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1. INTRODUCTION

Throughout evolution living organisms have adapted to the natural variations in available light. In
the last 150-200 years, however, artificial light has profoundly changed nighttime light conditions.
These changes affect both terrestrial and aquatic habitats and have potentially very widespread
consequences on wildlife, which are difficult to characterise precisely. It also must be said that very
little study has been dedicated to the subject, which results in poor knowledge on the real effects of
artificial light on organisms, species and ecosystems.

This document will discuss the relationship between artificial light and bats, with the inclusion of
considerations about insects, due to their being bat’s main food source. We will summarise the
information available, and will evidence potential problems relative to the critical aspects that have
so far not been dealt with sufficiently, in so as not to let us evaluate their actual relevance to the
problem objectively and fully. We will propose measures which could be adopted in order to
minimise certified or potential problems (the precautionary principle obliges to take also the latter
into account), and we will formulate suggestions to better the legal framework.

Among mammals, bats (chiroptera) represent one of the orders with the richest number of species
(in ltaly it is the richest). Bats are particularly exposed to light pollution due to their nocturnal
habits. They have a high conservation interest (many species are threatened) and an important
ecological role (being the principal predators of nighttime insects).

Insects make up the zoological class with the greatest number of species, most of which are
nocturnal. They are the organisms that have the biggest impact on the functions of terrestrial
ecosystems due to their many ecological roles (pollinators, prey, predators, decomposers, leaf
eaters, etc.).

2. THE EFFECTS OF ARTIFICIAL LIGHTING ON BATS

2.1.  Facilitation of foraging

Various species of bats often forage (hunt) in areas that are artificially lighted. Tadarida teniotis, a
relatively large, fast flying bat, hunts high up above buildings and often above the highest street
lamps and sport field lights. Its presence can be detected by the short acute cries, audible to the
human ear, emitted at regular intervals, but the light glare and the height at which the individuals of
this species fly makes it difficult to actually see them. Other species, for example Eptesicus
nilssonii and Nyctalus noctula, fly back and forth in straight flight along rows of streetlights,
keeping just above them and every so often entering into the light cones to catch their prey. Some
smaller species, like Pipistrellus kuhlii and Pipistrellus pipistrellus, are much easier to be seen: they
fly relatively fast, with many directional changes and use lighted areas profusely, often flying
around a single lamppost.

Light, in particular that of certain wavelengths, has a very attractive effect on many species of
insects. Under streetlights with the more attractive light a greater concentration of insects gathers
(see 3.1) and bat activity is more intense (Rydell, 1992; Blake et al., 1994).

Besides being facilitated by the high concentration of insects, bat foraging is also favoured by
behavioural alterations shown by many insects when exposed to light. Tympanate moths have
special auditory organs (“tympani”) which consent them to hear the ultrasounds emitted by bats,
and to therefore adopt evasive responses in order avoid capture: they can adopt flying trajectories
that are difficult to follow, they can let themselves fall as if they were inanimate objects, they can



stop flying temporarily or even emit sounds that deter attack. It has been observed that these moths,
when flying around light sources, continue to fly normally also in the presence of bats (Acharya and
Fenton, 1999) and it has been demonstrated experimentally that certain moths, when exposed to the
light of mercury vapour lamps, adopt defensive behaviour much less frequently than normal
(Svensson and Rydell, 1998).

Some studies have shown that bats’ foraging at
artificial light sources can be benefited. Research
conducted in Sweden on Eptesicus nilssonii, for
example, have demonstrated the food intake at
lights can be much higher than in other places, in
particular thanks to the capture of moths (Rydell,
1992). In Switzerland it has been hypothesized that
one reason for the local demographic expansion of
Pipistrellus pipistrellus is the concentration of
insects under street lamps, where this species
regularly feed (Arlettaz et al., 1999).

In general terms, we could hypothesise that the
presence of artificial lighting which attracts bat’s
prey is profitable to bats which forage there, provided the advantages are not outdone by the
negative consequences of artificial lighting (we will discuss this in greater detail later). In particular,
it is relevant that the negative impact of lighting on prey does not cause a fall in their numbers with
a consequent negative impact on the bats themselves.

These considerations cannot be applied, in any case, to bats that do not feed near lighting.

P. pipistrellus

2.2. Increased risk linked to some mortality factors

Foraging in illuminated areas exposes bats to an increased risk of being caught by predators: in
lighted areas nocturnal (owls, cats) and diurnal (hawks, crows, gulls) predators both can be present.
At streetlights bats also risk death from being hit by vehicles (Rydell, 1991; Brinkmann et al.,
2008).

2.3.  Reduction in night activity environments, interference in transits

Several species of bats do not forage at streetlamps and are rarely seen in illuminated areas. Among
these we find species of great conservation interest, in particular belonging to the Rhinolophus and
Myotis genera (Reinhold, 1993; Fure, 2006; Rydell, 2006; Stone et al., 2009). This light avoiding
behaviour has been related to the need to minimise risk of predation (Jones, 2000), in analogy with
the anti-predatory explanations for bat activity patterns essentially restricted to twilight and night
(Speakman, 1991; Jones and Rydell, 1994; Rydell and Speakman, 1995; Rydell et al., 1996;
Duvergé et al., 2000; Petrzelkova and Zukal, 2001).

It is also possible that this phenomenon is conditioned by bat sensorial capabilities.

Various data indicate that a bat’s vision is better in dim light than in bright light (for a review:
EkI6f, 2003).

It has long been believed that the retina of microchiropteran bats contains exclusively rods, the
photoreceptors at the basis of “scotopic” vision (which occurs under low light conditions and does
not permit colour vision). Successively this assumption has been put in doubt from contrasting
evidence, and recently it has been demonstrated how at least some species (among which



Rhinolophus ferrumequinum) possess a significant number of cones, (Kim et al., 2008; Muller et
al., 2009). According to Peichl (2005) the presence of cones could pertain to all microbats. This
characteristic is necessary for daylight vision, colour and UV (ultraviolet) perception. For what
concerns UV perception it must be specified that it depends also on the presence of UV-
transmissive ocular media (cornea, lens, vitreous). UV sensitivity has been demonstrated in the two
species of phyllostomid bats taken into consideration by Muller et al. (2009), but it is probably
diffuse among microbats, as suggested by genetic evidence (Wang et al., 2004; Zhao et al., 2009).
The little electrophysiological data available suggests that the cones in bats efficiently contribute to
vision at intermediate light levels (mesopic vision) but become increasingly saturated at daylight
levels (Muller et al., 2009). The discovery of cones does not devaluate, therefore, the hypothesis
that bat visual sensitivity is less in bright light, and as Fure (2006) proposed, can condition light-
avoidance behaviour.

It also highlights the possibility that lamps which emit UV radiation can cause problems to those
bats which can perceive them, even if only because they change the natural presence of UV in the
environment (that means their perceived environment changes). It has also been suggested that if
bats do not have an eye filter that blocks out the UV radiation, the UV coming from the lamps can
disturb their vision and cause damage to their retina (Fure, 2006).

The possibility that artificial light interferes with bat sensorial capabilities other than vision should
also be taken into consideration.

