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ABSTRACT

For this paper we studied the suprabenthos distribution in the Mondego estuary's southern
arm. Samples were taken monthly at two stations from October 1999 to May 2000. The collections
were made during high spring tides, using a suprabenthic net mounted on a sledge (40 cm di-
ameter, 500 mm mesh) in suprabenthic tows. Mollusca and Crustacea, especially Mysidacea, dom-
inated the suprabenthos. Other important groups were the Copepoda, Isopoda, eggs and post
larvae of Pisces, and larval stages of Decapoda. The high densities of Hydrobia ulvae (Pennant,
1777) post-larvae caught in the downstream station, which decreased species evenness due to the
dominance of this species, led to a spatial diversity pattern with higher diversities in the upstream
area. The mysid species Mesopodopsis slabberi (Van Beneden, 1861), together with the calanoid
copepod Acartia tonsa (Dana, 1848), dominated in the upstream area. Significant differences
were found in community structure between the two selected areas of the estuary, with a domi-
nance of the spatial structure in the cluster analysis.
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RESUMEN

Suprabentos en el estuario del río Mondego

Para este artículo, estudiamos la distribución del suprabentos en el brazo sur del estuario del río Mondego.
Las muestras se tomaron mensualmente entre octubre de 1999 y mayo de 2000 en dos áreas: una de mayor
flujo, río arriba, y otra en la zona de encuentro con el mar. Las recolecciones se hicieron durante las mareas
vivas, utilizando una red suprabentónica de 40 cm de diámetro y 500 mm de luz de malla. Los moluscos y
los crustáceos, especialmente los misidáceos, fueron los grupos que dominaron el suprabentos. Otros grupos
importantes fueron los copépodos, los isópodos, los huevos y poslarvas de peces y las larvas de decápodos. La
captura de altas densidades de poslarvas de Hydrobia ulvae (Pennant, 1777) en el área de encuentro des-
vela que su predominio es el causante de la disminución en la uniformidad de las especies en esta zona y, co-
mo consecuencia, se ha desarrollado para ella un patrón mayor de diversidad espacial. La especie
Mesopodopsis slabberi (Van Beneden, 1861), junto con el copépodo calanoide Acartia tonsa (Dana,
1848), dominaron el área de mayor flujo, río arriba. Se encontraron diferencias significativas entre las es-
tructuras de la comunidad de las dos áreas del estuario seleccionadas, dominando la estructura espacial en
el análisis por agrupación (efectuado mediante cluster).

Palabras clave: Suprabentos, estuarios, río Mondego.
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INTRODUCTION

The suprabenthos plays an important role in es-
tuarine trophodynamics (Sorbe, 1981; Hamerlynck,
Van de Vyver and Janssen, 1990). A clear under-
standing of the energy and material fluxes in estu-
aries should always take into consideration the
suprabentho’s well-established importance in these 
ecosystems (Buhl-Jensen and Fossa, 1991; Hamer-
lynck and Mees, 1991; Mees and Hamerlynck, 1992; 
Mees, Cattrijsse and Hamerlynck, 1993; Mees,
Dewcke and Hamerlynck, 1993; Mees, Fockedey
and Hamerlynck 1995; Azeiteiro and Marques,
1999; Azeiteiro, Ré and Marques, 2002).

Suprabenthic organisms are important compo-
nents of the biomass of estuarine and coastal re-
gions (Sorbe, 1981; Williams and Collins, 1984;
Hamerlynck, Van de Vyver and Janssen, 1990;
Cunha, Sorbe and Bernardes, 1997; Azeiteiro and
Marques, 1999, Marquiegui and Sorbe, 1999;
Azeiteiro, Ré and Marques, 2002), structuring zoo-
plankton communities by predation (Dodson,
1974; Fulton, 1982), contributing to the diet of de-
mersal fishes (Mauchline, 1980; Sorbe, 1981) and
shrimps (Sitts and Knight, 1979), and also as im-
portant grazers of organic matter. They represent a
key link in the marine and estuarine food webs (de-
tritus-based food chains). 

A first study on the suprabenthos of the
Mondego estuary was performed in 1998 by
Azeiteiro and Marques (1999), and the main re-
sults were: 1) diversity was highest in the mouth of

the estuary, where density and biomass were lowest;
2) diversity decreased upstream and was lowest in
the middle and inner estuary, where density and
biomass reached maximal values; 3) suprabenthic
animals, mainly the mysid Mesopodopsis slabberi (Van
Beneden, 1861), reached high densities in inner
and upstream stations, whereas the more seaward
stations had lower densities but a higher number of
species; and 4) spatial patterns dominated over
temporal patterns.

