
INTRODUCTION

METHODS

Benthic faunal distribution varies considerably in time and
space due in great part to the patchiness of species occurrences
and overall heterogeneity of the benthic habitat. This
heterogeneity has also been attributed to climatic irregularity
and man-induced perturbation ., 2000).

Estuaries are subjected to wide seasonal and inter-annual
fluctuations in water chemistry, circulation and sedimentation,
particularly in response to weather-related variations in
freshwater inflow ., 1986). Superimposed on
these natural variations, are changes in response to human
activities, especially in relation to waste disposal

., 1985). Consequently, estuaries are increasingly exposed to a
depletion of dissolved oxygen from bottom water layers

, 1992). Seasonally anoxic or hypoxic (O < 2 mg.l )
bottom waters have been reported from a variety of estuarine
ecosystems ., 1992) and it is probably occurring in
most major estuaries in Brazil.

Hypoxia is spreading and growing more persistent globally
because of anthropogenic eutrophication. . (2001)
and Wu (2002) pointed out that among benthic animals, hypoxia
can cause mass mortality, changes in behavior and reductions in
growth. Hypoxia can also lead to decreased biomass and
diversity, affecting species abundance and composition in
estuarine benthic assemblages ., 2000; Wu,
2002).

Guanabara bay (GB), located at 23 50 S, 43 08' W (figure 1),
is a 384 Km eutrophic and heavily polluted coastal bay in
southeast Brazil ., 1997). Due to the rapid
degradation of this ecosystem, today, the bay represents an
important focus of environmental interest but little information
is available about the local benthos. Its drainage water basin
receives polluted effluents from 24 sub basins with about 6000
industries and an increasing population of 10 million
inhabitants ., 1993). About 75% of the organic
wastes originate from urban untreated sewage and 25% from

industries. Heavy metals and toxic chemical compounds also
abound in GB ., 1992; ., 2002).
Additional contamination results from accidental spills of
industrial chemicals and oil. As a result, a common feature of
this estuary is the episodic hypoxia caused by a general
eutrophication trend ., 1999; .,
2002).

A sampling design consisting of 38 stations (figure 1) was
performed in two seasons, the austral winter of 2000 (dry
season) and in the austral summer of 2001 (wet season).At each
station a 0.1 m van-Veen grab sample was taken in triplicate.
Sediment samples in each station were analyzed for grain size
distribution, organic matter, carbonate content and redox
potential. The methods of mechanical dry sieving and
decantation described by (1973) were used to
determine the grain size fractions. To determine the percentage
of total organic matter by loss of mass on ignition, sediments
samples were oven-dried at 105 C for 12 h and ashed at 500 C
for 2 h. Biodetritic carbonate (CaCO ) was obtained by HCl
10% attack.

Biological samples were sieved out through a 1.0 mm mesh
size and the benthos sorted under stereomicroscope. The
mollusk fauna was characterized by density, frequency of
occurrence and specific dominance.According to the frequency
of occurrence (F) species were classified as constant (F>50%),
common (10%£ F ³ 50%) and rare (F<10%).

The null hypothesis that there is no seasonal variation among
the sediment variables was tested by one-way analysis of
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The ongoing socio-economic pressure upon GB require a
counterpart of updated knowledge of its ecosystem structure
and function. This study aims to establish spatial and seasonal
patterns of mollusk distribution in GB and to discuss whether
these associative patterns could be related to environmental
variables.
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Guanabara bay is an eutrophic and polluted estuary in southeast Brazil. To establish possible patterns of mollusks
distribution in GB, a sampling design of 38 stations was performed in the dry season of 2000 and the wet season of
2001. At each station a 0.1 m van-Veen grab sample was taken in triplicate. Sediment samples were analysed for
grain size distribution, organic matter, carbonate content and redox potential. The macrozoobenthos were sieved out
with 1.0 mm mesh size and sorted to determine the abundance of mollusks. The abundance and distribution of
mollusks were related to the sediment features. Three sectors were distinguised in GB, differing in hydrological and
sediment characteristics. The sediment was mostly sandy and muddy and showed an increasing organic matter
content gradient from the outer to the inner sector of the bay. The inner sediment was essentially reductor while the
outer bottom presented a quite oxidant potential. A total of 7590 ind.m was encountered (57% gastropods and 43%
bivalves). The wet season held the lowest density (2.650 ind.m ) probably due to bottom hypoxic conditions
established in this period. The mean density per sector ranged from 1.410 ind. m in the inner sector to 3.550 ind.m
in the outer sector. The most dominant species were , and . Organic
enrichment, low oxygen concentrations and altered redox conditions allied to the prevailing pattern of circulation
seems to have ruled the spatial and seasonal distribution of mollusks in GB.
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similarity (ANOSIM) permutation test using the Euclidian
distance, applying Primer software. An exploratory data
analysis (Principle Component Analysis- PCA) was performed
to the arcsine transformed normalized data of the abiotic
variables. In order to establish possible patterns of spatial
distribution, the sampling stations were grouped into an inner
sector (stations 1 to 14); an intermediary sector (stations 15 to
26); and an outer sector (stations 27 to 38). The abundance and
distribution of mollusks within the sectors were related to the
sediment and environmental features. The null hypothesis that
there is no significant difference between the mollusks
abundance and between the sediment variables (wet season)
within the sectors of the bay was tested through Kruskal-Wallis
ANOVAby rank analysis.

