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MACROFAUNAL COMMUNITY STRUCTURE AND
DISTRIBUTION IN A MUDDY COASTAL LAGOON

P. MAGNI**, S. MICHELETTI?, D. CASU®, A. FLORIS®, G. DE FALCO?
and A. CASTELLI®

AIMC — International Marine Centre, Localita Sa Mardini, 09072 Torregrande-Oristano, Italy;
bDipartimento di Zoologia e Antropologia Biologica, Universita di Sassari, C.so Margherita di
Savoia 15, 07100 Sassari, Italy; “Dipartimento di Scienze dell’'Uomo e dell’Ambiente,
Universita di Pisa, Via A. Volta 6, 56126 Pisa, Italy

Macrofaunal communities and specific bulk properties of organically enriched sediments were investigated in the
coastal lagoon of Cabras (Sardinia, western Mediterranean) on a grid of twenty-nine sampling stations, in spring
2001. Species composition and community structure indicated poor and heterogeneous macrofaunal communities,
characterized by few predominant taxa typical of degraded environments, such as Polydora ciliata, Tubificidae nc
and Neanthes succinea, distributed differently in some areas of the lagoon. Sediments were homogeneously
muddy, with a mean silt+ clay content of 93%. The analysis of specific grain size intervals within the mud
fraction, however, highlighted a marked spatial variability of sediment particle distribution. Simple associations
included a positive relationship of both Ficopomatus enigmaticus and Corophium sextonae, patchily distributed
along the shores, with sediment sorting (¢), an index of sediment selection due to hydrodynamic energy. By
contrast, inner areas, characterized by a major accumulation of finer particles (and organic matter), with a
sediment mean size (®) up to 8.2 phi, were least populated. The results suggest the existence of an early stage of
faunal succession which might be related to an excessive organic content of sediments and the tendency to
dystrophic events in the Cabras lagoon.

Keywords: Benthic macrofauna; Spatial distribution; Sediment grain size; Mediterranean Sea

1 INTRODUCTION

Enclosed shallow systems such as coastal lagoons are increasingly affected by nutrient
and organic matter enrichment as a direct (e.g. sewage discharge, fish farming) or indirect
(e.g. eutrophication) consequence of human activities (Nixon, 1995; Sorokin et al., 1996;
Karakassis et al., 2000; Cloern, 2001).

It is well known that sedimentary organic matter represents a major factor controlling the
composition, structure and distribution of macrofaunal communities. Classical studies have
shown that in organically enriched sediments, polychaetes tend to dominate (Rhoads,
1974; Pearson and Rosenberg, 1978). A shift to fewer, small and more resistant (e.g. oppor-
tunistic) polychaete species occurs in the case of further organic enrichment which may
subsequently lead to oxygen depletion and benthic macrofaunal collapse (Friligos and
Zenetos, 1988; Diaz and Rosenberg, 1995; Magni and Montani, 1998). By contrast, in
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less organically stressed environments, the numerical proportion of polychaetes is expected
to decrease in favour of molluscs and crustaceans (Beukema, 1991). Such a general pattern of
macrofaunal responses to an organic gradient has been demonstrated in a variety of marine
coastal ecosystems (Weston, 1990; Tsutsumi et al., 1991; Dauwe et al., 1998).

In coastal lagoons, matters may be complicated by the large environmental variability in
both water and sediments (Pusceddu et al., 1996, 1999; Giordani et al., 1997; Viaroli
et al., 2001), and, if any, seagrass or seaweed coverage and cycle (Villano and Warwick,
1995; Balducci et al., 2001; Sfriso et al., 2001). Yet, relevant works in organically polluted
lagoons have consistently shown a marked impoverishment of macrofaunal communities on
both temporal and spatial scales (Lardicci ef al., 1997; Tagliapietra et al., 1998). Even when a
partial recovery was observed, secondary disturbances were envisaged due to unstable con-
ditions of the benthic environment related to persisting organic matter load of sediments
(Lardicci et al., 2001a).

