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ABSTRACT

Two benthic mollusc assemblages of the continental shelf on both sides of the Atlantic Ocean, a
tropical one in Rio de Janeiro, Brazil, and another, temperate, in Galicia, Spain were investigated,
with a view to finding common environmental descriptors which would explain, on a macro-scale,
why these assemblages are there. Both of the assemblages concerned show approximately the same
species richness, about 150 taxa each. The molluscan fauna of both regions live on sandy sediments.
The Galician assemblages are at about 2-12 m depth, while those in Rio de Janeiro are at about 10-
40 m depth. Malacological assemblages were defined through Cluster Analysis and Multiple
Discriminant Analysis of the environmental data showed that each assemblage has its own
environmental space. These assemblages have no species in common, but show the same
phenological characters associated with each sedimentological facies. The same set of environmental
variables (median sediment grain size, skewness, kurtosis, sorting, fine and medium sand fractions
and depth) were selected as controlling these assemblages, suggesting that they play their role as
general environmental descriptors.

Resumo

Duas associagdes de moluscos bénticos litorais foram estudadas em ambos os lados do oceano
Atlantico, uma tropical no Rio de Janeiro, Brasil, e outra temperada na Galicia, Espanha, procurando-
se por descritores ambientais comuns, a ambas, que pudessem explicar, em macro escala, o porqué de
essas associagdes estarem onde estdo. As duas associagdes apresentam, aproximadamente, a mesma
riqueza de espécies, cerca de 150 taxons cada uma. Ambas as faunas malacologicas habitam
sedimentos arenosos em profundidades variando entre 2-12 m, na Galicia, ¢ 10-40 m, no Rio de
Janeiro. As associagdes malacologicas foram definidas através de Analise de Grupamento e
caracterizadas ambientalmente com a aplicagdo da Analise Discriminante Multipla realizada sobre os
dados abiodticos. Nao existem espécies em comum entre as associagdes estudadas; contudo estes
taxons apresentam caracteres fenologicos similares em fun¢do de habitarem as mesmas facies
sedimentologicas. Um mesmo conjunto de variaveis ambientais (tamanho médio do grio do
sedimento, assimetria, curtose, grau de selecionamento, fragdes de areias fina ¢ média e a
profundidade) foram identificadas por condicionarem a presenca dessas associagdes, sugerindo que
possam ter um papel relevante como descritores ambientais gerais.

Descriptors: Benthic ecology; Marine malacological assemblages; Multiple discriminant analysis;
Environmental descriptors; Sedimentological parameters; Atlantic Ocean.
Descritores: Ecologia béntica, Associagdes malacologicas, Analise discriminante multipla,
Descritores ambientais, Parametros sedimentologicos, Oceano Atlantico.

INTRODUCTION the beginning of the XXth century. Although that was

just the beginning of applied studies, the following

Benthic assemblages have been described have assumed a role of considerable academic interest

ever since the initial works of Petersen (1911, 1913), (Thorspn, 1957)» and are still the object of intense
responsible for the forecasting of fisheries production ecological enquiry (Troncoso et al., 1993; Foreman ef

using the benthic assemblage biomass used as food, at @, 1995; Peterson & Heck, 2001; Rosenberg, 2001),
driven by the development of numerous statistic
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techniques (Robert, 1979; Field et al., 1982; Absalao,
1989; Warwick & Clarke, 1991; Dolédec & Chessel,
1994; Karakassis & Eleftheriou, 1997; van der
Meer, 1999). Although the initial studies of
benthic assemblages were descriptive, knowledge of
their systemic functionality has much improved
(Pearson, 2001; Peterson & Heck, 2001), as a result of
computer development and multivariate statistical
techniques.

The intimate fauna-sediment relationship was
demonstrated long ago (Lindroth, 1935; Jones, 1950;
Rhoads & Young, 1970; Glémarec, 1973). Although
researchers know intuitively which variables may
determine the presence of a faunal assemblage on a
local scale, we still lack a general principle that would
establish which variables are ecologically important to
the mollusc assemblages. Many investigators have
related mollusc assemblages to a variety of ecological
features (Driscoll & Brandon, 1973; Franz, 1976;
Harry, 1976; Shin, 1982; Absaldo, 1989; Absaldo,
1991), but none has established the existence of
environmental descriptors. In our opinion, these
environmental descriptors may be abiotic variables
with an evident ecological/biological role, whose
effect could be generalized beyond their local
application. In view of this, our goal was the
investigation of two marine mollusc assemblages, one
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on each side of the Atlantic Ocean, in the quest for
environmental similarities which might explain, in a
general way, the nature of both.

