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Bivalve filtration may control the amount of seston in coastal waters, reducing local euthrophication
and keeping degrading phenomena like hypoxia and anthropogenic pollution under control. Two Sicilian
brackish-marine ponds (Ganzirri and Faro) present us with the opportunity to gain data on the effect of
bivalve filtration on the amount of particulate organic matter in the field. The cultivation of bivalves has been
carried out in both of the ponds since the early 1990s but stopped in Ganzirri in 1995. We tested whether the
cessation of bivalve cultivation influenced features of organic matter available to suspension feeders (total
suspended matter, its inorganic and organic fractions, chlorophyll a, carbohydrates, proteins and lipids).
Since the bivalve cultivation was stopped in Ganzirri in 1995, chlorophyll a sharply and significantly
increased compared to Faro, where, in contrast, they remained the same as in previous decades. Recent
data shows that organic matter was significantly higher in Ganzirri than Faro and that differences were
maintained throughout the study period. Using clearance rate data from the literature, we determined that
bivalves can filter the available volume in Ganzirri by about 540 times and in Faro by 650 times per year.
Thus bivalve farmed biomass (about 300 tonnes per year of fresh biomass) can exert a high filtration
pressure to both (i) control the phytoplankton biomass and trophic dynamics in ponds, and (ii) reduce a
possible role of natural-with-sea exchange and polluted waters coming from the hinterlands.

Keywords: bivalves; filtration; particulate organic matter; shallow waters; primary production; Mediter-
ranean Sea

1. Introduction

Bivalve filtration may control the amount of seston in coastal waters [1], reducing local euthrophi-
cation and keeping degrading phenomena like hypoxia and anthropogenic pollution under control
[2,3]. Indeed, bivalves rely on particulate matter of sizes ranging from 1 μm to 40–100 μm,
including bacteria, nano-phytoplankton, small zooplankton and detritus of different origins [4,5].
They concentrate many toxic substances like heavy metals or polycyclic aromatic hydrocarbons
[6] and on many occasions, bivalves have been used as organic recyclers, transforming sewage
and surplus organic matter originating from fish culture [3,7] into secondary edible biomass.
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468 A. Manganaro et al.

Bivalves are thus important parts of an ecosystem, often representing key species in their ability
to control organic matter flux through coastal trophic webs (sensu [8]). The role of bivalves has
often been evidenced in numerous areas of the Northern Hemisphere, where organic pollution is
a severe problem. Lindhal et al. [3] propose the use of bivalves as an efficient tool for reducing the
negative effects of eutrophication, while contrasting evidence shows that biodeposits and ammo-
nia excretion of bivalves could promote phytoplankton growth [9]. However, the knowledge that
phytoplankton may be controlled by bivalve filtration has mostly been derived from mesocosmal
and laboratory experiments [10]; large field data are, to date, rather scant. In eastern Sicily, two
brackish-marine ponds (Faro and Ganzirri) present us with the opportunity to gain data on the
effect of bivalve filtration on the amount of particulate organic matter in the field. The cultivation
of bivalves has been carried out in both of the ponds since the early 1990s, but was stopped in
Ganzirri in 1995. Thus, based on the observation that the ponds had the same origin, receive the
same type of waters (from both industrial sources and sewage, and seawaters from the Strait of
Messina), we can assume that the unique, remarkable difference between them is the presence of
bivalve cultivation. Consequently, the present paper aims to investigate: (i) whether the amount
of chlorophyll a was different between the two ponds when bivalves were still cultivated; (ii)
whether the interruption of bivalve cultivation resulted in different features of chlorophyll a and
particulate organic matter; and (iii) what feature of particulate organic matter was most affected
by bivalve cultivation.

2. Materials and methods

2.1. Study areas

The study was carried out in two brackish ponds located close to Capo Peloro (Eastern Sicily; 38◦
15’57” N; 15◦ 37’ 50” E): Ganzirri and Faro (Figure 1). These share a similar geological origin,
and are characterised by brackish waters of marine origin [11].

