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Abstract

Physicochemical parameters of aquatic habitats can play an influential part in shaping the microbial communities of
water bodies. In this study, water samples from Lake Tunari were analysed for its microbiome and physicochemical
attributes, using spectrophotometric and culture-dependent methodologies respectively.

The temperature of the lake ranged from 28.00 - 29.00 (°C), while the pH ranged from 6.50 - 7.20. Heavy metals such
as Manganese (0.48 ppm), Lead (0.14 ppm) and Selenium (0.10 ppm) showed significantly high values in selected parts
of the lake, surpassing limits set by the World Health Organisation. Microbiome analysis revealed the largest phylum
across sample sites as Proteobacteria, Firmicutes, and Planctomycetota with peak relative abundance values of 64.13%,
45.29% and 16.11% respectively. Bacterial genera such as Exiguobacterium, Methylocystis and Rhodoferax were
detected from designated sites. The presence of these genera capable of tolerating, utilizing or degrading metal ions in
water samples of the Lake might be indicative of chemical and metal trickles into the water body. In addition, relatively
new and understudied bacterial phyla such as Gemmatimonadota, as well as unknown bacterial clades were identified
from water samples of the lake.

This study has revealed that Lake Tunari is not impervious to pollution, caused by either anthropogenic activities or
from adjoining water channels. Environmental health awareness programs can be introduced to enlighten the populace,
while scheduled microbial and physicochemical surveillance can be adopted, to control microbial contamination and
curtail toxic material inflow into the Lake.
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1 Introduction

Lake Tunari is an isolated body of freshwater surrounded by land, like many other inland lakes. As a flowing lake, it
receives a significant annual input from the River Donga, which starts on the Mambilla plateau and forms part of the
international border that extends upward to the Republic of Cameroon, and discharges its overflow into the same river
downstream, which connects to the River Benue [1]. The lake is an important component for the settlement of Tunari

* Corresponding author: Deborah Ebunoluwa Adedire; Email: ebunfasesan@gmail.com

Copyright © 2024 Author(s) retain the copyright of this article. This article is published under the terms of the Creative Commons Attribution Liscense 4.0.


mailto:ebunfasesan@gmail.com
http://creativecommons.org/licenses/by/4.0/deed.en_US
https://sciresjournals.com/ijstra/
https://doi.org/10.53771/ijstra.2024.6.2.0043
https://crossmark.crossref.org/dialog/?doi=10.53771/ijstra.2024.6.2.0043&domain=pdf

International Journal of Science and Technology Research Archive, 2024, 06(02), 059-070

hamlet in Taraba state's Wukari Local Government Area. The vegetation on the terrain is mostly woody and herbaceous.
The dry season is humid and partly cloudy, resulting in high temperatures throughout the year, whereas the rainy
season is humid and overcast [1].

A few examples of human activities on and near the lake include farming, fishing, washing, and livestock rearing. A
significant part of many freshwater lakes are aquatic vegetation. The water body is distinguished by a broad cover of
floating macrophyte plants, including lettuce, hyacinth, lilies, duckweed, coontail, weeds, salvinia, and a variety of
submerged plants [2].

The theory of Ecology now considers a lake to be a component of a drainage basin's bigger unit [3]. Common sources of
pollution in lakes include pesticide production byproducts, animal excrement from roaming animals, and inflow runoff
during rainy seasons that may contain waste from open defecation due to some people not digging pit latrines. Likewise,
fermentation of dead organic remnants of fish species, insects, plants, and animals is a common visible microbial activity
in situ [4].

Microbes are found in practically every part of the Earth, including soil, air and water [5]. On Earth, there are around
250,000 cubic kilometers of freshwater in the form of lakes, inland seas, and rivers, all of which have the potential to
contain various microorganisms [6]. Freshwater bacteria are a dense assemblage of prokaryotic organisms with diverse
morphology, physiology, and ecological preferences that are significant contributors to the transformation of complex
organic compounds and minerals in freshwater sediments [7].

A significant portion of the entire biological diversity found on Earth is made up of microbes. Nearly 4 billion years of
evolutionary development have resulted in the microbial diversity that we see today [8]. In addition to the different
ecosystems found on Earth, freshwater lakes provide significant habitats for a variety of microbial communities. Despite
having significant differences like salinity, average temperature, depth, and nutrient content, freshwater and marine
settings both offer a wealth of fantastic habitat for microorganisms [9].

