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Abstract  16 

New technological developments modulate the light levels of LED street luminaires according to 17 

traffic volumes: light levels are increased given traffic and reduced in its absence. Such dimming of 18 

street lights reduces the level of artificial light at night (ALAN) and may thus contribute to mitigate 19 

light pollution. To quantify the impact of traffic-driven dimming of street lights on nocturnal insect 20 

abundance and bat activity in comparison to full light (i.e., dimming functions of luminaires switched 21 

off), we mounted 20 insect flight-interception traps and ten batloggers on street light poles along two 22 

dimmable street light sections. Insect abundance and bat activity were measured alternately with one 23 

week of full street lighting followed by a week with light levels modulated by traffic volumes. In total, 24 

16 dimmed and 16 full-light days were investigated. Overall, traffic-driven dimming reduced light 25 

levels by 35%. Weather conditions (warm, dry nights) were the main drivers of insect abundance and 26 

bat activity, but traffic-driven dimming resulted in lower numbers of insects caught and reduced bat 27 

activity. Among insect groups, Heteroptera benefited most from dimming. For bats, urban exploiters 28 

(Pipistrellus spp.) benefited from increased availability of prey at brightly lit street lights, while less 29 

frequent species (Myotis spp.) did not benefit from street lighting. We conclude that street light 30 

dimming technology may contribute to mitigate negative effects of ALAN on nocturnal organisms, 31 

although the measure may not be efficient enough to support light-sensitive and threatened species. 32 

 33 

Keywords: ALAN, artificial light at night, light pollution, smart lighting, biodiversity, light 34 

engineering, LED, light mitigation measure35 
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Introduction 36 

Artificial light at night (ALAN) is increasingly recognized as a major driver of global change in the 37 

21st century (Davies & Smyth 2018). Street lights are highly relevant contributors to ALAN (Hale, 38 

Fairbrass, Matthews, Davies & Sadler 2015; Rowse, Harris & Jones 2018) with increasing importance 39 

given urban growth rates across the globe (World Bank 2019). ALAN is still an underestimated 40 

challenge for the environment (Gaston, Bennie, Davies & Hopkins 2013; Lyytimaki 2013) and 41 

interferes negatively with organisms at individual, population, or ecosystem levels (Desouhant, 42 

Gomes, Mondy & Amat 2019; Owens & Lewis 2018). ALAN may cause disturbances such as spatial 43 

disorientation (McLaren, Buler, Schreckengost, Smolinsky, Boone et al. 2018; Van Doren, Horton, 44 

Dokter, Klinck, Elbin et al. 2017), act as deadly trap (Wakefield, Broyles, Stone, Jones & Harris 45 

2016), change physiology (Bruening, Holker, Franke, Kleiner & Kloas 2016; Dananay & Benard 46 

2018; Hölker, Wolter, Perkin & Tockner 2010; van Geffen, van Eck, de Boer, van Grunsven, Salis et 47 

al. 2015), alter foraging patterns (Zeale, Stone, Zeale, Browne, Harris et al. 2018), or inhibit 48 

pollination (Knop, Zoller, Ryser, Erpe, Horler et al. 2017).  49 

Initiatives are in place to address and mitigate sustainable solutions to reduce street light impacts in 50 

urban areas (Barentine, Walker, Kocifaj, Kundracik, Juan et al. 2018; Rowse et al. 2018). These 51 

efforts encompass advanced light-engineering technologies that not only rely on energy-efficient, 52 

long-lived and robust LED illumination (De Almeida, Santos, Paolo & Quicheron 2014; Djuretic & 53 

Kostic 2018), but also allow to flexibly modulate lighting levels depending on traffic volume (Beccali, 54 

Lo Brano, Bonomolo, Cicero, Corvisieri et al. 2017; Lee, Choi & Sung 2018; Shahzad, Yang, Ahmad 55 

& Lee 2016): street lights are fully lit only when required by traffic and dimmed otherwise. Dimming 56 

may thus contribute to reduce light pollution which may be beneficial for nocturnal biodiversity. To 57 

date, most studies on the effects of dimming rely on experimentally fixed dimming levels (Azam, 58 

Kerbiriou, Vernet, Julien, Bas et al. 2015; Rowse et al. 2018). Here we provide the first study that 59 

assesses impacts of dimmable street light installations whose light levels are driven by real-world 60 
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traffic volumes. We tackled the following research questions: (1) What is the impact of traffic-demand 61 

driven street light dimming compared to fully lit street lights on nocturnal insect abundance and bat 62 

activity in relation to other environmental variables? (2) Are there different responses of taxonomic 63 

insect orders (Lepidoptera, Coleoptera, Diptera, Neuropterida, Heteroptera, Hymenoptera, 64 