The level of organic matter in sediments is known to be related to the sediment grain size
(Tyson, 1995). In particular, a higher content of organic matter tends to occur with an increas-
ing mud fraction due to a relatively higher surface area and higher number of complexing
sites of the sediments. Analyses of benthic communities and sediment types have been con-
ducted for some time in many coastal and estuarine systems, too. Accordingly, consistent pat-
terns of macrofaunal distribution have been shown in the presence of a marked gradient of
sediment grain size (and organic matter) and depth (Fresi et al., 1983; Jones et al., 1986;
Ishikawa, 1989; Quintino and Rodrigues, 1989; Marques et al, 1993; Schlacher and
Wooldridge, 1996; Karakassis and Eleftheriou, 1997). However, more uncertainty may
arise when grain size variability becomes restricted, i.e. in systems characterized by homo-
geneous sediments. In this case, a simple classification of the sediments based on sand vs.
silt 4+ clay content may be of little use. It appears that less work has been conducted on a
more detailed analysis of sediment bulk properties to evaluate animal-sediment relationships
(Mancinelli ef al., 1998). In particular, little is known on the relationship between muddy
sediments, as it is often the case of organically enriched systems, and the spatial distribution
of macrofaunal communities in enclosed coastal lagoons.

In this study, we aimed to investigate, at the basin scale, the distribution of macrofaunal
communities of a coastal lagoon characterized by muddy sediments and high organic
carbon concentrations (De Falco ef al., 2003). Secondly, we aimed to assess the relationship
between distributional patterns, if any, of dominant macrofaunal faxa and sediment bulk
properties.

2 MATERIAL AND METHODS

2.1 Study Area

The Cabras lagoon is an enclosed and large water body (surface of 22 km?) located on the
west coast of Sardinia, western Mediterranean sea (Fig. 1). The northern sector of the lagoon
is connected to a small river which represents the major source of freshwater. Riverine
discharge, however, is rather limited and periodic due to a low rainfall regime in the region
(ca. 10100 mm from July to December, respectively; Pinna, 1989), and increasing upland
demand of freshwater (i.e. for agriculture) during the past few decades. Accordingly, salinity
may vary greatly throughout the year from <10PSU to ca. 30 PSU (Magni ef al., unpubl.
data). In the southern sector of the basin, a low dam rising up to the high-tide level allows
the flushing of excess water only in case of flood. Partial connection between the lagoon
and the adjacent sea mainly relies on secondary eastward creeks flowing into a major channel
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FIGURE 1 Study area and sampling stations in Cabras lagoon (western Sardinia, Italy).

dredged in the late 1970s (Fig. 1). As such, water exchange between the lagoon and the Gulf
is very limited.

The lagoon of Cabras historically has an important economic value due to fishery activities
(e.g. Liza ramada, Mugil cephalus, Anguilla anguilla) involving about 300 fishermen, with a
yearly total fish catch, as in 1998, of ca. 400 tonnes and an income of 3.5 million Euros.
However, a drastic reduction of fish catch has occurred in recent years (ca. 50 tonnes of
fish catch in 2002), following a severe distrophic crisis in June 1999 (IMC, 1999), which
caused a massive fish mortality.

2.2 Field Surveys

Sampling campaigns were conducted on four different dates between the end of April and the
beginning of May 2001. Twenty-nine sampling stations spaced 750 m apart were selected on
a regular grid covering the whole lagoon, which coupled investigations on sediment charac-
teristics and macrofaunal communities (Fig. 1). Two additional stations, close to the shore on
the eastern sector of the lagoon, could not be sampled properly as they occurred on a harder
and coarser substratum represented by large serpulid reefs (Stns C15 and C19 not shown; in
De Falco et al., 2004).

