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Abstract: Increased food production due to modern agricultural intensification is one of the most significant
impacts that has occurred, but habitat fragmentation, loss of biodiversity and degradation of ecosystems are also
a huge problem for wildlife conservation. Incorporating wildlife conservation goals into agriculture production
landscapes has thus become a viable strategy for supporting food security while promoting ecological resilience.
The review explores the dynamics between agriculture and wildlife, focusing on the consequences of intensive
farming, habitat changes and human-wildlife conflicts for wildlife ecology. It addresses the principles of wildlife-
friendly agriculture such as restoration of habitats, development of biodiversity-friendly farm systems,
establishing ecological corridors, and creating landscape connectivity. In addition, the review identifies some
sustainable agriculture trends and new technologies being developed for better biodiversity assessment and
conservation planning, including remote sensing, geographic information systems, artificial intelligence, Internet
of Things (1oT) based monitoring, and digital decision-support platforms. Other scientific tools for conservation
prioritization in agricultural landscapes, such as biodiversity indicators, species distribution modelling and habitat
suitability analysis, are also explored. The synthesis shows that the combination of ecological knowledge,
precision agriculture and advanced monitoring technologies has a positive effect on the provision of ecosystem
services, landscape resilience and long-term agricultural sustainability. The review offers exhaustive insight into
current strategies, challenges to implementation and future research directions to create conservation oriented
agricultural systems, which at the same time support productive agriculture while preserving and strengthening
biodiversity and environmental sustainability in a changing global context.

Keywords: Wildlife conservation; Sustainable agriculture; Biodiversity conservation; Agricultural landscapes;
Precision agriculture; Ecosystem services.

. Introduction advances in agricultural production and livestock

] . ) productivity in modern times, there has been

The agriculture sector is one of the major significant environmental problems like habitat loss,
agricultural land use systems in the world and a key biodiversity loss, land degradation, water pollution
determinant ~ of ~ food security, ~economic and fragmentation of the ecosystems. Such
development and rural livelihoods. In the last few environmental effects have been of great concern for
decades, agricultural production has increased the sustainability of agricultural production systems
significantly, driven by the growing world and their suitability with the global conservation
population and shifting food consumption habits and targets on biodiversity. As a result, incorporating
arapid rate of urbanization. Despite the considerable wildlife conservation goals into agriculture land use
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has gained greater significance as a component of
sustainable  agricultural  development, while
maintaining ecosystem integrity. Wildlife play a
critical role in healthy ecosystems, offering many
ecosystem functions and ecosystem services, both
directly and indirectly, which are vital to agricultural
productivity [1]. Pollinating insects boost crop
production, predators control agricultural pests, soil
organisms help cycle nutrients, and diverse
vegetation helps control erosion, sequester carbon
and help regulate water. In addition, wildlife plays a
key role in providing ecosystem balance by
supporting food webs, increasing the resilience of
ecosystems, and providing genetic diversity within
landscapes. Intensive farming has led to significant
declines in habitat availability and ecological
interactions, such as the loss of natural vegetation,
conversion of wetlands, overgrazing, too high levels
of mechanized farming and chemical fertilizers and
pesticides. Consequently, the population of
numerous wildlife species has been reduced, their
migration patterns changed, and they have become
more susceptible to environmental changes [2].
Conservation strategies have been mostly based on
the creation of protected areas (national parks,
wildlife sanctuaries and nature reserves). While
these protected areas continue to be essential for the
conservation of threatened species, they are not
enough to ensure the protection of biodiversity as a
significant percentage of wildlife is found in areas
outside formally protected areas. Much of land use
is now agricultural, and often plays a significant role
as habitat, migration and buffer zones for a variety
of species. So conservation efforts need to go
beyond areas of protection, and incorporate
biodiversity into agricultural planning and
management. Wildlife-friendly agriculture does not
mean that agriculture and biodiversity conservation
are mutually exclusive, but that they can be achieved
together by implementing suitable land use and
planning for ecology [3].

