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ARTICLE INFO ABSTRACT

Keywords: Submarine outfalls are an effective alternative for the final discharge of wastewater. The aim was
Sewage pollution to evaluate the subtidal macrobenthic community’s responses and the changes in bottom sedi-
Wastewater

mentary dynamics due to submarine outfall (SO) location. Sampling stages were: before SO (Bsp),
EDAR after SO (Asp) and after treatment plant (Agpar). Sampling sites were determined at different
Soft bottoms distances from the coastline (coastal, oceanic, and reference) on both sides of the pipe (North and
SW Atlantic South). Species shifts (from tolerant to sensitive) were observed along with a decrease in organic
matter in the Agpar Stage. There were changes in the sedimentary dynamic with sediment
accumulation on the South side of the SO (finest sediments) and erosion on the North side
(coarsest sediments) in the Ago and Agpar Stages. Species turnover was higher than nesting in all
stages. Functional trait analysis allowed the identification of temporal variations in benthic
communities. The body size, development mode, feeding mode, habit, adult mobility and toler-
ance to pollution were useful functional traits to detect changes through Stages (Bso, Aso, and
Agpar). Biotic indices classified the sites as slightly disturbed, indicating a slight improvement in
the Agpar Stage.

Organic enrichment

1. Introduction

Coastal cities are affected by a combination of industrial and domestic pollution. This exerts significant pressure on the environ-
ment and the organisms that inhabit it, compromising the health of these ecosystems and the health of their services [1]. For this
reason, the discharge of untreated wastewater alters the physicochemical properties of coastal waters and can be polluted the marine
environment [2,3]. Submarine outfalls (SO) are an efficient alternative for wastewater discharge due to their high dispersal capacity in
the marine environment through dilution. This capacity lies in the energy available in the marine environment due to the action of
ocean currents in the dispersion of effluents, the availability of dissolved oxygen, and because it is a hostile environment for the
survival of microorganisms [4].

According to the literature, there are more than 500 coastal or ocean outfalls discharging wastewater to the sea worldwide [5] and
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more than 130 SO with a length greater than 500 m in Latin America [6]. Puente and Diaz [7] evaluated the effects of 40 SO distributed
worldwide on the surrounding macrobenthic invertebrates, and found that the probability of a significant impact on the community
was much lower than expected by the Pearson-Rosenberg model (describing the response of benthos to a gradient of organic
enrichment). However, there are no long-term studies in the literature that evaluate the effects of a SO on the subtidal benthic
community, considering the periods before and after SO construction and start-up.

From 1989 until December 2014, wastewater from the city of Mar del Plata was discharged directly into the sea with pre-treatment
which carried out screening and aeration of the sewage liquid [8]. In 2008, the construction of the SO began, starting with the
incorporation of the breakwaters (North and South) and a mooring front. On December 2014, the SO of Mar del Plata city was officially
inaugurated. The SO consists of a 2 m diameter, 4 km long pipe, plus a 540 m diffuser section with 130 nozzles (or diffusers), allowing
up to 9 m>/sec. of pre-treated sewage effluent to be discharged directly onto the subtidal. In addition, this facility was complemented
by the execution of the new Wastewater Treatment Plant (EDAR, its acronym in Spanish) officially inaugurated on August 2018, which
replaced the old pre-treatment plant. The EDAR plant performs a primary treatment of wastewater. A few studies were conducted in
subtidal benthic communities in front of this locality; the first was conducted with semi-quantitative data and in depths greater than 12
m [9]. To have baseline data about the benthic communities in the zone where the submarine outfall will be constructed (around 11 m
depth) another study also with semi-quantitative data was performed [10]. Finally, Elias et al. [11,12] carried out a quantitative
sampling in the area that would be affected by the future submarine outfall to have baseline data.

The EDAR was designed for global coverage of 1,800,000 inhabitants, it performs the extraction and management of solids, sands,
fats, and oils from the sewage effluent, before being disposed of by the submarine outfall in the sea. The plant includes rotary screens,
solids conveyor screws, sand classifiers/washers, and solids compactors. All this is complemented by a desander-degreaser with a
grease-sweeping bridge and sand extraction and a biological filtering system useful for separating the wet chambers from the closed
dry enclosures, ultimately facilitating the preservation of air quality [13].

The effects of human-induced pollution can be assessed indirectly from the responses of the biota. In this context, ecological in-
dicators are ecosystem elements, processes, or properties that represent environmental conditions that cannot be measured directly for
technical or logistical reasons [14-17]. They are commonly used to provide synoptic information on the state and integrity of eco-
systems [18,19]. These indicators are chosen because they are easy to measure, susceptible to a certain type of impact, and respond to
stress unambiguously and predictably [15,20]. The use of benthic invertebrates as indicators of environmental quality and condition
has several advantages: due to their low or no mobility, they are more susceptible to local physical and chemical disturbances;
furthermore, the benthic associations they constitute include diverse species that exhibit different degrees of tolerance to stress. In-
dicators integrate recent disturbance history, which may not be detected in other biological compartments, such as pelagic commu-
nities [16,18,19,21,22]. Environmental quality indicators can be divided into three broad categories: (1) characteristic or indicator
species, (2) univariate indices (e.g., abundance, density, etc.), and (3) multimetric indices (e.g., richness, diversity, etc.) [22,23].

Traditional studies based on uni- or multivariate analysis and taxonomic indices have been used to study species-environment
relationships [24-30]. These studies may have accurately described the community, but they fail to capture the causal mechanism
underlying the species-environment relationship [31,32]. An important tool to describe the behavior of an ecosystem in response to
disturbance is functional diversity [25-28]. Functional diversity is the component of diversity that influences dynamics, stability,
productivity, nutrient balance, and other aspects of ecosystem functioning [33], allowing assessment of how organisms affect
ecosystem properties/processes [34] and which environmental factors and perturbations shape the diversity and distribution of
functional traits of the assemblage over space and time [35]. Therefore, to provide a complete description of the response of ecosystem
functioning to environmental factors and gradients, the taxonomic analysis must be combined with functional analysis [24,29,36].

Previous studies on the subtidal macrobenthic communities in the city of Mar del Plata [10-12], showed the presence of indicator
organisms such as the polychaetes Caulleriella trispina, Glycera sp., Owenia sp., Prionospio sp., the tanaidacean Monokalliapseudes
schubarti, the gastropod Notocochlis isabelleana, the amphipod Melita sp., among others. In addition, these studies showed that there is a
predominance of small fauna and a great spatial heterogeneity, principally related to the hydrodynamic and sedimentological con-
ditions of the area.

