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ABSTRACT

The present work is part of an environmental assessment undertaken in the Sado estuary
(Southern Channel and Mitrena Peninsula), western coast of Portugal, on February 1999 prior to
maintenance dredging works. The macrofauna communities in the study area are generally rich
and abundant. A single exception was found: a sampling site in the Mitrena area, with extreme im-
poverishment, probably related to sediment characteristics, i.e., fluid mud, unfavourable to the es-
tablishment of individuals. A comparative analysis of these macrofauna results to previous data from
1986 showed that this biological component had suffered no significant changes, especially as far as
the most characteristic species. Although the Southern Channel had been dredged in 1995, no clear
signs of such operation were apparent in the present survey.

The main differences between both periods (1986-1999) was an increase in the abundance and
presence of some common species of organic enriched areas, such as Tharyx sp., Corbula gibba,
Spiochaetopterus costarum and Ampelisca spp., which might be related to organic enrichment in the
Southern Channel. The joint consideration of our results on benthic macrofauna and those re-
garding sediment contamination and sediment bioassays, performed at the same time by other re-
searchers, does not indicate the necessity of any particular constraints on the dredging operations.
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RESUMEN

Caracterizacion de la comunidad macrobentonica de un estuario de la costa oeste de Portugal (estuario
del Sado) previa a la realizacion de operaciones de dragados

El presente trabajo forma parte de un estudio de impacto ambiental que fue llevado a cabo en el estuario del
rio Sado (canal sur y peninsula de Mitrena), costa oeste de Portugal, en febrero de 1999, previa a la realizacion
de operaciones de dragados.

Los resultados de las comunidades macrobentonicas obtenidos muestran que, en general, el darea estudiada es
rica en especies y abundante en individuos excepto una estacion de la zona del Mitrena, cuya pobreza biologica
puede estar asociada con las caracteristicas del sedimento, fango fluido, que no posibilita el establecimiento de los
individuos. La comparacion entre los datos biologicos recolectados en 1986 y 1999 ha revelado la semejanza en-
tre las comunidades de macrofauna bentonica de los dos periodos, especialmente en relacion con las especies ca-
racleristicas, y que el canal sur (dragado en 1995) no presenta seniales del efecto de dragado.

Las principales diferencias entre los dos periodos son un incremento en la abundancia y presencia de deter-
minadas especies asociadas con dreas organicamente enriquecidas, como Tharyx sp., Corbula gibba (prdcti-
camente ausentes del canal sur en 1986), Spiochaetopterus costarum y Ampelisca spp., que pueden estar
relacionados con el incremento de la materia organica en el drea estudiada.
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El conjunto de la informacion obtenida en el presente trabajo (comunidades macrobentonicas) y en otros es-
tudios -contaminacion de zona y bioensayos- hechos al mismo tiempo por otros investigadores, no evidencian in-

conveniente para el dragado del drea seleccionada.

Palabras clave: Comunidades bentonicas, dragados, estuario del Sado, enriquecimiento orgdnico.

INTRODUCTION

Dredging activities are usually essential to the
management of aquatic systems. In addition to en-
suring the navigability of harbours and channels,
they can also be used to obtain construction mate-
rials (Kenny and Rees, 1994; Morton, 1994) and to
clean up contaminated areas (Degetto et al., 1997,
Silva et al., 1997). Nevertheless, they represent an
environmental risk in each part of the process (ex-
traction, transport and dumping), that must be
carefully considered.

Essentially, the impacts associated with dredging
depend not only on the methods used, but also on
the amount and characteristics of the sediments to
be dredged (e.g., the presence of contaminants),
local hydrology and the seasonal effects (Newell,
Seiderer and Hitchcock, 1998). In the target area,
benthic communities are directly affected by
dredging. However, its impact varies widely and de-
pends, among other factors, on the intensity of
dredging in a particular area, the degree of sedi-
ment disturbance and recolonization (by passive
transport of adult organisms and the intrinsic rate
of reproduction) and growth of the damaged com-
munities (Newell, Seiderer and Hitchcock, 1998).

Although dredging has obviously become an eco-
nomic necessity, sustainable management requires
information on the functioning of the ecosystems,
specially an understanding of how vulnerable par-
ticular habitats, communities and species are to dif-
ferent activities being undertaken in a certain area
(Hiscok, 1997). The study of macrofaunal commu-
nities thus becomes relevant, not only because they
are directly affected by dredging, but also because
they play an important role in the structure and
functioning of ecosystems, supporting several hu-
man activities directly or indirectly (Rhoads, McCall
and Yingst, 1978; Chapman, Dexter and Long,
1987; Rees et al., 1990).

Despite the fact that information provided by
benthic communities may avoid negative impacts
of dredging operations on estuary resources, they
are not mentioned in the Portuguese legislation
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concerning dredging or sediment dumping
(Anonymous, 1995). Portuguese legislation regard-
ing dredging activities is mainly concerned with the
chemical analysis (metals and organic compounds)
of the material to be dredged and, under some cir-
cumstances, bioassays are also used. However, these
assays are conducted in the laboratory, under con-
trolled conditions, whereas the use of a resident bi-
ological component seems to be essential in the as-
sessment of in situ alterations in a certain area
(Chapman, Dexter and Long, 1987).

The Sado estuary is one of the major estuaries in
Portugal. It is a multiple-use system, with a strong
industrial component. This estuary has been sub-
mitted to several maintenance dredging opera-
tions, in order to satisfy the expanding necessities
of its harbour.

