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Discharges of effluent in urbanized littoral areas produce nonlinear changes in benthic organisms. Data
on the composition of the benthic community are often used to obtain environmental quality classifica-
tions that serve to indicate the health of the environment. This study conducted a comparative analysis of
the polychaetes associated with mussel beds and related these results to the values of environmental
variables at both reference and sewage-impacted sites over a 10 year period in a rocky intertidal habitat
on the coast of the SW Atlantic. The results of the study showed spatial and temporal differences in the
abundance and dominance of the polychaetes. The study also furnished evidence of a decrease in the
environmental quality of the area. This study allowed the classification of the polychaetes into ecological
groups, facilitating the calculation of environmental quality indexes.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

Macrobenthic species are sensitive indicators of changes in the
quality of the marine environment due to their relatively sessile
habits and their inability to avoid unfavorable conditions. Because
benthic species are relatively long lived, they also integrate the
characteristics of water and sediment quality over time, indicating
temporal as well as chronic disturbances (Reiss and Kröncke,
2005). Therefore, changes in marine benthic communities over
time have been used as indicators of environmental changes
resulting from both natural variations (Kröncke, 1995; Kröncke
et al., 1998, 2001) and anthropogenic disturbances (Pearson and
Rosenberg, 1978; Underwood, 1996; Carroll et al., 2003).

Several authors view the polychaetes as the taxonomic group
with the greatest sensitivity to alterations of soft substrates (Gras-
sle and Grassle, 1977; Bellan, 1984; Ros et al., 1990) due to their
ability to adapt to a broad range of habitats and environmental var-
iation (Fauchald and Jumars, 1979). The presence or absence of
specific polychaetes in marine sediments provides an excellent
indication of the condition or health of the benthic environment.
For example, the genus Lumbrineris is present in unpolluted envi-
ronments, whereas spionids or capitellids are frequent in polluted
areas (Pearson and Rosenberg, 1978; Ryggs, 1985; Tsutsumi, 1990;
Pocklington and Wells, 1992; Dean, 2008). Changes in polychaete
species composition from sensitive to tolerant can be observed
along a gradient of contamination.

Human activities in coastal areas produce interactions that may
be problematic and require resolution. Stakeholders require a sim-
ple, reliable indicator of ecological quality. New legislation (the
European Water Framework Directive and the USA Clean Water
Act) has driven the development of new indexes to assess the level
of quality of coastal sites. These assessments often use an index
based on benthic organisms to translate community composition
into a quality classification. Generally, however, the classification
of organisms into groups identified by their sensitivity to contam-
ination gradients has previously included only organisms found in
the Northern Hemisphere. To date, there have been no attempts to
categorize polychaetes in the Southern Hemisphere into groups
according to sensitivity due to a lack of appropriate taxonomic
information and of long-term studies that compare reference and
impacted sites.

Mar del Plata city (ca. 600,000 inhabitants) is the most impor-
tant seaside resort in Argentina, receiving 2–3 million tourists dur-
ing the summer (Bouvet et al., 2005). However, the city discharges
untreated sewage effluent directly to the intertidal zone, producing
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unsuitable conditions for bathing along 15 of its 42 km of beaches
(Scagliola et al., 2006).

The intertidal areas around Mar del Plata are characterized by
dense mussel beds composed of the small mytilid Brachidontes
rodriguezii and established on natural or artificial hard substrates
(see Scelzo et al., 1996 and references therein). This species is
considered an ecosystem engineer because it develops a three-
dimensional habitat that provides shelter for organisms that are
not present in the surrounding environment (Vallarino, 2002;
Borthagaray and Carranza, 2007). Some mussel beds occupy abra-
sion platforms (geological formations of consolidated loess or
stony rocks) in natural sites and around intertidal sewage outfalls.
The occurrence of this intertidal community in both reference
areas and sewage-impacted sites allows the quantitative study of
the composition and distribution of polychaetes.

The aims of this study were to assess (a) the response of inter-
tidal polychaetes associated with mussel beds from a spatial per-
spective (comparing reference and sewage-impacted sites) and
from a temporal perspective of more than 10 years and (b) the clas-
sification of polychaetes into ecological groups to allow their use in
the calculation of environmental quality indexes.
2. Materials and methods

2.1. Sample collection

The samples examined in this study were collected from three
locations: Site 1 (9000–9150 m north of the sewage effluent), Site
2 (between 50 and 200 m south of the sewage effluent) and Site 3
(between 800 and 1000 m south of the effluent) (Fig. 1). Sampling
was conducted at each site at the upper or middle intertidal level
in intertidal mussel beds developed on abrasion platforms. At each
site, 8–16 random sampling units were independently defined on
separate rocks. The samples were collected with a 78 cm2 core,
20 cm in length. A total of 75 sampling units were used. The sam-
pling units were averaged to obtain a single sampling unit for the
Fig. 1. Sampling sites around Mar del Plata city sewage discharge: control,
impacted and control 2, 1997–2008.
time (year) and for each site. However, four sampling units involv-
ing macrofauna were excluded from the analysis. Samples were col-
lected during January, April and October 1998, 2001, 2004 and
2008; July and October 2005; November and March 1999 and
2000; November 1997 and 2003; and March 2002.

The samples from the mussel beds were fixed in a solution of
10% formaldehyde in sea water prior to laboratory analysis. The
samples were sorted in the laboratory and sieved through 1 mm
mesh. The polychaetes retained on the mesh were identified, quan-
tified and preserved in 70% alcohol.

Selected environmental variables (the pH, turbidity, salinity and
temperature of the seawater) were measured in situ with a U 10
Horiba in November and March 2000, 2001, 2003, 2004 and
2008. The total organic carbon content (%) was determined by
titration from samples of the sediment occurring in the mussel
beds (Walkley and Black, 1965).

2.2. Data analysis

The polychaetes were ranked according to their mean domi-
nance. Dominance was defined as the ratio between the number
of individuals of each species and the total abundance of polychae-
tes, expressed as a percentage.