The main objective of the present paper is, be-
sides the distribution study and community parame-
ters description (from October 1999 to May 2000),
to analyse these results, comparing them to those
obtained by Azeiteiro and Marques (1999) in 1998.

MATERIALS AND METHODS

Study site

The Mondego River estuary, located on the west
coast of Portugal (40º 08’ N, 8º 50’ W), has an area
of 3.3 km2 and a volume of 0.0075 km3 (figure 1).
The hydrological basin of the Mondego, with an
area of 6 670 km2, provides an average run-off rate
of 8.5 � 109 m3 s�1. At about 5.5 km from the sea,
the river branches into two arms (north and south),
which then converge again near the mouth. In this
area, the tidal range is 0.35-3.3 m, and the average
residence time is 2 days for the north arm and 9
days for the south arm. This fact denotes the sheer
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Figure 1. Map of the Mondego estuary showing
the locations of the two sampling stations in the 

south arm



contrasting characteristics of the two arms. During
high tide, the north arm is 5-10 m deep, while the
south is only 2-4 m, being almost totally silted in its
upstream areas. As a consequence, the circulation
in the south arm depends largely on the tides and,
to a lesser extent, on the freshwater discharge from
a tributary –the Pranto River, which is controlled by
a sluice located 3 km from its confluence with the
Mondego. Sampling station 1 was the closest to the
mouth of the estuary (figure 1). The average depth
was 2-4 m, and bottom substrata consisted of coarse
to medium sand, with low organic matter and car-
bonate contents. The influence of both the north
arm and neritic waters is stronger in station 1.
Sampling station 2, in the vicinity of the sluice (fig-
ure 1), is very shallow and characterised by fine sed-
iments, with large fractions ranging from fine sand
to clay, and one of the highest organic matter and
carbonate contents recorded within the estuary
(Azeiteiro and Marques, 1999).

Sampling programme

Samples were taken monthly at the two stations
from October 1999 to May 2000. The collections
were taken in the suprabenthal, during high spring
tides, using a suprabenthic net mounted on a sledge
(40-cm diameter, 500 µm mesh) in suprabenthic
tows for 5 min (Azeiteiro and Marques, 1999).

Laboratory procedures

In the laboratory, animals were identified, when
possible to species level, and counted; all densities

data are presented as number of individuals per cu-
bic meter (indiv m�3). 

Communities data analysis

The biological data were analysed by cluster
analysis of taxa, performed using the UPGMA
method and Pearson’s correlation coefficient
(Legendre and Legendre, 1984). Prior to analysis,
data were subjected to a logarithmic transforma-
tion, in order to achieve parametric analysis re-
quirements (Zar, 1984).

Physico-chemical parameters, chlorophyll a
and phytoplankton

All samples were analysed in situ for salinity, tem-
perature, dissolved oxygen and pH. Samples were al-
so analysed in the laboratory (in triplicate) for their
content in dissolved nitrate, nitrite, ammonia, phos-
phate, and chlorophyll a (Strickland and Parsons,
1972; Bacelar-Nicolau et al., 2002, 2003; Vieira et al.,
2002).

A detailed description and analysis of the physi-
co-chemical data has been published by Bacelar-
Nicolau et al. (2002, 2003) and Vieira et al. (2002)
were the composition and distribution of the bacte-
rioplankton (Bacelar-Nicolau et al., 2002, 2003) and
phytoplankton (Vieira et al., 2002) is also available.

RESULTS

Physicochemical parameters and Chlorophyll a

The analysis of the physico-chemical data (table I)
revealed a clear difference between the two sam-
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Table I. Environmental data (temperature, salinity, pH, oxygen dissolved – saturation %, NO2
�, NO3

�, NH3, PO4
3� and chloro-

phyll-a values) from monthly sampling cycle in the south arm of the Mondego estuary, in both sampling stations, between 
September 1999 and May 2000

October November December January February March April May

S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2

Temperature (ºC) 16.9 19.6 16.8 16.6 11.8 13.2 11.9 11.0 14.1 14.1 14 13.9 14.2 14.0 15.8 18.3