The present study was undertaken in the
Southern Channel and in the Mitrena Peninsula
with the following objectives: (1) to provide update
data on the composition and structure of the macro-
zoobenthic communities for future monitoring
studies; (2) to evaluate the importance for the entire
estuary of the macrofaunal communities from the
area to be dredged; (3) to analyse whether there
should be any constraints placed on dredging oper-
ations, drawing conclusion not only from our
macrofaunal data, but also from the sediment cont-
amination (Gil et al., 1999) and the sediment toxici-
ty studies (Rodrigues, Quintino and Carvalho, 1999)
performed at the same time; (4) to identify potential
impacts of dredging operations (the study area was
dredged in 1995), by comparing the present study’s
results with those observed in 1986 for the same area
(Rodrigues, 1992; Rodrigues and Quintino, 1993).

Study area

The Sado estuary (figure 1) is located in the
western coast of Portugal on the Setabal Peninsula
(50 km south of Lisbon) and can be classified as a
bar estuary due to its physical structure and topog-
raphy (Pritchard, 1955).

Bol. Inst. Esp. Oceanogr. 17 (1y 2). 2001: 179-190



S. Carvalho et al.

Macrobenthic community characterisation of an estuary prior to dredging operations

Figure 1. Location of sampling sites. Depth
in metres. Intertidal areas are shown in
light grey

MITRENA
PENINSULA

38°29'N
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The estuary comprises the Northern and the
Southern Channels, partially separated by inter-
tidal sandbanks. Most of the water exchange is
made through the Southern Channel, which reach-
es a depth of 25 m, whereas the Northern
Channel’s maximal depth is generally 10 m (Neves,
1985). In the inner part of the estuary there is an-
other channel (Alcacer Channel), 20 km long and
with a mean depth of 1 m. The estuary is linked to
the ocean by a narrow and deep channel (maximal
depth of 50 m), which makes a major contribution
to the general pattern of the estuarine circulation
(Neves, 1985).

The present work was undertaken on February
1999, in the Southern Channel and the Mitrena
Peninsula (figurel).

METHODS
Sampling

This study featured 31 sampling sites, 22 located
within the dredging area (S1 to S22) and nine in
neighbouring areas (S23 to S31) (figure 1). At
each site, two replicates were collected with a
Smith-McIntyre grab (0.1 m2), one for the benthic
macrofaunal analysis, another for sediment charac-
terisation.

Sediment characterisation
The sediment sample from each site was ho-
mogenised, and two sub-samples were collected for

granulometric and total volatile solids (TVS) analy-
sis, the latter frozen on board.
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The particle-size analysis was performed by dry
sieving. For a detailed description of the method
used, see Quintino, Rodrigues and Gentil (1989).

The total volatile solids analysis was determined
by weight loss on ignition of approximately 1 g of
dried sediment, at 450 °C, for 5 h (Kristensen and
Anderson, 1987). Kristensen and Anderson (1987)
consider this method one of the most reliable, as
no pre-treatment is involved, and at this tempera-
ture there is a minimum risk of volatilising the in-
organic carbon.

Benthic macrofauna

The sediment samples collected for the study of
benthic macrofaunal were sieved on board
through a Imm-mesh sieve, and the retained mate-
rial was preserved in 10 % buffered formalin
stained with Rose Bengal. In the laboratory, the
samples were washed again through a Imm-mesh
sieve and the organisms were sorted, identified
whenever possible to the species level, and count-
ed. The identifications were performed mainly ac-
cording to Campoy (1982), Chambers (1985),
Chambers and Garwood (1992), Chambers and
Muir (1997), Fauchald (1977), Fauvel (1923,
1927), George and Hartmann-Schroder (1985),
Giordanella (1969), Holthe (1986), Katzman,
Laubier and Ramos (1974), Kirtley (1994),
Laborda (1987), Laubier (1962), Laubier and
Ramos (1973), O’ Connor (1987), Pleijel and Dales
(1991), Rainer (1989), Ramberg and Schram
(1983) and Sigvaldadottir and Mackie (1993), con-
cerning polychaete worms; Bellan-Santini et al.
(1982), Lincoln (1979), Jones (1976), Naylor
(1972) and Kensley (1978) for crustaceans; Nobre
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(1936), Graham (1971), Tebble (1976) and
Macedo (1999) regarding molluscs; and Nobre
(1938) and Tortonese (1965) for echinoderms.

Data analysis

Sediment was classified according to the
Wentworth scale (Doeglas, 1968) and Larsonneur
(1977). Sediments were characterised by their per-
centage of silt (< 63 pm), sand (63 - 2 000 pm) and
gravel (> 2 000 pm) and by the median value.

Biological data analysis was performed with
PRIMER v 4.0 (Clarke and Warwick, 1994). In order
to characterise the macrobenthic communities of
the study area, species richness (S) and abundance
(A) values were determined for each site and ex-
pressed per 0.1 m2. Abundance data was analysed by
cluster and ordination techniques with log (y + 1)
transformed values. Cluster analysis applied the un-
weighted pair group average algorithm to a similari-
ty matrix between sites calculated with the Bray-
Curtis coefficient. Non-metric multidimensional
scaling (MDS) was the technique chosen for the or-
dination analysis (Ludwig and Reynolds, 1988;
Clarke, 1993). Characteristic species of each affinity
assemblage were determined according to the mean
abundance and frequency in a certain group

F = (species abundance/total species abun-
dance) % 100.

Oligochaetes, Nematodes and Nemertineans
were not considered to the groups’ characterisation
because they were not identified, but were used to
define affinity assemblages. Macrofaunal compari-
son between 1986 and 1999 data was carried out us-
ing a matrix analysis considering both periods’ val-
ues, following the method described above.

