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16 ABSTRACT

17 Artificial light at night is a rapidly increasing driver of global change, affecting both 

18 astronomical observations and biodiversity. Regulations such as the Canary Islands’ 

19 “Sky Law” were designed to protect astronomical observations by controlling light 

20 intensity and spectral composition, yet their ecological effectiveness remains largely 

21 untested. Here, we experimentally assessed whether lighting conditions permitted under 

22 this law influence the behaviour of two sensitive nocturnal taxa: seabirds and bats. Field 

23 experiments were conducted in Tenerife, Canary Islands, using controlled lighting 

24 treatments that varied in intensity (low vs. high) and spectrum (PC amber ~1800K vs. 

25 white ~2700K), including a no-light control. We monitored the behaviour of breeding adult 

.CC-BY 4.0 International licensemade available under a 
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted April 18, 2026. ; https://doi.org/10.64898/2026.04.16.718868doi: bioRxiv preprint 

https://doi.org/10.64898/2026.04.16.718868
http://creativecommons.org/licenses/by/4.0/


2

26 Cory’s shearwaters (Calonectris borealis) using GPS tracking and passive acoustic 

27 recording, and quantified bat activity through ultrasonic detectors. Behavioural 

28 responses included flight characteristics, colony attendance, vocal activity in 

29 shearwaters, and species-specific movement and feeding activity in bats. Generalised 

30 linear mixed models were used to evaluate treatment effects while accounting for 

31 environmental covariates. Across 211 shearwater flights and extensive acoustic 

32 datasets, we found no consistent or significant effects of light treatments on seabird flight 

33 behaviour, vocal activity, or bat movement and feeding activity. Instead, environmental 

34 variables such as moonlight, seasonality, and interannual variation were stronger 

35 predictors of behavioural responses. These results suggest that lighting conditions 

36 currently permitted under the Sky Law may have limited ecological impact on the studied 

37 taxa under the conditions tested. Further research in less disturbed environments and 

38 with broader spectral contrasts is needed to better assess the ecological implications of 

39 astronomically motivated lighting regulations.

40 Keywords: Light pollution, attraction, disorientation, light intensity, wavelength, 

41 behaviour, marine birds, bats.

42 1. INTRODUCTION 

43 Light pollution hinders observation of the night sky and has been one of the 

44 biggest challenges facing the field of astronomy for a long time [1,2]. Unsurprisingly, 

45 astronomers were who first campaigned for laws to regulate alterations to natural night-

46 time light levels caused by artificial light [3]. Later, conservationists drew attention to the 

47 natural loss of the sky, and the medical community pointed to the control of light levels 

48 to respect natural biological rhythms [4]. Despite these efforts, light pollution is a global 

49 phenomenon increasing at an alarming rate in recent decades [5] with sky brightness 

50 growing by between 2.2% and 9.6% each year [6,7]. This makes light pollution one of 

51 the fastest-growing drivers of global change [8].
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52 Most organisms have evolved under a relatively stable natural cycle of light and 

53 darkness [9]. Thus, artificial light disrupts the way in which organisms perceive and 

54 respond to the natural light, a key driver in the evolution of biological rhythms [8]. This 

55 disruption leads to a wide range of ecological impacts with cascading effects on the 

56 functioning of ecosystems [9–11]. Thus, light pollution has become a significant threat to 

57 the conservation of biodiversity, affecting not only nocturnal species, but also diurnal 

58 ones and in all ecosystem realms [12–14]. Among the many effects, mass mortality 

59 events, such as those affecting flying insects, sea turtles and seabirds, are among the 

60 most dangerous in the short term [10]. 

61 As awareness of the ecological impacts of light pollution grows, understanding 

62 how light properties (i.e. intensity, spectrum, timing, and spatial distribution) affect 

63 ecosystem functioning becomes increasingly important [15]. Among these properties, 

64 intensity and spectrum are particularly influential yet remain underexplored. Investigating 

65 how variations in these properties influence biodiversity offers a valuable opportunity to 

66 assess and improve such policies, drawing on mitigation strategies [16].

67 The national law for the protection of the astronomical quality of the observatories 

68 of the Instituto de Astrofísica de Canarias (IAC), hereafter Sky Law, is a pioneering piece 

69 of legislation not only in Canary Islands and Spain, but worldwide in the field of light 

70 pollution regulation (Law 31/1988). This law regulates light characteristics in terms of 

71 intensity and spectra emitted in La Palma and Tenerife Islands, ensuring the protection 

72 of astronomical observations conducted from the IAC observatories. Like most laws 

73 promoted by the astronomy community, this legislation was developed for safeguarding 

74 dark skies for observational purposes. However, protecting the night sky should not be 

75 limited to astronomical interests; broader environmental, ecological and social 

76 dimensions should also be considered [17]. Proactive management must be integrated 

77 into both conservation efforts and lighting design. This calls for a transdisciplinary 
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78 approach that connects scientific understanding with policy development and community 

79 involvement [11,15]. 