MATERIALS AND METHODS

South Atlantic: Brazilian coast, state of Rio
de Janeiro (Macaé), approximately 22°30°'S
42°00°W. Samples were taken at 17 oceanographic
stations, at depths of from 10 to 40 m (Fig. 1). At each
station, 3 samples were taken with a Van Veen grab
(0.13 m?). A small subsample of the sediment (about
150 g) was collected and mixed with other samples
from the same station, to represent the local sediment.
The residual samples were pooled and washed with
seawater through a net (0.5 mm mesh). The residue
was fixed with 4% formaldehyde for later separation
under magnification in the laboratory. A Nansen bottle
was used to sample deep water, of which the
temperature, pH, and dissolved oxygen were measured
(Absaldo et al., 1999). The molluscs were identified in
accordance with Rios (1994). The specimens were
deposited in the Mollusc Collection of the Department
of Zoology, Institute of Biology, Federal University of
Rio de Janeiro (UFRJ). For additional details of
procedures see Absaldo et al. (1999).
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Fig. 1. Locations of the study areas. The black dots represent the oceanographic stations.
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North Atlantic: The Ensenada de Baiona is
located on the southern edge of the mouth of the Ria
de Vigo, at 42°07°N — 42°09’N and 08°51’'W -
08°49°W. The samples came from 21 stations, at
depths of between 2 and 12 m (Fig. 1). Stations 1 and
4 were disregarded because their stony nature made
interpretation of the analyses difficult, and because of
insufficient sample content for station 4. Five samples
were collected from each station, with a Van Veen
grab (0.056 m?). The samples were washed with
seawater through a net (0.5 mm mesh), pooled and
later fixed with 4% formaldehyde. The molluscs were
identified in accordance with Tebble (1966) and
Graham (1988). The specimens were deposited in the
Department of Ecology and Animal Biology of the
University of Vigo. For additional details of
procedures see Moreira et al. (2005).

Common Procedures

The sediment analyses for both studies were
based on Suguio (1973), and the finest fractions (silt
and clay) were considered together. The granulometric
features (Md - median, KG - kurtosis, SK - skewness,
So - sorting) were calculated in accordance with Folk
& Ward (1957). In addition to these features, the
granulometric fractions were, in later analyses,
considered as separate variables.

To define the mollusc association only
specimens collected alive were used as station
features. The presence and/or absence of molluscs
(Sorensen’s index) were used in the Brazilian study
(for more details see Absaldo et al, 1999), while
density was considered (Bray-Curtis index) in the
Spanish one (see Moreira et al., 2005). Binary data
were preferred in the Brazilian study because of the
high richness and low density observed. On the other
hand, the patterns of density and richness in the
Spanish study allow us to consider the numerical
(density) data as trust worthy. In both cases the
similarity/dissimilarity matrixes were submitted to a
Cluster Analysis (CA) (mode Q) using the unweighted
method (Romesburg, 1984). A Discriminant Analysis
(DA) (Pielou, 1977; Klecka, 1980) based on the CA
results, was applied for the grouping of the stations, in
order to detect the possible interactions between them
and with the features measured abiotic (Shin, 1982;
Absaldo, 1986, 1989, 1991). The Discriminant
Analysis seeks the best linear combination of variables
that produces the highest match score between pre-
assigned elements (members of a group) and the
classification based on these variables. For details of
Discriminant Analysis see Klecka (1980). A
preliminary correlation analysis covering all the
variables was performed to ensure their independence.
Strongly correlated variables were excluded, and the

data matrix was standardized in accordance with
Romesburg (1984). The variables were verified for
normality through normal probability plots.

REesuLTs
South Atlantic
Sedimentology

The mainly sandy sediment was roughly
separable into two associations: A- composed of
coarse sand (stations 3, 4, 8, 14, 15), medium sand
(10) and very coarse sand (11); and B- composed of
fine sand (1, 2, 5, 6, 12, 13, 16, 17). This second
association consisted almost entirely of very fine sand
with traces of mud, i.e., was poorly sorted. The
presence of mud was indicated by the SK positive
values. The coarse-sand sediments were moderately
sorted and asymmetrically negative, indicating a
granulometric spectrum skewed toward coarser grains.
Figure 2 shows the sediment classification of the
stations. For more details see Absaldo et al. (1999).