The coastal area of the city of Mar del Plata is one of the sectors of the province of Buenos Aires where the processes and effects of
coastal erosion are present. Erosion is principally originated by storms (called “sudestada” due to the origin of the winds of the
southeast) and the successive obstructions of the sedimentary dynamics caused by urbanization and coastal defense works [37]. A
construction site of the magnitude of the SO, resting on the shallow seabed, would be affected by sandstorms and the differential
loading of accumulated/eroded sand on both sides because interrupted the flow of transported sediments by the littoral current [38].
Storms at sea can impact the ocean floor to depths of more than 20 m [12,39,40], while the Mar del Plata SO has its deepest point at 11
m. Thus, the placement of the SO would modify the normal (South to North) flow of coastal waters causing significant changes in the
sediment dynamics of the area, increasing the progressive accumulation of sediment on the South side of the outfall and erosion on the
North side, leading to changes in the structure and function of the benthic communities. Therefore, the present study aims to assess the
response of the macrobenthic community to sewage pollution and variation in bottom sediment dynamics in three periods before SO,
after SO, and after EDAR start-up. This objective is approached through alpha diversity (based on richness, evenness, and diversity);
beta diversity (divided into turnover and nesting) and functional diversity (based on biological traits and functional diversity indices).
The ecological status is also assessed using the AMBI and M-AMBI environmental quality indices.
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2. Material and methods
2.1. Study area

The study was carried out in front of the city of Mar del Plata (38° S, 57° 33" W), Province of Buenos Aires, Argentina (Fig. 1), from
the 5 m isobath to approximately 14 m depth. Winds are predominantly from the west, southwest in winter and northwest in summer.
The climate is typically temperate marine, with regular rainfall (850 mm/year). A strong and constant coastal current, from South to
North, affects the coast, as well as winter storms from the South-southeast [38]. Oceanographically, the area in front of the city of Mar
del Plata is characterized by the presence of continental shelf residual waters, with temperatures between 8 and 21 °C and salinities of
33.5and 33.8 [41]. Biogeographically, the region is temperate-warm and transitional between the Subantarctic region (Patagonia) and
the Subtropical region (southern Brazil) [42].

The sea bottom in front of the city of Mar del Plata is characterized by fine to very fine sandy sediments near the coast and medium
and coarse sediments around the discharge, with a variable proportion of shell remains. The sediment distribution pattern is patchy,
due to tidal currents and frequent storms in the fall and winter months [11,38].

2.2. Sampling design and field and laboratory routines

Samples were taken at 3 different Stages: before SO (Bso = April/May 1999), after SO (Ago = April/May 2018) and after EDAR
start-up (Agpar = December 2018). In 1999, a baseline study was carried out, taking 49 stations distributed regularly from shore to 5
km offshore and 3 km at each side of the hypothetical SO [see 11 for more details]. For this study, a subset of stations was selected to
coincide with the 2018 stations to use as Factor before SO. From here and in the rest of the text the Stages will be referred to as Bso
(before SO), Asp (after SO), and Agpar (after EDAR). Sampling stations were distributed in two zones: a) coastal (600 m from the coast)
and b) oceanic (4,000 m) (discharge of SO) on each side of SO (North and South). In addition, two reference stations (R) were located
on both sides of the SO (Fig. 1).

Samplings were carried out on board of ARA Luisito fishery training ship. Macrobenthic macrofauna and sediments samples were
collected with Van Veen (0.05 m?) and Day (0.1 m?) grabs in 1999 and 2018, respectively. At every sampling Stage (Bso, Aso, ApaRr) 4
to 8 (minimum-maximum) replicates were collected at each sampling station, depending on the climatic and meteorological
conditions.

In addition, a sediment sample was collected with the same grab used for macrobenthic macrofauna. The half-sediment sample was
kept in a plastic bag for laboratory determination of the organic matter content. The other half was kept for analysis of granulometry.
The determination of organic matter content in the sediment samples was performed through two different methods: the titration
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Fig. 1. Location of the Mar del Plata submarine outfall in the Province of Buenos Aires, Argentina. Location of the sampling stations: SC (South-
coastal); NC (North-coastal); SO (South-oceanic); NO (North-oceanic); SR (South-reference) and NR (North-reference).
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method [43] in 1999 and the loss on ignition (LOI) method, burning the dry sediment for 4 h at 550 °C [44] in 2018. For granulometry,
the processing of the sediment samples (by dry sieving) was carried out at the laboratory of the Instituto de Geologia de Costas y del
Cuaternario of Mar del Plata. The sands were classified from very fine to very coarse according to granulometric parameters in the table
of phi units (-logy of the particle diameter) [38]. Biological samples were sieved on board (0.5 mm) and the retained material
(macrobenthos) was fixed in a 7% neutralized formalin solution. Once in the laboratory, each sieved sample was separated and the
organisms were identified through a stereomicroscope to the lowest possible taxonomic level. This laboratory work was carried out in
the Laboratory of Bioindicadores Bentonicos of Instituto de Investigaciones Marinas y Costeras (IIMyC).

Moreover, data on the water column (pH and dissolved oxygen) were collected in each station with a multiparametric equipment,
AQUAREAD AP-5000. In addition, water samples for microbiological analysis (Enterococcus concentration, NMP/100 ml) were
collected, but only for the A5, and Agpar Stages. The determination of Enterococcus concentration was carried out by the laboratory of
the Universidad Tecnoldgica Nacional (UTN).

2.3. Data analysis

2.3.1. Multivariate analysis

Density (n° individuals/m?) was calculated for each unit sample, due to the different samplers used.

nMDS (non-metric multidimensional scaling) ordination plot was raised out to visualize differences in the species assemblage
according to Stage (Bso, Aso, Agpar) and Distance to the coast (coastal, oceanic, and reference). For this purpose, the similarity matrix
was calculated according to the Bray-Curtis index after a 4th-root transformation [45]. Moreover, two ANOSIM (analysis of simi-
larities) [46] analyses were performed to determine if there are differences in the composition of the species assemblage for each factor
(Stage, Distance, and Side). A two-way crossed ANOSIM test was used to examine the differences between the factors Stage (Bso, Aso,
Agpar) and Distance (coastal, oceanic, and reference). Another ANOSIM was performed with Stages Ago and Agpar (due to no presence
of the pipeline in Stage Bso) between Distance (coastal, oceanic and reference) and Side (North and South). The relative contribution of
the species to the dissimilarity of the groups was analyzed with a SIMPER analysis (Similarity Percentage Analysis). All analyses were
performed with R statistical software (v4.1.0) [47].

