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The variability and trends of some environmental rime series 
measured on the Senegalese coast are presented. Since the 1980s, 
wind speeds are increasing and since 1988, sea surface 
temperatures are decreasing. Nitrates, which are related to 
temperature, fluctuate notably during the upwelling periods. 
Salinity varies depending on many factors such as rainfaiis which 
occur during the hot season. Phosphates and chloropliyll are also 
variable according to seasons and years. Seasonal variations 
predominate for the majority of the studied parameters. 

La variabilité e t  les tendances observées dans certaines 
séries temporelles d'environnement mesurées sur les côtes 
sénégalaises sont présentées. Depuis les années quatre-vingt, 
les vitesses des vents augmentent e t ,  depuis  1988, les 
températures de surface de l'océan diminuent. Les nitrates, qui 
sont liés à la température, fluctuent de façon notable pendant 
les périodes d'upwelling. La salinité varie e n  fonction de 
nombreux facteurs, comme les pluies qui ont lieu durant la 
saison chaude. Les phosphates et la chlorophylle sont aussi 
variables selon les saisons et les années. Les aspects saisonniers 
sont prédominants pour la plupart des paramètres étudiés. 



The environment of the Senegalese coast has been studied in different ways: on the one hand, sea sunreys are 

undertaken at various times of the year; on the other hand samples are regularly taken off the coast. They constitute time 

series used for a routine monitoring of the hydro-climate. 

Others methods such as the monitoring of sea surface temperatures by rernote sensing and by ships of opportunity are 

others means of studying the environment. 

Data have been processed in different studies (Berrit, 1962; Rossignol and Aboussouan, 1965; Rébert, 1978; Gallardo, 1981; 

Portolano, 1981; Teisson, 1982; Rébert, 1983; Touré, 1983). They have permitted to understand the hydrology of the 

Senegalese coast. The morphological contrast between the north and the south of Cap-Vert and the seasonal contrast, 

mainly due to the winds, are the main characteristics of the coast. Moreover, the temporal series collected from the coastal 

stations have shown other phenomena such as a- ort th-South shift of the upwelling phenomenon on the fringe of the 

coast. Indeed the upwelling lasts longer in the South than in the North and seerns to start sooner in the South (Teisson, 

1982). However, because of the importance of the upwelling in the enrichment of the Senegalese waters, most of those 

works tend to study pararneters such as temperature or wind. The other parameters, such as salinity and nutrient salts 

have .so Far attracted very little attention. 

The aim of this note is to determine the variability and trend of the vanous parameters monitored from coastal stations. 

The wind will be also considered because of its impact on the dynamic of the upwelling. 

1 . MATERIAL AND METHODS 

1 .l . Choice and distri bution of stations 

The first coastal stations along the Senegalese coastline have been established in the 1950s. Rightaway, it appeared that 

the Senegalese coast should be divided into three zones (the Grande Côte in the North, the Cap-Vert area and the Petite 

Côte in the South). Thus, stations were established such as to cover these three sectors. From North to South, we have 

stations at Saint-Louis, Yoff, Thiaroye, Gorée and hlbour (Fig. 1). They have progressively been established and 

consequently time series are available from ten to tn7enty years. 

These stations were established to rnonitor the hydrology of the marine zone regularly, and at a low cost. The Cap-Vert 
stations, like al1 the others, were located such as to monitor the littoral. These stations, however, benefit from the 

proxirnity of the CRODT laboratory ivhose team of technicians can carv out on the spot sampling. This makes it possible 
to sarnple nutrient salts and phytoplankton in addition to the physical parameters. 
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Longitude (OW) 

1.2. Frequency and mode of the sampling 

:rampling at coastal stations is done with buckets. The temperature and salinity data are collected daily. Subsamples are 
collected in 200 ml glass bottles for salini. and 250 ml for chlorophyll measurements; for nitrates and phosphates, j0 ml 
bottles are used. The nutrient salt samples are taken weekly from two of the three Cap-Vert stations, i.e., from Gorée and 
Yoff. Thiaroye station is too polluted for these parameters to reflect what really happens in the open sea. Chlorophyll 
samples are taken every day at Yoff and Thiaroye and every week at Gorée. The time series of nutrient salts are very short 
(the! only cover the last three years), whereas the salinity and temperature series cover al1 the stations for periods of up to 
thirt!; years. The wind data are gathered every three hours and come from the Dakar-Yoff meteorological station. These 
data have been collected for about thirty years. 