On each sampling date, temperature, salinity and dissolved oxygen in surface water were
measured at most stations using a portable oxymeter (WTW Oxil97) and a salinometer
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(WTW LF197). At each station, duplicate core samples were collected using a manual corer
(40 cm long, 10cm ) for sediment grain-size analysis. Additionally, duplicate sediment
samples were collected for the determination of macrofauna using a 216 cm® Ekman-Birge
grab. The grab was fitted to a steel pole which allowed the collection of sediments to a max-
imum depth of ca. 15 cm. The samples were subsequently sieved on a 0.5 mm mesh size, and
the residue was fixed with a buffered formaldehyde solution (final concentration 5%), stained
with rose Bengal, and brought to the laboratory for later determination of macrofauna. Water
depth was simultaneously measured using a calibrated staff.

2.3 Sample Treatment and Analysis

Sediment cores collected for grain size analysis were frozen before being stored. Subsequently,
the surface (0-2cm) layer of each sample was carefully sliced off the frozen core. For
each station, sediments from the same layer were mixed together and treated as one single sam-
ple. Samples were dried at 50 °C for 24 h, and the water content (WC) was determined as a loss
of weight. A subsample of ca. 4 g was used for grain size analysis. This subsample was treated
with hydrogen peroxide (H,O,) in order to eliminate organic material, wet-sieved through a
63 um mesh, dried and weighed. The determination of the <63 um fraction was done using
a laser Galai CIS 1 instrument at analytical size intervals of 0.5 um (Molinaroli et al., 2000).
Subsequently, specific sedimentary indices, such as sediment mean size (®) and sorting (o),
were calculated (Blott and Pye, 2001). Additional core samples were used to measure the
redox potential (Eh) in the surface (0—2cm) and subsurface (2—4 cm) layers using a Crison
pH-meter 507 provided with a redox platinum electrode. Macrofauna were separated from
the residue and transferred into a 75% ethanol and 2.5% ethylene-glycol solution. For each repli-
cate, animals were sorted, counted and identified at the species level when possible.

The environmental and macrofaunal data were analyzed by univariate, graphical and
multivariate methods. Similarity matrices based on the Bray-Curtis similarity index were
calculated on fourth root transformed abundance data. These similarity matrices were used
to perform hierarchical agglomerative clustering and multidimensional scaling ordination
(MDS), using the Plymouth Routines In Multivariate Ecological Research (PRIMER) pro-
gramme (Clarke and Warwick, 1994). Patterns were generated by factor analysis using the
principal components analysis (PCA) as an extraction method (Le Maitre, 1982; Swan and
Sandilands, 1995). Factors were rotated using the Varimax rotation. These factors were
used to ordinate the spatial distribution of dominant macrofauna according to their abun-
dance, sediment bulk properties (@ and o) and water depth. PCA extraction was carried
out based on a correlation matrix as a means of ‘standardizing’ the data. Significant factor
weights were evaluated as >0.70. The graphical representation of the spatial distribution
of macrofaunal abundances and of the score values obtained from the factor analysis was per-
formed using the Surfer software. Smooth-line kriging was used as the gridding method,
where the x and y data columns are the latitude and longitude of the sampling stations,
respectively, and the z data column is the selected variable.

3 RESULTS

3.1 Environmental Variables

Table I includes major hydrological and sedimentary features of the Cabras lagoon during the
study period. The surface water was characterized by relatively low salinity, with a mean of
9.9 PSU. Temperature varied widely according to the time of measurement, with a mean of
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TABLE I Mean =+ Standard Deviation (SD) of Major Environmental Variables of
Surface Water and Surface (0-2cm) Sediments. Minimum (Min) and Maximum (Max)
Values at Individual Stations (Stns) for Each Variable are also Shown.

Mean SD No. Stns Min—-Max
Depth (m) 1.7 0.2 29 1.3-2.1
Surface Water
Salinity (PSU) 9.9 1.7 21 6.6-12.0
Temperature (°C) 18.3 2.9 21 14.3-22.2
DO (mg 17" 8.6 1.0 21 5.9-10.2
Surface Sediments (0-2 cm)
WC (%) 79.4 4.0 29 70.0-85.0
Clay (%) 443 6.8 29 29.0-56.6
Silt (%) 48.7 7.7 29 31.3-65.3
Sand (%) 6.9 10.2 29 0.4-39.8
Mean size (@) (phi) 7.7 0.5 29 6.3-8.2
Sorting (o) (phi) 1.5 0.3 29 1.2-22
Eh (mV) —-109 56 12 —30/-220
Eh (2-4 cm) (mV) —216 92 12 —90/-395

Note: DO: dissolved oxygen; WC: water content.

