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Abstract
The composition, structure and Functional Feeding Groups (FFGs) of aquatic
insects were investigated in Kodjoboué lake (South-East of Côte d’Ivoire) to
assess water quality. Four sites (K1 - K4) were sampled during eight campaigns. At each site aquatic insects were collected using a kick-net (25 × 20
cm, 500 µm mesh size). Environmental variables were also recorded during
this period. Water was collected from each sampling site for nutrient (phosphorus, nitrate) analysis in laboratory. A total of 68 aquatic insect taxa belonging to six orders and 32 families were recorded during the study. Site K4,
subject to intense agricultural activity, had the lower diversity and least balanced stand with the lowest values of Shannon-Weaver index, Pielou’s
Evenness index and rarefied richness. The functional approach revealed five
major FFGs: predators, scrapers, shredders, gatherers-collectors and filter-collectors. Among the different functional feeding groups, the percentage
of predators was higher than that of other groups at all the sites. The P/R report indicated that our four sites are characterized as heterotrophic with K1
as the least heterotrophic. Focused Principal Component Analysis (FPCA)
showed that parameters of water, like pH, dissolved oxygen, nitrate were statistically correlated with species abundance. The diversity and Functional
Feeding Groups metrics of aquatic insects used to describe the state of Kodjoboué lake reveal its disturbed state.
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1. Introduction
Aquatic macroinvertebrates are the main group of organisms using to assess the
ecological state of continental hydrosystems. They are recognized as the best indicators of the ecological health of hydrosystems through the use of the structure
of their communities as an indicator of the effects of human activity on hydrosystems [1] [2] [3] but also, by having within them, bio-indicator species of water quality. Of the biological quality elements that have been used for water quality assessment, aquatic insects are most often recommended [4] due to their
varying sensitivity to several abiotic and biotic factors in the environment [5].
They constitute the most diverse taxonomic group and the most abundant in
aquatic environments [6]. The use of these organisms in bioindication is commonly done with taxonomic descriptors (diversity indices, taxonomic richness,
relative abundances, indicator species) [7] [8] [9]. However, the functional approach is more appropriate and faster than the taxonomic approach to characterize ecosystem conditions [10]. As a result, the functional approach is increasingly used in the assessment of surface water quality [11] [12] [13]. Also, functional feeding groups measures do not require standardized sampling and different sampling methods can be used to assign aquatic invertebrates to functional feeding groups [14].
Despite the growing interest in the study of functional diversity, no attempt to
our knowledge has been made to establish a diagnosis of water quality in Côte
d’Ivoire.
In addition, while much work has been done on the macrofauna of some lakes
in Côte d’Ivoire [15] [16] [17] [18] [19], very little data exists on Kodjoboué lake
[20]. Given the importance of the functional feeding groups approach in biomonitoring and conservation, the evaluation of the functional organization of
macroinvertebrate communities is essential [21], particularly that of aquatic insects. The aim of this study is to use the taxonomic composition and the functional feeding groups of the aquatic insects to assess the ecological state of Kodjoboué lake (South-East, Côte d’Ivoire).

2. Materials and Methods
2.1. Study Area and Sampling Sites
Kodjoboué lake is located in south-eastern Côte d’Ivoire in the South-Comoé region about 4 km south of the town of Bonoua between longitudes 3˚35'9"W and
latitudes 5˚14'11"N. This area is contiguous to the Grand-Bassam wetland and
covers an area of 3.404 Km2 [20]. This lake communicates with the Comoé river
by a thin stream of water. This region has an average altitude of 90 m, its climate
is subequatorial with an average annual temperature ranged between 25˚C to
33˚C. The rainfall varies from 1400 to 2500 mm/year and an annual rate of humidity about 80% to 90% [22]. This climate is characterized by four seasons: two
dry seasons (mid-July to mid-September and December to March) and two rainy
seasons (April to mid-July and mid-September to mid-November) [23]. Four
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161

Open Journal of Ecology

I. A. Camara et al.

sampling sites were selected in Kodjoboué lake (K1 to K4) (Figure 1). These
sites were sampled during eight sampling campaigns from June 2014 to May
2017. Table 1 summarizes the characteristics of these sampling sites.

