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Introduction II. Variations in physicochemical variables

One-year monitoring was performed in two bays and gulfs 
(B&Gs) of Lake Victoria (LV): Murchison Bay (MB) and Napoleon 
Gulf (NG). The main goal of this monitoring was to perform a 
comparative assessment of the water quality in these areas, 
which are used for the production of drinking water for two 
large cities (Kampala and Jinja). In addition, these two B&Gs 
also provide water, which is directly consumed by numerous 
people living on their shores, and they host important 
economic activities such as fishing and aquaculture. Due to 
the growth of human populations and related activities, it is 
already known that many B&Gs of LV, including MB and NG, 
are affected by anthropogenic pressures that have led to their 
progressive eutrophication. One of the main consequences 
of this nutrient enrichment results in the development of 
recurrent cyanobacterial blooms, which potentially disturb 
the ecological functioning and the use of ecosystems where 
they arise. Moreover, many cyanobacteria are able to produce 
harmful toxins.

Lessons from 
comparative 
monitoring of the 
water quality in 
Murchison Bay and 
Napoleon Gulf (Lake 
Victoria, Uganda)

MB is considered a closed bay characterized by a low level 
of water exchange with the open lake relative to its size. 
The Nakivubo channel, which traverses Kampala and collects 
part of the wastewater from this city, discharges its water at 
the northwest part of the bay. NG is considered a more open 
bay where water renewal is expected to be higher.

At both sites, monitoring was performed on a monthly basis 
from November 2017 to October 2018. In each of them, four 
sampling stations were located along a transect from their 
inner to their outer parts (Figure 1). A total of 18 limnological 
(such as nutrient concentrations, phytoplankton biomasses, 
etc.) and climatic (temperature, solar radiation, rain, etc.) 
variables were monitored monthly.

I. 
Strategy for the 
monitoring performed 
in Murchison Bay and 
Napoleon Gulf

Significant differences were found for most of the 
limnological variables when comparing the two sites; 
nutrient concentrations, turbidity, and dissolved organic 
matter (fDOM) were higher in MB than in NG (e.g., 6-10 times 
for fDOM, 10 times for NH4+). When examining each sampling 
site in more detail (MB and NG), significant differences were 
also found depending on the sampling station and on the 
season (dry versus wet) (Table 1).

In MB, a clear decreasing eutrophication gradient was 
observed from the MB1 to MB4 sampling stations. For example, 
the total phosphorus and total nitrogen concentrations 
were 2-3 times higher at MB1 than at the other sampling 
stations (Table 1). This overpollution at station MB1 was 
expected because of the location of the Nakivubo channel 
mouth nearby. This channel collects part of the runoff and 
wastewater from Kampala. The decreasing pollution gradient 
observed from MB1 to MB4 was due to the progressive mixing 
of the bay water with the less polluted main lake water.

In NG, the differences between the four sampling stations 
were less important, and they concerned only a few variables. 
For example, if total nitrogen concentrations were significantly 
higher in the inshore (NG1) than the offshore areas (NG 2 – 4); 
this was not the case for total phosphorus concentrations 
that did not display a gradient from NG1 to NG4. The higher 
water renewal in NG than in MB probably explains the lack of 
a pollution gradient between NG1 and NG4.

II. 
Variations in 
physicochemical 
variables

Table 1. Mean values (± standard 
deviation) of some limnological 
variables estimated during the 
course of monitoring at each 
sampling station in Murchison Bay 
(MB) and Napoleon Gulf (NG)

The chlorophyll-a (Chl-a) concentrations, which provide an 
estimation of the total phytoplankton biomass, were much 
higher in MB (28.1 to 1,058 µg. L-1) than in NG (11.8-50.36 
µg.L-1). This difference is mainly explained by the high values 
recorded at the first sampling station, MB1 and to a lesser 
extent at MB2. In NG, no significant difference was found 
between the four sampling stations (Figure 2).

Temporal changes were also recorded in Chl-a concentrations 
during this monitoring, and these variations were more 
important in MB than in NG, notably for the two inshore stations 
(MB1, MB2). Finally, the highest Chl-a concentrations were 
found in September for MB and in December for NG. These 

III. 
Variations in the 
biomasses of the 
phytoplankton 
communities

Fig 1. Maps of Murchison Bay (MB) 
and Napoleon Gulf (NG) with the 
locations of sampling stations 
(MB1-4 and NG1-4) along the 
spatial transects.
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temporal variations in phytoplankton biomasses in both bays 
were much smaller than those observed in temperate lakes 
where weather variations were more pronounced throughout 
the year.