1-13. Method 

Temperatures are measured with a precision of l/lOth of a degree Celsius, using a mercury thermometer; a digital 
salinometer is used in the laboratory to determine salinity. The nutrient Salt samples are kept at a cold temperature in 
chloroform as soon as they are taken. Estimation of nutrient Salt levels is done using the method of Strickland and 



Parsons (1972). Chlorophyll levels are estimated using a Turner 111 fluometer; when the chlorophyll concentration was 
very high, a Bausch-Lomb 2000 spectrophotometer was used. 

2.1 . Temperature 

The temperature daily data show that there is little variability from one day to the next, except for the cold season, 
dunng which diurnal fluctuations of over 1°C are sometimes observed. The monthly mean temperature measured in one 
station for al1 the years Vary according to seasons. The length of the cold season is variable and depends on the station 
considered. 

At Mbour, the variations around the monthly median were relatively weak from 19j9 to 1992 particularly during the hot 
season. The strongest fluctuation is observed in Febmary. The cold season (below 24°C) goes from November to mid May 
and the minimum temperature is about 19°C. On the 'Grande Côte' along the north pan of the Coast, as well as at Cap- 
Vert, we observed higher variations at the beginning and at the end of the cold season, and during the transitional season 
(from October to December and from April toJune). The minimum temperature are about 1b"C at Saint-Louis and 17°C at 
Yoff. A progressive warming can be observed as one moves southward. During the hot season, the dispersion of the 
temperatures is higher in this zone than in Mbour. The cold season seems shorter than in Mbour and hsts from December 
to mid April. At any given station, the temperature gaps between the cold and hot seasons are very high (over 10°C). The 
highest difference is about 1 j°C. We also note that the annual mean temperature increases from North to South, that is 
from Saint-Louis to Mbour. This North-South tendency is, however, disturbed by the station of Thiaroye, which record 
lower temperature than at Yoff and Kayar. At a l  stations, the annual mean temperature (Fig. 2) clearly show periods of low 
temperatures from 1974 to 1977 and from 196-1986. From 1988 on, a decrease is noticed which continues until 1991. In 
1992, the temperatures increased again. The annual average temperatures are relatively high and Vary from 1964 to 1970. 
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Fig. 2: Annual mean temperatures from 
1962 to 1992 for coastai stations off 
Senegal. 
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The daily salinities show a relatively important variability (up to l%o). The evolution of monthly mean salinity is 
re1;itively stable between January and May, increases in June and reaches its maximum in July. Between August and 
September, a minimum of salinity is observed and the gaps between minimum and maximum salinity are smaller in the 
Cap-Vert stations, particularly during the cold season. 'hey are important in Mbour and Saint-Louis. No North-South trend 
is iioticed however. On the other hand, the decrease of average salinity is sharper and lasts longer at Saint-Louis than at 
tht: other stations. Between March and April, a slight decrease of salinity is observed at the stations of hlbour and Saint- 
Loiiis, whereas at b y a r  and at Cap-Vert, this phenomenon does not occur. In fact, at Cap-Vert, between January and June, 
thc salinity is hardly variable, but stays between 35 and ? ~ 6 % ~ .  The seasonal variability of salinity is weaker than that of 
terriperature. However, a clear prevalence of the average saliniries occurs between September and December. 

The annual average of the salinities shows that at Cap-Vert (Fig.4, Yoff and 'hiaroye), from one station to the other, the 
salinity does not vary. On the Grande Côte, during the 1960s and 1970s, salinities increased from Saint-Louis to Kayar and 
be::ame stable from the 1980s (Fig. 4). In the same way until 1983, the salinities at Mbour became closer to those at Saint- 
b u i s  (Fig.4). The annual mean for salinities at a l  stations (Fig.3), shows a progressive increase from the 1970s, and a 
maximum is observed in 1987. 