Macrobenthic community characterisation of an estuary prior to dredging operations

RESULTS
Sediment characterisation

The results obtained show that the Southern
Channel and Mitrena Peninsula are characterised
by different sediments. The Mitrena Peninsula is
dominated by silty sediments, with a percentage of
fine particles ranging from 22.3 to 93.5 % (at site
2), while the Southern Channel is mainly constitut-
ed by medium (median: 250 - 500 pm) and coarse
sand (median: 500 - 1000 pm). The mean organic
matter content of each region emphasises this indi-
vidualisation. In fact, the mean value at the Mitrena
Peninsula sampling sites was high (7.4 %) com-
pared with the Southern Channel stations (2.6 %).

Benthic macrofauna

In the present study, a total of 151 species, com-
prising 13 179 specimens, have been collected. The
species are distributed among three major groups:
polychaetes, amphipods and bivalves. The class
Polychaeta is dominant in terms of species number,
number of individuals and presence throughout the
entire study area. The most abundant species are al-
so the most frequent, and include the polychaetes
Spiochaetopterus costarum, Aonides oxycephala, Tharyx
sp., Melinna palmata, Scoloplos armiger, Caulleriella ala-
ta, Caulleriella bioculata and Lumbrinereis gracilis, the
amphipods Ampelisca spp., the bivalves Corbula gibba
and Modiolus cf. adriaticus and the gastropod
Nassarius incrassatus.

The spatial distribution of species richness (fig-
ure 2) and abundance (figure 3) shows no clear
patterns. However, concerning species richness, it
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Figure 3. Spatial distribution of abundance E3 3
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is possible to detect two different regions, one in
front of Eurominas (Mitrena Peninsula), charac-
terised by low values, and another one, in the cen-
tral part of the channel, with high species richness
values.

Cluster and ordination analysis identified three
major assemblages, A, Bl and B2 (figure 4), from
which site S2 appears isolated. The observation of
the most abundant and frequent species of each
group, presented in table I, and their characterisa-
tion, given in table II, suggests that site S2 corre-
sponds to an impoverishment of sub-group BI.
This is in agreement with its positioning in the es-
tuary (figure 1). In figure 5, representing the spa-
tial distribution of the three main assemblages, site
S2 has been included in Group BI.

Group A comprises sandy sediments sites (medi-
um and coarse sand) with a low percentage of fines
and total volatile solids (table II). This group in-
cludes both species usually associated with such
sediments  (Nephlys Goniada  galaica,
Protodorvilea kefersteini, Urothoe cf. intermedia Bellan-
Santini & Ruffo, 1986, Urothoe grimaldii Chevreux,
1895 and Tellina tenuis) and species characteristic
from organically enriched areas, such as Scoloplos
armiger, Tharyx sp., Caulleriella allata, Caulleriella
bioculata, Aonides oxycephala, Spiochaetopterus costarum
and Corbula gibba. However, excepting Scoloplos
armiger, these species are preferentially distributed
in other groups. S. armiger and N. cirrosa are the
most characteristic species for the Group A (tables I
and II).

Group BI, located in front of Eurominas, presents
the highest content in fines and total volatile solids
(table II). This group comprises seven exclusive
species of which only Abra alba and Barnea candida
are represented by more than a single individual.

cirrosa,
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Figure 4. Classification and ordination diagrams concern-
ing 1999 biological data
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Table I. Mean abundance (A/0.1 m2) and abundance fre-

quency (%) (F: Abundance of sp. A in group x/total abun-

dance of group x) of the most abundant species in each of

the affinity groups identified from the cluster analysis per-
formed with 1999 data

Group A (7 sites)

Species F A
Nematodes 54.0 80.9
Scoloplos armiger (O. F. Mller, 1776) 14.0 219
Tharyx sp. 10.0 15.6
Corbula gibba (Olivi, 1792) 3.0 4.7
Nephtys cirrosa Ehlers, 1868 2.0 3.4
Aonides oxycephala (Sars, 1862) 20 24
Spiochaetopterus costarum (Claparéde, 1870) 1.0 2.1
Alcyonium sp. 1.0 1.9
Caulleriella alata (Southern, 1914) 1.0 1.7
Parapionosylis gestans (Pierantoni, 1903) 1.0 1.6
Caulleriella bioculata (Keferstein, 1862) 1.0 1.3
Ascidea ind. 1.0 1.1
Parapionosylis sp. 1.0 09
Typosyllis sp. 1.0 0.9
Protodorvillea kefersteini (McIntosh, 1869) 0.5 0.7

Sub-group B1 (6 sites)

Species F A
Ampelisca spp. 56.0 130.7
Melinna palmata Grube, 1870 17.0  39.3
Corbula gibba 8.0 18.3
Tharyx sp. 40 9.2
Nassarius incrassatus (Strom, 1768) 4.0 8.3
Nephtys hombergii Savigny, 1818 3.0 80
Parvicardium exiguum (Gmelin, 1791) 2.0 3.5
Ampharetidae ind. 1.0 2.8
Corophium runcicorne Della Valle, 1893 1.0 22
Capitella sp. 03 0.7
Cyathura carinata (Kroyer, 1847) 03 0.7
Pagurus spp. 03 0.7
Pandora albida (Roding, 1789) 03 0.7
Abra alba (Wood, 1802) 0.2 0.5
Barnea candida (Linné, 1758) 0.2 0.5

Subgroup B2 (17 sites)

Species F A
Spiochaetopterus costarum (Claparéde, 1870) 25.0 157.8
Aonides oxycephala 13.0 79.8
Corbula gibba 120 74.2
Modiolus cf. adriaticus (Lamarck, 1819) 10.0  65.6
Tharyx sp. 9.0 555
Nematodes 5.0 315
Nassarius incrassatus 2.0 108
Oligochaetes 20 10.6
Caulleriella bioculata 2.0 105
Lumbrineris gracilis (Schmarda, 1868) 2.0 10.2
Ampelisca spp. 2.0 9.6
Nucula sp. 1.0 9.2
Ascidea ind. 1.0 8.4
Paradoneis lyra (Southern, 1914) 1.0 7.4
Parvicardium exiguum 1.0 6.6

