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ABSTRACT

The main aim of this research is to analyse spatio- temporal trends on habitat disturbance between 1986 and 2021 in protected areas of, Zimbabwe with a
focus on anthropogenic activities such as mining which are leading to biodiversity loss, habitat and ecosystem services disturbances. This paper provides
an overview of recent studies using Remote Sensing (RS and Geographic Information Systems (GIS) techniques to assess the extent of mining disturbance
on plant habitats in protected areas of Zimbabwe. Through a systematic review, literature hotspot analysis was done as well as a trend analysis at regional
specific level together with statistical tests in order to come up with an overview of the past studies which were done on habitat disturbance in protected
areas of Zimbabwe over a thirty-five-year period. The paper highlights the complex nature of the impacts of mining as well as discuss spatial research
methods, data sources and limitations. The results indicated an exponential growth of scientific literature on human-environment interactions in the mining
environments at regional scale and a non- monotonic trend at country level. This has prompted a need to synthesize literature to guide future research.
Conclusively there is limited research done on habitat disturbance in protected mining environments, hence the need for advanced geospatial scientific

studies in the future on spatio-temporal analysis of trends on habitat disturbance.
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Introduction

The scale of human influence is driving the earth system towards
a new unstable state which is characterised by extreme climate
dynamics and biodiversity loss [1]. This is explained by the new
geological epoch in which the earth has entered-the Anthropocene.
Literature suggests that human activities (primarily mining)
create dynamic complex coupled landscape signatures which
alter processes regulating the stability and resilience of the earth’s
system from which humans depend on, (interactions among the
atmosphere, land/biosphere, and ocean) [2]. The world's main
source of living is mineral extraction and continued extraction
of these minerals is expected to be among the prominent drivers
of global environmental change [4]. The reason behind this
is, mining transforms landscape with marked impacts on the
natural ecosystems, since it replaces natural land surfaces with
artificial surfaces for instance, asphalt surfaces that alter ecological
processes, such as nutrient fluxes [4]. Although mining areas
occupy <5% of the Global land surface area, its impacts on the
natural ecology span over large spatial extents and even beyond
the mining boundaries [5,6]. Consequently, assessing the spatial
extent of disturbance in mining environments is an emergent
trans-disciplinary scientific question for conservationists and
natural resource managers [7].

The advent of mining as a main economic activity for many
countries has resulted in the adverse consequences on the
environment especially the ecological habitats [5,8]. These

mines use some of the available resources to meet their needs, for
example trees for timber and even for fuel, road construction and
water for washing their machines. Such activities have diminishing
effects on the habitat diversity [9,10]. Species are coming into
direct contact with human beings and this is now having adverse
effects on the human fraternity in that some of the diseases which
were found within the original natural habitats are now transferred
into human beings causing diseases. For instance, the outbreak of
the recent Covid 19 pandemic is said to have emerged from habitat
disturbance [11]. As humans alter the environment through habitat
fragmentation, the microbes that live within will spill over into
human communities leading to disease outbreaks. In Zimbabwe
the mining industry has become a major threat to biodiversity as
people clear land for different mining activities [12]. This has
resulted in the extinction of some endangered species as well as
key species within the ecosystem [13].

One challenge for natural resource managers is the maintenance
of near natural ecosystem function in mining landscapes. The
proposed solution to that challenge lies in understanding the extent
of disturbance and landscape conditions which can make the
ecological processes persist in mining areas [14]. Consequently,
understanding and predicting the extent of habitat disturbance in
a mining environment is very imperative [15]. In comparison to
natural forested and agricultural landscapes, mining landscapes
consist of mosaics of heterogeneous landscape elements varying
widely in both structural and functional characteristics in very
close proximity and are often juxtaposed [12,14]. Attempts to
assess the complex-coupled spatiotemporal changes of habitat
disturbance pre-dates the 1960s. Since then, in Zimbabwe the
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interdisciplinary studies have processed theoretical perspectives
to explain or predict the extent of habitat disturbance.

Given the recent attention on mining and its impacts on the
environment, it is very imperative to have a constant synthesis
on growing literature. The review of literature is of paramount
importance since it helps us to identify hot topics (mostly
pursued topics) and cold topics (receiving less attention) as well
as to identify the direction of future research. This paper is a
documentation of empirical literature on the use of geoinformation
for habitat disturbance assessment in the field of mining. To
date the comprehensive review of literature assessing habitat
disturbance using geotechnology is minimal.

