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brightest constant source is natural sky glow emitted by 
the air (sometimes called airglow) as it releases energy 
absorbed from sunlight during the day. Another source is 
the stars, whose combined light illuminates the ground 
to 1/1,000 the level of a full moon. Finally, for a week 
each month the full moon overwhelms all light sources 
in the night sky. Wildlife has evolved and adapted to 
these sources of nighttime light. Some insects and aquatic 
life even produce low-level light using chemolumines-
cence as a predatory strategy.

Until the twentieth century, only stars, airglow, and 
the moon illuminated the Earth at night. Th e impact of 
human settlements, lit by isolated fi res, was limited. 
During the past century, however, artifi cial light has 
become widespread. Illuminated cities, villages, farms, 
and roadways are now evident across the landscape. 

Whether light is a pollutant depends on the character-
istics of the light, including its brightness, color, extent, 
and duration. When any of these attributes are suffi  cient 
to alter the behavior and biology of organisms, the light 
is a pollutant.

Th ree additional points should be considered. First, 
light pollution, like air and water pollution, is not limited 
by political and administrative boundaries. Although 
populations are concentrated in urban areas, their com-
bined illumination creates an expansive glow that extends 
well beyond city boundaries. Gas fl aring on oil rigs and 
searchlights on nighttime fi shing fl eets are also signifi -
cant sources of sky glow in rural and maritime environ-
ments. Second, when the light from individual fi xtures is 
directly visible, they can become signifi cant sources of 
glare, which disturbs nocturnal organisms and reduces 
their ability to see into dimmer areas. Finally, the burn-
ing of fuel to generate electricity for artifi cial light 
releases nearly a quarter of a billion tonnes of carbon 
dioxide annually into the atmosphere (Mills 2002).

Artifi cial light, particularly outdoor lighting at night, dis-
rupts the mechanisms plants and animals have evolved to 
cope with and use day–night and seasonal cycles. It aff ects 
behaviors such as preparation for winter, predator eva-
sion, nighttime navigation, and migration, threatening the 
health and survival of life forms, from simple aquatic crea-
tures to complex animals and humans. Fortunately, solu-
tions are simple, inexpensive, and easy to implement.

 For a long time light was considered benign, but evidence 
from biological research is accumulating that light at the 

wrong time and place can alter and damage the behavior of 
organisms and ecosystems. Artifi cial light at night changes 
the natural habitat, physiology, and biochemistry of organ-
isms in ways that may lead to serious disruption of their 
behavior and their ability to cope in the environment.

Th e timing and intensity of light are important factors. 
During their evolution, species adapted to the changing 
day–night cycles of the seasons, and to the light of the 
moon, which varies in brightness over a month. 
Superimposing artifi cial light aff ects the health of ani-
mals, the balance between predators and prey, the seasonal 
behavior of plants, and even the fertility and mental health 
of humans. Th e most serious pollution eff ects of artifi cial 
light occur during the dark phase of the moon, or when 
artifi cial light intensity is greater than the intensity of the 
natural environment. Light pollution is a signifi cant and 
dangerous consequence of modern civilization, and there 
is growing evidence that it needs to be controlled.

Light Pollution

Th e night is not dark. Th ere are several sources of natural 
light at night, even in the most remote regions of Earth, 
to which life has adapted and on which life depends. Th e 

Light Pollution and 
Biological Systems
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lighting on species. Behavioral changes can occur 
within a lifetime, but biological adaptation for the 
 simplest organisms takes generations, and biological 
evolution for complex life forms requires hundreds to 
thousands of years. Furthermore, various species exhibit 
behavioral and biochemical needs for darkness in diff er-
ent ways.

Life forms may tolerate exposure in excess of certain 
thresholds but with increasing impact on their health 
and behavior. For example, foraging animals may curtail 
their activity during the full moon but then recover dur-
ing the following dark nights. Such is not the case with 
artifi cial light, which remains the same night after night 
and, even when distant, may illuminate the ground over 
a large region.

