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Abstract

Recently, several monitoring programmes have been undertaken to evaluate the impact of different anthropogenic activities,
upon a range of coastal ecosystems located in the South-western Atlantic. In the present contribution, the applicability of the
AZTT’s Marine Biotic Index (AMBI) is tested, to establish the benthic health of the ecosystem using these data sets. As the AMBI
was created previously for use in European estuarine and coastal environments, its general applicability to new geographical loca-
tions is discussed. In general, the results are in agreement with those obtained usin g traditional univariate and multivariate methods.
Some inconsistent results are observed, when low abundances and/or number of taxa are recorded in the samples. Moreover, when
the macrofauna samples are dominated by large nematodes, the classification of the benthic ecosystem health using AMBI is not
consistent with previous results achieved applying other statistical techniques. Thus, parallel to the application of this index to a
wider extend, the complementary use of different indices and/or methods is recommended to assess confidently the environmental
quality of a coastal area.
© 2005 Elsevier Ltd. All rights reserved.
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activities, produce perturbations in the ecosystem; these
change its abiotic conditions and affect its biota. The

A major problem in coastal areas is the anthropogen- study of marine communities, in such environments,
ically-induced disturbance of the marine environment. permits the assessment of ecological and environmental
Sediments accumulate natural and anthropogenic com- status. Various studies have demonstrated that benthic
pounds from the overlying water. As such, heavy metals, organisms are useful indicators of environmental status,

hydrocarbons and other pollutants derived from human as they respond predictably to various natural and man-
induced disturbances (Thouzeau et al., 1991; Dauer,

1993; Ritter and Montagna, 1999). Moreover, macro-
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Several anthropogenic activities (industrial effluents
and domestic sewage disposal, shellfish farming, oil pro-
duction and transportation) promote the organic matter
accumulation in bottom sediments. Organic matter con-
tent in the sediments is believed to play an important
role on benthic communities, amongst other important
characteristics influencing their trophic structure and
biomass (Grebmeier et al., 1988). Spatial and temporal
variations in populations and communities are relevant
to several aspects of ecology, including the maintenance
of species diversity and community stability, in that they
can be associated also with different pollution sources
(Koenig, 1999).

The analysis of changes in benthic communities, using
various univariate and multivariate methods, have
become an important tool in the assessment and moni-
toring of the biological effects of marine pollution. Uni-
variate measures, such as diversity, evenness and other
related metrics, have the disadvantage of reducing a
great amount of information into a single summary in-
dex. Moreover, it is possible that an undisturbed commu-
nity at a particular locality, together with a disturbed one
in another, would have the same diversity; this makes dif-
ficult the distinction between the changes produced by
‘natural’, from those produced by ‘anthropogenic’ fac-
tors (Warwick and Clarke, 1993). Conversely, multivar-
iate methods (e.g. canonical correspondence analysis,
principal components analysis, non-metric multidimen-
sional scaling, etc.) are more sensitive than univariate
ones in detecting community changes (Warwick and
Clarke, 1991). However, the results obtained are gener-
ally difficult to be interpreted by non-scientists i.c.
environmental impact studies, marine quality monitor-
ing, which are addressed to policymakers, stakeholders,
etc.

A conceptual framework, which has been the basic
reference in the literature concerning the eftects of or-
ganic enrichment on benthic communities, has been
established by Pearson and Rosenberg (1978). Within
this context, several investigators have developed biotic
indices to estimate macrobenthic community distur-
bance level and to establish the ecological status of
soft-bottom benthos (Hilly et al., 1986; Grall and
Glémarec, 1997). All such studies have emphasised the
importance of biological indicators, to measure the eco-
logical quality of a marine environment (Engle et al.,
1994; Grall and Glémarec, 1997; Weisberg et al.,
1997). Recent approaches have developed a biocriteria-
based predefined reference condition and, upon this,
several deviations (disturbance classes) were established
(Dauer and Alden, 1995; Weisberg et al., 1997; Van Do-
lah et al., 1999). Recently, Borja et al. (2000) have pro-
posed the adoption of AZTI's Marine Biotic Index
(AMBI), using macrobenthic organisms as bio-indica-
tors. These authors have explored the response of soft-
bottom communities, to natural and man-induced

changes in water quality. Such approach has integrated
the long-term environmental conditions in several Euro-
pean estuarine and coastal environments. This index is
based essentially upon the distribution of five ecological
groups, of soft-bottom macrofauna (Grall and Gléma-
rec, 1997); these are in relation to their sensitivity to
an increasing stress gradient. Such an approach has
the advantage of being simple, in terms of calculation,
compared to those adopted previously; it is based upon
a formula which permits the derivation of a coeflicient
(referred previously to the biotic coefficient, now AMBI,
Borja et al., 2003, 2004), allowing statistical analysis of
the results. Further, Borja et al. (2003) have established
that benthic samples subjected to different impact
sources e.g. organic enrichment, physical alterations of
the habitat, heavy metal inputs, etc., along the European
coast, were classified correctly according to the Marine
Biotic Index (see Muxika et al., 2005, for a review of
the increasing use of this index, within Europe).

Tropical and subtropical coastal ecosystems comprise
more than one third of the continental shelf area of the
world. Despite their significance, they are less under-
stood than those in temperate and high latitude regions.
In particular, the coastal areas of some countries are
subjected to intense and unplanned anthropogenic activ-
ities, being under the influence of several kind of pollu-
tants and environmental impacts. In this paper, the
suitability of the application of AMBI, as proposed by
Borja et al. (2000), has been examined; this is in relation
to the classification of benthic samples, subjected to dif-
ferent impact sources along the Brazilian and the Uru-
guayan coast, The objective of this work is to test the
applicability of this Index, on data obtained at latitudes
and within environments which differ from those in
which it was developed originally. The purpose of this
approach is to extend its use to other areas of the World
i.e. South America Atlantic region.

