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ABSTRACT

Ecosystem organization is a very complex system. Naturalness of ecological systems is in a
tremendous threat due to anthropogenic disturbances. It is important to understand the
characteristics of anthropogenic disturbances which have been changing spatial processes and
thus affecting the ecological integrity. A combination of science and policy, relating science with
socio-economic perspectives is very much required to combat such challenges. An index of
ecological integrity can be the right approach to monitor, evaluate and classify the state of the
ecosystems in the broader scale for conservation planning. Such understanding can build up a
bridge between stakeholders of different hierarchies and disciplines to work in the same
platform. Therefore, this paper reviews and examines: (i) the characteristics of critical issues
that are severe threats to regional landscapes, (ii) the consequences of such pressures on the
components of ecosystem, and (iii) a brief outline for a composite index for ecological integrity.
The objective is whether a composite index of ecological integrity (IEI) can be develop for the
sustainable management planning for the conservation of natural resources in a broader scale.

Keywords: Ecological integrity, ecological management, index of ecological integrity, landscape
planning, conservation planning, sustainable management.
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1. INTRODUCTION

Ecological integrity encompasses the components of physical, chemical and biological properties and
their robust interactions within the ecosystems. It enables an ecological system to support and maintain
a healthy community of organisms that has composition, diversity, and functional organization
comparable to those of natural habitats of a region (Heckmann et al. 2008). The concept of ecological
integrity has been exploring within environmental sciences, conservation biology and ecology. However,
general awareness regarding the importance of maintaining ecological integrity for the restoration of
natural systems and their sustainable management are not adequate. As a result, this important aspect
is not included in policy and sustainable management initiatives in many part of the world. This approach
is particularly important for the safeguard of biodiversity which has been facing a crisis in a time whilst
the extinction rates are approximately at the three orders of magnitude than any other records of the
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Earth history (Pimm et al. 1995). Therefore, this study attempts to discuss the importance of and a
potential approach for evaluating ecological integrity at the broad spatial scale comprising both terrestrial

and aquatic habitats.

Ecological integrity can be defined as the capacity to support and maintain a balanced, integrative,
adaptive biological system, having the full range of elements and processes expected in the natural
habitat of a said region (Karr and Dudley 1981; Karr 1996). The term is originated from the ethical
concept of Leopold in 1949 where he defined ecological integrity as "a thing is right when it tends to
preserve the integrity, stability and beauty of the biotic community. It is wrong when it tends otherwise".
This definition is rather a qualitative aspect of the integrity of ecological systems. Although, later this
concept has been using in the aquatic and terrestrial systems for measuring and evaluating the
ecosystem dynamics and health (Karr 1991, 1993; Andreasen et al. 2001), which are mostly the
quantitative measurements of ecological state of a region. The concept turned into implementation when
some developed countries in Europe and the United States included this approach in policy directives in
order to protect their natural resources. For example, in the United States, the Clean Water Act (CWA)
1972 is the first integrated plan and a regulatory part of environmental law for protecting its water bodies
(Barbour et al. 2000). Similarly, the Austrian Water Act in 1990 is the strong legislative regulation which

explicitly concerns the aspects of ecological integrity (Moog and Chovanec 2000).

On the other hand, an index of ecological integrity can assist in indicating the magnitude and dimension
of changes. It also gives precise and overall spatio-temporal features of ecological and biological
phenomena of ecosystems. Consequently, a considerable number of approaches have been proposed
for the development of indexes for ecological integrity in many part of the world (Karr and Chu 1999;
Hughes et al. 2002; DeKeyser et al. 2003; Angermeier and Davideanu 2004; Ortega et al. 2004; Solimini
et al. 2008; Hargis et al. 2008). Many of these approaches are encircled within the specific ecological
unit at a small spatial scale, for example, in the aquatic ecosystems like river, lake, stream water, and
pond; or in the terrestrial ecosystems like forest, savannah, and other site scales. Although, these
approaches could solve problems in those site specific ecosystems but failed to be used in the broad
spatial scales. Practically, the aquatic and terrestrial habitats in a landscape or region have very tight
interactive chains in terms of nutrition, energy and gene flow which are needed to be considered for the
sustainable management of natural resources. Therefore, an integrated approach to evaluate ecological

integrity comprises terrestrial and aquatic ecosystems of a broad spatial extent is essential.

