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Abstract: In the Ria Formosa lagoon (southern Portugal), Zostera noltii meadows have been cleared to make way for
bivalve aquaculture. The present study aims to investigate the potential ecological impacts of Z. noltii removal using
amphipods as bioindicators. Sampling was undertaken between August 2000 and August 2001 in an intertidal region of Ria
Formosa at two different areas. One of the areas supports an ongoing commercial venture for the extensive culture of
marine bivalves (Ruditapes decussatus), where Z. noltii beds have previously been removed and sand added, while the other
area represents a natural Z. noltii habitat. At each monthly sampling date five replicates (0.02 m2 each) were taken from
both areas with a corer and sieved through a 0.5 mm mesh. Multivariate analysis and analyses of variance of faunal data
showed significant differences between the amphipod assemblages. In general, Z. noltii beds presented higher densities,
number of species, diversity and evenness values than the unvegetated area. Within Z. noltii beds the community was
characterized by Microdeutopus chelifer, Melita palmata, Gammarus insensibilis and Ampelisca sp. A., while the
unvegetated area presented Leptocheirus pilosus, Siphonoecetes sabatieri and Ampelisca brevicornis as the most characte-
ristic species. Within both areas, the univariate variables analysed peaked in summer. The amphipod patterns among areas
were time-dependent and this should be taken into account in future studies. Amphipoda appeared to be a potential ecologi-
cal indicator group regarding seagrass degradation. 

Résumé : Implications écologiques de l’élimination d’herbiers (Zostera noltii) pour l’aquaculture de bivalves dans le sud
Portugal. Dans Ria Formosa, une lagune au sud du Portugal, les herbiers à Zostera noltii ont été éliminés pour réaliser la
production des bivalves. Cette étude vise à évaluer l’impact écologique potentiel de l’élimination de ces herbiers en utili-
sant les amphipodes comme groupe bio-indicateur. La faune a été échantillonnée d’août 2000 à août 2001 dans la zone
intertidale de deux régions différentes : une région soumise à la production extensive de bivalves (Ruditapes decussatus),
où l’herbier de Z. noltii a été éliminé en opposition avec une région ayant conservé sa population naturelle de Z. noltii. Cinq
réplicats (0,02 m2 chacun) ont été obtenus dans chaque région et tamisés avec un tamis de 0,5 mm. Les résultats montrent
des différences significatives des peuplements d’amphipodes des deux régions. Généralement, l’herbier de Z. noltii présente
des densités, nombre d’espèces, diversité et équitabilité supérieurs à la zone sans végétation. Le peuplement de l’herbier de
Z. noltii est caractérisé par Microdeutopus chelifer, Melita palmata, Gammarus insensibilis et Ampelisca sp. A, et la région
sans végétation par Leptocheirus pilosus, Siphonoecetes sabatieri et Ampelisca brevicornis. Dans les deux régions, les plus
fortes valeurs des paramètres biologiques analysés ont été observées en l’été. La dynamique des amphipodes a divergé au
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Introduction

Seagrass beds represent an ecologically important feature
of shallow water areas throughout the world. Seagrasses
play a major role in coastal processes by providing food,
shelter and physical heterogeneity, increasing the produc-
tivity of coastal waters, trapping and recycling nutrients
and stabilising sediments (Schneider & Mann, 1991a;
Edgar et al., 1994; Turner & Kendall, 1999; Hughes et al.,
2000; Guidetti & Bussotti, 2002). Therefore, benthic inver-
tebrate assemblages among seagrass beds are usually more
productive and present higher abundance than in adjacent
non-vegetated areas (Stoner, 1980; Lewis, 1984; Currás et
al., 1993; Connolly, 1994; Edgar et al., 1994). 