Ephemeroptera, Trichoptera), bat guilds (short-range, mid-range and long-range echolocators) and bat 65 

Red List categories to dimmed versus fully lit street lights? As dimming of street lights reduced light 66 

pollution, we hypothesized that fewer insects are caught and fewer acoustic bat signals are recorded at 67 

dimmed street lights, independent of the insect taxonomic order, bat guild or Red List category.  68 

 69 

Materials and methods 70 

Study sites 71 

Two operational dimmable LED street light sections were available in Regensdorf (Niederhaslistrasse, 72 

47.448 N, 8.485 E) and Urdorf (Birmensdorferstrasse 47.380 N, 8.423 E; both located in the Canton of 73 

Zürich, Switzerland), serviced by the local electrical company EKZ (Appendix A). Both sites were 74 

located in the Swiss lowlands in the peri-urban area of Zürich at elevations of 416 m (Urdorf) and 443 75 

m a.s.l. (Regensdorf). The general environmental conditions (in a 100 m buffer radius) were similar 76 

regarding open land (Regensdorf: 64.6%; Urdorf 75.9%) and impervious areas (building footprints, 77 

roads, Regensdorf: 31%, Urdorf 20.5%). Forests (Regensdorf: 0.7%, Urdorf 1.1%), hedgerows 78 

(Regensdorf 1.3%, Urdorf: 2.2%) and wetlands (Regensdorf: 2.4%) covered minor areas . In a broader 79 

landscape context, Regensdorf is more rural than Urdorf with farms, agricultural fields and forests 80 

nearby (Appendix A: Fig. 1C).  81 

 82 

Street light levels controlled by occurring traffic volumes 83 
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We compared the impacts of dimmed versus fully lit street lights on insect abundance and bat activity. 84 

Fully lit street lights (100%) referred to constant full illumination independent of traffic. Dimmed 85 

street lighting referred to light levels modulated by real-world traffic situations. This means that the 86 

light levels were reduced (dimmed) by approx. 35% in the absence of traffic and only increased to 87 

100% for the duration of passing traffic (one or more cars, bicycles, etc.).  All considered street lights 88 

were equipped with state-of-the-art, energy-efficient LED light sources with similar spectral light 89 

composition. In Urdorf, the LED street lights were of the type Schréder, Teceo 2, 4150 K and in 90 

Regensdorf, the LED lights were of the type Philips, Modalux-Speedstar BGP 322, 4000 K. The two 91 

sites differed with respect to illumination (Urdorf 849 lumen (lm) and Regensdorf 1200 lm per 92 

luminaire at light levels of 100%. Thus, street lights in Regensdorf were a priori 41% brighter than in 93 

Urdorf. 94 

While dimming in Urdorf was triggered by distributed traffic sensors, the street lights in Regensdorf 95 

responded to every road user via radar sensors. At both sites, the lights returned to the dimmed state as 96 

soon as the traffic decreased. Thus, for the two sites, the dimming technology differed, but in both 97 

cases, the change from full to dimmed light and vice versa was only a matter of seconds. For safety 98 

reasons, street lights located at pedestrian crossings were not dimmed and thus excluded from the 99 

experiment. 100 

 101 

Monitoring traffic-modulated light levels  102 

To track the nightly light levels modulated by traffic volumes, we used MSR® MSR 145WD wireless 103 

data loggers with a measurement range between 0 and 65000 lx and a maximum sensitivity at 500 nm. 104 

Two loggers per site were mounted at a height of approx. 4 m at street light poles, recording light 105 

levels every five seconds. The logged data was loaded into a SmartCloud and downloaded weekly, and 106 

we calculated nightly illuminance means and sums for each site. Illuminance peaks > 5000 lx 107 

originated from stray car headlights and were excluded from further analysis.  108 
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 109 

Experiments 110 

Insect abundance and bat activity as a function of traffic-modulated dimmable versus fully lit street 111 

lights were sampled simultaneously in Urdorf and Regensdorf at 10 street lights each during four 112 

nights each week (Tuesday-Friday) between May 2 and July 19, 2017. The street light regimes 113 

alternated weekly: a week of full-light conditions was followed by a week of traffic-modulated, 114 

dimmable light. In total, 32 nights with usable data was obtained for 16 dimmable and 16 full-light 115 

nights (Appendix A).  116 

 117 

Insect abundance at street lights 118 

Flying nocturnal insects were caught using flight-interception traps (Polytraps® (Benyahia, Soldati, 119 

