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2020. Significant differences existed in the Chl-a con-
centration values between stations and across sam-
pling months. Chl-a concentration was significantly 
positively correlated with dissolved oxygen (DO), tur-
bidity but negatively correlated with temperature. The 
Shannon–Wiener index and evenness put it clear that 
the distribution of phytoplankton species in the lake is 
inequitable. Besides, 94.2% of the phytoplankton spe-
cies revealed had never been reported by the previous 
studies in the study area. The dominance of species 
cyanobacteria (such as Microcystis spp., Cylindros-
permopsis raciborskii, Anabaenopsis sp., and Ana-
baena sp.) presents potential future challenges to 
water quality management. Therefore, the establish-
ment of a strong and committed committee dubbed 
“Lake Bunyonyi Water Management Committee” to 
oversee the activities and avert potential water quality 
challenges is strongly recommended. The existence 
of some toxic phytoplankton species calls for regular 
monitoring and careful use of the lake and its food  
products.

Keywords Species richness and abundance · 
Physicochemical parameters · Diversity index · Chl-a 
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Introduction

Phytoplankton does not only play vital roles in the 
primary production of aquatic ecosystems but also 

Abstract The purpose of this study was to examine 
the spatial and temporal variations of phytoplankton 
species composition and biomass in Lake Bunyo-
nyi, South-Western Uganda. Samples were collected 
monthly from nine fixed stations in the lake from 
October 2019 to September 2020. Based on the mor-
phological characterization, 52 different species of 
phytoplankton were recorded. These were dominated 
by cyanobacteria (21 species) and chlorophytes (15 
species) followed by diatoms (10 species), eugle-
nophytes (4 species), dinoflagellates (2 species), 
and cryptophytes (1 species). The biomass (Chl-a 
concentration) ranged from 0.019 ± 0.009  mg/L at 
Heissesero station to 0.045 ± 0.013  mg/L obtained 
at Nyombe station. On a temporal basis, the highest 
mean Chl-a concentration of 0.044 ± 0.03 mg/L was 
recorded in March 2020 while the least concentration 
of 0.015 ± 0.011  mg/L was obtained in September 
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serve as a key indicator in water quality assessment 
and are responsible for about 45% of annual global 
photosynthesis (Bano et  al., 2017). Phytoplank-
ton constitutes the basic components of the aquatic 
food chain, as primary producers and represents 
themselves as a direct food source for other aquatic 
organisms. Phytoplankton composition and biomass 
are largely influenced by the interaction of several 
physicochemical factors and are largely governed by 
light, nutrients, and temperature. The interplay of 
biological and physicochemical surface water prop-
erties most often lead to the production of phyto-
plankton and assemblage of their structures (Ngodhe 
et al., 2013). The importance of phytoplankton in lake 
ecosystems includes its use in estimating potential 
fish yield, productivity, and energy flow. Neverthe-
less, human activities are increasingly threatening the 
structure and function of lakes (Qi et al., 2020).

In Lake Victoria, phytoplankton species composi-
tion, biomass, and distribution are in direct relation 
with the environmental factors (Lung’Ayia et  al., 
2000). Among the environmental factors are geo-
graphical location, nutrients availability and light, 
temperature, mixing depth, and the quantity of 
organic matter (Li et  al., 2019; Wang et  al., 2016). 
Other previous studies also revealed that phosphorus 
and nitrogen are the basic nutrients that limit phyto-
plankton growth in lakes (Xu et al., 2015; Yang et al., 
2016, 2018). Environmental parameters (both abiotic 
and biotic) and interspecific interactions can modify 
the diversity of phytoplankton communities.

In the 1970s, Lake Bunyonyi was described as 
clear with light detectable down to about 8 m with a 
limited phytoplankton species (Denny, 1972). Never-
theless, the lake has suffered a significant shift from 
a clear to a turbid state over the few decades perhaps 
because of the rapidly intensifying human activities 
within the lake catchment (personal observation). 
This has put the lakes’ capacity for safe drinking-
quality water and other ecological services at risk.

Despite Lake Bunyonyi being the major source of 
water for domestic use and recreational activities, little 
documented data on the biological quality of water exist, 
which are essential in assessing the biological quality  
of water in lakes. Besides, studies on phytoplankton  
composition, biomass, and distribution in Lake Bunyonyi  
are few. For instance, Worthington (1932) reported the 
scarcity of phytoplankton; Botryococcus sp., Nauplii 
sp., Raphidiophrys sp., and micro-phytoplankton were 

the only observed phytoplankton species. Botryococcus  
sp. was in appreciable numbers concentrated in the  
5 m nearest the surface, particularly at the night station.  
Worthington (1932) further revealed the presence of 
diatoms but in insufficient numbers to plot. Results of 
this previous study were based on samples collected  
only once. Hence did not spell out the spatial and  
temporal variations in phytoplankton composition and 
biomass, despite their implications on water quality and 
management.

Besides, none of the previous studies assessed the 
relationship between phytoplankton biomass and the 
physicochemical water quality parameters since vari-
ables such as nutrients cause significant changes in 
phytoplankton composition and biomass. Therefore, 
assessing spatiotemporal changes in phytoplankton 
composition and biomass and the responses to differ-
ent environmental parameters is crucial for a deeper 
understanding of the function of the ecosystem and 
eventually guide lakes restoration and management 
(Xu et al., 2015). The present study was conducted at 
Lake Bunyonyi to determine the spatiotemporal vari-
ations in phytoplankton composition and biomass and 
relate phytoplankton composition and biomass with 
physicochemical conditions of the lake.

