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        Abstract 

Air pollution has emerged as one of the most significant environmental challenges accompanying rapid 

urbanization since the mid-twentieth century. Between 1947 and 2017, industrial expansion, increasing 

vehicular emissions, fossil fuel combustion, and urban growth substantially altered atmospheric quality 

worldwide. While considerable research has focused on the impacts of air pollution on human health, its 

influence on urban wildlife has received comparatively less attention. Urban ecosystems support diver se 

fauna, including birds, mammals, reptiles, amphibians, insects, and pollinators, all of which are exposed to a 

complex mixture of airborne pollutants such as particulate matter (PM), sulfur dioxide (SO₂), nitrogen oxides 

(NOₓ), ozone (O₃), carbon monoxide (CO), volatile organic compounds (VOCs), and heavy metals. These 

pollutants affect wildlife through inhalation, ingestion, dermal exposure, and contamination of food chains. 

Long-term exposure has been associated with respiratory disorders, reproductive impairment, behavioral 

changes, immune suppression, genetic damage, reduced biodiversity, and altered species distribution. This 

comprehensive review synthesizes seven decades of scientific literature (1947–2017), tracing the evolution of 

research on air pollution and urban wildlife. It examines historical trends, major pollutants, biological 

responses across taxa, ecological consequences, methodological developments, and emerging conservation 

strategies. The review also identifies significant knowledge gaps and proposes future research priorities for 

sustainable urban biodiversity management. Understanding these relationships is essential for integrating 

wildlife conservation into urban planning and air quality management, thereby supporting healthier 

ecosystems and resilient cities.  

Keywords- Air Pollution, Urban Wildlife, Biodiversity, Particulate Matter (PM), Heavy Metals, Birds, Urban 

Ecology, Environmental Monitoring 

Introduction 

 Urbanization has been one of the defining global trends of the twentieth and early twenty-first centuries, 

profoundly transforming landscapes, ecosystems, and biodiversity. Since the end of the Second World War in 

1947, rapid industrialization, population growth, expanding transportation networks, and increasing energy 

consumption have accelerated the emission of atmospheric pollutants into urban environments. These changes 

have not only affected human health and economic development but have also significantly influenced urban 

wildlife, which plays a crucial role in maintaining ecological balance and ecosystem services. Although cities 

are often viewed as centers of human activity, they also provide habitats for a diverse array of birds, mammals, 

reptiles, amphibians, insects, and other organisms that have adapted to urban conditions. However, the survival 

and sustainability of these species are increasingly threatened by deteriorating air quality.  

 Air pollution consists of a complex mixture of gaseous and particulate contaminants, including particulate 

matter (PM₂.₅ and PM₁₀), sulfur dioxide (SO₂), nitrogen oxides (NOₓ), ozone (O₃), carbon monoxide (CO), 

volatile organic compounds (VOCs), polycyclic aromatic hydrocarbons (PAHs), and heavy metals such as 

lead, cadmium, and mercury. These pollutants originate primarily from industrial activities, vehicular 

emissions, fossil fuel combustion, construction operations, waste incineration, and domestic energy use. Once 
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released into the atmosphere, pollutants interact with vegetation, soil, water bodies, and living organisms, 

creating multiple exposure pathways for wildlife through inhalation, ingestion, dermal absorption, and 

contaminated food resources. 

Urban wildlife is particularly vulnerable because many species spend their entire life cycles within polluted 

city environments. Birds nesting near busy roads inhale elevated concentrations of airborne particulates and 

toxic gases. Small mammals accumulate heavy metals through contaminated food and soil. Pollinating insects 

encounter pollutants deposited on flowers and vegetation, while amphibians and reptiles may experience 

physiological stress due to degraded environmental quality. Chronic exposure to air  pollutants has been 

associated with respiratory disorders, reduced reproductive success, weakened immune systems, endocrine 

disruption, genetic mutations, behavioral changes, impaired navigation, altered migration patterns, and 

increased mortality. These impacts extend beyond individual organisms to influence population dynamics, 

community structure, species interactions, and ecosystem functioning. 