Rohi, Valladarès, Maatouf et al. 2015; Gossner, Lachat, Brunet, Isacsson, Bouget et al. 2013)), 120 

directly mounted on street light poles at a height of 6 m. The insects were collected in a beaker filled 121 

with 40 mL water with 0.5% Rocima GT for conservation (Acima, Buchs, Switzerland). The traps 122 

were operational during nights only. This required two visits to all traps every day, between 6-7 p.m. 123 

to activate them and between 6-7 a.m. the following day to harvest the insects. The caught insects 124 

were counted and sorted into eight taxonomic orders: Diptera, Coleoptera, Lepidoptera, Heteroptera, 125 

Hymenoptera, Neuropterida, Trichoptera, and Ephemeroptera. Lepidoptera were dried and stored at -126 

18 °C and Macrolepidopterans were identified to species level by Ladislaus Reser, Lucerne Nature 127 

Museum.  128 

 129 

Bat recordings at street lights 130 

Bats use ultrasound echolocation for orientation and hunting. This makes them acoustically 131 

conspicuous when using techniques that are sensitive to ultrasound (Froidevaux, Zellweger, Bollmann 132 
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& Obrist 2014). A total of ten batloggers (http://www.batlogger.com) were mounted at a height of 4 m 133 

on five street lights at both experimental sites to monitor the presence of bats (Appendix A). The 134 

batloggers automatically recorded echolocation calls from bats flying within species-specific ranges of 135 

10-50 m. Echolocation calls of bats passing between 15 min before sunset and 15 min after sunrise 136 

triggered recording sequences of 1.5 - 10 sec in length, which were then stored on SD memory cards 137 

as WAV files. The acoustic signals were recorded at a sampling rate of 312.5 kHz (16-bit). Once a 138 

week, the memory cards were retrieved to download the data and the batteries were recharged. The 139 

recorded bat signals were processed using BatScope 3.2 (Obrist & Boesch 2018), a software used to 140 

cut recorded bat vocalization sequences into single echolocation calls, measure their temporal and 141 

spectral characteristics, statistically classify them to genus and species, and summarize species found 142 

and their classification probability over the sequence. All automated species classifications were 143 

manually verified and assigned to species groups in unclear cases (e.g. few calls detected, diverging 144 

call classifications, Appendix B). The process ascertains high identification accuracy, thereby avoiding 145 

errors typically occurring in machine identification (Russo & Voigt 2016; Rydell, Nyman, Eklöf, 146 

Jones & Russo 2017). 147 

For later analysis, the bat recordings were assigned to (1) functional groups (Frey-Ehrenbold, 148 

Bontadina, Arlettaz & Obrist 2013) as follows: LRE = Long Range Echolocators (species foraging at 149 

long distances), MRE = Mid Range Echolocators (species that hunt closer to structured vegetation but 150 

also in the open) and SRE = Short Range Echolocators (species that mainly hunt near or within 151 

structured vegetation); (2) four Red-List groups (LC: least concerns, NT: near threatened, VU: 152 

vulnerable, EN: endangered; (Bohnenstengel, Krättli, Obrist, Bontadina, Jaberg et al. 2014)).  153 

 154 

Statistical analysis 155 

We fitted a generalized linear mixed-effect models (GLMMs) to assess the relative effects of street 156 

light regimes and other environmental variables on nocturnal insect abundance and activity of bat 157 

http://www.batlogger.com/
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species or guilds. GLMMs are an extension of GLMs in which the linear predictor accounts for 158 

random effects in addition to fixed effects. Fixed effects are group means that are correlated with the 159 

dependent variable, while group means of random effects are assumed uncorrelated with the 160 

dependent variable (Ramsey & Schafer 2002). We fit GLMMs in R using the lme4 package (Bates, 161 

Machler, Bolker & Walker 2015).  162 

To account for overdispersed count data (sum of insects per night, sum of bat recordings per night), 163 

we used GLMMs with a negative binomial error distribution. The variables entering the models were 164 

checked for multicollinearity using the variance inflation factor (VIF, R package car). All variables 165 

had VIF values < 1.85, indicating no evidence of multicollinearity (Zuur, Ieno & Elphick 2010) 166 

(Appendix C). Model performance was assessed using R2 for both, random effects (R2GLMM(m)) and 167 

the full model including both random and fixed effects (R2GLMM(c)) as well as the Akaike 168 

information criterion (AIC) for random effects and the full model.  169 

Random effects 170 

We assigned a number to each sampled night ranging from 1 to 32. This identifier was an intrinsic 171 

surrogate for changes in insect abundance and bat activity during the sampling period.  172 

