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Abstract

Investigations on biological capacity of water quality of macroinvertebrate community are very
uncommon, and such as the amount of information available on the Nokoue Lake (the largest lake
of Benin) is very limited. This information gap needs to be filled for better management of the
Nokoue Lake. The goal of this study was to evaluate the possibility of using the macroinverte-
brate community structures in Nokoue Lake and the environmental factors responsible for the
maintenance of these structures. Nokoue Lake was studied over three months, during high flood
period in which time subsurface water and macroinvertebrate samples were collected and ana-
lyzed. A study showed that the macroinvertebrate assemblages was done according to ecological
gradients as pH, conductivity, TDS, salinity, chlorophyll a and probably to anthropogenic actions
(nutriments). Better than the percentage of insects, the percentage of Chironomidae informed
very well about macroinvertebrate assemblages. To assess the biological health of the environ-
ment, the Family Biotic Index (FBI) turns out to be more appropriate than diversity indices that do
not take into account the intermediate pollution. Organic pollution revealed by the FBI probably
affects the aquatic life.
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1. Introduction

The rapid increase of population in developing countries has increased the level of anthropogenic impact. This is
illustrated by bad agricultural practices, changing land uses, the extent of eroded surfaces and discharges of un-
processed waste water [1] [2]. This, coupled with climate change, leads to deterioration in the quality of coastal
and inland surface water as lakes, ultimate natural receptor [2] [3]. This anthropogenic pollution leads to e.g. eu-
trophication of exposed lakes which is characterized by the proliferation of invasives such as Eichhornia cras-
sipes [4] [5], generally most pronounced near built up human areas [6].

The lagoon complex Nokoue Lake—Porto-Novo lagoon (RAMSAR site 1018), is the largest continental lake
in Benin, in view of its extent, productivity and exploitation [7]. Moreover, Nokoue Lake is the most productive
lagoon of West Africa [8] [9]. The intensification of exploitation of natural resources by local people leads to an
alarming acceleration of environmental degradation processes and poses a risk of fish stock depletion. Changes
in trophic status and fluctuations in the volume of water add to the complexity of environmental changes [5] [8]
[10]. The ecological integrity of the lake is threatened.

For a better management of aquatic ecosystems, biological monitoring of their ecological state is needed be-
cause biological indicators have great power of information integration. Indeed, even if it cannot fully replace
physicochemical indicators, biological monitoring has advantage to measure the capacity of the ecosystem to
maintain its functional balance [11] [12]. Prime examples of this are the detection of pollutants and degradation
of aquatic and riparian habitats [13]. Benthic macroinvertebrates are one of the most used groups of organisms
today as biological indicators [14] [15]. These benthic organisms are endowed with continuous integration ca-
pacity of their environmental conditions and have many advantages such as ubiquity, settled way of life, high
number of species and the relatively long life cycle [15]. A policy of sustainable development and protection of
aquatic ecosystems may fail if during its development and its implementation there is a lack of information on
the variability of the macrobenthic fauna for assessing the actual impact of pollution and alteration of aquatic
and riparian habitats [15] [16].

Despite the work already done on macroinvertebrates ecology in Benin [7] [17]-[19], the importance of ben-
thos remains little known. These works are essentially based on diversity metrics without biological indicators
aspects. Moreover, previous results need to be updated in order to be more efficient in its management. This pa-
per aimed at providing temporal information on the environmental characteristics and macroinvertebrate assem-
blages as biological indicators of Nokoue Lake during high flood period.

2. Materials and Methods
2.1. Study Area

Nokoue Lake (Figure 1), South Eastern Benin (6°25'N, 2°36'E) is shallow (mean depth 1.5 m, maximum depth
of 8 m), occupies an area of approximately 150 km? in dry periods and is the largest brackish water area of Be-
nin [8]. It has an average length of 20 km (East-West) and a width of 11 km (North-South). It communicates to
the east with Porto-Novo lagoon (35 km?). The lake is directly connected to the Atlantic Ocean by the Cotonou
channel (length of 4.5 km and about 300 m wide). There is a strong saline intrusion in the dry season. The pH
varies little between the bottom and the surface of the lake. It averages between 6.6 and 7.5 for bottom water and
between 6.9 and 7.8 and for surface water [20]. The dissolved oxygen is very variable in time and space (down
to 0.5 mg-L * in areas of high pollution but reaches 9.0 mg-L * in areas close to the sea). Mean annual tempera-
ture is 27°C [7] [20] [21].

