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Abstract

A faunistic and ecological study on the benthic macrofauna was carried out in the shellfish farm in Ain Chorb (Ain Taya),
central Algeria. This study aims to characterise the composition, structure, and functioning of the benthic community to establish
the reference state and ecological quality of the shellfish farm and to monitor its evolution through an adapted sampling and
observation methodology adapted and used by the scientific community at the international level. Benthic fauna samples were
collected in two different periods (warm and cold season) between February 2020 and June 2021; six grab samples were carried
out at three sampling stations. Different indices were evaluated based on the benthic community characteristics (species richness,
abundance, density, ecological and trophic groups, and the biotic index) and indicator species. An inventory of the macrobenthic
fauna of the farm allowed us to identify 6 phyla, 10 classes, 48 families, 106 genera, and 138 species, with a total of 45960 ind/m>.
The benthic assemblage is characterised by the dominance of the species Abra alba, Salvatoria clavata, Caecum spp., and Bittium
spp. The results of the four benthic indices (the Shannon-Weaver diversity index [H'], the AZTI Marine Biotic Index [AMBI], the
multivariate AZTI Marine Biotic Index [M-AMBI], and the BENTIX) indicated that that the sampling stations have a moderate
and good ecological status. These results were confirmed by the abundance/biomass comparison curves and geometric abundance
class methods. This study provides the first inventory and represents the reference state of the soft-bottom communities of the

aquaculture farm. The findings also indicate that the macrobenthic assemblage is excellent indicator of the ecological status.

Keywords: macrobenthic fauna; biotic index; ecological status; Shellfish farm; Algeria.

Introduction

Aquaculture is an essential food sector throughout
the world: it supplies a significant amount of seafood
to the global market. It is currently the fastest growing
food-production sector, with an annual growth rate of
5.8% between 2001 and 2016 (Ti¢ina et al., 2020). The
global aquaculture fish production has reached 82.1 mil-
lion tons, including 32.4 million tons of algae, 26,000
tons of ornamental clams and pearls, and a total output
of 114.5 million tons, a record high. Fish production is
dominated by finfish (54.3 million tons), molluscs, main-
ly mussels (17.7 million tons), and crustaceans (9.4 mil-
lion tons) (Food and Agriculture Organization, 2020).

Marine aquaculture has both positive and negative es-
sential effects on humans and the environment (Klinger
& Naylor, 2012). The rapid expansion in coastal ma-
rine areas has led to a general concern for the impact on
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crucial environmental variables. The potential adverse
effects of this growth have received the most attention
(Burke et al., 2005; Naylor et al., 2005; Froehlich et al.,
2017; Kim et al., 2022; Nanou ef al., 2022; Rios-Fuster
et al., 2022), including deterioration of water quality (Is-
lam, 2005), reduced income and employment in the cap-
ture fisheries sector (Klinger & Naylor, 2012), damage to
coastal habitats (Dewalt et al., 1996), disease and genetic
pollution (Hindar et al., 1991; Johansen et al., 2011), and
creating conflicts within coastal communities (Barton &
Floysand, 2010).

Parallel to aquaculture industry development, knowl-
edge of its effects (positive or negative) on the surround-
ing environment is increasing. The environmental sus-
tainability of aquaculture has received much attention
in recent decades. Sustainable aquaculture is concerned
with mutual interactions of this activity on the receiving
environment. Many countries are developing indicators
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of ecological and environmental quality at the national
level as part of their international commitments, such as
those under Agenda 21 and the Organization for Econom-
ic Co-operation and Development (OECD) Review. Most
of the studies focus on chemical parameters but, for sev-
eral reasons, direct chemical analyses of water and sed-
iments, which are often very sensitive and accurate, do
not necessarily reflect the real ecological state (Phillips
& Rinbow, 1994).

The most evident effect of this activity on bottom
sediments is the accumulation of organic matter, which
affects the structure of the benthic communities (Kar-
akassis et al., 2000; Hyland et al., 2005; Klaoudatos et
al., 2006; Yucel-Gier et al., 2007; Moraitis et al., 2013).
Analysis of the benthic community structure is wide-
ly used in environmental impact assessments (Pearson,
1978; Warwick & Clarke, 1994). Indeed, because of the
sedentary nature of the organisms that compose them,
benthic communities are considered good indicators of
the environmental state (Pearson, 1978; Gray & Mirza,
1979; Hily, 1984; Rosenberg et al., 2004). They provide
information regarding the quality of the water and sedi-
ment, and the relatively long-life cycle of benthic species
allows researchers to consider the temporal effects of dis-
turbances. Finally, there is great diversity in the sensitivi-
ty of benthic species and, consequently, in their response
to disturbance, whether anthropogenic or natural (Pear-
son, 1978; Gray et al., 1988; Dauer, 1993).

Most studies have focused on the environmental ef-
fects of marine fish farming (Gray et al., 1988; Wu et
al., 1994; Mazzola et al., 2000; Yucel-Gier et al., 2007;
Neofitou et al., 2012; Kucuksezgin et al., 2022). Further-
more, shellfish aquaculture appears to be less damaging to
the environment (Newell, 2004) because farmed shellfish
species are active filter-feeders and are cultured without
additional input to the marine ecosystem. They may have
a crucial role in the future development of integrated
multi-trophic aquaculture practices (Ti¢ina et al., 2020).
However, there are numerous interactions between shell-
fish aquaculture and the ecosystem, and organic enrich-
ment can appear under mussel farms. This enrichment is
due to the increase in the biodeposition of organic matter
in faeces and pseudofaeces (Hatcher et al., 1994). Fur-
thermore, the fall of mussels and associated epifauna can
modify the substrate’s physicochemical characteristics
(Christensen et al., 2003).

Several studies have been conducted to assess the en-
vironmental impact of aquaculture activities (Mazzola
et al., 2000; Neofitou et al., 2010; Moraitis et al., 2013;
Ticina et al., 2020; Sanchis et al., 2021). Some studies
have evaluated the influence of aquaculture by measuring
the chemical characteristics of the sediment (Sutherland
et al., 2007; Farmaki et al., 2014; Gu et al., 2021), and
others have analysed biological characteristics (Chevil-
lon, 1999; Mazzola et al., 2000; Sanchis et al., 2021).
However, chemical indicators have different response
times, so organic enrichment can induce changes in the
structure of benthic communities even before a chemical
analysis has detected a disturbance (Edgar et al., 2005).

For several decades, marine aquaculture has been
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expanding across the Mediterranean basin, including in
Algeria, where a multitude of studies have been conduct-
ed. These investigations have primarily centred on the
development, innovation, and evolution of this sector.
For example, Zerrouki (2012) evaluated environmental
parameters and revealed that aquaculture waters are nu-
trient rich, thus fostering an environment conducive to
phytoplankton growth, which is essential for shellfish
farming. However, only a handful of studies have delved
into the environmental impacts of marine aquaculture.
Lounas et al. (2020) reported that Algerian mariculture,
specifically floating cage systems, does not pose a sig-
nificant ecological risk to the local aquatic environment
in terms of toxic metal pollution. Moreover, Lourguioui
et al. (2017) investigated impact categories pertaining to
acidification and global warming potential by employing
life cycle assessment to evaluate the environmental im-
pact of suspended mussel culture in Algeria.