Nonmetric multidimensional scaling (nMDS) was applied as an
ordination method to calculate the distance between samples. The
Bray-Curtis index and the fourth-root transformation were used.
To assess the differences among the three previously defined
groups (i.e., the sites), a one-way Analysis of Similarities (ANOSIM)
was conducted. A Similarity Percentage analysis (SIMPER) was per-
formed to assess the species that contributed most strongly to the
differences among sites. Another SIMPER was conducted to assess
the species that contributed most strongly to the differences
among years. The dissimilarities among the years were analyzed
with this method.

A quantitative analysis of the 10 most abundant polychaetes
was performed. The averaged density was plotted year by year
for the three sites and then graphically analyzed. A two-way ANO-
VA was not performed because no interactions were detected
between sites and years.

The relationship between the environmental and biological
variables was assessed with the BIO-ENV subroutine. All these
analyses were performed with PRIMER5.
3. Results

A total of 64,723 individuals belonging to 27 polychaete taxa
(14 families) were recorded from 1997 to 2008 at the intertidal
sites (Table 1). Most species were rare or in low abundance. The
10 most strongly dominant species represented more than 99.5%
of the total abundance and were used in the quantitative analysis.

3.1. Spatial analysis

The nMDS (Fig. 2) shows the reference sites (1) at the lower left
and a large number of sewage-impacted sites (2 and 3) in the cen-
tral part of the graph. The sampling units from both the reference
and the sewage-impacted sites (separated by a dotted line),
grouped on the right, correspond to the sampling units for 2008.
A one-way Analysis of Similarity (ANOSIM) showed significant dif-
ferences (Global R = 0.194, p = 0.1%), with the reference site differ-
ing from the impacted sites (R3,2 = 0.005, p = 0.6%; R2,1 = 0.289,
p = 0.1%; R3,1 = 0.2, p = 0.1%).

The SIMPER analysis identified the species that contributed most
strongly to the differences among sites (Table 2). Site 2 (the closest
site to the sewage outfall) was characterized by the capitellid



Table 1
List of polychaete taxa ranked according to their dominance. Species in bold were
used in the quantitative long-term analysis.

Taxa Dominance

Boccardia proboscidea 36.42
Boccardia spp. 24.64
Syllis prolixa 13.48
Leodamas uncinata 8.3
Rhynchospio glutea 7.39
Syllis gracilis 4.19
Capitella ‘‘capitata’’ sp. 3.89
Alitta succinea 0.59
Protocirrineris angelicolliatio 0.37
Caulleriella bremecae 0.25
Polychaete unid.2 0.12
Polychaete unid.1 0.1
Syllis unid. 0.08
Lumbrineris tetraura 0.04
Syllidae unid. 0.03
Phyllodoce sp. 0.03
Polydora sp. 0.02
Dodecaceria meridiana 0.02
Polychaete unid. 3 <0.01
Hesionidae unid. <0.01
Spionidae unid. <0.01
Glycera americana <0.01
Heteromastus similis <0.01
Terebellidae unid. <0.01
Paleanotus intermedius <0.01
Halosydnella sp. <0.01
Lumbrineriopsis mucronata <0.01
Oeonidae unid. <0.01

Fig. 2. nMDS showing the sampling units for Site 1 (open squares), Site 2 (triangle
pointing upward) and Site 3 (triangle pointing downward). The sampling units for
2008 appear on the right-hand side of the figure, separated by a dotted line.
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Capitella ‘‘capitata’’ sp. (most likely, a complex of species) and the
spionids Boccardia spp. and B. proboscidea. Site 3 was characterized
by the spionids B. proboscidea, Syllis prolixa, Rhynchospio glutea and
Leodamas (formerly Protoariciella) uncinata. The mean abundance of
C. ‘‘capitata’’ sp. was lower at Site 3 than at Site 2. Site 1 (the non-
impacted site) showed the same composition of polychaetes as
Sites 2 and 3, but the species at Site 1 were represented by fewer
individuals.
3.2. Long-term trends

The species composition of the polychaetes changed over the
years studied. Table 3 shows the rankings of the species for each
year. S. prolixa was the most abundant in 1997 and 2004. The dom-
inance of Syllis gracilis and L. uncinata was greater at Sites 1 and 3.
Boccardia spp. was generally the most abundant. It was domi-
nant from 1998 to 2003 and sub-dominant in 2004–2005, reaching
its highest abundance in 2003. During 2005, the dominant species
was Rhynchospio glutea. The year 2008 was characterized by the
dominant species B. proboscidea. All these species dominated at
Site 2 (a sewage-impacted site).

The dissimilarities (SIMPER analysis) between all pairs of years
showed a pattern of increasing disturbance from 1997 to 2008
(Table 4). In particular, 2003 showed significant differences due
to the dominance of Boccardia spp., 2005 showed significant
differences due to the dominance of Rhynchospio glutea and 2008
showed significant differences due to the dominance of B. probosci-
dea (Table 3).

3.3. Quantitative spatial and temporal trends

The polychaete species showed a variable pattern of densities
over the study years and sites (Fig. 3). The syllid S. prolixa
(Fig. 3a) was dominant in 1997, with mean densities of
8000 ind m�2 at Site 2 and 16000 ind m�2 at Site 3 followed by a
subsequent decrease. S. prolixa reached a peak in 2001 (average
17000 ind m�2), primarily at Site 3. At Site 1, this species showed
a mean density of 12000 ind m�2 in 1999 and reached a peak of
9000 ind m�2 in 2002. The other syllid, S. gracilis, showed a mean
density of 6000 ind m�2 at Site 3 in 1997 and reached a peak in
1998 at Site 1 (mean of 3000 ind m�2). The mean density decreased
over time (Fig. 3b).

Another dominant species at Site 1 was the orbiniid L. uncinata,
which showed low mean densities except in 1997 and 2003 (2500–
3000 ind m�2). At Site 3, the density of this species ranged between
1000 and 2000 ind m�2 except for peaks in 2004 and 2005 (up to
6500 ind m�2) (Fig. 3c).

The cirratulid Protocirrineris angelicolliatio showed very low
mean densities. The highest densities were found at Sites 2 and 3
in 1997 (1250 ind m�2 and 500 ind m�2, respectively). At the Site
1, this species was not recorded except in 1998, when it appeared
at an extremely low density (Fig. 3d). Caulleriella bremecae, another
cirratulid species, was abundant (mean densities between 700 and
1100 ind m�2) during 1997 at Sites 2 and 3 and showed a peak of
1800 ind m�2 in 1998 at Site 2 (Fig. 3e). Subsequently, it was pres-
ent at low densities.

