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Abstract: Coastal fishes are not only valuable elements of marine biodiversity, but they also play
an important ecological role in the functioning of coastal ecosystems: food resource, transfer of
nutrients, predators. Therefore, data on the compositions of fish assemblages are of great importance.
The objectives of the present study were to (i) define the faunistic characteristics of a typical fish
community on the Mediterranean coast; (ii) investigate spatiotemporal changes in fish assemblages.
Based on a set of indices (Fast protocol) and a long-term data set (6 years, 612 visual counts, 154 h of
diving), changes in coastal fish communities were analyzed. Our results indicated that there was a
significant shift in fish community structure, with a general decline of the calculated indices. In our
study, part of the observed variability in fish assemblage structure could be due to different factors as
site location and sampled year. The changes in the fish assemblages associated with inter-annual
fluctuations observed in this study also provide important insights into how fish communities may
change under environmental and anthropogenic influences.
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For millions of people in the Mediterranean, seafood is an important food resource
that has ensured their livelihood over the centuries; however, this resource is threatened by
local and global impacts. Out of the 519 native marine fish species and subspecies included
in the International Union for the Conservation of Nature (IUCN) regional assessment for
the Mediterranean Sea, more than 8% (43 species) are classified in threatened categories
(critically endangered, endangered, or vulnerable) [1]. In many marine communities,
changes in faunal assemblages have been observed; these changes can be explained by
environmental factors (temperature, salinity, pH) and anthropogenic stressors, such as
fishing (removal of key predators and pastures) [2], pollution [3], invasive species [4],
and/or climate change [5]. These drivers can impact marine communities at different levels,
from individual physiology and population-level changes (altering growth, reproductive
capacity, and mortality) to community and ecosystem shifts (modifying productivity,
structure, and composition) [6].
In this context, to better understand the structure and dynamics of marine populations,
the study of species diversity and abundance is fundamental [7]. Coastal fishes are not only
valuable elements of marine biodiversity, but they also play an important ecological role in
the functioning of coastal ecosystems: food resource, transfer of nutrients, predators [8,9].
Therefore, data on the compositions of fish assemblages are of great importance [10].
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For the assessment and monitoring of key fish assemblage characteristics, various techniques are being used to better understand the status and trends of fish populations [11].
Counting organisms is a basic and central component of ecology, management, and conservation [12]. A multitude of techniques have been used to collect quantitative data on the
organization and abundance of fish, including underwater visual census (UVC): remote
underwater video, baited video, acoustics, gillnets, traps, and various fishing methods [13].
Among the various sampling methods that have been in use since the 1950s, UVC is one
of the most commonly applied methods for assessing the status of coastal fish communities [14]. Fishery-independent techniques, such as UVC, can be used to determine and
quantify the species richness and abundance and fish distribution and sizes [15].
UVC is especially effective because it is one of the few non-destructive methods for
collecting quantitative data on marine communities that include highly mobile species,
such as fish [16]. A wide variety of UVC methods exists, such as stationary point counts,
transects, and timed swims [17]. There are several advantages to this method: UVC is a
non-size-selective, technically simple, and relatively inexpensive sampling technique [18].
UVC techniques are useful for characterizing a wide range of fish sizes and behaviors as
well as habitat types (especially in architecturally complex habitats). Another important
benefit is that they can be easily learned by divers, who may thereby simultaneously and
rapidly record information on environmental variables [19]. These sampling methods
(both targeting and not targeting fisheries taxa) have provided a better understanding
of the ecological effects of fishery exploitation and environmental disturbance of coastal
ecosystems [20]. UVC techniques are very flexible for field implementation of any sampling
plan, allowing for a wide variety of ecological issues to be addressed [21].
Despite the many benefits and global use of UVC, some limitations and operational
difficulties deserve attention [22]. Many biases have been identified and are well documented, such as the physiological constraints of scuba diving, diving time, fish activity,
individual fish response (attraction or escape), and bias in the estimation of the abundance
of cryptic, elusive, hidden, or small-sized fish [23]. For example, it is also known that
UVC results are influenced by the complexity of the environment, the community richness,
and the visibility [24]. Despite its limitations, UVC remains by far the most popular and
reliable method available for investigating fish populations and supporting conservation
and fishery management decisions [25].
The objectives of this study were to (i) define the faunistic characteristics (composition, structure, species richness) of a typical fish community on the Mediterranean coast;
(ii) understand spatiotemporal changes in fish assemblages.
2. Materials and Methods
2.1. Sampling Locations
This study was conducted at the French Mediterranean coast, in the Calvi bay area
(Corsica, Northwestern Mediterranean Sea). The study area included three sites off the Corsican coast: Revellata, Saint Francois, Spano, characterized by different geomorphological
features and human pressures (Figure 1). All three sites were sampled to a maximum depth
of 30 m. The Revellata zone is an uneven and rocky area (presence of cavities, overhangs,
slopes). It is located inside a classified Natura 2000 zone (FR9400574; FR9402018) and
was considered a reference zone with high species biodiversity. Flora and fauna species
belonging to remarkable genuses, such as Cystoseira, Epinephelus, and Palinurus, were
frequently encountered there. There are rich natural areas, characterized by the presence of
coralligenous, P. oceanica meadows, and infralittoral rocks with photophilic algae. Colonies
of Eunicella and Parazoanthus colonized the slopes and overhangs, which made this zone
rich and attractive to dive. As a result, it is a recognized dive site and is very popular with
local clubs (peaks of up to 100 dives per day in summer).
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dive clubs, who visit this site daily (more than 60 dives per day in summer). This site is
therefore subject to significant anthropogenic pressure.
This study was conducted over a period of 6 years (2012 and 2017) between April
and September. A total of 154 h in 612 visual counts were performed by scientific divers.
To assess seasonal variation in diversity and abundance of the fish assemblages, sampling
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activities were carried out in spring (April, May, June) and summer (July, August, September).