Salinity 27.0 22.0 31.1 19.5 17.9 29.3 23.2 23.2 29.7 29.4 31.7 19.5 31.7 19.5 21.1 12.0

pH 7.6 8.3 7.9 7.5 7.8 8.4 7.8 7.9 7.9 7.6 7.5 7.6 7.5 7.6 7.7 7.6

DO2 (%) 80.5 60.0 68.4 48.0 69.5 79.0 89.5 91.0 99.4 72.4 85 79 85.0 74.0 97.4 75.2

NO2 (mg l–1) 0.009 0.036 0.007 0.048 0.005 0.060 0.005 0.006 0.008 0.055 0.051 0.231 0.008 0.042 0.007 0.028

NO3 (mg l–1) 0.085 0.076 0.073 0.106 0.061 0.135 0.129 0.193 0.164 0.163 0.817 0.817 0.171 0.274 0.178 0.384

NH3 (mg l–1) 0.003 0.181 0.007 0.172 0.010 0.163 0.032 0.034 0.045 0.188 0.220 0.410 0.040 0.189 0.034 0.191

PO4 (mg l–1) 0.003 0.007 0.003 0.007 0.003 0.007 0.003 0.009 0.004 0.007 0.085 0.111 0.003 0.008 0.003 0.008

Chlorophyll a 1.080 1.620 0.670 1.390 0.260 1.160 0.190 0.810 0.340 2.040 0.81 1.3 0.810 1.300 0.740 2.730



pling stations, therefore defining a clear spatial dif-
ferentiation: samples characterised by a higher lev-
els of total nitrogen, ammonia, nitrite, chlorophyll
a, and temperature largely corresponded to those
from S2, while samples characterised by higher
salinity corresponded to those from S1. Second-
arily, the data defined temporal gradients (Bacelar-
Nicolau et al., 2002, 2003; Vieira et al., 2002). 

Composition and spatio-temporal distribution of
the suprabenthos

The overall monthly densities of the suprabenth-
ic fauna ranged from 12.7 indiv m�3 (May, 2000), at
station 2, to 385 indiv m�3 (March, 2000), at station
1 (figure 2). The suprabenthos abundance during
the period of study showed peaks, at station 1, in
December (368 indiv m�3), January (306 indiv m�3),
March (385 indiv m�3) and April (142 indiv m�3);
and at station 2, in October (180 indiv m�3),
March (75 indiv m�3) and February (54 indiv m�3)
(figure 2).

The suprabenthos was dominated by Mollusca
(74 %) and Crustacea, especially Mysidacea (15 %).
Other important groups were Copepoda (2.6 %),
Isopoda (1.6 %), eggs and post-larvae of Pisces 
(1.9 %), and larval stages of Decapoda (0.5 %). At
station 1, on most occasions, the suprabenthos was
dominated by post-larvae of Mollusca (always high-
er than 60 %), Peracarida (excluding mysids),
(11.6. % in October), Copepoda (4 % in October),
and Decapoda larvae (3 % in March); Polychaeta
larvae and Mysidacea (respectively, 3 % and 2 %, in
March) were also frequently observed (figure 3A).

At station 2 the suprabenthos was dominated by
Mysidacea (always higher than 40 %), although
Copepoda (21 % in December, 42 % in January, 
20 % in February, and 27 % in April), Mollusca lar-
vae and eggs (24 % in January and 6 % in
December and April), Pisces larvae and eggs (32 %
in March and 10 % in May), and Isopoda (64 % in
May and 10 % in March) were frequently observed
(figure 3B). At station 1 the dominant species were
the post-veligers of Hydrobia ulvae (Pennant, 1777)
and Gastrosaccus spinifer (Goes, 1864). At station 2 M.
slabberi and Acartia tonsa (Dana, 1848) were by far
the most abundant species, followed by Pomatos-
chistus larvae and Paragnathia formica (Hesse,
1864).

The monthly patterns of abundance of the H.
ulvae post-veligers at station 1, almost paralleled
that of the total suprabenthos. At station 2 M. slab-
beri dominated the suprabenthos, with higher den-
sities in October (160 indiv m�3), February (37 in-
div m�3) and March (29 indiv m�3). Besides this
species, others showing important densities were
the Pomatoschistus larvae, in March (24 indiv m�3);
A. tonsa, in October (12 indiv m�3), February (10
indiv m�3) and December (5 indiv m�3); and P.
formica, in May (8 indiv m�3), March (5 indiv m�3)
and January (3 indiv m�3).

Diversity values

Diversity values were lower at station 1, and
showed no evident seasonal distribution pattern
(figure 4A). At station 2, diversity values decreased
till January, where they reached a minimum and
increased till May (figure 4B).