2.2. Data Collection
Aquatic insects of the native vegetation, covering the banks of the lake were

Figure 1. Location of the study area showing the four sampling sites of Kodjoboué lake
(South-East, Côte d’Ivoire).
Table 1. Characteristics of the four sampling sites in Kodjoboué lake (South-East, Côte
d’Ivoire).

Samplin
g sites

Geographical
positions
(UTM)
X

Nature of disturbance

Average
depth (m)

Substratum
(%)

Canopy
(%)

Y

K1

436,617 579,119 Fishing, dishes, laundry

2.34

K2

435,800 579,202

Agricultural waste

2.17

K3

435,017 579,456

Laundry, dishes,
agricultural waste

2.64

429,117 580,611

Agricultural waste,
fishing, deforestation

0
Mud (95%) Sand (5%)

0
0

Sand (35%)
K4

1.75

Plant debris (40%)

70

Mud (25%)
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sampled at the sites during the eight sampling campaigns with a kick-net (25 ×
20 cm, 500 µm mesh size). At each site 5 net strokes are sampled. A net stroke
consists of pulling the net over a distance approximately 1 m. The initial net is
followed by two round trips on the surface to capture the dislodged organisms.
The samples were then pooled to make one composite sample per site. Samples
were fixed on 70% ethanol and stored in labelled polyethylene flasks.
In the laboratory, specimens were sorted and identified to the lowest possible
taxonomic level using a stereomicroscope Olympus SZ (40× magnification) and
a series of identification keys [24]-[29]. FFGs of aquatic insects were identified
based on Cummins et al. (2005) [10] and Tachet et al. (2010) [29]. Temperature,
pH, conductivity and dissolved oxygen were measured in situ at each sampling
site with a portable multi-parameter (HANNA), water transparency was determined with a Secchi disc. Water was also collected with bottle of 1L at each sampling site for nutrients (phosphorus and nitrate) analysis in the laboratory using
Rodier et al. (2009) [30] methods.

2.3. Data Analysis
Species diversity was calculated using the Shannon-Weaver diversity index and
Pielou evenness. Taxonomic richness was rarefied in each site per sampling period. Precisely, rarefied richness was used to avoid any bias related to differences
in abundances between samples [31]. Before performing comparison analyses,
data normality was checked using Shapiro test. As the biotic and environment
data distribution follow non-normal distribution (P < 0.05), the non-parametric
test of Kruskal-Wallis was performed to compare data variability between sampling sites. When Kruskal-Wallis test is significant, Mann-Whitney test was used
for pairwise comparison. The significance threshold was p = 0.05. Analyses were
conducted using the R package. The occurrence percentage (FO) was calculated
using the following formula: FO = (Ni/Nts) × 100; with Ni = number of samples
containing a given species i, and Nts = total number of samples collected. The
FO was used to classify species following (Dajoz, 2000) [32]: FO > 50: very frequent species; 25 < FO ≤ 50: frequent species; FO ≤ 25: rare species.
The FFGs include the calculation of the relative abundance of each FFG,
Top-down predator control (ratio of predators to all other FFGs) and the calculation of the balance between autotrophy and heterotrophy (production
[P]/respiration [R]). This index was calculated as the ratio of scrapers to (shredders + total collectors):
P R=

scr
shr + fc + gc

scr, shr, fc and gc represent the abundances of scrapers, shredders, filterers-collectors and gatherers-collectors respectively. According to Cummins et al.
(2005) [10], P/R > 0.75 indicates autotrophy.
Focused Principal Component Analysis (FPCA) [33] was used to assess relationships between taxa abundance and environmental variables. Focused PrinDOI: 10.4236/oje.2020.104011
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cipal Component Analysis (FPCA) is a variation of the traditional principal
component analysis. It uses the same types of matrix as the PCA but differs from
it in that it is centred or focused on a variable xi. Indeed, it allows a graphical
representation of the correlations that exist between this variable xi and the
other variables. The graph provides access not only to the nature (positive or
negative) but also to the significance (P < 0.05) of the correlations between variable xi and the other variables. It is also possible to observe on the graph the
correlations between the other variables.
In this study, the FPCA was used to determine the variables that influence the
abundance of macroinvertebrate taxa that contribute at least 5% of the total
abundance. This analysis was performed using the psy package on the R software.

