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ABSTRACT

The analysis of 24 quantitative macrobenthic samples taken from the Solis Grande Stream estuary yielded
10 species from atotal of 4,446 individuals. It was verified that both species richness and diversity was
lower than those recorded in nearby regions with similar environmental conditions. In contrast with other
studies, a marked dominance of any of the present species was not verified. All the species recorded
correspond to typical estuarine organisms. Abundance data were analysed with multivariate techniques
and the results showed a relationship with salinity, mean diameter and the percentage of fine sand. According
to the cluster analysis and the canonical correspondence analysis (CCA) four groups of stations were
defined. The partition out of total variation of the species data showed that the amount of variation
explained by the space alone was low. Spatial patterns observed and their possible causes are analysed
and discussed in relation to the natural factors that acts in this coastal ecosystem.
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RESUMO

Distribuicédo espacial de macrozoobentos no estuario do Arroio Solis Grande
(Canelones-M aldonado, Uruguai)

A andlise de 24 amostras quantitativas de macrobentos do estuario do Arroio Solis Grande revelou 10
espécies e um total de 4.446 organismos. A riqueza de espécies e a diversidade foram menores do que
as registradas em regifes vizinhas com caracteristicas ambientais similares. Em contraste com outros
estudos, ndo se verificou grande dominéncia de nenhuma das espécies presentes. Todas sdo organismos
tipicamente estuarinos. Os dados de abundancia foram tratados com técnicas estatisticas multivariadas
e os resultados mostraram relacéo com a salinidade, o didmetro médio e a porcentagem de areiafina do
sedimento. Tanto a andlise de agrupamento quanto a andlise de correspondéncia canénica (CCA) revelaram
quatro grupos de estacdes dentro do estuério. A analise de divisao da variacéo total dos dados mostrou
gue avariabilidade em decorréncia do espaco foi baixa. Os padrbes espaciais observados e suas possivels
causas sao analisados e discutidos em relacdo aos fatores naturai s que atuam nesse ecossi stema costeiro.

Palavras-chave: macrobentos, fundos inconsolidados, estuario temperado, Uruguai.

INTRODUCTION haline environments, but also for marine species

which penetrate them. These systems are adequate

In the last years coastal ecosystems have  environments for the reproduction, nursing and

been object of particular attention. Among them,  feeding of at least one stage of the life-cycle of

estuarine systems are zones of great importance,  certain species of fishes and invertebrates with a
not only for the aquatic proper species of mixo-  high commercial value (Miller & Dunn, 1980).
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The benthic faunais a very important linker
within the estuarine ecosystem, depending greatly
on theinput of food (plankton and/or detritus) from
the pelagic system and serving as a source of food
for avariety of predators such as fishes, birds and
human beings (Meire, 1994).

The description of spatial abundance patterns
of benthic organisms, is an essential tool in eco-
logical studies concerning the benthic fauna due
to the observed patterns constitute the base for the
construction of models, the development of hypo-
thesis and to test these hypothesis experimentally.
Thus, the observation of these patterns gives to
us the context for the interpretation of experimental
ecology results.

The distribution of organismsin an estuarine
ecosystem depends on a special characteristic: the
spatial and temporal heterogeneity of its physical
factors.

The heterogeneity in the salinity distribution
and in water circulation within an estuary is deter-
mined by the fresh water flow and the tides (Hansen
& Rattray, 1966). Fresh water is mixed with seawater,
producing a gradient of salinity along all spatial
axes.

The gradient of salinity isnot equal inal es-
tuaries. Its structure depends firstly on the rela-
tionship between the volume of water discharged
by the river and the volume of seawater moved into
the coast by tides and/or winds. Secondly, the gra-
dient of salinity depends on the shape and the size
of the estuary. The combination of both factors
makes that each estuary had its own salinity pat-
tern.

