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Abstract: Posidonia oceanica meadows, known to be valuable marine ecosystems, have been reported
to be in decline as a result of human activities in recent decades. However, it is still controversial if this
decline is a global phenomenon or it is caused by specific disturbances related to human development
at a local scale. In order to evaluate changes in P. oceanica meadows, in this study, monitoring data
obtained at 14 stations along the Mediterranean coast near Alicante, Spain, over a 20-year period were
analyzed. Field data were obtained through the citizen science project POSIMED, which had the aim
of carrying out annual monitoring of both shallow and deep P. oceanica meadows along the coast near
Alicante and determining whether their ecological status was changing over time. The percentage
cover of living P. oceanica and dead matte and shoot density data were used to assess the ecosystem
status and to determine whether there had been an overall regional decline in seagrass over the
20-year period. Both cover and density data showed a significant positive trend at most locations.
However, the amount of dead matte was noted to slightly increase with time while six shallow and
one deep station showed a negative P. oceanica cover trend, indicating that in certain locations meadow
regression might be taking place. Shoot density decreased with depth and increased with the amount
of rock cover; its correlation with the dead matte percentage was unclear, which probably means that
a range of different factors can result in the presence of dead plants. These results support the idea
that local disturbances are the cause of seagrass decline in the Mediterranean, thus demonstrating the
need for management plans that focus on local stressors of P. oceanica meadows at specific locations.
Long-term, large-scale monitoring allows the ecosystem status in the western Mediterranean to be
assessed; however, local disturbances can also affect specific locations.

Keywords: seagrass long-term dynamics; environmental monitoring; citizen science; seagrass meadows;
seagrass conservation; population dynamics; western Mediterranean seagrass

1. Introduction

Seagrass meadows are identified as ecosystems that provide a wide range of both en-
vironmental and socioeconomic services in coastal areas around the world, such as primary
production, supporting fisheries or sediment stabilization [1–4]. The Mediterranean Sea
plays a central role the marine phanerogam Posidonia oceanica [5–7]. This plant, which is en-
demic to the Mediterranean and is an excellent bioindicator of the coastal environment due
not only to its longevity, slow growth rate and wide distribution along the Mediterranean
coast but also because of its sensitivity to environmental stressors [8–11]. In fact, this species
has shown to rapidly respond to impacts, e.g., pollutant bioaccumulation, physiological
responses to temperature and salinity variations, and low survival rate due water quality
loss [5,12–16].
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P. oceanica meadows provide a variety of ecosystem services [5,17], which include high
rates of primary production [7], oxygen production, and carbon dioxide storage [18,19].
As a habitat, several species are directly or indirectly dependent on these meadows,
and coastal fisheries are significantly supported by them [1,20]. P. oceanica meadows
also contribute to coastal sedimentary dynamics as they reduce the energy of waves and
protect the coastline from erosion, both as the living matte and banquettes formed by the
natural accumulations of dead leaves in the shore [21,22]. For these reasons, the species is
currently protected by the European Union as a priority habitat by the Habitat Directive
92/43/EEC and as a bioindicator by the Marine Strategy Framework Directive 2008/56/EC.

Given the relevance of P. oceanica meadows to the coastal environment and the range
of anthropogenic and natural impacts that they suffer [23–28], it is of great importance
to assess ecological status and change over time for these ecosystems. In fact, coastal
development, marine pollution, global warming, and alien species in coastal areas have
caused the decline of marine angiosperms worldwide [23,27–29], with P. oceanica among
them, and many studies have reported a general regression of P. oceanica meadows due
mainly to anthropogenic disturbances [29].

P. oceanica, such as other seagrass species, has been considered to be in a general
decline, and large-scale studies throughout the Mediterranean basin have reported a general
decline of these ecosystems in the last decades [28–34]. However, other recent studies have
shown that the decline in P. oceanica is slowing down or even stabilizing [31–36], and the
authors consider that the decline is not a global process but is caused by local disturbances.
The main challenge in assessing the temporal changes in P. oceanica meadows is the species’
slow growth rate [32], as it requires several years of data to properly estimate trends
of these ecosystems. To this aim, data from two decades of P. oceanica monitoring were
used to determine if there is evidence of a general decline in shallow meadows of the SE
Spanish coast.

