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Abstract

A study lon| zooplankton diversity and water qualityof Lake Dogodogo located in West Burundi was
carried out from April to July 2021 in six sampling stations,with four selected in the littoral zoneand
two remaining in pelagic one.The main objective was to assess thewater quality using zooplankton
diversity indices for a better management of this fishery resource essential for.the surrounding
populations. The zooplankton sampling was collected twice a month between 8 A.M and 11 A.M each
time. The samples were taken vertically using plankton net with a 50 pym of mesh:size, 26 cm in
diameter and 0.5m depth.We recorded30 zooplankton species, 19 of rotifers, 9 of copepods and 2 of
cladocerans. The number of speciesvaried from one station to another and from the littoral zone to

pelagic zone. The abundance of zooplankton was higher in the pelagicizone than the littoral one. We

Brachionus calyciflorus, Brachionus falcatus and Keratella tropica. These latter are indicators of a
high trophic level. According to the diversity indices calculated, the Dogodogo’'s water quality is
moderately polluted bya low level contamination of agricultural erigin. Therefore, it is necessary to
protect this important resource for fish production purposes; which is essentialin protein supply for
human life.
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1. INTRODUCTION

Agricultural activities carried out by humans, organic matter loads and dissolved substances from
domestic effluents contribute to changes of watercomposition in aquatic environments [1]. Many
substances are washed away by drainage water or runoff leaching fertilizers and phytosanitary
productsand wastewater from urban areas enriched with organic matter.

In rural areas, these waters are subject to agricultural pollution due to pesticides, fertilizers and
livestock residues. The long-term result is deterioration in water quality, reduction in diversity and
even the disappearance of water bodies [2]. These modifications affectsignificantly the food webs [3].
For thousands years and especially during the last decade, water engineering has been conducted to
ensure a reliable supply of water, limit flood damage, and to avoid or clean up pollution [4]. In the
absence of scientific criteria, water quality was assessed using simple criteria. Knowing its origin, a

simple visual estimate of its color was enough to declare that the water:was drinkable. The physico-

chemical criteria of water need to be supplemented by the characterization of bielogical communitie§ -

indicators to determine the quality of the environment [5]. The use of diversity indices can then be an
approach for estimating the biological and ecological quality of an ecosystem:through the structure of
the community. It can also provide information on [pollution level in
Both zooplanktonand macroinvertebrates constitute a toel for, biclogical monitoring of aquatic
environments. It is one of the first links in the food chain in aquatic environments [8]. Depending on
their ife-style], their reactions to various disturbances;as well as the modification of the composition of

food webs, link primary producers and secondary. consumers[11] and serve as an important food
source for aquatic organisms, especially fish[12]. Planktivorous fish are in turn hunted by predatory
fish. The chain continues until human nutritional needs are met. These organisms are also used for
the study of ecological interactions[13].

Regarding the management of aquatic ecosystems, without measuring physico-chemical parameters
each time, zooplankton species.can be used as a biological indicator of pollution and eutrophication[8,
14].

The study of.zooplankton helps in developmentof an effective strategy for managing fishery resources

to certain environmental conditions and are therefore used as indicators of water pollution [17].

The study of taxonomy, distribution and biology of species is an essential tool for the further
development of research, but the inventory of aquatic species remains an unfinished task. In tropical
regions, the fauna and flora are poorly known. An estimated of 90% of microorganisms present in the
environment have not yet been well described [18].Burundi has adopted in its commitments through
the water code, the establishment of legislation in favor of the environment and biodiversity in general
and the limitation of water pollution, in particular those of the Lake Tanganyika[19]. Burundi has many

lakes that are subject to anthropogenic pressures. Lake Dogodogo is one of the aquatic systems of
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Burundi located in the northwest of the country in the province of Cibitoke. As per our knowledge, no
study has been conducted on its biotic and abiotic components. Lake Dogodogo is a shallow Lake
surrounded mostly by fields of rice, maize, and cassava. Thus, its waters receive different types of
agricultural fertilizers from the amendment of crops and pesticides. These substances discharged into
the lake change the chemical composition of the water and the animal community’scomposition living
thereresulting in degradation of biodiversity in general and zooplankton in particular.The overall
objective of the study was to assess zooplankton diversity and water quality of Lake Dogodogousing
zooplankton diversity indices for the sustainable management of this fishery resource, which is very
important for the surrounding populations, and finallyto have a database for decisions makers and

researchers.

2. MATERIAL AND METHODS
2.1. Study area

Lake Dogodogo is located in northwest of Burundi, Cibitoke Province, in.the Imbo.plain. It is situated
between 2° 50' 23.00" South latitude and 29° 05' 52.00" East longitude and 910m of altitude. It is a
young reservoir located at 67 km far away from Bujumbura City.and in the southern part,at 4 km far
away from the chief town of Rugombo commune, along the National.Road 5, in right side. This region
is the westernmost and has the lowest altitude in Burundi [20}:

The Lake occupies an area of 80 hectares with the largest pond havingmarshy valleys covering nearly
450 hectares. It is characterized by aquatic vegetation formed by water lilies and has a remarkable
algal flora and some fish species. The edges of the lake are invaded by Phragmites mauritianus and
Typha domingensis and tall grasses. sailing on its water in an unexpected and mysterious way. Lake
Dogodogo biodiversity also includes aquatic birds such as ducks [21] andits soil is sandy clay.