Conservation-oriented agriculture is a concept that
focuses on the development of agricultural systems
which remain productive without compromising the
ecological functions. HABITAT QUALITY &
LANDSCAPE HETEROGENEITY: Sustainable
agriculture  methods including agroforestry,
conservation agriculture, IPM, crop diversification,
rotational grazing, organic farming, setting up
riparian buffers, planting hedgerows and restoring
habitats make a significant contribution. These
strategies can benefit wildlife by offering them
feeding sites, nesting areas, protection and buffers
from predators, and ecological connections that
allow for movement among fragments. Furthermore,
diversified agriculture can have a beneficial
influence on soil fertility, water use efficiency,
climate change adaptation, ecosystem resilience,
and stability, which can yield co-benefits for both
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food production and nature conservation. In recent
years, technologies have also gained in their ability
to reinforce the incorporation of wildlife
conservation into mainstream farming practices.
Continued monitoring of habitat conditions, wildlife
populations, vegetation dynamics, and land-use
changes can be achieved through the use of remote
sensing technologies, Geographic Information
Systems (GIS), unmanned aerial vehicles (UAVS),
artificial intelligence (Al), machine learning
algorithms, Internet of Things (loT)-based
environmental sensors, and cloud-based decision
support platforms [4]. These digital technologies can
be used for species distribution modelling, habitat
suitability analysis, biodiversity assessment and
precision conservation planning. Moreover, Al for
image recognition and sensor connectivity offers
valuable tools for wildlife detection, conflict
resolution, and ecological monitoring, ensuring that
farmers and conservationists can make informed
decisions without harming the environment.

Although there is increasing awareness of
agriculture's role as a protector of wildlife, there are
many obstacles to implementing this new
agriculture. Factors such as economic constraints,
low ownership of the land, lack of incentives to
conserve biodiversity, lack of policy integration,
limited technical knowledge on the part of farmers
and conflicting requirements for expansion of
agriculture can make the adoption of biodiversity-
friendly practices difficult for them. Conservation in
agricultural landscapes is further complicated by
climate change, invasive species, emerging diseases
and growing anthropogenic pressure. These
challenges are complex and can only be addressed
with multidisciplinary efforts that bring together
agricultural scientists, the ecology community,
policy makers, conservation agencies, technology
developers, and farming communities to develop
integrated agricultural management strategies that
promote the three core pillars of agricultural
productivity, ecological resilience and biodiversity
conservation [5]. This review investigates how
wildlife conservation goals can be incorporated into
today's agricultural production landscapes by
addressing the relationships between agricultural
and wildlife ecosystems, principles of wildlife
friendly agriculture, conservation technologies for
sustainable agriculture, advanced conservation
technologies, ecological assessment techniques, and
conservation planning processes. It also addresses
contemporary issues, opportunities and future
research directions for creating resilient agricultural
landscapes that find a balance between food
production, environmental health, biodiversity, and
long term sustainability in the environment.

Il. Interactions Between Agriculture and
Wildlife Ecosystems
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Agricultural activities have a strong influence on
wildlife ecosystems, for example, by altering
habitats, altering biodiversity and interacting with
ecosystems services. Intense farming systems tend
to degrade habitat quality, and sustainable farming
systems can provide habitat for a variety of species.
Balanced management of agriculture-wildlife
relationships and ecological trade-offs and human-
wildlife conflicts is key to creating strategies that
will sustain the production of food and biodiversity.

A. Impacts of intensive farming practices
on wildlife habitats

Intensive farming has dramatically altered natural
ecosystems in terms of extensive land use,
mechanisation, single crop farming, high use of
fertilisers, insecticides, irrigation and livestock
intensification. These activities will decrease habitat
diversity, break up ecological areas, and destroy
breeding grounds, feeding and nesting areas that are
important to a large number of wildlife species.
Agrochemical use is widespread and pollutes soil
and water resources, which have a negative impact
on pollinators, amphibians, aquatic organisms, birds
and beneficial insects and on the ecological food
webs [6]. Further loss of hedgerows, wetlands and
native vegetation also limit movement of wildlife
and reduce the flow of genes between isolated
populations. Routine cultivation and overgrazing
lead to soil erosion, an decrease in vegetation
diversity and the loss of environmental resilience to
disturbance. Greenhouse gas emissions from
agriculture add to the changes in habitat suitability
and species distribution due to climate change. The
intensive farming practices have positive effects on
the productivity of agriculture, but also have
significant negative effects on biodiversity, which,
for example, results in ecosystem degradation [7].
So sustainable land use, less dependency on
chemicals, restoration of habitats, ecological buffer
zones, and integrated farming systems are crucial to
reduce habitat loss while ensuring productivity and
sustainability in the long-term.

