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Analyses of living foraminiferal and environmental parameters near an outfall at Mar Grosso Beach
(Laguna, SC, Brazil) demonstrate its usefulness as indicators of domestic sewage pollution. The low spe-
cies diversity may be due to sand accumulation in the central part. Higher diversity was noted closer to
the mouth of Laguna estuarine system where reduced salinity and higher temperatures indicate freshwa-
ter influence, suggesting a relationship between increased diversity and greater availability of terrestrial
food. On the basis of foraminiferal diversity and average coliform count the higher values are closer to the
mouth of the estuarine system and under the influence of the outfall. Due to the effect of local hydrody-
namics, the particulate organic waste derived from the outfall does not settle down locally, and thus, do
not accumulate nearby. Our hypothesis is that the fine material derived from the outfall is accumulating
on the southwestern and northwestern parts of the beach.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

All over the world, the coastal zone is most seriously affected by
alterations introduced by human activity. Scenic beauty and recre-
ational opportunities attract people to the coastal zone and lead to
marine pollution. The open sea can also be polluted by transport of
continental material by wind and surface circulation, or by trans-
port along the ocean bed from polluted coastal zones (Miranda
et al., 1998). Domestic sewage is an inevitable consequence of hu-
man settlement. The increasing human occupation of coastal re-
gions and the growth of great coastal urban centers in the last
three decades have resulted in a dramatic increase in the supply
of nutrients and other deleterious material in the sewage, includ-
ing pathogenic organisms. The continued growth in coastal popu-
lation density, which has been observed in recent decades, calls
for the establishment of adequate strategies to manage and reduce
the impact of sewage pollution on the environment and on human
health.

Benthic communities are widely used in the monitoring of ef-
fects of marine pollution as the organisms are slow-moving or ses-
sile which render them more sensitive to local disturbances
integrating effects of pollutants over time. Most benthic communi-
ties comprise a large number of species and because of the varying
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.B. Eichler), glbarun@lsu.edu
gmail.com (A.R. Rodrigues).
sensitivities of species, it should be possible to identify subtle ef-
fects of pollutants reflected in changes in community structure
(Gray et al., 1990).

In monitoring programs, the use of benthic organisms as indica-
tors of environmental change in pollution-prone areas is reliable, be-
cause the benthos, unlike the plankton or nekton, adapt to local
conditions over a period of time instead of just reflecting the condi-
tions prevailing at the moment of sampling. A second point is the
close dependence of benthic organisms on the composition of the
sediment in which contaminating substances accumulate. This is
why the use of alternative biotic components in environmental
monitoring is generally unnecessary (Warwick, 1993). The Forami-
nifera, which constitute a class of unicellular organisms (Kingdom
Protoctista, Phylum Granuloreticulosa; Sen Gupta, 1999), are among
the more abundant eukaryotes in most marine and brackish water
habitats; the large majority is benthic, but planktonic species are
conspicuous in open-marine surface waters. A consensus exists that
benthic Foraminifera should be used in routine long-term surveil-
lance programs, hazard assessment at specific discharge sites, and
monitoring of the effectiveness of remedial actions (Debenay et al.,
2000). Foraminifers have a short life cycle, and react quickly to envi-
ronmental shifts. This rapid response of their populations to impact-
ing agents can be used as an early warning of human-induced
environmental change, as defined by Kramer and Botterweg
(1991). In particular, the well-known foraminiferal species of estu-
aries and lagoons hold special promise as biological indicators of
such changes (Boltovskoy and Wright, 1976).
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In the past two decades, many studies dealing with benthic
Foraminifera as bioindicators of coastal pollution (Boltovskoy
et al., 1991; Alve, 1991, 1995; Yanko et al., 1999; Scott et al., 2001)
have shown that foraminiferal associations are demonstrably af-
fected by the variability of abiotic factors such as salinity, tempera-
ture, substrate type, amount of organic carbon, pH, and tidal energy.
The common effect of increasing concentration of environmental
contaminants on the foraminiferal community is a progressive
reduction in species diversity, to the point where only opportunistic
species remain. Such species, in essence, react favorably to pollution,
and are dominant in contaminated areas (Scott et al., 1995). Species
that are abundant in polluted areas are likely to be tolerant (resis-
tant) to the pollutants found there, but by the other hand, species
that are sensitive to pollution often express that sensitivity through
their absence (Yanko et al., 1999).

