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ABSTRACT

This work aims to establish the current state of knowledge of the macroalgae on the Oran coast.
This research used a survey method using three stations (Marsa El Hadjaj, Kristel and Ain Fra-
nine). Sampling was taken out in the intertidal zone of the coastal area. The study was conducted
from April to May 2022. Floristic studies have been mainly focused on identifying the algae grow-
ing on rocky substrate. The results showed that there were 22 species of macroalgae grouped into
12 orders, 13 families, and 3 divisions: 5 Phaeophyceae, 8 Ulvophyceae and 9 Florideophyceae.
The Ain Franine site is the most diverse, followed by Marsa El Hadjaj and Kristel with (21, 16 and
10 species) respectively. With a Global Average Cover of 47.80%, the Florideophyceae dominate
the site of Marsa El Hadjaj, and the Chlorophyceae dominate at the sites of Ain Franine and Kristel
with (52.53%; 48.35% and 48.35%) respectively.

Keywords: Macroalgae, Phaeophyceae, Ulvophyceae, Florideophyceae, Coastal ecosystems,
Algerian west coast
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Introduction

Macroalgae have long been used as biological indicators of
marine ecosystem health worldwide due to their ecological
importance and sensitivity to environmental stress (Su Jin et
al., 2023). Benthic macroalgae form a rather heterogencous
group of primary producers, including three major divisions
based on the nature of their pigments and other fundamental
characteristics: Phaeophyceae (brown algae), Ulvophyceae
(green algae) and Florideophyceae (red algae), (Kokabi and
Yousefzadi, 2015). Macroalgae play a key role in maintaining
the ecological balance of the aquatic environment and are an
indicator of the state of the marine environment. Macroalgae
populations are influenced by various factors that define their
spatial and temporal distribution in different habitats and re-
gions (Hernandez-Casas et al., 2024). The diversity of algae
in aquatic environments can help assess the health of ecosys-
tems, provide information on invasions of new species and
inform us about changes in species diversity based on envi-
ronmental conditions (Birje, et al, 1996; Ramdani et al.,
2020). Macroalgae provides a habitat for several marine or-
ganisms, such as crustaceans, molluscs, echinoderms, small
fish, and other small algae. The distribution of macroalgae in
waters is influenced by various environmental factors such as
human and anthropogenic factors (Mushlihah et al., 2021). It
is in this context that the study aims to determine the diversity
and structure of macroalgae at 3 sensitive sites (Marsa El
Hadjaj, Kristel and Ain Franine), in the Oran Coast (Algerian
west coast). The ecological characterisation of communities

is a fundamental part of using and exploiting resources, in-
cluding seaweed.

Materials and Methods
Study Area

Our study area located on the coast of Oran, has 3 sites (sta-
tions) of ecological interest prospected over the period April
- May (2022). Our study area located on the coast of Oran,
has 3 sites (stations) of ecological interest prospected, in or-
der to better understand the algal components and monitor the
overall cover rate and by species (Fig. 1). The first Site (S1:
Marsa El Hadjaj: 35°'49'928'"; 0°9 35'756), characterized by
siliceous clay sludge covering the area of a large mudflats
(Kerfouf and Bouceta, 2022). It is an anthropogenic zone due
to its proximity to a large petrochemical complex in Arzew
and a large port in Bethioua (Dilem and a/., 2015). The sec-
ond site (S2: Kristel: 35°50'40 N; 0°2 35'S6 W), is more or
less remote from pollution sources, with a bedrock with sig-
nificant biodiversity (Hassani et a/., 2015; Kies et al., 2020).
The third site (S 3: Ain Franine: 35°48'44.46 N; 0°35° 01), is
considered not impacted due to its remoteness from the urban
fabric and all industrial activities, and its difficult access. The
bedrock of the resort, which is rocky and sandy, is bathed in
radioactive water, rich in sulfur from the nearby thermal
spring (Belhadj Tahar et al,, 2021).
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Figure 1. Geographical location of the study area
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Sampling