Among the approaches to develop the index of ecological integrity in the aquatic or terrestrial
ecosystems, Karr's Index of Biological Integrity (Karr and Chu 1999) is well accepted and practiced
widely. They used biological indicators for measuring the integrity of aquatic system. Andreasen et al.
(2001) gave the importance and a detail guideline to develop a terrestrial index of the ecological integrity
(TIEI) but their approach did not consider aquatic and terrestrial ecosystems together. Reza and
Abdullah (2011) proposed an outline to develop a regional index of ecological integrity (RIEI). However,
the importance and usefulness of an index applied in the brad spatial scale is still inadequately
discussed and emphasized. In particular, these issues are needed to be understood and realized by the

general people who will be involved in the approach. Therefore, this paper is an attempt to discuss the
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importance about an integrated approach for measuring ecological integrity at broader spatial scale like
landscape or regional scale. Subsequently, this article also characterizes the critical issues that disrupt
the ecological integrity in landscape, regional to continental scales. Realizing the basic requirements to
prioritize the conservation efforts for evaluating and maintaining the ecological integrity in the broad

spatial scale, the focal questions of the paper are following:

1. What are the distinctiveness of issues that accountable for the degradation of ecological integrity in
the ecological systems of broad spatial scales?
How to identify the causes and consequences of such issues for prioritizing conservation planning?
How to ascertain applicable indicators in order to develop an approach for the development of an

index of ecological integrity in a broader scale?

This paper will start with a theoretical survey and discussion to screen out the critical issues that has
been destroying ecological integrity in various spatial scales, particularly in the landscapes to the
regional scales. In addition to that, how these pressures are changing spatial processes that lead to the
changes of structural, functional and compositional attributes of ecosystems are also discussed. In the
following sections, the effects of such pressure which are causing many types of degradations in the
ecological systems are described. Based on these discussions, a holistic work flow in order to develop
an approach for selecting a set of measuring criteria of ecological integrity in the broad spatial scale
comprising both aquatic and terrestrial habitats is outlined. After a brief description of the approach, the
possible method to develop an index of ecological integrity (IEI) will be explained, and some conclusions

will be drawn.

2. ISSUES RELATED TO THE REGIONAL ECOSYSTEMS

Over the last few decades, many of the natural landscapes in this world, particularly in the tropics, have
been degrading its valuable habitats of flora and fauna (Achard et al. 2002; Lambin et al. 2003; Yunus et
al. 2004; Lepers et al. 2005; Wang 2008). These pressures and unsustainable land use practices, for
example, unprecedented commercial agriculture, transportation network and mushrooming of housing
and townships, logging, illegal hunting are fragmenting natural landscapes (Fongwa 2012) and opening
pathways to many types of degradation (Figure 1). The state of affairs is more severe in the lowland
forests and wetlands as they are susceptible to the anthropogenic activities due to the easy accessibility
for the mass people (Laurance 1999; Curran et al. 2004; Arroyo-Rodriguez et al. 2007). At the same
time, protected areas are also facing a severe habitat loss both within and around their legislative
boundaries in many regions. Whilst protected areas have been established to protect the natural
landscapes from further degradation. The scenarios are particularly severe among the protected areas
situated in the lowland forests of the tropical region (DeFries et al. 2005). In fact, lack of adequate policy
for conservation and improper management are greatly responsible for the restoration of natural habitats
and ecosystem representativeness of protected areas of a region. In many cases, protected areas have
been declared without scientific evaluation. However, before establishing a protected area, it is

necessary to investigate whether the declared areas are adequately capable for representing and
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conserving flora and fauna of that particular region. On the other hand, protected areas are managed
ignoring local people, as such those are highly isolated from surrounding ecosystems and landscapes
(Mohapatra 2012). General people are not aware about the importance of those protected areas and
their responsibilities to protect those areas for their sustainable livelihoods and existence. As a result,
these protected areas have been experiencing enormous anthropogenic pressures e.g., logging, rapid

development, encroachment, rapid land use changes and deforestation.
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Figure 1: The pattern and processes of natural landscapes in a regional scale. Anthropogenic pressures
are degrading the ecological integrity of natural landscapes through fragmentation, ecosystem sensitivity
and decreasing landscape connectivity.