In the Guanabara Bay (Vilela et al., 2004) revealed that the low
values of abundance as well as the dominance of indicative oppor-
tunistic species, such as Ammonia tepida, Buliminella elegantissima,
and Bolivina lowmani are results of the heavy metal polluted condi-
tions. The distribution patterns of these benthic Foraminifera spe-
cies in a polluted marine environment demonstrated them to be
very sensitive and inexpensive biomarkers capable of indicating
deterioration of shallow marine environments.

In the present study, we sought to evaluate the conditions of the
coastal zone of the Mar Grosso beach and vicinity, which is affected
by domestic sewage outfall from a submarine pipeline situated off
Laguna (Santa Catarina, southern Brazil), by using the parameters
of full-marine and estuarine species of Foraminifera, fecal coli-
forms, sediment characters, and water circulation pattern. We at-
tempted to (1) observe the response of the foraminiferal
microfauna and fecal coliforms to physical, geological, and chemi-
cal gradients related to salinity, temperature, currents, sediment
grain size, dissolved oxygen, nutrients, and pH, and (2) to delineate
the area most affected by the sewage plume.
2. Study area

2.1. Mar Grosso beach, Laguna, Santa Catarina

Mar Grosso beach is situated in the Tubarão region, about
118 km from Florianópolis, the state capital (Figs. 1 and 2). It is
bounded to the north by Imbituba and Imaruí cities; to the south
by Jaguaruna city; to the east by the Atlantic Ocean and to the west
by Tubarão, Gravatal, and Capivari de Baixo cities. This coastline
extends for 208.706 km. The climate of the region is classified as
humid temperate, with an average annual temperature of 19.7 �C.

2.2. Laguna estuarine system

An estuarine system is defined as a choked coastal lagoon with
elliptical cells connected to the ocean via a single long and narrow
channel, which serves as a hydraulic filter that reduces tidal effects
inside the lagoon (Kjerfve, 1994; Miranda et al., 2002). The 40-km
long Laguna estuarine system includes the Santo Antônio, Imaruí,
and Mirim lagoons. Shallow depths and limited tidal water ex-
change characterize it, with the coastal ocean presenting high
wave energy and active littoral drift. The area is subjected to micro
tides, with the wind playing an important role. The outflow of this
estuarine system is in the southeastern part of Mar Grosso Beach.

2.3. Submarine outfall

The domestic sewage discharged on the coast of Laguna issues
from a submarine outfall off the Mar Grosso beach, one of the most
popular beaches in the southern region of Brazil. The pipeline is of
about 1400 m long and releases the effluent into the open sea at a
depth of about 12 m. The residue, which increases mainly in the
summer, causes biological, chemical, physical, and geological alter-
ations in the marine environment. The introduced fresh water dis-
turbs the basic conditions of the ecosystem because the salinity
changes affect the water-mass stratification, thus interfering with
the ecological chain. Furthermore, the consumers (nekton and ben-
thos) take advantage of the extraordinary increase in available food
(Eichler et al., 2003). The consequences of the installation of the
submarine sewage pipe (in 1986) have not yet been assessed;
the extent of its influence on the sediment quality of the Mar Gros-
so beach and surroundings is unknown.

The release of domestic sewage directly into the sea is an enor-
mous problem worldwide, whether in terms of the volume of pol-
luting material or in terms of practical problems of public health.
The nitrogen and organic phosphorus contained in human fecal
material, together with other organics that fall into the sea, are
normally recycled into their inorganic forms, which promote an in-
crease of planktonic algae (eutrophication), which in turn drasti-
cally reduces the dissolved oxygen. Furthermore, pathogenic
organisms contained in the fecal material may transmit diseases.
Other impacts, such as the accumulation of sand, silt, clay, and or-
ganic material, and a reduction in water transparency by sus-
pended particulate matter, produce a negative visual effect.
3. Materials and methods

