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Key Words  Abstract

Migratory Moving animals also play a critical role in the ecology and the preservation of biodiversity through
species, their interdependence within ecosystems. Nevertheless, patterns of habitat loss, global warming, and
Habitat human disturbances have disrupted migration pathways and diminished habitat quality, posing severe
suitability, threats to species survival. This work presents a habitat suitability modeling framework powered by
Artificial Al, designed to enhance the conservation of migratory species and to aid ecological restoration
intelligence, projects. The given strategy combines data on animal presence with crucial environmental factors,

Machine learning
models,

including climatic, land-use, vegetation cover, topographical, and human disturbance indicators.
Using machine learning algorithms, intricate associations between species distributions and ecological

Ecological conditions are captured, enabling more precise, spatially explicit predictions than traditional
restoration, approaches. The produced suitability maps identify key habitats, including breeding sites, stopover
Conservation areas, and migration routes, which are essential to the maintenance of migratory populations. The
planning, outcomes of model validation indicate strong predictive ability and reliability across a wide range of
Environmental environmental conditions. The results reveal the practical use of Al in animal and environmental
monitoring. studies, providing important information for conservation planning, ranking habitat restoration

priorities, and informing management decision-making. Altogether, the paper reveals the
opportunities Al-based applications offer to enhance the security of migratory species and support
ecologically sustainable shifts in the evolving environment.
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Introduction

Migratory species are essential parts of
natural ecosystems and play a role in maintaining
biodiversity, nutrient cycling, population
regulation, and ecological connectivity across
geographically separated

areas. Migratory

terrestrial, freshwater, and marine animals
connect ecosystems through seasonal movement,
thereby maintaining ecosystem resilience
through gene flow. Migration of birds, mammals,
fish, and insects can serve as key species or
indicators of the condition of the environments
they pass through. But the fast-changing

environment, habitat fragmentation, climate
change, and growing human activities have
disrupted traditional migration, and fewer
habitats are available. These disruptions have
resulted in declining populations and changes in
ecosystems, and it is essential to introduce
science-based conservation measures to meet
spatial  and habitat demands
(Manjunatha & Raveesha, 2025; Ullah et al.,

2025).

temporal

Proper conservation planning for migratory
species requires comprehensive knowledge of
habitat suitability during breeding, stopover, and
wintering periods. Conventional methods of
habitat assessment, while helpful, are often based
on small datasets and fixed assumptions that do
not reflect environmental complexity and
variability. Habitat suitability models offer a
systematic approach to examining species-
environment interactions and determining the
locations required for survival and movement.

These types of models aid decision-making by
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focusing on conservation areas, informing
ecological recovery, and evaluating potential
risks from land-use transformation and climate
stressors. Recent advances in environmental
surveillance and predictive analytics have
strengthened the role of habitat suitability
modeling in biodiversity conservation by
enabling more proactive, focused interventions
(Chisom et al, 2024; Lahoti, 2025;

Ramakrishnan & Mahadevan, 2025).

Artificial intelligence (AI) has become a

disruptive  technology in  animal and

environmental  sciences, providing more
powerful tools for analyzing extensive, complex
ecological datasets. Habitat suitability models
based on Al combine a variety of data types, such
as satellite images, climate characteristics, land-
use trends, species presence histories, and others,
fine-grained forecasts.

to produce spatial

Machine learning algorithms are powerful
because they can identify nonlinear relationships
that traditional methods miss, thereby enhancing
the model's accuracy and ecological relevance.
Combining Al with remote sensing technologies
has also enhanced habitat surveillance and
change detection, providing timely information
to support conservation planning (Santhosh,
2025; Yambal et al., 2025; Verma et al., 2025).
As noted in recent research, Al-based solutions
combine traditional ecological understanding
with current computational methods, providing
scalable, dynamic solutions to protecting
migratory species and promoting a sustainable
environment in the long term (Yousef, 2024;

Ullah et al., 2025).
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Figure 1: Conceptual Framework of Al-Powered Habitat Suitability Modeling for Migratory

Species

This Figure 1 provides a simplified
conceptual model describing how environmental
determinants (climate, vegetation, and land use)
influence when migratory animals move between
their breeding, stopover, and wintering areas, and
how conservation challenges (habitat
fragmentation and human disturbance) limit
migratory animals during these movements.
Using this integrated approach, in conjunction
with habitat suitability modelling that integrates
ecological knowledge into Al-supported tools for
making informed conservation decisions and for
developing better strategies to manage habitats
effectively, will provide more accurate
assessments of habitat value for migratory

species.

