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Abstract: Urban light pollution significantly disrupts the natural behaviors of nocturnal insects, 

affecting their ecological roles and interactions. This study examines the behavioral adaptations of 

nocturnal insects to artificial light through a combined field and laboratory analysis. Field studies were 

conducted at urban and rural sites, where insect behaviors were observed in response to varying levels 

of light pollution. Laboratory experiments simulated different lighting conditions to further analyze 

these behavioral changes. Results indicated that urban light pollution led to notable disruptions in 

insect behaviors, such as altered flight patterns, reduced foraging efficiency, and diminished mating 

activities. Species-specific responses varied, with some insects showing greater adaptability than 

others. The study highlights the resilience of nocturnal insects but also underscores their vulnerability 

to artificial light. The findings suggest that mitigating light pollution through better urban planning and 

lighting design could help preserve nocturnal insect populations and their ecological functions. 

Recommendations include the implementation of shielding measures, reduced light intensity, and the 

use of less disruptive light spectra. This research provides valuable insights into how urban 

environments impact nocturnal insect behavior and offers practical solutions for minimizing light 

pollution's effects. 

Keywords: Nocturnal Insects, Urban Light Pollution, Behavioral Adaptations, Field Study, Laboratory 

Analysis, Artificial Light, Ecological Impact, Insect Behavior, Light Pollution Mitigation, Species-

Specific Responses, Urban Planning, Lighting Design 

I. Introduction 

Nocturnal insects play a vital role in ecosystems, contributing to processes such as pollination, 

decomposition, and serving as prey for other wildlife. Their behaviors are intricately tuned to natural 

light cues from moonlight and starlight, which guide their navigation, foraging, and mating activities 

[1]. The rise of urban environments has introduced a new challenge: artificial light pollution. Urban 

light pollution, characterized by the excessive or misdirected artificial light emanating from 

streetlights, billboards, and other urban infrastructure, significantly disrupts the natural night-time 

environment.  
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Figure 1. Field and Laboratory Study State Machine 

This disruption can lead to a cascade of effects on nocturnal insects, altering their behaviors and 

potentially impacting ecosystem functions [2]. Artificial light has been shown to interfere with the 

biological rhythms and natural activities of nocturnal insects. For instance, the attraction of moths to 

artificial lights is a well-documented phenomenon, which can result in disorientation and increased 

predation risks. Similarly, artificial light can disrupt mating rituals, with fireflies and other insects 

showing reduced mating success in lit environments [3]. These changes not only affect individual 

insects but can also impact entire populations and the broader ecological dynamics in which they are 

involved. Understanding how nocturnal insects adapt to light pollution is crucial for developing 

strategies to mitigate its adverse effects. Adaptations can vary widely among species and can include 

changes in flight patterns, alterations in foraging behavior, and shifts in mating timings [4]. For 

example, some species may become more active during certain times of the night to avoid peak light 

intensity, while others may change their feeding behaviors or mating calls. These adaptations can offer 

insights into the resilience and vulnerabilities of different insect species in the face of ongoing 

urbanization. The significance of studying behavioral adaptations to light pollution extends beyond the 

impacts on individual species [5]. The disruption of natural insect behaviors can have broader 

ecological consequences, including impacts on plant pollination, nutrient cycling, and food web 

dynamics. As urban areas continue to expand, understanding these adaptations becomes increasingly 

important for designing effective conservation strategies and urban planning practices that minimize 

light pollution’s impact on nocturnal wildlife [6]. This study aims to provide a comprehensive analysis 

of how nocturnal insects adapt to urban light pollution through both field and laboratory investigations 

(As shown in above Figure 1). The field component involves observing insect behavior in various 

urban and rural settings to identify changes linked to light exposure [7]. The laboratory component 
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allows for controlled experiments that simulate different lighting conditions to assess specific 

behavioral responses. By integrating findings from both field and laboratory studies, this research 

seeks to offer a nuanced understanding of how artificial light influences nocturnal insect behavior and 

to identify potential strategies for mitigating its effects [8]. The growing concern over light pollution 

underscores the need for effective measures to protect nocturnal ecosystems. Urban planners and 

policymakers can benefit from insights gained through this research to implement lighting designs that 

reduce ecological disruptions. Recommendations may include the use of lower-intensity lighting, 

shields to direct light away from natural areas, and the adoption of light spectra that are less disruptive 

to insect behaviors [9]. By addressing the challenges posed by urban light pollution, it is possible to 

promote a more harmonious coexistence between human activities and the natural world, preserving 

the ecological integrity of nocturnal environments. 

