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Biogeophysical and social vulnerability indicators:
Coastal case-studies information sheet: Gulf of Oran, Algeria
Summary
· In coastal systems, vulnerability is a function of the natural characteristics of the environment (physical, chemical, biological), as well as the socio-economic characteristics that interact and modify the natural dynamics. The vulnerability of each element depends on the degree of exposure, sensitivity and adaptive capacity to climate forcing variables.

· In the Gulf of Oran, global warming (climate change) may have contributed to the appearance and persistence of some alien invasive species as the Jellyfish, Pelagia noctiluca and the green algae, Caulerpa racemosa which have impacts on socio-economic activities and genetic diversity. Negative climate-related impacts on prey species distribution and abundance have significant indirect consequences on food-web changes on odontocetes cetaceans such as common dolphin, Delphinus delphis and bottlenose dolphin, Tursiops truncates off the Algerian coast.

· The Oran-Arzew-Mostaganem coastal case study is exposed to several sources of pollution. This can increase the vulnerability of populations, communities and ecosystems to the additional potential hazards of climate change which could be highlighted in some vulnerable littoral sites and buffer zones (La Macta nature reserve, Cheliff River).

1. Introduction 

Climate indicators for the Gulf of Oran show a warming trend since the 1970s, a significant increase in the frequency of hot days (tx90n), a decrease in total annual rainfall since the mid 1970s, a marked seasonal shift in daily rain occurrence and more frequent autumn storm activity in recent decades.

It is well documented that climate variation and change in ecological systems are strongly correlated and that global warming is already affecting numerous marine species throughout the world. In the Mediterranean, it is now acknowledged that climate change-induced temperature variations have altered biological patterns and biodiversity (growth, abundance, distribution, composition, diversity and reproductive success).

The aim of this information sheet is to highlight the possible links that exist between the dynamics and vulnerability of some coastal and marine species and the dynamics of the climate system in the Gulf of Oran. In addition, we show some anthropogenic stressors which increase the sensitivity of populations, communities and ecosystems to the potential hazards of climate change. Coastal ecosystem and biogeophysical indicators are selected to measure this dimension of vulnerability and the capacity to adapt to climate change in the Gulf of Oran.
Ecological vulnerability indicators of climate change include:

· Biological invasion indicators: jellyfish scyphomedusae (Pelagia noctiluca) and the green algae (Caulerpa racemosa)

· Foodweb alterations effects on odontocetes cetaceans
Littoral and coastal vulnerability indicators include: 
· Discharge and sources of marine pollution in the coastal zone

· Vulnerable littoral sites and buffer zones: 

· La Macta nature reserve 

· The Cheliff River 
2. Ecological indicators:
Alien invasive species
What is it?  
Alien jellyfish species like the ‘mauve stinger’ (Pelagia noctiluca) belong to the 100 ‘worst invasive’ species (Cheviron, 2007) and could lead to the extinction of numerous native Mediterranean species. Since 1990, the ‘Grape algae’ Chlorophyta Caulerpa racemosa var. cylindracea (Figure 2) has colonised 12 Mediterranean countries (Libya, Greece, Italy, France, Turkey, Cyprus, Tunisia, Spain, Albania, Algeria, Croatia, Malta) (Klein & Verlaque, 2008) and all the major Mediterranean islands (Balearic Islands, Corsica, Crete, Cyprus, Sardinia and Sicily) (Verlaque et al., 2003).
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What does this show?  
The Jellyfish, Pelagia noctiluca
Several fishermen of Oran, Arzew and Mostaganem harbours (Gulf of Oran) have reported that “jellyfish perpetuate for a period of up to seven years and then disappear for a period of about five years”. However, this cycle has not been observed in recent years. Over a period of at least ten years, P. noctiluca has become more dominant in the gulf (Figure 1). Is this a sign that the jellyfish are here to stay? 
This phenomenon is probably related to environmental changes in the basin. In recent years, an association between climate variability and jellyfish population size has been recognized (Purcell, 2005). The consensus is that changes in climate (specifically a lack of rainfall, associated with high temperature and atmospheric pressure from May to August in the Mediterranean Sea), together with changes in ocean circulation, eutrophication and a reduction in zooplanktivorous fish (such as anchovy) may have contributed to the appearance and persistence of jellyfish (UNEP, 1991).