The research has several implications for the
field of animal and environmental science. To
begin with, it shows how Al-assisted habitat
suitability models can be used practically to

identify key habitats and migratory routes of
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migratory species, offering higher spatial
resolution than conventional methods. Second,
the study combines multiple datasets on
environmental and species occurrences into a
single modeling platform, thereby increasing the
validity of habitat analyses across diverse
ecological settings. Third, the study provides a
systematic assessment of various Al algorithms,
evaluating their strengths and weaknesses for
conservation planning. Ultimately, the findings
can be applied to conservation practice because
they demonstrate how Al-based insights can
support specific habitat protection, resource
prioritization, and decision-making. Collectively,
the contributions further the development of
artificial intelligence in ecological studies and
provide a scalable approach to addressing the
complex conservation issues of migratory
species and ecosystem restoration (Jaiswal &

Pradhan, 2023).
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Figure 2: Architecture of the Al-Based Habitat Suitability Modeling Framework

This diagram (Figure 2) presents a complete
framework of how the proposed Al system uses
habitat suitability modelling to handle all aspects
of the system's operation from start to finish; it is
built based on species occurrence, climate data,
land use, vegetation, and topography, as well as
all other variables related to these categories
within the environmental context. During
processing, the systems will clean each database
(removing duplicate values), normalise their
geographic  position through geographical
information systems (GIS), and select features;
this ensures consistency in the analysis process
among all modelling datasets. Once flushing
(cleansing) has occurred, processed datasets are
then modelled through the use of Artificial
Intelligence (AI) Models

Gradient

(Random Forest,
Boosting and  Support Vector
Machines), and those modelling results are
returned in the form of habitat suitability maps,
priority conservation areas and restoration goals
being generated through the use of AI Models to

aid in evidence-based conservation planning.

The paper presents a methodical analysis of
Al-based habitat suitability modeling in the

context of migratory species conservation. After
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the introduction, Section II presents a literature
review of existing sources on habitat suitability
modeling, including classical methods and the
latest developments in artificial intelligence.
Section III presents the methodology, including
the Al algorithms to be used, data collection and
processing methods, and validation tools for
evaluating model performance. Part [V presents
the results, including species-specific habitat
needs, model predictions, and performance
evaluation. Section V discusses the implications
of the findings by comparing and contrasting the
Al-based models with traditional methods and
assessing the applicability of the presented
models to conservation practice. Lastly, Section
VI concludes the study, summarizes the main
findings, and highlights suggestions for future
research and why technological innovation
should be used to combine efforts to conserve the

environment.
Literature Review

Habitat modeling has a long tradition of study
to understand the spatial distribution of migratory
species and to support conservation and land
management efforts. The initial methods relied

on comparing species occurrence data with



environmental factors such as vegetation type,
climate, and topography. The models have been
used to provide valuable baseline information,
especially for determining breeding and

wintering  habitat.  Other  contemporary
investigations have extended this to include
landscape connectivity, seasonal fluctuations,
and ecosystem-scale interactions, thereby
enhancing its applicability to migratory species
that depend on various habitats across extensive
geographic areas (Bhakhar et al., 2025; Chauhan
& Kumar, 2024). The availability of spatial data,
such as satellite-based environmental data, has
also helped reinforce habitat modeling by
enabling ecological assessment at fine scales.
Nevertheless, with advances in methods,
numerous studies still focus on stable habitat
conditions, limiting their ability to represent
dynamic ecological processes important to
migratory populations (Wang et al., 2025).
Traditional habitat suitability models have
several constraints when applied to multifaceted
migratory systems. Such methods tend to rely on
linear assumptions and simplified ecological
relationships, which may not accurately capture
species responses to driving environmental
interactions. Also, traditional models often do not
work with high-dimensional data or with
or biased records of