Materials and methods

Study area and sampling design

The study was conducted on Lake Bunyonyi, located 
in the districts of Kabale and Rubanda, South-Western 
Uganda (Fig.  1). Geographically, Lake Bunyonyi is 
located between 1.2953° S and 29.9133° E and has an 
average altitude of 1,973 m above sea level. In addition,  
the lake has a total surface area of 56  km2 with an 
average depth of 40  m (Kizza et  al., 2017). The lake 
was divided into three study sites: upper, middle, and 
lower which differed in terms of the extent and type 
of human activities in the lake and its shores. The 
upper Bunyonyi site included Nyombe, Ndarura, and 
Kariko stations. The site is predominately occupied by 
agricultural activities. Water appears to be relatively 
clean within this sampling area, and locals use it for 
drinking, washing, and animal watering. The middle  
Bunyonyi site included Harutinda, Akampene, and 
Mugyera stations. The site serves as a hub for tourism 
activities, is densely populated, and hosts several major 
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Fig. 1  Map of Lake Bunyonyi showing the study sites and stations
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hotel campsites and business centers in the lake sub-
catchment. Water in the lake looks turbid; nevertheless, 
people use it for drinking, domestic use, and swimming.  
The lower Bunyonyi site included Heissesero,  
Rugarambiro, and Hamukaka stations. It drains from 
the upper and middle Bunyonyi sites and its areas 
around are dominated by crop farms. The geographical  
location of the sampling stations in Lake Bunyonyi is 
shown in Table  1. Sampling was conducted monthly 
for 1  year (October 2019 to September 2020) from 
nine stations (Table 1) giving a total of 108 samples for 
analysis.

Determination of the physicochemical variables

Water samples for physicochemical analysis were 
collected by dipping 1-L polyethylene plastic bot-
tles below the water surface. The determination of 
water temperature, dissolved oxygen (DO), turbid-
ity, and pH were conducted following APHA (2005) 
standards. In addition, soluble reactive phosphorus 
(SRP), nitrite–nitrogen  (NO2-N), and nitrate–nitrogen 
 (NO3-N) concentrations were determined using a UV 
spectrophotometer (DR 6000, HACH instruments) 
following APHA (2005) standards.

Determination of phytoplankton species composition 
and diversity

Samples for phytoplankton species identification 
were collected into 20-L dark plastic buckets. To each 
sample, 100  mL of Lugol’s iodine was added while 
still in the field and transported to the National Water 
and Sewerage Cooperation (NWSC) laboratory for 
the Kabale branch for further preparation. Twelve 

hours later, when the phytoplankton cells had settled 
at the bottom of the sampling buckets, the top 18 L of 
the sample were gently and carefully siphoned using 
a small beaker without disturbing the phytoplankton 
cells at the bottom of the bucket. Thereafter, 1 L was 
transferred to the dark sampling bottle, preserved 
with 10% of formaldehyde, and transported to the 
laboratory for phytoplankton identification. For phy-
toplankton biomass determination, samples were col-
lected into 2-L dark sampling bottles. All the samples 
were collected and stored in iceboxes and transported 
to NWSC central laboratories in Kampala within 
24 h. All the samples were stored at 4 °C in the refrig-
erator waiting for analysis.

While in the laboratory, 100  mL of sample col-
lected from the bottom of the sample was put into the 
measuring cylinder and left to stand for 24 h to enable 
phytoplankton to settle at the bottom of the cylinder. 
After 24 h, most phytoplankton cells contained in the 
sample had settled at the bottom of the measuring cyl-
inder and the column of water appeared clearer than 
before. The top 90  mL of the sample was siphoned 
gently and carefully using a suction pipette without 
disturbing the phytoplankton cells at the bottom of 
the cylinder. This meant that phytoplankton present in 
the 100 mL had been concentrated into 10 mL.

Lackey’s drop (microtransect) counting method 
using OPTIKA microscope (made in Italy) was used for 
enumeration of phytoplankton individuals (filaments/
cells) and presented in units per milliliter (APHA, 
2005). This method was adopted because of its simplic-
ity to use for obtaining counts of considerable accuracy. 
We dropped out 0.05 mL (1 drop) of concentrated water 
sample to a glass slide (25 mm × 76.2 mm) and covered 
it with a 22-mm glass coverslip.

Table 1  Sampling 
site location for bio-
physicochemical parameters 
at Lake Bunyonyi

UB, Upper Bunyonyi, MB, 
Middle Bunyonyi, LB, 
Lower Bunyonyi

Study site Station code Station name Location

Latitudes Longitudes

UB site U1 Nyombe 1°23′50.16″ S 29°55′08.80″ E
U2 Ndarura 1°20′58.55″ S 29°57′25.47″ E
U3 Kariko 1°18′16.30″ S 29°56′46.96″ E

MB site M1 Harutinda 1°16′14.98″ S 29°56′16.48″ E
M2 Akampene 1°17′37.60″ S 29°55′02.47″ E
M3 Mugyera 1°19′05.62″ S 29°54′09.76″ E

LB site L1 Heissesero 1°13′00.32″ S 29°49′53.56″ E
L2 Rugarambiro 1°14′20.11″ S 29°50′04.32″ E
L3 Hamukaka 1°14′05.76″ S 29°52′29.77″ E
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For phytoplankton species identification and  
classification, standard monographs and publications  
by Round et  al. (1990) and Tomas (1997) were 
used. The frequency of appearance of the observed  
phytoplankton species in a given sample was used to 
indicate its abundance. The Shannon–Wiener diversity  
index and Pielou’s evenness index of phytoplankton 
species across study stations were estimated using 
species diversity and abundance program developed 
by Henderson and Seaby (2001).