The green algae, Caulerpa racemosa
In Algeria, C. racemosa has historically only been recorded in Algiers Bay (Ould-Ahmed & Meinesz, 2007). However, during an assessment of macrophyte (aquatic plant) diversity in the Gulf of Arzew in November 2008, the first occurrence of C. racemosa (invasive variety of green algae) was reported at the coastal stations of Salamandre (35° 55' 12.46'' N; 00° 03' 28.32'' E) and Stidia (35° 50' 1.45'' N; 00° 00' 49.79'' E) (Bachir-Bouiadjera et al., 2010). This species was observed with a Braun-Blanquet cover-abundance varying from 92-100% and 72-100% in Salamandre and Stidia stations, respectively (Figure 3). Posidonia oceanica, a seagrass commonly known as ‘Neptune Grass’ or ‘Mediterranean tapeweed’, was recorded only at two locations of the Salamandre site (Figure 3) with a cover of 26-62%. Several studies indicate a decrease in the total species number and cover of macrophyte assemblages (e.g., P. oceanica) in the presence of C. racemosa (Piazzi et al., 2001).

The observation stations are very close to the large petrochemical harbour of Arzew and the industrial and fishing harbour of Mostagnem, and some have attributed the recent appearance of this invasive alga to the expansion of sea traffic. However, the increased presence of C. racemosa in the proximity of large cities and harbours does not necessarily demonstrate an affinity for polluted areas but may be an artefact of secondary dispersal mechanisms caused by ship traffic and fishing activities (Klein & Verlaque, 2008). At a minimum, it demonstrates that C. racemosa is tolerant of high levels of pollution and its proliferation may be enhanced by global change factors. In addition, the exposure of the Salamandre and Stidia colonised areas to strong waves, and specific characteristics of the wind and coastal currents (Mega, 2002) support the theory of C. racemosa dispersal in this coastal zone.

Why is it relevant?
The Mediterranean Sea is one of the most impacted seas of the world in terms of biological invasion and climate change is likely to further facilitate invasion of thermophilic (warm-loving) alien species causing irreversible impacts on native populations (Occhipinti-Ambrogi, 2007). 
The jellyfish Pelagia noctiluca has gained recent notoriety in the Algerian coast due to periodic blooms that have detrimental human impacts; they sting swimmers and discourage tourists, clog fishing nets, and impinge on aquaculture by killing fish in the net. The green algae Caulerpa racemosa has a strong negative impact on native species and out-competes the vulnerable endemic Mediterranean seagrass Posidonia oceanica (Piazzi et al., 2001). Increases in alien species combined with climate change can cause endemic species to rapidly decline in abundance and be displaced (Galil, 2007). This can alter infra-littoral (low-shore) communities inducing local population decline, reduction of genetic diversity in native species, foodweb changes, loss of habitat functions, processes and structure, and increased risk of extinction and biotic homogenization (Galil, 2007).
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Figure 3: Braun-Blanquet percentage cover estimates of Caulerpa racemosa (green ‘grape’ algae) and sea-grass at sites on the Mostaganem coast, Gulf of Oran: Salamandre and Stidia (Bachir-Bouiadjera et al., 2010)


Effects of food-web changes on odontocetes cetaceans ‘toothed whales’
What is it?  
Negative climate-related impacts on key species in Mediterranean ecosystems, have significant indirect consequences on food-web structures, and significant cascading effects on species at higher trophic (feeding) levels, such as cetaceans (marine mammals such as whales, dolphins, porpoises). 
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Figure 4: Percentage of prey species in stomach content of the common (D. delphis) and bottlenose 
(T. truncatus) dolphins of Algerian west coasts (Taleb & Boutiba, 2002)
What does this show?  
Anochovy (Engraulis encrasicolus), sardine (Sardina pilchardus) and sardinella (Sardinella aurita) are key prey for common dolphin (Delphinus delphis) and bottlenose dolphin (Tursiops truncates) found off the Algerian coast (Figure 4). During recent decades, the collapse of anchovy stocks in the Adriatic Sea has been associated with cooler temperatures and has affected the species stocks of this fish throughout the Mediterranean (Bombace, 2001). 
Why is it relevant?
The distribution, abundance and migration of cetaceans are strongly influenced by prey availability. Cetaceans have restricted habitats, with limited ranges, and are likely to be most vulnerable to climate change (Simmonds & Isaac 2007). In the Mediterranean Sea, the decline of several cetacean populations has been associated with a reduction in prey resources (UNEP/IUCN, 1994). Shifts in prey species availability may force cetaceans to change their feeding strategies and spend more time and energy foraging, which could have drastic consequences for their immune systems and health (Aguilar & Raga 1993). In the Black Sea, two mass mortality events involving common dolphins in 1990 and 1994 coincided with the decline of European sprat (Sprattus sprattus) and anchovy stocks, their main prey (Birkun, 2002). Cephalopods such as cuttlefish and squid, which represent the main food supply for numerous Mediterranean cetacean species (Taleb & Boutiba, 2002) seem to be particularly vulnerable to environmental changes including pH and temperature (Sims et al. 2001). In addition, coastal bottlenose dolphins and common dolphins are already competing with fishermen for prey species exploited by fisheries (UNEP/IUCN, 1994). 
3. Coastal indicators:
Discharge and sources of marine pollution in the coastal zone
What is it?  
The sea constitutes a major receiving area for waste water in Oran, as is the case for the majority of Algerian coastal towns. The sea is also the direct discharge system for effluents from the town of Oran. Total waste-water discharge along the bay of Oran can be estimated for industrial plants (with water consumption of more than 1000 m3/year) and domestic discharge (SOGREAH Engineering, 1998) (Table 1). Further information is found in Appendix 1.
Table 1: Waste water discharge in the Bay of Oran (SOGREAH Engineering, 1998)

