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Abstract 18 

Known to be on the outskirts of the city of Oran, ‘dayat Morsli’ is an endoreic wetland 19 

in western Algeria, and has suffered from many years of anthropogenic pollution 20 

(industrial and waste water). Dayat Morsli pool had never been characterized before, 21 

and the aim of this work is to understand the hydrological functions and the dynamic 22 

of this closed wetland, by monitoring biological, physical and chemical parameters for 23 

one year (2017). Water samples were collected monthly all around the lake. 24 

Measured parameters consisted of water level, pH, salinity, temperature, organic 25 

matter and phytoplankton abundance, in addition to the concentration of organic 26 

pollutants, nitrates and phosphates. The concentration of five heavy metals - 27 

cadmium, lead, iron, zinc and copper - was also determined. The results show that 28 
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dayat Morsli is characterized as a salty to moderately salty wetland. The pH and 29 

salinity vary with the temperature and water level throughout the months. The 30 

phytoplankton cell concentration decreases with decreasing depth and increasing 31 

salinity. In parallel, during the second period of the year (June - December), organic 32 

matter accumulates and sediments out, while it decomposes during the first period. 33 

Moreover, nitrates and phosphates, essential elements for phytoplanktonic 34 

development, are found at concentrations above the standards with respective 35 

concentrations of 150 mg/L (NO3) and 6 mg/L (P), maybe causing the eutrophication 36 

of the wetland. We have shown that the average concentrations of Cd and Pb in 37 

water were higher than the allowed values. This study provides a better 38 

understanding of the functioning of dayat Morsli over one year, but also of the 39 

physicochemical and biological interactions in this small closed ecosystem. 40 

Moreover, these results could be used as a basis for the rehabilitation project of this 41 

wetland. 42 

 43 

1. Introduction 44 

Wetlands are the most productive and diverse ecosystems on the planet (Sieben et 45 

al., 2018). There are distinct and extremely diverse ecosystems in form, size, 46 

formation and geographical location (Teixeira et al., 2014). They include natural and 47 

artificial marshes, filled by fresh, brackish or salt water. Various categories exist: 48 

marine and coastal wetlands, coral reefs, estuarine waters and salt marshes, inland 49 

wetlands with rivers, streams, freshwater lakes, salt lakes, brackish lakes and 50 

artificial wetlands such as agricultural ponds, salt marshes and dams (Ennabili and 51 

Ater, 1996; Hammer, 1986). They can also be described in terms of salinity, and 52 

subdivided into fresh (1 - 3 g/L of salt), hyposaline or brackish (3 - 20 g/L), 53 

mesosaline (20 - 50 g/L) and saline and hypersaline (> 50 g/L) water (Hammer, 1986; 54 

Semeniuk and Semeniuk, 1997). Wetlands represent inundated ecosystems, where 55 

complex ecological processes occur due to interactions between water, vegetation 56 

and soil (Beaumais et al., 2008). Vegetation in wetlands is an essential component of 57 

this ecosystem and plays an important role in the ecological functions (Ennabili and 58 

Ater, 1996; Bouldjedri et al., 2011). They are also a reservoir of biodiversity and a 59 

paradise for waterbirds (Merken et al., 2015; Al-Obaid et al., 2017; Andreotti et al., 60 
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2018; Cherkaoui et al., 2018). During the last centuries, these environments have 61 

been subjected to an important degradation due to anthropization effects. Indeed, in 62 

wetlands, human actions are the main factors of such a degradation (Shengjie et al., 63 

2017).  64 

In this article, we study a wetland in Northwestern Algeria. Dayat Morsli, or ‘small 65 

lake’ of Oran, is the name given to this natural endoreic wetland. The term “dayat” 66 

refers to a closed depression in the shape of a basin, more or less vast (a few meters 67 

to several hundred meters in diameter). Dayats are located between the 68 

Mediterranean and Saharan regions. According to Köppen's classification, northern 69 

Algeria has a semi-arid climate characterized by a long dry season and a wet season 70 

with low rainfall. From the climatic data over the last 25 years 71 

(https://www.infoclimat.fr/observations-meteo/temps-reel/oran-es-senia/60490.html 72 

(last access: June 22 2019)), it was found that 2017 was an exceptional year, with 73 

the lowest rainfalls (247 mm) and the highest average temperatures (19.1 °C). 74 

Moreover, over the last 25 years, Es-Senia precipitation was higher than the year 75 

2017, with a mean of 386 mm and mean annual temperatures of 17.8°C which is 76 

1.3°C below those registered in 2017 (https://fr.climate-data.org/ (last access: July 19 77 

2019)). The dayats are periodically flooded; rainwater and runoff water flow and 78 

concentrate in these environments. The accumulation of water in the dayat allows the 79 

formation of a relatively deep soil (more than one meter deep) and functions as 80 

evaporation pans (Kaabeche, 2012). The proportions of dissolved ions are affected 81 

by the natural geochemical composition of aquifer rocks. In fact, the major ions in salt 82 

water are the same as those in freshwater, Na+, K+, Ca+, Mg+, Cl-, SO42- and CO32-, 83 

but the ionic proportions are different. In salt lakes, Na+ and Cl- are the dominant 84 

ions, while HCO3- is the dominant ion in freshwater lakes (Kuşcu et al., 2017).  85 

