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Artificial night-time illumination of natural habitats has increased dramatic-

ally over the past few decades. Generally, studies that assess the impact of

artificial light on various species in the wild make use of existing illumination

and are therefore correlative. Moreover, studies mostly focus on short-term

consequences at the individual level, rather than long-term consequences at

the population and community level—thereby ignoring possible unknown

cascading effects in ecosystems. The recent change to LED lighting has

opened up the exciting possibility to use light with a custom spectral compo-

sition, thereby potentially reducing the negative impact of artificial light. We

describe here a large-scale, ecosystem-wide study where we experimentally

illuminate forest-edge habitat with different spectral composition, replicated

eight times. Monitoring of species is being performed according to rigid pro-

tocols, in part using a citizen-science-based approach, and automated where

possible. Simultaneously, we specifically look at alterations in behaviour,

such as changes in activity, and daily and seasonal timing. In our set-up, we

have so far observed that experimental lights facilitate foraging activity of

pipistrelle bats, suppress activity of wood mice and have effects on birds at

the community level, which vary with spectral composition. Thus far, we

have not observed effects on moth populations, but these and many other

effects may surface only after a longer period of time.
1. Introduction
The use of artificial illumination at night has seen a dramatic increase over the

past few decades [1,2] and forms one of the major anthropogenic changes to our

environment [3]. To date, knowledge on the impact of artificial light on our

ecosystems is limited. With progressive urbanization and concurrent increase

in the use of artificial light, a better understanding of its impact is urgently

needed [4]. The disturbance of natural habitat by artificial light has been

defined as ecological light pollution, and is present in virtually all ecosystems

[5]. Effects of artificial light have been reported in several taxa [5,6]. These

effects include mostly direct responses to existing illumination, such as attrac-

tion or deterrence. Examples are the attraction of insects to different kinds

of light sources [7], and migrating diurnal birds at sea which are attracted

to bright light from lighthouses, ships and oil rigs at night [8,9]. Attraction to
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Figure 1. Flowchart on how artificial light may affect species at the popu-
lation level. The most direct way is immediate impact on the survival of the
individual (left arrow). However, light may have effects on the physiology,
behaviour and life-history traits of the individual. For example, if light
leads to untimely reproduction causing high juvenile mortality, fitness is
affected and hence population size may decrease. Effects of light on the
environment of a species may cause even more indirect effects on fitness
of a species. These effects include general habitat changes, and cascading
effects, for example by the availability of prey species which may themselves
be affected by all possible routes shown. (Online version in colour.)
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light has in many cases directly a strong negative impact, and

often leads to exhaustion or even death [7,10]. Attraction to

light may also result from indirect effects, such as bat species

foraging on accumulated insects around streetlights [11,12].

Deterrence by light is often much more difficult to observe,

but has been found in different bat and birds species [13,14].

Many effects of artificial light include changes in behav-

iour and physiology. The natural light/dark cycle is the

main driver for the synchronization of daily and seasonal

rhythms, and disturbance of this cycle by artificial light at

night may perturb the temporal organization of organisms.

Indeed, in several species of birds, artificial light advances

onset of dawn song [15]. Changes in other types of daily be-

haviour may be more straightforward, such as a switch from

daily to nocturnal foraging when light is present at night in

feeding habitat [16,17]. Effects of artificial light on seasonal

timing of birds have also been observed [18,19]. Changes in

timing may be mediated by changes in hormone regulation

[20], especially by melatonin [6,21].

Over the past few years, the ecological consequences of arti-

ficial light have received an increasing amount of interest, but

information on the impact of light remains limited to a few

species. Moreover, many effects reported are collected in

urban areas where artificial light is not the only component of

anthropogenic disturbance, and where the behaviour of species

in the absence of artificial light is unknown. Most importantly,

very little information is present on what the eventual, long-

term consequences are at the population level [22]. On many

occasions, population effects may directly emerge, for example,

as a result of mass mortality by direct effects of light. The even-

tual impact of light may, however, be much more indirect,

for example by changes in behaviour and physiology of

species, and hence affect several life-history traits. These may

consequently adversely impact fitness, and thereby affect popu-

lations (figure 1). As a result, these effects are latent and may

only emerge after a prolonged period of exposure to light.

