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Introduction Besides climate change, urbanization,

) ) ) _ deforestation, and the spread of agriculture,
Migratory species play an important role in ) o
) o among others, can be cited as other significant
ecosystem dynamics, as they are active in . . ) )
threats to migratory species. With the destruction
essential processes such as pollination, seed
or fragmentation of natural habitats, migratory
dispersal, and genetic diversity. The animals that _ _ ) '
species are losing substantial breeding and
are involved include birds, mammals, insects,
feeding grounds. (Betini et al., 2015) found that
and fish, and they move over long distances ) _
. ) degraded habitats may alter the dynamics of
between the breeding and feeding areas and even . o _
. S migratory networks, making it harder for species
across the continents. This migration not only o )
o . to complete their journeys. The degradation of
boosts biodiversity but also helps connect
habitats often forces species to adapt by changing
ecosystems, thereby creating food webs and o )
. ) . their migration routes or occupying unfavorable
ecological balance. Nevertheless, the interaction ) _ )
. ) o . regions, which adversely affects their
of climate change and habitat loss is increasingly ) .
o . ) reproductive and survival rates. (Both et al.,
straining these species' survival and the
. 2010) emphasized that the impact of habitat loss
ecosystems they sustain.
on migratory birds is extensive as it affects the

Climate change has emerged as a major driver capacity of migratory birds to locate food and

of migration. With changes in the weather shelter at critical points of their migrations.
(setting up the thermometer) and rainfall patterns,
. ) Climate change and habitat loss are viewed as
several species of movement are displaced,
) _ ) compounding factors in the problems faced by
compelling them to shift the onset of their ) )
) migratory species. (Goss-Custard et al., 1995)
movements. For example, species may reach .
explain the way the factors have a feedback loop,
their breeding sites earlier or later than usual,
with effects of climate change making the
leading to a mismatch between migration timing
habitats more susceptible to destruction, and
and the availability of food and other resources.

According to (Taylor & Norris, 2010), these

destruction of habitat further worsens the

S _ capacity of the species to adapt to a changing
changes in migration timing may have cascading _ _ )
) ) ) climate. As migratory species struggle to adapt to
effects on species populations and their
) ' ' . these two threats, there is a risk of population
interactions in ecosystems. Moreover, climate
o decline, and, in the long run, biodiversity will be
change can make species alter their migration
) affected. According to (Robinson et al., 2009),
routes or ranges because some habitats become
] the relationship between climate change and
unsuitable due to extreme temperatures or
_ ) habitat loss is essential for understanding
changing weather patterns. Long-distance _ _ )
effective ways to preserve its existence. The
migratory birds, which are especially susceptible )
) ) proposed study will help address the gap by
to such changes, are being hit harder than short- o ) .
] ] . examining the combined effects of climate
distance migrants as seasonal habitats are
_ ) change and habitat loss on the migration patterns,
becoming less predictable (Newson et al., 2009).
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routes, and population dynamics of migratory

species, and the eventual impact on the
implementation of more effective management

and protection actions.

The paper starts by highlighting the
significance of migratory species to ecosystems
and their susceptibility to climate change and
habitat destruction. It then analyzes the existing
literature on the effects of these environmental
changes on migration patterns, including changes
in migration timing and migration paths, as well
as their influence on population dynamics. The
article provides statistics on the responses of
various species to such challenges, along with
case studies of specific migratory species. Then,
it addresses the interactive impact of climate
change and habitat loss, suggesting new ways of
reducing their effects. Lastly, the paper
highlights that sustainable conservation policies

are required to conserve migratory species.
Literature Review

It has been found that climate change is
dramatically influencing the species' migration
patterns, timing, and overall success. With rising
temperatures and changing weather patterns,
migratory species are shifting the timing of their
migrations to match resource availability. For
instance, most species, especially birds, arrive
early or late at their breeding areas, which affects
the timing of migration and food availability,
thereby influencing reproductive  success
(Robinson et al., 2005). Besides time alteration,
the migration routes are also changing due to
climate change. The species can be forced to
move farther or change their migration routes to

reach appropriate habitats; this may cause a
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mismatch between migration timing and resource

availability, further pressuring populations.

