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Abstract

Benthic community structure and diversity have been investigated to assess stress conditions of Todos os Santos Bay, Bahia,
Brazil, as a possible result of the extraction, transportation and refining of petroleum, activities carried out in this area for more
than 40 years. Samples were collected over two years, at four stations under the direct influence of stress-causing activities and
at a control station. Benthic indices were calculated for all intertidal communities. The density, relative abundance, frequency
of occurrence, diversity, similarity and occurrence of preferential species were recorded. Linear correlation indices were
calculated to establish comparisons between ecological parameters of the studied communities and concentrations of heavy
metals, hydrocarbons, petroleum pollution indicators and sediment mud percentages. The polychaete worms were the dominant
group — up to 92% dominance in the community within the influence of refinery activities. Diversity indices indicated
significant stress related spatial gradients tied to petroleum. The refinery sample station showed notable differences in its
biodiversity figures compared to the other stations. Quantitative benthic indices showed negative correlations between the
presence of cadmium, hydrocarbons, n-alkanes and the unresolved complex mixture in the intertidal zone marine sediments.
© 2000 Elsevier Science Ltd and AEHMS. All rights reserved.
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1. Introduction

Due to their relatively restricted mobility, benthic
communities cannot avoid potentially harmful envir-
onmental conditions, whether temporary or perma-
nent. In coastal areas, such organisms are frequently
associated with pelagic food chains and as a result,
constitute important links in the transport of contami-
nants to higher trophic levels of the food chain,
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including fish and eventually human beings (Smith
et al., 1987).

Petroleum has been identified, in various parts of
the world, as one of the most serious contaminants of
the oceans. Its various component parts interact with
biota at different levels of biological organisation
creating possible adverse effects. Potential causal
factors produce qualitative and quantitative changes
in the community structure determined by a series of
spatial and temporal variables to which species react
differently (Goldberg, 1972; Warwick and Clarke,
1991).

On the Bahian Coast, the environmental impact of
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Fig. 1. Location of the sampling stations in the Todos os Santos Bay, Bahia, Brazil.

petroleum hydrocarbons is at its most critical point in
the Todos os Santos Bay. The discovery and develop-
ment of oil wells, started in the 1940s, and the subse-
quent construction of a large oil refinery and a maritime
terminal have enhanced the problem of petroleum
based contaminants. In view of these local environ-
mental conditions, this study aims to characterise the
spatial gradient of effects established by oil extraction
in the Todos os Santos Bay through the assessment of
the distribution of benthic indicators in zoobenthic
communities in sample areas spatially distributed
according to the type of petroleum based activity.

2. Materials and methods

Samples were taken from five stations located in the

Bay of Todos os Santos mangroves (Fig. 1) — Station
1, Mataripe (12°42'06”S; 38°34/39"W); Station 2,
Madre de Deus Island (12°43'54"S; 38°37'15"W);
Station 3, Pati Island (12°42'30"S; 38°37'30"W);
Station 4, Fontes Island (12°49'48"S; 38°38'54"W);
Station 5, Jiribatuba (control;  13°03'25”S;
38°47'38"W).

The location of the stations in the influence area of
Petroleo do Brasil, SA (PETROBRAS) was aimed at
the specific characterisation of impacts related to the
oil refining process (Station 1), the transport of petro-
leum and its derivatives (Stations 2 and 3) and finally
the process of extraction from underwater wells
(Station 4). Samples were collected quarterly,
between February 1994 and December 1995, in a
total of eight sampling campaigns.

The meso-littoral region of the Todos os Santos
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Bay mangroves consists of unconsolidated sediments
forming wide coastal areas with broad low slopes. The
resulting large extensions of uncovered shore at low
tide were divided into three strips or zones to attain
clear representation of the macrozoobenthic commu-
nities present in each of the fauna distribution areas
— Upper Meso-littoral (UM), the zone between the
beginning of the supra-littoral area to the end of the
meso-littoral area that is covered by mangrove vege-
tation; Middle Meso-littoral (MM), the intermediate
strip between the end of UM and half of the shore area
left uncovered at low-tide and Lower Meso-littoral
(LM), the zone between the waterline and MM.

For each campaign, quantitative samples were
obtained from the substratum of 10 areas of
30 X 30 cm?, laid out at random and dug to a depth
of 20 cm, comprising areas of 0.9 m” per meso-littoral
zone and 2.7 m” of total sample area per station. A
rough sieving was completed in the field by washing
the collected material through a series of overlaid
sieves, with mesh sizes of 1, 2 and 5 mm, respectively.
The polychaetes found were anaesthetised in the field,
using a 7.5% magnesium chloride solution and then
preserved in a 4% formaldehyde solution.