The Ria Formosa lagoon is the most important wetland
ecosystem on the southern coast of Portugal, classified by
the Ramsar Convention as a wetland of international
interest. Within this lagoon, seagrass beds cover large areas
of the bottom, either at subtidal (mainly Cymodocea
nodosa (Ucria) Ascherson, 1869, but also Zostera marina
Linnaeus, 1758 and Zostera noltii Hornemann, 1832) or
intertidal levels (Z. noltii) (Asmus et al., 2000), and are
known to be particularly important as nursery areas.
However, due to the excellent conditions for aquaculture
(natural geomorphology, climate conditions and low levels
of industrial and urban pollution), approximately 10 km2 of
the lagoon’s intertidal flats are occupied by clam growth
banks, predominantly of Ruditapes decussatus (Linnaeus,
1748) (Falcão & Vale, 1990). Within Ria Formosa, there are
1587 growth banks for the culture of this species, with an
annual estimated production of up to 7000 ton (Cachola,
1996). To make way for bivalve aquaculture, Z. noltii
meadows have been cleared and sand transported from
local beaches to the growth banks (Falcão & Vale, 1990),
changing the sediment characteristics. Bivalves are
collected using a hand-harvesting knife, revolving the
sediment. These environmental disturbances most likely
affect resident benthic communities, particularly because
they are known to be highly associated to the sediment
characteristics, such as particle size, organic content and
food availability (Snelgrove & Butman, 1994; Wu & Shin,
1997). From this perspective, many studies reported that
after the destruction of these habitats, abundance and
species richness of benthic invertebrates and fish decline
(Connolly & Butler, 1996), and the recovery of these
meadows might take several years (Almeida, 1988). 

Within seagrass meadows, Crustacea are one of the most
important invertebrate group, both in terms of number of
species and abundance, but also because of its importance
as a trophic resource for fish (Edgar & Shaw, 1995; Hughes
et al., 2000) and bird populations (Barnes, 1994). Because
of their small size, high abundance, high growth rates, and
consequently high secondary production rates crustaceans
have a critical role in near-shore trophic transfer (Duffy &
Hay, 2000). Among Crustacea, Amphipoda are probably
the best studied worldwide and are considered as useful
ecological indicators (Conlan, 1994; Conradi et al., 1997;
Guerra-García & García-Gómez, 2001). In particular, with
regards to seagrass meadows, they have already been
pointed out as potential indicators of the ecological impli-
cations of seagrass degradation (Sánchez-Jerez et al., 2000)
and are usually the best represented crustacean group (De
Grave, 1999).

Several studies have been undertaken on the impact of
seagrass meadow modification on benthic invertebrates
(Connolly, 1994; Connolly, 1995; Connolly & Butler, 1996;
Sánchez-Jerez et al., 2000), as well as on the comparison
between vegetated and unvegetated areas (Currás et al.,
1993; Edgar et al., 1994; Mattila et al., 1999; Turner &
Kendall, 1999; Hindell et al., 2001; Barberá-Cebrián et al.,
2002). Predation impact on benthic communities has also
been the subject of other studies (Schneider & Mann,
1991b; Hindell et al., 2001). These works were, however,
mainly focussed on Posidonia oceanica (Linnaeus) Delile,
1813, C. nodosa and Z. marina beds and less information is
available regarding Z. noltii meadows (Currás & Mora,
1992; Sprung, 1994; Boaventura et al., 1999; Nakaoka et
al., 2001). 

The present study aims to investigate the impact of Z.
noltii removal for bivalve aquaculture purposes, using
amphipods as an indicator group of the benthic macro-
fauna, thus the hypothesis that the amphipod assemblages
are similar in both natural and impacted areas was tested.

Material and Methods

The studied area, Ria Formosa lagoon, is a mesotidal
lagoon extending for 55 km along the southern coast of
Portugal (Algarve), covering an area of 100 km2 (Sprung &
Machado, 2000). Several barrier-islands protect a system of
tidal flats and salt marshes of up to 3 km wide (Sprung,
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cours de l’année et ce résultat doit être considéré lors de futures études. Le groupe des amphipodes a le potentiel de groupe
bio-indicateur pour mettre en évidence cette perturbation écologique.
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2001) and lagoon waters are exchanged with the Atlantic
Ocean by 6 deep inlets. Tidal amplitude varies from a
maximum of 2.8 m during spring tide to 0.6 m at neap tide
(Asmus et al., 2000). During mean low tide, approximately
two thirds of the total area is intertidal whereas the
remaining is occupied by salt marshes or salt-pans (Teixeira
& Alvin, 1978 in Asmus et al., 2000). 

The present survey was carried out in an intertidal area
located near Olhão within the Ria Formosa Natural Park
(Fig. 1). The study area is characterized by natural Zostera
noltii meadows and ongoing commercial ventures for the
extensive aquaculture of marine bivalves (Ruditapes decus-
satus) approximately 100 m apart. For the purpose of this
study, the former will be termed either as vegetated or
natural area, while the latter as unvegetated or impacted
area. 

