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Abstract 
A survey was conducted from September 2014 to February 2015 to determine the resident aquatic 

macroinvertebrates and selected heavy metals of Igun and Osu Reservoirs, in Atakumosa West Local 

Government Area of Osun State, southwestern Nigeria. This was with a view to detecting the effects of 

gold mining activities on Igun Reservoir using Osu Reservoir as a reference site. Sampling for heavy 

metals and macroinvertebrate fauna was carried out fortnightly for six months. The collected aquatic 

macroinvertebrates were preserved in 70% ethanol and identified using appropriate identification keys. 

Water sample were collected for the determination of heavy metals which include, Cadmium (Cd), Gold 

(Au), Lead (Pb), Zinc (Zn) and Manganese (Mn), using (Atomic Absorption Spectroscopy) A total of 136 

macroinvertebrate specimens representing 17 species in 12 families were collected from Igun Reservoir. 

Class Gastropoda had the highest number of specimens 61(44.85%), representing five species in three 

families (Planorbidae, Thiaridae and Physidae). A total of 408 macroinvertebrate specimens representing 

32 species in 16 families were collected from Osu Reservoir. Ephemeroptera, represented by six species 

from two families (Caenidae and Baetidae) had the highest number of specimens, 136 (33.33%). 

Simpson Diversity Index (1-D) for Igun and Osu Reservoirs were 0.84 and 0.89 respectively. Cd 

correlated with Mn (r = 0.82) while Pb correlated with Mn (r = 0.62). Pb also negatively correlated with 

the abundance of Odonata (r = -0.77) in Igun Reservoir while Cd correlated negatively with the 

abundance of Coleoptera (r = -0.58) in Osu Reservoir. The concentration of zinc was within the WHO 

permissible limits for freshwater while other heavy metals were above the limits in both reservoirs. 
 

Keywords: Heavy metals, macroinvertebrate composition, aquatic macroinvertebrates 

 

1. Introduction 

Aquatic insects are very good indicators of water quality since they have various 

environmental disturbance tolerance levels [1]. There are some that are very vulnerable and 

sensitive to contamination, while some can survive and boom in contaminated and unhealthy 

waters [2]. Pollutants in the surrounding watershed affect aquatic inveretebrate existence 

depending on their toxicity, bioavailability and rate of uptake, and metabolic regulation by 

specific organisms [3]. Studies of the effects of metal contamination on macrobenthic 

assemblages have identified some common themes [4]. In any type of environmental pollution, 

taxonomic sensitivity distribution controlled assemblage dynamic. Increase in the level of the 

pollutants result in the elimination of the taxa that is most sensitive in the population and are 

replaced by the ones that can tolerate the disturbance, thereby changing the composition 

structure. As the contaminants increase, even taxa with the most resistivity will be reduced in 

abundance, even to zero [4]. Lotic organisms are generally known to be affected by heavy 

metal contaminations [5]. Different researchers [4] and [6] advocated the use of species 

sensitivity to contaminants of benthic macroinvertebrate assemblages to assess ecological 

effects of metal pollution in streams and the impacts of heavy metal contamination on leaf-

litter breakdown [7] and secondary production of macroinvertebrates [8]. 

The aim of this study is to determine the faunal composition of the resident aquatic 

macroinvertebrates and heavy metal concentrations in Igun and Osu Reservoirs in Atakumosa 

West Local Government Area of Osun State. It is also to correlate the heavy metal 

concentrations with macroinvertebrate diversity, and compare the findings in both 

waterbodies. This was with a view to determine the effects of environmental perturbations in 

the reservoirs.    
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2. Materials and Methods 

Igun community lies between Latitudes 07°30ˈ and 07°35ˈ N 

and between Longitudes 004°38ˈ and 00 4°42ˈ E in 

Atakumosa West Local Government Council of Osun State, 

southwestern Nigeria (Fig. 1). The study area is a rural 

community of about 2,600 people that engage predominantly 

in subsistent farming of cocoa [9]. The city is accessible 

through an untarred but motorable road, and a gold mining 

area is within one of the six (6) classes of the basement 

complex rock that is from slightly migmatised to non-

migmatised, meta-sedimentary and meta-igneous rock, simply 

called the Schist belt [10]. The geological attributes of Igun 

Community can be found in [11]. The eastern part has 

quartzite, quartz schist and amphibole schist. The gold deposit 

occurs in the eastern area. Igun Reservoir is located within 

Igun Community. It is formed as a result of the activities of 

miners. There are about nine reservoirs in Igun community 

which the artisanal miners use for their mining activities 

(After excavating the ground, they take the mines tailings 

which is always mud-like to the reservoir to wash and finally 

extract the material they are looking for) but most of them 

have been taken over by aquatic vegetation. Two of these 

reservoirs still retain sufficient water, open and accessible but 

one of them was used for this study because mining activities 

still occur very close to the reservoir. 

