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SUMMARY: Intertidal mudflats are a dominant feature in many estuarine systems and may be a significant component of
the feeding grounds available for many fish and bird species. Therefore, it is crucial to determine the importance and role
that this particular habitat plays for the different estuarine communities. Spatial and temporal dynamics of macrobenthic
communities in an intertidal mudflat of the Tagus estuary were assessed in order to determine the role of this habitat in the
whole estuarine functioning. Benthic macroinvertebrate communities were sampled monthly in two intertidal areas (upper
and lower) and in the adjoining subtidal area for one year. Macroinvertebrate density and biomass in the intertidal mudflat
were higher than in the subtidal area, but no clear trends were found between the lower and upper intertidal area. Spatial
patterns in the community were more pronounced than seasonal patterns. This benthic community was characterised by high
densities of Pygospio elegans, Scrobicularia plana, Cyathura carinata, Hydrobia ulvae and Nereis diversicolor. Abundance
and biomass values in this intertidal mudflat were considered low in comparison with other estuarine habitats, namely sea-
grass beds. Nevertheless, this habitat plays an important role for the main species present in the community, acting as a key
area for recruitment, with high concentrations for many invertebrate species.

Keywords: benthic macroinvertebrates, community structure, intertidal mudflat, subtidal, Tagus estuary.

RESUMEN: PAUTAS DE DISTRIBUCION ESPACIO TEMPORALES DE INVERTEBRADOS BENTONICOS EN EL ESTUARIO DEL TAJO,
PORTUGAL: COMPARACION ENTRE MARISMAS INTERMAREALES Y SUBMAREALES. — Las marismas intermareales son caracter{s-
ticas de muchos sistemas estudricos y pueden abarcar un componente significativo de las areas de alimentacion disponibles
para muchas especies de peces y aves. Por tanto, es crucial determinar la importancia y el papel que juega este habitat para las
diferentes comunidades estuarinas. Se evaluaron las dinamicas espaciales y temporales de las comunidades macrobenténicas
en una marisma intermareal del estuario del Tajo, determinando el papel de este habitat en el conjunto del funcionamiento
de estuario. Las comunidades de macroinvertebrados benténicos se muestrearon, mensualmente durante un afio, en dos dreas
intermareales (superior e inferior) y en las dreas submareales adyacentes. La densidad y la biomasa de los macroinvertebra-
dos en las marismas intermareales fueron superiores que en el drea submareal, y no se encontraron claras tendencias entre
el intermareal superior e inferior. Los patrones espaciales en la comunidad fueron més pronunciados que los estacionales.
Esta comunidad bentdénica estuvo caracterizada por altas densidades de Pygospio elegans, Scrobicularia plana, Cyathura
carinata, Hydrobia ulvae y Nereis diversicolor. Los valores de abundancia y biomasa en esta marisma intermareal fueron
considerados bajos cuando se comparan con otros hdbitats estuarinos como las praderas de fanerégamas. No obstante, este
hébitat juega un importante papel para las principales especies presentes en la comunidad, actuando como un drea clave para
el reclutamiento, con altas concentraciones de muchas especies de invertebrados.

Palabras clave: macroinvertebrados bentonicos, estructura de la comunidad, marismas intermareales, submareales, estuario
del Tajo.
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INTRODUCTION

Coastal transition ecosystems such as estuaries
and coastal lagoons are recognised worldwide as the
most productive and valuable aquatic ecosystems on
Earth (Costanza et al., 1997). These transitional envi-
ronments are characterised by a unique biodiversity
and perform several vital functions, e.g. as nursery
areas for fish, feeding areas for migrating and winter-
ing birds and migration routes for anadromous and
catadromous fish (Odum, 1983; McLusky, 1989).

One of the most important characteristics of
estuaries is the fact that they form a mosaic of in-
ter-linked habitats that should not be considered
in isolation (Morrisey et al., 2003). Each one is of
particular value for the different species that use it.
The assessment of the importance, dynamics and
functions of each estuarine habitat, as well as their
ecological connectivity, is still poorly understood
(Elliott and Hemingway, 2002).