From a climate and hydrological viewpoint, the lake is subject to a sub-equatorial climate characterized by an
alternation of two rainy seasons and two dry seasons of unequal durations. Its water regime is characterized by
low flood situations (May-June), high flood (September to November) and a dry period (December to March)
because of the local climate and the main tributaries which are: Oueme (watershed 46,500 km? and 523 km
length), the S& (1000 km? drainage basin and length 70 km) and the channel of Cotonou (tributary of seawater
length 4.5 km, 300 m width) [5] [7].

According to [7], the flora of lake Nokoué is classified into two groups: species typical for periodically
flooded areas and species of non-flooded areas. Among the periodically flooded plants, the case of Eichhornia
crassipes is of most concern. The aquatic fauna is dominated by shellfish (oysters, marine borers), crustaceans
and fish. The fish fauna includes both marine and freshwater species, as well as lagoon species.
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Figure 1. Map of location of the eight sampling stations, Nokoue Lake, \Western Benin.

The use of fish traps “acadjas”, consisting of an outer ring with hardwood or bamboo poles, inside which soft,
brushwood branches 2 - 2.5 m in length are often placed in a variety of patterns on the muddy bottoms in waters
up to 1.5 m deep [22], contribute to the filling up of the lake [5]. In addition to “acadjas” system, agriculture,
trade, fishing, dumping of waste (industrial, home of the local population) and recently sand dredging activities
observed on the shores are the mains human activities that affecting the functioning of the lake.

Based on the previous work of [7] [10], 8 stations each consisting of 3 sub-stations were defined by consider-
ing salinity, human activities, the extent of the lake and the study global objective. They are: Ganvié (S1), So-
Zounko (S2), Veki (S3), Middle 1 (S4), Zogbo (S5), Middle 2 (S6), Channel (S7) and Aguégué (S8). These
points are shown in Figure 1. Geographic coordinates and some characteristics of the different stations are listed
in Table 1. The qualifiers such as “intermediate”, “high” and “disturbance” are elements of comparison to ex-
plain the differences between stations. Intermediate salinity means <2%. whereas high salinity means >2%o.

2.2. Sampling Design

Three monthly samples were carried out respectively in September, October and November 2014, covering part
of the high flood period using the Qualitative Multi-Habitat (QMH) approach, which provides an exhaustive list
of invertebrate taxa present at the various habitats in the sampled area within a specified time, generally less
than one hour [23] [24]. It is recommended for fine substrate environments, deepest (e.g. lake) with the presence
of macrophytes at some stations [25].

2.3. Physical and Chemical Characteristics of Water

On each sampling occasion, physical and chemical variables of water were measured in situ before macroin-
vertebrates were sampled, between 7 am and 9 am to avoid changes associated with sunshine and photoperiod.
The physical variables include transparency and depth measured with a Secchi disk. Chemical variables such as
salinity, conductivity, temperature, Total Dissolved Solids (TDS) were measured with a multi-parameter digital
meter WTW Cond 3210 SET 1 (Germany) while the pH was measured using a WTW pH multi-parameter digital
meter 3110 SET 1 (Germany). The dissolved oxygen was measured with an YSI field Oximeter Model 550
(USA). After the measurement of physical and chemical variables, a water sample of 1.5 liters was collected in a
pre-rinsed plastic pot at each substation for laboratory dosing of nutrients and Chlorophyll a. The main nutrients
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Table 1. Sampling stations of Nokoue Lake, with details of station characteristics and human impacts [7] [10].

Sampling station Station description and land use
S1: 06°25'45"N, 02°23'12"E Intermediate salinity (<2%o), touristic village and strong human pressure
S2: 06°27'48"N, 02°24'28"E Intermediate salinity, near the So river and strong human pressure
S3:06°28'24"N, 02°25'02"E Intermediate salinity and very disturbed station
S4: 06°26'41"N, 02°25'16"E Intermediate salinity, water current, centered and disrupted

S5:06°24'57"N, 02°23'02"E ~ High salinity; near the outlet of wastewater and storm water of Cotonou and agglomerations; non dredged
S6: 06°24'57"N, 02°25'28"E High salinity, the lake-channel interface, and very disturbed
S7:06°20'51"N, 02°26'14"E Little open Station, near the Atlantic Ocean and high salinity, dredged and very disturbed

S8: 06°35'56"N, 02°34'42"E  Station with very low salinity, mouth of Porto-Novo lagoon and Oueme river, and average human pressure

measured were: total phosphorus, orthophosphate, ammonium, nitrite, nitrate and Kjeldahl nitrogen using tech-
niques of molecular absorption spectrophotometric analyses. For nitrite, nitrate, ammonium, total phosphorus
and orthophosphates, appropriate relative amounts of appropriate reagents, were used, the sulfonamide 4-amino-
benzene, sodium salicylate, Nessler reagent, heptamolybdate, ammonium molybdate and ascorbic acid respec-
tively [26]. The Kjeldahl nitrogen is obtained after a pre-mineralization of the organic material in an acid medium
and then is carried by titrimetric assay after addition of a sodium hydroxide solution (organic NK = N+ N"NHj).
After the water filtration on Whatman GFA (0.7 um porosity), the concentration of Chlorophyll a (Chl a) in
g-L™! of sample is obtained by the method of [27] as described by [26] with the equation:

Chl-a = 27 x[ (A0665— A0750) — (Aa665— Aa750) |x v/Lx V 1)

where: Ao represents the absorbance before the acidification and Aa after acidification; v the volume of acetone
used; L the optical path and V the volume of water filtered.

2.4. Macroinvertebrate Samples

A kick net (mesh size 0.5 mm) with a 25 cm diameter opening, mounted on a steel shaft of 3 m was used along a
transect of 5 m. In addition, samples of 8 root systems of Eichhornia crassipes per substations were also made
because of its abundance in quiet areas and the density of its root system which can be a favorable habitat for
macroinvertebrates [28] [29]. The samples obtained on a same substation from the two methods were washed
and sieved (mesh size 0.2 mm) in the water of the lake and the retained materiel was bottled and preserved in 5%
formalin. In the laboratory, the samples were rinsed again thoroughly with clean water on a series of sieves of
decreasing mesh (2 mm, 1 mm, 0.5mm and 0.2 mm) and the organisms were then separated according to their
taxonomic group and preserved with 70% absolute ethanol for identification. Macroinvertebrates were identified
to the lowest practicable and possible taxonomic level, mostly genus, according to [30]-[37] and consulting spe-
cialists.

The macroinvertebrate assemblage composition was determined for each sampling station and sampling occa-
sion using number of taxa, total number of individuals, and relative abundance of each taxon. The percentage of
Ephemeroptera + Plecoptera + Trichoptera (EPT) and the percentage of the various zoological orders and groups
like Chironomidae and Oligochaeta was calculated. The Family Biotic Index (FBI) [38] was used to assess the
ecological integrity of the habitats:

FBI = "ni-t/ni, @

in which n; is the number of individuals in the ith family, t; is the tolerance score of the ith family, and N is the
sum of individual numbers in all the families making up the sample.

The higher the score is, the more the habitat is likely to be affected by stress. An FBI value between 0 and
3.75 indicates very good water quality (no organic pollution), 3.76 - 4.25 indicates good water quality (possible
slight organic pollution), 4.26 - 5.00 indicates moderate water quality (some organic pollution), 5.01 - 5.75 in-
dicates poor water quality (fairly substantial organic pollution), 5.76 - 6.50 indicates fairly poor water quality:
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(substantial organic pollution likely), 6.51 to 7.25 very poor water quality (very substantial organic pollution),
7.26 - 10.00 very bad water quality (severe organic pollution) [38].

2.5. Statistical Analysis

All data analysis was done using SPSS for Windows (IBM SPSS Statistics 20) except the Factorial Correspon-
dence Analysis (FCA) and normality test where Minitab (16 Fr) was used. For all inference tests, 95% confi-
dence level were accepted to verify all significant differences.

Normality of data was verified using the Ryan-Joiner test while Levenne test was used to verify the homo-
geneity of variances. The results of these tests were used to make the choice between parametric tests and non-
parametric tests. Thus, One-way Analysis of Variance was used in combination with post hoc multiple compar-
ison tests (Tukey and Tamhane) for the comparison of means of different physicochemical variables and bio-
logical variables obtained between the stations sampled. The factor considered was either the station or sampling
occasions. Furthermore, FCA described the correlation between the abundance of different macroinverte-brate
families harvested and the study station considered. The FCA was run after log-transformation of macro-inver-
tebrate species abundance [39]. Abbreviation of all taxa family are listed in Table 2. Pairwise Spearman’s rank
correlation analysis was performed to investigate the relationship between the studied environmental factors and
biological data [29] [40].

Table 2. List of family abbreviation code.