The idea that microorganisms living in terrestrial and aquatic environments were mostly alike due to the conventional
culture-based techniques lasted until recently [10]. However, the development of modern technologies and methods,
such as deep sequencing, allowed for previously unknown insight to the diversity and make-up of bacterial populations.
This made it easier for researchers to distinguish between bacteria in various environments, revealing the unique
physical and chemical properties of each species [11]. The microbial diversity of Lake Tunari was assessed using high-
throughput sequencing to clearly identify various bacterial clades occupying this unique niche. In addition, the
physicochemical characteristics of the lake water were also ascertained in order to establish the physical and chemical
attributes of Lake Tunari.

1.1  Study Area and Sampling Sites

This research was conducted in Tunari village in Wukari Local Government Area of Taraba state, located to the far South
of North-eastern Nigeria in the sub-tropical forest region. The village is inhabited by Jukum and a few Hausa/Fulani
tribes of Kabawa extractions who are predominantly peasant farmers and fishermen [12]. Three sampling sites
designated Abuja Area (AA), Gindin Dorawa (GD), and Dadin Wanka (DW) (Abuja Area - 7°53'32"N/10°3'45E", Gindin
Dorowa - 7°53'49"N/10°3'50E", Dadin Wanka - 7°54'24"N/10°3'45"E) as named by the locals were selected for sampling
and are depicted in Figure 1.0.
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1.2 Sampling site

SAMPLING POINTS TAKEN AT TUNARI RIVER, TARABA STATE, NIGERIA
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Figure 1 Map of the study area, and its sampling sites where water samples were collected

2 Materials and methods

2.1 Sample Collection

In May 2022, water samples were collected aseptically from three selected sites of the lake designated Abuja Area (AA),
Gindin Dorawa (GD) and Dadin Wanka (DW). The location of all sample sites was recorded as Abuja Area -
7°53'32"N/10°3'45E", Gindin Dorowa - 7°53'49"N/10°3'50E", Dadin Wanka - 7°54'24"N/10°3'45"E).

Briefly, sample bottles (1 Litre) were dipped into the Lake, by lowering them 20cm deep into the water body. After
collection, sample bottles were immediately covered and stored in a cooler box containing ice packs and transported to
the Laboratory. All samples were collected in duplicates for both physicochemical and microbiome analysis resulting in
a total of 12 water samples. In-situ physicochemical (temperature and pH) analysis was done and recorded on the
sampling site, using a mercury glass thermometer and a pH meter (MeterTech) respectively.

2.2  Physicochemical examination of water samples

Water samples for physicochemical analysis were transported in ice packs within 24 to 48 hours of collection, to the
Soil Microbiology Laboratory at the International Institute of Tropical Agriculture, Ibadan, Oyo State, Nigeria. Twenty-
two physicochemical parameters (in addition to temperature and pH) were considered in this study. They include Total
Dissolved Solids, Electrical Conductivity, Turbidity, cations and anions such as Calcium, Magnesium, Potassium, Sodium,
Manganese, Iron, Zinc, Lead, Nickel, Chromium, Cobalt, Cadmium, Phosphorus, Nitrates and Sulphates using
spectrophotometric, colorimetric and titrimetric assays [13].
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2.3 Microbiome Analysis

2.3.1 DNA Extraction

Total genomic DNA extraction was done as previously described by [14]. Briefly, water samples were pumped through
a 0.2pm membrane filter using a vacuum pump, to concentrate bacterial cells onto the membrane filter. Following this,
membrane filters were subjected to DNA extraction using ZymoBIOMICS MiniPrep Kit (Zymo Research, United States),
following the manufacturer's instructions.

2.3.2  Library Preparation, Amplification and Full Length 16s Metagenomic Sequencing

Bacterial communities present in Lake Tunari water samples were analyzed using the PacBio Single-Molecule Real-
Time platform (Pacific Biosciences, USA). Forward and reverse primers employed in the full-length amplification
process were as follows: 27F (5'- AGRGTTYGATYMTGGCTCAG -3") and 1492R (5'- RGYTACCTTGTTACGACTT -3').
SMRTbell libraries were created from the amplified DNA using the "Procedure & Checklist - Full-Length 16S
Amplification SMRTbell® Library Preparation and Sequencing procedure- Part Number 101-599-700 Version 02"
according to the manufacturer's instruction (Pacific Biosciences, CA, USA) as detailed in supplementary document 1.