The relationship between air pollution and urban wildlife has gradually emerged as an important 

interdisciplinary research area involving ecology, environmental science, toxicology, conservation biology, 

atmospheric chemistry, veterinary science, and urban planning. During the early decades after 1947, scientific 

investigations primarily concentrated on the effects of air pollution on vegetation, agriculture, and human 

health. Wildlife received comparatively little attention due to limited monitoring techniques and the prevailing 

assumption that mobile animal species could avoid polluted environments. However, environmental disasters, 

growing public awareness, and technological advances in environmental monitoring gradually shifted research 

toward understanding the ecological consequences of atmospheric pollution. By the 1970s and 1980s, studies 

increasingly documented pollutant accumulation in bird feathers, mammalian tissues, and insect populations, 

demonstrating that wildlife could serve as valuable bioindicators of environmental contamination. Advances 

in molecular biology, remote sensing, biomonitoring, and ecological modeling during the 1990s and 2000s 

further strengthened scientific understanding of pollutant exposure and its biological effects.  

Urban wildlife provides numerous ecosystem services that directly and indirectly benefit human societies. 

Birds contribute to seed dispersal and insect control, bats regulate agricultural pests, insects facilitate 

pollination, mammals participate in nutrient cycling, and numerous species help maintain ecological 

resilience. Declines in wildlife populations due to air pollution therefore have broader implications for urban 

ecosystem stability, biodiversity conservation, and sustainable city development. The loss of sensitive species 

may reduce ecosystem functionality, alter food webs, and diminish the ecological health of urban landscapes. 

Consequently, protecting wildlife from atmospheric pollution has become an important component of 

environmental management and biodiversity conservation. 

The period from 1947 to 2017 witnessed significant developments in environmental legislation and 

international cooperation aimed at reducing air pollution. Many countries introduced air quality standards, 

emission control technologies, cleaner industrial processes, and environmental monitoring programs. 

International agreements and sustainable development initiatives also emphasized the integration of 

environmental protection with economic growth. Despite these advances, rapid urban expansion, increasing 

vehicle ownership, industrial emissions, and climate change continue to expose urban wildlife to complex 

mixtures of pollutants, particularly in developing nations where urbanization is occurring at an unprecedented 

pace. 
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This comprehensive review examines seventy years of scientific research on the effects of air pollution on 

urban wildlife, covering the period from 1947 to 2017. It synthesizes evidence regarding major atmospheric 

pollutants, exposure pathways, physiological and ecological impacts across different wildlife groups, 

historical developments in research, methodological advancements, and emerging conservation strategies. By 

integrating findings from ecological, toxicological, and environmental studies, the review aims to provide a 

holistic understanding of how air pollution has influenced urban biodiversity over time. Furthermore, it 

identifies critical research gaps and future priorities to support evidence-based policies for improving urban 

air quality and conserving wildlife in rapidly changing metropolitan environments. 

Objectives of the Study 

The present review aims to examine the long-term relationship between air pollution and urban wildlife during 

the period 1947–2017. The specific objectives are: 

• To analyze the historical growth of air pollution in urban areas from 1947 to 2017. 

• To identify the major atmospheric pollutants affecting urban wildlife. 

• To evaluate the physiological, behavioral, reproductive, and ecological impacts of air pollution on different 

wildlife groups. 

• To assess changes in urban biodiversity and species distribution associated with deteriorating air quality.  

• To review the evolution of scientific research methodologies used to study pollution-related effects on 

wildlife. 

• To examine the role of urban wildlife as bioindicators of environmental contamination. 

• To identify research gaps and suggest future directions for urban wildlife conservation and air quality 

management. 

Research Methodology 

This study is based on a comprehensive review of scientific literature published between 1947 and 2017. The 

review adopts a qualitative and analytical approach to synthesize findings from multiple disciplines, including 

ecology, environmental science, toxicology, conservation biology, atmospheric chemistry, and urban studies. 

Sources of Data 

• Peer-reviewed journal articles 

• Books and edited volumes 

• Government and international agency reports 

• Environmental monitoring documents 

• Conference proceedings and research reviews 

Search Strategy 

Relevant literature was identified using keywords such as air pollution, urban wildlife, biodiversity, particulate 

matter, heavy metals, urban ecology, birds, mammals, pollinators, and environmental monitoring. 

Inclusion Criteria 
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• Studies conducted in urban or peri-urban environments. 

• Research addressing atmospheric pollutants and wildlife exposure. 

• Publications providing empirical data, experimental results, or review analyses. 

• Studies published within the time frame of 1947–2017. 

Analytical Approach 

The collected studies were categorized according to: 

• Type of pollutant 

• Wildlife group affected 

• Geographical region 

• Nature of biological response 

• Research methodology employed 

A comparative and thematic analysis was then performed to identify major trends, consistencies, and emerging 

patterns across the seven decades of research. 