Fig 2. Box-plot graph of the 
chlorophyll-a concentrations 
estimated at each site (MB and 
NG) in the four sampling stations 
(MB1-4 and NG1-4)

III. Variations in the biomasses of the phytoplankton communities IV.

A total of 135 phytoplankton taxa belonging to 49 genera 
were identified during the monitoring in both NG and MB, and 
the global diversity of this community was not significantly 
different between MB and NG. At both sites, the dominant 
species in the two phytoplankton communities belonged 
to cyanobacteria, knowing that they contributed more than 
60% (NG) and more than 90% (MB) of the total phytoplankton 
biovolume. The contribution of other groups (Chlorophyta, 
Euglenophyta, Bacillariophyta and Dinophyta) was generally 
low, with occasional dinoflagellates in the inshore areas of 
NG.

At the species level, four species (Dolichospermum 
circinale, Planktolyngbya circumcreta, Microcystis flos aquae 
and Microcystis aeruginosa) dominated the phytoplankton 
community at the two sites (MB and NG). However, as shown 
in Figure 3, their relative importance displayed variations in 
both B&Gs: Microcystis spp. was clearly dominant at the three 
sampling stations (MB1-3) of the MB, while D. circinale and 
P. circumcreta dominated the phytoplankton community at 
the four sampling stations of the NG and at the MB4 station 
of Murchison Bay.

IV. 
Variations in the 
composition and 
structure of the 
phytoplankton 
communities

Fig 3. Box-plot graph of the 
biovolumes of the dominant 
phytoplankton species at each site 
(MB and NG) in the four sampling 
stations (MB1-4 and NG1-4)                                 
Dol_cir = D. circinale; Mic_sp. = M. 
aeruginosa +M. flos aquae; Pla_cir = 
P. circumcreta 
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V. Relationship between physicochemical, climatic and biological variables VI. Conclusions

When considering the two sites (MB and NG), the main 
significant predictors identified in the models consisted of a 
combination of nutrient (SRP, NO3-, NH4+, SRSi) and climate 
(water temperature, mean wind, solar radiation) variables 
(Table 2). Rainfall had no effect on any response variables, 
and surprisingly, water temperature had a negative effect 
on the biovolume of the three dominant taxa (temperature 
variations were very low). Variations in phytoplankton biomass 
(Chl-a) were mainly explained, as expected by the variations 
in nutrient concentrations. D. circinale and P. circumcreta 
biovolumes were explained by similar combinations of 
variables, with climatic variables such as solar radiation and 
wind appearing as the most important controlling factors 
before dissolved inorganic forms of nitrogen (NO3 and NH4+). 
The Microcystis sp. model was slightly different, as SRP 
and NO3 were related to its biomass. NH4+ was the most 
important nutrient controlling the biovolumes of dominant 
taxa.

V. 
Relationship between 
physicochemical, 
climatic and biological 
variables

Table 2. Standardized parameter 
coefficients from the global partial 
least squares (PLS) regression 
models for Chl-a biomass and 
biovolume of phytoplankton 
taxa in the Napoleon Gulf and 
Murchison Bay. Note: Only 
significant variables are included 
(p value < 0.05), Mic_sp. =M. 
aeruginosa + M. flos aquae

One-year monitoring of MB and NG revealed that these two 
ecosystems displayed contrasting characteristics in terms 
of water quality and ecological status. MB can be classified 
as an eutrophic to hypereutrophic ecosystem on the basis 
of total phosphorus and chlorophyll-a concentrations. 
Simultaneously, NG can be classified as a mesotrophic to 
eutrophic ecosystem based on the same criteria.

In addition, MB is characterized by a decreasing gradient 
of nutrient and chlorophyll-a concentrations from inshore 
to offshore of the bay. This gradient is explained (i) by the 
nutrient inputs occurring at the bottom of the bay, probably 
for a large part by the Nakivubo channel, and (ii) by the higher 
water mixing occurring between the bay and the main lake 
for the sampling points located close to the exit from the 
bay.

No such gradient was found in NG, revealing that this gulf 
is much more homogeneous due (i) to higher water mixing, 

VI. 
Conclusions

with NG being more open than MB, and (ii) to lower nutrient 
inputs from the immediate watershed of the gulf.

The main consequence of these differences in water quality 
on the functioning of these two areas is that MB is much 
more susceptible than NG to severe cyanobacterial blooms. 
Moreover, the dominant cyanobacteria are different in each 
of them, and the MB phytoplankton community is dominated 
by Microcystis sp., which are well known for their potential 
toxicity.
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