In a world of declining biodiversity, to ensure effec-
tive conservation of biodiversity at all levels of biologi-
cal organisation, the crucial first step is monitoring and
assessment (Patricio et al., 2016). This information also
provides essential knowledge that enriches the database
for developing a sustainable aquaculture industry. The
objectives of this study were: (a) to study the spatial and
temporal variations while characterising the composition
and structure of the benthic macrofauna community of
the study area, (b) to evaluate the effectiveness of dif-
ferent indices (the Shannon-Weaver diversity index [H'],
the AZTI Marine Biotic Index [AMBI], the multivariate
AZTI Marine Biotic Index [M-AMBI], and the BENTIX),
and (c) to assess the ecological status of the shellfish farm
environment to determine the state of ecological health
for better management of the farm.

Materials and Methods
Study area

The aquaculture shellfish and oyster farm ‘SARL
ORCA MARINE’, which has been active since the 2000s,
is located in Ain Chorb (Surcouf-Ain Taya) (36.79732°
N, 3.3151° E.), 27 km north-east of Algiers, in the Bay
of Zemmouri. Located 1 km from the coastline, the farm
covers an area of 5000 m? (Fig. 1). Mussels and oysters
are cultured on longlines (separated by 50 m). Designed
to produce approximately 50 tonnes year !, the farm ac-
counted for about 30% of the national production (150
tonnes) in 2013.

The bottom profile of Ain Chorb is divided into two
phases: (a) a rocky band that extends over a distance
of 100-500 m from the shore, (b) followed by a stretch
of coarse sand, up to the 20-30 m isobaths (CAR/ASP
- PNUE/PAM, 2015). The sediment below the shellfish
farm is coarse sand.

This area, subject to swells and currents and relatively
unaffected by urban activity, is sheltered by a bed of ma-
rine phanerogams: Posidonia oceanica and Cymodocea
nodosa (Samson-Kechacha, 1992). Operating as an open
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Fig. 1: Location of the shellfish farm, Orca Marine (Ain Chorb, Ain Taya, Algiers), with the positions of the sampling stations.

system, it experiences reduced stress from nutrient inputs,
and environmental conditions are favourable, benefiting
from a constantly-renewing water current that enhances
nutrient accessibility (Zerrouki, 2012).

Sampling strategy

The sampling strategy was limited by the technical
availability of the farm. The macrobenthic fauna was
sampled in two seasons — in June, representing the warm
season, and in February and December, representing the
cold season — from 2020 to 2021. Three sampling sta-
tions were located at a depth of 23 m (extremities) to 27
m (centre) underneath the mussel bags. Specifically, two
stations at both extremities of the farm and one station in
the centre, upstream of the main current direction, were
sampled to cover the total area of the farm (Table 1). Sam-
pling was carried out with a Van-Veen-type grab sampler
that covers a sampling surface of 0.03 m?. There were six
grab replicates per sampling point for a total surface area
of 0.54 m? in each month. The abundances were standard-

ised per square metre. A total of 54 samples were availa-
ble from two periods. The collected sediment was sieved
on a 0.5-mm mesh. The refusal of the sieve containing
the benthic fauna was fixed with formaldehyde seawater
(5%), then sorted and identified in the laboratory. The bi-
omass was calculated by obtaining the dry weight of each
sample of macrobenthic fauna.

Specimens, including juveniles, were meticulously
identified to the species level by using a stereomicroscope
(ZEISS Stemi DV4) and a trinocular microscope. Each
individual was categorised based on several determina-
tion keys to guarantee precise identification. The abun-
dances were recorded for both adults and juveniles. Many
articles dealing with a single family or species were also
used (Santos & da Cunha Lana, 2003; Antit & Azzouna,
2012; Hoiseter, 2014; Alvarez-Campos et al., 2015; Van-
nozzi et al., 2015; Middelfart et al., 2016; De Souza &
Pimenta, 2019; Albano ef al., 2020; Molina-Acevedo &
Idris, 2020). The taxonomic nomenclature of all identi-
fied species was verified according to the World Register
of Marine Species (WoRMS Editorial Board, 2024).

Table 1. Geographical coordinates and physical characteristics of the studied sites.

Site Coordinates Depth Type of sediment
N E (m)
ST1 East side 36.7966806° 3.3164500° 23 Coarse sand
ST2 Centre 36.7971306° 3.3151389° 27 Coarse sand
ST3 West side 36.7974806° 3.3134611° 23 Coarse sand
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Data analysis

Analytical characteristics provide information on the
importance, place, and influence of a species in a com-
munity. The results collected during the samplings were
processed according to the method developed by Péres &
Picard (1965) and adapted by Rebzani-Zahaf et al. (1997);
it characterises the community based on its species rich-
ness and the number of individuals of each species ex-
pressed as the absolute value (abundance, ind/m?) and the
relative value (dominance, %). In order to estimate the
qualitative and quantitative richness of the macrobenthic
community at each station and to follow the spatial and
temporal evolution of this richness, Species frequencies
were analysed by utilising the coefficient introduced by
Bakalem (1979) and Rebzani-Zahaf (1992, 2003). This
coefficient, which reflects the extent of a species presence
within a stand, categorises species into four groups based
on their frequency in the sample: constant, very common,
common, and rare (Table 2). The fauna lists were estab-
lished for each sample and station of the aquaculture site.
For each species in the list, the corresponding zoological,
ecological, and trophic groups were determined.

Bio-organisms adapt to their environment’s physical,
chemical, and biotic components and, consequently, the
environmental conditions corresponding to the ecologi-
cal requirements of each species (Rebzani-Zahaf, 2003).
To understand the relationship between the macroben-
thic communities and the environmental conditions, the
species were classified according to zoological groups
(Polychaeta, Mollusca, Crustacea, Echinodermata, and
Chordata). The feeding habits of the benthic community
must also be considered (e.g., carnivores, deposit feeders,
detritivores, suspension feeders, omnivores, and grazers)
because the structural organisation is conditioned not
only by abiotic factors, but also by the available nutrient
resources. This approach allowed us to identify the spe-
cific characteristics that may exist during an annual cycle
or at a given time.

For more accuracy, the species were also classified
according to the five ecological polluosensitivity groups
established by Borja et al. (2000): sensitive species, indif-
ferent species, tolerant species, opportunistic species of the
second rank, and opportunistic species of the first rank.

The benthic indices used in this study can be divided
into two categories:

a. This category included indicators based on species
diversity and density. H’, with log2 (Shannon and

Table 2. Species categories according to frequency.