Life forms undergo cyclic variations that are sched-
uled over twenty-four-hour periods. This schedule 

is  maintained by the circadian 
rhythm. As complex as the cir-
cadian rhythm may be, it is 
generally accepted that the 
contrast between day and 
night plays an important role 
in synchronizing the biochem-
istry of organisms to their 
diurnal activity. Natural ambi-
ent light may also have either 
a  strong or weak inf luence, 
depending on other factors such 
as temperature, food supply, and 
the nature of predatory risk. Th e 
regular cycle of natural light and 

dark periods allows organisms to 
synchronize their activity to longer 

seasonal changes. 
Reviewing a few aspects of these 

infl uences on a range of life forms will 
help reveal the extent of this dependence 

on naturally dark nights.

Aquatic Life

Small marine animals such as zooplankton have success-
fully evolved to take advantage of the daylight cycle and 
tides. As a food supply for larger fi sh, they have developed 
strategies to improve their chances of survival. Surface 
predatory fi sh need light to see the small zooplankton. 
Th e light threshold for predation is about that of the full 
moon. Th erefore the zooplankton remain at depth in day-
light and approach the surface to feed only at night. Th is 
general pattern is evident in their vertical daily (diel) 
migration. Although temperature, food availability, and 
the degree of predation may modify this behavior, the 
vertical movement is based on ambient light.

Th e remainder of this article will expand on these 
points by outlining the research on the impacts of artifi cial 
lighting on biological systems, both ecological and human.

Scotobiology

Organisms have not only developed to fi t with the daily 
light–dark cycle, but this cycle is so engrained that most life 
depends on it. Altering this cycle aff ects the health of ani-
mals, the seasonal cycle for plants, and even reproduction.

Before eff ective and realistic controls on artifi cial 
lighting can be developed, its impact on biological sys-
tems must be known. We must determine at what level 
artifi cial light aff ects organisms. New measurement tech-
niques permit the study of the behavior of organisms 
under faint natural light and determine lighting thresh-
olds above which their behavior is altered. Th ese illumi-
nation thresholds are typically about that of the natural 
level of the full moon. 

As far back as the nineteenth century, 
researchers noted that light aff ects 
the behavior of some species. Some 
of this knowledge was used to 
enhance the growth of animals 
and plants. Th e adverse eff ects of 
an artif icial photoperiod were 
rarely reported. Scotobiology is a 
new approach to studying the 
ways in which unpolluted dark-
ness is essential to the normal 
behavior of organisms and eco-
systems. Th is approach focuses 
on the negative eff ects of night 
lighting on the physiology, bio-
chemistry, and behavior of plants 
and animals, including humans. 
Distinct from photobiology, which 
is the study of the eff ects of light on 
organisms, scotobiology focuses on 
the benefi ts of darkness and helps 
establish safe levels of brightness, duration, and color of 
nighttime illumination. It is now clear that periods of 
unpolluted darkness are essential for the normal func-
tioning and development of many organisms and the 
levels to which we should limit light pollution. Th ese 
thresholds are used to determine at what level artifi cial 
lighting becomes a pollutant of concern. 

Infl uences of Light Pollution on 
Biological Systems

Th e diff erence between biological and behavioral evolu-
tion is critical to understanding the impact of artifi cial 

LightPollutionAndBiologicalSystems_Dick.indd Page 246  12/28/11  3:37 PM user-f494LightPollutionAndBiologicalSystems_Dick.indd Page 246  12/28/11  3:37 PM user-f494 /203/BER00002/Enc82404_disk1of1/933782404/Enc82404_pagefiles/203/BER00002/Enc82404_disk1of1/933782404/Enc82404_pagefiles

Copyright © 2012 Berkshire Publishing grouP, all rights reservedwww.berkshirepublishing.com

http://www.berkshirepublishing.com


LIGHT POLLUTION AND BIOLOGICAL SYSTEMS • 247

artifi cial lighting can attract them away from the water. 
Th is subjects them to greater predation or being hit by 
cars along coastal roadways (Salmon 2006).