Figure 1. Sampling sites’ locations in the Calvi Bay (Corsica, France): Revellata, Saint-Francois, Spano.
Figure 1. Sampling sites’ locations in the Calvi Bay (Corsica, France): Revellata, Saint-Francois, Spano.

Spano is the zone that is the least impacted by urban activities, 5 km away from Calvi
city center, with 5410 inhabitants. However, professional and recreational fishing activities
are not negligible. It was classified as an attractive site for diving with an average level of
richness of heritage species. Spano is a rocky site. These rocks are colonized by numerous
coralligenous colonies at a depth of 30 m, then mainly infralittoral rocks and P. oceanica
meadows near the coast.
The Saint-François zone is located only a few hundred meters away from the urban
area of Calvi. The bottoms are essentially areas of coastal detrital, but there is also the
presence of areas of infralittoral rocks covered with algae and P. oceanica meadows. It is,
therefore, directly influenced by the harbor area of Calvi and by sewer outfall discharges
(mean daily flows 2965 m3 ). In addition, the proximity of the harbor is an asset for local
dive clubs, who visit this site daily (more than 60 dives per day in summer). This site is
therefore subject to significant anthropogenic pressure.
This study was conducted over a period of 6 years (2012 and 2017) between April
and September. A total of 154 h in 612 visual counts were performed by scientific divers.
To assess seasonal variation in diversity and abundance of the fish assemblages, sampling activities were carried out in spring (April, May, June) and summer (July, August,
September).
2.2. Fish Assemblage Sampling Technique (FAST)
The Fish Assemblage Sampling Technique (FAST) is a UVC method designed for
routine monitoring of coastal areas [26]. Indices calculated from data collected with FAST
censuses can be used as proxies of variables describing the structure and composition (e.g.,
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species richness, total density, size) of fish assemblages [10]. For each sampling site, the
data collection consisted of a minimum of six replicates of 15 min visual scans, carried out
at a depth between 10 and 25 m, covering all kinds of substrata (sand, seagrass, rocky areas),
along a random pathway using SCUBA diving. For each visual scan, the presence/absence
of fish species from a pre-determined list (Table 1) and their size class were recorded.
The 28 species selected (Table 1) include species that are targeted by professional and/or
recreational fishers (e.g., net fishing, spearfishing, or angling), easily identified underwater,
with largely non-cryptic lifestyle, and/or endangered species. Here, two size classes were
considered: large fish, i.e., longer than two-thirds of the maximum body size of each species,
and small fish, shorter than two-thirds of maximum size [26,27]. The maximum length of
each species was obtained from fishbase.org. An index (I) was calculated and weighted
according to species and size. “Key” species received a higher weight (×2) than the rest
(×1). Key species were considered to be those with a high commercial or ecological value
or those that are endangered (e.g., Epinephelus marginatus, Phycis phycis, Sciaena umbra).
For several species, a single size class (the largest) was considered as key (e.g., for Dentex
dentex, Sparus aurata, and Dicentrarchus labrax). Based on the 6 replicates, four indices were
calculated as proxies of the structure of fish assemblages.
Table 1. List of species selected during the FAST sampling and trophic category (from fishbase.org).
Fish Family