II. Literature Review 

Research on light pollution and its effects on biological rhythms reveals a complex interplay between 

artificial lighting and ecological systems [10]. Early studies on Precambrian resonance-stabilized day 

length offer insights into historical light conditions influencing modern biological processes. 

Observations of animal activity and lunar orientation highlight how natural and artificial light sources 

affect behavior and navigation [11]. The growing body of research underscores the importance of 

addressing artificial light at night (ALAN) as a global change factor, emphasizing its broad ecological 

impacts. Studies have documented how ALAN disrupts circadian rhythms, affects avian ecology, and 

alters migratory patterns. Research on nocturnal and crepuscular pollination further demonstrates the 

challenges posed by artificial lighting to ecological interactions [12]. The literature points to the need 

for continued investigation into the consequences of light pollution for both individual species and 

entire ecosystems. 
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Table 1. Summarizes the Literature Review of Various Authors 

In this Table 1, provides a structured overview of key research studies within a specific field or topic 

area. It typically includes columns for the author(s) and year of publication, the area of focus, 

methodology employed, key findings, challenges identified, pros and cons of the study, and potential 

applications of the findings. Each row in the table represents a distinct research study, with the 

corresponding information organized under the relevant columns. The author(s) and year of publication 

column provides citation details for each study, allowing readers to locate the original source material. 

The area column specifies the primary focus or topic area addressed by the study, providing context 

for the research findings. 

III. Effects of Light Pollution on Insects 

Light pollution has become a significant environmental issue, particularly affecting nocturnal insects 

whose behaviors are closely aligned with natural light cues. The effects of artificial light on these 

insects can be profound, influencing their navigation, foraging, mating, and overall ecological roles. 

One of the most noticeable effects of light pollution is the attraction of insects to artificial light sources. 

Moths, beetles, and other nocturnal species are known to be drawn to streetlights, porch lights, and 

other forms of artificial illumination. This attraction is believed to result from the insects' reliance on 
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natural light sources, such as moonlight, for navigation. Artificial lights can disrupt their orientation, 

leading to disorientation and increased mortality. For example, moths that are attracted to lights can 

become exhausted from continuous circling, leading to higher predation rates and decreased 

reproductive success. The impact of light pollution extends beyond mere attraction. It disrupts the 

natural timing of insect activities, such as mating and foraging. Many nocturnal insects rely on specific 

light cues to time their mating behaviors. For instance, fireflies use bioluminescent signals to attract 

mates, and these signals can be obscured or confused by artificial lighting. The interference with 

mating rituals can lead to reduced reproductive rates and altered population dynamics. Foraging 

behavior is also affected by light pollution. Nocturnal insects often feed on plants or other resources 

that are adapted to be active during specific times of the night. The presence of artificial light can alter 

their foraging patterns, leading to decreased efficiency in locating food sources. This can have 

cascading effects on plant-pollinator interactions, potentially affecting plant reproduction and the 

overall health of ecosystems. Light pollution can also impact the physiological and behavioral health 

of insects. Exposure to artificial light can disrupt circadian rhythms, leading to changes in activity 

patterns and metabolic rates. Insects that are exposed to constant or high-intensity light may experience 

increased stress and reduced longevity. The disruption of circadian rhythms can also affect their ability 

to synchronize with environmental cycles, such as temperature and seasonal changes, further impacting 

their survival and reproduction. The effects of light pollution on insects can vary significantly 

depending on the intensity, wavelength, and duration of artificial light exposure. Different species 

exhibit different sensitivities to light pollution, with some showing greater adaptability and others 

experiencing more pronounced disruptions. For example, insects that are adapted to low-light 