2.3.2. Alpha diversity

Alpha diversity metrics such us richness (S), Pielou evenness (J') [48], and Shannon-Wiener diversity (H') [49] were calculated for
each case (unit sample) from a density data matrix. Community parameters were calculated with the DIVERSE routine of R statistical
software (v4.1.0) [47]. The spatial and temporal variability of the above community parameters was assessed by two two-way ANOVA,
previously the data were transformed to log;o. An ANOVA was performed with the following fixed factors; Stage with three levels (Bgo,
Ago, and Agpar) and Distance with three levels (i.e., coastal, oceanic, and reference). For another ANOVA, the following fixed factors
were considered: Side with two levels (i.e., North and South) and Distance with three levels (coastal, oceanic, and reference). For the
latter, Stage Bgo was excluded because there was no presence of the pipeline. When assumptions of normality and homogeneity could
not be met, the non-parametric Kruskal-Wallis test was applied. ANOVA and Kruskal-Wallis analyses were performed using R statistical
software (v4.1.0) [47].

Table 1
List of biological traits and respective categories.

Biological traits Trait categories Labels

Maximum size Very small (<1 cm) SVS
Small (1-3 cm) SS
Medium (>3 cm) SM
Large (>10 cm) SL

Development mode Indirect ID
Direct DD

Feeding mode Deposit-feeder FD
Filter/suspension feeder FF
Opportunist/scavenger FO
Grazer FG
Predator FP

Living habit Burrow dweller HB
Attached HA
Tube dweller HT
Free living HF

Relative adult mobility None MN
Low ML
Medium MM
High MH

Tolerance to pollution 1st order opportunistic \Y
2nd order opportunistic v
Tolerant 11
Indifferent I
Sensitive I
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2.3.3. Beta diversity partitioning

Beta diversity (f) and its components (turnover and nestedness, based on Simpson’s dissimilarity) were evaluated according to the
dissimilarities detected between the different Distances (coastal, oceanic, and reference sites) during the three Stages (Bso, Aso,
Agpar). Furthermore, p and its components (turnover and nestedness) were evaluated according to Distance from the coast (coastal,
oceanic, and reference stations) and North or South Side, during two Stages (Ago and Agpar)-. Serensen’s dissimilarity index was used as
a measure of overall § and was calculated for each pair of stations, considered comparisons of the species composition present at each
station within each Stage. p analyses were performed using R statistical software (v4.1.0) [47].

2.3.4. Biological traits analysis (BTA)

In order to conduct a biological traits analysis (BTA), a bibliographic survey was performed to assign trait information to the
identified species. The BTA was used to evaluate the variation of the composition of macrofaunal functional traits between the Stages
(Bso, Aso, AEDAR), the Distance (oceanic, coastal and reference) and the Side (North and South). Only the more representative species
obtained from the SIMPER analysis were used to perform the BTA (60% cumulative contribution) [50,51]. Six functional traits was
selected, divided into several categories that best represent aspects of the life history, morphology, and behavior of each species:
maximum size, feeding mode, relative adult mobility, developmental mode, life habitat, and tolerance to pollution (Table 1). Bio-
logical and functional trait information has been collected from a variety of sources: identification guides, scientific journals, research
papers and reports, including their appendices, and web databases such as MarLIN BIOTIC - Biological Traits Information Catalogue:
http://www.marlin.ac.uk/biotic/, WORMS - World Register of Marine Species: http://www.marinespecies.or0 and SeaLifeBase:
http://www.sealifebase.org.

When reliable information was not available, expert opinion and data from the closest phylogenetically related species were used,
followed by the ‘fuzzy coding’ method, where each taxon was classified according to its affinity to different modes (i.e. trait categories)
of functional traits [52]. Each functional trait modality was scored between 0 and 3. No affinity for a trait was coded as 0 and complete
affinity as 3. Scores for each trait were assigned taking into account the adult form of the species. The trait scores for each taxon were
multiplied by their abundance in each sample and then summed to obtain a matrix of the total frequency of each trait category per
sample. The total frequency of each trait category was analyzed using two Principal Component Analyses (PCA). In these analyses, the
relationship between sampling stations with the factors Stage and Distance, and on the other hand, the relationship with the factors
Distance and Side, but only in Stages after SO (Aso and Agpar), was explored for each biological trait. Sampling units from the same
sampling station were averaged to facilitate understanding of the plot generated. The analysis was performed with the statistical
software R (v4.1.0) [47].

2.3.5. Functional diversity analysis

To assess the different components of the functional diversity (FD), the following indices were calculated: functional richness
(FRic), functional evenness (FEve), functional divergence (FDiv) and functional dispersion (FDis) [53,54]. These indices were selected
as they provide adequate and complementary information on functional diversity components for different assemblages [54,55].
Functional diversity indices were calculated based on a matrix of Jaccard distances of species functional traits with the FDiversity
software [56]. All metrics were calculated per replicate. To evaluate the spatial and temporal differences in the functional indices two
analysis of variance (two-way ANOVA) was performed. A two-way ANOVA was developed considering the Stages and Distance as fixed
factors and their interaction. Another two-way ANOVA was made using the Distance and Side as fixed factors and their interaction. The
Shapiro-Wilk test was done to evaluate the normality of the data and Cochran’s test was used to test the homogeneity of variances.
When the data didn’t meet the assumptions even after transformations, a non-parametric test was used [57]. The acceptable level of
statistical significance used was p < 0.05. All analyses were performed using R statistical software (v4.1.0) [47].

2.3.6. Environmental variables
Environmental variables data were compared in a table.

2.3.7. Ecological status

To assess the environmental status of the study area in each Stage (Bso, Aso, and Agpar), two biotic indices were used: AMBI and M-
AMBL. The index values were calculated using the software available on AZTI's webpage (http://ambi.azti.es). The AMBI index is
based on the percentage of the abundance of five ecological groups according to their sensitivity to organic pollution, already listed in
the software [58,59]. Most of the species found in this study are listed in the AMBI software package. However, the assignment of some
species such as Balanus sp., Cyrtograpsus altimanus, Eucallista purpurata, Mactra isabelleana, Notocochlis isabelleana among others, was
based on local studies [10-12,60]. The M-AMBI index was calculated by the factorial analysis of AMBI, richness (as the number of
taxa), and Shannon-Wiener diversity values [61-63]. The two evaluated indices have different ranges and scales to determine the
environmental quality of the studied sites. Indices values were calculated for each replicate, and their ecological status was therefore
attributed as High, Good, Moderate, Poor, and Bad according to these differing scales.