80 Canary Islands is the richest region in Spain and among the richest in Europe in 

81 terms of biodiversity, endemism, and rarity [18]. Therefore, it is particularly important to 

82 experimentally evaluate whether the restrictions set out in the astronomic-based Sky 

83 Law of the Canary Islands are effective in reducing ecological impacts of light pollution 

84 on wildlife. To this end, we focus our research on two animal groups that have been 

85 widely studied and are particularly sensitive to light pollution: nocturnal procellariform 

86 seabirds and insectivorous bats. Our aim is to investigate the impact of light pollution on 

87 their activity and behaviour, and ultimately improve their conservation.

88 For seabirds, particularly nocturnal Procellariiformes, light pollution poses a 

89 significant threat recognized since a long time ago [19]. Fledglings are particularly 

90 vulnerable during their first flights when they are attracted to and disoriented by artificial 

91 lights, often landing in areas that are unsuitable for them with fatal consequences [20]. 

92 Although adults are generally less affected by artificial light, they suffer mass mortality 

93 events, similar to those of fledglings. One of the most surprising cases is that of 

94 thousands of auklets colliding with a fishing boat and causing it to list so severely that it 

95 nearly capsized [21] or that of 131 endangered seabirds grounded at a single Air Force 

96 Station on Kauai, Hawaii [22]. Artificial lighting near colonies can also alter nocturnal 

97 attendance behaviour, delay landings and potentially affecting nourishing in adult fairy 

98 prions [23], and Scopoli’s and Yelkouan shearwaters [24,25].

99 For bats, artificial night lighting have multiple impacts, exhibiting divergent 

100 behavioural responses to light [26,27]. Some bat species are especially sensitive to 

101 disturbance from artificial light, as their behaviour and foraging activity are affected by 

102 moonlight whose light levels are usually overridden by artificial light levels [28]. The light 

103 spilling over from urban areas into potential bat habitats can reduce their suitability and 

104 disrupt the natural behaviour of the resident species [29]. Excessive illumination can 
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105 fragment critical habitats by breaking up essential routes between roosting and feeding 

106 sites [30]. This fragmentation can compromise key ecological functions such as foraging 

107 efficiency, breeding success, and long-term population stability [31,32]. By contrast, 

108 other bat species increase their foraging opportunities near light sources, taking 

109 advantage of the concentration of light-attracted insects [33,34]. 

110 In our study, we experimentally tested the effects of light intensity and spectral 

111 composition on (1) the behaviour (flight characteristics and vocal behaviour) of breeding 

112 adult Cory’s shearwaters (Calonectris borealis) during inward flights to attend the colony 

113 using GPS tracking and passive acoustic monitoring; and (2) the species-specific 

114 movement and feeding behaviour of the bat community assessed through the ultrasonic 

115 pulses recorded by acoustic recorders. We compared combinations of high and low 

116 intensity light, with PC amber (~ 1800K) and white LED light (2700K), i.e., the most 

117 permissive value of Correlated Color Temperature (CCT) of the restrictions of the Sky 

118 Law (Law 31/1988).

119 Given that light emitted at wavelengths below 500 nm (blue) is particularly 

120 disruptive to many taxa [35–37], we hypothesised that seabird flights would be 

121 characterised by reduced speed, increased turning angles and tortuosity, extended 

122 duration, delays in the time of arrival to the nest, further distance and higher altitude to 

123 experimental light, and fewer visits to the colony in conditions of higher intensity and CCT 

124 light, i.e. with the presence of more intense-white light. Furthermore, we expected a 

125 reduction in vocalisations due to the increased exposure to experimental light levels in 

126 the same line with the typical reduction of vocal activity at colonies of nocturnal 

127 procellariiforms during nights with high moonlight intensity [38]. For bats, we predicted 

128 that light-attracted flying insects would trigger a response from certain insectivorous bat 

129 species, particularly light-tolerant or opportunistic genera, such as Pipistrellus and 

130 Nyctalus, increasing rates of echolocation pulses and feeding buzzes under high-

131 intensity and short-wavelength light. Conversely, light-averse bat species, including 
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132 more light-sensitive genera would be less present in the experiment-illuminated area or 

133 would reduce their vocal activity compared to darker conditions (control or low-intensity 

134 and long-wavelength light treatments).

135 2. METHODS

136 2.1. Study area and model species

137 Our field experiment was conducted from July to August of 2023 and 2024 at 

138 Reserva Natural Especial Barranco del Infierno, located at south-western part of 

139 Tenerife, the largest island of the Canary Islands. Tenerife Island holds approximately 1 

140 million residents and also attracts 7 millions of tourists each year that occupy mostly the 

141 southern part [39]. Barranco del Infierno is a Natura 2000 protected area (Reserva 

142 Natural Especial) with regulated access to the public (https://barrancodelinfierno.es).

143 Cory’s shearwater (Calonectris borealis; Cory, 1881) is a medium sized 

144 procellariform seabird (body mass: 605-1,060 g, and wingspan: 113-124 cm) that nests 

145 on North Atlantic Ocean islands, mainly in Azores, Madeira, Selvagens, and the Canary 

146 Islands [40]. It is a long-lived, monogamous seabird that returns each year to the same 

147 underground nest to reunite with their mate and lays a single egg per breeding season 

148 [40]. This species is strongly affected by artificial light at night. The impact causes high 

149 mortality among fledglings, and, under certain conditions (such as rain or fog), adults 

150 may also be affected [41]. 6% and 14% of the fledglings annually produced in the 

151 archipelagos of Azores and Canary Islands are grounded by artificial light [42,43].