2.3.3  Bioinformatics Analysis

Raw sequences were processed using the DADA2 workflow designed for PacBio long-read amplicons [15]. The following
parameters were used for quality control and filtering: minQ set to 3, minLen set at 1000, maxLen fixed to 1600 and
maxN set to 0. Thereafter, chimeras were removed, subjected to error-model learning and denoised to generate
Amplicon Sequence Variants (ASVs) using default DADA2 parameters. Assignment of ASVs to various taxonomies was
computed using the SILVA 16s rRNA database (version 132) [16]. Abundance and taxa tables produced by DADA2 were
thereafter imported into a phyloseq object (v1.28.0) [17] where further downstream analysis, such as, alpha diversity
computation, taxonomic compositions bar plots and Venn diagrams were plotted [18, 19].

2.4  Statistical Analysis

Generated results were subjected to analysis of variance, while all means were separated using Duncan's Multiple Range
Test at a 5% level of significance, using the SPSS version 25 statistical software. For generated physicochemical data, all
means were separated using Duncan's Multiple Range Test at a 5% level of significance using SPSS (version 25.0). In
addition, alpha diversity statistics were computed (using Shannon’s, Inverse Simpsons Phylogenetic Diversity and
Observed Species Index), to further examine the microbiome composition available per sample site. The non-parametric
Kruskal-Wallis rank sum test was implemented to evaluate alpha diversity variations per sample site.

2.5 Data Availability

All raw PacBio HiFi fastq files generated in this study have been deposited into NCBI Sequence Read Archive, with SRA
numbers SAMN36949871, SAMN36949872, SAMN36949873 under the Bioproject ID: PRJNA1004677, titled
Bacteriome Diversity of Lake Tunari, Taraba State.

3 Results

3.1 Physical and chemical characteristics of water samples from different sites of Lake Tunari

Table 1 illustrates the physical and chemical characteristics of water samples collected at three different points of Lake
Tunari.

Considering the physical qualities of the Lake, the mean values of pH, temperature, turbidity, Total Dissolved Solids and
Electrical Conductivity were assessed. There was a significant difference (P < 0.05) between pH values recorded across
all sampling points (AA, DW and GD) within Lake Tunari. However, site DW recorded the highest mean value at 7.20.
The temperature range of the Lake was quite narrow, recording the lowest temperature at 28.00°C at sampling points
AA and GD, and the highest temperature at 29.00°C at DW. These values obtained across these sites were, however,
statistically insignificant (P < 0.05). Turbidity mean values ranged from 4.33 FNU at GD - 13.30 FNU at DW, and these
values were significantly different (P < 0.05) across all sites. The electrical conductivity of water samples from different
points of the lake depicted significantly different values (P < 0.05), with GD recording the highest mean value of 73.00
S/m. Mean values for Total Dissolved Solids in AA and DW were uniform (0.016 ppm), while the GD site recorded a
value of 0.006 ppm.
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Chemical qualities of water samples collected from the lake showed that mean values of Chromium (0.01 - 0.03 ppm)
and Cadmium (0.01 ppm) across all sampled sites were not statistically significant (P < 0.05). In addition, Lead (0.07
ppm), Nickel (0.03 ppm), Cobalt (0.01 ppm) and Selenium (0.05 ppm) depicted similar values in sites DW and GD.
Furthermore, site AA recorded the highest mean values of Calcium (200.59 ppm), Magnesium (5.04 ppm), Zinc (0.19
ppm), Sulphates (10.15 ppm) and Phosphorus (0.003 ppm). Potassium, Manganese, Iron, Copper and Nitrates were
highest at site DW with statistically significant mean values of 89.43 ppm, 0.48 ppm, 5.73 ppm, 0.23 ppm and 1.78 ppm,
respectively, while site GD recorded the highest value of Sodium (2.15 ppm).

