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Abstract 

Protected areas have been adjudged as biodiversity hotspot for vertebrate and invertebrate 

animals alike. In this study, biodiversity of benthic macroinvertebrates in the protected 

(sacred grove) and unprotected area of Osun River was compared. Four samples were 

collected in each section of the river in October 2016 and February 2017. The fauna was 

composed of two phyla, five classes and 16 families. The dominant taxa were Melanoides 

tuberculata, Gerris sp., Triops sp. and Lanistes varicus. With the exception of Pielou‘s 

evenness index, all other biodiversity indices (i.e. taxa richness, abundance and Shannon-

Wiener index) recorded higher values within the protected area than in the unprotected area. 

The sacred grove section also recorded more stress-sensitive and facultative species than the 

downstream section. The stress-sensitive macroinvertebrates include Families Aeshnidae, 

Corduliidae, Cyrenidae, Etheriidae and Potamonautidae; while the facultative ones include 

Araneidae, Atyidae, Hydraenidae, Thiaridae, Tipulidae and Triopsidae. Stress-tolerant 

members include Gerridae, Gyrinidae, Mesoveliidae and Nepidae. The study concludes that 

the protected section of the river was of better water quality based on biodiversity indices and 

relative distribution of stress-sensitive/tolerant species, thus emphasising the role of protected 

areas in freshwater biodiversity conservation. 
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Introduction 
The relative compositions of available 

waters in the world indicate that 

freshwaters are very limited in quantity 

when compared with oceans and 

underground waters (Van der Leeden, 

1990). Despite accounting for 0.01% of 

the world‘s waters, surface freshwaters 

have the greatest species diversity per unit 

area (Pittock et al., 2015).  Ironically, 

freshwater systems are also the most 

heavily impacted and threatened by human 

activities thereby leading to a fast 

deterioration of global freshwater 

biodiversity (Dahl et al., 2004). Threats to 

freshwater biodiversity have been 

categorized into five, namely: 

overexploitation, water pollution, flow  

 

modification, destruction or degradation of 

habitat and invasion by exotic species 

(Dudgeon et al., 2006). 

Freshwater (benthic) 

macroinvertebrates are the most common 

biological indicators used in assessing the 

ecological integrity of lotic waters (rivers 

and streams). This is due to the fact that 

various groups of macroinvertebrates have 

varying sensitivities to stress in aquatic 

environments (Allan, 1999; Voshell, 

2002). Benthic macroinvertebrates are 

categorized into five based on their 

response to environmental stress, viz: very 

sensitive, somewhat sensitive, facultative, 

somewhat tolerant and very tolerant. Very 

sensitive macroinvertebrates are usually 

found in nearly pristine environments in 

low numbers and are quickly eliminated if 

any disturbance occurs. Facultative 

macroinvertebrates occur in environments 
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with conditions ranging from pristine to 

moderate levels of disturbance, and they 

do occur in high numbers under conditions 

of moderate disturbance. Somewhat 

sensitive macroinvertebrates are similar to 

facultative (i.e. can withstand moderate 

level of disturbance) but can also be found 

in pristine environments in low numbers, 

e.g. the very tolerant macroinvertebrates 

are seldom found in pristine environments. 

They are occasionally found in moderately 

disturbed environments and exceptionally 

high in environments with severe 

disturbance, e.g. the somewhat tolerant 

macroinvertebrates are similar to very 

tolerant but they cannot survive in severely 

disturbed environments (Voshell, 2002). It 

is noteworthy to state that the tolerance of 

most macroinvertebrates ranges in 

between two of these categories, i.e. very 

sensitive/somewhat sensitive, somewhat 

sensitive/facultative, facultative/somewhat 

tolerant or somewhat tolerant/very 

tolerant. For instance, the stress tolerance 

of most members of the Family 

Sphaeriidae ranges from facultative to 

somewhat tolerant, while it ranges from 

somewhat tolerant/facultative to somewhat 

sensitive for Family Baetidae (Voshell, 

2002).  

Osun (Grove) River is the main 

river system within Osogbo township and 

it is internationally renowned for its 

cultural significance and designation as a 

World Heritage Site. This has stimulated 

the interest of some scientists to carry out 

research works on various aspects of the 

grove‘s biodiversity, e.g. herpetofauna 

(Akinpelu & Areo, 2007), vegetation 

(Onyekwelu & Olusola, 2014), water 

quality and potamoplankton (Akindele and 

Olutona, 2017) and benthic 

macroinvertebrates and the river‘s 

conservation value (Akindele et al., 2017). 