2.2. Sampling stations

A total of six stations were selected. depending on their characteristics (Fig. 1) and four stations
among them (St1,:St2, St3 and St4) were selected in the littoral zone while the two remaining others
(St5 and St6). were taken:from.the pelagic zone. The first station St1 with coordinates (S 2.84191°, E
29.09506°, altitude: ‘912 m)is located in front of the water outlet of the lake through the discharge
canal towards Rusizi River. It is chosen to reflect the water quality of the lake at the outlet. The
second station St2 with coordinates (S 2.84312°, E 29.09919°, altitude: 913 m) is located to the right
side of'the station Stlnear the rice fields and was selected to show the impact of irrigation water on
zooplankton“diversity. The Stations St3 and St4 respectively with coordinates (S 2.83797°, E
29.09956°, altitude: 914 m) and (S 2.83543°, E 29.09529°, altitude: 910 m) are located at a few
meters far away from the mouth of the irrigation canal from the rice fields. Station St4 is located at the
left side of St3 and was chosen near the landing area for small fishing boats. Both Stations St 3 and
St 4 were chosen to assess the influence of the nutrient supply in water on zooplankton composition.
The St5 with coordinates (S 2.83949°, E 29.09763°, altitude: 913 m) and station St6 with coordinates
(2.83689°, E 29.09626°, altitude: 912m) are located in the middle of the lake, especially in the pelagic

zone. These two stations were chosen to characterize pelagic zooplankton diversity.
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Figure 1: Location of Lake Dogodogo and sampling stations

2.3. Sampling
The zooplankton sampling was carried out twice a‘month,over a four-month period, from 4™April to
25"July 2021. Sampling was done between 8:A.Mand 11 A.M each time. The samples were taken
vertically using plankton net with a 50 ym of mesh:size; 26 cm in diameter and 0.5m depth. At each
sampling, the plankton net was immersed and.then.raised up to the surface. The water retained in the
tap was allowed to flow and then collected. The zooplankton concentrate was then collected and
preserved in a bottleby adding 5ml of 5% formalin solution [17,22,23].

At each station, sampling was repeated three successive times to constitute a composite sample. Six
bottles labeled according.to the order of the stations were used to preserve the samplesand then sent

to the laboratory forimicroscopic analysis.
2.4.0bservation, identification and enumeration of zooplankton

In the laboratory of Limnology, each zooplankton sample was concentrated to a volume of 50 ml.
Zooplankton ‘species were identified by microscopic observation usingWF 10 X-18 MM optical
microscope. This species identification operation was based on the specific morphological characters
observable using different determination keys [24, 25, 26, 27, 28]. The individuals of each identified
species were also counted using a Burker Turk enumerationcell(Buhungu et al., 2019) [17]and the
counting effort was fixed at 400 individuals for each inventoried species. Thus, the count rate varied
according to species abundance up to 100% of sample for rare species. An extrapolation was then
made on total volume of sample, on the one hand, and the volume of filtered water, on the other



hand, to assess the densities per liter of the Lake water. The density was calculated using the
following relation:
_ 1000 x (ni + %)
\%

Where:  D: The density (expressed in individuals per liter);

ni: The number of individuals recorded for species i;

AR: sample analysis rate corresponding to ni;

V:volume of filteredLake Water (ml)[17, 29].

2.5. Determination of Diversity Indices

i. Simpson's abundance index was used to assess the imbalance. in terms ofindividual
within the population. It is given by the formula: D = £ (ni / N)?,
Where:  ni: The number of species i,
N: The total number of individuals considering all the species.
If the calculated value is closer to 100%, there is dominance of individuals of a few taxa [23].

ii. Shannon-Weaver diversity index establishes the link between the number of species and
the number of individuals in the same ecosystem or'the same community [15]. It was
calculated according to the following formula:

w =3 () 1og, ()
N N

Where:  H': The value of the Shannon diversity index,

X: The sum of the results obtained for each of the species present,

ni: The number of species |,

N: The total number of individuals of all species,

log,: The logarithm of base 2.
This index helps knowing the diversity of the species that make up the stands of a given environment
(Adandedjanet al., 2017)[23].

iii.  Evenness index was calculated using the formula of Piélou [30]:
J=H/log, S

Where;, H':The Shannon-Weaver species diversity index;

log, S: H'max,

S: The total number of species in the sample,

J::The Piélou evenness index.
On one hand, the evenness index is derived from the specific diversity index and consists of
comparing the diversity H' to its maximum value (log,N). At the other hand, the evenness index helps
in comparing the measured diversity to the theoretical maximum diversity [15].

iv. Margalef species richness index was used to assess the biological diversity of the
different stations. This Indexis used to estimate the absolute species richness. Its value is
obtained by the following formula:

RMg =S -1/log (N)

Where: N: The number of individuals and



S: The total number of species[31].
The Margalef species richness index is the simplest way to measure biodiversity. It counts the

number of different species in a given area[32].