Abbreviation Family Abbreviation Family
Aesh: Aeshnidae Hydr: Hydrophilidae
Amp: Amphilochidae Lep: Leptophlebiidae
Aor: Aoridae Les: Lestidae
Bae: Baetidae Lib: Libellulidae
Belos: Belostomatidae Myt: Mytilidae
Bithy: Bithynidae Naid: Naididae
Cae: Caenidae Nau: Naucoridae
Calo: Calopterygidae Nep: Nepidae
Cer: Ceratoporinidae Nere: Nereidae
Chir: Chironomidae Ostr: Ostreidae
Cir: Cirolanidae Pen: Peneaeidae
Coe: Coenagrionidae Pho: Photidae
Corb: Corbulidae Pisau: Pisauridae
Cord: Corduliidae Plan: Planorbidae
Cori: Corixidae Pléi: Pléidae
Cul: Culicidae Por: Portunidae
Dix: Dixidae Pota: Potamididae
Dre: Dreisseinidae Pyr: Pyralidae
Dry: Dryopidae Ser: Serpulidae
Dyt: Dytiscidae Sph: Sphaeromatidae
Gam: Gammaridae Sta: Staphylinoidae
Grap: Grapsidae Tab: Tabanidae
Hal: Haliplidae Tub: Tubificidae
Hept: Heptagenidae Xan: Xantidae
Hyd: Hydraenidae
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3. Results
3.1. Water Quality

3.1.1. Temporal and Spatial Patterns

The temporal and spatial variation of the physicochemical variables are presented in Table 3 and Table 4, re-
spectively. The water depth, temperature, transparency, conductivity and TDS of Nokoue Lake showed significant
variation in both space and time (p < 0.05) while pH, dissolved oxygen, PO, NH;, NO;, NO; and salinity
showed significant variation only with respect to space. Salinity reveals two very distinct groups: 1) Stations 1, 2, 3,
4 and 8 (close to 0 %o) and 2) Stations 5, 6 and 7 which have the higher salinity value with minimum and maximum
obtained respectively in October and November for these four stations. Both groups were also observed for con-
ductivity and TDS with the same trend. Chlorophyll a concentrations are lower on average at Station 6 but higher at
Station 1. Generally, the chlorophyll a concentration was higher in September but decreases in October and in-
creases again in November (Figure 2). It varied from 32 pg-L™ (S6, October) to 113 ug-L™ (S1, September).

Table 3. Comparison between sampling periods of the physicochemical variables of water measure.

Variables September October November Sig
Depth (m) 1.47°+0.34 1.72°+0.49 1.16% + 0.48
Temperature ("C) 29.35% + 1.09 29.66% + 1.07 30.44° + 0.94 -
Transparency (m) 0.32°+0.08 0.63° +0.27 0.37°+0.11
Dissolved oxygen (mg.L %) 1.08% +0.09 3.92° +1.07 3.44° +1.02
pH 7.08°+0.51 6.62%+0.75 7.12°+05 )
Salinity (%o) 0.26% +0.39 0.11%+0.14 1.85% +2.61 NS
Conductivity (uS-cm™) 591% + 722 319% + 305 3761° + 4529
TDS (ug'L™?) 600% + 729 317% £ 302 3828° + 4582
PO (ugL™) 465° + 347 9P+4 9?+6
NH; (ug'L?) 2377+ 171 3272+ 42 482° £ 170
NO, (ug'L?) 25° + 17 68"+ 78 69° + 53 -
NO, (ug'L™ 6%+ 6 358+ 17 83"+ 96

2P| each line, means with the same letters as superscripts are not significantly different (p > 0.05); NS (p > 0.05) “(p < 0.05) ~(p < 0.01) ™(p < 0.001); after (p >
0.05).

Table 4. Comparison of physicochemical characteristics of water at different sampling sites in Nokoue Lake. Mean + Standard Devi-
ation. Sig = significance. The sampling sites are represented in Figure 1 and described in Table 1.

. Station .

Variable Sig
s1 S2 s3 S4 S5 S6 s7 S8

Trans(f’r":‘)rency 06204029 054036 04P+016 047°+026 029°+009 043°+011 043°+011 033°+006 ™
Depth (m) 1.71°+048 158°+036 1.05°+0.24 1.11°+0.18 0.94°+0.33 1.49°+0.37 1.71°+046 212°+027
Temperature 5 5m 409 3026°+0.8 30.8°+08 302%+128 20.9%°+12 2890 +107 289°+095 285+123

(C)
Dissolved = 5164100 2854146 276°+133 266°+159 25874138 336°+10 347°+19 265°+138 NS
oxygen (mg-L™)
pH 6.6°+ 0.54 6.5%+0.43 6.5°+0.60 6.6°+049 7.16™+031 7.49*+057 7.809+0.17 6.88%°+028

