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Abstract

Background and Aims: Bacteria play a critical role in trophic chains, particularly by decomposing
organic matter into minerals that are required for phytoplankton. They are also actively devoured by
zooplankton, allowing carbon to flow through the trophic chain. Several studies have examined the
distribution of bacteria in the water column of marine environments, whereas far fewer investigations
have focused on freshwater systems. This study aimed to characterize the distribution of
heterotrophic bacteria in the water column of the Kossou, Taabo, and Faé hydroelectric reservoirs in
Céte d’lvoire.

Methodology: Water samples were collected at each sampling site over a one-year period during
eight field campaigns, in 1 L bottles at the surface, at 1 m depth, and at 2 m depth using hydraulic
bottles. During January (dry season) and July (rainy season) campaigns, samples were additionally
collected every four (4) hours to study the nycthemeral dynamics of bacterial abundance.
Heterotrophic bacteria were analyzed using culture methods.

Results: Heterotrophic bacteria concentrations were high at the water surface, at depths of 1 meter
and 2 meters in April, June, July and September, which correspond to the rainy seasons. The
bacterial nycthemeral distribution in the water column remained relatively similar for both the dry and
rainy seasons. The only difference was that during the dry season at 18 hours, heterotrophic
bacteria concentrations remained higher at the water surface and at a depth of 1 meter, whereas
during the rainy season at 18 hours, bacterial concentrations generally remained low throughout the
water column. Weak correlations were observed between bacteria and environmental variables,
suggesting the involvement of other factors.

Conclusion: Thus, heterotrophic bacteria concentrations in the water column of the hydroelectric
reservoirs studied are higher during the rainy season, and their nycthemeral distribution varies.
However, this nycthemeral variation remains relatively similar for the dry and rainy seasons.

Keywords: Environmental variables; heterotrophic bacteria; hydroelectric reservoirs; nycthemeral
rhythm; water column.

pressures, including dam construction, water
transport, industry, plantations and runoff. The
presence and structure of bacteria, particularly
heterotrophic bacteria, can be influenced by
various factors. These include water movements
linked to natural phenomena and/or human
activities, inputs of organic matter and upwelling
phenomena (Baquero et al., 2022). Among these
many factors, there are also nutrients,
temperature, pH and dissolved oxygen
(Qureshimatva et al., 2015; Pomati et al., 2020;
Shan et al.,, 2024). All these factors can be

1. Introduction

Bacteria play a key role in trophic chains,
particularly by degrading organic matter into
minerals that are essential for phytoplankton, and
by being actively consumed by zooplankton,
thereby allowing carbon to circulate through the
trophic chain. They constitute the dominant
biomass in terms of carbon in reef waters (Hu et
al., 2022). These microorganisms therefore
represent an important stock that can help
compensate for the nutrient limitations of benthic

populations in coral environments characterized
by limited mineral resources (Torréton, 2000). In
addition, these bacteria are also involved in
biogeochemical cycles. Collectively, these
functions govern their distribution in aquatic
environments.

Bacterial distribution has long been the subject of
numerous studies in marine environments (Shan
et al., 2015; Richa et al., 2017; Cordone et al.,
2022). In contrast, freshwater systems, which
remains more disturbed, very few studies have
been carried out to date. Freshwater ecosystems
are subject to numerous anthropogenic
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amplified by human activities (Alfonso et al.,
2016; Atherholt et al., 2016). Understanding the
structure of heterotrophic bacteria in water is
crucial because it helps identify sources of
contamination and enables the implementation of
appropriate treatment and prevention measures.
It also enables us to understand their role in the
aguatic ecosystem, their impact on human and
animal health, and their influence on water
quality. Studying their presence and distribution
can help assess water potability and identify
potential health risks. The study of bacterial
ecology could also help us understand bacterial
resistance to antibiotics (Baquero et al., 2022).
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The Kossou, Taabo and Faé hydroelectric
reservoirs in Cote d'lvoire are subject to human
pressures. Recently, Tiémoko et al. (2020)
reported fecal contamination in these waters, and
Tiémoko et al. (2025) found elevated bacterial
levels. Such pressures may influence planktonic
bacterial dynamics, which remain essential for
trophic functioning in these reservoirs. However,
no studies have yet examined heterotrophic
bacteria and the factors determining their spatial
distribution within the water column of these
hydroelectric reservoirs. The objective of this
study is therefore to characterize the structure of
culturable heterotrophic bacteria in the water
column of these reservoirs. Although these
bacteria represent only approximately 1% of the
total heterotrophic bacterioplankton, this study
will provide a better understanding of the
dynamics of the viable and cultivable fraction in
reservoirs ecosystems.