Historical Development of Air Pollution (1947–2017) 

The history of urban air pollution since 1947 reflects the broader trajectory of industrialization and urban 

growth. The development may be divided into four major phases. 

1. Post-War Industrial Expansion (1947–1969) 

1947–1969 

After World War II, many countries experienced rapid industrial growth. Coal-fired industries, steel 

production, power plants, and manufacturing units became major sources of sulfur dioxide, smoke, and 

particulate emissions. Urban air pollution was often visible as dense smog. During this period, research 

focused primarily on human health and vegetation damage, while wildlife impacts received limited attention. 

2. Environmental Awareness and Regulation (1970–1989) 

1970–1989 

The environmental movement of the 1970s brought greater attention to air pollution. Landmark events such 

as severe smog episodes in industrial cities stimulated the development of air quality legislation. Researchers 

began documenting pollutant accumulation in bird feathers, mammalian tissues, and insect populations. 

Wildlife increasingly emerged as an indicator of environmental contamination. 

3. Urbanization and Vehicular Emissions (1990–2004) 

1990–2004 

Rapid urban expansion and increasing vehicle ownership shifted the dominant pollution sources from coal 

combustion to traffic-related emissions. Nitrogen oxides, ozone precursors, volatile organic compounds, and 

fine particulate matter became major concerns. Advances in biomonitoring and analytical chemistry enabled 

more accurate measurement of pollutant exposure in wildlife. 
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4. Integrated Environmental Management (2005–2017) 

2005–2017 

During the early twenty-first century, air pollution became recognized as a global environmental issue linked 

to climate change, public health, and biodiversity loss. Research increasingly adopted interdisciplinary 

approaches combining atmospheric science, ecology, genetics, and conservation biology. Studies 

demonstrated that chronic exposure to urban pollutants could alter wildlife behavior, reproduction, immune 

function, and population dynamics. 

Urban Wildlife and Urban Ecosystems 

Urban ecosystems are complex socio-ecological systems composed of built infrastructure, green spaces, water 

bodies, and remnant natural habitats. Despite extensive human modification, cities support a surprising 

diversity of wildlife species that have adapted to urban conditions. 

Components of Urban Wildlife 

Birds 

pigeons, sparrows, crows, raptors 

Mammals 

bats, rodents, squirrels, urban carnivores 

Reptiles & Amphibians 

lizards, snakes, frogs, toads 

Invertebrates 

bees, butterflies, ants, beetles, and other pollinators 

Ecological Functions 

• Pollination of urban vegetation 

• Seed dispersal 

• Natural pest control 

• Nutrient cycling 

• Maintenance of food webs 

• Enhancement of ecological resilience 

Interaction with Air Pollution 

Urban wildlife interacts continuously with the atmospheric environment. Pollutants may be inhaled directly, 

deposited on feathers and fur, accumulated in vegetation and prey, or incorporated into aquatic systems 

through atmospheric deposition. Species living near roads, industrial zones, and densely populated areas often 

experience the highest exposure levels. 

Urban Ecosystem Vulnerability 

Several characteristics make urban ecosystems particularly vulnerable to air pollution:  
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• High concentration of emission sources 

• Limited habitat connectivity 

• Fragmented green spaces 

• Heat island effects that enhance pollutant formation 

• Continuous human disturbance 

• Reduced availability of uncontaminated food and water resources 

Significance for Conservation 

Understanding the relationship between air pollution and urban wildlife is essential because urban biodiversity 

contributes directly to environmental quality and human well-being. Wildlife populations can serve as early 

warning indicators of ecological stress, helping policymakers assess the effectiveness of air quality regulations 

and urban environmental management strategies. Integrating wildlife conservation into urban planning 

therefore represents a critical step toward developing sustainable and resilient cities. 

The historical evolution of air pollution, combined with the ecological importance of urban wildlife, provides 

the foundation for examining how specific pollutants affect different wildlife groups and alter urban 

biodiversity over time. 

Urban Wildlife and Urban Ecosystems 

Urban ecosystems are dynamic socio-ecological systems where natural habitats coexist with human-built 

infrastructure, including residential areas, industrial zones, transportation networks, parks, wetlands, rivers, 

and urban forests. Although cities are primarily designed for human activities, they also provide habitats for 

numerous wildlife species that have adapted to urban environments. These species include birds, mammals, 

reptiles, amphibians, insects, and various invertebrates that occupy ecological niches created by both natural 

and artificial landscapes. Urban wildlife contributes significantly to biodiversity conservation and ecosystem 

functioning despite facing multiple environmental stressors such as habitat fragmentation, climate change, 

noise pollution, artificial lighting, and air pollution. 