These perturbations are strongest in long-
distance migratory species that depend on
habitats, which are

seasonal increasingly

unpredictable due to climatic

conditions (Holyoak & Heath, 2016).

changing

Habitat loss also makes the situation of
migratory species more difficult. The destruction

and fragmentation of natural habitats have been

caused by deforestation, urbanization,
agricultural expansion, and other land-use
changes. Such disturbances reduce the

occurrence of important breeding, feeding, and
stopover sites, making it more difficult for
species to avoid migration successfully. Loss of
habitat also restricts access to necessities,
including food and shelter, during the critical
migration periods. Besides, habitat fragmentation
may isolate populations and reduce genetic
interactions among groups and species, making
them more sensitive to other environmental
factors and decreasing population size and

genetic diversity (Taylor & Stutchbury, 2016).

Climate change and habitat loss further pose
an even bigger threat to migratory species. With
climate change altering temperatures and
weather patterns, it may render previously
habitable habitats uninhabitable and exacerbate
the effects of habitat destruction (Norris &
Marra, 2007). For example, habitats that were
once conducive to migration may become too
hot, dry, or fractured to support migratory
species, and they either adapt to these conditions
or leave these habitats altogether (Flockhart et al.,

2015). When the two factors are combined, they



can have significant implications for migratory
species, paralyzing them from living and
prospering. This is rapidly changing the world.
This compound interplay highlights the
importance of combined conservation measures
that would deal with climate change, as well as
habitat protection, to secure the lives of

migratory species.
Methods

To study the effects of climate change and
loss of habitat, we were able to pick various
migratory species that are representative of
diverse ecological niche and migration patterns
to implement this study. The species used in this
study are the Arctic Tern, a long-distance traveler
between the Arctic and Antarctic regions, and the
Monarch Butterfly, a long-distance flyer between
North America and central Mexico. We also had
the Eastern Yellow Wagtail, a migratory species
that migrates between Europe and southeast Asia,
as it is known to be sensitive to particular habitats
during migration. These species were chosen
because they are capable of covering long
migration distances, are susceptible to climate

change, and have tracking data.

Data for this study were collected using GPS

tracking, satellite  telemetry, and field
observations. It fitted the species with GPS
transmitters during the breeding seasons to
monitor their migratory pattern in real time.
These instruments enabled us to observe their
motions over large distances on spatial and time
scales—species like the arctic tern that needed its
data to be acquired over long distances used
satellite tracking. Field work was conducted on

large stopover areas and breeding areas to note
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the changes in arrival, habitat quality, and
migration-related behavior. These observations
were carried out by a combination of direct visual
observation and automated camera traps of
various sites along the migrant routes of the

species.

Predictive climate models such as the
Community Earth System Model and the Hadley
Centre Global Environment Model were used to
predict future climatic conditions, including
variations in temperature, precipitation, and
seasons. The impacts of climate change on the
availability of the valuable habitats of the
migratory paths of the selected species were
established using these models. Once the future
climatic values were input into these models, we
simulated the impacts of changing weather
patterns and the suitability of various places for
each species, with regard to altered migration

routes and migration timing.

