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1. Introduction

   Seagrasses are the main plant group able to grow in 
unconsolidated substrata, which support a species-rich community 

of epiphytic organisms composed of prokaryotes and eukaryotic 

micro- and macro-organisms[1,2]. Compared to seagrasses, the 

epiphytic community has a low biomass but its primary productivity 

can be of the same order of magnitude[2,3]. Therefore, seagrass 

epiphytes can make a significant contribution to the flow of carbon 

and nutrients through the community[2,4,5]. Epiphytes of seagrass 

play an important role in ecosystem functioning and they are 

considered as an important food resource for many organisms[6,7]. 

Moreover, epiphytes of seagrass are considered as sensitive 

indicators of natural and anthropogenic disturbance. Changes in the 

abundance and composition of their assemblages occur in relation to 

variation in environmental conditions[8,9]. In addition, they provide 

an early warning of ecosystem change revealing first-order changes 

in organism function since molecular, biochemical, and/or cellular 

changes triggered by pollutants are measurable in cells, tissues, 

and/or cellular fluids[10,11]. In the Mediterranean Sea, Posidonia 

oceanica (P. oceanica) represents the most important seagrass in 

terms of productivity, distribution and habitat structuring. It provides 

substratum to a species-rich epiphytic community[12,13], which 

achieves maximum biomass between the end of spring and the 

end of summer[1,14]. Monitoring of epiphyte of P. oceanica beds is 

becoming a useful tool to test the health of coastal environment and 

several countries have developed programs to study the distribution 

and the characteristics of seagrass beds and their epiphyte[1,15-18]. 

The effect of different kinds of human-induced disturbances on 
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seagrasses in Tunisian coast include such phenomena as reduced 

water clarity (e.g. sediment loading resuspension, eutrophication), 

direct mechanical damage (e.g. dredging and filling, propeller 

scarring) and the release of toxic compounds into coastal waters 

(e.g. oil spills, industrial discharge) has been discussed by Ben 

Brahim et al.[1,19] and Mabrouk et al.[20]. But no studies deal with 

the effect of natural disturbances such as exposure to wind, wave and 

tide, on the composition and the abundance of leaf epiphytes in P. 

oceanica meadows. In particular, small variations of these physical 

factors may limit growth and distribution of seagrass and their 

epiphytes standing in habitats under stress conditions of temperature 

and salinity[21,22]. The aim of this study was therefore to assess 

spatial and seasonal epiphyte distribution and biomass according to 

natural disturbance such as expose to wave, tide and wind. We thus 

compared the biomass and assemblages of macro-epiphyte of P. 

oceanica at a station exposed to natural disturbance to two sheltered 

stations and examined their spatial and seasonal variability using a 

hierarchical sampling design[23]. We expected that epiphyte load and 

percentage cover would be low on the sites exposed to northern wind 

on the two seasons since these physical factors were disadvantageous 

for recruitment and installation of epiphytes. 

2. Materials and methods

2.1. Study area and sampling station

   The study was carried out in the Islands of Kuriate which are 

two emergent shoals, located off the Bay of Khnis north-east of the 

Cape of Monastir and about 18 km from the Monastir City (Figure 

1). They mainly include a small island (Qûrya Essaghira) about 70 

ha and a larger island (Qûrya El Kabira) about 270 ha of area and 

perimeter of 6.9 km and a distance of about 2.5 km from the first[24]. 

These islands are home to a remarkable terrestrial and marine flora 

and fauna richness. These two Islands are characterized by a flat 

and low morphology not exceeding 4.5 m in the highest region, 

with multiple depression areas. The substrate is mainly composed 

of sandstone and carbonate rocks, covered by sand. The average 

rainfall is between the isohyets 400 mm and 500 mm and the 

average temperature is 20 °C. The temperature difference between 

the average of the coldest month (January) and warmest (August) is 

relatively moderate (15.4 °C)[25]. The P. oceanica meadow is well 

represented around the Kuriat Archipelago where it extends from 

0 to 27 m[25-29]. On soft bottoms, these meadows cover almost the 

entire perimeter of the islands. The shoot densities vary between 600 

and 700 shoot/m2 with a lower cover (70%).