3. Results
A total of 125 taxa were identified and quantified in this study, 49 of which belongs to Phylum Annelida, Class Polychaeta and 41 to

Phylum Arthropoda. Several taxa of mollusks and smaller numbers of nemerteans, nematodes, cnidarians, echinoderms, and chordates
were also found. The full list of identified taxa is included in the Supplementary Material (Table S1). Of the total number of identified
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taxa (N = 125), 64% were main taxa, 32% were rare taxa (density <100 ind. mz) and 4% singletons taxa (density <10 ind. mz). A total
of 63 species (or taxa) were not present in the Bsp and appeared during the Ago and Agpag, while only 30 taxa were present earlier (Bgp)
and disappeared towards the Agpar Stage. On the other hand, 20 taxa were present only in the A, Stage and 15 taxa only in the Agpar
Stage (see Table S1).

3.1. Multivariate analysis

In the nMDS non-multidimensional space, two groups are observed, one belonging to Stage Bsp and another belonging to the Stage
after the SO (Agp and Agpagr)- In addition, other subgroups can be observed: the coastal zones before the outfall (Bgp), the Reference
sites after the SO (Agp) and the EDAR plant (Agpar) (Fig. 2).

Analysis of similarity (ANOSIM) showed significant differences both between Stages (Global R = 0.6; p = 0.001; 9999 permuta-
tions) and between Distance (R = 0.44; p = 0.001). Pairwise comparisons showed significant differences between all Stages (Bso vs.
Ago: R = 0.69; p = 0.001; Bgp vs. Agpar: R = 0.70, p = 0.001; Agp vs. Agpar: R = 0.41, p = 0.005; coastal vs. oceanic: R = 0.58, p =
0.001; coastal vs. reference: R = 0.60, p = 0.001), but not for oceanic vs. reference (R = 0.00, p = 0.405).

The SIMPER routine identified which species were responsible for the differences between Stages at different Distances from the
coast (Tables S2 and S3). Species contributions to these differences between Stage and Distance were <20%. Between the Stage Bso and
Agp in the coastal group, the differences are mainly given by the species Prionospio sp., Magelona sp., and Monokalliapseudes schubarti,
showing higher abundance towards Stage Aso. The oceanic group showed differences between both Stages (Bsp vs. Agp) for the species
Axiothella sp. with a higher abundance towards Stage Ago (Supplementary Material, Table S2).

The species that most contributed to the differences within Stage Bgo between the coastal and oceanic groups were one species of
the Spionidae, Bathyporeia sp., and Notocochlis isabelleana, the latter being more abundant in the coastal group (Table S2). In contrast,
the species that most contributed to the differentiation between the coastal and oceanic groups in Stage Ago were Axiothella sp.,
Prionospio sp., and Magelona sp., being the first more abundant in the oceanic group and the other two in the coastal group. In Stage
AgpaRr, Prionospio sp., and Magelona sp. were also more abundant in the coastal group, but in the oceanic group, the species that most
contributed was Eucallista purpurata (Table S2). Finally, the species that most contributed to the differentiation between Stages Agp and
Agpar in the oceanic group were Axiothella sp., Prionospio sp., and E. purpurata. The first two species having the highest abundance
towards Stage Agp and E. purpurata having the highest mean abundance towards Stage Agpar (Table S2).

In the other ANOSIM, significant differences were only observed within the Distance factor (Global R = 0.06, p = 0.001). The
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Fig. 2. Non-Multidimensional ranking method (nMDS) of the sample units considering the factor Distance to the shore (coastal, oceanic, and
reference site) and Stages (before SO (Bsp), after SO (Ago) and after EDAR plant (Agpar)).
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species that most contributed to the dissimilarity between the coastal and oceanic zones in the Stages Agp and Agpar were Prionospio
sp., Magelona sp., and Axiothella sp., are the first two most abundant in the coastal group and the last one in the oceanic group. No
significant differences were found between the North and South sides (Global R = 0.19; p = 0.380). However, the SIMPER routine
showed different species contributions on both sides of the SO (Table S3). The species Melita sp., and E. purpurata have a higher
contribution to the South side of the SO, whereas, on the North side, Prionospio sp., Magelona sp., and Axiothella sp. have a greater
contribution to the dissimilarity in the species assemblage (Supplementary Material, Table S3).

3.2. Alpha diversity

For the richness, the ANOVA detected a significant interaction between the factors Stage and Distance (F = 2.87, p = 0.03). This
variable was lower during Stage Bsp and Agpag in all three zones (coastal, oceanic, and reference site), compared to Stage Ago, where
richness increased at all three distances (Fig. 3A). Richness was also higher in the oceanic zones Bsp and Agpar compared to the
reference stations. On the other hand, richness showed relatively lower values in coastal and oceanic areas compared to the reference
site, at Agp Stage (Fig. 3A). For the diversity variable, the ANOVA detected a significant interaction between Stage and Distance factors
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Fig. 3. Spatio-temporal variation of (A) richness (S), (B) diversity (H), and (C) evenness (J') according to Distance from the coast (coastal, oceanic,
and reference) in each Stage: before the SO (Bgo), after the SO (Ago), and after start-up of the EDAR plant (Agpagr).
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(F =2.59, p = 0.04). At Stage Bgo, diversity was lower in the coastal zones compared to the Agp and Agpar Stages. The same pattern is
observed for the oceanic zones (Fig. 3B). Finally, for the variable evenness, the Kruskal Wallis Pielou’s index (J') test also showed
significant differences between the three Stages (H = 7.11; p = 0.02); showing a decrease during Stages Ago and Agpar (Fig. 3C).
However, it did not show significant differences concerning Distances (J° = 1.72; p = 0.63).

Regarding the ANOVA performed with the Side and Distance factors, the richness had significant differences for the factor Side (F =
7.3790; p = 0.01) being higher on the North side than on the South side after SO (Fig. 4); however, the ANOVA did not detect sig-
nificant differences for the factor Distance (F = 2.24; p = 0.12). On the other hand, for evenness, the ANOVA did not detect significant
differences for either of the two factors Side (F = 0.46; p = 0.50) and Distance (F = 0.25; p = 0.76); finally, for diversity, the Kruskal
Wallis test did not detect significant differences for either of the two factors, Side (H = 0.01; p = 0.92) and Distance (H = 1.83; p =
0.39).

