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Abstract: Aeropalynology deals with the study of
airborne pollen and fungal spores and their distribution
across space and time. These palynomorphs originate
mainly from terrestrial plants and fungi and are released
during flowering and sporulation. Their dispersal
depends on plant phenology, pollen morphology, and
meteorological factors such as wind, temperature, and
humidity. Airborne pollen assemblages reflect regional
vegetation and seasonal patterns, making
aeropalynological monitoring important for
understanding vegetation dynamics and environmental
conditions.

Airborne pollen and fungal spores are also major
aeroallergens responsible for respiratory diseases like
allergic rhinitis and asthma. Monitoring atmospheric
pollen helps in preparing pollen calendars and exposure
forecasts for environmental health assessment. This
review highlights the sources, dispersal mechanisms,
sampling  methods, seasonal  variation, and
environmental and health significance of aeropalynology
in climate-related studies.
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L INTRODUCTION

Aeropalynology refers to the study of pollen grains
and fungal spores suspended in the atmosphere and
their distribution across time and space. Airborne
palynomorphs are released primarily from terrestrial
plants and fungi during reproductive cycles and
become dispersed through atmospheric transport
processes. Wind-pollinated plants produce abundant
lightweight pollen adapted for aerial dispersal, while
many fungi release large numbers of spores under
suitable environmental conditions. Once airborne,
these microscopic particles may be transported locally
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or over long distances depending on meteorological
conditions and aerodynamic properties.

The concentration and composition of airborne pollen
assemblages are influenced by vegetation type,
flowering phenology, land use and climatic variables.
Because plant species exhibit distinct ecological
distributions and seasonal flowering periods,
atmospheric pollen spectra show characteristic
temporal and geographic patterns. Analysis of
airborne pollen therefore provides indirect information
on surrounding vegetation and environmental change,
making aeropalynology useful in vegetation studies
and environmental monitoring.

Airborne pollen and fungal spores also represent
important biological aeroallergens associated with
allergic rhinitis and asthma. Variations in atmospheric
pollen levels are closely related to allergy incidence
and symptom severity in sensitized populations.
Systematic aeropalynological monitoring enables the
development of pollen calendars and exposure
forecasts that assist public health management.
Climatic variability and land-use changes have further
modified pollen production and seasonality, increasing
the relevance of aeropalynology in climate—health
research.

Given its ecological and medical significance,
aeropalynology integrates principles of botany,
atmospheric science and environmental health. This
review discusses the sources of airborne pollen and
spores, their morphological and aerodynamic
characteristics, mechanisms of atmospheric dispersal,
sampling and monitoring techniques and seasonal and
spatial variation. The environmental and health
implications of airborne pollen dynamics are also
considered to emphasize the multidisciplinary
importance of aeropalynological studies.
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IL. SOURCES OF AIRBORNE POLLEN AND
SPORES

Airborne pollen originates predominantly from wind-
pollinated (anemophilous) plants such as grasses, trees
and weeds that produce abundant lightweight pollen
adapted for aerial transport. Families including
Poaceae, Amaranthaceae, Asteraceae and Pinaceae
commonly contribute to atmospheric pollen loads
during flowering seasons. In contrast, insect-
pollinated plants usually release heavier and adhesive
pollen that enters the atmosphere only locally and in
smaller quantities.

Fungal spores also represent a major component of
airborne biological particles. Genera such as
Cladosporium,  Alternaria,  Aspergillus  and
Penicillium are frequently recorded in aerobiological
samples and may occur in concentrations exceeding
pollen. The composition of airborne pollen and spore
assemblages therefore reflects surrounding vegetation,
land use and ecological conditions, forming the basis
for environmental interpretation in aeropalynology.