2.2. Sampling 

   Three sites in the greatest Island of Kuriate distant by 1.5 to 2 km 

from each other were chosen for the samplings. The site El Boret 

(35°47'53 N, 11°01'25 E) located on the west side of the Big Island 

Kuriate. In winter, it is windy permanently from the north side; 

during the summer, it is especially southern and south/east side 

windy. Given the shallow depth, this site is a shelter for fishermen 

during storms. Meadow of P. oceanica is on a rocky bottom at a 

depth not exceeding 1 m. The meadow is dense and has tiger type.  

P. oceanica cords have a length of 1.5 to 3 m and take an east-

west direction. In this meadow, a dense flora composed mainly of 

Cymodocea nodosa, Caulerpa prolifera, Caulerpa racemosa, Padina 

pavonica and Cystoseira crinita was associated.
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Figure 1. A map of the study area with a focus on sampling sites in the 
Kuriate Islands. 

   The site El Gouze (35°47'09 N, 11°01'50 E) is located on the 

southern shores of the great Kuriate. At this level, there is a 

circulation of sea current between the two islands Kuriate (personal 

observation and fishermen). This site is characterized by a dense 

Posidonia seagrass with different form: tiger, plain and fragmented 

with a large abundance of Caulerpa racemosa in association; there 

is also the presence of Cymodocea nodosa, Caulerpa prolifera, 

Halimeda tuna, Padina pavonica and Cystoseira crinita.

   The site Skala (35°47'42 N, 11°02'37 E), located at the east side of 

the large Kuriate, is protected in winter of the action of the dominant 

northern winds while in summer, it is subjected to the action of 

the wind from the south side. P. oceanica meadow is very dense 

and takes different forms: tiger, isolated tufts and plain meadow. 

The depth is of the order of 2 m. In this meadow, a dense flora 

of Caulerpa prolifera, Padina pavonica, Cymodocea nodosa and 

Caulerpa racemosa was associated. Within each site, two subsites 

were randomly selected. Each subsite was also randomly divided 

into three plots, each plot then being divided into four quadrats 20 

cm apart. We examined variability at tens of centimeter-scale by 

collecting samples from the same quadrat.

2.3. Data collection

   Five shoots were randomly collected on both seasons from each 

quadrat during scuba diving and preserved in seawater-formalin (5%) 

solution for species identification in the laboratory. The samples were 
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examined for leaf surface per shoot and the coverage (expressed as a 

percentage of leaf surface) of each morphological group which was 

estimated with a binocular lens, then carefully scraped with a razor 

blade[30]. Epiphytes and scraped leaves were oven-dried at 60 °C for 48 

h before weighing. Biomass was expressed in g dry weight/shoot[31,32].

2.4. Data analysis

   Permutational multivariate analysis of variance (PERMANOVA)
[33] was used to test the hypothesis that the biomass and the structure 

of epiphytic assemblages differed between seasons and to evaluate 

variability at different spatial scales[34]. PERMANOVA gives the 

permutation P-value and also the Monte Carlo asymptotic P-value 

for each test it performs. When very few permutations are possible, 

the Monte Carlo P-value should be given preference[33]. We used 

999 random permutations for the test at an α-level of 0.05[35]. The 

analysis consisted of a 4-way model with subsites (two levels) being 

nested within sites (three levels), plots (three levels) being nested 

within subsites, quadrats (four levels) being nested within plots. 

Sites, subsites, plots and quadrats were random in the analysis. The 

data were transformed where necessary to meet the assumption of 

homogeneity of variances (homogeneity confirmed by non-significant 

Cochran’s C-test). Variance components of all assemblages were 

calculated for seasons and for all spatial scales.

3. Results

   The biomass of epiphytic leaves of macro-epiphytes showed seasonal 

variation. The high values were detected during the summer (Figure 

2). The highest value of epiphytic leaves biomass [(0.602 ± 0.220) g 

dry weight/shoot] was detected in summer whereas the lowest value 

[(0.417 ± 0.200) g dry weight/shoot] was registered during winter. 

The biomass of macro-epiphytic leaves showed a significant seasonal 

variability (Table 1). No significant difference at the scale site, subsite 

and plot was detected, while significant difference at the smallest scale 

quadrat was revealed and the seasonal effect was obvious on the sites 

since significant interaction was observed. 

