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ABSTRACT 
This is a study of the environmental conditions and primary phytoplankton production in a Sahelian 

shallow lake of Senegal,  West Africa. Environmental descriptors (nutrient, water transparency, temperature 

and hydrochemistry) and their effects on primary production were studied. Samples were collected monthly 

from March 2002 to February 2003 in 3 stations of the central part of water body. Climatic variables show a 

marked annual pattern following two dominant wind directions: NNE (North-North-East) and NNW (North-

North-West). This cyclic evolution affects hydrobiological variables. In this central part of the lake, water body 

was not stratified with same measures between surface and bottom. Lake water was turbid with lower values 

during the maritime trade winds period characterized by high water temperatures and conductivity. Water pH 

was relatively higher than seven (07) associated with high contents of oxygen (approximately 90%) in all 

stations. The station Typha is marked by a low pH and high fluctuations in the rates of oxygen (20 to 120%). 

Nutrient concentrations were low, with high variability (from 0 to 30 µg.l-1 for DIN and from 0 to 18 µg.l-1 for 

PO4). The primary production in Guiers Lake was high; it showed a vertical gradient with production of 

2400 mgC.m-3.days-1 in surface and a low of 200 mgC.m-3 days-1 at the bottom. In this shallow system, 

environmental conditions regulate the primary production. 

© 2017 International Formulae Group. All rights reserved. 
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INTRODUCTION 

Lake Guiers is the largest reservoir of 

surface water in Senegal. Situated to the north 

of country, it has a morphology characterized 

by a northeast and southwest elongation. It is 

50 km length, 7 km width and has a volume of 

680 million m3. It is a shallow flat lake with a 

depth of 2 m on average and has a part North-

center of free water and a south part 

dominated by the fixed macrophytes, Typha 

domingensis. Its northern part receives water 

from Senegal River via the Taoué canal. Its 
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level is regulated by the dam of Richard-Toll 

in the North and Keur Momar Sarr's Dike in 

the South. This lake plays an important role 

supplying irrigation water during off-season 

for instance for off-season sugar production 

by the Senegalese Sugar Company: CSS. 

Also, it supplies 45% of drinking water to the 

in habitants of Dakar and its neighbourhood, 

the water processing plants of Ngnith (since 

1971) and of Keur Momar Sarr (since 2005). 

This lake is characterized by a natural 

functioning marked by a high « anthropisation 

» and permanent interventions of sea water 

(Sané et al., 2013). Lake water was regularly 

salted and the coast fluctuated around a mean 

value of 0,40 m (Sané, 2006). With the 

construction and the starting of dams, Diama 

anti-salt in 1985 and Manantali in 1987 whose 

role is to regulate the river floods, the lake 

functioning became totally controlled. In 

effect, the salt interventions are stopped. The 

lake water became permanently sweet and the 

coastal fluctuations eased (Sané, 2006). The 

lake average coast is spent in 1.10 m and is 

maintained at 2.00 m since 1996. These new 

conditions affected the hydrology (Gac et al., 

1993), the hydrochemistry (Cogels and Gac, 

1986; Cogels, 1994) and the aquatic 

vegetation (Cogels et al., 1993) of the lake. 

The objective of this study was: (1) to 

describe the dynamic of climatic and 

hydrobiological variables and (2) to study 

their impacts on the phytoplankton primary 

production. 

   

MATERIALS AND METHODS 

Site location 

This study was led in the central part 

(16°10 ' N, 15°70 ' W) of the lake of Guiers to 

Ngnith (Figure 1). Situated in the North of 

Senegal, the lake is fed by the Senegal River 

via the channel of Taoué. This zone is 

characterized by a Sahelian climate, with a 

short rainy season between July and 

September, marked by very irregular 

precipitations. The annual rainfall varied 

between 200 and 250 mm. The level of the 

lake has been regulated by the dam of 

Richard-Toll situated on Taoué in the North 

and the Keur Momar Sarr's dike situated in the 

South. With a volume about 680 millions of 

m3, the lake of Guiers supplies until 45 % of 

drinking water of Dakar, capital of Senegal. 

This shallow flat lake (2 m on average), 50 

km long and 7 km wide (surface about 320 

km2), was subjected to the bidirectional 

influence of North-East winds (Harmattan) 

blowing in the main line of the lake from 

November till May and the northwest 

(Maritime trade winds) from June till October. 

The hydrological characteristics and the 

aquatic and amphibian plant groupings of the 

site of study were described by Sané et al. 

(2013). 