Weaver, 1963), compares unequal species sampling,
and the Pielou evenness index (J') (Pielou, 1966), also
called the regularity and equitability index, is the ra-
tio between the diversity measured in a stand and the
maximum diversity. These two indices measure and
compare the species composition at each station. The
biodiversity indices were calculated according to the
following formulas:

H'=Y7_,Pi log2 Pi

J'=H"logS
b. This category includes three indices. First, the AMBI
developed by Borja et al. (2000) evaluates the ecolog-
ical quality of marine environments. Second, Muxika
et al. (2007) introduced the multivariate AZTI Ma-
rine Biotic Index (M-AMBI) to enhance the AMBI.

The M-AMBI incorporates the AMBI, along with the

number of species (S) and the Shannon-Wiener diver-

sity index (H'), offering a more comprehensive anal-
ysis. In this study, the species list published on the

AZTI website on May 2022 was utilised for the anal-

ysis. For the AMBI, when the percentage of taxa that

are not assigned is high (>20%), the results should be
evaluated with care because there may be subsequent
problems in the interpretation. Finally, the BENTIX,
developed by Simboura & Zenetos (2002), employs

a two-group classification (sensitive and tolerant) for

ecological assessment.

The index values correspond to five ecological quality
status levels: high, good, moderate, poor, and bad, pro-
posed by the Water Framework Directive (WFD). Table 3
lists the class boundaries for the aforementioned indices.

For the statistical analysis, a percentage similarity
analysis (SIMPER) was used to determine the contri-
bution of each species to the similarity-dissimilarity be-
tween the months, according to the average Bray-Curtis
dissimilarity. By using the PRIMER 6 software, non-met-
ric multidimensional scaling (nMDS) ordination based
on Bray-Curtis dissimilarity was applied to determine
the contribution of each species to the similarity-dissim-
ilarity between the different stations and months. The
PAST software (version 3.22) was used to perform the
non-parametric Kruskal-Wallis test to determine whether
there were significant seasonal and spatial differences in
species diversity. This software was also used for linear
(Pearson) correlation analysis to examine the relation-
ships between the AMBI, the M-AMBI, BENTIX, and
H’, and to explore the degree of potential correlations.

Species categories

Frequency

Constant
Very common
Common

Rare

>75%
50%-74%
25%-49%

<24%
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Table 3. Thresholds and ecological status of the community according to the different classifications for the four biotic indices
(the Shannon-Weaver diversity index [H'], the AZTI Marine Biotic Index [AMBI], the multivariate AZTI Marine Biotic Index

[M-AMBI], and the BENTIX).

Ecs"tla"ti':al AMBI M-AMBI o' BENTIX Pollution classification
<
0-1.2 1>BI>0.77 H >5 45 _<B6E(I)\ITIX Unpolluted
0.77>BI> , 3.5 <BENTIX .

1.2-3.3 053 4<H'<5 <45 Slightly polluted

Moderate 3.343 0.53 = BI> 3<H'<4 2.5< BENTIX Moderately polluted
0.39 <35

Poor 43-55 0.39>BI>0.2 1.5<H'<3 2.0 §<B2E§ITIX Heavily polluted

- 5.5-7.0 02=BI>0 0<H'<15 0 Extremely polluted

Ecosystem disturbance was investigated based on
the distribution of species in geometric abundance and
geometric size classes. The percentage of species was
plotted against the number of individuals per species in
geometric abundance classes and against the biomass per
species in geometric size classes.

Abundance/biomass comparison (ABC) curves, pro-
posed by Warwick (1986) to detect pollution effects on
marine zoobenthic communities, were created by using
the PRIMER 6.0 software package. The main advantage
of this approach is that it provides a direct assessment of
the state of the environment without prior knowledge of
the site.

By using the PAST software (version 3.22), principal
component analysis (PCA) was performed to identify the
dominant environmental factors; environmental variables
were normalised prior to applying PCA. BIOENV anal-
ysis was conducted to explore the correlation between
environmental factors and benthic community structure.
The environmental data used for PCA and BIOENV were
water parameters from Copernicus (for the depths 23-27
m) using the QGIS 3.14 software.

PC2
2

Results

Correlation analysis between abiotic and biotic varia-
bles

PCA based on environmental variable, including tem-
perature (T), salinity (S), net primary production (NPPV),
dissolved oxygen (OD), and depth (metres) at the sam-
pling stations of the shellfish farm (Fig. 2) showed that the
first two principal components (PC1 and PC2) explained
71.7% of the total variability. OD, salinity, and NPPV
were the main environmental variables that discriminated
the ecological and environmental quality of the sampling
stations. In February, the stations were influenced by OD
and salinity, while in June, the stations were influenced
by higher NPPV values.

The BIOENYV analysis results are summarised in Ta-
ble 4. There was a high correlation (R > 0.8) for all the
combinations of the abiotic variables, revealing a ho-
mogenised environment. The highest rank correlation
between multivariate patterns of abiotic and biotic data
were obtained with the combination of the five aforemen-
tioned abiotic variables.

D2 D3

PC1

Fig. 2: Two-dimensional principal component analysis (PCA) ordination of the environmental factors of sampling stations. The
letters and numbers refer to sampling stations (F = February, D = December, and J = June). Abbreviations: ABD = abundance,
NPPV = net primary production, OD = dissolved oxygen, S = salinity, and T = temperature.
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Table 4. BIOENYV analysis correlating the macrobenthic community with the environmental variables. Abbreviations: NPPV =net
primary production, OD = dissolved oxygen, S = salinity, and T = temperature.

Number of variables Correlation Selection of variables
5 0.925 T, S, NPPV, OD, depth
4 0.891 S, NPPV, OD, depth
2 0.883 S, NPPV
2 0.883 NPPV, OD
3 0.883 T, S, NPPV
3 0.883 T, NPPV, OD
3 0.883 S, OD, NPPV
4 0.883 T, S, NPPV, OD
3 0.863 NPPV, OD, depth
3 0.850 S, NPPV, depth

Macrobenthic community structure

The taxonomic inventory carried out within the frame-
work of this study allowed to collect a total of 45960 ind/
m? for the macrobenthos, with 8220 ind/m? for D3 and
3495 ind/m? for F1. These individuals belong to 138 spe-
cies divided into four main taxa: Mollusca, Polychaeta,
Crustacea, and Echinodermata (Table 5). The minimum
number of species occurred in the warm season (61 spe-
cies at J2), and the maximum number occurred in the cold

season (89 species in F1) (Fig. 3).