152 Bats play an essential ecological role as opportunistic insectivorous species that 

153 feed on insects, contributing to the natural control of insect populations [44,45]. Bats 

154 adapt to both natural and human-modified environments and exhibit primarily nocturnal 

155 activity. In Tenerife, seven bat species have been recorded, making it the island with the 

156 highest bat diversity in the Canary Islands [46]. Although relatively little is still known 

157 about the ecology and behaviour of the Canarian bats, five species are present in our 
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158 study area and consequently susceptible to be subjects in our experimental study. 

159 Artificial light has increasingly become a threat to bats worldwide. Although, no specific 

160 studies have been conducted on the Canaries, it is expected that Canarian bats respond 

161 to light pollution in a similar way to those from overseas, i.e. affecting foraging behaviour, 

162 disrupting commuting routes, and increasing predation risk [32].

163

164 Table 1. Status of the bat species present in the Canary Islands. Conservation status 

165 follows the IUCN European Red List, while island distribution and abundance refer to the 

166 Canary Islands and Tenerife, respectively. Island codes: P = La Palma; G = La Gomera; 

167 T = Tenerife; C = Gran Canaria; F = Fuerteventura; L = Lanzarote; H = El Hierro. ᵘ 

168 Suspected presence, pending confirmation. ᵛ Presence reported, pending validation.

Scientific 
name

Common 
name

Conservation 
status

Island 
distribution

Abundance 
status 
Tenerife

Biogeographic 
status

Pipistrellus 
kuhlii

Kuhl's 
Pipistrelle 
Bat

Least 
Concern (LC)

Gᵘ, Tᵛ, F Rare Palearctic

Pipistrellus 
maderensis

Madeiran 
Pipistrelle 
Bat

Vulnerable 
(VU)

P, G, T, H Abundant Macaronesia 
endemic

Hypsugo savii Savi's 
Pipistrelle 
Bat

Least 
Concern (LC)

P, G, T, C, H Abundant Palearctic

Nyctalus 
leisleri

Leisler's Bat Least 
Concern (LC)

P, T, H Abundant Palearctic

Barbastella 
barbastellus 
guanchae

Canary 
barbastelle

Vulnerable 
(VU)

G, T Scarce Canary endemic 

Plecotus 
teneriffae

Canary 
Long-eared 
Bat

Critically 
Endangered 
(CR)

P, T, H Common Canary endemic 

Tadarida 
teniotis

European 
Free-tailed 
Bat

Least 
Concern (LC)

P, G, T, C Abundant Palearctic

169
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170

171 Figure 1. The four upper pictures show the study area (A). The first one indicates the 

172 location of Tenerife Island in the Canary Archipelago. The second picture shows the 

173 location of the study area (blue star) in the south-west of Tenerife Island. The third shows 

174 with a yellow line the GPS-tracked flight of an adult breeder Cory’s shearwater 

175 (Calonectris borealis) from the sea to its nest at a temporal resolution of 1 fix/second. 

176 The fourth picture display the GPS-track in the experimental area. Orange star indicates 

177 the location of experimental lights and blue star indicates the nest. The fifth picture (B) 

178 shows the area considered to the GPS-track analyses. 

179

180 2.2 Experimental LED lights procedure

181 Experimental lights were installed in a public square in Barranco del Infierno, 

182 Adeje (28.126317, -16.723569), oriented toward the ravine depression, where the 

183 seabird colony is located and where bats forage (Figure 1 and Figure S1). Once installed, 

184 the lights were programmed to show five different treatments varying in wavelength and 

185 intensity: no light or control (C), amber light at low intensity (AL), amber light at high 

186 intensity (AH), white light at low intensity (WL), and white light at high intensity (WH) 

187 (Figure S1). These treatments were applied randomly on alternating nights (only one 
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188 treatment per night) throughout the study period (see Table S1). Lights were on since 

189 sunset to midnight (local time). LED projectors GALILEO 1 (0I24 ASP-7W A.7-3M) and 

190 AREAFLOOD PRO S (AFP S 36L70-827 A6 HFX CL1 GY) were used to produce PC 

191 amber (~1800K) and white (2700K) light. These luminaires were produced by AEC 

192 Illuminazione and Thorn Lighting, respectively, and set to yield 9280 lm and 18560 lm at 

193 low and high intensity, respectively.  