A delayed response may also originate from the effects—both

direct and latent—of light on prey or predator species (‘cascad-

ing effects’). Studying those effects requires a comprehensive,

ecosystem-wide and long-term approach, in a setting where

other anthropogenic factors are controlled for [23].

When studying the impact of artificial light, an important

aspect to take into consideration is the variation in properties

of different light sources which are commonly used to illumin-

ate public space. For example, the spectral composition of light

strongly varies between different lamp types. Possible effects of

exposure to light result from an interaction between the spec-

tral composition and the spectral sensitivity of organisms

[24]. This complicates the interpretation of the outcome of

different studies [25]. Understanding of organismal responses

to differences in the spectral composition of light sources

becomes ever more relevant because of the recent worldwide

change to LED lighting [26,27]. Apart from economic advan-

tages, the colour composition of LED lights can be custom

designed, potentially allowing for the mitigation of impact of

light on species via adaptation of the spectrum [4].

The impact of lights differing in spectral composition has

rarely been studied in free-living species. One of the best

examples of the reduction of impact of light by changing the

spectrum is on migrating birds at sea; when the red part of

the spectrum is reduced, migrating birds at night are much

less disturbed by brightly illuminated oil rigs and ships

[9,28], but see Evans [29]. Other examples of effects which
strongly depend on spectral composition are the attraction of

insects by light [30–32] and sea turtles; in both cases, attraction

is reduced by light without the blue part of the spectrum [33].

The global increase of lighting, the change to LED lights

and the lack of knowledge on long-term effects of light calls

for an ecosystem-wide, experimental study on light at night

effects, with lights with different spectral composition. In an

effort to assess these effects, we established a globally unique

experimental set-up, replicated eight times, designed to

measure effects of long-term light exposure with different spec-

tra on a wide range of species groups. Simultaneously, we are

running in-depth experiments on moths, birds and bats to

identify cascading effects, and to reveal mechanisms behind

long-term effects. Here, we present the set-up of the large-

scale monitoring study as well as the first results on mice,

bats, birds and moths (see reference [19] for an in depth

study on birds using this set-up).
2. Methods
(a) Experimental set-up
We established eight experimental field sites in forest edge habi-

tat. At each of these sites, we placed 4 m tall lampposts in four

100 m long rows, perpendicular to the forest edge with two

lampposts in the open area, one on the forest edge and two in

the forest (figure 2). The distance between rows varied between

88 and 386 m (average 204 m; standard error, s.e. ¼ 17). We used

commercially available Philips Fortimo white, Clearsky green

http://rstb.royalsocietypublishing.org/
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Figure 2. Schematic overview of set-up of a research site (replicated eight times, see electronic supplementary material, figure S2). Rows with five 4 m tall
lampposts are placed in 100 m long rows, perpendicular to the forest edge. Within a site, the orientation of each row was kept constant. The distance between
the rows is variable and depends on the local situation. Each row was randomly assigned a different light colour (white, red, green); one of the rows was
permanently left dark. (Online version in colour.)
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and Clearfield red light (Philips, Amsterdam, The Netherlands)

for the experimental lighting. Lights were mounted in Philips

Residium FGS224 (1xPL-L36W HFP) armatures. The spectral com-

position of lights is presented in the electronic supplementary

material, figure S1. Briefly, all white, green and red lights emit

full spectrum light; green lamps have an increased blue and

reduced red light emission, and red lamps have an increased

red and reduced blue emission. All light colours have negligible

UV emission. The two-coloured spectra, with amplification and

reduction of either end of the spectrum, were chosen because

the lights retain a continuous and broad spectrum and enable

full colour vision for humans. The green spectrum was initially

designed to minimize impact on nocturnally migrating birds [9];