With

incomplete species

occurrence. changing environmental
conditions driven by climate change and land-use
changes, traditional modeling frameworks may
not accurately forecast new habitat patterns. The
traditional techniques are also limited by data
scarcity, a lack of computational flexibility, and
the inability to combine heterogeneous data,

especially in large-scale or data-rich ecosystems
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(Dave et al., 2025; Pimenow et al., 2025). These
difficulties highlight the importance of more
flexible, resilient modeling that can cope with
ecological complexity and uncertainty. Artificial
intelligence has also been increasingly
recognized as a potent alternative to conventional
habitat modeling techniques. Machine learning
and deep learning represent Al-based tools and
can process large, multidimensional datasets and
capture non-linear associations between species
distributions and environmental variables. Such
methods improve predictive accuracy and enable
the model to be continuously updated as new data
becomes available. These Al-driven models have
been effectively used in forest and wildlife
management, demonstrating greater performance
in habitat classification, change detection, and
scenario analysis (Wang et al., 2025; Whig et al.,
2025). Moreover, new Al applications can be
used to monitor the ecology in real time and
manage ecological forecasting, which could
provide useful adaptive conservation planning
tools (Fadzly & Yeo, 2025; Yousaf, 2024). By
combining multiple data sources and Al-driven
analytics, habitat suitability models can be used
to scale and flexibly meet the conservation
requirements of migratory species in changing
environments (Bhakhar et al., 2025; Pimenow et

al., 2025).

Methodology

Artificial
Modeling Habitat Suitability

Intelligence Algorithms of

The framework for habitat suitability
modeling was constructed using highly complex

artificial intelligence algorithms designed to



extract complex interactions between the

distributions of migratory species and
environmental factors. The machine learning
algorithms, such as Random Forest (RF), Support
Vector Machines (SVM), and Gradient Boosting,
were used because they have been shown to
handle non-linear interactions and high-
dimensional data. Random Forest, in particular,
helped rank variable importance, as was Gradient

Boosting, which increased predictive accuracy

Journal of Animal Environment, Vol. 17, No. 4, Winter 2025

via an iterative error-reduction method. The
choice of these algorithms was based on
robustness, interpretability, and the ability to
handle ecological data with different spatial and
temporal resolutions. Model training entailed
observing patterns in well-known species
occurrence sites and environmental conditions,
and using them to generate spatial forecasts of

habitat suitability throughout the study area.

Table 1: Artificial Intelligence Methods Used In Habitat Suitability Modeling

Algorithm Purpose

Key Advantage

Random Forest

Support Vector Machine
Gradient Boosting

Boundary optimization

Accuracy enhancement

Handles non-linearity, reduces

Feature importance and classification

overfitting
Effective with limited samples

High predictive performance

Table 1 briefly describes the artificial
intelligence algorithms used to develop habitat
suitability models and their specific purposes
within the models. All the algorithms were
chosen for their ability to handle the complexity
of ecological data, non-linear associations, and to
enhance predictive performance. Random Forest
helped to measure the importance of the variables
and minimize overfitting, Support Vector
Machine helped to classify the best boundaries,
and Gradient Boosting helped to improve the
accuracy of the model as a whole with the help of
These algorithms

the iterative learning.

combined to provide predictions on the
suitability of habitats of migratory species that

are robust and reliable.
Data Collection and Process Techniques

The data utilized in this research were

summarized using various sources in order to
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have a full representation of the environment.
The species occurrence information has been
gathered through long-term records on
monitoring and the field observation and the
environmental variables have been measured by
the climatic factors, land-use features of the
areas, vegetation indices, elevation, and distance
to anthropogenic characteristics. All the spatial
datasets were equated to a shared spatial
resolution and coordinate reference frame.
Preprocessing of data entailed the deletion of
duplicated records, missing values and the
minimisation of spatial sampling bias. The
environmental variables were normalized to
enhance performance of the algorithm and enable
comparison of algorithms across datasets. The
feature selection methods were used to reduce
redundancy and enhance the computational

efficiency.
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Table 2: Data Types and Sources Used in The Modeling Framework

Data Category

Description

Spatial Format

Species occurrence
Climate variables
Land-use and cover

Topography

Presence records of migratory species
Temperature and precipitation
Vegetation and human activity

Elevation and slope

Point data
Raster layers
Raster layers

Raster layers

Table 2 below presents the various classes of
data used in the habitat suitability modeling
process and their respective spatial forms.
Biological reference points were given by the
species  occurrence  records, and  the
environmental variables like climate, land use,
and topography were also the important habitat
drivers. Combining various spatial data enabled
the multifacetedness of the characterization of an
environment and enhance the realism of the
model. Such standardization of these inputs was
to provide supremacy among analyses and enable

the correct spatial forecasting of suitable habitats.