A total of 48 live species of mollusks were encountered in
GB, including 27 bivalves and 21 gastropods. The dry and wet
seasons are quite similar in terms of taxonomic composition, 36
and 33 mollusks species, respectively. Empty shells were found
for 23 species of bivalves, 15 species of gastropods and 1
species of scaphopod, summing up to 6.500 individuals (89%
bivalves and 10% gastropods).

A total density of 7.590 ind.m was found for GB during the
studied period. The gastropods accounted for 57% and the
bivalves for 43% of the total density. The dry season held the
highest density (4.940 ind.m ), represented by two dominant
species: (50%) and (14.6%).
Both species were also dominant in the wet season, representing
25.7% and 23.4% of dominance, respectively. The total density
in the wet season was 2.650 ind.m .

The mean density per sector of GB ranged from 1.410 ind.m
in the inner sector (57% gastropods), 2.630 ind.m in the
intermediary sector (71% gastropods) to 3.550 ind.m in the
outer sector (54% bivalves). The highest density was found in
the intermediary sector during the dry season (2.310 ind.m ),
and the lowest in the intermediary sector in the wet season (320
ind.m ).

In the dry season, was dominant in the inner
(69.51%) and intermediary (70.1%) sectors, whilst

was dominant in the outer sector (17.1%). was
dominant in all sectors during the wet season, ranging from
23.6% in the outer sector to 30.5% in the inner sector.

According to the frequency of occurrence, 17% of the total
species were classified as common (75% bivalves) and 83% as
rare species (53% bivalves). There was no constant species
registered for the studied period. The common species were

(36.8%), (23.6%), cf.
(15.8% each),

(14.5% each) and
(13.2%). Amongst the rare species sp.,

(9.2% each), aff. (6.6%),
aff. (5.3% each)

were the species which presented frequency above 5%; all of
the other rare species occurred with less than 4% of frequency.

In the dry season, , cf. and
were the most frequent species, with 50%, 26% and

21%, respectively. The commonest species in the wet season
were and (26% and 24%, respectively),
followed by and (18% each).

In relation to the frequency of mollusks within the bay's
sectors, and were the commonest
species in the inner sector during the dry season (25% and
21.4%, respectively) and in the intermediary sector during the
wet season (25% each). was the only constant species
in the intermediary sector during the dry season (92%),
followed by two common species: and

cf. (25% each). In the outer sector,
cf. (50%), (42% each),

, and (33% each)
were the most frequent mollusks in the dry season.

(42%), and (33%
each) were the commonest species in the wet season within
the outer sector, while and sp. (17% each) were
the most frequent species in the same sector in the wet season.
In the inner sector, , (33% each), C.

and (25% each) were common in the
wet season.

According to ANOSIM test, there is no seasonal variation
among the sediment variables (Global r= -0.009; p= 71,2%).
The sediment was mostly sandy and muddy and showed an
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Figure 1. Geographical position of Guanabra Bay in Rio de
Janeiro State, southestern Brazil, and sampling stations.
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Figure 2: Fatorial axes 1 and 2 of the Principal Component
Analysis (PCA) runned on abiotic variables of the dry (a) and
wet (b) seasons.
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increasing organic matter content gradient from the outer
(around 2% in most stations) to the inner sector of the bay
(ranging from 14-22%). The carbonate content was low in most
stations of the bay ( . 0%), except in stations 7, 33 (mean of
40% each) and 34 (mean of 90%). The sediment of the inner
sector was essentially reductor, ranging from 4 to 3 mV, whilst
that of the outer sector presented a quite oxidant potential (-1 to
2 mV). The dissolved oxygen concentrations were lower in the
inner stations, varying from 0 to 1.75 ml.l , and highest in the
outer sector, reaching 4.75 ml.l in station 36. Table 1 shows the
mean values of the main abiotic variables for the wet season
within the bay's sectors.

