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Abstract

Fish assemblages are vital for the functioning of Mediterranean coastal ecosystems, yet they have long been overexploited
by recreational and professional fishing. In response to this overexploitation, No-take Zones (NTZs) have been applied, resulting
in significant conservation benefits. This study, conducted by citizen scientists and members of the scientific community in the
north-western (NW) Mediterranean Sea, investigated spatial trends in fish assemblages targeted by small-scale and recreational
fisheries using the Fish Assemblage Survey Technique (FAST). A total of 1356 fifteen-minute replicate counts, corresponding to
452 hours in the water over a six-year period (2018 — 2023) were analyzed. Results indicated that the ecological status of fish
assemblages were spatially dependent, where poor fish assemblage health was observed at dive sites situated in the Lérins Islands,
highlighting an area of conservation priority. NTZs were associated with a higher presence of small (p < 0.001) and large (p <
0.001) size classes of Serranidae fishes. They were also associated with a higher presence of large, threatened carnivorous species:
Dentex dentex (p < 0.001), Epinephelus marginatus (p < 0.001), and Sciaena umbra (p < 0.001). Results from this study suggested
that data collected by citizen scientists using FAST was robust enough to meet the same conclusions as researchers. We conclude
on the positive application of citizen science programs to assess the ecological status of fish assemblages; fill the need for simple,
effective monitoring in Marine Protected Areas (MPAs) and understudied areas; and inform conservation policies focused on

threatened habitats and associated marine biodiversity in the French region Provence-Alpes-Cote d’Azur (PACA).
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Introduction

Fish communities are crucial to Mediterranean coast-
al ecosystems, yet they have long been overexploited by
recreational and professional fishing (Couvray, 2020;
Rey et al., 2023). In the Mediterranean Sea, small-scale
professional fisheries (SSF, boats less than 12 m) repre-
sent more than 80% of the total fishing fleet and provide
direct and indirect socio-economic benefits to coastal
Mediterranean communities (Cavallé et al., 2020; Penca
& Said, 2023). However, poor fishing practices and over-
exploitation by SSFs have led to a slow degradation of
marine biodiversity, and the conservation status of many
pelagic fish species (Hussein et al., 2011; Lloret et al.,
2020). One of the most recognized conservation tools are
Marine Protected Areas (MPAs), specifically designed
for enhancing marine biodiversity, safeguarding ecosys-
tem services and providing positive social benefits (Kay-
al et al., 2020; Grorud-Colvert et al., 2021). Often ap-
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plied in association with MPAs, No-Take Zones (NTZs)
manage overexploitation by artisanal and recreational
fisheries reestablishing fish assemblages in the process.
Yet, monitoring fish assemblages can be difficult as fish
fulfill a wide range of ecological roles in an ecosystem
(Villéger et al., 2017) and inhabit a variety of different
habitats (Portner et al., 2010).

Multiple techniques have been applied to assess fish
assemblages in the Mediterranean such as fishery surveys
or experimental fishing (Harmelin-Vivien & Francour
1992; Seytre & Francour, 2008), underwater video-based
surveys (Nalmpanti et al., 2023), eDNA metabarcoding
(Boulanger et al., 2021; Rey et al., 2023), underwa-
ter visual census (Seytre & Francour, 2009, 2014; Ben
Lamine et al., 2018; Couvray, 2020, Marengo et al.,
2021) or a combination herein. One of the most com-
mon monitoring techniques is underwater visual census
(UVC). UVC is a non-destructive, non-invasive sampling
technique used to estimate abundance, size structure, and
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fish biomass, as well as quantify species richness (Rey
et al., 2023). UVC methodologies have different config-
urations that may include transect lengths, observation
ranges, and/or survey times (Pais & Cabral, 2018). UVC
methodologies, traditionally used by researchers or mem-
bers of the scientific community, are now being applied
using citizen science.

Citizen science has grown rapidly in popularity as a
valuable tool to engage citizens in conservation and re-
search outputs, stimulate environmental education and
drive policy changes (Dunkley, 2017; Kelly et al., 2020;
Garcia-Soto et al., 2021). In the Mediterranean, citizen
science has been applied to species-specific research that
aims to model shifts in abundance, spatial distribution, and
population (Krzelj et al., 2020; Castejon-Silvo et al., 2023;
Bosso et al., 2024), as well as in response to ecology-based
research. Programs have also been applied in wide-ranging
biodiversity assessments that aim to incorporate many spe-
cies (Rey et al., 2023). This may include research focused
on monitoring fish assemblages, a topic widely studied in
the Mediterranean (Ghanem & Soussi, 2017; Ben Lamine
et al., 2018; Cizmek et al., 2020), and along French coast-
lines (Seytre & Francour, 2008, 2009, 2014; Couvray,
2020; Marengo et al., 2021; Rey et al., 2023).

One UVC derivative is the Fish Assemblage Sur-
vey Technique (FAST), designed for its simplistic data
acquisition. Similar to traditional UVC methodologies,
indices calculated from FAST can be used to describe
the structure and composition of fish assemblages (Ben
Lamine et al., 2018). To our understanding, FAST has
been applied along continental French coastlines (Seytre
& Francour, 2008, 2009; Francour et al., 2013; Francour,
2017), in Corsica (Francour et al., 2011; Marengo et al.,
2021), along the Croatian Adriatic coast (Cizmek et al.,
2020) and in Tunisian marine waters (Ben Lamine, 2017,
Ghanem & Soussi, 2017; Ben Lamine et al., 2018). Ben
Lamine et al. (2018) found that, through its simplified
proxies, FAST is a valuable tool in efficiently monitoring
fish assemblages in understudied areas.

