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This paper proposes an interdisciplinary quantitative method for determining estuarine hydrological zones using
field data related to sedimentological descriptors and bio-indicators gradient distribution. The study site is Itapocu
Estuarine-Lagoonal System, located in the north of Santa Catarina state, Brazil. The results led to the proposition of a
zonation that summarizes the marine-fluvial gradient in the area in five general classes: Marine Transitional,
Lagoonal Typical, Lagoonal Extreme, Fluvio-Estuarine and Fluvial. The hypotheses generated to explain the
processes which produce the observed patterns are based on the hydrodynamic differences and anthropogenic
influence that characterize each zone.

ADITIONAL INDEX WORDS: Marine bio-indicators, sedimentology, hyposaline lagoon.

ABSTRACT

The Influence of Natural and Anthropogenic Agents in the Determination

of Sedimentary Environments at Itapocu Estuarine-Lagoonal System, Santa
Catarina, Brazil

C. Bonetti†; J. Bonetti† and E. Beltrame‡

INTRODUCTION

StudyArea METHODS

As coastal zone management strategies become more
imperative, objective and interdisciplinary studies are
necessary to understand the ecological boundaries and the
functionality of its ecosystems. Oceanographic research can
greatly improve the quality of the natural environment and
human life, and, in many cases, also save money on longer term.
Several methodologies have been proposed to classify estuaries
and lagoons, most of them using hydrological characteristics
(K , 1994; 1997). Despite the facilities on data
acquisition, physical-chemical properties of coastal waters are
continuously changing, so extensive temporal series are
necessary to obtain the mean conditions of such systems.

To minimize the problems related to hydrological variability,
the present investigation has been carried out based on
sedimentological aspects and benthic bioindicators
distribution. Both of them reflect the dominant environmental
agents which were acting on the system in the last months or
years, without a strong dependence of temporal sampling. They
also provide important clues to the sediment provenance,
transport history and depositional conditions.

This study aims to associate sedimentological descriptors
with benthic bioindicators in order to evaluate the
hydrodynamic estuarine gradient and to recognize different bio-
sedimentological depositional sub-environments.

Itapocu Estuarine-Lagoonal System is a bar-built estuary
located in the southern coast of Brazil, at Santa Catarina State
(Figure 1). The main fluvial tributary of the system is the

Itapocu River. Its watershed occupies an area of 2.930 km

1986) and presents a discharge estimated in 77 m .s
and 1998). Itapocu River has estuarine

characteristics only in the last few kilometers of its course, near
to the discharge in the lagoon named Lagoa de Barra Velha. This
lagoon is a shallow brackish water body, with twelve kilometers
in extension, separated from the sea by a narrow sandy barrier.
The Estuarine-Lagoonal System has only one communication
with the ocean, close to the central sector of the lagoonal axis.
Nevertheless, the mobility of this mouth is intense, and it is

migrating successively northward. It is a very dynamic site with
strong currents and extensive sandy banks. Preliminary
bathymetric survey data in the lagoon indicates maximum
depths between 2 and 3 m, while in the final course of the river
depth is about 8 m , 2000).

Human activities in the lagoon are mainly: sand extraction,
fishing, dredging and marine shrimp farming. Despite its
economic and ecological importance, the study area is quite
poorly known, especially concerning its bottom substrata. Only
recently some hydrodynamic and sedimentological
characteristics have been investigated in the area
and 1997; and 1998;

., 2000). The physical-chemical characteristics of the
waters along the estuarine lagoonal system depend mainly on
the fresh water input from the Itapocu River, on the tides and
also on the winds. The semidiurnal tides have a range of
approximately 0.8 1.2 m. There is a clear dominance of the
fluvial waters in the surface, while salty waters propagate
through the bottom, reaching distances higher than eight
kilometers landward. Along of lagoonal axis, the fluvial waters
flow preferentially to Barra Velha (southward), making the
north sector to be under a small influence of Itapocu River
( ., 2000). These authors also observed the
occurrence of “depressions”, in which the estuarine waters may
stay for a long period. At these points waters present different
conditions of mainly temperature and dissolved oxygen.