18.3°C. Dissolved oxygen concentrations in surface water were normoxic throughout the
whole basin. Water depth at the sampling stations varied between 1.3 and 2.1 m, with a
mean of 1.7m (Tab. I).

The surface sediments were homogeneously muddy with a mean water and a mean mud
content of 79.4% and 93.0%, respectively, and a similar contribution of the clay and silt frac-
tions (Tab. I). This was associated with a very high sediment mean size (@) of 7.7 phi and a
sediment mean sorting (¢) of 1.5 phi (Tab. I). Eh values at both the surface and subsurface
layers were negative, indicating markedly reduced conditions of these sediments, further
worsening with depth (Tab. I).

A detailed analysis of the distribution of specific bulk properties of the sediments, within
the muddy fraction, highlighted a remarkable spatial variability. In particular, the sediment
mean size (@) tended to increase noticeably towards the inner sector of the lagoon, while
the sediment sorting (¢), an index of sediment dynamics, tended to increase towards the
shores (Fig. 2).

FIGURE 2 Spatial distribution of sediment bulk properties: (a) sediment mean size and (b) sediment sorting.
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3.2 Macrofaunal Communities

A total of 8228 individuals belonging to 15 faxa were collected. Two polychaete species
alone, Ficopomatus enigmaticus and Polydora ciliata, accounted for 71.0% of the total
abundance, and only eight taxa comprised up to 99.2% of it (Tab. II). Among the rarest spe-
cies found, polychaetes included Syllides endentulus and Sabellidae nc, and crustaceans
included the amphipod Dexamine spinosa, the decapod Pachygrapsus marmoratus and
Balanus amphitrite amphitrite. Among bivalves, besides the presence of relatively abundant
Cerastoderma glaucum (Tab. II), very few individuals of Abra sp. were found, while gastro-
pods were represented only by Hydrobia cfr. ventrosa. On an areal basis, the total abundance
at individual stations varied from 27 to 3105ind. 432 cm 2, with a mean of 283.7 ind.
432 cm™2 (Tab. II).

Figure 3 shows the spatial distribution of the abundance of the eight most dominant faxa.
In particular, F' enigmaticus and Corophium sextonae tended to be abundantly present in
patchy areas along the shores, while P ciliata showed a preferential and wider distribution
in the central-southern part of the lagoon, and was to some extent accompanied by the pre-
sence of C. glaucum at several stations. Differently, Tubificidae nc and Chironomidae larvae
were more localized in proximity of the narrower areas of the lagoon (Fig. 3). By contrast,
Neanthes succinea and Hediste diversicolor were most abundant on the western shore,
showing a rather overlapped distribution, although the latter nereidid species was ca. 5 times
less abundant (Fig. 3).

3.3 Multivariate Analysis

Cluster analysis classification and non-metric multidimensional scaling (nMDS) ordination
of total samples showed a high heterogeneity of the stations (Fig. 4), with those having
the lowest affinity (Stns C2, C8, C10, C18, C20) being scattered along the shore in different
areas of the lagoon (Fig. 1). Within such a low affinity, three additional groups of stations

TABLE II Mean = Standard Deviation (SD) of the Abundance (ind. 432 cm™2) of the Eight Most Dominant 7axa
(Comprising >1% of the Total Abundance).