Boccardia spp. always occurred at densities between 1000 and
9000 ind m�2 at Sites 2 and 3. However, it reached 38000 ind m�2

at Sites 2 and 3 during 2003 and was less abundant at Site 1
(Fig. 3f). Note that in 2008, Boccardia proboscidea was the only
dominant species at Sites 2 and 3. The mean density of this species
at the sewage-impacted sites reached values up to 80000 ind m�2

(Fig. 3h). Another spionid, Rhynchospio glutea (Fig. 3g), was always
rare but showed a peak of 40000 ind m�2 in 2005 at Site 2.

Capitella ‘‘capitata’’ sp. characterized Site 2, the site closest to
the sewage discharge (Fig. 3h). This species showed peaks of high
density in Site 2 (between 2500 and 6500 ind m�2) from 1997 to
2001. In 2003, this species showed very low densities. During
2004 and 2005, the species reached high densities (2500–
3000 ind m�2), but it was excluded from 2008. The species showed
very low densities at Site 3 and was absent from Site 1.

The nereidid species Alitta succinea (formerly Neanthes) oc-
curred at low densities (200–650 ind m�2) at Site 2 (Fig. 3i) and
reached a peak at Sites 1 and 3 in 2000 (300 ind m�2). Beginning
in 2001, the density of this species decreased at all sites.

3.4. Environmental variables

Organic matter (Fig. 4a) reached a peak at Site 2 during 2003
and reached a peak at all three sites in 2008. Turbidity (Fig. 4b)
reached a peak in 2001 at Sites 2 and 3 (the sites closest to the



Table 2
SIMPER analysis showing the species that characterize the different Sites. Site 1 reference site, Site 2 at 50 m far from sewage discharge, and Site 3 at 1000 m far from the sewage
discharge.

Taxa Site 2 Av. Abund Site 3 Av. Abund Av. Diss Diss (SD) Contrib (%) Cum (%)

Average dissimilarity = 73.31
Boccardia spp. 40.48 38.81 18.74 0.96 25.57 25.57
Boccardia proboscidea 54.70 101.39 14.52 0.51 19.80 45.37
Syllis prolixa 13.69 37.55 13.30 1.00 18.15 63.52
Leodamas uncinata 9.66 19.79 7.38 0.76 10.07 73.58
Capitella‘‘capitata’’ sp. 15.07 1.67 6.92 0.75 9.44 83.02
Rhynchospio glutea 2.60 29.33 6.15 0.39 8.39 91.41

Average dissimilarity = 76.68
Taxa Site 2 Av. Abund Site 1 Av. Abund Av. Diss Diss (SD) Contrib (%) Cum (%)
Boccardia spp. 40.48 28.24 26.05 1.19 33.97 33.97
Capitella ‘‘capitata’’ sp. 15.07 0.25 11.92 0.83 15.55 49.52
Boccardia proboscidea 54.70 2.86 11.81 0.45 15.41 64.93
Syllis prolixa 13.69 7.60 10.27 0.81 13.39 78.32
Leodamas uncinata 9.66 6.78 7.80 0.68 10.17 88.48
Syllis gracilis 3.80 3.92 2.98 0.89 3.89 92.37

Average dissimilarity = 75.48
Taxa Site 3 Av. Abund Site 1 Av. Abund Av. Diss Diss (SD) Contrib (%) Cum (%)
Boccardia spp. 38.81 28.24 23.90 1.08 31.66 31.66
Syllis prolixa 37.55 7.60 18.25 1.12 24.18 55.84
Boccardia proboscidea 101.39 2.86 10.76 0.44 14.25 70.09
Leodamas uncinata 19.79 6.78 8.18 0.98 10.84 80.93
Rhynchospio glutea 29.33 0.30 5.90 0.35 7.82 88.75
Syllis gracilis 10.55 3.92 5.55 0.91 7.36 96.10

Table 3
Average abundances of species in the different years. The sub-index represents the order within the year, not the comparison between years.

Taxa 1997 1998 1999 2000 2001 2002 2003 2004 2005 2008

Syllis prolixa 68.21 9.63 6.52 17.72 25.82 8.32 1.94 34.11 9.14 17.82

Syllis gracilis 24.42 8.24 2.94 4.15 6.25 3.063 2.93 7.45 3.56 0
Leodamas uncinata 11.93 16.62 2.45 5.24 6.34 0 13.92 23.13 18.23 7.23

Boccardia spp. 8.94 36.01 42.91 22.81 38.31 38.31 220.81 24.32 34.12 0
Capitella ‘‘capitata’’ sp. 6.45 6.75 3.83 11.43 7.43 3.24 0.86 6.76 6.35 0
Cauleriella bremecae 5.56 0.68 0.27 0 0.039 0 0 0.029 0 0
Rhynchospio glutea 1.47 0.0 0 3.16 0.078 0 1.35 17.84 83.31 0
Protocirrineris angelicolliatio 0.68 1.76 0.28 0.68 0.27 0 0 0.18 0 0
Alitta succinea 0.59 1.47 1.16 1.97 0.96 0.25 0.047 0.87 0.27 0
Boccardia proboscidea 0 0 0 0 0 0 0 0 0 406.21

Table 4
Dissimilarities between sampling years, summarized from the SIMPER analysis.

1997 1998 1999 2000 2001 2002 2003 2004 2005

1998 67.91
1999 77.6 56.66
2000 70.3 63.79 61.36
2001 71.05 66.99 64.13 69.16
2002 76.35 53.58 40.8 57.74 62.1
2003 86.24 70.5 67.5 78.56 74.52 69.11
2004 67.4 69.12 69.85 70.28 70.91 66.88 79.59
2005 82.88 68.81 63.08 70.1 73.01 63.48 74.3 74.82
2008 93.1 95.04 95.85 95.12 94.08 95.11 98.51 94.67 96.53
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sewage discharge). During 2004 and 2008, turbidity was again
observed at Sites 2 and 3, and the value of turbidity increased.
The water temperature (Fig. 4c) reached a peak during 2000,
2001 and 2004 at the three sites (20–22 �C) due to seasonal
changes. The pH (Fig. 4d) reached a peak at the three sites during
1999, 2003 and 2008 (8.2–8.4). Salinity showed relatively constant
values (30–35) and was low at the impacted sites due to freshwa-
ter runoff. In 2008, salinity decreased abruptly at all sites (30–20)
(Fig. 4e).