Qualitative investigations were also carried out
through the occasional capture of specimens in each
meso-littoral zone sampled. The different morpho-
types obtained in the qualitative and quantitative
samples were counted and preserved in 4% formalde-
hyde solution or in 70% alcohol as specifically
required. The identification of the organisms was
based on technical species identification literature
and comparisons with the species collection that
currently forms the reference base for the Zoology
Department of the Universidade Federal da Bahia.

The parameters estimated for the zoobenthic
communities were as follows: density (individuals
per m?), relative abundance, frequency, three diversity
indices, the Shannon—Weiner diversity index, Marga-
lef’s species richness, and Simpson’s number of abun-
dant species index (1/“C”sympson) and finally similarity
indices, Gower’s Quantitative index (SG) and
Jaccard’s Qualitative index (SJ) (Digby and Kempton,
1987). The categories of the relative abundance scale,
as defined by Peixinho and Peso-Aguiar (1989), were
as follows: ‘very abundant’ (1.00-0.61), ‘abundant’
(0.60-0.31), ‘numerous’ (0.30-0.11), ‘slightly
numerous’ (0.10-0.02), ‘scarce’ (0.01-0.05) and

‘rare’ (<<0.05). Cluster analysis was based on the
Unweighted Pair Group Method using Arithmetic
Means (UPGMA) algorithm (Sneath and Sokal,
1973). Variables were compared using the ANOVA
non-parametric variance analysis developed by
Friedman (1937) and modified and described by
Conover (1971). A further classification of the fauna
was completed with Two-Way Indicator Species
Analysis (TWINSPAN; Hill, 1979). Lastly, Pearson’s
linear correlation coefficient (r) (@ = 0.05) was calcu-
lated to establish correlations between ecological
parameters of the communities under study and
concentrations of heavy metals (Cd, Pb, Cu, Mn, Cr,
As), hydrocarbons (n-alkanes, PAHs), and sediment
mud percentages analysed by Tavares (1996), indica-
tors of pollution by petroleum (Unresolved Complex
Mixture (UCM); Carbon Preferential Index (CPI)).

3. Results and discussion

The number of individual organisms quantita-
tively captured totalled 24,199. Of these, 3112
were collected at Station 1, 7677 at Station 2, 5610
at Station 3, 3226 at Station 4, and 4574 individuals
at Station 5 (control). These organisms represented
333 different species of benthic invertebrates
captured during two years of sampling. Densities
measured quarterly over two years revealed irregular
seasonal fluctuations, since only station 1 repeated
the density cycle registered in the first year, where it
was observed that spring was the period in which the
populations reached their highest numbers per
square meter. At the other stations, peak densities
occurred at different points from one year to the
next (Fig. 2).

Eight major taxonomic groups of marine inverte-
brates were represented in the samples. Only Annelida
(Polychaeta), Mollusca, and Crustacea were present at
all times at all the sampling stations. A gradient of
decreasing densities in the sampling stations was as
follows: 2>3>5>4>1; however, the stations
within the area of influence of PETROBRAS did not
differ significantly in relation to the control station.
Polychaete worms dominated the other benthic groups
at all the stations (Table 1 and Fig. 3), while the
mollusc and crustacean communities present in the
samples showed varied percentages ranging from
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Fig. 2. Temporal distribution of density (individuals per m?) of the benthic communities at the sampling stations (February 1994—December

1995).

Table 1

Density (D, individuals per m?), relative abundance (Ab) and frequency (Fr) of the zoobenthic groups at the sampling stations, February 1994—
December 1995

Taxonomic groups Sampling stations Fr %
1 2 3 4 5
D Ab D Ab D Ab D Ab D Ab
Nematoda 0 - 0 - 0 - 0.1 0.0007 0 - 20
Nemertini 0.1 0.001 0.1 0.0003 0.1 0.0004 0 - 0.1 0.0005 80
Annelida (Polychaeta) 132.1 092 202.6  0.57 1435 055 782 052 1154 054 100
Mollusca 1.6 001 794 022 809  0.31 562 038 833 039 100
Arthropoda (Crustacea) 103 0.07 724 020 346 013 14.1 0.09 124 0.06 100
Sipuncula 0 - 0.1 0.0003 0.1 0.0004 0 - 0.1 0.0005 60
Echinodermata 0 - 0.5  0.001 0.5  0.002 0.5  0.003 0.5  0.002 80
Chordata (Cephalochordata) 0 - 0.5  0.001 0 - 0.1 0.0007 0.1 0.0005 60
144.1 1.00 355.4 1.00 259.7 1.00 149.4 1.00 211.8 1.00 -

abundant to scarce. All other groups were classified as
rare.