Determination of phytoplankton biomass (Chl-a)

At each study station, samples for the determination 
of Chl-a concentration were collected into 2-L plas-
tic sampling bottles and then transported in the ice-
box to NWSC central laboratories in Kampala for 
analysis within 24 h. While in the laboratory, water 
samples were filtered through 0.45-μm Millipore 
membrane filters. Before the filtration of the water 
sample, 1 mL of 1%  MgCO3 suspension was added 
to 0.45-μm pore size membrane filters to prevent 
any possible acidification of extract and thereby 
prevent the formation of pheophytin (Bhushan 
et al., 2018). After the filtration, the chlorophyll fil-
ter papers were dried under suction for 2  min and 
carefully transferred to screw-cap test tubes, 10 mL 
of 90% acetone added, shaken vigorously. The test 
tubes were then wrapped in aluminum foil and 
placed in the refrigerator for 24 h to avoid light pen-
etration. Furthermore, the extract was centrifuged 
at 2400  rpm in pre-cleaned 90% acetone-soaked 
centrifuge tubes. The supernatant solution was then 
transferred to another test tube, and solution made 
up to 10 mL with 90% acetone solutions (Bhushan 
et  al., 2018). A UV spectrophotometer (DR 6000, 
HACH instrument) was used to determine Chl-a 
absorption by measuring the absorbance at 665- 
and 750-nm wavelengths following APHA (2005) 
standards. The Chl-a concentration was measured 
using the formula developed by Talling and Driver 
(1963).

Statistical analysis of data

STATISTICA 10 was used for statistical data analy-
sis. Water temperature, DO, and pH were analyzed 
using ANOVA. Kruskal–Wallis (H) test was utilized 

to determine spatial significant differences in Chl-
a concentration and turbidity among stations and 
study months. The Mann–Whitney (U) test was used 
to measure significant differences in Chl-a concen-
tration between sampling seasons. Spearman’s cor-
relation was used to show any association among 
different parameters measured both spatially and tem-
porally during the study. Results for all the statistical 
tests were considered statistically significant with a p 
value < 0.05.

Results

Variability of phytoplankton species composition

In total, 52 phytoplankton species belonging to six 
phyla were identified from the lake samples (Table 2). 
The occurrence of the various species at different 
stations and sampling months are shown in Tables 2 
and 3. Cyanobacteria were the most dominant phy-
toplankton class with 21 species representing 40% 
of the identified species (Fig. 2). Among the cyano-
bacteria, Planktolyngbya limnetica, Microcystis aer-
uginosa, Aphanocapsa delicatissima, and Planktol-
yngbya circumreta were the most dominant species. 
Chlorophytes were the second most dominant phy-
lum with 15 species, representing 27%; Scenedesmus 
acuminatus, Staurastrum gracile, and Ankistrodes-
mus falcatus were found dominant in the middle and 
lower Bunyonyi sites. Diatoms were the third most 
dominant group with 10 species representing 19%; 
Stephanodiscus astraea and Navicula gastrum were 
the most dominant species across the study stations. 
Other phyla recorded in the current study were eugle-
nophytes, dinoflagellates, and cryptophytes.

On a temporal basis, Planktolyngbya limnetica, 
Aphanocapsa delicatissima, Coelomoron pusila, 
and Microcystis aeruginosa were most dominant 
between March and May 2020. Planktolyngbya lim-
netica was exceptionally abundant in all the sam-
pling months. Nitzschia acicularis, Stephanodis-
cus astraea, and Navicula gastrum were dominant 
in January, February, and July 2020, respectively. 
Besides, Closterium aciculare, Scenedesmus apicu-
lata, and Scenedesmus acuminatus were most domi-
nant among chlorophytes in May 2020 and Novem-
ber 2019.
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Table 2  List of 
phytoplankton species 
at the different sampling 
stations (“√” = present and 
“x” = absent)

Phylum Species Site

Middle Bunyo-
nyi

Lower 
Bunyonyi

Upper 
Bunyonyi

M1 M2 M3 L1 L2 L3 U1 U2 U3

Cyanobacteria Cylindrospermopsis africana √ X X √ √ X X X √
Planktolyngbya limnetica √ √ √ √ √ √ √ √ X
Anabaenopsis tanganyikae √ X √ √ √ √ √ X √
Merismopedia tenussima √ X √ X X X X X X
Planktolyngbya contorta √ X √ √ X X X X √
Planktolyngbya tallingii √ X √ √ X X √ X X
Aphanocapsa delicatissima √ X √ X X X X X X
Chroococcus dispersus √ √ √ X √ X √ X X
Planktolyngbya circumreta X X X √ X √ √ X X
Pseudanabaena limnetica √ X X √ √ X X X X
Planktolyngbya undulata X X √ √ X X X X √
Chroococcus turgidus X X √ X √ √ √ X X
Coelomoron pusila X X X X √ X X √ √
Microcystis aeruginosa X X X X √ X √ √ X
Chroococcus minutus X X X X X √ X X X
Chroococcus limnetica X X X X X X √ X X
Anabaena planctonica X X X √ X √ √ X X
Cylindrospermopsis raciborskii X X X √ X X X X X
Aphanocapsa nubillium X X X X X √ √ X X
Romeria elegans X X X X √ X √ X √
Anabaena circinalis X X X X X √ X X X