Cluster analysis

Significant differences were found in communi-
ty structure between the two selected areas of the
estuary, with a dominance of the spatial structure
in the cluster analysis (figure 5). A first split divid-
ed the main cluster into two groups: a first cluster
with the species that occurred with higher densities
in the outer station, including post-veligers of H.
ulvae, Schistomysis spp., G. spinifer, Paramysis spp.,
zoeae of C. maenas, and Pisces eggs and larvae; and
a second cluster including species that occurred
with high abundance in the inner station, such as
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Figure 2. Seasonal variation in the density of the supraben-
thos, at sampling stations 1 and 2, during the study period



Harpacticoida copepod species, A. tonsa, M. slab-
beri, P. formica praniza and adults, Palaemon elegans
(Rathke, 1837) zoeae, Pomatoschistus larvae, and
Crangon crangon (Linnaeus, 1758). This group can
also be divided into two sub-groups according to
monthly occurrence: one sub-group included
species occurring throughout the year, including
Harpacticoida copepod species, A. tonsa, and M.
slabberi; a second sub-group comprised species oc-
curring mainly in Spring such as P. formica praniza
and adults, P. elegans zoeae, and Pomatoschistus
larvae.

DISCUSSION

The south arm of the Mondego estuary exhibits
a clear spatial differentiation (Azeiteiro and
Marques, 2000; Azeiteiro, Bacelar-Nicolau and
Marques, 2002; Vieira et al., 2002), which led to dis-

tinctive suprabenthic spatial structure patterns for
the two sampling stations. The spatial segregation
in species composition in estuaries is very steep: the
communities of the marine and brackish parts are
mostly composed of different species (Hamerlynck
and Mees, 1991; Mees and Hamerlynck, 1992;
Mees, Cattrijsse and Hamerlynck, 1993; Mees,
Dewcke and Hamerlynck, 1993; Azeiteiro and
Marques, 1999; Azeiteiro, Marques and Ré, 2000;
Azeiteiro, Ré and Marques, 2002). Furthermore,
most temporary (merosuprabenthos: Hamerlynck
and Mees, 1991) and migratory suprabenthic
species are not able to penetrate far into the estu-
ary (Azeiteiro and Marques, 1999; Azeiteiro, Ré
and Marques, 2002), resulting in a species-poor
community upstream, which is always dominated
by the same few species (Azeiteiro and Marques,
1999; Azeiteiro, Ré and Marques, 2002). One of the
main conclusions of Azeiteiro and Marques (1999)
was that the estuary under study contained distinct
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Figure 3. Percentage of the main supraben-
thic groups at sampling station 1 (A) and
sampling station 2 (B), during the study pe-

riod



0

1

2

3

Octo
be

r

Nov
em

be
r

Dec
em

be
r

Ja
nu

ary

Feb
ru

ary

M
arc

h
Apr

il
M

ay

Months

B
its

/in
di

v

0

0.2

0.4

0.6

0.8

1

Average diversity Average eveness

(A)

(B)

0

1

2

3

Octo
be

r

Nov
em

be
r

Dec
em

be
r

Ja
nu

ary

Feb
ru

ary

M
arc

h
Apr

il
M

ay

Months

B
its

/in
di

v

0

0.2

0.4

0.6

0.8

1

Average diversity (H ) Average evenness (J )

 

communities along the unidirectional salinity-
transparency gradient (spatial segregation) and
temperature-chlorophyll a-oxygen gradient (tem-
poral evolution). 

The diversity values found in the present study
are not in accordance with the following within-es-
tuary patterns: diversity is highest in the marine
zone, where density is lowest, and diversity de-
creased in an upstream direction, where density
reached maximum values. The explanation for this
may be found in the high densities of H. ulvae post-
larvae caught in the downstream station (which de-
creased species evenness due to the dominance of
the species), and thus, the species diversity values
are underestimated in the downstream area (not
corresponding to a reduction in species richness,
but to a dominance situation).

The gastropod H. ulvae is usually found in the in-
tertidal areas of the northwest European estuaries

and lagoons (Fish and Fish, 1974; Bachelet and
Yacine-Kassab, 1987; Lillebø, Pardal and Marques,
1999). In the Mondego River estuary, as described
in other northwest European estuarine lagoon en-
vironments (Fish and Fish, 1974; Bachelet and
Yacine-Kassab, 1987), this species releases plank-
tonic larvae, with high densities of post-larvae be-
ing registered, mainly between January and April
(Azeiteiro, Marques and Ré, 1999). Its occurrence
is associated with the presence or absence of food
supply and related to light intensity and gravity
(Barnes, 1981).