The TWINSPAN (Hill, 1979) statistical program
was used to separate organisms in decreasing order
of occurrence and as such, to identify so-called
‘preferential species’. Only species with more than
70% occurrence are included in this first level of clas-
sification. Seventeen species were selected repre-

senting the following phyla: Porifera (5), Annelida
(Polychaeta) (8) and Mollusca (5) (Table 2).

The phylum Porifera was represented by five species,
three of which (Laxosuberites spp. 1 and 2 and Hali-
chondria sp.) occurred exclusively at Station 1 and
therefore are referred to as ‘estenotopic species’ that
is, of limited occurrence. The other two species,
Tedania ignis and Haliclona sp., were absent in the
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Fig. 3. Distribution of the relative abundance of the zoobenthic groups at the sampling stations at the Todos os Santos Bay.

three meso-littoral zones of the refinery (Station 1) indi-
cating the probable presence of an inhibiting factor;
nevertheless, their distribution was still shown to be
‘euritopic’, or common, at all other stations. In the
case of Laxosuberites spp. and Halichondria sp. a
certain resistance to the environmental conditions of

the refinery was shown. Sponges, in general, show
very specific characteristics due to their level of cellular
organisation. Their sessile behaviour, their high capa-
city to absorb nutritional elements from the surrounding
water and the fact that they suffer limited predation by
other animals give them a capacity for quick and
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Table 2

Preferential species (TWINSPAN — 1st division) by sampling station and occurrence in the qualitative samples (40) per meso-littoral zone.

Todos os Santos Bay, February 1994—December 1995

Species Sampling stations
Upper meso-littoral Middle meso-littoral Lower meso-littoral
1(8) 2,3,4,5 (32) 1(8) 2,3,4,5 (32) 1(4) 1,2,3,4,5 (32)

Porifera

Laxosuberites sp. 1 100 0 50 0 0 0
Laxosuberites sp. 2 75 0 50 0 0
Tedania ignis 0 78 0 81 0 0
Haliclona sp. 0 75 0 50 0 0
Halichondria sp. 75 0 0 0 0 0
Annelida

Capitella capitata 100 9.4 100 9.4 100 39
Glycinde multidens 25 91 38 94 25 97
Euclymene sp. 0 75 0 56 0 0
Laeonereis acuta 100 25 0 0 0
Scoloplos sp. 0 88 0 91 0 69
Scolelepis squamata 0 0 0 75 0
Sigambra grubii 75 9.4 0 0 0 0
Sternaspis scutata 0 84 0 69 0 0
Mollusca

Lucina pectinata 13 63 13 84 25 72
Macoma constricta 0 94 0 100 0 86
Tagelus plebeius 0 88 0 91 0 53
Anomalocardia brasiliana 0 0 25 97 0 72
Corbula lyoni 0 78 0 53 0 0

efficient responses to environmental aggression.
However, in spite of their strong potential as bioindica-
tors, these organisms have rarely been used in environ-
mental monitoring programs (Alcolado, 1984; Patel et
al., 1985; Alcolado and Herrera, 1987; Muricy, 1989,
1992; Peixinho and Peso-Aguiar, 1989).

The polychaetes Capitella capitata, Laeonereis
acuta and Sigambra grubii, appeared as preferential
species in the environmental conditions imposed on
them at Station 1, while Euclymene sp., Scoloplos sp.
and Sternaspis scutata appear to be totally intolerant
to the environmental quality produced by the refinery,
appearing as euritopics at the other stations. Scolelepis
squamata was the only estenotopic species found in
the environmental conditions of the UM at Station 1,
while Glycinde multidens was preferential at all
stations with the exception of Station 1, showing its
sensitivity to that environment. The dominance of
polychaetes found at the stations reminds us of their
ecological importance within this ecosystem. At

Station 1, the polychaetes constituted 92% of all indi-
vidual samples (Table 3). Laeonereis acuta repre-
sented 73% of the worms sampled suggesting highly
opportunistic behaviour while Capitella capitata and
Sigambra grubii reached 14 and 4.4%, respectively.
At the other stations, polychaetes constituted 52—57%
of the benthic fauna. Although intolerant of the
specific environmental conditions of Station 1, Ster-
naspis scutata was highly successful at the other
sampling stations — Station 2, 51%; Station 3,
48%:; Station 4, 39% and the control station, 19%.