The distribution of bottom sedimentsis also
heterogeneous. They are transported down estuary
by the drainage flow and up estuary by tidal forces.
When each one of the forces are small the depo-
sition of sediments occurs. In general, those sedi-
ments of marine origin (sands) are found towards
the estuary mouth and those of fluvial origin (silt
and clay) are situated in the upper estuary. There
are areas of the estuary (generally the centre) in
which sediments suffer periods of suboxiaor anoxia,
[imiting the distribution of benthic populations of
aerobic breathing. In other systems was demons-
trated that the distribution of benthic populations
ishighly dependent on sediment type, which isaso
correlated with the feeding type of these organisms
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(Sanders, 1968; Jaramillo et al., 1984; L pez-Jamar
& Mejuto, 1985; Muniz & Pires, 1999). Periodic
anoxia leads to the colonisation of sediments by
organisms of rapid growth and short life-time (Rei-
ner, 1981). In estuaries however, this pattern of
colonisation could be complicated by a salinity
change faced in adifferent way by different orga-
nisms. Those individuals able to survive in envi-
ronments with variable osmotic pressures, called
eurihaline organisms, are submitted to positive
selection. In almost estuaries a progressive decline
in species number towards a salinity of 4 PSU is
observed (McLusky, 1989). Other important charac-
teristic is the great biomass of the few species
present in an estuary. The reduction of possible
competitors together with the abundance of food,
permit to find in estuaries, populations of bivalves,
crustaceans and polychaetes, bigger than those
present in pure marine or freshwater environments
(Levinton, 1982; Tedl, 1962).

The study of coastal and estuarine ecosys-
tems has been growing during the last years due
to they have been strongly modified and influenced
by human activities. Nowadays this human influen-
cein the Solis Grande Stream estuary is still very
incipient.

In Uruguay, there are many littoral inlets and
lagoons that generally communicate with the open
sea by more important or lessimportant tributaries.
In addition, thelittoral of the Rio delaPatalike the
littoral of the Atlantic Ocean receives inputs of many
tributaries with different flow. In spite of thisfact,
the studies performed until now are really scarce. We
can cite the one made by Chebataroff (1969, 19734,
b, 1983), who studied and analysed morphologically
general aspects of the fauna and flora of swamps,
including considerations about the Santa L ucia River
and the Pantanoso, Pando, Solis Grande, Maldo-
nado and Valizas streams.

In relation to benthic studies, Gonzalez (1980),
Montero et al. (1983), Lucchi et al. (1983) anaysed
the benthic macro fauna and specially the popu-
lation of Uca uruguayensis on the banks of the
Solis Grande Stream.

The purpose of this study was to know quan-
titatively the sub littoral benthic communities of
the Solis Grande Stream estuary and to relate their
distribution with the surrounding physical environ-
ment in a spatial scale.
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MATERIAL AND METHODS

Study area

The Solis Grande Stream (Fig. 1) is situated
in the southeast littoral of Uruguay between the
34022' 26" and 34°47'52" of south latitude and bet-
ween the 55°33' 04" and 55°22' 34" of west longitude.
It is an important component of a permanent
running system of the country called “ Vertiente del
Rio delaPlata’. The area of its basin has appro-
ximately 1,409 km? (Jackson, 1979). From itsbegin-
nings to its mouth, crosses perpendicularly to the
coastline an extension of 90 km, receiving inputs
of very permanents and non-permanents water-
courses.

The mouth of the Solis Grande Stream is si-
tuated in amixing (marine-fluvial) zone of the Rio
delaPlata, which is considered atransitional zone
(Nagy, 1983; Poplawski, 1983).

The region where the present study was car-
ried out corresponds approximately to the last 10 km,
and according to Jackson (1984), it constitutes the
limit between a sedimentary plain and hills, recovered
with conglomerates pertaining to the Cenozoic.
Areas liable to flooding with similar characteristics
to saline swamps (with the presence of Spartina
alterniflora, Juncus acutus and Chasmagnatus gra-
nulata) and alluvial plains also exist in this region.
In the area mentioned above, the Solis Grande
Stream receives inputs of non-permanents water-
courses which drain from swamping zones, making
the stream to increase its width towards its mouth.
The presence of sand dunes and littoral chains of
hills produce in the stream mouth narrowness with
the consequent effect of “piping” and the increment
of the flow velocity (Unesco/MTOP, 1980). This
narrow channel possessin its east bank wide sand
dunes. In the mouth “the sand arrows system”, a
common feature of the streams and rivers of the uru-
guayan coast, is present but in the case of the Solis
Grande Stream do not prevent a constant commu-
nication with the Rio de la Plata (Jackson, 1984).