Insects

Insects are critical to the food chain. At night their rela-
tively simple navigation strategy is to keep their bearings 
with respect to the stars. Th ey can even compensate for 
the diurnal motion of the stars across the sky. Nearby 
stationary artifi cial lighting disrupts this strategy by 
attracting them into a spiraling approach toward the 
light. (See fi gure 2 on page 248.) Th is distracts the insects 
from feeding, mating, and migrating. Furthermore, it 
concentrates them in specifi c locations, which greatly 
increases their exposure to predation.

Flying insects bother people sitting outside after sun-
set. Historically people used amber lighting, called bug 
lights, to reduce the attraction of fl ies. Modern lighting 
products use white light, which actually attracts the bugs. 
In fact, researchers use white light to attract and capture 
insect specimens.

Marine animals are very sensitive to night lighting 
levels. Shore lighting and sky glow from urban areas can 
exceed the brightness of the full moon. (See fi gure 1.) In 
these situations, the vertical movement of zooplankton 
in the water column can be suppressed, weakening the 
food chain. Zooplankton are sensitive to short-wave-
length blue light because it penetrates the water more 
deeply than longer-wavelength red light. Th erefore, 
white shoreline lighting will disrupt the shoreline envi-
ronment. Light fi xtures should be set back from the 
shore, and the use of short-wavelength light should be 
discouraged.

Th e impact of artifi cial lighting can have paradoxical 
eff ects. We usually think that illumination will help ani-
mals see and survive, but artifi cial lighting usually has 
the opposite eff ect when it confounds animal instinct. 
Th e eggs of sea turtles are buried in beach sand. When 
they hatch and dig to the surface they become easy prey 
for predatory birds. Th eir best chance of survival is to 
quickly run toward the surf.

Th e sea turtles instinctively get their bearings from the 
luminance of the waves breaking on the shore, but inland 

Figure 1. Cottage and Shoreline Glare

Photo by Robert Dick.

Shoreline lighting changes the ecological balance of inland waterways and reduces the visibility of fl oating hazards for boaters. 
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night, which gets progressively shorter with summer and 
longer as winter approaches.

In temperate latitudes, autumn is marked by an 
increase in the length of the night. Plants interpret levels 
of nightly light pollution above the intensity of the full 
moon as the continuation of short summer nights, which 
may prevent them from preparing for winter, thus reduc-
ing or eliminating their chance of survival. All-night 
lighting may kill off  some species while encouraging 
more tolerant species to invade the aff ected area.

Avian Life

Birds make use of the moon and stars to navigate across 
the sky, particularly during migration. Th eir ability to use 
these directional cues is aff ected by light pollution. As 
with insects, birds use stars to navigate during migration. 
Th is ability is compromised by glare when they confuse 
bright lights with the moon. It has been estimated that 
hundreds of millions of birds are attracted to city lighting 
during their biannual migrations and die from colliding 
with glass-clad buildings after being disoriented by direct 
and refl ected lights (FLAP 2010).

For example, the city of Toronto, Canada, is along bird 
migration routes. Ten thousand birds were killed annu-
ally by exhaustion and collisions with buildings. With the 
volunteers’ eff orts of the Fatal Light Awareness Program 
(FLAP) and their discussions with city offi  cials, building 
managers have been required to turn off  unnecessary 
lighting during the migration period to reduce bird mor-
tality since 1997.

Infl uence of Light Pollution on Human 
Health 

Some organisms survive environmental conditions by 
migrating to better climates, but humans can use their 
intellect to adapt to such problems in situ. Th ere may be 
a limit to this strategy, however, particularly as it relates 
to light pollution. For humans, the most important eff ect 
of artifi cial lighting is how it aff ects our health.

