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Abstract

Artificial light at night (ALAN) is a significant anthropogenic pressure affecting coastal marine environments. ALAN, visible from
satellites over large distances, disrupts natural behaviors in photosensitive marine organisms and influences ecosystem dynamics.
This study examines and compare the intensity and distribution of ALAN in marine coastal areas and in marine protected areas
(MPASs) within European seas. Results indicate that ALAN levels in MPAs are not significantly different from those in adjacent
coastal areas, highlighting the widespread reach of light pollution. This underscores the vulnerability of MPAs to anthropogenic
disturbances and calls for improved management practices to mitigate these impacts.
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Introduction

Artificia light at night (ALAN) is an increasingly recognized environmental
pollutant, particularly in coastal areas [1]. ALAN disturbs natural behaviors in
photosensitive organisms, such as reproductive cycles, feeding, and migration
patterns. In European coastal zones, ALAN is closely associated with
urbanization and economic development, often linked to gross domestic product
(GDP) [2]. As part of the European Union’s Blue Growth strategy, efforts to
support sustainable growth in marine sectors must address the negative
externalities of light pollution [3,4]. This study aims to assess the impact of
ALAN on marine protected area (MPAs), which are intended to conserve
marine biodiversity[5].

Material and Methods

This study focused on the 23 European Union Coastal Member States (CMS),
examining coastal zones from the shoreline up to 500 meters inland, as well as
marine areas extending to the Exclusive Economic Zones (EEZ). ALAN data
was obtained from satellite imagery, with light intensity measured in digital
numbers (DN). Using GIS tools, the spatial distribution of ALAN in MPAs
was analyzed and compared to surrounding coastal areas. Geographic datasets
were used, including the World Database on Protected Areas (WDPA) and
Corine Land Cover (CLC) 2018 dataset (Figure 1).
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Fig. 1. Example of Geographical Information System (GIS) analysis results of
ALAN effects on marine protected areas near coastal zones. The example
represents asmall areain the Gulf of Naples and the full analysis was conducted
across all European coastlines and is summarized in a heatmap accessible by the
figure's QR code.

Results and Discussion

The analysis of ALAN intensity in MPAs revealed no significant difference
between light pollution levels in MPAs and those in adjacent coastal zones.
Approximately 39% of coastal zones near MPAs showed moderate to high
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levels of ALAN. The high levels of light pollution observed indicate that even
areas designated for conservation are affected by human-induced light pollution.
These results suggest that MPAS, though intended to protect biodiversity, are
highly vulnerable to the encroaching impacts of urban development. Artificial
light a night is a pervasive pollutant affecting marine protected areas across
European seas. This study highlights the need for enhanced regulatory
frameworks to reduce light pollution, particularly in regions designated for
biodiversity conservation[6]. By integrating these findings into coasta
management practices, policymakers can better address the challenges posed by
ALAN and improve the resilience of MPAs.
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