2. Material and Methods

2.1 Study Area

The study site comprises three hydroelectric
in Cobte d'lvoire: Kossou,

reservoirs located

Taabo and Faé (Fig. 1), as described by
Tiémoko et al. (2020; 2025). Briefly, the Taabo,
Kossou and Faé reservoir dams cover areas of
62 kmz2, 1,700 km2 and 16.28 km?2 respectively,
with watersheds of 58,700 kmz2, 32,400 km2 and
2,424 km2. These watersheds are mostly
composed of urban areas, livestock breeding,
and agriculture and farming activities.

2.2 Sample Collections

Water sampling was carried out over a one-year
period during eight field campaigns, from
November 2017 to October 2018: November (N),
January (J), February (F) corresponding to the
dry season, and April (A), June (J), July (J),
September (S), October (O) corresponding to the
rainy season, for the temporal study. Three
sampling stations were selected in the deep
areas of each reservoir, particularly in the
Kossou (K3), Taabo (T3) and Faé (F3) reservoirs
(Fig. 1). At each sampling site, water samples
were collected in 1 L bottles at the surface, at 1
m depth, and at 2 m depth using hydraulic
bottles. During the January (dry season) and July
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a nycthemeral rhythm. A total of 102 samples
were collected. The bottles were labeled and
transported to the laboratory in a cooler (4°C) for
microbiological analysis within a maximum of 8
hours after sampling.

2.3 Analysis of Environmental Variable
Parameters

Temperature and dissolved oxygen were
measured in situ using an oxygen meter (HANNA
HI 9146) and pH was measured using a pH
meter (HANNA HI 991001) equipped with
specific probes (Tiémoko et al., 2020). The
analytical methods used to determine these
parameters are described by Rodier et al. (2009).

2.4 Culture-based Bacteria Enumeration

Following the ISO 7218 (2007) method,
culturable heterotrophic bacteria were
enumerated in the water samples using Plate
Count Agar (PCA) (Difco™, 5350859, France).
The plates were incubated at 37°C for 24 hours.
After  incubation, heterotrophic  bacterial
concentrations were expressed as colony-
forming units per 100 milliliters (CFU per 100 mL)
and relative abundance was calculated
separately.

2.5 Statistical Analysis

Statistical tests were performed to analyze the
data on bacterial distribution in the water column.
Focused Principal Component Analysis (FPCA)
was used to graphically represent the
correlations between the variable Xi and the
other parameters. The graph indicates the
direction (positive or negative) of the correlation.
FPCA was used to identify the variables
influencing  bacterial abundance. RStudio
(version 4.1.2) was used to perform these tests.

3. Results
3.1 Environmental Variables Variation

Median values for environmental variables in the
water column are shown in Table 1. Median
values of temperature (T), pH, and dissolved
oxygen (DO) varied from 27.2 to 30.0°C, from
7.36 to 7.99, and from 3.97 to 7.24 mgiL,

respectively. Thus, overall, environmental
variables varied weakly throughout the
year.
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3.2 Monthly  Variation of Culturable

Heterotrophic Bacteria

Overall, bacterial concentrations ranged from 10°
to 7.4 x 108 CFU per 100 mL during the sampling
months in the three hydroelectric reservoirs. Fig.
2 shows the relative abundance of heterotrophic
bacteria. Bacterial abundance were highest in
April, June, July, September and October, while

the lowest abundance were recorded in
November, January and February.
3.3 Seasonal Nycthemeral Rhythm of

Culturable Heterotrophic Bacteria

Figs. 3 and 4 show the nycthemeral variation of
heterotrophic bacterial during the dry and the
rainy seasons. During the dry season, bacterial
abundances at the water surface were generally
high between 18 hours and 02 hours, thus at
sunset and during the night (Fig. 3). At a depth of
1 meter, bacteria were generally abundant either
at night (22 and 02 hours), early in the day (06
hours), or late in the day (18 hours). At a depth of
2 meters, bacteria were more elevated during the
day, between 10 and 18 hours. Concerning the
rainy season, bacterial abundances were only
higher at the water surface at 02 hours during the
night (Fig. 4). At a depth of 1 meter, bacterial
levels were higher at the start of the day (06 and
10 hours), and at a depth of 2 meters, bacterial
abundances were higher during the day, from 06
to 22 hours. Thus, the bacterial distribution in the
water column remained relatively similar in both
seasons. The only difference was that during the
dry season at 18 hours, heterotrophic bacterial
abundances remained higher at the water
surface and at a depth of 1 meter, whereas
during the rainy season at 18 hours, bacterial
abundances generally remained low throughout
the water column.