Table 1 Mean physicochemical values of Lake Tunari water samples

Parameter Sample Sites WHO Limits (2011)
AA DW GD Significance

Ca (ppm) 200.592 | 109.86Y | 59.46¢ | * 200.00

Mg (ppm) 5.0492 | 3.09> 0.68c | * 200.00

K (ppm) 67.42> | 89.432 | 30.93¢ | * 30.00

Na (ppm) 1.43b 1.14¢ 2.152 | * 200.00

Mn (ppm) 0.27b 0.482 0.07¢ | * 0.05

Fe (ppm) 2.00b 5.73a 0.31c | * 0.50 - 50.00

Cu (ppm) 0.09b 0.232 0.07¢ | * 2.00

Zn (ppm) 0.1% 0.09v 0.05¢ | * 5.00

Pb (ppm) 0.142 0.07® 0.07b | * 0.05

Ni (ppm) 0.062 0.03b 0.03b | * 0.10

Cr (ppm) 0.01a 0.032 0.012 | NS 0.05

Co (ppm) 0.032 0.01b 0.01b | * 0.01

Cd (ppm) 0.01a 0.01a 0.012 | NS 0.05

Se (ppm) 0.102 0.05b 0.050 | * 0.04

NO3 (ppm) 1.17v 1.78a 0.27¢ | * <50.00

S04 (ppm) 10.152 | 4.63c 8.30b | * 250.00

P (ppm) 0.0032 | 0.002> | 0.001c | * 0.001

TDS (ppm) 0.0162 | 0.0162 | 0.006b | * 600.00

EC (S/m) 65.00> | 61.01c | 73.002 | * <1000.00

Turbidity (NTU) | 12.60b | 13.302 | 4.33¢ | * 5.00

Temperature (°C) | 28.002 | 29.002 | 28.002 | NS 30

pH 6.50¢ 7.20a 6.80b | * 6.50 - 8.50

AA - Abuja Area, GD - Gindin Dorawa, DW - Dadin Wanka, Ca - Calcium, Mg - Magnesium, K - Potassium, Na - Sodium, Mn - Manganese, Fe - Iron,
Cu - Copper, Zn - Zinc, Pb - Lead, Ni - Nickel, Cr - Chromium, Co - Cobalt, Cd - Cadmium, Se - Selenium, NO3 - Nitrates, SO4 - Sulphates, P -
Phosphorus, TDS - Total Dissolved Solids. Mean values with similar letter(s) across rows are not significantly different at 5% level of significance by
Duncan’s Multiple Range Test (DMRT). NS- Not significant; * - Significant

3.2 Bacterial distribution of reads, composition, and diversity of Lake Tunari water samples

Table 2 shows the distribution of reads, taxa and alpha diversity values of bacterial communities present in three
different sampling points of Lake Tunari. A total of 21,774 genomic reads were obtained. The lowest reads were
obtained from site DW (5125 reads), being 23% of total reads, while the highest reads were observed to belong to site
GD (8959) which was 40% of all reads, and site AA had 7990 reads constituting 37% of total genomic reads. Alpha
diversity indices such as Shannon, Inverse Simpson, observed species, and Phylogenetic Diversity were computed.
These were computed to scrutinize the microbial structure present in different sampling points of Lake Tunari, in terms
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of phylogenetic relatedness, evenness and richness of species. Statistics for Shannon indices varied from 7.61 to 7.88,
while Inverse Simpson’s values varied considerably from 239.64 to 1700.32. Observed species values ranged from 2353
to 3527, and Phylogenetic diversity values ranged from 153.25 to 185.24. Bacterial consortia in site AA were
represented by 15 phyla, 27 classes, 76 orders, 111 families, 188 genera and 204 species. Site GD comprised of 16
bacterial phyla, 28 classes, 68 orders, 106 families, 199 genera and 206 bacterial species. Lastly, the bacterial population
in site DW was characterized by 17 phyla, 30 classes, 75 orders, 123 families,217 genera and 174 bacterial species.

Table 2 Summary of bacterial diversity, reads, and composition of Lake Tunari water samples

AA GD DW
Total number of reads 7990 8659 5125
Percentage distribution of reads | 37 40 23
Shannon 7.61 7.89 7.69
Inverse Simpson 239.64 | 99094 | 1700.32
Observed species 3244.00 | 3527.00 | 2353.00
Phylogenetic Diversity 163.65 | 185.24 | 153.252
Number of Phyla 13 17 17
Number of Class 27 28 30
Number of Order 76 68 75
Number of Family 111 106 123
Number of Genus 126 136 169
Number of Species 204 206 174