the red spectrum was designed to potentially minimize the

impact on nocturnal species which are relatively strongly attracted

to the blue part of the spectrum [30,32] or are generally sensitive to

short wavelengths (bats, mice) [34,35]. The intensity of all light col-

ours was equalized to 8.2 lux (s.e. ¼ 0.3) at ground level beneath

each lamppost. This is comparable to the light intensities used

for country roads, cycle- and footpaths, and minor roads in resi-

dential areas in The Netherlands [36]. These levels are found in

most other countries in northern Europe, and are ultimately

based on the international CIE levels [37]. Because of differences

in spectral sensitivity of the visual system and other physiological

systems, different species will not experience light with different

spectral composition at equal intensity. It is therefore impossible

to normalize the intensity of different spectra. In our set-up, we

normalized light intensity to lux, as this is the most rational

choice if these light sources are installed for civil use. The lamps

used have no detectable flicker rate and do not emit sound

(measured up to 160 kHz). Each of the four rows at each site

was randomly assigned a different light colour; one of the rows

was permanently left dark.

Seven field sites are located in the middle, and one in

the north of The Netherlands (see electronic supplementary

material, figure S2). In the selection of these sites, an important

prerequisite was the absence of other sources of artificial light.

All sites consist of forest edge, with either coniferous forest

dominated by either Scots pine (Pinus sylvestris) or Douglas fir

(Pseudotsuga menziesii) and an undergrowth of black cherry

(Prunus serotina), blueberries (Vaccinium myrtillus) and mosses,

or mixed forest with Scots pine and pedunculate oak (Quercus
robur) and birch (Betula sp.) with wavy hair-grass (Deschampsia
flexuosa). One site consists of deciduous forest with oak, beech

(Fagus sylvatica) and alder (Alder sp.). The open areas are either

heath dominated by heather (Calluna vulgaris) with purple moor

grass (Molinia caerulea) and other grasses and small herbs, sandy

pioneer vegetation with open lichens and grey hair-grass
(Corynephorus canescens), or grassland (moist grassland with bent

grasses and sedges). Forest edge habitat is relatively abundant in

The Netherlands, and allows for a generic set-up with relatively

high species richness and density in moths, birds, mice, bats and

plants. All sites are located inside nature reserves and managed

accordingly. We set up seven sites in 2011, which was kept as a

dark reference year. Experimental lighting was installed in the

first half of 2012, except for one site which was set up in 2012

and had lights installed in 2013 (exact data in electronic sup-

plementary material, table S1). All lampposts are programmed

to be on from sunset to sunrise, and the functionality of lights is

monitored daily via the mobile phone network.

(b) Species monitoring
From early 2011 onwards, we set up a yearly assessment of birds,

bats, mice, large mammals and moths (see also the electronic

supplementary information on species’ assessment). The moni-

toring of species was partially done with a citizen-science-

based approach and automated where possible, and all methods

were standardized [38,39]. Not all data are available yet; neither

do we have data for the entire span of 4 years for all species

groups. For most species groups, we therefore present data

from a limited period of time; see the electronic supplementary

material, table S2.

(i) Mice
The activity of mice and other small mammals was assessed with

the use of camera traps (Reconyx HC500, Reconyx, Holmen, WI)

aimed at concrete tiles baited with fish oil during two weeks in

August and two weeks in September. All photographed species

were manually identified and counted with the use of custom

software (written by K.S.).

(ii) Bats
Foraging bats were recorded each year during one week in June and

July, and one week in August and September. Echolocation calls

were recorded with Pettersson D500x bat detectors (Pettersson

Elektronik, Uppsala, Sweden) placed in the forest edge by the

Dutch Mammal Society (Zoogdiervereniging), close to the middle

lamppost, with the microphone directed to the open field. When trig-

gered by a sound above 15 kHz and of sufficient amplitude and

duration (see electronic supplementary material), the detector was

set to automatically record sound for 5 s. Sound files were first

scrubbed from falsely triggered recordings by ambient noise, and

subsequently analysed with SONOBAT software (Sonobat, Arcata,

CA), and then calls were identified with iBatsID [40]. As we cannot
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identify individual bats, the number of 5 s files with echolocation call

sequences per night was used as an activity measure.

