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Les amphibiens comme modeéle biologique pour étudier ALAN
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Les conséquences biologiques d’ALAN chez les amphibiens

Stade Adulte

Axe 1 : Conséquences
physiologiques et
comportementales

e Touzot et al., Conserv Physiol 2019
e Secondi et al., Behav Ecol 2021
* Touzot et al., Environ Pollut 2020 10



Les conséquences biologiques d’ALAN chez les amphibiens

Stade Adulte

N
§©

Axe 1 : Conséquences \ ‘@

physiologiques et
comportementales

f

Axe 2 : Conséquences
moléculaires

e Touzot et al., Conserv Physiol 2019 e Touzot et al.. STOTEN 2021

e Secondi et al., Behav Ecol 2021
e Touzot et al., Environ Pollut 2020 10



PP Resultats

Axe 1 : Conséquences physiologiques et comportementales
Etude 1 : Influence d’ALAN sur lactivité et le métabolisme
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Research article

Artificial light at night disturbs the activity and
energy allocation of the common toad during the
breeding period
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Crapaud commun,
The presence of artificial light at night (ALAN) is currently a global phenomenon. By altering the photoperiod, ALAN may B b

directly affect the physiology and behaviour of many organisms, such as the timing of daily rhythms, hormonal regulation, ufo ufo

food intake, metabolism, migration and reproduction. Surprisingly while it is known that ALAN exposure strongly influ- [9
ences health of humans and laboratory animals, studies on wildlife remain scarce. Amphibians are one of the most noctur-
nal groups of vertebrates and exhibit an unfavourable conservation status in most parts of the world. In order to gain
insight into the consequences of ALAN, we experimentally exposed 36 adult breeding male common toads, Bufo bufo, to a
light intensity of 0.1, 5 or 20 lux for 20 days, to investigate the activity using infrared cameras and the whole-body oxygen
consumption by respirometry, as well as body mass and food intake. ALAN reduced toad activity over 24 h by 56% at 5 lux
and by 73% at 20 lux. It did not affect the total energy expenditure but altered energy allocation. Indeed, standard energy
expenditure increased by 28% at 5 lux and by 58% at 20 lux, while activity energy expenditure decreased by 18% at 5 lux
and 38% at 20 lux. Finally, body mass and food intake were not affected. This study suggests that ALAN plays a large role
in the activity and energy metabolism of common toads, which may have a long-term negative effect on the fitness of
common toad populations. Generalizing these results to other taxa is crucial for conservation of biodiversity in an increas-
ingly light world.
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Axe 1 : Conséquences physiologiques et comportementales
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Axe 1 : Conséquences physiologiques et comportementales
Etude 1 : Influence d’ALAN sur lactivité et le métabolisme
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Axe 1 : Conséquences physiologiques et comportementales
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Axe 1 : Conséquences physiologiques et comportementales
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Axe 1 : Conséquences physiologiques et comportementales

- | Prise de masse orise alimentaire s
Prise alimentaire corporelle .
SR L masse corporelle mmm
(mgjour.g™) (% masse initiale) P
20 - 50 7
40 |
15 1 R 30 - i
20 7 ! E
10 1 i |
5 0 - i .
10 - = —
0 |
O -20 N T I [
Eclairements lumineux Eclairements lumineux

[9] Touzot et al., Conserv Physiol 18

~ o~ A~



PP Resultats

Axe 1 : Conséquences physiologiques et comportementales
Etude 2 : Influence d’ALAN sur l'activité et la masse corporelle

Original Article

Artificial ight at night alters activity,
body mass, and corticosterone level 1n a
tropical anuran
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Rhinella marina
[13]