Polychaetes which feed on deposits are known to be
associated with the presence of oil in the substratum.
The occurrence of a large number of polychaetes,
among them Capitella capitata, indicates changes in
the environment as they are known to be early colo-
nisers of ecosystems which have suffered oil pollution
and for their ability to reach high densities in such
circumstances (Seng et al., 1987).

Among the molluscs, the bivalves Macoma



Table 3

Dominance of the Phylum Annelida (Polychaeta) in number of species (S) and individuals compared to the other zoobenthic groups sampled in the Todos os Santos Bay

All other taxonomic groups

Polychaeta

Sampling stations
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Total individuals Dominance (%)

Species frequency (%)

S

Dominance (%)

Total individuals

Species frequency (%)

S

259
3302
2510

42
58
54
62
55

21

92
57

2853

58
42
46
38
45

29

94
79
89
70

4375

68

45

55

3100
1690
2493

66

48

1576
2081

52

54

55

46

58

constricta, Tagelus plebeius and Corbula lyoni
showed themselves to be ‘intolerant’ at Station 1,
while they were euritopic and preferential at the
other stations. Anomalocardia brasiliana appeared
as a preferential species on the MM and UM of
stations 2—5, and ‘sensitive’ at all levels of the
meso-littoral of the refinery. Lucina pectinata, prefer-
ential at all levels of stations 2—5, also showed itself to
be sensitive at all levels of Station 1 near the refinery
(Table 2).

Differentiated spatial gradients of zoobenthic
diversity were obtained using Friedman’s test. The
Shannon—Weiner index (H'), the evenness (J) and
the index of the number of abundant species (1/
“Csimpson) Were the best at separating the stations
which presented only slight differences (ignoring
Station 1, which was quite different from the others
(Table 4)). The index of the richness of species
(IRMargaler) highlighted the statistical significance of
Station 1 and 5 (the control station) in safeguarding
individual faunistic peculiarities. However, stations
2, 3 and 4 also did not differ significantly among
themselves.

Diversity indices have been well publicised as
methods for evaluating the impact of effluents on
communities of aquatic invertebrates (Kovalak,
1981). The Shannon—Weiner index must be used
preferentially when the impact acts selectively on
the species in those communities, as in the case of
organic compounds. There are a number of reasons
for this recommendation and its popularity. Firstly,
the Shannon—Weiner index is recommended when
samples of the community rather than the community
as a whole are being analysed; secondly, the United
States Environmental Protection Agency (USEPA)
recommends it as a standard index in monitoring
studies, and thirdly and most importantly, it functions
quite independently of the size of the samples analysed.

Reduction in diversity and rise in dominance are
considered to be responses to the negative effects of
environmental stress (Warwick et al., 1990). The
effects of oil contamination on the benthic commu-
nities, shown by the diversity measures in the oilfields
of platform Ekofish, in the North Sea, revealed them-
selves to be extremely localised and the differences
observed between the communities were attributed to
the direct action of the petroleum industry (Warwick
and Clarke, 1991).
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Diversity indices of the zoobenthic communities sampled during the period from February 1994—December 1995. (S = species numbers, N =
number of individuals, H' = diversity index of Shannon—Weiner, H,,, = diversity maximum, J = evenness, IR Margaler = index of species
richness margaters 1/°C” simpson = Simpson’s number of abundant species index)

