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The main objective of this study is to carry out an ecological diagnostic of intertidal rocky marine habitats on the Oran coastline
(South Western Mediterranean). Ecological status and ecological quality were evaluated using the abundance and composition of
benthic macroalgal to indicate changes in the aquatic ecosystem in nine (9) targeted stations. The floristic inventory has revealed a
total of 18 taxa, including 5 Rhodophyta, 8 Phaeophyta, and 5 Chlorophyta. The calculation of environmental quality indices
(average cover, global average cover and species richness) showed a heterogeneity in the composition and the distribution of
macroalgae between the different stations, as well as a very high diversity at the station (S1), which was characterized by the
presence of fourteen (14) algae species of algae of the three groups compared to the other stations. The algal flora of Oran Bay was
characterized by the dominance of Chlorophyta, followed by Phaeophyta and Rhodophyta.
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Introduction

Coastal marine ecosystems are environments that are increasingly affected by human activity. Industrialization and the development
of cities and human societies in the coastal zone are the main causes of the increase in ecological pressure on these environments.
However, Algerian coasts are not spared from this pollution. In fact, several studies have demonstrated the impact of anthropogenic
activities on Algerian coastal ecosystems (Rouane Hacene et al., 2016; 2018; Benaissa et al., 2017; Rouabhi et al., 2019). However,
in order to counteract the degradation of natural marine environments, it is essential to develop tools for assessing and monitoring
the quality of the marine environment (Pinedo et al., 2007; Bélanger, 2009). Thus, over the past few decades, the science of
bioindication has been developed. The latter is based on the use of living organisms to assess the environmental conditions of a
given environment, using numerous tools (bioindicators, biomonitors, bioaccumulators, biomarkers, etc.) and allowing the
management and maintenance of coastal marine ecosystems. Among the various bioindicators, seaweeds can be used to assess
the quality of the marine environment. These sessile organisms provide a local picture of contamination. Furthermore, they are
sensitive to disturbances in the water column and sediments (Garca-Seoane et al., 2018). Benthic macroalgae are very good
bioindicators of water quality in marine ecosystems (Borowitzka, 1972; Munda, 1974, Littler and Murray, 1975; Murray and Littler,
1978; Belsher, 1979; Levine, 1984; Kautskyl et al., 1986; Philips, 1994; Perez et al., 2000). They have the capacity to bioaccumulate
various pollutants, including heavy metals (Leal et al., 1997; Haury et al., 2000; Villares et al., 2001; Lauret et al., 2011). They can
therefore be used to assess different types of contaminants in aquatic environments. Their stand dynamics are strongly influenced
by the seasons (Lauret et al., 2011), the biotope, abiotic environmental conditions (Augier and Boudouresque, 1971; Selosse, 2000)
and pollution (Manneville, 2006). Through the structure of benthic stands and the organization of species within these stands, it is
possible to assess the overall quality of the environment through structural bioindices (Bellan, 1984; Grimes, 2003). Indeed,
biodiversity has long been regarded as mere inventories of biological diversity. Biodiversity is increasingly included in environmental
assessments through the use of indicators for pollution detection and nature protection work (Grimes, 2003). The diversity of
seaweed in the Mediterranean is still not completely known, especially in some areas of its African coasts (Ould-Ahmed et al., 2019).
The first inventories of benthic marine algae in Algeria are essentially due to the work of Montagne (1856) and Debray (1893, 1897).
Subsequently, research by (Feldmann, 1954; Feldmann and Feldman, 1964; Lawson and John, 1977) confirmed their findings and
constitute the bulk of recent knowledge on algal flora (Boudouresque, 1984). However, no studies have been carried out on the algal
diversity along the Oran coast, especially in recent years.

The present study was conducted to establish an inventory of macroalgae inhabiting the intertidal zone, to: (i). Determine the
geographical distribution of benthic macroalgae at the level of the Oran Bay (ii). Select the most representative species of this area,
applying the methodology adopted for the study of the phycoflora of this coastline. (iii). Establish an ecological diagnosis by
performing a global analysis of the phytobenthos by comparing analytical and synthetic parameters.