(iii) Birds
Birds were surveyed by professional field ornithologists from the

Dutch Centre for Field Ornithology (Sovon), who visited each

site eight times during each breeding season (March—July).

Whether birds were considered breeding was determined on

the basis of species specific behaviour and presence during

consecutive visits following standard protocols described by

van Dijk & Boele [39]. In order to measure recruitment and sur-

vival of birds, birds were caught and ringed with a uniquely

numbered aluminium ring during six mornings per breeding

season with 50 m mist nets per transect, all done by volunteers

and coordinated by the Dutch Centre for Avian Migration and

Demography (Vogeltrekstation). These data will be presented

elsewhere. At each transect, nine nest-boxes were put up to

assess timing of breeding and reproductive success of hole-

breeding passerines. Results from the first nest-box study are

published in this issue; see [19].

(iv) Moths
Moths were sampled annually during five to eight nights between

1 May and 1 September with no rainfall, wind speed below 4 BFT

and temperature above 88C. Moths were caught with the use of

two Heath traps (Vermandel, Hulst, The Netherlands) equipped

with a small 6 W actinic lamp [41,42] right beneath the lamppost

in the forest edge at each transect. The following morning

all macromoths were identified to species level by volunteers and

professionals of Dutch Butterfly Conservation (De Vlindersticht-

ing) and released. Except for one site, micromoths were not

identified. The aim was to assess different effects of the experimen-

tal lighting on locally present moth species, and therefore to collect

representative samples of the remaining moth fauna. When collect-

ing moths with Heath traps by attracting them to the low intensity

actinic lamp underneath the much more powerful experimental

lights, the samples may not be representative. For example, a

low number of moths caught can be explained by the distraction

of moths from the traps to the experimental lights, or as a reduction

in the local moth population as a result of the long-term exposure

of the local habitat to the experimental light. So, to prevent direct

competition in attraction of moths to the experimental lights and

the Heath traps, we kept the Heath trap light as the only light

source present by switching off the experimental lights during

sample nights. Most species are attracted only when in close proxi-

mity to the type of Heath traps used (less than 25 m), which makes

this method suitable for local sampling [41,42].

(v) Plants
Vegetation was precisely described in 2011 by the Dutch Foun-

dation for Botanical Research (Floron) using permanent quadrats

underneath the streetlights, using the Braun–Blanquet scale. This

method is detailed and allows us to monitor potential changes in

the vegetation as a result of the illumination. This was repeated

in 2014 (data are not yet available). For the area around the street-

lights, a Tansley scale was used. This is a coarser scale suitable for

characterizing larger areas. It is less suitable for monitoring

changes, but serves as a description of the different locations and

can be used to assess differences in habitat between sites and

explain observed differences in the occurrence of animals between

sites. All plant data will be published at a later stage.

(c) Statistical analysis
(i) Mice
We analysed data collected during 12 or more nights, at

seven sites between 11 September and 15 November 2012. We
restricted the analysis here to wood mice (Apodemus sylvaticus).

To prevent bias by the presence of vegetation or vegetation

height around the concrete tiles, only mice photographed on

the baited concrete tiles were included in the analysis. The pres-

ence of wood mice (A. sylvaticus) was tested in a generalized

linear mixed-effect model (GLMM) with Poisson error distri-

bution. The response variable was defined as the number of

mice photographed per night per camera, and treatment (i.e.

light colour: white, red, green and dark control) as explanatory

variable. We included site and date as random variables. In

order to account for overdispersion, we added an observation-

level random effect. For all species groups, significance of

variables was tested using likelihood ratio tests comparing a

model including the variable of interest with a model without

the variable.
(ii) Bats
We have limited the analysis of bat calls collected to between

24 June and 15 July 2013, and to common pipistrelles (Pipistrellus
pipistrellus), the most frequently recorded species at all sites.