3. Results
3.1. Environment Variables
Table 2 shows the variations of environmental variables measured in the four
studied sites.
Temperature ranged from 25.9˚C (K1) to 32˚C (K2). Conductivity varied between 14 µS/cm and 37.1 µS/cm (K1). The dissolved oxygen variation was situated between 0.1 mg/L and 11.3 mg/L (K1). The water transparency of sites values varied from 10 cm to 218 cm (K1). Concerning the pH, it varied from 5.19
(K1) to 8.01 (K4). Regarding the phosphate and nitrate, their values were low,
varied from 0.015 mg/L (K2) to 0.31 mg/L (K3) and from 0.1 mg/L (K2 and K4)
to 2.65 mg/L (K2 and K3) respectively. Analysis showed no significant differences of these parameters between sites (Kruskal-Wallis, P > 0.05).

3.2. Composition and Distribution of Aquatic Insects
A total of 5562 aquatic insect individuals from six orders, 32 families and 68 taxa
have been recorded. The order Coleoptera was the most diversified with 19 taxa
and eight families. The order of the Diptera was as follows with 15 taxa and
Table 2. Median, minimum and maximum values of environmental variables measured
at the four sampling sites of Kodjoboué lake (South-East, Côte d’Ivoire).
Parameters

K1

K2

K3

K4

Temperature (˚C)

28.19 (25.9 - 31.9)

29.2 (27 - 32)

29.1 (27.2 - 31.6)

29.2 (27.2 - 31.3)

Conductivity (µS/cm)

29.3 (14 - 37.1)

22.5 (19 - 36)

21.94 (20 - 28.1)

22.6 (21 - 27.2)

Dissolved oxygen
(mg/L)

1.50 (0.1 - 11.3)

6.4 (0.17 - 9.5)

6.31 (0.15 - 9.36)

6.26 (0.14 - 8.11)

Transparency (cm)

113 (10 - 218)

99.5 (50 - 125)

110 (51 - 190)

98 (73 - 124)

pH

6.4 (5.19 - 7.5)

6.48 (6 - 7.69)

6.63 (5.3 - 7.66)

6.50 (6 - 8.01)

Phosphate (mg/L)
Nitrate (mg/L)

DOI: 10.4236/oje.2020.104011
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seven families. The least diversified order was the order of Trichoptera with 03
taxa and two families. Families of Dytiscidae and Chironomidae dominated
abundances with respectively 33.5% and 26%. The K1 site of Lake Kodjoboué
recorded the highest number of aquatic insects (77.68%) followed by the site K2
with 10.48% of the insects harvested. The lowest number of insects was recorded
in K4 (5.44%) (Table 4).

3.3. Frequency of Occurrence
Table 3 shows the percentages of the very common, frequent and rare taxa at the
four sites. The percentages of very frequent taxa vary between 06.25% (K4) to
12.96% (K1). Those of frequent taxa varied between 21.87% (K4) to 38.88% (K1
and K3). Regarding rare taxa, they are the most numerous at all sites with percentages ranging from 48.14% (K1) to 71.87% (K4). Polypedilum deletum (Diptera) was common to the four sites with a very high occurrence (FO ≥ 50).
The qualitative data on sampling at the lake sites considered are summarized
in Table 5. Site K1, with 54 taxa, has the highest taxonomic richness. It is followed by the site K3 with 36 taxa. Site K2, with 32 taxa, has the lowest taxonomic
richness of all the stations considered. Of the taxa identified, only 13 are common to all four sites.
The different sites are compared with each other based on their taxonomic
composition (Table 5). Sites K1 and K4 contain more common taxa (26), site
pairs (K1 - K3) and (K1 - K3) contain fewer common taxa with 18 taxa each. It
should also be noted that site K3 contains more specific taxa (04), while sites K1,
K2 and K4 each contain only one specific taxon (Figure 2).