Euglenophytes Trachelomonas sp. X X X X X X X X X
Phacus pleuronectes √ √ √ X X X √ √ X
Phacus logicauda X X X √ √ √ X X √
Phacus monilatus X X X X X √ X X X

Diatoms Stephanodiscus astraea √ √ √ X X √ X √ X
Epithemia argus √ √ √ X X X X X X
Nitzschia acicularis √ X √ √ X √ √ √ X
Navicula gastrum X √ √ √ √ X X X √
Nitzschia fonticola X √ X √ X X √ X X
Nupela sp. X X √ X X X X X X
Aulacoseira ambigua X X √ X √ X X X X
Nitzschia bacta X X X X X X X √ X
Cyclotella meneghiniana X X X X X √ X √ √
Navicula radiosa X X X X X X X √ X
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Phytoplankton diversity

The Shannon–Wiener diversity index (H′) and the 
species evenness (E) were highest at Nyombe sta-
tion (H′: 2.1; E: 0.71) while at Heissesero; the low-
est values (H′: 1.01; E: 0.35) were obtained (Fig. 3). 
These findings revealed a diverse and even distribu-
tion of phytoplankton species at Nyombe station. 
On a temporal basis, July 2020 recorded the high 
H′ (2.46) and E (0.93) values while in April 2020, 
the lowest values were recorded (H′:1.55; E: 0.56) 
(Fig. 4). These findings revealed a diverse and even 
distribution of phytoplankton species at Heissesero 
station and in April 2020.

Variability of phytoplankton abundance

The overall phytoplankton abundance ranged from 
8863 ± 7136 to 25,757 ± 24,653 individuals/mL 
obtained at Nyombe and Rugarambiro stations, 

respectively (Table  4). The Kruskal–Wallis test 
revealed no significant differences in the phyto-
plankton abundances across study stations (H (8, 
N = 108) = 3.1, p = 0.927). In the comparison of the 
different phyla, cyanobacteria were found to be the 
most dominant group with its mean abundance val-
ues ranging from 6789 ± 6858 to 23,443 ± 24,651 
individuals/mL obtained at the highest at Nyombe 
and Rugarambiro, respectively. No significant 
differences recorded in the mean cyanobacte-
ria abundance values between stations (H (8, 
N = 108) = 2.96, p = 0.937). Chlorophytes ranged 
from 602 ± 461 to 1826 ± 2400 individuals/mL 
obtained at Ndarura and Mugyera stations, respec-
tively (Table 4). The Kruskal–Wallis test showed no 
significant differences in chlorophytes between the 
study stations (p > 0.05).

Dinoflagellates ranged from 92 ± 215 to 392 ± 428 
individuals/mL obtained at Kariko and Rugarambiro, 
respectively. Euglenophytes ranged from 26 ± 62 

Table 2  (continued) Phylum Species Site

Middle Bunyo-
nyi

Lower 
Bunyonyi

Upper 
Bunyonyi

M1 M2 M3 L1 L2 L3 U1 U2 U3

Chlorophytes Scenedesmus acuminatus X √ √ √ X √ √ X √

Closterium aciculare √ √ √ X X X X X X

Staurastrum gracile √ √ X √ √ √ X X X

Monoraphidium contortum √ X X X X X X X X

Scenedesmus apiculata X √ √ X X X X X X

Staurastrum cingulum X √ X X X X X X X

Oocystis gigas X √ X X X √ X √ X

Scenedesmus perforatus X √ X X X X X X X

Ankistrodesmus falcatus X X √ X √ X X X √

Crucigenia feneqstrata X X √ X √ X √ X X

Scenedesmus sp. X X √ X X X X X X

Cosmarium habitat X X X X √ X √ X X

Monoraphidium contortum X X X X X √ X X X
Dinoflagellates Peridiniopsis sp. √ X √ X √ √ X X X

Glenodinium sp. X √ √ √ √ √ √ √ √
Cryptophytes Cryptomonas marssonii √ √ √ √ √ √ √ √ √
Total of species 52 19 16 25 18 20 21 19 12 13
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Table 3  List of phytoplankton species between sampling months (“√” = present and “x” = absent)

Phyla Species Months

Oct Nov Dec Jan Feb March April May June Jul Aug Sep

Cyanobacteria Cylindrospermopsis africana X X X √ √ X √ √ X X X X
Planktolyngbya limnetica √ √ √ √ √ √ √ √ √ X √ √
Anabaenopsis tanganyikae √ X X √ √ √ √ √ X X √ √
Merismopedia tenussima X X X X √ √ X √ X X √ √
Planktolyngbya contorta X X X √ √ √ X X √ X X X
Planktolyngbya tallingii √ X X √ √ √ X X X X X X
Aphanocapsa delicatissima X X X X √ √ X √ X X √ √
Chroococcus dispersus √ √ √ X √ √ √ X √ X X X
Planktolyngbya circumreta √ X X √ √ X X √ X X √ √
Pseudanabaena limnetica X X X √ √ X √ √ X X X X
Planktolyngbya undulata X X X √ X √ X X √ X X X
Chroococcus turgidus √ X X X X √ √ X X X X X
Coelomoron pusila X X X X X √ √ √ √ X √ √
Microcystis aeruginosa X √ √ X √ X √ √ √ √ X X
Chroococcus minutus X X X X √ X X X X X X X
Chroococcus limnetica √ X X X X X X X X X X X
Anabaena planctonica X X X X X X X √ X X X X
Cylindrospermopsis raciborskii X X X √ X X X X X X X X