Data collection

Sediment samples were collected during
October, 1995, in 24 points, distributed syste-
matically along 3 longitudinal lines parallel to the
stream banks and 8 transversal transects from the
mouth to near 10 km upstream (Fig. 1). To each
transversal transect corresponded three sampling
sites. In order to verify the occurrence of a

gradient of salinity the longitudinal axis was chosen.
The transversal axis instead, was chosen to take
into account the sediment variations observed in
the preliminary sampling carried out in August of
the same year.

In each sampling station, three replicates of
sediment were collected using a Petersen dredge
with 0.0517 m? of sampling surface. The sediment
collected was carefully washed and sieved through
a0.5 mm mesh and the material retained in the sieve
was preserved in 70% ethanol. Approximately 100
grams of the sediment collected were used for gra-
nulometric and organic matter analyses. Granu-
|lometric analyses were done by the sieve and pipette
techniques described by Suguio (1973), obtaining
the setigtical parameters of Folk & Ward (1957). The
percentages of silt, clay and the different sand
fractions were also determined. The separation of the
different fractions of sand isjustified by the fact that
some benthic species are very selectivein relation
to sediment grain size (Muniz & Pires, 2000). The
percentage of organic matter was caculated following
the calcination method (480°C/2 hours) described in
Byerset al. (1978). In the laboratory the biological
material was washed again, sorted, identified and
quantified under a stereoscopic microscope. In each
of the 24 sampling stations, measures of temperature
and salinity were obtained with atermosalinometer
Y SI-85 and the depth was measured with a Leza
sounder.

Data analyses

The frequency of occurrence of benthic spe-
cies was calculated using the F index described by
Guille (1970): F = p /P x 100, where: p_ = isthe
number of stations where the species a occurred
and P is the total number of stations. Using this
formula the species were classified in: constant
species (F > 50%), common (10% < F < 49%) and
rare species (F < 10%).

The density of organisms and species was
estimated and expressed as the mean number of
individualsin 0.0517 m?. The Shannon-Wiener in-
dex (Shannon & Weaver, 1963) was used to cal-
culate the specific diversity (H). Asit was calculated
using the logarithmsin base 2 the data was expres-
sed as bits/individuals. The evenness (J') was cal-
culated with the Pielou index (1975) and the
species richness (S) simply counting the number
of species. All of the measures were expresed as
the mean value of the three replicates.
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Fig. 1 — Map of the study area in Solis Grande Stream estuary showing the positions of the 24 sampling stations.

Biological datawere aso analysed with multi-
variate techniques of cluster analysis (classification
in “Q mode”), using the quantitative dissimilarity
coefficient of Bray-Curtis (1957) and the UPGMA
method (Unweigthed Pair-Group Method Using
Arithmetic Averages). The matrix and the dendrogram
were cal culated employing the computationa program
called Fitopac, developed by Dr. George Shepard of
the State University of Campinas, SP, Brazil. In this
case, the datawas transformed using the log (X + 1)
transformation in order to minimise the very high
densities of some species. An ordination analysiswas
performed to assess the relationship between the
environmental variables and the species distribution.
The technique employed was a CCA (Canonical
Correspondence Analysis) (Ter Braak, 1986, 1988)
which tests Satistically if the environmental variables
are related to the species distribution, by means of
the Monte-Carlo test (Ter Braak, 1990) using the
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forward selection option. The Monte-Carlo
permutation test substitutes the F test or the t test
used in the multiple regression. The purpose of the
selection of environmental variablesisto find out a
minimal set of variablesthat explain the species data
about aswell asthefull set. The program employed
was the Canoco (Ter Braak, 1986, 1988). This method
of ordination has some advantages relative to other
techniques. One of them is that it focuses on the
relationships between the species, the sampling
stations and the environmental variables considered,
permitting in thisway, an automatic interpretation of
ordination axes (Ter Braak, 1986). Other advantage
isthat it permitsto know which species are influenced
by each one of the variables measured. It combines
aspects of a regular ordination with those of a
regression. The biological matrix was the same used
for the classification analysis. Before the analysis, the
environmental matrix was standardised employing the
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following formula: Y = (X — X )/S , where Y isthe
standardised variable, X is the non standardised
variable, X isthe mean value of X and S isthe
standard deviation of X.

