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Introduction 
 
Nutrients are chemicals essential for primary production (Coulter, 1991). Sources of nutrients includes 
regeneration from decomposition of aquatic plants and secondary producer in the water column, mixing 
processes, terrestrial sources such as, domestic sewage, fertilizer leached soils, or precipitation of 
particulate matter (Wetzel, 1975).  Nitrogen, silica and phosphorus may be limiting factors for primary 
production. They occur in different forms. Phosphorus occurs mainly as orthophosphate. Nitrogen occurs 
as nitrates, nitrites, ammonium ion and traces of nitrogen containing compounds. Nutrients, light 
availability, and physical factors generally limit the rate of primary production  as well as the whole trophic 
level in aquatic environments. 
 
Being one of the oldest lakes, Lake Tanganyika has one of the richest ecosystems that remain to be fully 
understood. It has low nutrient levels but high fisheries patchiness and production (Coulter, 1991). The 
hydrodynamics of the lake are relevant to nutrient regime, because physical movement of water is the 
major factor which leads to translocation of dissolved nutrients (Hutchison, 1975).  Biomass in the lake is 
highly variable and nutrient distribution in the depends on thermal stratification, which varies with 
temperature and weather changes (Nyanza Project Annual Report, 1999). The availability of nutrients 
limits primary production, planktonic communities, and ultimately the fish population. 
 
Objective  

  
The main objective of this study was to study  the effect of hydrodynamics changes on nutrient distribution 
and chlorophyll a. 

 
Study Site 
 
Sampling was done along Kigoma Bay at the following G. P. S. Position on 24th July 2000  Latitude: 
405299’S and longitude:290 33’ 87”E. On 27th July 2000 latitude: 40 49’ 99” S and longitude: 290 33’ 87” E. 
On 31st august 2000 latitude: 40 52``09` S and longitude 29027’91” E while on 3rd August 2000 sampling 
was done at latitude 04056’97” S and longitude 29033’ 87”E. 

 
Materials And Methods  
 
Sampling was done from the 12-meter research vessel R/V Echo, which towed a catamaran fishing unit out 
to a site of the fishing crew’s choice and then remained in close proximity. The fishermen worked in pairs, 
with one large, meshed scoop net dropped to 100 meters and mounted pole extending from each corner of 
the catamaran. Fishermen spent about 2 or 3 hours with the lanterns burning brightly to attract fish before 
hauling the nets.     
 
Field  Methods 
 
Water samples were taken at different depths (0 m, 4 m, 20 m, 40 m, 60 m, 80 m, and 100 m). Dissolved 
oxygen, pH, temperature, and conductivity readings were taken on board. Dissolved oxygen was measured 
with a DO meter (YSI model 50 B), using YSI 5795 A submersible stirrer, was used. The stirrer allowed in 
situ measurement to 60 m. For deeper waters sampling probe was immersed in the water sampler after each 
vertical haul. pH meter, model 43800-00  was used to take the readings. Temperature readings were taken 
using a thermometer connected to dissolved oxygen meter. Conductivity (µs/cm) was measured with a 
Hach conductivitimeter model 44600. For NH4-H, NO2-N, NO3-N, total P, soluble reactive P, silica, 
turbidity alkalinity, water samples were kept in a cooler box and taken to the lab for immediate analysis. 



Fig. 1: Temperature vertical profile

0

10

20

30

40

50

60

70

80

90

100

23.5 24 24.5 25 25.5 26

Temperature in degree celcius

D
ep

th
 in

 m
et

er
s.

27/07/00 31/07/00
3/8/2000 24/07/00

Fig 3:  Conductivity vertical profile.
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Fig 4: Dissolved oxygen vertical profile.
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Fig. 2:  pH vertical profile.
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Fig. 6: Alkalinity vertical profile.
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Fig. 5: Turbidity vertical profile.
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Lab Methods 
 
For the measurement of chlorophyll a, 4 liters of water were filtered using a GF/C pad filter paper. The 
filter paper was kept in tube and 11.5 ml of 94.5% of methanol was added. It was then left over night, the 
filter paper removed, centrifuged and the absorbance reading taken using a Spectronic spectrophotometer at 
665 and 750 nm respectively. Alkalinity was determined using titrimetric methods. Unfiltered water was 
used for turbidity and total phosphate determination using a Hach turbidimeter model 2100, and Hach 
Test/n tubes receptively. Other nutrients were also determined by using a Hach N test/n tube as directed by 
the manufacturer. The concentrations in mg/l were measured by using a portable data logging 
spectrophotometer model Hach DR 2100. 
 