3.3. Beta diversity

A similar trend in f was observed between Bgp and Asp according to Distance from the coast (oceanic, coastal, and reference site).
Higher values of § were observed in oceanic zones (OBgo-OAgp) and reference sites (RBgo-RAso) (p = 0.57 and p = 0.58, respectively),
while low values of p were observed in oceanic zones (OAso-OAgpar and reference sites (RAso-RAgpar) during Stages Agp and Agpar (P
= 0.40 and p = 0.45, respectively) (Fig. 5a). As for the components resulting from the beta diversity partitioning, species turnover
dominated over nestedness in the different Stages (Bso, Aso, and Agpar). The highest values of species turnover were observed in the
oceanic zone between Stages Bgg and Agg (OBgo-OAgsp) and the highest values of nestedness in the coastal zone and reference sites
(CAs0-CAgpaRr) between Stages Agp and Agpar (Fig. 5a).

On the other hand, p components on both Sides of the SO between Agp and Agpar presented different patterns (Fig. 5b). The highest
values of nestedness and lowest values of turnover were recorded in the coastal zones (CNAgo-CNAgpar) and reference sites (RNAgo-
RNAgpar) on North side. An opposite pattern was found in the coastal zones (CSAgo -CSAgpar) and reference sites (RSAgo -RSAgpar) on
South side. The oceanic zones presented a similar pattern on both Sides of the outfall (North and South) in terms of the different
components of f§ in Stages Ago and Agpar (Fig. 5b).

3.4. Biological traits analysis

The PCA considering functional traits showed a cumulative percentage of variance explained by the two main axes of 76% (46.8%
and 29.2% for axes 1 and 2, respectively) (Fig. 6). A separation between the Ay, Stage and the other Stages (Bso, and Agpar) is
observed. The composition of assemblage traits in the Ay, Stage was represented by medium-sized organisms, low mobility, indirect
development, and tube and burrow dwellers. In terms of pollution tolerance, second-order opportunistic and pollution indifferent
organisms were also associated with the Agp Stage. In the other PCA, axis 1 showed a separation between the North and South stations
and axis 2 showed a separation of the Agpar and Agp Stages (44.6% and 35.2% for axes 1 and 2, respectively) in terms of the
composition of the functional traits of the assemblage (Fig. 7). The Ago Stage was mostly influenced by small sizes and filter-feeders/
suspenders, and no mobility or sessile. In contrast, the Agpar Stage was characterised by very small organisms, free-living, mobile (high
mobility), surface deposit feeders, and predators, direct mode of development, and disturbance sensitive species. On the other hand, no
pattern was observed in relation to the Distance factor in any of the PCAs.

3.5. Functional diversity indices

Only FRic showed significant differences between Stages (Table 2); being higher in By, than in Ay, and Agpag (Fig. 8). Indeed, the
FEve, FDiv, and FDis indices showed no significant differences between the factors or their interaction (Table 2). On the other hand, the
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Fig. 4. Spatial variation of the richness (S) on both sides of the submarine outfall (N = North, S = South) at Ago and Agpar Stages.
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Fig. 5. Beta diversity (p) partitioned into turnover and nestedness components according to (A) Distance from the coastline (coastal, oceanic, and
reference site) during the three Stages (before outfall (Bso), after outfall (Ago), after start-up of the EDAR (Agpar)) and (B) Distance from the
coastline (coastal, oceanic, and reference site) and both Sides of the outfall (North and South) between after submarine outfall (Ago) and after EDAR
plant (Agpar) Stages.

two-way ANOVA performed with the factors Distance and Side for FRic showed significant differences only for the factor Side, with no
interaction between the factors (Table 2). The FRic showed higher values on the South side than on the North side (Fig. 9). However,
the FEve, FDiv, and FDis indices showed no significant differences between the factors or their interaction (Table 2).

3.6. Environmental variables

Comparative results regarding the composition of the grain sizes showed a predominance of fine to very fine sediments in the
coastal zone and coarser sediments in the oceanic zones and reference stations (Fig. 10). In addition, finer sediments were more
abundant on the southern side of the outfall and coarser sediments on the northern side (Fig. 10).

The data of the environmental variables are shown in a table (Table 3). Organic matter (OM) values in the sediments decreased in
the Agpar Stage. In addition, a progressive decrease in OM was observed in Agp and Agpag, in the oceanic zone, and on the South side
(Table 3).

The pH values decreased in Stage Agpar compared to Stage Bgg in the oceanic zones and reference stations and on the South Side of
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Fig. 7. Principal Component Analysis (PCA) depicting the variability in assemblage trait modalities composition across Stages (As, and Agpar) and

Side (North and South). Triangles: represent the Ay, Stage and circles represent the Agpar Stage. White: coastal, black: oceanic and grey: references,
N: North, S: South.

the outfall. Dissolved oxygen (DO) values decreased in Stage Agpar compared to Stage Bgp in all zones except the coastal zone, where it
remained generally constant.

Enterococcus concentration (NMP/ml) was lower in Stage Agpar compared to Stage Agp in the reference stations and the coastal
zones (Table 3).
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Table 2

Analysis of variance (two-way Anova or kruskal Wallis) comparing the mean values of the functional diversity indices (functional richness (FRic),
functional evenness (FEve), functional divergence (FDiv), and functional dispersion (FDis)), and the factors stage (Bso, Aso, and Agpar), Distance
(coastal, oceanic, and references), and side (North and south).df: degrees of freedom; p: significance level, *indicates significant p values (<0.05).

df H p df H P
FRic FRic
Stage 2 31.08 0.00* Distance 2 3.58 0.16
Distance 2 2.02 0.36 Side 1 4.88 0.02*
df H P df F P
FEve FEve
Stage 2 0.88 0.64 Distance 2 0.17 0.84
Distance 2 0.02 0.99 Side 1 1.12 0.30
Distance*Side 2 0.53 0.60
df F P df F P
FDiv FDiv
Stage 2 0.16 0.85 Distance 2 0.60 0.55
Distance 2 0.36 0.70 Side 1 0.42 0.52
Stage*Distance 4 0.20 0.94 Distance*Side 2 2.93 0.07
FDis df F P FDis df F P
Stage 2 0.78 0.46 Distance 2 0.30 0.74
Distance 2 0.06 0.93 Side 1 0.00 0.98
Stage*Distance 4 2.11 0.09 Distance*Side 2 1.19 0.32
120,
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Fig. 8. Median values of FRic (Functional Richness) for each study Stage: before the SO (Bso), after the SO (Aso), and after start-up of the EDAR
plant (Agpar)- The point indicates the median value, the boxes the 25%-75% percentiles and the whiskers indicate the Min-Max values.