Fig. 3: Annual mean salinity at 
coastal stations off Senegal. 
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2.3 .  Winds 

Analyses of wind data from the Senegalese Coast have been presented by Rébert (1978), Portolano (1986), Roy (1989) 
and Roy (1992). Monthly wind mean speed (Fig. 5a) shows a progressive increase between January and April. From May, 
th~tre is a decrease which reaches the minimum of August-September. The fluctuations of speed around the median are 
strong al1 throughout the year, the maxima and minima always being constant. The gap in relation to the median slightly 
dinîinishes from mid June to mid-August. August has the highest extreme values and rather high average speeds. 
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Fig. 4: Annuai rneans of salinity at different 
coastal stations off Senegal. 

Year 

The evolution of mean annual wind speed between 1964 and 1992 is presented in Fig. jb. Note the peak in the early 1970s 
and the increase in the late 1980s - early 1990s. 

2.3.1- The upwelling index 

The Senegalese coastal upwelling strength can be determined using the normal component of the Ekman transport 
(Teisson, 1982). Because the orientation of the coast is different north and south of Cap-Vert, an upwelling index has been 
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calculated for each of these areas using wind data from 1964 to 1991. This index is calculated using the equation : 

IUC = K d  * V2D* g * sin (j) (1) 
whtrre: 
r= ,iir density; 
Cd.= mgosity coeficient; 
V2=: square parallel to the Coast wind component; 
g = earth rotation angular speed; 
j = latitude. 

5 1 
J F M A M J J A S O N D  

Months 

nots) 
a) mondy means; b) annual means. 

1964 1967 1970 1973 1976 1979 1982 1985 1988 1991 

Year 

Thii index depends, among other things, on wind intensity (Bakun, 1973). The monthly means of the upwelling index for 
al1 !tacs 1964-1991 (Fig. 6a) show a strong variability. In June - September, the variability is weaker. In the southern zone, 
the monthly mean index is positive throughout the year (between 150 and 0.10), whereas in the North it is equal to zero 
or t~ecomes negative in June - September. South of Cap-Vert, the mean index increases from January to April and from 
September to December. In the North, the peak is reached between March and April. Moreover, the mean indices 
obs1::rved in the South are higher than those in the North. The mean upwelling indices (Fig. 6b) show a period of strong 



upwelling from 1972 to 1977. The index was strong in 1985 and has been growing since 1988. The mean index \vas higher 
in the South during those years. However, it varies in the same ~vay in the two zones. The upwelling indices calculated 
from wind data collected at sea by trade ships (Roy, 1992) are higher than those calculated from data collected at Yoff. 
They show that from 1971, the index started to increase and reached a peak in 1973. Starting from 197j, the index leveled 
off and remained high in the North as well as in the South. The North-South difference is relatively weak but the index is 
generally higher in the South. 

J F M A M J J A S O N D  

Months 
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-North 
...... South 

Year 

X 

2.4. Nitrate 

2 1 .  
0, 

Monthly mean nitrate pig. 7) increases from January to reach a peak in May. At Gorée the values get close to zero 
from August whereas at Yoff, the concentrations are generally higher. Monthly means show that maxima as well as 
concentrations vary from one year to another. At Gorée (Fig. 7a) concentrations measured between January and hlay 1991 
are generally higher than those measured during the other years. The peak is reached in April and May. In 1992 the 
maximum at Gorée was measured in April and concentrations, although weak starting from June, were still noticeable 

. . . - . . . , . , -.. .._.-... , . , . , . . . 
, , . . 
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Fig. 6: Upwelling index (m3/s) 
a) monthly mean for the areas 
north and south of Cap-Vert, 
Senegal; b) annual means. 
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throughout the rest of the year. They were generally higher than those of 1993. In 1993 the highest nitrate concentrations 
were measured in February at Gorée and were nearly zero between July and October. At Yoff (Fig. 7b) in 1991, nitrates 
reached a peak inJune whereas in 1992 and 1993, this peak was observed in March and February respectively. The average 
concentrations measured in 1991 are generally higher than those of the other two years, and those of 1992 are higher than 
those of 1993 which becorne nul1 between July and October. The variability around the mean is higher during the cold 
seuson and can reach 80% of the rnean. The inter-annual variability is also rather marked at each station. 
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Fig. 7: Monthly rneans of nitrates in 
1091, 1992 and 1993 
a) at Corée; b) at Yoff. 