The Ganzirri pond is larger (surface 34 ha; entire volume 9.8 × 105 m3) and shallower (6 m
maximum depth) than Faro (surface 26 h, entire volume 2.5 × 106 m3;; about 9.0 × 105 m3 0–5 m

Figure 1. Map of the Ganzirri and Faro ponds.
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layer and maximum depth 28 m). Ganzirri has the appearance of a long (1,670 m) and narrow (on
average ∼200 m) stream tube [12] parallel to the coast, and has slightly lower salinity (on annual
average 31, ranging from 21–37; [13]) than Faro (annual average 33, ranging from 31–37; [14])
but similar water temperatures (annual average about 23.1 ◦C in both ponds).

The Ganzirri pond is characterised by two sub-basins: north and south. The southern basin (3 m
average depth) has been extensively exploited for over a century for mollusc culture (mussels and
clams), has muddy sediments, and primary production is sustained essentially by phytoplankton
[13]. The north basin accounts for one quarter of the total surface area, is shallower (maximum
depth 1 m) than the southern one, has sandy bottoms and mats of the green alga Chaetomorpha
linum. Primary production in the north basin is due both to phytoplankton and green and red
macroalgae [15]. The two Ganzirri basins, being partially separated from each other by a sand
tombolo, are characterised by different hydrodynamic regimes [14,16].

Faro is a small meromictic marine pond (∼26 ha), characterised by the presence of H2S in the
hypolimnion and a brownish water layer at the chemocline (at about 10 m depth) colonised by
dense populations of phototrophic sulphur bacteria [13,17]. It is a circular basin with a 500 m
diameter, and is deeper in its central part (∼28 m), whereas its mean depth ranges from 0.5–
5 m. The pond is characterised by sandy-muddy bottoms seasonally covered by green algal mats,
although primary production here is mainly sustained by phytoplankton.

Both ponds exhibit similar fetches [11], are characterised by wind-driven circulation and
frequent sediment resuspension events ([16], sensu [5]) and are connected to each other by the
Margi channel (about 1 km long and 10–12 m large). Seawater entering the ponds through narrow
channels plays an almost negligible role in the internal circulation and hydrodynamics [11,16].
Water turnover time is ∼40 and ∼27–30 days for Ganzirri and Faro, respectively [15] (Pulicanò,
pers. comm.). The relatively long water residence times, coupled with relevant continental nutri-
ent inputs, maintain constant eutrophic conditions and determine recurrent dystrophic crises [14].
The Ganzirri pond was used for shellfish culture until 1995, after which, because of heavy pollu-
tion and contamination by pathogenic prokaryotes, activity ceased [13]. The Faro pond, however,
is still largely exploited for bivalve cultivation (mainly Mytilus galloprovincialis; [16,18–20];
estimated mean annual cultivated biomass: ∼300 t).

2.2. Experimental assumptions and hypothesis

The basic assumption underlying the present study is that, throughout the last century, the
temporal changes in the two ponds’ trophic statuses have been quite similar [11]. During the
first part of the 1990s, when both ponds were largely exploited for shellfish culture, their trophic
conditions were rather similar (chlorophyll a concentrations <10 μg L−1; [17,21]) because of
the large effect of shellfish cultivation and bivalve filtration pressure on water characteristics
(sensu [22]; see Table 1). Since both ponds have experienced the same anthropogenic pressure
throughout the last decade (after 1995–2000), it can be assumed that the temporal changes of
their trophic conditions would have been the same with or without the presence of shellfish
cultivation.

We hypothesised that, after the cessation of shellfish culture in the Ganzirri pond, the trophic
regime would be significantly different from that in the Faro pond (which continued to be exploited
for bivalve culture), and that most of the changes occurring were due to the different levels of
bivalve filtration pressure.

To test this hypothesis, the two sub-basins within the Ganzirri pond (north and south) and the
Faro pond as a whole were chosen to examine the effects of bivalve filtration pressure on quality
and quantity of organic matter available for consumers. Before this, we also tested that differences
between the two ponds were not significant before 1995, at which point shellfish farming was
interrupted in the Ganzirri pond.
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Table 1. Data of chlorophyll a (μg L−1) collected across the current literature on Faro and Ganzirri ponds.