Because some species and environmental
variables may share a common spatial structuring
(spatial autocorrelation), whose interaction often
resultsin an overlaid effect in space, it isinteresting
to know the relative contribution of these two
different factors to the spatial heterogeneity
observed. Then, in order to measure the fraction
of the variation in the species matrix explained either
by the environmental variables alone or the spatia
structure of the species data alone, we constructed
a“spatial matrix” and performed partial constrained
ordinations (Ter Braak, 1988). This method consists
in performing a canonical correspondence anaysis
(CCA) after removing, by multiple regression the
effects of known or undesirable variables, called
covariables (Borcard et al., 1992). We constructed
abinary spatia matrix with 24 rows (corresponding
to the 24 sampling stations) and 8 columns (corres-
ponding to the eight transects).

RESULTS

Environmental data

Salinity data showed the existence of agra-
dient towards the mouth of the stream, with salinity
valuesfrom 2.6 PSU (St. 24) upstream to 32.0 PSU
(St. 1) in the mouth (Fig. 2). The temperature was
homogeneous along the area of study varying bet-
ween 18 and 23°C (Fig. 2). Bottom sediments varied
from silt to coarse sand, predominating the former
in the stations corresponding to the medium
section of the stream. Generally, the sediments
showed from a moderate to a very good selection.
The organic matter content varied from 0.75 (St. 22)
t03.45 (St. 4) (Fig. 2).

Fauna

A total of 4,446 individuals distributed in only
10 macrobenthic species were recorded. Mean den-
sities varied from 1 to 284 ind./0.0517 m?. The
polychaete Nephtys fluviatilis and the bivalve
Erodona mactroides, were classified according their
frequency of occurrence as constant species. Four
species (an amphipod not identified, Tagelus
plebius, Heleobia cf. australis and Heteromastus
dmilis) were classified as common and the remaining
four (Cyrtograpsus angulatus, Neanthes succinea,

Ficopomatus enigmaticus and Kalliapseudes
schubarti) as rare species (Table 1). As ageneral
trend, densities were higher in silt and sand-silt
bottom sediments. Diversity was low, varying from
0 bitg/ind (St. 17 to 24) where only E. mactroides
occurred to 1.32 bitg/ind (St. 3and 7) (Fig. 2). The
species richness, measured as the number of present
species varied between 1 and 5, coinciding the higher
values with the higher values of diversity (Fig. 2).

Multivariate analysis

Classification: The results of the cluster
anadysisin Q mode areresumed in Fig. 3. At the 50%
of dissimilarity we can observe four different
situations. Thefirst group (1), includes only station
14 whichis situated in the medium longitudina line
and corresponds to the channel of the streambed.
Init, the serpulid polychaete Ficomastus enigma-
ticus appeared and silt and coarse sand predo-
minate in the sediments. The second group (2) is
form by stations 1 to 9 and station 15. Sediments
were poorly selected predominating the fine sand.
All stations have in common the high abundance
of Heteromastus similis, Tagelus plebius, Kallia-
pseudes schubarti, Nephtys fluviatilis and an
amphipod not identified. Stations 16 to 24 are
clustered in the third group (3) by the single
presence of the bivalve E. mactroides. Finally, the
fourth group (4) isformed by stations 10, 11, 12 and
13 which have in common the high abundance of
the polychaete N. succinea, the gastropod Heleo-
bia cf. australis, and the brachiura Cyrtograpsus
angulatus. Coarse silt together with the highest
percentages of organic matter are also common
characteristics of these stations.

Ordination: Basically, the same groups
obtained with the classification analysis were also
obtained with de CCA (Fig. 4). Correlation coefficients
between the species distribution and the environ-
mental variableswere 0.91 for axis 1 and 0.74 for axis
2. The Monte-Carlo permutation test showed a
significant relationship (p < 0.001) between the
species distribution and the environmental variables
selected with the forward option.

These environmental variables were, mean
sediment diameter (MD), sadlinity (UPS), percentage
of fine sand (FS), percentage of medium sand (MS)
and organic matter content (OM). Only the first
two axes were represented, because they explained
61.4% of the variance of the weighted averages,
(39% and 22.4%, respectivelly).