3.4 Relationship between Culturable
Heterotrophic Bacteria and
Environmental Variables

Fig. 5 shows the relationship between
heterotrophic  bacterial concentrations and
environmental variables in the reservoir water
column. Only dissolved oxygen (DO) was
negatively correlated with culturable
heterotrophic bacteria at a depth of 2 meters.
These results indicate that heterotrophic bacterial
distributions  were weakly influenced by
environmental variables.
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Table 1. Median values of environmental variables in the water column of hydroelectric
reservoirs. T=Temperature; pH=Potential hydrogen; DO=Dissolved Oxygen

Parameter Sampling Lake Kossou Lake Taabo Lake Faé
Surface 28.2 29.6 27.2
T (°C) 1m of depth 28.3 29.35 27.55
2m of depth 28.0 30.0 27.5
Surface 7.59 7.77 7.68
pH 1m of depth 7.99 7.36 7.51
2m of depth 7.81 7.72 7.60
Surface 7.24 7.01 3.97
DO (mg/L) 1m of depth 5.57 5.69 4.58
2m of depth 5.30 5.50 4.21
B Nov WJan WFeb " Apr MJun WJul ESep MW Oct
Lake Kossou
Surface
1 m of depth
2 m of depth
Surface
1 m of depth
2 m of depth
Surface
1 m of depth
2 m of depth

30

405

0% [ 705

Relative abundance of heterotrophic hacteria

Fig. 2. Variation of culturable heterotrophic bacteria in water column of hydroelectric
reservoirs during sampling periods. Nov=November; Jan=January; Feb=February; Apr=April;
Jun=June; Jul=July; Sep=September; Oct=October

4, Discussion

Environmental variables varied weakly
throughout the year. According to the WHO
(2008), these pH and temperature ranges were
favorable for bacterial growth. Overall, variations
in median values for environmental variables in
the water column were similar, with the exception
of dissolved oxygen (DO), which decreased in
the water column of Lakes Kossou and Taabo
and increased in Lake Faé. Espin et al. (2021)
also showed a decrease in DO in Lake Alboraj in
Spain.
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Concerning the sampling months, bacterial
concentrations were highest in June, July and
September, which could be related to the rainy
season. Indeed, June, July and September
correspond to the rainy season in Céte d'lvoire.
During these seasons, runoff and wastewater are
more frequent and flow rapidly into surface
waters. Bharathi et al. (2018) showed that runoff
and wastewater contain high concentrations of
organic matter and bacteria. Tiémoko et al.
(2020; 2025) showed that bacteria are present in
high quantities in these Kossou, Taabo and Faé
reservoirs during the rainy season. At the water
surface, bacterial concentrations were higher in



Tiémoko et al.; J. Adv. Microbiol., vol. 26, no. 2, pp. 91-100, 2026; Article no.JAMB.153045

April, June and July, while at depths of 1 and 2
meters, concentrations were higher in July and
September. The sunlight intensity could explain
the high concentrations in the water column
during these sampling months, which correspond
to the rainy season. During these rainy seasons,
heavy cloud cover could also reduce sunlight
intensity. Sunlight contains UV rays, which are
divided into UVA, UVB and UVC. In particular,
UVC rays are the most effective at killing bacteria
(Bansaghi & Klein, 2024). They penetrate
bacterial cells and damage their DNA and RNA,
preventing the bacteria from replicating and
surviving (Rifna et al., 2019; Nigel & Dylan,

2003). Shan et al. (2024) noted that high
temperature significantly decreased
bacterioplankton diversity and shifted its

community compositions. Wang et al. (2021)
obtained a different structuring of the bacterial
community between surface waters and deep
waters. Furthermore, bacterial abundance in the
water column could be linked to the grazing
effect of zooplankton. The intensity of bacterial
grazing by zooplankton in the water column can
be amplified depending on variations in
environmental variables such as temperature,
nutrients and light (Pomati et al., 2020; Ji et al.,
2025).