 

 
 

Fig 1: Study sites in the Igun Reservoirs, Atakumosa West Local Government Area of Osun State, Nigeria. A – Map of Osun State showing 

Atakumosa West Local Government Area (Inset is map of Nigeria) B; Igun Community and C; Igun Reservoir. 

 

Osu Reservoir is also located in Atakumosa West Local 

Government Area. The reservoir was formed by the 

impoundment of River Sasa with an embankment type of dam 

in the year 2005 (Fig. 2). The surface area of the reservoir is 

about 0.118 km2 while the maximum capacity is about 

102.4m3 [12]. The substratum of the reservoir is mainly mud 

and sand. Shoreline vegetation is dense with submerged 

aquatic macrophytes, some of which eventually decompose 

during the wet season. The reservoir was chosen as reference 

site because it is used mainly for domestic for domestic water 

supply to rural dwellers 

 

 
 

Fig 2: Osu community showing the study site in Osu Reservoir, Atakumosa West Local Government Area of Osun State, Nigeria. A- Sampling 

site in the reservoir 
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Macroinvertebrates were sampled every two weeks between 

September 2014 to February 2015 from Igun and Osu 

Reservoirs. A standard dipnet of 500µm mesh size was used 

for macroinvertebrates collection, while organisms attached to 

small pieces of rock from the substratum were handpicked. 

Sampling was done between the hours of 08:00 am and 09:00 

am. Sorting of collected samples was done immediately on 

the site, and in situations where sorting could not be done, 

samples were washed into a bucket and taken to the 

laboratory to be sorted. Sorted samples were then stored in 

vials with 70% ethanol for identification subsequently. 

Identification of specimens was carried out down to the 

lowest taxonomic level where possible with the aid of a high 

power microscope (Carl Zeiss Microscopy GmbH 37081 

Göttingen, Germany) using the Guides to the Freshwater 

Invertebrates of Southern Africa [13] [14] [15] [16]. Water samples 

were collected fortnightly from Igun and Osu Reservoirs for a 

period of 6 months for heavy metal analysis. To determine the 

concentrations of heavy metals; Cadmium (Cd), Gold (Au), 

Lead (Pb), Zinc (Zn) and Manganese (Mn), water samples 

were determined with nitric perchloric hydrofluoric acid 

digestion method [17]. The digested samples were analyzed for 

the heavy metals using atomic absorption spectroscopic 

(AAS) method at the appropriate wavelengths. 

Pearson Correlation was used to examine the 

interrelationships among the heavy metals. Analysis of 

variance (ANOVA) was used to determine the interactions 

between the heavy metals and abundance of 

macroinvertebrates, while Student’s t-test was used to 

compare the means of the heavy metals across the study sites 

 

3. Results  
The mean concentration of cadmium recorded at Igun 

Reservoir was (0.02 ± 0.19mg/L) and the mean concentration 

of cadmium recorded at Osu Reservoir was (0.01 ± 

0.00mg/L). There was a significant difference (p<0.001) in 

the mean concentration of cadmium in both reservoirs. The 

recorded mean concentration of Gold during the period of 

study ranged from 0.001 to 0.832 as presented in Table 1. The 

mean concentration of Gold recorded at Igun was (0.49 ± 

0.25mg/L) while the mean concentration of Gold recorded at 

Osu Reservoir was (0.00 ± 0.00mg/L). Significant difference 

(p<0.001) was observed in the mean concentration of gold in 

Igun and Osu reservoirs. The concentration of lead during the 

study ranged from 0.002 to 0.076. The mean concentration of 

lead recorded at Igun reservoir was (0.04 ± 0.03mg/L) and the 

mean concentration of lead recorded at Osu reservoir was 

(0.01 ± 0.01mg/L). There was a significant difference 

(p<0.001) in the mean concentration of lead in Igun and Osu 

Reservoirs. The mean concentration of zinc recorded at Igun 

Reservoir was (0.15 ± 0.06mg/L) and the mean concentration 

of zinc recorded at Osu Reservoir was (0.06 ± 0.04mg/L) was 

recorded at Osu Reservoir, hence, there was a significant 

difference (p<0.001) in the value of Zinc in both reservoirs. 