This research aimed to assess the ecological status of
fish assemblages, and to identify spatial trends in the Cote
d’Azur using FAST, adopted by NaturDive in 2018 (natur-
dive.com /nos-actions/observatoire). In addition, we set
out to demonstrate the positive application of FAST to
engage citizens in conservation and research outputs, to
fill the need for simple and effective monitoring programs
in MPAs, and to inform conservation policy in the French
region Provence-Alpes-Cote d’Azur (PACA).
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Fig. 1: Map of study region. White dots correspond to the 26 dive sites located along French coastlines. Natura 2000 zones are ob-
served in light blue; the Cap Roux fishing containment in dark red (A), the Golfe-Juan NTZ in orange (B), and the Péquerolle NTZ
in violet (C). La Vaquette, Fouillée, Le Lido, Tombant Maeterlinck and Grotte a Corail are located outside of a Natura 2000 zone.
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Materials and Methods
Study Location

This study focused on 26 dive sites situated in the
north-west (NW) Mediterranean Sea in the French region
Provence-Alpes-Cote d’Azur (Fig. 1). The Cote d’Az-
ur, also known as the French Riviera, is in southeastern
France, sharing a border with Monaco and Italy to the
east. Dive sites in this study were situated off the rocky
coastlines of Estérel - Saint Raphaél, Cannes, Golfe-Juan,
the Lérins Islands, Antibes, and Nice; sandflats, seagrass
beds, and coralligenous assemblages were present at each
dive site. Three Natura 2000 sites encompassed the study
region starting from the geographical west: 1) Esterél
(15,088 ha); 2) Baie and Cap d’Antibes - Lérins Islands
(13,597 ha); 3) Cap Ferrat in Nice (8,958 ha); 21 of 26
dive sites were located inside a Natura 2000 site. The
study areas also included the Cap Roux NTZ (445 ha,

established 2003 — Fig. 1A) located inside Natura 2000
site Estérel, as well as the Golfe-Juan NTZ (50 ha, estab-
lished 1980 — Fig. 1B), and the Péquerolle NTZ (67 ha,
established 2020 — Fig. 1C) located inside Natura 2000
site Cap d’Antibes - Lérins Islands. NTZs were estab-
lished by fishing tribunals (prud’homie de péche); recrea-
tional and professional fishing is strictly prohibited inside
these zones.

Data Collection

FAST was originally developed by Patrice Francour in
1999 to take into account a pre-established list of 23 fish
species belonging to 12 fish families, targeted by SSF and
recreational fisheries (e.g., spear fishing, net fishing or
angling), some of which are patrimonial, protected or rare
(Seytre & Francour, 2008, 2009; Francour et al., 2011).
Additionally, the protocol considered six ‘joker’ species,

Table 1. FAST species list, consisting of 23 main species and six ‘joker’ species (% ). The tilde (~) refers to species that are not
differentiated during data collection as they are morphologically similar and inhabit similar ecological niches. Trophic level as
described by fishbase.org.

Family Species French Common English Common Trophic Level
Labridea Symphodus tinca Crénilabre paon Peacock wrasse 33
Labrus merula Labre merle Brown wrasse ~ 3.6
Labrus viridis Labre vert Green wrasse ~ 3.9
Sparidae Sarpa salpa Saupe Salema porgy 2.0
Diplodus annulis Sparaillon Annular seabream 3.6
Diplodus vulgaris Sar a téte noire Two-banded seabream 3.5
Diplodus sargus Sar commun Common seabream 34
Diplodus puntazzo Sar a museau pointu Sharpsnout bream 32
Diplodus cervinus Sar tambour Zebra seabream 3.0
Spondyliosoma cantharus Dorade grise Black seabream 33
Sparus aurata Dorade royale Gilt-head bream 3.7
Dentex dentex Denti Common dentex 4.5
Lithognathus mormyrus Marbré Sand steenbras % 34
Pagrus pagrus Pagre Red porgy % 3.9
Serranidae Serranus cabrilla Serran-chévre Comber 3.4
Serranus scriba Serran écriture Painted comber 3.8
Epinephelus marginatus Meérou brun Dusky grouper 4.4
Myliobatidae Mpyliobatis aquila Raie-aigle Eagle ray % 3.6
Dasyatis pastinaca Raie-pastenague Common stingray % 4.1
Mullidae Mullus surmuletus Rouget-barbet de roche Striped red mullet ~ 3.5
Mullus barbatus Rouget-barbet de vase Red mullet ~ 3.1
Mugilidae Mugil spp. & Chelon spp. Mulet Mullet 2.5
Scorpaenidae Scorpaena scorfa Chapon Red scorpionfish 43
Congridae Conger conger Congre European conger 43
Muraenidae Muraena helena Muréne Mediterranean moray 4.2
Carangidae Seriola dumerilli Sériole Greater amberjack 4.5
Sciaenidae Sciaena umbra Corb Brown maegre 3.8
Sphyraenidae Sphyraena spp. Barracuda Yellowmouth barracuda 4.0
Moronidae Dicentrarchus labrax Loup, Bar European seabass 3.5
Phycidae Phycis phycis Mostelle Forkbeard % 3.9
Syngnathidae Hippocampus spp. Hippocampe Seahorse % 35
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believed to increase the conservation value of the area
(Table 1). Species were chosen to represent the princi-
pal habitats in the Mediterranean (e.g., sandflats, seagrass
beds, rocky coasts, and coralligenous assemblages) their
trophic level chain. Similar to the one conducted by Ben
Lamine (2017), our data collection approach required at
least six replicates (Table 3) of 15 minutes at each dive
site carried out between 5 and 25 m depth along a random
pathway using SCUBA diving; each 60-minute dive was
independent of each other. The protocol focused on pres-
ence/absence of fish species and two size classifications
(small/medium & large — Ben Lamine, 2017). Large fish
(L) were considered as fish longer than two-thirds of the
maximum size for each species, and small/medium fish
(SM), shorter than two-thirds of their maximum lengths
(Seytre & Francour, 2008, 2009; Ben Lamine, 2017).
Maximum lengths of each species were obtained from
fishbase.org.

Prior to executing the FAST protocol, citizen scientists
participated in one multi-hour theoretical training course
and at least two practical trial SCUBA dives. Theoretical
sessions were focused on species behavior and included
a species identification quiz, while trial dives evaluated
citizen scientists’ ability to accurately identify fish spe-
cies and their size classifications under water. Once little
discrepancies were noted between new and experienced
FAST protocol users, observations were retained in the
final database. Data was collected using an underwater
diving slate (Fig. App. 1).

Data Analysis

For each replicate (15-minute census), a base index
(I) was calculated that considered the number of species
observed, their estimated sizes, and the presence of high
value species recognized for their commercial or ecolog-
ical significance (e.g., Epinephelus marginatus, Phycis
phycis, Sciaena umbra — Francour, 2017; Ben Lamine,
2017). Large individuals received a coefficient of 2,
compared to a score of 1 for small individuals. The base
index (I) was calculated by summing the various scores
obtained. Conservation coefficients were also applied to
species with high conservation value (x2), in considera-

tion of both size classes. These species scores were mul-
tiplied by two to account for the heritage or remarkable
aspect associated with the species (Francour, 2017). As
seen in Seytre & Francour (2008), six indices were calcu-
lated as proxies of fish assemblage structure and health.
Mean Index (MI): the average of six base index values
(one base index for each 15-minute census); the MI
is used as a proxy for species density and size class
occurrence (Ben Lamine, 2017).
Cumulative index (CI): calculated following the com-
bination of all six replicates; CI is used as a proxy for
species richness and size distribution (Ben Lamine,
2017).
Relative species richness (RSR): the average number
of species present during census relative to the total
number of species on the predefined list, represented
as a percentage.
Carnivores Proportion (CP): the proportion of ob-
served carnivorous species; only large individuals
with trophic level > 3.7 were considered as carnivores
(Ben Lamine, 2017). Trophic levels were taken from
fishbase.org (Table 1).
Large Proportion (LP): the proportion of large indi-
viduals among the species listed (Table 1).
Coefficient of variation (CV): variability of the six
replicates (one for each 15-minute count); the CV al-
lowed for assessment of fish assemblage variability.
If CV was inferior to 30%, this indicated a stable fish
assemblage. If the CV was superior to 30%, this either
indicated a large variation between replicate counts or
between observers (Francour, 2017), or a degradation
in fish population structure (Marengo et al., 2021).