Species

Trophic Level

Carangidae
Congridae
Dasyatidae
Hippocampinae
Labridae
Sparidae

Seriola dumerili
Conger conger
Dasyatis spp.
Hippocampus spp.
Labrus spp.
Diplodus annularis
Diplodus cervinus
Diplodus puntazzo
Diplodus sargus
Diplodus vulgaris
Dentex dentex
Lithognathus spp.
Pagrus spp.
Sarpa salpa
Sparus aurata
Spondyliosoma cantharus
Serranus scriba
Epinephelus marginatus
Symphodus tinca
Dicentrarchus labrax
Mugil spp.
Mullus surmuletus
Muraena helena
Myliobatis spp.
Phycis spp.
Sciaena umbra
Scorpaena scrofa
Sphyraena spp.

4.5
4.3
4.3
3.2
3.9
3.6
3.0
3.2
3.4
3.5
4.5
3.4
3.9
2.0
3.7
3.3
3.8
4.4
3.3
3.5
2.5
3.5
4.2
3.6
4.3
3.8
4.3
4.0

Serranidae

Moronidae
Mugilidae
Mullidae
Muraenidae
Myliobatidae
Phycidae
Sciaenidae
Scorpaenidae
Sphyraenidae

The carnivores’ proportion (CP) is the average number of observed carnivorous
species/individuals. Next to the small/medium-sized grouper (Epinephelus marginatus),
which was considered as a carnivore, only large individuals with trophic level >3.7 were
considered carnivores. The proportion of large individuals (LP) is the average number of
large individuals observed in the same census. The mean index (MI) was computed as
the average of the six index values and is a proxy for size classes occurrences and species
density. The relative species richness (RSR) was calculated as the average number of species
observed after pooling the six replicate visual scans per survey. For each site, the FAST
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indices were calculated as the arithmetic mean of the stations and expressed as percentages
(100% = theoretical maximum value). The four FAST indices were calculated as follows:

− Carnivore proportion (CP) = Mean number of observed carnivores species;
− Proportion of large individuals (LP) = Mean number of large size individuals observed
in the same census;
− Mean index (MI) = Mean number of six “Index” values based on six censuses;
− Relative Species Richness (RSR) = Mean number of species observed based on six
censuses.
In order to complete this information, a coefficient of variation (CV) was then calculated from the values of the four indices obtained per station. It allowed for assessing
the fish assemblage variability. If the coefficient of variation was greater than 30%, this
indicated a degradation of the fish population structure.
2.3. Sea Water Temperature
To establish the environmental baseline, seawater temperature was measured bimonthly from April to October between 2012 and 2017 during sea campaigns. The sampling
point chosen was close to the three sampling stations (42.573056◦ N, 8.757222◦ E) in order
to provide representative values of the temperature regime conditions of the bay. Vertical
profiles of temperature were performed with a conductivity, temperature, and depth probe
(CTD) (Aanderaa, RCM9; YSI, Model 6600). During its immersion, the CTD recorded the
water temperature every 0.5 s, enabling the characterization of the water column vertical
structure. The data collected were plotted using the Ocean Data View (ODV) software
(a software package for the interactive exploration and graphical display of multiple
parameters developed for oceanographic observations).
2.4. Data Analyses
Multivariate analyses were employed to assess differences in fish assemblage structure.
The indices (CP, LP, MI, RSR) were separately analyzed using resemblance matrices based
on Euclidean distances. All matrices were analyzed through a three-way permutational
analysis of variance (PERMANOVA), using “Location” as a random variable, with three
levels: Revellata, Saint Francois, and Spano, “Season” as a random variable with two levels:
spring, summer, and “Year” as a random variable with, six levels: 2012, 2013, 2014, 2015,
2016 and 2017.
Spearman rank correlation tests were used to compare (i) relative species richness,
(ii) proportion of large individuals, (iii) proportion of carnivores, and (iv) mean index
with bottom seawater temperature. The average depth of the census was approximately
20 m deep. The average water temperature at 20 m depth from the CTD data was used to
perform the correlation tests. The objective was to assess the effect of temperature on fish
abundance based on the frequency of observation.
3. Results
During the sampling, of the 28 selected species, on average by count there were 16,
15 and 13 different species recorded at the sites of Revellata, Saint-Francois, and Spano,
respectively. The proportion of carnivores, size structure, and species richness of fish
assemblages differed between zones and years. The PERMANOVA tests on the four indices
(MI, RSR, CP, LP) revealed that there were significant differences between zones and years
(p-value = 0.001, for all, Table 2). No significant seasonal differences were observed for the
four indices (p-value ≥ 0.05, for all). Concerning the RSR, CP, and LP indices, a significant
Zone*Year-level interaction was detected. Similarly, interactions between Zone*Season and
Year*Season were detected, but only for the RSR index. For the other three indices (CP, LP,
MI), no interactions were highlighted (Table 2). Significant differences between zones were
observed. The highest MI values were observed at Revellata, followed by Saint-Francois,
followed by Spano (Figure 2). The same trend was recorded for the CP and LP values. The
Revellata zone had the highest proportion of carnivores, larger fish, and a more diverse fish
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community than the other two zones (Figure 2). Conversely, the highest RSR values were
observed at Saint-Francois, followed by Revellata, followed by Spano. In terms of RSR
values, there was a significant difference between Revellata or Saint-Francois and Spano.
Table 2. PERMANOVA applied on FAST census to assess differences in fish assemblage structure. The indices Carnivores
Proportion (CP), Large Proportion (LP), Mean Index (MI), and Relative Species Richness (RSR) were separately analyzed
using resemblance based on Euclidean distance. * p < 0.05; ** p < 0.01;*** p < 0.001.
FAST

Indices

MI

RSR

CP

LP

Sources

Df

MS

P (perm)

MS

P (perm)

MS

P (perm)

MS

P (perm)