Intertidal mudflats are a dominant habitat in
many estuarine systems, often covering a consider-
able part of their area (Morrison et al., 2002). They
have long been recognised as a key habitat for the
estuarine food web because of their disproportion-
ately high productivity in comparison with subtidal
areas (Reiser, 1985; Michaelis et al., 1992; Wanink
and Zwarts, 1993; Elliott and Dewailly, 1995), and
an increasing number of studies considering their
dynamics have been published recently (Dittmann,
2000; Boer and Prins, 2002; Dolbeth et al., 2003;
Melville and Connolly, 2005; Rodrigues et al., 2006;
Cardoso et al., 2008).

The first studies on intertidal mudflats focused
mainly on macro benthic communities, so their dis-
tribution in this habitat is well known for temperate
areas (Dittman, 2000). The spatial heterogeneity
of macrobenthos along the estuarine gradient is
traditionally described in relation to salinity and
sediment composition (Ysebaert et al., 2003).
However, the depth gradient from high intertidal to
deep subtidal areas also has a pronounced effect on
macrobenthic species distribution within the estuary
(Ysebaert et al., 2002), with the highest values for
density and biomass being registered at intertidal
sites (Ysebaert et al., 2000). Intertidal mudflats also
play an important role as a preferential recruitment
habitat for several macroinvertebrate species when
adjacent seagrass habitats are available and show
higher species richness and abundances (Heck et
al., 1995).

The present study was conducted in the Tagus es-
tuary, one of the largest estuaries on the Atlantic coast
of Europe. Despite being subjected to intense human
disturbance, the Tagus estuary contains a high biodi-
versity, mainly because many different habitats are
available for biological communities (Bettencourt
et al., 2001). Intertidal mudflats occupy 40% of the
total estuarine area and are mainly located within the
nature reserve of the Tagus estuary. They are used as
feeding areas, maintaining large populations of resi-
dent and migratory birds (Moreira,1999). The Tagus
estuary plays a functional role as a nursery area for
many commercially important fish species (Costa
and Bruxelas, 1989; Costa and Cabral, 1999), with
intertidal mudflats maintaining suitable conditions
for this nursery function, as previously reported for
this area (Cabral, 2000; Vinagre et al., 2006; Franca
et al., 2008).

Despite the recognised importance of the benthic
macrofauna of these areas, the most extensive study
on the Tagus estuary intertidal benthic macroinver-
tebrates, which dates from the early 1980s (Calvario,
1982), is qualitative and fails to cover the most im-
portant areas. Recent studies on this area described
the structure of the benthic invertebrate community
and evaluated its relationship with several environ-
mental factors and the dynamics of this community
(Rodrigues et al., 2006; Silva et al., 2006). How-
ever, none of these studies dealt with the impor-
tance of this vertical gradient from high intertidal
to subtidal areas and the differences between their
communities.

In this study both intertidal and subtidal habitats
were sampled, with the main goal of determining the
assemblage structure and the spatial and seasonal
distribution of macrobenthic communities in the up-
per and lower part of the intertidal mudflat and in
the subtidal area adjacent to it. Special emphasis is
placed on differences between communities through
this tidal gradient. The crucial role that this intertidal
mudflat plays in the global dynamics and function-
ing of the Tagus estuary is also discussed.

MATERIAL AND METHODS
Study Area
The Tagus estuary (38°40°N 9°15°W) is 50 km

long and occupies an area of 325 km?. The sys-
tem has a tidal amplitude of 4 m and the intertidal
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F1G. 1. — Location of sampling areas in the Tagus estuary: A, upper
intertidal; B, lower intertidal; C, subtidal.

and saltmarsh areas account for 40% of the total
estuarine area (Bettencourt et al., 2001). The aver-
age estuarine depth is ca. 10 m and the maximum
depth is 40 m near the mouth of the estuary. The
river flow varies both seasonally and annually,
with a mean discharge of 400 m?3 s (Bettencourt
and Ramos, 2003).

The Tagus estuary includes several special areas
that are protected because of their biological di-
versity, one of the most important being the Tagus
Estuary Nature Reserve, with an area of 14560 ha
(Farinha et al., 2001). This area is mainly composed
of mudflats that become emerged at low tide, play-
ing an important role as feeding grounds for winter-
ing birds that use the area as a stopover site during
their winter migrations (Moreira, 1999).

