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Abstract

Climate change is profoundly reshaping animal migration and behavioural ecology by altering environmental cues, resource
availability, and habitat connectivity. Rising temperatures, shifting precipitation patterns, and increasing frequency of
extreme weather events disrupt the phenology, routes, and timing of migration in a wide range of taxa. These changes induce
behavioural and physiological adaptations, including altered reproductive timing, foraging strategies, sedentism, and
modified social interactions. In marine and terrestrial ecosystems alike, species face mismatches between migratory
schedules and prey availability, increased energetic costs, and emerging disease risks. While some species display
remarkable plasticity, others may lack the capacity to adapt quickly enough, threatening population viability. Conservation
strategies must integrate climate-driven behavioural shifts, preserve critical corridors, and consider both proximate
mechanisms (e.g,neurophysiological adaptations) and ultimate ecological consequences.
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Introduction

Animal migration-the large-scale, often seasonal
movement of individuals between habitats-is a
fundamental ecological process, central to population
persistence, ecosystem functioning, and biodiversity.
However, climate change disrupts the stability of
environmental cues (e.g, temperature, photoperiod,
precipitation) that migratory species rely on. These
disruptions have cascading effects across multiple levels:
individual physiology, behaviour, population dynamics,
disease ecology, and community interactions.

Phenological Shifts and Timing Mismatches
Climate warming advances spring onset, leading to earlier
emergence of invertebrate prey for migratory birds. For
example, mathematical models show that higher
temperatures can drive earlier prey peaks, pushing birds
to breed earlier. But if arrival times do not shift
accordingly, there can be a mismatch that reduces
reproductive success [1, 2].

International Journal of Zoology. Environment, and Life Sciences

Such phenological mismatches erode fitness: if hatchlings
emerge when food is scarce, survival declines. Moreover,
departure from breeding or wintering grounds can also
shift; some Palearctic migratory birds have been
documented to depart from non-breeding grounds earlier
under warming trends [2].

Migration Routes, Energetics, and Behavioural
Flexibility

Alterations in migration routes and stopover sites are
increasingly reported. In marine systems, especially the
Arctic, retreating sea ice changes the availability and
timing of foraging habitats for fish, seabirds, and marine
mammals [3]. As ice recedes earlier and opens more
navigable waters, species must rearrange their migratory
phenology and spatial paths to track shifting resource
distributions.

These changes carry energetic costs: finding new routes or
staging areas takes more energy, and longer journeys or
detours can reduce survival or breeding success [3]. In
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contrast, some species may benefit: newly opened
passages may give more direct routes or extended
foraging seasons, reducing energy expenditure in some
cases [3].

Species like the dark blue tiger (Tirumala septentrionis)
and common crow (Euploea core) migrate in millions
between the Eastern and Western Ghats twice a year,
covering hundreds of kilometers.Causes: Their
movements are strongly linked to the monsoonal weather
patterns, the resulting availability of host plants and
nectar resources, and the need to avoid heavy rains. [6].

Behavioural Adaptation and Sedentism

Not all species are responding by simply shifting
migration. Some are reducing migratory behavior or
becoming sedentary. For instance, monarch butterflies in
North America are increasingly forming non-migratory
populations. These resident populations have a
significantly higher prevalence of infection by the
protozoan Ophryocystiselektroscirrha compared to their
migratory counterparts, because migration itself can act as
a disease cleanse (infected individuals may die, or leaving
contaminated habitats reduces transmission). [2, 4].
Similarly, behavioural plasticity may manifest in breeding
strategies: timing of breeding, nest-site choice, and
foraging behaviour may change in response to altered
resource phenology and environmental stress.

Physiological and Neural Mechanisms

Migration depends on physiological systems (e.g.,, muscle
metabolism, thermoregulation) and neural integration
(e.g., navigation, timing). Ectothermic species (e.g., fish,
invertebrates) are directly sensitive to temperature shifts
because their physiology is more tightly coupled to
ambient conditions; warming can change their metabolic
rates, movement capacity, and ultimately migration
behavior.

At a deeper level, neurobiological systems underpin
behavioral adaptation. Rapid anthropogenic
environmental changes may outpace evolutionary
responses, so organisms rely on neural plasticity: changes
at the cellular or circuit level (neurons, synapses) mediate
altered behaviour. However, our understanding of how
neuronal circuits adapt (or fail to adapt) under climate
stress is limited. There is a critical need for research
connecting environmental change to neurobiological
resilience or vulnerability.

Disease, Predation, and Ecological Interactions

Behavioural shifts with migration or residency also affect
disease ecology. Migration can reduce pathogen load by
moving individuals away from pathogen-rich areas; loss of
migration may increase disease risk. As noted, sedentary
monarch butterflies are more infected than migratory
ones. Moreover, altered migration changes predator-prey
dynamics. In Arctic marine systems, shifts in the timing or
presence of predators and prey, forced by sea-ice loss, can
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restructure food webs and alter survival and reproduction
of top trophic species.

Conservation Implications

Conservation strategies must evolve to account for

climate-induced behavioural flexibility. Key considerations

include:

1. Preserving and restoring migratory corridors-As
routes shift, corridors connecting critical breeding,
stopover, and wintering sites must be maintained or
reestablished.

2. Monitoring phenological changes-Long-term
monitoring of migration timing, arrival/departure,
breeding phenology, and resource peaks helps detect
mismatches early.

3. Integrating disease dynamics-Understand how
reduced migration or residency increases disease risk
and design interventions (e.g., habitat management,
vaccination in livestock or wildlife where feasible).

4. Supporting neural and physiological research-
Funding neuroecological studies to explore how
animals’ nervous systems cope with rapid
environmental change.

5. Community engagement and policy-Conservation
must involve local communities, especially in regions
like the Arctic, where indigenous practices and
wildlife are closely linked. Also, climate policy needs
to include biodiversity adaptation.

Challenges and Future Directions

e Data limitations: For many migratory species,
especially marine ones, historic baseline data on
migration patterns and timing are sparse. This makes
it hard to quantify shifts and attribute them
confidently to climate change.

e Speed of change vs. plasticity: Even species that
show plastic behavioural responses may not keep
pace with rapid environmental change, resulting in
population declines or local extinctions.

e Interdisciplinary gaps: Bridging ecology,
physiology, neurobiology, and climate science is
complex but crucial.

e Human-wildlife conflicts: As animals alter
migration routes or become sedentary, conflicts with
humans (e.g., agriculture, infrastructure) may rise [5].

Conclusion

Climate change is reshaping the migratory behavior and
behavioural ecology of animals across ecosystems. While
some species demonstrate remarkable plasticity, others
face energetic, physiological, and disease-related
constraints. Understanding not just where and when
animals migrate, but how they adapt their behaviour
(through physiological and neural mechanisms) is critical.
Conservation efforts must therefore be dynamic,
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integrative, and proactive to safeguard migratory species
in a warming world.
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