As mentioned above, dayat Morsli is a natural closed depression (35°40’ N; 0°36’ W), 86 

with a kidney circle shape, a flat bottom and a 150 ha area, with average dimensions 87 

of 1.78 km length and 1.09 km width (Fig. 1). It is part of the Oran plateau, which is 88 

located in the Chelif basin extension. The plateau is bounded to the north by the 89 

Mediterranean Sea, to the west by the mountain side of Mount Murjadjou, and to the 90 

south by a salt flat-bottomed depression called ‘The Big Sebkha’ of Oran (Fig. 2) 91 

(Benziane, 2013). The topographic depression of dayat Morsli is filled with soft 92 

sedimentation: alluvium and loam. The open water is about 2 m depth in the centre 93 
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with diverging flow in the south. Dayat Morsli is located in the municipality of Es-94 

Senia which has nearly 97 500 citizens. Salt lake is delimited in the east by unused 95 

agricultural lands, and by the urban agglomeration of Oran in the north, comprising 96 

1.5 million inhabitants. It is surrounded by an industrial area and a railway in the west 97 

and the south. This area includes about ten industries, a foundry, wallpaper and 98 

plastic processing plants, as well as an agro-food plant and raw material storage 99 

sites. The depression has suffered from many years of industrial pollution and urban 100 

waste. Since 2010, dayat Morsli has been a biosphere reserve protected by the city’s 101 

environmental protection authorities, and the municipality has decided to stop all 102 

rejections by court order. Now, dayat Morsli is only fed by rainwater and road 103 

drainage water (channels which can be partially closed). Since 2017, a project for the 104 

rehabilitation and transformation around the site has been underway, to make it a 105 

place of entertainment, resorts, and leisure site for the citizens. Before the 106 

rehabilitation project, the area was contaminated by industrial and urban wastes, and 107 

about 360 families lived close to the wetland in precarious dwellings. In February 108 

2016, the dismantling of the city slums was carried out in this area. Dayat Morsli has 109 

never been explored before and the aim of this work is to understand the functioning 110 

and dynamic of this wetland by studying some physicochemical and biological 111 

parameters all along a year. 112 

 113 

2. Materials and methods 114 

 115 

 2.1. Sampling procedure 116 

Monthly, in 2017, at each sampling point (Fig. 1 C), water samples (triplicates) were 117 

collected using three polyethylene bottles of 1 litre each one, which was rinsed with 118 

water to be sampled, filled, stored in an icebox and then transported to the 119 

laboratory. Sampling was performed on seven points at the border around the study 120 

site. The middle area was not accessible due to the deep mud and could not be 121 

explored. 122 

According to the seasons, the collection was done in the water surface, from the 123 

surface to 6 cm depth in the wet season, when the wetland is filled, and 2 cm to the 124 
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upper surface of the sediment in the hot season, when the wetland is dry, avoiding as 125 

much as possible stirring the water and resuspending sediments. 126 

For this purpose, a monthly monitoring of the physicochemical parameters was 127 

carried out throughout 2017: pH, temperature, water levels, salinity, organic matter 128 

concentration, phosphates and nitrates concentrations and the concentrations of five 129 

heavy metals: cadmium (Cd), lead (Pb), zinc (Zn), iron (Fe) and copper (Cu) were 130 

measured. A monthly microphytoplankton and microzooplankton count was also 131 

carried out to quantify the living part of the dayat. 132 

 133 

 2.2. Analysis of physical, chemical, and biological parameters  134 

In situ, the level of water with a measure tape, the temperature and the pH with digital 135 

EXTECH ® 500 (Extech instruments, Boston, USA) were measured three times in 136 

each of the seven points. In the laboratory, salinity, nitrate and phosphate, organic 137 

matter and heavy metals were measured in triplicate on water sampled.  138 

The salinity was determined from chloride concentration, using chloride precipitation 139 

titration (Rodier et al., 2009). 10 mL water samples were titrated with a silver solution 140 

(0.2 N), in the presence of potassium chromate indicators (5%). The end point was 141 

indicated by the persistence of the orange silver chromate colour. The total nitrate 142 

and phosphate concentrations were measured according to the instructions of test 143 

kits HANNA-HI 93728-0 nitrate reagent and HANNA-HI 93717 (A, B) phosphate HR 144 

reagent (HANNA Instruments Inc, Rhode Island, USA). The results were expressed 145 

in mg/L. The organic matter weight was determined after filtration of 50 mL of water 146 

samples, using Whatman GFC filters and drying at 70 °C during two hours to remove 147 

the residual water, after heating at 450 °C during four hours to burn organic matter. 148 

The results were expressed in g OM/L.  149 

For measuring heavy metals, 20 mL of water samples were filtered under vacuum 150 

through Millipore filters of 0.22 µm (Filtropur S, SARSTEDT, Numbrecht, Germany), 151 

to eliminate suspended solids. Then, 0.5 mL of concentrated nitric acid was added for 152 

preservation (Yazidi et al., 2017). Then, the samples were analysed for cadmuim, 153 

lead, zinc, iron and copper metals, using an atomic absorption spectrometer (AAS), 154 

(Analytikjenna, novAA® 350, Germany). The results were expressed in ppm. 155 
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Changes in a wetland volume during the annual cycle were calculated from the 156 

monthly water levels measured at the sampling points and from the Landsat 8 157 

satellite imagery on March 1, 2017 (when water levels reach the highest point) and 158 