The present study was undertaken at an area
located in the upper estuary in a sheltered south
branch, located near Alcochete (Fig. 1). The study
sites are located in a large mudflat intertidal area,
with an adjacent channel representing the subtidal
area. These mudflat areas are completely drained for
two periods daily.

According to the elevation of the two intertidal
sampled areas, the mean emersion times for both
areas were calculated using the synoptic equations
for the water level. The obtained estimations were
17 hours day! for the upper part of the mudflat and
14 hours day™! for its lower part. The subtidal area
(channel) is always submerged.

Salinity in this area varies from 4 in winter to
nearly 30 in summer, while water temperature ranges
from 8 to 26°C (Cabral et al., 2001).

Sampling and laboratory procedures

Quantitative sampling of macrobenthic organisms
was carried out monthly from January to December
2004, covering three main areas: upper intertidal
(A), low intertidal (B) and subtidal (C). Samples
were taken during high water, at neap tides. In each
area 10 replicates were randomly sampled using a
Van Veen grab (0.05 m?). In a preliminary study in
the same area, the number of replicates per sample
was established using the rank-frequency diagram
method (Frontier, 1983) for stabilising variability.
All samples were sieved using a 0.5 mm mesh size
sieve and fixed in 10% formalin solution. A sedi-
ment sample was obtained for determination of grain
size composition.

In the laboratory samples were sorted after be-
ing stained with rose Bengal and organisms were
counted and identified to the lowest taxonomic level.
Measures were taken from the most abundant spe-
cies: total shell length for the bivalve Scrobicularia
plana (da Costa, 1778) and total body length for the
worm Nereis diversicolor (O.F. Muller, 1776) and
for the isopod Cyathura carinata (Krgyer, 1847).
Biomass values were determined as gram ash free
dry weight (g AFDW), directly measured as the dif-
ference between the dried (80°C for minimum 48 h)
and ashed (560°C for 2 h) weight.

In order to obtain grain size composition, sedi-
ment samples were dried at 60°C and a 100 g sub-
sample was wet-sieved through a 0.063 mm mesh
sieve and dried. The remaining sediment was sieved
through a four-sieve column. The weight of the resi-
due remaining in each sieve was then expressed as
a percentage of the initial subsample weight and the
<0.063 mm fraction was calculated from the differ-
ence between the initial subsample weight and the
sum of the other fractions. The following categories
of grain size were considered: mud (<0.063), fine
sand (0.063-0.125 mm), medium sand (0.125-0.500
mm), coarse sand (0.500-2.000 mm) and gravel
(>2.000 mm).

Data analysis

All macrobenthic abundance data were expressed
as number m? (ind m?) and biomass data as g Ash
Free Dry Weight m2 (g AFDW m2). Most individu-
als were determined to species level.

The biological data for each area (a total of ten
replicates per month) were considered as a single
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TABLE 1. — Sediment grain size of the three sampled areas (%).

Gravel Sand Mud
Coarse Medium Fine
(>2 mm) (0.5-2 mm) (0.125-0.5 mm) (0.063-0.125 mm) (<0.063 mm)
Upper intertidal 0.04 0.51 0.14 0.36 98.95
Low intertidal 0.29 0.33 0.13 0.82 98.44
Subtidal 29.76 40.27 0.04 0.58 29.35

station for analysis. The aim of the analysis was to
investigate the distribution patterns of species in the
three areas considered (upper intertidal, low inter-
tidal and subtidal), and to determine the differences
in the spatial and seasonal changes in the commu-
nity structure between them throughout the sam-
pling year. In order to describe these differences the
biological data were submitted to correspondence
analysis, using CANOCO 4.5 software (Ter Braak
and Smilauer, 2002).

RESULTS
Sediment analysis

Mud was the predominant fraction found on
the intertidal mudflat (Table 1). The annual mean
percentage of mud in the upper intertidal area was
98.9%. Similar percentages of mud were found in
the lower part of the intertidal mudflat, with a yearly
mean value of 98.4% (Table 1). The subtidal area
sediment was primarily composed of coarse sand
(40.3%), followed by gravel and mud, which rep-
resented 29.8% and 29.4% of the total sediment,
respectively.