The method used for the inventory of macroalgae flora is that
of the minimum recommended area for phytosociological
samples. Two major factors are taken into consideration
when choosing the sampling period (season and pollution).
Climatic conditions are favourable during the warm season
for most floristic species (from May to August), and an in-
crease in anthropogenic pressure (human use, flow of urban
effluent discharges) is a determining factor in the prolifera-
tion or disappearance of sensitive species. The samples are
taken on an elementary surface constituting a survey using a
quadra with a surface of 50x50 cm?, which corresponds to the
minimum area adopted for the study of the macroalgae com-
munity (Boudouresque, 1971). Also, the complete scraping
of the sampled surface is essential to continue its study in the
laboratory. To establish an exhaustive floristic list of the stud-
ied stations, we conducted a random sampling of five surveys
per station. The quadra is fixed on the surface to take samples
between the upper mesolittoral and the upper infralittoral at
depths between 1m and 3m. The collected material is sorted
on the spot, in order to separate the thalli of the different spe-
cies and then are kept separately in seawater (Ramdani et a/.,
2020) in bags kept cool in a cooler, for transport to the labor-
atory. In the laboratory, the species are separated and cleaned
and dried as quickly as possible for quality samples. Macroal-
gae often lose their colour after drying. An identification
number that appears on the outside of each folder of the pa-
per, as well as data on the colour of the species and its habitat
and recorded in a field notepad. The code of the macroalgae,
the date and the place of harvest are indicated on a sheet. Sev-
eral species identification keys are used, including the Algae-
Base database and Word Register of Marine Species
(WORMS). Macroscopic characters such as colour, shape,
size and also location facilitate the determination of species.

Data Analysis

Several classical and synthetic methods were used to evaluate
the distribution and structure of macroalgae such as abun-
dance, and species richness, as well as the Shannon and
Weaver diversity index (H') and the index equity (J), (Shan-
non and Weaver, 1963), and the frequency of species. All sta-
tistical analyses were performed with R 3.5.2 (R Develop-
ment Core Team 2019) provided with the FactoMineR pack-
age.

The cover rate for all individuals of a given species is calcu-
lated and estimated visually on a scale ranging from 5 to + (5:
species covering more than % (75%) of the surface; 4: from
V2 t0 %4 (50%-75%); 3: V2 to Y4 (50%-25%) ; 2: abundant spe-

cies but covering less than ¥4 (5%-25%); 1: species well rep-
resented but covering less than 5%; +: (species present but
negligible).

The Ri cover rate is the first of the two main coefficients as-
signed to each species (Boudouresque, 1971). This is the ap-
proximate percentage of the substrate area projected by spe-
cies i. Total survey cover over the total number of surveys:
Rin R=1/Nr (n is the number of survey species, Nr: the num-
ber of surveys).

At each step (class) of the cover coefficient Ri assigned to the
n species i of a survey corresponds a conventional mean value
(class center) named average cover: Absence = 0; + = 0.1%;
1=2.5%;2=15.0%; 3=37.5%; 4=62.5%; 5=287.5%. The
GAC (Global Average Cover) for species i in a set of N rec-
ords is, therefore, the average of its successive average cover:

GAC=Rinp=1/N

In a survey divided into qu adra, the frequency Fi of species
I expressed as a percentage. It is the ratio of the number of
quadra where it is present to the total number of quadra:

F (%) = ni/Nx100.

F is characterized by five classes: 0< F <20%: Class I: Very
rare species; 20% <40%: Class II: Rare species; 40%< F <
60%: F Frequent species; 60%< F < 80%: Abundant species;
80%<F<100%.

Results and Discussion
Specific Diversity

Prospecting our study area has identified 22 species: 5 Phae-
ophyceae, 8 Ulvophyceae and 9 Florideophyceae (Table 1).

The largest number of algae was recorded at the stations of
Ain Franine (18 species) followed by Marsa El Hadjaj (16
species). The lowest species richness is recorded at Kristel
station (13 species) (Figure 2).

For the Marsa El Hadjaj station, 16 species of benthic macro-
phytes: 3 Phaeophyceae, 6 Ulvophyceae and 7 Florideo-
phyceae were observed. Thus, the surveys show a dominance
of Florideophyceae (red algae) (43.75%), followed by
Ulvophyceae (green algae) (37.5%) and Pheophyceae (brown
algae) (18.75%). Species with a coefficient of 5 and 4 are de-
fined as very abundant: Colpomenia sinuosa (Phae-
ophyceae); Ulva compressa, Ulva intestinaloides, Ulva lac-
tuca (Ulvophyceae); Hypnea musciformis, Osmundea pinnat-
ifida (Florideophyceae). Most species are assigned an index
of 2 and 1 where the cover rate is 25% to minus 5%, and are
well represented by: Dictyota dichotoma, Padina pavonica
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(Phaeophyceae); Caulerpa prolifera, Caulerpa racemosa,
Cladophoropsis membranacea (Ulvophyceae); Asparagop-
sis armata Harvey, Ellisolandia elongata, Gelidium sp,
Gracilariopsis longissima (Florideophyceae). Those indi-
cated by the + sign are species present, but not quantified, it
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is Peyssonnelia squamaria. (Florideophyceae). The total ab-
sence of species marked by the sign - is represented by Eri-
caria amentacea, Sargassum muticum (Pheophyceus); Co-
dium decorticatum, Codium fragile (Ulvophyceae), Gelidium
crinale, Palisa da perforata (Florideophyceae).