In the work of Azeiteiro and Marques (1999), a
total of 74 species were identified. The supraben-
thos was dominated by crustaceans, especially
mysids. Other important groups were amphipods,
isopods, caridean shrimps, larval stages of brachyu-
ran crabs, and post-larval fish (Azeiteiro and
Marques, 1999; Azeiteiro, Ré and Marques, 2002).
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Figure 4. Diversity values at sampling sta-
tion 1 (A) and sampling station 2 (B), dur-

ing the study period



In the present work, we identified fewer species.
One of the explanations is the fact that our study
left out the late spring and summer months. In
these months the merosuprabenthos (caridean
shrimps, larval stages of brachyuran crabs and oth-
er merosuprabenthic groups) (Hamerlynck and
Mees, 1991) is very important in the estuary
(Azeiteiro and Marques, 1999; Azeiteiro, Ré and
Marques, 2002). Also in the winter, lower diversity
values are affected by the combined effect of tides
and freshwater discharge, causing strong daily vari-
ations in physico-chemical factors. From winter to
summer, the decrease in freshwater discharge, and
consequently easier tidal penetration, favour the
incursion of suprabenthic marine species inside
the estuary (Azeiteiro and Marques, 1999;
Azeiteiro, Ré and Marques, 2002). On the other
hand, any threats to the estuarine system will con-
sequently endanger this sediment dependent fau-
na structure, as demonstrated by Martins et al.
(1997), Pardal et al. (2000, 2002), and Cardoso 

et al.(2002) with key Mondego benthic estuarine
species facing eutrophication.

Mysids dominated the suprabenthos. Mysids and
decapods are well represented in coastal commu-
nities (Wang and Dauvin, 1984; Fossa, 1985; Webb
and Wooldridge, 1990; Buhl-Jensen and Fossa,
1991; Elizalde, Dauvin and Sorbe, 1991; Hamer-
lynck and Mees, 1991; Dauvin, Iglesias and Lorge-
ré, 1994; Azeiteiro and Marques, 1999; Azeiteiro,
Jesus and Marques, 1999; Azeiteiro, Ré and Mar-
ques, 2002) and our results followed a distribution
pattern already observed in the estuary (Azeiteiro
and Marques, 1999) and that of other European es-
tuaries (Mees, Fockedey and Hamerlynck, 1995).
The species M. slabberi is known to be very abun-
dant in the estuary (Azeiteiro and Marques, 1999;
Azeiteiro, Jesus and Marques, 1999; Azeiteiro et al.,
2000; Azeiteiro, Fonseca and Marques, 2001, 2002;
Azeiteiro et al., 2001; Azeiteiro, Ré and Marques,
2002; Pastorinho et al., 2003a) and together with
the calanoid copepod Acartia tonsa dominated in
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the upstream area (Azeiteiro, Marques and Ré,
1999, 2000; Antunes et al., 2002; Pastorinho et al.,
2003b; Vieira et al., 2003).

REFERENCES

Antunes, C., E. Rodrigues, M. Pastorinho, P. Bacelar-
Nicolau, L. Vieira, U. M. Azeiteiro and F. Morgado. 2002.
Environmental impact on zooplankton structure of a
shallow estuary (Mondego river estuary, Portugal).
Revista da Biol. (Lisboa) 20 (1-4): 191-207.

Azeiteiro, U. M., P. Bacelar-Nicolau and J. C. Marques. 2002.
Estado Trófico Pelágico do Braço Sul do Estuário do
Mondego. In: Estudos de Contaminação Ambiental na
Península Ibérica. A. da Costa Duarte, C. Vale and R.
Prego (eds.): 165-177. Instituto Piaget. Lisbon.

Azeiteiro, U. M., J. C. Fonseca, L. Jesus and J. C. Marques.
2000. Variação temporal da composição bioquímica de
Mesopodopsis slabberi (Van Beneden) no estuário do
Mondego (Portugal). In: Estudos de Biogeoquímica na Zona
Costeira Ibérica. A. da Costa Duarte, C. Vale and R. Prego
(eds.): 99-115. Publicações da Universidade de Aveiro.
Aveiro, Portugal.