2. Material and methods

Five ‘case studies” were selected to test the applicabil-
ity of the Index, with three locations from the Brazilian
coast and two from the Uruguayan coast (Fig. 1). These
locations are subjected to diflferent sources of dis-
turbance and their degree of impact has been well estab-
lished by the authors. The classification of the identified
species, into the five ecological categorics, was based
upon the updated list of the AMBI program (available
in AZTT’s web page; http://www.azti.es) (see Table 1).
Species not considered in the list were classified accord-
ing to the literature, the authors knowledge on their
ecological distribution and the expertise of AZTD’s scien-
tists. These species are now included in the AMBI list,
available to any South American researcher at the above
mentioned web page.,
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Fig. 1. Location of the South America study arcas and sampling stations (numbers and letiers in the figures): (a) Todos os Santos Bay (RLAM = oil
refinery); (b) 8o Scbasitiio Channel (DTCS = oil terminal, Araca = sewage pipe); (c) Ubatuba Bay; (d) Solis Grande Stream estuary; and (e)
Montevideo Bay and adjacent coastal zone. Note: Study areas (a), (b) and (c) are located on the South-eastern Brazilian coast, whilst (d) and (e) are
in the Uruguayan coastal zone.
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Table 1

Summary of the AMBI values and their equivalences (modified from Borja et al., 2000, and Muxika et al., 2005)

AMBI values Biotic index Dominating ecological group

Benthic community health Site disturbance classification

0.0<AMBI< 0.2 0 I
02<AMBIg 1.2 1

1.2<AMBI 3.3 2 I
33<AMBI <43 3

43<AMBI<K 5.0 4 V-V
5.0 < AMBI 5.5 5

5.5<AMBI £ 6.0 6 v
Azoic 7 Azoic

Normal Undisturbed
Impoverished
Unbalanced Slightly disturbed

Transitional to pollution Moderately disturbed

Polluted

Transitional to heavy poliution Heavily disturbed

Heavy polluted

Azoic Extremely disturbed

The ecological groups correspond to: I, sensitive to pollution; 11, indifferent to pollution; ITI, tolerant to organic matter; IV, opportunistic of second
order; V, opportunistic of first order (for details, see Borja et al., 2000, 2003).

2.1. Location A

Todos os Santos Bay, North-eastern Brazil (Fig. 1a).
An environmental assessment programme was carried
out in the north-eastern part of Todos os Santos Bay
(BTS), by Venturini (2002), Venturini and Tommasi
(2004) and Venturini et al. (2004a). The area is affected
directly by the largest oil refinery of the petroleum Bra-
zilian company PETROBRAS S.A. Since 1950, the area
around Todos os Santos Bay has been subjected to
increasing industrialisation and exploitation of its natu-
ral resources. Nowadays, effluents from 29 industries
drain into the bay contributing, together with urban
and port activities, to the pollution of several areas
within the bay (Venturini et al., 2004a). The oil refinery
is located adjacent to the study area (Fig. 1a), into which
the resulting effluents are discharged. In 2000, a sam-
pling survey (austral winter) was carried out at 32
stations (Fig. 1a). Three replicate samples were taken
at cach station, with a 0.05 m? van Veen grab; besides
the analyses of benthic macrofauna, they were analysed
for granulometric characteristics, total organic carbon,
total nitrogen, sulphur, PAHs and aliphatic hydrocar-
bon concentrations.

2.2. Location B

Sdo Sebastido Channel, South-eastern Brazil (Fig.
Ib). In order to understand the structure and function-
ing of this ecosystem, an interdisciplinary program was
performed in 1993 and 1994, During one year, 15 sta-
tions were sampled seasonally with a 0.1 m? van Veen
grab (Fig. 1b). The area is influenced by anthropogenic
impacts related to the installation and operating activi-
ties of a commercial harbour and the most important
Brazilian oil terminal (Ductos e Terminais Centro Sul,
DTCS), through which up to 55% of the country’s oil
is passed (Zanardi et al., 1999). The structure of these
benthic communities was studied intensively by Arasaki
(1997), Arasaki et al, (2004), Pires-Vanin et al. (1997),
and Muniz and Pires (1999, 2000). It has been well

established that sediment heterogeneity, organic matter
and hydrocarbon concentrations were the principal
influential factors in the distribution of benthic
assemblages.

2.3. Location C

Ubatuba Bay, South-eastern Brazil (Fig. 1c). An
environmental assessment, using macrobenthic commu-
nities as indicators of ecosystem health, was carried out
between December 1999 and February 2001 (Muniz,
2003). A total of nine stations, seven in Ubatuba Bay
and two in nearby Picinguaba Bay (considered as a con-
trol area) were sampled seasonally during one year (Fig.
Ic). At each sampling station, five replicates were taken
using a van Veen grab of 0.05 m? for the analyses of
benthic organisms. The area is located in the northern
littoral of Sdo Paulo State, a region that has been
increasing its tourism potential since the last decade.
Four rivers flow into the bay; these influence greatly
its water quality, especially during rainy periods when
large amounts of untreated sewage are introduced from
Ubatuba City. According to Burone et al. (2003), the
origin and distribution of organic matter in the bottom
sediments are related to river inputs and the predomi-
nant pattern of water circulation, which is generally
clockwise.

2.4. Location D

Solis Grande Stream estuary, Southeastern-Uruguay
(Fig. 1d). A study concerning the structure of the ben-
thic communities, in relation to the surrounding physi-
cal environment, was carried out in October 1995 (at
24 stations distributed in 8 transversal transects along
the main axis of the Solis Grande Stream estuary)
(Fig. 1d). The aim of the study was to establish the effect
of the sedimentological characteristics and salinity gra-
dient on species distribution (Muniz and Venturini,
2001). At each station, three replicates were taken with
a 0.052 m? Petersen grab, for macrofaunal analysis; an
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additional one for the determination of granulometric
parameters and organic matter content.

The Solis Grande estuary is an important component
of a permanently flowing system of Uruguay, the ‘Ver-
tiente del Rio de la Plata’ (Jackson, 1984). From its
source to its mouth, it extends over 90 km, receiving in-
puts of very permanent and non-permanent water-
courses. Nowadays, human influence in this area is
still very incipient,

2.5. Location E

Montevideo Bay and the adjacent coastal zone, lo-
cated in the middle Rio de la Plata Basin in Uruguay
(Fig. le). An environmental assessment programme
was carried out in January 1998. Benthic macrofaunal
samples (three replicates) were taken with an Ekman
grab of 0.053 m> at 24 stations (Fig. le). Within the
Montevideo coastal zone, Montevideo Bay (10 km?
and mean depth of 5 m) is an important region; it har-
bours the ANCARP refinery of the Uruguayan petroleum
company, the Batlle stream water plant (UTE, Electri-
cian Uruguayan Company) and the Port of Montevideo
(Fig. le). Three streams flow into Montevideo Bay, car-
rying wastes from many different industries and urban
centres, as well as from a great number of sewage
sources.

