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Abstract 

This study examined the seasonal abundance of harmful Microcystis aeruginosa species in the Central Bonny Estuary between December 
2019 and November 2020. Four sampling stations were established with the Arc GIS tool. Microalgal species was sampled with 20µm mesh 
plankton net to provide a quantitative account of the algal species. The nutrients were analysed in the laboratory using the APHA 4500 Method 
while physico-chemical characteristics were determined in-situ. The physico-chemical and nutrient parameters were within the acceptable 
range, except for higher values of phosphate. The mean density value per litre of Microcystis aeruginosa species ranged from 2.19 x 102 Cells.L-1 in 
station 3 to 1.17 x 102 Cells.L-1 at station 2. Seasonal distribution revealed that the species increased across seasons from dry (0.94 x 102 Cells.L-1) 
to wet (1.41 x 102 Cells.L-1). Principal component analysis revealed that all environmental parameters were positively correlated with the species 
except turbidity. This study therefore provided information on the seasonal abundance of Microcystis aeruginosa species in the Central Bonny 
Estuary.
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Introduction

Estuarine ecosystems are environmentally unstable, in 
contrast to freshwater and marine ecosystems [1]. While brackish 
and estuarine systems have supported CyanoHABs for thousands 
of years, cyanobacteria species introduced from freshwater 
environments are increasingly found in coastal waters where they 
can compete with other phytoplankton species [2]. The blooms of 
toxin-producing cyanobacteria frequently observed in estuarine 
and lagoon environments have been registered in various parts of 
the world and have caused the intoxication and death of domestic 
and wild animals [3,4]. The occurrence of harmful cyanobacterial 
blooms is a natural phenomenon that has occurred throughout 
history with a global problem affecting freshwater, saline, and 
marine water bodies with aesthetic appearance and also fish 
production [5]. Eutrophication is the process of adding nutrients 
to recipient bodies and the effects of this addition. Therefore, it 
is a phenomenon associated with the nutritive enrichment of 
these bodies by substances, mainly nitrogenous and phosphorus  

 
compounds, that are organic and inorganic [6]. The phytoplankton  
first responds to these changes in the water body, and one of the 
main consequences of this response is the formation of blooms.

The genus Microcystis (Lemmermann), class Cyanophyceae 
and order Chroococcales, is composed of cyanobacteria that 
potentially form large blooms and possess gaseous vacuoles that 
give them the ability to disperse rapidly in the water column. 
The consequences of this state are a reduction in the dissolved 
oxygen of the water due to the increase in the metabolic activity 
of the aerobic bacteria responsible for the decomposition of the 
organic matter and the production of toxins by some species of 
cyanobacteria [7]. The species M. aeruginosa (Kützing) Kützing 
1846, is generally associated with toxicity problems in water, 
and its occurrence is indicated at several localities in south and 
southeastern Brazil [8]. Blooms of this species produce toxins and 
have been implicated in the mass mortality of aquatic animals and 
the destabilization of food webs [9].
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The transfer of freshwater cyanobacteria to estuaries has 
been observed worldwide [10], in Africa [11], the USA [12], South 
America [13], Australia [14], Europe [15] and Turkey [16]. The 
majority of these studies reported on the cyanobacterial transfer 
being dominated by Microcystis aeruginosa, demonstrating a 
certain salt tolerance of that species [10]. In particular, MC transfer 
to the coastal environment resulting from freshwater discharge 
from an upstream reservoir has only been reported in Italy [17], 
Japan [18] and recently in France [15].

Reports of CyanoHABs in brackish waters are on the rise 
[19], yet MCs remain under-investigated in estuarine and marine 
waters. Since coastal watersheds support more than half of the 
world’s population [20,21]. It is critical to better understand MC 
dynamics in saline environments. Other than the review by Vareli 
et al. [22]. emphasizing MC production by marine phytoplankton, 
there is little summary literature on MC-producing CyanoHABs in 
marine and estuarine systems.The present work has the objective 
of evaluating the seasonal abundance and the distribution of 
harmful Microcystis aeruginosa cyanobacteria in the central bonny 
estuary in the Niger delta region of Nigeria.