194 2.3 GPS tracking data 

195 To assess the effect of the light treatments on the behaviour of adult shearwaters 

196 during their inward commuting flights to the colony, we captured 26 breeders (14 in 2023 

197 and 12 in 2024 during the chick rearing periods) by hand in their nests and deployed with 

198 remote-download GPS devices (solar powered OrniTrack-9). The GPS devices weight 

199 less than 10 grams, which is less than 2% of the body mass of adult breeders, and were 

200 tagged to the plumage of the back attached with TESA tape [48]. GPS devices were 

201 programmed to record one location per second when the animal is within predefined 

202 polygons (experimental study area; see below and Figure 1B), and one location every 

203 five minutes when outside these areas (at sea) to safe battery.

204 As a first step in the data filtering process, the recorded tracks analyses were 

205 conducted in QGIS software version 3.10. The pre-processing of these data involved 

206 defining a rectangular area (with a total surface area of 10 km2) encompassing both the 

207 experimental artificial lights and the breeding colony (study area; Figure 1B). Tracks that 

208 were interrupted due to GPS malfunctioning or beyond the boundaries of the predefined 

209 polygon were excluded, and the remaining points were subsequently classified into 

210 distinct daily tracks. QGIS enabled a spatial visualization of the GPS-tracks, facilitating 

211 the identification and classification of inward and outward flights. Shearwaters return 

212 from their foraging areas to the colony mainly during the first hours of the night (note 

213 Cory’s shearwaters only visit their nest at night). Accordingly, light treatments were 

214 switched on since sunset until midnight (see below) to coincide with most colony visits. 
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215 This part-night lighting setting was a requirement of the bioethics committee allowing 

216 potential disturbed birds visiting the colony later at night when lights were turnoff (after 

217 midnight). Thus, we focussed on inward flights when birds are strongly motivated to 

218 reach the nest and feed their chicks.

219 We obtained eight response variables from each inward flight: speed (m/s), 

220 turning angle (turns; deg), duration of the flight (time; secs), tortuosity index, arrival time 

221 since sunset (TSS; secs), nearest distance to light (NDL; m), altitude at the NDL (m), 

222 and number of visits per night (NV) (Table 2). For speed, turning angle, and tortuosity 

223 index, the first and last GPS locations were those when birds entered in a predefined 

224 colony polygon (Figure 1B) and arrived at their nests.   

225

226

227 Table 2. Description of the response variables obtained from the GPS data used for 

228 statistical analyses.

Variable Definition Calculation 

Speed Measure of the distance covered by an 
individual per unit of time elapsed 
between the first recorded location 
within the colony polygon (study area) 
and arrival at the nest.

Function sf_distance() from R 
package sf to calculate distance, 
diff() from basic R to get the time 
lapsed and finally, we calculate 
speed as distance/time.

Turns Represents the mean of the angle of 
subsequent GPS locations in each flight. 

Function steps() from the R 
package amt. It is a circular variable 
so it must be transformed from 
radians (rad) to degrees (deg) after.

Time Time in seconds elapsed between the 
entry to the predefined study area until 
arrival to the nest. 

Function difftime() from basic R 
calculates a difference of two 
date/time objects.   

Tortuosity 
index

Measure of how curved a flight is. It 
ranges from 0 (straight flight) to 1 
(curved flight).

Function distVincentySphere() from 
R package geosphere to calculate 
straight distance and total distance. 
Then, we calculate the index as 1- 
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(straight length/total length of the 
track).

TSS Time elapsed between sunset time and 
arrival time to the colony.
 

As the difference between arrival 
time and sunset time with function 
difftime() from basic R. Apparent 
sunset times to calculate TSS were 
obtained from the R package 
moonlit [49].

NDL Nearest Distance to Light. The shortest 
distance between the individual and the 
experimental lights in each flight. 

Function distHaversine() from the R 
package geosphere calculates the 
superficial distance between two 
points. Then slice_min() from R 
package dplyr selects the point with 
the minimum distance to the light. 
The true 3D distance, accounting 
for altitude, was computed as the 
Euclidean distance between each 
point and the fixed reference point.

Altitude Meters above sea level at the NDL 
location.

Obtained from GPS data loggers’ 
output. Corresponds to the special 
component of z-axis. The altitude to 
NDL is extracted based on the point 
with the closest distance to light.

NV Number of visits to the colony of the 
GPS-tracked birds per night. A visit is 
defined as a flight of an individual from 
the ocean to the nest.

Function summarise() from R 
package dplyr calculates the total 
number of visits per night by 
counting the number of records 
(tracks) in the dataset for each date. 

229

230

231 2.4 Acoustic recording

232 To monitor the activity of seabird and bat species, two different acoustic recording 

233 systems from Wildlife Acoustics (Maynard, USA) were deployed near the light sources. 

234 Vocalizations of Cory’s shearwaters were recorded using two autonomous audio 

235 recorders (Song Meter Micro) with built-in microphones, while bat ultrasonic echolocation 

236 calls were recorded using SM4BAT detectors equipped with external ultrasonic 

237 microphones and operating in full-spectrum mode (sampling rate 384 kHz). Recordings 

238 were triggered automatically and stored as files of up to 5 s in duration. Bat detectors 
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239 were configured to capture ultrasonic signals within a frequency range of 8–120 kHz, 

240 covering the echolocation calls of the bat species present in the Canary Islands. 

