
See	discussions,	stats,	and	author	profiles	for	this	publication	at:	https://www.researchgate.net/publication/311704119

Assessing	environmental	health	using
ecological	indices	for	soft	bottom	in	sewage-
affected	rocky	shores:	The	case	of	the...

Article		in		Marine	Pollution	Bulletin	·	December	2016

DOI:	10.1016/j.marpolbul.2016.12.017

CITATIONS

0

READS

48

4	authors:

Some	of	the	authors	of	this	publication	are	also	working	on	these	related	projects:

The	effect	of	the	submarine	effluent	of	Mar	del	Plata	city	(38	LS)	on	sediment,	contaminats	and

macrobenthic	community	View	project

Griselda	Garaffo

Universidad	Nacional	de	Mar	del	Plata

23	PUBLICATIONS			234	CITATIONS			

SEE	PROFILE

Maria	Lourdes	Jaubet

Universidad	Nacional	de	Mar	del	Plata

12	PUBLICATIONS			76	CITATIONS			

SEE	PROFILE

Maria	Eugenia	Becherucci

Universidad	Nacional	de	Mar	del	Plata

10	PUBLICATIONS			23	CITATIONS			

SEE	PROFILE

Rodolfo	Elias

Instituto	de	Investigaciones	Marinas	y	Costeras

69	PUBLICATIONS			843	CITATIONS			

SEE	PROFILE

All	content	following	this	page	was	uploaded	by	Griselda	Garaffo	on	09	March	2017.

The	user	has	requested	enhancement	of	the	downloaded	file.	All	in-text	references	underlined	in	blue	are	added	to	the	original	document
and	are	linked	to	publications	on	ResearchGate,	letting	you	access	and	read	them	immediately.