Materıals and Methods

Study area

The Bonny Estuary is one of the numerous low land coastal 
waters of the Niger Delta Complex. It is located between 4° 25’’ and 
4° 50’’ N latitude and 7° 0’’ and 7°15’’ E longitude in River State, 
Nigeria (Figure 1). It is mainly brackish with very little freshwater 
discharge, mostly from the New Calabar River system. It consists 
of a main river channel and a large number of associated creeks 
and creek-lets. The Bonny Estuary is a major shipping route for 
crude oil and other cargoes, and leads to the Port Harcourt quays, 
Federal Ocean Terminal, Onne, and the Port Harcourt Refinery 
terminal jetty, Okirika. The Bonny Estuary (maximum width of 
2km and maximum depth of approximately 15m near the mouth) 
has the largest tidal volume of all river systems in the Niger Delta 
and it is mostly affected by tidal movement. The salinity fluctuates 
with the season and the tidal regime is influenced by the Atlantic 
Ocean [23]. The climate of the study area is tropical and is marked 
by two distinct seasons, the dry season (November - March) and 
the wet season (April - October). 

Figure 1: Map of the study area showing the different sampling stations.

Sampling stations

Four sampling stations were established through a 
reconnaissance preliminary survey of the estuary course at 
500m intervals using the ArcGIS Version 10.0. [24]. The sampling 

stations were established based on ecological settings, vegetation 
and human activities in the area. The stations chosen included 
Station 1(Ebetu) Station 2 (Isaka open river), Station 3 (Isaka 
main town), Station 4 (Back of Ibeto cement) as shown in figure 1.
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Collection and assessment of water quality variables 

Physico-chemical parameters: Temperature (oC), Salinity 
(ppt), pH, Dissolved Oxygen (mgl-1) and Turbidity (NTU) were 
measured in-situ with a Horiba water checker (Model: Extech 
D0700) at each sampling location. The surface water samples for 
nutrients (PO4, and NO3) were collected at neap tide at a depth 
of 5cm with pre-cleaned plastic container. All the samples were 
collected in triplicate and were kept in ice-chest box and taken to 
the laboratory for nutrient analysis using [25]. 

Collection of water samples and algae

Water samples for quantitative analysis of algae were 
collected monthly from four sampling stations from December 
,2019 to, November, 2020 (12months) using a 20-litre bucket 
for five times into 20µm mesh size plankton net which was held 
in a vertical position. Net catches were transferred into a 250ml 
plastic container and preserved with 4% formalin solution which 
was concentrated to 10ml in the laboratory. 

Enumeration of harmful Microcystis aeruginosa spp 

Microcystis aeruginosa  species of microalgae were enumerated 
using the Lackey Drop Micro-transect Counting Method [26]. The 
sample was mixed well before sub-sampling a drip of 0.05ml onto 
a glass-slide in triplicate with cover-slip. The processed volume 
and the number of observed microalgae were known in a given 
volume; their abundance was counted with a low power objective 
with an inverted microscope (Leica DMIL). Microphotographs of 
harmful Microcystis aeruginosa species were taken by employing 
a camera that was fixed to the microscope. Reference materials: 

[27] and [28] were employed to identify the algae.

Individuals per ml was calculated

(Number (No.) Individuals) ⁄(ml=(C x TA)/(A x S x V))

Where,

C = Number of Organisms Counted; TA = Area of the Cover Slip, 
mm2 ; A = Area of One Strip, mm2; S = Number of Strips Counted, 
and V = Volume of Sample Under the Cover Slip, ml 

Results were converted and expressed as Number (No.) of 
Cells per litre (Cells.L-1).

Statistical analysis

Statistical analysis was done using the Statistical Package for 
Social Science (SPSS) 16.0 windows [29]. One-way Analyses of 
variance (ANOVA) were employed for the statistical interpretation 
of data to compares the means while Post hoc - Duncan’s test, was 
used to determine significant difference across the station in the 
study. Spatial variation of the various environmental parameters 
and harmful algal species across the season was done using 
Student’s T-test. Principal component analysis (PCA) was used to 
analyse the relationship between Microcystis aeruginosa species 
and significant environmental factors using PAST software [30].