September 15, 2017 (when water levels are at the lowest peak). From the image of 159 

March 1, 2017, where the total surface of the wetland is visible and from the image of 160 

September 15, 2017, where it is possible to distinguish the water levels according to 161 

the colour levels, a manual segmentation was performed using the QGis version 3.4 162 

software to determine three depth ranges of the wetland (deep zones, mid-depth 163 

zones and shallow areas). Variations in the volume of the wetland during the annual 164 

cycle were then determined from the water depths measured monthly on the 165 

sampling points (shallow areas) and on the basis of the maximum known depth of 2 166 

m of the wetland (deep zones). The mid-depth zones corresponded to the difference 167 

between the two ranges. 168 

Each month, three replicates per site were biologically analyzed. The living cells were 169 

prefixed instantly after collection by mixing 10 mL of water samples with 40 µL of 170 

Lugol. During cell counting, the microphytoplankton was determined according to the 171 

morphological criteria described by Prescott (1970). The microphytoplancton and 172 

microzooplankton cell abundances were carried out under the optic microscope, 173 

using a counting cell. Cell counts were performed on 10 cells of a Malassez cell slide.  174 

 175 

 2.3. Statistical Analysis  176 

Statistical analyses were performed with the software R3.4.1 (R., 2005). All 177 

measurements were made in triplicates, except for cell counting and organic matter 178 

quantification. The repeatability of the values obtained was verified by a simple linear 179 

model. The result showed that all measurements were highly repeatable (F83-168 > 180 

120 and p < 10-3). The means of the three measurements were used thereafter. 181 

To analyse the difference between the sites and the temporal variation, a Principal 182 

Component Analysis (PCA) was created with the FactoMineR package. The global 183 

PCA showed that there was no difference between the sites; we decided to make 184 

mixed linear models with the site named as random factor with the nlme package and 185 

the lme function. For chemical characteristics, the fixed variables were temperature, 186 
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water level and months. For biological characteristics, the variables were the same 187 

with chemistry added. 188 

Before analyzing the data, a correlation between the variables was checked (Sup. 189 

data S1). For the correlated variables (chemical data) a PCA was performed to 190 

output uncorrelated variables that summed correlated variables. Indeed, nine 191 

correlated variables (salinity, pH, Cd, Fe, Zn, Cu, Pb, P and NO3) were replaced by 192 

two uncorrelated variables ChiPC1 and ChiPC2. Two dimensions were chosen. The 193 

choice was supported by 5 (out of 9; 55.56%) methods (Optimal Coordinates, Parallel 194 

Analysis, Eigenvalues (Kaiser Criterion), Velicer MAP, VSS Complexity 1) according 195 

to the psycho package method (Makowski, 2018). The both uncorrelated variables 196 

did not represent a chemical measure but a global variation supported by the nine 197 

correlated variables.  198 

 199 

3. Results 200 

 3.1. Seasonal variation of parameters 201 

Concerning the physicochemical and biological parameters, PCA showed that there 202 

was no difference between the seven sites, but a difference is observed between the 203 

months of the year (Fig. 3). Two periods were clearly identified, on the one hand, the 204 

period 1 including January to May, and on the other hand, the period 2 from June to 205 

December. All corresponding physicochemical analysis graphs are presented in 206 

Figures 4, 5 and 6. 207 

The period 1, from January to May, was marked by a high water level 32 ± 12 cm, a 208 

high pH 9 ± 0.5 and a large number of living cells in the water 249 x 103 ± 208 x 103 209 

cells/mL, with the occurrence of a bloom between March and April including several 210 

species such as a dominant microalgae Dunaliella salina. Two macroalgae species 211 

Ulva sp. and Mougeotia gracilis were generally detected on the studied sites. In 212 

parallel, a low salinity 30 ± 1.7 mg/L and a variable temperature, as well as low 213 

nitrate 90 ± 7 mg/L, phosphate 4.4 ± 0.3 mg/L and stable organic matter 2.3 ± 0.3 g/L 214 

concentrations (Fig. 4 and 5) were registered in this period 1. In contrast, the period 215 

2, from June to December, a decrease of the water level 9.8 ± 3.2 cm, pH 8.3 ± 0.6 216 

and of the numbers of cells at 1.8 x103 ± 0.6 x103 cells/mL was observed. On the 217 
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contrary, the remaining parameters showed higher values than previously: 218 

temperature and salinity with a maximum of 40 °C and 56 mg/L in August. Nitrate 219 

and phosphate show a maximum between July and October before decline (Fig. 5). 220 

The organic matter varies from a maximum of 10 ± 0.01 g/L in September to a 221 

minimum of 0.06 ± 0.01 g/L in October (Fig. 4). Concerning the variations in the 222 

volume of the wetland, it was evolving with the same seasonal trends and had a 223 

volume of 1.95 × 106 m3 in March to 1.47 × 106 m3 in September, which represented 224 

important variations in the year. 225 

During the first three months of the year, in the water, a decrease is observed in 226 

cadmium 0.04 ± 0.02 ppm (Fig. 6a), in copper 0.09 ± 0.01 ppm (Fig. 6b) and in zinc 227 