I1I. POLLEN MORPHOLOGY AND
AERODYNAMIC PROPERTIES

The atmospheric behaviour of pollen grains depends
largely on their size, shape, density and wall structure,
which determine aerodynamic performance. Pollen
diameter generally ranges from 10-100 pm, and
smaller grains remain airborne longer due to lower
settling velocity, while larger grains settle rapidly near
source vegetation. Shape also influences dispersal
efficiency; spherical or ellipsoidal pollen shows more
stable aerodynamic behaviour than irregular forms.

Surface ornamentation further affects transport
potential. Smooth-walled pollen typical of wind-
pollinated species facilitates atmospheric dispersal,
whereas sculptured or spiny exines characteristic of
insect-pollinated taxa enhance adhesion but reduce
airborne persistence. Some anemophilous pollen, such
as conifer pollen, possesses air sacs that increase
buoyancy and prolong atmospheric suspension. These
morphological features collectively influence pollen
transport distance and deposition patterns.
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Iv. ATMOSPHERIC DISPERSAL
MECHANISMS

Atmospheric dispersal of pollen and spores is
controlled by the interaction of biological release
processes and meteorological factors. Pollen liberation
generally occurs under dry and moderately windy
conditions that favour entrainment into air currents.
Many plant species exhibit diurnal release patterns,
with peak emission during daytime when temperature
and turbulence increase. Fungal spores may be
released in response to humidity changes or
mechanical disturbance, producing different temporal
dispersal patterns.

Once airborne, pollen grains are transported
horizontally by wind and vertically through turbulent
mixing within the atmospheric boundary layer. Wind
speed and direction determine transport pathways,
while atmospheric stability influences dispersal
distance. Rainfall removes airborne pollen through
washout processes, whereas dry windy conditions may
resuspend deposited grains. These processes generate
temporal variability in pollen concentration and
contribute to seasonal aeropalynological patterns.

V. SAMPLING AND MONITORING
TECHNIQUES

Quantitative assessment of airborne pollen relies on
standardized aerobiological sampling techniques. The
most widely used instrument is the volumetric spore
trap, particularly the Hirst-type sampler, which draws
a known volume of air and captures particles on an
adhesive surface. This method allows calculation of
pollen concentration per unit volume of air and
provides continuous monitoring of atmospheric pollen
levels.

Other collectors such as gravitational traps and rotorod
samplers are also used but may be biased toward
certain particle sizes. Collected samples are mounted
on microscope slides and pollen grains identified using
reference atlases and collections. Quantitative
counting enables estimation of daily or seasonal pollen
concentrations. Long-term  monitoring  stations
generate pollen calendars that describe seasonal trends
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and peak pollen periods, supporting environmental
assessment and allergy forecasting.

VL SEASONAL AND SPATIAL VARIATION

Airborne pollen concentrations show clear seasonal
patterns linked to plant flowering phenology. In many
regions, tree pollen dominates spring, grasses peak in
summer and weed pollen occurs in late summer or
autumn. Fungal spores often reach maximum levels
during warm and humid conditions and display
seasonal trends different from pollen. In tropical
climates, pollen may occur throughout the year but
still exhibits seasonal fluctuations related to rainfall
and temperature cycles.

Spatial variation in airborne pollen reflects vegetation
distribution, land use and topography. Urban areas
often exhibit increased herbaceous pollen due to
disturbed vegetation, whereas forested regions show
greater arboreal pollen representation. Agricultural
landscapes contribute crop and weed pollen types.
Long-distance atmospheric transport may introduce
pollen from distant regions, producing episodic
changes in local pollen spectra.

VIL ENVIRONMENTAL AND CLIMATIC
INFLUENCES

Environmental and climatic factors strongly influence
pollen  production, release and atmospheric
distribution. Temperature regulates plant phenology
and flowering timing, while precipitation and
humidity affect pollen liberation and airborne
persistence. Elevated atmospheric CO: may enhance
plant growth and pollen production. Climatic
variability, particularly warming trends, has advanced
flowering periods and extended pollen seasons in
many regions.