Fixed effects 173 

Fixed effects included non-random quantities, including continuous variables (temperature, 174 

precipitation), and the light regimes expressed categorically with two levels (dimmed, full light) or 175 

continuously using the amount of measured light (lx).  176 

Weather data from meteorological station. Precipitation and temperature data were received from the 177 

closest MeteoSchweiz weather stations in peri-urban Zürich-Affoltern. The weather variables were 178 

calculated for each night as sum, mean, standard deviation, standard error, and maximum and 179 

minimum between 10 p.m. and 4 a.m. The weather data reflected regional-scale precipitation and 180 

temperature conditions. 181 

https://en.wikipedia.org/wiki/Random_effects
https://en.wikipedia.org/wiki/Fixed_effects
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Insect biomass. Insect biomass was used as a proxy to express available food for bats at street lights. 182 

All caught insects were pooled nightly and dried in paper bags at 60 °C for 72 hours in a Heraeus 183 

drying cabinet. After drying, the material was stored in a desiccator and weighed at an accuracy of 184 

0.0001 g (0.1 mg) on a Mettler AE240 scale. If a sample’s weight was recorded as 0.0000 g, it was 185 

rounded to 0.0001 g.  186 

 187 

 188 

 189 

Results  190 

Dimming reduced the street light levels by 35% 191 

As measured by the lux meters (Appendix D) and as spatially visualized by a drone (Appendix E), 192 

traffic-modulated dimming of the streetlighting reduced the amount of light on average by 35% 193 

compared to full-light conditions. Dimming was most effective between approx. 11 p.m. and dawn. 194 

Particularly during evenings, daylight and traffic interfered with the dimming regimes (Appendix D: 195 

Fig. 1B)). 196 

The drone images showed that there was only minor lateral stray light along the street (Appendix E).  197 

Number of caught insects and bat activity  198 

In total, we caught 6,847 insects during 32 nights at the 20 street light poles (Fig. 1, Appendix F: 199 

Table 1). This amounted to a nightly average of ten individuals per trap. Coleoptera was the most 200 

frequent insect order with 1.5 times more individuals than the next frequent order, Diptera, followed 201 

by Heteroptera and Hymenoptera (Fig. 1, Appendix F: Table 1). Neuropterida, Ephemeroptera, 202 

Lepidoptera and Trichoptera had low sample sizes between 40 and 141 individuals and were merged 203 
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into an “Other” group for statistical analysis (Appendix F: Table 1). In Regensdorf, we caught 1.4 204 

times more insects (3,966) than in Urdorf (2,881; Appendix F: Table 1), likely a consequence of the 205 

41% higher illumination in Regensdorf.. Among Lepidpotera, we caught 15 (Urdorf) and 37 206 

(Regensdorf) specimens that were assigned to the Macrolepidoptera (Appendix G). With four 207 

individuals, Spilosoma lubricipeda was the most abundant moth in Regensdorf, while the most 208 

numerous species in Urdorf was Cepphis advenaria (five counts; Appendix G). For bats, we 209 

acoustically recorded a total of 51,795 passes (Fig. 2), with Regensdorf exhibiting 2.8 times more 210 

activity than Urdorf (Appendix F: Table 2). Among bat guilds, mid-range echolocators dominated 211 

(Fig. 2), corresponding to species of least concern (LC) among Red List categories (Appendix F: 212 

Table 2). The most frequent genus recorded was Pipistrellus (Appendix F: Table 2).  213 

<Figs. 1 and 2 here> 214 

 215 

Effects of traffic-modulated street light dimming on nocturnal insects and bat activity 216 

The main drivers of insect abundance were weather, site conditions and light regimes (Fig. 3, Table 1). 217 

Warm and dry nights and the 41% increased illuminance in Regensdorf effectuated higher insect 218 

catches (Fig. 3, Table 1). As for light regimes, the amounts of insects caught correlated positively with 219 

the available amount of light (Fig. 3, Table 3), i.e., the more light, the more insects were caught. 220 

However, insect responses to lighting regimes varied among taxa. While the effect of the light regime 221 

was statistically significant for Heteroptera and “Other”, it was not significant for Coleoptera, Diptera 222 

and Hymenoptera (Table 1).  223 

<Fig. 3 and Table 1 here> 224 

Similar to insects, bat activity was primarily a function of warm and dry weather conditions (Fig. 4, 225 

Table 2). Although not statistically significant, there was a trend of increasing bat activity with 226 

increasing insect biomass (Fig. 4, Table 2). As the majority of recorded bats were of the genus 227 

Pipistrellus (Table 2), which are classified as urban exploiters they may profit from increased prey 228 
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availability and forage at street lights. In contrast, rare, light-adverse bats were largely absent at street 229 

lights (Table 2). In addition, no meaningful regression model could be fit for short- and long-range 230 

echolocators, nor for near-threatened or vulnerable bats (Table 2). This shows that even dimmed light 231 

conditions may not be sufficient to increase the foraging range for light-averse bat species.  232 

