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Abstract 

This study aimed to determine diversity and abundance of aquatic insects in a protected forest fishpond. Sampling was done 

monthly between December 2007 and November 2008. In the pond, water column and sediment were collected using a hand-

net and a van Veen grab respectively. A total of 13,469 individuals distributed among 24 families belonging to 7 orders were 

recorded. Heteroptera recorded the highest number of taxa. Taxa richness ranged from 17 (Site B) to 24 (Site A). Heteroptera 

and Diptera were found to be the most abundant in the pond. Notonectidae and Chironomidae were the most abundant family 

in order Heteroptera and Diptera respectively. Shannon-Wiener diversity index, Evenness and Margalef index were higher at 

Site A. This study revealed that water of the pond is slightly polluted as supported by the values of biological indices and by 

presence of insect of orders Heteroptera and Coleoptera. 
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1. Introduction 
Diversity is the variability among living organisms from all 

sources including terrestrial and aquatic ecosystems and the 

ecological complexes of wich they are a part. This includes 

diversity within species, between species and of ecosystems 
[5]. Insects are the most diverse group of organisms in 

freshwater bodies. The principal groups of aquatic insects 

constitute an important part of the biota of the fresh water 

communities. Aquatic insects are important organisms in a 

water body ecosystem function. In addition to ecosystem 

function, aquatic insects are reliable indicators of human 

impact on freshwater ecosystem. Insects have proven to be a 
useful tool for testing ecological paradigms [1]. These are 

excellent indicators of the quality of the environment. By 

their presence, they tell us about the quality of the water [12, 

13]. Banco National Park is a forest land area located in the 

town of Abidjan. This forest was erected as National park in 

1953. The Banco National Park forest plays an important 

role in the city of Abidjan as part of the treatment cleared of 

gas producted by many vehicles and factory of the city. 

Banco forest has a recreational value. It is rich in plant and 

animal life. It is an habitat for many birds, monkeys and 

chimpanze. The existence of Banco forest allows a reliable 

groundwater recharge of the aquifer that fed the river. It also 
protects this aquifer that supplies water for the population of 

Abidjan [18]. Tourism has been developed there. Banco 

forest is a wonderful tourist sanctuary unknown to the 

Ivorian public. There is an arboretum of a variety of tree 

species such as Niangon, mahogany and avodires. There is 

also the first forestry school of the West African sub-region, 

the former governor's house, a fish farm and a mini zoo 

which has closed its doors. The fish farm which has been 

temporarily abandoned contains about fifteen ponds. A fish 

pond is a controlled pond, artificial lake, or reservoir that is 

stocked with fish and is used in aquaculture for fish farming, 

or is used for recreational fishing or for ornamental 
purposes. In Côte d’Ivoire, available literature concerning 

macroinvertebrates from ponds located in conservation 

areas is scarce. Despite this forest is located in Abidjan, 

where access is not as difficult, very few studies have been 

conducted in it [2, 4, 24, 25, 26, 27, 28, 29]. Very little attention has 

been given to its animal diversity. Studies should be 

encouraged in this forest. The aims of this study were (i) to 

describe the diversity and the abundance of aquatic insect 

community of the fishpond (ii), to investigate the 

relationships between insect’s fauna richness and 

environmental variables and (iii) to determine water quality 
using diversity indices such as Margalef and Shannon-

Wiener indices. 

 

2. Materials and Methods  

2.1. Study site 

The study was undertaken in a fish farm pond located in 

Banco National Park (5° 23′ 40″ N, 4° 03′ 07″W), a primary 

forest wich is nestled in the heart of the Ivorian economic 

capital, between four municipalities (Adjamé, Attécoubé, 

Abobo and Yopougon). Banco National Park (Figure 1) 

covers an area of 3,474 hectares.This park is characterized 

by four seasons (two dry seasons and two rainy seasons) 
The dry seasons extends from December to March and from 

August to September while the rainy seasons extends from 

April to July and from October to November. In this park, 

there is a fish farm pond wich is abandonned by the 

authorities. The ponds were fed by Banco river. They were 

permanent and shallow (depth<1 m). The study pond area 

was 1000 m2. Bottom sediment was mostly composed by 

mud. The pond contained some macrophytes as water 

Hyacinths, Eichhornia crassipes. It was abandoned and not 

contained fish. 
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2.2 Measurement of Environmental Variables 