Herein we adopt a systematic review process after Roberts et al
to quantify trends in habitat assessment in mining environment
using geotechnology between 1986 and 2021 in different spatial
environment journals [16]. The main objective of this paper is to
systematically review literature on habitat disturbance assessment
using geotechnology from 1986-2021.The first objective is
to identify literature hotspots for key terms used in the use
environment and biodiversity literature for 1986-2020. The second
objective is to quantify trends in habitat loss in spatial literature in
terms of study approaches and methods, and geographic region of
study. This also contributes towards evidence for policy makers
to make informed decisions on the best strategies and restoration
measures for the habitats located in mining environments within
the semi -arid savannah ecosystems.

Methods

The review was guided by the analytical framework figure 1 which
emanated for the Unified theory of biodiversity and biogeography,
which aims to provide a theoretical framework for explaining
biodiversity patterns across all spatial temporal scales [17,18]. This
neutral theory also assumes classically (i) that biotic communities
are essentially governed by random population drift (thus,
demographic stochasticity hypothesis), (ii) that all individuals
irrespective of species share the same per capita birth, death,
migration and speciation rates (neutral hypothesis) and (iii) that
the number of individuals in the system is constant through time
(zero-sum hypothesis) [17]. Additionally, several studies have
shown that mining has adverse consequences on the environment
for instance, direct impact on ecosystems and hence provision of
goods and services from the same [14,19-21].

Mining environments

Habitat disturbance

l

Non
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Figure 1: Analytical framework for habitat disturbance assessment.

Journal selection and identification

To identify journals on the assessment of habitat disturbance using
geotechnology, the biodiversity and environmental section of the
Institute for Scientific Information Journal Citation Reports was
used to filter the leading journals, basing on impact factor sorting.
All journals on environment which stated that they publish original

research in time and space were included from the databases
searched. Book chapters, journal articles, books, academic theses,
and reports were all included in the search. Electronic databases
including Web of science, Sci-Hub, Scorpus, Dimensions, Sage
Elsevier Science Direct, PubMed, Scopus, PLOS-one and Google
Scholar among others were searched for potential studies published
in English between 1986 and 2021 reporting on Geoinformation
advances on habitat disturbance in a mining environment [22].

Statistics on the number of publications per region per year were
drawn from different databases to produce a spatial analysis map
showing the spatio-temporal distribution of publications in the
field of study. Some of the potentially relevant journals were
excluded, because they were non-English. In this study a choice of
journals was expected to influence the results, but the journals used
for this study provided a widely read and authentic studies which
are specific to the theme of habitat disturbance and geotechnology.

Collection and Categorization of data

The systematic review approach was adopted from the
recommendation by Roberts et al. [16,23]. The approach is a
rigorous and transparent methodology which enables a detailed
exploration, critical evaluation, and interpretation of available
evidence that is relevant to a particular subject based on a sample
of original studies [16,24]. Credits behind the systematic reviews
are their capacity in the limitation of bias and random error in
quantitatively synthesizing independently conducted studies [25,
26]. The “traditional narrative review method” is mostly used by
reviewers(Muderere et al. 2018). The “traditional narrative review
method” quantitatively synthesize published results based on the
subjective judgment as well as experience of the author (s) lacking
clear methodological transparency, which is a main source of
bias. Systematic reviews are both replicable and repeatable. This
paper used a method based on electronic searches. The year 1986
in this study is regarded as the base year because it is the year
when most of the journals began publishing online. The inclusion
of a publication in this study was based on text search of listed
keywords of titles and abstracts using the following search words:
Geoinformation systems and conservation, habitat disturbance,
mining and conservation, satellite imagery, spatial analysis.
Specifically, a repetitive year on year filter was run using the search
function in the online repositories of each database by filling in
the key words. Query language was used facilitated by Boolean
operators such as OR, AND, NOT among others and the following
is one of the examples used, (Geographic Information System
AND conservation) AND (LIMIT-TO (AFFILCOUNTRY, "United
States” ) ) AND ( LIMIT-TO ( PUBYEAR,2021 PUBYEAR,1986)
) ). From the larger pool 5,869 articles were included from the
filtered search on geoinformation and habitat disturbance in the
journals published from 1986-2021. Data for a specific region
was also collected and some were analysed in Vos Viewer to come
up with a text connection map.