It has been reported that individuals belonging to the American species Myotis lucifugus showed a
drastic worsening in their ability to avoid a large obstacle under artificial lighting conditions
(McGuire and Fenton, 2010). The Authors of these observations did not verify if the problem was
due to the bats switching over from using echolocation to using the less reliable vision (when light
was turned on) or if the light caused a decrease in the bat’s ability to echolocate. The first
hypothesis seems supported by results of experiments with other species of bats (review in: EKlof,
2003), but the second is suggested by the fact that at least some of the monitored bats showed a
change in their echolocation emissions (by shortening inter-call interval) when in light.

In order to consider all the information on the subject of possible interaction between artificial light
and perception, we must mention the ability to detect the Earth’ magnetic field, which has been
recently demonstrated in bats (Holland et al., 2006; Wang et al., 2007).

Trails on homing (returning to roost after being released at a distance) have showed that Myotis
myotis uses an internal “magnetic compass” after having calibrated it with sunset cues (Holland et
al., 2010). This discovery is surprising as Myotis myotis takes up activity well after sunset, when the
presence of the sun in the sky is but a glow on the horizon.

Researchers have set up experiments in order to exclude the possibility of sunlight getting to the
animals in a polarized form (it is known that birds use polarized light to calibrate their magnetic
orientation mechanism), but this did not impede the calibration. This does not exclude the
possibility that in natural conditions, that is in the presence of polarized light, bats can use this type
of information, but at present it is neither known if bats are sensitive to polarized light, nor if other
mammals are (Horvath and Varju, 2004).

What has been discussed suggests that interactions between information relative to light and
information relative to the magnetic field can be relevant to bats also in longer distance
movements, i.e. in migrations (various species of bats seasonally migrate over short to long
distances). Therefore, it becomes also necessary to consider the possibility that artificial light may
interfere with bat movements determining errors in magnetic based orientation.

Whatever the reasons, experimental evidence has been collected that shows that artificial light can
negatively condition bat use of the environment during night activity.



Under experimental lighting conditions it has been showen that individuals of Myotis dasycneme
reacted to the light (from halogen lamps) by momentarily modifying their normal flight trajectories
(Kuijper et al., 2008).

For the species Rhinolophus hipposideros a dramatic reduction in activity (bat passes) in proximity
of lighting (high-pressure sodium lamps) was recorded, and the onset of commuting behaviour
(evening transferral from roost to foraging areas) was found to be delayed in the presence of
lighting. It was also found that the numbers of bat passes reduced dramatically even when passing
along a hedge which was illuminated on the other side, indicating that low levels of light (on
average 4,17 lux) have a negative effect (Stone et al., 2009).

Activity (bat passes) of Myotis lucifugus has been noted to be significantly lower when the area
crossed was lighted to when the lights were turned off (McGuire and Fenton, 2010).

Artificial lights therefore can act as barriers that reduce habitat availability and obliges bats to
change their flight routes to alternative ones, with possible negative consequences, as increased
energetic costs (longer and more bendy travel distances) and higher risk due to hostile conditions
(predators, exposure to bad weather conditions).

2.4. Lowering of quality of roosting sites

Bats use large roosting sites (caves, abandoned mines, rooms in buildings) that are prevalently
characterised by darkness, or small roosts (cavities or splits in rocky cliffs, buildings and trees;
spaces behind shielding objects such as loose bark of dead trees or shutters left open in buildings),
all these at least to some extent protected from light.

Some species, such as Myotis emarginatus and Rhinolophus ferrumequinum, show a certain
tolerance in respect to light levels recorded in their roosts and can be found in sites that are in total
darkness and in sites which are moderately lit. This does not mean that dark sites and moderately lit
site are the same to them. We have observed more than once the dispersion of reproductive colonies
of Myotis emarginatus that roosted in dim lighted stables due to the predation by magpies
(Debernardi et al., 2010); this suggests that non dark sites are a suboptimal choice for bats,
exposing them to higher predation risks.

Artificial lighting inside roost sites represents a factor that alters one of their most usual
characteristics. Among disturbing factors due to visitor presence inside a cave (light, noise, number
of people), light intensity was found to determine the greatest agitation in a maternity colony of the
American species Myotis velifer (Mann et al., 2002). Full illumination of roosts has been shown to
cause sudden and dramatic decreases in numbers of bats present (Laidlaw and Fenton, 1971) and it
is considered to be one of the reasons why bats abandon caves open to tourists.

External lighting of roosts can also have negative effects, above all if it intercepts the accesses and
passage ways that the bats use when coming and going from the sites.

In several species of bats “light sampling” behaviour has been described: at the beginning of the
evening activity, some bats can be seen flying out from the dark internal part of their roost to the
lighter areas closer to the entrances or briefly venturing out and then returning back into the roost
darkness (Erkert, 1982; Fure, 2006). Light sampling behaviour is shown by just a part of the
individuals of the colonies, despite this, the evening emergence from the roost appears to be highly
synchronised. In the Asiatic species Hipposideros speoris it has been demonstrated that
synchronisation is due to social contacts among individuals (Marimuthu et al., 1981).

Many Authors have suggested that the need to avoid leaving the roost too early is related to higher
risks of predation (see, for example, Duverge et al., 2000), but it is also possible that sensorial
capabilities discussed in 2.3 play a role in the timing of evening emergence.



Studies and local surveys have shown that external artificial lighting delays the onset and
sometimes also slows down the evening emergence of bats and, as a consequence, shortens their
feeding time (Downs et al., 2003; Verkem and Moermans, 2002; Theiler, 2004; Beck, 2005; Krattli
and SSF, 2005; Boldogh et al., 2007), causing the loss of a time span that is particularly rich in
small aerial insect prey (Racey and Swift, 1985; Rydell et al., 1996). It is worth mentioning that, as
far as we know, the studies about roost lighting show that all the species considered are sensitive to
lighting, including species like Pipistrellus pygmaeus that forage under street lamps (Bartonicka et
al., 2008).

In maternity colonies of Myotis emarginatus and M. (blythii) oxignathus roosting in buildings
illuminated from the outside, young bats were found to be smaller that young bats from colonies
roosting in non-illuminated buildings (Boldogh et al., 2007). This is a relevant factor as it is very
important for bats to reach a certain body weight before the winter in order to permit them to
survive hibernation.

As internal roost lighting, also external illumination can cause decreases in colony sizes and can
lead to desertion of roosts (Beck, 2005).

The consequences of roost abandonment may be worsened because of the phylopatric behaviour
described in many species of bats: females born in one roost tend to return to their birth place to
give birth themselves and when their original roost has become unsuitable they may have difficulty
in finding an alternative reproductive site.

Experience of lighting from outside roosts of Pipistrellus pygmaeus (Downs et al., 2003) and from
inside roosts of Myotis velifer (Mann et al., 2002) have shown the disturbance experienced by the
bats was primarily due to the light intensity and secondarily to the spectral characteristics of the
light, this being more incisive when white light was used, intermediate with blue light and lesser
with red light.

2.5. Biological rhythm alteration

We have seen that bat nocturnal activity can be delayed due to artificial lighting at their roosts. The
alteration of the natural light/dark conditions in reality has a potentially much larger influence, for
the understanding of which we must recall a few concepts of chronobiology.