Among thirteen phyla identified in the AA sample, the most prevalent bacterial phyla were Firmicutes (45.39%),
Proteobacteria (33.69%), Planctomycetota (10.40%) and Actionobacteriota (6.78%). In the DW sample, seventeen
bacterial phyla were recovered, with six of them being the most abundant, namely, Proteobacteria (64.13%),
Actinobacteriota (8.74%), Bacteroidota (7.8%), Planctomycetes (5.58%), Verrucomicrobiota (3.96%) and
Cyanobacteria (3.82%). Seventeen bacteria phyla were identified from GD sample, however, Proteobacteria (62.98%),
Planctomycetota (16.11%), Bacteroidota (4.64%), Gemmatimonadota (4.37%), Verrucomycrobiota (2.80%),
Acidobateriota (2.72%), Chloroflexi (2.12%) and Actinobacteriota (1.73%) were the most abundant. Furthermore,
Proteobacteria and Planctomycetota were the only phyla that were present in large abundance across all sample sites
(Figure 2A).

Figure 2B shows the relative abundance (%) of genera identified from all designated sites. Site AA showed that
Exiguobacterium, Unknown, Methylocystis, Bacillus, Clostridium sensu stricto 13, Fictibacillus, Noviherbaspirillum and
Mycobacterium were the most abundant with a relative abundance of 30.85%, 18.85%, 5.22%, 3.55%, 3.35%, 2.34%,
2.20% and 2.03% respectively. Other identified bacterial genera with < 1% relative abundance were 118 genera. DW
site depicted unknown (38.36%), Methylocystis (3.79%), Mycobacterium (2.96%), Rhodoferax (2.51%) and
Limnohabitans (2.00%) as the four most abundant genera present in the site. Other genera such as Terrimonas,
Paucibacter, Pelomonas, in addition to 161 other genera were also detected, but they had relative abundance that was <
1%. Lastly, Unknown (32.49%), Lysobacter (14.05%), Schlesneria (5.42%), Paulibacter (3.42%), Novosphingobium
(2.63%), Curvibacter (2.12%) and Gemmatimonas (2.06%) were ranked as the most abundant bacterial genera
recovered from GD site. Other genera that were < 1% were 129, including Duganella and Aquisphaera.
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Figure 2 Taxonomic compositional bar plots illustrating the percentage relative abundance of top 19 (a) Bacterial
phyla and (b) Bacterial genera, recovered from sampling sites AA, DW and GD of Lake Tunari

Figure 3A depicts sample sites AA as having 94 unique genera, and 105 genera, exclusive to GD only. It also showed that
they had 95 genera that were common to both sites, accounting for 32.3% of all genera identified across both sites.
Furthermore, the Venn diagram showed that site GD had more unique genera (35.7%) than site AA (32.0%). Figure 3B
shows common and unique phyla of sites AA and DW. It depicted AA and DW as sites in possession of 80 (26.8%) and
109 (36.6%) unique genera. It also recorded common genera between these sites as 36.6% of all observed genera.
Figure 3C describes shared genera between sites GD and DW as 37.0% of total genera observed among these sites. It
also illustrated that 28.5% of the total genera were unique to site GD, and 34.4% were unique to site DW. Figure 3D
depicts common genera observed among all sites and among 2 different sites simultaneously. It also showed genera
distinct from individual sample sites. AA, GD and DW were observed to have 20.3% of genera common to their locations.
Additionally, sites AA, GD and DW, possessed 16.2%, 18.1% and 19.2% of taxa unique to them respectively.

AA DW

AA GD

(36.6%)

(a) (b)
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Figure 3 Venn diagram indicating shared genera as intersecting areas, and unique genera between (A) sites AA and
GD (B) sites AA and DW (C) sites GD and DW and (D) sites AA, GD and DW

4  Discussion

Surface water bodies such as springs, rivers, streams and lakes are vital sources of freshwater [20]. The shape,
connectivity and sizes of surface water bodies can produce significant effects on their ecosystems, as well as their
ecological communities [21]. The percentage of freshwater bodies on earth has been estimated to be 2.5%, of which
lakes account for about 0.3% of total freshwater bodies. Lakes have been accounted to be one of the most crucial sources
of water supply, as they are being used for human consumption, such as drinking, and for meeting other anthropogenic
needs [20]. The quality of these water bodies can however be accessed via three parameters: biological, physical and
chemical parameters [22]. Water is considered safe if these parameters are within the range of standards set by
recognised regulatory bodies concerned with aquatic systems, such as World Health Organization, Standard
Organisation of Nigeria, etc. [23]. Twenty-two physicochemical parameters were analyzed to determine the quality of
water samples from lake Tunari. These parameters included: Chemical parameters such as cations, anions, and some
heavy metals, while, physical parameters considered were, temperature, pH, Total dissolved solids (TDS), turbidity and
electrical conductivity. Water bodies assessment also include biological monitoring of aquatic systems. They are one of
the foremost concerns of water quality. This usually involves plants, animals or microbial surveillance of water bodies
[24]. This study, therefore, serves as a baseline for unraveling the microbial diversity and physicochemical attributes of
Lake Tunari in Taraba state.