For the quality classification of the locations, the
equivalences proposed by Borja et al. (2000) and Muxika
et al. (2005) have been used (Table 1). Although Borja
et al. (2004) proposed a change in the classification of
the benthic quality, this related only to its use within

the European Water Framework Directive, being the
boundaries in Borja et al. (2000) be used when the ben-
thic health should be assessed (see Muxika et al., 2005).

3. Results

The following 20 species, found typically in the South
Atlantic coastal region, were assigned to one of the five
ecological groups and added to the AMBI list: Acteocina
bullata (1), Amigdalum sp. (111), Corbula caribaea (1V),
Crepidula aculeata (111), Ctena pectinella (1), Dasybran-
chus platyceps (IV), Erodona mactroides (1), Exogone
arenosa (11), Heleobia australis (IV), Heteromastus simi-
lis (IV), Kalliapseudes schubarti (11), Laeonereis acuta (or
culveri, IV), Mediomastus capensis (IV), Nephtys fluvia-
tilis (1), Nucula semiornata (1), Spiochaetopterus nonatoi
(IID), Spiophanes missionensis (I11), Tagelus plebeius
(I11), Tellina versicolor (1) and Tiburonella viscana (1).

3.1. Location A

In Todos os Santos Bay, AMBI values ranged from 0
(Stations 1 and 30) to 5 (Station 14), with Station 5 lo-
cated near the oil refinery being azoic (AMBI value: 7)
(Fig. 2 and Table 2). The mean percentage of organisms
without assignment to an ecological group was 6.9%,
According to the BI values, two stations (those with
BI: 0) showed a normal benthic community and two
(BI: 5) were transitional to heavy pollution community
health (Table 2). Most of the stations showed an unbal-
anced community health, with the predominance of the

I ! ! | ]
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12,71

-12.72+

-12.73+

-12.74-

-12.75

AMBI

Fig. 2. Perturbation level in Todos os Santos Bay (locution B), in terms of the AMBI values at cach of the stations.
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Table 2

Biological parameters (AMBI, BI, abundance, species richness, diversity) and water depth, sediment type, TOC and PAHs content from each station

in Todos os Santos Bay (Location A)

Staton BI AMBI  Abund. (ind./0.0Sm?  § (no. spp.) H' (natsfind) Depth (m) Sediment type TOC (%) S_PAHs (ng/g)
St. 1 0 0.2 25 4 0.92 2.1 Sand 0.1 310.0
St. 30 0 0.0 2 2 0.69 1.1 Silty-clay 34 773.4
St. 3 1 0.5 232 2 0.21 1.8 Sand 0.2 18.3
St. 9 i 1.0 12 7 1.85 4.3 Silty-clay 09 2934
St. 23 1 1.0 168 31 2.86 4 Sand n.a. n.a,
St. 2 2 1.5 4 1 n.c. 25 Sand 0.1 304.5
St. 4 2 2.6 61 3 0.63 1.7 Sand 0.3 107.5
St. 6 2 3.0 293 6 1.61 2.7 Silty-clay 0.7 283.4
St. 7 2 2.8 49 6 1.75 1.9 Sand 0,5 94.9
St. 8 215 1 1 nc. 3 Silty-clay 2.5 1355.0
St. 10 2 2.1 42 12 2.27 2.3 Sand 0.2 11.6
St. 11 2 2.5 10 5 1.5 1.6 Silty-clay 0.3 38.6
St. 13 2 1.5 4 3 1.04 4.8 Sitty-clay 2.0 779.9
St. 15 2 26 119 8 1.4 0.7 Sand 0.2 547.1
St. 17 2 1.9 37 13 2.39 1.1 Sand 0.2 323
St. 19 2 3.0 6 4 133 5.7 Silty-clay 1.3 403.5
St. 20 2 2.8 8 6 1.73 7.5 Silty-clay 1.5 381.5
S22 26 44 5 1.56 9 Silty-clay 2.1 523.8
St. 22 2 2.2 105 13 2.2 2.3 Sand 0.2 149.3
St. 24 2 2.0 13 7 1.71 4 Sand n.a. n.a,
St 26 2 3.1 30 { n.c. 4.7 Sand n.a. n.a.
St. 27 2 2.5 76 10 1.92 1.3 Sand 0.3 22,5
St. 28 2 23 8 4 1.32 1.2 Sand 0.2 8.3
St. El 2 2.4 16 3 0.96 n.a. Silty-clay 1.7 1470.0
St. E2 2 2.1 44 8 1.68 n.a. Sand 0.3 685.9
St. 12 3 34 4 2 0.56 4.5 Silty-clay 2.1 727.1
St. 16 3 38 4 3 1.04 3 Silty-clay 1.4 888.1
St. 25 3 38 19 6 1.61 10 Silt n.a. ma.
St. 29 3 3.8 5 2 0.64 3.3 Silty-clay 1.5 1043.0
St, 18 3 4.2 6 3 1.04 2.2 Silty-clay 1.5 2969.0
St. 14 5 5.0 3 2 0.64 3 Silty-clay 2.9 1614.0
St. 5 7 7.0 0 0 ne. 2 Silty-clay 3.5 4163.0

Significant correlations between AMBI and biological and environmental parameters are indicated.
Pearson correlation between AMBI and PAHs = 0.69, p £ 0.05; TOC = 0.41, p £ 0,05,

n.c. = not calculated; n.a. = not available.

ecological group (EG) 111 (tolerant species). Opportunis-
tic species (EG IV and V) dominated only at those sta-
tions where high values of TOC and mud were noted;
these were situated in the central and the northeast por-
tion of the study area. It is important to highlight that
the total macrofauna abundance was very low (around
10 individuals, per 0.05 m?). In general, high PAH con-
centrations were recorded at these stations (Table 2).
The lowest AMBI values were recorded at those stations
where sand was the predominant sediment type and,
consequently, a low organic load were presented. AMBI
values correlate positively with the percentage of TOC
and PAH concentrations (Table 2). Not a significant
correlation was observed between the AMBI values
and the biological parameters considered.