Macrofauna analysis

During the present study, a total of 8 species and
three higher taxa groups were recorded among 58
778 individuals collected from 360 samples. Some
individuals were identified only to genus (particu-
larly amphipods), while other organisms, such as
oligochaetes, were only identified to class level and
may have consisted of more than one species. Mean
density (ind m?) and biomass (g AFDW m) values
for each species in the three sampled areas are pre-
sented in Table 2.

The macrobenthic community of the study area
was characterised mainly by high densities of four
taxa: Scrobicularia plana, Pygospio elegans, Oligo-

chaeta and Cyathura carinata. Although showing
marked seasonal changes, these taxa remained the
dominant ones throughout the sampling period. The
bivalve S. plana accounted for 45.4% of the total
abundance of benthic macroinvertebrates in the upper
intertidal. The polychaetes P. elegans also showed
high densities in this particular habitat, accounting
for 33.58% of the total abundance registered (Ta-
ble 2). In the lower intertidal area the same species
dominated the community, with 41.25% and 29.74%
of the total number of individuals, respectively. In
the subtidal area the oligochaeta group accounted
for 47.44% of the density of the whole community
(Table 2).

Table 2 shows that the bivalve Scrobicularia
plana dominated the macrobenthic community, ac-
counting for 94.57%, 91.53% and 89.22% of the total
biomass registered in the upper and lower intertidal
and subtidal habitats, respectively.

The intertidal mudflat areas showed extremely
high density values for the macrobenthic inverte-
brate species, especially in comparison with subti-
dal areas, where densities were always low and
relatively constant during the sampling period.
The highest densities were found in the upper
intertidal area during almost the whole year. An
exception occurred in November, when highest
densities were recorded in the lower part of the
intertidal mudflat (Fig. 2). Although a peak in the
community’s biomass occurred in March in the
upper intertidal area, the highest biomass values
were always recorded in the lower intertidal area
for the rest of the year. Finally, the lowest biomass
values were recorded in the subtidal area through-
out the year (Fig. 2).

Spatial and seasonal patterns

Density and biomass of the most important
species were analysed in order to assess their sea-
sonal and spatial patterns in the three habitat types
considered.
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F1G. 2. — Spatial and seasonal density and biomass patterns (mean
values with standard errors) of macroinvertebrates from the study
area.

One of the dominant species of this community
was the bivalve Scrobicularia plana. Density values
for this species were higher in the upper intertidal
habitat. The subtidal habitat accounted for lower
density values throughout the year (Fig. 3a). Higher
density peaks were obtained in November in both
intertidal areas, with a mean density value of 3972
ind.m for the lower intertidal area and 3887 ind.m
for the upper one. Despite the high number of indi-
viduals recorded in November, the highest biomass
values occurred in March (45.6 g AFDW m?) in the
upper intertidal area (Fig. 3a). Figure 4a shows that
these density peaks include a large number of small
individuals (mean total length values of 3.8 and
4.4 mm between October and December). Small in-
dividuals were found mainly on the upper intertidal
mudflat, while larger individuals were distributed
over the lower intertidal and subtidal areas, occur-
ring mostly during spring and summer.

The pattern observed for the isopod Cyathura
carinata was similar to the afore-mentioned one but
the highest densities always occurred on the lower
intertidal mudflat (Fig. 3b). The density peak for this
species occurred in late summer, with mean densi-

ties reaching 640 ind m. The highest biomass value
was reached in March in the upper intertidal area
(0.87 ¢ AFDW m?) (Fig. 3b). Seasonal variations
in individual total length were similar for both in-
tertidal mudflat areas, showing an increase in spring
and a decrease thereafter. The smallest individuals
were found in late summer (Fig. 4b).

The polychaete Pygospio elegans was also one
of the dominant species for this community and it
showed a broader distribution in the intertidal mud-
flat, being present in much lower numbers in the
subtidal (Fig. 3c). Density values for this species
showed one peak in the upper intertidal mudfiat in
August (3664 ind m2) and one in the lower intertidal
mudflat in November (2658 ind m?2). The biomass
values of this species varied during the year, with
the highest values of 0.05 g AFDW m™ and 0.045 g
AFDW m?2, measured in April and August respec-
tively, in the upper intertidal mudflat.