Results

Table 1 shows the mean value of the environmental parameters 
the Central Bonny estuary. There is a significant a difference 
across the stations (p<0.05). pH, turbidity and phosphate showed 
no significant difference for p value. (p<0.01).

Table 1: Environmental parameters across stations in the central bonny estuary.

Station pH Temp. (OC) DO (mgL-1) Salinity(ppt) Turbidity 
(NTU) PO4 (mgL-1) NO3 (mgL-1)

1 7.39±0.03c 24.10±0.10a 5.07±0.18c 15.55±0.06c 6.45±0.51ab 3.14±0.2a 0.72±0.07a

2 7.38±0.57c 30.97±0.11d 6.33±0.43d 20.91±0.09e 5.41±0.47ab 3.70±0.25a 0.53±0.04a

3 7.17±0.04b 28.26±0.13b 3.38±0.11a 17.61±0.08d 9.07±1.12cd 6.71±0.53b 0.66±0.06a

4 6.98±0.07a 28.44±0.22b 3.66±0.07ab 13.19±0.20b 10.91±1.50d 9.48±1.06c 0.71±0.06a

p. value 0.62 0.00** 0.00** 0.00** 0.13 0.11 0.00**

*Superscripts of the same alphabet are not significantly different (P>0.05) **Superscripts of different alphabets are significantly different (P<0.05).

**Significant at p<0.01.

Figure 2 showed the mean density value per litre of 
M.aeruginosa species. The highest value of 219.10 CellsL-1 was 
recorded in station 3 followed by 174.9 CellsL-1 in station 1, 
while the lowest cell density value of 117.0 CellsL-1 was recorded 
in station 2. The monthly distribution of M.aeruginosa species 
in figure 3 showed that the highest density value per litre was 
recorded in the month of June, followed by the month of August, 

while the least density value per litre was recorded in the month of 
April. The seasonal distribution of M.aeruginosa species in figure 
4 below showed that the species increased across the season 
from dry to wet, while figure 5 showed the principal component 
analysis where all environmental parameters were positively 
correlated with the species except turbidity.
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Figure 2: Mean density cell/litre of M. aeruginosa across stations in the central bonny estuary.

Figure 3: Monthly distribution of M. aeruginosa in the central bonny estuary.

Figure 4: Mean density cell/litre of M. aeruginosa across season in the central bonny estuary.
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Figure 5: PCA Analysis of Microcystis aeruginosa spp. with environmental parameters in the study area.

The environmental gradients in this study showed there is 
spatial variation across the parameters except nitrate across the 
stations. The pH and temperature values recorded were within 
the recommended range with reference to the location in the 
Niger Delta region for aquatic life and World Health Organisation 
limits [31]. Dissolved oxygen and salinity values showed a slight 
variation across the stations along the Bonny Estuary, which 
is in agreement with the report of Clarke [32]. in the estuary. 
This trend is attributed to effluent water discharge from several 
industrial establishments carrying out bunkering activities and 
domestic activities that are prevalent along the estuary. Turbidity 
slightly varied across the stations, the higher turbidity observed 
in this study may be attributed to high surface runoff, overland 
flow as well as the higher release of organic wastes into the 
estuary, with a similar trend reported by Chindah and Nduaguibe 
[33,34], both in the lower Bonny estuary. The observed phosphate 
concentrations in this estuary were higher than the tolerable limit 
of 0.10mgL-1 in flowing waters recommended by [35]. Falomo 
[36] reported a mean phosphate of 1.4mgL-1 in Okrika Creek, 
central Bonny Estuary, while [37] recorded (4.95-14.73 mgL-1) 
at polluted sites in the upper Bonny estuary. However, natural 
inputs from decay of organic matter might be a contributor to the 
high phosphate concentrations in the Bonny Estuary. The range 
of nitrate recorded in this study was below the statutory limit of 
25-50mg/L given by [38] and 20mg/L [39]. Nitrate does not pose 
a health threat but it is readily reduced to nitrite by the enzyme 
Nitrate reductase which is widely distributed and abundant in 
both plants and micro-organisms [40].