Table 1. Floristic list according to the WORMS (World Register of Marine Species) database.

Class Order

Phylum
(Division)

Phaeophyceae Ochrophyta

Dictyotales

Ectocarpales

Ulvophyceae Chlorophyta Bryopsidales

Cladophorales

Ulvales

Florideophyceae Bonnemaisoniales

Gelidiales

Rhodophyta

Gracilariales

Gigartinales

Peyssonneliales

Corallinales
Ceramiales

Family
Dictyotaceae

Scytosiphonaceae

Codiaceae

Caulerpaceae

Boodleaceae

Ulvaceae

Bonnemaisoniaceae
Gelidiaceae
Gracilariaceae

Cystocloniaceae

Peyssonneliaceae

Corallinaceae
Rhodomelaceae

Genus Species
Padina Padina pavonica (Linnaeus) Thivy, 1960
Dictyota Dictyota dichotoma (Hudson)
Colpomenia J.V.Lamouroux, 1809
Colpomenia sinuosa (Mertens ex Roth)
Derbés & Solier, 1851
Sargassum  Sargassum muticum (Yendo) Fensholt, 1955
Ericaria Ericaria amentacea (C.Agardh) Molinari &
Guiry, 2020
Codium Codium decorticatum (Woodward) M.A.
Howe, 1911
Codium fragile (Suringar) Hariot, 1889
Caulerpa Caulerpa racemosa (Forsskal) J.Agardh,
1873
Caulerpa prolifera (Forsskal)
J.V.Lamouroux, 1809
Cladophoropsis Cladophoropsis membranacea Bang ex
C.Agardh) Bergesen, 1905
Ulva Ulva compressa Linnaeus, 1753
Ulva intestinaloides (Koeman & Hoek) H.S.
Hayden, Blomster, Maggs, P.C. Silva, Stan-
hope & Waaland, 2003
Ulva lactuca (Linnaeus) 1753
Asparagopsis Asparagopsis armata Harvey, 1855
Gelidium Gelidium crinale (Hare ex Turner) Gaillon,
1828
Gelidium sp
Gracilariopsis Gracilariopsis longissima (S.G. Gmelin)
Steentoft, L.M. Irvine & Farnham, 1995
Hypnea Hypnea musciformis (Wulfen)
J.V.Lamouroux, 1813
Osmundea Osmundea pinnatifida (Hudson) Stackhouse,
1809
Peyssonnelia Peyssonnelia squamaria (SGGmelin)
Decaisne ex J. Agardh ¢1842
Ellisolandia Ellisolandia elongata (J.Ellis & Solander)
Palisada K.R.Hind & G.W.Saunders, 2013

Palisada perforata (Bory) K.W.Nam, 2007
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At the Kristel station, 13 listed species are divided into three
groups (3 Phaeophyceae, 3 Ulvophyceae and 7 Florideo-
phyceae), with a dominance of Florideophyceae compared to
other groups. Red algae dominate (53.86%) more than dou-
ble the two other groups, as well as a homogeneous distribu-
tion of brown algae (23.076%) and green algae (23.076%).
The Pheophyceus Ericaria amentacea occupies the largest
area in all the station’s surveys, as well as the Florideo-
phyceae, Hypnea musciformis, with a coefficient 4. These
two species are defined as very abundant with a cover of more
than 50%, followed by two o Florideophyceae with a coeffi-
cient 3 (Ellisolandia elongata and Palisada perforata), as
well as Ulvophyceae, Ulva lactuca considered a frequent spe-
cies. Most species are abundant or well represented and as-
signed an index of 2 and 1 where the cover rate is from 25%
maximum to 5%. They are represented by two Phaeophyceae
Dictyota dichotoma, Padina pavonica; one Ulvophyceae,
Codium fragile, and four Florideophyceae, Asparagopsis ar-
mata Harvey, Ellisolandia elongata, Gelidium sp, and
Gracilariopsis longissima. We note the total absence of spe-
cies marked by the sign -, especially the Ulvophyceae, with
five species Caulerpa prolifera, Caulerpa racemosa, Clado-
phoropsis membranacea, Codium decorticatum, Ulva com-
pressa. The two Phaeophyceae Colpomenia sinuosa and Sar-
gassum muticum, and the two Florideophyceae Gracilariop-
sis longissima, Peyssonnelia squamaria are absent.