	
	1995
	2005

	
	m3/day
	%
	m3/day
	%

	Domestic discharge
	52 284
	88
	183 448
	95

	Industrial waste
	6 933
	12
	9 584
	5

	Total discharge
	59 217
	100
	193 032
	100


What does this show?  
There has been more than a three-fold increase in coastal discharge between 1995 and 2005; most of this is driven by increases in discharge from the domestic sector. Biomonitoring assesses the biological effects of contaminants with respect to environmental quality, and promotes a common and integrated strategy of using marine biomarkers in recommended sentinel species such as marine mussels (UNEP, 1997). Within the framework of the MEDPOL III - PNUE biomonitoring program undertaken for this coastal zone (Taleb et al., 2007; Taleb et al., 2009), the results reflect a significant deterioration of harbour coastal environmental quality through increasing levels of mussel cytotoxicity (having cells affected by toxins), particularly in the polluted Oran and Mostaganem harbours. A subsequent study clearly established a level of environmental stress in these marine bio-indicators (Taleb, 2007).
Why is it relevant?
Through coastal marine pollution, human activities increase the vulnerability of populations, communities and ecosystems to the additional potential hazards of climate change. Marine pollution also lowers the adaptive capacity of coastal ecosystems and further increases social vulnerability to climate change in the Gulf of Oran. The altered sea-water composition has likely deleterious effects, including cellular, metabolic and DNA changes, not only on the organisms inhabiting these areas, but also on human health, and adversely contributes to the overall climate vulnerability of the coastal ecosystem.


Vulnerable littoral sites and buffer zones: La Macta nature reserve
What is it?  
The nature reserve of La Macta, Gulf of Oran (19,750 ha; 35º41’N 00º10’W; Ramsar site no. 1059) is a site of special ecological interest (Figure 6). It is situated in a triangular depression separated from the Gulf of Arzew near Oran by a dune cordon, a complex of open water, marsh, and humid steppe some nine miles inland, fed by three permanent rivers. The site represents a fragile wetland ecosystem that is rare in North Africa in terms of the diversity of the habitats that it contains, most notably the "sansouires" salt marshes. La Macta comprises especially watery homogeneous and halophyle (salt-loving) vegetation, in particular: Juncus acutus (Spiny Rush), Juncus maritimus (Sea Rush), Juncus subulatus (Mediterranean Rush), Cyperus laevigatus (smooth flatsedge), Atriplex halimus (Mediterranean saltbush), Salicornia fruticosa (glasswort), Suaeda fruticosa (shrubby sea-blite), Salsola sp (salt-tolerant herbs and shrubs), Tamarix gallica (French Tamarisk) and Salsola oppositifolia (Opposite Leaved Saltwort). The Marsh has a particularly diversified bird fauna. In winter, it provides shelter for a number of populations of migratory water birds. Some species of the Marsh bird fauna are considered rare by the IUCN Red List such as the Glossy Ibis (Plegadis falcinellus), the Common Teal (Anas crecca), the Purple swamp hen (Porphyrio porphyrio), and Bonelli's Eagle (Aquila fasciata). La Macta estuary is also rich in eels, shrimps, insects and reptiles.
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Figure 6: The natural littoral reserve of La Macta (a: marsh zone; b: La Macta bay)
What does this show?  