   The assemblage of epiphytes showed seasonal variation almost 

similar to all taxa except for Hydrozoa (Figure 3 and Table 2). The 

percentage of coverage of Bryozoa was higher in summer than in 

winter except for the site El Gouze. Algae proliferated for all sites in 

summer than in winter. Incrusted Annelida showed an even distribution 

between seasons and between sites, whereas the percentage cover of 

Hydrozoa was homogenous for all seasons and sites.
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Figure 2. Variability in mean biomass of epiphytic leaves (± SD g dry 
weight/shoot) of P. oceanica on the three sites of Kuriate Islands during 
the winter and summer.

Table 1 
Results of the PERMANOVA on biomass of macro-epiphytic leaves of P. 
oceanica in the Islands of Kuriate. 

Source of variation df MS F P(perm) P(MC)

Se    1 9 017.74 80.62 0.001 0.001

Si    2 1 174.88 3.28 0.141 0.090

Su(si)    3   358.23 0.19 0.917 0.978

Pl(su(si))  12 1 863.64 0.96 0.494 0.517

Rp(pl(su(si)))  36 1 922.51 6.55 0.001 0.001

Se × Si    2  509.13 4.55 0.107 0.045

Se × Su(si)    3  111.86 1.00 0.420 0.437

Se × Pl(su(si))   12  111.54 0.64 0.827 0.872

Se × Rp(pl(su(si)))   36  175.14 0.59 0.997 0.998

Residual 324  293.34

Cochran's C-test           C = 0.578 .ns

Transformation           Ln(x + 1)

Se: Seasons; Si: Site, Su: Subsite; Pl: Plot; Rp: Replicat; df: Degree of 
freedom; MS: Mean square; P(perm): Probability; P(MC): Probability of 
Monte Carlo. Significant probability is on bold.

   ANOVA showed that Kuriates Islands functioned as a single 

ecosystem in terms assemblage of macro-epiphytic leaves since 

no significant variation was detected at the scale site. Significant 

variability is raised at the scales subsite and replicat for the 

percentage of coverage of all macro-epiphytic leaf analyzed.

   Biomass of epiphytic leaves and the percentage cover of the 

algae, Bryozoa, Hydrozoa and incrusted Annelida showed a 

different spatial variability (Table 3). For algae, incrusted Annelida 

and Hydrozoa, the largest variability of the percentage cover was 

detected at the scale subsite and replicat, while for the Bryozoa, the 

greatest variability was detected at the scale subsite. For the biomass 

of epiphytic leaves, most of the variability was revealed at the scale 

quadrat. 

El Boret

Algae Bryozoa Hydrozoa Incrusted Annelida
El Gouze Skala

Figure 3. Mean percentage cover of the macro-epiphyte groups at the 
three nested sites in Kuriate Islands.
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Table 3
Variance of macro-epiphytic biomass of leaves and percentage cover of 
algae, Bryozoa, Hydrozoa, incrusted Annelida in the Islands of Kuriates.

Source of 
variation

Algae Bryozoa Hydrozoa Incrusted 
Annelida

Biomass of 
epiphytic leaves 

Season   5.45   6.13 0.00   0.00 11.60
Site   0.00 15.46 8.43   0.00   0.00
Subsite 29.77 20.99    52.42 30.56   0.00
Plot   0.00   7.98 0.00   8.87   2.50
Quadrat 39.60 14.40    33.42 46.38 45.50
Residual 25.19 34.86 5.73 14.19 40.41



Mounir Ben Brahim et al./Journal of Coastal Life Medicine 2016; 4(3): 211-216214

4. Discussion

   The present study documented significant differences in biomass 

of macro-epiphytes and on the structure of epiphytic assemblages on 

leaves of P. oceanica between seasons. Both biomass and percentage 

cover of macro-epiphytic leaves show a seasonal variability with the 

high values detected in summer. The variability of assemblages and 

biomass founded in the present study agrees with those described 

for P. oceanica meadows in the southern coast of Tunisia by Ben 

Brahim et al.[25,36] and by Mabrouk et al.[20] in the region of 

Mahdia eastern coast of Tunisia, where biomass of macro-epiphytes 

on leaves of P. oceanica was high in summer and low in winter. 

Similar results were reported by Zakhama-Sraieb et al.[37] in Port El 

Kantaoui, Tunisia where summer appears a sensitive season marked 

by the high development and dominance by encrusting Corallinaceae 

and opportunistic macroalgal species which can reach high cover. 