When replacing the categorical variable light regime (dimmed, full light) with the continuous measure 233 

of light levels in lx, largely the same results are obtained (Appendix H). 234 

<Fig. 4 and Table 2 here > 235 

Discussion  236 

We quantified the impact of traffic-driven dimming of street lights on nocturnal insect abundance and 237 

bat activity in comparison to full light conditions (i.e., dimming functions of luminaires switched off). 238 

Traffic-driven dimming reduced street light levels on average by 35%. Warm and dry weather 239 

conditions were the main drivers of insect abundance and bat activity, followed by dimming which 240 

resulted in lower numbers of trapped insects and lowered bat activity. Among insect groups, 241 

Heteroptera responded particularly sensitively to dimming. In bats, primarily urban exploiters 242 

(Pipistrellus spp.) profited from increased prey abundance at street lights, while light-sensitive or rare 243 

bat species were not recorded. 244 

 245 

Nocturnal insects 246 

Our results indicated that insect abundance measured at street lights was primarily a function of 247 

weather conditions, i.e., warm and dry nights. Dimmed street lights attracted generally less insects 248 

compared to fully lit lights, i.e., the lower the light levels, the fewer insects were caught. Insects are 249 

generally positively phototactic (Pawson & Bader 2014), thus our finding is well in line with other 250 

studies (Grubisic, van Grunsven, Kyba, Manfrin & Holker 2018; Macgregor, Evans, Fox & Pocock 251 

2017; van Langevelde, Braamburg-Annegarn, Huigens, Groendijk, Poitevin et al. 2018). The response 252 
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pattern to light regimes differed, however, when looking at the individual insect orders. The most 253 

frequently trapped insect orders in light traps (Wakefield et al. 2016), Diptera and Coleoptera, were 254 

not sensitive to street light dimming in our study. In contrast, Heteroptera and Hymenoptera were less 255 

captured given dimmed street light conditions, thus exhibiting a higher sensitivity to light. 256 

With a mean of only 10 insect individuals per trap per night, the number of caught insects was much 257 

lower than anticipated. There are many possible reasons for this. First, it is possible that the height of 6 258 

m above ground may not be the preferred flight altitude for insects. Unfortunately, we are not aware of 259 

any experiments with insect traps at this height for comparison. Second, lowered habitat size and 260 

quality are prominent examples of negative human pressures that may negatively affect insect 261 

abundance in many peri-urban systems (Brooks, Bater, Clark, Monteith, Andrews et al. 2012; Habel, 262 

Samways & Schmitt 2019; Wenzel, Grass, Belavadi & Tscharntke 2020). Third, the exposure of the 263 

investigated peri-urban areas to light pollution during decades may have altered insect communities. 264 

Nocturnal insects are well adapted to low-light vision based on a range of physiological properties 265 

(Boyce 2019; Warrant 2017) such as highly sensitive photoreceptors (Honkanen, Immonen, Salmela, 266 

Heimonen & Weckstrom 2017). To this end, Altermatt and Ebert (2016) found that moths from light-267 

polluted urban areas were less abundant at lights compared to moths originating from dark-sky areas, 268 

particularly affecting the more mobile males (Altermatt et al. 2016). Therefore, communities exposed 269 

to ALAN may change through time compared to communities that are less exposed to light (Altermatt 270 

et al. 2016; van Grunsven, Becker, Peter, Heller & Holker 2019). Given that our two study sites have 271 

been exposed to ALAN for at least 40 years, it may well be that today’s insect community has already 272 

undergone this selective process towards less light sensitive insects (Bolliger, Hennet, Wermelinger, 273 

Blum, Haller et al. 2020). 274 

 275 

Bats 276 
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Similar to insects, bat activity at street lights was mainly driven by weather conditions, but also by 277 

prey availability: higher temperatures, drier conditions, and greater insect biomass resulted in higher 278 

observed bat activity at street lights. This indicated that street lights may act as preferred bat foraging 279 

sites for light opportunists, responding positively to the abundant prey (insects) at street lights (Rowse 280 

et al. 2018). Bats not deterred from foraging at street lights almost exclusively included common and 281 

ubiquitous orders (Pipistrellus spp. with a Red List status of Least Concern in Switzerland) (Rowse et 282 

al. 2018; Schoeman 2016; Stone, Jones & Harris 2012). For rare and light adverse bats (e.g., Myotis, 283 

Plecotus or Rhinolophus), dimming (Rowse et al. 2018; Stone et al. 2012) or even part-night lighting 284 

(Azam et al. 2015) may not suffice as a mitigation measure to reduce the negative impacts of light 285 

pollution. Overall, our results on bats support the view that ALAN likely homogenizes bat diversity by 286 

selecting for common, light-insensitive species, a process that enhances urban exploiters in peri-urban 287 

environments (Schoeman 2016).  288 

 289 

Use and limitations of the present approach 290 

Experiments on the effects of ALAN on nocturnal organisms are of primary importance (Ouyang, de 291 