0.07± 0.03 ppm (Fig. 6c). For iron and lead, the months of April and May were 228 

relatively linked as shown by the green circle in Figure 3, and an increase in iron 2.1 229 

± 0.1 ppm (Fig. 6d) and lead 1.3 ± 0.2 ppm (Fig. 6e) is observed. During the period 2, 230 

the concentration of heavy metals remained relatively stable, with concentrations of 231 

0.71 ± 0.05 ppm for Cd, 0.2 ± 0.03 ppm for Cu, 0.04 ± 0.02 ppm for Zn, 0.2 ± 0.07 232 

ppm for Fe and 1.1 ± 0.2 ppm for Pb (Fig. 6). 233 

 234 

 3.2. Physicochemical and Biological Parameters Relationship and Influence  235 

The result of the chemical principal correlation analysis showed that: 1) Dimension 1, 236 

named ChiPC1, was positively correlated with salinity, nitrate, phosphate, and lead 237 

and negatively with pH and zinc (Sup.data S2). This dimension could be assimilated 238 

to ‘salinity’ since chemical elements evolved in different ways over time with salinity 239 

being the most influential element in the remaining chemical variables 2) 240 

Dimension 2, named ChiPC2, was positively correlated with iron and lead, and 241 

negatively correlated with copper (Sup. data S2). ChiPC2 corresponded to the iron 242 

concentration and the absence of copper. 243 

To provide a better understanding of the evolution of physicochemical parameters, 244 

mixed linear models were performed in order to see the influence of temperature and 245 

water height over the months on the chemical parameters, named ChiPC1 and 246 

ChiPC2. The results showed that ChiPC1 varied according to months (F11,84 = 3 929, 247 

p < 10-3, Fig.7 a) and temperature (F1,84 = 7, p = 0.001). When the temperature 248 
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increased the salinity increased (Fig.7 b), whereas ChiPC2 only depended on months 249 

(F11,84 = 3 929, p < 10-3, Fig. 8). 250 

Abundance of cells varied with the months, it was higher and more variable during 251 

the first months than the rest of the year (F11,84 = 111, p < 10-3) (Fig. 9 a). However, 252 

cell number also varied with increasing water height (F1,84 = 5, p = 0.02) and to some 253 

extent with a decreasing salinity (F1,84 = 3, p = 0.08) (Fig. 9 b). During the last 6 254 

months the concentration of organic matter has varied enormously with two peaks at 255 

7.5 g/L in September and December (F11,84 = 156, p < 10-3). The increase in heavy 256 

metals (ChipC2) and temperature influenced the concentration of the organic matter 257 

(F1,84 = 15, p < 10-3, Fig. 10 a; F1,84 = 13, p < 10-3, Fig. 10 b). 258 

 259 

4. Discussion  260 

In ecosystems and particularly in wetlands, it is important to know the 261 

biogeochemical and water cycles that affect the structure and composition of this 262 

ecosystem. This cycle represents a large number of independent physical, chemical 263 

and biological processes (Reddy and Delaune, 2008). One of these processes is the 264 

climate. Dayat Morsli is under the influence of a semi-arid climate defined by the 265 

Köppen-Geiger classification, with a dry season from June to September. At the 266 

dayat, we observed two periods, different from the climatic seasons, defined from the 267 

statistical analysis of all samples and all physicochemical and biological parameters: 268 

a period 1(January to May; Fig. 11a) and a period 2 extending over most of the year 269 

between June to December (Fig. 11b). However, the climate remains the most 270 

important factor influencing the quality of the wetland surface water through the 271 

balance of precipitation and evaporation. The impact of climatic variations on dayat 272 

Morsli, particularly between the first five and last seven months of the year, is clearly 273 

illustrated in Figure 11. The rainfall and temperature variations have induced a 274 

significant decrease in the water level with drying borders and shrinkage in the dayat 275 

area. The water volume evolution of the lake shows an important evaporation 276 

(significantly negative correlation with temperature p <0.05) with a decrease in lake 277 

volume of 24% between the wettest month (March) and the driest month 278 

(September). Under these conditions, the autumn rains fill mostly the underground 279 

lack of water at the end of the summer and do not allow a significant increase in the 280 
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lake volume during this second period. Moreover, the arid regions tend to have 281 

higher salt concentrations in surface waters than in humid regions (Williams and 282 

Gosselink, 2007), a common phenomenon especially in endoreic lakes located in 283 

countries known for their warm climate where the evaporation rate is higher than 284 

precipitation, such as in the Mediterranean basin or in Central Africa (Jan and Lenka, 285 

2008; Bouchez et al. 2016). Dayat Morsli is not immune to this phenomenon and 286 

shows very significant salinity variations over the year. 287 

Hydrology has an effect on salinity, the decrease of water in wetlands causes the 288 

increase of salinity due to the concentration of ions in hot periods which forms a crust 289 

on the surface of the wetland (Hart et al., 1990). This has an impact on the planktonic 290 

and bacterial communities. The accumulation of organic matter in wetlands is 291 

controlled by hydrology, through its influence on primary productivity, decomposition 292 

and export of particulate organic matter. When the organic matter is decomposed, 293 

microorganisms use organic substrates as an energy source. This process is 294 

accelerated in aerobic conditions and becomes slower in anaerobic conditions 295 

(Reddy and Delaune, 2008). Actually, the decomposition of organic matters in dayat 296 