2.6. Statistical analysis
The Statistical analyzes were performed using IBM SPSS Statistics version 22 and Canoco 5
software and those analyzes includes:One way Analysis of Variance (ANOVA-1)used to test the
significance (at p=.05)of the differences between the mean data found forthe species identified at the
different stations while a Principal Component Analysis (PCA) was applied to,  all the biotic
parametersfor establishing the relationship between the biotic parameters andstudy stations, and to
better understand their spatial distribution.

3. RESULTS

3.1. Species composition of zooplankton

A total of 30 zooplankton species belonging to three groups of:zooplankton have been identified in
Lake Dogodogo. Indeed, the rotifers group comprises of 19species (63.33%), copepods group
contains 9species (30%) whereas cladocerans group contains only 2species (6.66%). These different
species are distributed into 8 families and 16 genera. The most-diversified families are Brachionidae
with 8 species divided into 4 genera followed by the Cyclopidae with 8 species and the Filinidae family
with 4 species. The Trichocercidae, Asplanchnidae and Moinidae families are each represented by
two species, while the rest of the families ‘are 'monespecific like the family of Lecanidae and
Synchaetidae.The number of species varies from station to another and the highest species richness
was observed at station 4 with 30species while.25 species were found at station 5.Among the
30species listed above, only _seven species were not identified in all the stations: four species of
rotifers, one species of copepods and two species of cladocerans. These are Brachionus calyciflorus,
Brachionus plicatilus, Brachionus gquadridentatus, Keratella sp, Macrocyclops albidus, Moina
macrocopa and Moina micrura (Table 1).

Table 1: Densities. (mean,, standard deviation) of species identified at different stations, comparison

with one way ANOVA: at (p= .05) Tukey's pairwise comparisons

Groups Families Speciess Stl St2 St3 St4 St5 St6 mean+ SD Sig
Brachionus falcatus 69.05 92.73 227.90 206.21 368.01 206.58 195.07+107.32 S
Brachionus calyciflorus 224 224 155 036  0.00 0.00 1.06+1.07 s
Brachionus plicatilus 0.00 0.00 0.00 0.18 0.00 0.23 0.06£0.10 s
Brachionus angularis 237.65 128.40 357.82 249.79 49535 59511 344.02t174.82 NS
o Brachionus
Brachionidae ¢ adridentatus 0.00 018 000 018 000 137 0.28+0.53 s
Rotifers Braghionus
manjacavas 3.92 6.57 9.22 9.67 9.90 6.43 7.612.37 NS
Keratella tropica 7.62 1.37 1.87 2.24 7.07 4.01 4.032.72
Keratella sp 7.66 1.37 0.64 0.46 2.24 0.00 2.06%2.85
Anuraeopsis fissa 178 251 146 265 073 6.80  2.66:2.18
, , Trichocera similis 2.69 1.96 999 3738 584 39.05 16.15+17.33 S
Trichocercidae )
Trichocera elongata 14.01 9.72  16.15 9.17 1191 1711 13.00%3.29 NS




Synchaetidae

Poyarthra vulgaris

76.79  74.23 13470  98.58 156.49 229.98 128.46+59.38 NS
Lecanidae  Lecane mira 046 087 023 255 100 128 1.08+0.82 NS
Asplanchidae Asplanchna girodi 100 342 155 292 379 470 2.89+1.39 s
Asplanchna sp 6.66 6.57 1025  21.76 7.12 7.30  9.94+5.94 NS
Filinia terminalis 5598  29.61 73.99 1857 59.85 51.37 48.22:2047 S
Filinidae Filinia opoliensis 2646 196 379 201 2920 3458 16.33t1529 NS
Filinia longiseta 19.16 552 29.66 _ 4.97 _ 27.83 1519 17.05:10.60 NS
Philodinidae  Rotaria sp 420 365 365 324 3.0l 397 3.61%0.44 NS
Macrocyclops albidus 014 032 09 014 000 059 0.35:0.35 s
Cyclops sp 0.23 0.00 1.19 3.10 1.41 2,92 147+1.30 S
Diacyclops thomasi 178 105 570 155 12.86 ' 7.85 5.13%4.65 s
Termocyclops leukarti 2235 12.82 23.36 1508 103127 19757, 145.74+42.58 S
Copepods  Cyclopoidae IPQZ"JZCVC'”S 055 055 187 041 - 1633 1268 539:7.16 NS
Acanthocyclops sp 0.41 2.83 1.78 0.78 0.96 2.65 156+1.01 NS
Eucyclops macrurus 2.83 1.14 3.24 091 15.05 8.67 5.30%5.53 S
Eucyclops serrulatus 4.79 1.55 9.40 141. 2076  10.99 8.15:7.33 s
Nauplii sp. 140.98  126.03, 180.50. 126.88 269.40 348.68 198.74+91.20 NS
Cladocerans Moinidae Moina micrura 0.09 0.00 0.00 0.14 0.68 0.09 0.16%0.25 NS
Moina macrocopa 0.00 0.09 0.00 0.05 0.00 0.05  0.030.03 S

NS : non significance with (p>.05) ; S : significance with (p<.05) ; Sig.: Significativity ; SD : Standard Deviation

Species such as: Brachionus falcatus, Brachionus'calyciflorus, Brachionus plicatilus, Brachionus

quadridentatus, Keratella tropica, Keratella sp, Anuraeopsis fissa, Trichocera similis, Asplanchna

giradi, Filina terminalis, Macrocyclops albidus, Cyclops sp, Diacyclops thomasi, Termocyclops

leukarti, Eucyclops macrurus, Eucyclops sefratus; Moina macrocopa varied significantly (p<.05).