Stations N S H' Hpnax J IRMargaleI' 1 /“C”Simpson
1 3112 50 1.401 3.866 0.359 6.092 2.27
2 7677 163 2.989 5.034 0.589 18.109 8.41
3 5610 145 3.030 4.907 0.611 16.682 9.27
4 3226 144 3.317 4.861 0.673 17.700 13.63
5 4574 128 3.104 4.777 0.643 15.069 14.50
Analysis of similarity between benthic communities grouping was based on similarities between zones of

in the Todos os Santos Bay resulted in the identifica- different stations in terms of density and composition.
tion of faunistic associations related to meso-littoral Similarities between the three zones, in both compo-
zones at each sampling station. Fig. 4 shows the quan- sition and density, were progressively less marked
titative grouping of the different zones based on from the lower zone to the upper zone. The group
Gower’s similarity index. Analysis of the samples consisting of the three zones of Station 1 approxi-
showed that Station 1 (F1 to F3) presented zones mated the group formed by the upper zones (F3) of
(Lower, Middle, and Upper) with very similar the other stations suggesting that the species in the
faunistic compositions due, in part, to low specimen LM (F1) and MM (F2) zones of the refinery are
densities and in particular, to the general lack of some more impacted than the upper zone (F3). In this
of the most common species. Another tendency for area, there is a predominance of species with more

Distance (Dg) 0.0 0.2 0.4 0.6 0.8 1.0

Similarity (Sg) 1.0 0.8 06 04 02 00
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Fig. 4. Dendogram of quantitative similarities among communities of zoobenthos in three levels of meso-littoral substrate (F1-F3) at five
sampling stations (S1-S5). Site relationships were calculated using Gower’s general similarity coefficient (Sg) and average linkage (UPGMA).
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mobility, mainly crustaceans, which may migrate in
order to avoid the excessive stress to which they are
submitted. A similar grouping pattern was obtained
from Jaccard’s similarity matrix which is based on
species presence x absence. The homogeneity
presented in the three meso-littoral zones of the
station closest to the refinery (Station 1) indicates
that environmental factors were leading to the simi-
larity of responses of local zoobenthos.

Chemical determinations of heavy metals and
hydrocarbons, as well as texture composition of the
sediments, made by Tavares (1996), permitted the
linear correlation estimations (Pearson’s r) between
these and the ecological variables analysed. Signifi-
cant positive relations between the density of the
communities and the levels of Pb, Cu, Cr and As in
the substratum of the UM were verified (Table 5).

Marine organisms require Cu in trace quantities in
order to grow. In unpolluted conditions this metal is
accumulated from 103 to 104 times the level present
in seawater (Severy, 1923; Brooks and Rumsby,
1965). According to the USEPA (USEPA, 1972),
Cu is accumulated by marine organisms with concen-
tration factors of 5X 103 in the soft tissues of
molluscs, and of 1 X 103 in the muscles of fish. Crus-
taceans appear to be the most adept at regulating Cu
concentrations in their bodies and detoxification
occurs by the formation of granules (GESAMP,
1974). Chromium concentrations in the water,
=0.1 mg ™', are considered by the USEPA as threats
to the marine environment while levels lower than
0.05 mg ™' present minimal risks. However, smaller
aquatic organisms are very sensitive to Cr, and it
can be eventually bioaccumulated to the higher levels
of the trophic web (USEPA, 1972).

Arsenic occurs naturally in sea water in concentra-
tions in the order of 2mg ™' and is virtually a non-
toxic element for the organisms. Most of the data on
toxicity refers to As as being from 1 to 10mg ™", in a
large variety of marine species (GESAMP, 1974).

Lead contributes no nutritional or beneficial effects
to the aquatic biota (Boldrini and Pereira, 1987). Once
accumulated in animal tissues, Pb is excreted very
slowly, acting as an enzymatic inhibitor, damaging
cellular metabolism. Marine organisms, suffer
damage to the surface of the gills inhibiting the
transfer of oxygen and carbon dioxide (GESAMP,
1974). It was not possible to establish a dependence

relation between density and metals cited which could
justify the estimated level of correlation. Tavares
(1996) indicates an enrichment of heavy metals, in
particular of Cr and As, in the north of the Todos os
Santos Bay, but these concentrations are not yet char-
acteristic of an acute case of contamination by these
metals.

Correlation between Cd levels revealed significant
negative correlation with diversity (H') and evenness
(J) registered at the stations. Cd is not only not bene-
ficial and/or non-essential for life, it is known to be
highly toxic. Its excretion is insignificant once
ingested, possibly leading to mutagenic and terato-
genic effects (USEPA, 1976). It occurs naturally in
association with Zn and Pb, but its level of abundance
in the earth’s crust is low and the principal means of
entry into the marine environment is via industrial
effluents (GESAMP, 1974). Significant negative
correlations between Cd levels in sediments and
diversity, and evenness at the stations, show the
possible selective effects of the presence of this
metal on the biodiversity of the invertebrates in the
study area.