Morsli happens in period 1 in aerobic conditions while its accumulation and 297 

sedimentation occurs during the period 2 at the same time as the decrease in water 298 

level. This explains the spike of organic matter found in the Dayat during this period, 299 

the same observations as in central Asia arid lakes (Ginatullina et al., 2017; Lin et al., 300 

2017). 301 

Another parameter related to water quality in wetlands is the pH of the water. In 302 

wetlands, the pH is mainly regulated by the photosynthetic activity of the flooded 303 

phytoplankton and peripheral aquatic plants. This is directly related to the absence or 304 

presence of carbon dioxide, the pH can then reach higher values during the day and 305 

lower ones at night (Reddy and Delaune, 2008). In dayat Morsli, the pH is alkaline in 306 

period 1 and neutral to acid in period 2. The increase in pH is explained by a large 307 

number of phytoplanktonic cells, particularly with the occurrence of bloom in the 308 

period 1, while in the period 2 it decreases due to a drop in the water level, in the 309 

number of phytoplanktonic cells and consequently in photosynthetic activity. Actually, 310 

between March and April there was the occurrence of a bloom identified as two 311 

macroalga species Ulva sp. and Mougeotia gracilis and a microalga species 312 

Dunaliella salina. The favorable environmental conditions, the increase in nitrates 313 
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and phosphates and the rise of the water level in dayat Morsli contributed to these 314 

algal blooms. As the studies show, these diverse species have the ability to live in the 315 

same conditions as in the Oran dayat (Frost-Christensen and Sand-Jensen, 1990; 316 

Thakur and Kumar, 1999). 317 

Nitrate and phosphates are essential elements for the development of photosynthetic 318 

organisms. In wetlands, they are used by microorganisms and plants as mineral 319 

sources, but at high concentrations they induce an ecosystem eutrophication and 320 

blooms (Boeykens et al., 2017). In dayat Morsli, these two elements are closely 321 

correlated, and well above the standard concentrations (Extract from the executive 322 

decree, 2011; WHO, 2004; Sup. data S3). This is mainly due to the agricultural and 323 

urban waste containing high concentrations of nitrates and phosphates, which have 324 

been accumulated over time. These two elements are also related to the organic 325 

matter decomposition and bacteria, especially the nitrificants bacteria of the water, 326 

that also increase the NO3 production (De Wilde et al., 2015; Gómez-Alday et al., 327 

2014). The high concentrations of nitrates, phosphates, as well as the water 328 

alkalinity, induce the eutrophication of dayat Morsli, as demonstrated in studies on 329 

polluted lakes in Kenya and Morocco (Jirsa et al., 2013; Lakhdar Idrissi et al., 2004). 330 

The eutrophication increases sedimentation and thus degrades the aquatic system, 331 

as well as problems related to different water utilizations (Heathcote and Downing, 332 

2012; Jirsa et al., 2013; Lakhdar Idrissi et al., 2004). 333 

For heavy metals, cadmium and lead are present in high concentrations in the dayat 334 

Morsli water system (Extract from the executive decree, 2011; WHO, 2004; Sup. data 335 

S3). Toxic metals without a biochemical role for phytoplankton can have adverse 336 

effects due to their high bioaccumulation trend, and their origin is entirely 337 

anthropogenic (industrial waste) (Pavlaki et al., 2016). Cadmium in nature is a 338 

common under-product of zinc mining, which subsequently often flows into the 339 

aquatic system, and is then found in brackish and marine environments (Nazeer et 340 

al., 2014). During the first three months of the year 2017, there was a decrease in 341 

cadmium and zinc levels in the water due to favorable conditions (alkaline pH, 342 

increased numbers of cells) (Christensen, 1989; Ming et al., 2016), which may have 343 

resulted in the sorbtion of Zn and Cd by planktonic organisms present in dayat Morsli, 344 

particularly by the species that appeared during the bloom of the month of March and 345 

April. As a matter of fact, the planktonic organisms have the ability to absorb and 346 
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assimilate heavy metals from the aquatic environment (Jia et al., 2018). The 347 

cadmium is accumulated by plankton, but to a lesser extent than zinc which is 348 

absorbed and metabolised by cells (Intwala et al., 2008; Lasenby and Van Duyn, 349 

1992). Further research revealed that the presence of cadmium increased the uptake 350 

of zinc in competitive manner and that plankton preferentially absorbed Zn (Sprenger 351 

and McIntosh, 1989).  352 

In addition to zinc, copper and iron are also essential elements for the development 353 

of microorganisms; copper in dayat Morsli decreases in April until December. This 354 

decline suggests that dissolved Cu is removed by organic matter particles and is 355 

rapidly sedimented, due to its affinity to oxides and carbonates present in the water 356 

column (Jackson, 1978). This organic matter present in natural water plays an 357 

essential role in the transport of metals from the lake to sediments (Taher and 358 

Soliman, 1999; Van Hullebusch et al., 2003). In the same way, a correlation between 359 

heavy metals and surface organic matter has been demonstrated, as well as a 360 

geochemical association of Cu and organic matter formed in Seliger Lake (Kosov et 361 

al., 2004). For the iron analysis a marked increase in the aquatic environment 362 

between March and May has been shown. This high concentration would indicate 363 

that this metal is abundant in the soil of the wetland (Singh et al., 2007) and this iron 364 

concentration decrease in the water could be due to the increase of nitrates and 365 

phosphates in dayat Morsli. Actually, this decrease could be partly due to the iron 366 

oxidation in the water and the formation of the Fe-PO4 complex in sediments (De 367 