The BIO-ENV results showed that the maximum correlation
(r = 0.394) of the environmental variables with the intertidal ben-
thic community occurred if all five environmental variables (salin-
ity, temperature, pH, turbidity and organic matter) were used.
4. Discussion

This study investigated the variations in the abundance and
composition of the polychaetes at three sampling sites on the SW
Atlantic shore. The study showed that the species composition of
the polychaetes varied over time (years) and space (sites).

From a spatial perspective, note that Site 2 (the site nearest the
sewage discharge) is permanently sewage-impacted, as previously
shown by Elías et al. (2009). Only spionids and capitellids were
dominant over time at this site. Spionids and capitellids are classi-
cal indicators of disturbance and are always present at organically
enriched sites (e.g., Pearson and Rosenberg, 1978; Pocklington and
Wells, 1992).



Fig. 3. Mean density of primary polychaete species at the Control, Impacted and Control 2 sites, 1999–2008: (a) Syllis prolixa, (b) Syllis gracilis, (c) Leodamas uncinata, (d)
Protocirrineris angelicolliatio, (e) Cauleriella bremecae, (f) Boccardia spp., (g) Rhynchospio glutea, (h) Capitella ‘‘capitata’’ sp., (i) Alitta succinea. Note that different scales are used
to represent the abundance over time.
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Several studies conducted by the Mar del Plata Public Sanitation
Works (the municipal enterprise in charge of the management of
waste disposal) have shown that the sewage contains high levels
of organic matter and low levels of heavy metals (below the values
specified by national and international standards). The effluent
pre-treatment plant retains 20–25 tons (wet weight) of solids
daily. The raw sludge contains 86% organic matter and exhibits
the following average annual concentrations: total nitrogen,
63.13 mg L�1; total phosphorus, 6.88 mg L�1; oil and grease,
67.11 mg L�1 (Scagliola et al., 2006; Scagliola et al., 2011).

Site 3 also showed signs of impact due to its proximity to the
sewage discharge (800–1000 m south of the effluent). However,
this site had served as a reference site (non-sewage-impacted site)
in the initial studies (Vallarino, 2002; Vallarino et al., 2002; Valla-
rino and Elías, 2006; Elías et al., 2003, 2006). During most of the
year, the longshore current (south to north) and the dominant
winds (from the east or the south) push the sewage flume north-
ward, far from the sampling sites and the city. However, the dom-
inant winds are from the north during the summer and change the
direction of the discharge plume to the south, i.e., toward the sam-
pling area and the city. During the summer, heavy tourism also
produces a significant increase in sewage volume, from 2.8 to
3.5 m3 s�1 (approximately 60% greater, Scagliola et al., 2006). These
two factors produced a significant increase in pollution, which af-
fected the intertidal benthic organisms (Vallarino and Elías, 2006;
Elías et al., 2006). The present study shows that since 2005, Site
3 has been permanently sewage-impacted. This change was
confirmed by the presence of a community structure and tolerant
species characteristic of a sewage-impacted site. The increasing
dissimilarity among the sampling years from 1997 to 2008 is



Fig. 3 (continued)
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consistent with a pattern of increasing environmental deteriora-
tion. The organic matter in the sediments also shows increasing
values at the sewage-impacted sites. This observation is consistent
with the peaks in the abundance of spionids, indicator species for
organic enrichment. The development of reefs of an exotic
polychaete, Boccardia proboscidea, is an indicator of organic pollu-
tion (Jaubet et al., 2011; Garaffo et al., 2012) and represents an
unequivocal sign of increasing pollution.

Other ecological studies at these sites affected by sewage dis-
charges (Elías et al., 2006, 2003) have shown that the spionid spe-
cies that indicated the occurrence of organic enrichment was
Boccardia polybranchia. However, the spionids that indicate organic
pollution belong to a suite of species. At least two primary species
belonging to this suite have been identified in the area of the SW
Atlantic coast corresponding to the study area: Boccardia claparedei
(first identified and reported as B. polybranchia) and the exotic
Boccardia proboscidea (both identified by V. Radashevsky). The
first-named species belongs to the Boccardia spp. complex. It is sus-
pected that other species could also be present in this complex. A
taxonomic revision is required for this region, although such a revi-
sion is beyond the objectives of this work. Boccardia spp. are also
frequently mentioned as species associated with sewage outfalls
in the Southern Hemisphere, e.g., B. polybranchia or B. proboscidea
in Australia (Dorsey, 1982). The same association has been re-
ported from California (Dorsey et al., 1983).

B. proboscidea occurs naturally in Japan and on the western
coast of North America (Hartman, 1940; Sato-Okoshi, 2000). It
has been introduced to other parts of the Pacific (Bailey-Brock,
2000; Blake and Kudenov, 1978; Hewitt et al., 2004; Read, 2004;
Sato-Okoshi et al., 2008) and to South Africa (Simon et al., 2010).
Recently, the species has been found in Argentina in both the
northern temperate region (Jaubet et al., 2011) and Patagonia
(Radashevsky pers. com.). It has long been suspected that the spe-
cies was present at Site 2 as a companion species of the intertidal
community. In spring 2008, however, a demographic explosion of
this species occurred in response to the increase in organic matter
in the sediments due to sewage input, as shown in Fig. 4. In inter-
tidal areas of the Pacific (California), the species has reached peaks
of 164000 ind m�2 in association with a sewage discharge (Dorsey
et al., 1983). However, in the SW Atlantic area of the current study,
the species has reached extraordinary densities, with certain
sampling units showing densities ranging from 848750 to
1465000 ind m�2 (Garaffo et al., 2012). These high densities, cover-
ing nearly 100% of the rocks, the result in massive reefs composed
of sand tubes. These reefs are highly stable and compact; they can
support the weight of a person walking over them (Jaubet et al.,
2011). The reef covers the entire impacted site nearly completely,
from the outfall to more than 2000 m south of the sewage effluent
(including Site 3 and beyond).
4.1. Classification of polychaetes in ecological groups

Syllids have proven highly useful as an indicator taxon,
although they show reactions that are opposite to those usually
observed in other polychaete families. They are known to be highly
sensitive to pollution or other types of stress, decreasing in
numbers of species and individuals or completely disappearing
(Giangrande et al., 2004; Musco et al., 2004). In the present study,
syllid species were found at both the reference sites and the sew-
age-impacted sites. The abundances of these species varied spa-
tially. They were dominant at the non-impacted sites but



Fig. 4. Environmental variables at Sites 1, 2 and 3, 1999–2008: (a) organic matter (OM%), (b) turbidity, (c) temperature, (d) pH, (e) salinity.
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abundant at the sewage-impacted sites. This pattern has been con-
sistent over the years of the study.