This study had two main objectives:

• To analyze the evolution of P. oceanica cover, dead matte, and shoot density between
2002 and 2021 in shallow and deep meadows at 14 locations near Alicante, Spain,
using the data from the POSIMED citizen science network.

• To determine which environmental factors influence general trends in these descriptors
over time.

2. Materials and Methods

The study area included the coastline of Alicante province, with 14 stations along
200 km from Dénia to Campoamor (Figure 1).

The POSIMED monitoring program started in 2002. Since then, annual monitoring has
been carried out until 2021. However, because of logistical and financial problems, not all
locations were sampled every year (Table 1). Percentage cover and shoot density data
were collected during the summer months (July–September) by researchers and supervised
trained volunteers.

Among descriptors used to determine the ecological status of seagrass meadows,
the two most commonly used are percentage cover and shoot density, as mentioned above.
These descriptors have also been shown to provide accurate assessments of seagrass sta-
tus at the population level while being relatively easy to measure [8,34–37]. Both the
researchers and volunteers made in situ measurements during scuba dives. In order to
assess percentage cover, 25-m random linear transects were made. In each transect, a dis-
tinction was made between living P. oceanica meadow, dead P. oceanica or dead matte, rock,
sand, and other macrophytes. The percentage cover (%C) was then calculated as follows.

%C = 100 × Distance (m) covered by P. oceanica
25

(1)

The same method was used to calculate dead matte cover. Shoot density was de-
termined by using a 40 cm × 40 cm steel quadrat and counting the number of living
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P. oceanica shoots and then extrapolating density per square meter. At each station, sam-
ples were taken at two depths, which varied depending on local topography. “Shallow”
sampling was performed close to the meadow’s upper limit at depths between 3.5 and 6 m;
“deep” samples were obtained at depths between 7 and 14 m. At each station and time,
nine observations of both descriptors were made. This produced a total of approximately
2400 measurements for 20 years of seagrass monitoring.
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Figure 1. Map of the coast of Alicante province (eastern Spain) with 14 sampling stations.

Table 1. Stations and years where the monitoring took place.

Location 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Dénia X X X X X X X X X X X X X X
Tangó X X X X X X X X X
Calpe X X X X X X X X X X X X X X X X X X X
Altea X X X X X X X X X X X X X X X X X X X

Cala Mina X X X X X X X X X X X X X X X X X
Benidorm X X X X X X X X X X X X X X X X X X X

Conill X X X X X X X X X X X X X X X
Campello X X X X X X X X X X X X X X X X X X

Cabo
Huertas X X X X X X X X X X X X X X X X X X

Postiguet X X X X X X X X X X X X X X X X X X
Santa Pola X X X X X X X X X X X X X X X X X X X

Escull
Negre X X X X X X X X X X X X X X X X X X X

Nao X X X X X X X X X X X X X X X X X X X
Campoamor X X X X X X

The trends in shoot density, P. oceanica cover, and dead matte cover over time were
analyzed. Using density and cover data from every location, the influence of depth was
tested as the effect of the rocky substrate and the presence of dead matte on shoot density
were also assessed. P. oceanica cover and shoot density trends at each station a depth
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(“shallow” and “deep”) were also analyzed separately to assess spatial variability of both
descriptors through time.

Linear regression models were used to analyze patterns and significant correlations
between variables; general additive models (GAM) were used when nonlinear behav-
iors were found. A Kolmogorov–Smirnov test was used to assess normality of the data,
and transformations were made when needed.

3. Results

Linear regression models showed that there were significant increments of shoot
density and cover data as well as for dead matte (Figure 2).
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Figure 2. Trends in the shoot density (A), percentage of P. oceanica cover (B), and percentage of dead
matte (C) over time. Fitted lines from generalized additive models are presented with 95% confidence
intervals. Coefficient of determination (R2) and needed transformations are shown. Results of linear
regression: *** = p < 0.005.

As shown in Figure 3, shoot density decreases with depth and increases with the
amount of rock cover, whereas no correlation is observed with dead matte cover. A nonlin-
ear relationship was noted between P. oceanica cover and depth, with the maximum amount
of cover occurring at intermediate depths between 7 and 10 m.
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Figure 3. Linear regression between shoot density and (A) depth, (B) dead matte cover, and (C) rock
cover; (D) GAM model showing the change of P. oceanica cover with depth. Fitted lines from general-
ized additive models are presented with 95% confidence intervals. Coefficient of determination (R2)
and needed transformations are shown. Results of linear regression: *** = p < 0.005.

