
This item is the archived peer-reviewed author-version of:

Rigorous field experiments are essential to understand the genuine severity of light pollution and to identify
possible solutions

Reference:
Raap Thomas, Pinxten Rianne, Eens Marcel.- Rigorous f ield experiments are essential to understand the genuine severity of light pollution and to identify possible
solutions
Global change biology - ISSN 1354-1013 - Hoboken, Wiley, 23:12(2017), p. 5024-5026 
Full text (Publisher's DOI): https://doi.org/10.1111/GCB.13843 
To cite this reference: https://hdl.handle.net/10067/1469230151162165141

Institutional repository IRUA

http://anet.uantwerpen.be/irua


 

1 
 

Rigorous field experiments are essential to understand the genuine severity of light 1 

pollution and to identify possible solutions 2 

 3 

Running Head: Understanding the severity of light pollution 4 

 5 

Thomas Raap 1*  6 

Rianne Pinxten 1, 2  7 

Marcel Eens 1 8 

 9 

1 Department of Biology, Behavioural Ecology and Ecophysiology Group, University of 10 

Antwerp, Wilrijk, Belgium 11 

 12 

2 Faculty of Social Sciences, Antwerp School of Education, University of Antwerp, Antwerp, 13 

Belgium 14 

 15 

* Corresponding author: thomas.raap@uantwerpen.be, +32 3 265 8796 16 

 17 

Keywords: ALAN; artificial light at night; health; light pollution; malaria; oxalic acid; 18 

physiology; sleep 19 

Type of paper: Letter to the Editor 20 

DOI: 10.1111/gcb.13843 21 

  22 

mailto:thomas.raap@uantwerpen.be


 

2 
 

Ouyang et al. (2017; hereafter O2017) claim to have offered evidence that light pollution 23 

affects the health of free-living great tits (Parus major). Since 2012, they illuminated forests 24 

with either white, green, red or no artificial light at night (ALAN; Figure 1). Individuals in the 25 

white light treatment showed an increase in nightly activity in March 2014, which was linked 26 

to changes in health and physiology from March to May 2014. Field manipulations are essential 27 

to improve our understanding of the impact of ALAN on ecological systems. However, we find 28 

O2017’s conclusion that their treatment affected sleep and physiology premature for several 29 

reasons and highlight four main issues. 30 

 31 

Issue 1 When experimentally exposing animals in the wild to ALAN, it is crucial to 32 

know whether the light treatment is effective in terms of exposure. There is a high uncertainty 33 

that the treatment used by O2017 led to an adequate number of birds being exposed to light 34 

(Figure 1 and 2). There are several reasons to be skeptical, which are particularly evident when 35 

considering previous papers from the same research group that used the same experimental 36 

setup. For example, while O2017 used individuals up to 160 m away from the lamppost, 37 

according to de Jong et al. (2015, 2016) the light intensity of their treatment quickly diminishes 38 

with distance from lampposts, and at 25 m reaches levels undistinguishable from dark transects, 39 

partly due to vegetation cover (Figure 1 and 2). This severely reduces the potential number of 40 

individuals effectively exposed to light pollution and, furthermore, leads to a high heterogeneity 41 

in exposure in the treatment group.  42 

In addition to distance from lampposts, the exact roost location has major consequences 43 

for the potential light intensity birds are being exposed to. O2017 determined the “precise” roost 44 

location of all birds, however, the “accuracy” of this location is unknown. Height is a key 45 

consideration as birds that sleep higher than the lampposts (4 m in elevation and only shining 46 

light downwards) are not directly exposed to ALAN. Consequently, even birds that are in the 47 



 

3 
 

proximity of a lamppost would not necessarily be exposed to ALAN (de Jong et al., 2016). 48 

Indeed, the authors earlier argued that great tits (could) actively avoid light exposure implying 49 

that even those that roost close to lampposts will not be subjected to ALAN (de Jong et al., 50 

2016). To complicate matters further, O2017 mentioned that birds always slept for at least one 51 

night inside the nest box, which shielded them from external light. This is common behaviour 52 

in great tits and well-documented in females who will most of the time sleep inside nest boxes 53 

during the breeding season (see e.g. Christe et al., 1996, Raap et al., 2016, Vermeulen et al., 54 

2016). 55 

The uncertainty surrounding the effectiveness of the light treatment is further illustrated 56 

by an important study that used the same experimental setup. Da Silva et al. (2017) did not find 57 

any effects of ALAN on the dawn chorus of songbirds including great tits and suggested that: 58 

“…the experimental night lighting may not have been strong enough to have an effect…”. 59 

 60 

Issue 2 O2017 aimed to examine the physiological effects of sleep disruption induced 61 

by ALAN. They measured night-time activity bouts during three nights in March and used this 62 

as a proxy for “sleep” from March to May. However, they present no evidence that this measure 63 

represents sleep behaviour/awakenings or that it can be used to quantify sleep debt. Even if 64 

night-time activity bouts indeed represent “frequency of awakenings”, this measure has been 65 

shown to be unrelated to sleep duration (Raap et al., 2015, Stuber et al., 2015). Furthermore, 66 

there are sex-dependent and seasonal effects on the sleep behaviour of great tits (Stuber et al., 67 