While Brachionus angularis; -Brachionus manjavacas, Trichocera elongata, Polyarthra vulgaris,

Lecane mira, Asplanchna sp, Filina opoliensis, Filina longiseta, Rotaria sp, Thermocyclops crasus,

Acanthocyclops sp, Nauplii sp, Meina micruradid not vary significantly (p >.05).

3.2. Temporal.variation of identified species

The study showed that April had the highest density for all the identified species and in all stations

except the speciesiBrachionus angularis whose highest density was recorded in May and July. The

months of June and July were characterized by a lower density for almost all species. Brachionus

angularis,. Brachionus falcatus, Polyarthra vulgaris and Nauplii species show high densities in all

months and were dominant in the zooplankton population found inLake Dogodogo (Figure 2).
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3.3.Spatio-temporal variation in the abundance of different zooplankton groups

The composition of zooplankton has fluctuated considerably over time. The highest density was
recorded at station St6 while the lowest density.is recorded at station St2 for both rotifers and
copepods. The rainy season (April-May) recorded the highest abundances than the dry season (June-
July). Rotifers remained the most abundant over time except for the samples collected on 20"June
where copepods were higher than rotifers. As for water fleas, they remained weakly abundant in

space than in time (Figure 3).
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Figure 3: Spatial (A) and Temporal (B) variation in the abundance of zooplanktonic groups
3.4. Spatio-temporal variation of zooplankton diversity

The spatio-temporal variation of the diversity indices of Shannon, Piélou equitability, Simpson and
Margalef were given. The highest value of the Shannon diversity index was recorded on 4" Aprilat
station St 1 while the lowest value was recorded on 25™July at the same station. Regarding the Piélou
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equitability index, the highest and lowest values were recorded respectively on 11"July and 25 ™ July
at the first station.

The highest and lowest values of the Simpson index were noted respectively on 25 "July and16 "
May at station St 1. For Margalef diversity index, the highest value was recorded on 20™ June while
the smallest was recorded on 11" July at station 1 (Table 2).

Table 2: Spatio-temporal variation of Shannon, Piélou, Simpson and Margalef indices

Stations Dates 04-April 18-April 02-May 16-May  06-June  20-June 11-July 25-July mean
H' 3.23 2.93 2.86 2.96 1.9 2.62 2.97 1.74 2.65
J 0.73 0.64 0.66 0.71 0.48 0.31 0.8 0.42 0.59
st D 0.14 0.17 0.17 0.01 0.42 0.27 0.15 0.49 0.23
RMG 6.7 6.48 7.89 6.55 5.74 8.74 4.14 5.45 6.46
H' 2.8 2.44 2.53 3.08 2.24 2.61 2.05 1.8 2.44
J 0.61 0.61 0.58 0.73 0.57 0.59. 0.51 0.5 0.59
stz D 0.19 0.29 0.25 0.14 0.28 0.26 0.34 0.44 0.27
RMG 7.31 6.18 6.63 6.88 6.51 8.79 5.51 5.25 6.63
H' 2.89 1.73 1.96 2.58 2.56 2.43 2.45 2.6 2.40
J 0.64 0.4 0.5 0.62 0:58 0.61 0.56 0.67 0.57
st D 0.2 0.48 0.35 0.21 0.26 0.23 0.3 0.22 0.28
RMG 6.69 5.91 4.44 5.56 7.05 5.13 6.82 5.44 5.88
H' 2.59 2.75 2.29 2.4 2.52 2.67 2.09 2.11 2.43
J 0.54 0.66 0.59 0.55 0.63 0.63 0.49 0.54 0.58
st D 0.01 0.2 0.26 0.27 0.25 0.25 0.38 0.34 0.25
RMG 7.8 6.22 5.63 6.39 5.69 7.58 6.16 4.9 6.30
H' 2.66 2.37 2.44 2.83 2.78 2.8 2.57 2.86 2.66
J 0.58 0.52 0.56 0.63 0.66 0.67 0.68 0.66 0.62
S5 D 0.2 0.27 0.29 0.19 0.2 0.17 0.25 0.2 0.22
RMG 6.56 6.65 5.91 6.41 6.23 5.83 4.57 6.16 6.04
H' 2.62 3.04 231 2.55 2.6 2.46 2.66 2.42 2.58
J 0.57 0.66. 0.56 0.58 0.62 0.59 0.68 0.61 0.61
S D 0.22 0.16 0.29 0.25 0.22 0.27 0.23 0.3 0.24
RMG 6.56 7.4 5 5.88 55 5.51 4.31 4.88 5.63