 

Samples procedures and analysis 

To study the environment and the 

primary production of Guiers Lake, a monthly 

sampling from March 2002 till February 2003 

was made in three stations (Table 1) 

representative of the central zone of the lake.  

High frequency readings were taken on an 

hourly scale which allowed for the acquisition 

of meteorological data of our site. 

A Davis Weather station was settled on 

the bridge of the intake of water intended for 

the consumption, in approximately 100 m of 

the bank and in 3 m over the water level. It 

allows the continuous measure of various 

climatic variables. Air temperature, wind 

speed (average and gusts), wind direction, 

precipitation, were recorded hourly during 
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March 2002 – February 2003. A Pyranometer 

(sensor Li-cor 200) is connected with an 

integrator Li-1000 which recorded (every half 

an hour) the total irradiance. Water 

temperature recorders (Onset, Bourne, 

Massachusetts, USA; precision 0,2 °C) which 

recorded hourly were placed at a depth of 

0,5 m under the surface and 0,5 m above the 

bottom in the 3 sampling stations (“Large”, 

“Baie” and “Typha”). The euphotic depth was 

estimated from coefficient of brilliant 

extinction (K) values obtained on vertical 

profiles using a Li-Cor 193 spherical quantum 

sensor (Poole et Atkins, 1929). Water 

transparency was estimated using a 30 cm 

diameter Secchi disk. Vertical profiles of 

temperature (precision 0.01 °C), conductivity 

(precision 0.01 µS.cm-1) and dissolved oxygen 

were recorded (all 0.5 second) using a Sea 

Bird CTD recorder (SBE 19). 

Water samples for pH, dissolved 

inorganic nutrient and chlorophyll a 

determination, were collected using a PVC 

tube (3.5 cm diameter, 2 m length) with 2 

separate compartments immersed vertically to 

obtain an integrated sample of the water 

column: at 0 to 1.5 m and 1.5 to 2 m for the 

deeper stations (L and B), and at 0 to 0.5 m 

and 0.5 to 1 m for the shallower (T). Water 

from each compartment (« surface » and « 

bottom ») was then stored in 1.5 litre 

polycarbonate bottles up to analysis in the 

laboratory. pH was measured with a WTM 

320/SET pH-meter. Chlorophyll a 

concentrations were determined on glass 

fibres membranes (Whatman GF/F) loaded 

with particles. It is a fluorimetric measure 

based on the fluorescence of the chlorophyll 

extracted in cold during 45 minutes in some 

pure methanol (Holm-Hansen et al., 1965). 

Samples for dissolved inorganic nutrient 

(N.NO3, N.NH4 and P.PO4) dosage was 

previously filtered under glass fibre 

membrane (Whatman GF/F), then the filtrate 

fixed by mercuric chloride (HgCl2) addition 

and analyzed according to the procedures 

described by Strickland and Parsons (1972).    

The primary production was 

determined using the radioactive carbon (14C) 

assimilation by algae. Water samples were 

incubated with radioactive carbon solution, 

and then filtered on glass fibre membrane 

(Whatman GF/F). The filters loaded with 

particles was dumped during 24 hours in a 

twinkling liquid « Ready Safe ». The 

radioactive carbon assimilated was estimated 

by 14C fluorescence measured on Beckman LS 

500 sparkle meter. 

 

Statistical analysis 

The various data were statistically 

analyzed by adopting a parametrical approach 

when the distribution is normal and when the 

variances are equal or an approach not 

parametrical when the opposite occurs. Within 

the framework of the parametrical approach, 

the variations between stations were tested by 

the analysis of variance (One Way ANOVA) 

for a comparison of more than two averages 

or the test of Student Newman-Keuls (T-test) 

for a comparison of two averages. Within the 

framework of the approach not parametrical, 

the variations were tested by the test of 

Kruskal-Wallis in One factor (more than two 

averages) or the test of Mann-Whitney (two 

averages). In every case, tests parametrical 

and not parametrical, the differences were 

considered significant when the probability 

was lower than 5 % (p < 0.05). 
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 Table 1: Sampling stations, their morphology and geographical location. 

 

 

 

 
Figure 1: Map of Guiers Lake showing position of sampling stations (table 1 for corresponding 

stations names).  

 

 

RESULTS 

Climatic variables 

The various climatic variables were 

represented on ten daily weather: average for 

the temperature, the wind speed and ads for 

the rains, the solar radiation (Figure 2). The 

breaks on graphs correspond to data loss. The 

precipitations were essentially concentred 

between June and October. During this rainy 

period, the precipitations for ten days were 

less than 25 mm. Rain rarely exceed 

10 mm.day-1 except for one particular high 

observed on September 12th 2002 (17 mm). 

