


Culturable Bacterial and Fungal Diversity in Hydrocarbon-Impacted Soils of Selected Communities in Bayelsa State, Nigeria


Abstract
This study assessed culturable bacterial and fungal communities in hydrocarbon-impacted soils from three oil-producing communities (Otuan, Imiringi, and Obuna) in Bayelsa State, Nigeria. Composite soil samples were collected at 0–10 cm and 10–30 cm depths and analyzed using standard culture-based methods. Total heterotrophic bacterial counts (THBC) were higher in surface soils, ranging from 51.0 ± 2.65 to 69.0 ± 3.00 × 10⁴ CFU g⁻¹, compared with subsurface values of 23.3 ± 2.52 to 45.0 ± 3.00 × 10⁴ CFU g⁻¹, with significant spatial variation (p < 0.001). Hydrocarbon-utilizing bacteria ranged from 18.3 ± 2.52 to 20.3 ± 2.52 × 10⁴ CFU g⁻¹ at 0–10 cm and 11.0 ± 2.00 to 17.0 ± 2.00 × 10⁴ CFU g⁻¹ at 10–30 cm. Total fungal counts ranged from 15.3 ± 2.52 to 21.0 ± 2.65 × 10⁴ CFU g⁻¹ at 0–10 cm and 10.0 ± 2.00 to 13.0 ± 2.00 × 10⁴ CFU g⁻¹ at 10–30 cm. Dominant isolates included Pseudomonas aeruginosa, Bacillus cereus, Aspergillus niger, and Penicillium sp., indicating adaptation to petroleum contamination and bioremediation potential. However, the study was limited by culture-dependent methods, absence of physicochemical data, and small sample size. Future studies should integrate molecular sequencing and broader environmental assessment. 
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Introduction
Soil microbial communities are central to ecosystem functioning, driving nutrient cycling, organic matter turnover, soil structure formation, and the natural attenuation of contaminants. In petroleum-impacted environments, microorganisms play a particularly critical role by mediating the biodegradation of hydrocarbons, thereby influencing soil recovery and ecological resilience (Atlas & Bartha, 1998; Pepper et al., 2015). The Niger Delta of Nigeria, one of the world’s most extensively oil-exploited regions, has experienced chronic hydrocarbon contamination due to oil spills, pipeline leakages, gas flaring, and artisanal refining, with profound consequences for soil quality, biodiversity, and public health (Nwankwoala & Ememu, 2018; Okoh et al., 2019; Fenibo et al., 2024).
Hydrocarbon contamination alters soil physicochemical properties and selectively shapes microbial community structure by favoring hydrocarbon-utilising bacteria (HUB) and stress-tolerant taxa, while potentially suppressing sensitive heterotrophic and fungal populations. Studies have shown that oil-impacted soils often exhibit elevated proportions of genera such as Pseudomonas, Bacillus, Acinetobacter, and Enterobacter, which possess enzymatic systems capable of degrading aliphatic and aromatic hydrocarbons (Atlas, 2010; Adams et al., 2015; Evans et al., 2024; Onianwah et al., 2022; Bidja Abena et al., 2020). Fungal taxa, particularly Aspergillus, Penicillium, and Rhizopus, also contribute to hydrocarbon transformation through extracellular oxidative enzymes and hyphal penetration of soil matrices (Barnett & Hunter, 1998; Quesada & Lasker, 2019).
Despite the ecological importance of soil microbiomes in oil-polluted environments, community-level data for many oil-producing communities in Bayelsa State remain sparse. Most existing studies focus on bulk contamination levels, with limited emphasis on depth-related patterns and spatial variation in culturable bacterial and fungal assemblages. Depth stratification is particularly important because surface soils (0–10 cm) are more directly exposed to contamination and oxygen availability, whereas subsurface soils (10–30 cm) experience reduced aeration and altered substrate diffusion, potentially shaping microbial abundance and functional potential (Pepper et al., 2015; Okoh et al., 2019).