3.2. Location B

The mean percentage of organisms without assign-
ment to an EG was 3.9%. The AMBI values varied be-

tween 0.6 and 2.6 (Table 3), indicating that most of
the sampling stations were classified as undisturbed
and slightly disturbed sites with an impoverished and
an unbalanced benthic community health, High AMBI
values corresponded to the group of stations with a pre-
dominance of muddy sediments and high values of or-
ganic carbon (A). Low AMBI values were recorded at
those stations where the sediment consisted mainly of
sand (Groups B and C, Table 3), AMBI was correlated
positively (p < 0.05) with total organic carbon, organic
nitrogen and the sediment mean diameter and negatively
with the percentage of coarse sand; this indicates a trend
towards high AMBI values, with an increase in the or-
ganic load in the sediments (Fig. 3). Although the tem-
poral variation in the AMBI for some sampling
stations was considerable, the mean AMBI values for
the whole area were almost constant throughout the
year (spring = 1.72 +0.53; summer = 1.65 + 0.46; au-
tumn = 1,64 £ 0.45; winter = 1.64 £ 0.46). Based upon
these results, this location can be classified as slightly
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Table 3
Maximum and minimum values of AMBI, abundance and percentages of each ecological group in the S&o Sebastiio Channel (Location B)

P. Muniz et al. | Marine Pollution Bulletin 50 (2005) 624-637

Abundance (ind./0.1 m?)

Stations AMBI Ecological group (%)
I I 111 v A%

1 0.7-2.3 12.0-55.5 27.2-52.1 1.6-57.6 0-3.3 0 59-119
2 1.7-2.0 6.7-10.7 48.8-75 0-42.9 0-14.3 0 28-101
3 0.8-1.6 13.7-57.7 22.9-63.5 9.8-38.1 0-3.3 0 105-233
4 0.7-1.3 36.2-59.2 34.3-454 5.6-14.5 0.8-3.9 0 132-213
5 1.7-2.5 4.7-25 37.5-51.1 23.4-46.2 0-5.9 0-3.4 32-236
6 1.3-1.7 21.3-32.8 33.0-55.6 14,2-38.8 0-9.0 0-1.6 58-366
7 1.9-2.5 0-21.7 16.7-47.8 52,9-63.6 0-17.4 0 17-227
8 0.9-2.2 3.2-584 29.8-59.5 7.5-53.9 0-4.2 0 82-861
9 1.1-1.7 0.2-43.7 44.9-86.7 5.7-16.5 0-4.5 0-0.9 150-1954
10 1.2-2.2 21.1-58.1 12.4-35.7 21.9-48.9 7.1-10.5 0 19-105
[1 1.3-1.8 32.5-0 54.6-81.8 8.1-22.5 0-4.7 0 44-659
12 1.5-2.6 9.2-15.9 9.2-69.8 13.2-81.5 0-1.1 0 59-202
13 1.5-2.1 9.6-32.0 32.6-42.3 22.8-4384 0-4.3 0 52-654
14 1.0-1.9 7.5-50.7 44.3-61.3 10.9-35.2 0-2.4 0-1.1 398-748
15 1.2-1.9 2.8-34.9 44,7-75.0 11.9-18.9 0-2.9 0 36-455
Station groups A B C

Stations AMBI Stations AMBI Stations AMBI
Spring 2,6,7,10, 13 2.02 1,4,5,12 1.52 3,9,11, 14,15 1.32
Summer 2,7, 10, 15 1.9 1,4,5,6, 12 1.57 3,9,11,13, 14 1.51
Autumn 2,7, 10 1.72 I, 56,12 1.34 3,4,9,11, 13, 14, 15 1.7
Winter 2,7, 10 2 1,3,4,56 1.7 9, 11,12, 13,14, 15 1.36
Mean AMBI 1.91 1.53 1.47

AMBI values are given for each station group (according to Arasaki et al., 2004), together with their AMBI values in each seasonal survey and mean
AMBI value for each one of the three groups of stations. Significant correlations between the AMBI values and environmental parameters are

indicated.

Pearson correlation between annual AMBI mean and TOC = 0.71, p £ 0.05; ON = 0.70, p < 0.05; mean grain diameter = 0.61, p £ 0.05; % coarse

sand = —0.61, p £ 0.05.

S#o Sebastido Channel

T 25
25+ L
2-— ~
a8 TL5 ®
5 154 £
14+ 1 2
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0 T T T T T T T T } } } : ; |I
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—— AMBI  —A—TOC (%) Stations

Fig. 3. AMBI values and total organic carbon (TOC) content of the
surface sediments, for the 15 sampling stations studied within the S#o
Sebastiio Channel (Location C).

disturbed during the period of study. The prevalent EG
in the area were II and III. The first order opportunistic
species (EG V) were absent from the area, except during
the winter survey, when this group reached only 3.4% at
Station 5. The abundance of EG IV was also low; it was
higher in the group of stations characterised by the pres-
ence of muddy and organically enriched sediments, than
in the other groups (B and C). These stations are located
in the central part of the Sdo Sebastido Channel, where
anthropogenic activities are developed.

3.3. Location C

In Ubatuba Bay, the mean percentage of organisms
without assignment to an EG was 5.8%. AMBI values
ranged between 0.82 and 3.92 (Table 4). High AMBI
values at the Ubatuba stations were observed in sum-
mer. Control stations located in Picinguaba Bay showed
slightly lower values than the others, during this season.
This observation is in agreement with the hypothesis
highlighted by Muniz (2003), that Picinguaba’s benthic
communities are structured mainly by natural factors,
In contrast, in Ubatuba Bay anthropogenic factors
would be more important in determining the structure
of the benthic communities. Spatially, the Ubatuba sta-
tions always presented higher AMBI values, than the
Picinguaba stations. The AMBI classification showed
that, in summer, some areas in Ubatuba Bay showed a
transitional to polluted benthic community health, dom-
inated by EG IV and V. In winter and in autumn
(April), Ubatuba was dominated by EG I1I; this corre-
sponded to an unbalanced community, being classified
as slightly disturbed. Only the control stations at
Picinguaba showed an undisturbed status, with the
dominance of EG I and II. Station 9, located also at Pic-
inguaba, presented a decrease in its benthic community
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Table 4

AMBI, BI and percentages of each ecological group for the four surveys undertaken in Ubatuba (Stations 1 to 7) and Picinguaba (Stations 8 and 9)

Bays (Location C)

Station AMBI BI Ecological group (%)