The presence of hydrocarbons in the marine envir-
onment originate from natural and/or artificial
sources. In the Todos os Santos Bay, accidental opera-
tional spills of oil and its derivatives occur as a result
of the refining, production, and transportation activ-
ities of PETROBRAS. The quantities of crude oil and
other contaminants that enter the environment during
routine operations have persistently exposed the biota
in the region to chronic levels of these contaminants
over the years (Peso-Aguiar, 1996; Peso-Aguiar and
Verani, 1998a,b; Peso-Aguiar et al., 1998). This
chronic contamination, where the inputs to the natural
environment are continuous and frequent, results in
the persistent exposure of the aquatic biota (Menzies
et al., 1979).

Significant negative correlations were found
between ecological variables of the communities
and levels of hydrocarbons, n-alkanes and UCM in
the sediments (Table 5). According to Sharp (1979),
the cumulative effects of small discharges or distur-
bances in the natural ecosystem provoked by the oil
are difficult to detect and measure. However, these
effects can be defined as resulting from exposure to
sub-lethal concentrations and appear with a progres-
sive increment in the changes to the biota. It is also
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recognised that many species exhibit resistance,
adaptability or resilience, masking or delaying the
small changes acquired for a certain time. Seng et
al. (1987) found an inverse relation between levels
of hydrocarbons and density and number of species
in different locations under the influence of petro-
leum-based activities. Environmental changes
brought on by measurable alterations to the structure
of the communities suggest a causal relation between
rates of estimated environmental toxicity and levels of
hydrocarbons in the ecosystem.

Establishing a cause and effect relation through the
determination of indices for the various levels of
biological organisation of the aquatic biota becomes
complicated when toxicity is caused by various types
of pollutants. Since pollution effects originating from
a single source are rare, it becomes difficult to differ-
entiate between changes in communities that originate
from natural causes or anthropogenic effects. Inde-
pendent of the origin of environmental stress, the
reduction in diversity and/or the alterations in the
dominance within populations are considered to be
negative responses to environmental conditions.
Despite the fact that the presence of hydrocarbons
appears to represent the principal determining cause
of the structure of the benthic communities in the
Todos os Santos Bay, the toxic effects of heavy metals
cannot be neglected because of their important effects
on the structure of the communities analysed. The
ecological approaches to the evaluation of the benthic
communities submitted to the influence of multiple
industrial activities undertaken by PETROBRAS to
the north of the Todos os Santos Bay indicate a spatial
gradient of differentiated intensity of adverse environ-
mental conditions. Station 1, where the oil refining
activities are concentrated, was the one which
showed, in general, the most severe conditions for
benthic marine life in the Bay.

4. Conclusions

The decreasing gradient of density (individuals per
m?) at the sampling stations does not imply a statisti-
cally significant difference between the stations under
the influence of PETROBRAS and the control station.

The dominant zoobenthic group at all stations,

Polychaeta, represents 92% of all the fauna sampled
in the station closest to the refinery.

The sponges Tedania ignis and Haliclona sp., the
polychaetes Euclymene sp., Scoloplos sp. and Ster-
naspis scutata and the bivalves Macoma constricta,
Tagelus plebeius and Corbula lyoni are intolerant to
the conditions imposed on the environment by the
refinery, while the sponges Laxosuberites spp. and
Halichondria sp. and the polychaete Scolelepis squa-
mata appear resistant and the stenotopic worms Capi-
tella capitata and Leonereis acuta appear as
preferential species.

Comparative analysis of the diversity indicator
parameters of the stations shows spatial gradients of
the estimated values, in which the community of
Station 1 features lower and statistically differentiated
values in relation to the communities of the other
sampling stations.

The qualitative and quantitative similarity of the
fauna in the different strips of the meso-littoral is
higher at Station 1, which implies that the homoge-
neity of its zoobenthic communities is induced by the
environmental factors prevailing in the region.

Ecological indicators of the benthic communities
show significant negative correlations with the
presence of chemical contaminants, such as Cd,
hydrocarbons, n-alkanes and UCM in the sediments
of the meso-littoral.

The statistical integration of the ecological indica-
tors of the benthic communities in the areas under the
influence of the oil extracting and trading activities in
the Todos os Santos Bay results in a significant
gradient of the effects, in the following order: Madre
de Deus (2) <Pati (3) < Jiribatuba (5) < Fontes
(4) < Mataripe (1) which characterises the oil refining
activity as the one having the highest stressful poten-
tial over the aquatic biota of the meso-littoral.
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