Year Ganzirri Faro Adjacent Sea Source

Oct 1982 0.30 Tab. 1 Platt et al. 1985
1982 0.10 Tab. 1 Magazzù and Decembrini 1995
Mar–Dec 1986 5.03 Body text Acosta Pomar et al. 1988
May 1986 16.4 Body text Acosta Pomar et al. 1988
July 1986 1.00 0.21 Body text Acosta Pomar et al. 1988
Oct 1986 0.22 Body text Acosta Pomar et al 1988/Decembrini and

Magazzù 1990
All 1986 5.00 0.20 Body text Acosta Pomar et al 1988/Decembrini and

Magazzù 1990
1987–1988 2.60 1.6 Tab. 1 Magazzù et al 1989b
1987–1988 Tab. 1
1990 0.20 Body text Azzaro et al. 2007
1992 10.60 Fig. 2f Giacobbe et al. 1996

Mean before 1995 6.60 4.90 0.20
± 5.70 6.00 0.01

1996
1998–1999 12.40 2.50 – Present study
2000–2001 112.01 Tab. 1 Vanucci et al. 2005
2000–2001 126.32 Tab. 1 Vanucci et al. 2005
2000–2001 42.27 Tab. 1 Vanucci et al. 2005
1998–2007 0.22 EMIS http://emis.jrc.ec.europa.eu/4−1−gismap.php

Mean after 1995 73.25 2.50 0.22
± 54.72 23.93 0.08

Thus, the ponds were assumed to be representative of putatively different conditions: a brackish
water mass affected only by anthropogenic impact without shellfisheries (Ganzirri), and a brackish
water mass with strong anthropogenic impact and shellfisheries (Faro).

2.3. Sampling and laboratory analysis

In each pond, water sampling was carried out in shallow sites with similar depth (∼2.5 m) using
Niskin bottles. Two sampling replicates of water were collected monthly from May 1998 to
April 1999 from each of the sites (Ganzirri’s north and south basins, and Faro). Water samples
were screened through a 200 μm mesh net in order to remove large zooplankton and debris.
Sub-samples (500–2000 mL) were filtered onto pre-washed, precombusted (450 ◦C, 4 h) and pre-
weighed Whatman GF/F filters (0.45 μm nominal pore size). Filters were analysed for total
suspended matter (TSM, mg L−1), its inorganic (ISM, mg L−1) and organic fractions (OSM,
mg L−1), chlorophyll a (CHL a, μg L−1), carbohydrates (CHO, μg L−1), proteins (PRT, μg L−1)
and lipids (LIP, μg L−1). For the determination of TSM, Whatman GF/F filters (0.45 μm nominal
pore size) were weighed after desiccation (60 ◦C, 24 h) using a Mettler M3 balance (accu-
racy ±1 μg), while OSM was determined by loss on ignition (450 ◦C, 4 h; [23]). Particulate
chlorophyll a, proteins, carbohydrates and lipids were determined using spectrophotometric
assays according to [24]. Phytoplankton biomass was estimated from chlorophyll a concen-
trations using 40 μgC μg Chl a−1 as a conversion factor. Lipids, carbohydrates and proteins
were converted into carbon equivalents using 0.75, 0.40 and 0.49 μgC L−1 conversion factors,
respectively [24], and their sum was reported as biopolymeric carbon (BPC; [25]). The food
index (POM/TSM) of particulates was estimated as the percentage ratio between the sum of
protein, carbohydrate and lipid concentrations (POM) and the sum of total suspended matter
(TSM) [26,27].
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2.4. Statistical analyses and elaboration

Data were analysed to test the null hypothesis that there is no difference in trophic concentrations
between the pond without shellfisheries (i.e. absence of bivalve filtration pressure) and the pond
with shellfisheries (i.e. presence of bivalve filtration pressure exerted by 300 t of cultivated organ-
isms), using a two-way analysis of variance (ANOVA). The presence/absence of shellfisheries
(Bivalve, 2 levels) and sampling time (Month, 12 levels) were treated as fixed and orthogonal
factors. Two independent sites (Site, 2 levels) were treated as random factors and nested in the
interaction of BIVALVE × MONTH. Two replicates (n = 2) were chosen randomly for each site.
For all of the analyses, the heterogeneity of variance was tested using Cochran’s C test prior to the
analysis of variance, and the Student–Newman–Keuls (SNK) test allowed the appropriate means
comparison. GMAV rel 5.0 (University of Sydney, personally licensed to G. Sarà) was used to
perform ANOVAs. The Student t-test was used to verify differences between chlorophyll a means
before 1990.

A distance-based permutational multivariate analysis of variance (PERMANOVA [28,29]) was
used to quantify the effects of shellfish farming on the trophic conditions of the two ponds. The
sampling design was the same as for the uni-variate analyses. Pairwise comparisons used 999
random permutations to obtain p-values. The p-values were calculated using 999 Monte Carlo
draws from the asymptotic permutation distribution [29,30].