1 11 11 v v
April
St. 1 2.20 2 12.28 32.34 51.59 3.79 0
St. 2 2.32 2 13.30 21.79 61.77 3.14 0
St. 3 2.65 2 7.61 18.78 63.20 10.41 0
St. 4 293 2 6.31 6.02 73.77 1391 0
St. 5 2.93 2 520 9.05 70.79 14,96 0
St. 6 247 2 9.81 16.05 73.52 0.62 0
St 7 0.84 1 65.00 13.70 21.30 0 0
St, 8 0.95 1 61.26 16,84 19.16 2.74 0
St. 9 2,01 2 23.13 24.24 48.35 4.28 0
August
St. 1 2.48 2 6.92 21.15 71.78 0.15 0
St. 2 2.57 2 5.83 17.54 76,16 0.48 0
St. 3 2.81 2 4,70 5.39 87.64 2,28 0
St. 4 2.85 2 10.79 13.85 50.18 25,18 0
St 5 2.89 2 8.93 4,98 70.86 15.23 0
St. 6 2.49 2 7.86 19.53 71.66 0.95 0
St. 7 1.27 2 38.30 39.36 21.99 0.35 0
St. 8 1.06 | 55.65 23.99 14.11 6.25 0
St, 9 2,09 2 20.15 33.97 32.19 13.69 0
December
St. 1 2.64 2 9.16 6.54 83.60 0.70 0
St. 2 2.40 2 18.27 23.35 38.38 20 0
St. 3 2.48 2 17.78 5.04 71.38 5.80 0
St. 4 298 2 5.75 3.01 78.04 13.20 0
St. 5 2.60 2 26,73 4,59 37.10 31.58 0
St. 6 2.59 2 6.87 15.86 75.28 1.98 0
St 7 0.82 1 60.00 25.33 14.67 0 0
St. 8 1.38 2 41.79 26.09 30.68 1.45 0
St 9 1.55 2 27.84 55.09 2.69 14.37 0
February
St. 1 2.07 2 10.0t 42.99 45.94 1.07 0
St. 2 3.34 3 2.86 21.49 35.83 29.80 10.02
St 3 3,92 3 3.91 10.42 21.20 4923 15.24
St. 4 3.67 3 3,85 4.90 46.60 3198 12,67
St. 5 3.34 3 15.64 8.74 33.38 21,79 20,45
St. 6 2,96 2 2.33 10.36 74.98 12.34 0
St. 7 1.30 2 37.25 41.61 18.46 2.68 0
St. 8 1.00 1 59.32 18,24 18.64 3.81 0
St. 9 1.18 1 55.52 27.44 0 17.03 0

Significant correlations between AMBI values and environmental parameters are indicated.
Pearson correlation between AMBI and Chlor o = 0.84, p < 0.05; TOM = 0.87, p < 0.05; faecal steroids = 0.59, p £ 0.05; Cu=0.85, p < 0.05,

Zn =0.88, p £ 0.05; Cr =0.71, p < 0.05,

health in April (unbalanced community); this was re-
lated to an increase in polycyclic aromatic hydrocarbons
in the sediments of this station (Muniz, 2003). AMBI
values were correlated positively with heavy metals, fae-
cal steroids, organic matter and chlorophyll a content
within the surface sediments.

3.4. Location D
In the Solis Grande estuary, within the only one spe-

cies was not assigned to an EG, the brachyuran Cyrto-
grapsus angulata; this was represented only by a single

individual at Station 10 and another at Station 2.
AMBI values varied from zero (Stations 16 to 24) to
5.2 (Station 14) (Table 5). The remaining stations pre-
sented AMBI values of between 1.2 and 4.2, showing a
range of slightly disturbed to moderately disturbed con-
ditions. Only one station (14) showed characteristics of a
heavily disturbed site, being dominated by organisms of
EG V (71%) and IV (17%); these were constituted by
first- and second-order opportunistic species such as
Ficopomatus enigmaticus, Heleobia australis and Hetero-
mastus similis. Stations 4, 5, 6, 8 and 9 are also moder-
ately disturbed, corresponding to the transitional to
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Table 5
AMBI, BI values and percentages of each ecological group for the 24 stations in the Solis Grande Stream estuary (Location D)
Station BI AMBI Ecological group (%) Abundance (ind./0.053 m?)
I I III v '
| 2 23 45.1 3.8 3.8 473 0.0 18.4
2 2 2.1 16.6 51.2 6.7 25.5 0.0 40.4
3 2 2.4 277 289 1.2 42.3 0.0 253
4 3 3.5 0.0 329 0.0 67.1 0.0 343
5 3 3.7 0.0 27.0 0.8 72.2 0.0 86.4
6 3 3.5 2.7 29.2 0.0 68.2 0.0 264
7 2 3.2 0.0 34.7 19.6 45.6 0.0 152.7
8 3 4.2 0.0 11.7 0.0 88.5 0.0 200
9 3 34 0.0 35.8 24 61.3 0.0 137.6
10 2 2.1 19.7 47.7 0.0 30.7 0.0 37.1
11 2 2.5 30.3 21.3 0.0 48.4 0.0 22.1
12 2 2.3 25.8 30.7 0.0 39.9 0.0 28,3
13 1 [.2 273 70.0 0.0 2.7 0.0 11
14 5 52 4.6 6.5 0.0 17.2 71.3 81.3
15 2 1.5 0.0 100.0 0.0 0.0 0.0 295.3
16 0 0.2 88.2 4.1 5.9 0.0 0.0 17
17 0 0.0 100.0 0.0 0.0 0.0 0.0 12
18 0 0.0 100.0 0.0 0.0 0.0 0.0 19
19 0 0.0 100.0 0.0 0.0 0.0 0.0 16.7
20 0 0.0 100.0 0.0 0.0 0.0 0.0 20
21 0 0.0 100.0 0.0 0.0 0.0 0.0 17.7
22 0 0.0 100.0 0.0 0.0 0.0 0.0 62.7
23 0 0.0 100.0 0.0 0.0 0.0 0.0 32.3
24 0 0.0 100.0 0.0 0.0 0.0 0.0 84.7

Significant correlations between AMBI values and environmental parameters are indicated,
Pearson correlation between AMBI and TOM = 0.57, p < 0.05.