Results 
 
Temperature 
Generally temperature showed a decrease with depth. An average temperature of 24.64oC was observed in 
surface waters. The thermocline shifted from 60 m on the 2nd and 4th days  to 80 on other days (1st and 3rd) 
(Fig. 1). 
 
pH 
Average surface pH was 9.14, and 8.5 at 100 meters (Fig. 2).  pH was particularly low on first day. This 
could have resulted from a calibration problem. 
 
Conductivity 
Generally conductivity increased with depth, and ranged between 692us/cm to 660 us/cm (Fig. 3). A sharp 
decrease in conductivity was observed on the first day. 
 
Dissolved Oxygen 
Dissolved oxy gen profile showed a decrease with depth, the highest dissolved oxygen observed was 9.4 
mg/l while the lowest was 0.3 mg/l.  The oxicline shifted from 80 meters on the 1st and 2nd day to 60 m on 
3rd day, and back to 80m on the 4th day (Fig. 4). 
 
Turbidity 
The highest turbidity was observed on the first day and was about 0.4 NTU while the lowest was 0.11 NTU 
observed at 80 m (Fig 5). Turbidity ranged between 0.13 N.T.U. and O.12 NTU at 4 meters. Turbidity 
showed an increase near the thermocline. This may be due to bacterial plate or chlorophyll production 
(Plisnier, 1996). 
 
Alkalinity 
Alkalinity ranged between 302mg/l to 273 mg/l CaCO3. On the third day, alkalinity showed a maximum 
drop at 100 meters (Fig. 6). 
 
Total phosphorus 
High concentrations were observed at the surface and lower concentration in the hypolimnion. A constant 
concentration was observed between 60 to 80 meters. The highest concentration was 0.34mg/l on the 
second day and the lowest was 0.05 mg/l (Fig. 7).  
 
Soluble Reactive Phosphorus 
The highest concentration was 0.46mg/l on the 3rd day, and the lowest was 0.1mg/l observed at 80 meters 
(Fig. 8).  
 
Nitrogen (ammonia, nitrates, nitrites) 
Ammonia ranged between 0.09 mg/l to 0.00mg/l, showing an increase in concentration with depth (Fig. 9).  
Nitrate ranged between 0.16mg/L on the first day to 0.01mg/L on the second day.  On the third day, nitrate 
concentration was 0.14 to 0.02 mg/L.  Nitrate was lower in the hypolimnion than in the epilimnion due to 
the presence of low oxygen concentrations (or anoxia) in the hypolimnion (Fig. 10).  Nitrite ranged 



Fig.10. Nitrate vertical profile.
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between 0.018mg/L to 0.010mg/L.  On the third day, higher concentrations were observed at the depth 
between 0 to 20 meters and showed a slightly change into the hypolimnion, where it ranged between 0.015 
to 0.010mg/L (Fig.11).   
 
Silica 
Silica showed a slight increase with depth.  It ranged between 1mg/L to 1.68mg/L on the second day.  On 
the third day, silica showed a remarkable decrease at the depth between 60m to 80m (Fig. 12).   
 
Chlorophyll a 
The highest concentration of chlorophyll a was observed on the first day, about 1.198µg/L, and the lowest 
was 0.12µg/L on the second day (Fig. 13). 
 
 
Discussion 
 
Cunnington (1920), observed that the thermocline in Lake Tanganyika is about 50m deep.  The results 
obtained in this work showed that thermocline varied from 60m to 80m. This may be due to internal waves 
or wind which causes mixing of water.  
 
According to Wiley (1957), the oxicline of Lake Tanganyika exists at a depth of 50m at a temperature of 
about 25.7oC, whereas dissolved oxygen ranged between 7.2mg/L in the epilimnion, 7.5mg/L at 20m, and 
dropped to about 0.3mg/L at about 90m.  Beauchamp (1939) observed that dissolved oxygen drops to 0 
below 100m.  The results obtained in this work showed that the oxycline existed at 80m, and my lowest 
oxygen concentration measurement was 0.3mg/L, observed on the second day at 100m.  The lower oxygen 
concentration may be due to bacterial, animal, and plant respiration during the night and chemical oxidation 
of organic matter.  Distribution of oxygen strongly affects the solubility of inorganic nutrients and governs 
the seasonal changes from aerobic to anaerobic environment.  Since oxygen decreases with depth (Figs 1 
and 4) the lower limits provides evidence of the depth of mixing. 
 