Therefore, this study assessed the abundance and composition of culturable total heterotrophic bacteria (THBC), hydrocarbon-utilising bacteria (HUB), and total fungal counts (TFC) in hydrocarbon-impacted soils from three oil-producing communities (Otuan, Imiringi, and Obuna) in Bayelsa State, Nigeria. The study further compared spatial (between communities) and vertical (surface vs. subsurface) patterns in microbial populations and identified dominant bacterial and fungal taxa associated with petroleum-impacted soils. The findings provide baseline ecological data relevant to environmental monitoring, bioremediation planning, and risk assessment in the Niger Delta region.
Materials and methods
Study Design
This study adopted a cross-sectional comparative design to determine the prevalence and diversity of soil microbiome in selected oil-producing communities of Bayelsa State, Nigeria. Soil samples were collected from one oil-impacted location in each community and analyzed using physicochemical, culture-dependent, and molecular microbiological techniques, following standard procedures previously described for environmental microbiome studies (Pepper et al., 2015).
Study Area
The study was conducted in Bayelsa State, situated in the Niger Delta region of southern Nigeria. The state lies between latitude 4°15′–5°23′ N and longitude 5°22′–6°45′ E and is characterised by mangrove swamps, freshwater wetlands, high annual rainfall, and extensive oil and gas exploration activities. The selected communities; Otuan, Imiringi, and Obuna (NLG) are notable oil-producing areas with long-standing petroleum operations that influence soil characteristics and microbial ecology (Nwankwoala & Ememu, 2018).
    Otuan Community; Otuan is located in Southern Ijaw Local Government Area, Bayelsa State. Soil samples were collected from an oil-impacted site within the community at coordinates 4.8421° N, 5.7224° E. The area is characterised by wetland soils with visible signs of hydrocarbon influence from nearby oil production activities.
    Imiringi Community; Imiringi is located in Ogbia Local Government Area and is a major oil-producing community in Bayelsa State. Sampling was carried out at an oil facility environment located at 4.7456° N, 6.2989° E. The soil in this area has experienced prolonged exposure to petroleum hydrocarbons due to drilling, flow station operations, and pipeline networks.
     Obuna (NLG) Community; Obuna is situated in Nembe Local Government Area (NLG) of Bayelsa State. Soil samples were collected from an oil production site located at 4.5368° N, 6.4397° E. The area is characterised by sparse vegetation cover, periodic flooding, and hydrocarbon-impacted soils typical of oil-producing zones in the Niger Delta (Ite et al., 2013).
Sampling Dates
Soil sampling was conducted during the month of January 2025 to minimize dilution effects of rainfall on soil properties. Samples were collected on the following date:
Otuan: 18 January 2025
Imiringi: 18 January 2025
Obuna (NLG): 18 January 2025
Sampling during the same season ensured comparability across locations (Okoh et al., 2019; Emmanuel et al., 2025).
Soil Sample Collection and Preparation 
Soil samples were collected using a composite sampling technique as recommended by standard soil microbiological protocols (ISO 10381-6, 2009). At each location, five subsamples per depth were pooled to form one composite sample per depth, and microbial counts were performed in triplicate.
0–10 cm (surface soil)
10–30 cm (subsurface soil)
The five subsamples from each depth were homogenized to form a composite sample. Samples were placed in sterile polyethylene bags, labelled appropriately, and transported in ice-packed coolers to the laboratory for analysis. Soil samples were stored at 4 °C and analysed within 24 hours, (Pepper et al., 2015).
Enumeration of Soil Microorganisms
Total Heterotrophic Bacterial Count (THBC)
Ten-fold serial dilutions of soil samples were prepared using sterile normal saline. Aliquots (0.1 mL) were plated on Nutrient Agar using the spread plate technique and incubated at 30 °C for 24–48 hours. Colonies were counted and expressed as CFU/g of soil (Atlas, 2010).
