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Introduction 
Biodiversity is a multidimensional concept that encompasses 

the variability and complexity of life across different levels of 

biological organization. Broadly defined, it refers to the 

variety of living organisms and ecological complexes of which 

they are part, spanning genetic variation within species, 

species diversity within communities, and ecosystem diversity 

across landscapes (Daly et al., 2018; Convention on Biological 

Diversity [CBD], 2022). Contemporary ecological discourse 

further recognizes functional diversity (variation in species’ 

ecological roles), phylogenetic diversity (evolutionary 

relatedness among taxa), and even chemical and microbial 

diversity as integral components of biodiversity (Cardinale et 

al., 2012; Díaz et al., 2020). This integrative perspective 

highlights biodiversity not merely as a count of species, but as 

a dynamic network of biological interactions that underpin 

ecosystem resilience, productivity, and stability in the face of 

environmental change worldwide (Uba, 2019a; 2019b; 2019c; 

Uba et al. 2019b; 2019c). 

 

In ecological research and environmental monitoring, 

biodiversity is commonly quantified using diversity indices 

that summarize species composition and relative abundance 

within communities. Among the most widely applied metrics 

are species richness, the Shannon diversity index, and the 

Simpson diversity index (Pallmann et al., 2012; Daly et al., 

2018). Although these indices are often used comparatively to 

evaluate ecological differences among habitats, they capture 
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distinct attributes of community structure and are therefore not 

directly interchangeable. Species richness simply represents 

the total number of species present in a given assemblage and 

provides a basic measure of taxonomic diversity. In contrast, 

the Simpson index quantifies the probability that two 

individuals randomly selected from a sample belong to the 

same species, thereby emphasizing dominance and evenness 

within the community. The Shannon index, derived from 

information theory, measures the entropy or uncertainty in 

predicting species identity, integrating both richness and 

evenness into a single metric expressed in units of information 

(Pallmann et al., 2012). Because these indices differ 

conceptually and mathematically—richness being a count, 

Simpson a probability, and Shannon an entropy measure—

they offer complementary insights into biodiversity patterns 

rather than equivalent assessments. 

 

Beyond simple diversity quantification, bio-indices have 

become indispensable tools in evaluating ecological integrity, 

particularly in aquatic ecosystems. Czenlawska-Kusza (2005) 

emphasized that biological indices provide quantitative 

expressions of species composition while incorporating 

qualitative information regarding taxa sensitivity to 

environmental stressors. Such indices are widely employed in 

riverine and freshwater assessments to detect anthropogenic 

disturbances, monitor ecological status, and guide water 

resource management strategies (Sandhya & Laxmi, 2016; 

Bonada et al., 2021). Microbial and macroinvertebrate 

diversity metrics, in particular, are increasingly recognized as 

sensitive indicators of pollution, eutrophication, and habitat 

degradation, as changes in community composition often 

precede detectable physicochemical alterations (Bolyen et al., 

2019; Orji and Oghonim, 2023; UNEP, 2023). Consequently, 

biodiversity indices serve as reliable proxies for assessing the 

ecological health of freshwater systems and the cumulative 

impacts of environmental stress. 

 

Freshwater ecosystems in rapidly urbanizing regions are 

especially vulnerable to biodiversity loss due to industrial 

discharge, agricultural runoff, domestic waste input, and land-

use changes. The 21 streams in seven Local Government Areas 

of Anambra Central Senatorial Zone, of Anambra State, 

Nigeria, represent important freshwater reservoirs that sustain 

diverse biological communities while simultaneously serving 

as primary water sources for domestic and agricultural 

activities. Despite their ecological and socio-economic 

significance, these streams are increasingly exposed to 

anthropogenic pressures, including effluent discharge and 

unregulated waste disposal, which environmentalists identify 

as significant threats to aquatic biodiversity and ecosystem 

functionality (Uba et al., 2017; Uba et al., 2020a; 2020b; 

2020c; 2020d; 2020e; 2020f; 2020g; Otene et al., 2019; 

IPBES, 2019; ; Umeh et al., 2020; 2021; Dokubo et al., 2022a; 

2022b; Anidu et al., 2023; Obiefoka et al., 2023; Uba and 

Obiefuna, 2023; Ubajekwe et al., 2025; Ekwenze et al., 2025). 