Azeiteiro, U. M., J. C. Fonseca and J. C. Marques. 2001.
Biometry, estimates of production and seasonal variation
in the biochemical composition of Mesopodopsis slabberi
(Van Beneden, 1861) (Crustacea: Mysidacea). In: XI
Simposio ibérico de estudios del bentos marino (22-25 de
febrero, 2000. Torremolinos, Málaga, España). J. E.
Garcia Raso (ed.) 17 (1 y 2): 15-25. Boletín. Instituto
Español de Oceanografia: 218 pp.

Azeiteiro U. M., J. C. Fonseca, and J. C. Marques. 2002. The
suprabenthic mysid Mesopodopsis slabberi (Van Beneden)
in the Mondego estuary. In: Aquatic ecology of the Mondego
river basin. Global importance of local experience. M. A.
Pardal, J. C. Marques and M. A. S. Graça (eds.) 4 (10):
473-492. Imprensa da Universidade de Coimbra.
Coimbra, Portugal.

Azeiteiro, U. M., J. C. Fonseca, F. Morgado and J. C. Mar-
ques. 2001. Production and ecoenergetics of Mesopodop-
sis slabberi Van Beneden (Crustacea: Mysidacea) in the
Mondego estuary (Western Portugal). Portugaliae
Zoologica 5 (3): 17-26.

Azeiteiro, U. M., L. Jesus and J. C. Marques. 1999.
Distribution, population dynamics and production of
the suprabenthic mysid Mesopodopsis slabberi van Beneden
in the Mondego estuary (Western coast of Portugal).
Journal of Crustacean Biology 19: 498-509.

Azeiteiro, U. M. and J. C. Marques. 1999. Temporal and spa-
tial structure in the suprabenthic community of a shallow
estuary (western Portugal: Mondego river estuary). Acta
Oecol. 20 (4): 333-342.

Azeiteiro, U. M and J. C. Marques. 2000. Variação espacio-
temporal dos parâmetros ambientais (condições físico-
químicas da água e nutrientes) no estuário do Mondego
(Costa Ocidental Portuguesa). In: Estudos de Biogeoquí-
mica na Zona Costeira Ibérica. A. da Costa Duarte, C. Vale

and R. Prego (eds.): 301-316. Publicações da
Universidade de Aveiro. Aveiro, Portugal.

Azeiteiro, U. M., J. C. Marques and P. Ré. 1999.
Zooplankton annual cycle in the Mondego river estuary
(Portugal). Arquivos do Museu Bocage. Nova Série 3 (8):
239-263.

Azeiteiro, U. M., J. C. Marques and P. Ré. 2000.
Zooplankton assemblages in a shallow seasonally tidal es-
tuary in temperate Atlantic Ocean (Western Portugal:
Mondego estuary). Arquivos do Museu Bocage. Nova Série 3
(12): 357-376.

Azeiteiro U. M., P. Ré, and J. C. Marques. 2002. On the
structure of the bentho-pelagic fauna from the Mondego
estuary southern arm. In: Aquatic ecology of the Mondego
river basin. Global importance of local experience. M. A.
Pardal, J. C. Marques and M. A. S. Graça (eds.) 2 (6):
151-168. Imprensa da Universidade de Coimbra.
Coimbra, Portugal.

Bacelar-Nicolau, P., L. B. Nicolau, J. C. Marques, F.
Morgado, J. C. Fonseca and U. M. Azeiteiro. 2002. Tidal
induced variations in the bacterial community, and in
physical and chemical properties of the water column of
the Mondego Estuary. Revista da Biol. (Lisboa) 19: 51-62.

Bacelar-Nicolau, P., L. B. Nicolau, J. C. Marques, F.
Morgado, R. Pastorinho, and U. M. Azeiteiro. 2003.
Bacterioplankton Dynamics in the Mondego Estuary
(Portugal). Acta Oecol. 24 (S): 67-75.

Bachelet, G. and M. Yacine-Kassab. 1987. Intégration de la
phase post-recrutée dans la dynamique des populations
du gastéropode intertidal Hydrobia ulvae (Pennant). J.
Exp. Mar. Biol. Ecol. 111: 37-60.

Barnes, R. S. K. 1981. An experimental study of the pattern
and significance of the climbing behaviour of Hydrobia
ulvae. J. Mar. Biol. Ass. (UK) 61: 285-299.

Buhl-Jensen, L. and J. H. Fossa. 1991. Hyperbenthic crus-
tacean fauna of Gullmarfjord area (western Sweden):
species richness, seasonal variation and long term
changes. Mar. Biol. 109: 245-258.