Calls were collected for a minimum of three consecutive nights

for all light treatments at all eight sites. For statistical testing,

we took the number of 5 s call sequences per night per

transect. We used a GLMM with Poisson error structure with

light treatment as explanatory variable, and with site and night

as random variables. We added an observation-level random

effect in order to account for overdispersion. To test for dif-

ferences between light treatments and dark control, we used

pairwise GLMMs with one light treatment and dark control,

and applied a Bonferroni correction to control for the familywise

error rate.
(iii) Birds
Bird data were included from five sites in 2011, seven sites in

2012 and at all eight sites in 2013.

First, we assessed the area size around the lampposts

where the largest difference in species richness (Menhinick’s

index) was present between light treatments. Because of non-

normal distribution of yearly numbers per species, we calculated

the year-to-year difference in observations for each species within

this area around each transect. We took this as a response vari-

able in a GLMM with light colour treatment and year pair

(2011–2012 and 2012–2013) as explanatory variables, and with

site and bird species as random variables. In a second model,

we included the interaction with treatment and year as an

additional explanatory variable. Finally, we tested for differences

between treatments post hoc with Bonferroni-corrected pairwise

Student’s t-tests.
(iv) Moths
Moths were surveyed on two sites in 2011, and on five sites

in 2012 and 2013. Because of the low sample size in 2011, we

limited our analysis to 2012 and 2013. We included only macro-

moth species. Owing to high variability in the number of

individuals per species caught between sites, we analysed the

moth data at the family level. We took the number of individuals

caught per family per night as response variable, and light colour

treatment as explanatory variable with site and date as random

variables in a GLMM with Poisson error structure, again with

an additional observation-level random effect to account for

overdispersion. We also analysed the total number of moths

(all individuals) caught per night, in a comparable model. Both

models were compared with null models (without treatment)

in log likelihood ratio tests. All tests for all of the species

groups were performed in R v. 3.1.1. [43].
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Figure 3. Activity of wood mice (Apodemus sylvaticus); number of photo-
graphs per night per transect (two cameras active per transect; model
estimates for light treatment corrected for random variables). Error bars
indicate standard error. (Online version in colour.)
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the number of call sequences per night per transect (model estimates for
light treatment corrected for random variables). Error bars indicate standard
error. (Online version in colour.)
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versa. (Online version in colour.)

rstb.royalsocietypublishing.org
Phil.Trans.R.Soc.B

370:20140129

5

 on November 18, 2018http://rstb.royalsocietypublishing.org/Downloaded from 
3. Results
(a) Mice
The camera traps produced 13 291 photographs, with nine

mammal species in total. Wood mice were the most common

species with 4990 photographs (37.5%). Apart from just one

exception, wood mice were exclusively photographed between

dusk and dawn. On average, wood mice were photographed

12.3 times per transect (two cameras per transect) per night.

Exposure to light strongly reduced the number of mice photo-

graphed, the effect of light treatment was highly significant

(x2 ¼ 67.8, d.f.¼ 7, p , 0.0001; figure 3).

(b) Bats
We collected 5410 5 s recordings of bat echolocation call

sequences in total. On average, we recorded 41.1 (s.e. ¼ 8.5)

call sequences per transect per night. Light colour treatment

had a significant effect on the number of call sequences

(x2 ¼ 12.4, d.f. ¼ 3, p , 0.01; figure 4). Generally, compared

with dark control, pipistrelles appeared to be significantly

more active throughout the night at the green illuminated

transects (x2 ¼ 8.0, d.f. ¼ 5, p , 0.05).
(c) Birds
During the 3 years, 115 bird species were observed at and

around the sites, on average 45.8 species (s.e. ¼ 3.7) per site.