Numerous biochemical, physiological and behavioural processes in organisms vary cyclically (that
is they repeat at regular intervals) depending on internal biological factors which are synchronised,
or “entrained”, to the outer temporal rhythms by external stimuli called zeitgebers (“time-givers”).
The “anatomic mechanism” that controls internal factors and synchronises them to the environment
cues is called the biological clock.

The biological rhythms that have a cycle of about 24 hours (e.g. some patterns in body temperature,
hormone release, sleep/wake cycle, etc.) are called circadian rhythms, and circannual rhythms those
which have an approximately yearly cycle (e.g. the seasonal reproductive cycle, moulting,
hibernation, migrations, feeding and fat energy storage, etc.).

The variations of light in the natural environment during the 24 hours and (in those areas of the
planet that experience seasonality) the progressive variations in the length of the day and night
during the year represent the most important information for the synchronisation of biological
clocks in living organisms. By consequence, we can hypothesise that artificial light can interfere
with these regulation processes, determining alterations in the controlled functions.

Unfortunately knowledge on the functioning of biological clocks in the different species, the
relevant environmental parameters (for what concerns light: variations of light intensity, spectral
characteristics, length of exposure, etc.) and mechanisms (anatomic, physiological, ethological, etc.)
with which organisms respond to such stimuli is still very limited.



In mammals, the primary biological clock is located in the suprachiasmatic nuclei of the
hypothalamus, but numerous peripheral “oscillators” interact more or less intensely with this central
pacemaker, contributing to the expression of the rhythms.

The suprachiasmatic nuclei receive information on light (quantity and quality of the light, length of
the light phases in relation to the dark phases) through the eyes. Long known retinal photoreceptors,
rods and cones, are involved in the process, but recent research has shown that the most central role
in it is of a recently discovered photoreceptor (Berson et al., 2002; Hattar et al., 2002),
corresponding to the cells that have been named “intrinsically photosensitive retinal ganglion cells”
or “melanopsin-expressing retinal ganglion cells” (from their photosensitive pigment). This “new”
photoreceptor has been found in every mammalian species so far examined, that is various species
belonging to the orders of lagomorphs, rodents, carnivores and primates (Do and Yau, 2010).
According to nine different in vivo studies conducted in rodents and primates (including man) their
physiological responses peak when exposed to light at a wavelength between 459 and 484 nm, that
is in the blue region of the visible spectre (Brainard and Hanifin, 2005 for a review). Various
studies have provided compelling evidence that it is melanopsin that mediates the phototransduction
(in particular Melyan et al., 2005; Qiu et al., 2005; Panda et al., 2005) although further study is
required for a full comprehension of the photochemical characteristics of this molecule (Brainard et
al., 2008; Do and Yau, 2010).

The intrinsically photosensitive retinal ganglion cells reach, through their axons, over a dozen
regions in the brain, among which the suprachiasmatic nuclei and the ventral subparaventricular
zone, which is implicated in the “negative masking” phenomenon (a reduction in locomotor
activity, caused by light, in nocturnal species).

The suprachiasmatic nuclei are in turn connected to other regions in the brain and with peripheral
systems. Their relation with the pineal gland merits a particular mention here. The suprachiasmatic
nuclei communicate to the gland information on external lighting received from the retina and this
conditions the secretion of a neurohormone, melatonin. This molecule is in fact produced only
during the night, in both nocturnal and diurnal mammals (Challet, 2007), and its secretion is
suppressed by exposure to light. In humans the suppression is already significant at a wavelength
of 420 nm and peaks between 446 and 477 nm (blue light) (Brainard et al., 2008).

Melatonin therefore transforms information about occurrence and duration of darkness into an
endocrine signal and by interacting with glands and target organs, it has an important role in
conditioning circadian and circannual rhythms (see, for example: Paul et al., 2008; Zawilska et al.,
2009). Moreover, the molecule, secreted under the direct dependence of the suprachiasmatic
nuclei, influences the nuclei themselves acting through specific receptors located in the area and
contributes in this way to the synchronisation of the biological clock.

The above mentioned subject is at present object of exceptionally intense research. A strong
stimulus to better knowledge is given by the fact that exposure to light at night, above all due to the
suppression of melatonin production (but not only), has been put in relation to numerous
pathologies, among which some forms of cancer (melatonin also has antioxidant and oncostatic
properties) (see, for example: Pauley, 2004; Navara and Nelson, 2007; Stevens et al., 2007).
Notwithstanding this, a full understanding of the mechanisms that regulate circadian and circannual
rhythms in mammals is still far off. In particular, as regards bats, at the time we are writing
(November 2009) we do not know of any published work about the possible presence of the “new”
retinal photoreceptor.

The information concerning the role of light in conditioning biological rhythms in microbats is
fragmentary and prevalently relative to species from outside Europe.

Just in a microbat, the neotropical species Molossus molossus, it has been observed the lowest
illuminance threshold (10 lux) for photic entrainment of circadian activity rhythms found thus far



in vertebrates (Erkert, 2004); in this specific case the mediation by rods is retained probable, these
being the most sensitive receptors at low light intensities.

Hipposideros speoris, an Asiatic species which uses underground roosts, is probably the most
studied microbat for what concerns the expression of circadian rhythms. Continuous lighting inside
a cave-roost was found to suppress the synchronisation of activity/rest rhythm, normally activated
by social contacts (Marimuthu and Chandrashekaran, 1983). When individuals were exposed to
monochromatic light impulses, phase shifting was observed which suggested the presence of two
photoreceptors that condition the circadian rhythm of activity: one more important for the
regulation of the onset of evening activity, with a peak of sensitivity at 430 nm (when light of this
wavelength was used a evident delay of evening phase shifting was observed), the other relevant to
mediate the return to rest (evoking advance phase shifts), with a peak sensitivity at 520 nm. The
white light produced by fluorescent lamps, even if presenting both spectral components, principally
provoked a delay in the evening, as if it more greatly stimulated the short wavelength sensitive
photoreceptors (Joshi and Chandrashekaran, 1985).

Indian individuals of Taphozous nudiventris roosting in rock crevices, showed a greater response in
phase shifting for wavelengths higher than 600 nm (Sripathi, 1982). This data, together with results
from electroretinograms (which measured the electrical responses of the retina to light stimuli of
various wavelengths) conducted on a few species of bats that showed peaks of retinal sensitivity at
500 and 570 nm (Hope and Bhatnagar, 1979a) have brought various Authors to suggest a possible
correspondence between retinal sensitivity to higher wavelengths and the use of roosts which are
more exposed to light (Hope and Bhatnagar, 1979a, b; Joshi and Chandrashekaran, 1985). However,
the fact that the sensitivity to wavelengths lower that 440 nm was not verified by at least a part of
the studies considered has recently been underlined (Muller et al., 2009).

In reference to the eventuality that illumination determines alterations in biological rhythms
interfering with the secretion of melatonin, it can be said that this problem is certainly potentially
relevant also for bats. Even if the data available on the subject is very limited, it has been suggested,
for example, that in some species of microbats melatonin may condition the reproductive activity
(Kawamoto, 2003), sperm storage (Beaseley et al., 1984), delayed ovulation (Srivastava and
Krishna, 2010a), delayed implantation (Haldar and Yadav, 2006) and glucose metabolism during
hibernation (Srivastava and Krishna, 2010b); more general functions on the regulation of circadian
and circannual rhythms have been hypothesised basing on the distribution of melatonin receptors in
the brain (Schwartz et al., 2009).