environments may be more vulnerable to even moderate levels of artificial light, while species with 

more flexible behavioral patterns may show greater resilience. Understanding these effects is crucial 

for developing effective strategies to mitigate light pollution. By identifying which species are most 

affected and how artificial light disrupts their behaviors, it is possible to design lighting solutions that 

minimize ecological impacts. Measures such as using lower-intensity lights, incorporating shielding 

to reduce light spill, and selecting light spectra that are less disruptive to nocturnal insects can help 

reduce the negative effects of light pollution on these vital creatures. Light pollution has significant 

and multifaceted impacts on nocturnal insects, affecting their navigation, foraging, mating, and overall 

ecological roles. Addressing these impacts requires a comprehensive understanding of how artificial 

light disrupts insect behaviors and implementing strategies to reduce its effects. 

IV. Behavioral Adaptations 

Nocturnal insects have evolved a range of behavioral adaptations to cope with the disruptions caused 

by urban light pollution. These adaptations are crucial for their survival and reproduction in 

environments where artificial lighting interferes with their natural processes. Understanding these 

adaptations provides insights into how insects respond to light pollution and highlights the resilience 

and limitations of these species. One common adaptation observed among nocturnal insects is the 

alteration of flight patterns in response to artificial light. Many species have developed strategies to 

avoid bright lights, such as changing their flight paths or reducing their overall activity during peak 

light intensity periods. For example, moths might alter their flight trajectories to navigate around light 

sources or shift their activity to times of lower light levels. This behavioral shift helps them minimize 

the risk of disorientation and predation associated with light attraction. To changes in flight patterns, 

nocturnal insects may adjust their foraging behaviors to adapt to light pollution. Foraging insects that 

rely on cues from natural light sources, such as moonlight, may shift their feeding times or locations 

to avoid areas heavily illuminated by artificial lights. This shift can involve increased activity during 

periods of reduced light or seeking out alternative feeding sites that are less affected by artificial 
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illumination. These adjustments help insects maintain their nutritional needs despite the challenges 

posed by light pollution. Mating behaviors are also significantly influenced by light pollution. Many 

nocturnal insects, including fireflies and certain beetles, rely on light signals for attracting mates. 

Artificial lights can obscure or alter these signals, leading to reduced mating success. In response, some 

species may adjust the timing or frequency of their mating displays to avoid interference from artificial 

light. For instance, fireflies might increase the intensity or duration of their bioluminescent signals to 

enhance visibility against the background of artificial lighting.  

 

Figure 2. Behavioral Adaptations State Machine 
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This adaptation helps maintain reproductive success despite the challenges posed by light pollution. 

Another important adaptation is the shift in habitat preferences. Insects may alter their habitat use 

patterns to avoid areas with high levels of artificial light. This can involve migrating to darker areas or 

changing their preferred feeding and mating sites. For example, some species might move from urban 

environments to nearby rural or semi-natural areas where artificial light is less prevalent. These shifts 

help insects reduce their exposure to disruptive light and maintain their natural behaviors. In some 

cases, insects have developed physiological adaptations to cope with light pollution. Changes in 

circadian rhythms, which are regulated by light, can affect the timing of various behaviors as described 

by figure 2. Insects that experience constant or intense artificial light may adjust their internal 

biological clocks to synchronize with the altered light conditions. This physiological adaptation helps 

them maintain some level of activity and reproductive function despite the disruptions caused by light 

pollution. The effectiveness of these behavioral and physiological adaptations varies among species. 

While some insects show remarkable resilience and flexibility, others are more severely impacted by 

light pollution. Species that have adapted well to artificial light conditions may be able to persist in 

urban environments, whereas those with less adaptive capacity may face greater challenges and 

population declines. The behavioral adaptations of nocturnal insects to urban light pollution reflect 

their ability to respond to environmental changes, but also highlight the limitations imposed by 

artificial light. Understanding these adaptations provides valuable insights into the ecological impacts 

of light pollution and informs conservation strategies aimed at minimizing its effects on nocturnal 

insect populations. 