Urbanization and air pollution also modify airborne
pollen environments by altering vegetation
composition and atmospheric conditions. Pollutants
may interact with pollen grains and influence
allergenicity. Changes in land use and climate
therefore play a significant role in shaping
aeropalynological patterns and exposure levels.
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VIIL. HEALTH IMPACTS

Airborne pollen and fungal spores are major biological
aeroallergens responsible for respiratory disorders
such as allergic rhinitis and asthma. Allergenic pollen
from grasses, trees and weeds can trigger immune
responses in sensitized individuals, and symptom
severity is closely related to atmospheric pollen
concentration and exposure duration. Fungal spores
also contribute significantly to respiratory allergies,
particularly under warm and humid conditions.

Aeropalynological monitoring supports public health
by identifying peak pollen periods and enabling
allergy forecasting. Pollen calendars derived from
long-term data help clinicians and patients anticipate
exposure and implement preventive measures.
Climatic changes that increase pollen production and
extend pollen seasons have contributed to rising
allergy prevalence worldwide.

IX. APPLICATIONS OF
AEROPALYNOLOGY

Aeropalynology has important applications in
environmental monitoring, agriculture and public
health. Analysis of airborne pollen provides
information on vegetation distribution, phenological
changes and ecological dynamics. Long-term pollen
records help detect environmental change,
urbanization effects and climate-driven shifts in
flowering patterns.

In agriculture, pollen monitoring assists in assessing
crop pollination periods and airborne dispersal of plant
propagules. In public health, aeropalynological data
support allergy forecasting and exposure assessment.
Integration of pollen monitoring with meteorological
information also contributes to climate research and
air quality studies. These multidisciplinary
applications highlight the environmental and societal
relevance of aeropalynology.

X. CLIMATE CHANGE AND FUTURE
TRENDS

Climate change is increasingly influencing airborne
pollen dynamics through its effects on vegetation
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distribution, flowering phenology and atmospheric
processes. Rising global temperatures have advanced
the onset of flowering in many plant species and
prolonged pollen seasons, resulting in extended
periods of airborne pollen exposure. Elevated
atmospheric carbon dioxide levels may also enhance
plant growth and reproductive output, potentially
increasing pollen production and atmospheric
concentrations. Changes in precipitation patterns and
wind regimes further affect pollen release and
dispersal pathways, altering regional
aeropalynological patterns.

Future aeropalynological research is expected to
integrate advanced monitoring technologies and
predictive modelling approaches to better understand
climate-driven changes in airborne pollen distribution.
Automated pollen detection systems, molecular
identification methods and remote sensing tools are
improving the accuracy and efficiency of pollen
monitoring. Long-term  aerobiological datasets
combined with climate projections will help assess
shifts in vegetation phenology and allergen exposure
under changing
Understanding these trends is essential for predicting
ecological responses and managing public health risks
associated with airborne allergens in a changing
climate.

environmental conditions.

XI. CONCLUSION

Aeropalynology provides valuable insights into the
sources, dispersal and environmental significance of
airborne pollen and spores. The composition and
seasonal dynamics of atmospheric palynomorphs
reflect vegetation distribution, climatic conditions and
land-use patterns. Monitoring airborne pollen
therefore contributes to environmental assessment,
vegetation studies and climate-related research.

Airborne pollen and fungal spores also represent major
biological aeroallergens influencing respiratory
health. Aeropalynological monitoring supports allergy
forecasting and exposure management by identifying
seasonal pollen trends and peak periods.
Environmental change and climate variability are
increasingly modifying pollen production and
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seasonality, highlighting the growing relevance of
aeropalynology in environmental health studies.

Overall, aeropalynology represents a multidisciplinary
field linking botany, atmospheric science and public
health. Continued development of monitoring
techniques and long-term datasets will enhance
understanding of airborne pollen dynamics and their
ecological and health implications in the context of
global environmental change.
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