Accordingly, a region of natural ecosystems, its biological and structural components, has become
sensitive to natural and anthropogenic changes which accelerates the loss of biodiversity. Finally, those
habitats gradually have become transformed into unsuitable habitats for both flora and fauna (Reza et al.
2013). These negative impacts lead to the increasing of the degree of fragmentation; isolating of highly
integrated ecosystems into small pieces. As a result, fragmented habitats of a region lose connectivity
among the habitats to support movement and gene flow of flora and fauna. Finally, a regional ecological
system mislay its essential ecological properties to maintain structural, compositional and functional
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integrity of ecosystems. Generally, this trend known as degradation of ecosystem which is an
environmental hazard that gradually annihilate ecological integrity. Figure 1 describes how
anthropogenic activities are pressing on the state of the natural organization of a region. These
pressures gradually deteriorate the integrity of natural landscapes and protected areas of a region, as
well as decrease its valuable characteristics such as naturalness, connectivity, and ecological flow.
Consequently, a natural landscape loses its strength and carrying capacity to support its self-organizing
ability and thus gradually becomes destroyed or prone to the degradation.

There are two main types of pressures exist on the natural landscapes, natural and artificial, where the
latter can be defined as the effect of anthropogenic activities. It is extremely difficult to summarize
common pressures for regional landscapes, as the effects of pressure and their magnitudes may vary
with the differences of landscapes or regions. However, most of the anthropogenic activities can be
defined under few major types. As a whole, common and drastic anthropogenic activities that degrade

natural landscapes are:

e Direct pressures:
i) Urbanization

ii) Deforestation
iii) Logging
iv) Transportation network
v) Commercial agriculture
vi) Tourism
e Indirect pressures:
i) Policy
ii) Management
iii) Awareness
iv) Culture

v) Trade and business

These issues are making regional landscapes vulnerable to maintain their integrity. A natural landscape
of a region usually comprises of both wetlands and terrestrial landscapes. These landscapes are not
isolated; moreover they are interrelated through structural, compositional and functional attributes
(Franklin et al. 1981; Noss 1990). When these three attributes are stable and can work smoothly without
unprecedented external pressure then the ecosystem can maintain good ecological condition. The
system is then capable enough to maintain its integrity, stability and beauty (naturalness). Again, these
structural and functional characters are very much interactive. Leopold (1949) indicated this harmony of
a natural ecosystem as the ecological integrity in his article. Later, Karr and Dudley (1981) defined this
ecological harmony as the ability of an ecosystem to support and maintain a balanced, adaptive
community. Among all the natural attributes, ecological integrity can represent all the essential

components of the natural ecosystems.
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3. EFFECTS THAT HAPPEN DUE TO THE PRESSURES

There are several common drastic effects that happen mostly due to the severe anthropogenic activities.
These effects are synchronized and proliferated according to the spatial and temporal nature and
volume of the pressures. The initial effect to the naturalness is fragmentation of habitat which creates
other degradation sequentially like decreasing connectivity, accelerating sensitivity, vulnerability,

alteration, and finally a total degradation of its original state.

3.1. Fragmentation

Habitat fragmentation is the most studied problem in the landscape ecology, which effects at every
structural and functional aspects of ecosystem (Harris 1984; Franklin and Forman 1987; Arroyo-
Rodriguez et al. 2007). Apparently the drastic effect of fragmentation is not decipherable but many
researchers have identified this spatial process as the proximate cause of degradation of biodiversity
and naturalness of the regional ecological system (Fahrig 2003; Castelletta et al. 2005; Cayuela et al.
2006). This process causes isolation of remaining population by destroying links between habitat
patches. Thus, fragmentation is one of the main threats to the biodiversity (Armenteras et al. 2003).
Several severe effects of habitat fragmentation on population have been reported, such as, loss of
genetic diversity (Gibbs 2001), barrier to dispersal success (Cramer et al. 2007; Haddad and Baum
1999; Gonzales et al. 1998), strengthening large-scale disturbances, causing extinction in the regional
level (Foppen et al. 1999; Donovan and Flather 2002), and disruption of biotic interactions (Kruess and
Tscharntke 2000).