Previous findings indicate that the section 

of the river within the grove is a 

biodiversity hotspot for phytoplankton and 

benthic macroinvertebrates (Akindele and 

Olutona, 2017; Akindele et al., 2017); 

however, there is no prior limnological 

study on the downstream (unprotected) 

section of the river where there is a high 

level of anthropogenic disturbances and 

environmental stressors. Among the 

identified environmental stressors in the 

downstream section are deforested riparian 

corridor, encroachment of residential 

buildings on the river bank, farming and 

use of pesticides. Others are spiritual bath, 

discharge of domestic and abattoir wastes, 

water abstraction for dry season farming, 

as well as farming within the river channel 

in the dry season when water level is at its 

lowest. In view of the importance of the 

river to downstream users, it is imperative 

to ascertain its health status using its 

benthic macroinvertebrate as biological 

indicators. Thus, this paper seeks to 

ascertain the health status of the protected 

and unprotected sections of Osun River 

through biodiversity assessment of benthic 

macroinvertebrates and their response to 

stress. 

 

Material and methods 

Study area 

Osun River takes its course from swampy 

grounds of Igede Ekiti, Ekiti State, Nigeria 

but the study area is located in the middle 

course of the river in Osogbo, Osun State, 

Nigeria. It spans through a protected area 

(sacred grove) and UNESCO World 

Heritage Site, and a little further 

downstream of the grove. Going by the 

International Union for Conservation of 

Nature (IUCN) criteria for Protected Areas 

(PAs), the sacred grove belongs to 

Category III i.e. Natural Monuments.    

 

Collection of samples 

A total of eight sampling stations were 

selected along the course of the river; four 

each in the protected (Sites 1-4) and 

unprotected areas (Sites 5-8) (Figure 1).  

Sampling was carried out in both rainy and 

dry seasons (October 2016 and February 

2017, respectively). Sampling of 

macroinvertebrates was carried out using a 

500 µm mesh size net and by dislodging 

them from the sediment using the Kick 
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sampling technique as described by 

Ausden (2000). The animals were also 

sampled from their various microhabitats 

using direct searching method, e.g. 

detaching them from substrata and wading 

the net through littoral macrophytes. 

Smaller macroinvertebrates (e.g. insect 

larvae) were picked using a pair of forceps 

and they were transferred into labelled 

specimen bottles which contained 70% 

alcohol. Larger macroinvertebrates (e.g. 

molluscs) were stored in separate 

containers. The samples were preserved 

in-situ to prevent disintegration or 

predation among the organisms, en route 

the laboratory. 

 

 
Figure 1: Map showing the location of the of the study area 

 

Laboratory and data analyses 

Sorting of the organisms was carried out in 

the laboratory. The content of each 

labelled specimen bottle was emptied into 

a white tray and the organisms sorted out 

into separate Petri dishes, based on their 

morphological similarities. Identification 

was carried out according to the guides 

given by (Voshell, 2002; Pawley et al., 

2011; Umar et al., 2013), and aided by the 

use of a compound light microscope (at 

x40 and x100 magnification levels) in the 

case of very tiny macroinvertebrates. 

Shannon-Wiener index and Pielou‘s 

evenness index, were used to ascertain the 

ecological integrity of the two sections of 

the river. The data set was non-parametric 

and sample size was not sufficiently large 

(n=8); hence the use of Mann-Whitney test 

to compute for significant differences 

between the two seasons and the two 

sections of the river. The health status of 

each section was based on stress tolerance 

or sensitivity of the recorded 

macroinvertebrates ( Voshell, 2002; Alba-

Tercedor and Pujante, 2000). 

 

Results 

All the animals recorded in this study 

belong to two phyla, namely Phylum 

Mollusca and Arthropoda. The molluscs 

comprised the Class Bivalvia and 

Gastropoda, while the arthropods 

comprised Class Crustacea, Arachnida and 

Insecta. The fauna also comprised a total 

of 1, 033 individuals, representing 16 
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families and 17 species. A checklist of all 

the recorded species and their seasonal 

distributions are given in Tables 1 and 2. 

Five species were recorded in both 

sampling periods, namely: Aeshna, 

Dineutus and Helocordulia spp. as well as 

Melanoides tuberculata and Lanistes 

varicus. However, Aeshna and Dineutus 

spp. were both not recorded in the dry 

season in the unprotected section. 