The rapid pace of urbanization after 1947 fundamentally altered ecological processes across the world. 

Expanding cities replaced forests, grasslands, and wetlands with roads, buildings, and industrial complexes, 

reducing habitat availability while increasing environmental contamination. Nevertheless, many wildlife 

species successfully colonized urban environments by adapting their feeding behavior, breeding strategies, 

and habitat preferences. Species such as pigeons, house sparrows, crows, bats, squirrels, rats, butterflies, bees, 

and several reptile species have become common components of urban biodiversity. Urban green spaces—

including parks, botanical gardens, roadside plantations, riverbanks, and urban wetlands—serve as important 

refuges for these organisms by providing food resources, nesting sites, and breeding habitats. 

Urban wildlife performs numerous ecological functions that directly support ecosystem stability and human 

well-being. Birds regulate insect populations and disperse seeds, pollinating insects facilitate plant 

reproduction, bats contribute to natural pest control, while mammals and decomposers assist in nutrient 

cycling and organic matter decomposition. These ecosystem services enhance urban environmental quality, 

improve vegetation health, and contribute to climate resilience. Consequently, the conservation of urban 

wildlife is increasingly recognized as an essential component of sustainable urban development.  
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However, urban ecosystems expose wildlife to multiple environmental pressures that are often absent or less 

intense in natural habitats. Continuous emissions from industries, motor vehicles, thermal power plants, 

construction activities, and domestic fuel combustion generate high concentrations of atmospheric pollutants. 

Wildlife living within cities experiences chronic exposure to these pollutants throughout its life cycle. 

Airborne contaminants settle on vegetation, soil, and water bodies, contaminating food resources and 

increasing the risk of pollutant accumulation through ecological food chains. Habitat fragmentation further 

restricts animal movement, reducing opportunities to escape polluted environments and increasing long-term 

exposure. 

The interaction between air pollution and urban ecosystems is highly complex because pollutants affect not 

only individual organisms but also ecological processes. Atmospheric contaminants reduce plant productivity, 

alter flowering patterns, change insect abundance, degrade habitat quality, and modify predator-prey 

relationships. These cascading ecological effects influence species diversity, population structure, 

reproductive success, and community composition. Sensitive species often disappear from heavily polluted 

urban centers, while pollution-tolerant species become dominant, leading to biological homogenization and 

reduced ecosystem resilience. 

Urban wildlife also serves as an effective indicator of environmental quality. Birds, lichens, butterflies, bees, 

bats, and small mammals accumulate pollutants in their tissues, feathers, fur, or exoskeletons, making them 

valuable bioindicators for monitoring atmospheric contamination. Changes in wildlife health, abundance, and 

behavior frequently provide early warning signals of environmental degradation before severe ecological 

damage becomes evident. Consequently, integrating wildlife monitoring into urban environmental 

management has become increasingly important for assessing ecosystem health and evaluating pollution 

control measures. 

During the period from 1947 to 2017, scientific understanding of urban ecosystems evolved considerably. 

Early studies primarily emphasized urban development and pollution control from a human health perspective. 

Over time, researchers recognized that cities represent complex ecological systems where biodiversity 

conservation, ecosystem functioning, and environmental sustainability are closely interconnected. Modern 

urban ecology therefore emphasizes the conservation of wildlife alongside improvements in air  quality, green 

infrastructure, and sustainable urban planning. 

Major Air Pollutants Affecting Urban Wildlife 

Urban wildlife is exposed to a wide range of atmospheric pollutants originating from industrial activities, 

transportation, fossil fuel combustion, waste incineration, construction operations, and domestic energy 

consumption. These pollutants vary in their chemical composition, persistence, and biological toxicity, but 

collectively they exert significant adverse effects on wildlife health and ecosystem functioning.  

Among the most important pollutants is particulate matter (PM₁₀ and PM₂.₅). Fine particles penetrate deeply 

into the respiratory systems of birds and mammals, causing lung inflammation, oxidative stress, and impaired 

respiratory function. Particulates also deposit on vegetation and water surfaces, increasing indirect exposure 

through contaminated food and drinking water. Due to their small size, PM₂.₅ particles frequently carry toxic 

substances including heavy metals and organic pollutants, enhancing their harmful effects.  