Based on the results of the following five calculated
proxies: MI, CI, RSR, CP and LP (Table. App. 1), each dive
site was assigned a cluster from 1 to 5 indicating the eco-
logical status of fish assemblages (Table 2, Francour, 2017).

Only data collected in 2018-2023 between the months
of May-October were included in the analysis (yearly
sampling effort found in Table 3). Similarly, dive sites
which incorporated less than six replicate counts were
excluded from analysis, and fish assemblage proxies, MI,
CI, RSR, CP, and LP, were not calculated at these sites. A
cluster from 1 to 5 indicating the ecological status of fish

Table 2. Five cluster groups suggesting the ecological status of fish assemblages ranging from 1: “Excellent” to 5: “Very Poor”
(Francour, 2017); MI: mean index, CI: cumulative index, RSR: relative species richness, CP: proportion of carnivores, LP: pro-

portion of large individuals.

MI CI RSR Cp LP Ecological Status
Cluster 1 >30 >55 >70 >15 >30 Excellent
Cluster 2 <30 40-55 >60 >15 >20
Cluster 3 20-25 35-55 50-60 <15 >20
Cluster 4 20-25 35-55 >65 <12 >20 Poor
Cluster S <20 <35 <65 <10 <20 Very Poor
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Table 3. FAST sampling effort over the last six years between the months May to October, incorporating 26 dive sites located in
Cannes, Cap d’Antibes, Estérel, Lérins Islands and Nice. Here, the number of replicate counts conducted at each site per year, with
the total number assumed during the study period, are observed. The last column shows the total number of years over which data
was recorded at each dive site. Four sites (4) fall within a no-take zone (NTZ). Blank spaces signify gaps in data.

City / Area Dive site 2018 2019 2020 2021 2022 2023 Total  Years
Cannes Fouillée 18 12 12 12 6 6 66 6
Cap d’Antibes Cap Gros 18 6 12 12 48 4

Graillon 12 12 12 12 48 4
La Boute 12 6 6 6 30 4
La Lauve 12 6 6 6 6 36 5
Le Grand Boule 18 12 12 6 12 12 72 6
Péquerolle 4 12 6 6 18 42 4
Rascoui 12 12 12 6 18 60 5
Seiche St Pierre 12 12 18 12 54 4
Esterel Grand Cap Roux 4 6 12 12 12 42 4
La Vaquette 6 12 24 24 66 4
Petit Cap Roux 4 6 18 6 6 36 4
Roche d’Aurelle 4 18 12 12 12 54 4
Golfe-Juan Fourmigue 12 12 24 12 12 6 78 6
Lérins Bateguier 12 12 18 24 18 84 5
Bilitis 12 12 12 6 18 60 5
Petite Frangoise 18 12 12 18 6 12 78 6
St Féréol 12 12 6 12 12 54 5
Tradeliere 12 12 6 12 18 6 66 6
Vengeur 12 6 18 30 12 6 84 6
Nice Causiniére 18 24 6 48 3
Crau de Nao 6 12 6 6 6 36 5
Grande Baie 6 12 6 6 6 6 42 6
Grotte a Corail 12 6 6 24 3
Le Lido 6 12 18 2
Tombant Maeterlinck 6 12 6 6 30 4
240 240 312 168 156 240 1356

assemblages was then assigned to each site in consider-
ation of the five calculated proxies. Following an initial
analysis in fish assemblage cluster health, statistical anal-
yses were conducted in RStudio (Version 2023.06.0+421)
to further understand the differences in fish assemblages
at the 26 sampling locations in this study (Fig. 1).
Univariate Kruskal-Wallis tests were performed on
each calculated proxy by location (Cannes, Cap d’Antibes,
Estérel, Golfe-Juan, Lérins Islands, and Nice). To under-
stand the significance between locations, pairwise com-
parisons were performed using Dunn’s test with Holm’s
stepwise adjustments. Dunn’s tests are an appropriate
procedure when Kruskal-Wallis tests are rejected (Din-
no, 2015). A similar procedure was performed to assess

Mediterr. Mar. Sci., 26/4, 2025, 757-774

if clear differences in fish assemblage health existed be-
tween dive sites situated inside and outside NTZs using
one-way Mann-Whitney tests, also known as Wilcoxon
Rank-Sum tests, for statistical significance. Family and
species-specific analyses were also conducted; univariate
one-way Mann-Whitney tests were realized to understand
if the presence (represented as a percentage; the number of
presences + total number of observations x 100) of three
fish families: Serranidae, Labridae, Sparidae and six fish
species: common dentex (D. dentex), dusky grouper (E.
marginatus), brown meagre (S. umbra), comber (S. cabril-
la), barracuda (Sphyraena spp.), and the salema porgy (S.
salpa), differed at dive sites located inside NTZs compared
to those situated outside of NTZs.
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Results

This research incorporated a total of 1356 fifteen-min-
ute counts, corresponding to 452 cumulative hours
(60-minute dive time) in the water, undertaken by 124
observers over the last six years between May to October
(Table 3). This enormous effort between citizen scientists,
authorities and members of the scientific community con-
tributed to the ecological assessment of fish assemblages
at 26 dive sites in Cannes, Antibes, Estérel, Golfe-Juan,
the Lérins Islands and Nice (Table 4). Upon an initial
analysis, there seemed to be a difference in ecological sta-
tus of fish assemblages based on sampling location, no-
tably with excellent and good health observed in Cannes,
Estérel and Golfe-Juan, whilst average and poor health
were observed in the Lérins Islands. No evident temporal
trends were observed in analysis.