3.1. Collection

The sampling was carried out on the Mar Grosso beach, in sum-
mer, close to the point at which effluents from the submarine out-
fall are released. Samples of bottom sediment were collected with
a van veen grab at 24 sites in order to quantify biological (Foram-
inifera and coliform bacteria) and geological (granulometric)
parameters. The station locations (Fig. 1) were determined in the
field by GPS.
3.2. Examination of the biological material

3.2.1. Foraminiferal species
Samples of 100 cm3 volume were taken from the uppermost

sediment layer (thickness about 1 cm), and kept in an ethanol solu-
tion of Rose Bengal (1 g/1000 ml ethanol). The function of Rose
Bengal was to stain the protoplasm of living Foraminifera (Walton,
1952), and the function of ethanol was to prevent any attack by
bacteria.

In the laboratory, the sediment was washed through a 63-lm
sieve to remove silt and clay, and dried in an oven at 60 �C. The coar-
ser residue was then poured over ethyl carbon trichloride (C2HCl3).
The shells of Foraminifera, being lighter than C2HCl3, rose to the sur-
face while the heavier fraction settled on the bottom (Boltovskoym,
1965). The foraminiferal float was then separated from C2HCl3 by
decantation on a filter paper. After this separation, splitting of sam-
ples and sorting of the biological material were carried out using a
dry micro splitter (model from Green Geological Services). The sam-
ple was split into four subsamples and the taxa were counted for one
of the parts and then multiplied for 4. All specimens were counted
when the number of foraminifers in a sample was less than 50.
The foraminiferal species were transferred with a brush to special
slides with a black background. The living species were then identi-
fied and counted under a Zeiss Stemi SV11 stereomicroscope. These
identifications were based principally on Cushman (1950), Loeblich
and Tappan (1988), and Boltovskoy et al. (1980), but various other
references, including Zaninetti et al. (1977), Brönnimann (1978,
1979, 1980), and Buzas et al. (1985) were also consulted. The



Fig. 1. Locations of study area and the submarine outfall.
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absolute abundance of Foraminifera used in this paper is the number
of living individuals per 100 cm3 of sediment; the relative abun-
dance is expressed as a percentage. Scanning electron micrographs
of the dominant species were taken at the Institute of Bio-Medical
Sciences, University of São Paulo.

3.2.2. Coliforms
Routine laboratory analyses were carried out at the University of

Southern Santa Catarina (UNISUL). The sediment samples were
placed on Petri dishes, properly labeled, and brought to the labora-
tory on ice. The chromogenic method of analysis was used, following
the protocol of Standard methods for the examination of water and
wastewater (1995). The sediment was diluted 10 times by mixing
with autoclaved distilled water in the proportion of 1:9. The coliform
analysis was performed with a dilution of 1:100. The study was
based on triplicate samples, but the results are expressed as average
values.

3.2.3. Hydrographic parameters
Water depths were read from an echo-sounder (Garmin), and

temperature, salinity, pH, and dissolved oxygen were recorded by
using a multi-probe (W-21 SDI-12).

3.2.4. Sedimentological parameters
The granulometric analysis of the samples was performed in

accordance with the method of Suguio (1973), explained below;
the Wentworth classification (1922) of grain sizes was followed.
The sediment was dried in an oven at 60 �C. It was later split down
to 30 g, which served as the reference weight. Next, the carbonate
content of the sample was eliminated by treatment with 10%
hydrochloric acid. In the granulometric analysis, the sample was
sieved under water through a 0.063-mm sieve, and the material re-
tained on the sieve was dried again in the oven and weighed. This
coarser residue was fractionated in a RO-TAP siever by using a set
of sieves with meshes from 2.0 to 0.063 mm. The fine fraction
(<0.063 mm) was suspended in distilled water in a graduated
1000 ml test-tube. One gram of sodium pyrophosphate (Na4P207)
was added to avoid flocculation and then the material was pipet-
ted. This pipetting method is based on Stokes’ law, which takes
the speed of particle settlement as its basic principle. After the
granulometric grading of the sediment, the results were analyzed
statistically using the LABSE program.
4. Analysis of the results