To analyze population dynamics, population

trends over time were established using
demographic models. These models involved
birth rates, success, and survival of migration and
changes in climatology as well as their habitat.
We also analyzed data from citizen science
projects, which provided additional information
on population-level species abundance and
distribution. Using software such as VORTEX
and RAMAS, we simulated population trends
under different climate and habitat-loss
conditions to predict the long-term consequences

for the migratory species of interest.
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Table 1: Overview of Migratory Species, Their Routes, Tracking Methods, Key Habitats, and

Population Trend Analysis

. Migration Tracking . Population Trend
Species Route Method Key Habitat Analysis Method
. . . Demographic
e Tom S AMIe Grs. e (A g VORTEX
P g8 RAMAS
Monarch Butterfly North America GPS, Field Forested areas n Mex1'co, Citizen science,
. . ) North American breeding . .
(Danaus plexippus) to Mexico Observations grounds demographic modeling
Eastern Yellow Wagtail Europe to GPS, Field Wetlands, agricultural mo dlzleirrrllogrgp Eiztion
(Motacilla tschutschensis)  Southeast Asia Observations fields su r\%é }I/) dl; ta

Table 1 summarizes the migratory species
they will focus on in the paper, their migration
patterns, the methods used to track their
migrations, their primary habitats, and how they
will analyze population trends. The migration
patterns of the three birds (Arctic Tern, Monarch
Butterfly, and East Yellow Wagtail) differ, and

In situ adaptation

their migration routes are tracked using systems
such as GPS, satellite tracking, and ground
monitoring. Population trend analyses use
demographic modeling and data from citizen
science to forecast how these species will survive
and succeed in their migrations in the long term

amid a changing climate and habitat loss.

Mitigation of

No habitat barriers

Landscape
connectivity

Dispersal possibility

climate change
vulnerability

Suitable habitats

/[ Habitat suitability

Track suitable climate
condition

Dispersal with

Dispersal climate-

Dispersal

adaptation

adaptive alleles

[ Climate adaptation

In situ maladaptation

Figure 1: Climate Change Mitigation and Dispersal Pathways for Migratory Species

The climate change problem, habitat loss and
adaptability of migratory species was a
complicated association as observed in Figure 1.
It highlights the significance of connecting the
landscape as a determinant of species dispersal,
enabling them to to pursue suitable climate

conditions and find suitable habitat. Other
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measures noted on the flow chart include in situ
adaptation in existing habitats and dispersal with
adaptation, in which the species migrate to new
areas that possess climate-resistant features.
Figure 1 also emphasizes the need for
connectivity among habitats and the definition of

adequate habitats to ensure that migratory species
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arenot voverlyrable to climatic changes and

destrut.

e A(t) — mean climate adaptation level (e.g.,
frequency of adaptive alleles / phenotypic

adaptation index), A = 0

e D(t) — dispersal potential/rate (propensity
for range shifts), D = 0

e ((t) — landscape connectivity index (ease

of movement), C = 0

e H(t) — habitat suitability index (combined
availability & match to climate), H € R
(clipable = 0)

e V(t) — vulnerability index (higher = more

vulnerable), V > 0
o External inputs / forcing:

e S(t) — supply/area of suitable habitat (can
be time-varying)
e T(t) — environmental temperature (or

climate variable)

System of ODEs:

e o N W B N

=oy(t) — ky WA+ wpD +w:C +wyH) .
Notes on forms:

e A uses logistic-like accrual to prevent
unbounded growth; you may set K, — oo to

get linear 1y — pyA.

o The climate mismatch penalty for H is
quadratic in deviation, matching many

ecological response curves.
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Stat destructione variables (functions of time
t):
® Topt — optimal temperature for focal
species

Model parameters (all nonnegative unless
noted):
e 71, intrinsic accrual,

adaptation Ua

adaptation loss

e K,p effect of adaptation on dispersal, k.p
effect of connectivity on dispersal, up

dispersal loss

o Kkpc effect of dispersal on connectivity

(positive feedback), p. connectivity decay

o gy effect of habitat supply on suitability,

K climate-mismatch penalty

e Ky vulnerability reduction coefficient (how
A, D, C, H reduce vulnerability), gy, external
drivers

increasing  vulnerability

(e.g.

warming stress)

=r,(1—-A/K;) — usA (adaptation accrual with saturation K, and loss)
=KupA + kcpC — pup D (dispersal stimulated by adaptation &connectivity)
=KpcD — ucC (connectivity built by dispersal, decays otherwise)

=Ky S(t) — Kp (T(t) — Topt)2 — uyH (suitability: supply minus climate mismatch and loss)

(vulnerability reduced by positive state variables)

o Weights wy, wp, we,wy = 0 let you scale
the importance of each state in reducing

vulnerability.
Equilibria & local stability (brief)

Assume constant forcing S,T,0, for

equilibrium analysis. Set X = 0.