The Principle Components Analysis (PCA) performed on
abiotic variables account for 69% of the variance in the dry
season, and 68% in the wet season, corroborating the pattern
described above (figure 2). Significant differences between the
sediment variables within the bay's sectors obtained in the wet
season was observed applying Kruskal-Wallis ANOVA by rank
analysis and it is shown in table 2.

The null hypothesis that there is no difference between the
mollusk abundance within the sectors of the bay was rejected
according to Kruskal-Wallis ANOVA (H= 23.95 p< 0.1 for
gastropod mollusks and H= 15.26 p< 0.1 for bivalve mollusks).
In relation to gastropod abundance, the intermediary sector in
the dry season was highly different from the intermediary and
the inner sectors in the wet season. There was a significant
difference of bivalve abundance between the outer sector in the
wet season and the inner sector in both seasons.

GB is a typical estuarine system subjected to a fast process of
degradation due to a continuous input of domestic sewage and
periodical inflow of freshwater by a large drainage basin into its
shalow waters (FEEMA, 1990). This environment is
characterized by a well defined wet (December-April) and dry
(June-August) season ., 1997).
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Water quality in GB differs from place to place, according to
circulation patterns and pollution (L ., 2000).
Some gradients can be observed in many of the hydrobiological
and sediment features, revealing the existance of three different
sectors, with quite pronounced differences in most properties
considered. However, other factors probably also play an
important role in partitioning GB.

The high hydrodynamic forcing and sea water exchange at
the bay's mouth reflect in sandy bottoms in the outer sector
mainly associated with gravel and very coarse sand. The
intermediary sector seems to be the most stable environment in
terms of water and sediment quality. The channel, which
follows the major axis of the bay, where depths reach an average
of 20 m, allows an inflow of coastal waters through the bottom
layer while freshwater under strong pollution effects flows
through the surface layer (M .,1989). Therefore, the
intermediary bottom is mainly sandy mud and muddy. Between
the intermediary and inner sectors the central channel widens to
900 m and it subsequently loses its characteristics further into
the bay as it becomes progressively shallower .,

1997).As a result, the inner sector of GB is covered by extensive
mud deposits as a result of the active transport of fluvial clastic
materials to the bay, accelerated by anthropogenic activities in
the drainage basin and restricted water movement

., 1997).
Hypoxia or anoxia exhibits a seasonal variability globally,

developing in summer and weakening or disappearing in winter
in most regions of the world ., 2002). In summer
(wet season), waters are weakly mixed due to the presence of
strong stratification (haloclines and thermoclines) caused by
meteorological conditions and excessive tributaries inflow to
the bay 2002; 2002), especially in the tropics. The
sediments are then alternately exposed to oxydizing and
reducing conditions. The inner bottom of GB, dominated by
excessive anthropogenic input of nutrients and organic matter
and a poor water circulation, revealed hypoxic-anoxic
conditions (0.0 to 2.0 mlO .l ) and in the intermediary sector,
predominantly hypoxic, sediment of stations 16, 17 and 21 were
anoxic in the wet season, corroborating the pattern above.

Low oxygen, organic enrichment and altered redox
conditions of the sediment were the major environmental
factors determining the mollusk composition and its
community structure in GB. As demonstrated by and

(1978) to other habitats, there is a strong spatial
gradient in redox potential profiles. At the highly organic
enriched inner sector, sediments are totally anoxic with very
impoverished benthic fauna or no fauna at all (stations 1-8),
whereas the outer sector of GB comprises a richer and more
diversified fauna, where a positive redox potencial was
prevailing. The azoic sediment in the inner sector is expected
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INTERMEDIAR
INNER Y OUTER

Mean SD Mean SD Mean SD
MGS 4,76 1,4 3,92 1,19 2,78 1,78
OM 11,81 5,59 6,7 4,56 5,36 6,53
O 0,41 0,61 2,02 1,31 3,27 1,28
Eh -3,8 0,79 -2,87 1,16 -0,86 2,27
S 30,19 4,19 34,23 1,89 35,2 1,62
T 25,37 1,02 24,69 1,35 22,91 2,46