Gastropod species (M. tuberculata and L. 

varicus) occurred most in the protected 

and unprotected section in both seasons. 

Species with very rare occurrence include 

Tipula sp., Ranatra sp., Hydraena sp., 

Araneus sp., Dineutus sp. and 

Mesoveliidae. Triops and Gerris spp. were 

both recorded in their numbers in the 

sacred grove section during the dry season 

sampling period.  

Community structures of benthic 

macroinvertebrates in both seasons are 

provided in Table 3. Spatially, the 

unprotected area recorded lower 

abundance but higher diversity and 

evenness indices than the protected area in 

October 2016. However, there was no 

significant difference between the two sub-

basins in terms of distribution of the 

animals, as indicated by Mann-Whitney 

test (Ub= 23.5, p = 0.9491). In February 

2017, the protected area recorded higher 

species richness, abundance and diversity 

indices than the unprotected area while 

evenness was higher in the unprotected 

area. Distribution of the animals in 

February 2017 shows that there was a 

significant difference between the two 

sections (Ub= 42.5, p = 0.0039). In 

October 2016, there were only two 

macroinvertebrate groups and the order of 

dominance was similar in both sections, 

i.e. Gastropoda > Insecta. In February 

2017, five groups were recorded in the 

protected area, while three were recorded 

in the unprotected area. The order of 

dominance in the protected area was 

Crustacea>Insecta>Gastropoda> 

Bivalvia>Arachnida, while the order in the 

unprotected area was Gastropoda> 

Insecta>Bivalvia.  

Table 4 shows the response of 

recorded benthic macroinvertebrates in 

each section based on empirical findings 

documented by previous studies (Voshell, 

2002; Alba-Tercedor and Pujante, 2000). 

More stress-sensitive families were 

recorded in the protected area than the 

unprotected area i.e. six and three, 

respectively. Three stress-tolerant families 

were recorded in each case for both 

sections. Furthermore, seven facultative 

families were recorded in the protected 

area while three were recorded in the 

unprotected area.  

 

 

 

Table 1: Occurrence and abundance of benthic macroinvertebrates in the protected and 

unprotected areas of the Osun river (October 2016) 

Taxon Protected Area Unprotected Area 

Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 Site 8 

Insecta 

Aeshna sp. - 4 - - - 1 - - 

Dineutus sp. - 1 1 - 2 - - - 

Helocordulia sp. - - 1 - - 2 - - 

Tipula sp. - - 1 - - - - - 

Ranatra sp. - - - - - - - 1 

Gastropoda  

Melanoides 

tuberculata 

15 59 8 13 5 22 - 8 

Lanistes varicus 7 2 5 0 2 9 1 9 
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Taxa richness 2 4 5 1 3 4 1 3 

Abundance 22 66 16 13 9 34 1 18 

 

Table 2: Occurrence and abundance of benthic macroinvertebrates in the protected and 

unprotected areas of the Osun river (February 2017) 

Taxon Protected Area Unprotected Area 

Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 Site 8 

Insecta 

Aeshna sp. - 2 - 1 - - - - 

Dineutus sp. 1 - - - - - - - 

Helocordulia sp. - 1 1 - 2 2 - 4 

Gerris sp. 85 - 50 - - - - - 

Corduliidae - 3 - - - - - - 

Mesoveliidae - 1 - - - - - - 

Hydraena sp. - - 1 - - - - - 

Arachnida  

Araneus sp. - - - 1 - - - - 

Crustacea  

Atya gabonensis 4 - - - - - - - 

Triops sp. 105 - 80 90 - - - - 

Potamonautes sp. 2 - 1 - - - - - 

Bivalvia  

Corbicula africana 2 1 0 0 1 1 0 0 

Etheria elliptica - 3 - - - - - - 

Gastropda  

Melanoides 

tuberculata 

39 7 7 19 - 160 - 21 

Lanistes varicus 2 8 1 2 20 90 - 5 

Taxa richness 8 8 7 5 - 4 - 3 

Abundance 240 26 141 113 - 253 - 30 

 