Braz. J. Biol., 61(3): 409-420
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The sum of al canonical eigenvalues was Variation partition: The four analyses made
1.671, the eigenvalue for axisonewas 0.763 and for  to partialling out the spatial variation in species
axistwo 0.441. data gave the following results:

Table 2 shows the interset correlations of the 1. CCA of the species matrix, constrained by
selected environmental variables with the first two the environmental matrix: sum of all ca-
axes. nonical eigenvalues = 1.671.
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Fig. 2 — Values of the environmental variables studied, density (D), species richness (S), diversity (H) and eveness
(J) in the 24 sampling stations along the Solis Grande Stream estuary.
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TABLE 1

M acrobenthic species with their respectives values of frequency (FO) (Guille, 1970),
their clasification and mean abundance for the study area.

Species FO (%) FO Mean abundance

Amphidpodo n.i 111 common 22
Cyrtograpsus angulatus 74 rare 2

Tagelus Plebius 185 common 35
Erodona mactroides 66.7 constant 310
Heleobia cf. australis 37 common 73
Neanthes succinea 74 rare 5

Nephthys fluviatilis 59.3 constant 524
Ficopomatus enigmaticus 37 rare 59
Kalliapseudes schubarti 7.4 rare 13
Heteromastus similis 37 common 439

2. CCA of the species matrix constrained by
the spatial matrix: sum of all canonical
eigenvalues = 0.514.

3. CCA of the species matrix, constrained by
the environmental matrix, after removing
the effect of the spatial matrix: sum of all
canonical eigenvalues = 1.37.

4. CCA of the species matrix constrained by
the spatial matrix, after removing the ef-
fect of the environmental matrix: sum of
all canonical eigenvalues = 0.21.

Thetotal inertia was 2.226 then, the percen-
tage of the total variation of the species matrix
accounted for step (1) was: 75.07%, for step (2):
23.09%, for step (3): 61.5% and for step (4): 9.43%.
The overall amount of explained variation was
84.5% and the whole variation of the species matrix
can be partioned as follows.

The amount of total variation of the species
matrix accounted for space alone was 9.43%, the
amount of variation explained by environmental
variables alone was 61.5%, the spatially structured
environmental variation (Env + space) was 13.57%
and the undetermined variation was 15.5% (Fig. 5).

DISCUSSION

The salinity values recorded showed the
existence of asaline gradient depart from the mouth
of the stream. The continuous opening of the sand

bar situated at the mouth, permits a constant
communication between the brackish water of the
Rio de la Plata and the Solis Grande Stream.

The effects of the entry of this brackish wa-
ter were observed in the salinity values recorded
in this study. In relation to sediments the variation
did not show a defined pattern. In some stations,
there are banks muddy sediments which increase
their size towards the central zone of the stream.
The presence of this coarser material in some zones
of the channel, could be determined by the transport
capacity of the stream and by the existence of
ravines and terraces in its banks that would be
contributing with this material.

In addition to this, the tidal wave that reduces
the outflow velocity of the stream water could fa-
vour the deposition of fine sediment fractions, espe-
cialy silt and clay (Unesco/MTOP, 1980). Thisfact
was better observed in the lower part of the stream
course. Wide siwamping zones existing in this region
could also act as traps of suspended fine material.
In areas of smooth slope when an increase in water
level occurs, the vegetation of their banks (Spartina
alterniflora and Juncus acutus) could promote the
deposition of sediments and in consequence the
stabilisation of the bottom (Green, 1968).

Generally, stream sediments are constituted of
many size classes, from coarse to very fine grains.
In the Solis Grande Stream, a superficial fine layer
of mud was always observed over sandy deposits.

Braz. J. Biol., 61(3): 409-420
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Fig. 3 — Dendrogram showing the result of the cluster analysis in Q mode. The sample stations are the numbers in
the X axis. The numbers correspond to the four groups formed by this technique.

22.4%
(0.441)
15— @ — Species
FE = Sample stations
1.0
HA
MS * 0.5—
oA 39% (0.763)
[ UPS, [ I I
1.0 0 NS 1.0 El\/l1'5
T
Fo, Mr5] 0.5 16-24
NG | o
KS
‘A‘ 'NF
1.0—

Fig. 4 — Ordination diagram obtained from the canonical

correspondence analysis (CCA), showing the main groups

formed, the percentage of the total variation and the eingenvalues of the first two axes are indicated. FS = fine sand
content; MS = medium sand content; UPS = salinity; OM = organic matter content; MD = medium diameter of the sediment;
FE = Ficopomatus enigmaaticus; CA = Cyrtograpsus angulatus; EM = Erodona mactroides; TP = Tagelus plebius; NF =

Nephtys fluviatilis; KS = Kalliapseupes schubarti; HS = Heter
succinea; A = amphipod not identified.