Hydrocarbon-Utilising Bacteria (HUB)
Hydrocarbon-utilising bacteria were enumerated on Bushnell-Haas agar supplemented with crude oil as the sole carbon source. Plates were incubated at 30 °C for 5–7 days, and colonies were counted as described by Okpokwasili and Amanchukwu (1988).
Total Fungal Count (TFC)
Fungal populations were determined using Potato Dextrose Agar supplemented with chloramphenicol to suppress bacterial growth. Plates were incubated at 28 °C for 5–7 days, and colonies were counted and expressed as CFU/g (Barnett & Hunter, 1998).
Isolation and Identification of Microorganisms
Bacterial Identification
Bacterial isolates were identified based on colony morphology, Gram reaction, and biochemical tests including catalase, oxidase, citrate, indole, and sugar fermentation tests following standard microbiological procedures (Cheesbrough, 2010).
Fungal Identification
Fungal isolates were identified using macroscopic and microscopic characteristics with lactophenol cotton blue staining and standard identification manuals (Barnett & Hunter, 1998).
Quality Control and Negative Controls
To ensure reliability of microbiological analyses and minimize contamination during culturing procedures, sterile distilled water blanks and exposed control plates were included as negative controls during microbial enumeration. Culture media sterility was confirmed prior to inoculation, and all glassware and materials were sterilized according to standard microbiological procedures. Control plates showed no microbial growth after incubation, confirming aseptic handling throughout the analysis.
Data Analysis
Microbial counts were determined in triplicate and expressed as mean ± standard deviation (SD). One-way analysis of variance (ANOVA) was used to compare microbial populations and soil parameters across locations. Statistical significance was determined at p < 0.05 (Hammer et al., 2001).
Limitation
This study relied on culture-dependent methods, which may underestimate total microbial diversity because many microorganisms are non-culturable under laboratory conditions. In addition, the relatively small sample size and absence of physicochemical analyses limited broader ecological interpretation. Future studies should incorporate molecular sequencing approaches and expanded sampling designs for more comprehensive microbial characterization. 
Results 
The total heterotrophic bacterial counts (THBC) were consistently higher in surface soils (0–10 cm) than in subsurface soils (10–30 cm) across all locations (table 1). At Otuan, THBC ranged from 48–53 × 10⁴ CFU g⁻¹ at 0–10 cm, but decreased to 29–35 × 10⁴ CFU g⁻¹ at 10–30 cm. Similarly, Imiringi recorded higher surface THBC values of 61–67 × 10⁴ CFU g⁻¹ compared to 42–48 × 10⁴ CFU g⁻¹ in the subsurface. Obuna (NLG) showed the highest surface THBC values (66–72 × 10⁴ CFU g⁻¹) but lower subsurface values of 21–26 × 10⁴ CFU g⁻¹. Hydrocarbon-utilising bacteria (HUB) were detected at all sites and depths, confirming the presence of hydrocarbon-degrading populations (table 1). At Otuan, HUB ranged from 17–21 × 10⁴ CFU g⁻¹ in surface soils and 9–13 × 10⁴ CFU g⁻¹ in subsurface soils. Imiringi recorded 18–23 × 10⁴ CFU g⁻¹ at 0–10 cm and 12–16 × 10⁴ CFU g⁻¹ at 10–30 cm, while Obuna showed 16–21 × 10⁴ CFU g⁻¹ at the surface and 15–19 × 10⁴ CFU g⁻¹ at depth. Total fungal counts (TFC) were generally lower than bacterial counts (table 1). At Otuan, TFC ranged from 19–24 × 10⁴ CFU g⁻¹ in surface soils and 8–12 × 10⁴ CFU g⁻¹ in subsurface soils. Imiringi recorded 15–19 × 10⁴ CFU g⁻¹ at 0–10 cm and 9–13 × 10⁴ CFU g⁻¹ at 10–30 cm, while Obuna showed 13–18 × 10⁴ CFU g⁻¹ at the surface and 11–15 × 10⁴ CFU g⁻¹ in deeper soils.
Table 1: Replicate Counts of THBC, HUB, and TFC in Soils from Oil-Producing Communities (CFU g⁻¹ × 10⁴)
	Location
	Depth (cm)
	THBC Rep1
	THBC Rep2
	THBC Rep3
	HUB Rep1
	HUB Rep2
	HUB Rep3
	TFC Rep1
	TFC Rep2
	TFC Rep3