Locational Variation

Results indicated significant differences in both the
CI (Fig. 2A; H(5)=29.498, p < 0.001) and the MI val-
ues (Fig. 2B; H(5) = 38.495, p < 0.001), with the Lérins
Islands showing significantly lower species density and
size class occurrence when compared to the rest of the
sampling locations. Results also indicated the greatest
proportion of carnivorous individuals (CP) in Estérel
(Fig. 2C; H(5) = 27.277, p < 0.001), while the propor-
tion of large individuals (LP) was significantly lower in
the Lérins Islands (Fig. 2D; H(5) = 36.901, p < 0.001).
Lastly, results suggested significant differences in relative
species richness, with the lowest diversity observed in the
Lérins Islands (Fig. 2E; H(5) =32.971, p < 0.001).

Table 4. Ecological status of fish assemblages at each site over time, using five cluster groups ranging from 1: “Excellent” to 5:
“Very Poor” (Francour, 2017-Table 2). Four sites (4) fall within a no-take zone (NTZ). Blank spaces signify gaps in data.
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Fig. 2: Boxplots for the five FAST indices ((A) CI: cumulative index, (B) MI: mean index, (C) CP: proportion of carnivores, (D)
LP: proportion of large individuals, (E) RSR: relative species richness) during the 2018-2023 summer seasons, segmented by
location. Lowercase letters (a, b and ¢) indicate statistically significant differences between sites.
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No-Take-Zone Status

Greater CI (Fig. 3A; W =1096.5, p < 0.01) and MI
values (Fig. 3B; W = 1241.5, p < 0.001), proxies used
for species density and size distribution, were observed
at dive sites situated inside NTZ Additionally, results
suggested a greater proportion of carnivores (Fig. 3C; W
= 1510, p < 0.001) and large individuals (Fig. 3D; W =
1231.5, p <0.001) at dive sites situated inside NTZs. No
significant differences in relative species richness (RSR)
were observed (Fig. 3E; W = 738.5, p = 0.70) between
dive sites situated inside and outside NTZs.
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NTZ status seemed to have both neutral and positive
correlations with the presence of Labridae, Sparidae, and
Serranidae fish families (Fig. 4). For both Labridae size
classes (SM & L), we observed no significant differenc-
es; Labridae individuals were neither more present inside
or outside NTZs. For both Sparidae size classes (SM &
L), significant differences indicated that fishes were more
present outside of NTZs than inside NTZs. In contrast,
for both Serranidae size classes (SM & L), results indi-
cated significant differences; Serranidae fishes were more
present at dive sites situated inside NTZs.

NTZ status appeared to have a positive correlation
with the presence of heavily targeted teleost fishes: D.
dentex, E. marginatus, S. umbra, S. cabrilla and Sphy-
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Fig. 4: Boxplots focused on the presence of three heavily targeted fish families by size class (SM—small or medium, L—large) and
NTZ status. Sites inside NTZs are indicated by no fishing symbols and purple boxplots, while sites outside of NTZs are indicated
by fishing symbols and gray boxplots. Families include: Labridae (top), represented by a rainbow wrasse (S. tinca), Sparidae
(middle), represented by a common seabream (D. sargus) and Serranidae (bottom), represented by a painted comber (S. scriba).
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Fig. 5: Boxplots focused on the presence of six fish species by size class (SM—small or medium, L—large) and NTZ status. Sites
inside NTZs are indicated by no fishing symbols and purple boxplots, while sites outside of NTZs are indicated by fishing symbols
and gray boxplots. Fish species include: common dentex (D. dentex - top left), dusky grouper (E. marginatus - top right), comber
(S. cabrilla - middle left), brown meagre (S. umbra - middle right), barracuda (Sphyraena spp. - bottom left) and the salema porgy

(S. salpa - bottom right).

raena spp. (Fig. 5). Both size classes (SM & L) of pro-
tected species, E. marginatus and S. umbra, were more
present inside NTZs. The same result was observed for S.
cabrilla, and D. dentex individuals, who were more pres-
ent inside NTZs, for both size classes (SM & L). More-
over, significant differences were observed for both size
classes (SM & L) of Sphyraena spp. In contrast, results
indicated that both size classes (SM & L) of herbivore S.
salpa were more present outside of NTZs in our study
region.

Discussion
Fishing Pressure — Lérins Islands
FAST observations confirmed locational variation and

spatial dependency, with significantly lower fish densities
and smaller fish at dive sites situated in the Lérins Islands
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(Batéguier, Bilitis, Petite Francoise, St. Feréol, Tradeliere
and Vengeur). For centuries, even before the establish-
ment of the Cannes prud’homie de péche in 1791, fish-
ing has been a prolific activity along Cannes’ coastlines.
Today, roughly 30 small-scale fishers continue to deploy
their nets along the rocky shores of Sainte-Marguerite, the
larger of the two Lérins Islands (Rosati-Marzetti, 2023).
Despite the declining number of SSF in the Mediterra-
nean (Prato et al., 2016; Graner et al., 2023), recreation-
al fishing has increased in popularity along coastlines in
the last few decades (Herfaut et al., 2013; Font & Lloret,
2011, 2014). According to a technical report conducted
by the Conseil Scientifique des Iles de Lérins (CSIL),
leisure fishers in the Lérins Islands arrive in traditional
Pointus, powerful motorboats or kayaks and deploy their
fishing lines most commonly over Posidonia oceanica
(Neptune grass) beds, targeting fish species inhabiting
the pelagic zone (Pierre & Loqué, 2023). Even if the total
catch of recreational fishing is low when compared to that

765



of SSF,the catch of some target species is very high (e.g.,

D. labrex, S. aurata and S. cantharus — Herfaut et al.,
2013). Studies have also shown that recreational fishers
are illegally landing immature fish below the minimum
landing size (MLS), thus limiting reproductive potential
(Font & Lloret, 2014). Additionally, removing large in-
dividuals by spearfishing may also negatively influence
the reproductive potential of vulnerable fish populations
(Prato et al., 2013), as large females are proportionally
more fecund (Font & Lloret, 2014).

Contrary to small scale fisheries, recreational fisheries
in France are subject to limited regulation and enforce-
ment (Herfaut et al., 2013; Font & Lloret, 2014), likely
contributing to poor fish assemblage health observed in
the Lérins Islands, as well as other sites along the Cap
d’Antibes (e.g.,

Graillon, Rascoui). To our knowledge, an assessment
of recreational fishers’ illegal landings below the MLS
has not been conducted in the Céte d’Azur, highlighting
an area for further research.