4.1. Descriptive statistics

Relative abundance of organisms, ecological indices, total coli-
forms, physical hydrographic data (temperature and salinity),
chemical hydrographic data (pH and oxygen content), and sedi-
mentological data (grain size) were used to construct geo refer-
enced contour maps of spatial distribution that enhance data
visualization. Maps were constructed using a grid based contour
program, Surfer for Windows (Golden Software). Gridding methods
produce a regularly array of Z values from irregularly spaced XYZ
data. The term ‘‘irregularly spaced’’ means that the points follow
no particular pattern over the extent of the map, so there are many
holes where data is missing. Gridding fills in these holes by extrap-
olating or interpolating Z values in those locations where no data
exists. To interpolate environmental and faunal data, the Kriging
method was used because it is one of the more flexible methods,
it is useful for gridding almost any type of data set and it generates
the best overall interpretation of most data sets. The interpretation
was based on Kriging, a geostatistical technique that estimates the
values of variables scattered over the space, providing possible
identification even when the values of the various parameters
are highly disparate (Landim, 1997); the technique has been ap-
plied in geological studies to configure the distribution patches
of marine sediments (Brooks and Doyle, 1998). Because the distri-
bution of benthic Foraminifera is also patchy, the Kriging method
was considered useful in our study, even with the formation of a
few ‘‘bulls-eyes’’ (the closely spaced contours around a single core-
hole), since it shows the large variability of the data. It is impor-
tant, however that in such studies, the method is adopted with
caution, and, also to prevent errors in interpretation, it is always
necessary to consult the data of absolute abundance for
comparison.
4.2. Analytical statistics

4.2.1. Univariate techniques
Diversity and dominance indices are effective when used to-

gether to assess changes in community structure. The Shannon–
Wiener diversity index and Simpson dominance index (Zar, 1984)



Fig. 2. Station location, depth, salinity, temperature, dissolved oxygen, and pH of the samples collected.
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were computed. These calculations were done using the Primer pro-
gram developed at the University of Plymouth (Clarke and Warwick,
1994).

4.2.2. Multivariate analyses
Multivariate methods were applied to both environmental [prin-

cipal components analysis (PCA)] and foraminiferal data [non-
metric multidimensional scaling (MDS)], producing a ‘‘map’’ of sam-
ples in which the placement of samples reflects the similarity of their
biological communities and environmental patterns, rather than
their simple geographical location. A standardized environmental
data matrix (depth, temperature, salinity, oxygen, total coliforms,
and percentages of sand, silt and clay) was subjected to PCA to iden-
tify environmental trends across the area. To compose the similarity
matrix of the absolute frequency of foraminiferal species the sterile
stations (1, 5, 7, 11, 12, 16, 18) were taken off from the MDS analysis.
The numerical procedures of PCA and MDS were carried out using a
University of Plymouth computer program (PRIMER), which was de-
scribed in Clarke and Warwick (1994).
5. Results

5.1. Hydrographic and sedimentological parameters

The locations of collection stations, together with data on depth,
salinity, temperature, dissolved oxygen, pH, and percentages of
sand, silt, and clay are given in Table 1, and presented in map form
in Figs. 2 and 3. The depth of collection varied between 4 and 20 m,
increasing gradually from west to east. The influence of salinity can
be observed in the eastern and southeastern sectors of the study
area, mainly at the mouth of the estuarine system and near the
outfall. Temperature was higher at stations 3, 23, and 24, near
the mouth of the estuarine system. The level of oxygen remained
nearly constant, at above 7 mg/l, and was not a limiting factor for
organisms. The pH did not show any significant variation either,
being consistently above 8; the lowest value occurred in a region
between the outfall and the mouth of the estuarine system. A peak
of high salinity and oxygen and of low temperature was observed
in the southwestern sector.
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No accumulation of silt or clay was observed in the central sec-
tor. However, the formation of a sand bank, apparently beginning
at the outfall, was observed in the western sector (stations 4–7,
15–23). An increase in silt and clay was observed in the southern
sector (mouth of the estuarine system, station 24), southeastern
sector (station 7), and northwestern sector (station 12). This accu-
mulation at station 24 seems to be of ‘‘natural’’ origin due to the
influence of the estuarine system, whereas at stations 7 and 12 it
Table 1
Locations of collection stations with hydrographic and sedimentary data.