3.2. Landscape connectivity

Landscape connectivity is one of the characteristics of a natural landscape, which refers to the functional
linkages among habitat patches. There exist either structural continuity or dispersal abilities, which
permit organisms to travel among the discrete patches in the landscape (With et al. 1997). This attribute
enables dispersion and gene flow of flora and fauna which is an essential phase of biological diversity.
Fragmentation affects the habitat patches through dividing them or disconnecting them in terms of
structural and functional attributes of ecological flows and movements. Tischendorf and Fahrig (2000)
defined habitat connectivity as the connections that ensure the movement of organism and gene flows
among the habitat patches. Changes in the status of wildlife populations and communities resulting from
the destruction of their habitats are a vital concern for land managers. Metapopulation models predict
that isolated populations are more likely to go extinct in the long run than populations that are
functionally connected (Hanski 1999). In this context, it is important to maintain or restore landscape

connectivity among the habitat patches (Bennett 1998).

3.3. Environmental pollution

Over the past few decades, the global concern has been amplified due to the increasing environmental

pollution worldwide (WHO 2010). Any discharge of materials of energy into air, water or land that causes
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or may cause acute (short-term) or chronic (long-term) detriment to the Earth's ecological balance or
that lowers the quality of life is termed environmental pollution. It leads to the depletion of the ozone
layer, global warming, ecological imbalance, and climate change. Pollution is a spatial phenomenon,
which increases due to the increase in anthropogenic activities such as industrialization, urbanization
and usage of modern devices. The indiscriminate discharge of untreated industrial and domestic wastes
into the waterways, the emission of thousands of tons of particles and airborne gases into the
atmosphere, disposal of solid wastes, and wholesale destruction of forests have resulted in major
environmental disasters and causes imbalance in the ecological systems. An ecological system having
good ecological integrity can ensure a healthy ecological system which may protect the system from

severe pollution.

3.4. Sensitivity of organism

A natural landscape of terrestrial or wetland contains both flora and fauna that are interrelated with each
other and also with their physical environment. Habitat patches that lose structural and functional
connectivity due to fragmentation eventually decrease the capability to support flora and fauna and
consequently transformed into unsuitable habitats. As a result, many species become extinct in a
regional setting (Bailey 2007; Nell 2008) and eventually, inhabitants of that particular ecoregion have
become sensitive to the changing environment. Fragmentation acts as filter which is permeable to
fragmentation-tolerant species and forcing to move out of fragmentation-sensitive species (Fahrig 2003;
Henry et al. 2007). Many biotic components of ecosystem demonstrate sensitivity due to changes in
micro and macro environment of their habitats (Bailey et al. 2002). Consequently, a group of species
have become sensitive to the changing environment and the extinction rate of that particular region
becomes alarming. Such ecosystem is then termed as an environmentally sensitive area, which rapidly

lose its healthy ecological state as well as integrity to support biological diversity.

3.5. Vulnerability

Fragmentation, decreasing landscape connectivity and escalating sensitivity of a said ecosystem initiate
vulnerability for its inhabitants. Vulnerability is the degree of sensitivity which relates the ecosystem
services to global changes, and also the degree to which the sectors such as, agriculture, forestry, water
management, energy, and nature conservation relying on ecosystem services is unable to adapt to the
changes (IPCC 2001). Through the continuous disturbances and pressures, a set of organisms as well
as their ecosystem become vulnerable to sustain their amiable environment and natural health.
Anthropogenic disturbances such as rigorous land use change makes the species and their habitats
vulnerable, which is documented in several research works (e.g., White et al. 1999; Bartlett et al. 2000;
Jackson et al. 2004; Metzger et al. 2006).

3.6. Alteration and destruction

The extreme effect of so called development and self-centered anthropogenic activities causes habitat

alteration. It imposes changes in the environment which adversely affect ecosystem functions either for
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a certain duration or for a longer time (Dodd and Smith 2003). This so called urbanization and other
anthropogenic disturbances alter wetlands and forested lands. In many cases, unsustainable land use
practices and lack of clear policy for the land use make the destruction faster; and it is happening in both
developed and developing landscapes (Polyakov et al. 2008; Andersson et al. 2011). In the recent time,
rapid transformation of natural landscapes into the anthropogenic landscapes of many of the regions

particularly in the tropical regions have become a pressing issue.