https://www.researchgate.net/publication/311704119_Assessing_environmental_health_using_ecological_indices_for_soft_bottom_in_sewage-affected_rocky_shores_The_case_of_the_largest_seaside_resort_of_SW_Atlantic?enrichId=rgreq-bf47631efc3e9e30a8d5fd255926c04c-XXX&enrichSource=Y292ZXJQYWdlOzMxMTcwNDExOTtBUzo0NzAwNjUxNzE3MDE3NjFAMTQ4OTA4MzY3ODgzOQ%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/project/The-effect-of-the-submarine-effluent-of-Mar-del-Plata-city-38-LS-on-sediment-contaminats-and-macrobenthic-community?enrichId=rgreq-bf47631efc3e9e30a8d5fd255926c04c-XXX&enrichSource=Y292ZXJQYWdlOzMxMTcwNDExOTtBUzo0NzAwNjUxNzE3MDE3NjFAMTQ4OTA4MzY3ODgzOQ%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-bf47631efc3e9e30a8d5fd255926c04c-XXX&enrichSource=Y292ZXJQYWdlOzMxMTcwNDExOTtBUzo0NzAwNjUxNzE3MDE3NjFAMTQ4OTA4MzY3ODgzOQ%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Griselda_Garaffo?enrichId=rgreq-bf47631efc3e9e30a8d5fd255926c04c-XXX&enrichSource=Y292ZXJQYWdlOzMxMTcwNDExOTtBUzo0NzAwNjUxNzE3MDE3NjFAMTQ4OTA4MzY3ODgzOQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Griselda_Garaffo?enrichId=rgreq-bf47631efc3e9e30a8d5fd255926c04c-XXX&enrichSource=Y292ZXJQYWdlOzMxMTcwNDExOTtBUzo0NzAwNjUxNzE3MDE3NjFAMTQ4OTA4MzY3ODgzOQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Universidad_Nacional_de_Mar_del_Plata2?enrichId=rgreq-bf47631efc3e9e30a8d5fd255926c04c-XXX&enrichSource=Y292ZXJQYWdlOzMxMTcwNDExOTtBUzo0NzAwNjUxNzE3MDE3NjFAMTQ4OTA4MzY3ODgzOQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Griselda_Garaffo?enrichId=rgreq-bf47631efc3e9e30a8d5fd255926c04c-XXX&enrichSource=Y292ZXJQYWdlOzMxMTcwNDExOTtBUzo0NzAwNjUxNzE3MDE3NjFAMTQ4OTA4MzY3ODgzOQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Maria_Jaubet?enrichId=rgreq-bf47631efc3e9e30a8d5fd255926c04c-XXX&enrichSource=Y292ZXJQYWdlOzMxMTcwNDExOTtBUzo0NzAwNjUxNzE3MDE3NjFAMTQ4OTA4MzY3ODgzOQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Maria_Jaubet?enrichId=rgreq-bf47631efc3e9e30a8d5fd255926c04c-XXX&enrichSource=Y292ZXJQYWdlOzMxMTcwNDExOTtBUzo0NzAwNjUxNzE3MDE3NjFAMTQ4OTA4MzY3ODgzOQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Universidad_Nacional_de_Mar_del_Plata2?enrichId=rgreq-bf47631efc3e9e30a8d5fd255926c04c-XXX&enrichSource=Y292ZXJQYWdlOzMxMTcwNDExOTtBUzo0NzAwNjUxNzE3MDE3NjFAMTQ4OTA4MzY3ODgzOQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Maria_Jaubet?enrichId=rgreq-bf47631efc3e9e30a8d5fd255926c04c-XXX&enrichSource=Y292ZXJQYWdlOzMxMTcwNDExOTtBUzo0NzAwNjUxNzE3MDE3NjFAMTQ4OTA4MzY3ODgzOQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Maria_Becherucci?enrichId=rgreq-bf47631efc3e9e30a8d5fd255926c04c-XXX&enrichSource=Y292ZXJQYWdlOzMxMTcwNDExOTtBUzo0NzAwNjUxNzE3MDE3NjFAMTQ4OTA4MzY3ODgzOQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Maria_Becherucci?enrichId=rgreq-bf47631efc3e9e30a8d5fd255926c04c-XXX&enrichSource=Y292ZXJQYWdlOzMxMTcwNDExOTtBUzo0NzAwNjUxNzE3MDE3NjFAMTQ4OTA4MzY3ODgzOQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Universidad_Nacional_de_Mar_del_Plata2?enrichId=rgreq-bf47631efc3e9e30a8d5fd255926c04c-XXX&enrichSource=Y292ZXJQYWdlOzMxMTcwNDExOTtBUzo0NzAwNjUxNzE3MDE3NjFAMTQ4OTA4MzY3ODgzOQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Maria_Becherucci?enrichId=rgreq-bf47631efc3e9e30a8d5fd255926c04c-XXX&enrichSource=Y292ZXJQYWdlOzMxMTcwNDExOTtBUzo0NzAwNjUxNzE3MDE3NjFAMTQ4OTA4MzY3ODgzOQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Rodolfo_Elias?enrichId=rgreq-bf47631efc3e9e30a8d5fd255926c04c-XXX&enrichSource=Y292ZXJQYWdlOzMxMTcwNDExOTtBUzo0NzAwNjUxNzE3MDE3NjFAMTQ4OTA4MzY3ODgzOQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Rodolfo_Elias?enrichId=rgreq-bf47631efc3e9e30a8d5fd255926c04c-XXX&enrichSource=Y292ZXJQYWdlOzMxMTcwNDExOTtBUzo0NzAwNjUxNzE3MDE3NjFAMTQ4OTA4MzY3ODgzOQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Rodolfo_Elias?enrichId=rgreq-bf47631efc3e9e30a8d5fd255926c04c-XXX&enrichSource=Y292ZXJQYWdlOzMxMTcwNDExOTtBUzo0NzAwNjUxNzE3MDE3NjFAMTQ4OTA4MzY3ODgzOQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Griselda_Garaffo?enrichId=rgreq-bf47631efc3e9e30a8d5fd255926c04c-XXX&enrichSource=Y292ZXJQYWdlOzMxMTcwNDExOTtBUzo0NzAwNjUxNzE3MDE3NjFAMTQ4OTA4MzY3ODgzOQ%3D%3D&el=1_x_10&_esc=publicationCoverPdf


Marine Pollution Bulletin 115 (2017) 233–239

Contents lists available at ScienceDirect

Marine Pollution Bulletin

j ourna l homepage: www.e lsev ie r .com/ locate /marpo lbu l
Assessing environmental health using ecological indices for soft bottom
in sewage-affected rocky shores: The case of the largest seaside resort of
SW Atlantic
GV Garaffo ⁎, ML Jaubet, ME Becherucci, R Elías
a Instituto de InvestigacionesMarinas y Costeras (IIMyC), Departamento de CienciasMarinas, Facultad de Ciencias Exactas y Naturales, Universidad Nacional deMar del Plata, Deán Funes 3350, B
7602 AYL Mar del Plata, Argentina
b Consejo Nacional de Investigaciones Científicas y Técnicas (CONICET), Av. Rivadavia 1917, C1033AAJ Buenos Aires, Argentina
⁎ Corresponding author at: Instituto de Investigacion
Departamento de Ciencias Marinas, Facultad de C
Universidad Nacional de Mar del Plata, Deán Funes 33
Argentina.