Quantitative analysis of the systematic structure re-
vealed a particular unbalance in the distribution at the
different levels in the cold and warm seasons. Mollus-
ca was the dominant phylum at all stations for the warm
and cold seasons, with 1441 individuals for D3 and 241
individuals for D1, followed by Polychaeta and Crusta-
cea (Fig. 4). The qualitative analysis showed the same
results, with the dominance of Mollusca with 101 spe-
cies (72.66%), characterised by the most dominant spe-

Table 5. List of the macrobenthic fauna recorded at the shellfish farm in Ain Chorb (Ain Taya, Algiers). Letters before numbers
refer to sampling events (F = February, D = December, and J = June), and the numbers refer to the sampling stations. Abbrevia-
tions: Do (%) = dominance; F (%) = frequency; ZG = zoological group (C = Crustacea, CH = Chordata, E = Echinodermata, F =
Foraminifera, M = Mollusca, P = Polychaeta); and TG = trophic group (C = carnivores, D = deposit feeders, Dt = detritus feeders,
G = grazers, MG = micro- grazers, O = omnivores, and S = suspension feeders).

Species F1 F2 F3 D1 D2 D3 J. J2 J3 Do(%) F(%) ZG TG
Abra alba 1 1 1 1 1 1 1 1 1 29.79 100 M D
Abra tenuis 1 0 1 1 0 0 0 0 0 0.14 33 M D
Alitta succinea 1 1 1 1 1 1 1 1 1 0.97 100 P Dt/O
Alvania cancellata 1 0 0 0 1 1 0 0 0 0.14 33 M G
Alvania dalmatica 0 0 0 0 1 0 0 0 0 0.01 11 M G
Alvania hispidula 0 0 0 0 0 0 0 0 1 0.02 11 M G
Alvania pagodula 1 1 1 1 0 1 1 1 0 0.15 78 M G
Amphipholis sp. 0 0 0 0 0 0 1 0 0 0.01 11 E
Amphiura chiajei 1 1 0 0 1 0 0 0 0 0.04 33 E D
Amphiura sp. 0 0 1 0 0 1 0 0 0 0.02 22 E D
Anomia sp. 0 0 0 0 0 0 1 1 0 0.21 22 M
Antalis vulgaris 1 1 1 1 1 1 0 0 1 0.27 78 M D
Arca sp. 0 0 0 0 0 0 1 0 0 0.01 11 M
Asbjornsenia pygmaea 0 0 0 1 0 0 0 0 0 0.02 11 M D
Astarte sp. 0 0 0 0 0 0 1 0 0 0.02 11 M
Astralium armatum 0 0 0 0 0 1 0 0 0 0.01 11 M
Bittium latreillii 1 1 1 1 1 1 1 1 1 2.25 100 M
Bittium reticulatum 1 1 1 1 1 1 1 1 1 1.02 100 M
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Table 5 continued

Species F1 F2 F3 D1 D2 D3 J. J2 J3 Do(%) F(*%) ZG TG

Bittium submamillatum 1 1 1 1 1 1 1 1 1 3.92 100 M
Bolinus brandaris 0 0 0 0 0 1 0 1 0 0.02 33 M D
Brachystomia scalaris 1 1 1 1 0 1 1 1 1 0.52 89 M

ﬁfn “C’Li)’;;‘;szma 11 1 1 1 1 | A T 156 100 CH S
Caecum glabrum 1 1 1 0 1 1 1 1 1 3.35 89 M (0]
Caecum sp. 1 1 1 1 1 1 1 1 1 1 2.30 100 M O
Caecum sp. 2 1 1 1 1 1 1 1 1 1 4.65 100 M (0)
Caecum trachea 1 1 1 1 1 1 1 1 1 1.91 100 M (0]
Calliostoma zizyphinum 0 0 0 0 0 0 1 0 0 0.02 11 M
Calyptraea chinensis 1 1 1 1 1 1 1 1 1 0.78 100 M G
Capitella capitata 1 0 1 0 0 0 0 0 0 0.02 22 P D
Caprella linearis 0 1 1 0 0 0 0 0 0 0.13 22 C
Cerapopsis longipes 1 1 1 0 1 1 0 0 0 0.20 56 C
Cerithium alucastrum 0 0 0 0 0 0 1 1 1 0.03 33 M D
Cerithium lividulum 0 0 0 0 0 0 1 0 0 0.01 11 M D
Chamelea gallina 1 0 1 0 0 1 0 0 0 0.10 33 M

Chone duneri 1 1 1 1 1 1 0 0 1 0.58 78 P
Chrysallida excavata 1 1 0 1 0 0 1 1 1 0.11 67 M
Circulus striatus 1 0 1 1 1 1 0 0 0 0.09 56 M
Clausinella fasciata 1 0 1 0 0 1 0 0 0 0.04 33 M
Crisilla semistriata 1 1 1 1 0 1 1 1 1 0.82 89 M

Crithe alqoensis 0 0 0 1 1 0 0 0 0 0.03 22 M
(Sg}yost%%lé‘égmoi Jea o 0o 0o 0o 0 0 1 0 1 002 2 M
Dentalium sp. 0 0 0 1 0 0 0 0 1 0.04 22 M D
Derilambrus angulifrons 1 0 1 0 0 0 0 0 0 0.02 22 C C
Digitaria digitaria 1 0 1 0 1 1 1 1 0 0.17 67 M
Diodora gibberula 0 0 0 0 0 0 1 0 0 0.01 11 M
Donax venustus 0 0 1 0 0 0 0 0 0 0.01 11 M
Dosinia lupinus 0 0 0 1 1 0 1 1 1 0.76 56 M S
Dosinia sp. 1 1 1 1 0 1 1 1 1 0.53 89 M S
Ebala pointeli 1 1 1 1 1 1 1 1 1 0.76 100 M
Elphidium sp. 0 0 0 0 1 0 0 0 0 0.11 11 F
Eulalia sp. 1 0 1 0 0 1 0 0 0 0.07 33 P
Eulima sp. 1 1 1 0 1 1 0 0 0 0.25 56 M
Eulimella scillae 0 0 0 0 0 0 0 0 1 0.02 11 M
Eupolymnia nebulosa 1 0 1 0 0 0 0 0 0 0.05 22 P D
Eurydice affinis 1 1 1 1 1 1 1 1 1 0.33 100 C C
Euspira macilenta 1 0 0 1 1 0 0 1 0 0.11 44 M C
Exogone naidina 1 1 1 1 1 1 1 1 1 1.22 100 P C
Gammaropsis sp. 1 1 1 1 1 1 0 0 1 3.61 78 C

Gari costulata 0 0 0 0 0 1 1 1 1 0.12 44 M S
Gibberula miliaria 1 1 1 1 1 1 1 1 1 0.25 100 M
Glycera lapidlium 1 0 0 1 1 1 0 0 0 0.11 44 P C
Glycymeris glycymeris 0 0 0 0 1 0 0 0 0 0.01 11 M
Golfingia (Golfingia) o0 1 o 0 1 1 015 56 P
elongata