Zone

2

564.240

0.001 ***

473.650

0.001 ***

1926.600

0.001 ***

537.440

0.001 ***

Year

5

446.770

0.001 ***

424.370

0.001 ***

454.870

0.001 ***

1055.200

0.001 ***

Season

1

2.394

0.656

21.815

0.333

45.692

0.067

2.377

0.757

Zone × Year

10

27.617

0.060

142.620

0.001 ***

87.420

0.001 ***

68.504

0.007 **

Zone × Season

2

28.966

0.152

82.035

0.042 *

9.980

0.491

37.043

0.221

Season × Year

5

14.528

0.438

147.530

0.001 ***

32.945

0.070

24.189

0.430

Zone × Year ×
Season

7

9.596

0.695

38.115

0.170

12.862

0.462

7.395

0.944

Res

75

14.348

DiversityTotal
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Figure 2.
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Annual fluctuations in the FAST indices were observed in the three zones. The trend
of the four indices between 2012 and 2017 in relation to the factors “Zone” and “Year” is
presented in Figure 3. The PERMANOVA pairwise comparison between the different
years sampled revealed a significant decrease in the MI, LP, and CP indices over time. A
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Annual fluctuations in the FAST indices were observed in the three zones. The trend
of the four indices between 2012 and 2017 in relation to the factors “Zone” and “Year”
is presented in Figure 3. The PERMANOVA pairwise comparison between the different
years sampled revealed a significant decrease in the MI, LP, and CP indices over time. A
temporal decline in the indices MI, LP, and CP was observed for all zones (Figure 3). For
example, in Saint-Francois and Revellata, LP declined by 67% and 64% from 2012 to 2017,
respectively. RSR values for the Spano and Revellata zones were relatively stable and did
Diversity 2021, 13, x FOR PEER REVIEW
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not exhibit any marked differences; however, a dramatic decrease was observed from8 2015
(81.30) to 2017 (59.13) in the Saint-Francois zone.
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in strength in July and August (Figure 4). During the maximum stratification period, with
surface temperatures above 23 ◦ C (between July and August), significant oscillations of
the thermocline were observed, with clear differences between years. The 2017 summer
presented deeper and warmer thermoclines compared to other years (Figure 6). The mean
seawater temperature at 20 m in the 2017 summer was 23.04 ◦ C, which was higher than that
of previous years (2012 = 19.21 ◦ C; 2013 = 20.60 ◦ C; 2014 = 22.45 ◦ C; 2015 = 20.06 ◦ C; 2016 =
Diversity 2021, 13, x FOR PEER REVIEW
9 of
14
22.75 ◦ C). We found no significant correlation between bottom seawater temperature
and
the values of RSR, LP, CP, and MI (Spearman test, p ≥ 0.05).
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Figure 4. Stratification temperature maps showing the inter-annual variability of the temperature
at
the study site (the Calvi bay area) from March to September for the years from 2012 to 2017.
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Figure 6. Summer (July/August) mean temperature in the Calvi bay area from 2012 to 2017.