Other Anthropogenic Pressures — Lérins Islands

Poor fish assemblage health may also be a result of
habitat destruction and degradation in the Lérins Islands,
arising from urban development and high levels of tour-
ism (e.g.,

pollution from sewage outlets, aquaculture farms
and shipyards; yachting — Ville d’Antibes Juan-les-Pins,
2012). One of the most impacted habitats include P. oce-
anica meadows, a vital habitat for juvenile fish assem-
blages, associated with high biodiversity (Francour, 1997;
Diaz-Gil et al., 2019). In 1992, a collective 4.8 ha of P,
oceanica meadows were destroyed, both directly and in-
directly, by the laying of an electric cable and a water
pipeline (Boudouresque et al., 2009). To add to mount-
ing pressure, it is estimated that the Lérins Islands wel-
comes more than 1,000 boats per day during the summer
months, some greater than 30 m in length. Undeterred
by regulations, many of these boats often anchor in are-
as rich in P, oceanica, scarring the seabed and uprooting
seagrass shoots in the process. Due to slow growth (2-4
cm yr'), recolonization of P. oceanica is very low (Cam-
pagne et al., 2015). Therefore, resulting reductions of P.
oceanica in the area are likely to have long-term impacts
on biodiversity.

Given collective anthropogenic pressures, we empha-
size the need to implement a NTZ in the Lérins Islands.
To address P. oceanica degradation more specifically, the
implementation of an NTZ could be complemented by
the reinforcement and geographical extension of existing
ecological mooring zones (zones de mouillages et d’équi-
pements légers - ZMEL) and regulations that prohibit an-
choring to various extents in different areas around the is-
lands. Efforts to manage mounting pressures in the Lérins
Islands would likely ameliorate poor fish assemblage
health, while also ensuring the socio-economic well-be-
ing of fishers in the region.
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Fishing Protection — NTZ Status

Fish assemblages benefit directly from protection pro-
vided by MPAs, especially those with NTZ status (Gui-
detti et al., 2008; Stewart et al., 2008; Seytre & Francour,
2008, 2009; Lester et al., 2009; Appolloni, 2014; Sala
& Giakoumi 2017; Skold et al., 2022; Davis & Haras-
ti, 2023). This study found that sampling sites inside
NTZs were characterized by high fish densities, larger
fish, and a greater proportion of carnivorous individuals.
This result was consistent with other studies by trained
professionals that have reported positive effects on fish
density, and size (Stewart et al., 2008; Lester et al., 2009;
Appolloni, 2014; Skold et al., 2022). High LP and CP
index values indicate that large carnivorous individuals
occupying higher trophic levels have greater responses to
NTZ status, likely because large predators are most often
targeted by fisheries (Lester et al., 2009). NTZ status can
also have positive effects on surrounding fish assemblag-
es via the spillover effect, or the overflow of fish biomass
from protected zones to surrounding areas (Di Lorenzo
et al., 2020). This insight likely explains excellent fish
assemblage health observed in La Vaquette, ~2 km out-
side the Cap-Roux NTZ, as well as good fish assemblage
health observed in Fourmigue, ~1 km outside the Golfe-
Juan NTZ (Table 4). On the contrary, this spillover phe-
nomenon was not observed in La Boute, situated ~250 m
outside of the Péquerolle NTZ, potentially explained by
the youthfulness of the NTZ.

Despite overall positive trends inside and around
NTZs, protected areas are still susceptible to changing
environmental conditions that may have direct or indirect
effects on fish assemblages. In August 2023, a mucilage
event was recorded inside the Cap Roux NTZ. During
which, the ecological status of fish assemblages was very
poor (Table 4). Mucilage, originating from planktonic or
benthic algal species, impacts benthic organisms such as
crustaceans, molluscs, coralline algae, sea urchins, and
gorgonians by reducing light penetration and causing hy-
poxic conditions (Giuliani et al., 2005; Schiaparelli et al.,
2007; Piazzi et al., 2018). It has also been linked to both
direct and indirect effects on benthic and pelagic fish pop-
ulations (Dalyan et al., 2021; Karadurmus & Sari, 2022).

Responses of Fish Families to NTZ Status

To further assess the benefits of NTZs, we explored
the presence of three of the most important fish families
to Mediterranean coastal zones: Labridae, Sparidae and
Serranidae (Harmelin-Vivien, 2000) in response to fish-
ing protection. In the Mediterranean, Labridae are primar-
ily type 1 meso-carnivorous teleosts with a variable diet,
feeding on annelids, amphipods, small crustaceans, echi-
noderms and molluscs (Bell & Harmelin-Vivien, 1983;
Astruch et al., 2018). In the past, an increase in Labridae
abundance was observed in areas with heavy fishing ac-
tivity, likely due to decreased top-down pressure by mac-
ro-carnivores (Harmelin-Vivien, 2000). However, our
results indicated no difference in Labridae (L. viridis, L.
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merula and S. tinca) presence for either the SM or L size
classes (Fig. 4). Meanwhile, Sparidae individuals were
more present outside of NTZs for both size classes (SM
& L). Fishes of the Sparidae family include herbivorous
S. salpa, but are mainly type 2 meso-carnivores (Bell &
Harmelin-Vivien, 1983; Astruch et al., 2018), consisting
of several mobile species heavily targeted by recreational
and small-scale fishers:: P. pagrus, S. aurata, S. canthar-
us, L. mormyrus and Diplodus spp. (Rocklin et al., 2011;
Marengo et al., 2014; Kayal et al., 2020). With increased
Sparidae presence in zones with fishing pressure, this
may begin to suggest trophic level imbalance. Contrary
to Sparidae, both Serranidae size classes (SM & L) were
more present inside NTZs. Serranidae (E. marginatus, S.
cabrilla and S. scriba) are primarily macro-carnivorous
feeding on decapod crustaceans, large amphipods, and
teleosts fishes (Bell & Harmelin-Vivien, 1983; Astruch
et al., 2018). With increased macro-carnivore abundance,
as seen in zones absent of fishing pressure, we expect to
see a decrease in the abundance of meso-carnivores (e.g.,

Labridae or Spiridae) simply due to top-down pres-
sure by macro-carnivores (Pauly et al., 1998; Harme-
lin-Vivien, 2000; Lester et al., 2009, Seytre & Francour,
2009).