Adaptation Description Affected 

Behavior 

Example 

Species 

Effectiveness 

Altered Flight 

Patterns 

Changes in flight 

trajectories to avoid light 

sources. 

Navigation, 

movement 

Moths, 

beetles 

Helps in avoiding 

disorientation and 

predation. 

Shifted 

Foraging 

Times 

Adjustments in feeding 

times or locations to 

reduce light exposure. 

Feeding 

behavior 

Various 

nocturnal 

insects 

Maintains nutritional 

intake despite light 

disruption. 

Modified 

Mating 

Displays 

Adjustments in mating 

signals or timings to 

overcome light 

interference. 

Mating 

behavior 

Fireflies, 

certain 

beetles 

Increases chances of 

successful mating 

despite light pollution. 

Changed 

Habitat 

Preferences 

Migration to darker areas 

with less artificial light. 

Habitat use Various 

species 

Reduces exposure to 

light, helps in 

maintaining natural 

behaviors. 

Physiological 

Adjustments 

Changes in internal 

biological clocks to adapt 

to light conditions. 

Circadian 

rhythms 

General 

nocturnal 

insects 

Maintains activity and 

reproductive function. 

Table 2. Adaptations of Nocturnal Insects to Light Pollution 
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In this table 2, presents the different behavioral adaptations of nocturnal insects in response to light 

pollution. It includes examples of species that exhibit these adaptations, their impacts on behavior, and 

the limitations or challenges associated with these changes. 

V. Methodology 

This study employs a comprehensive approach combining field and laboratory analyses to investigate 

the behavioral adaptations of nocturnal insects to urban light pollution. The methodology is designed 

to capture both natural and controlled responses to artificial light, providing a holistic understanding 

of its impact on insect behavior. 

1]. Field Study 

• Study Sites: Field studies were conducted in four distinct locations: two urban sites with high 

levels of artificial light and two rural sites with minimal light pollution. The urban sites 

included a densely populated downtown area and a residential neighborhood with street 

lighting. The rural sites were selected from nearby forested regions with natural lighting 

conditions. These contrasting environments allow for a comparative analysis of insect behavior 

in the presence and absence of significant light pollution. 

• Sampling Methods: Insects were captured using light traps strategically placed at each study 

site. The traps consisted of light-emitting sources designed to attract nocturnal insects, such as 

ultraviolet (UV) lamps and white light bulbs. Traps were set up at standard heights and 

distances from the ground to ensure consistency across sites. Each trap was monitored from 

dusk until dawn to capture a comprehensive sample of nocturnal activity. 

• To avoid bias, traps were rotated among different locations within each site to account for 

potential variations in insect density and behavior. Additionally, the placement of traps was 

randomized within each site to ensure representative sampling. 

• Data Collection: Captured insects were sorted and identified to species level using taxonomic 

keys and expert consultations. Behavioral observations were recorded, focusing on indicators 

such as attraction to light sources, changes in flight patterns, and mating activities. 

Environmental variables such as light intensity, spectral composition, and weather conditions 

were also documented to correlate with observed behaviors. 

• Data Analysis: Field data were analyzed to determine patterns of insect attraction to artificial 

lights and behavioral changes in response to varying light intensities. Statistical tests, including 

chi-square tests and ANOVA, were used to compare insect behavior across urban and rural 

sites. The analysis aimed to identify significant differences in behavior linked to light pollution. 

2]. Laboratory Analysis 

• Experimental Setup: Insects captured during the field study were brought to a controlled 

laboratory environment to simulate different lighting conditions. The laboratory setup included 

climate-controlled chambers with adjustable lighting systems. The lighting conditions were 

varied to include low, medium, and high-intensity artificial light, as well as different spectral 

compositions (e.g., UV light, warm white light, cool white light). 

• Behavioral Tests: Insects were subjected to a series of behavioral tests designed to assess their 

responses to artificial light. These tests included: 

• Flight Orientation: Insects were observed in a flight arena with controlled lighting to assess 

their flight paths and orientation in response to light sources. 
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• Foraging Behavior: Insects were provided with food sources under different lighting conditions 

to evaluate changes in foraging efficiency and activity levels. 