 

Although several studies have examined the physicochemical 

characteristics of water bodies within Anambra Central 

Senatorial Zone metropolis, there remains a paucity of 

comprehensive investigations focusing on bacteriological 

diversity in relation to biodiversity indices in these peri-urban 

streams (Ike et al., 2021; Egurefa et al. 2020a; 2020b; Okafor 

et al., 2023; Ubani et al., 2024a; 2024b; 2025; Okolo et al., 

2025; Okpalaunegbu et al., 2025; Obiefuna et al. 2025). Given 

that bacterial communities play crucial roles in nutrient 

cycling, organic matter decomposition, and overall ecosystem 

functioning, understanding their diversity patterns is essential 

for evaluating freshwater ecological health (Bolyen et al., 

2019; Díaz et al., 2020; Uba et al., 2025). 

 

Therefore, the present study was undertaken to assess the 

bacterial community structure of twenty- one freshwater 

streams in Anambra Central Senatorial Zone, Anambra State, 

Nigeria, using established biodiversity indices. By integrating 

microbial diversity metrics with ecological assessment tools, 

this research seeks to provide insight into the ecological status 

of these streams and contribute to evidence-based freshwater 

management and conservation strategies in South - Eastern 

Nigeria. 

 

Materials and Methods 
Description of Study Area  

The studied areas include:  Mmiri St John Alor, Mmiri Mgbo  

Nnobi, Oba Stream in  Idemili South Local Government Area, 

Ukwu Apku Stream Eziowelle, Mmiri Oraukwu Oraukwu, 

Mbuda Spring Water Abacha in Idemili North, Otti Spring 

Enugu Ukwu, Abagana Stream, Ogbujilekwe Stream Nimo in 

Njikoka Local Government Area Umudioka Stream, Ali Ukpo 

Stream Ukpo, Onyekwena Spring Water Ifitedunu, in 

Dunukofia Local Government Area, Agulu Lake  Agulu, 

Adazi Nnukwu Stream, Nri Stream in Anaocha Local 

Government Area, Nkwelle Awka  Stream, Abor River in 

Umuawulu, Umuaba River Nibo in Awka South Local 

Government Area and Umuife Iyiohia Urum Stream, Araka 

Stream Mgbakwu, Ogbanabo Stream Isuaniocha in Awka 

North Local Government Area all located in Anambra Central 

Senatorial Zone, Anambra State Nigeria. Their geological and 

anthropogenic characteristics have been described in our 

previous publications (Alfred et al. 2023; 2025; Idu et al., 

2026). 

 

Collection of Water Sample  
Samples of Spring and Lake water were aseptically collected 

in triplicates from each of the four towns in four local 

government areas (Njikoka (Enugu Ukwu), Idemili North 

(Abacha), Anaocha (Agulu) and Dunukofia (Ifitedunu) using 

sterile sample bottles. The sampling method used for the rivers 

and stream water collection was the grab method as described 

by Oghonim et al. (2023); (2026); Dokubo et al. (2024); Uba 

and Okonkwo et al. (2025); Okwonkwo et al. (2026) and Uba 

et al. (2026a). Also, streams and rivers water samples were 

collected from Alor stream, Nnobi stream, Oba stream, 

Eziowelle stream, Oraukwu river, Abacha Spring Water, Otti 

Spring Enugu Ukwu, Abagana Stream, Ogbujilekwe Stream 

Nimo, Ali Ukpo Stream, Onyekwena Spring Water Ifitedunu, 

Agulu Lake, Adazi Nnukwu Stream, Nri Stream, Nkwelle 

Awka  Stream, Abor River Umuawulu, Umuaba River Nibo, 

Umuife Iyiohia Urum, Araka Stream Mgbakwu and Ogbanabo 

Stream Isuaniocha respectively (Alfred et al. 2025; Okolo et 

al. 2025). The river and stream water samples were collected 

in triplicates from different sampling points; downstream, 

middle stream and upstream using sterile 5 L cylindrical 
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plastic containers, labeled, placed in a cooler and immediately 

were transported to the laboratory for analysis as described by 

Dibua et al. (2020), Ibo et al. (2020); Ibe et al. (2023), Alfred 

et al. (2023), Chukwura et al. (2025); and Dibua et al. (2025a); 

(2025b); (2025c). 