Responses of Fish Species to NTZ Status

This study also looked at the effects of fishing pro-
tection on the presence/absence of six species with high
ecological importance: four macro-carnivores (D. den-
tex, Sphyraena spp., E. marginatus, S. cabrilla), one me-
so-carnivore (S. umbra) and one herbivore (S. salpa). All
macro-carnivorous individuals were more present inside
zones absent of fishing pressure (Fig. 5). It is important to
first highlight E. marginatus, listed as vulnerable—VU as
of the latest [IUCN report (Pollard ez al., 2018). In France,
E. marginatus has been protected from spearfishing since
1993 and SSFsince 2003 (Pollard et al., 2018). Our re-
sults show a clear positive correlation between NTZ sta-
tus and E. marginatus presence for both size classes (SM
& L). This is an observation that is consistent with previ-
ous studies in Medes Islands MPA, Spain (Garcia-Rubias
et al., 2013), Port-Cros National Park, France (Harmelin
& Ruitton, 2010), and Scandola Nature Reserve, Corsica
(Cottalorda et al., 2012). We did not observe these strong
trends outside of NTZs.

NTZ status has also displayed similar correlations
with other macro-carnivore populations (Cottalorda et
al., 2012). D. dentex is currently the only Sparidae spe-
cies in the Mediterranean classified as vulnerable-VU
by the ITUCN (Carpenter & Russell, 2014). Contrary to
E. marginatus, D. dentex is a highly mobile fish species,
lacking protection in France and the Mediterranean. As a
macro-carnivorous species at the top of the food chain, it
serves a vital role as an indicator species for the structure
and functioning of coastal ecosystems (Seytre & Fran-
cour, 2009; Marengo et al., 2014). In this study, we ob-
served clear positive correlations between the presence
and size structure of D. dentex individuals and NTZ sta-
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tus, a common trend observed in many other MPAs (Cot-
talorda et al., 2012; Garcia-Rubies et al., 2013). In order
to reestablish D. dentex populations outside of NTZs, we
suggest incorporating conservation management policy
temporarily banning recreational and/or small-scale fish-
ing, similar to that seen for £. marginatus and S. umbra.

Sciaena umbra is listed as near threatened—NT as of
the latest [UCN report (Chao, 2020). Similar to research
conducted previously (Garcia-Rubies et al., 2013; Har-
melin-Vivien et al., 2015, Di lorio et al., 2020), NTZs
in our study were positively correlated with the presence
and size structure of S. umbra individuals. We did not
observe the same trend outside of NTZs (Fig. 5), either
suggesting the continuation of illegal leisure fishing, or
that we have yet to see the full recovery of the species. A
full recovery is highly dependent on the size and age of
the species, and it may strictly depend on its home range
and behavioral patterns (Garcia-Rubies et al., 2013).
For species with narrow home ranges, S. umbra and E.
marginatus, it may take up to 50 years to reach carrying
capacity and make a full recovery (Harmelin-Vivien et
al., 2015). This highlights the need for continued long-
term assessments focused on monitoring their recovery
in MPAs, to include zones where data is insufficient. The
citizen science-based FAST protocol could be a useful
and necessary tool used to achieve this.

Future FAST Perspectives

Citizen science has been applied to overcome diffi-
culties associated with field research such as insufficient
time, inadequate funding, and large geographical spatial
scales that may be impractical without the help of a larger
conservation-minded audience. Despite its positive po-
tential, citizen science has been met with data quality con-
cerns (Aceves-Bueno et al., 2017), likely linked to citizen
science data that was more variable when compared to
data collected by scientists (Moyer-Horner et al., 2012).
Yet, applying citizen science to monitor fish assemblages
using FAST was proven effective when compared to its
application by trained professionals (Ben Lamine et al.,
2018), justifying its use in the study. In a similar manner,
results from this research appeared robust enough to meet
the same conclusions as those collected by scientists.

Nevertheless, we consider future adaptations that may
improve the FAST protocol. With the expansion of spe-
cies distribution ranges under climate change, it may be
important to consider including the presence/absence of
exotic species in assessment. One of the most common
biological invasions is the Lessepsian migration, refer-
ring to the transfer of marine organisms from the Red
Sea following the opening of the Suez Canal (Azzurro
et al., 2021). Two herbivorous fish species belonging to
the Siganidae family, the Rabbitfish (Siganus luridus)
and Marbled spinefoot (Siganus rivulatus) are native to
the western Red Sea (Boris et al., 2009; Tsirintanis et
al., 2022). Currently, both species inhabit much of the
eastern Mediterranean as far west as Tunisia (Azzurro
& Andaloro, 2005; Castriota & Andaloro, 2008) and are
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known to compete for habitat and food resources with
native Mediterranean herbivores, such as S. salpa (Dan-
iel et al., 2009). In the summer of 2008, S. luridus was
caught by small-scale fishers in Marseille, France (Daniel
et al., 2009), and most recently in February 2024 in our
study region (CSIL, unpublished data). Other species that
may fall under this category include: Bluespotted cornet-
fish (Fistularia commersonii), the Silver Cheeked Toad-
fish (Lagocephalus sceleratus), and the Lionfish (Pterois
miles), all of which have an ecological and financial im-
pact on native fish assemblages and associated small-
scale fisheries (Coro et al., 2018).

Aside from proposed adaptations to FAST, the proto-
col could also be complemented by incorporating numer-
ical counts for threatened species with high ecological
importance (e.g.,

S. umbra, E. marginatus, D. dentex, etc.). This would
allow researchers to calculate species biomass, further
assess trophic level interactions and evaluate the effec-
tiveness of regional NTZs.
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Fig. App.1: Underwater diving slate, consisting of 23 main species and six joker or rare species (%), used during FAST data
collection.
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Table. App.1. Results of the five calculated FAST indices, mean index (MI), cumulative index (CI), relative species richness
(RSR), proportion of carnivores (CP) and proportion of large individuals (LP), at each dive site each year. We also include the
coefficient of variance (CV), standard deviation (STDEV), and cluster health, indicating the ecological status of fish assemblages
from 1 to 5 (Table 2). If CV was inferior to 30%, this indicated a stable fish assemblage. If the CV was superior to 30% (highlighted
in blue), this indicated a large variation between replicate counts, between observers, or a degradation in fish population structure.

Four sites (4) fall within a no-take zone (NTZ).