Goodallia triangularis 1 1 1 1 0 1 1 1 0.34 78 M

Continued
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Table 5 continued

Species F1 F2 F3 D1 D2 D3 J1 J2  J3 Do(%) F(%) ZG TG
Gouldia minima 1 0 0 0 1 0 0 0 0 0.08 22 M
Haminoea navicular 1 0 1 1 1 0 1 0 0 0.14 56 M
Haminoea sp. 0 0 0 0 0 0 1 1 1 0.07 33 M
Hemiliostraca clandestina 0 0 1 0 1 0 0 0 0 0.03 22 M
Hyalinoecia sp. 0 0 0 0 1 0 0 0 1 0.02 22 P
Jassa slatteryi 0 0 1 0 1 0 0 0 0 0.03 22 C
Jassa sp. 1 1 1 1 1 1 0 0 0 0.10 67 C
Kurtiella bidentata 1 0 0 1 1 1 1 1 1 0.23 78 M
Lagis koreni 0 0 0 0 0 0 0 0 1 0.07 11 P D
Lembulus pella 1 0 1 1 1 1 0 1 1 0.12 78 M D
Leptocheirus guttatus 0 0 0 0 1 0 0 0 0 0.03 11 C
Leptocheirus longimanus 1 1 1 0 0 1 0 0 0 0.15 44 C
Leucothoe lilljeborgi 1 0 1 1 1 1 0 0 0 0.22 56 C
Liocarcinus vernalis 0 0 0 0 0 0 1 0 0 0.02 11 C C
Loripes orbiculatus 0 0 0 1 0 0 0 0 0 0.01 11 M S
Lysidice unicornis 1 1 1 0 1 1 1 1 1 0.24 89 P C
Mangelia payraudeaui 1 1 1 0 1 0 0 0 0 0.07 44 M
Mangelia unifasciata 1 1 1 0 0 1 1 1 1 0.12 78 M
Marshallora nigrocincta 0 0 0 0 0 1 0 0 0 0.04 11 M
Melanella sp. 0 0 0 0 0 0 1 1 1 0.13 33 M C
Mimachlamys varia 0 0 0 0 0 0 1 0 0 0.01 11 M
Mitrella svelta 0 0 0 1 0 0 0 0 0 0.01 11 M
Moerella donacina 1 0 0 0 0 1 1 1 1 0.12 56 M S
Monophorus perversus 0 0 0 0 0 0 0 0 1 0.03 11 M
Mystides sp. 1 0 1 1 0 1 0 0 0 0.05 44 P
Natica sp. 0 0 0 1 0 0 0 0 0 0.01 11 M
Nucula nitidosa 1 1 1 1 1 1 1 1 1 0.41 100 M D
Nucula nucleus 1 1 0 1 1 0 0 0 0 0.07 44 M D
Ocinebrina aciculata 0 0 0 1 1 0 0 0 0 0.02 22 M
Odostomella doliolum 1 0 1 1 1 1 1 1 1 0.23 89 M
Odostomia conoidea 0 0 0 0 0 0 1 0 1 0.09 22 M
Odostomia kromi 1 0 0 1 1 0 0 0 0 0.08 33 M
Odostomia plicata 1 0 1 0 1 0 0 0 0 0.07 33 M
Odostomia sp. 1 1 1 0 1 1 1 1 0 0.54 78 M
Ophiura (Dictenophiura) 1 1 0 0 0 0 1 | 0 0.09 44 E D
carnea
Ophiura albida 1 1 1 0 0 0 1 0 0 0.07 44 E D
Paucibranchia bellii 1 1 1 1 1 1 1 1 1 1.14 100 P C
Papillicardium minimum 1 0 0 1 1 1 0 1 1 0.14 67 M S
Papyridea soleniformis 0 0 0 0 0 0 1 1 0 0.02 22 M
Parthenina interstincta 1 1 1 1 1 1 0 0 0 0.88 67 M
Parthenina terebellum 0 0 0 0 0 0 1 1 1 0.47 33 M
Parvicardium exiguum 0 0 0 0 0 0 1 0 1 0.05 22 M S
Parvicardium sp. 1 1 1 0 1 1 1 0 0 0.12 67 M S
Patella sp. 0 0 0 0 0 0 1 0 0 0.01 11 M
Phascolion (Phascolion) | | | 1 1 1 1 127 100 S D
Phyllodoce sp. 1 1 1 1 0 1 0 0 0 0.13 56 P C
Continued
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Table 5 continued

Species F1 F2 F3 D1 D2 D3 J1 J2  J3 Do(%) F(*) ZG TG
Pisione remota 1 1 1 1 1 1 1 1 1 0.83 100 P D
Pitar rudis 0 0 0 0 0 0 0 1 1 0.04 22 M S
Polyplacophora sp. 1 1 1 0 0 1 1 1 0 0.10 67 M MG
Protodorvillea keferteini 1 1 1 1 1 1 1 1 1 2.21 100 P C
o pangelia 1 0 0o 1 0 0 0 0 0 002 2 M
Pusillina philippi 1 1 1 1 1 1 1 1 1 0.90 100 M
Pyrgulina stefanisi 1 0 0 0 1 0 0 0 0 0.03 22 M
Pyrunculus caelatus 1 1 1 1 1 1 1 1 1 1.48 100 M
Retusa crossei 1 1 1 1 1 1 1 0 1 0.64 89 M
Retusa mammillata 1 1 1 1 1 1 1 1 1 1.38 100 M
Retusa miutissima 1 1 1 1 1 1 1 1 1 0.50 100 M
Ringula conformis 0 1 1 1 1 1 1 1 1 0.15 89 M
Rissoina sp. 1 1 1 0 0 0 0 0 0 0.08 33 M
Salvatoria clavata 1 1 1 1 1 1 1 1 1 13.50 100 P
Scacchia oblonga 0 0 0 0 1 0 0 0 0 0.03 11 M
Spisula subtruncata 0 0 0 0 0 0 1 1 1 0.39 33 M S
Stenothoe monoculoides 1 1 1 1 0 1 0 0 0 0.09 56 C
Syllis lunaris 1 1 0 1 1 1 1 1 1 0.88 89 P C
Tellimya ferruginosa 1 1 1 1 1 0 1 1 0 0.27 78 M S
Tricolia gab 1 1 1 0 1 1 0 0 0 0.25 56 M
Tricolia pullus 1 0 1 1 0 0 0 0 0 0.05 33 M
Tritia incrassata 1 1 1 1 1 1 1 1 1 0.37 100 M C
Turbonilla lactea 1 1 1 1 0 1 0 0 0 0.36 56 M
Turbonilla sp. 1 1 1 0 1 1 0 0 0 0.17 56 M
Turritella sp. 1 1 1 1 1 1 0 1 1 0.27 89 M S
Varicorbula gibba 1 1 1 1 1 1 1 1 1 1.46 100 M S
Vitreolina incurva 1 0 1 0 1 1 0 0 0 0.09 44 M
Volvulella cylindrica 0 0 0 0 0 1 0 0 0 0.01 11 M
Total abundance 699 960 1253 701 1319 1644 1051 701 864 100
Species richness 90 65 82 70 75 74 70 61 65
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Fig. 3: Temporal and spatial variations in abundance (per 0.2 m?) and species richness of the macrobenthic fauna at the shellfish
farm in Ain Chorb (Ain Taya, Algiers).
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Fig. 4: Temporal and spatial variations in the abundance (per 0.2 m?) of the macrobenthic fauna at the shellfish farm in Ain Chorb

(Ain Taya, Algiers).

cies Abra alba (29.79%), followed by Polychaeta with
18 species (12.95%), including the second most domi-
nant species Salvatoria clavata (13.50%), and Crustacea
with 12 species (8.63%), represented by Gammaropsis
sp. (3.61%). The remaining groups included eight species
(5.76%) (Fig. 5).