Samples Lat. Long. Depth Salinity Tem

1 �28.489 �48.738 4.00 28.80 23.1
2 �28.482 �48.729 20.00 33.55 22.8
3 �28.480 �48.741 10.7 36.00 24.0
4 �28.487 �48.748 12.00 31.21 23.2
5 �28.489 �48.756 13.6 37.42 20.9
6 �28.487 �48.757 6.00 36.40 22.0
7 �28.485 �48.759 5.00 36.46 22.4
8 �28.477 �48.761 6.00 36.04 22.9
9 �28.476 �48.756 8.00 36.03 23.0
10 �28.474 �48.752 13.00 36.40 22.8
11 �28.475 �48.758 10.00 36.16 22.7
12 �28.476 �48.761 6.00 36.00 22.7
13 �28.476 �48.758 8.00 36.27 22.8
14 �28.475 �48.755 12.00 35.20 23.0
15 �28.481 �48.754 11.00 35.35 23.0
16 �28.483 �48.759 9.00 36.22 23.2
17 �28.483 �48.760 6.00 36.18 23.4
18 �28.485 �48.757 8.00 36.10 23.2
19 �28.485 �48.753 15.00 36.30 23.2
20 �28.486 �48.746 12.00 33.55 23.3
21 �28.490 �48.743 10.00 35.10 23.8
22 �28.489 �48.748 9.00 33.80 23.3
23 �28.490 �48.753 7.00 36.25 23.0
24 �28.492 �48.749 15.00 31.67 24.0

Fig. 3. Percentages of silt, clay, and
seems to be due to the effluents discharged from the outfall and
thus of anthropogenic origin. Also, this accumulation seems to
have arisen as a result of the circulation generated by the
wind––the deposit at station 7 related to the northeasterly wind
and that at station 12 to the southerly wind. The distribution
map of clay (Fig. 3) shows the influence of the plume from the out-
fall and the Laguna estuarine system, suggesting that clay does not
settle in the central sector because of the turbulence generated by
perature Oxygen pH Sand Silt Clay

8 7.34 8.06 80.54 8.85 10.62
9 7.25 8.10 98.81 1.19 0.00
0 7.21 8.06 85.62 7.53 6.85
3 7.46 8.04 99.70 0.30 0.00
0 8.72 8.08 99.85 0.15 0.00
9 8.39 8.09 99.85 0.15 0.00
9 7.99 8.21 30.10 27.59 42.31
2 7.83 8.07 99.19 0.81 0.00
0 7.53 8.06 99.81 1.19 0.00
2 7.75 8.08 78.51 9.92 11.57
8 7.92 8.10 99.35 0.65 0.00
5 8.07 8.12 6.58 32.49 60.93
0 7.86 8.15 98.47 1.53 0.00
0 7.62 8.04 97.81 1.67 0.00
7 7.83 8.08 98.37 1.63 0.00
6 7.50 8.07 98.55 1.45 0.00
5 7.62 8.11 98.80 1.20 0.00
0 7.62 8.04 99.05 0.95 0.00
2 7.45 8.00 99.29 0.27 0.00
0 7.62 8.07 99.90 0.10 0.00
5 7.30 8.07 99.75 0.25 0.00
0 7.45 8.10 99.28 0.58 0.00
6 7.50 8.06 99.76 0.17 0.00
3 7.53 8.13 13.49 37.07 49.43

sand in the samples collected.
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the confluence of continental waters. Sand, however, is being
accumulated at the outfall.

5.2. Foraminifera and coliform bacteria

A small number of foraminiferal species were found living in
the study area (Table 2). Many samples were barren; some of
these were from the surf zone, where the dynamics of the water
can hinder the growth of foraminiferal populations. Fecal coli-
forms (Table 2) were absent at the majority of sampling stations;
stations 7 and 9 were the exceptions. Station 7, where silt and
clay accumulate, seems to be one of the worst sites as regards
the health of the ecosystem. As for total coliforms, the greatest
numbers were found in the samples from stations 6 and 12. We
note that the samples with very high values of total coliforms
and those with high clay and silt content were barren of Foram-
inifera. Low concentrations of total coliforms were found at sta-
tions 5, 11, and 23; this may be related to the higher salinity at
these stations.