4. Discussion
In this study, the FAST indices showed spatial and temporal variations, with significant interannual variations but no seasonal changes (only spring and summer were tested
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4. Discussion
In this study, the FAST indices showed spatial and temporal variations, with significant
interannual variations but no seasonal changes (only spring and summer were tested in
our dataset). Differences between areas were observed. Indeed, the indices varied greatly
between the different areas, with high values in the Revellata zone and lower values in
the two other sites. The Revellata zone had higher values of species richness, the most
diversified trophic structure, and larger proportions of large individuals, which implies
that this area exhibits favorable environmental conditions. Habitat differences, however,
may have an effect, as they influence vertical and geographical differences between fish
communities. The structure and complexity of the seascape of the Revellata zone are very
high (rocky outcrops, sand, coralligenous, Posidonia oceanica meadows, etc.) compared
to the complexity of the seascapes of the Saint-François and Spano zones [28]. Habitat
structure is one of the factors that is likely to explain the variability in Mediterranean fish
assemblages, at least for some species and assemblage parameters [29]. In our data, part of
the observed variability in fish assemblage structure could be attributable to this factor. The
seascape LIMA index corresponding to the richness of heritage species and the topographic
quality, calculated for the same sites in the Calvi Bay area supports our results (Gobert
et al., 2014): sites with high complexity have high richness.
The Revellata zone is located in the immediate vicinity (<500 m) of a fishery reserve, a
marine protected area (cantonnement) of 1074 ha, created by ministerial decree on 20 June
1978. The variation in the structure of the fish assemblage and the observed differences
could result from this protection status, as the Revellata zone may benefit from a “spillover
effect”. Fishing restrictions in the fishery reserve may result in to increase in the biomass of
exploited species, which, under certain conditions, can promote spillover effects (export
of biomass, net emigration of adults, and juveniles across borders) to the surrounding
non-protected areas [30]. Conversely, indices values in the Spano zone were very low, as
fish assemblage structure and composition were characterized by low species richness,
total density, and fish body size.
The FAST method indicated a decrease in the proportion of large individuals (LP)
within all three areas. Fishing pressure may have influenced this pattern. Previous studies
have demonstrated that large individuals of commercially valuable species are primarily
eliminated by fishing because they have the highest market value [31]. The intensity of
anthropogenic disturbances, particularly from artisanal and recreational fisheries, may
affect species directly (e.g., size patterns, age structure, distribution) or indirectly through
interspecific interactions [32]. Changes in species-specific differential distributions could
potentially alter interspecific interactions and food webs and exert significant impacts on
fisheries [33].
Our results indicated a significant change in fish assemblage structure, with a general
declining trend in the calculated indices. This decrease can be interpreted as the degradation of fish populations, as evidenced by the increase in the coefficient of variation (e.g., CV
+75%, +40%, +128% from 2012 to 2017 in the three zones). This pattern could be explained
by numerous factors related to habitat and food preferences, social behavior, and natural
occurrences [34]. Potential reasons for the decline include increased fishing, pollution, and
changes in life-history traits, and seawater temperature [35].
Among all environmental factors, it is assumed that seawater temperature is the
factor with the greatest effect on fish [36]. Species are sensitive to variations in seawater
temperature at different stages of their lifecycle, which means that temperature effects
are critical to the success of maturation, spawning, egg survival, and recruitment [37].
During the study period, we observed a typical thermal stratification (thermocline) for the
northwestern Mediterranean Sea [38]. The oceanographic conditions in the Mediterranean
are characterized in summer by high stability of the water column and high temperatures
due to solar radiation, resulting in a strong stratification of the water column [39]. This
permanent stratification, which begins in the spring, is reinforced during the summer. The
thermocline is known to exhibit strong vertical oscillations over short periods, such as
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a few hours or days, which are mainly caused by wind, water masses movement, local
hydrographic variations induced by the coastal orientation, and bathymetry [38].
Here, some temporal variations in fish assemblages could be explained by the warmer
seawater in 2017 compared to previous years. In fact, the seawater temperature in the
summer of 2017 was exceptionally high, with the temperature at 20 m exceeding 24 ◦ C
for 28 days. Previous studies have revealed that the intensity of stratification of coastal
waters, which produces longer and warmer summers due to global warming, occurs in the
Northwestern Mediterranean Sea [39]. Several studies have demonstrated that changes in
seawater temperature have direct effects on organisms’ physiology and behavior, affecting
growth, reproductive capacity, and mortality. Temperature changes also have indirect effects on the ecosystem, modifying population productivity, structure, and composition [40].
In recent years, changes in fish distribution have been described, with depths generally
changing as fish follow their optimal temperature range [41]. Some species may migrate to
other areas, and some move to deeper water, including under the thermocline [42]. The
increase in seawater temperature may have prompted some species to migrate to deeper
waters. These deeper waters have been able to serve as refuge areas for these particularly
sensitive and vulnerable species, especially larger fishes.
This study does provide evidence that species assemblages are influenced by different
factors. The response of the fish was clear and significant and tended to decrease over time
at the three sites, but no significant differences between the seasons were observed. Even if
different hypotheses have been put forward to explain these variations, we would like to
remind you that, in our case study, only the predictor variables “Year”, “Location”, and
“Season” were tested in our dataset. These differences observed are real, they exist, but our
results did not allow us to fully discriminate their origins. They are certainly multiparametric and multifactorial, and additional research is needed to explain these variations. To
continue this process and improve results, measurements of additional abiotic and biotic
factors that are closely associated with fish communities would be needed. These parameters can be used to refine explanatory models between fish communities and environmental
variables. Taking continuous high-frequency measurements at different depths using a data
logger would allow a more precise interpretation of the water temperature. In addition,
there may be a cumulative and synchronous effect of the multiple stressors of anthropic
and/or natural origins that can disturb the equilibrium within these assemblages [43].
Thus, it is necessary to better understand how these factors interact with each other and
affect the variability of natural populations. The combination of traditional sampling methods and innovative emerging technologies, such as remote sensing, echo-sounder transects,
bioacoustics, or even environmental DNA metabarcoding would provide a more holistic
view of marine communities. Therefore, the combined use of complementary methods
would provide a more complete picture of biodiversity. This information could therefore
have major implications for the conservation of species. It is recognized that long-term
monitoring at the community level is necessary and crucial to better understand the nature
and extent of these impacts [44]. Given the current situation, future continuous monitoring
at the community level is needed throughout the Mediterranean area.
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