B Marsa El hadjaj Station

Specific richness

= N W 1O N

o

Phaeophyceae

M kristel Station

Ulvophyceae

22 species are harvested in all stations surveyed.

For the station of Ain Franine, 18 species of benthic macro-
phytes were collected including 4 Phacophyceae, 7
Ulvophyceae and 7 Florideophyceae, with a dominance of
Florideophyceae (red algae) and Ulvophyceae (green algae)
with the same percentage of (38.9%), followed by Phae-
ophyceae (brown algae), with a percentage of (22.2%). Some
species are considered very dominant by attributing to them
the coefficient 5 or 4: Cladophoropsis membranacea and
Ulva compressa (Ulvophyceae), and others with the coefti-
cient 3, considered abundant species: Padina pavonica, (Phe-
ophyceus) and Ulva lactuca, (Ulvophyceae), Asparagopsis
armata Harvey, Ellisolandia elongata, Hypnea musciformis,
Palisada perforata, (Florideophyceae). Many species are
well represented, with an index of dominance coefficient 2 or
1, whose cover rate is 25% to less 5%. These are Ericaria
amentacea, Dictyota dichotoma (Phaeophyceae) Caulerpa
racemosa, Codium decorticatum, Codium fragile, Ulva intes-
tinaloides (Ulvophyceae), Gelidium sp., Gracilariopsis
longissima, Osmundea pinnatifida (Florideophyceae). The
least represented are denoted by the index +, and present but
not quantified: Sargassum muticum (Pheophyceus). The total
absence of species is marked by the sign -, case of Colpome-
nia sinuosa (Pheophyceae), Caulerpa prolifera, (Ulvo-
phyceae), Gelidium crinale and Peyssonnelia squamaria
(Florideophyceae).

Ain Franine Station

6
4
3 3 3

Florideophyceae

Figure 2. Specific richness of the three stations.
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The Shannon index (H'), presents moderate to high diversity
at the Ain Franin station and Mars el Hadjaj station, with an
index of 2.84 and 2.72 respectively. The Kristel station with
the lowest diversity with an index of 2.52, presents the high-
est equitability among the three stations, followed by Mars El
Hadjaj and Ain Franin. The differences between (J) are very
slight, suggesting a relatively balanced distribution of indi-
viduals between species at each station. These results indicate
that the habitats of the three stations can support a similar di-
versity of species with comparable distributions (Figure 3).

Frequency of Species

The most frequent macroalgae at the Marsa el Hadjaj station
are brown algae (Pheophyceae), including Colpomenia sinu-
osa and Dictyota dichotoma with a frequency of 100% each;
they are therefore considered very constant species. Abun-
dant species such as Caulerpa prolifera, Caulerpa racemosa,
Ulva compressa, Ulva intestinaloides, Ulva lactuca,
(Ulvophyceae), have a frequency of 80%, as well as Gelidium
sp. Gracilariopsis longissima and Osmundea pinnatifida
(Florideophyceae), with a frequency of 80%. The presence
and development of the Ulve and Caulerpe threaten the eco-
logical balance of the marine ecosystem. Other frequent spe-
cies are found in this station, such as Padina pavonica (Phe-
ophyceae), Asparagopsis armata harvey, Ellisolandia elon-
gata (Florideophyceae). This last indicator of disturbed en-

20
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Mars El Hadjaj

Kristel

vironment (Gramulin-Brida et al., 1967) and Hypenea musci-
formis (Florideophyceae) have a frequency of 60%, followed
by other algae with a low frequency (40%) Cladophorop-
sis membranacea (Ulvophyceae) and Peyssonnelia squa-
maria (Florideophyceae) considered a very rare species with
a frequency of 20%. However, the results of the analytical
parameters reveal the presence of indicator species of pollu-
tion and eutrophication due to a remarkable proliferation of
Ulvophyceae, as well as the total absence of algae indicative
of the good state of the environment in particular, the Cycto-
seira. From this observation, we can consider the station of
Marsa El Hadjaj as a disturbed area, subject to a serious an-
thropism. A sampling at the Kristel stations shows the mas-
sive presence of green algae (Ulvophyceae) such as Ulva lac-
tuca, Eneromorpha intestinalis and Codium fargile. For this
purpose, literature mentions the dominance of green algae in
highly disturbed environments such as Ulvales (Golubic,
1970; Rodriguez-Prieto & Polo, 1996), or Enteromorpha
(Ballesteros et al., 1984). Their presence is mainly due to
coastal discharges of wastewater. According to previous
work, the Kristel station is considered to be in relatively good
condition and spared important sources of contaminants),
with a high abundance (17.80%) of Ericaria amentacea in
this station. The latter is very present. It was noted that the
high percentage of Ericaria amentacea recorded in areas
characterized by high hydrodynamic, a non-vertical substrate
and good lighting emphasizes a good general environmental
situation (Figure 4).