3.7. Ecological status

The mean values of the environmental quality indices (AMBI and M-AMBI) showed a similar ecological status in each Stage (Bgo,
Aso, AgpaR), being the three Stages slightly disturbed. In addition, the oceanic zones in the three Stages presented a high environmental
quality, and the coastal zones and the reference stations after the EDAR plant (Agpar) are almost undisturbed (Table 4).

4. Discussion

This is the first study to address the response of subtidal macrobenthos to the effect of construction and functioning of the sub-
marine outfall (SO) and the EDAR treatment plant of residual waters, considering both the physical effect (barrier generated by the
pipeline) and the change in environmental effect (organic enrichment). The structure of the subtidal benthic community changed
between the different studies Stages (Bso, Aso, and Agpar)- A change of species was also observed (from tolerant to sensitive to organic
enrichment) mainly due to the decrease in the organic matter values after the EDAR start-up. On the other hand, confirming our
hypothesis, there were changes in the sedimentary dynamics since the SO was built, due to sediment accumulation on the South side of
the SO (finest sediments) and erosion on the North side (coarsest sediments). In addition, this is the first work to investigate some
aspects of functional diversity (BTA and functional diversity indices) of soft-bottom macrobenthic assemblages around the Mar del
Plata SO, Argentina. Functional trait analysis allowed the identification of temporal variations in benthic communities through Stages
(Bso, Aso, and Agpar). Macrobenthic trait composition showed different species’ responses to different pollution scenarios (Stages).

11



G.V. Cuello et al. Heliyon 9 (2023) 18258

80

70F

60}

FRic
5

North South

Fig. 9. Median values of FRic (Functional Richness) for each side of the submarine outfall (N = North, S = South) at Agp and Agpar Stages. The
point indicates the median value, the boxes the 25%-75% percentiles and the whiskers indicate the Min-Max values.

Stage Grain Sizes
Aso Acoar W Gravel
) B Coarse sand
75 | [MMedium sand
- []Fine sand
604 o [JV. fine sand
45 8 DMUd
- w
30+ g
; s
‘:,d._d‘ .| 1T .
s B0 8 o
45- ° 3
- 5 5
30 —y 8
& 1
"l 11 | ' |
—_":-.—* —
60 e
45 3
30 3
o
154 y
1|
n- T
N S N S
Side

Fig. 10. Sediments grain sizes according to the Distance from the coastline, both sides of the submarine outfall and the Stages Ago and Agpar.

The obtained results are relevant to know how the quality of the marine environment changes (through the response of organisms and
the sediments) after investing in an efficient alternative for wastewater disposal (such as SO).

According to our results, the subtidal benthic community presented a clear temporal separation between Bgp and Agp. The dif-
ferences between the two phases were given by the relative abundances of Prionospio sp., Axiothella sp., and Magelona sp. In Bgg,
Prionospio sp. was absent but reached a greater abundance after Agp, like Axiothella sp. Even if the polychaete Prionospio sp. is an
indicator of organic enrichment in subtidal areas [64], Axiothella sp., is an indicator of the opposite because maldanids are generally
found in sediments with low organic matter content [58,65-68]. This could be explained by the patched distribution of benthic
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Table 3

Data of the environmental variables in the 3 sampling stages on both sides of the submarine outfall. Method 1: the titration method (Walkley and
Black, 1934), and Method 2: loss on ignition (LOI) (Heiri et al., 2001). OM (Organic Matter) is expressed in percentage (%), DO (Dissolved Oxygen) in
mg/1 and Enterococcus concentration (NMP/100 ml).

Distance Ph OM DO Enterococcus concentration
Bso coastal 8.78 Method 1 1.87 9.74
N oceanic 8.95 Method 1 1.36 11.24
reference 8.85 Method 1 1.3 11.04
coastal 8.79 Method 1 1.71 11.12
S oceanic 8.67 Method 1 1.22 11.71
reference 8.72 Method 1 1.07 11.83
Aso coastal Method 2 0.95 1400
N oceanic Method 2 1.12 1100
reference Method 2 1.17 1700
coastal Method 2 0.96 11000
S oceanic Method 2 1.05 1500
reference Method 2 0.47 800
AgpAR coastal 8.43 Method 2 0.57 9.01 90
N oceanic 8.45 Method 2 0.43 9.21 3000
reference 8.51 Method 2 0.97 9.26 400
coastal 8.50 Method 2 0.59 9.10 80
S oceanic 8.25 Method 2 0.53 9.24 14000
reference 8.13 Method 2 0.26 9.18 800

Table 4
Values of AMBI and M-AMBI for each stage according to the distance from the coast and both sides of the SO.
Side Distance AMBI Status (AMBI) M-AMBI Status (AMBI)