The creation of a text file comprising of 358,659 words, including
titles abstract and keywords of all the 5,869 open access articles
on the theme of geoinformation assessment for habitat disturbance
was created. Text data were cleaned at the same time eliminating
publication details such as author name (s), publication dates,
publication year, journal names, volume, page numbers. Each
journal article was then examined using the following criteria
a) spatial/non spatial and b) geographic region. After meeting
each criterion, the article was given a score of 1.0 otherwise
0.0. Then the sums of the scores were used to infer trends in the
literatures against time. All the data were recorded and processed
in a Microsoft excel spread sheet for further analysis in R software.
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Data Analysis

Hotspot Analysis of Literature

Literature hotspot analysis was done based on the text file with 358,659 words filtered from the 5,869 articles through the use of VOS
viewer (http://www.vosviewer.com). VOS viewer is a machine learning open software tool for constructing and visualizing bibliometric
and text networks maps which are scientific in nature [27]. It also offers text mining functionality which was used to construct and
visualize co-occurrence networks of word clouds with heat signatures based on frequency of key words [27]. VOSViewer supports
mapping citation data extracted from Web of Science, Scopus, Dimensions and PubMed among other databases.

Regional Trends Analysis

For spatially weighted regional trends analysis, spatial overlay analysis in Quantum GIS 3.18 was done on a desktop computer to
assess the spatial distribution of the themes of geoinformation and habitat disturbance across the globe for the 5,869 articles. The
shapefile on the frequencies of themes was created and integrated through the spatial join function with the world map. To visualize
the trends in the regions, line graphs were created in R software for each region against time between 1986 and 2021.

A non- parametric Mann Kendall test was run in R software in order to statistically assess if there is a monotonic upward or downward
trend of the publication data from 1986 to 2021. This is a rank non-parametric test developed by Mann and Kendall [28,29]. In this
test, the null (HO) and alternative hypotheses (H1) are equal to the non-existence and existence of a trend in the time series of the
observational data, respectively. Man Kendall was used to run the predictive statistical test in order to observe the monotonic trend
behaviour in the publications for each region including Zimbabwe for the period of study.

Results and discussion

Trends and Geographical Distribution of habitat disturbance and geoinformation systems studies’ between 1986 and 2021
The observation was that 5,869 out of 39,678 published papers from the extracted journals investigated habitat disturbance using
geotechnology between 1986 and 2020. Most of the 5,869 were conducted in Asia (40.0%,2348/5,869 articles), followed by America
(27%,1,585/5,869 articles) and South America, (17.0%,997/5,869 articles). The rest of the region had few published articles with
Europe, (8.0%,470/5,869 articles), Africa (5.3%,311/5,869 articles) and Australia (4.6%,270/5,869 articles) as clearly illustrated in
figure2.

470-666
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89-180
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Figure 2: Spatiotemporal distribution of the foci on habitat disturbance and geoinformation articles found using a search of ‘habitat
disturbance’ AND ‘biodiversity’ OR ‘geoinformation’ AND ‘conservation’ spanning between 1986 and 2021

Another observation is illustrated on figure 3 where there is a diagrammatic representation of trends of articles published between
1986 and 2021. Asia has the largest number of articles published but from 1986 to 1990 it is showing a delay in online publication.
North America is a little bit advanced in terms of technology because its online publication started from way before 1986, the same
applies to Europe, South America and Africa.

Trend analysis

The results followed two hypotheses, the null hypothesis, HO, there is no monotonic trends over the years in publications and the HI,
which states that there is a monotonic trend in the data on publications from 1986 to 2021. A monotonic upward (downward) trend
means that the variable consistently increases (decreases) through time, but the trend may or may not be linear [28-30]. The results
for Man Kendall test run in R are found in table 1.
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Region z p-value s tan

North America -4.9347 8.027e-07 348.0000000 0.5203565
Asia -7.3101 2.67e-13 513.0000000 0.8832169
South America -6.76 1.38e-11 476.0000000 0.8116794
Europe -5.7388 9.534e-09 4931.3333333 0.6913006
Afica -6.7728 1.263e-11 464.0000000 0.8473137
Australia -4.3024 1.689e-05 404.0000000 0.6913006

7 7. 7. 02723214

Zimbabwe 1.971 0.04872 117.0000000

ManKendall results show that there is a monotonic trend over the years as signified by the p-values which range from 0.0008,
0.0002,0.0001,0.0009,0.00016 for North America, Asia, South America, Europe, Africa and Australia respectively. Zimbabwe has
0.048 which shows that there is not any monotonic trend in the publications that were done in Zimbabwe for the period study thus
between 1986 and 2021. This helps much in strengthening the gap in knowledge for Zimbabwe. There is a lot that need to be done
in research since its lagging behind. This is also well explained by the trend lines shown in figure 3. There is a pattern which is
exponential for the regions, but at country level there tends to suffer a lot of criticism. Zimbabwe was computed among the regions
a study area, and the results are reflecting that more needs to be desired. There is no trend or specific pattern that can be pointed at.
The number of publications is very few and this shows that less work has been done on the area of study in Zimbabwe.