2.6.  Alteration in competition

The fact that some species of bats avoid artificially lighted >

renders the latter potentially more competitive in using %
illuminated areas.

In Switzerland, it has been suggested that this has contributed
to a possible case of competitive exclusion between |
Pipistrellus pipistrellus and Rhinolophus hipposideros. The -
first species, foraging under street lamps, may have exploited =
trophic resources being essential for the other species in
periods of low prey availability (Arlettaz et al., 2000). It must |
be underlined that the Authors of the work are extremely
cautious in suggesting this hypothesis. We add, that due to the
lack of a quantification of the relevance for R. hipposideros of
the decrease in prey availability caused solely by the street
lights (that is even if there was no P. pipistrellus to prey on



them) it is difficult to clarify the role of the competitive species (the street lamps alone may have
been sufficient to determine the exclusion).

Competition due to artificial lighting can be speculated also among bats and species belonging to
other zoological groups. A possibility has been suggested by Allegri (2007), who observed large
flocks (up to 300 individuals) of gulls (Larus ridibundus), preying upon moths attracted to a high
mast light tower equipped with metal halide lamps and to some lower street lamps.

2.7. Impoverishment (quantitative/qualitative) of food resources

European bats fundamentally feed on invertebrates, above all insects. The effects of artificial light
on these components is therefore relevant. An eventual demographic decrease in insect population
would mean a decrease in the abundance of potential prey, while a differential impact on diverse
species of insects would determine variations in the relative availability of prey species (rarefaction
of sensitive species).

Following we will briefly outline some aspects of this problem, however, also in this case, we must
underline that many topics have been little studied and therefore the information available is far
from complete.

3. THE EFFECTS OF ARTIFICIAL LIGHTING ON INSECTS
3.1. Mortality and deviation from natural behaviour and habitats due to the attractive effect
of light

The most well known effect of artificial light at night is its
attraction (positive phototaxis) of insects. It largely affects IIL :

many orders of insects, among which lepidopters,
coleopters, dipters, hemipters, neuropters, tricopters, | — —
hymenopters and ortopters. It can vary according to = 1
different factors such as species, biological stage, sex, |} 2 || =
amount of environmental light as a whole (attraction E—y=
diminishes as the contrast is less marked between the " |

source of light and the background light) and other -
environmental characteristics (for a detailed discussion on Sl
this subject with particular reference to moths see: Frank, [

2006).

Several theories have tried to explain flight-to-light

behaviour. According to one of these, artificial light

sources are mistaken for natural ones (in particular the moon) which are used as a reference in the
movements. Other theories postulate that artificial light disturbs insect vision in some way.

The most evident consequence of flight-to-light behaviour is direct death. It can be provoked by
burns, being caught inside the lamp housing, loss of energy due to over activity at the light source,
or being captured by predators attracted to the site by the high concentration of insects (various
species of bats, geckoes, toads, nocturnal spiders, etc.) and eventually by visibility conditions
(diurnal predators as sea gulls, kestrels, swallows, diurnal spiders, etc.).



When attracted to artificial light sources, insects deviate from their natural habitats and from their
natural behaviour and also this can lead to demographic losses.

Migrating or dispersing insects can be taken by artificial lights to hostile environments: as an
example, there are accounts of swarms of insects on oil platforms ten kilometres from land (Wolf et
al., 1986).

Many times flight to light determines a decrease in reproductive success. About this, cases of
insects that reproduce in water habitats such as mayflies, stoneflies and caddisflies, deserve a
special comment.

Literature describes, for example, mass swarming flights of the mayfly Ephoron virgo attracted to
street lamps near water bodies. The adult-stage span of these insects lasts only a few hours, during
which females must lay their eggs on water. Being attracted to the light they end up laying their
eggs on the road below the street lights; an estimated 1.5 million individuals were found dead in one
night on the road surface of a bridge, after having deposited eggs destined to be lost (Tobias, 1996).
Some years ago it was discovered that asphalted surfaces and other dark and/or smooth surfaces of
man-made objects polarize light in a similar way that water does. The phenomenon, recently termed
“polarized light pollution”, fools mayflies and many other water insect species (Kriska et al., 1998;
Horvath et al., 2009; for more information see also: Labhart and Meyer, 2002; Horvath and Varjq,
2004; Horvath et al., 2010).

The Ephoron virgo case should therefore probably be attributed to a kind of synergy between two
forms of alterations of the natural light conditions: the mayflies are attracted first by the street
lights, and once there, they are confused by the polarized light caused by the light reflecting on the
tarmac.

In section 2.1 we discussed behaviour changes shown by tympanate moths around street lights. In
artificially illuminated areas also other forms of behavioural alterations have been described.
Insects attracted, often remain quiescent in illuminated areas for long periods of time.

This is particularly true for most species of moths. When we consider that an adult moth’s life span
often is of barely a few days, we can easily understand how even a few hours of lost activity time
can have negative consequences. Moreover, moths can remain still in the areas which have been
illuminated at night also during the day, and this exposes them to diurnal predators.

Species attracted to artificial lights include many insects which are predators or parasitoids of other
insects (parasitoids are parasites that consume and kill their hosts) (Frick and Tallamy, 1996;
Sustek, 1999). Given that predators and parasitoids are biological regulators for the species they
prey on or live on, this phenomenon may have repercussions on the compositions of insect
communities.

The attractive effect of light tends to increase as the wavelength decreases. In many orders of
insects the maximum attraction has been recorded for UV light (prevalently around 350 nm), high
attraction levels shown for blue light (420-490 nm) and blue-green light (about 500 nm) and lower
attraction levels for light of higher wavelengths (Ashfaq et al., 2005; Mikkola, 1972; Robinson,
2005). This trend, however, cannot be generalised. Certain dipters which reproduce in water, for
example, are more attracted to yellow light (575-585 nm) than to blue light (Scheibe, 2000).
Various works have considered the attractive power of different lamp types.

In the arena of lamps currently used for public lighting the following white light or whitish light
lamps emit decreasing amounts of UV radiation: high-pressure mercury vapour lamps (widely used
for a long time in Italy and still today relatively common), metal halide lamps (these are frequently
used in sport centres and for decorative lighting), fluorescent tubes and the white light variety of
high-pressure sodium vapour lamps.

Today, especially for street lighting, high-pressure sodium vapour lamps are generally preferred. In
their standard type they produce a bright pinkish-yellow light, with a marginal UV component (fig.
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1). These lamps have a significantly less attractive effect for insects than formerly mentioned lamps.
According to a German study, they attract about 40% less insects than their sodium-xenon white
variant (Eisenbeis and Hassel, 2000). When compared with mercury lamps, standard high-pressure
sodium lamps result even more advantageous: six different studies in Germany have shown they
attract on average 57% less insects, and in particular their effect on moths is greatly reduced
(Einsenbeis, 2006).

An even more reduced attractive effect, which is almost nil for a great number of species of insects
is shown by low-pressure sodium vapour lamps (Schanowsi and Spath, 1994; Rydell, 1992; Rydell
and Racey, 1995). These latter lamps do not produce UV and emit a practically monochromatic,
yellow-orange light (589-590 nm), that does not permit the perception of colour (in Italy they are
rarely used, mostly for out of town roads, industrial areas and foggy areas).