The polychaete Nereis diversicolor showed a
wider distribution throughout the year in the three
habitats, but the highest numbers of this species
were always found on the intertidal mudflat. The
highest density value was recorded in August, in the
lower intertidal area (236 ind m?) (Fig. 3d). Biomass
values showed a different seasonal pattern from
those of the previously-mentioned species: in the
three studied areas, the highest biomass values were
obtained during summer, with maximum values of
0.70 g AFDW m in June in the upper intertidal area
and 0.73 g AFDW m~in Augustin the lower intertidal
area (Fig. 3d). The seasonal variation of the length of
the individuals was similar in the three study areas.
The individual mean total length showed its lowest
value in January (5.79 mm), which was not coin-
cident with the highest density peak recorded (Fig.
4c). The smallest individuals were frequently found
in the lower intertidal area and larger individuals in
the subtidal area (Fig. 4c¢).

Macrobenthic community structure

The correspondence analysis performed to reveal
the macrobenthic community structure throughout
the year, using the taxa densities, accounted for
81.7% of the total variance calculated for the first
two ordination axes.

The correspondence analysis revealed that differ-
ences found in the macrobenthic community struc-
ture were more pronounced in a spatial perspective
when based on the density values. The subtidal area
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is almost completely distinct from the intertidal ar- particularly associated with the subtidal area, mainly
eas, as it has a very low number of species and lower ~ because its presence was limited to that particular
density values. Gammarus sp. was the only taxon area. In the intertidal areas, the upper intertidal area
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FI1G. 4. — Spatial and seasonal variation pattern of individual mean
total length (mm) (and standard errors) for S. plana (a), C. carinata
(b) and N. diversicolor (c).

was differentiated in summer and autumn by high
densities of a small number of species. The bivalve
Scrobicularia plana was always dominant in the
intertidal areas, showing high densities throughout
the year and reaching maximum values during the
autumn and winter months (Fig. 5a).

The correspondence analysis plot based on the
species biomass is shown in Figure 5b. The total
variance accounted by the first two axes was 85.6%.
Differences were found in the community structure
at a seasonal level. The autumn points in the diagram
are clearly separated from those of the other seasons
and also from each other towards the extremes of the
diagonal of the plot. Hydrobia ulvae is particularly

associated with winter points, as the other species,
especially S. plana, have higher biomass values dur-
ing the spring and summer months.

DISCUSSION

The present study is the first one conducted in the
Tagus estuary aiming to describe the intertidal mud-
flat and subtidal channel macrobenthos communities,
their structure and their dynamics. Few studies have
analysed the zonation from high intertidal to deep
subtidal sites (Elliott and Taylor, 1989) and gener-
ally they deal mainly with only one of these habitats,
making comparisons between them impossible.

This study’s results have shown that throughout
the sampling period, density and biomass values of
the macroinvertebrate benthic communities were
always much higher on the intertidal mudfiat than
in its adjacent subtidal area. The distinction between
the upper and the lower parts of the intertidal mud-
flat was not particularly clear.

The mudflat areas of the Tagus estuary showed
fewer species than other European estuaries (Michae-
lis et al., 1992; Ysebaert et al., 1998; Ysebaert et
al., 2000; Dewicke et al., 2003; Laine, 2003). The
number of macroinvertebrate taxa registered on the
sampled intertidal mudflat (12) was also lower than
that obtained for other Portuguese estuaries: 27 spe-
cies in the Ria de Aveiro and 105 in the Sado estuary
(Mucha and Costa, 1999), 30 in the Mondego estu-
ary (Marques et al., 1993a) and 53 in the Ria For-
mosa (Sprung, 1994). A previous study conducted
in similar habitats of the Tagus estuary (Rodrigues
et al., 2006) also showed higher species richness
(68 species) than that obtained in the present work.
However, this study reported only 10 species as
significantly contributing to the total abundance. In
comparison with tropical mudflats, species richness
of this type of habitat in temperate estuaries tends
to be lower, whereas species abundances tend to be
higher (Dittmann, 2000). The low number of species
recorded in the present study may be related to the
fact that the study area was small (different habitats
within the estuary) in comparison with other stud-
ies, which often cover gradients through the whole
estuarine system.

