. The Shannon diversity index was used to characterize species diversity of each
landscape. It is a measure of diversity that combines species richness (the number of species in a

given landscape) and their relative abundance.

The Shannon diversity index was calculated using excel 2007 with a Shannon diversity index

formula

=
Hg =— p; In (Pf )
=
pi= calculating the proportion (p) of the species individual count (i) of the total sample size
In (pi) = calculating the individual Shannon index value
pi*In (pi) =the calculation of the Shannon index value using the entire equation

= the sum of all individual Shannon index values (Shannon index)

2.6. Curve fitting

In total, 14 landscapes of bird species data were used in this study, of these four were placed in

category one, and 10 in category two, the grouping was done based on the total number of
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recorded bird species, meaning an assumption was made that the landscapes with the higher
number of recorded bird species were placed in category two and the ones with less were also
placed in category one. That being said, two analysis was carried out to test a). the correlation
between species richness and BBCI, and b). the correlation between Shannon index and BBCI
against all landscapes, category one and two landscapes, using simple linear regression and non-
linear fitting of Michaelis Menten function in excel 2007 and MATLAB. These hypotheses were

tested separately against all fourteen landscapes, group one, and group two landscapes.

This study agreed with the findings from previous studies that demonstrates the potential of
open-access data and methods to be used in ecological research and biodiversity monitoring and
inform land management and decision-making, especially when financial resources are limited
(Munn et al. 1988). Secondly, regarding biodiversity measurement, the quality of data from open-
access system repositories is affected by several problems, namely, the uneven sampling effort,
in space and time, and biases related to species detectability (i.e. Conspicuous species are
reported commonly (Gregory et al. 2006). To address these issues, I tried to perform a multiple

step protocol to ensure minimum data quality prior to data analyses.

There seems a weakness in the data where the species observations downloaded from
Artportalen had some unknown bird species observations of each landscape. In dealing with this
to have some level of quality data prior to analysis, an assumption was made to have set the

unknown observations to one.
3.0. Results

The results indicate the data of number of bird species, Shannon index and BBCI is shown, for
each landscape, in Table 1. Here, data of total number of recorded bird species in the whole
landscape is also shown ie. For all biotopes in the landscapes and not only for the semi-natural
landscape. Also, the results shown a strong positive relationship between bird species richness
and BBCI (Figure 2. a and b) of all landscapes. That is for landscapes where BBCI is high, a large
number of bird species has also been recorded. The results shown of positive correlation between

Shannon index and BBCI (Figure 2, c and d) of all landscapes respectively.

Furthermore, the results shown positive correlation between BBCI, bird species richness and
Shannon index in category one and two (Figure 3 and 4), the results indicate of confirming the
hypotheses of revealing a positive correlation between a). bird species richness and BBCI, and b).
Shannon Index and BBCI. Using the Michaelis Menten function shown a higher R2 value of
correlation between BBCI, bird species richness and Shannon Index than that of the linear

regression of all landscapes (Figure 2. b and d).
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Table 2. represents data generated of each of the 14 landscapes of bird species observations from the
Artportalen as well as species diversity which is the Shannon diversity index, calculated by the Shannon
diversity index formula using Excel 2007, followed by the theoretical estimated biodiversity (BBCI)
calculated in MATLAB.

Landscape Total Group Numberof Numberof Shannon BBCI Landscapes

Number bird species individual diversity with a
of in birds in index cover of
recorded seminatural seminatural more than
bird grasslands  grasslands 50% water
species in
the whole
landscape

13 174 1 11 28 1.994452731 2.0482

2 164 1 87 1150 3.395089255 4.3968

36 168 1 88 805 3.763710257 4.5951

27 186 1 86 808 3.972986867 12.1743

5 233 2 93 1531 3.379501426 3.8418

38 220 2 48 400 2.943961688 5.5899

31 232 2 229 159905 2.923482268 53.4493 X

14 222 2 77 1948 2.944688294 9.8003

1 210 2 185 31991 3.281760988 15.1301

16 249 2 64 1999 2.375557566 4.9214

8 258 2 25 155 2.162461407 5.2218 X

9 253 2 103 976 3.331162169 9.4086

17 253 2 124 8878 3.163762256 5.5262 X

10 250 2 166 33652 3.405737034 14.7956
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Figure 2. Relationship between BBCI and species number and Shannon index, respectively, for linear
regression (a and c¢) and michaelis Menten function (b and d).

The Linear regression model (Figure 2a) shows that 60% of the variation in the species richness

can be explained by the BBCI, while 67% of this variation is explained using the Michaelis Menten

function (Figure 2b). This shows that Michaelis function gives a better fit and predictable power.

The linear regression model (Figure 2¢) shows that only 0.56% of the variation in the Shannon

index can be explained by the BBCI and only 8,1% of the variation is explained using the Michaelis

Menten function (Figure 2d) of all landscapes respectively.
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Figure 3. Relationship between BBCI and species number and Shannon index, respectively, for linear
regression (a and c) and Michalis Menten function (b and d).