The concentration of Manganese during the study ranged 

from 0.009 to 0.816. The mean concentration of manganese 

recorded at Igun Reservoir was (0.30 ± 0.27mg/L) while 

mean concentration of manganese recorded at Osu Reservoir 

was (0.05 ± 0.03mg/L) was recorded at Osu Reservoir. There 

was a significant difference (p<0.01) in the mean 

concentration of Zinc in both reservoirs (Table 1). 

The mean values of all the selected heavy metals are 

significantly different (p<0.001) in both Igun and Osu 

Reservoirs (Table 1). 

 

3.1 Abundance and Species richness of 

macroinvertebrates  
A total of 136 individuals representing 17 species in 12 

families were collected during this study from Igun Reservoir. 

Gastropoda had the highest number of individuals 61(44.85%) 

(Table 2) representing five species in three families 

(Planorbidae, Thiaridae and Physidae) and the least was from 

the dipteran order, having 6 (4.41%) individuals representing 

one species from a single family Chironomidae. A total of 

408 individuals representing 32 species in 16 families were 

collected during this study from Osu Reservoir. 

Ephemeroptera had the highest number of individuals, 136 

(33.33%) (Table 2) representing six species from two families 

(Caenidae and Baetidae). The least was from coleopteran 

order, having 19 (4.66%) individuals representing one species 

from a single family Gyrinidae. The overall species richness 

and diversity of macroinvertebrates collected in the sampled 

sites are indicated in Table 2. Osu reservoir had the highest 

species richness with Simpson diversity index value of 0.89 

compared to Igun with 0.84. 

 
Table 1: Analysis of variance (ANOVA) showing relationships among the selected heavy metals in Igun and Osu Reservoirs 

 

 Igun Osu Anova Student t - test 

Conc. Of heavy metals (mg/L) Min – Max Mean ± S.D Min – Max Mean ± S.D F p T p 

Cadmium 0.011 - 0.074 0.02 ± 0.19 0.002 - 0.011 0.01 ± 0.00 14.87 0.0008571 *** 3.11 0.00 *** 

Gold 0.101 - 0.832 0.49 ± 0.25 0.001 -0.008 0.00 ± 0.00 40.36 0.000002156 *** 7.94 0.00 *** 

Lead 0.01 - 0.076 0.04 ± 0.03 0.002 - 0.021 0.01 ± 0.01 17.09 0.0004348 *** 3.89 0.00 *** 

Zinc 0.092 - 0.321 0.15 ± 0.06 0.005 - 0.093 0.06 ± 0.04 20.19 0.0001807 *** 4.50 0.00 *** 

Manganese 0.11 – 0.816 0.30 ± 0.27 0.009 - 0.093 0.05 ± 0.03 9.578 0.005289 ** 3.19 0.00 *** 

*** Very highly significant (p<0.001) 

** Highly significant (p<0.01) 

* Significant (p<0.05 
 

Table 2: Composition, distribution and abundance of macroinvertebrates collected in Igun and Osu Reservoirs. 
 

Phylum Class Order Family Species Igun Osu 

Arthropoda Insecta Ephemeroptera Caenidae Afrocaenis major 0 41 

    Caenis bermeri 0 27 

    Caenis carpensis 0 6 

    Caenospella major 0 22 

   Baetidae Acanthiop sp 0 32 

    Baetis sp 0 8 

     0 136(33.33%) 

  Odonata Synlestidae Chlorolestes conspicuous 0 12 
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    Chlorolestes elegans 8 20 

    Chlorolestes apricans 0 2 

    Chlorolestes sp. 8 6 

   Lestidae Lestes plagatus 1 0 

    Lestes ictericus 0 12 

   Gomphidae Ophiogomphus sp. 0 6 

    Actinogomphus ferox 0 3 

    Ceratogomphus triceratus 6 13 

    Actinogomphus sp. 0 3 

   Libellulidae Trithemis dorsalis 3 0 

    Trithemis sp. 0 7 

    Diplacodes sp 5 0 

   Coenagrionidae Pseudogrion inopinatum 0 4 

    Ceragrion bakeri 0 5 

   Platyncnemididae Allocnemis leucostita 2 0 

    Metacnemis leucostita 0 6 

     33(24.26%) 99(24.26%) 

  Diptera Chironomidae Chironomous sp. 6 0 

     6(4.41%) 0 

  Coleoptera Gyrinidae Orectogyrus sp. 22 19 

     22(16.18%) 19(4.66%) 