Table 6
AMBI, BI values, percentages of each ecological group, total abundance, total organic mater content, chlorophyll a content, chromium and lead

content of the sediments in the 24 stations of the Montevideo coastal zone (Location E)

Station AMBI  BI Ecological group (%) Abundance (ind./0.053 m®  TOM (%) Chla(ug/g) Cr (mg/kg) Pb (mg/kg)
I II Inm 1v
A 4.4 4 0.0 05 3.0 96.5 396 6.6 6.2 131.5 215.1
B 4.5 4 0.0 0.0 0.0 1000 3 11.3 11.6 81.1 246.7
C 4.5 4 0.0 0.0 0.0 1000 l 8.3 3.5 91.5 369.6
D 4.5 4 0.0 0.0 0.0 1000 1 12.0 8.8 657.1 352.2
E 43 3 4.5 0.0 22 93.3 134 12.8 0.8 368.1 64.9
F 4.2 3 4.2 21 07 93.1 144 35 0.5 437 44.7
G 3.9 3 3.0 125 3.1 81.3 32 7.2 0.3 309 39.1
H 4.2 3 4.6 1.5 1.5 92.3 65 9.4 0.5 83.7 65.4
1 3.6 3 1.8 118 0.0 76.5 17 6.2 0.2 42.1 38.5
J 4.1 3 59 59 0.0 88.2 17 9.5 0.3 56.2 41.7
K 4.4 4 2.5 0.0 0.0 96.9 3091 6.8 0.1 389 56.4
L 4.3 3 5.3 0.1 0.0 944 3375 6.9 0.5 42.5 57.9
M 3.2 2 39 0.5 0.0 95.2 388 4.8 0.5 40.1 58.5
N 3.8 3 15.7 0.0 0.0 84.3 153 4.5 0.5 40.3 58.9
0 39 4 1.5 0.0 0.0 98.1 867 6.1 0.8 39.3 57.9
P 3.7 3 18.3 0.0 0.0 81.7 338 4.6 0.4 36.7 55.1
Q 3.8 4 2.9 0.0 0.0 97.1 305 5.9 0.2 393 55.2
R 2.7 2 39.8 0.1 0.0 59.3 2412 6.1 0.3 38.8 54.5
S 2.3 2 49.3 04 0.0 50.1 1804 5.6 0.3 36.9 55.4
T 2.6 2 18.5 0.1 0.0 80.9 1679 5.2 0.2 37.4 55.1
U 3.1 2 18.5 0.5 0.0 77.6 537 5.5 0.4 38.3 56.2
\% 2.9 2 60.9 03 0.0 374 2267 6.6 0.6 38.9 56.7
w 3.2 2 21.9 0.0 0.0 78.1 49 6.5 0.1 42.1 54.8
X 3.2 2 8.1 0.6 0.0 91.2 322 54 0.3 38.1 54.9

Significant correlations between AMBI values and environmental parameters are indicated.
Pearson correlation between AMBI and TOM = 0.53, p < 0.05; Chl @ =0.49, p £ 0.05; Cr = 0.39, P < 0.05 Pb =0.50, p < 0.05.
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pollution benthic community health (Bl = 3) and domi-
nated by second-order opportunistic and tolerant spe-
cies. The AMBI values correlate positively with the
organic matter content of the sediments (p < 0.05).

3.5. Location E

The mean percentage of organisms without assign-
ment to an EG in the Montevideo Coastal Zone was
0.6%. The AMBI values varied between 2,3 and 4.5 (Ta-
ble 6). In Montevideo Bay (Stations A to J), most of the
sampling stations were classified as moderately dis-
turbed, with a transitional to pollution and polluted
benthic community health, with the highest AMBI val-
ues recorded in the most inner stations of Montevideo
Bay, while the lowest AMBI values corresponded to
the stations of the Punta Yeguas coastal zone. In the
adjacent coastal zone, some AMBI values were lower
than in Montevideo Bay indicating an unbalanced ben-
thic community. At this location, the highest AMBI val-
ues were associated with an high dominance of the
gastropod Heleobia australis, a second-order opportu-
nistic species. There were not first-order opportunistic
species (EG V) in this area. AMBI was correlated posi-
tively (p < 0.05) with total organic matter, total polycy-
clic aromatic hydrocarbons, lead and chromium content
in the sediments; it was correlated negatively with the
dissolved oxygen content of the bottom waters,

4. Discussion

The findings outlined above are consistent with those
identified in previous contributions (see below) with,
amongst others, the more traditional and widely used
techniques such as evenness, diversity, species richness
and dominance indices, PCA, MDS and cluster analysis,
In general, the AMBI index could be used satisfactorily
with the data sets; however, in some cases, the responses
were different. When a very low number of individuals/
taxa were present in a sample, or a great number of indi-
viduals was without assignment to an ecological group,
the results were doubtful. Sometimes, the results were
opposite to those obtained using other methods or indi-
ces; this deserves some comments, as pointed out else-
where by the authors of the method (Borja et al., 2004).

In Todos os Santos Bay, the results obtained apply-
ing the AMBI were consistent, in general, with those ob-
tained by Venturini (2002) and Venturini et al. (2004b),
on the basis of diversity, species richness and PCA anal-
ysis. The occurrence of petrogenic contamination, with
some pyrolytic input and the presence of degraded or
weathered petroleum in the sediments were verified by
Venturini et al. (2004a). In addition, macrobenthic
assemblages showed some indications of deterioration
(Venturini and Tommasi, 2004), The most disturbed sta-

tion {Station 5) was that located adjacent to the oil refin-
ery, which was azoic (Fig. 2); this was followed by
Stations 14 and 18. These stations, which are extremely
and heavily disturbed, correspond to the part of Todos
os Santos Bay which was defined by Venturini (2002)
as the most polluted. Stations 14 and 18 were dominated
by the polychaetes Laeconereis culveri, Dasybranchus
platyceps and large nematodes (retained in the 0.5 mm
sieve mesh). Station 1, with high percentage of sand
and low organic content in the sediments, presented a
normal condition i.e. with the predominance of species
of the EG I (Armandia agilis, Ophelina sp. and dnomalo-
cardia brasiliana). According to the AMBI values ob-
tained, the remainder of the embayment is slightly
disturbed; such results are in agreement with those
achieved in previous studies (Venturini, 2002; Venturini
et al., 2004a). The AMBI value was zero at Stations 1
and 30, However, it should be noted that only a maxi-
mum of four organisms were recorded at these stations
(three of EG 0 and one ol EG 1); as such, this could
be the reason for why the AMBI did not work very well.
This latter station, together with Stations 5, 14 and 18
situated in the central and eastern part of Todos os San-
tos Bay, presented a high degree of organic enrichment,
a tendency to anoxic conditions (as indicated by the low
CIS ratios) and petroleum contamination that was re-
lated directly to the impoverishment of benthic macrofa-
una (Yenturini, 2002; Venturini and Tommasi, 2004).