 Estuaries generally range in salinity between 0.5 and 17 [41] 
which is within reported salt tolerance ranges for M. aeruginosa. 
Literature reports generally agree that M. aeruginosa has a salt 
tolerance of ≤10, but a few studies indicate survival at higher 
salinities. Verspagen et al. [42] reported that, M. aeruginosa has 

one of the highest salt tolerances of all cyanophytes and can 
continue to both grow and produce toxins in saline environments. 
Thus, with salinity increases in estuaries and nearshore coastal 
areas that are predicted to accompany climate change, salinities 
should not be a major inhibitor of Microcystis abundance. Tolar 
[43] also reported that the specific growth rate of M. aeruginosa 
was unaffected by salinity up to 10 or approximately 30% of 
seawater salinity. The colonial form of M. aeruginosa has been 
shown to survive for extended periods of time in the San Francisco 
Bay Estuary at salinities from 0.1-18 [2], which is in agreement 
with the abundance of this species in Station 2, where a salinity 
of 20.91ppt was the highest in the study area. Higher abundance 
of cyanobacteria is favoured by an increase in phosphorus, which 
is in agreement with higher phosphate values recorded in this 
study. Temporary increases in freshwater flow into estuarine 
environments, following large storm events, have also caused 
a massive abundance of Microcystis CyanoHABs to form in 
Australian, North American, and Turkish estuaries [44,16]. Yunes 
[45]. reported that toxic M. aeruginosa presence was highest in 
the Patos Lagoon during the rainy season when high freshwater 
flows drain into the lagoon, which is in agreement with the 
hhigher density values for this species which were recorded in the 
wet season. This could be as a result of the influx of nutrients from 
adjourning freshwater into the estuary.

The abundance of M. aeruginosa density recorded in 
the principal component analysis was associated with the 
environmental parameters and showed a higher interaction with 
reference to temperature, dissolved oxygen, and nitrite increase. 
Increases in environmental parameters, shifts in hydrologic 
patterns, and further enhancement of nutrient concentration as 
well as light for photosynthesis associated with expanding human 
populations and climate change are expected to increase M. 
aeruginosa prevalence in estuarine phytoplankton communities 
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[46,47]. Various environmental parameters may be responsible for 
the existence of a dominant Microcystis species in an environment 
[48]. Fluctuations in the salinity, DO, pH and nutrients in the 
estuarine habitats are due to the influx of freshwater from land 
run off, caused by monsoon or tidal variations [49]. These results 
are similar to those found in two reservoirs and two lakes near the 
Loire River itself [50]. Paldavicien et al. [51] reported that and high 
nutrients are cited as one of the main reasons for M. aeruginosa 
proliferation throughout the Baltic Sea, with long residence 
times and vertical stratification, which makes the waterbody 
particularly sensitive to eutrophication. Also,in the Río de la Plata 
estuary, increased nutrients from urban expansion, agriculture, 
poor wastewater treatment and industry have been correlated 
to increasing M. aeruginosa abundance [52]. Concentration of 
nitrogen and phosphorus, as well as light has been considered as 
determining factors for the Microcystis abundance development 
[53,54]. Similarly, in the Patos Lagoon, Brazil, eutrophication 
from agricultural activities and human sewage is the driver of 
M. aeruginosa blooms [55]. Episodic rainfall events and major 
storms that mobilize nutrients will increase nutrient enrichment 
of estuarine receiving waters in the future, promoting bloom 
potential [56].

Conclusıon

The abundance of M. aeruginosa was determined by various 
environmental factors such as temperature, DO, salinity, and 
nutrients (phosphate and nitrite). The presence of this species 
is considered a potential health risk for the inhabitants and 
aquatic resources in case of a possible bloom in the study area. 
Specifically, there is a need for further studies to address how 
climate change will affect the dynamics of this species in coastal 
waters. A better understanding of how climate change affects 
harmful M. aeruginosa in coastal waters in the Niger delta region 
will help scientists, water managers, and human health officials 
take the necessary steps to protect environmental and human 
health. Therefore, there is a need management practice actions or 
measures.
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