Table 3: Community structure of benthic macroinvertebrates in Osun River (protected 

and unprotected areas), Osogbo, Nigeria  

Biodiversity 

index 

October 2016 February 2017 Overall 

Protected 

Area 

Unprotected 

Area 

Protected 

Area 

Unprotected 

Area 

Protected 

Area 

Unprotected 

Area 

Taxa richness 6 6 15 4 16 7 

Abundance 117 62 520 306 637 368 

Shannon-Wiener 

diversity index 

0.6896 1.044 1.309 0.8065 1.450 0.867 

Pielou‘s 

evenness index 

0.3321 0.475 0.2467 0.56 0.266 0.340 

 

Table 4: Recorded macroinvertebrate families in Osun River (sacred grove and 

downstream area) and their documented responses to stress 

Family Response to stress* 

Aeshnidae
1,2

 Sensitive 

Ampullaridae
1,2

 Facultative 
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Araneidae
1
 Facultative 

Atyidae
1
 Facultative 

Corduliidae
1
 Sensitive 

Cyrenidae
1
 Sensitive 

Etheriidae
1
 Sensitive 

Gerridae
1
 Tolerant 

Gyrinidae
1,2

 Tolerant 

Hydraenidae
1
 Facultative 

Libellulidae
1,2

 Sensitive 

Mesoveliidae
1,2

 Tolerant 

Nepidae
2
 Tolerant 

Potamonautidae
1
 Sensitive 

Thiaridae
1,2

 Facultative 

Tipulidae
1,2

 Facultative 

Triopsidae
1
 Facultative 

 *Source: Voshell, 2002; Alba-Tercedor and Pujante, 2000 
1
Protected area; 

2
Unprotected area 

 

Discussion 

The spatial distribution of the animals in 

both sections of the river was a clear 

indication of their biological water quality. 

All but one biodiversity index revealed 

that the protected area of the river was of 

better biological water quality than its 

adjacent unprotected area. Four species 

(Gerris sp., Triops sp., M. tuberculata and 

L. varicus) were recorded in 

disproportionately large numbers; a factor 

that could have resulted in low Shannon-

Wiener diversity index recorded in the 

river. The most dominant taxon was M. 

tuberculate is an invasive species (Vogler 

et al., 2012) which had previously been 

reported by many studies in Nigerian 

freshwaters in large numbers (e.g. 

Atobatele and Ugwumba, 2010; Akindele 

and Olutona, 2015; Akindele et al., 2017). 

Such species have the tendency to 

homogenize species composition (habitat) 

through low diversity index (Hambler and 

Canney, 2013). Disparity in the habitat 

structures of the two sections of the river 

could have also markedly accounted for 

this spatial distribution. As observed in the 

field aspect of this study, disappearance of 

riparian forests in the unprotected section 

of the river could have contributed largely 

to poorer taxa richness and community 

structure the animals therein.  

Moreover, the riparian corridors 

have been converted to farmlands, 

residential buildings, religious grounds, 

abattoir and dumpsites for domestic 

wastes. Another factor that could possibly 

account for this spatial trend was habitat 

diversity within the protected area. Within 

this section, the river has a large number of 

carbonaceous rocks which are fewer in the 

unprotected area. There are also portions 

of the grove with stony, soft and muddy 

substrata thereby making the river bed 

heterogeneous in nature. The presence of 

carbonaceous rocks could have accounted 

for large numbers of calcifying organisms 

like molluscs within the protected area. 

Some inferences can also be made 

on the biological water quality of the two 

river sections based on response of 

identified macroinvertebrate families to 

stress. Some stress-sensitive families 

(Corduliidae, Cyrenidae, Etheriidae and 

Potamonautidae) were exclusively 

recorded within the protected area while 

others (Aeshnidae, Libellulidae) were 

recorded in both sections. The protected 

area also exclusively recorded some 

facultative families (Atyidae, Araneidae, 

Hydraenidae, Triopsidae) while 

Ampullaridae, Thiaridae and Tipulidae 

occurred in both sections. Two stress-

tolerant families (i.e. Gyrinidae and 
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Mesoveliidae) were recorded in both 

sections while one stress-tolerant family 

each was exclusively recorded in each 

section, i.e. Gerridae and Nepidae in the 

protected and unprotected areas, 

respectively. Distribution of these animals 

in the river suggests that the unprotected 

area was of poorer biological water quality 

considering the fact that it had low 

diversity index and fewer stress-

sensitive/facultative taxa. In conclusion, 

this study has revealed that protected areas 

could play a pivotal role in freshwater 

biodiversity conservation. This study 

recommends that more freshwater 

protected areas should be designated in 

order to conserve freshwater ecosystems 

and their associated services. 
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