Analysis of the species frequencies allowed us to
distinguish the distribution of species within the popu-
lation. The frequent or very frequent species (constant,
very common, and common species) included 4. alba, S.
clavata, Caecum sp. 2, and Bittium submamillatum, rep-
resenting 47.48% of the total diversity. The least frequent
species (common and rare) were Anomia sp., Caprella
linearis, Odostomia conoidea, and Gouldia minima, rep-
resenting 52% of the total diversity, for a total of 138 spe-
cies.

For the polluosensitivity ecological groups, following
the AMBI scoring list, the benthic community was repre-
sented by two major groups for both the cold and warm
seasons:

Species very sensitive to organic matter enrichment:

Mediterr. Mar. Sci., 25/1, 2024, 116-135

this was the dominant group (F1, F3, D1, J1, J2, and J3)
represented by >38% of the population. The following
molluscs dominated this group: B. submamillatum, Cae-
cum sp. 2, Caecum glabrum, and the amphipod Gamma-
ropsis sp.

Species tolerant to organic matter enrichment: this
group represented 31.77% (F2, D2, and D3) and was
dominated mainly by the mollusc 4. alba. The tolerant
species predominated at station 2 in February and De-
cember. The group of indifferent species was in the third
position with 27% (Fig. 6).

Three main trophic groups characterised the mac-
robenthic community of the study area: deposit feeders,
dominated by A4. alba, followed by carnivores and sus-
pension feeders, represented by the polychaetes Pro-
todorvillea keferteini and Branchiostoma lanceolatum,
respectively. The cold season was characterised by the
dominance of deposit feeders (F1, F2, F3, and D1) and
carnivores (D2 and D3) (Fig. 7). Quantitative analysis of
the trophic structure of the population revealed the pre-
ponderance of deposit feeders at all stations (cold and
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Fig. 5: Dominance of the zoological groups of the macrobenthic fauna at the shellfish farm in Ain Chorb (Ain Taya, Algiers).
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Fig. 6: Temporal and spatial evolution of the ecological groups (I, II, III, IV, and V) according to the AZTI Marine Biotic Index
(AMBYI) of the soft-bottom macrobenthic fauna at the shellfish farm in Ain Chorb (Ain Taya, Algiers).
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Fig. 7: Temporal and spatial evolution of the trophic groups of the soft-bottom macrobenthic fauna depending on the number of
species at the shellfish farm in Ain Chorb (Ain Taya, Algiers).
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warm seasons), representing about 61% of the benthic
organisms. This result is due to the high predominance
of the bivalve A. alba (29.79%). This group was followed
by omnivores (F1, F2, D2, D3, J1, and J2), dominated by
the polychaete S. clavata (13.5%), and suspension feed-
ers (F3, D1, and J3) (Fig. 8).

SIMPER analysis showed the six top species lists be-
tween the different months for the shellfish farm (the spe-
cies occurring mainly at each station) according to the av-

erage Bray-Curtis dissimilarity (Table 6). The bivalve 4.
alba mainly contributed to the dissimilarities between the
months, followed by the polychaete S. clavata, occurring
mainly in the cold season. The average dissimilarities for
samples from February and June were 39.68% and 52.99%,
respectively. Bray-Curtis nMDS ordination and cluster anal-
yses of the sites and seasons at the species level showed two
different assemblages (A and B) with 70% similarity (Fig.
9). According to SIMPER analysis, Cerithium alucastrum,
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Fig. 8: Temporal and spatial evolution of the trophic groups of the soft-bottom macrobenthic fauna depending on the abundance
(per 0.2 m?) at the shellfish farm in Ain Chorb (Ain Taya, Algiers).
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Fig. 10: Temporal and spatial variations in the Shannon-Wiener diversity index (H’) and the evenness index (J’) at the shellfish
farm in Ain Chorb (Ain Taya, Algiers).
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Table 6. SIMPER analysis showing the species ranked according to the average Bray-Curtis dissimilarity between the different
months at the shellfish farm in Ain Chorb (Ain Taya, Algiers). Abbreviations: Abund = abundance, Av. = average, Contrib. = con-

tribution, Cum. = cumulative, Diss. = dissimilarity, and SD = standard deviation.

February & December

Average diss. = 44.32%

Group Group
February December
Contrib Cum.
Species Av. abund. Av. abund. Av. diss.  Diss./SD (%) : (%)
(]
Abra alba 247.67 481.33 15.07 1.44 34 34
Salvatoria clavata 136 184.33 7.01 1.32 15.82 49.81
Gammaropsis sp. 51 57 2.84 1.13 6.4 56.22
Caecum sp. 2 50.33 32.33 1.41 1.22 3.18 59.4
Bittium submamillatum 35 48.67 1.17 1.38 2.64 62.04
Branchiostoma lanceolatum 7.33 29 1.04 2.13 2.35 64.39
February & June Average diss. = 39.68%
Group Group
February June
Contrib Cum.
Species Av. abund. Av. abund Av. diss.  Diss./SD (%) : (%)
Abra alba 247.67 183.67 6.48 1.35 16.32 16.32
Salvatoria clavata 136 93.33 591 1.39 14.9 31.22
Caecum glabrum 29.33 65 2.65 1.64 6.67 37.9
Gammaropsis sp. 51 2.67 2.42 0.84 6.1 44
Caecum sp. 2 50.33 59.67 1.64 1.49 4.14 48.15
Dosinia lupinus 0 17 0.94 1.05 2.36 50.51
December & June Average diss. =52.99%
Groupe Groupe
December June
. Av. abund. . . Contrib. Cum.
Species Av. abund. Av. diss.  Diss./SD (%) (%)
Abra alba 481.33 183.67 16.15 1.44 30.48 30.48
Salvatoria clavata 184.33 93.33 7.42 1.31 14.01 44.49
Gammaropsis sp. 57 2.67 3.08 1.05 5.81 50.3
Caecum glabrum 8.33 65 2.88 1.24 543 55.74
Caecum sp. 2 32.33 59.67 2.03 1.11 3.83 59.57
Bittium submamillatum 48.67 36.33 1.07 1.46 2.02 61.59

Parthenina interstincta, and Spisula subtruncata contribut-
ed to this minor dissimilarity (37.93%).

