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Abstract—Light pollution, a growing ecological concern, sig-
nificantly impacts moths, which are crucial for pollination and
biodiversity. This study compares artificial and natural light using
the Daylight Similarity Index (DSI) and Moonlight Similarity
Index (MSI). Spectral data from LED lamps and natural sources
were weighted by the visual responses of three moth species.

Maximum similarity was found at Correlated Color Tempera-
ture (CCT) between 3 000–4 000 K, which could be perceived as
the most similar to natural light by insects. The findings suggest
visual perception mechanisms are related to family rather than
lifestyle, recommending further research with UV-inclusive light
and other light characteristics.

Index Terms—LED Lighting; ALAN; Heterocera; Tortricidae;
Moth; Light pollution; Artificial light; Natural light; Visual
response; Spectra

I. INTRODUCTION

Initially an astronomical concern, light pollution has become
ubiquitous and increasingly impacts biodiversity, particularly
insects [1], [2]. Moths (Heterocera), crucial pollinators and
preys in trophic networks, are often underestimated in inven-
tories and policy decisions [3]. In France, only 0.13 % of
Heterocera species (n > 4500) are protected compared to
3.8 % of butterflies (n = 263) [4], [5].

Light pollution affects these species via phototaxis, dis-
orientation, glare, and object recognition failures, leading to
increased mortality and reproduction issues [6]. It may also
help some predators to locate them more easily, but others are
lucifugous and find themselves in hunting areas drained of their
prey by artificial light at night (ALAN). As those moths are
part of their food web, reducing their availability will impact
these predators population size and, by rebound, reduce the
pressure on other insects like mosquitoes.

Furthermore, moths play a crucial role in pollination,
particularly for nocturnal flowering plants. By visiting flowers
at night, they ensure the reproduction of species overlooked by
diurnal pollinators, supporting plant diversity and ecosystem
stability.

White LEDs exacerbates these effects due to insects’ sensitiv-
ity to blue-rich light [7]. Furthermore, the blue spectrum tends
to interact with urban pollution by Stokes shift and create a
halo over cities with a broader spectrum than blue only. Urban
lighting is replaced by LEDs, a more efficient technology than
the High Pressure Sodium used before.

They are becoming mandatory for all kinds of artificial
lighting, becoming a global concern for biodiversity because
it worsens light pollution.

The ”Commission Internationale de l’Éclairage”, Inter-
national Commission of Illumination (CIE) has devoted a
committee, TC4-61, to ”Artificial Lighting and its Impact on
the Natural Environment”. This raises some questions: can
Human-centric metrics like photopic flux and CCT be used
as proxies to infer the influence of light sources on insects ?
How effective are recommendations made on the basis of the
Human diurnal visual system ?

The higher blue light sensitivity of insects should correlate
with a greater attraction towards higher CCT spectra.

This article, part of a thesis, quantifies light pollution’s
impact on insects, focusing on how some moth species
differentiate between artificial and natural light. The findings
presented here, taking into account the insect visual response,
indicate that the similarity between artificial and natural lights
presents a maximum with increasing CCT, then tends to
decrease above a threshold of 4 000 K.

II. METHODS

We collected a total of 205 spectra from LED lamps [8], [9].
Additionally, we included spectra of natural light sources such
as D65 (6500 K) and a full moon spectrum (4500 K) [10].

Visual responses of insects were also incorporated, obtained
by electroretinography, particularly those of three species:
Cydia pomonella, active mainly during twilight; Grapholita
molesta, flying in the middle of the night; and Lobesia botrana,
almost strictly crepuscular [11]. There are illustrated in Fig. 1.

Figure 1: Pictures of the three species of interest. From left to
right : Cydia pomonella, Grapholita molesta, Lobesia botrana.
Pictures by Lionel Taurand et Philippe Mothiron.

All belong to the Tortricidae family (Lepidoptera – butter-
flies), sharing a very close genome. The human visual response
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was also used. Spectra and visual responses were normalized
with respect to their maximal value and are displayed in Fig. 2
for the action spectra, Fig. 3 for the lamps, while natural
sources spectra are in Fig. 4.

We computed the Daylight Similarity Index (DSI) and the
Moonlight Similarity Index (MSI) between artificial and natural
light sources. These indices compare the spectral curves of
the lamps - SPDn(λ) - with those of D65 - SPDD65(λ) - and
the lunar spectrum - SPDMoon(λ) - respectively. Initially, we
compared the spectral curves of artificial lights directly with
those of natural lights. Subsequently, this comparison was
conducted by weighting the spectra according to the visual
response - A(λ) - of C. pomonella, G. molesta, L. botrana, and
finally by the visual response of H. sapiens - V(λ). Lamps were
sorted by Correlated Color Temperature (CCT). The action
spectra are illustrated in Fig. 2: the lamp spectra in Fig. 3; and
the natural sources in Fig. 4.