Materials and Methods

Description of sampling area

Monitoring benthic macroalgae of the mid-littoral stage of the Oran coastline during the autumn season has targeted nine sites (S1-
S9), they are indicated on the map (Fig. 1). Their choice is based on; the importance of the algal flora and the ease of access and
work to ensure a representative sampling and the quality of the study site as a function of distance and proximity to pollution
sources.
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Fig. 1. Geographic location of the study stations on the Oran coast.

Sampling methods

To calculate the recovery rate of each species in an algal belt, a 25 cm x 25 cm PVC quadrat was used (Waern, 1952; Molinier and
Piacard, 1952; Harmelin and True, 1964; Boudouresque, 1967,1974). Nine (9) surveys were conducted at each site and geo-
referenced using a GPS. . Algae not identified on site were collected, preserved in seawater and 5% formalin (Harmelin and True,
1964), and transported to the laboratory. The algae are examined in the laboratory, under a binocular magnifying glass and/or an
optical microscope. The identification of species sampled was based on the characteristics of structure and growth (sometimes
observable with a magnifying glass) and cytology or reproduction, which can only be properly analysed under the microscope.
Principal component analyses

The statistical method we have adopted for this study is principal component analysis (PCA). This method focuses on the correlation
analysis of the variables. Statistical analysis was performed using STATISTICA software STATISTICA (version 12.5.192.7).
Results

The inventory allowed the identification of 18 (18) species of marine benthic macroalgae, including eight (8) species of the
Phaeophyta group, five (5) species belonging to the Rhodophyta group and five (5) species of the Chlorophyta group, out of eighty-
one (81) surveys carried out at the nine (9) targeted sites in the Bay of Oran. The complete list of species identified from the
intertidal is given in (Table 1). The global average cover of the three (3) benthic macroalgal species calculated at the target sites are
shown in (Fig. 2). Global average cover of the three (3) benthic macroalgal groups calculated at the target sites are shown in (Fig.
3). The species richness of the three (3) benthic macroalgal groups calculated in the target sites are shown in (Fig. 4). The total
average cover for each species of benthic macroalgae present at the stations is shown in (Fig. 5).

Table 1. Florestic inventory of benthic macroalgae of the nine stations, all the species listed are mentioned in the following table.

Chlorophyta Rhodophyta Phaeophyta
Chaetomorpha aerea Asparagopsis armata Cystoseira compressa
Chaetomorpha linum Corallina elongata Cystoseira tamariscifolia
Enteromorpha linza (Ulva linza) Halopithys incurva Dictyota dichotoma

Ulva lactuca Halopithys musciformis Dilophus spiralis
Valonia macrophysa Jania rubens Padina pavonica

Sargassum acinarium
Scytosiphon lomentaria
Petalonia fascia
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Fig. 2. Global average cover calculated for each macroalgae in the nine stations.
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Fig. 3. The speific richness of each species at the nine stations.
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Fig. 4. The average cover of the three groups of algae in each site has been determined.
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Fig. 5. Specific richness of the three groups of algea in the nine stations.
The calculation of the average cover, global average cover and species richness reported the presence of the three (3) algal groups
at six (6) stations (S1, S2, S5, S6, S7 and S9) with a wide range of richness percentages.
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The most dominant species in three (3) sites is Enteromorpha linza (Ulva linza) with a total average cover of 22% to 72%.
Chaetomorpha aera, the most dominant species at station S2, while at station S7 a dominance of the Rhodophyta group was
remarkable, with an average cover of 204% and a total average cover of about 23% for the Jania rubens species.

Station S6 shows a species richness favorable to the Phaeophyta group; Their total average cover was very high compared to the
other two groups and the highest average cover was that of the Petalonia fascia.

Stations S3, S4 and S8 were characterized by the presence of the chlorophyta group only and a dominant Enteromorpha linza (Ulva
linza) at stations S3 and S4 and Ulva lactuca at station S8.