Photoperiod is a major factor regulating biological rhythms in animals and plants. At low latitudes, annual variation in daylength is low and
species are expected to strongly rely on photic cues to reset their circadian clocks. A corollary is that individuals should be strongly affected
by sudden changes in the photic regime as those generated by artificial light at night (ALAN). We tested this hypothesis in an anuran in
Costa Rica (10°N). Using an outdoor experimental design, we exposed adult cane toads Rhinella manina, a broadly distributed tropical anuran
species to two ALAN intensities (0.04 and 5 Ix). Locomotor activity was reduced at the lowest intensity, and the activity pattern shifted from
crepuscular to nocturnal. Contrary to humans and mice in which ALAN favor obesity, toads from the two exposed groups did not gain mass
whereas controls did. Corticosterone was reduced at the highest intensity, a possible consequence of the reduced activity of toads or the
altered regulation of their circadian pattern. Thus, the behavioral and physiological disruption that we observed supports the hypothesis of
the strong reliance on photic cues to regulate circadian rhythms and control homeostasis in this intertropical anuran. Furthermore, our re-
sults suggest that the negative effects of ALAN on physiology, in particular body mass regulation, may differ between vertebrate groups, thus
preventing anticipated generalization before more comparative studies have been carried out. We stress the importance of considering the
impact of the changing nocturnal environment in the intertropical zone which host the largest fraction of biodiversity.

Key words: activity pattern, amphibian, light pollution, metabolism, Rhinella marina, stress.

[10] Secondi et al., Behav Ecol 19
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Axe 1 : Conséquences physiologiques et comportementales
Etude 2 : Influence d’ALAN sur l'activité et la masse corporelle
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Axe 1 : Conséquences physiologiques et comportementales
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Axe 1 : Conséquences physiologiques et comportementales
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s " Résultats

Axe 1 : Conséquences physiologiques et comportementales

Etude 3 : Influence d’ALAN sur le comportement et le succes reproducteur
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Artificial Light At Night (ALAN) is an emerging pollution, that dramatically keeps on increasing world-
wide due to urbanisation and transport infrastructure development. In 2016, it nearly affected 23% of the
Earth’s surface. To date, all terrestrial and aquatic ecosystems have been affected. The disruption of
natural light eycles due to ALAN is particularly expected for nocturnal species, which require dark periods
to forage, move, and reproduce. Apart from chiropterans, amphibians contain the largest proportion of
nocturnal species among vertebrates exhibiting an unfavourable conservation status in most parts of the
waorld and living in ALAN polluted areas. Despite the growing number ol studies on this subject, our
knowledge on the direct influence of nocturnal lighting on amphibians is still scarce. To better under-
stand the consequences of ALAN on the breeding component of amphibian fitness, we experimentally
exposed male breeding common toads (Bufo bufo) to ecologically relevant light intensities of 0.01
(control), 0.1 or 5 lux for 12 days. At mating, exposed males took longer than controls to form an
amplexus, i.e. to pair with a female, and broke amplexus before egg laying, while controls never did.
These behavioural changes were associated with fitness alteration. The fertilisation rate of 5 lux-exposed
males was reduced by 25%. Salivary testosterone, which is usually correlated with reproductive behav-
iours, was not altered by ALAN, Our study demonstrates that ALAN can affect the breeding behaviour of
anuran species and reduce one component of their fitness. Given the growing importance of ALAN, more
work is needed to understand its long-term consequences on the behaviour and physiology of in-
dividuals. It appears essential to identify deleterious effects for animal populations and propose
appropriate management solutions in an increasingly brighter world.

© 2020 Elsevier Ltd. All rights reserved.
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Axe 1 : Conséquences physiologiques et comportementales
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Axe 1 : Conséquences physiologiques et comportementales
Etude 3 : Influence d’ALAN sur le comportement et le succes reproducteur
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PP Resultats

Axe 1 : Conséquences physiologiques et comportementales
Etude 3 : Influence d’ALAN sur le comportement et le succes reproducteur
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P Résultats

Axe 1 : Conséquences physiologiques et comportementales
Etude 3 : Influence d’ALAN sur le comportement et le succes reproducteur
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Axe 2 : Conséquences moléculaires
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Axe 2 : Conséquences moléculaires
Etude 4 : Influence d’ALAN sur I'expression de genes
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Axe 2 : Conséquences moléculaires
Etude 4 : Influence d’ALAN sur I'expression de genes
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