From linear subsystems:



A =—A (or A ="Af linear)
uatra/Ka ha
D* — KADA*"'KCDC*
HUp
Uc
H = KSHS—KT(T—Topt)Z
UH
(1)

Combining D*, C*: solve pair

C* — ﬂD*, D* — KADA*‘HCCDC* (2)

Hc HUD
gives
% KapA*
D — AD 75T (3)
#D—KCDF
provided denominator > 0. Positivity
requires  UplUc > KepKpe ~ (no runaway
feedback).
Vulnerability equilibrium:
V= gy WaA'+wpD*+wcC +wyH” &)

Ky 1

(assuming linear reduction). If RHS < 0 clip
at 0.

Local stability: compute Jacobian J at

equilibrium. For the linearized subsystem
(4, D, C) with chosen forms, stability conditions

reduce to all eigenvalues of
—ua —7a/Ka 0 0
Kap —Hp Kcp (5)
0 Kpc —Hc

having negative real parts. A sufficient
condition is diagonal dominance / positive losses
large enough so that upuc > kcpkpe (prevents

positive feedback loop instability).
Simplified nondimensional form (optional)
Define

scale Ay, Dy, Co, Hy, Vy and

nondimensional variables A = A/A, etc. This
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reduces parameter count and highlights key

dimensionless groups like

[ =XL5D¢ (feedback gain). If I' < 1 the

HpHc

feedback is subcritical.
Implementation & parameter guidance

e Typical approach: choose baseline
parameters (small positive rates) and run
RK4).

forward simulation (Euler or

Example starter values:

o 1, =0.05 uy =0.01, k4p =0.03, kcp =
0.02, up = 0.05, kpc = 0.02, u; =
0.01, kg = 0.04, Ky = 0.02, uy =
0.01, x, = 0.03.

o Enforce non-negativity after each step,

especially for A,D,C,H,V.

e If you want stochasticity, add small white-

noise terms environmental

(e.g.
fluctuations in oy, (t) or S(t)).

e For empirical fitting: estimate ks from time

series regression / maximum

(e.g.
likelihood) or use expert-elicited ranges.

The model seeks to describe the way climate
adaptation can increase the species dispersal and
landscape connectivity that can help organisms in
following the right habitats in changing climatic
conditions. Enhanced habitat suitability and
mobility minimize general susceptibility to
climate change, and adaptive powers and
ecological

connectivity can help prevent

exposure to climate risks.
Results

The migration patterns of the selected species

have also changed significantly in this paper and



have been influenced by climate change and
habitat loss. Such changes include changes in the
migration route, migration success, and time. It
has been seen that Arctic Terns, which would
ordinarily have followed their customary path of
migration between the Arctic and the Antarctic,
have changed their usual migratory paths due to
the shifting of the wind patterns and the rise in
the temperature of the sea. The Monarch
Butterfly has also shown variation in the timing
of its migration, with, the insect flying earlier out
of its breeding grounds in North America. This is
attributed to changes into temperature and
vegetation, which affect the food supply along
their path.

On the same note, warmer springs have
caused the Eastern Yellow Wagtail to arrive late
on breeding grounds in Europe, leading to an out-
of-phase relationship between migration and
ideal food availability. This has affected the
species' reproductive cycle because it cannot time
its arrival at mating sites to achieve higher

breeding success.