Recently, some results from a first survey about insects and LED lamps have been released
(Eisenbeis, 2010). At present such lamps are used only very rarely (in Italy and elsewhere) due to
their non competitive prices. They do not produce UV, but have strong emissions in the blue region
of the spectrum (especially the “cool white” type). The preliminary results show a very scarce insect
attractiveness, which can be compared to that of the low-pressure sodium lamps. On one hand this
confirms the importance for the absence of UV in order to reduce insect attraction, on the other
hand it is surprising as the significant emissions of blue light suggested higher attractiveness. The
complete publication of this work will permit the evaluation of this type of lighting more precisely.
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Fig. 1. Spectral power distribution of some lamps; from above: high-pressure sodium, metal halide and
cool white LED lamps (from: IDA, 2010 - http://docs.darksky.org/Reports/IDA-Blue-Rich-Light-
White-Paper.pdf).
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3.2. Habitat loss and interference with movements due to the repulsive effect

If the attractive effect of light is directly perceivable, the same is not true for the opposite: the
repulsive effect on other species of insects or insects in other biological stages (larval and adult
stages can differ in their responses to light) is far more difficult to monitor. Flight-from-light
behaviour is prevalently thought to be linked to the risk of predation, which is in general greater in
lighted conditions. It can be manifested in various ways, for example (when light is brighter) with
an inhibition of certain behaviours, a general reduction in activity or a limitation of activity to
darker areas.

Examples worth of note for light avoidance (negative phototaxis) are the movements of aquatic
invertebrates, that in freshwater habitats include the larvae of many insect species.

The levels of illumination at the surface of various North American lakes due to artificial light
sources (measured on new moon nights) have been registered to greatly exceed natural values
observed on full moon nights. It has been experimentally shown that this can suppress the
zooplankton vertical migration (that is the ascending of plankton at dusk for foraging and its return
to greater depths at sunrise, in order to decrease predation risk). One of the species most effected is
the chaoborid dipter Chaoborus punctipennis, which exhibits negative phototaxis even at light
intensities inferior to that of the stars (Moore et al., 2006).

In flowing water, light conditions the “drift” behaviour of macroinvertebrates that live on
streambeds, including, at their larval stage, insects of various orders (ephemeropters, plecopters,
tricopters, dipters, etc.). During the day these organisms scarcely move, while after sunset, in low
light conditions, they leave the streambed and drift downstream to look for new foraging areas. The
onset of the evening drift is conditioned by the progressive decrease in light intensity and on full
moon nights the phenomenon is greatly reduced. This has suggested that macroinvertebrate drift can
be retarded or even suppressed due to artificial light sources, that often produce lighting levels
exceeding those recorded on full moon nights (Moore et al., 2006).

The above account on insects with aquatic larvae is pertinent to the problem of the impact of
lighting on bats as these larvae are potential prey for bats when they reach the adult stage (they
become flying insects) and in some cases even before (Myotis daubentonii and Myotis capaccini
can take pupae from the water surface).

As in aquatic habitats, it can be speculated that also in terrestrial habitats, for insects characterised
by negative phototactic behaviour, artificial lighting may determine negative consequences such as
loss of feeding sites, reproduction sites, and transit corridors (with relative effects on their life
expectancy, species dispersal, etc.).

Just like the attractive effect, light avoidance can be expected to be influenced by not only the
intensity but also the spectrum of the light. For aquatic environments this is evident as the
wavelength conditions light penetration in water, but available information for terrestrial
environments is inconclusive.

3.3. Other interferences

The inhibition of activity of insects in illuminated areas, as reported for insects attracted to light that
then remain inactive for long periods, has been also described for light sources without attractive
effect, as in the case of low-pressure sodium lamps (Uffen, 1994). Unfortunately there is no
guantitative data to evaluate this phenomenon. These lamps on the one hand very rarely elicit flight
to light and this mitigates their effect (if the insects are not attracted to the light they risk less
becoming victims to the inhibition of activity), on the other hand they are large and difficult to
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shield (Emery, 2008) and this provokes light spillage, with potential negative effects on a broader
area of that to be lit.

We have mentioned only the most evident aspects of the interaction between artificial light and
insects.

Also for insects, light represents the most important environmental reference in the conditioning of
many physiological and metabolic phenomena, circadian activity rhythms, reproductive behaviour,
development and life cycle (including diapausa phenomena), etc. Consequently, artificial light
presents the potential to interfere in a very wide range of biological processes. Given the complexity
of the subject and the nature of this paper we will not dwell on these aspects.

3.4. Considerations on the impact of artificial lighting on divers groups of insects

Some groups of insects, in particular belonging to dipters, coleopters and nocturnal lepidopters, are
more exposed to the above mentioned risks. Artificial lighting can be particularly negative in
certain ecological situations, for example in wetland areas where mass swarms of insects, that
depend on water for reproduction, gather. Some species are more sensitive than others due to their
migrating behaviour (route disruption of large swarms), their reproductive strategy (k-selected
species) or because they are rare and/or have fragmented habitats.

According to Frank (2006) the most widespread and serious impact that artificial light has on moths
probably is disruption of dispersal of threatened species. Generally these are species with
fragmented habitats due to anthropization, whose survival strongly depends on the possibility to
move from one fragment of suitable habitat to another. Lighting is typically located in the territorial
matrix among suitable habitat fragments, where it acts as a barrier that limits the probability of a
successful dispersal.

The potential interactions between artificial light and insects is extremely vast, the basic knowledge
on the mechanisms with which organisms respond to light (including natural light) is very
incomplete, and the ecological processes in which insects have a key role are so numerous, that the
exact comprehension of the consequences of artificial lighting on this zoological component is still
a far off objective.

If insects were in good conservation state we could possible ignore the problem, but unfortunately it
is not so. The results of the two most important long term surveys inherent to insects so far
conducted — Hungarian Light-trap Network in Hungaria and Rothamsted Insect Survey in Great
Britain— provided evidence of alarming demographic declines (Szentkiralyi F., 2002; Conrad et al.,
2006).

In particular, the data collected in Great Britain in the period 1968-2002 relative to 337 species of
macromoths, considered common and widespread in the country, highlighted declines for two-
thirds of them, and in the last ten years of the study period 21% of the species showed demographic
losses superior to 30%. The Authors of the study see in these results the evidence of a more general
insect biodiversity crisis (Conrad et al., 2006).

It is not known how important the role of artificial lighting is in the loss of insect biodiversity, but a
precautionary conservation approach calls for the adoption of efficient measures to minimise the
probability that this phenomenon have a significant impact.

4. HOW TO MINIMIZE PROBLEMS

In the preceding paragraphs we listed various negative effects that night artificial lighting has on
bats and their prey. In some cases these effects have been ascertained, in other cases they still have
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to be verified, but it is however necessary to take them into consideration as they are possible
negative effects (precautionary principle).