	Otuan
	0–10
	48
	53
	52
	17
	21
	19
	19
	24
	20

	Otuan
	10–30
	29
	35
	32
	9
	13
	11
	8
	12
	10

	Imiringi
	0–10
	61
	67
	64
	18
	23
	20
	15
	19
	17

	Imiringi
	10–30
	42
	48
	45
	12
	16
	14
	9
	13
	11

	Obuna (NLG)
	0–10
	66
	72
	69
	16
	21
	18
	13
	18
	15

	Obuna (NLG)
	10–30
	21
	26
	23
	15
	19
	17
	11
	15
	13



Table 2 shows that at 0–10 cm depth, mean THBC was 51.0 ± 2.65 × 10⁴ CFU g⁻¹ at Otuan, 64.0 ± 3.00 × 10⁴ CFU g⁻¹ at Imiringi, and 69.0 ± 3.00 × 10⁴ CFU g⁻¹ at Obuna. The superscripts indicate that THBC at Imiringi and Obuna (both “ᵃ”) were significantly higher than at Otuan (“ᵇ”). In the subsurface (10–30 cm), Imiringi recorded the highest THBC (45.0 ± 3.00 × 10⁴ CFU g⁻¹), followed by Otuan (32.0 ± 3.00 × 10⁴ CFU g⁻¹) and Obuna (23.3 ± 2.52 × 10⁴ CFU g⁻¹), with Obuna being significantly lower than Imiringi. For HUB at 0–10 cm, mean values were 19.0 ± 2.00, 20.3 ± 2.52, and 18.3 ± 2.52 × 10⁴ CFU g⁻¹ at Otuan, Imiringi, and Obuna, respectively, and these did not differ significantly (table 2). However, at 10–30 cm, HUB increased from 11.0 ± 2.00 × 10⁴ CFU g⁻¹ at Otuan to 14.0 ± 2.00 × 10⁴ CFU g⁻¹ at Imiringi and 17.0 ± 2.00 × 10⁴ CFU g⁻¹ at Obuna, with Obuna being significantly higher than Otuan.  TFC showed no significant spatial differences at either depth (table 2). At 0–10 cm, mean TFC values were 21.0 ± 2.65, 17.0 ± 2.00, and 15.3 ± 2.52 × 10⁴ CFU g⁻¹ for Otuan, Imiringi, and Obuna, respectively. At 10–30 cm, corresponding values were 10.0 ± 2.00, 11.0 ± 2.00, and 13.0 ± 2.00 × 10⁴ CFU g⁻¹.
Table 2: Comparative mean counts of total heterotrophic bacteria (THBC), hydrocarbon-utilising bacteria (HUB) and total fungal count (TFC) in soils from oil-producing communities in Bayelsa State (CFU g⁻¹ × 10⁴)
	Location
	Depth
	THBC
	HUB
	TFC