Wilde et al., 2015). 368 

In dayat Morsli the appearance and the disappearance of the algal bloom induced 369 

changes in particular for zinc, iron and copper, three essential elements for the 370 

development of microorganisms. These changes are observed before and after the 371 

bloom. The decrease of these elements before the bloom appeared between January 372 

and February and could be due to their absorption by planktonic microorganisms. 373 

After the algal bloom, the zinc and iron increase in the water, although not 374 

demonstrated, could be due to their release by planktonic cells, except for copper, 375 

which sediments at the same time as cell residues and organic matter. In June, iron 376 

and zinc sedimentation are linked to the water level decrease. 377 

 378 
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5. Conclusion 379 

The study of dayat Morsli shows that this wetland varies in a uniform way over the 380 

year and there is no difference between the seven sampling points. The 381 

physicochemical and biological analysis in 2017 showed two successive periods 382 

characterized by three main indicators. These are physicochemical and biological 383 

parameters influencing the lake. In the wet season, the three highest indicators are 384 

water level, cell abundance and pH. These variables decrease in the period 2, when 385 

the three main indicators are the organic matter, the temperature and the salinity 386 

which are at their maximum. The dayat Morsli suffered for many years from industrial 387 

and urban waste pollution, which induced bioaccumulation of pollutants in this lake. 388 

The heavy metal analysis of the water of this wetland showed cadmium and lead 389 

pollution, with a respective average of 0.6 ppm and 0.9 ppm during the year. The 390 

measured concentration of five heavy metals evolved according to the 391 

physicochemical parameter changes, and there was a relationship between iron, 392 

nitrates and phosphates, zinc and cadmium, and copper with the organic matter in 393 

the wetland. 394 

This first characterization of dayat Morsli provides a better understanding of the 395 

functioning of this ecosystem and a description of the physicochemical and biological 396 

parameter variations of the lake during the year 2017. All these results will make it 397 

possible to establish a bioremediation initiative of this environment for its 398 

rehabilitation. 399 

 400 

Acknowledgments 401 

This research was financially supported by the Tassili Programm Hubert Curien (PHC 402 

Tassili 16MDU955), Campus France and by the Biodivmex program subventions 403 

(CNRS/INEE). 404 

 405 

  406 



14 

 

14 

 

Sitography 407 

https://www.infoclimat.fr/observations-meteo/temps-reel/oran-es-senia/60490.html 408 

https://fr.climate-data.org/ 409 

 410 

References  411 

Al-Obaid, S., Samraoui, B., Thomas, J., El-Serehy, H.A., Alfarhan, A.H., Schneider, 412 

W., O’Connell M., 2017. An overview of wetlands of Saudi Arabia: Values, 413 

threats,and perspectives. Ambio  46:98–108 414 

 415 

Andreotti, A., Guberti, V., Nardelli, R., Pirrello, S., Serra, L., Volponi, S., Greenb, 416 

R.E., 2018. Economic assessment of wild bird mortality induced by the use of lead 417 

gunshot in European wetlands. Science of the Total Environment 611, 1505-1513. 418 

 419 

Beaumais, O., Laroutis, D., Chakir, R., 2008. Conservation versus conversion des 420 

zones humides : une analyse comparative appliquée à l'estuaire de la Seine, Revue 421 

d'Économie Régionale & Urbaine. Armand Colin, pp. 565-590. 422 

 423 

Benziane, A., 2013. The aquifer system of the Great Sebkha of Oran : Geological 424 

and hydrogeological considerations. Bulletin de l'Institut Scientifique, Rabat, Section 425 

Secience de la Terre 35, 77-92. 426 

 427 

Boeykens, S.P., Piol, N.M., Samudio, L.L., Saralegui, A.B., Vazquez, C., 2017. 428 

Eutrophication decrease: Phosphate adsorption processes in presence of nitrates. 429 

Journal Environmental Management 203, 888-895. 430 

 431 

Bouchez, C., Goncalves, J., Deschamps, P., Vallet-Coulomb, C., Hamelin, B., 432 

Doumnang, J-C., Sylvestre, F., 2016. Hydrological, chemical, and isotopic budgets of 433 

Lake Chad: a quantitative assessment of evaporation, transpiration and infiltration 434 

fluxes. Hydrology and Earth System Sciences 20, 1599–1619 435 

 436 

Bouldjedri M., deBelair, G., Mayache, B., Muller, S.D. 2011. Menaces et conservation 437 

des zones humides d’Afrique du Nord : le cas du site Ramsar de Beni-Belaid 438 

(NEalgerien). Comptes Rendus Biologies 334: 757-772. 439 



15 

 

15 

 

 440 

Cherkaoui, S.I., Selmi, S., Amhaouch, Z., Hanane, S., 2018. Assessment of the 441 

effectiveness of wetland protectionin improving waterbird diversity in a Moroccan 442 

wetlandsystem. Environmental Monitoring Assessment 190: 699. 443 

 444 

Christensen, T., 1989. Cadmium soil sorption at low concentrations: VIII. correlation 445 

with soil parameters. Water, Air, and Soil Pollution 44, 71-82. 446 

 447 

De Wilde, M., Puijalon, S., Vallier, F., Bornette, G., 2015. Physico-Chemical 448 