Several factors alter the ecological balance of the site and contribute to the destruction of its vegetable cover and the disappearance of its fauna. Among these factors, are erosion and the degradation of the eastern part of the dune system as well as the biological invasion of desert truffles (known in the region as Terfess).

Why is it relevant?
Nature reserves have an important buffering effect. Within the reserves, species abundance is greater and less variable than outside the area, regardless of season. In addition, there is an increase in the intermediate and maximum sizes of individuals, through improved reproductive success and subsequent out-migration of populations to unprotected zones.

Conservation has long relied on reserves and other protected areas. Climate change requires that we think not only about the existing species’ needs but how these might change in response to climate. The littoral area is exposed to all possible ecological disturbances including floods and sea-swell, drought and heat waves and other influences beyond the control of the Reserve, which sometimes thwart the conservation measures. The nature reserve represents a crucial protection zone, but also acts as an experimental laboratory (and observatory) to assess species and habitat response to climate change.
Vulnerable littoral sites and buffer zones: the Cheliff River
What is it?  

The Cheliff River (Figure 7) crosses nine consecutive wilayas (Algerian provinces): Laghouat, Djelfa, Tiaret, Tissemsilt (Mina river), Médéa, Ain Defla (Cheliff river), Cheliff (Fedda river, Oued Sly), Relizane (Mina river), Mostaganem (Cheliff river estuary). It is the longest river in Algeria. It rises in the Saharian Atlas on the slopes of Djebel Amour and flows for a distance of 800 km (a surface area of 43,750 km²) before discharging into the Mediterranean Sea at the Gulf of Arzew. The Cheliff River drainage basin is fed by several tributaries and groundwater systems.
[image: image9.jpg]



Figure 7: Cheliff River discharging into the Gulf of Arzew
What does this show?  
Rainfall patterns in the Cheliff basin have altered in recent decades. A rainfall deficit emerged in 1970 and this reduction in precipitation continued over the latter decades of the 20th century. The periods 1980-1994 and 1998-2001 were characterized by a significant deficit in rainfall recorded in various stations of this basin (Meddi & Boucefiane, 2008). In the Cheliff River, the monthly and annual flow regime is extremely variable. In general, river flow is noteworthy from September to May and practically negligible during the summer (Kies, 2005)
Along its length, the river is exposed to many sources of pollution (Kies, 2005): 

· Urban pollution: the total population of the Cheliff River and Mina River catchments is around 1 million inhabitants spread between 111 settlements. Urban pollution is characterized by faecal contamination, volatile organic compounds, nutrients and detergents. 

· Agricultural pollution: sources include bi-products of arable farms (cereals, fodder, and fruit), truck farming (vegetable crops for local markets) and industrial cultures. The agricultural pollution has a high nutrient (nitrate, nitrites, phosphorus) and chemical (pesticides, insecticides and fungicides) content coming mainly from the intensive use of manure and fertilizers by livestock farms.
· Industrial pollution: there are only 30 industrial sites within the drainage basin. The principal ones are concentrated in the industrial zones of Relizane and Tiaret.
Why is it relevant?
With increasing temperatures reducing river flow, environmental envelopes or niches for biota will change in the coastal zone (both marine and estuary). High temperatures and an altered hydrologic regime may exceed tolerance levels of some aquatic biota (through reduced flow permanence, obligate freshwater species will be replaced by more marine-tolerant biota). Impacts of pollution are also likely to increase if freshwater flows decrease (through reduced dilution including effects on nutrient content and hence phytoplankton diversity) (Table 2).
Table 2: Physical and biological parameters data of the Cheliff River and Estuary (Kies, 2005; Bouragba-Benazza, 2006)
	
	Sea water (Cheliff Estuary)
	Cheliff River

	
	
	Nov. 2004
	Dec. 2004
	Feb. 2005
	Mar. 2005
	Apr. 2005
	Nov. 2004
	Dec. 2004
	Feb. 2005
	Mar. 2005
	Apr. 2005

	T 
	(°C)
	16.50
	15.67
	11.67
	14.67
	16.67
	11.00
	12.00
	10.25
	10.50
	15.00

	pH
	
	8.00
	7.93
	7.87
	7.56
	7.06
	7.80
	8.00
	7.90
	7.60
	7.60

	Conductivity
	(µs)
	23900.00
	38800.00
	17836.67
	46033.33
	49166.67
	1740.00
	2085.00
	1180.00
	1210.00
	2290.00