3.4. Diversity Metrics
The lowest values of the three diversity metrics, Shannon-Weaver index, Pielou’s
Evenness Index and rarefied richness were recorded at site K4. However, the
highest values were observed at the site K3 for these three metrics. Of these three
metrics, only rarefied richness does not show significant variation between the
different sites (P > 0.05; Mann-Whitney) (Figure 3).

3.5. Functional Feeding Groups
Five major FFGs were identified in this study: predators (pre), scrapers (scr),
shredders (shr), gatherers-collectors (gc), and filter-collectors (fc). The analysis
Table 3. Proportions of aquatic insects very frequent, frequent and rare at the different
sampling sites of the Kodjoboué lake (South-East of Côte d’Ivoire).

DOI: 10.4236/oje.2020.104011

Sites

Very frequent (%)

Frequent (%)

Rare (%)

K1

12.96

38.88

48.14

K2

06.45

35.48

58.06

K3

08.33

38.88

52.77

K4

06.25

21.87

71.87
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Table 4. List of the aquatic insects’ taxa found in the four sites of Kodjoboué with their functional groups
and their relative contribution (South-East, Côte d’Ivoire).
Orders

Famillies

Ephéméroptera Baetidae

Taxa

K2

K3

K4

Baetis sp.

**

**

*

*

gc

0.90

Cloeon sp.(MA)

***

**

*

**

gc

6.15

gc

0.05

gc

0.04

pre

0.02

gc

0.09

-

0.07

*

Caenidae

Caenis sp.

Ephemeridae

Eatonica sp.

Polymitarcydae

Povilla adusta

Tricorythidae

Tricorythys sp.

*

Coenagrionidae

Ceriagrion sp.

**

*

*

*

pre

0.52

Pseudagrion sp.

*

*

***

***

pre

2.28

Bradinopygas sp.

**

*

pre

0.43

Chalcostephia sp.

*

pre

0.38

Crocothemis sp.

**

pre

0.61

pre

0.04

Libellulibidae

**
*
**

Libellula sp.
Macrodiplax sp.

**

Pantala flavescens
Trithemis dorsalis

*

**

*

pre

1.49

*

*

*

pre

0.38

**

*

*

pre

0.25

pre

0.20

pre

0.09

*

Zygonyx torrida

**

Belostomatidae

Diplonychus sp.

***

***

***

**

pre

2.28

Gerridae

Eurymetra sp.

**

*

**

**

pre

0.22

Limnogonus sp.

**

pre

0.04

Rhagadotarsus sp.

**

pre

0.16

pre

0.02

Hydrometridae

Hydrometra sp.

Naucoridae

Laccocoris sp.

**

Naucoris sp.

*

Nepidae

Ranatra linearis

Notonectidae

Anisops sp.

Pleidae

Plea sp.

Veliidae

Microvelia sp.
Rhagovelia sp.

*
*

**

*
*
*
*

*

pre

0.58

**

*

pre

1.19

*

pre

0.07

*

pre

0.04

*

pre

0.09

*

pre

0.05

**

pre

3.94

*

pre

0.52

*

fc

0.11

**

fc

0.09

*

fc

0.02

**

*

Ecnomus sp.

*

Hydropsychidae

Polymorphanisus sp.

*

166

*

**

Ecnomidae

Cheumatopsyche sp.
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*

Notonecta sp.

Trichoptera

*

**

Urothemis sp.

Heteroptera

Feeding
Relative
groups contribution (%)

K1

Procleon sp.

Odonata

Sampling sites

**
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Continued
Coleoptera

Curculionidae

Dytiscidae

Pseudobagous longulus

**

*

shr

1.76

*

shr

0.04

Agabus sp.

**

pre

0.04

Bidessus sp.

**

pre

0.16

Hydrovatus sp.

(MA)

*

**

**

*

pre

0.31

***

**

**

*

pre

31.07

*

*

pre

1.74

*

pre

0.18

gc

5.00

gc

3.99

scr

0.18

pre

0.04

pre

1.37

Hyphydrus

*

Laccophilus sp.