 

Culture Media  
The following media namely Nutrient agar, Chromocult 

Coliform Agar (CCA), Bile Aesculin Azide Agar (BAA), 

Thiosulfate Citrate Bile Salt Sucrose Agar (TCBS), Mannitol 

Salt Agar (MSA) and Salmonella - Shigella Agar (SSA), 

Cetrimide Milk Agar (CMA), Bacillus Selective agar (BSA) 

Buffered Peptone Water and Nutrient Broth were used and 

prepared according to the manufacturer’s specification 

(Ofunwa et al. 2024; Njoku et al., 2019a; 2019b; Anameze et 

al., 2023; ; Ele et al., 2025; Ezeamama et al., 2025a; 2025b).  

 

Sterilization 

As stated in Willey et al. (2008), conical flasks (Pyrex), 

prepared media and other plastic materials were sterilized by 

autoclaving at 121 ºC for 15 min at a pressure of 15 psi. Glass 

wares such as pipettes, glass spreader, Petri dishes, measuring 

cylinder, and other glass materials were sterilized in the 

laboratory hot air oven at a temperature of 160ᴼC for 1 hr 

before use (Nkamigbo et al. 2020a; 2020b; Uba, 2019; Okafor 

et al. 2021a; 2021b). 

 

Bacterial Isolation Technique 
A direct spread plate with volumes of 0.1ml of aliquot was 

used. A ten-fold serial dilution method was used. Then, 0.1 mL 

from dilutions 10-3 were inoculated onto a Nutrient agar, 

Chromocult Coliform Agar (CCA), Bile Aesculin Azide Agar 

(BAA), Thiosulfate Citrate Bile Salt Sucrose Agar (TCBS), 

Mannitol Salt Agar (MSA) and Salmonella - Shigella Agar 

(SSA), Cetrimide Milk Agar (CMA) and Bacillus Selective 

agar (BSA) respectively. The inoculated plates were incubated 

inverted at 37 °C for 24 hr. The respective counts were 

determined after incubation using an electric colony counter 

and colonies counted were expressed at CFU/mL (APHA, 

2012; Iheukwumere et al., 2012a; 2012b; Mundi et al., 2013; 

2014; Okoye et al., 2014; 2020a; 2020b; 2020c; ; Uba et al., 

2024; Dokubo and Uba, 2023; Nwigwe et al. 2022, Nwigwe et 

al. 2023, Ifediegwu et al. 2023a; 2023b; Ifediegwu et al. 

2024a, 2024b; 2024c; Nnaka et al. 2024). 

 

Classical Microbial Diversity Study 

Species richness, diversity, and evenness indices were used to 

measure bacterial diversity in accordance with Daly et al. 

(2018)'s description.  

 

Index of Species Richness  

This study used the Margalef index (d) as measure of species 

richness (number of isolated species). 

 

Index of Margalef  

It is denoted by equation: 

Margalef index (d) = (S - 1)/log N  

where N stands for the total number of bacteria and S for the 

number of species. 

 

 

Index of Species Diversity  

This study used the Simpson index (D), the reciprocal of 

Simpson's index (1/D), and the Shannon – Wiener index as 

measures of species diversity.  

 

Index of Simpson 

It is represented by the following formula: 

 
where ni stands for the number of bacteria that make up i, i2 

etc and N for the total number of individuals. 

 

Index of Reciprocal of Simpson 

 It is represented by the following formula: 

Reciprocal Simpson index = 1/D 

 

The following equation represents the Shannon-Weiner index: 

 
Here, S stands for the total number of species and Pi for the 

number of members in the ith species. Also, Pi represents the 

likelihood that a sampling plot will contain a given species, i 

(Das et al. 2006).  