Sulfur dioxide (SO₂) has historically been one of the principal pollutants emitted from coal-fired power plants 

and heavy industries. High concentrations damage respiratory tissues, reduce plant productivity, and 
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contribute to acid rain formation. Acidic deposition alters soil chemistry, reduces vegetation quality, and 

indirectly affects herbivorous wildlife by decreasing food availability and nutritional value.  

Nitrogen oxides (NOₓ) are primarily produced by vehicle exhaust and industrial combustion. These gases 

contribute to the formation of ground-level ozone and photochemical smog. Elevated NOₓ concentrations 

irritate respiratory systems, reduce lung efficiency, and alter plant communities through excessive nitrogen 

deposition. Changes in vegetation subsequently affect herbivores, pollinators, and insect populations.  

Ground-level ozone (O₃) is a secondary pollutant formed through reactions between nitrogen oxides and 

volatile organic compounds under sunlight. Ozone damages lung tissues in vertebrates, impairs photosynthesis 

in plants, reduces floral resources for pollinators, and alters ecological interactions within urban ecosystems. 

Carbon monoxide (CO) interferes with oxygen transport by binding strongly to hemoglobin. Chronic 

exposure reduces physical endurance, affects metabolic activity, and may impair the survival of birds and 

small mammals inhabiting traffic-dense urban environments. 

Volatile organic compounds (VOCs) originate from fuel evaporation, industrial solvents, paints, and vehicle 

emissions. Many VOCs contribute to ozone formation, while certain compounds possess carcinogenic or 

neurotoxic properties that can affect wildlife physiology and reproduction. 

Heavy metals, including lead (Pb), cadmium (Cd), mercury (Hg), arsenic (As), chromium (Cr), and nickel 

(Ni), represent persistent environmental contaminants. Unlike gaseous pollutants, heavy metals accumulate in 

soils, sediments, vegetation, and animal tissues. Through bioaccumulation and biomagnification, these metals 

disrupt neurological development, reproductive processes, immune function, and enzyme activity in numerous 

wildlife species. 

In addition, polycyclic aromatic hydrocarbons (PAHs) generated during incomplete combustion of fossil 

fuels accumulate on airborne particles and urban surfaces. PAHs exhibit mutagenic, carcinogenic, and 

endocrine-disrupting properties that adversely affect wildlife development and reproduction. 

The combined exposure to multiple pollutants often produces synergistic effects that are more harmful than 

individual pollutants alone. Consequently, urban wildlife experiences complex environmental stress that 

challenges physiological adaptation and long-term population survival. 

Effects of Air Pollution on Different Wildlife Groups 

Air pollution affects wildlife at multiple levels of biological organization, ranging from cellular damage to 

ecosystem-wide changes. The severity of impacts depends upon species sensitivity, pollutant type, exposure 

duration, habitat conditions, and ecological interactions. 

Effects on Birds 

Birds are among the most extensively studied urban wildlife groups because they occupy diverse habitats and 

are highly responsive to environmental change. Air pollution causes respiratory diseases, decreased lung 

efficiency, oxidative stress, and inflammation. Heavy metals accumulate in feathers, eggs, and internal organs, 

reducing reproductive success and chick survival. Pollutants also interfere with vocal communication, 

migration, navigation, and foraging behavior. Sensitive bird species often decline in heavily polluted cities, 

while pollution-tolerant species such as pigeons and crows become increasingly dominant. 

Effects on Mammals 
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Urban mammals, including bats, squirrels, rodents, hedgehogs, and foxes, are exposed through inhalation and 

contaminated food resources. Long-term exposure to airborne pollutants causes respiratory disorders, immune 

suppression, liver and kidney damage, hormonal imbalance, reproductive impairment, and reduced life 

expectancy. Heavy metals accumulate in body tissues, while persistent organic pollutants affect neurological 

development and metabolic processes. Bats may experience reduced echolocation efficiency and altered 

foraging patterns due to degraded environmental conditions. 

Effects on Amphibians 

Although amphibians primarily depend on aquatic habitats, they are highly sensitive to atmospheric pollution 

because of their permeable skin and dual aquatic-terrestrial life cycle. Pollutants deposited into ponds and 

wetlands reduce water quality, impair larval development, increase developmental abnormalities, suppress 

immune function, and decrease reproductive success. Amphibian population declines have frequently been 

associated with combined effects of air pollution, acid deposition, and habitat degradation. 