Sedimentological and biological sampling took place
simultaneously during a cruise made in April 2000 and were
obtained by means of a grab sampler. Eighteen surface sediment
samples were took along Itapocu Estuarine-Lagoonal System,
covering the full salinity gradient from fresh to marine waters
and all sediment types from marine sands to fluvial mud.

A constant volume of surface sediments from each station
(aliquots of 50 cm ) was used for biological studies. These

samples were washed through a 62 m sieve and the sandy
fraction was dried at 60°C. This fraction was floated in carbon
tetrachloride for organism pre-selection. The groups chosen to
be used as bioindicators were the foraminifera and thecamoeba.
The tests were sorted out from the other floated sediment
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components (mainly vegetal fragments) under a stereo
microscope (80 x) and identified to species level.

Another bottom surface sediment aliquot from each station
was taken for sedimentological studies. They were processed
following the sieving and pipetting method and sediment
statistical parameters were also calculated. Biodetritic
carbonate content was obtained by HCl 10% attack and total
organic matter was determinate by oxidation with H O .

Q-Mode Cluster Analysis, a multivariate statistical
technique, was used to integrate sedimentological and
biological data, looking for similar distribution patterns along
the study area. This procedure has been widely applied in
oceanographic and ecological studies as a mean of delineating
environmental provinces. The statistical method is discussed in
detail by and (1973). The analysis was
performed by calculating the distance matrix based on the
follow characteristics for each station: grain size properties
(mean, sorting), organic content, biodetritic carbonate content,
relative abundance of foraminifera and thecamoeba species.
The similarities of each station with every other station were
clustered using Ward (or minimum variance) method as
strategy for dendrogram construction. This technique was run
using MVSP3.13 (Kovach Computing Services).

Grain size ranged from coarse sand to coarse clay and the
majority of samples were very poorly sorted. Some points
presented bimodal to polymodal distribution, probably due to
the mixing of heterogeneous grain sources and by the influence
of different transport agents, such as waves, winds and tidal
currents. Along of the lagoon axis different energy conditions
were observed with reflection in the horizontal sedimentary
zonation. As a general trend, silty deposits were found in the
lagoon and upper river zone and sandy deposits occurred in the
lower river zone and in the area of the marine inlet influence.

This study revealed that the average values of organic matter
concentration in river sediments were 4.0%, while in the lagoon
the average values were 11.1%. The quantity of organic in
sediment showed a good correlation with grain size
distribution. It was also observed that smaller particles
presented higher organic enrichment and also lowers biodetritic
carbonate concentrations than coarser deposits. Besides the
natural factors, other aspect that could be influencing the
quantity of organic matter is the proximity of some sites
affected by domestic sewage discharge.

Low values of carbonate content were obtained in the area,
except for stations 10 and 11. The slight increment observed in
station 10 can be explained by the strong presence of mollusks,
possible due to local organic enrichment. In station 11,
considering its position and the hydrodynamics of the area, it
can be supposed that carbonate fragments were transported
from the adjoining marine area.

The same sample set was also studied in regard to the relative
abundance and diversity of foraminifers and thecamoebians. A
total of 30 taxa were recorded, from which only spp.
and occurred throughout the area (Table 1).
The occurrence of a few species number may be due to the low
salinity values and high marine confinement. The majority of
found species are mixohaline species that normally tolerate
salinities between 18 and 30 PSU. All the species found in the
study area have been observed before in other Brazilian
brackish lagoons. As a general trend, it was detected a
foraminiferal assemblage dominated by Rotaliina near the zone
under highest marine influence and oligo or even monospecific
assemblages, dominated by the Textulariina, in the hypohaline
zones. Neither foraminifera nor other benthic organisms were
found in stations 5 and 11. This absence of fauna can be due to
the intense hydrodynamic conditions where these samples were
collected, just close to the lagoon mouth. Very low densities
were also observed at stations located along of Itapocu River
(mainly in stations 17 and 18).