Traces of rains (1-2 mm) were logged during 

Station designation Sediment or Bottom Depht (m)

North West

Large (L) Sablo-Muddy 2.7 16°09'28'' 15°52'57''

Baie (B) Muddy 2.3 16°12'24'' 15°53'10''

Typha (T) Muddy with roots 1.3 16°11'15'' 14°54'13''

of macrophytes

GPS location 
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the study. The rain events were generally 

short (1-3 h) and violent, often corresponding 

to storms. With a total of 122 mm.year-1, these 

rains were lower than observed in two close 

localities, Louga (222 mm.year-1) and Saint-

Louis (230 mm.year-1). The air temperature 

followed a marked annual pattern. The lower 

values (22-26 °C daily on average) were 

observed from November to May and the high 

(28-32 °C) from June to October 2002. Those 

high values were observed during the raining 

period, showing the low effect of rain in 

temperature sinking. The low temperatures 

were noted during the dry season, and the 

lower corresponding to November at February 

2003. The wind direction reflects the 

bidirectional influence of the trade wind 

(harmattan and marine trade winds). From 

November to May, the wind blew from the 

NE and corresponds to the Harmattan. May 

was a transitional month when the wind 

changed direction and become NW from June 

to October. This second period was marked by 

the influence of monsoon, wind blowing from 

SE. The wind speed showed a cyclical annual 

pattern as compared with the dominant 

direction of winds. The high wind speeds 

were observed in harmattan conditions (4-

5 m.s-1). The lower values were observed in 

marine trade wind and monsoon conditions 

(<4 m.s-1). During the study, the daily average 

wind speed rarely exceeded 6 m.s-1 and the 

high value was observed on April 25th 

(6.3 m.s-1). The wind speed showed an 

important fluctuation with values between 0 

and 11.2 m.s-1 (as the registered maximum). 

Solar radiation showed a progressive decrease 

during the study. The high value 

(80000 Wh.m-2) was recorded in April 2002 

and the lower (20000 Wh.m-2) in February 

2003. The daily sum of solar radiation 

exceeds regularly 5000 Wh.m-2 in large part of 

the study. The lower values were observed in 

winter with 973 Wh.m-2 logged in December 

09th 2002. 

 

Water level 

From March to June the lake water 

level remained stable at 2.1 m (Figure 3). In 

July, an important fluctuation was observed 

between 2 and 2.2 m. Water level decreased 

rapidly from August reaching about 1.8 m in 

September 2002. A progressive increase was 

observed until December, and the water level 

became stable. The decreasing of water level 

beginning in August was linked to water flow 

towards Ferlo valley. This period of low water 

level corresponds to the flood of Senegal 

River. Beginning in July, the flood maximum 

was reached in September (1400 m3.s-1) and 

decreased by November 2002. But the 

influence of flood in Lake water level was 

highlighted in the time; as in 2002 when the 

communication between lake and Senegal 

River produced in September. 

 

Water transparency 

The water transparency measured 

(Secchi disk transparency) increased from 

March (0.6 m) to July (0.9 m), and sink to the 

end of study (0.5 m) for all the 3 stations 

(Figure 4). The light attenuation coefficient 

showed an inverse evolution. The values were 

decreased from March to July-August, and 

increased in September to the end of study. A 

marked annual pattern was observed in the 

two stations («Large» and «Baie»), and not 

significant in «Typha» station. In the «Large» 

station, a high value (3.0 m-1) was measured in 

March. In stations «Baie» and «Typha», these 

high values were observed in December 

(2.6 m-1) and in September (3.6 m-1) 2002 

respectively. The euphotic layer depth was 

calculated using the relation with light 

attenuation coefficient (Ze=4.605/K), data not 

shown. The euphotic layer depth showed the 
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same evolution as water transparency by 

Secchi disk. An increase from March to July, 

and a decrease to the end of study was 

observed. The euphotic layer depth average 

exceeds 2 m during the study, and lake depth 

average was 2 m. The euphotic layer depth 

also represents 100% of the water body.   

     

Water temperature 

The water temperature recorded in the 

3 sampling stations followed a marked annual 

pattern (Figure 5). The surface and bottom 

water temperature were closely correlated to 

the air temperature (r>0.8 with p<0.0001, 

respectively: Pearson correlation test). The 

seasonal chance of air mass directly affects 

thermal characteristics of the water body. 