  Hemiptera Notonectidae Notonecta lunata 6 0 

    Notonecta sp. 0 105 

   Naucoridae Illycoris sp. 0 6 

    Pelecoris sp. 5 0 

   Belastomatidae Belastoma sp. 0 1 

    Abedus sp. 0 1 

   Hydrometridae Hydrometra sp. 3 1 

   Gerridae Gerris sp. 0 4 

     14(10.29%) 118(28.29%) 

Mollusca Gastropoda Heterobranchia Planorbidae Bulinus sp. 0 2 

    Bulinus africanus 0 6 

    Planorbis sp. 8 5 

    Helisoma sp. 4 1 

    Lentobis sp. 2 0 

   Physidae Physella sp. 2 0 

  Caenogastropoda Thiaridae Melanoides tuberculata 45 22 

     61(44.85%) 36(8.82%) 

Total     136 408 

Simpson diversity index     0.84 0.89 

 

3.2 Relationships among heavy metals and 

macroinvertebrates in Igun and Osu Reservoirs 

Table 3 and 4 show the relationships among the heavy metals 

and aquatic macroinvertebrates. In Igun Reservoir, Cd 

significantly correlated with Mn (r = 0.82), Pb significantly 

correlated with Mn (r = 0.62). Also there is a significant 

negative correlation between Pb and the abundance of 

Odonata (r = -0.77) while Cd correlated negatively with the 

abundance of coleoptera (r = -0.58) in Osu reservoir (Table 4) 

 
Table 3: Correlation (r) values showing the interaction between selected heavy metals as well as macroinvertebrates fauna in Igun reservoir.  

 

 
Cd Au Pb Zn Mn Mollusca Hemiptera Diptera Odonata Coleptera 

Cd 0 
         

Au 0.37 0 
        

Pb 0.38 0.17 0 
       

Zn 0.45 0.16 0.52 0 
      

Mn 0.82* 0.26 0.62* 0.8 0 
     

Mollusca -0.19 -0.39 -0.42 -0.03 -0.22 0 
    

Hemiptera -0.17 -0.08 -0.55 -0.26 -0.3 0.55 0 
   

Diptera -0.14 -0.46 -0.31 0.03 -0.14 0.98* 0.55 0 
  

Odonata -0.43 -0.19 -0.77* -0.42 -0.57 0.46 0.08 0.32 0 
 

Coleptera -0.14 -0.46 -0.31 0.03 -0.14 0.98* 0.55 1 0.32 0 

*Significant correlation, p<0.05. 

 
Table 4: Correlation (r) values showing the interaction between selected heavy metals as well as macroinvertebrates fauna in Osu reservoir 

 

 
Cd Au Pb Zn Mn Mollusca Hemiptera Odonata Coleptera Ephemeroptera 

Cd 0 
         

Au 0.4 0 
        

Pb 0.26 -0.43 0 
       

Zn 0.01 0.01 0.15 0 
      

Mn 0.09 0.01 -0.11 -0.14 0 
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Mollusca -0.53 -0.03 -0.23 0.11 -0.19 0 
    

A -0. 1 -0.18 -0.28 0.25 -0.23 0.58* 0 
   

Odonata -0.49 -0.05 -0.31 0.23 -0.23 0.88* 0.85* 0 
  

Coleptera - 0.58* 0.1 -0.32 0.24 -0.19 0.81* 0.64* 0.92* 0 
 

Ephemeroptera 0.03 0.48 -0.34 0.01 -0.04 0.62* 0.41 0.57 0.51 0 

* Values that are significant (p<0.05) 

 

4. Discussion 

The condition of the reservoir at Igun Community presents 

the status of a waterbody that is greatly impaired by gold 

mining activities. This is seen in the type of 

macroinvertebrates collected at the reservoir. The reservoir 

has Chironomus sp. which is characterized by its tolerance to 

pollution and high organic matter concentrations as reported 

for some impacted ecosystems [18] [19]. Low abundance of 

Planorbidae present in Igun Reservoir showed that mining 

activities has caused a deterioration of the health of the water 

body. Fewer species of Planorbidae were collected in Igun 

than Osu Reservoir, corroborating the fact that they are 

seldom found in severely polluted waters [20]. In addition, 

earlier findings had shown that heavy metals reduce the 

diversity of planorbid snails in a waterbody [21]. Results 

showed that there were low diversity and abundance of semi-

pollution-tolerant macroinvertebrates at Igun such as 

Orectogyrus sp. Previous studies demonstrated that discharge 

from mined areas decrease species diversity and altered 

species composition [22] [23] [24] [25] [26]. Gold-mining activities 

also lead to the loss of physical habitats such as macrophytes 

and mineral substrates. Plants such as aquatic macrophytes 

provide direct refugia or indirect (support for the development 

of algae and biofilm that constitute food) resource supplies 
[27]. Macroinvertebrates sampled at Osu Reservoir however 

showed that a pollution sensitive order, Ephemeroptera had 

the highest abundance, accompanied by Libellulidae 

(Odonata). These taxa usually indicate clean, unpolluted 

waters [21].  