H": Shannon's index, J: Piélou's equitability index, D: Simpson's index, RMG: Margalef's index

3:5. Distribution of zooplankton species in the sampled stations and their
similarities

A Principal Component Analysis (PCA) was performed to all the biotic parameters to highlight the
relationships between the species and the sampled stations. The two axes explained respectively
40.38% and 27.41% of the global distribution of zooplankton species, a total variation of 63.23%.
They provide sufficient information on their distribution in sampling stations. The PCA serves in
distinguishing of the stations of the pelagic environment (St 5 and St 6) and those of the coastal
area(Stl, St 2, St 3 and St 4). The two axes selected the species of copepods like Eucyclops
serratus, Eucyclops macrurus, Diacyclops thomasi and Termocyclops leukarti which are positively

correlated to them because of their abundance on the littoral zone. The species Brachionus angularis
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and Polyarthra vulgaris are negatively correlated to them. The species Keratella tropica, Brachionus

quadridentatus, Macrocyclops albidis and Acanthocyclops sp are weakly represented on the both

axes due to their low abundances (Figure 4).
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Figure 4: Principal Component Analysis (PCA) of zooplankton species in Lake Dogodogo

An ascending hierarehical classification grouped the stations similar to more than 75% St 1 and St 2,

St 3 and St 4 and. finally.St'5.and St 6 compared to the total zooplankton. This classification also
highlighted. the coastal stations (St 1, St 2, St 3, St 4) and those of the pelagic zone (St 5, St
6)(Figureb).
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4. DISCUSSION

4.1. Abundance andvariation of zooplankton in Lake Dogodogo
During this study, three groups of zooplankton were identified. These groups are Rotifers, Copepods
and Cladocera. The rotifers group was the most dominant followed by copepods and finally
cladocerans. Similar results were found by Buhungu [17] in Kinyankonge River in Burundi and Fofana
[2] in Kaby Lake inilvory Coast.
In Lake Dogedogo, the rotifers group appeared to be more important than copepods and cladocerans.
According toi several. authors, rotifers tend to dominate in terms of abundance in aquatic
environments. Two main factors are mentioned to explain this numerical superiority of rotifers: (i)their
opportunistic nature, which allows them to better resist to variations in environmental conditions, (i)
their greater competitiveness in these environments not only because of their food plasticity towards
available resources, but also because of their small size, which makes them less vulnerable to
predator pressure [13, 33].In Lake Dogodogo, the zooplankton composition fluctuates over time, the
evolution seems to be similar between rotifers and copepods. In general, higher zooplankton densities
recorded during the rainy season decrease dramatically during the dry season. The decrease in the
population and specific richness of zooplankton in a lake system could be explained by the increase
in temperature and acidity as well as the decrease in nutrients [34]. The dominance of rotifers in Lake

Dogodogo during two seasons is a characteristic of tropical lakes [2, 23]. Fluctuations in the Shannon,

11



Piélou and Margalef index revealed certain instability in the structure of the zooplankton community
over time.

Indeed, in May, which marks the transition between the wet and dry seasons, the abundance of
rotifers has decreased. Species of the Brachionidae and Filinidae families dominate from April to July.
These families are generally represented by the largest number of species belonging to the genera
Brachionus, Keratella and Anuraeopsis. Thus, whatever the season, the species Brachionus
angularis, Brachionus falcatus,Polyarthra vulgaris, were dominant in the group of rotifers. These
results coincide with those found by Tchapgnouo[15] of the Ossa lake complex (Ossa and Mwembe)
in Cameroon.

During the dry season when temperatures are highest, the density of zooplankton, especially rotifers
is low. This decrease in rotifers would be probably due to the variation in environmental conditions,
especially pollution. The copepods population tended to approach that of retifers. The.development of
copepods observed in dry periods would be linked in part to their ability to,accept and withstand
widely varying environmental conditions [26, 35]. This could also_be explained by.their possibility of
surviving in the state of resting stages where certain species_of 'this group can'be transported from
one environment to another and thus have a wider distribution area [36].

According to Maier [37], the development time of eggs, larvae and copepodid stages is inversely
proportional to temperature. The abundance of zooplankton varied from station to station. This
variation is attributed to hydrobiological conditions.and trophic status [38]. It can be also due to the
speed of the low current and the less turbid‘waters [39] as'well as a high transparency of the waters,
due to the sedimentation of heavy particles in suspension.[22]. Station S3 is characterized by a high
density of total zooplankton compared.to stations Si.and S2 in the littoral zone. This proliferation of
zooplankton in this coastal zone is probably due to the enrichment of the waterwhich could contain
nitrates and phosphates from-rice crops favorable to the development of phytoplankton grazed by
zooplankton.