2 North America 1
g4 Asia ) .
e 4 1 1 ’—__/
N el , gl
u e | , | i y
m _— -1 I
b T T T
o 1890 2000 Year 2010 2020 1990 2000 Year 2000 2000
@ | ]
r o South America Iu'"\ /\/' |
N \ 1 .
8 f\f v 7 Europe J N/
o - o \
¢ : J\.,/ v - ":
e Y,
f o _/M , : 1_ ~ N
0 w0 o w2 ‘5;;3 Z)IOG ZJIN) 20.3)
Year
P Year
#1 |r\ﬂl - N 1
u e o Africa _/';I II,' \ Australia
b /\'/ \ -
(=
! - I,!\ "1
i “1 __h_m{,rx_/‘_\.JI - ]
[ o = o 4
: i y § T T T T
a 1990 2000 2010 2020 1990 2000 2010 2020
Year Year
t
- o
1 o 7 r!
o “ | Zmbabwe \ ﬁ
s [ v \
S ™ I'I \ \ ‘ﬁ II
= ’\ \ A f" | \ H
H \ [\ ll} \\_
e (SR / 'nll
= T T T T
1990 2000 2010 2020
Year

Figure 3: Trend analysis of literature at a global scale for a period between 1986 and 2021
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Networks of word clouds with heat signatures based on
frequency of key words

The observation was that most of the article’s connections range
from 0O to -1 using standard deviation, showing how the search
words were deviating from the mean. From the field of study, the
observation was the range from -0.5 to 5 and that is the category
where most of the search words on geoinformation and habitat
disturbance fall in. (figure 4). This is also well described by the
heat map on figure 6. These results concur with some other studies
that did systematic review analysis using the networks of word
clouds with heat signatures and they found out that there is less
frequency on the search words that are specific to the focus of
their study [31].
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Figure 4: Co-occurrence networks of word clouds with heat
signatures based on frequency of key words
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Figure 5: Heat map showing frequency of key terms based on a
text corpus of all the titles, keywords, and abstracts of articles of
the geoinformation and habitat disturbance journals between 1986
and 2020 on a scale of 0 to 2 where 0 represents low frequency
and 2 represents high frequency

Another observation was that, a total of 3944 non-Geographic
Information Systems (GIS) and or Remote Sensing (RS) based
studies and a total of 1925 were Geographic Information Systems
(GIS) and or Remote Sensing (RS) based studies (figure 6)
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Figure 6: Number of articles found each year on Habitat
disturbance and geoinformation found using the search ‘Remote
sensing” AND ‘Geographic information System’ between 1986
and 2020
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Figure 7: Journals with documents counts of up to ten sources
by Elsevier in Scorpus.

The above is a line graph showing the number of documents
published around the study for the period of study. Journal of
environmental management and environmental management
journal are leading journals when it comes to publications in
study since they have been publishing for long as compared to
PLOS-one and conservation biology.

Discussion

Trends and Geographical Distribution of habitat disturbance
and geoinformation systems studies between 1986 and 2020

From the analysis, there is a relatively exponential growth rate in
the publication of scientific articles on the theme of geotechnology
and habitat disturbance in a mining environment. For instance, in
1986, the studies constituted 0.11% of scientific articles on theme
of Geotechnology, habitat disturbance and mining in 1990 they
were 0.27%, 2.03 in 2000, 4.83 in 2010 and 5.44 in 2020. This
is consistent with previous results reviews which observed in
some other fields like urban landscape ecology where there was
an increase in the number of studies that applied the concepts and
techniques of the ecology of landscape in disturbed areas [32,33].
This reflects the filling of a important gap in spatial ecosystems
such as the need to advance in geotechnology. The findings on
the geographical distribution of studies were also consistent with
some other studies although they are not well connected to the
main focus of this study. Under the focus of this study little has
been done so far and more attention is desired [34].
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Approaches and Methods in Geotechnology and habitat
disturbance in mining environment

Two major approaches were observed thus, GIS and Remote
Sensing based studies and the Non-GIS and Remote Sensing
based approaches. There is a growing number of studies who
are not integrating GIS and habitat disturbance studies in mining
environments, and this indicates a limited but growing attention
on the spatial aspect on habitat disturbance over the study period.
This finding tally well with some other reviews on landscape
ecology that found out that most of the studies of ecology have
rarely used Geo technological approaches. On the other hand, it
can be noted that while there is a small proportion of GIS based
research, there cannot be a conclusion that the Application of GIS
in habitat assessment in mining environments is limited. Some of
the studies may have deliberately failed to mention GIS terms yet
they did some GIS based mapping. While GIS can be regarded as
an important tool for assessing habitats in mining environments,
but it is not the only approach. Some other approaches such as
experimental approach which does not requires GIS or complex
spatial analysis.