Regarding the population dynamics, our
research, has identified various trends in the
species under study. The Arctic Tern population

has suffered a minor decline over recent years,

Journal of Animal Environment, Vol. 17, No. 3, Autumn 2025

particularly in those populations relying on a
specific stopover habitat being perturbed by the
elevating sea level and the rise of storms. It is also
the same for the Monarch Butterfly, which has
suffered a massive decline in its population,
which, attributed to the loss of breeding and
overwintering habitats in North America and
Mexico. The extinction of milkweed as the sole
food source for larvae and the habitat destruction
in Mexico, have both been directly linked to
declines in populations. Conversely, the Eastern
Yellow Wagtail showed signs of a stable
population, but its breeding has been inconsistent
due to habitat alteration caused by agricultural

activities and the degradation of wetlands.

Climate change and habitat loss have
enhanced them. This may include the fact that, as
heat increases, vegetation and food supplies will
change, and habitats will be destroyed, reducing
breeding and resting areas. In other cases, the two
forces are compounding with each other and
therefore, the feedback loop that enhances the
overall effect. The Monarch Butterfly plummet is
among the most vivid examples of such a
connection, since the habitat devastation in
Mexico caused by tree cutting is exacerbated by

those above climate change, which the butterfly

whishes time to forage and breed.

Table 2: Migration Patterns and Population Trends of Selected Species

Changes in Migration

Species Patterns

Population Dynamics

Key Factors Affecting Trends

Route deviations due to

Arctic Tern (Sterna altered wind and sea

Slight decline in Rising sea temperatures, storm

paradisaea) patterns population frequency, and habitat loss
Monarch Butterfly (Danaus  Earlier migration, changes Significant population Habitat loss (milkweed),
plexippus) in food availability decline deforestation in Mexico
Eastern Yellow Wagtail Delayed arrival at breeding Fluctuating breeding Warmer spring temperatures,
. . success, stable wetland loss, and agricultural
(Motacilla tschutschensis) grounds . .
population expansion
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Table 2 provides an overview of the changes
in migration patterns and population dynamics
for each species. The arctic tern has reported
variations in its classic migration pathways,
mainly due to changing wind and sea patterns
driven by climatic change. This has caused
population declines, as the Monarch Butterfly
has migrated earlier in the season, leading to the

loss of essential habitats and resources. The

Journal of Animal Environment, Vol. 17, No. 3, Autumn 2025

Eastern Yellow Wagtail, despite delayed
migration, has shown changes in breeding
success, which are the direct effects of increased
spring temperatures and habitat changes caused
by agricultural expansion. The figures indicate a
strong dependence of climate and habitat loss on
the migratory behavior and population structure
of these species, explaining the interdependence

of these two variables.

Impact of Climate Change and Habitat Loss on Migratory Species

4.0 —

3.0 —

2.0 =

Migration Timing Shift (Days)

2000.0

/// [
— 4000

2002.5 2005.0 2007.5 2010.0
Year

= 5000

Population Size

— 3500

- 3000

2012.5 2015.0 2017.5 2020.0

Figure 2: Impact of Climate Change and Habitat Loss on Migratory Species

Figure 2 presents the two impacts of climate
change and habitat loss on migratory species over
time, in the context of changes in migration
timing and migratory species populations relative
to 2000-2020. The blue line shows the change in
migration timing (in days), indicating that it
becomes later and later, likely due to altered
environmental conditions. The red line represents
the species' population, indicating a decrease in
population over the same period. The negative
relationship between population size and the
timing of migration indicates that, as climate
change and habitat loss influence migration
behavior, population decline is also influenced,

yet the ecological effect is even greater.
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Figure 3 contrasts the effects of climate
change, habitat loss, and population decline in
five species. The red line shows the percentage
change in population, the blue line shows the
percentage of habitat loss, and the green line
shows the percentage of climate change effect.
The statistics show that the greater the effects of
habitat loss and climate change, the steeper the
population  decline, demonstrating their
interdependence. This graph highlights the
importance of combined conservation policies
that protect habitats and mitigate climate change
to ensure biodiversity and prevent further

population decline.