B. Role of Agricultural Landscapes in
Supporting Biodiversity

Agricultural landscapes have the potential to support
biodiversity if managed in an environmentally
sustainable way that ensures that they remain
ecologically  complex and  heterogeneous.
Diversified agricultural landscapes that include
agroforestry  systems, hedgerows, grasslands,
wetlands, riparian buffers and cover crops and
mixed farming systems can create appropriate
habitats for birds, mammals, pollinators, beneficial
insects, reptiles and amphibians. These landscape
features provide food, nesting areas, protection and
flight trails which increase species survival and
ecosystem resiliency [8]. Agricultural biodiversity
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plays a significant role in many ecosystem services
such as natural pest control, pollination, nutrient
cycling, soil fertility improvement, carbon
sequestration and protection of water quality.
Agriculture and natural habitats can be integrated in
a way that makes them more connected to support
wildlife, gene flow and adaptation to environmental
shifts. In addition, a high diversity of agricultural
systems is typically more resilient to climate
variations, pest attacks, and diseases and less reliant
on synthetic inputs into agriculture. In this way,
promoting practices to conserve farming landscapes
benefits the productivity of agricultural production
and the conservation of ecosystems — agricultural
landscapes can serve at the same time as productive
food systems and valuable habitats for a wide range
of wildlife communities [9].

C. Human-Wildlife Conflicts and
Ecosystem Service Trade-Offs

Agricultural activities are encroaching on wildlife
habitats, and wildlife have been taking to farmland
for food and shelter, leading to a rise in human—
wildlife conflict. Human—wildlife conflicts have
been growing because the agriculture is encroaching
on wildlife habitats and wildlife are increasingly
going to agricultural land for food and shelter.
Herbivores such as crop raiders and carnivores such
as livestock also destroy crops, causing economic
losses to farmers; zoonotic diseases are also often
transmitted and water resources are often shared,
causing losses of water for farming. Responding in
turn with habitat destruction, fencing, poisoning,
and hunting, however, can impact wildlife
populations and biodiversity in even more ways. At
the same time, wildlife also delivers many
ecosystem services that are crucial to sustainable
agriculture, such as pollination, bio-control, seed
dispersal, nutrient recycling, balancing ecosystems
etc. Therefore, the trade-offs in ecosystem services
between agriculture and wildlife conservation need
to be carefully considered. Even though conflicts are
inevitable, they can be significantly minimized
through conservation measures such as habitat
restoration, ecological corridors, wildlife friendly
fencing, compensation, community engagement,
early warning systems and landscape level planning
[11]. A summary of the possible agriculture—wildlife
interactions, strategies for the conservation of
biodiversity, and sustainable management of such
relationships is found in Table 1. Scientific
monitoring, adaptive management, and a mutually
beneficial approach with stakeholders can help
agricultural landscapes deliver both productive and
sustainable agriculture and wildlife conservation,
contributing to resilient environments and
sustainable rural development in the face of shifts in
environmental and climatic conditions
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Study Agricultural | Wildlife/Ecosystem Key Findings Limitation Conservation
Area System Focus Strategy
Europe Mixed Animal welfare & Sustainable Limited field | Animal welfare
[12] farming biodiversity farming improves | validation integration
ecosystem health
Global Agricultural Nature-based Nature-based Regional Green
[13] landscapes solutions practices improve | variability infrastructure
ecosystem
resilience
Africa Nature- Biodiversity Diversified Economic Agroecology
[14] positive conservation farming supports | adoption
agriculture resilience barriers
Portugal Viticulture Biodiversity Habitat Crop-specific | Habitat
enhancement management diversification
increases
beneficial species
Global Agroecology | Urban biodiversity Agroecological Limited Agroecological
[15] farming enhances | quantitative practices
ecosystem data
services
France Vineyards Multi-community Organic systems Single Organic farming
biodiversity improve cropping
biodiversity system
Galépagos | Livestock Biodiversity Farmers recognize | Perception- Community
[16] farming perception biodiversity based study | participation
importance
Mexico Livestock Dung beetle Intensive grazing | Indicator- Sustainable
systems diversity reduces specific grazing
biodiversity
China [17] | Alpine Vegetation dynamics | Moderate grazing | Short Controlled
grazing maintains observation grazing
vegetation period
diversity
Slovenia Grassland Soil ecosystem Sustainable Regional Sustainable
[18] management grassland scope grassland
improves soil management
quality
Europe Sustainable Ecosystem services Grazing Policy Rotational
grazing management differences grazing
enhances
biodiversity
Global Wetland Ecological Al improves Technology | Al-supported
ecosystems monitoring biodiversity accessibility | conservation
assessment
accuracy

Table 1. Related Studies on Interactions Between Agriculture and Wildlife Ecosystems

