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Introduction I. Design of our experimental system

The monitoring of the water quality and the potential toxicity 
of cyanobacteria performed in Murchison Bay (MB) and 
Napoleon Gulf (NG) revealed that these two ecosystems are 
eutrophicated, leading to a dominance of potentially toxic 
cyanobacteria into their phytoplankton communities. This 
monitoring also showed that cyanobacterial biomasses and 
toxin concentrations were much higher in MB than in NG. 
These differences between these two ecosystems were 
explained by higher nutrient loads in MB than in NG, which 
supports the growth of cyanobacteria.

In the context of a further growth of human populations 
living around Lake Victoria and consequently of an increase 
in nutrient inputs due to human activities, a very important 
issue concerns the potential impact of this growing pollution 
on the water quality and biological functioning of the lake.

To address this question, we implemented a mesocosm 
experiment in MB and NG in which we tested the impact 
of the addition of various nutrients, including phosphorus 
and nitrogen, on the biomass and composition of the 
phytoplankton community. In addition, the potential role of 
Nile tilapia in the control of the cyanobacterial community 
was also tested.
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Mesocosms are water enclosures, which are designed to provide 
a limited body of water close to natural conditions, where 
environmental factors can be manipulated. Our system consists 
of plastic bags with a >200-L capacity, which are attached to 
inner tubes of cars serving as buoys (Figure 1).

At each site (MB and NG), we set up a series of 24 mesocosms 
that were filled at the beginning of the experiment (D0) with 140 
liters of water from the site where they were installed. On Day 
1, eight different conditions were applied in triplicate: 1. Control 
(only lake water); 2. Addition of nitrogen (N); 3. Addition of 
Phosphorus (P); 4. Addition of N + P; 5. Addition of EDTA (chelator 
agent); 6. Addition of EDTA + iron (Fe); 7. Addition of N + P + EDTA 
+ Fe; 8 Addition of N + P + EDTA + Fe + Fishes (addition of fishes 
at Day 3). The experiments ended at Day 7. The position of each 
mesocosm in the system was randomly attributed.

The various nutrient conditions that were tested were chosen 
after preliminary experiments, which were performed in small 
culture flasks (50 mL) in the laboratory with water from both sites. 
The phytoplankton biomass was estimated in the mesocosms 
by using a sensor measuring the chlorophyll-a concentrations. 
This sensor also provided an estimation of the cyanobacterial 
biomass by measuring the phycocyanin concentrations. Two 
different probes (YSI) equipped with sensors were used at both 
sites.

The initial conditions at each site were very different; MB 
experienced a severe cyanobacterial bloom, while there was no 
bloom in NG.

I. 
Design of our 
experimental system

Fig 1. Mesoscom system 
implemented in Murchison Bay

II.
Evolution of the 
plankton communities 
during the course of 
the experiment

As shown in Figure 2, contrasting findings were obtained at both 
sites.

In NG, the joint addition of phosphorus and nitrogen stimulated 
phytoplankton growth (Figure 2A) until day 5 for mesocosms 
supplemented with N+P or N+P+iron+EDTA and until day 7 
for mesocosms supplemented with N+P in which fishes were 
added at day 3. A slight but significant increase in phytoplankton 
biomass was also observed in mesocosms supplemented only 
with nitrogen. As shown in Figure 2B, there was an increase in 
cyanobacterial biomasses in mesocosms supplemented with at 
least N and P.

In MB, there were no significant changes or a slight decrease 
in the total phytoplankton biomasses in all mesocosms (Figure 
2C). Conversely, there was a slight but significant increase in 
the cyanobacterial biomasses in the mesocosms supplemented 
with nitrogen and in those supplemented at least with nitrogen 
and phosphorus. This finding suggested that even if the total 
phytoplankton biomass was almost stable during the course 
of the experiments, the contribution of cyanobacteria in this 
biomass increased in mesocosms supplemented at least with 
N+P nutrients.
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II.Evolution of the plankton communities during the course of the experiment III. First conclusions on these experiments

The results of the mesocosm experiments obtained in NG show 
that phytoplankton growth is colimited by N and P. This result 
indicates that if nitrogen and phosphorus concentrations increase 
in the future, this would lead to an increase in phytoplankton 
biomass in the gulf and probably to an increasing importance 
of cyanobacteria within the phytoplankton community. The 
addition of tilapia led to a further increase in phytoplankton 
biomass and not a reduction in the phytoplankton biomass. If 
this species is able to consume phytoplankton organisms, this 
implies that this consumption has been largely offset by an 
increase in net phytoplankton growth. This phenomenon can 
result (i) from the consumption of zooplankton organisms by 
tilapia, knowing that zooplankton exert predation pressure on 
phytoplankton; and (ii) from the enrichment of mesocosms with 
nutrients rejected by tilapia.

In MB, the lack of phytoplankton growth or even the 
decrease in phytoplankton biomass showed that there was 

III. 
First conclusions 
on these experiments

Fig 2. Evolution of the total 
phytoplankton  (Fig. 2A & 2C) 
and cyanobacterial  (Fig. 2B & 
D) biomasses in the mesocosm 
experiments performed in 
Murchison Bay (MB) and Napoleon 
Gulf (NG)

no nutrient limitation during the experiment. Conversely, 
these data suggest that light is likely to be the limiting factor 
in phytoplankton growth in MB. To support this hypothesis, a 
slight increase in cyanobacterial biomasses was observed in 
mesocosms supplemented with nitrogen and phosphorus. 
Indeed, cyanobacteria and particularly the Microcystis genus are 
known to have good floatability, allowing them to occupy the 
top of the water column and consequently to be less subjected 
to light limitation. Finally, from these data obtained in MB, we 
can hypothesize that if the total phytoplankton biomass, which 
is already very high (on average approximately 200 µg L-1 of 
chlorophyll-a recorded during the monitoring of the inner bay), 
will probably not increase with increasing pollution of the bay by 
nutrients; it is likely that the dominance of certain cyanobacterial 
species such as Microcystis will continue to increase in the 
phytoplankton community. However, increasing eutrophication 
of the bay will contribute to the nutrient enrichment of the 
water in the main lake.

Due to the COVID crisis, not all analyses have yet been 
completed for these mesocosm experiments, and more data 
will therefore be available in the coming months.
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