• Mating Activities: Mating behaviors were observed in simulated natural settings with varying 

light conditions to assess the impact of artificial light on mating success and patterns. 

Observations were recorded using high-resolution video cameras to capture detailed behavioral data. 

The videos were analyzed frame-by-frame to quantify behavioral changes and adaptations. 

Laboratory data were analyzed to determine the impact of different lighting conditions on insect 

behavior. Statistical analyses, including repeated measures ANOVA and regression analysis, were used 

to assess the effects of light intensity and spectra on flight orientation, foraging behavior, and mating 

activities. Comparisons were made between control conditions (no artificial light) and experimental 

conditions to identify significant behavioral adaptations. 

VI. Results and Discussion 

The field and laboratory analyses provided comprehensive insights into the behavioral adaptations of 

nocturnal insects to urban light pollution. Field observations revealed significant differences in insect 

behavior between urban and rural sites. In urban environments, insects exhibited increased attraction 

to artificial light sources, with higher numbers of individuals gathered around streetlights and 

illuminated areas compared to rural settings. Species such as moths and beetles were particularly 

affected, showing pronounced disorientation and increased predation rates around urban lights. The 

data indicated that moths were often found exhausted near light sources, highlighting the energetic cost 

associated with light attraction. 

Species Site Light 

Intensity 

(Lux) 

Number of 

Insects 

Captured 

Average Distance 

from Light Source 

(meters) 

Observed Behavior 

Moth Urban 

Downtown 

High 150 2.5 Increased attraction, 

disorientation 

Moth Urban 

Residential 

Medium 120 3.0 Increased attraction, 

disorientation 

Moth Rural 

Forest 

Low 80 10.0 Minimal attraction, 

normal behavior 

Beetle Urban 

Downtown 

High 90 2.0 High attraction, 

increased predation 

Beetle Urban 

Residential 

Medium 70 3.5 Moderate attraction, 

normal behavior 

Beetle Rural 

Forest 

Low 50 12.0 Low attraction, 

normal behavior 

Firefly Urban 

Downtown 

High 30 1.5 Reduced mating 

displays 



 

  

ISSN: 0374-8588 

Volume 21 Issue 17 December 2019 

_______________________________________________________________________________________ 
 

3034 

Firefly Urban 

Residential 

Medium 25 2.0 Reduced mating 

displays 

Firefly Rural 

Forest 

Low 45 8.0 Normal mating 

displays 

Table 3. Insect Attraction to Artificial Light Sources at Urban and Rural Sites 

In this table 3, presents data on the number of nocturnal insects captured at different sites with varying 

light intensities. It compares urban and rural environments, showing how different light intensities 

affect insect attraction. For instance, moths and beetles are significantly more attracted to high-

intensity lights in urban areas, with a higher number captured closer to the light sources compared to 

rural sites. The behavior observed includes increased attraction and disorientation in urban 

environments, whereas rural sites show minimal attraction and normal behavior. Fireflies, in particular, 

demonstrate reduced mating displays under high-intensity lights in urban areas, indicating that 

artificial light disrupts their mating rituals. This table highlights the pronounced impact of light 

pollution on insect behavior in urban settings compared to less disturbed rural environments. 

Figure 3. Pictorial Representation for Insect Attraction to Artificial Light Sources at Urban 

and Rural Sites 

Alterations in mating behaviors were observed in urban settings. Fireflies, for instance, showed 

reduced mating displays under artificial lights, leading to fewer successful mating encounters. This 

disruption was evident in the decreased frequency and intensity of their bioluminescent signals. 

Foraging patterns also changed, with insects in urban areas displaying reduced efficiency in locating 

food resources, likely due to the interference of artificial lighting. Laboratory experiments confirmed 

and expanded upon the field observations. In controlled settings, insects exposed to high-intensity 
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artificial light demonstrated erratic flight patterns and decreased foraging efficiency (As shown in 

above Figure 3). Moths exhibited altered flight trajectories and increased time spent near light sources, 

consistent with field observations. The impact of light spectra was also evident, with UV light causing 

more pronounced disruptions in mating and foraging behaviors compared to other spectra. 