2

Table 1. Mean and standard deviation (SD) of the main abiotic
variables within the sectors of the GB in the wet season. MGS=
mean grain size; OM= organic matter (%); O = dissolved

oxygen (ml.l ); Eh= redox potential (mV); S= salinity; T=

temperature ( C).
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31.216
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<0.001

Silt ¯¯¯¯¯¯¯¯
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<0.001
<0.001
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¯¯ ¯¯¯¯

25.747
<0.01
<0.001
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¯¯ ¯¯¯¯

27.098
<0.01
<0.001
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19.040
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Table 2. Results of Kruskal-Wallis (K) on sediment variables
between the inner (IN), intermediary (INT) and outer (OUT)
sectors. K= Kruskall Wallis value; p= probability; MGS= mean
grain size (phi); SC= sorting coefficient; PB=peble (%); VCS=
very coarse sand (%); CS= coarse sand (%); MS= median sand
(%); FS= fine sand (%); VFS= very fine sand (%); OM=
organic matter (%); CaCO =carbonate content (%). Lines

indicate significant differences between the GB's sectors.
3

138 Mendes et al.



once it is in proximity to the point sources of pollution
., 1986; 1990).

The mollusk communities in the inner region exposed to low
dissolved oxygen events and contaminated sediments were
characterized by lower density and greater dominance by few
species, especially and . This patterns
was also observed by (1993), adding that contaminated
sediments present a diversity of stresses for benthic
communities and result in lower biomass, lower species
richness and shifts in community composition to a dominance
by shallow-dwellers, opportunistic species. Most of other
tropical pollution studies similarly indicate a dominance of
small opportunistic species and a lowering of species diverity
closer to the sewage loadings 1990). The
impoverished community thriving in the inner sector suggest
that those habitats are physically regulated and that can only be
colonized by a few opportunistic species that are adpted for
survival in such harsh environments (M ., 2000).

The total density of gastropods was higher (14%) when
compared to the bivalves found. . (1998) found
38% more gastropods than bivalves, whereas .
(1999) found significantly greater bivalves than gastropods and

(1995) encountered an equivalent relationship between
bivalves and gastropods, suggesting no general pattern
regarding this ratio.

Comparing the present results to the few previous mollusk
studies conducted in GB 1950; ., 1985
and ., 1998), there is an indication of significant
long-term changes in species composition and large seasonal
and interannual differences in species densities and frequencies
are apparent. Apart from the distinct species ecology, this is a
possible result from the increasingly anthropogenic
disturbances of the GB estuarine environment during the past
decades. . (1985) points out that although species
composition of benthic communities can remain reasonably
stable, variations in species abundance can be extreme, with
interannual variations often exceeding or dwarfing seasonal
fluctuations.

In the pioneer published study of the flora and fauna of GB,
(1950) found a total of 56 mollusk species, of which

only 3 species and 2 genra were also encountered in the present
study. (1985) also mentioned the occurrence of

, and (sin. ) in
GB. From the total number of mollusk species (18) registered
by . (1998), 61% were coincident in this study,
including , , and

. (1958) had already commented the effects of
industrial and urban pollution on the benthic fauna of GB,
attributing to the oils and organic sewage the major cause of the
disappearance of some species.

With increasingly population growth and anthropogenic
input to coastlines in tropical countries 1989), current
monitoring and proper management is urgently needed for the
conservation of these unique ecosystems and its biological
communities.
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CONCLUSIONS
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Based on the results herein presented, it was possible to
distinguish three different sectors in GB with distint
hydrological and sediment characteristics. The inner sector is
constituted by anoxic-hypoxic muddy sediments, high organic
load, reducing conditions and subjected to a deficient water
renewal. The intermediary sector is essentially sand muddy and
characterized by effective water exchange, enabling the run off
of pollutants and enhancing bottom oxygen and oxidizing
potential, although some anoxic-hypoxic events were also a
feature of this sector. The outer sector is dominated by normoxic
coarser sediments with low organic matter and high oxygen
concentrations due to constant exchange with ocean waters.