Ain franin

HS EH' mJ

Figure 3. Diversity index and specific richness of sampled stations in the coast of Oran
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Figure 4. The frequency of algae at the three stations
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The rate of cover of each species at the three stations indicates
a macroalgal diversity at the Marsa El Hadjed; station be-
tween a maximum cover rate per species of 30% and 0.04%,
marked by the dominance of the red algae Hypnea musci-
formis (30%) then the green algae Ulva lactuca (23.8%), the
red algae Osmundea pinnatifida (21.4%) and then Padina
pavonica (alga bunes) (17%). Only one cover rate is mini-
mum for the red alga Peyssonnelia squamaria. (0.04%).
Caulerpa racemosa represents a cover rate of 12.8% (Fig.
5A). The diversity of machrophytes at the Kristel station
shows that the majority species are Ericaria amentacea,
(Phaeophyceae), Ellisolandia elongata (Florideophyceae),
Hypnea musciformis (Florideophyceae), with a percentage of
17.8%, 20.4% and 23.2% respectively. Caulerpa prolifera
and Caulerpa racemosa, are absent at this station, but present
the station of Mars El Hadjadj with a cover rate respectively
of 7.8% and 12.8%. The peculiarity of this station is the abun-
dance of Ulva lactuca representing a sign of eutrophication
and disruption of the environment (Borsali et al., 2020), like
Caulerps with a 25% overlap rate, similar to station 1 which
occupies a rate of 24%, which corresponds to similar results
for this species (Bachir Bouiadjra et al., 2021) (Figure 5). As

with the Ain Franine station, it is important to note the dom-
inance of green algae according to their cover rates: Ulva lac-
tuca (27%), (26.4%) and Cladophoropsis membranacea
(22.8%) at the level of the various surveys, and a significant
decrease in the overall average cover rate of brown algae in-
dicating a good ecological state of the environment: Ericaria
amentacea (3%). In this station, we can also notice the pres-
ence of invasive algae Caulerpa racemosa with a percentage
of (3%). The brown alga sargassum mitucum (0.12%) absent
in the other two stations, has a low overall mean overlap
(Figure 5).

The Global Average Cover values of the three groups of algae
are higher in Florideophyceae for Marsa el Hadjaj (47.8%)
compared to Ulvophyceae (33.06%) and Phaeophyceae
(19.14%) (Figure 6). Concerning the stations of Ain Franine,
and of Kristel, the overall average cover rate is high respec-
tively in the Ulvophyceae (52, 53%; 48.35%) compared to the
Florideophyceae (33, 27%; 32.35%) and Phaeophyceae (14,
2%; 19.3%).

Noting that statistical analysis reveals a significant difference
(p <0. 05) between all groups. F test (1.5468) is less than the
critical value (1.8009) for a threshold of 0.05.
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Figure 5. Cover rate of macroalgae in the three stations
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The macroalgae encountered, called abundant, at the station
of Ain Franine with a frequency of 80% are: Dictyota dicho-
toma, Padina pavonica (Pheophyceae) Ulva compressa,
Ulva lactuca (Ulvophyceae) and Gracilariopsis longissima
(Florideophyceae), and frequent species with a frequency of
80% such as Ericaria amentacea (Pheophyceae), Caulerpa
racemosa , Caudium decorticatum, Cladophoropsis mem-
branacea (Ulvophyceae) Asparagopsis armata harvey, Pali-
sada perforata , osmundea pinnatifida (Florideophyceae).
The presence of the invasive species Caulerpa racemosa,
which appeared following climate change and the harmful ef-
fects of pollution in the Mediterranean basin (Boudouresque
& Verlaque, 2002) at this site tends to colonize disturbed eco-
systems, and decreases native algal biomass (Klein, 2007;
Klein et al., 2008). Other rare species have a low frequency
of 40%: Codium fragile, e (Ulvophyceae), Gelidium sp, Os-
mundea pinnatifida and finally Sargassum muticum with a
low frequency of 20% said very rare. Previous work carried
out on this station considers Ain Franine as a clean zone with-
out impact (Djad et al., 2015), due not only to the regression
of the average overall cover rate of Ericaria amentacea but
also to the evolution of Ulvophyceae, in particular, the overall
average cover rate of Ulves and Ulva compressa which has
progressed from the proliferation of Caulerpa race-
mosa which is constantly invading this relatively healthy
coastal station. Finally, according to the results of the analyt-
ical parameters and the presence of pollution indicator spe-
cies and a low presence of algae indicating the good state of
the environment (Ericaria amentacea), we can consider that
the Ain Franine Station is slightly impacted. The species