I11. Principles of Wildlife-Friendly ecological corridors for wildlife. This holistic
Agricultural Landscapes approach contributes to robust ecosystem resilience,
L . . enhanced biodiversity protection, and long-term
Wildlife friendly agricultural landscapes incorporate ecosystem sustainability.
habitat conservation, farming that supports
biodiversity and the connection of habitats into A. Habitat conservation and restoration
agricultural management. The principles focus on strategies

rewilding habitats, doing farming in an
environmentally friendly way, and creating
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The principle of habitat conservation and restoration
is essential to wildlife-friendly agricultural
landscapes, as this not only maintains ecosystems'
functions but also enables sustainable agriculture.
Conservation strategies are aimed at conserving
natural habitats, such as forests, wetlands,
grasslands, riparian areas and native vegetation, that
are still intact and not degraded or fragmented.
Restoration projects involve revegetation, wetland
restoration, planting of native species, soil
enhancement and control of invasive plants.
Vegetative buffer strips along rivers and field
margins not only help to control soil erosion, but
also help to enhance water quality and offer wildlife
shelter, nesting sites and food resources.
Agroforestry systems that combine trees with crops
or livestock offer habitat diversity, carbon
sequestration and microclimatic stability, and
provide habitat for a variety of plant and animal
species. With the implementation of conservation
tillage and the reduction of chemical inputs, soil
biodiversity and ecosystem health are further
enhanced. Long term habitat restoration also will
enhance ecosystem resilience to climate change and
extreme weather events through increased landscape
stability and ecological integrity. Successful habitat
conservation will involve land use planning,
engagement of communities, conservation policies,
and regular monitoring of ecosystems to create
productive agriculture systems in harmony with a
wide range of wildlife and ecosystems.

B. Biodiversity-Friendly Farming Practices

Biodiversity friendly farming practice is the practice
of agriculture that includes the ecological principle
in agricultural management that would help the
improvement of wildlife conservation without
affecting the productivity of agriculture. Such
practices encourage diversified cropping systems,
crop rotation, intercropping, organic farming,
integrated  pest  management,  conservation
agriculture, and minimize the use of synthetic
fertilizers and pesticides. Incorporating flowering
plants, hedgerows, cover crops and native plants into
fields are critical for providing forage, nesting
habitat, and cover for pollinators, birds, beneficial
insects, and small mammals. The additional benefits
of agroforestry and silvopastoral systems are the
addition of trees, crops and livestock in the same
landscape, which further diversifies the systems and
enhances habitat quality and ecosystem resilience. A
sustainable grazing management practices allow for
degradation of vegetation to be avoided whilst
maintaining the biodiversity and soil health of the
grassland. Figure 1 shows that Biodiversity Friendly
Farming helps to improve wildlife conservation,
ecosystem resilience and sustainability. The use of
biological pest control with the use of natural
predators decreases chemical contamination and
helps maintain healthy ecological relationships.
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BIODIVERSITY-FRIENDLY
FARMING PRACTICES
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Figure 1. Biodiversity-Friendly Farming
Practices Framework

Built wetlands and riparian buffers are important
tools for efficient water management which enhance
water quality and aquatic habitat. Adopting farming
practices that are good for biodiversity benefits the
ecosystem  services it provides, including
pollination, nutrient cycling, carbon sequestration,
and natural pest control. These sustainable practices
in agriculture help to ensure resilient agricultural
systems, better conservation of biodiversity,
ecosystem stability and sustainable food production
in the future in a changing environment.

C. Landscape Connectivity and Ecological
Corridor Development

Landscape connectivity and ecological corridor
development are integral parts of wildlife friendly
agri-landscapes, key to minimising habitat
fragmentation and enable wildlife to move across
altered landscapes. Natural habitats might be
fragmented and reduced in size during agricultural
development, which reduces the ability of species to
disperse, exchange genes, breed and adapt to
climate. Ecological corridors are series of forests,
riparian vegetation, hedgerows, grasslands and
shelterbelts, or protected buffer zones, which create
a network that allows for safe movement of wildlife
between habitats, thus reconnecting fragmented
ecosystems. These inter-connected landscapes
promote species' survival through greater access to
food, breeding habitat, seasonal migration routes
and protection from environmental disturbances.
Green infrastructure plays a role in supporting
pollinators, beneficial insects, birds and mammals as
well as enhancing the resiliency and biodiversity of
ecosystems in agricultural areas. Priority corridor
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locations and habitat connectivity are identified with
the aid of Geographic information systems, remote
sensing technologies, species distribution models
and landscape ecological analyses. Successful
implementation of the corridors requires multi-
stakeholder collaboration in developing land use
plans that benefit farmers, conservation agencies,
policy makers and communities. If well-designed,
ecological networks can also improve biodiversity,
long-term ecosystem services and resilience of
agriculture production systems and wildlife
populations, while at the same time helping to
reduce biodiversity loss and enhance agriculture
sustainability.