Our circadian rhythm schedules the ebb and fl ow of 
hormones and is synchronized to our activities by the 
day–night cycle. Our hormones break down quickly and 
are then fi ltered from our blood. Th erefore, if they are not 
used at the appropriate time, their eff ectiveness is reduced. 
Reducing the contrast between daytime and nighttime 
illumination causes the circadian rhythm to drift out of 
phase with this activity. Th is can result in a lack of mental 
awareness that in turn can exacerbate hazardous situa-
tions. It can also have eff ects that are only apparent in the 
long term. For example, women working night shifts have 
a 60 percent higher risk of developing breast cancer than 
those who worked day shifts (Davis, Mirick, and Stevens 

Light is also used to extend human activity outside in 
the late evening. Th is increases the risk of humans con-
tracting insect-transmitted diseases, such as malaria. 
Th is is of particular concern in the developing world 
where electric lighting is increasingly used to enhance the 
standard of living.

Plant Life

In temperate latitudes, seasonal changes require plants to 
predict and prepare for colder or warmer weather. 
Whereas plants’ circadian rhythms can govern short-
term adaptation, seasonal change requires longer-term 
preparation. Timing is critical: the plants’ development 
must match the life cycle of insects for pollination, of 
birds for the dispersal of seeds, and particularly of weather 
for preparation for winter dormancy. Temperature alone 
may not indicate a change of seasons: there are often cool 
springs, cool summers, and warm autumns. Th erefore, 
many plants determine the season from the length of the 

Figure 2. Flies Attracted to Streetlight

Photo by Robert Dick. 

Flying insects spiral toward a streetlight. Stationary artifi cial 
lighting disrupts insects’ navigation strategies by attracting them 
into a spiraling approach toward the light.
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2001). Th is and other studies (Jasser, Blask, and Brainard 
2006) that reached similar conclusions were reviewed by 
the International Agency for Research on Cancer in 2007.

Light pollution impacts the health of seniors in several 
ways. Th e already degraded circadian rhythm of senior 
citizens can be further deteriorated by the confused light–
dark cues that result from light pollution. Th e mechanism 
may be due to reduced melatonin levels coupled with the 
weakened circadian rhythm in older people. In addition, 
while our eyesight naturally degrades with time, artifi cial 
lighting, especially glare and white light, reduces visual 
acuity by scattering light from imperfections in the eye 
(Turnera, Van Someren, and Mainster 2010).

Studies have also shown increases in obesity and diabe-
tes with nocturnal lighting. In response to the mounting 
evidence for the aff ects of light pollution on human health, 
the American Medical Association (2009) has passed a 
resolution identifying light pollution as a health risk.

Th e infl uence of lighting on the circadian rhythm does 
not depend only on the light detectors in our eyes. Our non-
visual photoreceptive retinal-ganglion cells respond to illu-
mination levels as low as 0.2 lux, about the brightness of the 
full moon, and have a peak color sensitivity to blue light. 
Urban lighting is designed to provide from ten to one thou-
sand times this illumination level. And with the increased 
use of metal halide and light-emitting diodes, whose white 
emissions include high levels of blue light, our cities are 
becoming more inhospitable to human life after dark.

Management of Light Pollution

Astronomers fi rst identifi ed outdoor lighting as a prob-
lem by noting that the degradation of the night sky 
forced them away from urban areas to do their work. In 
the 1980s they took their concern to the public and gov-
ernments through local initiatives and the creation of 
the International Dark-Sky Association. Unfortunately, 
because only 0.1 percent of the population is composed 
of astronomers and stargazers, most municipal offi  cials 
and lighting professionals set aside these concerns and 
continued to increase illumination levels.

By the end of the twentieth century, public concern 
over environmental degradation had developed a stronger 
voice, prompting the development of more environmen-
tally sound policies. Environmentalists came to recog-
nize the damaging eff ects of artifi cial light, among other 
stresses on the environment. It ceased to be just an 
astronomy problem and has become an environmental 
and human health issue.

Governments have been slow to react to artifi cial light 
pollution, in part because of the infl uence of the outdoor 
lighting industry—a $26-billion-per-year business—and 
in part because outdoor lighting is considered necessary for 

the function and safety of human outdoor activity. Th e lat-
ter reasoning may be more psychological than fact based: 
although people feel safer in a brightly illuminated area, 
critical studies of crime statistics show that light at night 
has no signifi cant eff ect on actual crime rates (Clark 2002).