Effect of air mass was noted until the bottom. 

Water temperature was low during the 

harmattan conditions with lowest values 

(19 °C) observed in January 2003. The marine 

trade wind condition was marked by an 

increase of water temperature with high value 

(about 32 °C in September at Typha sampling 

stations). In the 3 sampling stations, no 

thermal stratification was observed. A low 

difference between surface and bottom was 

noted only in harmattan conditions especially 

from November to February, with a difference 

~2 °C. 

   

Hydrochemistry 

Water conductivity (surface and 

bottom) followed the same evolution in the 3 

sampling stations (Figure 6a). No difference 

was observed between surface and bottom 

conductivity (student t-test : p>0.05). From 

the beginning of the study in July 2002, water 

conductivity was relatively stable with values 

between 180 and 190 µS.cm-1. Water 

conductivity increased until September with 

high values ~210 µS.cm-1, and decreased to 

the end of study (~150 µS.cm-1). pH (Figure 

6b) showed a regularly increasing trend 

during the study in the 2 sampling stations 

(Large and Baie). From 7.0 at the beginning, 

pH values reach 9.0 at the end of study. In 

Typha sampling station, pH values increased 

from March to September-October 2002, and 

decreased to the end of study. In this sampling 

station, the high and low values of pH were 

less than observed in the two other sampling 

stations. Thus, a significant difference was 

observed between Typha sampling station and 

the two other sampling stations (ANOVA: 

p=0,003). For all the sampling stations, no 

difference was observed between water pH in 

the surface and bottom (student t-test: 

p>0.05). Water oxygen was represented by the 

percentage saturation (Figure 6c). In both 

sampling stations (Large and Baie), a low 

fluctuation was observed during the study 

with values between 80 and 110%. A large 

fluctuation was observed in Typha sampling 

station with values between 30 and 130%. The 

surface and bottom values were relatively 

similar in both sampling stations (Large and 

Baie). In Typha sampling station, a space of 

50% was observed from September to 

December 2002. 

 

Nutrient 

During the period of study, ammoniac 

represented an important portion of the DIN 

(Dissolved Inorganic Nitrogen). NH4-N 

contribution to the DIN represented in average 

60 to 80%. In the 3 sampling stations, DIN 

concentrations followed a marked annual 

pattern (Figure 7a) in the surface and the 

bottom. From March to May, the DIN 

concentrations increased to reach high values 

of 30 µg.l-1 in the surface (Large), and 25 - 

20 µg.l-1 respectively in sampling stations 

Baie and Typha at the bottom. A rapid break 

was observed until in August with the lower 

values (2 µg.l-1). The DIN concentrations 
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increased then slightly to reach 15 µg.l-1 at the 

end of study. The PO4-P concentrations 

showed an important fluctuation during the 

study. The same evolution was observed 

between surface and bottom in the 3 sampling 

stations (Figure 7b). In all sampling stations, 

PO4-P concentrations vary from 0 to the high 

values 18 µg.l-1 (Large), 15 µg.l-1 (Typha) and 

10 µg.l-1 (Baie). In all of nutrient values, no 

significant difference was observed between 

those 3 sampling stations (p>0,05).  

 

Primary production 

The primary production did not follow 

an annual pattern in the 3 sampling stations 

(Figure 8). But from March to July, primary 

production covered practically all the water 

column (between 0-1.5 m of depth). From 

August to the end of study, the primary 

production decrease according to the depth. 

The essential of production was concentred 

between 0-0.5 m with values >1000 mgC.m-

3.days-1. The month of September with the 

lower depth of the lake was marked by a 

primary production between 200-800 mgC.m-

3.days-1. During the study, primary production 

varied between 100 mgC.m-3.days-1 in 

September (near the bottom) and 

2500 mgC.m-3.days-1 in March (near the 

surface). The lower values were observed in 

the Large sampling station (100 mgC.m-

3.days-1 near the bottom and 2080 mgC.m-

3.days-1 near the surface). 

     

 
 

Figure 2: Weather conditions recorded at Guiers Lake during the study: average (temperature and 

wind speed) and sum (rainfall and solar radiation) on ten daily weather. 
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Figure 3: Daily time series of lake depth at Ngnith and Senegal River flow during the study. 

 
 

Figure 4: Annual variation of transparency by Secchi Disk and the light attenuation coefficient, in 

the 3 sampling stations. 
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Figure 5: Annual variation of water temperature in the 3 sampling stations (thick and finer line 

refer to the surface and bottom level). 
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Figure 6: Annual variation of hydrochemistry descriptors in the 3 sampling stations: a) for the 

conductivity, b) for the pH and c) for the water oxygen in percentage saturation. 