Mollusks distribution in GB varied significantly in space and
time and was probably ruled by the organic enrichment effects
of hypoxia and altered redox conditions coupled with prevailent
patterns of circulation. Within the sectors of GB an increasing

gradient in mollusks diversity and occurrence was observed,
ranging from the azoic and impoverished stations in the inner
sector to a well-structured community in terms of species
composition and abundance inhabiting the outer sector.
Seasonal variation was characterized by short-term (time scale
of months) pulses in mollusks abundance and frequency,
decreasing in the wet season (austral summer), when hypoxia
conditions were prevailing in bottom sediements.

This study revealed that mollusks in GB presented altered
composition and distribution when compared to previous
mollusk investigations in the same estuary. These modifications
are attributed to the increasingly instability of its sediment and
water. This suggests that GB is not resilient enough to recover
its former ecological value under the effects of strong human
influence. As long as this cronic anthropogenic disturbance
persists the structure of the benthic macrofaunal community in
GB is expected to be modified dramatically in time and space.

Financial support for this study was granted by FAPERJ
(pro. No. E-26/170.421/2000) and CAPES, for which we are
very grateful. The Universidade Santa Úrsula provided access
to the research vessel "Úrsula". The authors are greatly indebted
to Ricardo Pollery from Universidade Santa Úrsula (USU) for
the sedimentological and hydrological analysis, to Cordélia de
Oliveira Castro Guéron (USU), Ricardo S. Absalão, Franklin
Noel dos Santos, Alexandre Dias Pimenta, Carlos Henrique
Soares Caetano from Universidade Federal do Rio de Janeiro
(UFRJ) and to Gabriela Benkendorfer, for providing assistance
with the mollusks identification. Marcos Tavares thanks the
CNPq for support through the ongoing grant (proc. No.
520254/95-3).

D.M., 1989. Ecology of tropical soft-bottom benthos:
a review with emphasis on emerging concepts.

, 37(1), 85-100.
D.M., 1990. Ecology of tropical soft-bottom benthic

ecossistems.
, 28, 381-496.
F.; B.A.P. and A., 1998.

Ensaio para avaliação de qualidade da água através da
distribuição de moluscos na baía de Guanabara, Rio de
Janeiro, Brasil. VIII,
Anais, (São Carlos, São Paulo, Brazil), pp. 1389-1400.

C.Z.F. A.W. and L.D., 1993. Water
quality assessment with simultaneous Landsat-5 TM data at
Guanabara Bay, Rio de Janeiro, Brazil.

, 44, 1-10.
C.E.V. and L.D., 1992. Heavy metals in

the Guanabara bay biota: Why such low concentrations?

, 44(2/3), 184-186.
D. M., 1993. Biological criteria, environmental health

and estuarine macrobenthic community structure.
, 26, 249-257.

1990.
Volume 1. Rio de

Janeiro, Rio de Janeiro: Fundação Estadual de Engenharia
do MeioAmbiente (FEEMA), 203 p.

M.R.; M. and M., 2002. Simulation of
eutrophication and associated occurrence of hypoxic and
anoxic condition in a coastal bay in Japan

, 45, 280-285.
W.M.; P.A.; J.; J. and

W.R., 1992.

H.A.; M.; I. and O., 2002.
Total and methylmercury in a Brazilian estuary, Rio de
Janeiro. , 44, 1018-1023.

ALONGI,

ALONGI,

BATALHA, GAMA, SOARES-GOMES,

BRAGA, ; SETZAR, LACERDA,

CARVALHO, LACERDA,

DAUER,

FEEMA,

KARIM, SEKINE, UKITA,

KEMP, SAMPOU, GARBER, TUTTLE,
BOYNTON,

KEHRIG, COSTA, MOREIRA, MALM,

Revista de
BiologiaTropical

Oceanography and Marine Biology Annual
Review

VIII Seminário Regional de Ecologia,

Remote Sensoring
Environment

Journal of the Brazilian Association for the Advancement of
Science

Marine
Pollution Bulletin

Projeto de Recuperação Gradual do
Ecossistema da Baía de Guanabara,

. Marine Pollution
Bulletin

Marine Pollution Bulletin

Seasonal depletion of oxygen from
bottom waters of Chesapeake bay: Roles of benthic and
planctonic respiration and physical exchange processes.