Within a range of 50 m from the lampposts, the average

number of species was 25 (s.e. ¼ 2.5) per site. For all treat-

ments, the average year-to-year observation count difference

per species per transect was positive in the interval 2011–

2012, i.e. on average, species were more often seen in 2012

compared with 2011 (figure 5). In contrast, in 2013, there

were on average fewer observations per species per transect

compared with 2012. Five common species which showed

an increase relative to the dark control at the same site

were Turdus merula, Aegithalos caudatus, Regulus regulus, Phyl-
loscopus trochilus and Parus major (see the electronic

supplementary material, table S3). The effect of light treat-

ment was significant (x2 ¼ 11.9, d.f. ¼ 8, p , 0.01; figure 5).

The general pattern between the two intervals did not differ

significantly with treatment (i.e. there was no significant inter-

action between treatment and year, x2 ¼ 4.7, d.f. ¼ 11, p ¼
0.20). The average within-species difference between the inter-

val 2011–2012 and 2012–2013 was nearly significant between

dark and green (T274.5 ¼ 22.2, p ¼ 0.06), and significant

between dark and red (T286.7 ¼ 23.7, p , 0.005).

(d) Moths
In total, 354 species were observed, with on average 87 species

(s.e. ¼ 4.8) per site. In none of the models fitted, did light treat-

ment significantly explain variance in the numbers of moths

per species. When the moths are grouped in the fam-

ilies Erebidae, Geometridae, Noctuidae, Notodontidae and

Sphingidae (figure 6) the most straightforward model—with

treatment as fixed effect, and site and year as random

effect—was not significant (x2 ¼ 1.97, d.f.¼ 3, p ¼ 0.58).

There were strong differences in the species composition of

moths at different sites; site was a highly significant explana-

tory variable (x2 ¼ 43.23, d.f.¼ 4, p , 0.0001). Also, the total

number of moths (irrespective of family or species) did not

vary with treatment (x2 ¼ 0.93, d.f.¼ 3, p ¼ 0.82).
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4. Discussion
To assess the effects of long-term light at night exposure on eco-

systems, we have set up a replicated ecosystem-wide long-term

monitoring study on the response of species to the long-term

presence of light of different wavelengths, in the absence of

any other anthropogenic disturbance. With the set-up of this

worldwide unique study, we created the exciting possibility to

study different taxa and species groups at the same location,

and potentially to identify long-term population consequences

and cascading effects in the ecosystem. The consequence of this

generic approach is, however, that the set-up is not optimized

for any of the species groups studied. Despite this fact, after

2 years we are already able to demonstrate effects of light at

night and spectral composition on three species groups (mice,

bats and birds), but not in the fourth group studied (moths).

(a) Mice
Wood mice show a very clear response to all light treatments.

The response of rodents to moonlight has been studied

extensively [44–46] and is most likely related to perceived

predation risk [44,47]. It is widely known that activity of noc-

turnal rodents is suppressed by light [48,49], but the

information on how mice react to (experimental) artificial

light in the field is limited. De Molenaar et al. [50] did not

find any effect of experimental light at night on mice, but

Bird et al. [51] found clear effects at close range of two differ-

ent spectra on foraging activity of beach mice in an

experimental set-up for two different light types. Suppression

of activity at night by light pulses has been shown in outdoor

enclosures [52,53]. A possible attenuated response of wood

mice to red light compared with white and green may be

attributable to the fact that mouse eyes are less sensitive to

long wavelengths [54,55], and the mice thus may experience

red light as less intense and therefore evade the red-coloured

light to a lesser extent than green and white. At present, it is

unclear whether the reduction in activity is caused by a direct

behavioural response to light, or whether there is a density

effect, with a reduced abundance underneath the lampposts.

(b) Bats
The attraction of bats to light is a widely known phenomenon;

however, all bat species may be avoiding light and only fly
around lights to exploit accumulated insects, which are directly

attracted to light. Fast flying, agile bats may be less afraid of

light, while slow flying, less agile bats avoid light as they may

become more vulnerable to predators [56]. Common pipistrelles

are known for using street lights for foraging [12], and this is

most likely what happens at the experimental sites. Close to

the non-illuminated transects, hunting activity of pipistrelles

is very low. Around the green and white illuminated transects,

pipistrelles are much more active. The accumulation of insects

around these lights may facilitate efficient foraging for species

which do normally not shy away from hunting in illuminated

spaces in urban habitats. However, the availability of prey

species for light averse bat species is potentially reduced in

this way. Further analysis of the number of prey captures may

provide more insights into feeding success around the different

light treatments.