 

Shannon Equitability Index  

The Shannon Equitability Index (EH), also called Shannon 

Evenness, measures how evenly individuals are distributed 

among the species present in a community. 

                              EH = H′ 

                                      In (S)    

                                                                                                                        

 Where: EH = Shannon equitability (evenness) index; H′ = 

Shannon–Wiener diversity index; S = Total number of species 

(species richness); ln(S) = Natural logarithm of species 

richness. 

 

Index of Species Evenness  

The following equation represents the Pielou's evenness (J') 

index: 

 
In this case, H'max stands for the highest diversity value 

relative to the total number of species and the Shannon-Wiener 

diversity index is represented by H'. 

 

Berger–Parker Dominance Index (d) 

The Berger–Parker dominance index (d) measures the 

proportional importance of the most abundant species in a 

community. It emphasizes dominance rather than overall 

diversity. 

 d = Nmax/N                   

Where d = Berger–Parker dominance index; Nmax = Number 

of individuals in the most abundant species and N = Total 

number of individuals 
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Statistical Analysis 

The results of the data generated were expressed as mean ± 

standard deviation (SD) using GraphPad Prism version 8.0.2. 

The data means were analyzed by two-way Analysis of 

Variance (ANOVA) followed by Tukey’s post hoc test to 

compare differences in the diversity of the pathogen 

composition of the three sampling sites and different sampling 

points. The values less than p < 0.05 were considered 

statistically significant at 95 % confidence interval (Emmy – 

Egbe et al., 2015; Uba and Chukwura, 2016; Uba et al. 2016; 

2018a; 2018b; 2018c; 2019d; 2019e; Alisa et al., 2020; 

Anukam et al., 2020a; 2020b; Uba et al., 2021a; 2021b; 

Enemchukwu et al., 2026a; 2026b; Afulukwe et al., 2025; 

2026; Umezulora et al., 2026). 

 

Results 
The results of species diversity profile of the sampling sites are 

presented in Table 1 - 7, respectively. From the Table 1 result, 

the diversity profile of Awka North LGA, Urum had the 

highest Margalef's richness of 1.16, highest Shannon - Wiener 

index of 1.43, Mgbakwu had the lowest Simpson's index of 

0.36, Isuaniocha had the highest Berger-Parkers Dominance of 

0.57 respectively.  

 

The diversity profile of Awka South LGA sampling site is 

presented in Table 2. From the result Nkwelle Awka had the 

highest Berger-Parkers Dominance of 0.64, Nibo had the 

highest Shannon Equitability index of 0.75 and highest 

reciprocal of Simpson's index of 3.05, Umuawulu had the 

highest Simpson's index of 0.51 respectively.  

The diversity profile of Dunukofia LGA sampling site is 

presented in Table 3. From the result, Ukpo had the highest 

Simpson's index of 0.70, Ifitedunu had the highest Margalef's 

index of 1.57 and Umudioka had the highest Pielou’s evenness 

and reciprocal of Simpson's index of 0.63 and 1.80 

respectively.  

 

The diversity profile of Anaocha LGA sampling site is 

presented in Table 4. From the result, Nri had the highest 

Margalef's richness and Shannon - Wiener Index of 1.23 and 

1.06, Agulu had the lowest Pielou’s evenness and Berger-

Parkers Dominance of 0.53 and 0.67, Adazi- Nnukwu had the 

highest Simpson's index of 0.72 respectively.  

 

The diversity profile of Njikoka LGA sampling site is 

presented in Table 5. From the result, Abagana had the highest 

Shannon Wiener index and Simpson's reciprocal index of 1.56 

and 3.90, Enugu Ukwu had the highest Shannon equitability 

index of 0.77, Nimo had the highest Berger-Parkers 

dominance of 0.83 and lowest Simpson's diversity index of 

0.30 respectively.  

The diversity profile of Idemili South LGA sampling site is 

presented in Table 6. From the result, Oba had the highest 

Margalef's richness and Shannon Wiener index 0f 1.21 and 

1.61, Nnobi had the highest Berger-Parkers dominance of 

0.68, Alor had the highest Pielou’s evenness and Simpson's 

reciprocal index of 0.87 and 4.07 respectively. Cumulatively, 

Idemili South had the highest Simpson's reciprocal index of 

3.24 and lowest Simpson's index of 0.31 respectively (Figures 

6 and 8). 