 

 
 
Figure 8: Annual variation of primary production (mgC.m-3.d-1), according to the depth in the 3 

sampling stations. 
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Figure 7: Annual variation of nutrient in the 3 sampling stations: a) for DIN and b) for PO4-P 
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DISCUSSION 

Climatic conditions and water temperature 

Sahelian zones climate is marked by a 

long dry season (which covers the winter) 

followed by a short rainy season. Rains are 

concentrated between June and September 

with lower recorded during the study period. 

The rainy period is marked by the 

simultaneous influence of Oceanic winds and 

monsoon. These winds have low speed 

(average, 3 m.s-1) compared with northeast 

trade winds (harmattan). Harmattan influence 

is important by its force (average, 5 m.s-1), 

and by the dust which it transports during its 

passage through the Sahara desert (Kalu, 

1979, Goudie et Middleton, 2001). Air 

temperature differences during these two 

periods were pronounced. The low 

temperature observed during the long dry 

season is due to the presence of sand dusts, 

which invade the zone but also in the decline 

of the sun’s brilliance (Lavaysse et al., 2011; 

Moulin et al., 1997). Indeed, the Saharan 

desert influence contributes to the reduction of 

air temperature by absorption and dispersal of 

sun radiation (Lavaysse et al., 2011; Alpert et 

al., 1998). The air temperature evolution was 

classic for this zone, as comparable results 

were observed by Arfi (2003) in Selingue 

Lake (Mali). However, the ten daily weather 

representations summarize true values. 

Indeed, air temperature fluctuated between 12 

and 42 °C and the amplitude was comparable 

to temperate zone as Creteil Lake (Garnier, 

1989) in Paris region. Air temperature 

evolution affected water one. A positive 

correlation was observed between air and 

water temperatures. This can be due to a 

homogeneous distribution of sun radiations in 

the entire water column. Thus, the seasonal 

change of air mass directly affected the 

thermal characteristics of the water column. 

However, seasonal temperature fluctuations 

(18-32 °C) were less than those of the air 

temperature. These extreme values are 

comparable with those observed by a group of 

experts (Carl Bro International, 2000). 

According to these authors, water temperature 

is favorable for good productivity of 

phytoplanktons. The annual amplitude, twice 

as low as that of the air temperature, is 

however comparable with that of Lake Chad 

(Carmouze et al., 1983). The low depth of 

Guiers Lake does not allow a thermic 

stratification (Sané, 2006). But, the sun 

radiations allow surface water reheating with 

regard to that of the bottom.  

 

Hydrologic conditions 

Since the construction works on the 

Senegal River (Diama dam in 1985 then that 

of Manantali in 1987), the functioning of the 

lake became totally controlled (Sané et al., 

2013). The communication river and lake was 

made at the beginning of July and had reached 

its maximum in September. During flood 

periods, the lake was marked by a decline of 

water level. This paradoxical evolution can be 

linked to a shift phase between entrance and 

exit of lake water. In addition, before every 

river flood, a part of lake water was evacuated 

to the South towards the low valley of Ferlo. 

This water evacuation to low valley of Ferlo 

had begun since 1987 (Cogels et al., 1993). 

This process contributed to the elimination of 

a great quantity of mineralized water. 

Communication between river and lake 

occurred during floods (in September). 

However, if evacuation of water from the lake 

is fast, it takes more time for lake water to 

return to its normal level. The lake level 

remains relatively constant during a large part 

of the year with an average coast of 2 m. This 

decline of the fluctuation in the level of the 

lake was gradually made after the construction 

works in the river and the lake. Before 

construction, lake level highly fluctuated 
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during hydrological cycle (Cogels et al., 1993; 

Sané, 2006). 

Water transparency evolution is 

especially linked to the event of wind and to 

the particle dynamics, thus the phytoplanktons 

(Figure 4). The high transparency can be 

linked to an important sinking of particles. 

The results of the cellular counting (Ba, 2006) 

showed that the phytoplankton is dominated 

by Diatomeae with genre Fragilaria. Indeed, 

these algae endowed with a heavy siliceous 

envelop tend to sink when the wind speed 

decreases. This situation was observed 

especially when the Oceanic winds dominate. 

