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Artificial Light At Night (ALAN)
alteration of ambient light levels (Cinzano et al. 2001)
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direct light emissions (outdoor 
lighting sources: 10 lux - 100 lux)

Skyglow (brightening of the night 
sky by artificial light reflected by 
water, dust and gas molecules: 0.2 
lux - 0.5 lux)

ALAN affects 83% of the population and
45% of the world coastlines



Ecological light pollution
alteration of natural light-dark cycles in ecosystems (Longcore et al. 2004)

F I G U R E 2 (a) Different marine
environments not affected by Artificial
Light Pollution at Night (ALAN), and (b)
marine environments under the potential
impacts of ALAN (source: Marangoni et 
al. 2022)
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Impacts on marine habitats

Impacts on a variety of 
habitats at all levels of 
biological organization



orientation
(Bourgeois et al. 2009, Berry et al. 2013, 
Rivas et al. 2015, Dimitriadis et al. 2018)

foraging behavior 
and locomotion 

(Luarte et al. 2016, Bauer et al. 2022)
disruption/loss of 
circadian rhythm 

(Duarte et al. 2019, Pulgar et al. 2019)

alteration of trophic and 
community structure and 

interactions 
(Davies et al. 2015, Bolton et al., 2017, Underwood et al. 2017, 

Maggi et al. 2018, 2019, 2019b, Garratt et al. 2019)

Ecological light pollution
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Impacts on coastal habitats



Why sea urchins?
Key taxonomic group for the ecology and economy of coastal habitats, 

showing nocturnal activity and photic behaviors
(Yoshida, 1984, Boudouresque et al. 2013, Lawrence 2013)

ALAN and sea urchins

Why Paracentrotus lividus (Lamarck, 1816)?

Predominant grazer shaping benthic 
Mediterranean ecosystems (Benedetti Cecchi et al., 

1995; Barnes et al., 2002)

High commercial value of its gonads 
(Cirino et al., 2017)

13th ITRS – Hobart – University of TasmaniaMaggi E. – Università di Pisa (Italy)



ALAN and P. lividus

stress

nocturnal locomotory behavior
and diet

move away from the light source 
change in locomotory performance (speed, latency and sinuosity) at 
increasing light intensity

2
change in stable isotope (C and N) signature of stomach content and 
muscle at increasing light intensity (WORK IN PROGRESS!)
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Summer 2021
5 nights
absence of the moon 
clear sky 
calm sea

Methods: nocturnal locomotory behavior

Castiglioncello, LI

(0 lux)
(1.5 lux)
(18 lux)

Dark: 57 individuals 
Medium: 69 individuals
High: 69 individuals

13th ITRS – Hobart – University of TasmaniaMaggi E. – Università di Pisa (Italy)

White
light
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• latency of locomotion

• sinuosity (S) 

• average speed (cm/s) 

• direction P. lividus in the experimental arena (top view)→ angle

→

𝐋

𝐭
(excluding latency)

→ S = 2[p(((1-c)/(1-c)) + b2)]-0.5       

→ 2cm radius

Methods: nocturnal locomotory behavior

Infrared camera 
(Coolife 1080P, 16MP)

Time-lapse mode

(Benhamou, S. 2004)
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Results: nocturnal locomotory behavior

Frequency of the direction of trajectories for P. lividus. 0◦, 90◦, 180◦, 270◦ represent 
North, East, South and West, respectively. Length of  thin red arrows is the mean vector 
(r, from 0 to 1; r = 1 is represented by an arrow that reaches the edge of the outer circle). 

Mean orientation

Light sources

▪ Random frequency 
pattern only under 
dark conditions

▪ Different mean at 
changing light    
conditions

DIRECTION
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Results: nocturnal locomotory behavior

Boxplots representing (a) sinuosity, (b) latency (s) and (c) mean speed 
(cm/s), for sea urchins in each site, Dark, Medium and High. The big dot 
with dotted lines represents the mean ± 1SE

*
* *

▪ larger at Medium
than at Dark site

SINUOSITY and LATENCY

MEAN SPEED

▪ smaller at Medium
than at Dark site
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Discussion: nocturnal locomotory behavior

Hypotheses: i) move away from the light source, and  ii) change in locomotory performance 
at increasing artificial light intensity

✓ Direction: sea urchins move away from the light source (escape behavior?)
(when exposed to two different light sources they chose a preferred path to follow?)

✓ Medium intensity of ALAN: neither (fast) escape nor exploratory behavior

Future studies:
• different light intensities
• one vs. two light sources
• replicated sites
• different spectra
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High latency
Low mean speed
High sinuosity
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sea urchins (n=5 at each site): 

• stomach content 

• muscular filaments of the 
Aristotle’s lantern 

Methods: diet

Summer 2021
2 early mornings (after a                                     
new moon period)
calm sea

Food resources (n=5 at each site for 
each resource):

– Laurencia spp.
– Padina pavonica
– Epilithon
– Epifauna

Stable Isotope 
Analysis

(δ13 C and δ15 N) 
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Preliminary results
MUSCULAR FILAMENTS

δ13 C 

B

B

A

B

B

A

SHIFT 
IN FOOD RESOURCES

August September

(ASSIMILATION)
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NO CHANGE 
IN TROPHIC POSITION

δ15 N 
August September



Preliminary results

MUSCULAR FILAMENTS

Dark: larger temporal change 
in δ13 C variability than under lit conditions

August

September

change in number 
of (assimilated) resources

✓Change in resource(s) availability

✓Change in resource(s) isotopic signature

✓Change in sea urchin behavior

NO

WORK IN PROGRESS
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Dark

Explore

Intermediate
light

‘Doubtfully’ escape

High 
light

Escape!

Shift in food resources? 
Loss of temporal variability in the assimilation of resources?
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