Effects on Reptiles 

Urban reptiles such as lizards, snakes, and turtles accumulate pollutants through contaminated prey and 

environmental exposure. Heavy metals interfere with growth, reproduction, endocrine regulation, and immune 

responses. Pollutants also affect egg development and hatchling survival, reducing long-term population 

stability. Habitat contamination limits food availability and alters thermoregulatory behavior essential for 

reptilian survival. 

Effects on Insects and Pollinators 

Pollinating insects, particularly bees and butterflies, are extremely vulnerable to atmospheric pollution. Ozone 

and particulate matter degrade floral scents that insects rely upon for locating flowers, reducing pollination 

efficiency. Heavy metals and airborne contaminants accumulate in nectar and pollen, affecting larval 

development, navigation, immunity, and colony health. Declines in pollinator populations reduce plant 

reproduction and biodiversity throughout urban ecosystems. 

Ecological Consequences Across Wildlife Communities 

The effects of air pollution extend beyond individual species to entire ecological communities. Chronic 

pollutant exposure alters species composition, reduces biodiversity, disrupts predator -prey interactions, 

modifies food-web dynamics, and weakens ecosystem resilience. Sensitive species gradually disappear from 

highly polluted urban areas, while pollution-tolerant organisms become dominant, resulting in ecological 

homogenization. Reduced wildlife diversity also diminishes ecosystem services such as pollination, pest 

control, seed dispersal, and nutrient cycling, thereby affecting the overall sustainability of urban environments. 

Overall, evidence accumulated between 1947 and 2017 demonstrates that air pollution is a major ecological 

stressor capable of influencing wildlife health, population dynamics, community structure, and ecosystem 

functioning. These findings underscore the need to integrate air quality management with urban biodiversity 

conservation to ensure environmentally sustainable and wildlife-friendly cities. 

Ecological and Biodiversity Impacts 

Air pollution is not only a threat to individual organisms but also a major driver of ecological degradation and 

biodiversity loss in urban environments. Between 1947 and 2017, increasing industrialization, rapid urban 

expansion, and rising vehicular emissions significantly altered the structure and functioning of urban 
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ecosystems worldwide. Atmospheric pollutants have affected wildlife populations through direct 

physiological toxicity and indirect ecological mechanisms, leading to changes in species diversity, community 

composition, ecosystem processes, and ecological resilience. 

One of the most evident ecological consequences of air pollution is the decline in species richness. Sensitive 

species are generally unable to tolerate prolonged exposure to high concentrations of sulfur dioxide, nitrogen 

oxides, ozone, particulate matter, and heavy metals. Consequently, many pollution-sensitive birds, insects, 

amphibians, and lichens have disappeared from heavily urbanized regions, while pollution-tolerant species 

such as pigeons, crows, rats, and certain invasive insects have become increasingly dominant. This process, 

commonly referred to as biotic homogenization, reduces biological diversity and diminishes ecosystem 

stability. 

Air pollution also disrupts ecological food webs. Pollutants deposited on vegetation, soil, and water enter food 

chains through primary producers and progressively accumulate in herbivores and predators. Heavy metals 

such as lead, cadmium, and mercury biomagnify across trophic levels, exposing top predators to particularly 

high contaminant concentrations. Such accumulation impairs reproduction, reduces survival rates, and alters 

predator-prey relationships, ultimately destabilizing ecosystem dynamics. 

Plant–animal interactions are particularly vulnerable to atmospheric pollution. Ozone and sulfur dioxide 

reduce photosynthetic efficiency, retard plant growth, and alter flowering phenology. Simultaneously, 

particulate matter and volatile organic compounds interfere with floral scent signals that pollinating insects 

use to locate flowers. Reduced pollinator activity lowers seed production, limits plant regeneration, and 

decreases habitat quality for herbivorous wildlife. These cascading ecological effects demonstrate the 

interconnected nature of urban biodiversity. 

Bird communities exhibit substantial changes in response to deteriorating air quality. Numerous studies have 

reported reductions in insectivorous and migratory bird populations within highly polluted urban centers. 

Pollutants reduce breeding success, hatchability, and juvenile survival while simultaneously affecting 

migratory orientation and vocal communication. Similar trends have been observed among bats and small 

mammals, whose ecological roles in insect control and seed dispersal become compromised under chronic 

pollutant exposure. 

Insects, particularly bees and butterflies, represent another highly vulnerable group. Atmospheric pollutants 

impair navigation, foraging efficiency, colony development, and reproductive success. Since insects occupy 

fundamental positions within terrestrial food webs, their decline affects birds, reptiles, amphibians, and 

numerous other organisms that depend upon them as food resources. Reduced insect abundance therefore has 

ecosystem-wide consequences extending far beyond pollination services. 