Abundance
Mean SD No. Stns Min—-Max Relative % Cumulative %

Ficopomatus enigmaticus 116.0 370.3 29 0-1777 40.9 40.9
(Polychaeta)

Polydora ciliata 85.3 121.6 29 0-585 30.1 71.0
(Polychaeta)

Tubificidae nc 28.2 56.0 29 0-270 9.9 80.9
(Oligochaeta)

Neanthes succinea 19.8 23.5 29 0-85 7.0 87.9
(Polychaeta)

Corophium sextonae 15.4 74.5 29 0-402 54 933
(Crustacea)

Cerastoderma glaucum 9.0 19.4 29 0-83 32 96.4
(Bivalvia)

Chironomidae larvae 4.5 17.6 29 0-95 1.6 98.0
(Insecta)

Hediiste diversicolor 33 4.3 29 0-15 1.2 99.2
(Polychaeta)

Total 283.7 581.0 29 27-3105 100.0 100.0

Note: Minimum (Min) and maximum (Max) values at individual stations (Stns), and the relative and cumulative percentages on the
total abundance are also shown.
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FIGURE 3 Spatial distribution of the abundance (ind. 432 cm™2) of the eight most dominant faxa (comprising
>1% of the total abundance). Top—bottom order: from the more abundant to the less abundant faxa (Tab. II).

could be somehow described (Fig. 4a). They included a spatially heterogeneous group, com-
prising Stns C1 and C3, at the inlet of the lagoon, and Stns C21, C25, C26, C30 and C31, in
the southern sector of the lagoon, and a larger group of relatively inner stations, sub-divided
into a northern (Stns C4 to C7, C9, C13, C14, C17 and C29) and a more central (Stns C11,
C12, Cl16, C22 to C24, C27 and C28) area (Figs. 1 and 4).

The eight most dominant taxa, whose distribution suggested distinct spatial trends (Fig. 3),
were tested for any significant association with each others, and possible relationships with the
sediment mean size (®) and sorting (o), and with the water depth, using the factor analysis.
The first three factors contributed a similar percentage to the cumulative explained variance
(72.6%), accounting for 27.3, 24.2 and 21.1% of the matrix variation, respectively (Tab.
III). The first factor was dominated by the weights of P ciliata and C. glaucum, which
were also correlated negatively with N. succinea and positively with water depth. The second
factor was dominated by the weights of £ enigmaticus and C. sextonae, which were correlated
inversely with the sediment mean size (@) and positively with the sediment sorting (). The
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FIGURE 4 Cluster analysis (a) and nMDS ordination plot (b) of the 29 stations.

third factor indicated a negative correlation of Tubificidae nc and Chironomidae larvae with H.
diversicolor, while showing no significant correlation with the environmental variables con-
sidered (Tab. III). The plots of the three factors, used to construct 2-D representations, success-
fully individuated three major areas in the Cabras lagoon, including a central-southward area
(factor 1), an inner area (factor 2), and a central-westward area (factor 3) (Fig. 5). These areas
demonstrated spatial trends of a preferential distribution of dominant faxa and species-specific
associations with the sediment bulk properties (Tab. III).
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TABLE III Factor Scores and Explained Variance for Each Factor Extracted
From Variables Describing Associations of Dominant Macrofaunal 7axa (Com-
prising >1% of the Total Abundance), Sediment Bulk Properties and Water

Depth.

Variable Factor 1 Factor 2 Factor 3
FE enigmaticus —0.19 —0.76 0.28
P ciliata 0.83 —0.39 0.12
Tubificidae nc —0.29 —0.31 —0.75
N. succinea —-0.79 —0.26 0.45
C. sextonae 0.10 —0.78 —0.06
C. glaucum 0.75 0.19 —0.12
Chironomidae larvae 0.14 0.01 —0.82
H. diversicolor —0.47 0.05 0.81
Sediment mean size 0.10 0.75 0.21
Sediment sorting —-0.31 —0.70 —-0.27
Water depth 0.79 0.28 —0.03
Explained variance (%) 27.3 24.2 21.1
Cumulative variance (%) 27.3 51.5 72.6

Note: Highest weights/factors loadings are those in bold which characterize the factors and
which are discussed in the text.

Factor 1 Factor 2 Factor 3

FIGURE 5 Spatial representation of the three factor scores as resulting from the factor analysis of the eight most
dominant macrofaunal faxa, sediment bulk properties and water depth (variable weights for each factor are given
in Tab. III).