Salinity (%) ~ 0.01°%£0.03  0.02°+0.07 0.01°+0.03 0.03*+0.1 194°+190 1.42°+167 2.03"+252 0*°+0
Conductivity
(uS-cm™)
TDS (mg'L™?) 165.3%+115.1 152.44* +129.15 152.9% 98.5 156.33°+ 90.27 3576° £3328 3467° £ 4691 3656° + 4234 87.89% + 15.46
PO¥ (ugL™) 172°+282 131%+ 205 112°+164  284°+572 184330 206°+340  162°+ 236 38°+62 NS
NH; (ugL™? 3372+133 297% + 94 3132+ 146  420°+245  454°+296 356°+108  348°+106  264°+157 NS
NO, (ugL™  22°+24 24°+ 15 68°+ 72 19°+9 77°- 69 75°- 58 77°-85 69%-62 NS
NO, (ugL? 69°+125 23°+ 16 43% + 66 29%+ 24 728 £ 112 39°+34 25°+13 30°+21 NS

165.5% + 115.2 152.92%+30.75 152.3% 97.7 155.87%+89.83 3569° + 3317 3474 + 4686 3685° +4332 87.9°+155

Hoxke

abed|n each line, means with the same letters as superscripts are not significantly different (p > 0.05). NS (p >0.05) "(p < 0.05) ~(p < 0.01) ™"(p < 0.001).
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3.1.2. Temporal Patterns

Averaged over all sites, the month of November had the lowest water depth and the highest temperature. In Oc-
tober the transparency was higher and the water depth and dissolved oxygen reached their maximum while the
water had the lowest pH. Conductivity and TDS in November were higher than in previous months. Nitrogen
compounds were generally higher in September but lower in November while orthophosphate presented an op-
posite trend.

3.1.3. Spatial Patterns

Table 4 shows that, averaged over the three months, Station 8 had the highest water depth but the lowest tem-
perature. Transparency was the highest at Station 1, whereas Station 4 showed the lowest value. The Stations 1,
2, 3, 4 and 8 have analogous low pH value while Station 7 (close to the ocean) has the highest pH.

The table of correlations (Table 5) shows that the total nitrogen is positively correlated to total phosphorus (r =
0.99; p < 0.01) and weakly positively correlated with orthophosphate (r = 0.50; p < 0.05) and ammonium (r =
0.51; p < 0.05) which maintain between them a positive correlation (r = 0.9; p < 0.01). Temperature has a strong
negative correlation with nitrite (r = 0.7; p < 0.01).

3.2. Characterization of the Lake Using Macroinvertebrates

A total of 66 taxa including Arthropoda, Mollusca and Annelida were obtained during the survey [41]. Figure 3
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Figure 2. Spatial and temporal variation of chlorophyll a concentration of Lake
Nokoue during survey.

Table 5. Spearman’s rank correlation between the main nutrients, Chl_a and some physicochemical parameters.

Variable PT NT Chl_a T Oxy Tran PO; - NH; NO,

PT

NT 0.99™

Chl_a -0.24 -0.25
T 0.30 0.30 0.33

Oxy 0.22 -0.24 -0.38 -0.52

Tran 0.20 0.20 -0.07 0.39 0.09

POY 0.47 0.50" 0.49 -0.20 -0.59" 0.19

NH; 0.47 051" -0.47 0.08 0.41 0.09 0.90™

NO, -0.26 -0.26 0.50* -0.16 —0.03 -0.03 -0.24 -0.20

NO, 0.22 0.23 -0.28 -0.7" -0.01 -0.34 0.15 0.26 0.06

“Correlation is significant at 0.01; "Correlation is significant at 0.05.

1408
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shows spatial and temporal variation of the Nokoue Lake Hilsenhoff’s Index during the study. The water quality
is changing both spatially and temporally. Indeed, Stations 1 and 2 show little temporal variation of the macro-
invertebrate assemblages. The other stations exhibit a higher FBI in September and October (6, 7 and 8) or only
in October (3, 4 and 5). In November, FBI values was lower at Stations 6, 7 and 8 (medium quality) whereas
Stations 1 and 4 had higher values (very bad quality). Generally we obtain lower FBI values at Stations 5 and 8.

Pairwise Spearman’s rank correlations between this index and the concentration of chlorophyll a is 0.784 (p =
0.035). So when algal biomass increases, the value of the index also increases and reflects a deterioration of the
water quality.

The monthly taxonomic distribution of macroinvertebrates based on the Factorial Correspondence Analysis
(FCA) is presented in Figures 4-6. The FCA made on the abundance of macroinvertebrates collected relates the
community structure at different stations.
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Figure 3. Variation of Hilsenhoff’s Family Biotic Index of Nokoue Lake study
stations during September (FBI 1), October (FBI 2) and November (FBI 3).
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bution of different macroinvertebrate families in relation to sampling stations
of Nokoue Lake in November 2014. Abbreviation is described in Table 2.