Microorganisms play a significant role in the functionality of aquatic ecosystems. They act as decomposers of organic
matter, producers and recyclers of nutrients in aquatic environments [25, 26]. Bacterial diversity studies of natural
water bodies are crucial methods to evaluate the evolution and ecology of bacteria and can also be used to support risk
assessment studies [27]. It has been widely established that culture-independent methodologies provide a more robust
view of naturally occurring microbiomes than culture-dependent analysis [28]. Hence, they are being used more
intensively in microbial diversity studies, than conventional methods, such as isolation of pure cultures, chemical assays,
and morphological identification [14].

The concentration of cations such as magnesium, sodium and copper from all sample sites was very low when compared
to permissible WHO limits. However, the concentration of calcium was relatively high, exceeding permissible standards,
in site AA. Likewise, excess concentrations of potassium ions, which were observed from all sample sites surpassed
acceptable standards of WHO, 2011 (Table 1). Elevated concentrations of potassium in natural water bodies may limit
the proliferation of some species of algae, for instance, the Chryophytes. This form of algae plays an important role in
the aquatic food chain, as a primary producer, and also contributes to the production of nutrients and oxygen [29].
Excessive cations such as potassium observed in Lake Tunari may be due to runoff of synthetic fertilizers from nearby
farmlands. A similar type of runoff is described by [30].

Heavy metals are considered deleterious to human health, as well as aquatic life [31]. They are distributed in almost
every ecological niche due to their use in industrial, medical, agricultural and even domestic applications [32]. Analysis
of heavy metals such as zinc, nickel, chromium, cadmium, copper and Iron all fell within the acceptable range of the
WHO. In contrast, other metals such as manganese, lead, cobalt and selenium, exceeded the acceptable range at different
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locations of the lake. The presence of these heavy metals in the lake may signify that certain anthropogenic activities
and domestic effluents may be contributing factors. Likewise, these metallic ions might have been deposited to the lake
over a while, from other adjoining river bodies, such as River Donga. Their concentrations in high levels might indicate
that the lake might pose a risk to individuals who consume aquatic foods in high proportions harvested from the lake.
It can also be considered dangerous to aquatic life, including plants.

The presence of anions such as nitrates, sulfates and phosphorus from various points of the lake indicated that at site
AA and DW, phosphorus content had surpassed the accepted limit. As much as phosphorus is fundamental to the growth
of microorganismes, it is used for DNA synthesis and repair. However, excess phosphorus in water bodies would
inadvertently reduce primary productivity by increasing eutrophication [33]. Some anthropogenic activities observed
around the lake included domestic activities such as washing of clothes and farming tools. This could have contributed
to the slight increment in phosphorus in sites AA and DW. Turbidity is a measure of the relative clarity or cloudiness of
water [34]. Turbidity in aquatic systems can be induced by the presence of sediments generated from erosion, algal
growth, urban runoffs and matter from decomposing vegetation [35]. It is known to have a strong effect on aquatic life
in terms of sunlight penetration and can also provide a medium for microbial growth [36]. The high values obtained in
this study area (4.33 NTU - 13.30 NTU) are strong indicators of pollution in Lake Tunari. In this study, it appeared there
was a positive link between total dissolved solids and turbidity. Sites AA and DW expressed the highest turbidity values,
while the highest TDS value (0.016 ppm) was also observed in both sites. Furthermore, site GD, with the lowest turbidity
value (4.33 NTU) equally showed the lowest mean value for TDS (0.006 ppm).