E-mail addresses: garaffo@mdp.edu.ar, griseldagaraffo

http://dx.doi.org/10.1016/j.marpolbul.2016.12.017
0025-326X/© 2016 Elsevier Ltd. All rights reserved.
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 31 October 2016
Received in revised form 23 November 2016
Accepted 6 December 2016
Available online 12 December 2016
Efficient ecological indices can reflect the differences between impacted and nonimpacted sites, leading to signif-
icant variations at the contamination spatial scale. Here,we evaluated the spatial-temporal variability of 3 ecolog-
ical indices (AMBI, M-AMBI, and BENTIX) in response to the distinct levels of sewage contamination. The indices
were evaluated in two different ways: including Brachidontes rodriguezii (IBR) and excluding B. rodriguezii (EBR).
The fact that mussel beds create a secondary infaunal habitat allows us to test these indices for soft bottoms in
areas with rocky bottoms. The effectiveness and the level of agreement of these indices were increased when
they were calculated with EBR. BENTIX andM-AMBI produced under- and overestimations of the ecological sta-
tus of the studied sites. AMBI (EBR) seems to be better suited for environmental quality assessment in the study
area. This index reduces the processing time of samples; thus, the AMBI (EBR) index could be used as a robust
management tool for monitoring programs in areas with hard substrate.

© 2016 Elsevier Ltd. All rights reserved.
Keywords:
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1. Introduction

Contaminants are widespread in oceans worldwide. The human
contribution to ocean contamination is incessant and global; this contri-
bution includes urban and industrial waste, fishing, shipping, dredging,
uncontrolled touristic activities, introduction of alien species, and cli-
mate change. In particular, coastal areas are the most dynamic but
also the most populated areas of the world (Halpern et al., 2007). The
need for reliable and accurate indicators of environmental health must
therefore be in the agenda of every country with seacoasts. Ecological
indices are very useful tools in decision-making processes because
they describe the aggregate pressures affecting the ecosystem and can
evaluate both the state of the ecosystem and the response of managers
(Pintos et al., 2009).

Most of these indices are based on benthic organisms or on their as-
semblages (Warwick, 1993; Niemi and Mc Donalds, 2004; Simboura et
al., 2005; Quintino et al., 2006; Salas et al., 2006; Devlin et al., 2007;
Borja et al., 2008; Dauvin et al., 2010). Benthic communities integrate
environmental conditions and changes occurred through time in a
very effective manner, allowing therefore accounting for the types of
es Marinas y Costeras (IIMyC),
iencias Exactas y Naturales,
50, B 7602 AYL Mar del Plata,

@hotmail.com (G.V. Garaffo).
disturbances that occur more often in coastal areas (i.e., organic enrich-
ment, physical disturbance, or toxic pollution (Salas et al., 2006). The re-
sponse of macrobenthic communities to several types of stress is well
studied, based on multivariate analyses that consider variations in spe-
cies diversity and their relative abundance between perturbed and con-
trol sites (Pearson and Rosenberg, 1978; Warwick and Clarke, 1993;
Gray et al., 2002; Orfanidis et al., 2003; Ballesteros et al., 2007).

The efficiency of biotic indices or any inferences on their suitability
requires some degree of congruence with criteria for degraded and
undegraded sites based on non-biological measures such as chemical
proxies of contamination (Benyi et al., 2009). There are a fewworks car-
ried out in Latin-American environments; the studies of Muniz et al.
(2005, 2011, 2012) were precursors, and similar studies were subse-
quently conducted for other environments (Omena et al., 2012;
Albano et al., 2013; Quiroga et al., 2013; Brauko et al., 2015, 2016).