3. Results

3.1. Temporal evolution of trophic state up to 1990

Phytoplankton biomass in the two ponds as measured throughout the last four decades is reported
in Table 1. Chlorophyll a values ranged between 2 and 5 μg L−1 and biomass did not differ between

Table 2. ANOVA performed to test whether presence or absence of shellfisheries affected trophic variables of the water
column in brackish waters in Sicily.

TSM ISM OSM ISM/OSM

Source df MS F p MS F p MS F p MS F p

Bivalve (BIV) 2 0.48 6.42 *** 0.26 2.82 ns 2.16 29.55 *** 0.9385 8.87 ***
Month (MO) 11 2.45 32.64 *** 1.95 20.9 *** 2.66 36.39 *** 0.3921 3.71 ***
Site (BIV × MO) 36 0.07 1.24 ns 0.09 2.17 *** 0.07 0.24 ns 0.1058 0.25 ns
BIV × MO 22 0.75 9.98 *** 0.57 6.11 *** 0.95 13.08 *** 0.4508 4.26 ***
Residuals 72 0.06 0.04 0.30 0.4292
Cochran’s C ns (§) ns (§) ns (§) ns (§)

C-CHL a C-CHO C-PRT C-LIP

Bivalve (BIV) 2 20 37.78 *** 12 116.24 *** 19 125.29 *** 4.5315 17.3 ***
Month (MO) 11 9.6 17.79 *** 4.4 42.78 *** 6.5 42.76 *** 3.4213 13.06 ***
Site (BIV × MO) 36 0.5 0.49 ns 0.1 0.31 ns 0.2 0.51 ns 0.2619 0.61 Ns
BIV × MO 22 2.1 3.81 *** 1.6 15.21 *** 1.1 7.48 *** 0.9878 3.77 ***
Residuals 72 1.1 0.3 0.3 0.4311
Cochran’s C ns (§) ns (§) ns (§) ns (§)

BPC C-CHO/C-PRT POM/TSM C-CHL a/BPC

Bivalve (BIV) 2 6.5 72.9 *** 0.9 4.91 ** 626 31.28 *** 9.4327 22 ***
Month (MO) 11 3.7 41.8 *** 1 5.59 *** 195 9.75 *** 2.7739 6.47 ***
Site (BIV × MO) 36 0.1 0.39 Ns 0.2 0.63 ns 20 0.49 ns 0.4287 0.52 ns
BIV × MO 22 0.8 9.10 *** 0.6 3.13 *** 109 5.43 *** 0.795 1.85 *
Residuals 72 0.2 0.3 41 0.8212
Cochran’s C ns (§) ns (§) ns (§) ns (§)

Notes: *p < 0.05; **p < 0.01; ***p < 0.001; ns, no significant difference; §, data log-transformed [log (x + 1].
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ponds in the years up to 1995 (Student t-test p > 0.05). Since the bivalve cultivation was stopped
in Ganzirri, in just a few years (from 1992–1995 to 2000) chlorophyll a concentrations sharply
and significantly increased (p < 0.05) in Ganzirri when compared with Faro, where, in contrast,
they remained the same as in previous decades.

3.2. Current differences

The analysis of variance carried out on data collected between 1998 and 1999 revealed that con-
centrations of TSM and its organic fraction were significantly different between the two ponds
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Figure 2. (a) Total suspended matter (TSM; mg L−1) and (b) organic suspended matter (OSM; mg L−1) as estimated
in the two brackish ponds of Eastern Sicily (Ganz = Ganzirri).
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Figure 3. Carbon from suspended chlorophyll a (CHL a; μgC L−1) as estimated in the two brackish ponds of Eastern
Sicily (Ganz = Ganzirri).
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Figure 4. Carbon from (a) particulate carbohydrates (CHO; μgC L−1), (b) particulate proteins (PRT, μgC L−1),
(c) particulate lipids (LIP; μgC L−1), and (d) biopolymeric particulate carbon (BPC as a sum of C-CHO, C-PRT and
C-LIP; μg L−1) as estimated in the two brackish ponds of Eastern Sicily (Ganz = Ganzirri).
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Figure 5. Ratio of (a) particulate carbohydrates and proteins (C-CHO/C-PRT), and (b) particulate organic matter and
total suspended matter (POM/TSM) as estimated in the two brackish ponds of Eastern Sicily (Ganz = Ganzirri).