Figure 2: Three moth species and human visual responses, data
from [11]. Green: C. pomonella; orange: G. molesta; purple:
L. botrana; blue: Homo sapiens V(λ).

Figure 3: Normalized Spectra of the LED lights used in this
study, n = 205.

Figure 4: Normalized natural light spectra. Red: CIE D65
standard; blue: full moon spectra with data from [10].

The similarities indexes are defined as follows:

DSI =

∫∞
0

SPDn(λ)A(λ) dλ∫∞
0

SPDD65(λ)A(λ) dλ

MSI =

∫∞
0

SPDn(λ)A(λ) dλ∫∞
0

SPDMoon(λ)A(λ) dλ

Both a raw index (without spectral weighting) and a specific
index (weighted by the action spectrum) were computed. The
former is species agnostic; the later tries to define a photometry
linked to a species.

III. RESULTS

The maximum similarity between natural and artificial light
(in grey in Fig. 5) is observed for lamps with a CCT between
3 500 K and 4 000 K for both the MSI and the DSI. This trend
is consistent across all visual responses analyzed: Human vision
(blue), Cydia pomonella (green), Grapholita molesta (orange),
and Lobesia botrana (purple). This peak is then followed by a
decrease in similarity with increasing CCT.

For the Heterocera species, the p-value across the three
species is not significant within each CCT category (DSI: p-
min = 0.01 for one category, but others > 0.15 (Fig. 5b) ;
MSI: p-min = 0.17 (Fig. 5a). It means they have comparable
results. The two crepuscular species show a slight shift towards
the human visual response, indicating a trend towards diurnal
vision, though this is not significant.

Certain CCT categories do not show significant differences;
however, they are either adjacent or symmetrical with respect
to the point of maximum similarity.

IV. DISCUSSIONS

A. Interpretation of results

As the correlated color temperature (CCT) increases, the
similarity between artificial light spectra the natural light
increases, also when it is weighted by the action spectrum
of moths (Fig. 5). This suggests that at higher CCT values,
insects may be more likely to perceive artificial light as similar
to natural light.

However, this trend is not linear; there is a peak at 3 500–
4 000 K, beyond which the similarity decreases (Fig. 5). This
pattern is consistent regardless of whether the MSI or DSI
indices were calculated with or without weighting by the visual
responses of the moths or human. Indeed, the spectra become
increasingly dissimilar at CCT values above 4 000 K, which
could suggest that when the CCT is too high, the resulting
spectrum is less perceptible to moths. Consequently, this may
lead to a reduced positive phototaxis.

Something to notice is the absence of significant differences
in the results between the C. pomonella, G. molesta and L.
botrana, although they exhibit different activity periods - dusk,
night-time, or in between (Fig. 5). This indicate a vision
mechanism related to family rather than lifestyle, in accordance
to the conclusions of Martin et al. (2023) [11]. However, the
two crepuscular species showed a slight shift towards a diurnal
vision pattern, albeit not significantly. If this trend is confirmed
across multiple species, this would mean that generalizing
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(a) Moonlight Similarity Index (b) Daylight Similarity Index

Figure 5: Results computed over n = 193 lamps. MSI (a) and DSI (b) are first computed with only the spectra of the natural
and artificial light (grey). The indices are then weighted by the visual responses of the three moths (green for C.pomonella,
orange for G.molesta and purple for L.botrana), and also by the human visual response (blue). Artificial lights are categorized
by correlated color temperature (CCT) with a step of 500 K.

modelization of attractive light characteristics to all moths,
and then why not to all nocturnal species, would be much
easier than expected. Indeed, it would be possible to work on
a single species representing its family. For Heterocera, this is
not insignificant, because, in France, there are more than 4750
species of moths for only about twenty families.

B. Comparison with previous work

In a previous analysis within the same team, the use of
a similarity coefficient had also allowed to conclude to the
presence of a maximum of similarity, after which the CCT
would be too strong for the insect to which the visual response
belonged to be able to see and interact with this artificial light.
By comparing the spectra of artificial lights with the spectra of
insect visual responses, the maximum of similarity had been
reached for 6 000 K.

The difference in the peak values for the similarity coefficient
and the MSI & DSI could be explained by several reasons:

• With fewer high CCT lamps in our calculations, the
observed peak in MSI & DSI could be shifted to lower
values simply due to the distribution of the available
spectra. The lamp spectra database in this previous work
was less complete, but therefore different from the one
used. This must be a point of vigilance, to be analyzed
and resolved. ;

• The similarity coefficient is a direct comparison between
the action spectrum of the insect and the spectrum of the
lamp. However, for the MSI & DSI indices, the action
spectra (or visual responses) are used for weighting, they
act as a filter;

• The species used to calculate these different indices
are not the same. For the similarity coefficient, the
visual responses of many insects were tested; noctur-
nal and/or crepuscular insects like Paysandia archon
(Castniidae, Heterocera), Atalophlebia sp. (Leptophlebi-
idae, Ephemeroptera), Aleochara bilineata (Staphylinidae,
Coleoptera), or Delia antiqua (Anthomyiidae, Diptera).