241 Cory’s shearwater vocalizations occur within the audible frequency range, mainly 

242 between 2 and 10 kHz. Recordings were conducted at a sampling rate of 48 kHz, and 

243 subsequent analyses focused on the 2–8 kHz range, corresponding to the main energy 

244 band of Cory’s shearwater vocalizations. The devices remained active throughout the 

245 experimental period during which light treatments were applied, recording from sunset 

246 to midnight. Recordings were analysed as proxies for three variables (Table 3): Cory’s 

247 shearwater vocal activity rate (VAR), bat movement activity, and bat feeding activity.

248

249 Table 3. Description of the response variables derived from acoustic recording used for 

250 statistical analyses.

Variable Definition Calculation 

VAR
Number of vocalizations (calls) 
detected during the experimental 
night-time recording period.

movement

Number of echolocation pulses 
associated with movement detected 
during the experimental night-time 
recording period.

Function summarise() from the R 
package dplyr calculates the total 
number of vocalisation events 
recorded per night. In the case of 
bats, we can also calculate the total 
number of echolocation pulse events 
per species.

feeding

Number of echolocation pulses 
associated with feeding activity 
detected during the experimental 
night-time recording period.

 

251

252 All recordings were processed and analysed using Kaleidoscope Pro software 

253 (Wildlife Acoustics, version 5.4.9). For Cory’s shearwaters, vocalizations were detected 

254 and grouped using the clustering function in Kaleidoscope, which groups acoustically 

255 similar calls. Clusters were subsequently inspected by visually examining spectrograms 
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256 and listening to representative recordings to identify those corresponding to Cory’s 

257 shearwater calls, while clusters containing other sounds or noise were discarded. 

258 For bats, ultrasonic recordings were processed using the Kaleidoscope 

259 automated species identification (Auto ID) algorithm. All automated identifications were 

260 subsequently verified by visually inspecting the spectrograms of each file to confirm 

261 species identity and remove false detections, given the known variability in classifier 

262 accuracy [50,51]. This procedure ensured that only validated relevant calls associated 

263 with the focal species and behaviours were retained for further analysis. In total, 63 

264 nights of Cory’s shearwater recordings (N= 44,936) and 70 nights of bat recordings were 

265 included in the analysis (N= 36,814).

266

267 2.5 Explanatory variables 

268 The main explanatory variable in our study is light treatment, a factor with five 

269 levels (i.e. C, AL, AH, WL and WH). Given our field experiment setup, we used five 

270 covariates that might influence the individual’s behaviour. These covariates cannot be 

271 controlled by the researchers and therefore need to be included in the models (Table 4): 

272 1) Moonlight intensity (moon; lx) modulates the risk of disorientation and attraction to 

273 artificial light sources [52], and other general activity patterns such as vocal activity at 

274 colony or foraging at sea [38,53]. Likewise, in bats, moonlight intensity can affect foraging 

275 activity both directly and indirectly by changing nocturnal insect abundance and 

276 behaviour [28,54]. However, artificial light at night can disrupt this natural 

277 synchronization, attenuating or even eliminating lunar-driven variations in activity, and 

278 thus altering their lunar chronobiology [55]. 2) Temperature (temp; °C), may also play a 

279 role in the activity of the study species. In shearwaters, warmer nights might reduce 

280 social and vocal activity and even attendance to the colony (authors’ personal 

281 observation). In bats, by contrast, warmer nights are known to increase activity due to 

282 higher insect availability near lights [56]. 3) Julian date (Jdate) can capture seasonal 
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283 effects on behaviour during the progression of the annual calendar and the phenology of 

284 the species. 4) Year (a two-levels factor) helps to account for inter-annual variation in 

285 non-measured variables and ensures that observed effects are not due to annual 

286 variability. Finally, 5) location of the two automatic recorders only used for the vocal 

287 activity rate of Cory’s shearwaters was included as two-level factor (close and far from 

288 experimental lights) to control for potential interactions with treatment.

289

290 Table 4. Description of the explanatory variables used for statistical models.

Variable Definition Calculation 

moon A measure of moonlight intensity on the 
ground (in lux), based on its visible size, 
the angle above the horizontal and the 
amount of light it reflects.

Function 
calculateMoonlightIntensity() from 
R package moonlit predicts 
moonlight intensity on the ground 
for any given place and time [49].

temp Physical quantity that expresses the 
degree of heat or cold of an object or 
environment (in degrees Celsius).

Requested at State Meteorological 
Agency (AEMET for its acronym in 
Spanish), Spanish Government 
(https://www.aemet.es/es/datos_ab
iertos/AEMET_OpenData). 
Temperatures per hour in August 
2023 and 2024.

Jdate Julian date. Numerical value from 1 to 365. 
It allows for a continuous representation of 
time throughout the year.