Methods of Testing the Accuracy of the
Models

The validation was done using models to
measure the ability to predict as well as
generalization. A stratified split was performed
to split the dataset into training and testing
subsets to keep the spatial representation intact.
The cross-validation methods were used to
minimize overfitting and evaluate the stability of
the model on several runs. The evaluation of
conventional

performance was based on

like Area Under the Receiver

(AUC),

indicators

Operating  Characteristic =~ Curve

accuracy, sensitivity, and specificity. Such
measures gave a fair evaluation of the model in

relation to its capability to recognize the
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appropriate  and  inappropriate  habitats
appropriately. Predicted suitability maps were
also validated against independent occurrence
records in the quest to provide spatial validation
and ecological

consistency and practical

application of the suitability maps in

conservation planning.
Results

Account of The Migratory Species and
Habitat Demands

The findings are discussed with the help of a
long-distance migratory bird species as a
representative example to show the work of the
model and its ecological quality. This species has
seasonal migration between breeding and
wintering areas, and uses a series of interim
habitats to rest and forage. The characteristics of
the suitable habitats include moderate vegetation
cover, closeness to freshwater sources, consistent
climatic conditions, and low levels of human
disturbance. Elevation and land-cover continuity
were also found to be other relevant factors in
habitat selection especially during periods of
migration. The species was sensitive to habitat
fragmentation, where the low suitability was
found in regions where intensive change of land
use occurred. These ecological needs gave a
powerful foundation of assessing the success of

Al-based predictions of habitat suitability.



Application of Al-Powered Models to
Identify Suitable Habitats

Spatial habitat suitability maps were
generated all over the study area using Al-
powered models. The models were able to
determine continuous corridors in the migration
between breeding and non-breeding areas and
high-quality stopover areas that facilitate
migration. Random Forest and Gradient Boosting
models generated similar patterns in space with
areas reporting good environmental conditions.
The models would resolve minute differences in
habitat quality which could not be seen with more
traditional methods. Good suitability was rated
areas with good climatic conditions, vegetation

structure, and minimal anthropogenic impact
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whereas, fragmented landscapes and urbanized
areas were rated as low suitability areas. The
maps that came up gave a vivid spatial
representation of where conservation and

restoration efforts were to focus.

Al-Based Habitat Suitability Model

Performance Evaluation

Standards of evaluation were used to measure
the model performance to provide predictive
reliability and ecological validity. The Al models
exhibited a high capability of classification and
generalization on test datasets. Gradient Boosting
recorded the most overall performance, then
closely followed by Random Forest and a relative
low but acceptable accuracy of Support Vector

Machine.

Table 3: Al-Based Habitat Suitability Models Performance Evaluation

Model Accuracy (%) AUC Sensitivity Specificity
Random Forest 89.2 0.91 0.88 0.90
Gradient Boosting 91.4 0.93 0.90 0.92
Support Vector Machine 84.6 0.87 0.83 0.86

The Table 3 is the comparison of the

performance of the artificial intelligence
algorithms applied to predict the suitability of
habitats to the chosen migratory species.
Predictive reliability and classification strength
were determined using model accuracy, AUC,
sensitivity and specificity values. The overall
performance was the best with Gradient Boosting
as it shows high ability to recognize the right
habitats with closely followed by Random
Forest. The Support Vector machine was less
accurate yet had

acceptable  predictive

consistency. These findings confirm that Al-
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based models are useful to assess the habitat

suitability and conservation planning reliably.