identified were previously observed on the Algerian west
coast (Hellal et al., 2021; Mansouri et al., 2021, Mehiaoui et
al., 2022), and macroalgae are excellent indicators of degra-
dation in the Algerian coast (Khadidja et a/., 2018; Belhouari
and Bezzina, 2019). The algae observed, are of economic in-
terest, in particular Ulva used in pharmacy, animal feed and
as fertilizer; as well as Ericaria amentacea used in the chem-
ical industry and as fertilizer. However, the algae that we ob-
served can also be used in the assessment of the ecological
status index of coastal waters (Arevalo & Pinedo, 2007;
Cavallo et al., 2016).

Macroalgae have long been used as biological indicators of
marine ecosystem health worldwide due to their ecological
importance and sensitivity to environmental stress (Su Jin et
al., 2023). Community composition and distribution are in-
fluenced by coastal morphology, turbidity, hydrodynamics,
nutrient inputs and climatic conditions (Traiche et al, 2018).
The presence of the invasive species Caulerpa racemosa var.
cylindracea, which tends to colonize disturbed ecosystems,
could explain the reduction in native algal flora (Piazzi and
Ceccherelli, 2006, Klein and Verlaque, 2008; Klein 2007).

Conclusion

This study aims to assess the diversity of macroalgae on the
intertidal area zone of the Algerian west coast. A total of 22
taxa (5 Phaeophyceae, 8 Ulvophyceae and 9 Florideop-
hyceae) are listed in this study. The classification of species
according to their frequency makes it possible to better situate
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the degree of attachment of species to environmental condi-
tions, in particular to environmental disturbance conditions.
Our results showed that the cover rate of each of the 22 spe-
cies varies from one station to another. The Ain-Franine, and
Kristel stations have a more or less good to acceptable quality
environment, without neglecting continuous biomonitoring.
The station of Mars El Hadjaj deserves more attention by first
making sure to reduce anthropogenic pressure and discharges
of domestic and industrial wastewater.

Compliance with Ethical Standards

Conflict of interest: The author(s) declare no actual, potential, or
perceived conflict of interest for this article.

Ethics committee approval: Ethics committee approval is not re-
quired for this study.

Data availability: Data will be made available on request from the
author(s).

Funding disclosure: -
Acknowledgements: -

Disclosure: -

References

Arevalo, R., Pinedo, S. et Ballesteros, E. (2007). Changes
in the composition and structure of Mediterra Popper nean
rocky-shore communities following a gradient of nutrient en-
richment: descriptive study and test of proposed methods to
assess water quality regarding macroalgae. Marine Pollution
Bulletin, 55(1-6), 104-13.
https://doi.org/10.1016/j.marpolbul.2006.08.023

Bachir Bouiadjra, B., Ghellai, M., Daoudi, M., Behmene,
L.E., Bachir Bouiadjra M.E.A. (2021). Impacts of theinva-
sive species Caulerpa cylindracea Sonder, 1845 on the algae
flora of the west coast of Algeria. Biodiversity Data Journal,
9, e64535.

https://doi.org/10.3897/BDJ.9.e64535

Ballesteros, E., Torras, X., Pinedo, S., Garcia, M.,
Mangialajo, L. et Torres, M. (2007). A new methodology
based on littoral community cartography dominated by
macroalgae for the implementation of the Furopean Water
Framework Directive. Marine Pollution Bulletin, (55), 172-
180.

https://doi.org/10.1016/j.marpolbul.2006.08.038

Belhadj Tahar, K., Baaloudj, A., Kerfouf, A., Benallal,
ML.A., Denis, F. (2021). Macrobenthic fauna of the coastal
sea beds of Oran's Gulf (Western Algeria). Ukrainian Jour-
nal of Ecology, 11(4), 1-4.

Belhouari, B., Bezzina, Z. (2019). Study of the macroalgae
and application of ecological evaluation index (EEI-c) in the
coastal waters of Algeria. Int.J. Aquat.Biol. 7(5), 254-259.
https://doi.org/10.22034/ijab.v7i5.695

Birje, J., Verlaque, M. et Poydenot, F. (1996). Macrophyto-
benthos des platiers rocheux  intertidaux et semi-exposés
de la région de Safi-Essaouira (Maroc occidental). Oceano-
logica Acta, 19, 561-574.