In order to minimise these problems, the fundamental rules that must be respected are to keep the
lighting to a strictly necessary minimum and to choose type of lamps that potentially disturb less.
Often lighting is used where it is not necessary or in an irrational way: with light dispersing out of
the area to be lit, lighting at times when it is not necessary, and using light bulb types with high
energy consumption and high running costs. It is therefore necessary to rationally establish
“where”, “how”, and “when” it is right to have lighting and, while doing this, to take into
consideration (together with the anthropic needs) the ecological consequences of lighting, a concern
rarely taken into consideration.

4.1. Where to have lighting

No lighting would always be the best choice for what concerns the biocenoses, but for various
anthropic reasons, the opposite can become necessary, foremost for security and safety. This is not
the place to discuss such matter, it is however right to note that it is often tackled irrationally, not
basing on objective data but on generic and unfounded assumptions: we speak of “perception of
security” rather than “security”.

It is common opinion that the more a street is lit up the safer it is, but there are studies that show
how real conditions are a lot more complex. Lighting reduces road accidents, but serious accidents,
including mortal accidents, are often more frequent on illuminated roads than on unlit ones (see, for
example: Direction Interdépartementale des Routes Nord , 2007).

In Italy, it is common opinion that well lit town parks discourage crime, but a simple, practical
consideration could put this belief in doubt: in the dark it is easier for police to individuate
presences of people who need to use their own light source. In contrast to Italian ones, other
European cities close their parks at night and keep them in darkness.

With this, we do not want to say it is wrong to use lighting when it effectively increases security
and safety, but we ask to better evaluate cases when light is not strictly necessary or is of secondary
importance, and its effects could be of disturbance.

Preserving darkness at the local level is of limited importance to astronomers, since lighting at great
distances can negatively affect sky observation. For the ecologist, on the contrary, local lighting or
darkness is of utmost importance: local conditions affect biotic communities and it is important to
preserve areas from light pollution starting from those of higher ecological and naturalistic value.
How to recognise the areas which is more important to keep in natural darkness to the benefit of the
conservation of bats?

Surveys on nighttime activity of bats can give useful information for the respectful planning of
lighting, for example furnishing information about the location of the principle foraging areas and
the “corridors” used for commuting between such areas and roost sites.

Today, the quickest way to collect data of this type is by using the bat detector. This instrument has
advantages (many species are easily recorded; it is a non invasive technique and a faster way of
collecting data than with other methods; the survey can be carried out even by a single recorder)
and defects (some species emit calls which are difficult to reveal; calls of many species are similar,
so that species identification can be difficult or even impossible; multiple recordings can refer to the
same individual) and the operator must be aware of these limitations.

The radiotracking technique gives better defined results (it precisely characterises the movements of
defined individuals) but is limited by the fact that the number of monitored bats is always low, the
survey normally requires more operators and it is time consuming.

Unfortunately, apart for specific areas (usually protected areas), surveys are rarely promoted to
understand how bats use territory. In most situations, when deciding about lighting, decisions
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should therefore be taken according to more general knowledge, derived from literature and
concerning the habitat preferences and movement behaviour of bats. As these characteristics are
often similar for different species of bats, it is possible to identify areas of general value for the bat
fauna.

Among the foraging areas that deserve
priority efforts to preserve natural
darkness, there are still-water wetland
habitats (lakes, ponds, oxbows and slow
flowing water), woodland areas and their
margins, eco-mosaics characterised by
meadows and grassland alternated by
tree/shrub vegetation.

The corridors that bats use for their
habitual transits can be preliminary
identified by landscape linear features
such as forest margins, riparian vegetation,

M. bechsteinii

avoid open spaces, and prefer to fIy
coasting linear elements).

Whenever these corridors come to cross illuminated mfrastructures if somethlng can be interposed
between the lighted area and the corridors such as a line of trees and shrubs, this could help to keep
the corridors in darkness and help to facilitate the passage of bats in appropriate points such as
overpasses and underpasses. It has also been suggested to keep 10 m unlit stretches of road on each
side of bat flight routes (BCT and ILE, 2009). For more information: Limpens et al., 2004;
Brinkmann et al., 2008; Highways Agency, 2006.

If roost sites hosting bat colonies of major conservation concern are known, it is of particular
importance to keep darkness inside them, at bat access points and, as much as possible, in the
surrounding areas, in particular along the linear elements that can represent flight routes (tree lines,
hedges, rows of buildings, etc. ).

Frequently, important bat roosts are inside monumental buildings (castles, palaces, towers, forts,
churches, etc.) or in other historical, artistic or archaeological sites (old bridges, necropolises,
ancient aqueducts, rock dwellings, etc.) which are part of our Cultural heritage. Thanks to the
presence of rooms unused or rarely used by man, in the dark and with a microclimate consonant to
bats, such buildings and sites are particularly suited to various species of rare and threatened bats
for daytime rest, reproduction, and, more rarely, hibernation.

In the last decades there has been an increase in the illuminating of Cultural heritage buildings and
sites, in order to render them even more appreciable. In section 2.4 it has been underlined how
roost lighting can have a strong negative effect on bats, either if external or internal (for example in
the case of towers and bell towers) or with light beams restricted under bridges, arches and
galleries. Moreover, lighting can constitute a violation of the international legislation which
forbids the disturbance of bats and the deterioration of their breeding or resting sites (Bern
Convention, ch. 11, art.6; Agreement on the conservation of populations of European bats, art. 1lI;
92/43/EEC Habitats Directive, art. 12). According to legislation, serious interferences such as a
damage to an important bat colony during reproduction or hibernation, can be sanctioned as with
environmental damage (2004/35/EC and 2008/35/EC Directives).

For conservation reasons and to guarantee the respect of the law, it is therefore advisable that the
decorative lighting of buildings and sites of Cultural heritage which are potential roost sites be
preceded by an inspection for bat usage of them. Such a survey need not take a lot of time but must
be undertaken by an expert, as not only the presence of bats in act (sometimes evident also to a non
expert) but also traces of frequentation in other periods of the year must be checked for. If usage
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by bats is ascertained, lighting will
have to be excluded during the
period of bat presence or at least
limited accordingly, so that there is |
no light inside roosts, at bat accesses
and along their transit routes.

Care must be taken also to
contemplate “false negatives” in
surveys, due, for instance, to the
location of bats inside crevices or
other spaces difficult to inspect. In
these cases, i.e. if bat presence is
detected at a later date, measures will
have to be taken in order to exclude °
damaging interference, changing
previous decisions if necessary. £ . e
Analogue conservation attentions B\
should be taken to restore darkness at |
buildings/sites known to have been
used by bat colonies in the past.

For what regards lighting for security
reasons in connection to scaffolding in restructuring sites , the interference to bats can be annulled
using alternative solutions, such as scaffolding with an alarm system or short circuit video based on
infrared lighting.

Buildings and sites of Cultural heritage where natural darkness is preserved or partial lighting have
been adopted for bat conservation reasons are described at
http://www.centroregionalechirotteri.org/introd_eurobats_it.html

If you know about other similar virtuous cases we ask you to submit them for their insertion onto
the same web page.

4.2. How to light

For all the different reasons to contrast light pollution, lighting should be undertaken in such a way
as not to go significantly over the minimum requirements given in the safety regulations.