The spatial distributions of dominant foraminiferal species
and total coliforms are shown in Fig. 4. The abundance peaks of
Pseudononion atlanticum and Elphidium spp. were at stations with
highest water temperatures. Buccella peruviana had reduced
abundance at sites where the values for total coliforms were
higher. A sterile zone for Foraminifera, connected with a lack of
silt and clay and consequently of organic material and food for
the species, is present, but very low numbers of total coliforms
(<10) were found at these stations.

5.3. Diversity and dominance of foraminiferal species

The Shannon–Wiener diversity varied between 0.24 and 0.64,
and the dominance varied between 0.28 and 0.63 (Table 2 and
Fig. 5). Diversity values higher than 0.50 were found at stations
3, 4, 8, 9, 13, and 14, whereas lower values were found at stations
2, 6, 10, and 17–24.

In PCA, the first two factorial axes accounted for 67.6% (Bold
value) of the total variance (Table 3). Table 4 shows coefficients
of the linear combinations of environmental variables, where
sand has the largest loading on principal component 1 (PC1), with
high positive loadings for sand and high negative loadings for silt
and clay. Surface pH also has a negative loading on PC1. PC2 is
characterized by strong positive loadings for surface temperature
while surface oxygen shows the strongest negative loading on
this axis. A plot of PC1 versus PC2 scores reveals patterns in the
environmental data across samples and four groups of stations
can be recognized (Fig. 6). (1) Stations 7, 6, 10, and 12 showed
similar values of dissolved oxygen, pH, and total coliforms; (2)
5, 8, 11, 13, and 15 were similar as regards depth, salinity, and
percentage of sand; (3) 2, 3, 4, 9, 14, 16, 17, 18, 19, 20, 21, 22,
and 23 were linked by temperature; and (4) 1 and 24 had similar
silt–clay values.

The most ecologically meaningful pattern obtained in the MDS
ordination of the data by station (Fig. 7a) reveals that percentage
of clay accumulates in the station 24. If we look at Table 1 we ob-
serve that clay accumulates also in stations 1, 7, 12, however, in
the MDS analysis these stations were taken off because they are
sterile. Fig. 7b shows that total coliforms are accumulating in sta-
tions 6, 10, besides stations 1, 7, 12.
6. Discussion

The low foraminiferal diversity and the presence of a barren
zone in the vicinity of the outfall may be partly related to station
locations in the surf zone, where hydrodynamics hinders benthic



Fig. 4. Distributions of dominant Foraminifera and total coliforms.
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foraminiferal colonization. However, the sand accumulation and
lack of clay–silt deposition in this sector severely reduce the food
supply, and thus also impede the development of a foraminiferal
community.

After the pioneering studies of Bandy et al. (1964, 1965) in the
same area, Stott et al. (1996) conducted a benthic foraminiferal
census at sites around the Los Angeles County sewage outfall at
Whites Point, California, in order to determine whether improved
sewage treatment over a 30-year period resulted in a return of spe-
cies previously excluded from the foraminiferal community the
vicinity of the outfall. In the 1960s, benthic foraminiferal popula-
tions were severely affected around the outfall, with unusually
low abundances of most species even at a distance of several
kilometers, and a ‘‘Dead Zone’’ with no living Foraminifera was
present in the vicinity of the discharge diffusers. Thirty years later,
Fig. 5. Distributions of foraminiferal s
following significant decline in the volume of contaminants,
including DDT and solid waste, the environment around the outfall
in Los Angeles was repopulated by benthic Foraminifera in num-
bers comparable to those found in non-affected parts of the south-
ern California shelf. These sequential studies demonstrated that
the ecosystem health near a sewage outfall may be monitored by
Foraminifera. We expect that improved pollution control measures
in the source area will lead to a revitalization of foraminiferal pop-
ulations around the Mar Grosso outfall.