Function yday() from R package 
lubridate extracts the day of the year 
from a date object and it assigns a 
number.

year Year in which the experiment took place. -

location Two recording devices were used in two 
locations: one close to the experimental 
lights and another farther away at a 
distance of 300 m.

291

292 2.6 Statistical analyses

293 Statistical analyses were conducted in R version 4.2.3 (R Core Team, 2023). 

294 Prior to run the models (see below), all numerical variables were standardized for better 
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295 comparison of effects sizes (mean = 0, sd = 1). To model the effects of the light 

296 treatments on the behaviour of the breeding adult shearwaters, we used glmmTMB() 

297 function from the glmmTMB package [57], for building Generalised Linear Mixed Models 

298 (GLMM) including individuals (ID) as a random factor. Our foundational model was y ~ 

299 treatment + temperature + year + moon + Jdate + (1|ID). We tested the effect of the 

300 treatment, and covariates to control for potential confounding effects. For NV, VAR, 

301 movement, and feeding response variables, since they are grouped by night, the random 

302 term ID was removed (note that breeders visit the colony no more than once per night), 

303 and for VAR specifically, the interaction of light treatment and the location of the 

304 automatic recorder was included (treatment*location). Models were fitted using 

305 appropriate error distributions and link functions (see Table S2) from MASS (version 

306 7.3.58.2) and stats (version 4.2.3) R packages [58]. We used the confint() function to 

307 retrieve 95% confidence intervals (CIs) around the posterior mean estimates and 

308 considered support for an effect as strong if zero was not included within the 95% CI. 

309 During model diagnostics, we checked for residual normality and 

310 homoscedasticity with DHARMa package, version 0.4.7 [59], as well as for 

311 multicollinearity issues using the vif() function of car package, version 3.1-3 [60]. Model 

312 diagnosis showed no correlation between any variables, but there is poor residual fit in 

313 the movement models of H. savii and P. maderensis caused by the high variation 

314 between years. Post-hoc comparisons among treatments were performed on estimated 

315 marginal means (emmeans) using Tukey adjustment for multiple comparisons. 

316

317 3. RESULTS

318 3.1 Flight behaviour

319 We analysed 211 inward flights from 26 Cory’s shearwater breeders. Significant 

320 effects of certain light treatments were detected exclusively in TSS, and Altitude models 
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321 (Table S3; Figure 2). However, post-hoc comparisons failed to detect significant 

322 differences among treatments (P-values > 0.1437). Furthermore, for the speed, time, 

323 TSS, NDL and NV models, certain secondary variables had a notable influence. In the 

324 general models' predictors, moon (specifically NV), temperature (in time and TSS 

325 models) and Julian date (in the case of speed, time, TSS, and NDL) were maintained 

326 due to their biological relevance.

327

328

329 Figure 2. Representation of the effects of light treatments on Cory’s shearwater flight 

330 descriptors. Each response variable derived from GPS data is shown along the X-axis, 

331 and light treatments along the Y-axis. The response variables include Speed, turning 

332 angle (Turns), time spend to enter the colony (time), tortuosity index, time since sunset 

333 (TSS), near distance to light (NDL), Altitude and number of visits (NV). Light treatments 

334 are: No light (Control), amber low (AL), amber high (AH), white low (WL), white high 

335 (WH). Boxplots show medians, quartiles, and 95% confidence intervals; grey-filled dots 

336 represent individual data points.

.CC-BY 4.0 International licensemade available under a 
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted April 18, 2026. ; https://doi.org/10.64898/2026.04.16.718868doi: bioRxiv preprint 

https://doi.org/10.64898/2026.04.16.718868
http://creativecommons.org/licenses/by/4.0/


17

337

338 3.2 Vocal activity rates

339 We recorded between 8 and 660 vocalisations of Cory’s shearwater per night 

340 (total number = 29251; mean = 240, SD = 130). The impact of experimental light on the 

341 rate of vocal activity of shearwaters, during inward flight to the colony, appears to be 

342 inconsequential (Table S4; Figure 3). Interestingly, no interaction between light treatment 

343 and location of recorders were observed. However, several of the covariates 

344 incorporated within the model reached statistical significance, most notably the year of 

345 sampling, the Julian date, and the location of the automatic recorder recording higher 

346 VAR close to experimental lights. In addition, we tested vocal activity rates of 

347 shearwaters combining levels of the treatments of intensity (i.e., high intensity including 

348 AH and WH, low intensity including AL and WL, and control) and light colour (i.e., amber 

349 including AH and AH, white including WL and WH and control) in two-separated GLMs. 

350 No significant differences were observed among these combined treatment levels 

351 (results no showed). 

352

353

354

355 Figure 3. Representation of the vocal activity rate (number of calls recorded during the 
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356 experimental night-time sampling period; VAR) of Cory’s shearwaters (Calonectris 

357 borealis) across different light treatments: No light (Control), amber low (AL), amber 

358 high (AH), white low (WL), white high (WH). Boxplots show medians, quartiles, and 

359 95% confidence intervals; grey-filled dots represent individual data points. Shading 

360 intensity indicates recorder location, with darker tones corresponding to the recorder 

361 located close to the experimental lights and lighter tones to the recorder far away from 

362 the experimental lights.