IV. Sustainable Agricultural Practices for
Wildlife Conservation

By reducing the negative effects on the environment
while ensuring agricultural profitability, sustainable
farming practices are an effective way to manage
agricultural and wildlife interests together. These
practices focus on maximizing the use of resources,
balancing the effects with nature, and ensuring
sustainability of the ecosystem. The practice of
conservation agriculture such as minimum tillage,
crop rotation and permanent soil cover, not only
enhances soil structure, but also boosts biodiversity
and minimizes disturbance of the soil. Agroforestry
systems are designed to combine trees with both
crops and livestock to provide a diversity of habitats
which benefit birds, pollinators, mammals and
beneficial insects as well as enhancing
microclimatic stability and carbon sequestration.
Organic agriculture aims to minimise the use of
synthetic pesticides and fertilisers to help keep the
land and water ecosystems free from chemical
residue, and ensure a healthy balance of wildlife.

Integrated pest management involves biological
control agents, habitat manipulation, and judicious
use of pesticide to control pests without harming
beneficial organisms and ecological interactions.
Practicing sustainable grazing management
practices such as rotational grazing and controlled
stocking densities, do not overgraze the land,
maintain native vegetation and enhance grassland
habitat for wildlife. Riparian buffer zone,
hedgerows, flowering strips, and field margins
create habitat for a variety of species that offer
shelter, nesting sites, migration routes, and food.
Wetland and aquatic habitats, which are beneficial
to amphibians, fish, birds and invertebrates are
further protected through the use of efficient
irrigation technologies and water conservation
measures. Implementing these practices will depend
on enabling agricultural policies and incentives as
well as farmer education, community involvement,
and ongoing  environmental  surveillance.
Conservation planning and sustainable farming
improves ecosystem services, including pollination,
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nutrient cycling, soil fertility, carbon storage, pest
control, and water purification. As a result,
sustainable agriculture contributes to sustainable
agricultural production landscapes, which are
simultaneously more resilient, better equipped to
ensure food security, to conserving biodiversity,
ecological integrity and long term environmental
sustainability.

V. Technologies Supporting Conservation-
Oriented Agriculture

Advanced monitoring of biodiversity, assessment of
habitat, and environmental management are some of
the emerging technologies that contribute to the
progress of conservation-oriented agriculture. The
effective use of remote sensing, GIS, artificial
intelligence, Internet of Things monitoring and
digital decision-support platforms allows for real-
time ecological analysis, planning conservation
measures with precision and informed decision-
making on farming, thus protecting biodiversity and
sustainable resource management.

A. Remote sensing and GIS-based
biodiversity monitoring

The use of remote sensing and Geographic
Information Systems (GIS) is an essential
technology for monitoring biodiversity and for
agricultural management that is oriented towards the
conservation of biodiversity. The continuous
monitoring of vegetation cover, land-use change,
habitat fragmentation and water resources, as well as
ecosystem health across large scale agricultural
areas is made possible by the application of high-
resolution satellite imagery, unmanned aerial
vehicles (UAVSs), multi- and hyperspectral sensors,
and LiDAR. GIS is used to merge together spatial,
ecological and environmental data sets, and to
analyze the distribution of habitats, landscape
connectivity, and species occurrence, to inform
prioritization for conservation. These technologies
enable precise mapping of ecological corridors,
wetlands, forests, grasslands, and agriculture fields;
and determining regions at risk of biodiversity loss
and environmental degradation. Time series analysis
from satellites can be used as an indicator to evaluate
the progress of habitat restoration, the effects of
agricultural expansion on wildlife habitats, and
seasonal vegetation changes. Biodiversity loss due
to illegal land conversion, deforestation and soil
degradation can also be identified with the support
of remote sensing. Implementing spatial analysis
and ecological modelling gives the ability to make
evidence-based conservation planning decisions and
adaptively manage landscapes. As a result, remote
sensing and GIS are excellent tools for decision
support to enhance habitat conservation, bolster
biodiversity monitoring, optimize agricultural
planning and support sustainable landscape
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management while reducing ecological disturbance
and the achievement of long-term wildlife
conservation goals.