Borsali, S., Baaloudj, A., Kerfouf. A. (2020). Biochemical
study of Ulva lactuca and Cystoseira stricta from Mostaga-
nem coastline (Western Algeria). Ukrainian Journal of Ecol-
ogy, 10(3), 116-121.

https://doi.org/10.15421/2020 177

Boudouresque, C.F, Verlaque, M. (2002a). Biological pol-
lution in the Mediterranean Sea: invasive versus introduced
macrophytes. Marine Pollution Bulletin, 44(1), 32-38.
https://doi.org/10.1016/s0025-326x(01)00150-3

Boudouresque, C.F. (1971). Méthodes d’étude qualitative et
quantitative du benthos (en particulier du phytobenthos).
Téthys, 3(1), 79 -104.

Cavallo, M., Torras, X ., Mascaro , O . et Ballesteros, E.
(2016). Effect of temporal and spatial variability on the
classification of the ecological quality Status using the
CARLIT Index. Marine Pollution Bulletin, 102(1), 122—127.
https://doi.org/10.1016/j.marpolbul.2015.11.047

Dilem, Y., Bendraoua, A., Kerfouf A. (2014). Assessment
of the physico-chemical quality and the level of metallic con-
tamination of the dismissals of sloppy waters of Oran (Alge-
rian West Coastline). International Journal of Sciences:
Basic and Applied Research, 16(2), 124-130.

Djad, M.A., Hassani, M.M., Kerfouf, A. (2015). Bacterio-
logical quality of seawater bathing areas along the Oran Coast
(West northern Algeria). International Journal of Sciences:
Basic and Applied Research, 23(1), 268-275.

117


https://doi.org/10.1016/j.marpolbul.2006.08.023
https://doi.org/10.3897/BDJ.9.e64535
https://doi.org/10.1016/j.marpolbul.2006.08.038
https://doi.org/10.22034/ijab.v7i5.695
https://doi.org/10.15421/2020_177
https://doi.org/10.1016/s0025-326x(01)00150-3
https://doi.org/10.1016/j.marpolbul.2015.11.047

118

Aquatic Research 8(2), 108-119 (2025) e https://doi.org/10.3153/AR25011

Golubic, S. (1970). Effect of organic pollution on benthic
communities. Marine Pollution Bulletin, 1, 56-57.
https://doi.org/10.1016/0025-326X(72)90194-4

Gramulin-Brida, H., Giaccone, G., Golubic, S. (1967).
Contribution aux études des biocénoses subtidales. Helgo-
landers Wiss. Meeresunters Allem., 15, 429- 444,

Hassani, M.M., Kerfouf, A.et Boutiba, Z. (2015). First rec-
ord of Cucullanus cirratus (Miller, 1777) (Nematoda, Cucul-
lanidae) in Western Mediterranean Sea from phycis blen-
noides (Teleostei: Gadidae). Journal of Applied Environmen-
tal and Biological Sciences, 5(4), 222-227.

Hellal, F. Bennabi, A. Baaloudj, A. Kerfouf, (2021).
Checklist of the Marine Macroalgae of Algerian West Coast
(Ain Témouchent site). Ukrainian Journal of Ecology, 11(3),
22-25.

https://doi.org/10.15421/2021_136

Hernandez-Casas, C.M., Mendoza-Gonzalez, A.C., Gar-
cia-Lopez, D.Y., Mateo-Cid, L.E. (2024). Spatio-temporal
structure of two seaweeds communities in Campeche, Mex-
ico. Diversity, 16, 344.

https://doi.org/10.3390/d16060344

Kerfouf, A., Boucetta, S. (2022). Grain size data analysis of
marine sediments from the Gulf of Oran (Algerian West
Coast). Asian J. Earth Sci., 15(1), 1-9.
https://doi.org/10.17311/ajes.2022.1.9

Khadidja, C., Lamia, B., Halima, S. (2018). Ecological
Quality Status of the Algiers coastal waters by using macroal-
gae assemblages as bioindicators (Algeria, Mediterranean
Sea). Mediterranean Marine Science, 19(2), 305-315.

https://doi.org/10.12681/mms.15951

Kies, F., Kerfouf, A., Elegbede, S., Matemilola, P., De Los
Rios Escalante, A., Khorchani, S. (2020). Assessment of the
coastal and estuarine environment quality of western Algeria
using the bioindicator Polychaeta; the genus Nereis. J. Ma-
ter.Environ. Sci., 11(9), 1472-1481.
https://doi.org/10.20956/jiks.v7i1.14856

Klein, C., Chan A., et Kircher L. (2008). Striking a balance
between biodiversity conservation and socio-economic via-
bility in the design of marine protected areas. Conserv. Biol.
22(3), 691-700.
https://doi.org/10.1111/j.1523-1739.2008.00896.x

Research Article

Klein, J., Verlaque, M. (2008). The Caulerpa racemosa in-
vasion: A critical review. Marine Pollution Bulletin, 56, 205-
225.