4 DISCUSSION

Very poor macrofaunal communities, compared to other lagoon systems (Martinelli ef al.,
1999; Lardicci et al., 2001b; Mistri et al., 2001; 2002), characterized the benthic environment
of the Cabras lagoon. Few predominant taxa included small-size surface (e.g. Polydora
ciliata and Corophium sextonae) and subsurface (e.g. Tubificidae nc) deposit feeders, and
larger nereidid polychaetes (i.e. Neanthes succinea and Hediste diversicolor), typically
occurring in degraded environments. Consistently, the opportunistic P ciliata is described
as common in waters affected by heavy organic pollution (Mistri et al., 2002), and
C. sextonae, H. diversicolor and oligochaetes are typically dominating early stages of
macrofaunal succession (Tagliapietra et al., 1998). Filter feeders were almost exclusively
represented by the reef-like builder polychaete F enigmaticus (Bianchi and Morri, 1996;
2001) and the hard-shelled bivalve Cerastoderma glaucum. Yet, the former species was
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localized in patchy areas along the shores of the lagoon, while the latter appeared to be
limited both in distribution and in number. F enigmaticus is also known to tolerate wide
variations of salinity, ranging from oligohaline to euhaline waters (Bianchi, 1981), and
this was consistent with the large salinity fluctuations occurring through the year in the
Cabras lagoon (Magni ef al., unpubl. data). Among the rarest species, Syllides endentulus,
found at two seawards stations (Stns C20 and C30, Fig. 1), has been reported in areas heavily
disturbed by anthropogenic activities, such as ports (Cognetti-Varriale, 1971).

Although an environmental (e.g. salinity) gradient from the inlet of the lagoon towards the
sea could be expected to influence the composition and structure of macrofaunal commu-
nities along the basin, there was a major difficulty identifying similar community structures
in the Cabras lagoon (Fig. 4). This fact could be related to the existence of a pioneering situa-
tion of macrofaunal communities, where few resistant faxa, differently distributed in some
areas of the lagoon, may inhabit. Our sampling scheme, based on a grid of stations covering
the whole lagoon, was also aimed at obtaining an overall picture, at the basin scale, of the
macrofaunal communities of the Cabras lagoon, for which little information was available
prior to this study.

By applying factor analysis we distinguished three statistically significant trends and demon-
strated some ecologically relevant associations. In particular, the polychaete P, ciliata and the
bivalve C. glaucum formed a first association which identified a relatively deeper area, loca-
lized in the central-southward sector of the lagoon (factor 1, Tab. III and Fig. 5). The positive
correlation of C. glaucum with water depth may indicate more suitable conditions of relatively
deeper waters, characterized by higher and less fluctuating salinity, to the settlement of
bivalves. On the other hand, we found a high incidence of younger forms (<3 mm) of
C. glaucum, while adults larger than 10 mm were only a few (Magni et al., unpubl. data).
This was consistent with the sampling period, but also indicated that the recruitment of
C. glaucum is hardly followed by a successful colonization, suggesting not suitable conditions
throughout the year for bivalves. Possible explanations to the low diverse age-class structure of
C. glaucum in the Cabras lagoon may include periodic hypoxic conditions, which tend to occur
in near-bottom water of dystrophic lagoon systems (Viaroli e al., 2001) and can strongly affect
long-lived macrofaunal species, and the structural properties of the muddy sediments of the
lagoon. By contrast, N. succinea correlated negatively with P ciliata and C. glaucum, and
was excluded from this area. We argue that a greater ability of larger and mobile polychaete
species, such as N. succinea (and H. diversicolor), may allow them to escape from more
stressed situations and to colonize more oxygenated (and shallower) areas (Fig. 3).