Aphanocapsa nubillium √ X X X X X X X X X X X
Romeria elegans 51 X X X X X √ √ √ X √ √
Anabaena circinalis X X X X X X X X X X X X

Euglenophytes Trachelomonas sp. X X X √ √ √ X X √ X X X
Phacus pleuronectes X X X X X X X X X X X X
Phacus logicauda X X √ X X √ X X X X X X
Phacus monilatus X X X X X X X X X X X X

Diatoms Stephanodiscus astraea X X X X X X X X X X X X
Epithemia argus X X √ X X √ X X X X X X
Nitzschia acicularis X √ √ X √ √ X X X √ X √
Navicula gastrum X √ √ X √ √ X X X X X X
Nitzschia fonticola √ X X √ √ √ √ X X √ X X
Nupela sp. X √ √ √ X √ X X √ X √ √
Aulacoseira ambigua X √ √ √ X X X X X X X X
Nitzschia bacta X X X X X √ X X X X X X
Cyclotella meneghiniana X X X X X √ X √ X X √ √
Navicula radiosa X X X X X X X X X √ X X
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to 73 ± 175 individuals/mL obtained at Akampene 
and Harutinda stations, respectively (Table  4). The 
Kruskal–Wallis test presented no significant differ-
ences in the euglenophytes abundance between sta-
tions (H (8, N = 108) = 0.089, p = 1.000). Diatoms 
ranged from 306 ± 387 to 778 ± 1955 individuals/

mL obtained at Ndarura and Kariko, respectively 
(Table  4). No significant differences were obtained 
in the diatom abundance between stations (H (8, 
N = 108) = 2.28, p = 0.9713). Cryptophytes ranged 
from 88 ± 159 235 individuals/mL with the over-
all mean value of 148 ± 280 individuals/mL was 
recorded (Table 4).

On a temporal basis, the highest mean phyto-
plankton abundance of 50,737 ± 21,855 individu-
als/mL was recorded in April 2020 while the low-
est concentration (3067 ± 1600 individuals/mL) was 
obtained in August 2020 (Fig. 5). The phytoplank-
ton abundance was significantly higher in the wet 
season than in the dry season (U = 708, p < 0.001). 
Details of the occurrence of various phytoplank-
ton phyla are shown in Table  5. Similar to spatial 
variations, cyanobacteria were most dominant rang-
ing from 1095 ± 923 to 47,967 ± 1925 individuals/
mL obtained in July and April 2020, respectively 
(Table 6). In March 2020, all the six phytoplankton 

Table 3  (continued)

Phyla Species Months

Oct Nov Dec Jan Feb March April May June Jul Aug Sep

Chlorophytes Scenedesmus acuminatus X X X X X X X X √ √ √ X

Closterium aciculare X X X X X X X X X √ X X

Staurastrum gracile √ √ √ √ √ √ √ √ √ √ √ √

Monoraphidium contortum √ √ √ √ X √ √ √ √ √ X √

Scenedesmus apiculata X √ √ X √ √ √ √ X √ √ X

Staurastrum cingulum √ √ √ X √ X √ X X X X X

Oocystis gigas X X X X √ X X X X X X X

Scenedesmus perforatus X √ √ √ X √ √ √ √ √ √ √

Ankistrodesmus falcatus X √ √ X X X X X X X X X

Crucigenia feneqstrata X √ √ √ X X X X X X X X

Scenedesmus sp. X √ √ √ X X X X X X X X
Cosmarium habitat √ X X X X √ X X X X X X
Ankistrodesmus falcatus X X X X X √ √ √ X √ √ √
Monoraphidium contortum √ X X X X X √ √ √ √ X √

Dinoflagellates Peridiniopsis sp. √ √ √ √ X √ X √ √ 0 X X

Glenodinium sp. √ √ √ √ X √ √ √ √ √ X X

Cryptophytes Cryptomonas marssonii X X √ X X √ √ X X √ X X

Total 52 17 17 20 20 20 29 16 20 16 14 14 15

Cyanobacteria
40%

Euglenophytes
8%

Diatoms
19%

Chlorophytes
27%

Dinoflagellates
4%

Cryptophytes
2%

Fig. 2  Graphical presentation of phytoplankton composition 
of groups from the study sites
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phyla were recorded and euglenophytes were the 
least dominant (Table 5).

Variability of phytoplankton biomass (Chl-a)

The Chl-a concentration varied considerably between 
study stations (Fig.  6). The highest mean value was 
obtained at Nyombe (0.045 ± 0.013 mg/L) while the 
lowest mean Chl-a value of 0.019 ± 0.009 mg/L was 
obtained at the Heissesero station. Kruskal–Wallis 
test revealed significant differences in Chl-a concen-
tration across study stations (H (8, N = 108) = 22.54, 

p = 0.004), On a temporal basis, Chl-a concentration 
varied considerably with the highest values obtained 
in March 2020 and the lowest in September 2020 
(Fig.  7). The Kruskal–Wallis test revealed statisti-
cally significant differences in the mean Chl-a con-
centration values (H (11, N = 108) = 26.34, p = 0.006). 
Between seasons, Chl-a concentration was somewhat 
high in wet season (0.036 ± 0.030  mg/L) than dry 
season (0.028 ± 0.017 mg/L). The Mann–Whitney U 
test revealed no significant differences in Chl-a con-
centrations between wet and dry seasons (U = 1300.5, 
p = 0.468).