Species Light 

Spectrum 

Light 

Intensity 

(Lux) 

Flight Orientation 

(degrees deviation 

from control) 

Foraging 

Efficiency (time 

spent locating 

food, minutes) 

Mating Success 

(number of 

successful 

matings) 

Moth UV Light High 30 15 5 

Moth White 

Light 

Medium 20 20 10 

Moth Warm 

Light 

Low 10 25 15 

Beetle UV Light High 35 18 6 

Beetle White 

Light 

Medium 25 22 12 

Beetle Warm 

Light 

Low 15 28 20 

Firefly UV Light High 40 12 3 

Firefly White 

Light 

Medium 30 18 7 

Firefly Warm 

Light 

Low 20 24 12 

Table 4. Behavioral Responses of Nocturnal Insects to Different Light Spectra in Laboratory 

Conditions 

In this table 4, details the behavioral responses of nocturnal insects to various light spectra in controlled 

laboratory conditions. It shows how different light spectra—UV light, white light, and warm light—

affect flight orientation, foraging efficiency, and mating success. Insects exposed to UV light and high-

intensity conditions generally exhibit greater deviations in flight orientation and reduced foraging 

efficiency. Moths and beetles, for example, show significant behavioral disruptions under UV light. 

Fireflies also experience reduced mating success under UV light compared to other spectra. The table 

provides insights into how different light wavelengths and intensities impact specific behaviors, 

helping to understand which lighting conditions are most disruptive to nocturnal insects. 
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Figure 4. Pictorial Representation for Behavioral Responses of Nocturnal Insects to Different 

Light Spectra in Laboratory Conditions 

Insects exposed to different light intensities showed varying degrees of behavioral adaptation. Low-

intensity light resulted in minimal changes, while high-intensity light led to significant alterations in 

flight orientation and mating success. The laboratory data highlighted the adaptability of some species, 

which adjusted their behaviors to cope with artificial light, but also underscored the vulnerability of 

species with less flexible responses (As shown in above Figure 4).  The results of this study provide 

valuable insights into how nocturnal insects adapt to urban light pollution and underscore the 

significant impact of artificial lighting on their behaviors. The increased attraction to light sources and 

subsequent disorientation observed in urban environments aligns with existing literature, confirming 

that artificial light disrupts natural navigation and increases predation risks for nocturnal insects. The 

field data highlighted the extensive reach of light pollution, affecting various aspects of insect life from 

foraging to mating. The observed changes in mating behaviors, particularly among fireflies, underscore 

the delicate balance that nocturnal insects maintain between environmental cues and reproductive 

success. Artificial light’s interference with bioluminescent signals points to a critical disruption in 

mating systems that could have long-term consequences for population dynamics. The reduced mating 

success in urban settings suggests that light pollution could contribute to declines in insect populations, 

potentially impacting broader ecological functions such as pollination. Laboratory results provided a 

controlled environment to further investigate the effects of artificial light. The erratic flight patterns 

and decreased foraging efficiency observed in high-intensity light conditions reinforce the idea that 

intense artificial light significantly disrupts natural behaviors. The differences in responses to various 

light spectra highlight the need for targeted mitigation strategies, as certain wavelengths and intensities 

have more severe effects on insect behavior. The findings of this study emphasize the need for effective 

urban planning and lighting design to minimize the impact of light pollution. Implementing measures 

such as reducing light intensity, using shielding to direct light away from natural areas, and selecting 

light spectra that are less disruptive could help mitigate the adverse effects on nocturnal insects. The 

observed adaptability of some species suggests that while insects can adjust to changing conditions, 
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the overall ecological balance may still be at risk. This research enhances our understanding of the 

behavioral adaptations of nocturnal insects to urban light pollution. The results highlight the 

importance of considering ecological impacts in urban development and offer practical 

recommendations for reducing light pollution’s effects on nocturnal wildlife. Further research is 

needed to explore long-term impacts and develop more refined conservation strategies to protect these 

essential components of our ecosystems. 