4. APPROACHES FOR COMBATING THE CHALLENGES

Integrity in the ecological system has diverse meaning such as, ecosystem health, biodiversity,
sustainability, stability, naturalness, wilderness and beauty. These terms simply encompass physical,
chemical, and biological integrity (Barbour et al. 2000; Andreasen et al. 2001) (Figure 2). An integrated
ecosystem can overcome the usual challenges that may come from natural catastrophes or
anthropogenic activities. Ecosystem with high integrity, by nature, is relatively resistant to environmental
changes and stresses, and should be able to recover their original conditions or naturalness after a
perturbation (Andreasen et al. 2001). Although, the concept of ecological integrity still needs to resolve
some questions over the last two decades (Botkin 1990; Soule and Lease 1995; O’Neill 2001), this
approach is a useful way to maintain the health of ecosystem in the broad spatial scale like regional.
Therefore, it approach can be a comprehensive and useful means for ecosystem managers and
decision makers (Barbour et al. 2000; Andreasen et al. 2001; Ortega et al. 2004).
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Figure 2: Typical feature of components of ecological integrity. Biodiversity and Beauty represents
stability, sustainability, naturalness and wilderness, on the other hand Ecosystem Health depends on the
natural flow and processes of physical, chemical and biological components of the ecosystem. External
pressure hampers ecological integrity and that reflects through decreased ecosystem health, biodiversity
and beauty. (modified from Reza and Abdullah 2011)
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4.1. How to measure ecological integrity?

Ecosystem is a complex combination of structural, compositional and functional attributes (Noss 1990;
Reza and Abdullah 2011). It perhaps unattainable to measure everything of potential components in an
ecosystem since, for example, no two species exist in the same niche and no single species should be
expected to represent the condition of an entire ecosystem (Cairns and Van der Shalie 1980). Ecological
integrity measured by the indictors that represent the components of structural, compositional, and
functional processes of an ecosystem (Karr 1981; Noss 1999; Carignan and Villard 2002). An index of
ecological integrity be able to provide a general feature of ecosystem health which can be understood
easily like an indicator of inflation or the sugar level in blood (Andreasen et al. 2001). On the other hand,
it is stil a common problem with many of the scientific assessments to make the outcome
understandable to the general public. Therefore, an index can make the feature clear to the wide range
of peoples from general public to the stakeholders of the different sections of sustainable management.
In this context, many researchers integrate information investigating as many as possible indicators of a
particular ecosystem and tried to develop a simple and understandable composite index of ecological
integrity (e.g. Karr 1993; Karr and Chu 1999; Andreasen et al. 2001; Carignan and Villard 2002).

4.2. Characteristics of an effective index of ecological integrity (IEI)

An effective index of ecological integrity for regional scale must represent all the ecosystems present in
that area. The index will be a set of multi-indices which will represent as many as possible ecological
and societal components of a region. Organisms as well as their habitats, succession states, and
environmental consequences must be considered while selecting of potential indicators for the index.
Carignan and Villard (2002) suggested that selection of indicators can be useful if: (i) many species
representing various taxa and indicating the life histories in the monitoring program are selected, (ii)
selection is primarily based on a sound quantitative database from the focal region, and (iii) caution can
be applied when interpreting their population trends (succession/population dynamics) to distinguish
actual signals from variations. Furthermore, Grumbine (1994) highlighted on maintaining evolutionary
and ecological processes, manage landscapes and species to be responsive to both short and long-
term environmental changes. Considering all the suggestions and studies, selection of representing
indicators must relate histories of organisms, evolution, population dynamics, importance on existence
(e.g. endangered, endemism), and fitness to the environmental changes. More than one ‘metrics’
(values derived from specific measures, e.g., basal area, species diversity, and stand structural class)
can be considered for the same indicator to meet the requirement (Faber-Langendoen et al. 2006).
Considering these principles, Andreasen et al. (2001) outlined six characteristics that should have for an
effective index of ecological integrity for a terrestrial ecosystem. Later Reza and Abdullah (2011)
proposed some new and modified characteristics for an effective index of ecological integrity that might
suit with regional level. According to them, the index must be multi-scaled; must concern the wide
variety of indicators for it to be effective. Therefore, selection of appropriate indicators is vital. It requires
also to integrate historic and ecological successional attributes of the region that is considered. Histories

of both landscape structure and compositions are equally important and thus the following categories

40



International Journal of Ecology & Development

should be considered for developing an index of ecological integrity for a broad spatial scale. The
suggested categories are, i) natural history of organisms, ii) history of successional attributes and
evolution, iii) conservation importance (e.g. endangered, endemic, threatened), and iv) adaptations for

environmental changes.