Mar del Plata city is situated at the Southwest Atlantic coast of Ar-
gentina (38° 00′S; 57° 32′W) (Fig. 1). The shoreline is characterized
by many sandy open beaches alternating with abrasion platforms of
consolidated loess, forming cemented sandstones (Amor et al., 1991).
The coastline is influenced by a littoral current, predominantly flowing
from South, and undergoes severe windstorms (from the SSE sector)
mainly during autumn and winter. Tides have a semidiurnal regime,
with a tidal amplitude range around 0.8m and 1.6mduring exceptional
tides. Sea surface temperature ranges between 9.3 °C in winter and
20 °C in summer (Guerrero andPiola, 1997),while seawater pH remains
between 7 and 8.5 (Isla et al., 1998).
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Fig. 1.Distribution of the sampling sites (I1, I2, R1, and R2) and intertidal sewage outfall location in the study area. Site I1was located at 200m to the south of the outfall, site I2 at 1000m
south, R1 at 9000 m north, and R2 8000 m to the north of the outfall.
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Mar del Plata (ca. 600.000 inhabitants) is the largest seaside resort
for sun and beach tourism in Argentina, receiving visits by N3 million
people during summer (Bouvet et al., 2005). The city had theworst sce-
nario for both their environmental status and health of people, because
raw sewage was directly discharged to intertidal, with a mean volume
of 2.8 m3·s−1 (up to 3.5 m3·s−1 in summer) (Scagliola et al., 2006).
This situation produced 15 km of beaches unfit for bathing people be-
cause there was a risk for human health (Comino et al., 2010).

The epilithic intertidal community in natural habitats is dominated
by mussel beds of the ecosystem engineer Brachidontes rodriguezii,
forming a secondary infaunal habitat for several invertebrate fauna.
The response of rocky intertidal benthic community to sewage dis-
charges has been evaluated since 1997 (Elias et al., 2015), but no at-
tempt to assess the ecological quality has yet been made. While the
assessment of ecological status plays an important role in the manage-
ment of coastal zones; only a small number of ecological indices are ap-
plicable to rocky bottoms (Mangialajo et al., 2007; Juanes et al., 2008;
Borja et al., 2012; Díez et al., 2012; Guinda et al., 2014). These indices
are very specific for areas where they were developed. An ecologically
parsimonious approach dictates that investigators should place greater
emphasis on evaluating the suitability of indices that already exist
prior to developing new ones (Diaz et al., 2004). Therefore, in this con-
tribution, we apply the most common and widespread indices devel-
oped for soft-bottom environments to assess environmental health in
response to distinct levels of sewage contamination. The fact that mus-
sel beds create a secondary infaunal habitat allows us to test these indi-
ces for soft bottoms in areas with rocky bottoms.

The aim of this study was to evaluate the spatial and temporal vari-
ability of the indices in response to the distinct levels of sewage
contamination at different sites on intertidal abrasion platforms of
Mar del Plata, Argentina. We tested 3 ecological indices, namely AMBI,
M-AMBI, and BENTIX. The indices were evaluated in two different
ways: (a) including B. rodriguezii (IBR) and (b) excluding B. rodriguezii
(EBR).We hypothesized that the indices should preferably: (a) be high-
ly correlatedwith the indicators of contamination; (b) vary significantly
among impacted and nonimpacted sites; (c) provide values for poorer
environmental conditions during the second year of the study due to
higher levels of organic contamination; (d) present a high percentage
of similarity among responses; and (e) show increased effectiveness
when they are calculatedwithout the ecosystem engineer, B. rodriguezii,
because the abundance of this species at all sites (impacted and refer-
ence) reduced the differences between the indices values.
2. Materials and methods

2.1. Study area

The coast of Buenos Aires Province is dominated by sandy beaches;
however, aroundMar del Plata city, there are quartzite outcrops and al-
most horizontal intertidal abrasion platforms (geological formation of
consolidated loess, limestone, stony rocks, or caliche). The sewage out-
fall of Mar del Plata city is located 9 km towards the north of the city
center (N°11 route, km 507). This intertidal urban effluent discharged
241,920 m3 of untreated sewage daily during the winter (flow average
rate of 2.8m3 s−1) and 302,400m3 daily during the summer (average of
3.5 m3 s−1) into the coastal waters (Scagliola et al., 2006), when be-
tween 2 and 3 million people visit the city (Bouvet et al., 2005).
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Table 1
Calculated indices and their ecological status threshold values.