Site S2

Species F A
Nephtys hombergii 60.0 3.0
Nassarius incrassatus 20.0 1.0
Caulleriella bioculata 200 1.0
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The most important species identified in this group
reflect its sedimentary characteristics (tables I and II).
The sites included in Group B2 present interme-
diate content of fines and TVS, in relation to
Groups A and Bl. This assemblage has the highest
species richness, abundance and number of exclu-
sive species (table II). The most abundant species
(table I) reflect a certain degree of organic enrich-
ment (e.g., S. costarum, A. oxycephala, C. gibba,
Tharyx sp., C. bioculata), although some of the less
abundant species in the group are also usually as-
sociated with sandy sediments (e.g., Lygdamis mura-
tus (Allen, 1904), Gammaropsis maculata Johnston,
1928, Typossylis sp., Upogebia sp., Calyptraea chinensis
(Linné, 1778), Sphaerosyllis hystrix Claparéde, 1863,
Poecilochaetus serpens Allen, 1904, N. cirrosa).

Comparison of 1986 versus 1999 macrofauna data

In order to analyse the temporal and spatial re-
lationships between both sampling periods, macro-
faunal data obtained in 1986 at the same estuarine
area (Rodrigues and Quintino, 1993) was also sub-
mitted to cluster and ordination analysis (figure 6).
The results obtained revealed the existence of two
major affinity assemblages, A’ and B’, which are
characterised in tables II and III. According to the
cluster and ordination diagrams (figure 6), sites
S117 and S126 appear isolated from groups A’ and
B’. Both these sites (as was the case of site S2 from
1999 data) are located near the northern margin,
in the vicinity of industrial complexes, and present
an impoverished fauna, emphasised by the lowest
mean abundance (36 indiv/0.1 m?2) and species
richness (12 species/0.1 m2) (table II). This may be
related not only to their having the highest content
of fines and TVS (39.6 % and 5.4 %, respectively),
but also to potential contamination of the area,
due to the proximity of industry. The fauna identi-
fied reflects these sedimentary features, with
species characteristic of silty sediments, such as
Abra nitida and the polychaete Nephtys hombergii
(Pearson, 1975; Tebble, 1976; Hily, Le Bris and
Glémarec, 1986).

Group A’ comprises seven stations. The sedi-
ment and biological characteristics of this group
are remarkably similar to Group A, identified in
1999 (table II). Scoloplos armiger is the most abun-
dant and frequent species, comprising almost 50 %
of total abundance (table III).

Bol. Inst. Esp. Oceanogr. 17 (1y 2). 2001: 179-190
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Table II. Biological and environmental characterisation of the affinity groups defined from the cluster analysis in 1986 and
1999. (TVS): total volatile solids; (S): species richness; (A): abundance

1999 Group A Group Bl Group B2 Site S2
1986 Group A’ Group B’ Sites S117 and S126
N° of sampling sites 7 6 17
7 13 2
Fines (mean %) 7.1 58.0 16.6 93.5
7.1 20.1 39.6
Gravel (mean %) 3.0 1.0 7.8 0.5
2.7 2.0 1.8
TVS (mean %) 1.5 7.1 3.0 9.0
1.0 2.3 5.4
S (total) 48 44 134 3
46 79 32
S (mean, 0.1 m2) 13.1 15.0 36.9 3.0
12.7 28.8 8.0
A (total) 1057 1395 10722 5
443 6 146 36
A (mean, 0.1 m2) 151.0 232.5 630.7 5.0
63.3 473.0 18.0
Exclusive species 9 7 73
9 38 3
Characteristic species  S. armiger Ampelisca spp. S. costarum N. hombergii
N. cirrosa M. palmata A. oxycephala
N. hombergii C. gibba
M. cf. adriaticus
1999 Tharyx sp.
S. armiger S. costarum A. nitida
P. elegans Cirriformia sp. E. punctatus
N. cirrosa A. oxycephala N. hombergii
Tharyx sp.
L. nitidum
1986 S. inflatum

Finally, all the stations of the Group B’ are char-
acterised by an intermediate percentage of fines
and TVS in relation to the other groups (table II).
This group presents the richest and most abundant
faunal assemblage, with the annelid polychaetes
Spiochaetopterus costarum, Cirriformia sp., Aonides oxy-

cephala, Tharyx sp. and the bivalve Lepton nitidum as
dominant species (table III). Group B’ closely re-
sembles Group B2, identified in 1999 (table II).
The comparison of the macrofauna data from
both periods made it possible to recognise, in 1999
set, the main faunal assemblages observed in 1986,
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Figure 5. Spatial distribution of the main

affinity groups emphasised by cluster analy-
sis (1999 data)
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Table III. Mean abundance (A/0.1 m2) and abundance fre-

quency (%) (F: Abundance of sp. A in group x/total abun-

dance of group x) of the most abundant species in each of

the affinity groups identified from the cluster analysis per-
formed with 1986 data

Group A’ (7 sites)

Species F A
Scoloplos armiger 46.5 29.4
Cirriformia sp. 19.4 123
Caulleriella sp. 43 27
Parapionosyllis elegans (Pierantoni, 1903) 4.1 2.6
Nephtys cirrosa 2.7 1.7
Tharyx sp. 2.5 1.6
Goniada galaica (Rioja, 1923) 1.8 1.1
Glycera tridactyla Schamarda, 1861 14 09
Spiochaetopterus costarum 14 09
Crangon crangon (Linnaeus, 1758) 1.1 07
Notomastus latericeus Sars, 1851 1.1 0.7
Saccocirrus papillocercus Bobretzky, 1872 0.9 0.6
Aonides oxycephala 07 04
Heteromastus filiformis (Clapadere, 1864) 0.7 0.4
Polycirrus sp. 07 04
Pygospio elegans Clapadére, 1863 0.7 0.4
Tellina tenuis Costa, 1778 0.7 0.4