A second association was dominated by the abundances of F enigmaticus and C. sextonae
along the shores which highlighted, by contrast, an inner area of the lagoon (factor 2, Tab. III
and Fig. 5) characterized by an overall lack of macrofauna and very muddy conditions of the
sediments (Figs. 2 and 3). Over a long period of time, many authors have investigated the role
of sediment type as a major factor determining macrofaunal community composition and
structure (Sanders, 1958; Rhoads, 1974). Marked patterns of macrofaunal distribution
have been recognized along an apparent sedimentary gradient of grain size composition
and organic matter enrichment (Fresi et al., 1983; Jones et al., 1986; Ishikawa, 1989;
Quintino and Rodrigues, 1989; Bachelet ef al., 1996; Schlacher and Wooldridge, 1996).
However, less work has been done in homogeneous sediments, particularly in enclosed
muddy lagoons, where a more detailed analysis of sediment grain size distribution is needed
to discriminate between different zones and to unravel possible animal-sediment relation-
ships. In these systems, such analysis is particularly important because the partitioning
and transport of finer particles of sediments may influence the accumulation of large amounts
of organic matter, which in turn may strongly affect the macrofaunal communities. In this
study, we demonstrated that enclosed and shallow systems characterized by poor macrofaunal
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communities and muddy sediments may indeed show distinct associations between pre-
dominant species and sediment particle distribution. In particular, F enigmaticus and
C. sextonae showed a positive correlation with the sediment sorting (o), an index of sediment
selection due to hydrodynamic energy (Tab. III). Increasing ¢ values towards the shores of
the lagoon (Figure 2b) indicated more sorted sediments in shallower areas with a relatively
higher hydrodynamic energy, which is mainly caused, in micro-tidal lagoons, by the action of
currents and waves (Isla, 1995). This was consistent with the distribution and the ecological
characteristics of F enigmaticus and C. sextonae, i.e. the former taking advantage of
resuspended food particles along the shores, the latter finding a refuge within the serpulid’s
reefs. By contrast, areas with a lower hydrodynamic energy will favour the accumulation of
fine sediments (and organic matter) due to an easier settlement of clay particles. The high
sediment mean size (@) found in the inner part of the lagoon (Fig. 2a) indicated a further
increase of finer particles within the muddy fraction and matched with much reduced
macrofaunal communities (Fig. 3). A companion paper demonstrated that inner areas of the
Cabras lagoon are indeed major sites of transport and accumulation of fine sediment
particles and organic matter (De Falco et al., 2004).

A third major area, identified in a westerly direction of the Cabras lagoon (factor 3, Tab. III
and Fig. 5), was dominated by H. diversicolor. Interestingly in this area, the preferential and
rather overlapped distribution of H. diversicolor and N. succinea, generally characterized as
surface deposit feeders, excluded the presence of Tubificidae nc and Chironomidae larvae,
the two major subsurface deposit feeders encountered in the Cabras lagoon, suggesting dif-
ferent areas of distribution between different feeding guilds.

We conclude that the reduced macrofaunal communities and the simple benthic associa-
tions found in this study were a major evidence of the existence of a pioneering situation in
the Cabras lagoon. Among the possible reasons causing the present disturbed state, we
hypothesize the occurrence of periodic events of oxygen depletion in near-bottom waters,
especially in relatively deeper areas, and the subsequent release of toxic hydrogen sulfide
from the sediments. A major event of this kind occurred in summer 1999 when a severe
distrophic crisis at the basin scale caused a massive mortality of the biological resources of
the Cabras lagoon, from benthic fauna up to higher trophic level, such as commercially
important fish (IMC, 1999). These processes may thus depress the activity and limit the
occurrence of benthic fauna throughout the year.

Future studies should evaluate the seasonal trends of macrofaunal communities in the
Cabras lagoon, and their relationships with the chemical characteristics of the sediments
and the hydrological features of near bottom waters, on different temporal and spatial scales.
In particular, one important issue will be to investigate the effects of organic matter and
inorganic reduced sulphur concentrations of sediments on the distribution and the dynamics
of macrofaunal communities, in order to evaluate the extent and the time needed for a
possible recovery process from the present early stage of faunal succession.
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