According to Suguio (1973), processes of
flocculation and sedimentation produced by the
input of brackish water together with the low flow
conditions that permit sedimentation, could be
responsible of thisfact. Once deposited these or-
ganic particles would formed a mucous material
typical of estuarine bottoms.

Braz. J. Biol., 61(3): 409-420

omastus similis; HA = Heleobia cf. australis; NS = Neanthes

The permanence of this layer could be
determined by the prevalent hydrodynamical
conditions but in generd is very persistent and only
strong water movements or events of bioturbation
could dislocate it. A great abundance of valves of
molluscs, especially of Erodona mactroides and
Tagelus plebius, was observed in the medium
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region of the area studied. In the opinion of Borges
da Costa (1971), these cal careous elements and the
organic matter debris are characteristics of
estuarine sediments.

The organic matter content in the sediments
was high, being within the range recorded by other
authors for estuarine systems of similar latitudes
(Seyset al., 1994; leno & Bastida, 1998; Muniz et
al., 2000). Spartina sp. that is considered an
important organic matter producer in shallow
coastal areas (Netto & Lana, 1997) was present in
our study region.

The macrobenthic specific composition of the
Solis Grande Stream results to be similar to the
existing in other mixohaline biotopes of nearby
regions (Benvenuti, 1997; Capitoli et al., 1978; Lana
et al., 1989; Monro, 1937; Orensanz & Estivariz,
1971; Olivier et al., 1972; leno & Bastida, 1998;
Muniz et al., 2000; Scarabino et al., 1975). All spe-
ciesfound are typical of estuarine environments.
Although the absence of some species that are
present in nearby regions, studied by the authors
named above, isimportant to remark the similarity
at the specific level, which would be demonstrating
the existence of an estuarine biota within the same
biogeographic province.

Species richness and diversity were low for
all the studied area and the values are similar to
those recorded by the authors mentioned before.
Estuaries are subject, in addition to the anthro-
pogenic pressure, to periodic natural perturbations
that result in lesser diversity and specific richness
values than more stable environments. Many au-
thors (see for example Benvenuti, 1997) had de-
noted, that these communities are characterised by
great quantitative fluctuations in the abundance
of many of their species but showed a higher qua-
litative persistence. For this reason, we could

expect that this relative low specific richness re-
mainsin temporal scae. Diversity was clearly deter-
mined by the species richness and the evenness,
both showing the same behaviour.

This means that when the species number
increased, the individuals were more homogeneoudy
distributed among the present species with none of
the species having a marked dominance.

Density was variable. The great values cor-
responded to the inferior half of the studied region,
excepting, the first transect next to the mouth of
the stream, where the environmental energy isvery
high and creates less proper conditions for the sur-
vival of the organisms.

The cluster analysis, isolated station 14
which is situated in the centre of the stream. The
CCA showed neither relationship between the envi-
ronmental variables considered and this station,
nor with the serpulid polychaete Ficomastus enig-
maticus found only in this place. This polychaete,
according to Olivier et al. (1972) is a constructor
of calcareous tubes, it inhabits the centre channel
of the Mar ChiquitaLagoon in which it has a suitable
substrate (fossil shells and pebbles) to construct
its tube. We could not explain the reason of the
appearance of F. enigmaticus only in station 14,
since rests of E. mactroides and T. plebius, the
essential material for the construction of its tube,
were also very abundant from station 10 to station
24, including stations 11, 17, 20 and 23 situated as
St. 14 in the center channel of the stream.

The second group included stations 1 to 9
and station 15 correspondsin the CCA to the cluster
formed by H. similis, K. schubarti, N. fluviatilisand
T. plebius. This cluster is recognised as an asso-
ciation of frequent occurrence in estuaries of the
South-eastern coast of Brazil (Lana, 1986; Lana et
al., 1989; Benvenuti, 1997).

TABLE 2
Interset correlation values of environmental variables selected by the forward option with the first two axes.

