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Abstract 
For centuries, Mediterranean seagrass beds have supported coastal ecosystems by stabilising sediments, 

sequestering carbon, and sheltering fish nurseries. This research evaluated the effect of marine 

protected area (MPA) designation on the recovery of seagrass beds at 14 sites across the western 

Mediterranean, comparing eight MPA sites with six unprotected reference sites over a 13-year 

monitoring window (2010-2023). Seagrass cover was measured annually using quadrat surveys along 

permanent transects at depths of 5, 10, 15, and 20 metres. Posidonia oceanica, Cymodocea nodosa, and 

Zostera noltei were the three target species. MPA sites showed a mean cover increase from 12.3% to 

51.2% over the monitoring period, equating to a recovery rate of 3.1 percentage points per year, while 

non-MPA sites remained nearly static at about 12% cover. Shoot density in MPA sites rose from 214 

shoots/m² in 2010 to 487 shoots/m² in 2023. Species richness of associated invertebrate fauna was 

38.6% higher at MPA sites than at reference sites by the end of the monitoring window. Water clarity, 

measured as Secchi depth, averaged 2.4 m greater at MPA sites, and anchoring scar density was 74% 

lower. These results indicate that MPA designation, when coupled with enforcement of no-anchoring 

rules and trawl exclusion, can produce measurable seagrass recovery within a decade. The findings 

support the expansion of well-managed MPAs as a practical tool for coastal habitat restoration in the 

Mediterranean. 
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Introduction 

In the late nineteenth century, naturalists already noted the lush underwater meadows of 

Posidonia oceanica that fringed much of the Mediterranean coastline, providing habitat for 

hundreds of invertebrate and fish species [1]. By the mid-twentieth century, however, these 

meadows had begun to shrink. Coastal development, bottom trawling, nutrient runoff, and 

boat anchoring have collectively reduced Posidonia coverage by an estimated 13-38% across 

the basin since the 1960s [2]. The loss matters not only for biodiversity: seagrass beds rank 

among the most efficient marine carbon sinks, storing up to 83,000 tonnes of carbon per 

square kilometre over millennial timescales, and they buffer shorelines against wave erosion 
[3]. 

Marine protected areas have been proposed as a key tool for reversing this decline. By 

restricting destructive activities such as trawling and anchoring, MPAs can reduce physical 

damage to the seabed and allow natural recolonisation. But the evidence base for seagrass-

specific recovery within MPAs remains thin. Most published assessments cover short time 

spans (< 5 years), focus on a single MPA, or lack unprotected reference sites for comparison 
[4]. Without longer-term, multi-site, controlled designs, it is hard to separate MPA effects 

from broader environmental trends like changing water temperatures or nutrient loads. 

The western Mediterranean offers a useful testing ground. Spain, France, and Italy have 

together designated over 120 coastal MPAs since 1980, many of which overlap with 

historical seagrass distribution [5]. Yet coordinated monitoring across these MPAs has been 

sporadic. A network approach, in which multiple MPAs and reference sites are surveyed 

using the same protocols over the same period, can reveal general patterns that single-site 

assessments miss. 
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This research pursued three objectives: (a) quantify seagrass 

cover change at eight MPA sites and six non-MPA reference 

sites in the western Mediterranean from 2010 to 2023, (b) 

compare shoot density, species composition, and associated 

faunal richness between protected and unprotected sites, and 

(c) assess whether water clarity and physical disturbance 

indicators differ systematically between the two groups [6]. 

The design aimed to provide robust evidence on the 

timescale and magnitude of seagrass recovery achievable 

under MPA protection. 

 

Research Area Description 

The 14 monitoring sites were distributed along the coasts of 

eastern Spain (Balearic Islands, Catalonia), southern France 

(Provence, Corsica), and western Italy (Sardinia, Liguria). 

MPA sites included the Cabrera Archipelago National Park, 

Cap de Creus Natural Park, Port-Cros National Park, 

Scandola Nature Reserve, Capo Carbonara MPA, Tavolara-

Punta Coda Cavallo MPA, Cinque Terre MPA, and the 

Strait of Bonifacio International Marine Park. Six non-MPA 

reference sites were selected within 20-50 km of 

corresponding MPAs, matched for depth range, substrate 

type, and historical seagrass presence. All sites lay between 

38.9°N and 43.4°N latitude and spanned depths from the 

shallow subtidal (2 m) to the lower photic zone (30 m). 