On each sampling campaign, environmental variables such 

as transparency, temperature, pH, dissolved oxygen and 

conductivity were measured in situ between 08.00 am and 

10.00 am. Water temperature, pH and electric conductivity 

were measured using a multiparameter digital meter (WTW 

pH/Cond 340i). Dissolved oxygen concentration was 

measured with a WTW Oxi 92 oxygen meter and water 

transparency was determinate using a 20-cm-diameter 
Secchi disk. Water samples were collected on every 

sampling campaign, filtered through GF/C Whatman® 

filters, frozen upon arrival at laboratory. Analyses of 

dissolved inorganic nutrients: ammonium, nitrite and 

phosphate were carried out according to Grasshoff et al. [10]. 

 

2.3 Sampling Procedures 

Sampling for aquatic insects was done monthly between 

December 2007 and November 2008. In the pond, water 

column and sediment were monthly collected. In the pond, 

four sampling sites (A, B, C, D) were chosen on the four 
sides of the pond. In each site, one water column sample 

was collected using a 350 μm mesh hand-net. The collected 

organisms were emptied into white enamel trays for sorting 

by passing the samples through a 300 μm sieve. In each site, 

six sediment replicates were collected using a van Veen 

grab of 0.09 m2 internal area. The six samples were pooled, 

sieved through 1 mm aperture size sieve. The remaining 

materials were preserved in plastic bottles containing 10% 

formalin. In the laboratory, specimens were sorted and 

identified under a stereo binocular microscope to the lowest 

possible taxonomic level, by use of systematic and 
classification keys [6, 7, 8, 21]. 

 

2.4 Statistical Analysis 

In each sampling site, abundance, Shannon-Wiener diversity 

index (bits) [19]. Pielou Evenness [17]. Margalef and Berger-

Parker indices were calculated. Shannon-Wiener diversity 

index was used to quantify taxonomic richness and 

distribution of taxa in the communities. According to 

Margalef [15], H’ varies between 0, in the case where the 

settlement consists of only one species, and log2S in the case 

where all the species present are with a similar abundance. 

Evenness was used to determine aquatic insect distribution, 
regardless of species richness. The Margalef diversity index 

measure in a settlement (which is a homeostatic system) the 

total quantity of information resulting from the 

differentiation in species [3]. This index allows to better 

estimate the absolute richness, regardless of the sample size 
[16]. In the present investigation, the Margalef diversity index 

was used to assess the ecological quality of the environment 

according to Lenat et al. [14]. Analysis of variance 

(ANOVA) was used to determine effects of sites on 

environmental variables, Shannon-Wiener diversity, 

evenness and Margalef index. Before performing the 
comparison test, the normality of data was checked by 

Kolmogorov-Smirnov test. Data were log10 (X+1) 

transformed prior to analysis. Comparison of data collected 

at different stations was made using one-way ANOVA and 

Tukey’s post hoc test. Anova test, Figure, Shannon-Wiener, 

Pielou evenness, Margalef and Berger-Parker indices were 

performed using Statistica 7.1 and PAST 3.1.0 sofwares. 

Relationships between the distribution of aquatic insects and 

environmental variables in all sampling sites were 

determined by Canonical Correspondence Analysis (CCA) 

using CANOCO 5.0 software. The importance of CCA was 

tested by the Monte Carlo test for 499 permutations. Taxa 

which represented at least 0.40% of the total abundance 

were included in the analysis. These taxa were considered as 

principal taxa. This has been done to minimize the influence 

of rare taxa. Three environmental parameters were returned 

for the analysis. Spearman’s correlation analysis was used to 

determine the magnitude of the significance and nature of 

the relationship between environmental variables and 
diversity indices and Taxa richness. 

 

3. Results and Discussion 

3.1 Environmental Variables 

Mean values of selected physicochemical parameters of 

water quality of the study pond in the four sampling sites are 

presented in Table 1. Water Temperature (F3,48=2.83; 

P=0.048) and pH (F3,48=3.70; P=0.018) were significantly 

different. Conductivity, Dissolved Oxygen, Water 

Transparency, Nitrite, Ammonium and Phosphate were not 

notably different during the period of study (p>0.05) using 
ANOVA. Temperatures mean value oscillated from 27.21ºC 

(Site C) to 28.04ºC (Site D). Transparency varied from 

28.77cm (Site B) to 30.55cm (Site A). The lowest mean 

value of Dissolved Oxygen (4.11 mg/L) was found in Site A 

and the highest values were observed in Site B (4.17 mg/L). 