Months 

2.5. Phosphates 

Monthly mean phosphate (Fig. 8) shows an increase in average values during the cold season, with a peak in March. 
Coricentrations are lower from July to Decernber, and the minimum occurs in August. Concentrations are higher at Gorée 
thaii at Yoff. The rnonthly means for each year and station show that while in Gorée (Fig 83) the highest concentrations 



,xcurred from January to May in 1991 and 1993; in 1992, they occurred from August to November. Peaks were observed in 
February for the year 1993, in March for 1991 and in September for 1992. At Yoff (Fig. Sb), the highest phosphate 
concentrations were rneasured in May 1991, February 1993 and September 1992. At these two stations the measured 
concentrations were generally higher during the 1991 cold season. The variability around the mean is relatively high during 
the cold season; It can reach 36% of the mean, while the concentrations are lower and less variable during the hot season. 
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Fig. 8: Monthly means of phosphates 
in 1991,1992 and 1993 
a) at Gorée; b) at Yoff. 
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2.6. Chlorophyll 

At the three stations of the Cap-Vert, monthly mean chlorophyll (Fig. 9), shows a great seasonal variability. In fact, two 
periods can be seen: from January to June, when high concentrations of chlorophyll can be measured at al1 stations; and 
from July to December when chlorophyll concentrations are extremely low. The highest peak for chlorophyll is measured 
in May at the various stations except at Thiaroye where a higher second peak appears as early as February. 

At Yoff and at Gorée, chlorophyll concentrations are rather close and lower than at Thiaroy. 

The evolution of the monthly means per station and per year shows that : 
- at Gorée (Fig. 9a), there were higher concentrations in 1993, with a peak in May. In 1991 and 1992, the peaks were 
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reached in May. A secondary peak occurred, however, in July 1992 and an important decrease of concentrations 
appeared from September; in 1991 this decrease occurred as a r ly  as July; 

- at Yoff (Fig. 9b), chlorophyll concentrations were higher in 1993 than in the other years and, unlike the general mean the 
niaximum was reached in July. In 1992, the maximum chlorophyll occurred in February, whereas in 1991 i t  was in May; 

- at Thiaroye (Fig. 9c), the concentrations are higher than at the other stations. In 1991 the maximum was measured in 
May, while in 1992 two peaks were observed in April and June. 

The intra-seasonal variation is generally stronger during the cold season and the inter-annual variability is high particularly 
at Thiaroye. 
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Fig. 9: Monthly chlorophyll concen- 
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Comparisons show that during the period 1964-1991, temperature and wind speed varied inversely through time. 
According to coastal upwelling indices, the upwelling has generally been weaker nonh of Cap-Vert according to the two 
wind data sources (Yoff station and ships of opportunity). However, the temperatures at Mbour and Saint-Louis recorded 
opposite signals. This rnay be explained by the fact that on the southem coast, the upwelling is situated at the same level 
as the continental slope, whereas in the northern zone, the upwelling takes place near the coast (Deme-Gningue et al., 
199). Thus, lower temperatures are measured in this zone when the indices show that the upwelling is stronger on the 
southern coast. 

The fact that the variation of temperatures is weaker at Mbour than near Saint-Louis and Yoff may be due to the 
remoteness of the upwelling sources in this area, compared to the two other areas. Towards south of Cap-Vert, the gradual 
increase of minimum temperatures rnay also be explained by this phenomenon; this confirms results obtained during the 
CIRSEN survey (Deme-Gningue et al., 1990). The fact that temperatures recorded at Thiaroye and Gorée are lower than 
those measured at Yoff and Kayar stations, Further nonh, rnay be explained by the orientation of the coast in that area and 
to a local phenomenon that concerns only the bay of Gorée (Teisson, 1982). 

An analysis of seasonal variability of salinity, based on the division between the upwelling season and the hot (rainy) 
season is not very conclusive because, during the rainy season there is a period of strong decrease of salinities which 
increase rapidly afterward. The decrease in salinity at stations Thiaroye and Yoff from August to September and up to mid- 
October rnay be due to the arriva1 of the Guinean waters (Toure, 1983; Rébert, 1983). The fact that the rain water draining 
system is more dense at Thiaroye and Yoff than at Goree rnay explain why the salinity is higher at Gorée. In the same wav, 
changes in rain patterns rnay be the cause for the gradual increase of salinities since the 1970s. 