Fig. 3  Mean ± Std. Dev. of 
the Shannon–Wiener index 
and species evenness at dif-
ferent sampling stations in 
Lake Bunyonyi
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Fig. 4  Mean ± Std. Dev. of 
the Shannon–Wiener index 
and species evenness across 
sampling months
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Table 4  Mean ± Std. Dev. of phytoplankton abundance (individuals/mL) at different sampling stations (n = 108)

Station Cyano Eugl Diatoms Chloro Dino Crypt TPA

Nyombe 6789 ± 6858 38 ± 91 451 ± 627 1298 ± 828 179 ± 165 109 ± 163 8863 ± 7136
Ndarura 14,235 ± 16,444 29 ± 69 306 ± 387 602 ± 461 293 ± 510 117 ± 173 15,583 ± 16,590
Kariko 12,997 ± 13,779 29 ± 69 778 ± 1955 1248 ± 1057 92 ± 215 147 ± 235 15,291 ± 15,484
Harutinda 12,917 ± 14,231 73 ± 175 455 ± 521 1142 ± 761 335 ± 456 235 ± 378 15,158 ± 14,702
Akampene 12,388 ± 12,624 26 ± 62 681 ± 1268 1002 ± 1134 313 ± 426 235 ± 527 14,645 ± 13,439
Mugyera 18,949 ± 21,237 37 ± 90 545 ± 496 1826 ± 2400 305 ± 316 88 ± 159 21,750 ± 21,132
Hamukaka 20,704 ± 26,080 44 ± 109 380 ± 352 937 ± 1044 362 ± 402 135 ± 228 22,562 ± 26,634
Rugarambiro 23,443 ± 24,651 59 ± 156 394 ± 338 1293 ± 2328 392 ± 428 176 ± 318 25,757 ± 24,653
Heissesero 15,353 ± 17,264 29 ± 69 342 ± 343 1143 ± 907 292 ± 390 88 ± 159 17,248 ± 17,601

Fig. 5  Mean ± Std. Dev. 
of the phytoplankton 
abundance (individuals/mL) 
across sampling months
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Table 5  Mean ± Std. Dev. 
of phytoplankton abundance 
(individuals/mL) during the 
sampling months (n = 108)

Cyano, 
Cyanobacteria, Eugl, 
Euglenophytes, Chloro, 
Chlorophytes, Dino, 
Dinoflagellates, 
Crypt Cryptophytes

Months Cyano Eugl Diatoms Chloro Dino Crypt

Oct 12,356 ± 4835 0.0 258 ± 775 723 ± 251 293 ± 158 0.0
Nov 2171 ± 2344 0.0 244 ± 192 3584 ± 3150 138 ± 144 0.0
Dec 11,843 ± 11,397 265 ± 124 646 ± 368 656 ± 449 507 ± 277 469 ± 305
Jan 7052 ± 13,797 0.0 1144 ± 2186 1089 ± 1092 183 ± 115 0.0
Feb 11,431 ± 6785 0.0 698 ± 414 1180 ± 859 0.0 0.0
Mar 35,200 ± 7645 222 ± 120 590 ± 392 749 ± 758 460 ± 233 391 ± 275
Apr 47,967 ± 1925 0.0 246 ± 112 2006 ± 716 114 ± 69 404 ± 178
May 31,460 ± 6398 0.0 173 ± 89 1277 ± 794 372 ± 237 0.0
Jun 13,395 ± 8514 0.0 833 ± 362 580 ± 326 1037 ± 606 0.0
Jul 1095 ± 923 0.0 943 ± 1381 1197 ± 859 314 ± 470 508 ± 501
Aug 2743 ± 1619 0.0 0.0 324 ± 276 0.0 0.0
Sep 6986 ± 5473 0.0 0.0 623 ± 520 0.0 0.0
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Correlation analysis

The Spearman’s correlation analysis was performed 
to establish whether Chl-a concentration is influenced 
by some physicochemical parameters in Lake Bunyo-
nyi (Table 6). The data for the physicochemical water 
quality variables (temperature, DO, pH, turbidity, 
 NO2-N,  NO3-N, and SRP) as presented by Saturday 
et al. (2021) was considered for the correlation analy-
sis with Chl-a. Chl-a concentration was significantly 
positively correlated with DO (r = 0.364, p < 0.05) 
and turbidity (r = 0.254, p < 0.05) but significantly 
negatively correlated with temperature (r =  − 0.296, 
p < 0.05) (Table  6). These results imply that Chl-
a concentration increased as DO and turbidity in 
the lake increased. In addition, Chl-a concentration 
was positively correlated with  NO2-N and  NO3-N. 
Besides, the positive correlation between Chl-a 
and  NO2-N,  NO3-N, and SRP implies that nutrient 
increased Chl-a concentration in the lake.