Regarding the pH, the water of Site C and Site D were 

slightly acid with low variation of the recorded figures 

((6.74 (Site C) and 6.95 (Site D)). The highest mean value 

of conductivity (37.13μS/cm) was observed at Site D and 

the lowest was observed at Site B (35.71μS/cm). The mean 

dissolved nutrients, Nitrite, Ammonium and phosphate 
concentrations ranged from 0.61 mg/L (Site A) to 1.23 mg/L 

(Site D), 0.24 mg/L (Site B) to 0.37 mg/L (Site A) and 1.82 

mg/L (Site A) to 2.23 mg/L (Site C), respectively. 

 

3.2 Aquatic insect composition and abundance  

A total of 13 469 individual aquatic insects were recorded, 

distributed among 24 families with 7 orders belonging to 

Coleoptera, Heteroptera, Diptera, Odonata, Ephemeroptera 

Trichoptera and Lepidoptera (Table 2). Heteroptera was the 

most diversified order representing 9 families, followed by 

Coleoptera (5 families), Diptera (3 families), Odonata (2 

families), Epheroptera (2 families), Trichoptera (2 families) 
and Lepidoptera (1 family). Heteroptera recorded the 

highest abundance with 8 655 individuals (64.26% of total 

abundance). This order was followed by Diptera, 

Ephemeroptera and Coleoptera with 26.41%; 3.71% and 

3.25% respectively. Lepidoptera with 0.01% of total 

abundance recorded the lowest abundance. Based on 

abundance, Notonectidae was the most important family. It 

was followed by Chironomidae. In Site B, Site C and Site 

D, the most abundant family was Notonectidae 52.82% ; 

55.75% and 65.54% of total abundance respectively, 

whereas in Site A, Pleidae with 26.82% of total abundance 
was the most important family. Family Chironomidae hold 

the second position after Notonectidae in the different Sites. 

This family was followed by Gerridae in Site B (3.31%), 

Site C (7.53%) and Site D (4.72%). In Site A Chironomidae 

was followed by Pleidae (26.82%), Hydrophilidae (8.47%) 

and Baetidae (7.43%). Based on abundance the different 

Sites were shared out into three groups among them (Figure 

2) : Group I was constitued by Site D and Site C, Goup II 

was constitued by Site B and Group III was constitued by 

Site A. The family abundance evolution was conveyed by a 
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plot matrix (Figure 3). This figure indicates that the majority 

of the families harvested in the different sites have a low 

abundance. In site A, only two families (Pleidae and 

Chironomidae) have an abundance beyond 676 individuals. 

In site B a family has an abundance that tends to 1.35.103 

individuals and another has an abundance beyond 2.03.103 

individuals. These are Chironomidae and Notonectidae 

respectively. In Site C, there is only one family whose 

abundance tends to 2.03.103 individuals. This is 
Notonectidae family. In Site D, only one family has an 

abundance greater than 2.03.103 individuals. This is 

Notonectidae family. The Abundance Distribution Model 

(Figure 4) goes in the same direction as the evolution of 

abundance. This figure indicates that in Site A, the majority 

of families have an abundance of less than 100 individuals, 

5 families have an abundance of between 100 and 300 

individuals, while 2 families have an abundance of more 

than 800 individuals. In Site B, most families have an 

abundance of less than 100 individuals, one family has an 

abundance of over 1000 individuals, and another has an 
abundance of more than 2000 individuals. In Site C, all 

families have an abundance of less than 100 individuals, one 

families has an abundance greater than 600 individuals, and 

another has an abundance of more than 1600 individuals. In 

Site D, one family has an abundance greater than 600 

individuals, another has an abundance greater than 2000 

individuals, whereas the remaining one have an abundance 

of less than 100 individuals. 