Group B’ (13 sites)

Species F A
Spiochaetopterus costarum 39.0 184.2
Cirriformia sp. 10.5 495
Aonides oxycephala 6.9 325
Tharyx sp. 6.6 31.0
Lepton nitidum Turton, 1822 6.0 28.3
Scalibregma inflatum Kathke, 1843 55 259
Caulleriella sp. 3.0 143
Scoloplos armiger 2.1 9.7
Mediomastus capensis Day, 1961 2.0 9.5
Notomastus latericeus Sars, 1851 2.0 9.4
Apseudes talpa (Montagu, 1808) 1.3 6.0
Oligochaeta ind. 1.1 5.0
Polydora caeca (Orsted, 1843) 0.8 4.0
Cyathura carinata 07 32
Cerastoderma edule (Linnaeus, 1758) 0.7 3.2
Corophium annulatum Chevreux, 1908) 0.7 3.1

Sites 117 and 126

Species F A
Abra nitida (Mller, 1776) 222 4.0
Ericthonius punctatus (Bate, 1857) 16.7 3.0
Cirriformia sp. 11.1 2.0
Corophium sextonae Crawford, 1937 11.1 2.0
Nephtys hombergii 83 15
Virgularia mirabilis (Muller, 1776) 83 15
Caulleriella sp. 56 1.0
Spiochaetopterus costarum 56 1.0
Aoridae ind. 28 05
Melita gladiosa Bate, 1862 28 0.5
Pandora albida 28 0.5
Phtisica marina 28 0.5

especially concerning the most characteristic
species. In fact, some of the characteristic species
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identified in 1986 remained as the most important
in 1999, such as Scoloplos armiger and Nephtys cirrosa
(Groups A’ and A), Spiochaetopterus costarum, Aonides
oxycephala and Tharyx sp. (Group B’ and B2).
Although the sampling methodology and sam-
ple treatment were the same in both occasions, the
sites analysed in 1986 and 1999 did not coincide
completely. The absence in 1986 of an assemblage
equivalent to the sub-group BI identified in 1999
(figure 6; table II) is due to a lower number of sam-
pling sites in front of Eurominas in 1986, com-
pared to 1999. Nevertheless, it is possible to recog-
nise in the sampling sites S117 and S126 (1986)
some of the characteristics that occurred in the
affinity Group Bl, namely the dominance of
species usually associated with organically enriched
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* A — S104
S086
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s125
1 sl18
S116
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Figure 6. Classification an ordination diagrams concerning
1986 biological data
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sediments (Pearson, 1975; Tebble, 1976; Pearson
and Rosenberg, 1978; Hily, Le Bris and Glémarec,
1986; Newel, Seiderer and Hitchcock, 1998), such
as Ampelisca spp., Melinna palmata, Nephtys hombergi,
Abra nitida and Cirriformia sp. (tables II and III).
Despite the similarities observed between the
two data sets, a more detailed analysis suggests
some changes in the sediment and faunal charac-
teristics of the study area. Concerning the sedi-
ments, the main difference is due to the mean per-
centage of total volatile solids, which rose between
1986 and 1999 (table II, namely Groups A/A’ and
B2/B’). In relation to the faunal assemblages, we
found a richer and more abundant macrobenthic
community in 1999, compared with 1986 (table II).
It was also possible to recognise some changes re-
garding the characteristic species identified in the
affinity groups of 1999, namely Tharyx sp., Modiolus
cf. adriaticus and C. gibba (Group B2 - 1999; Group
B’ - 1986). Those species appeared in 1999 at
Group A sampling sites, but in the corresponding
area in 1986 (Group A’) they were either absent or
present low abundance (tables I and III).

Macrobenthic community characterisation of an estuary prior to dredging operations

Moreover, the marked increase in abundance and
frequency of the two latter species bring them to a
high rank in Group B2, in 1999 (Group B’ - 1986)
(tables I and II).

As an example of this change, figures 7 and 8 il-
lustrate the abundance and distribution pattern of
C. gibba for both sampling periods.

DISCUSSION

The present study’s results regarding macrofau-
nal characterisation agree with previous benthic
descriptions pertaining this particular area of the
Sado estuary (Rodrigues and Quintino, 1993).
Such resemblance, namely concerning the affinity
assemblages and their characteristic species, was
confirmed through comparative data analysis of
both 1999 and 1986 data sets.

The study area’s macrofaunal communities are
rich and abundant, excluding site S2, a local im-
poverishment of Group Bl. Such impoverishment
is most probably related with the particular sedi-
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ment characteristics of this site, i.e., fluid mud, un-
favourable to the establishment of individuals.

The joint consideration of the present study’s
macrofaunal results and data involving sediment
contamination (Gil e/ al., 1999) and toxicological
bioassays (Rodrigues, Quintino and Carvalho,
1999), also analysed before the dredging opera-
tions, does not indicate the necessity of placing any
particular constraints on them. In fact, the area to
be dredged presents sediments with minor contam-
ination (Gil et al., 1999) and the toxicological bioas-
says revealed no significant differences between
control and tested sediments (Rodrigues, Quintino
and Carvalho, 1999). Moreover, currently available
data on the Sado estuary’ macrofaunal communities
indicate that the area to be dredged, although rich
and abundant in species, is not included in the rich-
est part of the estuary (Rodrigues and Quintino,
1993). In addition, the macrozoobenthic communi-
ties identified presented no unique features, as they
are part of widespread areas within the Southern
Channel (Rodrigues and Quintino, 1993).