H' varied between 3.26 and 5.37; The highest H’
value was found in the cold season (F1), and the low-
est value was found for D3 (cold season). J' ranged from
0.53 (December 2020) to 0.83 (February 2020) (Fig. 10).
However, these observations relate to trends, as the bio-
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diversity index value for each station of the two periods
(cold and warm season) were not significantly different
(Kruskal-Wallis test: p = 0.8756). This result indicates
that all periods should be regarded similarly in terms of
biodiversity.

In February 2020, the mean AMBI value for each
sampling station ranged from 1.045 (F1) to 1.725 (F2),
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Table 7. Temporal and spatial evolution of the biotic indices (the Shannon-Weaver diversity index [H'], the AZTI Marine Biotic
Index [AMBI], the multivariate AZTI Marine Biotic Index [M-AMBI], and the BENTIX) at the shellfish farm in Ain Chorb (Ain
Taya, Algiers).

BENTIX AMBI M-AMBI IS i

F1
F2
F3
D1
D2
D3
J1
J2
J3

Table 8. Macrobenthic community parameters at the shellfish farm at the shellfish farm in Ain Chorb (Ain Taya, Algiers). Ab-
breviations: AMBI = AZTI Marine Biotic Index, H' = Shannon-Weaver diversity index, J' = evenness index, and M-AMBI =
multivariate AZTI Marine Biotic Index.

H'(log) =+ Ecological M-AMBI Ecological BENTIX Ecological

’
S N SD status J'+SD AMBI+SD +SD status +SD status
4.66 + 071 + 1.493 + 0.95+ 3.69 +
February 96 2912 s 0.09 0.366 0.12 0.66
3.96+ 0.59 + 1.782 + 092+ 3.10 +
December 107 3664 0 44 Moderate 0.07 0659 0.06 0.34 Moderate
479 + 0.75 + 1.425 + 0.93 + 383+
June 86 2617 1 0.05 0.301 0.05 0.22
= 7o)
E 2 3
@ = = T
BENTIX
1
AMBI '
0.333
0333
M-AMBI
-1
-

Fig. 11: Correlation matrix for the biotic indices (the Shannon-Weaver diversity index [H'], the AZTI Marine Biotic Index [AMBI],
the multivariate AZTI Marine Biotic Index [M-AMBI], and the BENTIX). The blue shaded circles represent significant positive
correlations.
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with two undisturbed stations (F1 and F3) and only one
slightly disturbed station, namely F2 (AMBI = 1.725).
The AMBI values show that the benthic environment is
undisturbed by human activities.

In December 2020, the mean AMBI values for each
sampling station ranged from 0.814 (D1) to 2.078 (D3)
(Tables 7 and 8), with two slightly disturbed stations (D2
and D3) and only one undisturbed station D1 (AMBI =
0.814). These data imply that the benthic assemblages
had been subjected to only slight disturbances from either
environmental changes or human activities.

In June 2021, the mean AMBI values for each sam-
pling station ranged from 0.927 (J3) to 1.515 (J2), with
two undisturbed stations (J1 and J3) and only one slightly
disturbed station J2 (AMBI = 1.515), implying that the
benthic assemblages had been subjected to no or only mi-
nor environmental changes or human activities. Howev-
er, because 67% of the stations had >20% of unassigned
species, only 33% of the AMBI results were acceptable.
Based on the remaining data, two stations were slightly
disturbed and one was undisturbed.

The M-AMBI results revealed 78% of sampling sta-
tions with a good ecological status and 22% with a high
ecological status (Table 8). The mean M-AMBI values
for each month indicated an undisturbed benthic environ-
ment.

The BENTIX results varied between sampling month
and station. According to this index, the study site was
classified from moderate to high. In February and June,
the mean BENTIX values varied from 3.69 to 3.83, re-
spectively, which means that the ecological status was
good; however, in December all stations had a lower
mean BENTIX value of 3.10, indicating a moderate eco-
logical status (Tables 7 and 8). The ecological quality

ratio (EQR) values based on the BENTIX showed eight
sampling stations with a moderate or good ecological
status, and only one station (F1) with a high ecological
status.

The correlation matrix (Linear r Pearson) for biotic
indices showed a perfect correlation between H' and the
BENTIX (r =1, p < 0.05, Fig. 11). The AMBI and the
M-AMBI were also significantly correlated to H” and the
BENTIX (r = 0.87, p < 0.05, Fig. 11). In general terms,
our results showed that H', the AMBI, the M-AMBI, and
the BENTIX are very close in terms of the diagnosis.

In general, the ABC curves defined the study area as
moderately disturbed (Warwick statistic [W] = 0.053-
0.227). Globally, the abundance curve intersected with the
biomass curve except for the month of February (F1 and
F3) where the biomass curve was above the abundance
curve, classifying the stations as undisturbed (Fig. 12).

The number of geometric abundance classes (Fig. 13)
ranged from seven to ten classes throughout all months.
In general, the species percentage decreased gradually
as the geometric abundance class increased. The curves
showed a high number of rare species. There were more
species present in low abundance classes than species
with high abundance, indicating an unpolluted situation.

Discussion

The variability appeared to be strongly related to
the environmental characteristics such as bay exposure
to current, water renewal, and sediment type, which
seemed to mostly affect trophic behaviour and the qual-
ity of aquaculture production. The different analytical
methods and biotic indices indicated a moderate to good
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Fig. 12: Abundance/biomass comparison curves for macrobenthic fauna communities analysed at the shellfish farm located in Ain

Chorb (Ain Taya, Algiers). 7 is the Warwick statistic.
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Fig. 13: Distribution of geometric abundance at the shellfish farm in Ain Chorb (Ain Taya, Algiers).

ecological status with a high richness of macrobenthic
fauna. The inventory of the macrobenthic fauna of the
farm revealed 45960 ind/m? divided into four main taxa
(Polychaeta, Crustacea, Mollusca, and Echinodermata).
The abundance ranged from 3495 to 8220 ind/m?, which
is higher than the abundances that have been observed
along the Algerian coast (see Bakalem et al., 2009; Belh-
adj et al., 2021; Kerfouf et al., 2022), but similar to those
observed in the eastern Mediterranean Sea (see Neofitou
et al., 2012). However, as noted in the literature, this pa-
rameter is related to the size of the sampling surface, the
relationship between the sampled area and the number
of species recorded (Carpentier & Lepretre, 1999), and
the study area characteristics (substratum, the influence
of anthropogenic discharges, etc.).