An index of ecological integrity will be effective if it is simple and understandable by public, decision
makers and stakeholders of different hierarchies (Andreasen et al. 2001). This is because; general
public and management personnel will be involved in the field level. Effective awareness programmes
are essential to make the people be aware of the importance of an index of ecological integrity for
conservation of natural resources. Therefore, the index must be simple and understandable to the
people involved in the approach. Particularly this effort is needed for a regional scale because the
approach required a long-lasting period and mass involvement is important for the evaluation and
implementation of the process. For the effectiveness of such effort, the index must address endpoints
and values that society emphasizes to for example, spiritual, cultural, religious, and esthetic values
which would make the index to be relevant and helpful. Other important issues such as environmental
quality and function (water quality, air quality, flood mitigation, waste treatment), recreational values, and
commercial values (potentialities of fisheries, timber, tourism and related business) are also to be
included (Andreasen et al. 2001). As a consequence, everybody will understand and realize that the

approach is helpful for them in both short and long lasting facilities and services.

4.3. How can the index be developed?

With the advent of modern techniques such as GIS and remote sensing, it has become easier to
examine spatial and temporal attributes for the development of an evaluation criteria of ecological
integrity. Selection of metrics and indicators that based on remotely sensed data in order to develop an
index for the broad spatial scale are suggested (Andreasen et al. 2001; Reza and Abdullah 2011). Both
structural and functional components of ecosystems can be accommodated with the suit of metrics. As it
is reviewed that different types of factors related to the spatial processes like fragmentation, ecosystem
sensitivity, land degradation, environmental pollution, vulnerabilities and landscape connectivity are
impacting on ecological systems abruptly that reduce the capacity of the ecosystem to support flora and
fauna must be accounted. Moreover, policy relevant issues like conservation planning, natural resource
management, protected areas management are also directly related to the sustainable management
paradigm. Hence, this study suggests selection of a set of metrics related to the structural,

compositional and functional attributes of the above mentioned components is necessary.

A group of experts will have to work together to select the candidate metrics and then those can apply in
the ecological integrity measuring approach. Selection of indicators are widely discussed in many
literatures, and many of them are suitable for the site scale (Karr and Chu 1999; Hughes et al. 2002;
DeKeyser et al. 2003; Angermeier and Davideanu 2004; Ortega et al. 2004; Solimini et al. 2008).
However, environmental and ecological indicators (also called ecological endpoints by EPA) are
measurable characteristics, which are related to the structural, compositional, or functional aspects of

ecological systems of a broad scale like landscape, regional, and continental. Table 1 is documenting a
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set of indicators which may be associated with each category or subcategory. Consideration of

maximum of these indicators can assure a successful multi-metric index for the ecological integrity.

However, in many cases, form of indicators may vary for different regions and climatic zones. It can be

proposed that the indicators based on the remotely sensed data are highly capable to address most of

these characteristics. However, in many other cases, a number of field study based biological data can

also be adjusted with the multi-metric index.

Table 1: Summary of major categories and subcategories of ecological indicators developed by EPA
(modified from Young and Sanzone 2002).

Categories of Ecological

Integrity

Sub-categories

Useful Tools

Landscape Condition

Biotic Condition

Chemical and Physical
Characteristics

Ecological Processes

Hydrology and
Geomorphology

« Extent of Ecological System/Habitat Types

e Landscape Composition

e Landscape Pattern and Structure

o Ecosystems and Communities

- Community Composition
- Trophic Structure

- Community Dynamics

- Physical Structure

* Species and Populations
- Genetic Diversity

- Population Structure

- Population Dynamics

- Habitat Suitability

e Organism Condition

- Physiological Status

- Symptoms of Disease or Trauma

- Signs of disease

¢ Air Quality and Climate
« Soil Quality

* Water Quality

« Nutrient Concentrations
- Nitrogen

- Phosphorus

- Other Nutrients

e Trace Inorganic and Organic Chemicals

* Energy Flow

- Primary Production

- Net Ecosystem Production
- Growth Efficiency

o Material Flow

- Organic Carbon Cycling

- Nitrogen and Phosphorus Cycling

- Other Nutrient Cycling

» Surface and Groundwater flows

- Pattern of Surface Flows
- Hydrodynamics

- Pattern of Groundwater Flows

- Salinity Patterns
- Water Storage

e Dynamic Structural Characteristics

- Channel/Shoreline; Morphology, Complexity
- Extent/Distribution of Connected Floodplain
- Aquatic Physical Habitat Complexity