The Southern Channel was dredged in 1995, but
the present study found no evident signs of such op-
erations. In contrast, dredging effects have occurred
in other areas of the estuary, closer to the entrance,
where the typical fauna was replaced by marine
species, which spread their distribution to inner
parts of the estuary (Rodrigues and Quintino, sub-
mitted). In fact, even though there were some dif-
ferences in mean abundance, in 1999 most species
retain their relative abundance and presence in the
different areas identified in this channel. The
changes observed compared with 1986, mainly in-
volve an increase in abundance and species richness
in the study area. These changes are especially ap-
parent regarding some species known to be com-
mon in organic enriched areas (Pearson and
Rosenberg, 1978; Hily, Le Bris and Glémarec, 1986;
Rodrigues and Quintino, 1993; Newel, Seiderer and
Hitchcock, 1998), such as Tharyx sp., C. gibba (al-
most absent of Southern Channel in 1986), S.
costarum and Ampelisca spp., the latter considered an
opportunistic genus, very common in mobile mud
(Newel, Seiderer and Hitchcock, 1998). Moreover,
Corbula gibba is considered by some authors to be
indifferent to organic pollution and hypoxia
(Pearson, 1971; Rosenberg, 1980) and characteris-
tic of the transitory zone along a gradient of organ-
ic enrichment (Pearson and Rosenberg, 1978).
Therefore, these results suggest that the study area
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might be evolving to a higher degree of organic en-
richment than the one noted in 1986, as also shown
by the increase of the total volatile solids, found be-
tween 1986 to 1999, in sediments of comparable
fines content. This hypothesis must be confirmed
with further studies, since the two sampling periods
were in different seasons (summer in 1986; winter
in 1999) and information regarding these species’
life cycles is unavailable.

The use of benthic communities in impact assess-
ment studies enjoys widespread support within the
scientific community (e.g., Long and Chapman,
1985; Quintino, 1996; Radenac, Miramand and Tar-
dy, 1997; Van den Hurk, Eertman and Stronkhorst,
1997). In the particular case of dredging, it is clear
that a careful evaluation of the potential impacts re-
sulting from the handling of dredged sediments is
essential to a proper management of aquatic sys-
tems, since sediments have long been recognised as
a sink for many contaminants. Nevertheless, those
communities directly affected by dredging opera-
tions are often disregarded in the management of
aquatic systems exposed to this activity. In spite of
this, in most jurisdictions, including Portugal, legis-
lation regarding dredging operations is essentially
concerned with chemical analysis. Indeed, such
chemistry data is needed to provide a measure of lo-
cal contamination, and bioassays have proved to be
useful in the assessment of the bioavailability of con-
taminants (Chapman, 1990). However, as bioassays
are usually performed under controlled laboratory
conditions, confirmation of the effects on the biota
is also necessary, and only a resident biological com-
ponent can provide such information (Chapman,
Dexter and Long, 1987). When used alone, such
measures of resident community structure may how-
ever provide confusing conclusions, because these
communities also respond to natural fluctuations in
biotic and abiotic factors. Nevertheless, together
with the other two components, they proved to be
an essential tool in the proper management of
dredging activities, providing unique information,
namely, on the exploitable resources potentially af-
fected by those activities.

REFERENCES

Anonymous. 1995. Despacho Conjunto dos Ministérios do
Ambiente e Recursos Naturais e do Mar. Diario da
Republica 11 serie 141: 6805-6807.

Bol. Inst. Esp. Oceanogr. 17 (1 'y 2). 2001: 179-190



S. Carvalho et al.

Bellan-Santini, D., G. Karaman, G. Krapp-Schickel, M.
Ledoyer, A. A. Meyers, S. Ruffo and U. Schiecke. 1982.
The Amphipoda of the Mediterranean. Mémoires Institut
Océanographique Monaco 13: xii + 364 pp.

Campoy, A. 1982. Fauna de Espana. Fauna de anélidos polique-
tos de la Peninsula Ibérica. EUNSA. Pamplona, Spain: 781
PPp-

Chambers, S. J. 1985. Polychaetes from the Scottish Waters.
A guide to identification. Part 2. Families Aphroditidae,
Sigalionidae and Polyodontidae. Royal Scottish Museum
Studies 1985: 1-38.

Chambers, S. J. and P. R. Garwood. 1992. Polychaetes from
the Scottish Waters. A guide to identification. Part 3.
Family Nereidae. National Musewms of Scotland 1992: 1-65.

Chambers, S. J. and A. I. Muir. 1997. Polychaetes: British
Chrysopetaloidea, Pisionoidea and Aphroditoidea.
Synopses of the British Fauna (new series) 54: 1-202.

Chapman, P. M., R. N. Dexter and E. R. Long. 1987.
Synoptic measures of sediment contamination, toxicity
and infaunal community composition (the Sediment
Quality Triad) in San Francisco Bay. Marine Ecology
Progress Series 37: 75-96.

Chapman, P. M. 1990. The sediment quality triad approach
to determining pollution-induced degradation. The
Science of the Total Environment 97/98: 815-825.

Clarke, K. R. 1993. Non-parametric multivariate analysis of
changes in community structure. Australian Journal of
Ecology 18: 117-143.

Clarke, K. R. and R. M. Warwick. 1994. Change in marine com-
munities: an approach to statistical analysis and interpretation.
Natural Environment Research Council. Plymouth, UK:
140 pp.

Degetto, S., M. Schintu, A. Contu and G. Sbrignadello.
1997. Santa Gilla lagoon (Italy): a mercury sediment pol-
lution case study - contamination assessment and restora-
tion of the site. The Science of the Total Environment 204: 49-
56.