Air pollution further contributes to habitat degradation by altering soil chemistry, reducing vegetation cover, 

increasing acid deposition, and contaminating freshwater systems. Degraded habitats provide fewer nesting 

sites, diminished food availability, and reduced shelter, forcing wildlife populations into smaller and 

increasingly fragmented habitats. Habitat fragmentation restricts genetic exchange among populations, 

decreases genetic diversity, and heightens extinction risk for localized species. 

Long-term ecological monitoring between 1947 and 2017 indicates that urban ecosystems subjected to 

persistent atmospheric pollution generally exhibit lower biodiversity, simplified community structures, and 

reduced ecological resilience compared with less polluted environments. Although some generalist species 
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successfully adapt to urban conditions, specialist species often experience population declines or local 

extinction. This shift toward simplified ecological communities decreases ecosystem stability and limits the 

capacity of cities to withstand additional environmental disturbances, including climate change. 

Urban biodiversity also provides valuable ecosystem services such as pollination, biological pest control, 

nutrient cycling, seed dispersal, decomposition, and environmental monitoring. The decline of wildlife 

populations due to air pollution therefore affects not only ecological integrity but also human well-being and 

urban sustainability. Protecting biodiversity through improved air quality management is thus an essential 

component of sustainable urban development. 

Overall, evidence accumulated over seven decades demonstrates that atmospheric pollution has become one 

of the principal ecological stressors affecting urban biodiversity. The cumulative impacts of multiple 

pollutants, combined with habitat loss and climate change, emphasize the need for integrated environmental 

policies that simultaneously address air quality improvement and biodiversity conservation. 

Discussion and Integrated Analysis 

The scientific literature published between 1947 and 2017 clearly demonstrates that air pollution has evolved 

from a localized environmental issue into a global ecological challenge with profound implications for urban 

wildlife. Early investigations primarily concentrated on industrial smoke, sulfur dioxide emissions, and visible 

damage to vegetation. Wildlife impacts received comparatively little attention because environmental 

monitoring techniques were limited and ecological toxicology had not yet developed as an independent 

scientific discipline. However, advances in environmental chemistry, wildlife biology, molecular ecology, and 

biomonitoring gradually revealed that atmospheric pollutants affect virtually every component of urban 

ecosystems. 

A major finding emerging from the reviewed literature is that wildlife responses to air pollution vary 

considerably among taxonomic groups, ecological niches, and pollutant types. Birds have become one of the 

most extensively studied groups because they occupy multiple trophic levels and readily accumulate pollutants 

in feathers and internal tissues. Mammals exhibit significant physiological and reproductive impairments 

following chronic pollutant exposure, while amphibians demonstrate exceptional sensitivity because of their 

permeable skin and dependence on aquatic habitats. Pollinating insects experience disruptions in chemical 

communication and navigation, resulting in reduced pollination efficiency and ecosystem productivity.  

The review also highlights the importance of indirect ecological effects. Air pollution rarely acts in isolation; 

rather, it interacts with habitat fragmentation, urban heat islands, invasive species, artificial lighting, and 

climate change. These multiple stressors often produce synergistic effects that exceed the impacts of individual 

pollutants. Consequently, assessing pollutant toxicity without considering broader ecological interactions may 

underestimate the actual risks faced by urban wildlife. 

Another important observation is the increasing recognition of wildlife as effective bioindicators of 

environmental quality. Numerous studies have demonstrated that birds, bats, lichens, mosses, insects, and 

small mammals accumulate atmospheric contaminants in measurable quantities. Changes in their physiology, 

behavior, reproduction, and population dynamics frequently provide early warning indicators of 

environmental deterioration before substantial ecosystem degradation becomes visible. Biomonitoring 

therefore represents a valuable tool for evaluating long-term environmental health and the effectiveness of 

pollution control policies. 
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The historical progression of environmental legislation also played a significant role during the review period. 

Regulations aimed at reducing sulfur dioxide and lead emissions produced measurable improvements in air 

quality in many developed countries. Nevertheless, new challenges emerged with increasing urbanization, 

including elevated concentrations of PM₂.₅, ozone, nitrogen oxides, diesel exhaust particles, and secondary 

atmospheric pollutants. Rapid industrial growth in developing countries further intensified exposure risks for 

urban wildlife despite technological advances in pollution control. 