The accumulation of silt and clay in the deepest parts of the in-
ner continental shelf of Mar Grosso Beach suggests that their origin
may be either of ‘‘natural’’ origin, under the influence of the estu-
arine system, or of anthropogenic origin, from the sewage outfall.
This accumulation of fine-grained sediment has promoted local in-
creases in foraminiferal diversity. The deposition of total coliforms
pecies diversity and dominance.



Table 3
PCA: cumulative variations for hydrographic and sedimentological parameters.

PC Eigenvalues % Variation % Accumul. variation

1 3.67 40.7 40.7
2 2.42 26.8 67.6
3 0.95 10.6 78.2
4 0.90 10.0 88.2
5 0.62 6.9 95.1

Table 4
PCA: coefficients in linear combination of variables.

Variable PC1 PC2

Depth 0.068 �0.300
Surface salinity 0.057 �0.431
Surface temperature 0.005 0.587
Surface oxygen �0.130 �0.585
Surface pH �0.356 �0.146
Total coliforms �0.270 �0.049
Sand 0.510 �0.062
Silt �0.505 0.085
Clay �0.510 0.047

Fig. 6. Summation of PCA results.

Fig. 7. MDS ordination of absolute foraminiferal data (Table 2) and environmental
variables (Table 1). Dark gray circles are the quantitative measure for each
presented variable (A, percentage of clay; B, total coliforms; C, Buccella peruviana).
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at stations 7 and 12 is probably facilitated by a circulation associ-
ated with the northeasterly and southerly winds that prevail in the
region.

The level of dissolved oxygen was high at all stations and was
not a factor that would negatively impact any foraminiferal spe-
cies, by the other hand, the temperature increase observed at the
mouth of the Laguna estuarine system favored the proliferation
of Elphidium spp. and Pseudononion atlanticum.

If we compare the data from MDS with PCA on the abiotic data
(Fig. 6), we can infer that the distribution of Buccela peruviana
(Fig. 7c) is representative of the other foraminifera species
(Ammonia tepida, Buccella peruviana, Bulimina marginata, Buliminella
elegantissima Elphidium spp., Orbulina spp.) and are being distrib-
uted mostly by temperature, depth, salinity, and percentage of sand
other than percentage of clay and total coliforms.

The fecal coliform group consists of a variety of bacteria, includ-
ing the genera Klebsiella, Escherichia, Serratiaa, Erwenia, and Enter-
obacteria. The use of fecal coliform bacteria as indicators of
sanitary pollution is regarded as more significant than the use of
‘‘total’’ coliform bacteria, because fecal bacteria are restricted to
the intestinal tract of warm-blooded animals. Overall, the concen-
tration of coliforms is an important parameter that may indicate
the existence of pathogenic organisms, including those responsible
for the transmission of water-borne diseases such as typhoid fever,
paratyphoid fever, bacillary dysentery and cholera. In the present
study, fecal coliforms were recorded at only two stations. However,
other bacteria of the coliform group were present at all stations,
demonstrating the contamination of the region even that forami-
nifera species are showing a better correlation with temperature,
depth, salinity, and percentage of sand.

7. Conclusion

At present, fine particles such as silt and clay do not accumulate
in the immediate neighborhood of the Mar Grosso submarine
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outfall, but the deposition of sand near the mouth of the estuarine
system may cause a stagnation problem in the future. The contin-
uing increase of the sand bank would reduce water depth and may
impede water circulation, especially in the deeper parts of the
southwestern and northwestern sectors of the Mar Grosso beach;
these sectors are currently most seriously affected by silt and clay
accumulation. The foraminifera benthic fauna has undergone deg-
radation in the central sector, because the accumulation of sand
and the absence of fine material here are conducive to the develop-
ment of a barren zone. Populations of coliform bacteria, however,
exist all over; their development does not seem to be related to
the amount of silt and clay in the sediment. The accumulation of
silt and clay in the study area is linked to both a ‘‘natural’’ source,
influenced by the estuarine system, and an anthropogenic source,
i.e., the sewage outfall. The deposition of material of both origins
is affected by water circulation associated with northeasterly and
southerly winds.
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