Remote sensing is the art and science of acquiring information
about some property of an object, area or phenomena which is not
in physical contact with the objects or area under investigation
[35-37]. On the other hand, GIS is computerized software that
stores, retrieves, manipulates, analyses and displays geographically
referenced data sets, which can be used for different applications
[37-40]. GIS can manage two basic types of data known as
geospatial data that define the location of a feature or object on
the ground and attribute data that describe the characteristics of
these features. GIS has an analytical ability which can result in the
generation of new information as patterns and spatial relationships
are revealed. Remote sensing data are being used to manage
various types of natural resources and monitoring the dynamics
of land-use/land-cover, which is a basic pre-requisite for planning
and implementing various developmental activities [41].

Geoinformation science and remote sensing provide landcover
information and landscape characterization statistics on the
assessment of habitat disturbance in a mining landscape.
Intermediate disturbance enhances diversity although the species
will be vulnerable to change [42]. This was well confirmed at a
study undertaken in Schlabendorf which confirmed the explicit
disturbance and fragmentation due to landcover changes are
related to processes with strong relationships that affect habitat
diversity in a mining environment [43]. Mining operations
generate range of ecological and environmental impacts that can
be measured spatially using geographic information system and
remote sensing methods. A study done on the Spatial evaluation
of land-use dynamics in gold mining area using remote sensing
and GIS technology revealed that areas with low index values
are susceptible to the impact of mining and other anthropogenic
activities, whereas high-index areas connote little or no impact
[44]. Another study also reflected that a strong linear relationship
(r2>0.86) was found between NDVI and NDMI.

The combination of various geo-technologies can be used to build
very crucial systems which are currently being applied in the
determination of priority areas for ecosystem conservation and
restoration [45]. The use of geo-technology is also important in
the diagnosing of the sites which have a minimum resilience but
high restoration potential, thus maintaining ecological processes
and services as well as favouring biodiversity increase. Upon this
background the technology will facilitate the implementation of

restoration projects, increase environmental gains and decreasing
costs and potentiating the regeneration of the natural environment.
As of today, nothing has been done in Mashonaland West Province,
Zimbabwe, pertaining the geo-technological approaches in the
assessment of habitat disturbance. From the results, (Figure 6)
GIS is a tool which is yet to gain a ground and people must use it
in order to move away from the empirical methods of biodiversity
and conservation management in mining environments.

Geotechnological tools are very important for the assessment of
Net Primary production. Normalised Difference Vegetation Index
(NDVI) is used for tracking the history of any place’s vegetation
dynamics [46]. NDVI is derived from reflectance data registered by
‘National Ocean and Atmospheric Administration and Advanced
Very High Resolution Radiometer (NOAA AVHRR), which act
as a surrogate measure of NPP [47,48]. NDVI can also be used
to parametrise models that may also accurately reflect actual
changes in NPP and as well as quantifying its absolute amount
[49]. Net Primary Production represents the net flow of carbon
to plants from the atmosphere and defines a balance between
gross photosynthesis and autotrophic respiration [50-52]. Upon
this background, it is of paramount importance to apply geo-
technological tools for assessment of primary productivity for
the better management of ecosystems in mining environments

Literature have suggested that advancements in geospatial
approaches have opened up the possibilities for understanding the
spatial pattern of landscapes and the associated ecosystem patterns.
Some of the scholars have asserted that Geotchnology have made
it possible for researchers to analyze patterns and coexistence
thereby strengthening the methodological rigor of studies. The
final assertion would be, Geotechnological based assessment of
habitat disturbance in mining literature would beneficial if there
is the incorporation of geospatial analysis in its approaches [53].