Ecological status

High Good Moderate Poor Bad

AMBI 0–1,2 1,2–3,3 3,3–4,3 4,3–5,5 5,5–7
M-AMBI N0,82 0,82–0,62 0,61–0,41 0,40–0,20 b0,20
BENTIX 6,0–4,5 4,5–3,5 3,5–2,5 2,5–2,0 0–2
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2.2. Sampling design and field and lab routines

The study was carried out from February 2008 to November 2009 at
four sampling sites on intertidal abrasion platforms: Site 1 (R1), 9000m
to the north of the outfall; Site 2 (R2), 8000 m to the north; Site 3 (I1),
200 m south of the outfall; and Site 4 (I2), 1000 m to the south (Fig.
1). Sites 3 and 4 are considered impacted by sewage inputs and sites 1
and 2 are considered as reference locations (Elías et al., 2009; Jaubet
et al., 2011, 2013; Sánchez et al., 2013; Garaffo et al., in press). Sampling
(surveys) was conducted seasonally at each site. In each site, we select-
ed three stations 50 m apart from each other at the high intertidal. In
each station, 4 sampling units were randomly collected from indepen-
dent rocks by using a 10 cm-diameter corer (78 cm2), whichwas buried
into the community matrix up to the basal rocky bottom. The samples
were preserved in 7% neutralized formalin solution. In the laboratory,
each sample was sieved through a 0.5-mm mesh and the retained or-
ganisms were identified, counted, and preserved in a 70% ethanol
solution.

Selected environmental variables (turbidity and temperature of the
seawater) were measured in situ with a U10 Horiba equipment. The
percentage of the total organic matter (TOM) in sediments was deter-
mined by the calcination method (Byers et al., 1978).
2.3. Biotic indices and data analysis

To assess the ecological status of the impacted and reference sites,
three biotic indices were used: AMBI, M-AMBI, and BENTIX (Table 1).
AMBI and M-AMBI values were calculated using the software available
at AZTI's webpage (http://ambi.azti.es). The AMBI index is based on
the percentage of abundance of five ecological groups according to
their sensitivity to organic pollution, already listed in the software
(Borja et al., 2000, 2003). According to the species list included in the
software package AMBI, most of the species present at Mar del Plata
were assigned to a group. However, the assignment of some local spe-
cies was based on local studies (Sánchez et al., 2013; Sánchez, 2014).
Fig. 2.Mean value (±SE) of AMBI at each site along time: a) including Brachidontes rodriguezii (
each index.
After assignment, the mussel B. rodriguezii was in GIII, the nemertean
Lineus bonaerensis in GIII, the polychaete Protocirrineris angelicolliatio
in GIII, and the amphipods Caprella dilatata in GII andHyale grandicornis
were in GI.

The M-AMBI index was calculated by the factorial analysis of AMBI,
richness (as number of taxa), and Shannon–Wiener diversity values
(Borja et al., 2004; Bald et al., 2005; Muxika et al., 2007).

The BENTIX is based on the same proposal as AMBI, but the taxa are
categorized in three ecological groups (Simboura and Zenetos, 2002).
We adapted the classification of AMBI as following (Blanchet et al.,
2007): group I of AMBI is group I of BENTIX; groups II and III of AMBI
correspond to II of BENTIX, and groups IV and V of AMBI are group III
of BENTIX.

The indices values were calculated for each replicate, and their eco-
logical status was therefore attributed as high, good, moderate, poor,
and bad (Table 1). In addition, the indices were evaluated in two differ-
ent ways: (a) including B. rodriguezii (IBR) and (b) excluding B.
rodriguezii (EBR).

The spatial and temporal variability for each index was evaluated
using the ANOVA model. The design incorporated two spatial scales
(sites and stations) and one temporal scale (time). The factors of the
mixed linear model were as follows: time (fixed) with eight levels,
sites (fixed) with four levels, and stations (random) with three levels,
nested in sites, with four replicates each. The analysis was not per-
formed for the BENTIX index since the assumptions were not achieved.
Principal component analysis (PCA) was carried out to explore the rela-
tionships among the biotic indices, the TOM, turbidity, and temperature.