The results of the distribution of the different species of algae were integrated into a multivariate analysis to detect patterns of
variation. The results of the principal component analysis (PCA) indicated that the two principal components accounted for 95.00%
of the total variance (PC1=30.26%; PC2=21.46%) (Fig. 6a). The study of the correlation between species revealed a rather varied
distribution of benthic macroalgae with a very significant correlation between brown red algae. Petalonia fascia, Dictyota dichotoma,
Dilophus spiralis, Cystoseira compressa, Scytosiphon lomentaria, and Padina pavonica. These species form a homogeneous and
distinct group with very high correlation factors that vary between 0.80 and 0.98. The results also indicate a very significant
correlation between the brown alga Sargassum acinarium and the red alga Halopithys incurva (R=0.94).

The three algae Ulva lactuca, Chaetomorpha linum, and Enteromorpha linza (Ulva linza) form a distinct group, indicating their
distributions and ecological habitat specific to green algae.

The representation in Fig. 6b clearly separates the sites of Madragh, Ain Turck, Dunes, Bousville, and Cap falon. We also notice that
the site of Ain Franine is grouped with Saint Rock, and Etoile with Madragh.
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Fig. 6. Distribution of the different species of algae and stations integrated into a multivariate analysis of the principal component
analysis (PCA) (a) Projection of variables (species of algae); (b) Graphical representation of discrimination between sites.
Discussion

Pollution of the sea, 80% of which comes from land-based human activities, shipping, the introduction of invasive species,
overexploitation of fishery resources, degradation, fragmentation, and loss of habitats are all factors responsible for the erosion of
marine biodiversity. Exacerbated by climate change, this anthropization threatens to destroy the fragile balance of marine
ecosystems and the biodiversity they contain (Amara, 2010). In recent years, pollution in coastal areas has become increasingly
important at all environmental, health, and economic levels (Harrison et al., 2014). In these different ecosystems, pollutants cause
disturbances to living beings (fauna and fauna) and basic abiotic compartments (Merzouk, 2016; Chabane et al., 2018; Belhaouari
and Bezzina, 2019). Several studies along the western Algerian coast have reported the same findings that confirm the impact of
urban and agricultural wastewater discharges (Rouane Hacene et al., 2015; Benaissa et al., 2017; Rouabhi et al., 2019) and
effluents from industrial units and desalination plants (Benaissa et al., 2017; Rouane Hacene et al., 2018). Different approaches are
possible to assess the exposure and/or biological effects of pollutants emitted in a given ecosystem (Harrison et al., 2014). A
distinction can be made between in situ studies, direct, using plant or animal organisms collected on site (passive bioindication), or
indirect, using animals or plants transferred to the site (active bioindication), and experimental or bioassay models, in which living
species are exposed in the laboratory to samples taken from a site (Harrison et al., 2014). Among the living marine organisms used
in the biomonitoring of aquatic environments, macroalgae have been extensively tested for contamination of estuarine and marine
waters (Vasquez and Guerra, 1996).

Macroalgea have been widely used as excellent biomonitors (Haug et al., 1974; Phillips, 1990; Meinesz et al., 2011) due to: the
majority of them are sessile; they are widely distributed and accessible throughout the year; they can withstand large areas of
salinity, turbidity, and high levels of contamination; and they can be maintained under research centre conditions (Phillips, 1977;
Levine, 1984; Maeda and Sakaguchi, 1990; Vasquez and Guerra, 1996; Farias et al., 2018).
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Benthic macroalgae have been used in biomonitoring since the 1950s, although the standard protocol that would allow widespread
implementation of the technique has not yet been developed yet (Garcia-Seoane et al., 2018).

The use of community parameters has an important role to play in understanding the understanding of emission disturbances in
marine life. Of these, diversity indices were most commonly used with varying degrees of success (Littler and Murray, 1975; Belsher,
1979).

Many previous research has also found that descriptive statistics are an excellent means of describing the number of species
detected per sample, the abundance of individual species and biomass, and then summarizing this information as measures of
species diversity and richness. If the community is affected by pollution, the competitive balance will be disturbed and the diversity of
species diversity will change. (Breugnot et al., 2008)

The present study focused on the distribution of benthic macroalgae along the coast of Oran during the fall season and from a total
of eighty-one (81) surveys identified 18 (18) species of macrophytes belonging to the mediolittoral (intertidal zone) stage, of which
five (5) species represent the Chlorophyta group, five (5) species belong to the Rhodophyta group, and seven (8) species to the
Phaeophyta group.