and that these differences varied significantly with time (months; Table 2). These differences
were maintained throughout the study period and were particularly relevant in Spring and Sum-
mer, when TSM concentrations in the Ganzirri sites were up to 8–13 times higher than in Faro
(Figure 2(a),(b)). Values of phytoplankton biomass differed significantly between the two sites in
the Ganzirri pond. Phytoplankton biomass values in both were significantly higher (ca. 3-fold)
than those measured in the Faro pond (ANOVA, p < 0.05) (Figure 3). Particulate proteins, car-
bohydrates, lipids and, consequently, biopolymeric carbon concentrations in the Ganzirri pond
waters (both sectors) were significantly higher than in the Faro pond (p < 0.05; Figure 4(a)–(d)).
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Table 3. (a) PERMANOVA performed on multivariate matrix to test whether presence or absence of shellfisheries
affected trophic variables of the water column in brackish waters in Sicily; (b) pairwise comparisons.

(a)

Source df MS Pseudo-F P(perm) Significance

Bivalve (BIV) 2 1202.00 76.31 0.0001 ***
Month (MO) 3 914.40 58.05 0.0001 ***
BIV × MO 6 294.89 18.72 0.0001 ***
Site (BIV × MO) 12 15.75 0.23 0.99 ns
Residuals 120 68.55

(b)

SPRING t P(perm) Significance SUMMER t P(perm) Significance

noBiv-north vs
noBIV-south

3.16 0.01 *** noBiv-north vs noBIV-south 1.88 0.17 ns

noBIV-north vs BIV 5.08 0.00 *** noBIV-north vs BIV 7.62 0.00 ***
noBIV-south vs BIV 3.60 0.00 *** noBIV-south vs BIV 9.93 0.00 ***

AUTUMN t P(perm) Significance WINTER t P(perm) Significance

noBiv-north vs
noBIV-south

1.33 0.28 ns noBiv-north vs noBIV-south 2.62 0.06 ns

noBIV-north vs BIV 9.35 0.00 *** noBIV-north vs BIV 5.57 0.00 ***
noBIV-south vs BIV 7.81 0.00 *** noBIV-south vs BIV 3.37 0.01 ***

Notes: ***p < 0.001; ns, no significant difference.

Proteins represented about 16% of BPC in Ganzirri and about 10% in Faro; the percentage
of carbohydrates was similar in both ponds (about 6.0% and 6.8%, respectively, in Ganzirri and
Faro), while lipids represented about 77% in Ganzirri and 84% in Faro. Protein-to-carbohydrate
ratios were rather high (up to 3.0), and significantly higher in Ganzirri than in Faro (Figure 5(a)).
Values of the food index POM/TSM were similar in the two sectors of the Ganzirri pond (up to
15%) and were higher than in the Faro pond (consistently lower than 10%) (Figure 5(b)).

The results of PERMANOVA (Table 3(a),(b)) revealed that the two ponds displayed consistent
differences in the trophic conditions and that, apart from in Spring, the trophic conditions in the
two sectors of the Ganzirri pond were relatively constant.