, 85, 137-152.Marine Ecology Progress Series

Journal of Coastal Research Special Issue 39, 2006,

139Seasonal and Spatial Distribution of Sublittoral



KJERFVE, RIBEIRO, DIAS, FILIPO,
QUARESMA,

LAVRADO, FALC O, CARVALHO-CUNHA,
SILVA,

MAYR, TENENBAUM, VILLAC, PARANHOS,
NOGUEIRA, BONECKER, BONECKER,

MAGOON, NEVES,

MISTRI, FANO, ROSSI, CASELLI, ROSSI,

MIYAJI,

NICHOLS,

OLIVEIRA,

PEARSON, ROSENBERG,

PITOMBO, SOARES-GOMES, SANTOS,

REBELO, SILVA,

SAGASTI, A.; SCHAFFNER DUFFY,

SAGASTI,

SUGUIO,

VALENTIN, J.; TENENBAUM, D.; BONECKER,A.; BONECKER, S.;
NOGUEIRA, C.; PARANHOS VILLAC,

WU,

B.; C.H.A.; G.T.M.; A.M. and
V.S., 1997.Oceanographic characteristics of an

impacted coastal bay: baía de Guanabara, Rio de Janeiro,
Brazil. , 17(13), 1609-1643

H.P.; A.P.C.; P. and
S.H.G., 2000. Composition and distribution of

decapoda from Gruanabara bay, RJ. , 8(1), 15-20.
L.M.; D.R.; M.C.;

R.; C.R.; S.L.C. and
A.C.T., 1989. Hydrobiological characterization of
Guanabara bay. I O. and C. (eds.),

. New York, U.S.A.: American Society
of Civil Engineers, pp. 124-138.

M.; E.A.; G.; K. and R.,
2000. Variability in macrobenthos communities in the Valli
di Comacchio, northern Italy, a hypereutrophized lagoonal
ecosystem. , 51, 599-
611.

C., 1995. Composição e distribuição da fauna de
moluscos gastrópodes e bivalves da plataforma continental
da região da bacia de Campos (Rio de Janeiro, Brasil). São
Paulo, Brazil: Universidade de São Paulo, ,
134 pp.

F.H., 1986. The modification of an estuary. ,
231, 567-573.

L.P.H., 1950. Levantamento biogeográfico da baía
de Guanabara. , 48,
363-391.

T.H. and R., 1978. Macrobenthic
succession in relation to organic enrichment and pollution of
the marine environment.

16, 229-311.
F. B.; A. and D.B.C.,

1999. Distribution patterns of infralitoral soft-bottom
molluscs at Suja beach, Marambaia Island, Rio de Janeiro.

, 8, 1-6.
F.A. and S.H.G., 1987. Macrofauna bêntica de

substratos móveis infralitorais da baía de Guanabara, RJ.

(Cananéia, São Paulo, Brazil), pp. 389-
400.

, L.C. and J.E., 2001. Effects
of periodic hypoxia on mortality, feeding and predation in an
estuarine epifaunal community.

, 258, 257-283.
A.; L.C. and J.E., 2000.

Epifaunal communities thrive in an estuary with hypoxic
episodes , 23, 474-487.

K., (ed.), 1973. . São
Paulo: Edgard Blücher EDUSP, 317 p.

, R. and M., 1999.
Caractéristiques hidrobiologiques de la baie de Guanabara
(Rio de Janeiro, Brésil).

24(1), 33-41.
R.S.S., 2002. Hypoxia: From molecular responses to

ecosystem responses. , 45, 35-45.

Continental Shelf Research

Nauplius

n:
Coastlines of Brazil

Estuarine Coastal and Shelf Science

Science

Memórias do Instituto Oswaldo Cruz

Oceanographiy and Marine
Biology Annual Review,

Contribuições Avulsas sobre História Natural Brasileira,
Serie Zoológica

Anais do Simpósio sobre Ecossistemas da Costa Sul e
Sudeste Brasileira

Journal of Experimental
Marine Biology and Ecology

. Estuaries
Introdução à Sedimentologia

Journal de la Recherche
Océanographique,

Marine Pollution Bulletin

Ã

Master thesis

NICHOLS,

NICHOLS, THOMPSON,

OLIVEIRA,

SCHAFFNER DUFFY,

F.H., 1985. Abundance fluctuations among benthic
invertebrates in two Pacific estuaries. , 8, 136-
144.

F.H. and J.K., 1895. Time scales of
change in the San Francisco bay benthos. ,
129, 121-138.

L.P.H., 1958. Poluição das águas marítimas,
estragos na flora e fauna do Rio de Janeiro.

, 56, 39-59.

,

Estuaries

Hydrobiologia

Memórias do
Instituto Oswaldo Cruz

Journal of Coastal Research Special Issue 39, 2006,

140 Mendes et al.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