2015), both of which should be taken into account considering the timeframe of the study. It is 68 

also unclear to what extent the animals were disturbed while searching for their roosting 69 

location. Disturbance would have been likely given that the birds did not consistently sleep in 70 

the same location (O2017) while undisturbed great tits exhibit 100% short-term roost site 71 

fidelity (Stuber et al., 2013). Therefore, the assumption that measurements of night-time 72 
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activity during three nights in March are representative for sleep (debt) in the period from March 73 

to May is questionable. Consequently, the absence of any direct measure of sleep amount or 74 

disruption renders any further assessment of the relationship between sleep loss and 75 

physiological effects impossible. 76 

 77 

Issue 3 O2017 quantified night-time activity in March and related this to changes in 78 

oxalate levels (a marker of sleep debt; Weljie et al., 2015) from March to May, independent of 79 

treatment, and concluded that their treatment affected oxalate. This is doubtful for several 80 

reasons. First, their laboratory study showed that only a high dose (5 lux) and a long exposure 81 

time (4 weeks of 15.5 hours of light per day) led to changes in oxalate, while a lower dose (1.5 82 

lux) was insufficient (supplement in O2017). Exposure to ALAN in their field study was limited 83 

in time and intensity (see Issue 1), being at most approximately 13 hours per day in March and 84 

8 hours per day in May. Moreover, individuals outside the influence of ALAN and those in the 85 

dark treatment are treated as if exposed to ALAN. Second, several studies have shown a strong 86 

“natural” reduction in great tit sleep during this period (up to -60% from February/March to 87 

April/May; Raap et al., 2016, Stuber et al., 2015). Furthermore, temperatures increase during 88 

this period, which causes birds to wake up more often (Stuber et al., 2017). Finally, it is 89 

somewhat confusing why O2017 focused on the change in oxalate/physiological parameters 90 

from to March to May. The study sites have been illuminated since 2012, two years prior to the 91 

current study (O2017), implying that changes in physiology associated with ALAN could 92 

already have occurred. In sum, although the hypothesis, that ALAN affects oxalate, is 93 

reasonable and worth testing, O2017 do not provide adequate data to support this conclusion. 94 

Indeed, factors other than ALAN may have caused sleep deprivation and the observed changes 95 

in oxalate. 96 

 97 



 

5 
 

 Issue 4 O2017 concluded that light at night had a biologically relevant effect on the 98 

prevalence of malaria infection. Based on their statistical analysis, they suggest that the 99 

probability of malaria infection was higher for birds roosting in white light in March, but not in 100 

May, independent of the distance from the light. There are several issues here. First, it seems 101 

odd that animals roosting outside of the influence of ALAN (far from the light source; see Issue 102 

1) would be as equally affected as those roosting near the light source. Second, it is likely that 103 

this result is a statistical artefact, because (a) the model seems over-parameterized (from the 104 

description in O2017, it appears that full models contained up to 14 variables for a dataset of 105 

34-42 individuals; sample size varied for different dependent variables) and (b) multiple testing 106 

after splitting the dataset leads to inflation of type I error. Third, in great tits parasite prevalence 107 

can differ between the sexes (e.g. Richner et al., 1995), but O2017 did not consider a sex-108 

dependent effect in their models. In sum, the conclusion that light pollution affects malaria 109 

prevalence seems premature at best. 110 

  111 

Although experimental research on light pollution using wild animals is important, it is 112 

not without its own challenges. For example, in field studies the actual light levels animals are 113 

exposed to and how these vary are often unknown (Swaddle et al., 2015). Unfortunately, O2017 114 

do not report the actual effect sizes of their light treatment for most of their physiological 115 

parameters nor for all levels of their treatment, nor do they provide the data behind their paper. 116 

Thus, it is impossible to judge whether the effects they report are biologically relevant. Light 117 

pollution research is a rapidly growing field where it may be useful to evaluate (contradicting) 118 

results by meta-analysis. It is therefore important that primary studies report basic data in a 119 

format that enables the calculation and analysis of effect sizes (Gerstner et al., 2017). This will 120 

also enable the evaluation of the biological importance of the results (Nakagawa & Cuthill, 121 

2007).  122 
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 178 

Figure 1 Location of the nest boxes in relation to the light treatment. A schematic overview 179 

of a research site (O2017 used in total eight sites). Each treatment consists out of five lampposts 180 

with green, white, red or no light. At each treatment, nine nest boxes are placed at about 25 m 181 

distance from each other. O2017 used great tits within 160 m of the nearest lamppost (example 182 

indicated with a red line). For the green, white and red treatment the area of 25 m around the 183 

post is indicated; individuals outside this area are in a relatively dark environment (see Figure 184 

2). Total sample sizes (number of recaptured individuals in parentheses): green = 9 (6), white 185 

= 11 (8), red = 13 (13), dark = 9 (7) and sample sizes within 25 m of the lampposts: green = 5, 186 

white = 6, red = 8, dark = 5 (O2017). Figure adapted from de Jong et al. (2016). 187 

 188 
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190 

Figure 2 Light intensity quickly diminishes with distance from the lamppost. The 191 

relationship between light intensity (lux) at the nest box is shown on a logarithmic scale and in 192 

response to distance to the lamppost. Individuals located within 160 m from the nearest 193 

lamppost were used in O2017, see Figure 1. The dotted line indicates a sharp drop in light 194 

intensity as within 20 m of the lamppost light intensity drops to levels below 0.1 lux. Nest boxes 195 

beyond this distance are in a relatively dark environment (inside the dark square). de Jong et al. 196 

(2016) used a cut-off value of 25 m (red line). Distance to the lamppost moreover appears to be 197 

an inaccurate proxy of light intensity because nest boxes located further away can have light 198 

intensities 10 times as high or drop sharply to being indistinguishable from “dark” nest boxes. 199 

The study by O2017 was done during the 2014 breeding season. During that year, nest boxes 200 

close to lampposts were occupied less often (de Jong et al., 2015). This figure shows light 201 
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intensity of all nest boxes and is therefore no representation of actual sample sizes at different 202 

light intensities. Figure adapted from de Jong et al. (2015). 203 
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