Their northwest direction implies a low fetch, 

what does not favour the resuspension led by 

waves (Sané et al., 2015). The transparency 

increase especially in July is linked to the low 

resuspension which was translated by a seston 

and a biomass phytoplanktonic low (Sané, 

2006). In situation of high wind (harmattan), 

winds blow in the main line of the lake. The 

important fetch is translated by the waves 

forming whose intensity is proportional to the 

distance in which the wind blows in the same 

direction (fetch). Particles are then strongly 

resuspended, pulling water turbidity, thus a 

low transparency. The Secchi measures were 

lower than 1 m over all the period of the study 

and in three sampling stations. Comparable 

results were observed in five shallow lakes (2-

2.5 m depht) of Asia with Secchi lower than 1 

m (Hasan et al., 2001). On the other hand, 

different results are observed in Selingue Lake 

of Mali (Africa), with average Secchi of 2.4 m 

(Arfi, 2003). In this reservoir, the 

concentrations in chlorophyll a are 

comparable with those recorded in our site. 

But the high transparency was linked to the 

highest depth which is 5.3 m on average.  

Conductivity evolution seems to be 

influenced by that of water temperature but 

also by that of wind speeds and directions. 

The ACP analysis allowed grouping of 

various hydrobiological variables according to 

oceanic winds and harmattan periods (Sané, 

2006). Thus, during the period of strong heat 

(Oceanic winds), waters are less dense but 

have a high conductivity. The situation is 

reversed when the temperatures fall, what is 

observed during harmattan period. The 

maximal water conductivity in this central 

zone of lake (210 µS.cm-1) is twice less 

brought up than that observed in 1979 (500 

µS.cm-1) by Dia and Reynaud (1982). The 

current significant decline of water 

conductivity interacts with the starting of 

Diama anti-salt dam which prevents the salt 

ascent in the river since 1985, and thus the salt 

interventions in the lake. However, the water 

conductivity is larger than observed at 

Selingue Lake in Mali (Arfi, 2003). 

 

Chemical conditions 

Water pH increases whereas the 

concentrations of nutriment remain low and a 

spatial evolution is observed. The Typha 

station dominated by the macrophyte (Typha 

domingensis) distinguishes itself by waters 

with pH lower than other stations. Indeed, in 

this last station, the humic acid which results 

in the decomposition of the dead macrophytes 

contributes to significantly lower pH levels. 

But the average pH of water in this central 

part of lake is as that observed previously by 

Dia and Reynaud (1982). This average pH is, 

besides, comparable with that of some waters 

of rivers Gambia (Lô, 1984) and Senegal 

(Cogels, 1994) and of Selingue Lake in Mali 

(Arfi, 2003). 

Oxygen is expressed in percentage of 

saturation. In this shallow environment, the 

regular mixture of water column allows good 

oxygenation. The lake bottom is well 

oxygenated with average percentages 

comparable with those of the surface. This 

situation would be favourable to the 

preservation of an important biomass of 
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microphitobenthies algae. The station Typha 

was marked by a distance between surface and 

bottom oxygen which can reach sometimes 

50% during the period from September till 

December. In this central part of lake, very 

rare oversaturation was linked to an important 

immobilization of oxygen by the vegetable 

biomass. Indeed, with the permanent 

preservation of lake fresh water, macrophytes 

and microphytes are strongly developed (Sané 

et al., 2013). But also, an important part of 

oxygen is used by a high biomass bacterium 

on average to the order of 107 ind.ml-1 

(Bouvy, 2002. Not published). In this dynamic 

characterized by an increasing 

phytoplanktonic biomass since 2002 (Sané, 

2006), oxygen well sought well. The 

environment becoming more and more 

eutrophe, it is going to be translated by a 

decline of the available contents in oxygen for 

the other bodies. 

Nutrient salts are represented by the 

nitrogen and the phosphorous which enter in 

the metabolic cycle of vegetables. In the 

aquatic systems, the origin of these nutrients 

can be multiple. An exogenous origin marked 

by the streaming of rainy waters on the 

continent which transport nutrient stemming 

from the re-mineralization of the ground 

vegetables (Thomas, 2000). Or by the first 

rains which wash an atmosphere rich in dust 

(Lemoalle, 1973) but also by the 

anthropological contributions discharges of 

waste water etc. An internal origin can result 

from the mineralization of the organic matter 

stemming from algae and from dead aquatic 

macrophytes (Goldsborough and Robinson, 

1996). On Guiers Lake, these nutrients result 

from a continuous contribution constituted by 

the various discharges of the factories of SDE 

(Senegalese Of Waters) and of CSS 

(Senegalese Sugar Company) and waters 

draining the surfaces of the irrigated cultures. 