Methodological developments substantially strengthened research during the latter decades of the study 

period. Traditional observational surveys were progressively complemented by tissue chemistry, stable 

isotope analysis, biomarker studies, remote sensing, geographic information systems, molecular genetics, and 

ecological modeling. These approaches enabled researchers to establish stronger causal relationships between 

pollutant exposure and wildlife health while improving spatial and temporal assessment of  environmental 

contamination. 

Despite considerable scientific progress, several important knowledge gaps remain. Long-term monitoring 

programs are limited in many regions, particularly in developing countries undergoing rapid urban expansion. 

Research on reptiles, amphibians, nocturnal mammals, and invertebrates remains relatively scarce compared 

with studies on birds. Furthermore, the combined effects of multiple pollutants, climate change, and emerging 

contaminants require greater interdisciplinary investigation. 

Overall, the integrated evidence suggests that effective conservation of urban wildlife cannot be achieved 

through biodiversity management alone. Air quality improvement, sustainable urban planning, habitat 

restoration, green infrastructure development, and continuous ecological monitoring must be implemented 

simultaneously. Such integrated approaches are essential for preserving urban biodiversity and ensuring the 

long-term ecological sustainability of rapidly expanding cities. 

Conclusion and Future Directions 

This comprehensive review of scientific literature published between 1947 and 2017 demonstrates that air 

pollution has become one of the most significant environmental threats to urban wildlife and biodiversity. 

Over the past seven decades, rapid industrialization, urban expansion, motorization, and increased fossil fuel 

consumption have transformed atmospheric conditions, exposing wildlife to complex mixtures of gaseous 

pollutants, particulate matter, heavy metals, and persistent organic contaminants. These pollutants affect 

wildlife through inhalation, ingestion, dermal absorption, and food-chain contamination, producing adverse 

physiological, reproductive, behavioral, genetic, and ecological consequences. 

The review highlights that air pollution influences wildlife at multiple biological levels, from cellular damage 

and organ dysfunction to population declines and ecosystem disruption. Birds, mammals, amphibians, reptiles, 

and pollinating insects all exhibit varying degrees of sensitivity depending on species characteristics, habitat 

conditions, and pollutant exposure. Chronic contamination reduces reproductive success, suppresses immune 

responses, alters migration and foraging behavior, and increases mortal ity. At the ecosystem level, 

atmospheric pollution contributes to biodiversity loss, habitat degradation, food-web alteration, and reduced 

ecosystem resilience, ultimately affecting ecological services essential for both wildlife and human societies. 

One of the major findings emerging from this review is the growing importance of wildlife as biological 

indicators of environmental quality. Species inhabiting urban ecosystems provide valuable information 

regarding pollutant accumulation, ecological health, and long-term environmental change. Advances in 
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biomonitoring, molecular ecology, remote sensing, and environmental toxicology have substantially improved 

scientific understanding of pollutant effects and strengthened the integration of wildlife conservation into 

urban environmental management. 

Despite significant progress in pollution control technologies and environmental legislation during the latter 

half of the twentieth century, many urban areas continue to experience elevated concentrations of fine 

particulate matter, ozone, nitrogen oxides, and other emerging pollutants. Rapid urbanization in developing 

countries, coupled with climate change and habitat fragmentation, presents new challenges that require 

coordinated scientific and policy responses. 

Future Directions- Future research and environmental management should focus on the following priorities: 

1. Establish long-term urban wildlife monitoring programs to assess the cumulative effects of air pollution.  

2. Expand research on underrepresented taxa, including reptiles, amphibians, bats, and invertebrates.  

3. Investigate the combined impacts of air pollution, climate change, noise pollution, and habitat 

fragmentation.  

4. Utilize advanced technologies such as remote sensing, environmental DNA (eDNA), artificial 

intelligence, and geographic information systems for pollution monitoring and biodiversity assessment.  

5. Strengthen biomonitoring programs using birds, insects, lichens, and small mammals as indicator species.  

6. Promote interdisciplinary collaboration among ecologists, atmospheric scientists, toxicologists, urban 

planners, and public health experts.  

7. Integrate biodiversity conservation into urban planning through the development of green infrastructure, 

ecological corridors, and urban forests.  

8. Improve emission control technologies and accelerate the transition toward cleaner transportation and 

renewable energy.  

9. Develop region-specific air quality standards that consider ecological as well as human health impacts.  

10. Enhance public awareness and citizen science initiatives to support wildlife conservation and 

environmental monitoring. 
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