 

3.3 Taxa richness and diversity 

Taxa richness calculations for the different sites showed a 
range of 17 (Site B) to 24 (Site A) (Table 3). There was a 

significant difference in taxa richness between the sampling 

sites (F=26.25 ; P=0.00). Shannon-Wiener diversity index 

(H’) showed a range of 1.20 (Site D) to 2.22 (Site A) (Table 

3). These results also displayed a significant difference in 

Shannon-Wiener index among sampling sites (F=53.51 ; 

P=0.00). The Pielou evenness varied from 0.41 (Site D) to 

0.70 (Site A). There was a significantly difference between 

the different sites in Pielou Evenness (F=30.37 ; P=0.00). 

Margalef index oscillated between 1.94 (Site C) and 2.82 

(Site A). This index was significantly different between the 

different samplinbg sites (F=24.92 ; P=0.00). Berger-Parker 
index was lower in Site A and higher in Site D. Table 4 

shows that Taxa richness had a considerable positive 

relationship with Water transparency (r=0.304, p<0.05) and 

a negative correlation with nitrite (r=-0.325, p<0.05). 

Shannon-Wiener index was negatively correlated with 

nitrite (r=-0.295, p<0.05). Margalef index was negatively 

correlated with nitrite (r=-0.343, p<0.05). Meanwhile, 

Pielou evenness had a negative relationship with pH (r=-

0.285, p<0.05). 

 

3.4 Relationships between Environmental Variables and 

Aquatic Insect Communities 

The results of redundancy analysis revealed that the 

relationships between insect’s families and their habitat 

conditions follow mainly the first two axes (Figure 5). 

These two axes accounted for 97.18% of the total variance. 

This analysis makes it possible to associate with axis I a 

negative gradient of mineralization. This axis is negatively 

correlated with factors such as conductivity and Nitrite. This 

axis opposes sites C and D in the left side and Site A in the 

right side. High values of Nitrite and Conductivity were 

observed in Site D. Notonectidae and Libellulidae select 

environment with higher Nitrite and higher Conductivity 

respectively. These taxa characterized Site D. Axis II is 

negatively correlated with Transparency. Maximum values 

for this parameter were obtained in Site A and Site C. 

Mesoveliidae and Nepidae preferred higher transparent 

water. Site A is characterized by taxa such as 

Coenagrionidae, Corixidae, Pleidae, Baetidae and 

Hydrophilidae. Site B is characterized by the taxa 
Chironomidae, Belostomatidae, Chaoboridae and 

Dytiscidae. In Site C, is mainly observed Gerridae. 

 

3.5 Discussion 

This study revealed the presence of 24 families with 7 

orders belonging to Coleoptera, Heteroptera, Diptera, 

Odonata, Ephemeroptera Trichoptera and Lepidoptera in the 

pond located in Banco National Park. These orders are 

generaly those were observed in ponds [13, 24-29]. The 

diversity of aquatic insects is also significantly high in 

comparison to some studies in lentic water bodies inhabiting 
insects of the world. Indeed, Hasan, et al. [13] investigated 13 

families and 6 orders in three permanent ponds of Guwahati 

in Assam (India), Vasantkumar and Roopa [22] reported 15 

species belonging to 6 orders in a pond ecosystem in 

Karwar (India). Order Heteroptera recorded the highest 

number of taxa. In the present study order Heteroptera was 

found the most diverse, this order composed of 37.5% of 

total number of taxa collected. It followed by Coleoptera, 

Diptera and Odonata. Similar patterns have been observed 

by Hasan et al. [13] who studied the Biodiversity of aquatic 

insect population in three permanent ponds of Guwahati in 
Assam (India). Heteroptera and Diptera recorded the highest 

abundance. They represented 64.26% and 26.41% of total 

aquatic insect abundance respectively. Order Heteroptera 

was found to be the most abundant in the pond. 

Notonectidae was the most abundant family in order 

Heteroptera. In order Diptera, Chironomidae recorded the 

most important abundance. This family was followed by 

Chaoboridae. Abundance of Chaoboridae is similarly equal 

in Site A, Site C and Site D. It is a bit more important in Site 

B. The presence of these insects is due to the fact that the 

pH of the water in this pond is slightly acid. Indeed, Diptera 

Chaoboridae are insects that are fond of acidic waters. The 
environmental effect which is water transparency influences 

the richness of aquatic insects. A positive correlation 

between transparency and taxonomic richness and diversity 

indices was observed during this study. Indeed, the highest 

taxonomic richness and diversity indices have been recorded 

in site A where transparency is the most important. 