The study of zooplankton was carried out in the littoral zone on the one hand and in the pelagic zone
on the other hand. A'non-homogeneous distribution of rotifers and copepods between the littoral zone
and the pelagic zone was noted. The pelagic zone represented by stations St 5 and St 6 has a high
abundance compared to the littoral zone. This abundance could be explained by the existence of
stable waters;, Similar. results were reported by Onana [33] with essentially pelagic species such as
Anuraeopsis:fissa, Brachionus angularis, Brachionus calyciflorus, Brachionus falcatus, Brachionus
leydigi and Keratella tropica. Water fleas did not vary much at the sampled stations. This would be
caused by the strong predation pressure towards these Water fleas.

4.2. Assessment of the water quality of Lake Dogodogo

Zooplankton organisms are sensitive and very reactive to variations in environmental conditions [40].
As a result, they are used as bioindicators of water quality [38]. The study revealed a high
representativeness of rotifers compared to other zooplankton groups. Thus, the presence or absence
of species could be an indicator of water pollution[41]. According to Margalef [42], a high

representativeness of rotifers in freshwater aquatic environments can be considered as a biological
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indicator of a high trophic level [2]. According to Pourriot and Hillbricht-llkowsk [25] the presence of
species of the genus Brachionus, indicates hypertrophic water. The zooplankton composition
recorded in Lake Dogodogo is similar to the results recorded in other organic pollution environments
[33, 43, 44] mainly the waters of tropical environments[45].

A few diversity indices were used to assess the water quality of Lake Dogodogo. According to
Simboura [46], the Piélou equitability index can be used to assess the water quality. These authors
mentioned the following water classification categories:

The range 0.77 < E < 0.96 indicates “very good quality water”, 0.46 < E < 0.77 indicates “good quality
water”, 0.30 < E < 0.46 indicates “average quality water”, 0.21 < E <0.30 indicates “low quality water
“and 0.09 < E < 0.21 indicates “very poor quality water” [47]. In the present study, the average values
of the Piélou index are in the range of 0.57 to 0.62. These values show that the waters of Lake
Dogodogo are classified as “good quality waters”.

Shannon and Simpson indices were also used to assess the water quality,[48] according to the
following classification categories: 3 < H' (or 6 < D) indicates clean water; 2< H'<.8 (or 3= D < 6)
indicates low contamination; 1< H'< 2 (or 2 <D < 3) indicates moderate contamination and 0 < H' <1
(or 2 < D) indicates water with a high level of pollution. In the present study, the mean values of
Shannon and Simpson indices fall within the respective ranges of 2.40-2.66 and 0.22-0.28. Only
Shannon index indicates that the waters are of “low contamination level” while the Simpson index
reveals high pollution. In general, among the three evaluated indices, two of them indicate that the
waters of Lake Dogodogo are of low contamination level.

5. CONCLUSION

The study revealed that the zooplankton of.Lake Dogodogo is essentially composed of Rotifers,
Copepods and Cladocera. The Rotifera group was the most dominant followed by Copepoda and
Cladocera. This zooplankton population .is dominated by species belonging to the families
Brachionidae and Filinidae characteristic of eutrophic conditions. The study also revealed that some
identified species are. essentially pelagic and indicative of a high trophic level. Some calculated
diversity indices showed that the waters of Lake Dogodogo have a low level of contamination and this
contamination is of agricultural origin.

To ensure a good:future management of Lake Dogodogo, further research could focus on other taxa
of animal or:plant organisms living in Lake Dogodogo by including physico-chemical parameters over
a long period. As a certain pollution threshold is discovered in the lake, some measures must be
taken to protect this ecosystem which has a high potential for producing protein resources for human
life.

13



REFERENCES

1. Coté R, Bussieres D, Desgagnés P. Spatio-temporal distribution of phytoplankton and zooplankton
in Lac Saint-Jean (Quebec), a hydroelectric reservoir. Rev. Science. Water. 2002; 15 (3): 597—-
614. Doi: https://doi.org/10.7202/705471ar. English.

2. Fofana NM, Etile RN, Bi GG. Seasonal distribution of zooplankton in relation to environmental
characteristics in Lake Kaby (Bongouanou, lvory Coast). J Appl Biosci. 2019; 140: 14256—
14267. Doi: https://dx.doi.org/10.4314/jab.v140il1.5. English.

3. Lacroix G, Danger M. From food webs to the functioning of lake ecosystems: towards an
integration of heterogeneity and complexity. Rev. Science. Water. 2008; 21(2): 155-172. Doi:
https://doi.org/10.7202/018464ar. English.

4. Karr JR, Chu EW. Introduction: Sustaining living rivers. In Assessing the Ecological Integrity of
Running Waters. (pp. 1-14). Springer, Dordrecht. 2000.

5. Beauger A. Bio-assessment of water quality: establishment of a simplified sampling protocol, based
on the collection of benthic macroinvertebrates on the sills. of rivers with gravelly bedload.
Biodiversity and Ecology. Doctoral thesis, University: Blaise Pascal - Clermont-Ferrand II;
University of Auvergne: - Clermont-Ferrand |. Frenchi'2008.:English.

6. Ravera O. Monitoring of the aquatic environment by species accumulator of pollutants: a review. J
Limnol. 2001; 60 (Supp.1): 63-78. Doi: https://doi.org/10.4081/jlimnol.2001.s1.63.