Shoot density and P. oceanica cover at each of the monitoring locations exhibit a gen-
erally increasing trend (Table 2). Moreover, a significant upward trend was observed in
the shoot density at 17 out of 28 locations; the only case where there is a noted decrease is
the shallow meadow at Conill, and, even here, this trend is deemed insignificant. There is
a significant upward trend in the P. oceanica cover at three shallow and six deep meadows.
At one deep and seven shallow location, this trend is downward; however, at none of these
locations was the trend significant (Figure 4).
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Table 2. Trends in P. oceanica cover and shoot density with time for different locations and depths.
Trendline slope: “+”: variable increasing with time; “−”: variable decreasing with time. Significant
results (p < 0.05) are shown in bold.

Location Depth Shoot Density P. oceanica Cover
Trend p-Value Trend p-Value

Dénia Shallow + 0.001 − 0.919
Dénia Deep + 0.001 + 0.285
Tangó Shallow + 0.38 − 0.860
Tangó Deep + 0.834 + 0.01
Calpe Shallow + 0.253 + 0.217
Calpe Deep + 0.176 + 0.001
Altea Shallow + 0.009 + 0.933
Altea Deep + 0.185 + 0.266

Cala Mina Shallow + 0.013 + 0.494
Cala Mina Deep + 0.120 + 0.197
Benidorm Shallow + 0.001 − 0.952
Benidorm Deep + 0.0005 + 0.014

Conill Shallow + 0.354 + 0.741
Conill Deep − 0.886 + 0.031

Campello Shallow + 0.002 + 0.009
Campello Deep + 0.013 − 0.057

Cabo
Huertas Shallow + 0.0004 + 0.191

Cabo
Huertas Deep + 0.001 + 0.190

Postiguet Shallow + 0.0003 − 0.509
Postiguet Deep + 0.0001 + 0.327
Santa Pola Shallow + 0.0003 + 0.506
Santa Pola Deep + 0.0008 + 0.300

Escull Negre Shallow + 8.67 × 10−5 + 0.02
Escull Negre Deep + 6.62 × 10−5 + 0.315
Tabarca Nao Shallow + 3.31 × 10−6 + 0.06
Tabarca Nao Deep + 0.067 + 0.906
Campoamor Shallow + 0.244 − 0.672
Campoamor Deep + 0.219 + 0.011
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4. Discussion

In recent decades, P. oceanica meadows have been reported to be in decline in many
regions of France, Italy, and Spain [29,30,38], including the Alicante region [39]. However, in
previous studies, researchers have considered that this is not a global phenomenon [32,33,40].
This apparent contradiction can be explained by processes that are occurring at the local
scale [41].

In this study, it has been shown that, overall, the density of P. oceanica tends to increase
and its cover is stable within the study area, meaning that there is no overall decline in the
analyzed metrics at the locations where observations were made. These results confirm
the recent reversal of the decline previously suffered by European seagrass meadows [31]
and, therefore, support the idea that the decline of P. oceanica meadows is caused by local
disturbances rather than global impacts [32,33].

A general increase in dead matte cover has been previously reported, which means
a reduction in the amount of meadow [42,43]. Our results show a moderate, but significant,
increase in dead matte cover throughout the study period, which indicates that, although
there is no evidence of a decline in P. oceanica, disturbances that are damaging the meadows
are occurring.

The decrease in shoot density with depth is a well-examined phenomenon and is
caused mainly by light limitation [44], and P. oceanica has shown to effectively respond to
different light intensities, thus physiologically adapting to changes in available light [45].
However, as shallow stations show more significant positive trends than deep stations,
this could indicate that deeper and less dense meadows could be more vulnerable to
environmental impacts [42]. Regarding data for P. oceanica cover, shallower meadows tend
to be patchier, and the cover is interrupted naturally due to coastal dynamics and bottom
heterogeneity [46,47]. GAM analysis showed that the area colonized by P. oceanica is higher
and most stable between depths of 7 and 10 m and decreases onshore and offshore. Both
descriptors showed natural behavior according to depth [34].