During the survey, molluscs and polychaetas were the
most abundant taxa (72.66% and 12.95%, respectively),
followed by crustaceans (Arthropoda, 8.63%). A previ-
ous study on the macrobenthic fauna in the Mediterrane-
an Sea (Bay of Bou-Ismail, Algeria) showed a different
structure with the dominance of polychaetes (44.7%),
followed by crustaceans, and then echinoderms (7.6%)
(Bakalem et al., 2020). There were similar findings in
the eastern sector of the Gulf of Oran (western Algeria,
Mediterranean Sea) (Kerfouf et al., 2022). According to
Zerrrouki (2012), the ecosystem in this area of eastern Al-
geria, particularly in the infralittoral zone, has tradition-
ally been highly reputed for its abundance of molluscs.

Mediterr. Mar. Sci., 25/1, 2024, 116-135

The bivalve A. alba, one of the main dominant species
in our study site, is considered an indicator of instabil-
ity and of excessive organic matter. This species can be
present in normal conditions, but its population is also
stimulated by organic enrichment (Rebzani-Zahaf, 2003).
Its ability to rapidly colonise the available sandy benthic
communities and to exploit the food resources present at
the water-sediment interface makes it a pioneer species
(Dauvin et al., 1993); this ability probably explains the
high densities observed in this study site, ranging from
1020 to 2674 ind/m?. In addition, according to Dauvin et
al. (1993), A. alba shows remarkable pluriannual varia-
tion with strong (500-1000 ind/m?) or very strong (>1000
ind/m?) recruitment from November to December. The
high densities of this species in December (2674 ind/m?)
confirm his recruitment pathway during the study period.

Analysis of the species frequencies revealed that the
qualitative structure of the population of the surveyed
zone is formed by a reduced number of frequent species,
around which a significant number of less frequent spe-
cies revolves. We may say that the settlement structure
presents a state of imbalance, mainly in favour of rare
species. These findings have been confirmed by the ge-
ometric abundance class method. The significant number
of mollusc species among the uncommon and rare assem-
blage species highlights that this group plays an impor-
tant role in the qualitative structure.

Dominant species can characterise a community
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based on their functional groups, which are defined as
species with similar effects on the significant ecosys-
tem processes (Chapin et al., 1992). Trophic functional
groups play different roles in the benthic ecosystem, in-
cluding transformation and decomposition of organic and
inorganic matter inside the sediment due to their biotur-
bation — for example, feeding, burrowing, and construc-
tion activities (Aller, 1994; 2001). The suspension feeder
functional group may induce facilitative interactions and
enhance resource consumption (Cardinale et al., 2002),
which will be beneficial to other groups. Other function-
al groups (mainly depositional food habit and burrowing
behaviour) decompose the detritus, increase the oxygen
sediment porewater, and accelerate the decomposition of
organic matter (Pearson et al., 2001). The top three dom-
inant species at the study site belong to the deposit feeder
group, including 4. alba (also considered a suspension
feeder). This group competes with suspension feeders
and omnivores (the second most represented group), rep-
resented by the polychaete S. clavata and the mollusc C.
glabrum. According to Dewarumez & Blond (1983) and
Garcia-Arberas & Rallo (2002), deposit feeders are gen-
erally abundant in muddy and muddy sand, low-energy
sediments, while suspension feeders prevail in sediments
with a low content of fine fractions. The deposit feed-
ers and omnivores were of equal numerical importance:
they represented more than half of the macrobenthic
population at the shellfish farming stations. An increase
in deposit feeders is usually reported in areas subjected
to eutrophication and indicates a disturbed environment
(Beukema, 1991), but they also play a crucial role in or-
ganic matter decomposition and nutrient recycling for the
benthic ecosystem (Li et al., 2017). However, as outlined
by Gray et al. (1988) and Garcia-Arberas & Rallo (2002),
the utility of feeding group approaches in detecting the
effects of pollution is limited because the separation of
pollution gradients from natural gradients in estuarine
and coastal environments is not evident. The lack of spe-
cific knowledge about diets can lead to errors in species
grouping. For example, most deposit feeders can also be
potential carnivores as indiscriminate predators of juve-
nile populations or the meiobenthos.

The macrobenthic communities of the studied shell-
fish farm showed high species richness and were dominat-
ed by small size organisms. According to Deslous-Paoli
et al. (1998), the development of these small individuals
is probably due to shellfish farming activity, which acts
favourably on the productivity of the ecosystem by rein-
jecting massive and rapid amounts of nutrients into the
water column, even though its predation pressure rapidly
eliminates the products. These results can be correlated
with a type ‘v’ demographic strategy characterised by
short longevity, strong growth, a short development cy-
cle, and several annual egg-laying events. According to
the ABC curves, ‘k’ strategy species are progressively re-
placed by a small number of ‘r’ strategy species, such as
A. alba, the dominant species in our study (29.79%). This
could explain the importance of juveniles in the commu-
nities of the aquaculture farm.

Structure analysis indicated the same structure of
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macrobenthic fauna at all stations for the warm and cold
seasons. According to the Kruskal-Wallis test, there were
no significant changes (p > 0.05). However, we noticed a
slightly imbalanced ecological status in December (de-
crease in H' and J') due to the increase in A. alba abun-
dance. The ABC curves produced similar results, show-
ing a moderately disturbed and undisturbed pattern.

In this survey, the four benthic and biotic indices (H’,
the AMBI, the M-AMBI, and the BENTIX) suggested
that the sampling stations of the shellfish farm are of
moderate and good quality. Bakalem et al. (2009) re-
ported slightly different results for Algiers Bay; the same
benthic indices indicated a moderate and high ecologi-
cal status. The results of the biotic indices confirm their
substantial capacity to analyse the ecological quality of
shellfish farms and to monitor their impact on the mac-
robenthic assemblages. The AMBI and the M-AMBI in-
dicated the same ecological status (good) for all sampling
periods. On the other hand, H' and the BENTIX varied
among the months, with a good ecological status in Feb-
ruary and June and a moderate ecological status in De-
cember. The average values of the various biotic indices,
based on benthic macrofauna, gave similar values and
ecological status (moderate), except for the AMBI and
the M-AMBI. The correlation matrix showed significant
correlations between the four biotic indices. Finally, the
EQR score for the current survey (0.55) was similar to the
EQR scores reported by Chabane et al. (2018) (0.41) and
Bahbah et al. (2020) (0.49), who used macroalgal assem-
blages that are known to be good indicators of water qual-
ity (Ballesteros et al., 1984; Bishop et al., 2002; Arévalo
et al., 2007; Orlando-Bonaca et al., 2008; Lasinio et al.,
2017).

Conclusion

This preliminary study constitutes the first inventory,
representing a reference state, of the shellfish farm locat-
ed in Ain Chorb (Ain Taya), in the central region of Al-
geria. The macrobenthic assemblage was dominated by
molluscs and polychaetas. The macrobenthic assemblage
is an excellent indicator of ecological status; for environ-
mental management, it would be necessary to implement
long-term monitoring of the farms located along the Al-
gerian coast. Additional developments considering abiot-
ic and biotic interactions are needed for a more complete
environmental evaluation, for better aquaculture produc-
tion, and the development of an environmentally respon-
sible aquaculture.
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