But also of a limited time contributions, it is 

the case of Saharan dusts (period of 

harmattan) that contain considerable 

quantities (Swap et al., 1992; Goudie and 

Middleton, 2001) of rain waters and of 

Senegal River floods. This last source can be 

important. Indeed, during the floods of 2002, 

the concentrations of phosphor (PO4) and 

inorganic nitrogen (NH4 and NO3) upstream 

the rivers are low with respective values of 0.1 

µmol.l-1 and 2.3 µmol.l-1 (Sané et al., 2013). 

On the other hand, they were multiplied by 

eight in the river and in the lake entrance. A 

big part of these nutrients thus results from 

waters streaming draining the surfaces of the 

irrigated cultures which developed well along 

the river. But during their transit in Taoué 

channel (17 km long) and the north zone of 

the lake, these nutrients were partially likened 

by macrophytes floats and phytoplankton 

development. The contributions of nutrients 

by the rain are low and linked to the small rain 

recorded (maximum lower than 18 mm.j-1). 

The importance of nutrients contributions by 

rainy waters was reported in several tropical 

hydrosystems of Guinea Golf (Lemasson and 

Pages, 1982), of Tanganyika Lake 

(Langenberg and Nyamushahu, 1997), of 

Northern Nigeria River (Goni et al., 2001) and 

of Selingue Lake (Arfi, 2003). The high 

quantities of rain come along with important 

concentrations of nitrogen and phosphorous. 

During our study, the concentrations of 

nutrients were low and the main part was 

represented by ammonium. A big part would 

be immobilized in an important 

phytoplanktonic biomass (Sané, 2006). But in 

this lake where the interface water-sediment is 

well oxygenated, immobilization of 

phosphorous in the sediment as well as the de-

nitrification also contributes to decrease in 

nutrient rates. Barroin (1985) and Labroue et 

al., (1988) underlined the importance of the 

de-nitrification process in the shallow 

environment, as Guiers Lake. However, these 
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nutrient concentrations were raised compared 

with those previously noted by Cogels (1994) 

and by Carl Bro International (2000). The 

increase in the nutrients is related to the 

consecutive important contributions with 

extension of surfaces of irrigated cultures 

since permanent sweetening of river and lake 

water; but also with an increase in the various 

domestic and industrial wastes. This increase 

of nutrients came along with an increase of 

the algae biomasses which play a role of 

control. This control is also exercised by the 

macrophytes biomass which is more or less 

important since the sweetening and the 

stability of the lake waters. Studies of Sarr et 

al. (2001) allowed to list 16 main species of 

macrophytes. They are organized around five 

plant groupings: Typha domingensis, Pistia 

stratiotes, Paspalidium geminatum, Scirpus 

littoralis and Potamogeton octandrus. These 

macrophytes can thus enter competition with 

the phytoplankton for nutrient assimilation. 

However, Typha domingensis who dominate 

the populating of macrophytes develop well 

on the coast of the lake. This last one is 

capable of assimilating the nutrients which are 

as well in the sediment as in the water column 

(Wetzel, 2001) would contribute partially 

more important for the immobilization of 

nutrients. However, results showed that 

nutrient concentrations in the zone of typhas 

(station T) were identical to those of the zone 

of free water (stations L and B). The presence 

of these fixed macrophytes reveals little seems 

to influence the imbalance of the 

concentrations of nutrients with regard to the 

part of free water. 

 

Effects of physico-chemical variables on the 

primary production 

Solar light constitutes a factor 

determining primary production of 

phytoplanktons. In tropical environments, the 

light does not constitute a brake in the 

photosynthetic activity because it exists in 

sufficiency. But its fluctuation during a period 

can influence the rate of inorganic carbon 

assimilation by the autotrophic zone. During 

the study, evolution of volumetric production 

was made in two phases. Throughout the first 

phase (from March to July), the production 

was dominant through the water column. In 

the second phase (August to the end of study), 

the essential production was made at the level 

of the first 500 centimeters. This difference 

can be attributed to the effect of wind which 

pulls a mixture more or less different from the 

water column. The phytoplankton primary 

production in this central part of the lake is 

raised (Sané, 2006). The values are 

comparable to those observed in the other 

tropical hydrosystems, notably the reservoirs 

of Brobo and Nambengué (Arfi et al., 2003) in 

Côte d'Ivoire, the Chad Lake in Niger 

(Barbosa and Tundisi, 1980). The Guiers Lake 

is eutrophic (Sané et al., 2013). However, 

these values of primary production are widely 

lower than that of eutrophic reservoirs as 

Bakarivogo, Dikodougou and Poundia in Côte 

d'Ivoire (Arfi et al., 2001). This primary 

production is realized by a very diverse alga. 