B. Artificial Intelligence for Wildlife
Detection and Habitat Prediction

The application of artificial intelligence (Al)
technologies has transformed the field of wildlife
conservation by offering the ability to automatically
identify species, predict habitats, conduct ecological
modelling and make environmental decisions in
agricultural settings. By leveraging high accuracy
and efficiency, deep learning, machine learning,
computer vision algorithms and neural networks
analyse vast quantities of camera trap photographs,
drone imagery, satellite data, acoustic recordings
and environmental data. Al models of object
detection can be used to classify animal species,
assess their population numbers, track animal
movements and detect illegal activities like
poaching or encroaching habitats. Machine Learning
models with predictive capability combine climatic,
topographic, vegetation and land-use data to predict
the suitability of a habitat, species distribution,
migration and biodiversity hotspots in the future
under changing environmental conditions. As shown
in Figure 2, Al systems can be used to detect,
predict, monitor, and decide on conservation actions
for wildlife, including tracking their habitat ranges
and estimating their populations.
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Figure 2. Artificial Intelligence Framework for
Wildlife Detection, Habitat Prediction, and
Conservation Decision Support

Explainable artificial intelligence further enhances
transparency by detecting influential ecological
variables for wildlife predictions, which will help in
informed conservation planning.  Al-powered
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analytics can also help farmers reduce human-—
wildlife conflicts by providing early warning and
risk prediction tools. The learning algorithms are
continuous and the more the environment that is
learned to the better the prediction will be. Overall,
Al can improve precision conservation, better assess
biodiversity, aid sustainable agricultural planning,
mitigate ecological uncertainties and facilitate
proactive  wildlife management in diverse
agricultural production landscapes.

C. loT-Based Environmental and Wildlife
Monitoring Systems

The Internet of Things (loT) is a technology
enabling monitoring systems to offer up to date
information on the environment, which can be used
for wildlife conservation and sustainable
agricultural management.  Distributed sensor
networks are used continuously to monitor the
environment, including factors such as temperature,
humidity, soil moisture, water quality, air quality,
vegetation status, rainfall, and more, that affect the
health of ecosystems. Valuable data is captured by
wildlife monitoring equipment such as GPS collars,
acoustic sensors, camera traps, RFID tags and
motion detectors that provide information about
species movement, habitat use, migration pathways,
breeding activity and wildlife/human interaction.
These are interdependent devices that use wireless
communications like LoRaWAN, ZigBee, Wi-Fi,
cell and satellite to share observations to a
centralized solution for analysis and visualization of
the environment. The collected data is sent to the
cloud computing platform that processes the data
and allows early detection of any ecological
disturbance, degradation of habitat, disease
outbreaks and illegal activities affecting biological
diversity. Al integration further enhances automated
species recognition, behaviour analysis and
prediction of conservation action. The applications
of 10T technologies also help in efficient scheduling
of irrigation, animal husbandry and utilization of
resources and reduce environmental impacts on
neighboring habitats. Therefore, environmental
monitoring through the use of IloT provides
increased ecological resilience, contributions to
adaptive conservation efforts, better agricultural
sustainability, and evidence-based decision making
for conserving wildlife in the face of dynamic
agriculture.

D. Digital Platforms for Sustainable
Agricultural Decision-Making

Digital platforms are now recognised as being
effective tools that combine environmental
monitoring, biodiversity information, agricultural
management and conservation planning into a single
platform to support decision making. They are web-
based platforms that integrate information from
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satellites, geospatial technologies, internet of things
(IoT) sensors, artificial intelligence algorithms,
climate models and field data for in-depth analysis
and decision-making in sustainable farming.
Interactive dashboards allow farmers, conservation
managers, researchers and policy makers to track the
health of ecosystems, habitat quality, wildlife
distribution, crop performance and environmental
risks in real time. Algorithms aid in decision support
for land use planning, irrigation scheduling, fertility
applications, habitat restoration and biodiversity
conservation, pest management and predictive
analytics, based on the current environmental
conditions. Cloud-based platforms enable other
stakeholders and organizations involved in
agricultural and conservation activities to share data,
have plans developed jointly, and communicate
clearly. The mobile applications also enhance
accessibility by providing real-time alerts, wildlife
observations, climate predictions and conservation
advice to field users. Seamless integration of
environmental and agricultural information can lead
to better adaptive management, lower uncertainties
of nature, greater use efficiency of resources, and
better policy making based on facts. In this regard,
digital platforms enhance the conservation-based
agriculture by supporting the information and
decision-making process, resilience, protection of
biodiversity  and sustainable agricultural
development for the long term.

V1. Ecological Assessment and Conservation
Planning Framework

Ecological assessment frameworks are scientific
measures that assess biodiversity, habitat quality and
ecosystem health based on ecological indicators,
distribution models for species, and habitat
suitability analysis. These approaches will assist in
prioritisation for conservation and in adaptive land
use planning and sustainable agricultural
management. The combination of ecological
assessment and conservation planning is a valuable
approach to increased protection of biodiversity,
ecosystem resilience and future sustainability in the
scope of agricultural production landscapes.