Moreover, the epiphyte load and percentage cover of assemblages of 

different taxa were similar and no variability between the different 

sites was detected. The relationship between spatial patterns of 

macro-epiphytic leaves of P. oceanica and natural disturbance 

highlighted in the present study is not completely in agreement with 

patterns described in previous investigations carried out in different 

localities. In fact, Wahl et al.[2] observe that exposure to waves and 

currents is considered to have a negative effect on the accumulation 

of epiphyte biomass on seagrass leaves and it might contribute to 

between-site variability of epiphyte load on P. oceanica shoots. 

In our study, natural disturbance has no effect on the assemblage 

distribution and the biomass of macro-epiphyte on the leaves of P. 

oceanica between the scales site. The site El Boret marked as the 

most exposed site to northern wind didn’t manifest any difference 

compared to the other protected sites. This situation suggests that 

the sector of Kuriate Islands is a region considered as homogeneous 

habitats. In contrast to other studies, epiphytic composition and 

abundance resulting from the interplay between bottom-up and 

top-down forces are mainly controlled by nutrient availability, 

physical constraints (hydrodynamic flows, sediment features) 

and by biological interactions (grazing by herbivores, dispersion, 

competition for nutrients, light and space)[38]. In addition to all these 

factors, the discharge of the products of several human activities 

such as industrial effluents[39], mining wastes[40], fish farming[41,42], 

drilling fluids[43], sewage and agricultural runoff[16,44,45] or effluents 

from desalination plants[46] can alter the composition and abundance 

of the epibiota. Changes on the composition of epiphyte assemblages 

following nutrient enrichments have also been confirmed under 

controlled field experiments[47]. Our study also shows that natural 

disturbance such as exposition to permanent northern wind has 

no significant effect on the variability of the epiphytic community 

composition. This pattern found in shallow meadows was influenced 

by variability in the seagrass leaf length, which is often associated 

to natural processes such as herbivore pressure or hydrodynamism. 

Those natural processes are attenuate in deep meadows, where 

the fish Sarpa salpa and the sea urchin Paracentrotus lividus, the 

main macroherbivores of P. oceanica, are functionally absent[48]. 

Depth seems to be an important source of natural variability, 

which modifies the responses of the epiphytic community to the 

deterioration gradient. Epiphyte communities in deep meadows 

responded more evidently to differences in environmental quality 

than in shallow ones. Despite that the reduced number of shallow 

meadows sampled could have precluded the detection of clear 

patterns, some relevant functional differences between shallow 

and deep meadows seem to account for the different behaviour 

of their respective epiphytic communities. Moreover, variations 

at the largest scale (between sites) might reflect differences in the 

ecological setting at the localities, such as wave exposure, substrate 

sediment characteristics and/or biological impacts, such as grazing 

pressure or anthropogenic impacts. Factors such as physical 

disturbance, topographic complexity and nutrient availability[49,50] 

might operate on smaller scales to modify morphological epiphytes 

variables. Variations observed at the smallest scales (cm to m) 

are more difficult to explain, but they could be attributable to a 

defined nested components of variation[51] and/or differences in the 

microhabitat[36,49,50,52].

   We highlight that natural heterogeneity in epiphyte composition at 

different spatial scales may interact with the environmental quality 

gradient, obscuring the interpretation of results and making their use 

difficult in monitoring programs[53]. While some epiphyte features 

did not respond to the environmental change gradient, they showed 

an important between-meadows variability or within-meadow 

Table 2
ANOVA on mean percentage cover of macro-epiphytes of P. oceanica during summer and winter.

Source of variation Algae Bryozoa Hydrozoa Incrusted annelida
df MS F P(perm) P(MC) MS F P(perm) P(MC) MS F P(perm) P(MC) MS F P(perm) P(MC)