(c) Birds
The light treatment has a clear effect on the year-to-year change

in presence of individual species at our sites. Interestingly, the

treatment effect in consecutive seasons was statistically not

different between years, and the change in numbers was

most positive at the illuminated transects. It is not clear what

may have caused these differences. Possible explanations

may, for example, be the breeding biology of species, avail-

ability of prey species, and changes in competition between

species. If these trends observed during the first 2 years of

the monitoring continue, this would imply that densities

of birds will increase at illuminated sites. Whether the birds

that breed near the lampposts do well in term of reproductive

success is a different question (see reference [19]). If not,

illumination may form an ecological trap when attracting

birds to locations where their fitness is reduced [57].

(d) Moths
At present there are, so far, no measureable effects on moths

by the experimental lights. This is unexpected, as lights—

especially those with short wavelengths such as green and

white—do attract moths [30,32]. The attraction may have

severe fitness consequences: moths attracted into the vicinity

of lights may be predated by bats hunting around the

lampposts, or may not be able to deposit eggs on the local

vegetation, or be affected in other life-history stages [58].

The Heath traps used attract moths only from a very close

range [41,42], so we do not expect that moths attracted

from further away level out differences in catches between

dark control transects and transects exposed to experimental

light. An explanation could be that although the experimental

light affects individual moths, the effect of light at the popu-

lation level is very limited and possibly only emerges after

several years.

(e) Summary
In summary, we do observe direct effects on a number of

species, and see emerging long-term effects. These vary

with different species—the response of wood mice may be

a direct behavioural response, the effects of light on pipis-

trelle bats are most likely mediated by the response of

insects. The fact that we are unable to detect differences in

moth numbers is not necessarily inconsistent with this, as we

collected moths beneath the lampposts, and bats hunt in

http://rstb.royalsocietypublishing.org/
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close proximity to lights. It is unclear what causes the light

colour-dependent changes in the abundance of individual

bird species. The future challenge, apart from more robustly

establishing these effects by longer term measurements, is to

identify the different causes and consequences in the changes

observed (figure 1). One of the reasons for the inability to

show strong effects for all species or species groups studied

could be the fact that, in order to be able to study multiple

species groups, we use a generic set-up, in the expectation

that it will be suitable although perhaps not optimal for all

species groups. However, the virtue of our approach is—in

the long run—the ability to relate the effects on different

species to each other and identify cascading effects. The light

intensity used in this set-up may be below the threshold for

both direct and indirect responses of some species. However,

with the application of a higher light intensity, we would no

longer be able to predict accurately the effects of lighting

with commonly used light levels.

As a result of the scale of and difficulties in the run-up to

the project, we were unable to collect data in the first (all

dark) year on bats, mice and moths. This renders the results

on these species groups correlative, and the causality of the

effects identified will need to be verified by separate exper-

iments. Additional experiments are currently being

undertaken to study direct effects of light on mice, and the

feeding activity of bats in relation to insect density around

the lampposts, where lights are intermittently experimentally

switched off.
5. Conclusion
The results presented here are the first to emerge from an

ongoing assessment of ecosystem-wide changes as a result of

experimental exposure to artificial light with different spectra.

The first data show clear and often differential responses to

light of different spectral composition. The effect of light on

bat activity is a well-known effect, but in this study we have

experimentally shown that lights can facilitate feeding behav-

iour in a habitat which is normally used less intensively by
pipistrelles, a species which thrives in urban areas. We show

that experimental lighting has an effect on the year-to-year

change in abundance of individual bird species in close

proximity to experimental lighting. The data presented for

mice, bats and birds merely show quick responses to light,

whereas the bird data indicate emerging long-term changes.

Over a longer period of time, we expect long-term effects to

become visible for all species groups.
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