The vertical distribution of pH and alkalinity is governed by the utilization of CO2 in the trophogenic layer 
and its liberation in the tropolytic layer. pH  falls from the epilimnion to the hypolimnion. This is due to 
presence of acids other than HCO3

-,  H2SO4 being the most likely. In Lake Tanganyika where there is 
abundant HCO3 and CO3 (of Ca2+), in excess of the amount of CO2  present in equilibrium with the air, the 
following equation didn’t occur in equilibrium 
 
H2O + CO2  ßà H2CO3    H+ + HCO-   ßà  2H+ +CO2.   

 

Alkalinity, expressed as CaCO3, occurs as calcite and aragonite,  and shows an inverse relation to pH.  
 

Nutrients showed a strong vertical gradient, which results from the Lake’s meromictic state. The 
epilimnion showed lower nutrient concentration due to the uptake by photosynthetic organisms. Higher 
nutrient values below the thermocline were probably caused by regeneration from particulate matter 
sedimenting from the epilimnion. 

 
According to Hutchinson, (1957), the higher soluble reactive phosphorus levels (shown in figs. 2 and 7) are 
due to the decomposition of seston and a fall in O2 concentrations, with a subsequent liberation of soluble 
phosphorus and rise in ferrous ion (in the form of phosphates) which occurs at low pH.  Higher total 
phosphorus in hypolimnion is caused by the influx of seston.  

 
Silica was low in the epilimnion due to assimilation by diatoms (Baccilariophyceae). Fig. 12 shows that the 
highest concentration were associated with zones of regeneration from the sediments.  

 
Nitrogen showed an ideal vertical profile during the sampling period (Fig.2). 

 
Redfield et al (1963) showed that there is a relationship between oxygen distribution expressed as apparent 
oxygen utilisation and other chemical parameter such as PO4- and NO3

_. (CHO2)106 +(NH3)16+ H3PO4 +13 



O2 à106CO2+ 16NHO4+H3PO4+122O2. This equation shows the effect of variation of O2 with nitrate and 
phosphate concentration and can be used to distinguish effect of physical and biological processes in 
relation to oxygen distribution. 

 
 

Conclusion 
 

The results obtained in this study showed that nutrient distribution variation probably corresponds with 
variations in the lake’s biological system. Planktonic communities vary in accordance with nutrient 
availability. When nutrient were higher, primary production also increased. This appears to have resulted in 
the proliferation of primary producers, which in turn was accompanied by a high chlorophyll a content. 
Decomposition from these blooms may have resulted in lowered oxygen concentrations at depth.    

 
 

Acknowledgements 
 
 I would to thank my mentor, Dr. Pierre-Denis Plisnier and Willy Mbemba for their help, Dr. Andy Cohen 
for his co-ordination of the Nyanza project, Dr. Ellinor Michel and Dr. Kiram Lezzar for their nice lectures. 
Lastly, but not least, thank you God for everything.   
 
References 

 
Beauchamp R.S.A., 1939. Hydrology of Lake Tanganyika. Internationale Revue der gesamten Hydrobiologie und Hydrographie 39(3 
4): 316 353. 
Coulter, G. W. 1991. Lake Tanganyika and its Life, Oxford Univer.  Press, Oxford UK. 
Hutchinson, G. E.  1957. A treatise to Limnology, Vol 1.John Wiley and Sons, Inc. UK. 
Wetzel , R. G, 1957. Limnology. W B Saunders Co, UK. 
Plisnier, P. -D. 1996 Limnological sampling during a second  year on Lake Tanganyika and some comparisons with year one on Lake 
Tanganyika. GCP/RAF/271/FIN-TD/56 (En): 60 p 
Plisnier, P.D.  2000 Limnology Notes and Field Manual, Nyanza project, Unpub.  


	fig1-6.pdf
	Sheet3

	fig7-13.pdf
	Sheet3

	fig1-4.pdf
	Sheet1

	Sihabfigs.pdf
	Sheet1

	fig1-4.pdf
	Sheet1

	fig11-13.pdf
	Sheet2

	fig1-4.pdf
	Sheet2

	fig5-6.pdf
	Sheet2

	fig11-13.pdf
	Sheet2

	fig11-12.pdf
	Sheet2

	fig5-6.pdf
	Sheet2