3.2.1. Macroinvertebrates in September

In September, the first FCA axis explained 36.73% of the observed variability in species abundance whereas the
second axis captured about 21.7% of the variance for a total of 58.3%. Station 8, communicating with the
Oueme river and Porto-Novo lagoon, is characterized by a group of essential polluo-resistant taxa comprising
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Bithynidae, Baetidae, Haliplidae, Caenidae and to a lesser extent Naididae. In the South, there are two clusters
of sites, Stations 5, 6 and 7 (left) and Stations 1, 2, 3 and 4 (right). In the first group where the salinity is often
high, Dreissenidae, Ostreidae, Grapsidae, Serpulidae, Nereidae, Portunidae, Mytilidae, Aoridae and to a lesser
extent Naididae are well represented. The Stations of the second group are generally preferred environments for
insects and Oligochaeta and specifically for highly polluo-resistant such as Libellulidae, Lestidae, Coenagrio-
nidae, Culicidae, Dystiscidae and Chironomidae.

3.2.2. Macroinvertebrates in October

In October, overall 77.02% of variation in species abundance was accounted by the FCA with 54.92% for axis 1
and 22.10% for axis 2. The structure is not the same as previous month, though it is not too far away either. In-
deed, the distribution of families was done primarily along both axes. Station 5 forms with Stations 1, 2, 3 and 4
a group which is a preferred habitat for many low-polluo sensitive taxa: Potamididae, Dystiscidae, Naididae,
Culicidae, Gammaridae, Haliplidae, Tubificidae, together with some Baetidae, Caenidae Coenagrionidae and
Libellulidae on some stations. Stations 7 and 8 (78.9% similarity) are strongly correlated with axis 1 and include
Mytilidae, Amphilochidae, Ostreidae, and Aoridae, Nereidae, Grapsidae Cirolanidae and Portunidae. Station 8
as in September is on the far North. It is very well represented by axis 2 and is an preferred by Leptophlebiidae,
Nepidae, Corbulidae, Pyralidae, Culicidae, Hydrophilidae, Pleidae, and to a lesser extent by Baetidae, Caenidae,
Planorbidae and Dystiscidae representing medium tolerance taxa with the exception of a few.

3.2.3. Macroinvertebrates in November

Analysis of Figure 6 resulting from the FCA based on species abundance of November explained 68.05% of the
observed variability of structure which 42.19% for axis 1 and 25.86% for axis 2. The structure is less strict ex-
cept for Station 8. It is well represented by the axis 2 and always contained much more exclusive taxa such as
Lestidae, Calopterygidae, Corduliidae, Heptagenidae, Dixidae, Pleidae, Nepidae, Naucoridae, Pisauridae and in
high proportion Caenidae, Baetidae and many others which are both polluo-sensitive and polluo-resistant. Up in
the left corner, the nearest stations of the ocean were preferred by Grapsidae, Mytilidae, Tabanidae, Nereidae,
and other taxa such as Peneaeidae shared with stations of the group on the right. These are Stations 1, 2, 3, 4 and
5 consists of medium tolerance taxa to pollution and polluo-resistant taxa like the Chironomidae and Coenagrio-
nidae. The composition of that stations group is not completely homogeneous, despite having enough common
families with the previous two groups.

A correlation between biological and physicochemical variables that can inform on the state of pollution is
shown in Table 6 and Table 7. Analysis of Table 6 showed that the three diversity indices are highly correlated
but weakly with the taxon number of which they depend. Oligochaeta percentage shows no significant correla-
tion with other variables like the taxa number of EPT (N_EPT) and the EPT% but which have a very strong pos-
itive correlation between them. Percentage of insects are negatively correlated to diversities indices H and E but
positively to Simpson’s index (Ds). These correlations are strong with Chironomidae percentage. Biotic Index is
more strongly correlated to the percentage of Chironomidae than the percentage of insects, the diversities indic-
es (Ds, H' and E).

Table 6. Spearman’s rank correlation between biological indices of pollution.

Variable H’ E S Ds N_EPT EPT % Ins % Oli %Chir
E 0.92"
S 0.73™ 0.42"
Ds -0.96" -0.98" -0.55™
N_EPT 0.36 0.25 0.39 -0.28
EPT 0.42" 0.34 0.38 -0.33 0.93"
% Ins -0.55™ -0.66" -0.17 0.66™ 0.28 0.31
% Oli 0.14 0.12 0.13 -0.16 0.02 -0.03 -0.06
%Chir -0.78" -0.85" -0.36 0.85™ 0.01 -0.02 0.91" -0.05
FBI -0.64" —-0.68" -0.33 0.68™ -0.08 -0.11 0.68™ 0.08 0.81"

“Correlation is significant at 0.01. “Correlation is significant at 0.05.
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Table 7. Spearman’s rank correlation of Axis 1 of the FCA with some structure and physicochemical variables during the
three months. S = September. O = October. N = November.