The outcome indicates the harsh effects of
climate change and loss of habitats on the
population of species. The extent to which habitat
loss and climate change affect manifests itself
leads to a greater percentage decrease in
population, with Species E being the most
affected. The impact on species A is the least,
though

it cannot be exempted from the

population declines associated with these

Journal of Animal Environment, Vol. 17, No. 3, Autumn 2025

environmental factors. The fact that the loss of

habitats correlates with the decrease of
population indicates that habitat conservation can
be used to address the impact of climate change.
This supports the need for integrated
conservation measures that can address the two
risks to the environment and ensure the resilience
of the species and the preservation of biodiversity

amid the rapid ecological changes.

Comparing the Effects of Climate Change and Habitat Loss on Population Dynamics

—&— Population Decline (%)
—m-: Habitat Loss (%)

70 —a-: Climate Change Impact (%)

60

50

40

Percentage Impact

10

Species A

Species B

Species C
Species

Species D Species E

Figure 3: Comparing the Effects of Climate Change and Habitat Loss on Population Dynamics

Discussion

The findings of this paper underscore the
relative levels of vulnerability and fitness of
migratory species to climate change and habitat
loss. The species most affected by a changing
climate include those that depend on specific
habitats and environmental signals (e.g., the
Arctic Tern or Monarch Butterfly). The fact that
the Arctic Tern changed its migratory pattern and
that the Monarch Butterfly migrated earlier than
it used to is reflective of the larger patterns in
migratory species, where changing temperatures
and resource availability necessitated changing

migration times and migration paths. Species that
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can be more flexible in their habitat needs, such
as the Eastern Yellow Wagtail, on the other hand,
appear to be more resilient, as they can easily
adapt to changing environmental conditions. This
indicates that species with more generalized
habitat choices and broader ecological
requirements may be more resistant to climate

disturbances.

To reduce the effects of climate change and
habitat loss, the conservation approach should
focus on protecting and restoring habitats and
creating migration corridors. Protecting critical
breeding, feeding, and stopover areas is key to
ensuring species can maintain their migratory

patterns and reproductive success. Also, by



designing interconnected landscapes through
protected areas and buffer zones, species will be

able to adapt to new conditions. For

policymakers, integrating climate change
adaptation into conservation strategies should be
This

efforts,

the focus. involves funding habitat

restoration offering incentives to
landowners to conserve important habitat, and
encouraging international collaboration to
conserve migratory species. Moreover, reducing
greenhouse gas emissions, coupled with
promoting sustainable land-use practices, will
help address the underlying causes of climate
change and create a more secure habitat for

migratory species.
Conclusion

This paper has shed light on the enormous
effects of global warming and habitat loss on
migratory species by showing that these factors
are transforming migration patterns, timing, and
population sizes. Arctic Tern and Monarch
Butterfly are species whose migration patterns
and timing are changing in response to climatic
changes in temperature and resource availability.
Such disruptions are more disruptive to these
species because they are conditioned to certain
habitats. By comparison, species with more
flexible habitat requirements, such as the Eastern
Yellow Wagtail, are more resilient. The research
shows that the interplay between climate change
and habitat loss worsens the predicament of
migratory species; therefore, both should be
incorporated into conservation efforts to
safeguard these species and their habitats. In the
future, more studies are needed to track the long-

term effects of climate change and habitat loss on
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migratory species. Long-term data collection on
migration, population dynamics, and habitat
alteration will yield valuable insights into the
adaptation patterns of these species. Also, future
research needs to address the contribution of
future climate projections to understanding how
alternative scenarios can further influence
migratory species and to identify effective ways
to adapt to the climate. Such changes in the
environment, when studied in the long term, will
be essential for developing sustainable
conservation practices and policies, that, in turn,
will help safeguard migratory species in a world

that is rapidly changing.
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