Jong, van Grunsven, Matson, Haussmann et al. 2017). Our approach, to activate insect traps in the 292 

evening and collect insects through to the morning, ensured that only nocturnal insects were recorded. 293 

To our knowledge, no experiment has yet provided such extensive and temporally highly-resolved 294 

measurement intervals for nocturnal insect communities. A sample of two sites is low and does not 295 

allow general inference.  Nevertheless, we find evidence that darker nights facilitated by dimmed 296 

street light levels may constitute an important mitigation measure to reduce light pollution in peri-297 

urban areas, although likely not to the extent that rare and threatened species may profit. As in any 298 

experiment, disentangling correlative environmental effects from one another remains a challenge, 299 

particularly in peri-urban environments where other factors, such as air pollution or low habitat 300 

quality, co-occur with ALAN. As for bats, the number of individuals recorded could not be assessed 301 
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with the applied batlogger method. However, we were interested in recording the overall bat activity 302 

given lighting regimes, rather than to assess how many individuals independently visited the street 303 

lights.  304 

Other challenges may include temporal differences in bat activity within and across seasons (even 305 

though sampling was performed at the times of constant high energy demand of parturition and 306 

lactation), or differing hourly nocturnal patterns as bats may not always require the same amount of 307 

energy (Salvarina, Gravier & Rothaupt 2018). Reportedly, the main activity period of many nocturnal 308 

organisms is immediately after dusk or before dawn (Gaston, Davies, Bennie & Hopkins 2012; Moser, 309 

Reeve, Bento, Lucia, Cameron et al. 2004). Although we provide here clearly defined night intervals 310 

that include the critical time windows, future research needs higher resolution time intervals (e.g., 311 

hourly) to draw more detailed conclusions on the effect of ALAN on nocturnal organisms.  312 

 313 

Advocating for darker nights: conclusions for management and policy 314 

Artificial light at night is ambivalent in a broader socio-ecological context: (a) energy efficient and 315 

robust, LEDs have lowered electricity costs for light, but higher light consumption by people has 316 

overall acerbated light pollution (Kyba, Hanel & Holker 2014; Kyba, Kuester, de Miguel, Baugh, 317 

Jechow et al. 2017); (b) while street lights enhance road safety for humans (Boyce 2019), the lights are 318 

a threat to nocturnal biodiversity (Desouhant et al. 2019). Therefore, tailored and demand-oriented 319 

lighting systems have the potential to reduce the negative impact on the ecological environment but 320 

also address night-time safety for people. To this end, reductions of illuminance, achieved by less 321 

powerful light sources, but also by measures such as part-night lighting schemes (Azam et al. 2015; 322 

Azam, Le Viol, Bas, Zissis, Vernet et al. 2018) and traffic-modulated street light-levels should be 323 

considered (Barentine et al. 2018; Juntunen, Tetri, Tapaninen, Yrjänä, Kondratyev  et al. 2015; Kretzer 324 

et al. 2020; Skøien 2015).  325 
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As shown here, traffic-driven dimming of street lights caused a 35% reduction of light pollution 326 

compared to fully lit street lights. Lower levels of dimmed street light attract fewer insects and reduce 327 

the foraging facilitation of common urban bat exploiters, thereby probably less impacting the local 328 

insect and bat community. Dimming of street lights may therefore become an important tool for 329 

mitigating the negative effects of ALAN on biodiversity by allowing for increased darkness between 330 

different habitats of nocturnal organisms, such as bats commuting between daytime roosts and 331 

foraging areas. While, ideally, dimmed street lights should be placed wherever possible, their 332 

installation and maintenance costs are substantial. Realistically, dimmable street light sections could 333 

be prioritized in areas with roads that fragment bat corridors or biodiversity-rich habitats. Particularly 334 

in urban areas, remnant habitats with low ALAN are crucial in supporting urban bat populations (Bara 335 

2018; Straka, Lentini, Lumsden, Wintle & van der Ree 2016). This calls for multidisciplinary 336 

collaboration between those possessing local biodiversity knowledge, ongoing initiatives in the 337 

context of green infrastructure, local authorities, conservation agencies, and the electrical companies 338 

maintaining street lights.  339 
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Figure legends 509 

 510 

Fig. 1. Number of caught insects caught (total and per group) according to street light regime (full vs. 511 

dimmed light). Statistical significance of the light regime are given on the right (*** = p < 0.01; * = p 512 

< 0.05; n.s. = not significant). For statistical details, see Table 1. 513 

 514 

Fig. 2. Bat activity (total and per guild) according to street light regime (full vs. dimmed light). 515 