* Sediment and Material Transport

- Sediment Supply/Movement
- Other Material Flux

Natural Disturbance Regimes e Frequency

e Intensity
o Extent
e Duration

RS, GIS, LE

RS, GIS, GS, ExA

RS, GIS, ExA

RS, GIS, GS, ExA

RS, GIS, GS, ExA

RS, GIS, GS

[RS= Remote sensing, GIS= Geographic Information System, GS= Ground Survey, ExA= Exclusive Analysis through field study]
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After a successful selection process and testing of a set of suitable indicators and metrics, a data set
could be developed. Finally, an index could be developed combining the endpoints from all the metrics,
and that will be a unit value. It can be within the short range of number, i.e., 1-5, indicating from bad to
excellent or vice-versa which may depend on the expert judgment (Reza et al. 2013). This value will
represent the integrity of the entire ecosystem. The metrics can be weighted or scored through valid
statistical and arithmetic procedures and models that have been followed in many previous works (see
Karr et al. 1986; Andreasen et al. 2001; Ortega et al. 2004; Reza et al, 2013).

5. CONCLUSION

Currently, concerns are emphasizing on the importance of a comprehensive index of ecological integrity
which can measure the dynamics and ecological integrity in the broad spatial scale for sustainable
management (Borja et al. 2009). However, still there are debates and complications to establish a valid
and comprehensive approach for an index for the ecological integrity at regional level (Simon 1999; Karr
and Chu 1999; Andreasen et al. 2001; Timko and Innes 2009). On the whole, problems are greater in
understanding the concept and usefulness of a combined index for sustainable management of valuable
ecosystems. It is of prime importance to understand the ecosystem compositions from region to region

and nation to nation. It also necessitates having an ecological index at regional level.

There poses a great challenge for developing an effective index for ecological integrity where it is crucial
to convince decision makers and stakeholders of different hierarchies (Fongwa 2012). For this reason,
such an index can be considered to be wide-ranging and problem solving in the landscape to regional
level (Andreasen et al. 2001; Borja et al. 2009). In practice, the task is difficult, but very important for
safeguarding natural ecosystems which have been degrading at a faster rate. Moreover, it is required to
consider the degree of destruction (Mbile et al. 2013). The concept and indices came to the endpoint
through implementation for water resource management in many part of the world, from United States to
Australia (Moog and Chovance 2000; Barbour et al. 2000). Although a few efforts outlined for a
composite index combining wetland and terrestrial landscapes but still those have limitations to combine
both the ecosystems at the broad spatial scale. This study is approaching for an index of ecological
integrity at wide spatial scale, which can be an useful tool for sustainable management decision process.
It can be anticipated that this approach will be able to provide a guideline to researchers and managers
for measuring, monitoring, and planning ecosystem health in the landscape to regional context. As the
proposed approach is designed for it to be flexible, simple and comprehensive, it may able to meet the
expectation and may provide satisfactory outcomes. This effort must need to incorporate general people
and community in order to develop an effective approach for reaching the conservation and restoration
goal for safeguarding biodiversity and natural resources (Torri and Herrmann 2012). At the same time,
none can ensure the absolute success of the index which exclusively depends on understanding while

ecosystem attributes are quite complicated.

Our earth is passing a very crucial time when loss of biodiversity components, extinction rate,
degradation of forests and natural resources, and climate change issues are much critical than any other

time of world’s history (Pimm et al. 1995). We all are univocal to conserve our natural resources from
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degradation (Carignan and Villard 2002), however, an integrated and comprehensive way to reach the
goal is yet far reachable. This approach emphasizes on a large scale conservation strategy rather than
concentrate on site-specific approach. Yet, large scale conservation strategy is cost effective, less
challenging, and important for conservation point of view (Noss 1987). Therefore, this approach might
be considered to apply as the Index of Ecological Integrity for conservation and sustainable
management of regional ecosystems. It is expecting that proposed index may able to contribute in order
to have a useful guideline to implement the framework for achieving the common goal of sustainable

management of natural resources.
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