coastal 2.08 Slightly disturbed 0.72 Good

North oceanic 2.01 Slightly disturbed 0.83 High

reference 1.94 Slightly disturbed 0.67 Good

Bso

coastal 1.47 Slightly disturbed 0.59 Good

South oceanic 1.84 Slightly disturbed 0.73 Good

reference 2.74 Slightly disturbed 0.56 Good

coastal 2.31 Slightly disturbed 0.69 Good

North oceanic 1.75 Slightly disturbed 0.77 Good

reference 1.64 Slightly disturbed 0.91 High

Aso

coastal 1.34 Slightly disturbed 0.73 Good

South oceanic 2.47 Slightly disturbed 0.69 Good

reference 1.57 Slightly disturbed 0.76 Good

coastal 1.04 Undisturbed 0.64 Good

North oceanic 2.06 Slightly disturbed 0.74 Good

reference 1.06 Undisturbed 0.67 Good

AgpAR

coastal 1.44 Slightly disturbed 0.64 Good

South oceanic 1.16 Slightly disturbed 0.71 Good

reference 0.29 Undisturbed 0.55 Good

communities on Mar del Plata shores. The area is affected by periodical storms coming from the southeast [69] that produce disturbed
bottoms, and maintained a benthic community in earlier Stages of succession [12]. The oceanic zone around the diffusers section of the
SO is subject to natural disturbance by storms, plus organic inputs from residual wastes. Therefore, the increasing organic enrichment
from residual wastes is minimized by the periodic irruption of storms. These storms, which occur throughout the year, are more
frequent and intense in autumn-winter and have the effect of sweeping the seabed, thus maintaining good environmental quality.
In addition, the results showed differences in the macrobenthic assemblage between the coastal areas before (Bgp) and after (Ago
and Agpag), probably due to the direct intertidal sewage discharge that took place at that moment. This difference was due to the high
abundance of indicator species of organic enrichment such as Prionospio sp., Magelona sp., Monokalliapseudes schubarti, and species of
family Cirratulidae. Although in the Bgg Stage, wastewater discharge occurred in the coastal zone, the highest abundance of indicator
species occurs, paradoxically, in the Agp Stage. This unusual behavior could be because the coastal zone was strongly affected by the
environmental change induced by the SO, promoting the sedimentation of fine and very fine sands together with particulate organic
material possibly from the sewage treatment plant by-pass process (Elias, pers. obs.). In general, a bypass usually occurs in: periods of
heavy rainfall when the effluent exceeds the capacity of the submarine emitter, diversion of the effluent due to overflow, clogging of
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the pipe or diffuser, or cleaning and maintenance [70,71]. In the past, when the sewage discharge was intertidal (Bso), the effect of
cleaning and maintenance of the pre-treatment plant showed impoverishment of both the environment and the benthic intertidal fauna
[72], just as it would take place with the current bypass process.

Previous studies in the study area found that M. schubarti is associated with Prionospio sp. and suggested that M. schubarti is an
opportunistic species due to its high fecundity and rapid growth [73,74]. M. schubarti was present in the area during 1999, reaching
high densities (3-1600 ind. m~2) in 25 of the 49 sampling stations [11], but it is absent in 2018. In the salt marshes of Spartina these
species have an opportunistic behavior, but rotate periods of high abundance with subsequent vanishing [75]. This could be the reason
for the absence, together with the reduction of organic matter input due to the functioning of the SO.

Cirratulidae are considered tolerant due to their high abundance in organically enriched sites [76-78]. Studies off the coasts of
Indonesia [79] and Brazil [80] at sites of tourism, oil and industrial waste dumping found the family Cirratulidae to be an indicator of
disturbed sites. BTA represented groups with different combinations of trait modalities associated with each Stage. Thus, functional
traits such as small to medium-sized, low mobility, filter feeder, indirect development, tube-dweller, second-order opportunistic and
pollution-indifferent organisms were associated with the Stage Ago, linked to a patched distribution of benthic communities and
periodical storms (as it was previously mentioned). Body size is a key trait in benthic studies; larger organisms have a greater ability to
modify the sediment environment and increase oxygen levels, thereby increasing the rate of decomposition of organic matter [81].
Mobility, in turn, plays a fundamental role in access to resources [82]. Low-mobility species are better adapted to disturbed habitats
[83]. In contrast, filter-feeding organisms tend to dominate in areas with high nutrient levels, while carnivores dominate in areas with
low nutrient levels [29,84]. Developmental mode reflects the adaptability of organisms to environmental conditions [85,86]. Or-
ganisms with planktonic larvae will have a higher dispersal capacity and lower risk of extinction than organisms with other devel-
opmental modes [85,87]. These traits are associated with the polychaetes Prionospio sp., and Magelona sp., and the peracarid
crustacean M. schubarti, showing higher abundance towards Stage Agp. Tube-dwelling polychaetes can play an important role in
denitrification, helping maintain nutrient cycling and ensuring sediment stabilization, which favors larval settlement [88,89].

The main objective of the EDAR residual waters treatment plant is to remove the maximum amount of organic matter (OM) from
the sewage effluent and gradually reduce the OM discharged to the sea [13]. The results of this study indicate that this goal was
reached because a decrease in OM in sediment in both oceanic and coastal zones (see Table 3) was observed after the construction and
EDAR start-up. This decrease in OM during Agpag Stage was also reflected in the benthic community, finding species like the bivalve
Eucallista purpurata and the amphipod belonging to Phoxocephalopsidae in the oceanic zone. Case studies in Latin America (Colombia,
Mexico, and Argentina) used bivalves as bioindicators in environmental quality monitoring programs because of their ecological
characteristics such as presence in a great diversity of habitats, sedentary lifestyle, potential behavioral, physiological responses to
habitat modifications and pollution [90-92]. Likewise, amphipods are also considered susceptible to organic pollution, even with
greater sensitivity than polychaetes in places with low wastewater flows [93]. Due to this response, the polychaetes/amphipods ratio is
an environmental quality index [94,95] as high ratios indicate good conditions, while low ratios indicate poor conditions.

On the other hand, the BTA results also showed that the Agpar Stage was characterised by very small organisms, free-living, mobile
(high mobility), surface deposit feeders and direct developmental mode. Body size, feeding-mode, habitat, and indicator-role are useful
proxies to detect changes in environmental conditions in organically enriched habitats [96]. Surface deposit feeder trait modality is
associated with impacted sites [26,97,98]. However, the difference in feeding mode between Agp and Agpar Stages could be related to
the change in sediment type (coarse to finer sediment), as changes in sediment allow the establishment of species with different feeding
habits [25,99]. Nevertheless, other trait modality, such as the low tolerance to pollution (sensitive organisms) associated with the
Agpar Stage was observed. This trait could be related to the species E. purpurata, and Axiothella sp. that were the most abundant after
the operation of the outfall (Ago and Agpar). This diversity of functionality could indicate a shift towards a relatively good envi-
ronmental status [100].