Opportunistic forms appear to be very rare among Syllids. A
taxon identified as Syllis cfr. hyaline was the only polychaete pres-
ent at a site influenced by a high-temperature water discharge
(Giangrande et al., 2005). Another taxon often collected in stressed
environments is S. gracilis, which has been shown to be a complex
of sibling species (Cognetti and Maltagliati, 2000). Lastly, Syllis
prolifera, from the Mediterranean Sea, is a species that is consid-
ered to increase in abundance with increasing environmental
stress (Bellan, 1980; Giangrande, 1988). On the South Adriatic
coast, several substantial changes in the species composition and
abundance of Syllidae were observed in relation to a putatively
affected area (Musco et al., 2004). Syllid species appear to respond
rapidly to disturbance, with changes occurring primarily at shallow
depths. A population of S. prolifera declined at an impacted site due
to the high sedimentation rate (Giangrande et al., 2005).

The species that characterized the non-impacted sites in the ini-
tial sampling years (1997–2000) were Syllis prolixa, S. gracilis and
the orbiniid Leodamas uncinata (Elías et al., 2006, 2003). All these
species dominated the reference sites and are the only polychaetes
associated with mussel beds in natural areas (Olivier et al., 1966;
Scelzo et al., 1996). The species were negatively correlated with or-
ganic enrichment (Elías et al., 2003). According to this response,
the syllids and the orbiniid must be classified in groups I or II.
However, this long-term study showed that these species were
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indifferent or tolerant to certain levels of organic matter. These
species must be considered tolerant to low organic contamination
and would therefore belong in group III. This observation suggests
that both syllid species are deposit feeders of some sort (or at least
facultative deposit feeders), whereas Fauchald and Jumars (1979)
previously suggested that they were carnivores. However, S. gracilis
and, most likely, also S. prolixa (Paola, pers. comm.) represent com-
plexes of sibling species. A taxonomic study of these polychaetes is
needed to assess the identity of the species and their specific re-
sponse to organic enrichment.

The cirratulids Caulleriella bremecae and Protocirrineris angelicol-
liatio were common and abundant at intermediate distances from
the sewage effluent. They are indicators of moderate organic con-
tamination or first indicators of increasing organic contamination
(see Elías et al., 2006). In this study, cirratulids appeared at Sites
2 and 3, associated with high levels of organic matter. P. angelicol-
liatio is a natural inhabitant of rocky shores, usually associated
with low intertidal levels and found in mussel beds (Elías and Rive-
ro, 2008; Orensanz pers. comm.). The other cirratulid, C. bremecae,
has been described as an inhabitant of areas organically enriched
by sewage effluent; Caulleriella galeanoi and Dodecaceria meridiana
have also been considered to inhabit areas of this type (Elías and
Rivero, 2008). However, all these species declined during the study
period as the organic contamination increased. Although cirratu-
lids are traditionally classified in group IV, these species must be
considered to belong to group III.

At sites that are organically enriched by discharges of sewage,
Boccardia spp. proliferates and increases because these worms in-
gest the film of organic matter deposited at the surface (Grall
and Glemarec, 1997). According to their preference for organically
enriched sites, these species must be considered in group III, i.e.,
species tolerant of excess organic matter enrichment. Although
these species may appear in natural conditions, their populations
are stimulated by organic enrichment. However, the exotic spionid
Boccardia proboscidea must be considered as a member of group IV
(second-order opportunist species) because of their tolerance to
high levels of organic pollution in highly contaminated sites. By
definition, this species belongs to group IV, i.e., small species with
a short life cycle adapted to life in reducing sediments where they
can proliferate (http://ambi.azti.es).

Rynchospio glutea is an infaunal polychaete and has been re-
corded from sandy beaches in Patagonia (Escofet, 1983; Orensanz
et al., unpubl. data). The occurrence of this species was enhanced
at Sites 2 and 3 during 2005. For this reason, it could be considered
to belong to group III.

The complex Capitella ‘‘capitata’’ sp. is considered to belong to
group V (first-order opportunist species, deposit feeders that pro-
liferate in sediments under reducing conditions up to the surface).
Capitella ‘‘capitata’’ sp. (see Pearson and Rosenberg, 1978; Pockling-
ton and Wells, 1992; Reish, 1957; Tsutsumi, 1990) dominated the
sites closest to the sewage outfall. In this study, this species
showed peaks of high density only at Site 3. However, during sum-
mer and as a result of the increased organic pollution and wind
conditions, Site 3 had low mean densities of C. ‘‘capitata’’ sp. (Elías
et al., 2006). This species was replaced by Boccardia spp. at the site
most heavily impacted by sewage (Site 2) during 2003 and 2008,
when organic matter reached its maximum values. However, C.
‘‘capitata’’ sp. is the polychaete that is best adapted to organically
enriched habitats. A possible explanation of the exclusion of this
polychaete complex from most sewage-impacted sites is its habi-
tat/feeding type. Capitella is infaunal, and the excessive organic
matter in the mussel matrix could generate unfavorable conditions
(anoxia or toxic gases), whereas Boccardia is tubiculous and feeds
at the water–sediment interface, avoiding anoxia and toxic gases.
The initial stage of succession in heavily contaminated enriched
sediments is characterized by tube-dwelling filter-feeding
polychaetes (Pearson and Rosenberg, 1978). Under heavy organic
pollution, C. ‘‘capitata’’ sp. was found to be absent from the im-
pacted site during the summer (Elías et al., 2006). It was also ab-
sent from the inner docks of the Mar del Plata harbor (Rivero
et al., 2005).