	Otuan
	0–10
	51.0 ± 2.65ᵇ
	19.0 ± 2.00ᵃ
	21.0 ± 2.65ᵃ

	Imiringi
	0–10
	64.0 ± 3.00ᵃ
	20.3 ± 2.52ᵃ
	17.0 ± 2.00ᵃ

	Obuna (NLG)
	0–10
	69.0 ± 3.00ᵃ
	18.3 ± 2.52ᵃ
	15.3 ± 2.52ᵃ

	Otuan
	10–30
	32.0 ± 3.00ᵃᵇ
	11.0 ± 2.00ᵇ
	10.0 ± 2.00ᵃ

	Imiringi
	10–30
	45.0 ± 3.00ᵃ
	14.0 ± 2.00ᵃᵇ
	11.0 ± 2.00ᵃ

	Obuna (NLG)
	10–30
	23.3 ± 2.52ᵇ
	17.0 ± 2.00ᵃ
	13.0 ± 2.00ᵃ


Values are mean ± SD (n = 3). Within each soil depth, means with different superscripts (a, b) differ significantly at p < 0.05 by one-way ANOVA followed by Tukey HSD.
One-way ANOVA (table 3) revealed significant location effects on THBC at both surface (F₂,₆ = 31.08, p < 0.001) and subsurface soils (F₂,₆ = 43.99, p < 0.001), and on HUB at 10–30 cm depth (F₂,₆ = 6.75, p = 0.029), whereas HUB at 0–10 cm and TFC at both depths showed no significant spatial variation (p > 0.05). Tukey HSD (table 4) indicated higher THBC at Imiringi and Obuna relative to Otuan at 0–10 cm, higher THBC at Imiringi relative to Obuna at 10–30 cm, and higher HUB at Obuna relative to Otuan at 10–30 cm.
Table 3: Compact One-Way ANOVA Summary for Microbial Counts Across Locations (by Depth)
	Parameter
	Depth (cm)
	df (between, within)
	F-value
	p-value
	Significance

	THBC
	0–10
	(2, 6)
	31.08
	0.0007
	Significant

	THBC
	10–30
	(2, 6)
	43.99
	0.0003
	Significant

	HUB
	0–10
	(2, 6)
	0.56
	0.598
	Not significant

	HUB
	10–30
	(2, 6)
	6.75
	0.029
	Significant

	TFC
	0–10
	(2, 6)
	4.40
	0.066
	Not significant

	TFC
	10–30
	(2, 6)
	1.75
	0.252
	Not significant


One-way ANOVA comparing locations (Otuan, Imiringi, Obuna) within each depth; α = 0.05.
Table 4: Single Tukey HSD Post-hoc Summary for Significant ANOVA Effects (p < 0.05)
	Parameter
	Depth (cm)
	Comparison (Location)
	Mean Difference
	p-adj
	Interpretation

	THBC
	0–10
	Imiringi vs Otuan
	+13.0
	0.0036
	Imiringi > Otuan

	THBC
	0–10
	Obuna vs Otuan
	+18.0
	0.0006
	Obuna > Otuan

	THBC
	10–30
	Imiringi vs Obuna
	+21.7
	0.0002
	Imiringi > Obuna

	HUB
	10–30
	Obuna vs Otuan
	+6.0
	0.031
	Obuna > Otuan


Tukey HSD performed at α = 0.05. Only significant pairwise contrasts are reported; all other pairwise comparisons were not significant (p > 0.05).
Table 5 and 6, show six bacterial taxa identified: Pseudomonas aeruginosa, Acinetobacter sp., Bacillus cereus, Klebsiella sp., Enterobacter sp., and Micrococcus luteus. These were distributed across locations and depths, with Pseudomonas and Acinetobacter dominating surface soils, while Bacillus and Enterobacter were more frequent in subsurface layers. Acinetobacter sp. showed an oxidase-positive reaction, which is atypical because most Acinetobacter species are oxidase-negative. Therefore, definitive identification of this isolate requires molecular confirmation using techniques such as 16S rRNA gene sequencing. Six fungal taxa were also identified (table 7 & 8): Aspergillus niger, A. flavus, A. fumigatus, Penicillium sp., Rhizopus sp., and Mucor sp. Aspergillus niger and Rhizopus sp. occurred at 0–10 cm in both Otuan and Obuna, while Penicillium sp. and Mucor sp. were more common in subsurface soils, indicating depth-related niche differentiation.
Table 5: Morphological, microscopic and biochemical characteristics of bacterial isolates from soil samples
	Isolate code
	Colony morphology
	Gram reaction
	Cell shape
	Catalase
	Oxidase
	Citrate
	Indole
	Sugar fermentation
	Probable identity

	B1
	Smooth, greenish, mucoid
	–
	Rod
	+
	+
	+
	–
	Glucose (+), Lactose (–)
	Pseudomonas aeruginosa

	B2
	Small, yellow, circular, convex
	+
	Cocci
	+
	–
	–
	–
	Glucose (+)
	Micrococcus luteus

	B3
	Large, rough, opaque
	+
	Rod
	+
	–
	+
	–
	Glucose (+)
	Bacillus cereus

	B4
	Creamy, circular, convex
	–
	Rod
	+
	–
	+
	–
	Glucose (+), Lactose (+)
	Enterobacter sp.