Axis 1 H’ %Chir FBI Cond Sal Temp Pf Trans pH Chl_a NT PT Oxy
S 034 091" 095" -08" -039 054 047 053 -0.88" 067 072" 062" -035
0 063 -0.90" -082" 074 063 —052 056 -036 088" -057° -053" -084" 034
N -0.48 072" 069" -082" -083" 045 -019 -0.76" -0.80" 047" 041 067" —0.84"

“Correlation is significant at 0.01. “Correlation is significant at 0.05.

The correlation analysis of Axis 1 of the FCA with different variables showed that the distribution of taxa is
correlated with an ecological gradient and it has affinities with structural statistical variables. Environmental va-
riables that influence the distribution of organisms are conductivity and pH during all months and only in No-
vember for transparency, salinity and dissolved oxygen. Axis 1 of the FCA is also correlated with chlorophyll a
values, nitrogenous and phosphorous matter. Better, the percentage of Chironomidae and Biotic Index synthesis
variables are very well correlated to axis 1 which reflects a taxonomic distribution for all months.

4. Discussion
4.1. Water Quality Status of Nokoue Lake

The physicochemical variables allow to access ecosystem water quality variation from upstream to downstream
[42] [43] for a good management. The depth is higher in October and deviates from the average value of 1.5 m
reported by [5] due to direct precipitation and water intake of the S6 River and Oueme River which also in-
creases transparency. Temperature is high and characterize a poor water quality [44] and is likely to influence
many metabolic reactions and biological processes such as photosynthesis and the solubility of salts and gases
required for the balance of the aquatic ecosystem. This situation partly explains the dissolved oxygen values < 5
mg-L ™! measured on most stations, content required for good quality habitats favorable for survival of aquatic
organisms [45]-[47]. pH values reveal that apart from stations close to the ocean that are alkaline, other stations
are acidic and the lowest pH were obtained in October (high water). The acidity of the lake in October would be
linked to the nature of the water it receives from these tributaries. Indeed, the water from the Oueme River and
the S river crossed land and agricultural land and received effluent that enriched them in different minerals and
materials whose decomposition has increased the activity of bacteria and acidify the water [7] [26] [40] [48] [49].
Basic pH obtained at the Stations 5, 6 and 7 would be due to salinity in these stations because salt water usually
have a higher pH [50]. Acidic pH increases the risk of presence of metals and gas in a more toxic form. The sa-
linity of the Nokoue Lake varies from one month to another. It is higher in November without exceeding the
limits of brackish water, similar to [5] [7] [10] [51] conclusions. The difference between stations can be ex-
plained by several factors like dilution and tides as related by [51]-[53]. Generally, the nitrogenous materials
(ammonium, nitrite, nitrate and total nitrogen) and phosphorus (orthophosphate and total phosphorus) are higher
in the resorts of Stations 1 and 5 but lower at Station 8. This seems to highlight the impact of urban discharges,
agricultural and domestic. Nitrite concentrations (<0.02 mg-L %) and nitrate (<0.5 mg-L ™) obtained are lower
than the levels (nitrites <0.7 mg-L™* and nitrates <16 mg-L ) obtained previously by [51] in the same period.
The difference can be explained by the lack of similarity between the stations sampled, currently available or-
ganic load in the lake, climate variability and temperature. Indeed, the amount of nutrients varies in space (from
upstream to downstream and depends on human activities), and is dependent on the rate of decomposition of
branches used for building acadjas [20] [26]. NH; concentrations of Nokoue Lake are significantly (P < 0.05)
higher than those of nitrites and nitrates. This observation can be explained by organic matter intake supports the
ammonification process at the expense of nitrification, done by reducing bacteria (Nitrosomonas sp. and Nitro-
bacter sp.) and this in the presence of probable quantities of toxic materials [26] [50] [54]. Larger nitrate levels
than those of nitrite were also observed at Stations 5, 6, 7, and 8. Specific above findings are related to intake of
pesticides (Oueme) and spill oil products (Station 8), metals and domestic toxic waste dumps of Dantokpa Mar-
ket (Stations 6 and 7) and intake of toxic urban effluent (Station 5). The levels of phosphates obtained were
above the admissible limit of 0.5 mg-L* [29], and raise problems of eutrophication on the lake (proliferation of
water hyacinths) because of their essential role in the rigidity stems, root development and smooth running of
plant reproduction. The positive correlations between the reported amounts of Total Nitrogen and Total Phos-
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phorus confirm the problem of environmental enrichment and its degradation. The nitrogen and phosphorus
compounds are used to properly assess the water quality [13] [55]. Chlorophyll a concentrations are determined
by nitrogen compounds and remain above the limit of 40 pg-L " characterizes eutrophic environments. Based on
the principle of minimum law, the limiting factor that determines algal biomass is nitrogen, as the N/P ratio is
less than 2.5 at all stations (normal equilibrium ratio: N/P = 16). The trend is confirmed by the correlation ob-
tained between chlorophyll a and nitrate.