It is known that the accumulation of organic matter
and petroleum hydrocarbons, within muddy sediments,
could promote the establishment of anoxic conditions
in bottom sediments; consequently, opportunistic and/
or resistant species could become dominant (Pearson
and Rosenberg, 1978; Cardell et al., 1999). The AMBI
showed this trend in the central and eastern part of To-~
dos os Santos Bay, classifying this region as ‘heavily dis-
turbed’ and correlating positively (p <0.05) with
polycyclic aromatic hydrocarbon concentrations and to-
tal organic carbon. Similar results have been obtained
by Muxika et al. (2005), applying the AMBI methodol-
ogy to drill cuttings in oil platforms in the North Sea. In
this particular case, the AMBI correlates positively (and
significantly) with the total hydrocarbon values; how-
ever, no correlation was found with the organic matter
content,

In general, for location B (Sdo Sebastiio Channel),
the AMBI results were in accordance with those
reported previously (Muniz and Pires, 2000; Arasaki
et al., 2004). In these previous studies, three groups of
stations were well defined through the use of PCA,
according to sediment distribution, organic matter
enrichment and macrobenthic communities. The lowest
benthic community health occurred for the group of sta-
tions where the sediments consisted mainly of mud and
the organic carbon and nitrogen concentrations were the
highest within the studied area. Stations included in
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Group A are located in the central-continental margin
of the channel, where the harbour, the DTCS (oil termi-
nal) and the Araga sewage pipe are situated, As previous
studies have shown, the poor environmental quality, to-
gether with the unbalanced benthic fauna observed at
these stations, are related to the impact of the activities
developed in this area of the S3o Sebastiio Channel
(Muniz and Pires, 2000; Arasaki et al., 2004). Although,
the whole channel area was classified as slightly dis-
turbed AMBI wvalues showed a slight differentiation
among the three groups of stations defined with the
PCA analysis (based upon environmental variables,
Arasaki et al., 2004); this demonstrates that the organic
load and muddy sediments promote an increase in the
AMBI. It should be noted here that finer sediments re-
tained much organic matter than the coarser ones due
to the granulometric and physicochemical characteris-
tics of muds. Thus, the muddy sediments are naturally

stressed habitats, where many tolerant species occur. .

This fact should be co-evaluated with pollution sources
when estimating community health and anthropogenic
effects on these habitats. The general trend observed pre-
viously by Muniz and Pires (2000), considering poly-
chaetes species only, showed a low species richness,
diversity and abundance values at those stations located
nearest to the pollution sources; this is consistent with
the results obtained using the AMBI. On the other hand,
as was supported by the negative correlation of the
AMBI values with the percentage of coarse sand; areas
within the channel, with a predominance of this sedi-
ment fraction, presented the lowest AMBI values and
a diverse and rich fauna (Muniz and Pires, 1999,
2000). These ‘unpolluted zones’, still slightly disturbed
according to the AMBI, were characterised by the pres-
ence of low organic matter content in the sediments,
with no dominance of any particular species and a high
diversity; they were located in the northern and southern
continental margins of the Sdo Sebastiio Channel. In
addition, previous studies undertaken in this area re-
ported low temporal variation in the macrobenthic com-
munities structure; this is consistent with the pattern
showed by the AMBI index (Table 3).

Spatially within Ubatuba Bay (Location C), high
AMBI values were recorded at those stations situated
near the rivers’ mouth, where heavy metals, faecal ste-
roids, organic matter and chlorophyll a contents in
the sediments were high. These results agree with those
found elsewhere using univariate (diversity, species
richness, Q index, ABC-curves) and multivariate tech-
niques (PCA, MDS analysis, BIO-ENV) (Muniz,
2003). In this area of the bay, domestic effluents from
Ubatuba City produce an organic enrichment of the
sediments; this, in turn, induces changes in the macro-
benthic communities structure (Muniz, 2003). This
changes were also reflected in the AMBI and BI values;
they corresponded to an unbalanced and transitional to

pollution benthic community health. Temporally, in the
summer period, tourism increases considerably in this
area and, consequently, sewage discharges also in-
crease. The increment in the AMBI values in Ubatuba
Bay corresponds with the dominance of EG IV and V,
constituted by small second-order opportunistic poly-
chaete species, such as Mediomastus capensis, together
with several spionid species. Due to their high abun-
dance and sensitivity to different concentrations of or-
ganic matter in the sediments, polychaetes have been
found to be indicators of organic pollution (Reish,
1959). Other studies have demonstrated that Spionidae
and Capitellidae species are good indicators of organic
pollution, produced mainly by domestic sewage dis-
posal (Méndez et al., 1998). As was highlighted by Bur-
one et al. (2003), the prevailing clockwise currents in
Ubatuba Bay, promote high organic enrichment to-
wards the Grande River, The general pattern observed,
which consists of higher AMBI values in Ubatuba Bay
than in Picinguaba Bay, could be related with the input
and transport of organic matter by water circulation in
the former. The influence of water circulation in the
AMBI values gradient has been detected in other areas
and under different impact sources (Borja et al., 2003;
Muxika et al., 2005) and related to the dilution of the
contaminants.

In comparison, the ‘control stations’ (Picinguaba
Bay) were dominated by EG I and II, showing an undis-
turbed status. The slight decrease in species richness and
diversity observed at these stations, during the April and
August surveys (Muniz, 2003) and which was consistent
with the increment in AMBI values, could be related
with the disturbance effect produced by frontal systems;
these occur more frequently in the austral winter, than
m summer (Mahiques, 1995). Moreover, in the shallow
coastal areas resuspension and destabilisation of bottom
sediments represent an important disturbance to the
benthic fauna. As mentioned previously, the results ob-
tained using the AMBI index were in agreement with the
hypothesis highlighted by Muniz (2003) i.e. that Pic-
inguaba’s benthic communities are structured mainly
by natural factors, whereas, in Ubatuba Bay anthropo-
genic factors would be more important in determining
the structure of the benthic communities.