	B5
	Smooth, translucent
	–
	Rod
	+
	–
	+
	–
	Glucose (+), Lactose (+)
	Klebsiella sp.

	B6
	Small, smooth, colourless
	–
	Rod
	+
	+
	+
	–
	Glucose (+)
	Acinetobacter sp. (requires molecular confirmation)


Acinetobacter sp. requires molecular confirmation)
Table 6: Identified bacterial isolates from soil samples collected from oil-producing communities in Bayelsa State
	Location
	Soil depth
	Sample code
	Bacterial isolates identified

	Otuan 
	0–10 cm
	B1 & B6
	Pseudomonas aeruginosa, Acinetobacter sp.

	Otuan
	10–30 cm
	B3 & B5
	Bacillus cereus, Klebsiella sp.

	Imiringi
	0–10 cm
	B1 & B5
	Pseudomonas aeruginosa, Klebsiella sp.

	Imiringi
	10–30 cm
	B3 & B4
	Bacillus cereus, Enterobacter sp.

	Obuna (NLG)
	0–10 cm
	B2 & B6
	Micrococcus luteus, Acinetobacter sp.,

	Obuna (NLG)
	10–30 cm
	B3 & B4
	Bacillus cereus, Enterobacter sp.



Table 7: Macroscopic and microscopic characteristics of fungal isolates from soil samples
	Isolate code
	Colony colour (obverse)
	Colony texture
	Reverse pigmentation
	Microscopic features
	Probable identity

	F1
	Black
	Powdery
	Pale yellow
	Septate hyphae, globose conidia
	Aspergillus niger

	F2
	Greenish-blue
	Velvety
	Colourless
	Septate hyphae, brush-like conidiophores
	Penicillium sp.

	F3
	Yellow-green
	Powdery
	Golden yellow
	Septate hyphae, rough conidia
	Aspergillus flavus

	F4
	Greyish
	Cottony
	Colourless
	Non-septate hyphae, sporangiospores
	Rhizopus sp.

	F5
	Dark green
	Powdery
	Pale
	Septate hyphae, flask-shaped phialides
	Aspergillus fumigatus

	F6
	White
	Fluffy
	Colourless
	Broad non-septate hyphae
	Mucor sp.


Table 8: Identified fungal isolates from soil samples collected from oil-producing communities in Bayelsa State
	Location
	Soil depth
	Sample code
	Fungal isolates identified

	Otuan
	0–10 cm
	F1 & F4
	Aspergillus niger, Rhizopus sp.

	Otuan
	10–30 cm
	F3 & F2
	Aspergillus flavus, Penicillium sp.

	Imiringi
	0–10 cm
	F1 & F2
	Aspergillus niger, Penicillium sp.

	Imiringi
	10–30 cm
	F3 & F6
	Aspergillus flavus, Mucor sp.

	Obuna (NLG)
	0–10 cm
	F1 & F4
	Aspergillus niger, Rhizopus sp.

	Obuna (NLG)
	10–30 cm
	F2 & F6
	Penicillium sp., Mucor sp.