Networks of word clouds with heat signatures based on
frequency of key words

The observation was that most of the articles connections range
from 0 to -1 using standard deviation, showing how the search
words were deviating from the mean. From the field of study the
observation was the range from -0.5 to 5 and that is the category
where most of the search words on geoinformation and habitat
disturbance fall in. (figure 4). This is also well described by the
heat map on figure 6. These results concur with some other studies
that did systematic review analysis using the networks of word
clouds with heat signatures and they found out that there is less
frequency on the search words that are specific to the focus of
their study [31].

Habitat disturbance

Habitat disturbance occurs when there is a change in conditions
which interferes with the normal functioning of a biological system
[54]. A “disturbed habitat’ is an ecological concept which indicate
a temporal change in the conditions of the environment, which
has pronounced changes in the ecosystem [55,56]. Disturbances
are classified into two, human caused or natural. Disturbances
which are anthropogenic related include cultivation, weeding,
land clearing, digging, mining, burning among others. Natural
disturbances include natural fires, lightning strikes and fires;
temperature changes storms, strong winds among others [57-
59]. The relationships that exist between the changes in the
environment and health is well known. This has been documented
by several scientific studies conducted in the past for both animal
species and humans and vegetation, although little is known on
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the extent of habitat damage and the associated consequences in a
mining landscape [56, 60-63]. A study conducted in Matebeleland
South Province, Zimbabwe on assessing the efficiency of mining
frameworks and highlights how institutions affect the management
of other natural resources/ecosystem goods and services found that
formal institutions have become a major catalyst in converting
common property into an open access regime that is susceptible
to the Tragedy of the Commons. The study also showed that
the reigning status quo had negative effects on other rangeland-
inclined ecosystem services and compromised the ability to
effectively manage them [64].

Mining as a factor that affect habitat loss

Mining has a massive influence on the natural environment in
Africa [65,66]. Impacts of mining on habitats are both direct and
indirect. Direct impacts occur within the immediate confines of
the mining enterprise [59]. Indirect effects are a consequence of
external infrastructure, pollution among others.Mining activities
can lead to the destruction of environmental habitats in the
surrounding areas [67]. Clearing of land is the first process where
the land above the mine is cleared of all obstructions in order to
allow free space for the activity and its clear that most mines are
willing to destroy the entire forest to get access to mineral wealth
[68]. The process of clearing land yields several effects to the
environment and among them are, birds, animals, and creatures
that depend on trees and plants for food or shelter lose their
homes or starve to death. Any remaining survivors are forced to
relocate and find a new dwelling [67]. The removal of trees can
also significantly affect the plants that rely on them for shade from
the harsh sun. Upon this background there is need to effectively
assess the extent of habitat disturbance in a mining environment
using geotechnology.

Conclusions

The study revealed important gaps in literature. The theme of
habitat disturbance and geotechnologies has limited citations
which highlight it as an emergent theme in literature. Despite
the limited number of citations, the available citations from the
highlighted leading spatial journals showed that there shall be an
exponential increase in publishing in the long run at regional level.
Considering the current trends in  mining and its impacts on the
habitats, there is need to improve the focus on its spatial literature.
The conclusion is that spatial temporal habitat disturbance is
receiving very limited but growing focus. Another important
point noted was that most of the research did not integrate
geospatial approaches in their studies. Hence the conclusion that
habitat disturbance studies in protected areas could benefit from
considering GIS approaches. Landscape scale areas are the most
frequently studied spatial extents, like the patch size of a habitat.
There is need for multiple spatial scales to allow for comparison
of findings across scales. There is also need for longer temporal
scales studies that span decades to observe and account for lags
in ecosystems responses to patterns of ecosystems regeneration.
Similarly, majority of studies were done over short time spans, so
there is need for multiple spatial scales to allow for comparison
of findings across scales. Built up areas and forest fragments are
the most studied ecosystems and fewer studies are on grassland,
freshwater, wetland, wasteland, and austral ecosystems. Hence,
there is need for research to focus on cross ecosystem studies
and the neglected ecosystems. Studies that will focus on these
ecologically vulnerable areas would help in providing crucial
insights for the conservation of biodiversity. From the analysis
done there was a disproportionate number of studies from Europe
and North America, and fewer studies were from Africa, Australia,
Asia, and North America even though Africa, South America

and Asia are the leading continents in supporting much of the
Earth’s biodiversity [69]. The trends highlighted are an important
representation of very important gaps in knowledge that need to
be addressed through the funding of research and cross regional
collaborations. Therefore, this research emphasises that the habitat
disturbance and geoinformation theme my grow into a central
theme in biodiversity management research and that knowledge
will have tremendous importance in the global management of
ecosystems.
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