The degree of similarity was also calculated for each possible combi-
nation of indices, as the percentage of replicates having the same eco-
logical status. It was evaluated in two different ways: (a) for each
possible combination of indices including B. rodriguezii (IBR) and (b)
for each possible combination of indices excluding B. rodriguezii (EBR).
Indices with a correlated response should have a high degree of
similarity.

3. Results

The general patterns of environmental quality shown by mean
values of indices tested indicated distinct ecological status according
to the sites. The three indices (according to both IBR andEBRways) clas-
sified the impacted sites (I1 and I2) as poor and moderate classes. The
reference sites (R1 and R2)were classified fromgood to poor depending
on the index tested. The overall environmental quality wasworse in the
second year (2009) (Figs. 2 and 3). The interactions times × sites and
times × stations (sites) had a significant effect on the AMBI (IBR),
IBR) and b) excluding B. rodriguezii (EBR). Lines indicate the ecological status as defined by
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Fig. 3.Mean value (±SE) of M-AMBI at each site along time: a) including Brachidontes rodriguezii (IBR) and b) excluding B. rodriguezii (EBR). Lines indicate the ecological status as defined
by each index.
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AMBI (EBR), M-AMBI (IBR), and M-AMBI (EBR). The station (sites) did
not have a significant effect on the evaluated indices, thus indicating
no variability in this spatial scale (Table 2).

On the basis of the AMBI (IBR), reference sites were classified as
good (very close to the limit of moderate status), and the index values
showed low variability over time. Impacted sites were classified as
moderate and from August 2009 as poor, showing an increase in the
index values over time indicating a deterioration of environmental con-
ditions (Fig. 2a)). When B. rodriguezii was excluded in calculating the
index (AMBI (EBR)), the values in the reference sites showed an in-
crease over time. From August 2009, these sites were classified as mod-
erate. The same trend was observed in the impacted sites. During the
last months of the study, these sites were classified as poor (Fig. 2b)).
As expected, opportunistic and sensitive species dominated the impact-
ed and reference sites, respectively (Table 3).

M-AMBI (IBR) detected a higher environmental quality status with
the highest proportion of good assignments (moderate – high). Until
January 2009, the indices values were higher at the impacted sites
than at the reference sites, indicating better environmental quality in
the former. From August 2009, the impacted sites were classified as
poor and the reference sites as good (Fig. 3a)). When B. rodriguezii
was excluded in calculating the index (M-AMBI (EBR)), the I2 site was
classified as moderate until January 2009 and then as poor. On the
other hand, the reference sites showed better environmental conditions
based on this index (moderate and good status) (Fig. 3b)).

The BENTIX (IBR) and BENTIX (EBR) indices did not exhibit variabil-
ity over time in any of the sites. The BENTIX (IBR) assigned a worse and
lower range of quality classifications, and all the studied stations were
classified as poor (index b 2.5). The BENTIX (EBR) showed a similar pat-
tern for impacted sites. However, reference sites were classified from
moderate to poor.
Table 2
ANOVA results for (a) AMBI (IBR and EBR) and (b) M-AMBI (IBR and EBR). Freedom de-
grees, mean square (MS), statistical value (F), and p value (p) are presented. Significant
differences are shown in bold (p b 0.01).

a) DF AMBI (IBR) AMBI (EBR)

MS F p MS F p

Sites 3 24.141 195.09 b0.001 69.231 52,979 b0.001
Station (sites) 8 0.124 0.92 0.5044 1.307 2,320 0,0316
Times 7 3.142 23.45 b0.001 6.726 11,944 b0.001
Times × sites 21 0.782 5.84 b0.001 1.239 2,200 0,0099
Times × stations
(sites)

56 0.134 3.14 b0.001 0.563 1,052 0,3856

Residual 288 0.043 0.536
b) DF M-AMBI (IBR) M-AMBI (EBR)

MS F p MS F p

Sites 3 0,450 18,057 b0.001 1,482 68,872 b0.001
Station (sites) 8 0,025 0,935 0,4957 0,022 0,661 0,7234
Times 7 0,271 10,159 b0.001 0,157 4,814 b0.001
Times × sites 21 0,344 12,923 b0.001 0,123 3,776 b0.001
Times × stations (sites) 56 0,027 2,368 b0.001 0,033 2,011 b0.001
Residual 288 0,011 0,016
The PCA considering the biotic indices and the environmental vari-
ables showed eigenvalues of 5.775 and 1.625 for axes 1 and 2, respec-
tively (Fig. 4). The cumulative percentage of variance explained by the
first two axes accounted for 82.2% (64.17% and 18.06% for the first and
second axis respectively). AMBI (IBR), AMBI (EBR), BENTIX (EBR), tem-
perature, TOM, and turbidity were the most important variables con-
tributing to the formation of the first principal axis. According to axis I,
the impacted sites showed the highest values of TOM, temperature, tur-
bidity, and AMBI (IBR and EBR) index, thus indicating a higher degree of
organic pollution than at the remaining sites.