Within the study area, sediments within Zostera noltii
meadows were dominated by muddy sediments, with
higher organic matter content than the observed for the
unvegetated area (T. Drago, personal communication). The
unvegetated area was characterized by muddy-sand sedi-

ments with low levels of organic matter. Porosity was also
higher within the vegetated area. Generally, the nutrients
analysed present higher values among the seagrass
meadows than in the unvegetated area. The only exception
was observed to the nitrate concentration, which was lower
within vegetated sediments (Falcão & Gaspar, 2001).

Sampling was undertaken monthly between August
2000 and August 2001. All samples were taken at low tide
using a corer and at each area 5 replicates (0.02 m2 each)
were collected randomly. The samples were sieved in the
field through a 0.5 mm mesh and whenever possible iden-
tification was performed to species level.

Data on amphipod assemblages were analysed for abun-
dance (A), the number of species (S), diversity (Shannon-
Wiener index H’, log2) and evenness (Pielou’s J’) indices.
These variables were calculated for each sampling area and
period. Month and spatial differences in these variables
were tested by analyses of variance (ANOVA) or Kruskal-
Wallis (K-W) using month and area as fixed factors after
verifying normality and homogeneity of variances. When
ANOVA detected significant differences for any factor, the
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Figure 1. Ria Formosa lagoon, southern Portugal with reference to the location of the study area. Intertidal areas are shown in light
grey.

Figure 1. Lagune de la Ria Formosa, au sud-est du Portugal indiquant la localisation de la zone d’étude. Les zones intertidales sont
indiquées en gris clair.



Student-Newman-Keuls was applied. Statistical analyses
were performed using SIGMASTAT statistical software. 

Multivariate analyses were performed using the
PRIMER v5.0 software package (Clarke & Gorley, 2001).
Similarity between faunal data was analysed by ordination
techniques (non-metric MDS) based on the Bray-Curtis
similarity coefficient after square-root transformation and
applying the unweighted pair group average algorithm. To
test for statistically significant differences between the
amphipod assemblages at the two study areas and sampling
season, a two-way crossed ANOSIM test was performed
using the same similarity matrix used for MDS ordination.
After the detection of a significant difference, the same
technique was employed to test pair-wise differences. In
order to analyse the seasonal patterns during the sampling
period, abundance data from each three months were
pooled and analysed for autumn (September, October and
November), winter (December, January and February),
spring (March, April and May) and summer (June, July and
August). Species having the greatest contribution to
dissimilarity among areas and seasons were determined
using the similarity percentages routine (SIMPER). The
months of September and October from the unvegetated
area were excluded from multivariate analysis, as no
amphipods were present in the samples. 

Results

A total of 1769 individuals belonging to 17 species were
collected and identified. Within the Zostera noltii area, the
mean number of species varied from 0.4 ± 0.5 species
0.02 m-2 (January) to 6.8 species 0.02 m-2 (June), while
within the unvegetated area it ranged from 0 (September
and October) to 3.2 ± 0.7 species 0.02m-2 (August 2001;
Fig. 2A). The mean abundance within the vegetated area
varied from a minimum value of 0.6 ± 0.8 ind.0.02 m-2

(January) to a maximum of 82.2 ± 23.0 ind.0.02 m-2

(August 2001). In September and October no individuals
were collected on the unvegetated area, while the
maximum mean abundance (41.2 ± 47.9 ind.0.02 m-2) was
observed in June (Fig. 2B). In both sampling areas, abun-
dance varied strongly throughout the year with maximum
values occurring during summer. Minimum values were
obtained in spring, in the vegetated area, and in autumn for
the impacted area (Fig. 2). The results of the two-way
ANOVA showed a significant difference in Area (F =
19.853, P < 0.001) and in Month (F = 10.258, P < 0.001),
as well as for the interaction between both factors (F =
4.699, P < 0.001). Z. noltii meadows showed a higher num-
ber of species than the impacted area, except in the
February and April samples. Both areas were also statisti-
cally different with regards to this variable (K-W, H =

95.582, df = 25, P < 0.001). This was also observed in
Shannon-Wiener diversity (H’, K-W, H = 97.040, df = 25,
P < 0.001) and evenness (J’, K-W, H = 83.446, df = 25, P <
0.001) values. Despite some exceptions, H’ and J’ values
were higher for the Zostera bed than for the unvegetated
area (Fig. 3). The lowest values of H’ were observed in
January, February and April, while the highest values were
observed in summer and autumn. Leptocheirus pilosus
Zaddach, 1844, Melita palmata (Montagu, 1804) and
Microdeutopus chelifer (Bate, 1862) were the most abun-
dant species during the sampling period.