In this central part of lake, seven classes of 

algae were identified and dominated by 

cyanophyceae and the chlorophyceae which 

occupy, in all, more than 50% of the species 

met (Ba, 2006; Sané et al., 2013). Previous 

studies realized in this Guiers Lake (Dia and 

Reynaud, 1982; Compère, 1991; Carl Bro 

International, 2000) reported prevalence of 

these two classes in aquatic systems of 

western Africa. In Burkina Faso lakes, works 

of Baijot et al. (1994) showed prevalence of 

cyanophyceae in eutrophes sites and 

chlorophyceae in mésotrophes sites. In 

Nigerian ponds (Khan, 1987) and in Côte 

d'Ivoire (Dabbadie, 1996), dominance of 

chlorophyceae and cyanophyceae, 

accompanied sometimes with a weak number 
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of diatomeae (bacillariophyceae), was 

revealed. However, total size of individuals 

was dominated by the classes of 

cyanophyceae and bacillariophyceae (Sané et 

al., 2013). These two classes which represent 

more than 80% of the total size have an 

annual evolution characterized by the 

alternation of the prevalence of a class or the 

other one, according to the period of the year 

(Ba, 2006). This evolution would be linked to 

their physiological characteristics. In 

harmattan situation, bacillariophyceae is 

handed in suspension under the effect of 

winds which present higher speeds. 

Furthermore, the lower temperatures of water 

are favorable to the development of certain 

Bacillariophyceae species whose the thermal 

optimum was low (Boumnich et al., 1990). 

These two factors can explain the prevalence 

of bacillariophyceae during this period. The 

bacillariophyceae which are "heavier" tend to 

sink in periods of low hydrodynamism. So, in 

Oceanic wind situations which contains the 

rainy season, cyanophyceae dominated. The 

water temperatures are more raised and the 

solar illumination a little weaker. The 

cyanophyceae which are characterized by 

thermophiles algae (Sevrin-Reyssac and 

Pletikosic, 1990) tolerate these high 

temperatures. In addition, their wide spectre 

of radiation absorption which is linked to the 

presence of phycobiliprotein (Briand, 2001), 

allowed them to use a wide range of sun 

radiations. 

 

Conclusion 

The climatic variables showed a 

marked annual pattern following both 

dominant directions of winds (harmattan and 

oceanic winds). This annual pattern affected 

those of the hydrobiological variables. 

Nutrient concentrations (nitrogen and 

phosphorus) are generally weak in this central 

part of the lake. The high vegetable biomass 

(phytoplankton and macrophyte) observed, 

immobilize a large part of nutrient. So, the 

nutrient contribution in quality as in quantity 

control phytoplankton biomass with 

dominance of diatomeae (harmattan period) or 

cyanophyceae (oceanic wind period).  

During the period of high winds caused 

by harmattan situation, resuspension was 

favored. This situation contributes to increase 

the transfer of stemmed nutrient to the organic 

matter mineralization, from the sediment 

towards the water column. An important part 

of nutrient is also associated to Saharan dusts 

(Swap et al., 1992; Goudie and Middleton, 

2001), transported in this period by harmattan. 

These two combined phenomena increase the 

availability of nutrient for the phytoplanktonic 

community. The low depth of the lake 

combined in an important resuspension of 

particles, contributes to make the water more 

turbid. However, the resuspension which also 

assures the transfer of phytoplanctonic cells 

towards the more euphotic layer opposes to 

the effect of the brilliant enfeeblement and 

pull an increase of the primary production. 

During low winds period (maritime 

trade winds) which covers rainy season, 

contributions of nutrient are essentially 

constituted by the floods of Senegal River and 

streaming waters. However, the intensification 

of rains leaded to a dilution of lake waters, 

what contributes to the lower concentrations 

of nutrient. Nutrients transported by river 

waters were largely immobilized during their 

transit in the canal of Taoué and in the 

northern part of the lake by the important 

populating of floating and fixed macrophytes. 

During this period, the phytoplanktonic 

community was dominated by the 

cyanophyceae as Cylindrospermopsis 

raciborskii (Ba, 2006), contribute to a lower 

primary production. These species adopt their 

flotation to oppose to the sedimentation and 

they support high temperatures which reign in 
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this period. The low phytoplanktonic biomass 

associated to the low resuspension (Sané, 

2006) contributes to increase the water 

transparency.  
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