	Ca++ 
	(mg/l)
	614.50
	375.00
	756.67
	1184.00
	1057.00
	136.50
	149.50
	73.00
	79.00
	145.00

	Mg++
	(mg/l)
	589.00
	1059.00
	360.33
	505.00
	768.00
	33.50
	59.50
	64.00
	62.00
	71.50

	HCO3- 
	(mg/l)
	243.00
	198.67
	209.00
	122.00
	107.67
	288.00
	285.50
	297.50
	270.00
	292.50

	Turbidity 
	(NTU)
	1741.00
	110.67
	2979.67
	605.67
	26.00
	1050.00
	5510.00
	24100.00
	7500.00
	233.50

	MES 
	(105°C)
	2199.00
	128.33
	3033.67
	619.67
	28.67
	1121.00
	5661.00
	24988.00
	7990.00
	242.00

	MES 
	(600°C)
	1014.00
	66.67
	1616.00
	326.33
	17.33
	596.00
	3486.00
	12509.00
	4435.00
	156.50

	DO
	(mg/l)
	5.50
	7.67
	7.80
	8.60
	7.67
	7.40
	5.90
	5.75
	7.85
	8.70

	BOD5
	(mg/l)
	123.30
	242.47
	154.57
	298.77
	324.40
	7.70
	9.70
	7.25
	3.20
	2.10

	COD
	(mg/l)
	560.00
	893.33
	600.00
	1356.67
	1300.00
	40.00
	45.00
	29.50
	15.00
	10.00

	NO3-
	(mg/l)
	14.50
	10.67
	3.33
	10.33
	3.33
	12.50
	13.00
	9.00
	15.50
	21.00

	NO2-
	(mg/l)
	0.24
	0.19
	0.27
	0.10
	0.01
	0.95
	0.80
	0.93
	0.40
	0.55

	NH4+
	(mg/l)
	2.44
	0.69
	0.59
	0.04
	0.01
	8.48
	5.50
	6.05
	0.76
	0.29

	SIO2
	(mg/l)
	6.60
	1.53
	2.13
	7.83
	1.00
	11.25
	19.05
	7.30
	11.85
	7.70

	SO4--
	(mg/l)
	1921.00
	3986.67
	1433.33
	2913.33
	5840.00
	380.00
	450.00
	243.50
	275.50
	450.50

	PO4---
	(mg/l)
	0.08
	0.36
	0.13
	0.02
	0.08
	1.32
	0.48
	0.17
	0.18
	0.51

	Ptot
	(mg/l)
	0.25
	0.51
	0.59
	0.12
	0.40
	1.84
	0.60
	0.37
	0.31
	0.81

	Chl a
	(mg/l)
	-
	-
	-
	0.12
	2.14
	-
	-
	-
	5.98
	9.18

	[Pheopig.]*
	(mg/l)
	-
	-
	-
	0.44
	6.62
	-
	-
	-
	12.56
	15.91


· Degraded pigments

Table 3: Summary table of biogeophysical and social vulnerability indicators to current climate in the Gulf of Oran
	Key indicator themes
	Indicator sub-themes
	Climate / marine indicators
	Vulnerability indicators
	Current impacts

	Ecosystem vulnerability 
	Biological 
invasion
	Air temperature warming

Heat extremes

Sea temperature warming
	Jellyfish scyphomedusae (Pelagia noctiluca)
	Human impacts: stinging swimmers, discouraging tourism, clogging fishing nets, impinging on aquaculture by killing fish in the net

	
	
	Air temperature warming

Heat extremes

Sea temperature warming
	Green algae 
(Caulerpa racemosa)
	· Impact on genetic diversity and abundance of native species

· Out-competing the endemic Mediterranean seagrass (Posidonia oceanica)

· Food-web changes 

· Local infra-littoral population decline

· Loss of habitat function

	
	Food-web alterations
	Air temperature warming

Heat extremes

Sea temperature warming
	Odontocetes cetaceans
(Delphinus delphis, Tursiops truncates)
	· Reduction in prey resources - decline of cetacean populations

· Changing in the feeding strategies (energy foraging, deterioration of health and immune systems alterations)

· Competing with fishermen for prey species

	Coastal vulnerability 
	Coastal marine pollution sources / biomonitoring
	Air temperature warming
Heat extremes