Table 9 shows that among bacteria, Bacillus cereus had the highest frequency (n = 3; 17.6%), while Micrococcus luteus was least frequent (n = 1; 5.9%). Among fungi, Aspergillus niger and Penicillium sp. were most abundant (n = 3; 17.6% each). Other taxa such as Aspergillus flavus, Rhizopus sp., and Mucor sp. each accounted for 11.8%, indicating a community dominated by a few hydrocarbon-tolerant species.
Table 9: Frequency of occurrence and relative abundance of bacterial and fungal isolates from soils of oil-producing communities
	Microorganism
	Group
	Frequency of occurrence (n)
	Relative abundance (%)

	Pseudomonas aeruginosa
	Bacteria
	2
	11.8

	Acinetobacter sp.
	Bacteria
	2
	11.8

	Bacillus cereus
	Bacteria
	3
	17.6

	Klebsiella sp.
	Bacteria
	2
	11.8

	Enterobacter sp.
	Bacteria
	2
	11.8

	Micrococcus luteus
	Bacteria
	1
	5.9

	Aspergillus niger
	Fungi
	3
	17.6

	Aspergillus flavus
	Fungi
	2
	11.8

	Penicillium sp.
	Fungi
	3
	17.6

	Rhizopus sp.
	Fungi
	2
	11.8

	Mucor sp.
	Fungi
	2
	11.8



Discussion
The present study revealed marked spatial and depth-related variation in microbial populations of hydrocarbon-impacted soils from oil-producing communities in Bayelsa State. Total heterotrophic bacterial counts (THBC) were consistently higher in surface soils (0–10 cm) than subsurface soils (10–30 cm) across all locations, with surface values ranging from 51.0 ± 2.65 × 10⁴ CFU g⁻¹ at Otuan to 69.0 ± 3.00 × 10⁴ CFU g⁻¹ at Obuna. This pattern aligns with previous reports that surface soils support higher microbial biomass due to greater oxygen availability, organic matter inputs, and recent hydrocarbon deposition (Atlas & Bartha, 1998; Pepper et al., 2015). Similar surface-dominated bacterial abundance has been reported in oil-contaminated soils from the Niger Delta, where heterotrophic bacteria were significantly more abundant in topsoils than in deeper horizons (Okoh et al., 2019; Ite et al., 2013).
The significantly higher THBC observed at Imiringi and Obuna relative to Otuan at 0–10 cm depth (64.0–69.0 × 10⁴ CFU g⁻¹ vs. 51.0 × 10⁴ CFU g⁻¹; p < 0.05) suggests spatial heterogeneity in contamination intensity and nutrient availability. Elevated bacterial abundance in more impacted sites has been linked to enrichment of hydrocarbon-tolerant heterotrophs that exploit petroleum hydrocarbons and associated organic substrates (Adams et al., 2015; Quesada & Lasker, 2019). At 10–30 cm depth, THBC was highest at Imiringi (45.0 ± 3.00 × 10⁴ CFU g⁻¹), significantly exceeding Obuna (23.3 ± 2.52 × 10⁴ CFU g⁻¹), indicating deeper penetration of contaminants or prolonged exposure at Imiringi, which may have selected for subsurface-adapted bacterial communities. Comparable depth-related declines in bacterial abundance have been reported in hydrocarbon-impacted wetland soils, where reduced aeration and substrate diffusion constrain microbial growth at depth (Pepper et al., 2015).
Hydrocarbon-utilising bacteria (HUB) constituted a substantial fraction of the culturable community, with surface counts ranging from 18.3–20.3 × 10⁴ CFU g⁻¹ and subsurface counts from 11.0–17.0 × 10⁴ CFU g⁻¹. The lack of significant spatial differences in HUB at 0–10 cm depth indicates widespread enrichment of hydrocarbon degraders across all communities, likely reflecting chronic and diffuse contamination in the Niger Delta (Okoh et al., 2019). However, the significantly higher HUB at Obuna subsurface soils (17.0 ± 2.00 × 10⁴ CFU g⁻¹) compared to Otuan (11.0 ± 2.00 × 10⁴ CFU g⁻¹) suggests localized adaptation of hydrocarbon degraders at depth, consistent with findings from petroleum-contaminated soils where deeper horizons harbor specialized degraders capable of functioning under lower oxygen conditions (Atlas, 2010; Adams et al., 2015).
Total fungal counts (TFC) were lower than bacterial counts across all sites, with surface values of 15.3–21.0 × 10⁴ CFU g⁻¹ and subsurface values of 10.0–13.0 × 10⁴ CFU g⁻¹, and no significant spatial variation. This relative stability of fungal populations across locations contrasts with the more responsive bacterial communities and suggests that dominant fungal taxa possess broad ecological tolerance to hydrocarbon stress. Similar observations have been reported for oil-polluted soils in which fungi exhibit resilience to petroleum hydrocarbons due to their robust cell walls and production of extracellular oxidative enzymes (Barnett & Hunter, 1998; Quesada & Lasker, 2019). The lower fungal abundance at depth is consistent with reduced oxygen diffusion and altered moisture regimes in subsurface wetland soils, which can limit fungal growth relative to bacteria (Pepper et al., 2015).