The MDS ordination plot showed a clear separation
between the two studied areas (Fig. 4). The results of the
ANOSIM test showed that both amphipod assemblages
were significantly different (R = 0.864, P = 0.001), and also
significantly differed amongst seasons (R = 0.292,
P < 0.01) (Table 1). Nevertheless, significant differences
were only observed for summer/spring and summer/winter
pairs. Regarding factor “Area”, SIMPER analysis identified
Siphonoecetes sabatieri de Rouville, 1894, M. palmata,
Gammarus insensibilis Stock, 1966, Ampelisca sp. A, L.
pilosus, M. chelifer and Ampelisca brevicornis (A. Costa,
1853), as the species having the greatest contribution to the
dissimilarity between the 2 assemblages. The unvegetated
area was characterized by S. sabatieri, L. pilosus and A.
brevicornis, the latter exclusive to this area and S. sabatieri
almost exclusive, presenting here 98.7% of its total abun-
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Figure 2. Temporal changes in (A) mean abundance (ind.
0.02m-2 ± SD) and (B) mean number of species at both areas. 

Figure 2. Variations temporelles dans (A) abondance moyenne
(ind. 0.02m-2 ± SD) et (B) nombre moyen d’espèces dans les deux
zones.



dance. Within Z. noltii beds, M. palmata, Ampelisca sp. A,
G. insensibilis and M. chelifer were the most characteristic
species. Despite this area’s higher abundance, only
Ampelisca sp. A was exclusive of this assemblage. The
seasonal patterns of the most abundant species reflected the
results of the species contribution along the study period -

factor “Season” (Table 1 & Fig. 5). Leptocheirus pilosus and
Perioculodes aequimanus (Korssmann, 1880) were almost
restricted to the summer months (Fig. 5). Siphonoecetes
sabatieri occurred throughout the year, but in lower
numbers during autumn, while Gammarella fucicola
(Leach, 1814) was representative of this season samples.
Gammarus insensibilis, M. palmata and M. chelifer were
more abundant from late spring to early winter (Fig. 5). 

Discussion

In the present study, the vegetated area generally presented
higher densities and number of species than the
unvegetated area. This is in agreement with the results
obtained by other authors (Edgar et al., 1994; Turner &
Kendall, 1999; Hindell et al., 2001) and has been linked
either to the structural habitat complexity and to the stabili-
ty provided by the seagrass, to food availability and to the
protection from predators (Schneider & Mann, 1991a;
Connolly, 1994; Gambi et al., 1998; Olabarria et al., 1998).
There is, however, no definitive explanation for this result.
With regards to habitat complexity, invertebrates do not
always select highly complex systems (Schneider & Mann,
1991a,b; Barberá-Cebrián et al., 2002). In a study
performed on the relative importance of macrophyte shape
and epiphyte cover in determining the distribution of epi-
faunal invertebrates within a seagrass bed, Schneider &
Mann (1991a) found that both factors were determined by
the distribution of epifaunal invertebrates, although the
responses were highly specific. Thus, a positive correlation
between habitat complexity and the increase in the number
of species and abundance should not be regarded as a rule
and should be interpreted considering the taxonomic group
and the seagrass system (Barberá-Cebrián et al., 2002). The
importance of predation in structuring assemblages of
marine invertebrates has received considerable attention
(Ambrose, 1984; Raffaelli & Milne, 1987; Mattila &
Bonsdorff, 1989; Sardá et al., 1998; Hindell et al., 2001)
but not a unique result. While for example, Raffaelli &
Milne (1987), Mattila & Bonsdorff (1989) and Schneider &
Mann (1991b) found that differential predation did not
show evidence of a significant effect on the macrobenthic
structure, Ambrose (1984) and Sardá et al. (1998) observed
a positive correlation between predation and the composi-
tion of macrobenthic communities. The discrepancy may
reflect the limitations of cage exclusion experiments on
soft-bottoms (Ólafsson et al., 1994), indicating that the
impact of predation cannot be generalized and that its
nature and strength must consider different characteristics
of the particular system being analysed (habitat, temporal
scale, prey and predators characteristics) (Hindell et al.,
2001). Concerning the relative importance of food and
shelter for seagrass-associated invertebrates, Boström &
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Figure 3. Temporal changes in (A) Shannon-Wiener diversity
(H’) and (B) Pielou’s evenness (J’) indices at both areas. Vertical
lines indicates SD.