In this study, Firmicutes were the most dominant phylum recovered from site AA (%). Firmicutes have been described
to contain arrays of carbohydrate-active enzymes (CAZymes) responsible for the breakdown of complex
polysaccharides in plant cell walls, such as cellulose, hemicellulose and lignin [36]. A wide variety of assorted bacterial
genera were recovered from this site, such as Bacillus, Methylocystis sp., Clostrium sensu stricto 13 and the most
abundant genera, Exiguobacterium (Figure 2B). Exiguobacterium are Gram-positive, facultative anaerobes, with various
morphologies, ranging from short rods to cocci, belonging to the Firmicutes phylum [37]. They have been isolated from
several environmental niches, such as freshwaters, soil, plant rhizospheres, marine sediment and seawater [38]. They
have also been isolated from extreme environments, such as glaciers and salt lakes [39]. Genomic insights of some
species of Exiguobacterium have revealed the presence of multiple stress-responsive genes, such as resistance to toxic
compounds including chromium, cadmium, zinc mercury, cobalt, lead and antibiotics, high salt tolerance [40, 41]. The
presence of bacterial consortia such as Exiguobacterium sp., Bacillus sp. and Methylocystis sp. (Figure 2B) with unique
biodegradative capabilities, and elevated tolerance to salts is not surprising, as physicochemical studies of site AA have
indicated the occurrence of heavy metals (lead, cobalt, selenium and manganese) and some cations (calcium,
phosphorus and potassium) in elevated concentration. There is therefore a strong indication that the lake might be
receiving effluents containing toxic materials during seasonal flooding from external sources. For instance, the inflow
of inorganic debris from River Donga, and the possible activity of community dwellers dumping household items into
nearby canals during a flooding event, might ultimately be fed into the lake.

The proportion of the phylum Proteobacteria was the highest across GD and DW sample sites (Figure 2A). This is not
surprising as several researchers have proven the dominance of this bacterial phylum in several lakes [42, 43, 44].

Site DW recorded high concentrations of selenium and lead, and also showed the largest concentration of potassium,
manganese, iron, copper, zinc, nitrates and unclassified sequences among the three sampled sites. Our microbiome
study showed that this site harbored interesting bacterial genera involved in bioremediation, metal and carbon cycling.
Some of such genera detected were Methylocystis sp., a methanotroph, equipped with the mechanism of accruing
polyhydroxybutyrate (PHB) [45]. It has also been documented to be involved in facilitating methanotrophic
bioremediation [46]. Another striking genus detected from site DW was Rhodoferax sp., a Gram-negative, motile rod,
frequently discovered in stagnant aquatic niches such as lakes [47]. Some species of Rhodoferax have been reported as
being capable of chemolithoautotrophic growth under limited aerobic conditions, by oxidizing iron, hydrogen and
thiosulfate. Another report [48] stated that Rhodoferax ferrireducens is capable of utilizing manganese(IV) oxide, nitrate
and fumarate in a bid to thrive under anaerobic conditions. The discovery of these microbes is not unexpected in Lake
Tunari, since members of the Rhodoferax and Methylocystis genera are commonly found in aquatic environments
contaminated with chemical compounds such as herbicides and hydrocarbons [49].

Site GD is not alien to cattle and human disturbances, as it was recorded to be a preferable spot for livestock watering,
yet physicochemical studies show that a larger proportion of parameters examined were within the WHO standard
range. Also, it is noteworthy that this site recorded the lowest value in turbidity and total dissolved solids, some cations
and anions but was in concentrations exceeding this standard in terms of selenium, lead and manganese. This location
harboured a wide array of bacteria, some of which include: Gemmatimonas of the phylum Gemmatimonadetes,
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Schlesneria of the phylum Plantomycetota, and a consortium of bacteria belonging to the large Proteobacteria phylum.
According to [50], the bacterial phylum Gemmatimonadetes are among the understudied group of bacteria found in
natural habitats. Studies based on 16S rRNA genes have shown that these phyla can adapt in oligotrophic conditions
[51], similar to what was observed in site GD. Metagenomic studies have shown the ubiquity of these phyla in soil, lakes
and sediments [52].

5 Conclusion

This pilot study has presented the bacterial diversity occupying the unique Tunari Lake, using high throughput
sequencing methodology. It has also showcased both the physical and chemical attributes of the lake. This lake
undoubtedly contains bacterial consortia and physicochemical values indicative of pollution, and this study has
highlighted possible factors that might be responsible. Lake Tunari seemed to be a potential haven for microbial
communities that could be harnessed for bioremediation studies. Lastly, this research can serve as a baseline study for
future bacteriome and ecological studies of the lake. To the best of our knowledge, this is the first microbiome and
physicochemical report of Lake Tunari, situated in Taraba state, Nigeria.
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