It was also found that shoot density is independent of the amount of dead matte
cover, which could be taken as indicating the existence of a variety of impacts affecting
the meadows. Low shoot densities could be an early indicator of meadow regression due
to a decline in water quality, which might ultimately result in an increase in dead matte
cover and meadow fragmentation [22]. On the other hand, high meadow densities where
dead matte is also present could mean that physical impacts are the cause of regression.
Physical damage, such as that caused by boat anchoring, can drastically reduce seagrass’
surface by directly uprooting meadow fragments [46,48] without initially affecting the
density of the remaining meadow. Currently, with the exception of designated marine
reserves, boat anchoring is not forbidden within the seagrass meadows near Valencia.
In fact, the percentage of P. oceanica meadows that lies within the protected areas in this
region is relatively low [49] although most of the observation sites do have a limited degree
of protection and lie within designated Sites of Community Importance or Special Areas of
Conservation. However, only sites at Escull Negre and Nao (which lie within the Tabarca
Marine Reserve) have controls on fishing and anchoring. Although a positive trend was
noted at most stations, this does not appear to be related to the existence of protected
areas since most of the observation sites do not lie within areas that enjoy a high degree
of protection and suffer from the effects of activities such as boat anchoring, especially in
a highly touristic area such as Alicante.

At certain sites (Posiguet, Santa Pola, and Conill), a moderate decline in shallow
meadows cover was observed although there was an opposite trend in terms of shoot
density. This might be a result of earlier, extensive fragmentation of the meadows due to
natural or anthropogenic impacts and a subsequent, recent improvement in environmental
conditions. The fragmented meadows could be losing cover because isolated patches are
disappearing, whereas the more intact parts are maintaining or increasing their density.
Structural dynamics and seascape changes are complex and should, thus, be assessed at
a lower spatial scale [34,46].
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When interpreting the results of this work, the wide range of descriptors used to
determine meadow health should be considered [8]. In general, the seagrass meadow losses
that have been reported in other studies were related to the extent of the meadows (presence,
areal extent, and depth limit) rather than to the structural metrics that were analyzed in
this study (percentage cover and shoot density) [31]. This observation confirms the need
for developing accurate meadow maps and for expanding monitoring to complement these
data related to the meadows’ extent and to determine whether the meadows in a particular
area are declining by a change in the upper and lower limits and its magnitude since our
monitoring is restricted to intermediate depth meadows.

The key to seagrass conservation is the development of effective management mea-
sures that stop ecosystem decline and allow its recovery [50]. In fact, effective management
is already having a positive impact on seagrasses [31]; however, there are still many meth-
ods in which the management of these ecosystems could be improved [51] and knowledge
of long-term dynamics may be an essential tool for this issue. Although P. oceanica is one
of the most-studied seagrass species in the world [34], long-term effects are still being
assessed [29,40,52,53]. In order to effectively assess the status of P. oceanica ecosystems,
long-term studies are needed because of the slow growth rate of this species, which show
changes on the scale of decades, especially for population descriptors such as shoot density
and percentage cover. Moreover, due to the potential effect of genetic diversity on the
tolerance and resilience of P. oceanica to certain impacts [54], spatial variability should be
considered when developing seagrass monitoring on the long term.

This work also demonstrates the value of the contributions made by volunteers to long-
term monitoring programs. Citizen science allows researchers to increase their sampling
power [55–57], making it possible to collect a greater number of data. Moreover, in addition
to scientific aims, another important objective was achieved by the project; that is, it raised
the awareness of the local population through participation and provided tools that allowed
them to understand the relevance of marine ecosystems and the threats that they face—
specifically, in this case, those faced by P. oceanica meadows.

5. Conclusions

Both P. oceanica cover and shoot density show a positive trend at the locations where
observations were made. No evidence of a regression process was found in the upper limit
of the studied meadows. Three locations resented a non-significant decline in bottom cover
while density increased, probably due to physical impacts such as anchoring. This trend
was independent of the existence of protection figures.

Dead matte also presented a moderate increase through time, meaning that there
are stressors affecting P. oceanica meadows, although this damage seems to be below the
recovery capacity in most locations. P. oceanica shoot density is influenced by topographic
factors such as depth and the amount of rock cover but is independent of the dead matte
cover possibly because meadows are affected by different disturbances, where density
remaining meadow might not always be equally affected.

Overall, there is no evidence of decline in the P. oceanica meadows in the study area in
the last 20 years, supporting the idea of this species regression occurring at a local scale
instead of being caused by global processes.
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