Figure 3. Variations temporelles dans (A) Diversité de
Shannon-Wiener (H’) et (B) Régularité de Pielou (J’) indices des
deux zones. Les lignes verticales indiquent SD.

Figure 4. Non-metric multidimensional scaling analysis
(MDS) using the square-root transformed abundance values. c
Zostera noltii samples; n unvegetated area samples.

Figure 4. Analyse graduelle multidimensionnelle non-
métrique (MDS) utilisant la racine carrée des valeurs d’abon-
dance. c échantillon de Zostera noltii; n échantillons d’une zone
sans végétation.



Mattila (1999) found that food type might be regarded as
the universal mechanism that partially determines the
establishment of grazers among seagrasses, as in the
absence of predators, food was more important than shelter.
In the present study, it is difficult to indicate the reason for
the results obtained. Nevertheless, more than a single
factor, an interaction between multiple factors with species-
specific responses may be a clue for the explanation of the
results observed. This is supported by the fact that most
species showed habitat and seasonal preferences with
different abundance patterns, which is in agreement with
results from Nakaoka et al. (2001) for a Zostera noltii bed.
The seasonal patterns of these amphipod assemblages seem
to reflect the life cycles of the most abundant species.
Within the natural area, higher densities and number of
species were observed during summer and autumn, while
during the winter and spring there was a clear decline in
both variables. The same pattern was observed by Currás &

Mora (1992), Cunha et al. (1999) and Nakaoka et al.
(2001), but not by Sprung (1994) or Sardá et al. (1998) who
found peaks of abundance from spring to early summer.
The present results could be explained by: a) higher growth
of Z. noltii leaves during summer, allowing an increase of
the “cage effect” within these meadows, providing higher
food availability, and space to be occupied by the orga-
nisms, especially for epifauna; or b) the presence of dense
algal mats, which are produced during winter after the first
rains in autumn, and then gradually disappear during the
following spring (Sprung, 1994). Ólafsson (1988) showed
that these mats could impede invertebrate larvae settlement
or even smother established seagrass beds (den Hartog &
Polderman, 1975), reducing the infauna (Nicholls et al.,
1981). Within the unvegetated area, density was found to be
particularly high during summer, as a result of Leptocheirus
pilosus recruitment in June. Evidence from other authors
supports this study in that amphipods seem to actively
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Figure 5. Temporal changes in the mean abundance (ind.0.02m-2 ± SD) for the most abundant amphipod species within both areas.

Figure 5. Variations temporelle de la moyenne d’abondance (ind.0.02m-2 ± SD) pour la plus abondante des espèces d’amphipodes
dans les deux zones.



choose their substrata (Stoner, 1980; Lewis, 1984;
Schneider & Mann, 1991a). Although most species were
present in both areas, the two amphipod assemblages were
significantly different, especially due to the differences
observed in species abundance. While Microdeutopus che-
lifer, Melita palmata, Gammarus insensilis and Ampelisca
sp. A were strongly associated with the seagrass area,
Siphonoecetes sabatieri, Leptocheirus pilosus and
Ampelisca brevicornis were the characteristic species with-
in the unvegetated area. 

In general, during the study period diversity and even-
ness were higher within the natural area than within the
impacted zone. This is of particular interest and concern as
more diverse systems support a larger species pool, which
in turn might lead to a more efficient use of resources
(Chapin et al., 1997; Tilman, 1999). These systems also
enhance the coexistence of functionally similar species,
providing stability (resistance and resilience) against
ecosystem disturbance and species extinction (Walker,
1995; Chapin et al., 1997; Naeem & Li, 1997), with ecosys-
tem processes becoming less vulnerable to disturbance.

Although seagrass beds have been demonstrated to be a
valuable ecological feature by acting as nursery areas to
commercially important species, in the southern coast of
Portugal, like in other parts of the world, these systems are
becoming increasingly degraded either for aquaculture and

other fishing practices (Sánchez-Jerez et al., 2000) or by
pollution (Hughes et al., 2000). In the present study,
changes in habitat characteristics imposed by bivalve
culture may be affecting benthic communities, as the
significantly different amphipod assemblages at each study
site demonstrate. This taxonomic group appears to be a
potentially strong ecological indicator for assessing
seagrass degradation, which corroborates the results of
Sánchez-Jerez et al. (2000). More in-depth studies, on the
role of the species on ecosystem processes and the identifi-
cation of potential keystone species are essential to avoid
the irreversible loss of such a valuable ecosystem. The
amphipod patterns among areas were time-dependent and
this should be taken into account in future studies. 
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