Se   1 4 660.5 9.89 0.04 0.02 4 729.92 16.9 0.01 0.00 561.95 3.39 0.16 0.13 1 620.66 11.09 0.05 0.02
Si   2  798.5 0.24 0.66 0.90 1 649.94 0.71 0.52 0.60 8 630.67 1.23 0.38 0.35   250.56 0.05 0.92 0.99
Su(si)   3 3 280.2 7.96 0.00 0.00 2 324.51 4.61 0.02 0.01 6 977.98 26.29 0.00 0.00 5 366.32 5.07 0.01 0.01
Pl (su(si))  12 411.7 1.12 0.36 0.35 504.13 1.62 0.12 0.07 265.32 0.34 0.99 0.99 1 057.34 0.81 0.64 0.72
Rp (pl(su(si)))  36 365.3 2.18 0.00 0.00 311.51 2.03 0.00 0.00 772.39 8.21 0.00 0.00 1 312.44 5.97 0.00 0.00
Se × Si   2 810.9 1.72 0.32 0.25 3 463.61 12.4 0.01 0.00 126.01 0.76 0.55 0.54   381.05 2.61 0.21 0.13
Se × Su(si)   3 471.1 1.37 0.29 0.26 278.66 1.77 0.18 0.14 165.71 3.15 0.07 0.04   146.16 0.42 0.77 0.83
Se × Pl(su(si))  12 324.7 0.68 0.78 0.83 157.61 1.02 0.45 0.46 52.55 0.38 0.98 0.99   351.63 1.33 0.23 0.21
Sa × Rp(pl(su(si)))  36 505.6 3.02 0.00 0.00 153.71 1.00 0.45 0.48 138.04 1.46 0.02 0.02   264.22 1.20 0.17 0.16
Residual 324 167.2 153.24   94.00 219.93
Cochran's C-test C = 0.320 .ns C = 0.376 .ns C = 0.399 .ns C = 0.430 .ns
Transformation Ln(x + 1) Ln(x + 1) Ln(x + 1) Ln(x + 1)

Se: Season; Si: Site; Su: Subsite; Pl: Plot; Rp: Replicat; df: Degree of freedom; MS: Mean squrae; P (per): Probability; P (MC): Probability of Monte Carlo. 
Bold numbers indicate significant effects.
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variability by the high values of mean square for all taxa as in Table 

2. Therefore, sampling in deep meadows appears more adequate 

for a more cost-effective monitoring than that in shallow meadows. 

At a larger scale, geographic variability caused by differences 

among northern and southern meadows can also influence the 

epiphyte composition[47]. However, the north-south differences in 

epiphyte composition at smallest scales, can partially correspond to 

natural nutrient differences derived from the hydrodynamic bottom 

morphology and water motion influences in the region[54]. Finally, 

monitoring these epiphyte features in relatively deep meadows seem 

to reduce to a strict minimum natural sources of variability other 

than those associated to anthropogenic gradients. Therefore, they can 

be used in biomonitoring programs to extract ecologically-relevant 

information useful for environmental policy, and management goals. 

However, more research is still needed on the early warning capacity 

of this approach to give a possible predictive value.

  
Conflict of interest statement

   We declare that we have no conflict of interest.

Acknowledgments

   This study was part of my PhD research work and partly financed 

by the National Institute of Marine Sciences and Technologies of the 

Sea and by the Faculty of Sciences of Sfax. We would like to express 

our sincere gratitude to the anonymous reviewers for their helpful 

comments and suggestions. We are also grateful to the technician at 

our laboratory for his valuable assistance during the analyses.

References

[1]   �Mounir BB, Asma H, Sana BI, Lotfi M, Abderrahmen B, Lotfi A. 

What factors drive seasonal variation of phytoplankton, protozoans and 

metazoans on leaves of Posidonia oceanica and in the water column 

along the coast of the Kerkennah Islands, Tunisia? Mar Pollut Bull 2013; 

71: 286-98.

[2]   �Wahl M, Goecke F, Labes A, Dobretsov S, Weinberger F. The second 

skin: ecological role of epibiotic biofilms on marine organisms. Front 

Microbiol 2012; 3: 292.

[3]   �Pête DC, Lepoint G, Bouquegneau JM, Gobert S. Early colonization on 

artificial seagrass units and on Posidonia oceanica (L.) Delile leaves. 

Belg J Zool 2015; 145: 59-68.

[4]   �Apostolaki ET, Vizzini S, Karakassis I. Leaf vs. epiphyte nitrogen uptake 

in a nutrient enriched Mediterranean seagrass (Posidonia oceanica) 

meadow. Aquat Bot 2012; 96: 58-62.

[5]   �Apostolaki ET, Holmer M, Marba N, Karakassis I. Epiphyte dynamics 

and carbon metabolism in a nutrient enriched Mediterranean seagrass 

(Posidonia oceanica) ecosystem. J Sea Res 2011; 66: 135-42.

[6]   �Michel L, Dauby P, Dupont A, Gobert S, Lepoint G. Selective top-down 

control of epiphytic biomass by amphipods from Posidonia oceanica 

meadows: implications for ecosystem functioning. Belg J Zool 2015; 

145: 83-93.