Although species richness was very low in the
present study, the most common and abundant
species, which dominate the intertidal macroben-
thic community, were the same as those reported
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in previous studies for this area, including mainly
Scrobicularia plana, Cyathura carinata, Nereis
diversicolor and Hydrobia ulvae (Rodrigues et al.,
2006). A study of intertidal areas on the north bank
of the Tagus estuary showed a comparable situation,
with a higher number of identified taxa and the same
dominating species within the community (Silva et
al., 2006). The main difference in comparison with
our study was the high abundances of the polycha-
ete Streblospio shrubsolii, one of the species known
to be commonly associated with this type of com-
munity (Borja et al., 2004). The present work was
conducted at a very specific and relatively small area
on an intertidal mudflat and in subtidal adjacent ar-
eas of a sheltered branch of the Tagus estuary, and
this might explain why this species was not found.
Previous studies conducted in exactly the same
area also failed to indicate S. shrubsolii as one of
the dominant species in the community (Cardoso et
al., 2008). According to Rodrigues et al. (2006), this
species is widely distributed in the estuary but high
abundances were only found in the northernmost part
of the sampled area and always in the lower parts
of the intertidal mudflat. This species’ high density
values were also obtained in a more exposed area on
the north bank of the Tagus estuary and were mostly
associated with its recruitment during the autumn
(Silva et al., 2006).

Similar biomass values to those of the present
study were previously recorded in this mudflat area
of the Tagus estuary for the bivalve Scrobicularia
plana, with this species representing almost 86% of
the total biomass (Rodrigues et al., 2006).

The strong dominance of the overall macrobenthic
assemblage by very few species is a common pattern
in other intertidal areas, particularly in muddy sedi-
ments (Kalejta and Hockey, 1991; Guerreiro, 1998;
Ysebaert and Herman, 2002). The macrobenthic
community described in this study seems to be typical
for the inner middle part of the estuaries, frequently
occurring on muddy sand flat bottoms and well oxy-
genated waters, as reported by Borja et al. (2004).
According to these authors, the main taxa associated
with this community are the Oligochaeta group,
the polychaetes Streblospio shrubsolii and Nereis
diversicolor, the gastropod Hydrobia ulvae and the
crustacean Cyathura carinata and Corophium spp.
The polychaete Pygospio elegans, one of the most
abundant species found in the present work, can also
be characteristic of this type of estuarine community
(Junoy and Viéitez, 1990).

Significant changes in the level of the depth/ele-
vation gradient, especially considering the full range
from the deep subtidal zone to the high intertidal, are
known to have a pronounced effect on estuarine mac-
robenthic species distribution (Ysebaert et al., 2002).
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Among the few studies on this subject, for an estuary
on the Belgium coast (Zeeschelde), Yasebaert et al.
(2000) report a different pattern to that obtained in
the present study, with higher species richness in the
subtidal area than in the intertidal areas. However,
these authors also report higher densities and bio-
mass in the intertidal level. In the Mondego estuary
(Portugal) a comparison between the macrobenthic
communities from the intertidal and subtidal areas
was performed, with higher species richness in the
intertidal area (90 species) (Marques et al., 1993a)
than the subtidal area (52 species) (Marques et al.,
1993b).

Regarding the species density of this community,
spatial variation clearly dominated over seasonal
variation throughout the sampling period. This em-
phasises the key role played by this intertidal mud-
flat in the macrobenthic community, particularly
during recruitment as density peaks (including a
high number of juveniles) for all the species were re-
corded in this habitat. The same kind of pattern was
obtained for the Douro estuary, where the spatial
variation was found to be greater than the seasonal
one, in terms of both environmental parameters and
macrobenthic community structure (Mucha et al.,
2005). A similar pattern in both benthic community
structure and composition, with dominance of spa-
tial over seasonal variability, was recently described
for estuaries in North Carolina, USA (Hyland et
al., 2004). Similar results were obtained in a study
conducted in a tropical region, where variations re-
corded in the density of the most dominant taxa in
mangrove and seagrass areas were mainly related to
the type of habitat, not showing any pattern inherent
to season (Sheridan, 1997).