4. Discussion

Results for the present study show that bivalve grazing pressure can control phytoplankton and
particulate concentrations, which affects the trophic status of the two investigated ponds. Since
1982, when the first influential papers were published [31,32], benthic grazing has been con-
sidered the most important fate of primary production [22,33]. Thus, the paradigm ‘changes in
benthic grazer biomass (i.e. bivalves) equals the changes in phytoplankton biomass’ seems well
established across the literature [39]. Bivalve filtration pressure is thereby able to control concen-
trations of chlorophyll a in the water column, and different trophic conditions are produced in
its absence. Thus, in these Sicilian brackish ecosystems, the cessation of shellfisheries appears to
consistently influence the fate of primary production as expressed by chlorophyll a concentration
before and after the 1990s, but it could also have an effect on the phytoplankton and bacterio-
plankton community structure [32]. Before the 1990s, our two ponds were quite similar from the
trophic point of view; they had similar concentrations of most trophic variables, while after the
1990s their concentrations significantly deviated. In Faro, where the shellfishery is still active,
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concentrations remain constant or display natural annual/seasonal fluctuations. However, they
always remain within the ranges of the last few decades. In contrast, in Ganzirri, concentrations
after the 1990s increased enormously, which was probably due to the absence of bivalve grazing.
On the other hand, any clearance data measured for any mussel species in the past and in any
condition (mesocosm, wild or simulated; from [1,34–37]), may explain present findings. Consid-
ering the 0–5 m layer water volume in the ponds (about 900,000 m3 and 800,000 m3, respectively,
for Ganzirri and Faro) and the consequent water exchanges, bivalve farmed biomass (about 300
tonnes per year of fresh biomass) would exert such a great filtration pressure that it would be able
to both (i) control the phytoplankton biomass and trophic dynamics in ponds, and (ii) reduce a
possible role of natural-with-sea exchange and polluted waters coming from hinterlands. Indeed,
assuming a very conservative clearance value of about 1.0 l h−1 DW g−1 of bivalve somatic matter
[1,34], the water volume of both ponds (see above) and a total biomass of 300 t per year of wet
somatic biomass (more or less 60 t of dry wet biomass; [1]), bivalve filtration pressure could be
able to filter the available volume in Ganzirri by about 540 times and in Faro by 650 times per
year (i.e. about or more than two times per day). These simple and gross calculi clearly show that
filtration pressure exerted by farmed bivalves plays the most important role in determining the fate
of primary production in the study area [38]. Filtration pressure can also mask any role played by
anthropogenic sources in determining differences between ponds before and after the cessation of
shellfisheries in one of the ponds. Thus, the higher the biomass of bivalves farmed in the ponds, the
higher the control of trophic conditions in the ponds (sensu [33,38]). Bivalves affected almost all
components of particulate matter, although the effect of pressure was more evident on chlorophyll
and biochemical components of POM due to bivalve selective filtration [5,37]. Indeed, mussels
mainly rely on living and dead material ranging from a few microns to about 20–40 microns, even
though they realise their maximum efficiency of the filtration around 4–10 microns [39]. However,
cells of this size include bacteria (∼1 μm), nano-phytoplankton (<10 μm) and detritus of different
origin [4,5,40]. Filtration by bivalves was particularly efficient but only on particles of the sizes
cited above. Indeed, filtration had a slight effect on the total bulk of suspended matter (TSM), its
organic (OSM) and inorganic fractions (ISM) as TSM was reduced in Faro by approximately 1.7
times with respect to Ganzirri, and as OSM of about 1.6. TSM and its fractions are not usually
pre-filtered through 200 μm net size, the effect of filtration was negligible because bivalves rely
solely on fractions of smaller dimensions. In contrast, if we consider the chlorophyll a, the level
was about 4.7 times higher in Ganzirri than in Faro. This greater difference was likely due to
selective filtration by bivalves on phytoplankton with regard to bulk detritus (as expressed by
OSM). On the other hand, phytoplankton in the studied ponds is reported as usually composed of
nano-sized phytoflagellates or diatoms [16]. Selective pressure on fractions lower than 200 μm
was also supported by particulate biochemical differences between the two ponds. POM as a sum
of proteins, carbohydrates and lipids differed between ponds by an average of 2.5 times. POM
has been used across the recent literature as an efficient tool to describe food availability for filter
feeders [41,5]. Indeed, in bivalve ecosystem studies like the present study, POM has always been
a fraction of the total bulk, which is mainly influenced by filtration of bivalves [5]. POM frac-
tions are often used to distinguish the selection ability of bivalves. Particulate proteins are usually
considered as primary production indicators, hence the higher proteins, primary production and
biomass in the marine water masses. Carbohydrates and lipids are considered to have originated
from cellulose based organic matter and from cell heterotrophic walls. In the present study, par-
ticulate proteins and carbohydrates were higher in Ganzirri by about 3.8–4.0 times than in Faro,
while lipids were only twice as high, which substantiates the experimental hypothesis. More than
anything the difference in proteins, which is small compared to the difference in chlorophyll a,
supported the experimental hypothesis.

In conclusion, our results suggest that bivalve molluscs can control water quality in brackish
ecosystems, reducing the likelihood of eutrophication, and since coastal brackish waters provide
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essential ecosystem services to society [42], bivalves can play an important role in maintaining
ecological equilibrium (sensu [3,43]).
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