Biological Results

The 152 molluscan taxa identified from
Macaé included 108 Gastropoda, 38 Pelecypoda, 5
Scaphopoda, and 1 Polyplacophora. Of these, 48 were
collected alive and were used in the analyses. Absalao
et al. (1999) shown the complete taxa list and provide
a test for using the dead specimens collected.

Mollusc Assemblages

Figure 3 shows the two mollusc groups
found, in conformity with the two main sedimentary
groups in the region. The mollusc assemblage at
stations 3, 4, 8, 9, 10, 11, 14, 15, 16 was present in
coarser sandy bottoms, and included animals without
siphons or with short ones, e.g., the pelecypods
Americuna  besnardi, Crassinella  martinicensis,
Glycymeris longior, and Carditamera floridana, and
the gastropods Halistylus columna and Caecum
ryssotitum. The mollusc assemblage at stations 1, 2, 5,
6, 7, 12, 13, 17 in fine sand with some mud, included
deposit-feeders such as Adrana electa, Nucula puelcha
and Cadulus braziliensis, and Periploma compressa
and Macoma tenta, filter-feeders with long siphons.

Animal-Sediment Relationships

The DA was used to discriminate between
the sedimentary environments for each mollusc
assemblage. Tables 1 and 2 show some of these
results. Only one discriminant function was generated
and is 100 % efficient in discriminating between the
two major malacological associations. Md and So
were the most important differentiating variables.
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Fig. 2. Sheppard’s triangle diagram showing the sediment classification at
Macaé, Rio de Janeiro, Brazil. M = mud/clay, F= fine and very fine sand, MC=
median and coarse sand plus gravel.
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Fig. 3. Hierarchical classification of the stations as a function of co-occurrences of molluscs collected live at Macaé, Rio de
Janeiro, Brazil. Sorensen’s similarity index and the UWPGMA grouping method were used.
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Table 1. Results of the DA for the sediment data from Macaé,
Rio de Janeiro, Brazil.

Discriminant Function — eigen-value rel. percent. cum.  p-level

1 40.13 1.00 0.0000

Matches : 100 %

Table 2. Standardized coefficients of the discriminant
function (DF) constructed from the abiotic data for the
malacological associations at Macaé, Rio de Janeiro, Brazil.
Md = median, So = sorting, SK= skewness, KG= kurtosis,
CS= coarse sand, MS= medium sand, FS= fine sand, and
Mud = silt/clay.

Variables Discriminant Function (DF)
CS 1.21
MS 3.47
FS -0.98
Mud -2.15
Md 4.15
So -2.34
SK 2.11
KG 3.56

North Atlantic
Sedimentology

The Ensenada de Baiona has a mainly sandy
bottom (Fig. 4), with some mud near Baiona harbour.
The sandy sediment may be separated into two
subgroups, one composed of coarse sand (8, 12) and
medium sand (9, 13, 14) and the other of fine to very
fine sand (2, 3, 5-7, 10, 11, 15, 17, 18). In the sandy
sediment, the mud/clay fraction was present in low
proportions ranging from 1 to 12 %; for additional
details see Moreira et al. (2005). The selection and
asymmetry values showed that these sediments were
mixed, much as those at Macaé.

Biological Results

A total of 94 species were identified, all
collected alive: 50 Pelecypoda, 40 Gastropoda, 3
Polyplacophora, and 1 Scaphopoda. For the complete
list see Moreira et al. (2005).

M/G

12

Fig. 4. Sheppard’s triangle diagram showing the sediment classification at Baiona,

Galicia, Spain. Abbreviations as in Fig. 2.
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Mollusc Assemblages

The dendogram (Fig. 5) shows the presence
of three main mollusc assemblages, in agreement with
the groups (A, B, C) defined by the sediment
distribution. The fauna inhabiting the sandy sediment
could be separated into two subgroups, one at the
coarse-sand stations (group Al), and the other at the
medium-sand stations (group A2). Similarly, the fauna
in medium, fine-very fine sand could be divided into
two groups, one in the medium sand (stations 2, 10,
17, 18 -group B1-) and the other in very fine sand (3,
5,6, 7, 11, 15 -group B2-). The last group (C) was
present in muddy sediments (16, 19, 20, 21).