Concerning seasonality, the macroinvertebrate
community from the study area showed the usual
pattern for macrobenthic organisms: a density in-
crease from spring until autumn, with a decrease in
abundance during the winter months (Marques et al.,
1993a); Ysebaert et al., 2003; Chainho et al., 2006).
This seasonal pattern seems to reflect the recruitment
patterns of the different species, which usually takes
place during spring and summer months. The highest
species biomass values were obtained in spring, fol-
lowed by a continuous decrease until winter, when
the minimum values were reached. This is a com-
mon pattern for macrobenthic communities since
most of the species show faster growth rates during
spring months, when temperatures values increase
(Beukema, 1974; Ysebaert et al., 2003).

One of the most abundant species from the mac-
robenthic community studied was the bivalve Scro-
bicularia plana, also a common and abundant one
in other estuarine systems (Marques et al., 1993a;
Sola, 1997; Chainho et al., 2006; Rodrigues et al.,
2006; Silva et al., 2006). In the study area in the
Tagus estuary, S. plana reached a density peak in
November, differing from previous works that in-
dicate recruitment for this species and consequent
increase in its abundance between spring and sum-
mer months (Verdelhos et al., 2005). Nevertheless,
a previous study conducted in the Tagus estuary
reported recruitment for this species between sum-
mer and autumn (Silva et al., 2006). There was a
rapid increase in biomass during the spring months.
This confirms the results of previous works, which
showed higher growth rates during the same period
(Beukema, 1974; Verdelhos et al., 2005). Wanink
and Zwarts (1993) concluded that tidal height also
has a strong relation to the distribution of different
age classes for this species: smaller individuals are
found mainly in intertidal areas with longer emersion
periods. This may explain the occurrence of smaller
individuals in the upper part of the intertidal area, as
shown in the present work.

The isopod Cyathura carinata was also one of
the dominant species in the studied community. It
had already been reported as one of the most abun-
dant species on intertidal mudflat habitats (Marques
et al., 1994; Ferreira et al.,, 2004). The seasonal
density pattern obtained for this species is similar to
those described in previous studies: highest values
in late summer and a subsequent decrease until the
following spring (Ferreira et al., 2004). This species
recruits once a year, generally in the summer months
(Marques et al., 1994; Ferreira et al., 2004). This
agrees with results obtained in the present study. As
was shown for the bivalve Scrobicularia plana, an
increase in biomass also occurred for C. carinata in
spring (Ferreira et al., 2004).

The polychaete Nereis diversicolor is a common
species found on the intertidal mudflat habitats of
most European estuaries (Abrantes et al., 1999; Ca-
bral et al., 1999; Masero et al., 1999). As occurred in
the present study, the density patterns for this species
were also variable in a study conducted in the Ria de
Aveiro (Abrantes et al., 1999). Despite the variations,
in both cases the density of this species increased in
spring, with considerably higher values in summer
and a subsequent decrease in the autumn and win-
ter months. Recruitment peaks for this species were
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not clearly visible, but according to previous works
they may occur once a year, in spring or summer, or
twice a year, when it has a wider reproduction period
(Abrantes et al., 1999; Silva et al., 2006). Besides
the variations in the recruitment processes of this
species, there are also factors that may explain the
variation in density patterns at a spatial level.

Results from the present work demonstrate the
key role that intertidal mudflats in the Tagus estu-
ary play for macroinvertebrate communities. Most
species of this community seem to take advantage of
the favourable conditions they can find in this spe-
cific type of habitat, as considerably higher density
and biomass values are found there. According to
Franca et al. (2008), the same intertidal mudflat also
plays an important role for the nekton community of
the Tagus estuary. The most abundant nekton spe-
cies showed a marked seasonal pattern when using
this habitat, with highest densities during the spring
and summer months. Most of these density peaks
reflected the recruitment of these species, which
may also indicate that they can take advantage of
the high abundance of prey in the mudflat, as the
present study describes high densities of macroin-
vertebrates during this period. Long-term studies on
these communities would be useful to assess their
structure and dynamics and to detect inter- and intra-
annual fluctuations. Understanding these ecological
patterns, particularly where spatial and/or temporal
variation is great, also requires a comprehensive
appreciation of the interactions of geomorphology,
hydrology and climatology. Further studies on these
intertidal mudflats and the communities that explore
them are crucial and must take all these parameters
into account in order to understand their structure,
dynamics and functioning and their relationship with
other estuarine habitats.
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