Location Dive Site Year MI CI RSR CP LP CV STDEV Cluster
Cannes Fouillée 2018 29.2 57.1 75.4 18.1 30.2 25.5 7.6 1
Cap d’Antibes  Cap Gros 2018 29.2 48.7 50.0 18.1 29.0 15.9 4.7 2
Cap d’Antibes La Boute 2018 24.0 39.1 63.0 9.0 22.5 222 53 3
Cap d’Antibes La Lauve 2018 28.4 50.0 65.2 20.8 29.0 19.2 5.5 2
Cap d’Antibes  Le Grand Boule 2018 23.8 42.1 60.9 9.7 22.9 22.5 53 3
Cap d’Antibes  Péquerolle 4 2018 27.9 42.0 52.2 27.8 26.1 27.6 7.7 2
Cap d’Antibes  Rascoui 2018 30.7 50.6 67.4 18.8 30.8 18.2 5.5 1
Cap d’Antibes ~ Seiche St Pierre 2018 28.4 43.7 63.0 20.8 26.1 15.6 4.5 2
Estérel Grand Cap Roux 4 2018 343 58.6 65.2 50.0 34.8 24.8 8.5 1
Estérel La Vaquette 2018 33.5 51.7 60.9 27.8 43.5 15.8 53 1
Estérel Petit Cap Roux 4 2018 31.8 46.0 56.5 40.3 333 9.3 3.0 2
Estérel Roche d’Aurelle 4+ 2018 314 52.9 73.9 22.7 33.8 19.2 6.1 1
Golfe-Juan Fourmigue 2018 30.1 47.1 60.9 5.6 31.9 13.5 4.1 2
Lérins Bateguier 2018 22.4 49.4 67.4 13.9 18.5 19.3 44 3
Lérins Petite Frangoise 2018 21.7 433 59.4 20.4 19.6 27.2 5.7 3
Lérins St Féréol 2018 22.6 40.2 58.7 17.4 23.6 24.4 5.5 3
Lérins Tradeliére 2018 26.4 443 60.9 17.4 26.4 20.3 5.2 2
Lérins Vengeur 2018 25.1 41.4 65.2 18.1 25.7 15.3 3.8 2
Nice Crau de Nao 2018 29.7 50.6 78.3 12.5 29.0 23.5 7.0 2
Nice Grande Baie 2018 30.3 52.9 69.6 15.3 30.4 21.0 6.4 2
Cannes Fouillée 2019 23.8 50.0 76.1 10.4 232 24.5 5.7 2
Cap d’Antibes  Cap Gros 2019 27.0 48.3 65.2 23.6 26.1 24.5 6.6 2
Cap d’Antibes ~ Graillon 2019 15.7 29.9 52.2 4.2 10.5 23.8 3.8 5
Cap d’Antibes  La Boute 2019 19.9 34.5 56.5 2.8 20.3 15.8 3.1 4
Cap d’Antibes  La Lauve 2019 31.0 48.3 65.2 19.4 32.6 14.1 4.4 2
Cap d’Antibes  Le Grand Boule 2019 26.1 42.5 58.7 11.8 26.8 17.6 4.6 3
Cap d’Antibes  Péquerolle 4 2019 28.4 47.1 56.5 22.2 29.7 214 6.1 2
Cap d’Antibes  Rascoui 2019 26.9 43.1 67.4 12.5 28.3 14.1 3.8 2
Cap d’Antibes  Seiche St Pierre 2019 26.8 46 56.5 16.7 31.9 15.3 4.1 2
Estérel Grand Cap Roux 4 2019 33.9 67.2 78.3 39.6 33.0 30.6 10.3 1
Estérel La Vaquette 2019 34.0 49.4 60.9 28.5 442 11.5 3.8 1
Estérel Roche d’Aurelle 4 2019 30.1 46.0 65.2 21.5 34.8 18.5 5.5 1
Golfe-Juan Fourmigue 2019 29.4 523 69.6 16.0 29.7 21.6 6.3 2
Lérins Bateguier 2019 242 414 63.0 9.0 23.6 14.2 35 3
Lérins Bilitis 2019 23.0 44.8 65.2 14.6 21.7 34.8 7.4 3
Lérins Petite Frangoise 2019 17.6 37.9 56.5 12.5 15.2 243 4.2 4
Lérins St Féréol 2019 18.7 35.6 58.7 13.2 15.2 27.5 5.4 4
Lérins Tradeliere 2019 28.5 47.1 67.4 22.9 27.9 13.5 3.8 2
Lérins Vengeur 2019 17.2 37.9 60.9 6.9 15.2 21.5 3.7 4
Nice Crau de Nao 2019 28.9 45.4 65.2 14.6 27.5 7.8 2.2 2
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Table. App.1. coninued

Location Dive Site Year MI CI RSR Cp LP CV STDEV Cluster
Nice Grande Baie 2019 29.4 44.8 65.2 6.9 28.3 14.4 4.2 3
Nice Grotte a Corail 2019 27.6 43.1 63.0 6.9 26.4 13.5 3.8 3
Nice Tombant Maeterlinck 2019 335 44.8 60.9 29.2 38.4 6.7 2.2 2
Cannes Fouillée 2020 33.1 57.5 67.4 13.9 37.0 342 10.8 2
Cap d’Antibes  Cap Gros 2020 29.8 52.9 67.4 19.4 29.0 29.1 8.7 2
Cap d’Antibes  Graillon 2020 28.0 51.7 69.6 17.4 28.6 25.5 8.0 2
Cap d’Antibes  La Boute 2020 24.5 42.5 69.6 6.9 24.6 25.1 6.2 2
Cap d’Antibes  La Lauve 2020 37.0 64.4 73.9 333 41.3 15.5 5.7 1
Cap d’Antibes  Le Grand Boule 2020 23.6 44.8 69.6 13.9 19.9 30.2 7.1 3
Cap d’Antibes  Péquerolle 4 2020 37.2 55.2 65.2 389 39.9 17.0 6.3 1
Cap d’Antibes  Rascoui 2020 30.8 59.2 69.6 20.8 333 235 6.7 1
Cap d’Antibes  Seiche St Pierre 2020 234 414 56.5 9.7 22.5 20.6 4.8 3
Estérel Grand Cap Roux 4 2020 26.3 40.2 457 40.3 24.6 19.4 52 2
Estérel La Vaquette 2020 26.5 47.1 65.2 7.6 28.3 15.5 4.1 2
Estérel Petit Cap Roux 4 2020 34.0 56.7 62.3 44 .4 33.6 22.3 7.6 1
Estérel Roche d’Aurelle 4 2020 30.4 60.9 76.1 29.2 355 28.0 8.5 1
Golfe-Juan Fourmigue 2020 29.1 49.1 68.5 15.6 322 21.3 6.2 2
Lérins Bateguier 2020 233 43.7 63.0 16.0 232 27.6 6.2 2
Lérins Bilitis 2020 23.6 42.5 54.3 18.1 26.4 27.9 6.6 3
Lérins Petite Francgoise 2020 18.5 36.8 50.0 15.3 18.8 26.8 4.8 4
Lérins St Féréol 2020 19.2 48.3 69.6 22.2 20.3 17.3 33 3
Lérins Tradeliére 2020 21.7 37.9 522 12.2 22.5 17.9 6.1 3
Lérins Vengeur 2020 16.3 36.8 56.5 10.2 15.5 34.4 53 4
Nice Causiniere 2020 27.1 50.6 71.0 19.9 26.3 22.9 6.3 2
Nice Crau de Nao 2020 24.7 44.8 73.9 4.2 22.5 24.4 6.0 3
Nice Grande Baie 2020 30.8 47.1 65.2 13.9 333 233 7.2 2
Nice Grotte a Corail 2020 30.1 44.8 65.2 9.7 32.6 21.1 6.4 2
Nice Le Lido 2020 19.5 40.2 65.2 13.9 18.8 27.1 53 4
Nice Tombant Maeterlinck 2020 30.7 48.3 65.2 25.0 322 14.6 4.5 2
Cannes Fouillée 2021 28.4 48.9 69.6 10.4 304 18.1 5.1 2
Cap d’Antibes ~ Graillon 2021 16.5 35.6 56.5 6.9 18.1 22.6 3.6 4
Cap d’Antibes La Lauve 2021 27.2 52.9 73.9 20.8 29.7 20.3 5.5 2
Cap d’Antibes  Le Grand Boule 2021 25.7 46.0 65.2 15.3 24.6 22.1 5.7 2
Estérel Petit Cap Roux 4 2021 29.9 44.8 47.8 47.2 31.2 42.6 12.7 2
Golfe-Juan Fourmigue 2021 26.9 49.4 71.0 10.6 26.8 20.7 5.6 2
Lérins Bilitis 2021 21.5 43.1 60.9 11.1 19.9 21.4 4.6 4
Lérins Petite Frangoise 2021 25.9 40.5 57.6 18.4 24.8 25 6.3 3
Lérins Tradeliére 2021 22.8 46.0 63.0 11.1 22.8 20.9 4.9 3
Lérins Vengeur 2021 20.3 352 55.7 10.6 19.7 20.0 3.9 4
Nice Causiniére 2021 16.5 36.5 522 11.5 13.2 37.8 6.3 4
Nice Crau de Nao 2021 33.0 44.8 69.6 9.7 34.1 17.7 5.8 2
Nice Grande Baie 2021 24 46 69.6 9 23.2 27.7 6.5 2
Nice Tombant Maeterlinck 2021 33.9 52.9 69.6 23.6 333 15.3 52 1
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Table. App.1. coninued