The Linear regression model (Figure 3a) shows that 31% of the variation in the species richness

can be explained by the BBCI, while 41% of this variation is explained using the Michaelis Menten

function (Figure 3b). This shows that Michaelis function gives a better fit and predictable power.

The linear regression model (Figure 3c) shows that only 52% of the variation in the Shannon

index can be explained by the BBCI and only 66% of the variation is explained using the Michaelis

Menten function (Figure 3d) of group one.
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Figure 4. Relationship between BBCI and species number and Shannon index, respectively, for linear
regression (a and c) and Michalis Menten function (b and d).

The Linear regression model (Figure 4a) shows that 61% of the variation in the species richness

can be explained by the BBCI, while 67% of this variation is explained using the Michaelis Menten

function (Figure 4b). This shows that Michaelis function gives a better fit and predictable power.

The linear regression model (Figure 4c) shows that only 0.062% of the variation in the Shannon

index can be explained by the BBCI and only 5,1% of the variation is explained using the Michaelis

Menten function (Figure 4d) of group two as well.

Page: 13



4.0. Discussion
The result shows that the relationship between BBCI, species richness and Shannon index was

found (Figure 2, 3&4). In terms of the strength and direction of relationship BBCI, species richness
and Shannon index, the results shown a positive correlation using both linear regression and the
Michaelis Menten function when tested against landscapes (Figure 2). The Michaelis Menten
function model gave a better fit to BBCI when considering all landscapes and when considering

the different groups.

Therefore, in general, the results shown that BBCI was in general a good indicator of number of
bird species, for all landscapes, and within each category, using both analysis of linear regression
and non-linear fitting of Michalis Menten function, showing also a between correlation between

Shannon index and BBCI respectively.

More specifically, BBCI was positive strong correlated to Species richness of all landscapes, and
as well as positive correlated to Shannon Index (Figure 2, 3&4). Previous studies had reported of

Shannon index being commonly used to measure species diversity (Gaston et al. 2000).

The strong correlation between species richness and BBCI could be related to ecosystem
productivity as landscape of high species productivity would be associated to a higher availability
foraging resource (Cordeiro et al. 2005). BBCI could relate to ecosystem as it is the index built of
land use data of species of each biotope in a landscape, as well as involving the landscape
functional connectivity and landscape heterogeneity. Here other researcher (Thomas et al. 2001)
has found a relationship between connectivity and butterfly, similar to the relationship that has

been found between bird species and landscape connectivity of seminatural grasslands.

Connectivity has been shown to play a key role for species occurrence (Thomas et al. 2001) and
be an important factor in addition to habitat quality (Dennis & Eales 1999). In contrast to this
studies, previous studies had shown of using Butterfly species to test the correlation between
Connectivity index (which is built within 2km radius of each landscape) and species richness
using a linear regression. It was reported that connectivity index was positively correlated with

species richness (Marone et al. 1991).

Previous studies indicated that connectivity and habitat area are highly relevant for conservation
as species richness depends on habitat area which confirms the general validity of the species

area relationship (Hamback et al. 2007).

More importantly, the study involved the use of an open access species observation system
(Artportalen.se) where anyone could just commonly report species seem on a daily basis, which

could be a biased in report. Such biases could affect studies by not having good quality of data.
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Another issue could be that data used (of bird species) is not collected using standardized

methods.

Also, of bird species observations downloaded from the Artportalen.se, some species appeared to
have an unknown observation of each landscape, in dealing with this to have some level of quality
data prior to analysis, an assumption was made to have set unknown observation to one. Lastly,
the models used in the analysis to find the correlation between variables could better explain the

results by showing a strong positive R2 value.

With the continuation of this study, it is suggested that to have involve of more landscapes,
looking at the landscape size with different organisms could also turn the result differently, either

positive or negative correlated.

In conclusion, the results obtained suggest that with the fourteen landscapes of bird species data,
it was revealed that there was a better strong positive correlation between species richness and
BBCI. Moreover, the study suggests of confirming a positive relationship between Shannon index

and BBCI respectively.

Clearly, this study show that the Biotope Biodiversity Capacity Index can be used as a predictor
of bird species richness in landscape. With that being said, the BBCI can be used to rank the
importance of patches within a landscape and act as a support tool of how to manage land use.
For instance, using BBCI, analysis can suggest where to restore for the biotope in order to support

the metapopulation in a most effective way.

Furthermore, this study would need to be extended and contributed to by conducting such
analysis on many landscapes, and other organisms, also looking at the size of the landscape, like
for example, this study used 10km radius of each landscape of bird species to further test

hypothesis stated in this study again.

In particular, the findings suggest that BBCI seems appropriate to be used to measure
biodiversity, however, there is a need for further analysis in future study to test the index against

other species in order to support biodiversity monitoring at landscapes level.
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5.0. Ethical Consideration

During this research work, about fourteen landscapes of available bird data was generated and
analyzed using an open-access method (do not require any license). In the process, there was no
involvement of handling living organisms or do not risk to expose human being to anything,
neither anything has damage. Furthermore, the work presented in this study may have an indirect
effect, preferably, that could be a positive effect like such work I do can later on contribute to

species survival in the wild.
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