[7]   �Myers JA, Heck KL Jr. Amphipod control of epiphyte load and the 

concomitant effects on shoalgrass Halodule wrightii biomass. Mar Ecol 

Prog Ser 2013; 483: 133-42.

[8]   �Messina V. A contribution to the knowledge of epiphytic flora on the 

leaves of the seagrass Cymodocea nodosa Ucria (Ascherson) (Najadales, 

Potamogetonaceae) of the “Bay of Brucoli” (south-eastern Sicily). 

BOLLAG 2013; 46: 41-8. 

[9]   �Cox TE, Schenone S, Delille J, Díaz-Castañeda V, Alliouane S, Gattuso 

JP, et al. Effects of ocean acidification on Posidonia oceanica epiphytic 

community and shoot productivity. J Ecol 2015; 103: 1594-609

[10] �Pergent G, Labbe C, Lafabrie C, Kantin R, Pergent-Martini C. Organic 

and inorganic human-induced contamination of Posidonia oceanica 

meadows. Ecol Eng 2011; 37: 999-1002.

[11] �Ferrat L, Wyllie-Echeverria S, Rex GC, Pergent-Martini C, Pergent 

G, Zou J, et al. Posidonia oceanica and Zostera marina as potential 

biomarkers of heavy metal contamination in coastal systems. In: 

Voudouris K, editor. Ecological water quality - water treatment and 

reuse. Rijeka: InTechOpen; 2012.  

[12] �Hovey RK, Cambridge ML, Kendrick GA. Direct measurements of root 

growth and productivity in the seagrasses Posidonia australis and P. 

sinuosa. Limnol Oceanogr 2011; 56: 394-402.

[13] �Mininni C, Grassi F, Traversa A, Cocozza C, Parente A, Miano T, et 

al. Posidonia oceanica (L.) based compost as substrate for potted basil 

production. J Sci Food Agric 2015; 95: 2041-6. 

[14] �Unsworth RK, Collier CJ, Waycott M, Mckenzie LJ, Cullen-Unsworth 

LC. A framework for the resilience of seagrass ecosystems. Mar Pollut 

Bull 2015; 100: 34-46.

[15] �Kilminster K, McMahon K, Waycott M, Kendrick GA, Scanes P, 

McKenzie L, et al. Unravelling complexity in seagrass systems for 

management: Australia as a microcosm. Sci Total Environ 2015; 534: 

97-109.

[16] �Ernst A, Wenzel U. Bringing environmental psychology into action: four 

steps from science to policy. Eur Psychol 2014; 19: 118-26.

[17] �Government of Western Australia. Seagrass as an indicator of estuary 

condition for the Swan-Canning estuary. Perth: Government of Western 

Australia; 2014. [Online] Available from: https://water.wa.gov.au/__data/

assets/pdf_file/0017/3932/seagrass-as-an-indicator-of-estuary-condition-

for-the-swan-canning-estuary452E596D6E0A.pdf [Accessed on 7th 

October, 2015]

[18] �McMahon K, van Dijk KJ, Ruiz-Montoya L, Kendrick GA, Krauss SL, 

Waycott M, et al. The movement ecology of seagrasses. Proc Biol Sci 

2014; doi: 10.1098/rspb.2014.0878.

[19] �Ben Brahim M, Mabrouk L, Hamza A, Mahfoudi M, Bouain A, Aleya 

L. Spatial scale variability in shoot density and epiphytic leaves of 

Posidonia oceanica on Kerkennah Island (Tunisia) in relation to current 

tide effects. Mar Ecol 2015; 36: 1311-31.

[20] �Mabrouk L, Ben Brahim M, Hamza A, Bradai MN. Diversity and 

temporal fluctuations of epiphytes and sessile invertebrates on the 

rhizomes Posidonia oceanica in a seagrass meadow off Tunisia. Mar 

Ecol 2014; 35: 212-20.

[21] �Govers LL, Lamers LP, Bouma TJ, Eygensteyn J, de Brouwer JH, 

Hendriks AJ, et al. Seagrasses as indicators for coastal trace metal 

pollution: a global meta-analysis serving as a benchmark, and a 

Caribbean case study. Environ Pollut 2014; 195: 210-7.

[22] �Li L, Huang XP. Three tropical seagrasses as potential bio-indicators to 

trace metals in Xincun Bay, Hainan Island, South China. Chin J Oceanol 

Limnol 2012; 30: 212-24.