The outcomes of cross-validation showed the
consistent performance of the model in the course
of various repetitions meaning that there was no
excessive overfitting. Spatial validation also
supported the correspondence of the predicted
suitable habitats and the spatial distribution of

observed species presence.
Effects of Conservation and Restoration

Using Al-assisted habitat suitability models
greatly improved the results of the conservation

planning. The identification of high-priority



habitats based on the models helped to design
protection initiatives, and degraded, but suitable
areas were viewed as the prospects of ecological
restoration. The models offered a high level of
that facilitated effective

spatial  clarity

distribution of conservation resources and better

Journal of Animal Environment, Vol. 17, No. 4, Winter 2025

decision making. In general, the findings indicate
the usefulness of Al-based modeling in managing
the habitats of migratory species and enhancing
the capacity of the ecosystem to withstand

various disturbances.

Vegetation Index and Habitat Suitability Relationship
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Figure 3: Habitat Suitability vs Vegetation Index
The  correlation  coefficient  between randomized distribution i1s an indication of

vegetation quality and predicted suitability of the
habitat to the migratory species is shown in this
graph (Figure 3). There is a positive trend, which
means that those regions with great vegetation

indices tend to provide better habitat. The

Spatial Habitat Suitability Heatmap
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demonstrates how the model can be used to
represent a fine-scale ecological response,

instead of using homogenized patterns.
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Figure 4: Spatial Habitat Suitability
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Figure 4 illustrates the heatmap of the scores
of habitat suitability throughout the study area.
Areas that have greater values of suitability
would be grouped into separate clusters and this

implies the areas of continuous habitat and

Journal of Animal Environment, Vol. 17, No. 4, Winter 2025

possible migration routes. On the other hand,
are those related to

which

low-suitability zones
fragmented or disturbed landscapes
indicates the sensitivity of the Al-based modeling

technique in space.

Model Performance Using ROC Scatter
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Figure 5: Model Performance Using ROC

The performance of the habitat suitability
model in prediction was tested through a textual
representation of ROC in Figure 5. The fact that
most of the points are above the diagonal trend

suggests that there is a high level of

discriminatory ability between the suitable and
unsuitable habitats. The pattern indicates high
quality of classification and does not overstate

the quality of habitat.
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Figure 6: Accuracy Distribution Across Al Models

Figure 6 is the box plot that compares the
distributions of accuracy of various Al models

applied in the analysis. The differences in median
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accuracy and spread indicate the differences in
the model stability and predictive consistency.

According to the results, ensemble-based



techniques have shown superior and more
consistent performance results than single-

boundary classifiers.
Discussion

The results of the paper prove that Al-based
habitat suitability models provide an evident
benefit over other modeling methods in reflecting
the complexity of migratory species-environment
interactions. Traditional methods usually have
simplified assumptions and fixed wvariables,
which may impede their efficiency in dynamical
scenery. By comparison, Al-based models are
able to use a wide range of datasets, and detect
non-linear relations, leading to more precise and
spatially resolved predictions. Such advances
have significant implications on conservation
planning since one can now identify critical
habitats, migration corridors and restoration
priorities with a lot of confidence. To improve the
long-term monitoring and forecasting in the
changing environment, the adaptive and
constantly updated models of Al can be used in
future research. Nevertheless, there are ethical
issues that should be accepted, such as data bias,
an open process of model decision-making, and
fair access to technological resources. Such
limitations like the availability of data,
computational issues, and possible excessive
dependence  on  automated  predictions
demonstrate the necessity of the synthesis of Al
outputs and ecological experience. Al used in a
responsible manner can become an additional
conservation

resource to conventional

information and not a substitute.
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Conclusion

This paper shows the benefits of Al-based
habitat suitability models in enhancing the
evaluation and management of the habitat of
migratory species. By incorporating the
environmental variables with the sophisticated
methods of analysis, the models were able to
determine the appropriate habitats and give
credible performance results. The findings
support the importance of Al-based solutions in
well as

aiding conservation planning as

informing  ecological restoration  efforts,
especially in fragmented and quickly shifting
landscapes. Future studies ought to entail
integration of long-term tracking data, species-
specific applications, as well as enhancing the
model interpretability to enhance ecological
applicability. An empirical application of these
models can help policy-makers and conservation
professionals to rank protection activities and
allocate resources more effectively. Finally,
artificial intelligence and conservation science
are also promising avenues of dealing with the
complex environmental issues. It will be
necessary to enhance the cooperation between
technologists, ecologists, and decision-makers to
make sure that technological innovations can
play a productive role in the preservation of the
migratory species and the revival of the resilient

ecosystems.
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