The bacterial taxa identified (Pseudomonas aeruginosa, Acinetobacter sp., Bacillus cereus, Klebsiella sp., Enterobacter sp., Micrococcus luteus) are widely reported in hydrocarbon-impacted environments and are known for their metabolic versatility and hydrocarbon-degrading capabilities. In particular, Pseudomonas and Acinetobacter are recognized for their ability to degrade aliphatic and aromatic hydrocarbons, while Bacillus spp. contribute through spore formation and enzyme production that facilitate survival under fluctuating redox conditions (Atlas & Bartha, 1998; Adams et al., 2015). The predominance of Bacillus cereus (17.6%) in the frequency table corroborates reports that spore-forming bacteria are favored in stressed, contaminated soils (Okoh et al., 2019). The isolate identified as Acinetobacter sp. showed an oxidase-positive reaction, which is atypical because most Acinetobacter species are oxidase-negative. Therefore, definitive identification of this isolate requires molecular confirmation using techniques such as 16S rRNA gene sequencing.
Similarly, the dominance of fungal genera such as Aspergillus niger, A. flavus, Penicillium sp., Rhizopus sp., and Mucor sp. reflects their ecological adaptability and established roles in hydrocarbon transformation. These fungi produce extracellular enzymes (e.g., laccases and peroxidases) capable of oxidizing complex hydrocarbons, contributing to the initial breakdown of petroleum compounds in soil matrices (Barnett & Hunter, 1998; Quesada & Lasker, 2019). The high relative abundance of Aspergillus niger and Penicillium sp. (each 17.6%) in this study mirrors findings from other Niger Delta soils, where these genera dominate fungal communities in oil-polluted environments (Ite et al., 2013; Okoh et al., 2019).
A major limitation of the present study was the absence of physicochemical characterization of the soil samples. Parameters such as total petroleum hydrocarbons (TPH), soil pH, moisture content, organic matter, nitrogen, phosphorus, and potassium are known to strongly influence microbial abundance, diversity, and hydrocarbon degradation potential in contaminated soils. The lack of these measurements limited interpretation of the ecological drivers responsible for the observed spatial and depth-related microbial variations. Future investigations should integrate physicochemical analyses alongside microbiological assessment to improve understanding of microbial–environment interactions in hydrocarbon-impacted ecosystems.
Conclusion
This study demonstrated clear spatial and depth-related differences in microbial populations of hydrocarbon-impacted soils from oil-producing communities in Bayelsa State. Surface soils exhibited higher total heterotrophic bacterial counts than subsurface soils, while hydrocarbon-utilizing bacteria were consistently present across all locations, indicating adaptation to chronic petroleum contamination. The dominance of hydrocarbon-tolerant bacterial and fungal taxa highlights the intrinsic bioremediation potential of indigenous soil microbiomes in the Niger Delta. However, because the study was limited by culture-dependent techniques, lack of physicochemical characterization, and relatively small sample size, future studies should employ molecular sequencing technologies and expanded sampling strategies to obtain a more comprehensive understanding of microbial ecology in hydrocarbon-contaminated soils. 
Recommendations
Indigenous hydrocarbon-degrading bacteria and fungi identified in this study should be explored for site-specific bioremediation applications. Long-term monitoring incorporating molecular tools is recommended to track community dynamics and remediation outcomes.
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