7. Bandeira B. Ecology of zooplankton communities within two Mediterranean coastal ecosystems:
treatment of time series. Doctoral dissertation, University of Toulon. 2013. English.

8. Koudenoukpo CZ, Chikou A, Zébaze SHT, Mvondo N, Hazoume RU, Houndonougbo PK et al.
Zooplanktons and aquatic macroinvertebrates: towards an assembly of bioindicators for better
monitoring of aquatic ecosystems in tropical regions. Int. J. Innov. Appl. Stud. 2017; 20 (1):
276-287. English.

9. Richardson AJ. (2008). In hot‘water: zooplankton and climate change. ICES Journal of Marine
Science, 65 (3):279-295. Doi; https://doi.org/10.1093/icesjms/fsn028.

10. Kisekelwa ‘T, Isumbisho M» (2010). Qualitative composition of zooplankton upstream and
downstream of the Mururu dam. Cahiers du CERUKI, New Series, 40: 28-32.French.

11. Espinasse:MB. Distribution and structure of zooplankton communities in two coastal ecosystems.
Analysis of the impact of physical and trophic factors on the spatial distributions and size
spectra of zooplankton. Doctoral thesis. Aix-Marseille University. 2012. French.

12. Ismail ‘AH; Adnan AAM. Zooplankton composition and abundance as indicators of eutrophication
in two small man-made lakes. Too much. Life Sci. Res. 2016; 27(suppl): 31-38. Doi:
10.21315/tlsr2016.27.3.5.

13. Sonya L. Spatial-temporal structure of lake zooplankton: contribution of currents, predation and
resources. Dissertation, University of Quebec in Montreal. 2008. French.

14. Gazonato NAJ, Silva LC, Saggio AA, Rocha O. Zooplankton communities as eutrophication
bioindicators in tropical reservoirs. Biota Neotrop. 2014; 14(4): 1-12. Doi: http://dx.doi.org/10.
1590/1676-06032014001814.

14



15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Tchapgnouo JGN, Njiné T, Togouet SHZ, Segnou SCD, Tahir TSM, Tchakonté S et al. Specific
diversity and abundance of communities of copepods, cladocerans and rotifers in the lakes of
the Ossa complex (Dizangué, Cameroon). Physio-Geo. Physical geography and environment.
2012; 6: 71-93. Doi: https://doi.org/10.4000/physio-geo.2430. English.

Mimouni EI-A. Diversity and structure of zooplankton: importance for the conservation of aquatic
biodiversity in urban areas. Doctoral thesis, University of Montreal. 2015. French.

Buhungu S, Montchowui E, Sibomana C, Barankanira E, Ntakimazi G, Bonou CA. Zooplankton
diversity and abundance of the Kinyankonge River (Bujumbura, Burundi) in relation to
environmental variables. Annals of Agricultural Sciences. 2019; 23(1): 1-20. English.

Leveque C. Biodiversity and management of continental aquatic systems. Rev. Science. Water:
1998; 11(special issue): 211-221. Doi: https://doi.org/10.7202/705339%ar. English.

Burundi Nature Action. Strategy for the limitation of pollution of Lake Tanganyika. Critical
ecosystem partnership fund, Bujumbura, Burundi. 2014. English.

Allison E, Paley R, Ntakimazi G, Cowan V, West K. Pollution Control and Other Measures to
Protect Biodiversity in Lake Tanganyika (RAF/92/G32). 2000.

INECN. Regional plan for implementing the National Strategy and Action.Plan on Biodiversity in
the Imbo plain. Bujumbura, Burundi. 2013. French.

Ouattara IN, Ouattara A, Kone T, N'Douba V, Gourene G. Distribution of zooplankton along two
small West African coastal basins (Bia and Agnebi; Ivory Coast). African Agronomy. 2007; 19
(2): 197 — 210. English.

Adandedjan D, Makponse E, Hinvi LKC, Laleye P. Preliminary data onthe diversity of zooplankton
in Lake Nokoué (southern. Benin). J.. Appl Biosci. 2017; 115, 11476-11489.
https://dx.doi.org/10.4314/jab/115i1.7. English.

Dussart B. The copepods:-of continental waters of Western Europe Il. Cyclopoids and Biology.
Boubee and Cie, Paris: 1967. English:

Pourriot R. Hillbricht-llkowska A. Research on the biology of some planktonic rotifers. Bull. Soc.
zool. 1969; 94'(1): 111-118. English.

Amoros ‘€. Practical  introduction to the systematics of organisms in French inland waters-5.
Crustaceans Cladocera. Bull. lie. Soc. Linn. Lyons. 1984; 53(3):72-107; 53(4):120-144. English.

Pourriot Ry Francez AJ. Rotifers. Practical introduction to the systematics of organisms in French

continental waters. Bull. Mens. Soc. Linn. Lyons. 1986; 8:1-37. English.

« 28. Sharma BK. Rotifers (Rotifera: Eurotatoria) from wetlands of Majuli the largest river island, the

29.

30.