*

Esolus sp.

*

(MA)

*

Limnius sp.

**

Potamodytes sp.

**

Dineutus sp.

*

Orectogyrus sp.

*

Haliplidae

Haliplus sp.

*

shr

0.59

Hydrochidae

Hydrochus sp.

*

scr

0.05

Hydrophilidae

Amphiops sp.

*

**

pre

2.41

Enochrus sp.

***

**

pre

0.63

Hydrobius sp.

*

**

pre

0.18

Noreridae

Noterus sp.

*

pre

0.04

Chaoboridae

Mochlonyx sp.

*

pre

0.04

Ceratopogonidae

Culicoides sp.

*

*

fc

0.02

Chironomidae

Ablabesmyia sp.

**

*

gc

1.02

Chironomus sp.

***

gc

3.58

Cricotopus sp.

**

gc

1.24

Cryptochironomus sp.

**

gc

1.53

gc

0.47

gc

18.07

gc

0.02

gc

0.18

gc

0.23

fc

0.68

gc

0.43

Gyrinidae

Diptera

**

Notaris sp.

Hydaticus sp.

Elmidae

***

Polypedilum abyssiniae
Polypedilum deletum

(MA)

***

Stenochironomus sp.

*

Clinotanypus sp.

*

Stictochironomus sp.

**

Culicidae

Culex sp.

**

Dixidae

Dixa sp.

**

*

*

*

*
*

*

*
**
*

**

**

*

*

***

***

*

***

*

*
**
**

**

*

Rhagionidae

*

-

0.02

Syphiridae

*

gc

0.02

Taxonomic richness

68

54

31

36

32

***Very frequent (%OF > 50); **frequent (25 < %OF ≤ 50);*rare (%OF ≤ 25). (MA) = taxa representing at least 5% of the total
abundance.
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Table 5. Synthesis of qualitative sampling data from sampling sites in Lake Kodjoboué.
Diversity measures

Sampling sites
K1

K2

K3

K4

Number of taxa

54

31

36

32

Families

25

19

20

18

Orders

6

6

6

6

Common taxa

13

Figure 2. Schematic representation of the number of taxa shared by all sites pairwise in
the Kodjoboué lake and in the different sites of the lake: the number of taxa specific to the
same site in brackets.

Figure 3. Box-plots showing variation of Shannon-Weaver index (A), Pielou’s Evenness
index (B) and Rarefied taxonomic richness (C) of Kodjoboué lake (K1 - K4). Different letters (a, b and b) on box-plots denote significant differences between them (Mann-Whitney,
P < 0.05).

of the functional composition of the assemblage revealed that the predators were
the most abundant (Figure 4) with a proportion of 53.74% of the insects harvested. Gatherers-collectors ranked second with 42.05% of the total insect population. A proportion of 2.84% was observed for the shredders, while filter-collectors
and scrapers had the lowest proportions respectively 0.91% and 0.44% of the total abundance.
DOI: 10.4236/oje.2020.104011
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At the spatial scales (study sites), the sites K2 and K3 had a high proportion of
predators compared to the collector-gatherers, while the K1 and K4 sites recorded more gatherers (Figure 5). No scraper was recorded in sites K2, K3 and
K4 during this study.
The value of the autotrophic heterotrophy index is less than 0.75 at all four
sites. For the top-down predator control, the values are all greater than 0.2 on all
our sites (Table 6).

Figure 4. Overall percentage representation of the five Functional Feeding Groups
(FFGs) recorded in Kodjoboué lake.

Figure 5. Percentages of aquatic insects Functional Feeding Groups (FFGs) sampled from
the study sites.
Table 6. Ratios of aquatic insects Functional Feeding Groups in Kodjoboué lake. Ratios
are based on numerical abundance of Functional Feeding Groups (FFGs). The autotrophy
to heterotrophy (production [P]/respiration [R]) index was calculated as the ratio of
scrapers to (shredders + total collectors). Top-down predator control is the ratio of
predators to all other FFGs.