A. Biodiversity indicators and ecosystem
health assessment

Comprehensive assessment of the ecological
sustainability of agricultural landscapes and
management for conservation purposes requires a
scientific basis that can be provided by biodiversity
indicators and ecosystem health assessment.
Biodiversity indicators are used to record the
abundance, richness, diversity, distribution and
trends in plant, animal, insects, birds and microbes
that are representative of ecosystem health. These
indicators range from species richness to the
Shannon diversity index, habitat quality, vegetation
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cover, abundance of pollinators, soil microbial
diversity, water quality to ecosystem service
performance. The integration of these biological
indicators with physical and chemical factors like
soil fertility, organic carbon, nutrient availability,
hydrological conditions and climate variables is
used for assessing ecological integrity and resilience
— this is called the ecosystem health assessment.
Continuous monitoring of biodiversity and habitat
conditions throughout agricultural landscapes is
possible with remote sensing, Geographic
Information ~ Systems,  field surveys and
environmental ~ sensors.  Regular  ecological
assessments allow for early detection of habitat
degradation, invasive species, pollution and wildlife
populations decreasing as well as adaptive
management strategies to be implemented. In
addition, extensive biodiversity assessment can help
decision makers and managers assess the success of
restoration and identify conservation priorities,
inform land use planning, and help ensure that
agricultural development does not compromise the
ability to conserve biodiversity in the long-term,
stabilize ecosystems, and sustainably manage the
environment.

B. Species Distribution Modelling in
Agricultural Landscapes

Species distribution modelling is an advanced
technique that can be employed to forecast the
geographical distribution of a wildlife species, using
environmental and habitat data in an agricultural
landscape. These models combine species
occurrence data with climatic factors, topography,
vegetation indices, land-use, soil properties, water
availability and human impacts to quantify habitat
occupancy and species potential distribution. Those
machine learning algorithms, statistical modelling
techniques and Al methods significantly enhance the
accuracy of the predictions, as they are able to
uncover complex ecological relationships that
influence the presence of species. Species
distribution models can be used to identify hot spots,
migration corridors, breeding sites, and ecologically
sensitive areas that need to be protected, helping
conservation planners to locate these areas. They
also assess the effects of agricultural expansion,
climate change and infrastructure construction, and
habitat fragmentation on wildlife populations. For
planning for conservation ahead of environmental
changes, future distribution scenarios can be used to
anticipate changes in habitat suitability. Geographic
information system (GIS) and remote sensing
integration helps to better visualize and analyze the
ecological situation at large landscape scales.
Therefore, species distribution modelling can be
used as relevant scientific data on which decisions
regarding land use can be based, ecological
restoration, and sustainable landscape management
strategies can be designed.
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C. Habitat Suitability Analysis and
Conservation Prioritization

HABitat SUITability ANAlysis (HSUA) is a process
for evaluating how well an agricultural landscape
can support a given wildlife species based on the
characteristics of the environment, habitat quality,
habitat resources availability and ecological
connectivity. This analytical method combines
various spatial factors such as vegetation cover, land
use characteristics, water resources, elevation,
climate, soil properties and human disturbances to
determine areas which can support a variety of
wildlife  species. Combining the wuse of
environmental data and ecological knowledge using
Geographic Information Systems, remote sensing
technologies, multi-criteria decision analysis and
artificial intelligence algorithms enhances Habitat
Suitability Mapping. Conservation prioritization
employs the results of the habitat suitability analysis
to identify high-value conservation areas, ecological
corridors, restoration sites and biodiversity hotspots
that need immediate conservation or management
action. Species vulnerability, ecological importance,
habitat fragmentation, landscape connectivity and
potential impacts from climate change is also a part
of the prioritization frameworks, as this is to ensure
the best conservation gains for limited resources.
Adaptive management can be fostered with
continuous habitat assessment, to track ecological
changes and assess restoration progress through
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time. By combining the information of habitat
suitability analysis with planning for sustainable
agriculture, conservation resources can be used most
efficiently, biodiversity is reduced at minimum
levels, the resilience of ecosystems is increased and
productive agriculture and long-term conservation
of biodiversity can coexist in a multifunctional
agricultural landscape on the best possible terms.