Another species enhanced by the sewage discharge was Alitta
succinea. This species was formerly described as Neanthes succinea
from the mixohaline waters of a coastal lagoon (Orensanz and Esti-
variz, 1971). Neanthes spp. has been found in or around organically
polluted zones (Pearson and Rosenberg, 1978) and has been con-
sidered tolerant (group III). A previous study (Elías et al., 2003) re-
corded N. succinea for the first time at an impacted site of the SW
Atlantic. In the recent invasion of Boccardia proboscidea, the only
associated polychaete that can live within the reef is A. succinea
(Jaubet pers. obs.). Despite its ‘‘large’’ size, this species must be
considered to belong to group IV because of its subsurface feeding
type and tolerance to anoxic conditions within the reefs formed by
B. proboscidea.

Other intertidal polychaetes not included in this analysis but
potentially useful as environmental indicators were also classified:
Lumbrineris tetraura, Lumbrineriopsis mucronata, Phyllodoce sp., Gly-
cera americana and Paleanotus intermedius (group I, very sensitive
species); Polydora spp. and Heteromastus similis (group III, tolerant
species).

5. Conclusions

This study is the first investigation of polychaetes based on a
long-time series of data collected from both organically contami-
nated and reference sites in Argentina. The composition and abun-
dance of the polychaetes showed strong spatial and temporal
trends. The opportunistic and tolerant polychaetes Capitella ‘‘capi-
tata’’ sp., Boccardia spp., B. proboscidea and Alitta succinea were
abundant and dominant at the sewage-impacted sites, whereas
Syllis prolixa, S. gracilis and Leodamas uncinata were dominant at
the reference site. Increasing contamination has been observed
since 2005. The final step in the process of environmental degrada-
tion has been the development of a sewage-induced reef con-
structed by the exotic polychaete Boccardia proboscidea. This
study is the first characterization of polychaetes according to the
classification of benthic organisms in ecological groups for use in
the calculation of environmental quality indexes. The information
could be useful for local authorities and stakeholders in Mar del
Plata city (the most popular recreational seashore area in Argen-
tina). The findings of this study can eventually be extrapolated to
adjacent coastal localities and other portions of the warm temper-
ate biogeographical region extending from northern Argentina and
Uruguay to southern Brazil.

Acknowledgments

We thank Claudia Bremec, Ph.D (INIDEP, Argentina) whose
contributions enriched this study. M.A. Sánchez, M.L. Jaubet and
G.V. Garaffo were supported by a Ph.D Fellowship from Consejo
Nacional de Investigaciones Científicas y Técnicas (CONICET) of
Argentina. This work would not have been possible without the
assistance of Dr. Eduardo A. Vallarino and Miss María Silvia Rivero.

References

Bailey-Brock, J.H., 2000. A new record of the polychaete Boccardia proboscidea
(Family Spionidae), imported to Hawaii with oysters. Pac. Sci. 54, 27–30.

Bellan, G., 1980. Annèlides Polychètes de substrat solides de troi millieux pollues
sur les cotes de Provence (France): Cortiou, Golfe de fos, Vieux Port de Marseille.
Tèthys 9, 267–278.

Bellan, G., 1984. Indicateurs et indices biologiques dans le domaine marine. Bull.
Ecol. 15, 13–20.

http://refhub.elsevier.com/S0025-326X(13)00339-1/h0005
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0005
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0010
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0010
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0010
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0015
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0015


M.A. Sánchez et al. / Marine Pollution Bulletin 74 (2013) 325–333 333
Blake, J.A., Kudenov, J.D., 1978. The Spionidae (Polychaeta) from southeastern
Australia and adjacent areas with a revision of the genera. Memoir. Nat. Muse.
Vict. 39, 171–280.

Borthagaray, A.I., Carranza, A., 2007. Mussels as ecosystem engineers: their
contribution to species richness in a rocky littoral community. Acta Oecol. 31,
243–250.

Bouvet, Y., Desse, R.P., Morell, P., Villar, M.C., 2005. Mar del Plata (Argentina): la
ciudad balnearia de los porteños en el Atlántico suroccidental. Investigaciones
Geográficas 36, 61–80.

Carroll, M.L., Cochrane, S., Fieler, R., Velvin, R., White, P., 2003. Organic enrichment
of sediments from salmon farming in Norway: environmental factors,
management practices, and monitoring techniques. Aquaculture 226, 165–180.

Cognetti, G., Maltagliati, F., 2000. Biodiversity and adaptive mechanisms in
brackish-water fauna. Mar. Pollut. Bull. 40, 7–14.

Dean, H.K., 2008. The use of polychaetes (Annelida) as indicator species of marine
pollution: a review. Revista de Biol. Trop. 56, 11–38.

Dorsey, J.H., 1982. Intertidal community offshore from the Werribee sewage-
treatment farm: an opportunistic infaunal assemblage. Austr. J. Mar. Freshwat.
Res. 33, 45–54.

Dorsey, J.H., Green, K.D., Rowe, R.C., 1983. Effects of sewage disposal on the
polychaetous Annelids at San Clemente Island, California. In: Soule, D.F., Walsh,
D. (Eds.), Waste Disposal in the Oceans: Minimizing Impact, Maximizing
Benefits, 13. Southern California Academy of Sciences. Wesrview Press, Boulder,
CO, pp. 209–233.

Elías, R., Rivero, M.S., Vallarino, E.A., 2003. Sewage impact on the composition and
distribution to intertidal mussel beds of the Mar del Plata rocky shore,
Argentina. Iheringia, Série Zoologia 93, 309–318.

Elías, R., Rivero, M.S., Palacios, J.R., Vallarino, E.A., 2006. Sewage-induced
disturbance on Polychaetes inhabiting intertidal mussel beds of Brachidontes
rodriguezii off Mar del Plata Southwestern Atlantic, Argentina. In: Sarda, R., San
Martin, G., Lopez D. Martin, E., George, D., (Eds.), Scientific advances on
Polychaete research, Scientia Marina vol. 70, pp. 187–196.

Elías, R., Rivero, M.S., 2008. Two new species of Caulleriella (Polychaeta:
Cirratulidae) from Argentina. Iheringia, Série Zoologia 98, 225–230.