Substrates were predominantly sandy to sandy-mud, with 

some rocky patches at Corsican and Sardinian sites. 

 

Climatic and Environmental Conditions 

Sea surface temperatures across the monitoring sites ranged 

from 12.8°C in February to 26.4°C in August during the 

survey period. Salinity was stable at 37.2-38.1 psu. Nutrient 

concentrations (dissolved inorganic nitrogen) varied from 

0.8 µM at offshore MPA sites to 4.7 µM at near-urban 

reference sites. Light attenuation coefficients (Kd490) 

derived from Sentinel-3 OLCI satellite imagery averaged 

0.07 m⁻¹ at MPA sites versus 0.11 m⁻¹ at non-MPA sites, 

reflecting the clearer water conditions within protected 

zones. Wave energy, estimated from ERA5 reanalysis 

significant wave height data, showed no systematic 

difference between MPA and non-MPA locations, ruling out 

wave exposure as a confounding variable. 

 

Material and Methods 

Material 

This research was coordinated from the Department of 

Geography at the Lima Academy of Geographic Research, 

Lima, Peru, with field surveys conducted annually between 

May and September from 2010 to 2023. At each site, three 

permanent 50 m transects were established at 5, 10, 15, and 

20 m depth (12 transects per site). Seagrass cover was 

estimated within 0.25 m² quadrats placed every 5 m along 

each transect (10 quadrats per transect, 120 per site per 

survey). Shoot density was measured in three haphazardly 

placed 0.04 m² sub-quadrats within each cover quadrat. 

Associated invertebrate fauna were sampled using airlift 

suction sampling within three 0.1 m² plots per transect at the 

10 m depth only [7]. Water clarity was measured using a 

standard 30 cm Secchi disc deployed at midday under calm 

conditions. Anchoring scar density was quantified by 

counting visible anchor drag marks within a 100 m × 5 m 

belt transect at each depth. 

 

Methods 

Cover data were analysed as site-level annual means. Trends 

were tested using linear mixed-effects models with year as a 

fixed effect and site as a random effect, implemented in R 

version 4.2.1 using the lme4 package [8]. Separate models 

were fitted for MPA and non-MPA groups. Recovery rate 

was defined as the slope of the cover-time relationship. 

Differences in shoot density, invertebrate species richness, 

Secchi depth, and anchoring scar density between MPA and 

non-MPA groups were tested using the Mann-Whitney U 

test at α = 0.05. Seagrass species composition was compared 

using non-metric multidimensional scaling (NMDS) 

ordination on Bray-Curtis dissimilarity matrices calculated 

from cover data, with site type (MPA vs. non-MPA) 

overlaid as a grouping factor [9]. 

 

Results 

 
Table 1: Comparison of Key Indicators between MPA and Non-MPA Sites (2023 Survey) 

 

Indicator MPA Sites (mean ± SD) Non-MPA Sites (mean ± SD) p-value 

Seagrass Cover (%) 51.2 ± 7.8 11.9 ± 3.4 < 0.001 

Shoot Density (shoots/m²) 487 ± 63 198 ± 41 < 0.001 

Invertebrate Species Richness 24.3 ± 4.1 17.5 ± 3.6 0.004 

Secchi Depth (m) 18.7 ± 2.3 16.3 ± 2.8 0.021 

Anchoring Scars (per 500 m²) 1.4 ± 0.9 5.3 ± 2.1 < 0.001 

 

All five indicators differed significantly between MPA and 

non-MPA sites in 2023 (Table 1). Seagrass cover at MPA 

sites was more than four times higher than at unprotected 

sites. Anchoring scar density was 74% lower within MPAs, 

and invertebrate richness was 38.6% higher. 
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Fig 1: Seagrass Bed Cover Change at MPA and Non-MPA Sites in the Western Mediterranean (2010-2023) 

 

Figure 1 traces the divergent trajectories of MPA and non-

MPA sites. The shaded band around the MPA line 

represents ± 1 standard deviation across the eight sites. 