Brahmaputra river basin of upper Assam, northeast India. Check List. 2014; 10(2): 292-298.
Doi: 10.15560/10.2.292.

Bouzidi MA, Amar Y, Attaoui |, Latreche A, Benyahia M, Bouguenaya N et al. Copepods,
Cladoceres and Rotifers from Lake Sidi M'hamed Benali (north-western Algeria). Physio-Geo.
Physical geography and environment. 2010; 4: 69-85.

Pielou EC. Ecologicaldiversity. Wiley Interscience, New York, USA. 1975.

15



¢ 31. Khalifa N, El-Damhogy KA, Fishar MR, Nasef AM, Hegab MH. Using zooplankton in some

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

environmental biotic indices to assess water quality of Lake Nasser, Egypt. Int. J. Fisheries
Aquat. Stud. 2015; 2(4): 281-289.

Zhushi Etemi F, Cadraku H, Bytyci A, Kuci T, Desku A, Ymeri P et al. Correlation between
physical and chemical parameters of water and biotic indices: The case study the White Drin
River basin, Kosovo. Journal of Water and Land Development. 2020; 46 (VII-IX): 229-241.
Doi: 10.24425/jwld.2020.134585.

Mamert OF, Hubert ZTS, Ernest K, Tchatcho N, Lié N, Siméon T. Influence of municipal and
industrial pollution on the diversity and the structure of benthic macro-invertebrate community
of an urban river in Douala, Cameroon. J.Bio. Approx. Science. 2016; 8(6): 120-133.

Okogwu Ol. Seasonal variations of species composition and abundance ofzooplankton in Ehoma
Lake, a floodplain lake in Nigeria. Rev. Biol. Too much. 2009; 58(1):. 171-182. Doi:
10.15517/rbt.v58i1.5202

Dussart B. Calanoid copepod crustaceans from African inland waters. Crustaceana. 1989;
Supplement, (15): 111-205. English.

El Khalki A, Gaudy R, Moncef M. Study of seasonal variations.in.the population of copepods in the
Oum Er Rbia estuary (Atlantic coast of Morocce): impact of urban pollution in the city of
Azemmour. Marine Life (Marseilles). 2004; 14(1-2): 19-29. English.

Maier G. The effect of temperature on the development times of eggs, naupliar and copepodite
stages of five species of cyclopoid copepods. Hydrobiology. 1989; 184(1): 79-88.

Dolbeth M, Cusson M, Sousa R; Pardal MA. Secondary production as a tool for better
understanding of aquatic ecosystems..Can. J.:Fish. Aquat. Science. 2012; 69(7): 1230-1253.
Richardson JS, Mackay RJ. Lake outlets and the distribution of filter feeders: an assessment of

hypotheses. Oikos. 199%; 370-380.

Harris R, Wiebe P, Lenz J, Skjoldal HR. Huntley M. ICES Zooplankton Methodology Manual.
AcademicPress, San Diego, USA: 2000.

Zirirane DD, Bagalwa JJ, Isumbisho M, Mulengezi M, Mukumba |, Bora M et al. Comparative
evaluation of the A pollution of the Kahuwa and Mpungwe rivers by the use of benthic
macroinvertebrates. Vertigo. The Electronic Journal of Environmental Sciences. 2014; 14(3).
Doi: 10:4000/vertigo.15365. English.

Margalef R. Limnologia. Omega, Barcelona. 1983.

Véronique L. Relations between planktonic populations and the physico-chemistry of the waters of
the Scarpe and the Petite Sensée in the region of Douai (North). Memory. Pierre and Marie
Curie University. 1997. English.

Zébazé TSH, Njiné T, Kemka N, Nola M, Foto Menbohan S, Monkiedje A et al. Spatial and
temporal variations in the richness and abundance of rotifers (Brachionidae and
Trichocercidae) and water fleas in a small eutrophic artificial lake located in a tropical zone.
Rev. Science. Water. 2005; 18 (4): 485-505. English.

Branco CW, Rocha MIA, Pinto GF, Gdémara GA, Filippo RD. Limnological features of Funil

Reservoir (RJ, Brazil) and indicator properties of rotifers and cladocerans of the zooplankton

16



community. Lakes and Reservoirs: Research and Management. 2002; 7(2): 87-92.
https://doi.org/10.1046/j.1440-169X.2002.00177.x

46. Simboura N, Panayotidis P, Papathanassiou E. A synthesis of the biological quality elements for
the implementation of the European Water Framework Directive in the Mediterranean
ecoregion: the case of Saronikos Gulf. Ecological Indicators. 2005; 5(3): 253-266.
doi:10.1016/j.ecolind.2005.03.006.

47. Goffart A. Development of the composition index as part of the phytoplankton indicator
composition indicesn Phytoplankton in coastal waters — bibliographic summary, University of
Liege Belgium and Stareso Calvi Corse. 2010. French.

48. Javaid AS, Ashok KP. Application of diversity indices to crustacean community of Wular Lake,
Kashmir  Himalaya. Int. J Biodivers. Conserv. 2013; 5(6). 811-316. Doi:
10.5897/1JBC2013.0567.

17