The diversity profile of Idemili North LGA sampling site is 

presented in Table 7. From the result, Abacha had the highest 

Shannon equitability index and Simpson's diversity index of 

0.77 and 0.69, Eziowelle had the highest Berger-Parkers 

dominance of 0.68 and lowest Pielou’s evenness of 0.57, 

Oraukwu had the highest Margalef's richness and Simpson's 

index of 1.42 and 0.39 respectively. Statistically, there were 

significant (p < 0.05, F =5.07, p < 0.0001) differences detected 

among the community indices but non - significant (p > 0.05, 

F = 0.9481, p = 0.5278) differences detected among the 

sampling sites. 

Cumulatively, Awka North had the highest Margalef's richness 

of 1.19 (Figure 1). Awka South had the lowest Simpson's 

diversity index of 0.45 and lowest Simpson's reciprocal index 

of 1.82 respectively (Figures 7 and 8). Dunukofia had the 

lowest Pielou’s evenness of 0.49 (Figure 4). Anaocha had the 

highest Berger-Parkers dominance of 0.69 and lowest Shannon 

equitability index of 0.46 respectively (Figures 3 and 5). 

Njikoka had the lowest Margalef's richness of 1.05 (Figure 1). 

Idemili South had the highest Simpson's reciprocal index of 

3.24 and lowest Simpson's index of 0.31 respectively (Figures 

6 and 8). Idemili North had the lowest Berger-Parkers 

dominance of Idemili South and North had the lowest Berger-

Parkers dominance of 0.51, respectively (Figure 4.5). 

Statistically, there were significant (p < 0.05, F = 631.14, p < 

0.0001) differences detected among the community indices but 

non-significant (p > 0.05, F = 2.125, p = 0.0675) differences 

detected among the sampling sites. 

 

 Table 1: Diversity profile of Awka North LGA sampling sites 

Species group Urum Mgbakwu Isuaniocha Mean±SD 

Species richness  7.00 7.00 5.00 6.33±1.15 

Margalef's richness (Dmg) 1.16 0.96 0.86 0.99±0.15 

Shannon-Wiener index (H') 1.43 1.30 0.99 1.24±0.226 

Shannon Equitability index (EH) 0.71 0.64 0.63 0.66±0.04 

Pielou’s Evenness (J') 0.74 0.67 0.62 0.67±0.06 

Berger-Parkers Dominance (d) 0.40 0.54 0.57 0.50±0.09 

Simpson's index (D) 0.28 0.36 0.49 0.38±0.11 

Simpson's Diversity index (1-D) 0.72 0.64 0.51 0.63±0.11 

Simpson's Reciprocal index (1/D) 3.58 2.81 2.06 2.82±0.76 
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Table 2: Diversity profile of Awka South LGA sampling sites 

Species group Nkwelle -Awka Nibo Umuawulu Mean±SD 

Species richness  7.00 6.00 6.00 6.33±0.58 

Margalef's richness (Dmg) 1.14 1.01 0.97 1.04±0.09 

Shannon-Wiener index (H') 1.20 1.36 1.13 1.23±0.12 

Shannon Equitability index (EH) 0.61 0.75 0.64 0.67±0.07 

Pielou’s Evenness (J') 0.61 0.76 0.63 0.67±0.08 

Berger-Parkers Dominance (d) 0.64 0.54 0.49 0.56±0.08 

Simpson's index (D) 0.5 0.33 0.51 0.45±0.10 

Simpson's Diversity index (1-D) 0.5 0.67 0.49 0.55±0.10 

Simpson's Reciprocal index (1/D) 2.02 3.05 1.98 2.35±0.61 

 