Mounir Ben Brahim et al./Journal of Coastal Life Medicine 2016; 4(3): 211-216216

[23] �Underwood AJ. Beyond BACI: the detection of environmental impacts 

on populations in the real, but variable, world. J Exp Mar Biol Ecol 

1992; 161: 145-78.

[24] �Aguir A. [Study of the impact of the marine environment protection 

on socioeconomic activities of Kuriat Islands]. French. 2011; halshs-

00747015. [Online] Available from: https://halshs.archives-ouvertes.fr/

halshs-00747015 [Accessed on 7th October, 2015]

[25] �National Agronomic Institute of Tunisia. [National report on coastal 

and marine biodiversity in Tunisia]. French. Tunis: National Agronomic 

Institute of Tunisia; 2002. [Online] Available from: http://medmpa.rac-

spa.org/pdf/tunisia_fr.pdf [Accessed on 7th October, 2015]

[26] �Med MPAnet project. [Marine habitats and key species of Kuriat Islands 

(Tunisia). Further study: natural formations of interest for conservation]. 

French. Tunis: Med MPAnet project; 2015. [Online] Available from: 

http://www.rac-spa.org/sites/default/files/doc_medmpanet/habitats_

marins_kuriat_tunisie.pdf [Accessed on 7th October, 2015]

[27] �UNEP/MAP. Progress report of the activities of the “regional project 

for the development of a mediterranean marine and coastal protected 

areas (MPAs) network through the boosting of MPAs creation and 

management” (MedMPAnet Project). Tunis: UNEP/MAP; 2015. 

[Online] Available from: http://rac-spa.org/nfp12/documents/

information/wg.408_inf24_eng.pdf [Accessed on 7th October, 2015]

[28] �UNEP/MAP. Progress report of the activities of the regional activity 

centre for specially protected areas (RAC/SPA). Tunis: UNEP/MAP; 

2015. [Online] Available from: http://rac-spa.org/nfp12/documents/

working/wg.408_04_rev1_eng.pdf [Accessed on 7th October, 2015]

[29] �Jribi I, Baradai MN. [Monitoring of nesting sea turtle Caretta caretta 

on the Kuriat Islands (Campaign 2013)]. Tunis: UNEP-MAP RAC/SPA 

Ed. RAC/SPA-MedMPAnet Project; 2013. [Online] Available from: 

http://195.97.36.231/dbases/MAPlibraryHoldings/Medpartnership/

FINAL%20REPORTS/Sub-Comp%203.1%20MPAs/3.1.2%20New%20

MPAs/3.1.2.10%20Tunisia/Rapport%20suivi%20nidification%20

tortue%20marine_Kuriat_2013_FINAL.pdf [Accessed on 7th October, 

2015] French.

[30] �Libes M. Productivity-irradiance relationship of Posidonia oceanica and 

its epiphytes. Aquat Bot 1986; 26: 285-306.

[31] �Marco-Mendez C, Ferrero-Vicente LM, Prado P, Heck KL, Cebriàn J, 

Sànchez-Lizaso JL. Epiphyte presence and seagrass species identity 

influence rates of herbivory in Mediterranean seagrass meadows. Estuar 

Coast Shelf Sci 2015; 154: 94-101.

[32] �Mabrouk L, Hamza A, Ben Brahim M, Bradai MN. Variability in the 

structure of epiphyte assemblages on leaves and rhizomes of Posidonia 

oceanica in relation to human disturbances in a seagrass meadow off 

Tunisia. Aquat Bot 2013; 108: 33-40.

[33] �Anderson MJ. PERMANOVA: a FORTRAN computer program for 

permutational multivariate analysis of variance. Auckland, New Zealand: 

Department of Statistics, University of Auckland; 2005.

[34] �Anderson MJ. Permutation tests for univariate or multivariate analysis of 

variance and regression. Can J Fish Aquat Sci 2001; 58: 626-39.

[35] �Manly BFJ. Randomization, bootstrap and Monte Carlo methods in 

biology. 3rd ed. London: Chapman and Hall; 1997.

[36] �Ben Brahim M, Hamza A, Hannachi I, Rebai A, Jarboui O, Bouain A, 

et al. Variability in the structure of epiphytic assemblages of Posidonia 

oceanica in relation to human interferences in the Gulf of Gabes, 

Tunisia. Mar Environ Res 2010; 70: 411- 21.