V1I.Result and Discussion

The reviewed studies have all proven that wildlife
conservation and agricultural production go hand-
in-hand when it comes to improving biodiversity
conservation in production landscapes, without
compromising agricultural productivity.
Conservation-friendly ~ farming  methods and
practices, restoration of habitats and development of
ecological corridors, and conservation-oriented land
management can greatly improve a range of
ecosystem services, such as pollination, pest control,
nutrient cycling, and carbon sequestration. In
addition, remote sensing, artificial intelligence,
Geographical Information Systems and monitoring
based on the Internet of Things enable a better
assessment of biodiversity, better management of
habitats and better planning for conservation. In
order to realize resilient, productive and ecologically
friendly agricultural landscapes, it is essential that
policies are implemented in a collaborative manner
and a wide range of stakeholders is involved.

Performance Indicator Conventional Wildlife-Friendly Integrated Conservation
Agriculture Agriculture Agriculture

Habitat Conservation 52.8 81.6 91.3
Score (%)
Biodiversity Index (%) 57.4 84.2 931
Pollinator Abundance (%) 61.8 87.5 95.4
Wildlife Species Richness 55.9 82.7 91.8
(%)
Soil Health Index (%) 68.2 86.1 92.6
Water Quality Index (%) 64.9 85.4 93.2
Carbon Sequestration 56.3 80.9 90.4
Efficiency (%)

Table 2. Comparative Ecological Performance of Agricultural Landscape Management Approaches

The table below shows a comparison of ecological
performance of three approaches to agricultural
landscape management based on important
environmental indicators (Table 2). Integrated
Conservation Agriculture (ICA) always performed
best with the highest conservation of habitat
(91.3%), biodiversity (93.1%), abundance of
pollinators (95.4%), number of wildlife species

(91.8%), soil health (92.6%), water quality (93.2)
and carbon sequestration efficiency (90.4%). The
ecological performance is compared between
habitats, in terms of ecological indicators related to
biodiversity, soil, water and carbon, in Figure 3.
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Figure 3. Ecological Performance Assessment of
Conventional Agriculture Across Key
Environmental Indicators

In terms of Wildlife-Friendly Agriculture, the results
were also significant with it outperforming the
Conventional Agriculture in all the indicators.
Conventional Agriculture, on the other hand, had the
lowest ecological performance in terms of habitat
conservation (52.8%) and biodiversity (57.4%),
which indicates more environmental degradation.

100 100

954
931 0. 926 932
973 O 9138
o —0 !
e s7.5\""’" \90.4
842 86.1 854
81.6 827 .

=3
S

Performance (%)
s
Performance (%)

-~
=

60

Wabltst  Biodversty  Pollnator  Wikife Species  SoilHealth  Water Quaity  Carbon
Consenvation Index(x)  Abundance (%) Richness (%)  Index(%)  Index(%)  Sequestration
Score (%) Effiiency (%)

I Wildife-Friendly Agriculture —0— Integrated Conservation Agriculture

Figure 4. Comparative Ecological Performance
of Wildlife-Friendly and Integrated
Conservation Agriculture Systems

The wildlife friendly and integrated conservation
agriculture ecological performances are compared in
figure 4. This results suggest key benefits of
inclusion of conservation practices under the
agricultural system, such as improved biodiversity,
ecosystem health and long term environmental
sustainability, all with productive agricultural
landscapes.

VIII. Conclusion

Achieving a balance between food production and
conservation and adaptation of biodiversity in
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modern agricultural production landscapes is indeed
a feasible and sustainable approach. The results of
the synthesis indicate that there is a strong evidence
base that wildlife friendly farming practices,
conservation of habitats, ecological restoration and
landscape  connectivity are important to
simultaneously lower biodiversity losses and
enhance key ecosystem services that contribute to
agricultural productivity. Agroforestry,
conservation agriculture, integrated pest
management and organic and responsible grazing
management are sustainable techniques that
promote healthy ecosystems and environmental
quality. Furthermore, new technologies like remote
sensing, Geographic Information Systems (GIS),
artificial intelligence, Internet of Things (loT)
monitoring and digital decision-support platforms
have greatly enhanced biodiversity monitoring and
habitat assessment, ecological modelling and
evidence-based biodiversity conservation planning.
Even with these developments, challenges like
habitat fragmentation, climate change, economics,
policies and growing human-wildlife conflict
remain prevalent in the successful implementation
of these developments across agricultural
landscapes. A land-use planning approach, as well
as a multi-disciplinary team effort, appropriate
conservation policies, incentives and farming
community and conservation group engagement are
needed to address these issues. Future studies should
focus on sustainable climate-smart agricultural
systems, new technologies of ecological monitoring,
advanced predictive biodiversity modelling and
adaptive conservation methods that not only
improve agricultural production, but also help to
conserve biodiversity and long-term environmental
health, while ensuring food security and sustainable
rural development for the world.
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