The range of concentrations of Mn, Cd, Au, Pb in Igun 

Reservoir were above the [28] [29] permissible limits for 

drinking water. However, the concentration range of zinc in 

Igun Reservoir (0.09 – 0.321mg/L) were within the [28] 

permissible limits for drinking water. Zinc is one of the 

important trace elements that play a vital role in the 

physiological and metabolic processes of many organisms. 

Nevertheless, higher concentrations of zinc can be toxic to the 

organism [30]. The values of all the heavy metals at Igun were 

significantly higher than those of Osu Reservoir. The results 

clearly show that heavy metal pollution adversely affected 

macroinvertebrate populations and alters their community in 

Igun Reservoir. In particular, total abundance and taxa 

richness of Ephemeroptera were dramatically decreased even 

at the polluted sites. The sensitivity of Ephemeroptera to 

heavy metals is well documented from previous studies [31] [4]. 

Heavy metals may affect benthic invertebrates indirectly 

through alteration of habitat conditions [32] or trophic 

relationships [33] [34] and directly through water contamination. 

Mining activity often cause sedimentation and increases 

substratum embeddedness [35]. According to [36] [37] [38], the 

tolerance of benthic invertebrates to heavy metals decreases 

from Trichoptera to Plecoptera and Ephemeroptera. [39] [40] [41] 

reported that the reduction of potential habitats, the low water 

discharge, slight organic pollution and the accumulation of 

heavy metals in water and sediments led to the deterioration 

of water quality. The deleterious effects of the contaminating 

heavy metals on macroinvertebrate communities at Igun 

Reservoir resulted in reduced species richness and changes in 

the community compositions. 

Lead showed a negative correlation with abundance of 

odonates in Igun Reservoir. Lead is a cumulative toxic metal 

and it poses a threat to the aquatic environment, the most 

severe effect being brain damage caused by lead poisoning. 
[42] reported that lead has been found to be carcinogenic and a 

potent enzyme inhibitor as it inhibits utilization of iron in the 

body, interferes with fertility and causes renal damage. Given 

these, it is possible that odonates were greatly affected by the 

concentration of lead in the reservoir leading to low 

abundance. The toxicity of lead to aquatic organisms varies 

considerably depending on availability, uptake, and species 

sensitivity. Generally, the earlier life stages are more 

vulnerable [43]. According [44] the tolerance limits of lead for 

aquatic life are between 0.0013-0.077 mg/L. The values of 

lead in Igun was above the USEPA limit. In communities of 

aquatic invertebrates, some populations are more sensitive 

than others and community structure may be adversely 

affected by lead contamination. However, it has been reported 

that populations of invertebrates from polluted areas can show 

more tolerance to lead than those from non-polluted areas [43].  

High concentration of heavy metals in Igun Reservoir may be 

responsible for low diversity of macroinvertebrates and this is 

corroborating by [45] report that active mining sites cause 

lower densities of macroinvertebrates. Low concentration of 

heavy metals in Osu Reservoir possibly explains the high 

diversity and abundance of macroinvertebrates. Also, the 

presence of pollution-sensitive species such as EPT taxa 

indicates that the water is somewhat in pristine condition. The 

EPT taxa have been treated as indicators for good water 

quality for a long time [46]. Recent findings show that EPT 

abundance was higher in semi-natural compared to heavily 

disturbed active mining sites [45]. 

 

5. Conclusion 

To conclude, this study assessed the effect of heavy metal 

concentrations on macroinvertebrate fauna of a reservoir in a 

gold mining area and compared it with that of a reference site, 

Osu Reservoir. The concentrations of heavy metals analyzed 

in Igun reservoir were above the recommended values by 

WHO, except zinc, which was within the permissible limits. 

Low abundance of macroinvertebrates indicates the biological 

status of the reservoir due to the mining activities. It is very 

expedient to protect the quality of the water and biota from 

further degradation. 
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