4.2. Macroinvertebrates as Biological Indicators of Pollution

Despite the differences in precision with other indices, the Family Biotic Index (FBI) is a very good biological
indicator of water quality [13] [56]. As shown in the results, concentration of chlorophyll a and diversity indices
did not show significant differences while FBI shows organic pollution but to different degrees. According to
[13] [57], many taxa do not react the same way to different degrees of pollution. Organism tolerances must be
used because they also better reveal the extent of pollution compared to the structure of statistical variables.
Moderately polluo-resistant taxa were harvested in September while brackish families with medium tolerance to
pollution were obtained in October. Thus, in two different habitats where there are differences of depth, current
velocity and substrate, diversity indices cannot inform effectively on pollution if it is extreme (good or bad) due
to the difference in organisms already imposed by environmental characteristics. Nevertheless, despite their in-
ertia, diversity indices can be useful if they are designed with structural statistical variables [36]. This is sup-
ported by the correlation results maintained between biological indices. Indeed, Chironomidae multiply in envi-
ronmental conditions difficult to bear for other taxa (Shannon diversity and equitability low but high indices
Simpson) and reflect an environment polluted with high FBI. This biological capacity of organic pollution by
Chironomidae larvae was proven by [29] and confirmed by [58] respectively in the Niger River and the Ethio-
pian rivers. There was also a positive correlation between diversity and the percentage of insects. The latter is
less related to the FBI as insects not only abound Chironomidae but both polluo-sensitive taxa. Aquatic insects
are good indicators of pollution [59]. The percentage of Ephemeroptera, Plecoptera and Trichoptera (EPT), and
that of Oligochaeta have not yielded significant results because of their low presence in high salinity stations. In
these stations include other polluo-resistant organisms such as Polychaeta groups and Potamididae. The strong
correlations between diversity indices are due to the high dependence in the calculation of these statistical va-
riables.

Stations have neither the same structure nor the same composition during the study, i.e. in time and in space.
Despite these variations, Chironomidae percentage and FBI remain efficient and flexible in their ability to cha-
racterize the environmental pollution. If organic methods are able to detect pollution, environmental variables
allow to know the causes. Both methods are therefore complementary [12]. A similar observation is made in this
study. In the present investigation total nitrogen, total phosphorus, Chlorophyll a concentration and Chirono-
midae percentage maintain together a positive correlation but negative correlation with dissolved oxygen. The
environmental variables that influence the structure of macroinvertebrates are mainly the pH, conductivity,
Chlorophyll a, nitrogen and phosphorus compounds. Sometimes, salinity and dissolved oxygen also act as eco-
logical gradients. In low water especially in the stations close to the sea, there is a saline intrusion and a water
pollution control that promote better aeration of the lake and consequently influences the distribution of organ-
isms [7]. Some of the environmental characteristics like dissolved oxygen, Chlorophyll a, total nitrogen and total
phosphorus are contributing to eutrophication process in Nokoue Lake and probably have had effects on ma-
croin-vertebrate community. Biological variables most important are Chironomidae percentage and FBI.

5. Conclusions

Environment characteristics changing of Nokoue Lake are due to his role as ultimate natural receptor of the
Oueme River, saline intrusion, local climate and human activities. The latter is the leading cause of environment
pollution confirmed by chlorophyll a, total nitrogen and total phosphorus concentration.

The structure of macroinvertebrates varies month by month and is mainly a reflection of the evolution of mi-
neralization variables, oxygen, salinity and nutrients (nitrogen and phosphorus). The percentage of Chirono-
midae was very effective in characterizing the structure. Macroinvertebrates can be used as bio-indicators
through the calculation of the Family Biotic Index (FBI) of these macroinvertebrates. This index also includes
the trophic state of the environment and is a powerful tool for characterizing organic pollution. It is more effec-
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tive than the other diversity indices. Regular monitoring and preventive measures are required for Nokoue Lake.

Despite the promising results on the biological capacity (organic pollution) of macroinvertebrates, they re-
main preliminary view of season study, collection tools, the small number of sampling stations, frequencies and
limited sampling time. Further investigation should be made by combining other lakes for best results that could
provide easy and inexpensive monitoring of the water quality of Nokoue Lake.
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