The fauna in the coarse- and medium-sand
sediment was composed of suspension-feeding
bivalves with no or short siphons, e.g., Goodalia
triangularis, Digitaria digitaria and Clausinella
fasciata, and the gastropod Caecum imperforatum. In
fine-very fine sandy sediments the fauna was
dominated by suspension-feeding bivalves with large
siphons, such as Venerupis senegalensis, Fabulina
fabula, and Angulus tenuis, and others with medium-
sized siphons, such as Chamelea striatula and Spisula
subtruncata. In the muddy sediments, suspension-
feeders (4Abra alba and Loripes lacteus), detritivores
(Thyasira flexuosa) and bivalves such as A. nitida
show that both alimentary strategies were present.

Animal-Sediment Relationships

Although up to four discriminant functions
might be generated, the minimal contribution of the

relative proportion of DF 3 and 4 (Table 3 and 4)
enables us to use the first two discriminant functions
to determine three sedimentary environments (e.g.
coarse-medium sands, fine-very fine sands and muddy
sediments) inhabited by each associated mollusc
assemblage. Such a discriminant model produces a
match which is 100 % efficient in discriminating
among the three main malacological associations. SK
and KG are the most important variables in both DF1
and DF2.

Discussion
Biological Characteristics

The Macaé mollusc assemblage (154
species) was about 30 % richer than the Baiona
assemblage (94 species). However, only 48 species
from Macaé were collected alive, whereas all the
species from Baiona were so collected. These data
may indicate the existence of a complex relationship
between the thanatocoenosis and the actual
assemblage of living animals at Macaé, or may be the
consequence of low species density (Absaldo et al.,
1999). At Baiona the mollusc thanatocoenosis was not
recorded, although we Dbelieve (by subjective
evaluation) that the mollusc richness is approximately
equal in the two regions (Absaldo ef al. 1999 and
Kidwell, 2001 shows that dead molluscs can be used).
The higher number of live species found at Baiona
may be related to the higher population densities there
(Moreira et al., 2005).
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Fig. 5. Hierarchical classification of the stations as a function of co-occurrences of molluscs collected live at
Baiona, Galicia, Spain. The Bray-Curtis index of similarity and the UWPGMA grouping method were used.
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Table 3. Results of the DA for the sediment data from

Ensenada de Baiona, Galicia, Spain.

Discriminant Function eigen-value  rel. percent. cum. p-level
1 565.81 0.83 0.0000
2 102.92 0.98 0.0000
3 10.77 0.99 0.0000
4 3.20 1.00 0.0018

Matches: 100 %

Table 4. Standardized coefficients of the discriminant function
(DF) constructed from the abiotic data for the malacological

associations at Ensenada de Baiona, Galicia, Spain.

Abbreviations as in Table 2.

Variables DF1 DF2 DF3 DF4

Md -2.98 -0.78 0.31 -0.39

So -1.24 0.56 -0.33 -0.29

MS 0.65 0.54 -1.06 0.04

FS 2.21 -0.38 0.78 -1.80

SK 3.58 -0.83 0.09 -1.22

KG -3.35 0.62 0.53 -0.66

Depth -0.84 -0.20 0.02 -0.50

Eigen-values 565.81 102.92 10.77 3.20

% rel. Cum. 0.83 0.98 0.99 1.00
Leaving aside the inherent population

differences between the study areas, we observe a
respectable similarity between the sediment types.
Furthermore, the phenological features of both
mollusc assemblages are comparable. Absalao (1991)
for marine molluscs and Townsend & Hildrew (1994)
and Usseglio-Polatera et al. (1999) for freshwater
invertebrates have also noted this relationship.
Bivalves without siphons or with short siphons live in
coarse sandy sediment in both areas. Caecum
ryssotitum (Macaé) and Caecum imperforatum
(Baiona) are siphonless gastropods, which are
dependent on a high-porosity sediment which permits
their life style (respiration, locomotion, predation,
etc.). In fine sandy sediment, suspension-feeding
bivalves with long siphons are present, while muddy
sediment is inhabited by depositivores, characterizing
the phenological constancy between the molluscs
which inhabit each sediment type.