Fortunately the solutions to overlighting, and the alter-
natives, are comparatively simple and inexpensive. Th e ris-
ing costs and environmental impact of energy production 
and distribution have begun to infl uence the use of out-
door lighting in many large cities. For example, Flagstaff , 
Arizona, developed a lighting bylaw in the 1980s to help 
protect the skies above the Kitt Peak Observatory, located 
forty miles west of the city; Ottawa has been illuminating 
its streets to half the level of most cities; Calgary has re-
lamped many of their streets with fully shielded light fi x-
tures and has also signifi cantly reduced the illumination 
levels. Th e Czech Republic is the fi rst country to adopt a 
national lighting policy to limit light pollution.

Th e amount of energy used for outdoor lighting is dif-
fi cult to determine. Although there are good records on 
energy sources, electricity-use data rarely discriminates 
between indoor and outdoor uses. Th is is a global prob-
lem since, historically, distinguishing the energy use of 
outdoor lighting has not been considered necessary. In 
the case of roadway lighting, cities keep separate records, 
but this represents only a fraction of the energy used for 
all outdoor lighting. Private and commercial uses include 
yard and door lighting, advertising, and lighting for secu-
rity and parking lots, but the energy for each end use is 
not recorded at this time.

It is usually thought that the brighter the light, the bet-
ter one can see. Since humans are daytime creatures, arti-
fi cial light at night improves our ability to see, but 
numerous studies have shown that too much bright light 
is less eff ective. Even a century ago, “Good lighting [was] 
defi ned as that which produces good seeing” (Nutting 
1917). In some cases reduced brightness improves visibil-
ity. A bright light can scatter in the air, intervening glass 
and in our eyes to reduce the contrast of less brightly illu-
minated subjects, thereby reducing their visibility. Bright 
lights overwhelm our night-vision capacity, so that objects 
in shadow become more diffi  cult to perceive. A person 
moving in semidarkness and blinded by glare may fail to 
see hazards that are dimly lit. A mugger lurking in the 
shadows, for example, may be invisible if the veiling lumi-
nance from an overly bright street light compromises the 
potential victim’s night vision. Th e use of outdoor lighting 
to illuminate buildings after the customers are gone and 
buildings are closed, and the common use of brightly illu-
minated advertisements, needs to be reexamined.

Light pollution now causes enough environmental and 
economic damage that laws may be required to control the 
levels of permissible pollution in the same way that air and 
water pollution have been controlled. Th is brings the 
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See also Best Management Practices (BMP); Buff ers; 
Community Ecology; Edge Eff ects; Landscape Architec-
ture; Landscape Planning, Large-Scale; Pollution, 
Nonpoint Source; Pollution, Point Source; Rewilding; 
Wilderness Areas
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whole question of light pollution into the political and 
legal realm. Sustained and rational public pressure, includ-
ing the wide reporting of light pollution issues, may be 
necessary to eff ect change. Fortunately, compared to other 
environmental stresses, light pollution may be the easiest 
to reduce, with the added benefi t of reducing energy use 
and the carbon footprint of the communities involved.

Challenges and Solutions

For over a century we have been unwittingly performing 
a strategic experiment on a global scale by steadily increas-
ing artifi cial outdoor lighting. Illumination levels are now 
so bright that the eff ects of artifi cial light can be readily 
identifi ed and studied. At the same time, humans have 
become sensitive to environmental pollution of all kinds, 
economic factors involved in wasteful use of resources, 
and ecosystem sustainability. Reducing artifi cial outdoor 
lighting can help reduce energy costs, adverse health 
eff ects, and dependence on limited resources, while pre-
venting environmental degradation from power genera-
tion and distribution. For example, city managers coping 
with the escalating costs of lighting are turning to fi xtures 
that shine light downward and concentrate it on specifi c 
targets, which not only saves money because fewer and 
less powerful lights can be used, but minimizes glare and 
reduces light pollution. Such reductions of electricity con-
sumption can contribute greatly to environmental sus-
tainability, by improving the health and survivability of 
plants, animals, insects, and even humans.
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