Foraminifera species richness declined from the seawater
dominated inlet region towards the tidal head of the estuarine
zone. Some typical inner shelf foraminifera species were found
disperse inside the lagoon, probably due to flood water fluxes
influence. The limit of distribution of these alien tests were
similar to the sedimentological zonation pattern, indicating
their potential use as indicators of circulation in protected
coastal systems, as well as tracers of sediment transport. In the
area, spp: ratio allowed the
identification of organically enriched mixohaline sectors. The
maximum values of this ratio were observed at the extreme
south of the lagoonal system, near Barra Velha city, where
organic content ranged between 8.4% and 29.9%. Besides the
natural confinement of these sites, they are probably under the
influence of domestic sewage effluents from this urban
settlement.

Thecamoebians were found only in five samples, located in
the middle river zone and in the lagoon extremes, reflecting the
predominance of brackish bottom waters even in the sites in
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Figure 1. Study area.
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which fresh water dominated in the surface. This result suggests
a preferential partially stratified estuarine circulation.

The integration of biological and sedimentological
descriptors, through multivariate statistical methods, allowed
the identification and differentiation of the following
sedimentary sub-environments (Figure 2):

(A) : with strong hydrodynamical energy
and under the influence of fluvial and tidal fluxes, this zone is
practically sterile in relation to the benthic community. It is
characterized by the dominant presence of exogenous tests
transported from the adjoining marine area (

and ) or from upper Itapocu
river ( ). It presents a dominance of well sorted
coarse sediments and low concentrations of organic matter (less
than 0.5%).

(B) : comprises the stations located along
the lagoonal body, under moderate marine influence and more
sheltered from hydrodynamical energy. Sediments are finer and
organic content tend to be higher. This zone showed to be the
most adequate to the development of benthic communities,
presenting the highest faunistic densities. Among the detected

taxa and can be highlighted. Although
presenting similar faunistic characteristics, southern and
northern sectors of the lagoon can be ecologically differentiated
by the more significant presence of agglutinant tests and by the
higher organic content in southern sediments. This confirms the
stronger influence of Itapocu river in the sector, as previously
proposed by (2000), based on physical-
chemical descriptors. To the north, the presence of a sandy bank
(station 3) also induced different responses in benthic
communities. For example, an increment in the abundance of

sp. was observed. This may be indicating the
presence of less diluted marine waters (due to washover
processes or to the percolation through dune deposits) and
higher local phytobenthic productivity.

(C) : the extreme south of the lagoon is
different from the other mixohaline environments basically due
to the dominance of . Studies
accomplished in different Brazilian estuaries have been
indicating that this species tends to be dominant in sediments
with high organic content and low values of dissolved oxygen.
These environmental characteristics may be due to the
accumulation, in the sediments, of urban sewage disposal from
Barra Velha urban settlement.Alternatively, a natural capture of
organic compounds may be occurring in the area as a response

Sedimentary Sub-Environments

Marine Transitional

Lagoonal Typical

Lagoonal Extreme

Pararotalia,
Pseudononion Quinqueloculina

Miliammina

, Haynesina Miliammina

et al.

Pseudotriloculina

Cribroelphidium gunteri
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Table 1. Bio-sedimentological synthesis.
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to the presence of a local bathymetric depression.
(D) : although the population of

foraminifers has not been abundant, the distribution of species
indicates the dominance of meso-polihaline conditions in this
zone and relatively coarser sediments. Among the most
abundant species can be pointed out.

(E) : is characterized by the rare presence of
foraminifers, as of other organisms from meiofauna. The
restrictions to the development of mixohaline benthic
communities may be related to the strong variations of salinity
(due to the higher fluvial influence) and also to the intense
remobilization of bottom sediments caused by sand extraction
dredging. Biodetric carbonates and muddy sediments are found
in this zone.

The method presented in this paper showed to be a useful

analytical complement in the characterization of estuarine

systems with restrict temporal data base, since average

environmental conditions can be retrieved from the sediments

and its biota. The main facility of this investigation proposal is

the possibility in making a representative general description of

the predominant oceanographic characteristics of a certain

system based in just one low cost sampling mission.

Nevertheless it is important to keep in mind the great need for

more detailed data in a narrower framework in space and time.

High-resolution monitoring of sedimentological and biological

processes is necessary in order to model future zoning and also

to propose management priorities for the area.
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