Elías, R., Sánchez, M.A., Jaubet, M.L., Rivero, M.S., Vallarino, E.A., 2009. Do treatment
sewage plants really work? The intertidal mussels’ community of the
southwestern Atlantic shore (38�S, 57�W) as a case study. Revista Biol. Mar. y
Oceanogr. 44, 357–368.

Escofet, A., 1983. Community ecology of a sandy beach from Patagonia (Argentina,
South America). Thesis. University of Washington, Seattle, EEUU, pp. 122.

Fauchald, K., Jumars, P.A., 1979. The diet of worms: a study of polychaetes feeding
guilds. Oceanogr. Mar. Biol.: Ann. Rev. 17, 193–284.

Garaffo, G.V., Jaubet, M.L., Sánchez, M.A., Rivero, M.S., Vallarino, E.A., Elías, R., 2012.
Sewage-induced polychaetes reefs in a SW Atlantic Shore: rapid response to
small scale disturbance. Mar. Ecol. Evol. Persp. 33, 272–279.

Giangrande, A., 1988. Polychaete zonation and its relation to algal distribution
down a vertical cliff in the western Mediterranean (Italy): a structural analysis.
J. Exp. Mar. Biol. Ecol. 120, 263–276.

Giangrande, A., Delos, A.L., Musco, L., Licciano, M., Pierri, C., 2004. Polychaete
assemblages of rocky shore along the South Adriatic coast (Mediterranean Sea).
Cahiers Biol. Mar. 45, 85–95.

Giangrande, A., Licciano, M., Musco, L., 2005. Polychaetes as environmental
indicators revisited. Mar. Pollut. Bull. 50, 1153–1162.

Grall, J., Glemarec, M., 1997. Using Biotic Indices to Estimate Macrobenthic
Community Perturbations in the Bay of Brest. Estuar., Coast. Shelf Sci. 44
(Supplement A), 43–53.

Grassle, J.F., Grassle, J.P., 1977. Temporal adaptations in sibling species of Capitella.
In: Coul, B.C. (Ed.), Ecology of Marine Benthos. University of South California
Press, Columbia, pp. 177–189.

Hartman, O., 1940. Boccardia proboscidea, a new species of spionid worm from
California. J. Washington Acad. Sci. 30, 382–387.

Hewitt, C.L., Campbell, M.L., Thresher, R.E., Martin, R.B., Boyd, S., Cohen, B.F., Currie,
D.R., Gomon, M.F., Keough, M.J., Lewis, J.A., Lockett, M.M., Mays, N., McArthur,
M.A., O’Hara, T.D., Poore, G.C.B., Ross, D.J., Storey, M.J., Watson, J.E., Wilson, R.S.,
2004. Introduced and cryptogenic species in Port Phillip Bay, Victoria, Australia.
Mar. Biol. 144, 183–202.

Jaubet, M.L., Sánchez, M.A., Rivero, M.S., Garaffo, G.V., Vallarino, E.A., Elías, R., 2011.
Intertidal biogenic reefs build by invasive polychaete in sewage-impacted areas
of Argentina, SW Atlantic. Mar. Ecol. Evol. Persp. 32, 188–197.

Kröncke, I., 1995. Long-term changes in North Sea benthos. Senckenb. Marit 26, 73–
80.

Kröncke, I., Dippner, J.W., Heyen, H., Zeiss, B., 1998. Long-term changes in
macrofaunal communities off Norderney (East Frisia, Germany) in relation to
climate variability. Mar. Ecol. Prog. Ser. 167, 25–36.

Kröncke, I., Zeiss, B., Rensing, C., 2001. Long-term variability in macrofauna species
composition off the island of Norderney (East-Frisia, Germany) in relation to
changes in climatic and environmental conditions. Senckenb. Marit. 31,
65–82.
Musco, L., Cavallo, A., Giangrande, A., 2004. I sillidi (Annelida, Polychaeta) dell
litorale brindisino: possibilityá di un loro impiego come indicatori di qualitá
dell ambiente. Thalassia Salentina 27, 161–174.

Olivier, S.R., Escofet, A., Orensanz, J.M., Pezzani, S.E., Turro, A.M., Turro, M.E., 1966.
Contribución al conocimiento de las comunidades bénticas de Mar del Plata. I:
El litoral rocoso entre playa Grande y playa Chica. Anales Comisión de
Investigaciones Científicas de la Provincia de Buenos Aires 7, 185–206.

Orensanz, J.M., Estivariz, M.C., 1971. Los anélidos poliquetos de aguas salobres de la
Provincia de Buenos Aires. Revista Museo de La Plata, sección Zoología 11, 95–
114.

Pearson, T.H., Rosenberg, R., 1978. Macrobenthic succession in relation to organic
enrichment and pollution of the marine environment. Oceanogr. Mar. Biol.:
Ann. Rev. 16, 229–311.

Pocklington, P., Wells, P.G., 1992. Polychaetes. Key taxa for marine environmental
quality monitoring. Mar. Pollut. Bull. 24, 593–598.

Read, G.B., 2004. Guide to New Zealand shell polychaetes. <http://
biocollections.org/pub/worms/nz/Polychaeta/ShellsPoly/
NZShellsPolychaeta.htm>. (accessed 06.11.08).

Reish, D.J., 1957. The relationship of the polychaetous annelid Capitella capitata
(Fabricius) to waste discharges of biological origin. In: Tarzwell, C.M. (Ed.),
Public Health Service Biological Problems in Water Pollution, United States, pp.
195–200.

Reiss, H., Kröncke, I., 2005. Seasonal variability of benthic indices: an approach to
test the applicability of different indices for ecosystem quality assessment. Mar.
Pollut. Bull. 50, 1490–1499.

Rivero, M.S., Vallarino, E.A., Elías, R., 2005. First survey in the Mar del Plata Harbor
(Argentina, 38�020S, 57�300W), and the use of Polychaetes as potential
indicators of pollution. Revista de Biol. Mar. Oceanogr. 40, 101–108.

Ros, J.D., Cardell, M.J., Alva, V., Palacin, C., Llobet, I., 1990. Comunidades sobre fondos
blandos afectados por un aporte masivo de lodos y aguas residuales (litoral
frente a Barcelona, Mediterráneo Occidental): resultados preliminares. Benthos
6, 407–423.