Consequences of Water-Level Decreases in Wetlands. Wetlands 35, 683-694. 449 

 450 

Ennabili, A., Ater, M., 1996. Flore (Pteridophyta et Spermatophyta) des zones 451 

humides du Maroc mediterraneen: inventaire et écologie. Acta Botanica Malacitana 452 

21, 221-239. 453 

 454 

Extract from the executive decree., 2011. Normes algérienne des eaux potables, in: 455 

Algeria (Ed.), 18 ed. Journal officiel de la république algérienne  456 

 457 

Frost-Christensen, H., Sand-Jensen, K., 1990. Growth rate and carbon affinity of 458 

Ulva lactuca under controlled levels of carbon, pH and oxygen. Marine Biology 104, 459 

497-501. 460 

 461 

Ginatullina, E., Atwell, L., Saito, L., 2017. Resilience and resistance of zooplankton 462 

communities to drought-induced salinity in freshwater and saline lakes of Central 463 

Asia. Journal of Arid Environments 144, 1-11. 464 

 465 

Gómez-Alday, J.J., Carrey, R., Valiente, N., Otero, N., Soler, A., Ayora, C., Sanz, D., 466 

Muñoz-Martín, A., Castaño, S., Recio, C., Carnicero, A., Cortijo, A., 2014. 467 

Denitrification in a hypersaline lake–aquifer system (Pétrola Basin, Central Spain): 468 

The role of recent organic matter and Cretaceous organic rich sediments. Science of 469 

the Total Environment 498, 594-606. 470 

 471 



16 

 

16 

 

Hammer, U.T., 1986. Saline Lake Ecosystems of the World. JUNK.W, Netherlands, 472 

p. 616. 473 

 474 

Hart, B.T., Bayley, P., Edwards, R., Hortle, K., James, K., McMahon, A.,  Merediti, A., 475 

Swadling, K. 1990. Effects of salinity on river stream and wetland ecosystems in 476 

Victoria, Australia. Water Research 24:  1103-1117 477 

 478 

Heathcote, A., Downing, J., 2012. Impacts of Eutrophication on Carbon Burial in 479 

Freshwater Lakes in an Intensively Agricultural Landscape. Ecosystems 15, 60-70. 480 

 481 

Intwala, A., Patey, T., Polet, D., Twiss, M., 2008. Nutritive Substitution of Zinc by 482 

Cadmium and Cobalt in Phytoplankton Isolated from the Lower Great Lakes. Journal 483 

of Great Lakes Research 34, 1-12. 484 

 485 

Jackson, T., 1978. The biogeochemistry of heavy metals in polluted lakes and 486 

streams at Flin Flon, Canada, and a proposed method for limiting heavy-metal 487 

pollution of natural waters. Environmental Geology 2, 173-189. 488 

 489 

Jan, V., Lenka, K., 2008. Transformation Mechanisms of Major Nutrients and Metals 490 

in Wetlands, Wastewater Treatment in Constructed Wetlands with Horizontal Sub-491 

Surface Flow. Springer Netherlands, pp. 11-91. 492 

 493 

Jia, Y., Chen, W., Zuo, Y., Lin, L., Song, L., 2018. Heavy metal migration and risk 494 

transference associated with cyanobacterial blooms in eutrophic freshwater. Science 495 

of the Total Environment 614, 1324-1330. 496 

 497 

Jirsa, F., Gruber, M., Stojanovic, A., Omondi, O., Mader, D., Korner, W., Schagerl, 498 

M., 2013. Major and trace element geochemistry of Lake Bogoria and Lake Nakuru, 499 

Kenya, during extreme draught. Chemie der Erde - Geochemistry 73, 275-282. 500 

 501 

Kaabeche, M., 2012. Les dayas, Bullletin d'information, Nature Vivante, pp. 14-15. 502 

 503 

Kosov, V., Kosova, I., Levinskii, V., Ivanov, G., Khil'chenko, A., 2004. Distribution of 504 

Heavy Metals in Lake Seliger Bottom Deposits. Water Resources 31, 46-54. 505 



17 

 

17 

 

 506 

Kuşcu, M., Şener, Ş., Tuncay, E.B., 2017. Recharge sources and hydro geochemical 507 

evaluations of Na2 SO4 deposits in the Acıgöl Lake (Denizli, Turkey). Journal of 508 

African Earth Sciences 134, 265-275. 509 

 510 

Lakhdar Idrissi, J., Orbi, A., Zidane, F., Hilmi, K., Sarf, F., Massik, Z., Makaoui, A., 511 

2004. Organisation et fonctionnement d’un écosystème côtier du Maroc : la lagune 512 

de Khnifiss. Journal of Water Science 17, 447-462. 513 

 514 

Lasenby, C., Van Duyn, J., 1992. Zinc and cadmium accumulation by the opossum 515 

shrimp Mysis relicta. Archives of Environmental Contamination and Toxicology 23, 516 

179-183. 517 

 518 

Lin, Q., Xu, L., Hou, J., Liu, Z., Jeppesen, E., Han, B.-P., 2017. Responses of trophic 519 

structure and zooplankton community to salinity and temperature in Tibetan lakes: 520 