Axis1 Axis 2
MD 0.8823 -0.2321
UPS -0.6892 -0.1074
FS -0.7716 —0.2243
MS -0.7418 0.3487
oM —-0.3729 —-0.2582
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Fig. 5 — Variation partitioning of the macrobenthic fauna data matrix.

These species have a reduced mobility, they
are within tubes and/or galleries in environments
from low to moderate energy and with good
availability of organic matter. Benvenuti (1997)
observed that the greatest densities of these species
occur in summer and in autumn, coinciding with their
reproductive periods, this could explain the not much
high densities recorded in this study. The group of
species cited above was clearly related with the
percentage of fine sand in the sediments (Fig. 4).

In those stations where sediment heteroge-
neity was greater (poor selection), all the species
of this group were classified as common (sensu
Guille, 1970) with the exception of the polychaete
N. fluviatilis which had awide spatial distribution.
Benvenuti (1997) also marks that this speciesin
“de los Patos” Lagoon shows awide distribution
and atemporal constancy. Orensanz & Estivariz
(1971) found this polychaete in dl the Mar Chiquita
Lagoon (Argentina), remarking its presencein very
muddy bottoms.

The third group obtained includes stations 16
to 24 and corresponds to the upper region of the area
studied. It can be seen in the CCA, that these gtations
have in common the presence of the bivalve E.
mactroides which, although be consider a constant
species (sensu Guille, 1970) occurred only in these
stations. Many authors had remarked its presence
in diverse estuarine environments of the Rio dela
Plataand the Atlantic Ocean (Scarabino et al., 1975;
Capitoli et al., 1978; Benvenuti et al., 1978; Muniz
et al., 2000). Moreover, its capacity to colonise limnic
environments that receive periodical inputs of
brackish water isknown (Benvenuti et al., 1978). In
the Solis Grande Stream, E. mactroideswas atypica
species of the upper region (Sts. 16 to 24) where the
salinity was lower than 15 PSU. In this study, this
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species does not have any particular preference of
any particular sediment type. This fact, was
observed by other authors who suggest that this
bivalve inhabits, from sandy to muddy sediments
types (Benvenuti et al., 1978; Nion, 1979).
Findly, the fourth group obtained in the cluster
analysis matches with the species and stations
Stuated in the centre part of the CCA diagram. These
stations, corresponding to the central region of the
studied area have in common the presence of
Heleobia cf. australis, Neanthes succinea and the
brachiura Cyrtograpsus angulatus. These stations,
presented a high organic matter content and the
predominance of coarse silt sediments. Heleobia cf.
australisisasmall deposit-feeding gastropod, widely
distributed in estuarine environments of the
uruguayan coastal zone (Scarabino et al., 1975) and
which generally inhabits muddy bottoms with high
organic content (Muniz et al., 2000). The polychaete
N. succinea is considered widely distributed in marine
environments inhabiting hard or soft substrates
(Fauchald & Jumars, 1979). This polychaete aso
shows agresat feeding platicity (Muniz & Pires, 1999).
The placement of these speciesin the centre of the
ordination diagram, isindicating their non-selectivity
for any of the sedimentological variables studied.
Ecological phenomena are explained by non-
mutually-exclusive abiotic and biotic processes that
overlap in space and time (Quinn & Dunham, 1983).
According to Legendre (1993), spatial autocorre-
lation, which comes either from physical forcing of
environmental variables or for community processes
such as competition and predation, presents a
problem for statistical testing because autocorrel ated
data violate the assumption of independence of
most standard statistical procedures. In order to make
avalid use of these standard statistical procedures,
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we partitioned out the total variation of the species
data and estimated the amount accounted for space
aone. In our study, the amount of total variation of
the species matrix accounted for space alone was
9.43%. According to Borcard et al. (1992), this small
amount shows that no fundamental spatial
structuring process has been missed and therefore,
the standard statistical procedures applied are valid.
In summary, the spatial distribution patterns
of the sublitoral macrofauna of Solis Grande estuary
seems to be determined by the hydrodynamic
conditions that influence the salinity and by some
sedimentary characteristics such as the percentage
of fine sand. Diversity and species richness were
low, but in contrast with other studies, a marked
dominance of any of the present species was not
found. The species present, correspond to typical
estuarine organisms also recorded in estuarine
ecosystems of nearby regions.
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