363

364 Ultrasonic recorders indicated that the study area is inhabited by Savi's pipistrelle 

365 (Hypsugo savii; Bonaparte, 1837), Madeiran pipistrelle (Pipistrellus maderensis; 

366 Dobson, 1878), European free-tailed bat (Tadarida teniotis; Rafinesque, 1814), 

367 Barbastelle bat (Barbastella barbastellus; Schreber, 1774), and Leisler’s bat (Nyctalus 

368 leisleri; Kuhl, 1817). The abundance of bat recordings was characterized by movement 

369 echolocation calls mainly of H. savii (Table S5). The abundance of recording of the latter 

370 two species was so low that it precluded any statistical analysis and were therefore 

371 excluded (Table S5).

372 Experimental artificial light treatments did not have significant effects on bat 

373 activity across most species and behaviour (movement or feeding) analysed. In the 

374 feeding and movement models for H. savii and P. maderensis, the most abundant 

375 species according to their detection rates, none of the treatment levels showed 

376 statistically significant effects on ultrasonic pulses, suggesting that light treatments did 

377 not substantially influence overall bat activity (Table S4; Figure 4). In contrast, in the 

378 movement model for T. teniotis, low-intensity treatments had a positive effect (although 

379 not significant in both cases; see 95% CIs in Table S4), while high-intensity treatments 

380 showed marginally negative effects, indicating that low- and high- intensity light 

381 treatments may influence the movement in opposite ways in this species. With regards 

382 to covariates, year was consistently significant across all models with specific differences 
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383 effects for the species. Acoustic recordings of H. savii and T. teniotis were more frequent 

384 on the second year (2024) than in the first (2023), while the opposite was true for P. 

385 maderensis recordings. Julian date was significant in both models for P. maderensis, 

386 resulting in a decrease in activity as summer progressed. Moon phase showed significant 

387 effects in the feeding model of P. maderensis (decreasing feeding activity with moonlight) 

388 and movement model of T. teniotis (increasing activity with moonlight).  

389

390

391 Figure 4. Response of bat species to light treatments. Two behavioural response 

392 variables are shown: movement activity and feeding activity, across three bat species: 

393 Pipistrellus maderensis, Hypsugo savii, and Tadarida teniotis. Light treatments are 

394 represented on the X-axis as no light (Control), amber low intensity (AL), amber high 

395 intensity (AH), white low intensity (WL), and white high intensity (WH). Boxplots display 

396 medians, quartiles, and 95% confidence intervals; grey-filled dots represent nightly 

397 activity recordings (21 to 00h) for each species.

398
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399 4. DISCUSSION

400 Despite our efforts to reveal effects of artificial light on seabird and bat activity, 

401 we failed to detect significant effects of light treatments in comparison to control (no 

402 experimental light) as we predicted. Only a few exceptions reached statistical 

403 significance with lack a clear biological interpretation according to the literature 

404 background (see hypotheses in the Introduction). In addition, we also failed to detect 

405 significant effects among the treatments with the most extreme light combinations 

406 allowed under the Canarian Sky Law—those considered potentially the most and least 

407 harmful based on the spectrum and intensity of light, i.e., PC amber-low intensity (AL) 

408 vs. white-high intensity (WH). 

409 Only two out of eight variables describing the flight behaviour of Cory’s 

410 shearwaters showed differences among treatments. However, the differences were not 

411 in the direction we predicted and are likely spurious results consequence of multiple 

412 comparisons. Although the effects were weak and inconsistent, their occurrence under 

413 white light broadly aligns with previous experimental studies on adult flying seabirds 

414 [23,24,61], where white light treatments have more profound effects than other lights or 

415 control treatments. 

416 The differences in the spectral properties of the experimental lights used in our 

417 study may not be sufficient to elicit a behavioural response from our animal models, and 

418 thus, partly explain these discrepancies. Behavioural responses have been reported 

419 under more spectrally contrasting treatments, such as red versus blue light, with adult 

420 Cory’s shearwaters showing a preference for red-lit areas [62]. Spectral effects have also 

421 been documented in shearwater chicks and fledglings [62,63] and in other seabirds, 

422 including penguins and puffins [64,65], suggesting that wavelength composition can play 

423 a key role in shaping behavioural responses to artificial light. 

424 Another possible (non-mutually exclusive) explanation is that adult shearwaters 

425 may have become accustomed to the light pollution in the surrounding area. The south-
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426 west of Tenerife is one of the most light-polluted areas, and it is also where the greatest 

427 number of fledglings are grounded by light pollution [41]. Given their longevity, breeding 

428 adults may have experienced the progressive increase in artificial light associated with 

429 tourist development over recent decades [66] and could have become used to elevated 

430 artificial light levels.