The current analysis of the distribution of benthic macroalgae on the Oran coast and in the nine (9) target stations shows that the
distribution of the three algae groups was heterogeneous. The presence of the three classes (green, red, and brown) was noted at
six (6) sites with varying proportions.

Ain Franine (S1) is the most diverse station, the species richness was high (maximum) for the three groups of algae. A total of 14
species were inventoried, but the average cover was most remarkable, the overall recovery rate of the species showed a dominance
for the green alga Enteromorpha liza (Ulva linza).

On the other hand, the two Madaghl (S9) and la Madragh (S8) stations have a lower algal diversity, with a specific richness
favorable to brown algae at the Madragh (S8), compared to the other two groups.

The dominant species is Petalonia fascia. A high species richness of chlorophyceae was recorded at the Madagh1 station Madaghl
(S9) which was characterized by a high average cover and a high global average cover for Enteromorpha liza (Ulva linza).
Concerning the stations : Saint Rock (S2), Cap Falcon (S5), and Etoile (S7), the species richness (Q) was more or less the same for
the three groups of algae, but the average coverage and global average coverage were low compared to the previous sites; Algal
diversity was medium. The first two stations were characterised by a dominance of the Chlorophyceae group, with a very favorable
average coverage for the species Enteromorpha linza (Ulva linza) at Cape Falcon and Chaetomorpha aera at Saint Rock (S2), while
the 'Etoile’ site is caraterized by a dominan of the Rhodophyceae group, its specific richness was very remarkable compared to the
other groups, the dominant species and the red alga Jania rubens.

The Enteromorpha linza (Ulva linza) species was dominant at sites S3 and S4. In fact, this result is probably linked to pollution due
to anthropogenic activity (wastewater). Although Ulva lactuca is the only species present at the third site S8, there is a desalination
plant with a capacity of 500 m*/d that discharges a significant amount of sall.

The study of the correlation between species revealed a rather varied distribution of benthic macroalgae with a very significant
correlation between brown algae :- Petalonia fascia, Dictyota dichotoma, Dilophus spiralis, Cystoseira compressa, Scytosiphon
lomentaria, and Padina pavonica. These species had very high correlation factors. The results also indicate a very significant
correlation between the brown alga Sargassum acinarium and the red alga Halopithys incurva. The three algae Ulva lactuca,
Chaetomorpha linum, and Enteromorha linza (Ulva linza) form a distinct group, indicating their distributions and ecological habitat
specific to green algae.

In this western zone of the Algerian coastline, the maximum specific richness is observed in the stations far from wastewater
discharges. However, polluted stations are characterized by the abundance of Ulva and Chaetomorpha and generally the absence
of phaeophyta. These results corroborate several previous studies that confirm the dominance of green algae in highly disturbed
environments and near freshwater inputs, such as Ulva (Bellan and Bellan, 1972) or Enteromorpha (Kadari-Meziane, 1994;
Bouiadjra, 2012). Other studies on the effect of wastewater discharges and other sources of pollution on macroalgae indicate a
marked sensitivity of brown algae (Soltan et al., 2001). Overall, this study of the distribution of benthic macroalgae along the Oran
coast shows that the use of analytical and synthetic parameters reflects a certain imbalance in the populations in the mid-littoral
zone throughout the targeted stations. These results support several previous work (Boudouresque, 1971; Borowikza, 1972; Munda,
1974; Littler and Muray, 1975; Phillips, 1977; Belsher, 1977, 1979; Levine, 1984; Boudouresque, 1984; Kautsky et al., 1986; Perez
et al., 2000; Seridi et al., 2007). The overlap indices indicate the quality of each station studied, implying that these macrophytes are
excellent indicators and can be used as bioindicators of the quality of marine ecosystems (Perez, 2000). In fact, the life and
distribution of algae on marine shores depend on a whole set of factors that are very different from those that condition the existence
of terrestrial plants (Garca-Seoane et al., 2018). Indeed, macroalgae are distributed essentially according to the availability of the
substrate, hydrodynamic conditions, the degree of immersion that organizes them into belts, and the amount of light. Variations in
environmental, physical, or chemical factors, such as illumination, acidification, and increases or decreases in temperature and/or
nutrient levels, profoundly modify the composition of communities (Nauleau, 1988).