Cardoso, P. G., A. L. Lillebø, M. A. Pardal, S. M. Ferreira
and J. C. Marques. 2002. The effects of different primary
producers on Hydrobia ulvae population dynamics: a case
study in a temperate intertidal estuary. J. Exp. Mar. Biol.
Ecol. 277 (2) 6: 173-195.

Cunha, M. R., J. C. Sorbe and C. Bernardes. 1997. On the
structure of the neritic suprabenthic communities from
the Portuguese margin. Mar. Ecol. Prog. Ser. 157: 119-137.

Dauvin, J. C., A. Iglesias and J. C. Lorgeré. 1994. Circalittoral
suprabenthic coarse sand community from the western
English Channel. J. Mar. Biol. Assoc. (UK) 74: 543-562.

Dodson, S. I. 1974. Zooplankton competition and preda-
tion: an experimental test of the size-efficiency hypothe-
sis. Ecology 55: 605-613.

Elizalde, M., J. C. Dauvin and J. C. Sorbe. 1991. Les mysi-
dacés suprabenthiques de la marge sud du canyon du
Cap-Ferret (Golfe de gascogne): répartition ba-
thymétrique et activité natatoire. Ann. Inst. Oceanogr. 67:
129-144.

Fish, J. D. and S. Fish. 1974. The breeding cycle and growth
of Hydrobia ulvae in the Dovey estuary. J. Mar. Biol. Assoc.
(UK) 54: 685-697.

F. Morgado, E. Rodrigues and U. M. Azeiteiro Suprabenthos of the Mondego Estuary (Portugal)

Bol. Inst. Esp. Oceanogr. 19 (1-4). 2003: 7-1514



Fossa, J. H. 1985. Near-bottom vertical zonation during day-
time of deep-living hyperbenthic mysids (Crustacea:
Mysidacea). Sarsia 70: 297-307.

Fulton, R. S. 1982. Preliminary results of an experimental
study of the effects of mysid predation on estuarine zoo-
plankton community structure. Hydrobiologia 93: 79-84.

Hamerlynck, O. and J. Mees. 1991. Temporal and spatial
structure in the hyperbenthic community of a shallow
coastal area and its relation to environmental variables.
Oceanol. Acta 11: 205-212.

Hamerlynck, O., P. van de Vyver and C. R. Janssen. 1990.
The trophic position of Pomatoschistus lozanoi (Pisces:
Gobiidae) in the Southern Bight. In: Trophic Relationships
in the Marine Environment. Proc. 24th Eur. Mar. Biol. Symp.
M. Barnes and R. N. Gibson (eds.): 183-190. Aberdeen
University Press. Aberdeen.

Legendre, L. and P. Legendre. 1984. Ecologie numérique. 2.
La structure des données écologiques. 2nd edition. Masson
Presses de L’Université du Quebec: 335 pp.

Lillebø, A. I., M. A. Pardal and J. C. Marques. 1999.
Population structure, dynamics and production of
Hydrobia ulvae (Pennant) (Mollusca: Prosobranchia)
along an eutrophication gradient in the Mondego estu-
ary (Portugal). Acta Oecol. 20: 289-304.

Marquiegui, M. A. and J. C. Sorbe. 1999. Influence of near-
bottom environmental conditions on the structure of ba-
thyal macrobenthic crustacean assemblages from the
Capbreton canyon (Bay of Biscay, NE Atlantic). Acta
Oecol. 20: 353-362.

Martins, I., J. C. Marques, S. E. Jorgensen and S. N. Nielsen,
1997. Moddeling the effects of green macroalgal blooms
on the population dynamics of Cyathura carinata
(Crustacea: Isopoda) in a eutrophied estuary. Ecol Model.
102: 33-35.

Mauchline, J. 1980. The biology of mysids and euphausiids.
In: Advances in marine biology. J. H. S. Blaxter, F. S. Russel
and M. Yonge (eds.) 18: 681 pp. Academic Press.
London.

Mees, J., A. Cattrijsse and O. Hamerlynck. 1993.
Distribution and abundance of shallow-water hyperben-
thic mysids (Crustacea, Mysidacea) and euphausids
(Crustacea, Euphauseacea) in the Voordelta and the
Westerschelde, southwest Netherlands. Cah. Biol. Mar.
34: 165-186.

Mees, J., J. A. Dewcke and O. Hamerlynck. 1993. Seasonal
composition and spatial distribution of the hyperbenthic
communities along the estuarine gradients in the
Westerschelde. Neth. J. Aquat. Ecol. 27: 359-376.

Mees, J., N. Fockedey and O. Hamerlynck. 1995.
Comparative study of the hyperbenthos of three
European estuaries. Hydrobiologia 311: 153-174.