Animal-Sediment Relationships

The DA is a powerful tool for the
investigation of situations with previous definitions of
the objects and their relationships to a specific group
of variables. The DA may act as a secondary
evaluation test of previously defined objects
(Romesburg, 1984). In spite of its relative objectivity
and easy procedure, this test has been little used in

benthic studies (Shin, 1982; Absaldo, 1989; Hyland et
al., 1991; Alves et al., 2004).

A comparison of Tables 2 and 4, which show
the standardized coefficients of the variables selected
as the best environmental discriminants for the
mollusc assemblages from Macaé and Baiona, reveals
a high degree of correspondence between them. The
selection of the same variables for two geographically
distant mollusc assemblages which live under such
different oceanographic conditions suggests the main
ecological role of these variables, in spite of their local
ecological features. The measures of central tendency
(mean, mode, or median) indicated the main sediment
type that determines the kind of fauna which can
inhabit it in both areas. The sand fractions are the main
factors, and because of this, one or more of them were
selected as the best environmental descriptors. The
sorting coefficient shows the degree of heterogeneity
of the sediment, and therefore, the higher or lower
niche availability to the molluscs. This information is
completed by the asymmetry, which indicates which
granulometric fraction contributes to this sediment
diversity. Kurtosis provides information about the
transport and sedimentation of all the granulometric
fractions. All the variables inform us as to the kind of
sediment, its composition and environmental
dynamics. How these features may determine the
benthic fauna, and particularly the molluscan fauna,
has been demonstrated in several studies (Franz, 1976;
Harry, 1976; Garlo, 1980; Moss et al., 1987; Oyarzin
et al., 1987; Jorgensen et al, 1999; Bergen et al,
2001; Alves et al., 2004). Its selection in unrelated
environments is not therefore surprising.

It is easy to imagine the important role that
depth (bathymetric pressure) plays as regards living
organisms, and it is an important factor even on a
lower bathymetric scale. In shallower environments,
depth per se is not so important, but the associated
oceanographic features are very significant. For
example, McCall (1977) and Absaldo (1991) showed
that some storm waves can disturb the sediment below
a depth of 20 m, and favour the selection of
opportunists or species resistant to this physical
disturbance.

The differences inherent in each location, the
exposed coast at Macaé¢ and Baiona located at the
mouth of a ria, include their distinct hydrodynamic
regimes. These hydrodynamic differences affect the
sediments of each region, Baiona having more sites
influenced by mud than Macaé. Muddy sediments do
occur in the Macaé region, because of the influence of
the Macaé River, but the local hydrodynamic patterns
constrain its sedimentation. The dominance of coarser
sandy fractions at Baiona indicates a strong
hydrodynamism, although restricted to outer areas
within the bay (stations 8 and 12), more exposed to
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oceanic influence. The higher sediment diversity at
Baiona leads to a higher diversity of mollusc
assemblages, each of them inhabiting a different
location. Although not represented on the graph, the
same occurred in the two assemblages at Macaé (see
Absaldo et al, 1999). The ecological role of the
selected variables in both studies suggests the
existence of true environmental descriptors, which are
important because they reflect physical and chemical
factors and/or oceanographic processes which affect
the benthos and particularly the molluscs.

Many biological interactions contribute to,
and in some cases define, the structure of benthic
invertebrate assemblages in the marine environment
(Ragnarsson & Rafaelli, 1999; Posey et al., 2002).
However, these interactions act mainly on a smaller
spatial scale than this study was intended to
investigate on a large spatial scale, in the quest for
general patterns, the abiotic variables establish the
“background” against which the biological interactions
act in the fine adjustment of the assemblage structure,
adapted to specific local conditions (Dittmann, 1996;
Botto & Iribarne, 1999; Duffy & Harvilicz, 2001). We
would not assert that biological interactions are
unimportant in defining the assemblage structure,
because on a certain spatial scale they are indeed
important. However we consider that on a large spatial
scale (Zajac et al., 1998) the environmental descriptors
will be found to be such abiotic factors as have been
defined in this paper.

If the existence and efficiency of these
environmental descriptors are confirmed in diverse
kinds of environment, we shall be able to take a great
step forward in comprehending the determinant factors
which affect the benthic and specifically molluscan
assemblages, as a simple and testable model.
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