DOI: 10.4236/oje.2020.104011

Sites

P/R

Top-down predator control

K1

0.01

1.26

K2

0

0.65

K3

0

0.78

K4

0

1.74
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3.6. Correlation between Aquatic Insects
and Environment Variables
Focused Principal Component Analysis (FPCA) was performed using environmental parameters with a focus on the most abundant taxa (at least 5% of total
abundance). Thus, the FPCA states that Hydrovatus sp.is significantly and negatively influenced (P < 0.05) by dissolved oxygen (O2). Also, this insect is positively correlated with parameters such as conductivity (CND), nitrate (NO3),
temperature (T) and transparency (Transp) but negatively correlated with pH
and phosphate (PO4). Polypedilum deletum is significantly and positively correlated with nitrate (P < 0.05). This taxon is negatively correlated with temperature, pH and dissolved oxygen but positively correlated with other parameters.

Cloeon sp. is significantly correlated with dissolved oxygen and pH (P < 0.05).
This Ephemeroptera is positively correlated with transparency, but negatively
correlated with other parameters. As for Esolus sp., it is negatively correlated
with pH and temperature but positively correlated with conductivity, nitrate,
phosphate and transparency. Esolus sp. is significantly correlated with dissolved
oxygen (P < 0.05) (Figure 6).

4. Discussion
In this study, the water temperature range of Kodjoboué Lake was between
25.9˚C and 31.9˚C and was considered relatively warm. This trend reflects the
temperature in the tropics. This range is close to that observed in Taabo Lake by
Kouamé et al. (2010) [17]. Our low conductivity levels (14 to 37.1 μS/cm) would
indicate low levels of natural or anthropogenic sediments throughout Kodjoboué
Lake. With regard to dissolved oxygen, the range is between 0.10 and 11.3 mg/l.
This range is greater than that obtained at Taabo Lake (3.62 - 9.2 mg/l) by
Kouamé et al., (2010) [17]. The amplitude of temperature and dissolved oxygen
variations can be linked to the lack of coverage plant on the lake. The transparency of the water varies between 10 and 218 cm at Lake Kodjoboué. This range is
higher than that observed (73 and 112 cm) at Ayamé Lake by Diétoa (2002) [16].
Low levels of nitrate (0.1 - 2.65 mg/l) and phosphorus (0.015 - 0.31 mg/l) were
recorded. Nitrate levels are higher than those obtained in Lake Taabo (0.05 -1.95
mg/l) and those in phosphate are low compared to those obtained in the same
lake (0.24 - 28.47 μmol/l) by Kouamé et al. (2010) [17]. These environmental
variables do not vary significantly from one site to another. However, there are
wide variations in conductivity, dissolved oxygen and transparency within the
sites. This is due to the fact that the samples were taken at different seasons. Indeed, during our study we sampled both in the dry season and in the rainy seasons.
Out of a total of 5562 aquatic insects composed of 6 orders, 32 families and 68
taxa, Coleoptera are the most diversified and the most abundant with a high
proportion for Dytiscidae. The preponderance of Coleoptera is explained by the
fact that they are the only holometabolous insects to appear in both the imaginal
and larval forms in aquatic environments. They colonize various habitats when
DOI: 10.4236/oje.2020.104011
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Figure 6. Graphs showing the results of the Focused Principal Component Analysis (FPCA) based on the
abundance of taxa with at least 5% of the total abundance as a dependent variable and environmental variables as independent variables. Yellow dots correspond to items negatively correlated to taxa abundance;
green dots indicate items positively correlated to taxa abundance. The dots inside the red circle represent
items significantly correlated (P < 0.05) with taxa abundance. The uncorrelated points form right angles to
the center of the circle. T = temperature; CND = conductivity; pH = hydrogen potential; Transp = transparency; O2 = dissolved oxygen; NO3 = nitrate; PO4 = phosphate.