Sea temperature warming

Rainfall extremes

Decline in rainfall
	Marine bio-indicators (mussels) & biomarkers
	· Altered sea-water composition: high level of environmental stress; Deleterious effects on organisms and human health
· Marine pollution lowers the adaptive capacity of coastal ecosystem and further increases social vulnerability to climate change


	
	Littoral sites and
buffer zones
	Temperature increase

Precipitation extremes

Sea level rise

Heat waves


	La Macta
nature reserve
	· Altered ecological balance

· Destruction of the vegetation cover

· Disappearance of fauna

· Biological invasion (such as the desert truffle)

· Out-migration of ecological population to unprotected zones

· Ecological disturbances (floods and sea-swell, drought and heat waves…) thwarting conservation measures

	
	
	Temperature increase

Rainfall deficit
	The Cheliff River
	Decline of water level and flow following the rainfall deficit could affect the charges of the nutrients (phytoplankton diversity) and the concentration levels of the pollutants in the river and the coastal zone



4. Summary
In coastal systems, vulnerability is a function of the natural characteristics of the environment (physical, chemical, biological), as well as the socio-economic characteristics that interact and modify the natural dynamics. The vulnerability of each element depends on the degree of exposure, sensitivity and adaptive capacity to climate forcing variables.

Table 3 summarizes the main biogeophysical and social vulnerability indicators and their associated climate hazards in the Gulf of Oran.

In the Gulf of Oran, increasing temperatures may have contributed to the appearance and persistence of some alien invasive species as the Jellyfish, Pelagia noctiluca and the green algae, Caulerpa racemosa which subsequently have impacts on ecological genetic diversity, and socio-economic activities. Negative climate-related impacts on prey species distribution and abundance, have significant indirect consequences on food-web changes for odontocetes cetaceans such as common dolphin, Delphinus delphis and bottlenose dolphin, Tursiops truncates off the Algerian coast.

The Oran-Arzew-Mostaganem coastal case study is exposed to several sources of pollution. This can increase the vulnerability of human communities and ecosystems to the additional potential hazards of climate change. This vulnerability is highlighted through the ecological fragility of littoral sites and buffer zones within the case-study region (namely, La Macta nature reserve and Cheliff River).
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Appendix 1: Fragile (polluted) zones of the Gulf of Oran-Arzew
There are 50 sites of untreated waste water discharge in the Oranian littoral (coastal margin), including 37 sites discharging directly into the sea, with very limited capacity for daily treatment of around 4,000 m3 of discharge. Key sources are the tourist resort of Les Andalouses and the urban areas of Cap Falcon, Ain El Turck and Mers El Kébir (Taleb, 2007). According to the Environment Department of the Mostaganem wilaya (administrative province), several fragile zones exposed to anthropogenic pollution in the Gulf of Arzew have been identified (Kies, 2005):

· The zone of Oureha-Kharouba, which includes a sea-bathing recreation area and the coastal town of Stidia where a new national-scale fishing port is planned.

· The Salamandre beach, where there are discharges of urban and industrial water. The Salamandre coastal area is classified as agglomeration II (secondary) of Mostaganem. 

· The Sokhra (located north-west of Mostaganem) and Abdelmalek Ramdane (north-east of Mostaganem) classified as sea-bathing prohibited sites because of pollution from the Chegga River.
· 
The zone of Hadjadj (north-east of Mostaganem) strongly polluted by waste waters drained by the Boukhatem River (with a discharge of 340 m3/day).

· The beach of Sidi Lakhdar receiving 616 m3/day of sewage from several small rivers (Abid, Seddaoua, Tirenguel).

· The Mostaganem - Hassi Mameche - Mazagran - Sayada zone exposed to substantial discharges of untreated urban waste water (20,965 m3/day). In addition, the paper manufacturing industry located on the west coast of Mostaganem produces approximately 134,000 m3/day of industrial waste water.

· Arzew, Bethioua, Mersat El Hadjadj, Chéhairia, Hetaba, are five sources of urban water discharge (3,317 m3/day). 

· Eight coastal sites receiving industrial waste water (550,120 m3/day) from the Arzew Industrial Zone, in addition to a mix of urban and industrial waste water (46,896 m3/day) from Ayayda, Ain El Bia and other Industrial estates.
Figure 2: Invasive ‘Grape algae’ Caulerpa racemosa observed in the Gulf of Arzew








Figure � SEQ Figure \* ARABIC �1�: Mass stranding of jellyfish along the coast of Oran
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