In the Solis Grande Estuary, the observed positive
correlation between the AMBI values and the organic
matter content in the sediments should not be inter-
preted as a effect of pollution: the organic content of
the sediment reached its maximum at Station 4
(3.77%) and was not proved to be the main variable
explaining species distribution (Muniz and Venturini,
2001). The low number of species (10, throughout the
whole area), together with the diversity values, could
be related to the stressful conditions in estuarine envi-
ronments. In particular, those related with high salinity
fluctuations, not only seasonally but also within a tidal
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cycle. Estuarine waters with stable salinities support a
higher number of macrofaunal species, than estuaries
with extreme salinity fluctuations (Wolff, 1983). At Sta-
tions 16 to 24, the AMBI values varied from 0.02 to 0,
due to the presence of only one species, the bivalve Ero-
dona mactroides (corresponding to EG ). These stations
are located towards the upper portion of the estuary
where, in addition, to low salinity values, the sediment
type (silt, with a considerable abundance of molluscs
valves) could favour the occurrence of this species only
(Muniz and Venturini, 2001), Borges da Costa (1971)
has argued that this type of sediment, with calcareous
elements and organic matter debris, is characteristic of
estuarine environments in which Erodona mactroides
is dominant. Station 14, with the highest AMBI value
(AMBI =52; BI=5) was dominated by the first-
order opportunistic polychaete Ficopomatus enigmaticus
(71%) and by second-order opportunistic species such as
Heteromastus  similis and  Heleobia australis (17%).
According to the AMBI and BI values, this station
showed characteristics of a heavily disturbed one, with
a transitional to heavy pollution benthic ecosystem
health. Although, there is not any consistent reason to
consider that this part of the Solis Grande Estuary is un-
der heavy disturbance due to anthropogenic factors,
Likewise, it is important to observe that Ficopomatus
enigmaticus is an exotic reef-builder species, which, in
general, has modified strongly estuarine ecosystems in
the South-western Atlantic region, between the Rio La
Plata estuary and the central Patagonia (Orensanz
et al., 2002). This observation provides probably one
more case of biological contamination in Uruguay
which, together with those recently recorded in conti-
nental waters (Brugnoli and Clemente, 2002; Clemente
and Brugnoli, 2002), leads us to consider that many
areas in the country perceived as ‘pristine’ may be actu-
ally perturbed by the biological contamination pro-
moted by non-indigenous species.

For Montevideo Bay and the adjacent coastal zone,
Muniz et al, (2002) and Venturini et al. (2004b) had
classified the innermost stations of the bay (B, C and
D) as grossly polluted, Stations A and E to J as pol-
luted and the remainder as moderately polluted. The
inner part of Montevideo Bay: (a) was associated with
high concentrations of chromium, lead and polycyclic
aromatic hydrocarbons in the sediments; (b) presented
anoxic conditions, with negative values of redox poten-
tial; and (c) the benthic communities were dominated
by large-sized nematodes, which were not considered
in the AMBI calculations (see discussion below).
Although, the dominance of the second-order opportu-
nistic species Heleobia australis was apparent over the
whole area, in most of the outer stations of Montevideo
Bay and in the adjacent coastal zone, the benthic com-
munities were richer, more diverse and the bottom con-
ditions were less severe. This general trend was

observed clearly with high AMBI values in the inner-
most stations of Montevideo Bay; these decreased
throughout the outermost part of the bay and the adja-
cent coastal zone. Based upon the AMBI (without con-
sidering the nematodes), the innermost stations were
classified as moderately disturbed. These stations were
dominated, both in terms of abundance and biomass,
by large nematodes (retained in 0.5 mm sieve mesh),
For this reason, in a previous study when data were
analysed with the phylum-level meta-analysis approach,
they presented the status of grossly polluted (Venturini
et al., 2004b). According to the ecological group assign-
ment followed to the calculation of AMBI and BI val-
ues, nematodes belong to EG III (Borja et al., 2000);
this will result in the final classification of these inner
stations as being slightly disturbed, instead of grossly
polluted, sites, Perhaps, these large nematodes, proba-
bly oncholaimid, should be assigned to ecological
group V, since their dominance could be a symptom
of polluted conditions (Warwick, 1986). This observa-
tion reflects the necessity to have consensus in the assig-
nation of the different species to the ecological groups,
as outlined by Borja et al. (2004). Such problems may
intensify, as the use of the AMBI increases. Hence, in
such cases, the use of other complementary methods
is recommended strongly by the AMBI developers
(Borja et al., 2004). Conversely, Stations K and L,
which were classified previously as moderately polluted
(based upon chemical data, Muniz et al.,, 2002), re-
vealed AMBI values which are similar to those pre-
sented by the innermost stations of Montevideo Bay.
Along this sector of the coastline, there is an important
sewage outfall that carries also the city runofl and other
untreated industrial effluents (Moyano et al., 1993); this
promotes, probably, adverse effects on the benthic fau-
na, reflected in AMBI values. Venturini et al. (2004b)
did not identify any difference in the macrobenthic
communities between the two coastal zones adjacent
to Montevideo Bay. However, these investigators ar-
gued that Punta Carretas should be more perturbed
than Punta Yeguas, due to the effluents released by
the largest and most important sewage outfall of Uru-
guay, situated in this area. In the present contribution,
with the use of the AMBI and BI, it was possible to de-
tect differences between these two zones, Punta Yeguas
was classified as an area with an unbalanced benthic
community health (slightly disturbed) and Punta Cart-
etas as moderately disturbed, with a transitional to
pollution benthic community health. Although the
dominance of Heleobia australis was evident in the
two zones, the crustacean species in Punta Yeguas
(mainly EG I) had an important contribution, in terms
of abundance (between 25% and 49% of the total abun-
dance); this suggests that the AMBI appeared to be
more sensitive in this respect, than the meta-analysis
approach previously applied to this data set.
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5. Conclusions

The use of benthic indices has limitations, especially
within the coastal areas of developing countries, where
the knowledge of ecological and environmental charac-
teristics of the major ecosystems is still scarce. When sci-
entific information has been available, the indices have
proven to be valuable tools for assessing environmental
quality, in a great variety of estuarine and coastal habi-
tats (Majeed, 1987; Engle et al., 1994; Roberts et al.,
1998; Van Dolah et al., 1999, among others). However,
some of these investigations have been unsuccessful, in
the sense that they were site-specific and/or impact-spe-
cific. The recently developed AMBI index, as described
by Borja et al. (2000), has wide applicability in relation
to impact type (Borja et al., 2003: Muxika et al., 2005)
and in a variety of habitats in the European coastal re-
gion, including estuarine habitats. In the present contri-
bution, the range of habitats has been extended, by
applying the Index to a variety of coastal and/or estua-
rine South-western Atlantic areas, subjected to several
types and degrees of disturbances (organic enrichment,
petroleum contamination, heavy metal pollution and
also biological contamination). Also, 20 new species
have been added to the species database of AZTI's
web page; these are more frequently observed, or exclu-
sive to, this South American region. Since the world-
wide application of these types of biocriteria or indices
are difficult to establish (with discrepancies among re-
sults obtained with different indices), is recommended
the complementary use of various indices and/or meth-
ods to assess confidently the environmental quality of
a coastal area, contributing to a better evaluation of
the benthic community health.
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