A finding to highlight was the presence of Polygordius sp. during the Ago and Agpar Stages. The occurrence of this species coincides
with the changes in sedimentary dynamics previously mentioned (finest sediments on the South side and coarsest sediments on the
North side). Martins et al. [101] found Polygordius sp. in coarse sand habitats, and Ramey et al. [102] related coarse sand habitats to
reproductive mode, finding that planktonic larvae are more successful in this sediment type. Organic enrichment reduces richness and
increases the densities and numbers of a few opportunistic species and their associated biomass [76]. According to our results, the
richness (S) and the diversity (H) of the subtidal benthic community in the coastal zones at Bso Stage were lower compared to the rest
of the Stages. This may be because in these zones (coastal zones) the disturbance is greater as a consequence of coastal processes like
waves, winds, sea level variations, and currents; in addition to the discharge of wastewater directly onto the coastal zone at that time
(Bso Stage). On the other hand, the oceanic zones (close to the discharge) showed a higher richness and diversity during Ago and Agpar
Stages, which could be due to the new type of discharge after the start-up of the EDAR plant. A deep subsurface discharge would affect
the macrofaunal assemblages less than direct surface effluents, increasing richness and minimizing environmental degradation [103].
Similarly, in the reference sites, an increase in richness was evidenced in Bgp Stage, and at the same time, the reference sites at Agp and
Agpar Stages are similar in terms of richness. This indicates that after the EDAR started operating, the conditions began to resemble
those before the SO installation. Finally, a clear increase in dominant species was observed from Bgo to Agpar Stages, as Pielou’s
evenness index (J)) decreased. This may be due to an increase in the reproduction of opportunistic species such as Prionospio sp. at Aso,
which led to a decrease in the number of species. Regarding , the highest values of § were observed between Bgp and Agp Stages, and
the lowest values were observed between Ago and Agpar. Species distribution patterns across Stages could differ in response to dif-
ferences in the degree of anthropogenic impact (4 km pipeline at the study site) [104] or the discharge of hundreds of liters of
wastewater each day [105].

The functional richness index (FRic) detected temporal and spatial changes, which were significantly higher at the By, Stage and on
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the South side. FRic is considered to be a sensitive predictor of disturbance, as it decreases at high levels of disturbance due to the
filtering out of species [31,106]. Low functional richness indicates that some of the potentially available resources are not being used
and could lead to reduced productivity of an ecosystem [107]. No differences in FEve, FDiv, and FDis were found between Stages (Bso,
Aso, and Agpar), distance (coastal, oceanic, and reference), and side (North and South).

The processes that structure communities are key to explaining the functioning of ecosystems (by determining the degree of
redundancy) and the maintenance of biodiversity (through patterns of coexistence) [108-110]. The environmental filter hypothesis
suggests that coexisting species are more similar to each other because environmental conditions act as a filter, allowing only some
traits to persist [111]. Therefore, if environmental filters structure the community, the most abundant species are expected to have
similar niches that allow them to tolerate the conditions imposed by the filter [107,110,111].

A community can changes in taxonomic diversity and remain stable in functional diversity [36]. In this study, the environmental
filter had an effect at the taxonomic level, but not had an effect at the functional level. An increase in taxonomic richness and a decrease
in functional richness at the Ago Stage was detected butdid not affect functional diversity (FEve, FDiv, and FDis) (Supplementary
Material, Table S4). If the increase in richness does not affect functional diversity, it can be concluded that species are functionally
redundant and therefore the change in taxonomic richness would not affect ecosystem functioning [110].

f partitioning can provide additional information on the underlying causes of variability in biotic community composition
compared to total p alone [112]. The components of p are generally opposite, and there is a trade-off between nestedness and species
turnover in response to different intensities of environmental impact [113]. In general, species turnover was the process that most
drove the differences in species assemblages in the different Stages, which is in agreement with other marine benthic studies that
observed this pattern in environments with high environmental stress [114-117]. Between Bgp and Agp Stages, opportunistic and/or
tolerant species were dominant, such as Prionospio sp., Magelona sp., and Cirratulidae (r-strategists) which coincides with the highest
values of species turnover. In the opposite case, between Ago and Agpar Stages, the process that most drove the differences in species
assemblages was nestedness. The latter is in agreement with an increase in richness towards Agpag and the gain of species sensitive to
organic enrichment in sediments, such as Melita sp. and Axiothella sp.

The p components on both sides of the outfall (North and South) differed. The highest nestedness values were found in the coastal
zones on the North side of the SO, while the highest values of turnover of species were found on the South side. The difference in f
components on both sides of the outfall could be the result of environmental filtering, which is an important factor in areas charac-
terized by high abiotic stress [118-120]. Environmental filters can drive both turnover and the nestedness components of f, but the
relative importance of each element depends on the spatial scale of investigation [120]. Specifically, the placement of a 4 km pipe
resting on a seabed causes a change in sediment type (finer sediments on the South side and coarser sediments on the North side).
Changes in the sediments (sediment composition, grain size) or sediment-associated variables (total organic matter, TOM) act as
environmental filters that determine macrobenthic community structure by significantly influencing p components [101,105].

In general, the AMBI and M-AMBI indices were good descriptors of ecological conditions in the study area. Although M-AMBI gave
the highest category of ecological quality at some sites, both indices showed the same pattern. The indices classified the zones (coastal,
oceanic, and reference) in the three Stages (Bso, Aso, Arpar) as “slightly disturbed” (AMBI) and with good and high environmental
quality (M-AMBI). Studies on macrobenthic communities near a wastewater treatment plant classify such communities as “moderately
disturbed” [121] while in this study the communities presented less disturbance, especially after the EDAR. The sum of the sewage
discharge and the hydrodynamics could dilute the effects of the pollution, normalizing the organic content of the sediments and
consequently getting a better ecological state of the site. This fact would be accompanied by the presence of species susceptible to
organic enrichment, such as the bivalve Eucallista purpurata and the amphipod Melita sp. Likewise, the sewage treatment plant has
proven to be beneficial for environmental quality, as both environmental and biological indicators show improvements.

The Mar del Plata disposal area benefits from high turbulence generated by high hydrodynamics. The management decision to
implement disposal of wastewater through 130 nozzles and at a depth of 11 m has delivered an ecological benefit as illustrated by the
current study. Adding primary treatment to the wastewater (EDAR) has helped to improve the quality of the discharge and minimize
the effect on the near field (less than 500 m).

5. Conclusions

The three sampling Stages (Bso, Aso, and Agpar) presented clear differences in the subtidal community structure generated by the
new wastewater discharge (at 4 km from the coast) through the SO. These differences are due to mainly species turnover, the species
opportunistic and/or tolerant to organic enrichment (Spionidae, Cirratulidae, M. schubarti, Prionospio sp., Magelona sp.) dominated at
Bsp and Agp Stages coinciding with the increase in the OM content in the sediment. After the start-up of the EDAR plant (Agpar),
environmental conditions showed a slight improvement with the appearance of sensitive’s species to organic enrichment (Melita sp.,
Eucallista purpurata), together with an increase in richness and a decrease in OM. Also, there was a change in the sedimentary dynamics
of the study area at the Agp Stage, finding finer sediment (fine sand) on the South side and coarser sediment (coarse sand) on the North
side. It was concluded that the SO and the EDAR start-up had an effect at the taxonomic level (structure and composition), but not at
the functional level. The increase in richness would not affect functional diversity and therefore would not affect ecosystem
functioning.
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