Klein, J. (2007). Impact of Caulerpa racemosa var. cylin-

dracea (Caulerpales, Chlorophyta) on macrophyte assem-

blages of the north-western Mediterranean Sea. PhD. thesis,
University of Aix-Marseille 11, France, 315p.

Kokabi, M., Yousefzadi, M. (2015). Checklist of the marine
macroalgae of Iran. Botanica Marina, 58(4), 1-14.
https://doi.org/10.1515/bot-2015-0001

Mansouri, A., Baaloudj, A., Toumi, F., Bouzidi, M.A.,
Kerfouf, A. (2021). Checklist of Benthic Marine Macroal-
gae in Western Algeria. Ukrainian Journal of Ecology, 11(3),
40-45.

https://doi.org/10.15421/2021 138

Mehiaoui, S. Nemchi, F., Bouzaza, Z., Farah, T., Bachir-
Bouiadjra, B. (2022). Algal diversity study in the western
Algerian coast. Ukrainian Journal of Ecology, 12(5), 1-11.
https://doi.org/10.15421/2022 368

Mushlihah, H., Amri, K., Faizal, A. (2021). Diversity and
distribution of macroalgae to environmental conditions of
Makassar city. Jurnal llmu Kelautan, 7(1), 16-26.

Piazzi, L., Ceccherelli, G. (2006). Persistence of biological
invasion effects: Recovery of macroalgal assemblages after

removal of Caulerpa racemosa var. cylindracea. Estuarine
Coastal and Shelf Science, 68, 455-461.

Ramdani, M., Moulay Brahim, O., El Asri, O., El Khiati,
N., Ramdani, M., Denis, F. et Roger, J.F. (2020). First re-
portof Cystoseira aurantia Kiitzig from the Mediterranean
coast of Morocco. Botanica Marina, 64(1), 41-47.

R Development Core Team (2019). R: A Language and En-
vironment for Statistical Computing. Vienna, Austria. R
Foundation for Statistical Computing, Vienna, Austria.
http://www.uvm.edu/~ngotelli/EcoSim/EcoSim.html  [Ac-
cessed Apr -2024.]

Rodriguez-Prieto, C., Polo, L. (1996). Effects of sewage
pollution in the structure and dynamics of the community of
Cystoseira mediterranea (Fucales, Phaecophyceae). Scientia
Marina, 60, 253-263.


https://doi.org/10.1016/0025-326X(72)90194-4
https://doi.org/10.15421/2021_136
https://doi.org/10.3390/d16060344
https://doi.org/10.17311/ajes.2022.1.9
https://doi.org/10.12681/mms.15951
https://doi.org/10.20956/jiks.v7i1.14856
https://doi.org/10.1111/j.1523-1739.2008.00896.x
https://doi.org/10.1515/bot-2015-0001
https://doi.org/10.15421/2021_138
https://doi.org/10.15421/2022_368
http://www.uvm.edu/%7Engotelli/EcoSim/EcoSim.html

Aquatic Research 8(2), 108-119 (2025) e https://doi.org/10.3153/AR25011 Research Article

Su Jin, H., Jae-Gil, J., Hyun-Jung, K., Tae-Ho, S., Joo
Myun, P. (2023). Ecological evaluation of marine macroal-
gal communities on five islands of Korea in the Yellow Sea.
Acta Oceanologica Sinica, 42(6), 49-56.
https://doi.org/10.1007/s13131-022-2089-y

Traiche, A., Belhaouari, B. et Rouen-Hacen, O. (2018).

Study of macroalgae biodiversity in the western Algerian
coast, Ténes. Current Botany, 9, 28-32.
https://doi.org/10.25081/cb.2018.v9.3559

WoRMS [World Register of Marine Species] (2024).
Available at: https:/www.marinespecies.org/ [Accessed 30
May 2024.]

119


https://doi.org/10.1007/s13131-022-2089-y
https://doi.org/10.25081/cb.2018.v9.3559
https://www.marinespecies.org/

	Biodiversity of marine macroalgae in Oran coast (Algerian west coast – Mediterranean Sea)
	Introduction
	Materials and Methods
	Study Area
	Sampling
	Data Analysis

	Results and Discussion
	Specific Diversity
	Frequency of Species
	Cover Rate

	Conclusion
	References