Discussion

Variability of phytoplankton species composition

Phytoplankton varied significantly between groups, 
and cyanobacteria were found the most dominant 
possibly due to their ability to thrive in dynamic 
environmental conditions. Jiang et al. (2019) and Lu 
et al. (2019) attributed the high level of cyanobacteria  
in freshwater lakes to anthropogenic activities that 
enrich freshwater bodies with nutrients supportive 
of their growth. Besides, the ability of the buoyant 
cyanobacteria to move within the water column gives 
them the advantage to compete for nutrients and light 
over others with other microorganisms (WHO, 2015). 
Sekadende et al. (2005) also attributed cyanobacteria 
dominance in the satellite lakes of the Lake Victoria 
catchment to the application of fertilizers on crop 
fields which subsequently flow into the lake system 
thus supporting the cyanobacteria. Therefore, Lake 

Table 6  Correlation analysis between Chl-a and physicochemical variables (n = 108)

* Correlation is significant at the 0.05 level (2-tailed); ** Correlation is significant at the 0.01 level (2-tailed)

Variables Temp DO pH Turb NH3-N NO2-N NO3-N SRP Chl-a

Temp 1  − 0.500** 0.046  − 0.416**  − 0.086  − 0.290**  − 0.323**  − 0.024  − 0.296**

DO 1 0.342** 0.483** 0.067 0.329** 0.135 0.099 0.364**

pH 1  − 0.089  − 0.087 0.131  − 0.238* 0.088 0.079
Turb 1 0.161 0.168 0.245* 0.012 0.254**

NO2-N 1 0.167  − 0.124 0.032
NO3-N 1 0.330** 0.084
SRP 1 0.151
Chl-a 1

Fig. 6  Mean ± Std. Dev. 
of Chl-a concentration at 
different sampling stations 
in Lake Bunyonyi
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Bunyonyi cannot be vindicated from the Sekadende  
et  al. (2005) observation since its catchment is  
heavily cultivated year-round with animal husbandry 
practiced in the upper part of the lake sub-catchment.

The identified cyanobacteria species (e.g., Chroo-
coccus spp., Microcystis spp., Anabaena circinalis, 
Aphanocapsa sp., Anabaena sp., and Planktolyng-
bya sp.) have earlier been reported in satellite lakes 
of Lake Victoria in Kenya and Tanzania (Babu et al., 
2015; Sekadende et  al., 2005). The dominance of 
Microcystis sp. and Anabaena sp. in Lake Bunyonyi 
is linked to nutrient concentration and their ability 
to survive with limited light intensity caused by rug-
ged terrain of the hills that constitute a strong barrier 
to light intensity reaching the lake’s water surface. 
Similarly, Paerl et  al. (2014) linked dominance of 
Microcystis sp. to effective cellular nitrogen storage, 
access to regenerated N (as  NH4) in the water col-
umn, and their close association with heterotrophic 
bacteria which enhance their phycosphere-scale with 
nutrients.

More still, the existence of Cylindrospermopsis, 
Microcystis, and Anabaenopsis in the lake waters is 
something worrisome. This is because they produce 
toxins which cause sudden onset of gastroenteri-
tis, hemorrhagic diarrhea, and hypovolemic shock 
to the individuals and can cause acute liver failure 
and seizures that precede death (van der Merwe, 
2015). However, studies from Lake Victoria did not 

demonstrate the presence of microcystins (Sekadende 
et al., 2005).

Chlorophytes were the second most dominant and  
Scenedesmus acuminatus, Coelastrum sp., and Stau-
rastrum gracile were the most prevalent species. 
Coelastrum sp. and Staurastrum gracile are asso-
ciated with shallow nutrient-rich waters with high 
light intensity (Escalas et  al., 2019). Chlorophytes 
are known for their spatial distribution and their 
high abundance in mesotrophic to eutrophic fresh-
water ecosystems. Therefore, the presence of species 
of the chlorophytes is attributed to the mesotrophic 
to the eutrophic nature of the Lake Bunyonyi sys-
tem. Besides, chlorophytes are known for their colo-
nial lifestyle and being hard for grazing zooplankton 
due to their thick cellulose cell walls (Escalas et al., 
2019).

Diatoms are photoautotrophic eukaryotic, single-
celled heterokont algae that are responsible for a quar-
ter of primary production (Yu et al., 2018). Although 
ranked the third, diatoms were poorly represented 
in Lake Bunyonyi perhaps due to the lack of strong 
winds that cause natural mixing to suspend and main-
tain the cells in the water column and reduced light 
penetration due to numerous natural barriers in the 
lake sub-catchment. Besides, low dissolved oxygen 
and light are needed by diatoms to effectively utilize 
available nutrients to ably compete with other phyto-
plankton groups in the lake system.

Fig. 7  Mean ± Std. Dev. of 
Chl-a concentration across 
sampling months
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Generally, the species composition and  
abundance of the dinoflagellates group was low.  
The buoyant nature of cyanobacteria could have 
caused suppression of species of dinoflagellates 
since they require nutrient availability and alkaline 
conditions for survival (Fonge et  al., 2021; Heydari  
et  al., 2018), similar to cyanobacteria. While  
present in freshwater bodies, dinoflagellates can be 
disastrous since they can cause depletion of oxygen 
in water (Pitcher & Jacinto, 2019) and an increase in 
viscosity due to excretion of mucilage (Michoacan, 
2008). Besides, some species of the dinoflagellates 
produce toxins which when in large amounts cause 
aquatic animal kills and make people sick (Manning  
et al., 2021). The observed species of euglenophytes  
(i.e., Trachelomonas sp., Phacus pleuronectes 
sp., Phacus logicauda sp., and Phacus monilatus 
sp.) could indicate the organic pollution of Lake  
Bunyonyi since they mostly prefer freshwater rich 
with decaying organic matter. The cryptophytes were 
poorly represented across the study stations. This 
is attributed to the fact that they prefer oligotrophic 
conditions; hence, the current eutrophic state of Lake  
Bunyonyi is perhaps limiting its growth and survival.  
Similar to the present study results, Nankabirwa et al. 
(2019) reported low dinoflagellates, chrysophytes, 
euglenophytes, and cryptophytes which contributed 
to 1% of the total phytoplankton species abundance  
of crater lakes in western Uganda.