Temperature was positively correlated to abundance, taxa 

richness and Margalef index. Conductivity was positively 

correlated to taxa richness and Margalef index and 

significatively correlated to abundance. TDS was positively 

correlated to taxa richness and Margalef index. It also 
significatively and positively correlated to abundance. 

Macrophytes was significatively and positively correlated to 

abundance, taxa richness and Margalef index. It also 

correlated to shannon-Wiener index. Presence or absence of 

macrophytes in the pond found to be important factors and 

that is affecting in the distribution and abundance of aquatic 

insects in the water bodies. Indeed, in the Site A and B 

Macrophytes were very abundant and the investigation 

revealed that the highest taxa richness and abundance were 

recorded in these sites respectively. A study about diversity 
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and abundance of aquatic macroinvertebrates in Brazil 

reports that the sampling station with the highest dissolved 

oxygen level had the highest Shannon-Weiner diversity 

index [20]. In this study, site A where the lowest value of 

dissolved oxygen was observed records the highest values 

of the diversity indices. It should be noted that this value of 

oxygen is low in site A, but it is not significantly different 

from the dissolved oxygen values of the other sites. 

Evenness index values are low in sites B, C and D. They 
ranged from 0.41 to 0.50. These low values would reflect an 

unbalanced settlement in these sites while the A site with a 

value of 0.70 showed a balanced settlement. In this site, 

evenness index was greater than 0.60, so the environment is 

not disturbed [9]. Indeed, in site B, C and D, Heteropterans 

of family Notonectidae numerically dominated the insecta 

settlement collected. Wilhm and Dorris [23] set the diversity 

index of less than 1 for highly polluted, 1 to 3 for slightly 

polluted and greater than 4 for unpolluted water bodies. In 

our case, Shannon-Wiener diversity index ranged from 1.20 

to 2.22 (Table 3). All sampling sites in this study were 
shown as slightly polluted using this scale. According to 

Lenat et al. [14] Margalef water quality index values 

(diversity index of Margalef) greater than 3 indicate clean 

conditions, values less than 1 indicate severe pollution and 

intermediate value indicate moderate pollution. The present 

investigation showed that Margalef Diversity Index value 

oscillated from 1.94 to 2.82. All the sites are therefore 

considered to be moderately polluted. In this study, a total 

of 24 families was recorded from the different sites of the 

pond ecosystem and the number of aquatic insect species 

and their abundance varied among the sites. Heteropterans 
and Coleopterans dominated the taxa richness. Dominance 

of Heteropteran and Coleopteran insect suggested that the 

pond ecosystem of Banco National Park is relatively less 

polluted. In view of these three types of observations, we 

can say that the water in this pond is moderately polluted. 

Aquatic insect diversity in Banco national Park pond could 

have been affected by the presence of pollution in the river. 

Indeed, Banco river that feeds the ponds of this forest has its 

source to Abobo, passes to the neighborhoods to the civil 

prison. This water is loaded with garbage from these 

neighborhoods. This waste could cause pollution of this 
water, resulting in the moderate pollution observed in this 

pond. 

 
Table 1: Physicochemical characteristics (mean ± (SD)) of water at the different sampling sites. 

 

Parameters Site A Site B Site C Site D 

Transparency 30.55±5.58a 28.77±2.60a 30.10±2.00a 29.05±2.2a 

Temperature 27.28±0.54a 27.22±0.58a 27.21±0.61 a 28.04±1.30b 

Conductivity 35.93±2.74a 35.71±2.62 35.90±3.45 37.13±2.58 

Disolved Oxygen 4.11±1.15a 4.17±1.22a 4.14±1.13a 4.13±0.93a 

pH 6.75±0.23a 6.77±0.17ab 6.74±0.19a 6.95±0.09b 

Nitrite 0.61±0.59a 1.08±0.87a 1.09±0.9a 1.23±0.93a 

Ammonium 0.37±0.29a 0.24±0.30a 0.25±0.33a 0.24±0.32a 

Phosphate 1.82±0.60a 2.18±1.00a 2.23±0.93a 2.11±1.17a 
a, b: letters showed the difference between the sites as regards the parameter indicated 

 
Table 2: Aquatic insect abundance recorded in the different samplig sites of the Pond. 