Location Dive Site Year MI CI RSR CP LP CV STDEV Cluster
Cannes Fouillée 2022 37.7 56.3 65.2 23.6 37.0 13.3 5.0 1
Cap d’Antibes  Le Grand Boule 2022 25.3 39.7 52.2 13.2 27.9 16.7 4.3 3
Cap d’Antibes  Rascoui 2022 20.3 34.5 56.5 2.8 20.3 10.5 2.1 4
Golfe-Juan Fourmigue 2022 28.1 46.6 65.2 11.1 29.7 27.2 7.7 2
Lérins Bateguier 2022 25.7 433 66.7 21.3 27.5 17.6 4.6 2
Lérins Bilitis 2022 28.0 46.0 56.5 19.4 254 28.2 7.9 3
Lérins Petite Frangoise 2022 27.1 443 60.9 19.4 26.1 21.4 5.8 2
Lérins St Féréol 2022 21.0 35.6 60.9 9.7 28.3 15.6 2.8 3
Lérins Tradeliére 2022 332 50.6 62.3 27.3 35.7 16.6 5.5 1
Lérins Vengeur 2022 24.7 48.3 69.6 17.4 25.0 23.5 5.4 3
Nice Causiniere 2022 31.2 51.7 73.9 20.8 37.0 12.6 3.9 1
Nice Crau de Nao 2022 28.6 47.7 67.4 9.7 29.5 13.4 3.8 2
Nice Grande Baie 2022 30.8 47.1 73.9 9.7 29.7 11.2 3.4 2
Nice Grotte a Corail 2022 36.2 55.2 82.6 12.5 34.8 13.7 5.0 1
Nice Le Lido 2022 27.4 39.1 65.2 6.9 27.5 11.2 3.1 3
Nice Tombant Maeterlinck 2022 35.1 44.8 60.9 29.2 34.1 15.9 5.6 2
Cannes Fouillée 2023 28.7 44.8 60.9 8.3 26.8 15.0 4.3 2
Cap d’Antibes  Cap Gros 2023 32.0 51.1 71.7 25.0 32.2 12.6 4.0 1
Cap d’Antibes  Graillon 2023 25 41.4 67.4 4.9 25 21.2 5.3 3
Cap d’Antibes  La Boute 2023 30.7 47.1 69.6 11.1 333 18.2 5.6 2
Cap d’Antibes  La Lauve 2023 343 48.3 65.2 22.2 37.0 13.6 4.7 1
Cap d’Antibes  Le Grand Boule 2023 22.7 41.0 71.0 12.0 19.3 25.5 5.6 3
Cap d’Antibes  Péquerolle 4 2023 32.1 47.5 56.5 41.2 32.1 15.1 4.8 2
Cap d’Antibes  Rascoui 2023 28.6 443 67.4 10.4 29.3 22.7 6.5 3
Cap d’Antibes  Seiche St Pierre 2023 28.8 54.0 69.6 14.6 29.7 16.1 4.6 2
Estérel Grand Cap Roux 4 2023 18.8 322 39.1 34.7 15.9 14.3 2.7 5
Estérel La Vaquette 2023 26.4 44.8 63.0 14.6 26.8 26.7 7.0 2
Estérel Petit Cap Roux 4 2023 34.9 55.2 69.6 50.0 384 27.4 9.6 1
Estérel Roche d’Aurelle 4 2023 324 47.7 69.6 25.0 33.7 16.6 53 1
Golfe-Juan Fourmigue 2023 32.8 49.4 69.6 12.5 34.8 24.5 8.0 2
Lérins Bateguier 2023 17.1 33.9 543 13.9 13.4 21.4 3.7 4
Lérins Bilitis 2023 24.9 36.8 53.6 13.4 27.3 15.6 3.8 3
Lérins Petite Frangoise 2023 18.2 35.6 52.2 12.5 15.9 32.8 6.0 4
Lérins St Féréol 2023 21.9 34.5 52.2 14.6 22.1 32.1 6.9 3
Lérins Tradeliere 2023 324 47.1 60.9 23.6 333 13.4 43 1
Lérins Vengeur 2023 274 47.1 34.8 13.9 24.6 16.4 4.5 3
Nice Grande Baie 2023 27.8 57.5 87.0 13.9 23.2 23.5 6.5 2
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