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In the Mediterranean Sea, little research has been performed on the potential effects of protection on small 

vagile macrozoobenthos. The difficult assessment of responses of marine populations to the establishment of 

marine protected areas, depends on the ability to separate the effects of management from other sources of 

variation. Thus, it is essential to quantify and understand the magnitude and range of natural variability of 

populations at different scales of observation, especially  working in heterogeneous seagrass meadows. The 

purpose of this research was to assess the potential responses of amphipods in Posidonia oceanica  meadows 

(Fig. 1) between different protection levels. 

Context 

This study was carried out in P. oceanica meadows at the Tavolara-Punta Coda Cavallo Marine Protected Area 

(TMPA) in Sardinia (Italy, Figs. 1 and 2). The MPA covers 15357 ha and was formally established in 1997, but 

effective enforcement of protection started in 2003-04. It includes 3 protection zones: zone A (fully protected 

area = no-take/no-access zone), and zones B and C (partially protected areas).  

The sampling was done in zones A, B, and C and exterior, following a hierarchical sampling design spanning 

four orders of magnitude (1-1000s m, Fig. 2). Amphipod samples were collected by scuba diving using an air-

lift, at constant depth interval (10-15 m), two consecutive years (July-August 2007 and 2008). Amphipods were 

identified to species level and counted. To assess relationships between amphipod faunal and habitat variables 

(5 common descriptors), P. oceanica shoots were collected in 2008.  

Methods 

Fig 2. Zoning and hierarchical sampling design at the TMPA 

Results & Discussion 

0 

200 

400 

600 
Density 

(ind. m-2) 

0 

10 

20 

30 
Biomass  

(mg dw m-2)  

0 

5 

10 

15 

Nb species 

0 

1 

2 

3 

Diversity (H’)  

ZA ZB ZC ZExt 

Abundance   4512 amphipods   |   Richness   51 species & 25 families 

Abundant species   Apherusa chiereghinii (29%)   Phtisica marina (16%)   Aora spinicornis (11%) 

The structure of amphipod assemblages was patchy at all spatial 

scales (p < 0.05), but differed markedly among protection levels (p = 

0.006, see visual representation Fig. 5) 

Meadow features account only for a low proportion of the amphipod 

variability (0-15%). Factors likely to explain these patterns are 

probably multiple and may include processes dependent of 

protection, but also ecological traits of amphipod species (dispersion 

capabilities and recruitment variability). 

Stress : 0.13 

Zone A Zone B Zone C 

2007 

2008 

Conclusions 

Amphipods seemed to be affected by severe natural and anthropogenic disturbances. Fish predation may be 

a dominant regulating force of amphipod populations within the fully protected area, whereas point and diffuse 

water pollutions may greatly reduce several populations in the unprotected study area.  

Long term multiscale spatial and temporal monitoring of small macrozoobenthos assemblages (notably in P. 

oceanica meadows), as well as experimental manipulations (eg. exclusion cages), are imperatively needed to 

better understand potential effects of protection on macrozoobenthos in Mediterranean MPAs. 

Fig 5. Non-metric multidimensional scaling ordination of amphipod  

Assemblages. Triangles are sector centroids, coded by zone and year.  
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Amphipod general descriptors (Fig. 3) did not show any significant effects at the zone scale. At the species 

level, 6 species out of 15 (frequency ≥ 10%) showed different mean densities between zones, with lower 

values in zone A compared to zones B and/or C, except for Caprella tavolarensis (Fig 4). Several species 

appeared zone specific: 6 in zone A, 5 in zone B and 1 in zone B and exterior. Results from the exterior zone 

were consistently lower than in protected areas (Figs. 3 and 4). 
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Fig 1. From left to right:  

Posidonia oceanica meadow, Tavolara Island 

(Italy) surrounded by a Marine Protected Area, 

the amphipod species Atylus guttatus. 

Fig 3. (Left) Mean ± SE values 

(n = 4) of amphipod general 

descriptors in each sector 

within each site of the 4 

different zones at the TMPA 

(zones A, B and C) and outside 

(Zone Ext) in 2007 (black) and 

2008 (white). Descriptors 

include total amphipod density 

(individuals per m2), biomass 

(mg dry weight per m2), and 

number of species and 

Shannon–Wiener diversity 

index (H’) per sample. 

Fig 4. (Right) Density values 

(number of individuals m-2) of  

abundant amphipod species at 

the TMPA and outside in 2007 

(black) and 2008 (grey). 
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