conditions become hostile to reduced interspecific competition in other species
[34].
In this study, the lowest values of the three metrics of diversity calculated the
Shannon-Weaver index (1.74), the Pielou’s Evenness index (0.16) and the rarefied richness (1.74) have been recorded in K4. However, the highest values were
observed in K3, 2.33 for the Shannon-Weaver index, 0.68 for the Pielou’s Evenness index and 15.31 for the rarefied richness. The site K3 would therefore be the
most diversified and the most stable and K4 the least diversified. The low diversity of the site K4 is undoubtedly linked to the numerous agricultural activities
that are carried out there. Indeed, the shores of this site have several rubber
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plantations whose maintenance requires fertilizers and pesticides. Of these three
metrics, only the rarefied wealth deemed to be unbiased does not show a significant difference between the sites. These sites would therefore be subject to the
same environmental conditions.
Chironomidae, Polypedilum deletum is the only taxon that was most common
at all sites. The regular harvest of these chironomids would be linked to their
broad spectrum of resilience and morphological, physiological and behavioural
adaptations.
Five functional feeding groups were identified in this study: predators (pre),
scrapers (scr), shredders (shr), gatherers-collectors (gc) and filter-collectors (fc).
Among the different functional feeding groups, the percentage of predators was
higher than that of the other groups in our sites, followed by gatherers-collectors.
Predator preponderance would probably be related to prey availability, especially
gatherer-collectors such as Chironomidae ranked second in abundance. In fact,
predatory organisms reproduce proportionally to the availability of food. The
growth rate of predators is therefore an increasing function of prey [35].
Shredders, filter-collectors and scrapers had the lowest proportions of total
abundance. The low proportion of shredders in this lake is thought to be related
to the fact that in tropical areas high temperatures increase the decomposition of
litter and leaves by microbial activity [36]. They do not have enough plant debris
to be shredded, hence their low proportion. Several studies have shown the low
proportion of shredders in the tropics [37] [38] [39] [40] [41]. The waters of
Lake Kodjoboué would be disturbed because according to Babour et al. (1996)
[42], specialized feeders, such as shredders and scrapers, are presumed to be
more sensitive to disturbance. Their low proportions are due to a disturbed environment.
The P/R ratio (<0.75 at all sites) indicates that our four sites are characterized
as heterotrophic. The K1 site is the least heterotrophic compared to the other
three sites. According to Savić et al. (2017) [43], this would mean that the dominant staple food chain for aquatic insect communities has been found to be
non-native detritus. Concerning the Top-down predator control, all values are
above 0.2 at all our sites. According to Masese et al. (2014) [44], the value of the
predator-prey ratio must be between 0.1 and 0.2 for there to be a balance between predators and prey. In other words, none of our sites have predator-prey
balance or top-down control. So, we have an overabundance of predators in
Lake Kodjoboué.
Correlations between the most abundant taxa and environmental parameters
using the Focused Principal Component Analysis (FPCA) show a strong negative correlation between Hydrovatus sp. (Predator) and dissolved oxygen. This
correlation reveals the ability of this Beetle to live in anoxia. Unlike the Ephemeroptera Cloeon sp. is positively correlated with dissolved oxygen. Indeed,
Ephemeroptera are known to live in highly oxygenated environments [45].

Polypedilum deletum (gatherers-collectors) is significantly and positively correDOI: 10.4236/oje.2020.104011
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lated showing the polluting resistance of the Chironomidae family.

5. Conclusion
This work enabled us to identify 68 aquatic insect taxa divided into six orders
and 32 families. Beetles were the most abundant in both quality and quantity.
Site K4, subject to intense agricultural activity, had the least diversified and least
balanced stand with the lowest values of the Shannon-Weaver index, the Pielou
Evenness index and rarefied richness. Functionally, five major FFGs were identified in this study: predators (pre), scrapers (scr), shredders (shr), gatherers-collectors (gc) and filter-collectors (fc). Among the different functional
feeding groups, the percentage of predators was higher than that of other groups
at our sites. The P/R ratio indicated that our four sites, are characterized as heterotrophic with K1 as the least heterotrophic. Top-down predator control ratio
revealed an overabundance of predators. The diversity and Functional Feeding
Groups metrics of aquatic insects used to describe the state of Kodjoboué lake
reveal a disturbed state, therefore of poor quality. It would be important to implement a sustainable management program for this lake in order to conserve its
biodiversity.
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