For what concerns the need to avoid the dispersion of light out of the designed area to be lit, there is
a vast reference literature that considers the way the lighting is installed, the accessories to reduce
light spillage, the height and orientation and the distribution of the intensity of the light. For more
in depth information see the website www.cielobuio.org (click on “5 concetti fondamentali
dell’illuminazione” and see, in particular, the first criterion, currently at:
http://www.cielobuio.org/index.php?option=com_content&view=article&id=1050& Itemid=40 ).

The need for energy conservation and to limit CO, emissions, makes it important to choose energy
saving lamps with high luminous efficiency (lumens per watt). It goes without saying that
performance measurements must consider parameters during usage, taking into account eventual
shielding accessories, lenses, etc.

At present (2010) the most efficient lamps are low-pressure sodium lamps (90-200 Im/W) followed
by high-pressure sodium lamps (90-130 Im/W). The current tendency in public lighting is for high-
pressure sodium lights because low-pressure sodium lamps do not permit chromatic vision and have
a limited use, mainly restricted to suburban areas (it has been stressed, however, that the chromatic
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vision often is not necessary and the use of low-pressure sodium lamps could be much more
widespread: IDA, 2002; on the other hand it must be said that, being scarcely used, it is expected
these lamps will go out of production in a few years time).

Public illumination also uses less efficient lamp types, as mercury vapour lamps (with a luminous
efficiency of only 30-60 Im/W and with high waste disposal costs), fluorescent tubes (70-90 Im/W)
and metal halide lamps (60-120 Im/W). The latter are employed for special uses such as lighting in
sport centres and for monuments, as they have a high intensity for unit of surface area.

Recently, locally, LED lighting has been used for monumental buildings, parking lots of large
commercial centres and in pilot projects for public street lighting. LED technology has been
developed only since the early 1990s, but the perfectioning of the bulbs and their gains in efficiency
have had exponential growth in a few years. Today LED lamps, emitting white light, are marketed
by several companies for public lighting; their luminous effectiveness is close to that of the low-
pressure sodium lamps, but they cannot be considered competitive yet due to their high installation
cost (they require a narrow pole spacing) (CieloBuio, 2008; Radetsky, 2010). However it is
probable that with future technological developments LED technology will become the most
advantageous lighting from an energetic point of view.

The choice of lamp type conditions also the possibility to control the light flow, reducing it when a
less intensive illumination is sufficient. This also is a way in which to contain energy consumption
and light pollution. Low-pressure sodium lamps are not suitable for this purpose, while high-
pressure sodium lamps are and, in perspective, LED lamps are also suitable. LEDs also have the
advantage of lighting up immediately, which could allow, wherever possible, an energy saving use
through lighting activation by movement sensors.

In parallel to the need for energy saving, the choice in lamps must be oriented in such a way to
minimise eventual conflict with natural environment components and other anthropic needs and
interests (health, astronomical observation, cultural and recreation activities in night sky
observation).

Considering conservation of insects, bat’s main food source, and in particular to avoid problems
due to the attractive effect of light (see 3.1), the results of surveys carried out by Eisenbeis et al. in
Germany (2006; 2010) direct towards the use of LEDs (it must be clarified that the published
preliminary data do not explain if there are differences, with respect to insect attraction, between
cool-white and warm-white light LEDs) or low-pressure sodium lamps and, as a second choice, to
high-pressure sodium lamps (in their standard models). High-pressure sodium-xenon lamps, metal
halide lamps and mercury lamps, probably due to their UV emissions, have been found to be
progressively more attractive (and therefore negative) to insects.

The possibility that UV emissions can be perceived by bats (at least by some species) and can
interfere with their vision (see 2.3) must be also taken into account.

Numerous works of the last few years point out potential problems in the use of white light lamps at
night and particularly of those emitting rich-in-blue white light, such as cool white LEDs. As far as
biological aspects are concerned (but there are also negative effects on astronomy), compared to
both low- and high-pressure sodium lamps, white light lamps and particularly cool white LEDs
show a greater potentiality of impact on a wide spectrum of animals behaviours, biological
functions and rhythms. Potential negative effects are relevant also to bats (see 2.4 and 2.5) and
human health (2.5; ANSES, 2010).

Even if we still need to further our understanding in this area to better comprehend the relationships
between causes and effects, the opportunity to follow a precautionary approach discourages the
night use of lamps which produce white light (it always contain the blue component) and in
particular that of cool white LED lamps.
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A further criteria to be taken into consideration when choosing lamp types, concerns containment
and dispersion of the light emitted. Generalising, the more light spill away from the area to be lit,
the higher the probability of negative consequences also at a distance from the light source.

In this case the low-pressure sodium lamps, which have the advantages mentioned earlier, are not
suitable due to their large size, that makes the emitted light hard to control. As has been said, this
kind of lamp has almost no attractive effect on insects, but it may interfere with insects in other
ways: through repulsive effect or by inhibiting activity (see 3.2 and 3.3). Unfortunately it is not
known to what extent these potential negative effects are related to the intensity of the lighting and
how much they are conditioned by the spectral characteristics of the light.

At the present state of knowledge, mediating the considerations stated above, we suggest:

- the use of high luminous efficiency lamps with low or inexistent emission of ultraviolet or
blue light, or lamps filtered to obtain an analogous effect, for public lighting (at present this
means preferring the use of low- or high-pressure sodium lamps (the latter in their standard
models);

- the exclusion of other types of lamps in all cases where it is not strictly necessary (the
aesthetic appearance rarely is a necessity);

- anincrease in research to better understand the biologic effects of LED lighting;

- to direct lighting technology taking into consideration the results of such research and, if the
negative effects of white LEDs are confirmed, orient production towards LEDs of other
colours, with a lower environmental impact.

4.3. When to use lighting

The rationalization of lighting dictates that, first of all, lighting should be avoided when it is not
significantly useful. For bat conservation, the decision about “when” to light, should also take into
consideration the differential impact that lighting has on bats during different times of the year and
the night.

During hibernation, artificial lighting has a lesser potential to interfere with bats and insects, whose
activity is down to a minimum, even if it is possible that it plays a negative role towards the species
of insects that are active in the winter and may also effects bats during their winter arousals. Of
course the lighting of bat roosting sites need not be limited when the bats are not present, but when
they return it becomes necessary.

In general terms, and above all during periods of full bat activity, any limitation of lighting is to be
considered a positive move, but it should also be said that the part of the night which is the most
important for bat foraging is during twilight and the early hours of darkness, when excluding
lighting can be impossible for anthropic reasons. However, the traffic flows recorded in some
Italian towns show how it could be possible to reduce lighting in time slots of interest for the
protection of bats. In the city of Turin, for example, traffic is very limited after 9 pm, therefore a
correspondent reduction in lighting along certain roads does not seem unproposable (CieloBuio,
2006).

In the case of extreme weather conditions (heavy and persistent rain, strong winds), which impedes
bat activity, there is no need to limit lighting for bat conservation.
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5. PROPOSALS FOR THE IMPROVEMENT OF LEGISLATION IN THE MATTER OF
LIGHT POLLUTION

Acrtificial night lighting is a relevant environmental factor, which has unfortunately been overlooked
for too long by ecologists; knowledge on its effects on living organisms is therefore still
fragmentary. This fact has influenced Italian legislation, which is lacking on the front of the
protection of the biocenoses despite light pollution matter has been largely afforded: at present there
is no (national) outline law on the subject, but the majority of local administrations with legislative
power have introduced specific local laws (17 of the 19 Regions have adopted laws hereafter named
“regional laws” and 1 of the 2 Autonomous Provinces has adopted a “provincial law”).