MPA sites showed a steady upward trend (slope = 3.1% per 

year, p<0.001), while non-MPA sites fluctuated narrowly 

around 12% with no significant trend (p = 0.74). 

 

 
 

Fig 2: Seagrass Species Cover Distribution by Depth Zone across MPA Sites 

 

Figure 2 shows the depth distribution of the three seagrass 

species across MPA sites. Posidonia oceanica dominated 

the 10-15 m depth band with a mean cover of 18.3%, while 

Cymodocea nodosa was most abundant in shallow waters 

(0-5 m, 11.4% cover). Zostera noltei was limited to depths 

above 10 m and reached only 5.7% cover in the shallowest 

zone. 

 

Comprehensive Interpretation 

The paired comparison between MPA and non-MPA sites 

provides strong evidence that protection drives measurable 

seagrass recovery in the Mediterranean. The near-linear 

recovery trajectory at MPA sites—sustained over 13 

years—indicates that natural recolonisation, when physical 

disturbance is removed, can restore approximately half the 

historical cover within a decade and a half. The co-

occurring improvements in shoot density, water clarity, and 

invertebrate richness suggest a positive feedback loop: 

healthier seagrass beds trap more sediment and filter more 

particles, which in turn improves light conditions and 

supports further growth. 

 

Discussion 

The 3.1% per year recovery rate observed at MPA sites falls 

within the range reported for Posidonia restoration trials in 

the northwestern Mediterranean but exceeds most natural 

recovery rates reported in the absence of active management 
[10]. The key difference appears to be the enforcement of no-

anchoring zones and trawl exclusion, which together 

eliminated the two main sources of mechanical damage at 

MPA sites. Anchoring scar density at MPA sites was 74% 

lower than at reference sites, a finding that aligns with work 

by Francour et al. [11] showing that a single anchor drop can 

destroy up to 34 shoots of Posidonia per event. 

The invertebrate richness difference (38.6% higher at MPA 

sites) is notable because it suggests that seagrass recovery 

cascades through the food web. Denser canopies provide 

more epiphytic substrate, more refuge from predation, and 
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more organic matter for detrital food chains [12]. This pattern 

has been described for temperate reef MPAs, but evidence 

from Mediterranean seagrass systems has been limited until 

now. 

One complication is that MPA sites had slightly lower 

baseline nutrient concentrations than non-MPA sites (mean 

DIN 1.3 µM vs. 3.2 µM), which may partially confound the 

comparison. Nutrient enrichment can favour epiphyte 

overgrowth on seagrass leaves, reducing photosynthetic 

capacity and slowing recovery [13]. While statistical models 

controlled for depth and substrate, nutrient loading was not 

included as a covariate because continuous nutrient 

monitoring was not available at all sites. Future research 

should integrate nutrient time series to separate the effects 

of protection from those of water quality [14]. 

The finding that Cymodocea nodosa dominated shallow 

zones while Posidonia occupied deeper bands is consistent 

with known niche partitioning in the Mediterranean, but the 

near-absence of Zostera noltei at depths below 10 m may 

reflect the relatively high water temperatures at these 

southern sites, which appear to push Zostera towards the 

upper photic zone [15]. 

 

Conclusion 

This 13-year monitoring research at 14 sites in the western 

Mediterranean demonstrated that marine protected areas can 

drive meaningful seagrass bed recovery when protection is 

enforced. MPA sites increased their seagrass cover from 

12.3% to 51.2%, a rate of 3.1 percentage points per year, 

while unprotected sites showed no trend. Shoot density, 

invertebrate species richness, and water clarity were all 

significantly higher at MPA sites, and anchoring scar 

density was 74% lower. These results support the case for 

expanding well-managed MPA networks as a practical 

strategy for reversing decades of seagrass loss in the 

Mediterranean. However, the research also highlighted that 

lower baseline nutrient loads at some MPA sites may have 

contributed to recovery outcomes, and future work should 

incorporate long-term nutrient monitoring to disentangle 

protection effects from water quality effects. 
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