Regarding the seasonal nycthemeral rhythm, the
bacterial distribution in the water column
remained relatively similar for both seasons. The

mEeH m10H w14H

Surface
1 m of depth

2m of depth

Surface
1 m of depth

2 m of depth

Surface
1 m of depth

2 m of depth

only difference was that during the dry season at
18 hours, heterotrophic bacteria concentrations
remained higher at the water surface and at a
depth of 1 meter, whereas during the rainy
season at 18 hours, bacterial concentrations
generally remained low throughout the water
column. Although the waters appear more
disturbed during the rainy season, this does not
change the fact that during the day, whether in
the dry season or the rainy season, the effect of
the sun's rays eliminates bacteria in the water,
particularly at the surface. Magndlia & Mira
(2008) showed that bacterioplankton abundance
did not exhibit a typical temporal variation,
presenting only small oscillations between the
rainy and dry periods. However, these small
differences in the distribution of bacteria
observed between the two seasons could be
linked to nutrient availability, the grazing effect by
zooplankton, circadian rhythm, sunlight intensity,
production of specific antimicrobial compounds,
temperatures and the small differences in
brightness caused by cloud cover (Carl et al.,
2017; Hande et al., 2020). Nycthemeral
variations could be influenced by factors
including light intensity, temperature, humidity,
and human activity, which can affect the survival
and proliferation of bacteria (Gao et al., 2022;
Shan et al., 2024). Rubio et al. (2022) suggested
that the lower temperatures and higher humidity
during the night lead to higher bacterial

18H m22H m2H

Lake Kossou

50% 602 7O0% 2055 ag%s 100%
Lake Taabo

Relative abundance of heterotrophic bacteria

Fig. 3. Nycthemeral rhythm of culturable heterotrophic bacteria in the hydroelectric reservoirs
water column during the dry season



Tiémoko et al.; J. Adv. Microbiol., vol. 26, no. 2, pp. 91-100, 2026; Article no.JAMB.153045

WEH W10H ®14H " 18H m22H ®2ZH

Lake Kossou

0¥ 10% 200 302 40 5005 23 FOK 20K a0 100%
Lake Taabo

0% 106 20% Elv-Y 40 5065 6005 0% as ages 100%
Lake Faé

0% 106 2005 E LY 400 5065 6005 0% 20% ages 100%

Relative abundance of helerotrophic bacleria

Fig. 4. Nycthemeral rhythm of culturable heterotrophic bacteria in the hydroelectric reservoirs
water column during the rainy season

a. Water surface

At the water surface, pH. temperature
(T) and dissolved oxygen (DO) were not
correlated  with  the  culturable
heterotrophic bacteria abundance

b. depth of 1 meter

At a depth of 1 meter below the water
surface, pH, temperature (T) and
dissolved oxygen (DO) were not
correlated  with  the  culturable
heterotrophic bacteria abundance.

c. depth of 2 meters

At a depth of 2 meters below the water
surface, pH and temperature (T) were not
correlated with the abundance of
cultivable heterotrophic bacteria. Only
dissolved oxygen (DO) was negatively
correlated with them.

Fig. 5. Relation between heterotrophic bacteria and environmental variables. CHB=Culturable

Heterotrophic Bacteria; T=Temperature; pH=potential Hydrogen; DO=Dissolved Oxygen; The

parameter located in the red circle is significantly correlated with CHB; The red point indicates
a negative relationship and the green point indicates a positive relationship
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concentrations. Furthermore, the high bacterial
concentrations at the surface during the night
could be linked to an increase in anthropogenic
discharges during the night (Gao et al., 2022).
Jiao et al. (2024) showed that human activities
strongly influenced the structure and composition
of bacteria in water.

The results of the relationship study showed that
bacterial distributions were weakly related to
environmental variables. This could suggest the
involvement of other factors (Carl et al., 2017,
Hande et al., 2020; Shan et al., 2024). However,
the weak correlation observed between
heterotrophic bacteria and DO could be
explained by the use of DO by heterotrophic
bacteria to degrade organic matter present in the
water. Contrary to our results, Magndlia & Mira
(2008) showed strong positive correlations
between water temperature and oxygen with
bacterioplankton, but in lagoon water.

5. Conclusion

This study aimed to determine the distribution of
cultivable heterotrophic bacteria in hydroelectric
reservoirs influenced by human activities.
Overall, environmental variables varied weakly
throughout the vyear. During the sampling
months, bacterial concentrations were highest
into hydroelectric reservoirs waters column in
April, June, July, September and October, while
the lowest concentrations were recorded in
November, January and February. Concerning
the seasonal nycthemeral rhythm, the bacterial
distribution in the water column remained
relatively similar for the dry and rainy seasons.
Bacteria concentrations were generally higher at
the surface than at depth during the night and
lower at the surface than at depth during the day.
The results of the relationship study showed that
bacterial distributions were weakly related to
environmental variables. This suggests that other
factors may influence bacterial distributions,
warranting further investigation.
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