The observed high cyanobacteria abundance 
exhibited at Rugarambiro was attributable to high 
nutrient input from agricultural runoff, rural home-
steads around the station, and the surface runoff 
from Muko and Karengyere business centers, to cite 
a few possibilities. Between March and April 2020, 
the recorded high phytoplankton species abundance 
is attributable to the high nutrient influx, which is 
most expected since March–May experiences heavy 
rainfall events in the Lake Bunyonyi sub-catchment. 
Low phytoplankton abundances recorded during the 
dry season coincided with the limiting nutrients (i.e., 
nitrates and ammonia).

Variability of phytoplankton biomass (Chl-a)

Chl-a is an important index in measuring a lake’s 
biomass and trophic state (Farouk et  al., 2020). It 
is associated with the visible eutrophication symp-
toms thus considered as the principal variable in 

the characterization of the trophic status of any lake 
body. High Chl-a concentration observed at Nyombe, 
Rugarambiro, and Harutinda stations is linked to 
higher SRP and  NO3-N concentrations in the lake 
system. The observed Chl-a concentrations at the dif-
ferent stations were not worrisome as it falls below 
the eutrophication threshold value (0.5  mg/L) sug-
gested by Bell (1992). Similar studies (e.g., Harper 
et al., 2011; Ndungu, et al., 2013; Stoof-Leichsenring 
et al., 2011) attributed increased Chl-a concentration 
in lake systems to increased agricultural activities 
in their respective sub-catchment areas. Thus, Lake 
Bunyonyi cannot be vindicated from these obser-
vations made from other lakes since it suffers high 
agricultural runoff during heavy rainfall events. In 
comparison with previous results, the observed mean 
Chl-a concentration values ranged from 0.019 ± 0.009 
to 0.045 ± 0.013 mg/L slightly higher than the previ-
ously reported values (14.2 ± 9.5  µg/L) by Tibihika 
et al. (2016) in Lake Bunyonyi. This variation could 
be attributed to the one-time sample collection and 
analysis as indicated by Tibihika et al. (2016) in their 
previous research study.

The present study results revealed peak Chl-a 
concentration between February and April 2020 but  
significantly lower between July and September 2020. The  
observed variations in Chl-a concentration depict seasonal 
and environmental influences. For instance, February and 
March in the Lake Bunyonyi sub-catchment is usually 
the planting season and is when farmers extensively use 
manure and fertilizers. When heavy rainfall events are 
experienced between March and May, high agricultural 
runoffs, which translate into heavy nutrient concentration 
in the lake evidenced by, increased Chl-a concentration. 
According to Wilkerson et al. (2006), an increase in Chl-
a concentration occurs within 3–7  days after increased 
nutrient accumulation in the waterbody. Besides, river 
discharges may increase nutrient concentration in the 
lake during the rainy season thus providing a conducing 
environment for phytoplankton growth which increases  
Chl-a concentration.

Lower concentrations of Chl-a observed in 
July–September 2020 suggest low nutrient input from 
farmlands via runoff. Besides, around July and August 
in the Lake Bunyonyi sub-catchment, the top dressing 
of the agricultural plants takes place. Therefore, the 
subsequent heavy rainfall events wash the nutrients into 
the lake thus flourishing phytoplankton growth and sub-
sequent increase in Chl-a concentration.
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The current study indicated that Chl-a concentration 
had a significant positive correlation with DO and turbidity  
whereas temperature was negatively correlated. A negative 
correlation between Chl-a concentration and temperature  
has been reported by Chen et al. (2011) and Dayala et al. 
(2014) while a significant positive correlation with DO has 
been reported by Thaipichitburapa (2017). The significant  
positive correlation between Chl-a concentration  
and DO is attributed to the necessity of the latter for  
phytoplankton biogeochemical processes. Among water  
quality parameters, DO is vital for phytoplankton growth 
since influences many biogeochemical processes such 
as respiration and metabolism (Iriarte et  al., 2015). The 
observed positive correlation of Chl-a concentration with 
nutrient variables implies that an increase in nutrient 
concentration sparks an increase in Chl-a concentration.  
The study results proved the strong relationship that exists 
between Chl-a and nutrient concentration as has been 
reported in previous similar studies (Isles et  al., 2021; 
Senar et al., 2021).

Conclusion

The present study provides comprehensive information 
on the phytoplankton spatial and temporal composition 
and biomass in Lake Bunyonyi. The observed spatial 
and temporal variations in phytoplankton composition 
and biomass are associated with nutrients (nitrogen and 
phosphorus) from agricultural activities, hotel facilities 
situated on the lake islands and shores, and seasonal vari-
ability. The dominance of cyanobacteria species (such 
as Microcystis spp., Cylindrospermopsis raciborskii, 
Anabaenopsis sp., and Anabaena sp.) presents potential 
future challenges to water quality management. There-
fore, the establishment of a strong and committed com-
mittee dubbed “Lake Bunyonyi Water Management 
Committee” to oversee the activities and avert potential 
water quality challenges is strongly recommended. The 
existence of some toxic phytoplankton species calls for 
regular monitoring and careful use of the lake and its 
food products.
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