Mees, J. and O. Hamerlynck. 1992. Spatial community struc-
ture of the winter hyperbenthos of the Schelde-estuary,
The Netherlands, and adjacent coastal waters. Neth. J. Sea
Res. 29: 357-370.

Pardal, M. A., J. C. Marques, I. Metelo, A. L. Lillebø and M.
R. Flindt. 2000. Impact of eutrophication on the life cy-
cle, population dynamics and production of Amphitoe

valida (Amphipoda) along an estuarine spatial gradient
(Mondego estuary, Portugal). Mar. Ecol. Prog. Ser. 196:
207-219.

Pardal, M. A., J. C. Marques, I. Metelo, A. L. Lillebø and M.
R. Flindt. 2002. Impact of eutrophication on amphipods
Melita palmata and Amphitoe valida in the Mondego estu-
ary. In: Aquatic ecology of the Mondego river basin. Global im-
portance of local experience. M. A. Pardal, J. C. Marques and
M. Graça (eds.): 457-472. Imprensa da Universidade de
Coimbra. Coimbra, Portugal.

Pastorinho, M. R., C. P. Antunes, J. C. Marques, M. L.
Pereira, U. M. Azeiteiro and F. M. Morgado. 2003a.
Histochemistry and histology in planktonic ecophysio-
logical processes determination in a temperate estuary
(Mondego River Estuary, Portugal). Acta Oecol. 24 (S):
235-243.

Pastorinho, M. R., L. Vieira, P. Ré, F. Morgado, M. J. Pereira,
P. Bacelar-Nicolau, J. C. Marques and U. M. Azeiteiro.
2003b. Population dynamics, biometry, production, his-
tology and histochemistry of Acartia tonsa (Crustacea:
Copepoda) in a temperate estuary (Mondego estuary,
Western Portugal). Acta Oecol. 24 (S): 259-273.

Sitts, R. M and A. W. Knight. 1979. Predation by the estuar-
ine shrimps Crangon fransiscorum Stimpson and Palaemon
macrodactylus Rathbun. Biol. Bull. 156: 356-368.

Sorbe, J. C. 1981. Le rôle du benthos dans le régime ali-
mentaire des poissons démersaux du secteur Sud-
Gascogne. Kieler Meeresforsch 5: 479-489.

Strickland, J. D. and T. R. Parsons. 1972. A practical hand-
book of seawater analysis, Bulletin of Fisheries Research Bd.
Canada 167: 1-311.

Vieira, L., U. M. Azeiteiro, J. C. Fonseca, R. Pastorinho, F.
Morgado, P. Bacelar-Nicolau, J. C. Marques and M. J.
Pereira. 2002. Condições físico-químicas, nutrientes, clo-
rofila a e fitoplâncton no estuário do Mondego. In:
Estudos de Contaminação Ambiental na Península Ibérica. A.
da Costa Duarte, C. Vale and R. Prego (eds.): 113-132.
Instituto Piaget. Lisbon.

Vieira, L., U. M. Azeiteiro, P. Ré, P. Pastorinho, J. C.
Marques and F. Morgado. 2003. Zooplankton distribu-
tion in a temperate estuary (Mondego estuary southern
arm: Western Portugal). Acta Oecol. 24 (S): 163-173.

Wang, Z. and J. C. Dauvin. 1984. The suprabenthic crus-
tacean fauna of the infralittoral fine sand community
from the Bay of Seine (eastern English Channel): com-
position, swimming activity and diurnal variation. Cah.
Biol. Mar. 35: 135-155.

Webb, P. and T. H. Wooldridge. 1990. Diel horizontal mi-
gration of Mesopodopsis slabberi (Crustacea: Mysidacea) in
Algoa Bay, southern Africa. Marine Ecology. Progress Series
62: 73-77.

Williams, R. and N. R. Collins. 1984. Distribution and vari-
ability in abundances of Schistomysis spiritus (Crustacea:
Mysidacea) in the Bristol Channel in relation to envi-
ronmental variables, with comments on other mysids.
Mar. Biol. 80: 197-206.

Zar, J. H. 1984. Biostatistical analysis. 2nd edition. Prentice
Hall. New Jersey: 918 pp.

F. Morgado, E. Rodrigues and U. M. Azeiteiro Suprabenthos of the Mondego Estuary (Portugal)

Bol. Inst. Esp. Oceanogr. 19 (1-4). 2003: 7-15 15