But diurnal species were also considered as they were
easily found in the bibliography: Apis mellifera carnica
(Apidae, Hymenoptera), Bombus dahlbomii (Apidae, Hy-
menoptera), and Aedes aegypti (Culicidae, Diptera).

Since the results were all around 6 000–6 500 K for all insects
for the similarity coefficient, we expected to find a similar result
with DSI and MSI as well. It would be worth testing the species
each with the indices tested on the others.

C. Light Emitting Diode (LED)

From the 205 LEDs lamps of our database, 196 were used
for the calculation of MSI and DSI. The main rejection reason
was because the considered lights were monochromatic with
no associated CCT, for instance green or amber.

Only LED lights were used, underlying the practical purpose
intended for the conclusions of this study and the thesis
associated. In fact, artificial lights are increasingly being
replaced by LEDs. Nevertheless, taking into account High
Pressure Sodium (HPS) and mercury vapor bulb lights in our
study is important. On the one hand, HPS is the artificial
light that was widely used before being replaced by LED and
it attracts moths less [12]; on the other hand, entomological
surveys and inventories of moths were often performed using
mercury vapor lights, which proved to be quite attractive for
them.

D. Correlated Color Temperature

One might think that using CCT causes a loss of information.
This assertion is true because CCT can gather several lights
that do not have the same composition and spectral power.
However, this is not the case in this study as CCT is a tool for
sorting lamps, the spectral information is absolutely not lost.

Another important point is that this measure is based on the
sensitivities of the cones of the human retina, which determine
our color vision. It therefore does not seem relevant to use
it for insects. However, this tool is very useful because it



4

seems to reflect a biological reaction of insects facing light,
via the characteristic peak in the blue of the LED spectrum,
and the amount of bleu in the spectral composition. Finally,
as seen at the beginning of the discussion, CCT plays a role
in the similarity between light sources, which is an interesting
indicator.

In addition, the criterion of color temperature is often
associated with the spectrum of a lamp, or at least easily
calculable. It must also be taken into account that it is a sales
and legislative standard, which allows us to have an impact on
it and to easily communicate good practices using this index.

E. Other characteristics of light

Taking into account other light characteristics is one of the
next step in this work and is of capital importance. Indeed, the
intensity, the degree of polarization and the flicker of a lamp
have impacts on insects [13] [14] [15].

Lamp radiometric flux in W should also be included in the
spectra information to make it possible to test if it may possibly
change the perception of insects.

In addition, it was demonstrated that a lot of species are
able to perceive light polarization. In natural conditions, this
occurs in two cases: the blue light from the sky is polarized by
Raman scattering; and the reflection on surfaces like water, but
also glasses. Insects use those phenomenon to navigate, such as
honeybees, but also to detect water surfaces and lay eggs. It is
the case of the mayflies (Ephemeroptera) wich reach the adult
form only to reproduce. Females spot the polarized light from
water and can leave a new generation of eggs, some of which
will become aquatic larvae, then flying adults. The problem
for these species is to differentiate polarized light from water
or from smooth asphalt. Confusion is common, and females
die of exhaustion without having been able to lay eggs in a
suitable location [15].

Finally, some insect species can perceive light fluctuations
that are imperceptible to the human eye. They can perceive
lamp flickers at higher frequencies than the human eye, i.e.
more than 50–60 Hz [14].

V. CONCLUSION

The similarity between artificial light and natural light,
perceived by moths, reaches a maximum for color temperatures
between 3,500 and 4,000 K. Beyond this threshold, the
similarity decreases, suggesting that too high CCT values could
make artificial light less perceptible to insects. Experiments
are planned to validate the results.

The results also reveal that the visual response of the
studied species is more influenced by their family affiliation
than by their lifestyle. These results open the way to a
more general modeling of the light characteristics impacting
nocturnal species, and underline the importance of continuing
research on the impact of different light sources on insects,
in particular by including broader light spectra, including UV,
and other light characteristics.

CCT (Correlated Color Temperature) is a key parameter to
characterize artificial light, influencing the behaviors of noctur-
nal insects. In the context of this paper, it allows to evaluate

how different color temperatures affect the attractiveness of
light for moths and other light-sensitive species, even if CCT
is a measure related to human vision.

The long-term goal is to be able to model artificial lights
that have the least impact on insects, depending on the species
present. However, it is obvious that the struggle against light
pollution begins with the extinction of as many artificial lights
as possible.
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