Doeglas, D. J. 1968. Grain-size indices, classification and en-
vironment. Sedimentology 10: 83-100.

Fauchald, K. 1977. The polychaete worms. Definitions and
keys to the orders, families and genera. R. E. Ostermeyer
(ed.). Natural History Museum of Los Angeles County, Science
Series 28: 1-190.

Fauvel, P. 1923. Polychétes errantes. Faune de France 5.
Lechevalier. Paris: 486 pp.

Fauvel, P. 1927. Polychetes sedentaires. Faune de France 16.
Lechevalier. Paris: 494 pp.

George, J. D. and G. Hartmann-Schroder. 1985.
Polychaetes: British Amphinomida, Spintherida and
Eunicida. Synopses of the British Fauna (new series) 32: 1-
221.

Gil, O., M. Quintans, T. Drago, O. Costa, C. Micaelo, I.
Santos, A. F. Naugton, C. Vale, J. Santos, P. Brito and R.
Granja. 1999. Caracterizacao granulométrica e quimica
de sedimentos do canal Sul do Estuario do Sado e bacia
de rotacao na zona da Mitrena. Ipimar report: 20 pp. + an-
nexes.

Giordanella, E. 1969. Contribution a I’étude de quelques
Spionidae. Recueil des travaux de la station Marine
d’Endoume 45 (6): 325-349.

Bol. Inst. Esp. Oceanogr. 17 (1'y 2). 2001: 179-190

Macrobenthic community characterisation of an estuary prior to dredging operations

Graham, A. 1971. British Prosobranch and other operculate
Gastropod Molluscs. Keys and notes for the identifica-
tion of the species. Synopses of the British Fauna (new se-
ries) 2: 1-112.

Hily, C., H. Le Bris and M. Glémarec. 1986. Impacts bio-
logiques des emissaires urbains sur les ecossystemes
benthiques. Océanis 12: 419-426.

Hiscok, K. 1997. Conserving biodiversity in the North-East
Atlantic marine ecosystems. In: Marine biodiversity - pal-
terns and processes. R. F. G. Ormond, J. D. Gage and M. V.
Angel (eds.): 415-427. Cambridge University Press.
Cambridge, U.S.

Holthe, T. 1986. Polychaeta terebellomorpha. Marine
Invertebrates of Scandinavia 7: 1-194.

Hurk, P. van den, R. H. Eertman and J. Stronkhorst. 1997.
Toxicity of harbour canal sediments before dredging and
after offshore disposal. Marine Pollution Bulletin 34 (4):
244-249.

Jones, N. S. 1976. British Cumaceans. Synopses of the British
Fauna (new series) 7: 1-66.

Katzman, W., L. Laubier and J. M. Ramos. 1974. Pilargidae
(annélides polychetes errantes) de Méditerrané. Bulletin
de UInstitut Océanographique Monaco 71 (1428): 1-40.

Kenny, A. J. and H. L. Rees. 1994. The effects of marine
gravel extraction on the macrobenthos early post-dredg-
ing recolonization. Marine Pollution Bulletin 28: 442-447.

Kensley, B. 1978. Guide to the marine isopods of Southern Africa.
Rustica Press LTD. Cape: 173 pp.

Kirtley, D. W. 1994. A review and taxonomic revision of the fam-
ily Sabellaridae Johnston, 1985 (Annelida; Polychaeta).
Sabecon Press - Science. Series 1. Florida: vi + 223 pp.

Kristensen, E. and F. @. Anderson. 1987. Determination of
organic carbon in marine sediments: a comparison of two
CHN-analyser methods. J. Exp. Mar. Bio. Ecol. 109: 15-23.

Laborda, A. J. 1987. Estudio con el SEM (Scanning Electron
Mycroscop) de tres especies del genero Nephtys. Cahiers
de Biologie Marine 28: 131-46.

Larsonneur, C. 1977. La cartographie des depots meubles
sur le plateau continental francais: méthode mise au
point et utilisée en Manche. J. Rech. Océanogr. 2 (2): 33-
39.

Laubier, L. 1962. Quelques annélides polychetes de la la-
gune de Venice - description de Prionospio caspersi n. sp.
Vie et Miliew 13: 123-159.

Laubier, L. and J. M. Ramos. 1973. Paraonidae (Polychéte sé-
dentaires) de Méditerranée. Bulletin Du Museéum National
d’ Histoire Naturelle Paris 168, 3* série (1): 1097-1148.

Lincoln, R. J. 1979. British Marine Amphipoda: Gammaridea.
British Museum (Natural History). London: 658 pp.

Long, E. R. and P. M. Chapman. 1985. A sediment quality
triad: measures of sediment contamination, toxicity and
infaunal community composition in Puget Sound.
Marine Pollution Bulletin 16 (10): 405-415.

Ludwig, ]J. A. and J. F. Reynolds. 1988. Statistical ecology. John
Wiley and Sons. New York: xviii + 337 pp.

Macedo, M. C. C. 1999. Conchas marinhas de Portugal. Verbo.
Lisbon: 516 pp.

Morton, B. 1994. Hong Kong’s coral communities: status,
threats management plans. Marine Pollution Bulletin 29
(1-3): 74-83.

189



S. Carvalho et al.

Naylor, E. 1972. A synopses of the British marine isopods.
Synopses of the British Fauna 3: 86 pp.

Neves, R. J. J. 1985. Etude expérimentale et modélisation mathé-
matiques des circulations transitoire et résiduelle dans Uestuaire
du Sado. Thesis “Docteur en Sciences Appliquées”. Univ.
Liége. Liege, Belgium: 271 pp.

Newell, R. C,, L. J. Seiderer and D. R. Hitchcock. 1998. The
impact of dredging works in coastal waters: a review of
the sensitivity to disturbance and subsequent recovery of
biological resources on the seabed. Oceanography Marine
Biology Annual Review 36: 127-178.