The degree of similarity between the evaluated indices including B.
rodriguezii was low: only 9.4% of the samples were assigned to the
same group by different indices. When B. rodriguezii was excluded in
calculating the indices, this degree of similarity increased to 25.8%.
The highest agreement was between AMBI (EBR) and M-AMBI
(EBR) (53.4%), followed by AMBI (EBR) and BENTIX (EBR) (42.2%)
(Table 4(a) and (b)).

4. Discussion

The present study is the first to calculate and evaluate ecological in-
dices for soft-bottom environment (AMBI, M-AMBI, and BENTIX) in
sewage-affected rocky shores of the SW Atlantic. Efficient ecological in-
dices can reflect the differences between impacted and nonimpacted
sites, consequently leading to significant variations at the spatial scale
of contamination. The effectiveness of these indices and the level of
agreement in determining ecological status were increased when they
were calculated by excluding the ecosystem engineer B. rodriguezii.
AMBI seems to be better suited for environmental quality assessment
in the study area. Therefore, this index can be used to assess environ-
mental quality in rocky shores, and it can be calculated by considering
only the organisms present in the secondary infaunal habitat created
by mussel beds. This facilitates and reduces the processing time of bio-
logical samples; thus, the AMBI (EBR) could beused as a robustmanage-
ment tool for future monitoring programs in the study area.

The responses of biotic indices to disturbance need to be minimally
congruent with indicators of contamination (Benyi et al., 2009). The
percentage of the total organic matter and the environmental variables
Table 3
Dominant species in impacted and reference sites. The respective ecological group accord-
ing to AMBI/M-AMBI (EGI, EGII, EGIII, EGIV, and EGV) and BENTIX (EGI, EGII, and EGIII)
classifications are also shown.

Sites Species Ecological group
AMBI, M-AMBI

Ecological group
BENTIX

Reference sites
(R1 and R2)

Brachidontes rodriguezii III II
Syllis gracilis II II
Syllis prolixa III II
Siphonaria lessoni I I

Impacted sites
(I1 and I2)

Boccardia proboscidea IV III
Monocorophium insidiosum III II
Capitella capitata V III
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Fig. 4. PCA ordination diagram of the sampling sites. Axis I correlated positively with BENTIX (EBR) and negatively with AMBI (IBR), AMBI (EBR), temperature, TOM, and turbidity.
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of turbidity and seawater temperature may be considered as proxies of
sewage input. Previous studies showed significantly higher values of
these proxies on the contaminated sites rather than on
noncontaminated sites (Elías et al., 2009; Jaubet et al., 2011, 2013;
Sánchez et al., 2013; Garaffo et al., in press). In the present study, only
AMBI (IBR), AMBI (EBR), and BENTIX (EBR) were congruent with the
contamination proxies. The incorporation of newproxies could be inter-
esting for a better understanding of key ecological processes. Faecal ste-
rols such as coprostanol have often been used as stable and source-
specific molecular tracers for sewage discharges along coastal areas
(Readman et al., 2005; Martins et al., 2012; Albano et al., 2013; Brauko
et al., 2016). Therefore, the incorporation of this variable may have po-
tential for future studies.

The indices applied in this study were used in various parts of the
world such as the United States (Borja and Tunberg, 2011); Portugal
(Sampaio et al., 2011); Spain (Borja et al., 2006); Britain (Dauvin and
Ruellet, 2007); and Greece (Simboura et al., 2007). In South America,
benthic indices have been applied, validated, and compared in coastal
habitats subjected to multiple stressors such as urban effluents and oil
spills (Muniz et al., 2005, 2011, 2012; Omena et al., 2012; Albano et
al., 2013; Brauko et al., 2015, 2016). In most of these works, similar re-
sults to those of the present study were found with respect to AMBI.