Statistical significance of the light regime are given on the right (* = p < 0.05; n.s. = not significant). 516 

For statistical details, see Table 2. 517 

 518 

Fig. 3. Effect sizes of the individual variables accounted for in the regression for insect abundance. 519 

 520 

Fig. 4. Effect sizes of the individual variables accounted for in the regression for bat activity. 521 

 522 

 523 
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Table 1. Results of negative binomial regressions for insect abundance. Explanatory 

variables: light regime (full light compared to dimmed light), temperature mean (mean nightly 

temperature), precipitation sum (sum of nightly precipitation), sites (Regensdorf, Urdorf). R2 

for random factors and R2 for the full model, AIC: Akaike information criterion (AIC) for 

random effects and AIC of the full model. Statistical levels of significance:  *** < 0.001 ** < 

0.01, * < 0.05. 

 



  
 

   
2 
 

(A) All insects Regression diagnostics 
 Estimate  Std. Error z value Pr(>|z|) 
Light regime (full compared to dimmed)  0.2 0.1 1.9 0.04 (*) 
Mean temperature 2.6 0.4 7.2 0.00 (***) 
Sum precipitation -1.0 0.3 -2.9 0.00 (**) 
Site (Urdorf compared to Regensdorf) -0.3 0.07 -4.1 0.00 (***) 

     
Regression performance R2 (random) R2 (total) AIC (random) AIC (total) 
 0.5 0.7 3829 3732.4 
     
     

(B) Coleoptera   Regression diagnostics 
 Estimate  Std. Error z value Pr(>|z|) 
Light regime (full compared to dimmed)  0.1 0.1 0.7 0.44 
Mean temperature 3.1 0.6 -2.0 0.04 (*) 
Sum precipitation -1.1 0.6 -2.0 0.04 (*) 
Site (Urdorf compared to Regensdorf) -0.5 0.1 -5.5 0.00 (***) 
     
Regression performance R2 (random) R2 (total) AIC (random) AIC (total) 
 0.4 0.6 2846.8 2762.5 
     
     
(C) Diptera Regression diagnostics 
 Estimate  Std. Error z value Pr(>|z|)     
Light regime (full compared to dimmed)  0.0 0.1 -0.2 0.79 
Mean temperature 1.4 0.3 4.2 0.00 (***) 
Sum precipitation -0.1 0.3 -0.4 0.71 
Site (Urdorf compared to Regensdorf) -0.3 0.1 -2.8 0.00 (**) 
     
Regression performance R2 (random) R2 (total) AIC (random) AIC (total) 
 0.14 0.3 2523.4 2488.2 
     
     
(D) Heteroptera Regression diagnostics 
 Estimate  Std. Error z value Pr(>|z|)  
Light regime (full compared to dimmed)  0.7 0.2 3.4 0.00 (***) 
Mean temperature 6.4 0.8 7.8 0.00 (***) 
Sum precipitation -1.1 0.7 -1.7 0.09 (.) 
Site (Urdorf compared to Regensdorf) -0.3 0.1 -2.8 0.00 (**) 
     
Regression performance R2 (random) R2 (total) AIC (random) AIC (total) 
 0.32 0.73 1864.1 1786.5 
     
     
(E) Hymenoptera Regression diagnostics 
 Estimate  Std. Error z value Pr(>|z|) 
Light regime (full compared to dimmed)  0.2 0.3 0.8 0.44 
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Mean temperature 3.4 1.3 2.7 0.00 (**) 
Sum precipitation -2.9 1.2 -2.3 0.02 (*) 
Site (Urdorf compared to Regensdorf) -0.1 0.1 -0.9 0.36 
     
Regression performance R2 (random) R2 (total) AIC (random) AIC (total) 
 0.19 0.56 1816.8 1812.9 
     
     
(F) Other Regression diagnostics 
 Estimate  Std. Error z value Pr(>|z|) 
Light regime (full compared to dimmed)  0.6 0.3 2.1 0.03 (*) 
Mean temperature 2.8 0.8 3.4 0.00 (***) 
Sum precipitation -1.0 0.8 -1.2 0.21 
Site (Urdorf compared to Regensdorf) -0.8 0.2 -4.3 0.00 (***) 
     
Regression performance R2 (random) R2 (total) AIC (random) AIC (total) 
 0.27 0.45 1147.1 1086.7 
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Table 2. Results of negative binomial regressions for bat activity. Explanatory variables: light 

regime (full light compared to dimmed light), temperature mean (mean nightly temperature), 

precipitation sum (sum of nightly precipitation), insect biomass (nightly mean dry biomass of 

caught insects), sites (Regensdorf, Urdorf). R2 for random factors and R2 for the full model, 

AIC: Akaike information criterion (AIC) for random effects and AIC of the full model. 