The following notes mainly recall concepts already elaborated together with CieloBuio and exposed
in CRC (2009). They are aimed at evidencing provisions relevant for the protection of biotic
communities, with particular reference to bats and insects. In part these are already present in some
Italian laws (regional/provincial), in part these are further dispositions that are not contemplated in
the current laws. We suggest the adoption of these provisions in the existing legislation or in new
laws when discussed.

When writing, we took into account also the need to save energy, to protect the night landscape and
the possibility of making astronomical observations.

Given the vastness of the subject and the limits on present knowledge on the ecological effects of
light pollution, we want to underline the necessity for future updating of this text.

As species react to artificial light in many different ways, and on occasions even show opposite
reactions, in order to better respect biotic communities a great deal of work remains task of the
territorial planning, which must consider local specific requirements.

Juridical definition of light pollution

According to the most used acceptation in Italian legislation, light pollution is every irradiance of
artificial light outside competence areas (the area to be lit) and in particular off the horizontal plain.
This definition takes into consideration the “astronomic” problem connected with lighting, but it is
insufficient from an ecological point of view: it does not consider the negative effects that light has
on many species (from attraction, repulsion, alteration of biological rhythms, etc.), even if well
directed on the area to be illuminated and not dispersed upwards.

Taking into account the physical definition of light pollution proposed by Cinzano et al., 2000 (“an
alteration of the natural quantity of light in the external environment due to the introduction of
artificial light”) and the ecological definition by Longcore and Rich, 2004 (“artificial light that
alters the natural patterns of light and dark in ecosystems”), we suggest to use the following
definition: “Light pollution is any alteration of the natural quantity of light due to the introduction
of artificial light, in particular if this light is dispersed off the horizontal plain and/or induces
negative effects on living organisms”.

This definition transposes the more general definition of light pollution and brings attention to the
problems that this phenomenon determines, both for astronomy and ecology.

This new definition makes it necessary to consider internal and inside lighting as possible pollution
sources. In the existing laws in many Italian Regions, it is on the contrary specifically affirmed that
such lighting is not polluting. Unfortunately, lighting on the inside of a bell tower or under the
arches of a bridge can have a devastating effect on bats!
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The objective for environmental protection and provisions to direct territorial management to the
same aim

Some of the current Regional laws about light pollution identify protection of ecological equilibria
as one of their objectives. We suggest that this element be introduced in all laws on the subject,
together with general provisions on territorial management, as follows: “an objective of the present
law is the respect of ecological equilibria, to be put into practice by protecting natural darkness, in
particular where ecosystems characterized by good naturalness, ecological corridors and relevant
feeding, resting and reproduction sites and movement routes are present”.

Provisions for the spatial containment of lighting

It should be recommend that the applicative instruments of the laws (regulations, guidelines,
lighting plans, etc.) orient towards the identification of the territorial areas where it is a priority to
limit artificial lighting, taking ecological criteria in good consideration.

Habitat types where to safeguard natural darkness for the conservation of bats as a priority have
been described in 4.1. They are environmental typologies of a primary importance not only for bats
but also for many other species; this measure is therefore relevant for the more general aim of the
protection of biodiversity and ecological equilibria.

It has also been stressed that it is very important to conserve darkness inside and around buildings
and sites of Cultural heritage which are used as roost sites by bats. Existing laws dictate that bats
and their roosts must be protected, but those charged with the management of our Cultural heritage
often do not know about this, neither have idea of the potential interference that lighting projects
can have.

In order to make it easier to respect norms which are often unintentionally ignored and to avoid
unlawful actions to the damage of public interest (fauna is protected in the interests of the national
and international community: art. 1, L. 157/1992, i.e. the Italian law on wildlife protection and
hunting activity), often performed using public money, we suggest the introduction of the
following in laws on light pollution:

“Decorative night lighting of buildings and sites of Cultural heritage, which house bat roosting
sites, by the use of internal or external floodlights, must be subordinated to a bat survey aimed at
assessing if the lighting is compatible with laws and regulations on the protection of bats and,
whenever necessary and possible, at suggesting corrective measures to be taken in order to
guarantee the respect of the current legislation. In cases in which the lighting results incompatible
with bat conservation and it is not possible to enact sufficient mitigation measures, it will be
necessary to renounce to the lighting project altogether.”

Provisions for the temporal containment of lighting

The applicative instruments of the laws (regulations, guidelines, lighting plans, etc.), when deciding
about lighting, should take into account its effects on biocenoses during the different times of the
day and the year. For what regards bats and insects, we have discussed the problem in section 4.3.

In some Italian regional laws there is already a limitation on the times permitted for lighting, but it
is seldom applied. Moreover, the limitation is for the central hours of the night, while it would be
much better for bats to have a limitation at twilight and the early hours of the night.
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Provisions for the modality of illumination

The modality for illumination conditions the dispersion of light, that is the loss of light outside the
designed area. This loss is a waste of energy and the light radiation that is lost upwards determines
the brightening of the night sky above populated areas known as “sky glow”. This creates
conditions in which it is difficult make astronomical observations and can interfere negatively on
the behaviour of living organisms.

Various Italian regional laws have fixed successful criteria to minimise the problem of light
dispersion. In particular they call for: “the luminaires, where installed, must have a maximum
luminous intensity at a gamma angle of > 90°( that is horizontally or upwards) between 0.00 and
0.49 cd/Klm”. Over more, in order to control indirect light flow, “ the average luminance level on
the surface to be illuminated and the illuminance shall be no more than the minimum defined by
technical safety norms”.

As the lighting needs can change from hour to hour (in particular on roads, depending on the
traffic), it is almost always a good thing that the lighting systems be equipped by devices able to
reduce lighting flux when possible.

It is also necessary to consider the characteristics of the light produced.

If the choice of lamp to be used was based solely on energy saving and lighting requirements it
would be sufficient to chose “the ones with the highest efficiency in relation to the available
technology”, apart from those cases where exceptions can be permitted for special illumination
needs (e.g. where lighting with a high chromatic level is needed). These criteria however are
insufficient when the protection of the biotic communities is considered.

In section 4.2, considerations on the impact of different lamps on bats and insects have been set out.
The urgency and importance for further research on the matter has also been underlined, in order to
obtain more precise data on which to base legislation.

That said, and allowing for the possibility of derogations that are adequately justified, for what
concerns the lamps more widely used, (mostly for street lighting), we suggest to insert a reference
to systems equipped with “lamps characterised with high luminous efficiency and low or no
emissions of wavelengths inferior to 500 nm, or filtered at source in such a way as to have a similar
result” in the laws.

Such a provision is coherent with the guidelines recently developed by International Dark-Sky
Association in order to safeguard the possibility of astronomical observation (IDA, 2010).

Provisions for what concerns information and awareness

The general public is still very unaware of the problem of light pollution, therefore we underline the
possibility that laws on the matter evidence the importance of developing initiatives towards giving
information and sensitize the population about the astronomical, biological and ecological
consequences of the phenomenon and the needs for energy conservation.
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