  Table 3: Diversity profile of Dunukofia LGA sampling sites 

Species group Ukpo Ifitedunu Umudioka Mean±SD 

Species richness  7.00 7.00 6.00 6.67±0.56 

Margalef's richness (Dmg) 1.11 1.57 0.91 1.20±0.34 

Shannon-Wiener index (H') 0.66 0.97 1.14 0.92±0.24 

Shannon Equitability index (EH) 0.34 0.49 0.64 0.49±0.15 

Pielou’s Evenness (J') 0.34 0.50 0.63 0.49±0.15 

Berger-Parkers Dominance (d) 0.83 0.76 0.53 0.71±0.16 

Simpson's index (D) 0.70 0.58 0.55 18.76±1.39 

Simpson's Diversity index (1-D) 0.30 0.42 0.45 0.39±0.08 

Simpson's Reciprocal index (1/D) 1.42 1.72 1.80 1.65±0.20 

 

 Table 4: Diversity profile of Anaocha LGA sampling sites 

Species group Nri Agulu Adazi-Nnukwu Mean±SD 

Species richness  7.00 6.00 6.00 6.33±0.58 

Margalef's richness (Dmg) 1.23 1.08 0.95 1.09±0.14 

Shannon-Wiener index (H') 1.06 0.94 0.99 1.00±0.06 

Shannon Equitability index (EH) 0.54 0.52 0.55 0.54±0.02 

Pielou’s Evenness (J') 0.54 0.53 0.56 0.54±0.02 

Berger-Parkers Dominance (d) 0.70 0.67 0.69 0.69±0.02 

Simpson's index (D) 0.51 0.51 0.72 0.58±0.12 

Simpson's Diversity index (1-D) 0.49 0.49 0.28 0.42±0.12 

Simpson's Reciprocal index (1/D) 1.96 1.96 1.39 1.77±0.33 

 

  Table 5: Diversity profile of Njikoka LGA sampling sites 

Species group Abagana Enugu-Ukwu Nimo Mean±SD 

Species richness  8.00 6.00 6.00 6.67±1.16 

Margalef's richness (Dmg) 1.15 1.03 0.92 1.03±0.16 

Shannon-Wiener index (H') 1.56 1.37 0.70 1.21±0.45 

Shannon Equitability index (EH) 0.75 0.77 0.39 0.64±0.21 

Pielou’s Evenness (J') 0.75 0.77 0.39 0.64±0.21 

Berger-Parkers Dominance (d) 0.41 0.53 0.83 0.59±0.22 

Simpson's index (D) 0.26 0.34 0.70 0.43±0.23 

Simpson's Diversity index (1-D) 0.74 0.66 0.30 0.57±0.23 

Simpson's Reciprocal index (1/D) 3.9 2.96 1.44 2.77±0.24 

 

 Table 6: Diversity profile of Idemili South LGA sampling sites 

Species group Oba Nnobi Alor Mean±SD 

Species richness  8.00 5.00 6.00 6.33±1.53 

Margalef's richness (Dmg) 1.21 0.75 0.96 0.97±0.23 

Shannon-Wiener index (H') 1.61 0.91 1.56 1.36±0.39 

Shannon Equitability index (EH) 0.77 0.56 0.87 0.73±0.16 

Pielou’s Evenness (J') 0.77 0.57 0.87 0.74±0.15 

Berger-Parkers Dominance (d) 0.47 0.68 0.39 0.51±0.15 

Simpson's index (D) 0.27 0.52 0.25 0.35±0.15 

Simpson's Diversity index (1 - D) 0.73 0.48 0.75 0.65±0.15 

Simpson's Reciprocal index (1/D) 3.67 1.98 4.08 3.24±1.11 
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Table 7: Diversity profile of Idemili North LGA sampling sites 

Species group Abacha Eziowelle Oraukwu Mean±SD 

Species richness  8.00 5.00 8.00 7.00± 1.73 

Margalef's richness (Dmg) 1.21 0.75 1.42 1.13±0.34 

Shannon-Wiener index (H') 1.61 0.91 1.30 1.27±0.35 

Shannon Equitability index (EH) 0.77 0.56 0.87 0.73±0.16 

Pielou’s Evenness (J') 0.77 0.57 0.63 0.66±0.10 

Berger-Parkers Dominance (d) 0.47 0.68 0.59 0.58±0.11 

Simpson's index (D) 0.31 0.33 0.39 0.34±0.04 

Simpson's Diversity index (1-D) 0.69 0.67 0.61 0.66±0.04 

Simpson's Reciprocal index (1/D) 3.26 3.04 2.56 2.95±0.36 

 