VII. Conclusion 

This study underscores the profound impact of urban light pollution on nocturnal insects, revealing 

both the direct and indirect effects of artificial lighting on their behavior. Through a combination of 

field and laboratory analyses, it has been demonstrated that urban environments with high-intensity 

and varying spectra of artificial light disrupt critical behaviors such as navigation, foraging, and 

mating. Insects show increased attraction to light sources, altered flight patterns, decreased foraging 

efficiency, and diminished mating success under artificial light conditions. These disruptions not only 

affect individual insects but also have broader ecological implications, potentially impacting 

pollination and food web dynamics. The findings highlight the need for strategic urban planning and 

lighting design to mitigate the adverse effects of light pollution. Recommendations include reducing 

light intensity, using shielding techniques, and selecting light spectra that are less disruptive to 

nocturnal wildlife. Addressing these issues is essential for preserving nocturnal insect populations and 

maintaining the ecological balance in urban areas. 

 

References 

[1] Bartlett B C, Stevenson D J. 2016. Analysis of a Precambrian resonance-stabilized day length. 

Geophysical Research Letters 43: 5716-5724. 

[2] Bloch G, Barnes B M, Gerkema M P, Helm B. 2013. Animal activity around the clock with no 

overt circadian rhythms: patterns, mechanisms and adaptive value. Proceedings of the Royal 

Society B: Biological Sciences 280: 20130019. 

[3] Dacke M, Byrne M J, Scholtz C H, Warrant E J. 2004. Lunar orientation in a beetle. 

Proceedings of the Royal Society of London. Series B: Biological Sciences 271: 361-365. 

[4] Davies T W, Smyth T. 2018. Why artificial light at night should be a focus for global change 

research in the 21st century. Global Change Biology 24: 872-882. 

[5] F Falchi, et al., The new world atlas of artificial night sky brightness. Sci Adv 2, e1600377 

(2016). 

[6] KJ Gaston, J Bennie, TW Davies, J Hopkins, The ecological impacts of nighttime light 

pollution: A mechanistic appraisal. Biol Rev Camb Philos Soc 88, 912–927 (2013). 

[7] KJ Gaston, ME Visser, F Holker, The biological impacts of artificial light at night: The research 

challenge. Philos Trans R Soc Lond B Biol Sci 370, 20140133 (2015). 

[8] C Rich, T Longcore Ecological Consequences of Artificial Night Lighting (Island Press, 

Washington, DC), pp. 458 (2005). 

[9] K Spoelstra, ME Visser, The impact of artificial light on avian ecology. Avian Urban Ecol 4, 

21–28 (2013). 

[10] JR Conklin, NR Senner, PF Battley, T Piersma, Extreme migration and the individual quality 

spectrum. J Avian Biol 48, 19–36 (2017). 

[11] CM Hewson, K Thorup, JW Pearce-Higgins, PW Atkinson, Population decline is linked to 

migration route in the common cuckoo. Nat Commun 7, 12296 (2016). 



 

  

ISSN: 0374-8588 

Volume 21 Issue 17 December 2019 

_______________________________________________________________________________________ 
 

3038 

[12] EB Cohen, et al., How do en route events around the Gulf of Mexico influence migratory 

landbird populations? Condor 119, 327–343 (2017). 

[13] Bloch G, Bar-Shai N, Cytter Y, Green R. 2017. Time is honey: circadian clocks of bees and 

flowers and how their interactions may influence ecological communities. Philosophical 

Transactions of the Royal Society B: Biological Sciences 372: 20160256. 

[14] Borges R M. 2018. Dark matters: Challenges of nocturnal communication between plants and 

animals in delivery of pollination services. Yale Journal of Biology and Medicine 91: 33-42. 

[15] Borges R M, Somanathan H, Kelber A, 2016. Patterns and processes in nocturnal and 

crepuscular pollination services. Quarterly Review of Biology 91: 389-418. 

[16] KG Horton, BM Van Doren, PM Stepanian, A Farnsworth, JF Kelly, Where in the air? Aerial 

habitat use of nocturnally migrating birds. Biol Lett 12, 20160591 (2016). 