Statistical levels of significance:  *** < 0.001 ** < 0.01, * < 0.05. 

Guilds: LRE: long-range echolocators, MR: mid-range echolocators, SRE: short-range 

echolocators; Red List categories: LC: least concern, VU: vulnerable, NT: near-threatened.  
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(A) All bats Regression diagnostics 

 Estimate  Std. Error z value Pr(>|z|)  

Light regime (full compared to dimmed)  0.3 0.1 2.3 0.02 (*) 

Mean temperature 2.6 0.5 4.7 0.00 (***) 

Sum precipitation -0.9 0.5 -1.8 0.07 (.) 

Insect biomass 0.4 0.7 0.6 0.6 

Site (Urdorf compared to Regensdorf) -1 0.07 -14.1 0.00 (***) 

     

Regression performance R2 (random) R2 (total) AIC (random) AIC (total) 

 0.32 0.88 3257.5 2951.4 

     

     

(B) LRE Regression diagnostics 

 Estimate  Std. Error z value Pr(>|z|) 

Light regime (full compared to dimmed)  -0.0 0.2 -0.3 0.75 

Mean temperature 0.4 0.6 0.6 0.54 

Sum precipitation 0.3 1.0 0.3 0.77 

Insect biomass -1.5 1.2 -1.3 0.19 

Site (Urdorf compared to Regensdorf) -0.3 0.1 -2.1 0.03 (*) 

     

Regression performance R2 (random) R2 (total) AIC (random) AIC (total) 

 0.01 0.43 630.9 636.9 

     

     

MRE Regression diagnostics 

 Estimate  Std. Error z value Pr(>|z|)  

Light regime (full compared to dimmed)  0.4 0.1 2.5 0.01 (*) 

Mean temperature 2.4 0.5 4.5 0.0 (***) 

Sum precipitation -0.9 0.7 -1.4 0.15 

Insect biomass 0.5 0.7 0.7 0.5 

Site (Urdorf compared to Regensdorf) -1 0.07 -13.9 0.00 (***) 
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Regression performance R2 (random) R2 (total) AIC (random) AIC (total) 

 0.31 0.88 3252.9 2945.9 
     
     
(D) SRE Regression diagnostics 
 Estimate  Std. Error z value Pr(>|z|)  

Light regime (full compared to dimmed)  0.2 0.1 0.9 0.34 

Mean temperature 0.5 0.4 1.0 0.29 

Sum precipitation -0.3 0.6 -0.6 0.57 

Insect biomass -0.5 1.0 -0.5 0.12 

Site (Urdorf compared to Regensdorf) 0.03 0.2 0.15 0.88 

     

Regression performance R2 (random) R2 (total) AIC (random) AIC (total) 

 0.04 0.08 581.5 585.5 
     
     
(E) LC Regression diagnostics 
 Estimate  Std. Error z value Pr(>|z|) 

Light regime (full compared to dimmed)  0.4 0.1 2.5 0.01 (*) 

Mean temperature 2.4 0.5 4.5 0.00 (***) 

Sum precipitation -1 0.7 -1.4 0.1 

Insect biomass 0.5 0.7 0.7 0.5 

Site (Urdorf compared to Regensdorf) -1.0 0.07 -14.1 0.00 (***) 

     

Regression performance R2 (random) R2 (total) AIC (random) AIC (total) 

 0.31 0.88 3252.8 2941.8 
     
     
(G) NT Regression diagnostics 
 Estimate  Std. Error z value Pr(>|z|)     

Light regime (full compared to dimmed)  -0.1 0.2 -0.1 0.89 

Mean temperature 0.7 0.5 1.3 0.20 
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Sum precipitation -0.7 0.7 -0.9 0.3 

Insect biomass -0.8 1.0 -0.7 0.5 

Site (Urdorf compared to Regensdorf) 0.3 0.1 2.6 0.00 (**) 

     

Regression performance R2 (random) R2 (total) AIC (random) AIC (total) 

 0.04 0.39 850.5 831.2 
     
     
(F) VU Regression diagnostics 
 Estimate  Std. Error z value Pr(>|z|)     

Light regime (full compared to dimmed)  0.1 0.1 0.4 0.6 

Mean temperature 0.3 0.4 0.8 0.39 

Sum precipitation -0.3 0.5 -0.5 0.6 

Insect biomass -0.1 1.0 -0.1 0.9 

Site (Urdorf compared to Regensdorf) 0.0 0.2 0.2 0.87 

     

Regression performance R2 (random) R2 (total) AIC (random) AIC (total) 

 0.03 0.07 606.9 611.5 
 

 

 

 

 

  

 