The distribution of algae in ocean basins is limited to shallow rocky environments where they find sufficient light to support
photosynthesis and a stable substrate to attach to (Tamigneaux and Ladd, 2016). Some species with fragile or very long thallus are
shredded or torn from the substrate by strong waves, while others require highly oxygenated, wave- and current-battered water to
survive. Calm coastlines are more prone to siltation, whereas battered coastlines are rocky or sandy (Selosse, 2000). In addition,
rainfall or strong sunshine in the upper mediolittoral and supralittoral regions cause the salt content of the algae living there to vary
greatly (Augier and Boudouresque, 1971).

Areas with variable salinity limit the adaptation of algae. This instability disrupts metabolism, sometimes to the point of species
elimination. Only green algae are resistant to harsh conditions; in some areas, either muddy and brackish or rich in nitrates, green
algae (especially Ulva latuca and Enteromorpha linza (Ulva linza)) can be seen from afar, especially from spring to summer; they
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grow very fast, are resistant to emersion, and break off easily to accumulate on top of beaches to form "green tides" (Manneville,
2006).

According to Mallefet (2008), the color of thallus does not always correspond to the nature of chloroplastic pigments, which allow the
algae to be attached to a group. The presence of many other pigments (carotene, xanthophyll, etc.) in variable quantities can be
misleading, not to mention the calcareous incrustations that can mask the colours of the key pigments (Lauret, 2011). This was
confirmed by identifying the Halopithys musciformis which presents a green thallus, but belongs to the Rhodophyta group.

Our inventory carried out on the Oran coast confirms the absence of Laminariales and the rarity of Fucales; the genus Cystoseira
was widely present at the sites : Ain Franine, Madragh, and Madagh1l and represented by two species tamariscifolia and compressa.
According to Boudouresque (1971), the Mediterranean algal flora is characterised by the size of the species, which is relatively small
compared to cold regions. It is characterised by a rarity of Laminariales compared to that of the Atlantic. Fucales are represented by
a small number of genera. On the Cystoseira other hand, the genus constitutes a major element of Mediterranean phytosociology.
Conclusion

The present study shows that the composition, abundance, and distributtion of macroalgae of the Oran coast area reflect an
inherent spatial heterogeneity in benthic systems. In the nine targeted stations, 18 taxa were identified, their environmental quality
indices (average cover,, global average cover and species richness) calculated are varied from one species to another at the same
site and from one site to another. The ecological status and conditions were very different, which explains the absence and or
presence of certain species in this coastal zone.

The study of the correlation between species revealed a rather varied distribution of benthic macroalgae with a very significant
correlation between brown algae :- Petalonia fascia, Dictyota dichotoma, Dilophus spiralis, Cystoseira compressa, Scytosiphon
lomentaria, and Padina pavonica. The results also indicate a very significant correlation between the brown alga Sargassum
acinarium and the red alga Halopithys incurva.

The three algae Ulva lactuca, Chaetomorpha linum, and Enteromorpha linza (Ulva linza) form a distinct group, indicating their
distributions and ecological habitat specific to green algae.

The results have clearly confirmed several previous studies that have prouved that environmental quality indices provide an
excellent tool for using macroalgae coastal communities for ecological quality assessment.

The studies of phytobenthos by Boudouresque et al., 1984; Seridi et al., 2007 have shown that the composition of the Western
Mediterranean algal flora is characterised by the total absence of the genus belonging to the family Laminariales, the rarity of the
genus Fucales, on the other hand an abundance of the genus Cystoseira especially at sites with little or no pollution. The presence
of certain taxa indicates the good health of the benthic ecosystem, as in the case of the brown algae Cystoseira compressa. On the
other hand, other species testify to the poor quality of the environment, such as Enteromorpha linza (Ulva linza), whose avarege
cover was high at the Bouissville site and Ulva lactuca at the Dunes site.
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