 

Order Name Family Name Site A Site B Site C Site D Total 

Coleoptera Hydrophilidae 293 10 5 11 319 

 Dytiscidae 15 22 4 14 55 

 Elmidae 16 1 2 2 21 

 Curculionidae 9 0 1 2 12 

 Chrysomelidae 31 0 0 0 31 

Heteroptera Belostomatidae 64 47 2 10 123 

 Gerridae 173 126 234 146 679 

 Corixidae 94 65 37 18 214 

 Notonectidae 224 2010 1733 2029 5996 

 Naucoridae 22 0 2 0 24 

 Pleidae 928 16 0 0 944 

 Mesoveliidae 246 24 166 29 465 

 Veliidae 3 1 4 0 8 

 Nepidae 59 40 63 40 202 

Diptera Chironomidae 852 1208 651 607 3318 

 Chaoboridae 54 73 53 54 234 

 Tabanidae 3 0 0 2 5 

Odonata Coenagrionidae 63 53 55 42 213 

 Libellulidae 15 21 21 16 73 

Ephemeroptera Baetidae 257 87 74 65 483 

 Polymitarcyidae 11 1 1 4 17 

Trichoptera Polycentropodidae 26 0 0 4 30 

 Hydroptilidae 1 0 0 0 1 

Lepidoptera Crambidae 1 0 0 1 2 

Total=7 24 3460 3805 3108 3096 13469 
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Table 3: Taxa richness, abundance and diversity indices of aquatic insects collected in the different sites of the pond. 
 

 Site A Site B Site C Site D 

Taxa richness 24 17 18 19 

Abundance 3460 3805 3108 3096 

Shannon-Wiener index 2.22 1.34 1.44 1.20 

Margalef 2.82 1.94 2.11 2.24 

Pielou Evenness 0.70 0.47 0.50 0.41 

Berger-Parker 0.26 0.53 0.55 0.65 

 
Table 4: Spearman’s correlation coefficient between selected physicochemical factors and aquatic insect abundance, Taxa richness and 

diversity indices in the different study sites. 
 

Parameters Abundance Shannon-Wiener Taxa Richness Evenness Margalef 

Transparency -0.125 0.131 0,028 0,070 0,085 

Temperature 0.188 -0.269 0,155 -0,327* 0,128 

Conductivity 0.336* -0.396* 0,163 -0,419* 0,088 

D. Oxygen 0.203 -0,292* 0,064 -0,256 -0,039 

pH 0.269 -0,156 0,142 -0,320* 0,096 

Macrophytes 0.774* 0,016 0,765* -0,605* 0,616* 

TDS 0.399* -0,274 0,233 -0,371* 0,149 

Nitrite -0.035 -0,198 -0,054 -0,070 -0,024 

Ammonium -0.167 0,290* 0,136 0,166 0,220 

Phosphate -0.211 -0,054 -0,201 0,126 -0,177 

*. Correlation is significant at the 0.05 level 

 

4. Conclusion 

Twenty-four families of aquatic insect in a protected forest 

fishpond were identify. The settlement was dominated by 

Heteroptera in term of taxa richness and abundance. The 

highest taxa richness and abundance were respectively 

recorded in site A and B where macrophytes were very 

abundant. Shannon-Wiener diversity index, Pielou evenness 

and Margalef index were higher in Site A. This study 

revealed that water in the pond is slightly polluted as 

supported by the values of biological indices and by 

presence of insect of orders Heteroptera and Coleoptera. 

 

 
 

Fig 1: Location of Banco National Park (in green color; source : BNETD, Abidjan Cadastre 2000). 
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Fig 2: Hierarchical classification of the different study sites based 
on aquatic insects abundance. 

 

 
 

Fig 3: Plot matrix showing family abundance evolution in the 
different study sites 

 
 

Fig 4: Abundance distribution Model of aquatic insects recorded in the different sites of the pond. 
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Fig 5: Canonical correspondence analysis carried out with selected 
environmental variables and with the dominant insect families. 
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