 
 

Figure 1: Cumulative Margalef’s richness of the seven Local Government Areas of Anambra State sampling sites 

N. B: Error bar = mean standard deviation. 

 
 

Figure 2: Cumulative Shannon - Wiener index of the seven Local Government Areas of Anambra State sampling sites  

N. B: Error bar = mean standard deviation 
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Figure 3: 

Cumulative Shannon – equitability index of the seven Local Government Areas of Anambra State sampling sites 

N. B: Error bar = mean standard deviation. 

 
Figure 4: Cumulative Pielou’s evenness of the seven Local Government Areas of Anambra State sampling sites 

N. B: Error bar = mean standard deviation 
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Figure 5: Cumulative Berger – parkers dominance of the seven Local Government Areas of Anambra State sampling sites 

N. B: Error bar = mean standard deviation 

 

 
Figure 6: Cumulative Simpson index of the seven Local Government Areas of Anambra State sampling sites 

N. B: Error bar = mean standard deviation 
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Figure 7: Cumulative of Simpson diversity index the seven Local Government Areas of Anambra State sampling sites 

N. B: Error bar = mean standard deviation 

 

 

 
Figure 8: Cumulative of Simpson reciprocal diversity index of the seven Local Government Areas of Anambra State sampling 

sites 

N. B: Error bar = mean standard deviation 

 

Discussion 
A diversity index is a quantitative measure that reflects how 

many different types (such as species) that are in a dataset, and 

simultaneously takes into account how evenly the basic 

entities (such as individuals) are distributed among these types 

(Otene et al., 2020). Ecological indices such as Margalef 

measure richness of species in an ecosystem. Margalef index 

has no limit value and it shows a variation depending upon the 

number of species hence used for comparison of sites and takes 

only one component of diversity (species richness) into 

consideration reflecting sensitivity to sample size (Otene et al., 

2020). Margalef's index estimate species richness but at the 

same time it is independent on the sample size. Margalef's 

richness ranged from 0.86 to 1.57 (Figure 1) and suggests low 

richness and contradicted with the study titled diversity of the 

bacterial communities of three selected streams in Anambra 

State, Nigeria carried out by Uba et al. (2025) who reported 

that Obibia had the highest Magarlef index of 11.703 while 

Mgbakwu had the lowest Magarlef index of 11.275. 

 

Shannon and Weiner index represents entropy. It is a diversity 

index taking into account the number of individuals as well as 
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the number of taxa. It varies from 0 for communities with only 

single taxa to high values for community with many taxa each 

with few individuals. This index can also determine the 

pollution status of a water body. Normal values range from 0 

to 4 (Otene et al., 2020). This index is a combination of species 

present and the evenness of the species. Examining the 

diversity in the range of polluted and unpolluted ecosystems, 

Otene et al. (2020) concluded that the values of the index 

greater than 3 indicate clean water, values in the range of 1 to 

3 are characterized by moderate pollution and values less than 

1 are characterized as heavily polluted. Shannon- Wiener 

ranged from 0.66 to 1.61 (Figure 2) based on the above 

classification the freshwater bodies are considered to be 

heavily and moderately polluted since their values were below 

one (1) and range of 1-3 respectively as confirmed by Davies 

and Otene (2009).  

 

The higher values of Shannon-Wiener index in this study with 

respect to bacterial load in water sample satisfied the assertion 

by Davies and Otene (2009) that they are indicators of 

environmental pollution. Shannon-Wiener index obtained in 

this study is lower than the value (3.90) reported by Antal and 

Jospeh (2015) in great Kwa River, Cross River State which 

was attributed to difference in environmental factors. The 

index when applied to the present study indicates that 

individuals of the community are not evenly distributed with 

values ranging from 0.34 to 0.87, respectively from the studied 

area. Statistically, there were significant (p < 0.05, F =5.07, p 

< 0.0001) differences detected among the community indices 

but non - significant (p > 0.05, F = 0.9481, p = 0.5278) 

differences detected among the 21 sampling sites.  