[37] �Zakhama-Sraieb R, Sghaier YR, Ben Hmida A, Cappai G, Carucci A, 

Charfi-Cheikhrouha F. Variation along the year of trace metal levels 

in the compartments of the seagrass Posidonia oceanica in Port El 

Kantaoui, Tunisia. Environ Sci Pollut Res 2016; 23: 1681-90.

[38] �Balestri E, Vallerini F, Lardicci C. Storm-generated fragments of the 

seagrass Posidonia oceanica from beach wrack – a potential source of 

transplants for restoration. Biol Conserv 2011; 144: 1644-54.

[39] �Flores F, Collier CJ, Mercurio P, Negri AP. Phytotoxicity of four 

photosystem II herbicides to tropical seagrasses. PLoS One 2013; 8: 

e75798.

[40] �Garrido M, Lafabrie C, Torre F, Fernandez C, Pasqualini V. Resilience 

and stability of Cymodocea nodosa seagrass meadows over the last four 

decades in a Mediterranean lagoon. Estuar Coast Shelf Sci 2013; 130: 

89-98.

[41] �Piroddi C, Gristina M, Zylichch K, Greer K, Ulman A, Zeller D, et al. 

Reconstruction of Italy’s marine fisheries removals and fishingcapacity, 

1950–2010. Fish Res 2015; 172: 137-47

[42] �Tudela S. Ecosystem effects of fishing in the Mediterranean: an analysis 

ofthe major threats of fishing gear and practices to biodiversity and 

marine habitats. In: Studies and Reviews. General Fisheries Commission 

for the Mediterranean. Rome: FAO; 2014. 

[43] �Kneer D, Asmus H, Jompa J. Do burrowing callianassid shrimp control 

the lower boundary of tropical seagrass beds? J Exp Mar Biol Ecol 

2013; 446: 262-72.

[44]� Reynolds LK, Waycott M, McGlathery KJ. Restoration recovers 

population structure and landscape genetic connectivity in a dispersal-

limited ecosystem. J Ecol 2013; 101: 1288-97. 

[45] �Russell BD, Connell SD, Uthicke S, Muehllehner N, Fabricius KE, Hall-

Spencer JM. Future seagrass beds: can increased productivity lead to 

increased carbon storage? Mar Pollut Bull 2013; 73: 463-9.

[46] �Fernández-Torquemada Y, Sánchez-Lizaso JL. Effects of salinity on seed 

germination and early seedling growth of the Mediterranean seagrass 

Posidonia oceanica (L.) Delile. Estuar Coast Shelf Sci 2013; 119: 64-70.

[47] �Saunders MI, Leon J, Phinn SR, Callaghan DP, O’Brien KR, Roelfsema 

CM, et al. Coastal retreat and improved water quality mitigate losses of 

seagrass from sea level rise. Glob Change Biol 2013; 19: 2569-83.

[48] �Deudero S, Alomar C. Mediterranean marine biodiversity under threat: 

reviewing influence of marine litter on species. Mar Pollut Bull 2015; 

98: 58-68.

[49] �Christianen MJA, Govers LL, Bouma TJ, Kiswara W, Roelofs JGM, 

Lamers LPM, et al. Marine megaherbivore grazing may increase 

seagrass tolerance to high nutrient loads. J Ecol 2012; 100: 546-60. 

[50] �Blackburn NJ, Orth RJ. Seed burial in eelgrass Zostera marina: the role 

of infauna. Mar Ecol Prog Ser 2013; 474: 135-45.

[51] �Underwood AJ. Experiments in ecology. Their logical design and 

interpretation using analysis of variance. Cambridge: Cambridge 

University Press; 1997.

[52] �Kim SH, Kim JH, Park SR, Lee KS. Annual and perennial life history 

strategies of Zostera marina populations under different light regimes. 

Mar Ecol Prog Ser 2014; 509: 1-13.

[53] �Bernhardt JR, Leslie HM. Resilience to climate change in coastal marine 

ecosystems. Ann Rev Mar Sci 2013; 5: 371-92.

[54] �Abadie A, Gobert S, Bonacorsi M, Lejeune P, Pergent G, Pergent-

Martini C. Marine space ecology and seagrasses. Does patch type matter 

in Posidonia oceanica seascapes? Ecol Indic 2015; 57: 435-46.