Ryggs, B., 1985. The distribution of species along pollution induced diversity
gradients in benthic communities in Norwegian Fjords. Mar. Pollut. Bull. 16,
469–474.

Sato-Okoshi, W., 2000. Polydorid species (Polychaeta: Spionidae) in Japan, with
descriptions of morphology, ecology and burrow structure. 2. Non-boring
species. J. Mar. Biol. Assoc. UK 80, 443–456.

Sato-Okoshi, W., Okoshi, K., Shaw, J., 2008. Polydorid species (Polychaeta:
Spionidae) in south-western Australian waters with special reference to
Polydora uncinata and Boccardia knoxi. J. Mar. Biol. Assoc. UK 88, 491–502.

Scagliola, M., Furchi, P., von Haeften, G., Comino, A.P., Moschione, E., Gonzalez, R.,
Gayoso, G., Caldararo, A., Cerdá, G., Vergara, S., Genga, G., Elías, R., Vallarino, E.A.,
2006. Sewage outfall project of Mar del Plata city (Argentina): An effective
intervention to achive quality objetives on the marine environment. In: 4th
International Conference on Marine Waste Water Disposal and Marine
Environment. Marine Waste Water Disposal, Antalya, Turkey.

Scagliola, M., Comino, A.P., von Haeften, G., Gonzalez, R., 2011. Integrated Coastal
Management Strategy of Mar del Plata city and the Sewage outfall project.
International Symposium on Outfall Systems, Mar del Plata, Argentina. <http://
www.osmgp.gov.ar/symposium2011/Papers/22_Scagliola.pdf.> (accessed on
21.12.12).

Scelzo, M.A., Elías, R., Vallarino, E.A., Charrier, M., Lucero, N., 1996. Variación
estacional de la estructura comunitaria y de la fauna acompañante del bivalvo
Brachidontes rodriguezi (D’Orb., 1846) desarrollada en sustratos artificiales (Mar
del Plata, Argentina). Nerítica 10, 87–102.

Simon, C.A., Worsfold, T.M., Lange, L., Sterley, J., 2010. The genus Boccardia
(Polychaeta: Spionidae) associated with mollusc shells on the south coast of
South Africa. J. Mar. Biol. Assoc. UK 90, 585–598.

Tsutsumi, H., 1990. Population persistence of Capitella sp. (Polychaeta: Capitellidae)
on a mud flat subject to environmental disturbance by organic enrichment.
Mar. Ecol. Prog. Ser. 63, 147–156.

Underwood, A.J., 1996. Detection, interpretation, prediction and management of
environmental disturbances: some roles for experimental marine ecology. J.
Exp. Mar. Biol. Ecol. 200, 1–27.

Vallarino, E.A., 2002. La comunidad bentónica intermareal de Brachidontes
rodriguezii (D́Orb.) y su relación con el efluente cloacal de la ciudad de Mar
del Plata (38�S). Universidad Nacional de Mar del Plata, Tesis Doctoral, pp. 188.

Vallarino, E.A., Elías, R., 2006. High-diverse lowly variable sewage-impacted
community, low-diverse highly variable natural community: The paradox of
the intertidal mussel beds of temperates areas of the SW Atlantic (38�S, 57�W).
Curr. Trends Ecol. 1, 77–91.

Vallarino, E.A., Rivero, M.S., Gravina, M.C., Elías, R., 2002. The community-level
response to sewage impact in intertidal mytilid beds of the Southwestern
Atlantic, and the use of the Shannon index to assess pollution. Revista de Biol.
Mar. Oceanogr. 37, 25–33.

Walkley, A., Black, C.A., 1965. Organic carbon. In: Black, C.A. (Ed.), Method of Soils
Analysis. American Society of Agronomy, Madison, pp. 1372–1375.

http://refhub.elsevier.com/S0025-326X(13)00339-1/h0020
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0020
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0020
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0025
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0025
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0025
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0030
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0030
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0030
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0035
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0035
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0035
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0040
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0040
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0045
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0045
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0050
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0050
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0050
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0055
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0055
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0055
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0055
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0055
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0060
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0060
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0060
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0065
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0065
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0070
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0070
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0070
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0070
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0075
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0075
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0080
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0080
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0085
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0085
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0085
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0090
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0090
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0090
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0095
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0095
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0095
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0100
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0100
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0105
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0105
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0105
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0110
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0110
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0110
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0115
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0115
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0120
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0120
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0120
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0120
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0120
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0125
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0125
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0125
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0130
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0130
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0135
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0135
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0135
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0140
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0140
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0140
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0140
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0145
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0145
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0145
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0150
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0150
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0150
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0150
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0155
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0155
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0155
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0160
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0160
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0160
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0165
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0165
http://biocollections.org/pub/worms/nz/Polychaeta/ShellsPoly/NZShellsPolychaeta.htm
http://biocollections.org/pub/worms/nz/Polychaeta/ShellsPoly/NZShellsPolychaeta.htm
http://biocollections.org/pub/worms/nz/Polychaeta/ShellsPoly/NZShellsPolychaeta.htm
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0170
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0170
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0170
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0175
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0175
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0175
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0175
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0175
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0180
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0180
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0180
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0180
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0185
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0185
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0185
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0190
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0190
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0190
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0195
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0195
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0195
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0200
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0200
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0200
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0200
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0205
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0205
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0205
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0210
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0210
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0210
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0215
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0215
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0215
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0220
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0220
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0220
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0225
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0225
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0225
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0225
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0230
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0230
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0230
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0230
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0235
http://refhub.elsevier.com/S0025-326X(13)00339-1/h0235

	Spatial and long-term analyses of reference and sewage-impacted sites in the SW Atlantic (38°S, 57°W) for the assessment of sensitive and tolerant polychaetes
	1 Introduction
	2 Materials and methods
	2.1 Sample collection
	2.2 Data analysis

	3 Results
	3.1 Spatial analysis
	3.2 Long-term trends
	3.3 Quantitative spatial and temporal trends
	3.4 Environmental variables

	4 Discussion
	4.1 Classification of polychaetes in ecological groups

	5 Conclusions
	Acknowledgments
	References