Implication for the effect of climate warming. Water Research 124, 618-629. 521 

 522 

Makowski, D., 2018. The psycho Package: an Efficient and Publishing-Oriented 523 

Workflow for Psychological Science. Journal of Open Source Software 3, 470-471. 524 

 525 

Merken, R., Deboelpaep, E., Teunen, J., Saura, S., Koedam, N. 2015. Wetland 526 

Suitability and Connectivity for Trans-Saharan Migratory Waterbirds. PLoS ONE 527 

10(8): e0135445. doi:10.1371/journal.pone.0135445 528 

 529 

Ming, H., Naidu, R., Sarkar, B., Lamb, D.T., Liu, Y., Megharaj, M., Sparks, D., 2016. 530 

Competitive sorption of cadmium and zinc in contrasting soils. Geoderma 268, 60-68. 531 

 532 

Nazeer, S., Hashmi, M.Z., Malik, R.N., 2014. Heavy metals distribution, risk 533 

assessment and water quality characterization by water quality index of the River 534 

Soan, Pakistan. Ecological Indicators 43, 262-270. 535 

 536 



18 

 

18 

 

Pavlaki, M., Araújo, M., Cardoso, D., Silva, A.R., Cruz, A., Mendo, S., Soares, A., 537 

Calado, R., Loureiro, S., 2016. Ecotoxicity and genotoxicity of cadmium in different 538 

marine trophic levels. Environmental Pollution 215, 203-212. 539 

 540 

Prescott, G.W.,1970. How to Know the Freshwater Algae. Wm. C. Brown Company, 541 

(Ed. H.E. Jaques) Dubuque, Iowa USA pp. 211. 542 

 543 

R Development Core Team 2005. R: A language and environment for statistical 544 

computing. R Foundation for Statistical Computing, Vienna, Austria. ISBN 3-900051-545 

07-0, URL: http://www.R-project.org. 546 

 547 

Reddy, R.K., Delaune, R., 2008. Biogeochemistry of wetlands science and 548 

applications. Taylor & Francis group, New York. 549 

 550 

Rodier, J., Legube, B., Merlet, N., 2009. L'analyse de l'eau, 9 ed. Dunod, Malakoff. 551 

 552 

Semeniuk, V., Semeniuk, A., 1997. A geomorphic approach to global classification 553 

for natural inland wetlands and rationalization of the system used by the Ramsar 554 

Convention – a discussion. Wetland Ecology and Management 5, 145–158. 555 

 556 

Shengjie, H., Zhenguo, N., Yanfen, C., Lifeng, L., Haiying, Z., 2017. Global wetlands: 557 

Potential distribution, wetland loss, and status. Science of the Total Environment 586, 558 

319–327. 559 

 560 

Sieben, E., Khubeka, S., Sithole, S., Job, N., Kotze, D., 2018. The classification of 561 

wetlands: integration of top-down and bottom-up approaches and their significance 562 

for ecosystem service determination. Wetlands Ecology and Managment 26, 441–563 

458. 564 

 565 

Singh, A.P., Srivastava, P.C., Srivastava, P., 2007. Relationships of Heavy Metals in 566 

Natural Lake Waters with Physico-chemical Characteristics of Waters and Different 567 

Chemical Fractions of Metals in Sediments. Water, Air, and Soil Pollution 188, 181-568 

193. 569 

 570 



19 

 

19 

 

Sprenger, M., McIntosh, A., 1989. Relationship between concentrations of aluminum, 571 

cadmium, lead, and zinc in water, sediments, and aquatic macrophytes in six acidic 572 

lakes. Archives of Environmental Contamination and Toxicology 18, 225-231. 573 

 574 

Taher, A., Soliman, A., 1999. Heavy metal concentrations in surficial sediments from 575 

Wadi El Natrun saline lakes, Egypt. International Journal of Salt Lake Research 8, 576 

75–92. 577 

 578 

Teixeira, A., Duarte, B., Caçador, I., 2014. Salt Marshes and Biodiversity, Sabkha 579 

Ecosystems, 4 ed. Springer Netherlands, pp. 283-298. 580 

 581 

Thakur, A., Kumar, H.D., 1999. Nitrate, Ammonium, and Phosphate Uptake by the 582 

Immobilized Cells of Dunaliella salina. Bulletin of Environmental Contamination and 583 

Toxicology 62, 70-78. 584 

 585 

Van Hullebusch, E., Chatenet, P., Deluchat, V., Chazal, P., Froissard, D., Botineau, 586 

M., Ghestem, A., Baudu, M., 2003. Copper Accumulation in a Reservoir Ecosystem 587 

Following Copper Sulfate Treatment (St. Germain Les Belles, France). Water, Air, 588 

and Soil Pollution 150, 3-22. 589 

 590 

WHO, 2004. Guidelines for drinking water, 3 ed. World Health Organization, Geneva. 591 

 592 

Williams, M., Gosselink, J., 2007. Wetlands, 4 ed. Wiley, United states. 593 

 594 

Yazidi, A., Saidi, S., Ben Mbarek, N., Darragi, F., 2017. Contribution of GIS to 595 

evaluate surface water pollution by heavy metals: Case of Ichkeul Lake (Northern 596 

Tunisia). Journal of African Earth Sciences 134, 166-173. 597 

 598 


