BENTIX and M-AMBI produced under and overestimations of the
ecological status of the studied sites. BENTIX (IBR and EBR) showed a
Table 4
Degree of similarity between the evaluated indices: (a) for each possible combination of
indices including Brachidontes rodriguezii (IBR) and (b) for each possible combination of
indices excluding B. rodriguezii (EBR).

(a) AMBI (IBR) M-AMBI (IBR) BENTIX (IBR)

AMBI (IBR)
M-AMBI (IBR) 36,7
BENTIX (IBR) 16,1 17,4
(b) AMBI (EBR) M-AMBI (EBR) BENTIX (EBR)

AMBI (EBR)
M-AMBI (EBR) 53,4
BENTIX (EBR) 42,2 41,4
poor discriminating power and downgraded the overall environmental
health in all sites. This low level of sensitivity has been attributed to the
assignment of species into only three broad ecological groups (Dauvin
et al., 2007; Muniz et al., 2012). M-AMBI overestimated the assign-
ments, as a possible reflex of the incorporation of Shannon diversity
index and species richness as metrics (Simboura and Argyrou, 2010).
In the study area of this contribution, an unusual phenomenon is pro-
duced on the richness and diversity of the epilithic community. The in-
tertidal community developed on the natural area is characterized by
the dominance of B. rodriguezii (between 82% and 91%), which results
in low richness, diversity, and evenness of the associated flora and
fauna (Vallarino, 2002). In contrast, areas with organic enrichment
present higher richness and diversity on both temporal and spatial
scale, because of organic contamination that causes a decrease inmussel
dominance and an increase in the number of tolerant and opportunistic
species, particularly closer to the effluent (Vallarino et al., 2002; Elías et
al., 2006; Vallarino and Elías, 2006). Similar results with respect to M-
AMBI were found in a subtropical estuary of Southern Brazil (Brauko
et al., 2015, 2016).

Because of the low number of invertebrate taxa, together with a dis-
turbance gradient, the simultaneous use of both flora and fauna may be
more appropriate in assessing the ecological status of hard substrata
(Hiscock et al., 2005; Goodsell et al., 2009). However, diversity, richness,
and evenness of macroalgal assemblages in the intertidal community of
Mar del Plata showed no variation between all sampling sites, and the
dominance of ephemeral green algae associatedwith the sewage outfall
was not observed (Bercherucci et al., 2016). These authors found that
the sewage outfall of Mar del Plata impacts the intertidal benthic algal
community by altering the specific composition. The red algae
Ceramium uruguayense emerged as an indicator species for the
nonimpacted area, and the diatom Berkeleya sp. as an indicator species
for the sewage-impacted area. The development of a new biotic quality
index that integrates the results of this work and the presence or abun-
dance of these indicator algae could provide an integrative tool to help
the environmental decision-making process. However, it would be spe-
cific to the study area. Because it is more parsimonious to use indices
that already exist (Diaz et al., 2004), we recommend using the AMBI
(EBR) for monitoring the study area.
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The capacity to distinguish human-induced and natural disturbance
is a desired feature of any index for quality assessment. In this sense,
temporal variability could imply that the index is more sensitive to nat-
ural variation instead of the variation attributed to human impact when
the contamination source does not vary (Culhane et al., 2014). In this
study, AMBI (IBR) and AMBI (EBR) indicated overall worsening trends
in the benthic community health in the second year (2009). However,
this variation could be attributed to human impact. From June 2008, a
massive development of sandy polychaete tubes was found in a sew-
age-impacted area and an adjacent site located 1000 m south of the ef-
fluent. These biogenic reefs, formed by the tube-dwelling spionid
polychaete Boccardia proboscidea, were considered as a symptom of en-
vironmental deterioration (Jaubet et al., 2011). This deterioration in-
creased up to the setting up of a submarine outfall (2015)
(unpublished data).

From 2015, the sewage pre-treatment plant of Mar del Plata cele-
brated the setting up of a submarine outfall that furthered the discharge
3.5 km away from the coast. Futures studies focusing on the recovery of
the resident communities in the area will improve the knowledge on
ecological process associated with marine pollution in the coast of Mar
del Plata. The above study provides an opportunity to assess whether
the AMBI (EBR) reflects the changes associated with the recovery of en-
vironmental quality. If so, managers and decision-makerswill have a ro-
bust tool to monitor the evolution of the coast of Mar del Plata.
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