431 In addition to flight behaviour, the rate of vocalizations of Cory’s shearwater also 

432 remained largely unaffected by artificial light treatments. In this sense, nocturnal 

433 procellariiformes have adapted to the predictable lunar cycle over time, decreasing vocal 

434 emissions on bright moonlit nights as a response to minimise predation by visual 

435 predators [38]. However, we did not observe a significant decrease in vocalization rates 

436 with high moonlight levels. This negative finding supports the idea that adult Cory's 

437 shearwaters may have become accustomed to light pollution, losing natural cues as the 

438 high artificial light levels of the near urban areas override the moonlight.

439 To rule out the influence of prior exposure to light pollution, further research in 

440 pristine, non-light-polluted environments is necessary. However, breeding colonies are 

441 distributed as they are, and it is hard to find accessible colonies with the necessary 

442 logistical facilities (e.g. a power supply) for research purposes whose breeding pairs are 

443 not exposed to light pollution [67]. 

444 Regarding bats, studies addressing the acoustic activity of the Canarian bat 

445 community are virtually absent from the published literature. Our automatic recorders 

446 provided information on five bat species. However, frequency of acoustic activity of just 

447 three species was suitable for statistical modelling, being H. savii, P. maderensis and T. 

448 teniotis the most active. No overall effect of light treatment on acoustic activity was 

449 observed across most models. Only T. teniotis showed a significant increase in vocal 

450 activity under the lowest light-intensity treatment (AL) which is hard to interpret 

451 biologically (see below). Similarly to shearwaters, bats could be adapted to an artificially 

452 lit landscape. The location of the experimental lights is on the edge of an urban area. 
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453 Therefore, bats that avoid lights could be repelled by nearby urban lights, while bats that 

454 exploit light-attracted insects could visit other permanent lights that are already known 

455 as foraging places.

456 Broader studies indicate that the impact of light pollution on bat activity is highly 

457 species and context-dependent [34,68]. Our results are consistent with previous studies 

458 suggesting that pipistrelle bats do not alter their movement activity in response to artificial 

459 light [69]. However, they do tend to forage more intensively near artificial light sources 

460 [70], although this pattern was not reflected in our study. Other studies have shown that 

461 bat species within the same genus can exhibit very different foraging behaviours 

462 affecting niche segregation, some prefer illuminated habitats, while others avoid them 

463 [34,71]. This might explain why we detect mostly H. savii and P. maderensis species, 

464 but not Barbastelle bats, for example. In this study, no feeding buzzes were detected for 

465 T. teniotis, which may be related to its fast, rectilinear commuting and foraging flights 

466 that reduce the probability of detecting terminal buzzes with ground-based acoustic 

467 detectors. Additionally, T. teniotis showed increased vocal activity under low-light 

468 conditions and reduced ultrasonic pulses as light levels rose. This indicates that the 

469 species may tolerate, or even prefer, relatively low light levels during flight. This could be 

470 due to a trade-off between a lower perceived predation risk or disturbance and the 

471 exploitation of light-attracted insects. Similar patterns have been observed in other fast-

472 flying, aerial-hawking bats such as Nyctalus and Eptesicus spp., which share ecological 

473 and morphological traits with T. teniotis [72,73]. Our findings suggest that T. teniotis 

474 adjusts its acoustic activity according to ambient light, with higher vocalization rates when 

475 illumination is low and with larger wavelength.

476 Environmental covariates emerged as significant predictors of bat activity, as 

477 predicted. We observed that overall activity declined as Julian date increased, indicating 

478 a general seasonal decrease in bat presence or detectability, likely reflecting seasonal 

479 shifts in behaviour or activity [74]. In our study, however, we detected no significant 
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480 effects between temperature and bat activity. This contrasts with other studies, where P. 

481 pipistrellus has been shown to increase its activity under warmer conditions [56]. These 

482 differences may be explained by the Canary Islands' milder temperatures compared to 

483 continental climates in mainland Europe. Finally, moonlight had a significant effect in our 

484 models, influencing feeding activity in P. maderensis and movement-related ultrasonic 

485 pulses in T. teniotis. These results suggest that lunar illumination can modulate bat 

486 behaviour, although the response may be species and context-specific. Previous studies 

487 have reported mixed findings, with some documenting behavioural effects of moonlight 

488 and others finding no evidence of lunar phobia in swarming bats [28,75].

489 To our best knowledge, our study constitutes one of the first experimental efforts 

490 to test the adequacy of astronomer-led artificial light regulations on biodiversity. We failed 

491 to detect substantial effects of the most extreme light combinations allowed under the 

492 Canarian Sky Law. In addition, we contribute empirical data on nocturnal wildlife (GPS 

493 tracks of shearwaters and recordings of acoustic activity of a bat community) on light 

494 polluted nightscapes. Future studies with extended monitoring periods to increase 

495 sample size and developed in more pristine study areas to involve animals non 

496 previously exposed to light pollution are essential to clarify the subtle and potentially 

497 species-specific impacts of artificial light regulations on nocturnal wildlife.
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