Nobre, A. 1936. Moluscos marinhos e de dguas salobras. vol. 2.
Companhia Editora do Minho. Barcelos, Portugal: 806
pp. + annexes.

Nobre, A. 1938. Equinodermes de Portugal. Companhia
Editora do Minho. Barcelos, Portugal: 215 pp. + an-
nexes.

O’Connor, B. D. S. 1987. The Glyceridae (Polychaeta) of
the North Atlantic and Mediterranean, with descriptions
of two new species. Journal of Natural History 21: 167-189.

Pearson, T. H. 1971. The benthic ecology of Loch Linnhe
and Loch Eil, a sea-Loch system on the west coast of
Scotland. III the effect on the benthic fauna of the in-
troduction of pulp mill effluent. J. Exp. Mar. Biol. Ecol. 6:
211-233.

Pearson, T. H. 1975. The benthic ecology of Loch Linnhe
and Loch Eil, a sea-loch system on the west cost of
Scotland. IV. Changes in the benthic fauna attributable
to organic enrichment. J. Exp. Mar. Biol. Ecol. 20: 1-41.

Pearson, T. H. and R. Rosenberg. 1978. Macrobenthic suc-
cession in relation to organic enrichment and pollution
of the marine environment. Oceanography Marine Biology
Annual Review 16: 229-311.

Pleijel, F. and R. P. Dales. 1991. Polychaetes: British
Phyllodocoideans, Typhloscolecoideans and Tomop-
teroideans. Synopses of the British Fauna (new series) 45: 1-
200.

Pritchard, D. W. 1955. Estuarine circulation patterns.
Proceedings of the American Society of Civil Engineers 81 717:
1-11.

Quintino, V., A. M. Rodrigues and F. Gentil. 1989.
Assessment of macrozoobenthic communities in the la-
goon of Obidos, western coast of Portugal. Scientia
Marina 53: 645-654.

Quintino, V. 1996. Monitorizacao integrada de efeitos
ecologicos de contaminantes em sistemas aquaticos. In:
Actas da 5 Conferéncia Nacional sobre Qualidade do Ambiente
(10-12 Abril, 1996. Aveiro, Portugal). C. Borrego, C.
Coelho, L. Arroja, C. Boia and E. Figueiredo (eds.) vol.
2:1397-1407. Aveiro, Portugal.

190

Macrobenthic community characterisation of an estuary prior to dredging operations

Radenac, G., P. Miramand and J. Tardy. 1997. Search for im-
pact of a dredged material disposal site on growth and
metal contamination of Mytilus edulis (L.) in Charente-
Maritime (France). Marine Pollution Bulletin 34 (9): 721-
729.

Rainer, S. F. 1989. Redescription of Nephtys assimilis and N.
kersivalensis (Polychaeta: Phyllodocida) and a key to
Nephtys from the Northern Europe. Journal of the Marine
Biology Association of the United Kingdom 69: 875-889.

Ramberg, J. P. and T. A. Schram. 1983. A systematic review of
the Oslofjord species of Polydora Bosc and Pseudopolydora
Czerniavsky, with some new biological and ecological data
(Polychaeta: Spionidae). Sarsia 68 (4): 233-247.

Rees, H. L., D. C. Moore, T. H. Pearson, M. Elliott, M.
Servile, J. Pomfret and D. Johnson. 1990. Procedures for
the monitoring of marine benthic communities at UK
Sewage Sludge Disposal Sites. Department of Agriculture
and Fisheries for Scotland. Scottish Fisheries Information
Pamphlet 18: 1-79.

Rhoads, D. C., P. L. McCall and J. Y. Yingst. 1978.
Disturbance and production on the estuarine sea floor.
American Scientist 66: 577-578.

Rodrigues, A. M. J. 1992. Environmental status of a multiple use
estuary, through the analysis of benthic communities: the Sado
Estuary, Portugal. Ph.D. Thesis. University of Stirling.
Stirling, Scotland: vii + 364 pp.

Rodrigues, A. M. and V. Quintino. 1993. Horizontal biosed-
imentary gradients across the Sado estuary, western coast
of Portugal. Netherlands Journal of Aquatic Ecology 27: 449-
464.

Rodrigues, A. M., V. M. S. Quintino and S. Carvalho. 1999.
Estrutura e composicdo de comunidades bentonicas e toxicidade
sedimentar em dreas a dragar no Estuario do Sado. 3. Canal
Sul e Bacia de Rotagdo na zona da Mitrena. Universidade de
Aveiro. Aveiro, Portugal: i + 40 pp.

Rosenberg, R. 1980. Effect of oxygen deficiency on benthic
macrofauna fjords. In: Fjord Oceanography. H. J. Freeland,
D. M. Farmer and C. D. Levings (eds.): 499-514. Plenum
Press. New York.

Sigvaldadottir, E. and A. S.' Y. Mackie. 1993. Prionospio steen-
strupi, P. fallax and P. dubia (Polychaeta, Spionidae): Re-
evaluation of identity and status. Sarsia 78 (3-4): 203-219.

Silva, P. C. L. D., F. Goncalves, R. Ribeiro and A. M. V. M.
Soares. 1997. First evaluation of the restoration of Bracas
lagoon (Figueira da Foz - Portugal). Arch. Hydrobiol. 141
(1): 109-125.

Tebble, N. 1976. British bivalve seashells. A handbook for
identification. Royal Scottish Museum 1976: 1-212.

Tortonese, E. 1965. Fauna d’ Italia. Echinodermata. Edizioni
Calderini. Bologna, Italy: 419 pp.

Bol. Inst. Esp. Oceanogr. 17 (1'y 2). 2001: 179-190