The concentrations of nutrient salts and phytoplankton biomass at coastal stations appears to be closely linked to the 
temperatures measured at those sites. In fact, a temperature-nitrate relation (T-N03) can be clearly observed at Cap-Vert 
stations, and also at Yoff and Gorée. It is represented by a steep straight line which tends to later stabilize. In 1991 the 
straight line was between 15 and 21°C, with a more gentle inclination at those stations. According to those observations, 
the T-NO3 relation is not variable in space in a given year, and its shape is the same through time. Indeed, nitrates 
decrease quickly as temperatures increase and this up to a certain level which rnay Vary from one year to another. We can 
also note that the 1991 upwelling was stronger than the 1992 one, as the temperatures were clearly lower in 1991. It seerns 
that the gradient of the line T-NO3 is more gentle when the upwelling is weaker, and thus the threshold temperature 
increases. 

The variability of the gradient of the T-NO3 relation rnay be linked to the evolution of the threshold temperature of the 
straight part of the curve, which rnay explain the gradient. Thus, variability, which according to Oudot and Roy (1991) and 
Bakun (1986) expresses the biological mechanisms of the ecosystem, only reflect the speed at which the waters are 
brought up to the surface. The gradient is more gentle when the speed is low. In fact, we can refer to the explanation of 
Rébert (1983) concerning upwelling waters which can be relatively warm and still rich in nutrient. According to Rében 
(1983) the thermal response of the ocean in relation to wind variations should be around 2. j days. Thus, a hvpothesis 
which may explain this phenomenon is that the distance between the station and the source of the upcoming would cause 
a warming up of the waters before they reach the coast. This, combined with the proximity of the continent and the 
shallowness of the waters are factors which rnay explain the characteristics of our observations. 

7 90 Environmental Time Series along the Senegalese Coast 



The evolution of temperatures and chlorophyll through 1991 shows that apart from Thiaroye station, the trade winds 
period is the richest in chlorophyll. At Yoff, as well as at Gorée, the chlorophyll peak is obsemed in May, whereas minimal 
temperatures are measured in February-March. On the opposite, at Thiaroye, the chlorophyll maximum is observed in 
Novrmber, a month of abnormally high upweliing index for the period considered. The temperature-chlorophyll relation 
(T-(:HL) in 1991 at Thiaroye station looks like those of T-N03. The threshold of the line would be at 22°C. For 1992 the 
relarion T-CHL is different from that obsemed in 1991. A definite form which links the two parameters cannot be identified 
at ariy of the stations. The 1992 obsenration on the T-CHL relation conforms better to the T-CHL relation theories, because 
temperature is not the explanatory factor for chlorophyll concentrations. The year 1991 is not a typical case. The shape of 
the 1991 chlorophyll-temperarure curve, which is the same as the shape of the T-NO3 curve at Thiaroye is best explained 
by the presence, at that station, of macrophytes whose chlorophyll, mixed with that of the phytoplankton, could influence 
the relationship (Dème-Gningue et al., 1990). The chlorophyll-nitrate relation (CHL-N03) is less simple than the one 
berween temperatures and nitrates because nitrate is not the only important parameter for the development of 
phytoplankton. In 1991 and 1992, chlorophyll increased with nitrates to reach about 10 pg/l of nitrate and then decreased. 
This threshold, which was constant for 1991 and 1992 at Yoff and at Gorée may be variable depending on conditions of 
iigh:. and water stability. The work done at Cap-Vert stations permits to analyze the variabiliry of the T-NO3 relation. It 
a l w a .  has the same shape of a line whose slope varies from one year ro the next. On the other hand the relation between 
the upwelling, the presence of nurritient salts and the development of phytoplankton is determined by nitrate increase 
coupled with temperature decreases. The rhreshold of this relation corresponds ro the luIl of winds and the srarr of the 
incrc-ase of chlorophyll concentration. 

The correlation between the different parameters srudied are significant only for temperature and nitrate. Nitrates and 
temperatures have a negative correlation which is weaker on a monthly basis than on a seasonal basis. On the contrary, the 
correlation between the srarion and the various parameters are al1 very weak. The nitrates concentrations at Yoff are on 
average higher than at Gorée. This can be explained by the location and phvsical environment of these stations. Tlie 
station ofYoff is closer to the shore and further North. 
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