 

The cumulative biodiversity assessment across the selected 

seven Local Government Areas (LGAs) revealed marked 

spatial variations in community structure and ecological 

stability (Figure 8). Awka North recorded the highest 

Margalef’s richness (1.19), indicating comparatively greater 

species richness relative to sample size. Margalef’s index 

primarily reflects the number of taxa present and is particularly 

sensitive to the occurrence of rare species (Magurran, 2013). 

This suggests that Awka North may provide relatively 

favorable environmental conditions that support a broader 

range of taxa, possibly due to habitat heterogeneity or lower 

anthropogenic disturbance. Conversely, Awka South exhibited 

the lowest Simpson’s diversity index (0.45) and lowest 

Simpson’s reciprocal index (1.82), indicating reduced overall 

diversity and greater dominance by fewer species. Simpson’s 

index is weighted toward dominant taxa and reflects the 

probability that two randomly selected individuals belong to 

the same species (Uba et al. 2025). Lower Simpson’s 

reciprocal values therefore imply reduced effective species 

diversity, often associated with ecological stress or 

environmental perturbation (Tuomisto, 2012). Such patterns 

may reflect anthropogenic pressures, including urban runoff or 

pollution inputs, which selectively favor tolerant species over 

sensitive ones. Dunokofia showed the lowest Pielou’s 

evenness (0.49), suggesting uneven distribution of individuals 

among species. Evenness indices provide insight into 

community balance; low values indicate that a few taxa 

dominate the assemblage while others are poorly represented. 

This uneven structure may signal environmental filtering 

processes or competitive exclusion mechanisms influencing 

species distribution (Uba et al. 2025). Anaocha demonstrated 

the highest Berger–Parker dominance (0.69) and lowest 

Shannon equitability (0.46), reinforcing evidence of strong 

dominance by one or few taxa. The Berger–Parker index 

specifically emphasizes the proportional abundance of the 

most dominant species, making it a sensitive indicator of 

ecological imbalance (Magurran & McGill, 2011). The 

concurrent low Shannon equitability further confirms limited 

distributional uniformity, as Shannon-based measures 

integrate both richness and evenness components (Uba et al. 

2025). Such dominance-driven patterns are frequently 

observed in ecosystems exposed to nutrient enrichment or 

pollution stress (Shade et al., 2012). Njikoka recorded the 

lowest Margalef’s richness (1.05), implying comparatively 

reduced species presence. Lower richness may reflect habitat 

simplification, environmental degradation, or limited niche 

availability (Chase & Myers, 2011). In contrast, Idemili South 

exhibited the highest Simpson’s reciprocal index (3.24) and 

lowest Simpson’s index (0.31), indicating comparatively 

higher diversity and lower dominance. High reciprocal 

Simpson values correspond to greater effective species 

numbers and suggest a more balanced and stable ecological 

community (Uba et al. 2025). Additionally, Idemili North and 

South recorded the lowest Berger–Parker dominance (0.51), 

further supporting reduced dominance pressure and improved 

community distribution relative to other LGAs. Also, 

statistically, there were significant (p < 0.05, F = 631.14, p < 

0.0001) differences detected among the community indices but 

non-significant (p > 0.05, F = 2.125, p = 0.0675) differences 

detected among the seven local government sampling sites. 

 

Conclusion 
Overall, the multidimensional biodiversity metrics 

demonstrate that community structure varies considerably 

across the study areas. Also, while some LGAs like Idemili 

South and Awka North) displayed characteristics of relatively 

stable and diverse communities, others like Anaocha and 

Awka South) showed patterns consistent with dominance and 

reduced evenness. These findings underscore the importance 

of applying multiple diversity indices, as each capture different 

ecological attributes—richness, dominance, and evenness—

and together provide a more comprehensive evaluation of 

ecosystem health. Such integrative biodiversity assessment is 

essential for understanding anthropogenic impacts and guiding 

freshwater ecosystem management strategies.  
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