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together, these data allow us to discuss strategies for controlling cyanobacterial blooms in this tropical ecosystem.
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| INTRODUCTION

African surface freshwater ecosystems have experienced increasing anthropogenic pressures due to human population growth on this continent, and the population of sub-Saharan Africa is projected to double by 2050 (UNECA, 2016). In addition to pollution from pharmaceuticals and pesticides [START_REF] Fekadu | Pharmaceuticals in freshwater aquatic environments: A comparison of the African and European challenge[END_REF][START_REF] Olisah | Occurrence of organochlorine pesticide residues in biological and environmental matrices in Africa: A two-decade review[END_REF], these pressures have led to the nutrient enrichment (eutrophication) of numerous water bodies ranging from small water bodies (e.g., [START_REF] Fetahi | Eutrophication of Ethiopian water bodies: A serious threat to water quality, biodiversity and public health[END_REF][START_REF] Van Ginkel | Algae, phytoplankton and eutrophication research and management in South Africa: Past, present and future[END_REF] to large lakes, such as Lake Victoria, East Africa (e.g., [START_REF] Olokotum | A review of the socioecological analysis of the causes and consequences of cyanobacterial blooms in Lake Victoria[END_REF]. One of the main consequences of eutrophication in freshwater ecosystems is the development of cyanobacterial blooms, which have numerous impacts on ecosystem functions [START_REF] Filstrup | Cyanobacteria dominance influences resource use efficiency and community turnover in phytoplankton and zooplankton communities[END_REF] and their uses [START_REF] Carvalho | Sustaining recreational quality of European lakes: Minimizing the health risks from algal blooms through phosphorus control[END_REF][START_REF] Sanseverino | Algal blooms and economic impact[END_REF]. Among them, the production of drinking water and/or the multiple uses of water by local human populations could be particularly impacted by the recurrent proliferation of potentially toxic cyanobacteria.

Numerous studies have been performed to understand and solve the eutrophication problem (e.g., [START_REF] Chorus | What Colin Reynolds could tell us about nutrient limitation, N:P ratios and eutrophication control[END_REF][START_REF] Schindler | The dilemma of controlling cultural eutrophication of lakes[END_REF][START_REF] Smith | Eutrophication science: Where do we go from here?[END_REF]. They have shown that the key nutrients involved in the eutrophication process are nitrogen (N) and phosphorus (P). In general, N is considered the primary limiting nutrient in marine ecosystems and P is the main limiting nutrient in freshwater ecosystems. However at low latitudes, several authors suggest that the N limitation of the phytoplankton growth is more frequent than the P limitation in freshwater ecosystems [START_REF] Talling | Ecological dynamics of tropical inland waters[END_REF][START_REF] Maberly | Nitrogen and phosphorus limitation and the management of small productive lakes[END_REF], however, there are also numerous examples suggesting phytoplankton growth is P limited (e.g., [START_REF] Gikuma-Njuru | Strong spatial differentiation of N and P deficiency, primary productivity and community composition between Nyanza Gulf and Lake Victoria (Kenya, East Africa) and the implications for nutrient management[END_REF][START_REF] Kalff | Phosphorus limitation in some tropical African lakes[END_REF][START_REF] Melack | Responses of phytoplankton to experimental fertilization with ammonium and phosphate in an African soda lake[END_REF].

When nutrients are nonlimiting to phytoplankton growth, other processes, such as light limitation, may control phytoplankton biomass. For example, it has been shown in several African aquatic ecosystems that an increase in mineral particles and/or terrestrially derived dissolved organic matter in the water column during the rainy season limits light penetration with a negative consequence on phytoplankton growth [START_REF] Fee | Physical and chemical responses of lakes and streams[END_REF][START_REF] Gebrehiwot | Partitioning the influence of hydrodynamics-induced physical variables and nutrients on phytoplankton assemblages in a shallow tropical reservoir (Koka, Ethiopa)[END_REF][START_REF] Loiselle | Spatial dynamics of chromophoric dissolved organic matter in nearshore waters of Lake Victoria[END_REF][START_REF] Nyakoojo | Temporal distribution of phytoplankton in Lake Nyamusingiri in the Albertine Rift Valley, Uganda[END_REF][START_REF] Okech | Trophic state and nutrient limitation in Lake Baringo, Kenya[END_REF][START_REF] Olson | Shifting limitation of primary production: Experimental support for a new model in lake ecosystem[END_REF]. Furthermore, self-shading may also limit phytoplankton growth in eutrophic and hypereutrophic freshwater ecosystems where phytoplankton biomasses reach very high levels [START_REF] Huisman | Light-limited growth and competition for light in well-mixed aquatic environments: An elementary model[END_REF]. Consequently, it is challenging to predict how a given freshwater ecosystem will respond to an increase in its nutrient load.

Phytoplankton growth can also be controlled directly (grazing) or indirectly (trophic cascades) by zooplankton and fish communities (see, e.g., the reviews by [START_REF] Ger | The interaction between cyanobacteria and zooplankton in a more eutrophic world[END_REF][START_REF] Sommer | Beyond the Plankton Ecology Group (PEG) model: Mechanisms driving plankton succession[END_REF]. Most of the data available on this issue are for temperate freshwater ecosystems, but it has been shown that the food webs in shallow lakes display significant differences between subtropical and temperate areas [START_REF] Iglesias | Stable isotope analysis confirms substantial differences between subtropical and temperate shallow lake food webs[END_REF]. For example, omnivory is a dominant characteristic of subtropical and tropical fish communities, and omnivorous fish upregulate and downregulate phytoplankton, particularly by the direct ingestion of these microorganisms or by cascade effects (e.g., [START_REF] Ferrao-Filho | Can small-bodied Daphnia control Raphidiopsis raciborskii in eutrophic tropical lakes? A mesocosm experiment[END_REF][START_REF] Lazzaro | Do the trophic cascade hypothesis and classical biomanipulation approaches apply to tropical lakes and reservoirs?[END_REF][START_REF] Lazzaro | Do fish regulate phytoplankton in shallow eutrophic Northeast Brazilian reservoirs?[END_REF][START_REF] Mayer | Interactions of fish, algae, and abiotic factors in a shallow tropical pond[END_REF][START_REF] Moustaka-Gouni | Effects of harmful blooms of largesized colonial cyanobacteria on aquatic food webs[END_REF]. More specifically for cyanobacteria, it has been shown in tropical areas that some fish species can control their blooms [START_REF] Torres | Cyanobacteria are controlled by omnivorous filter-feeding fish (Nile tilapia) in a tropical reservoir[END_REF][START_REF] Yi | Impacts of nutrient loading and fish grazing on the phytoplankton community and cyanotoxin production in a shallow tropical lake: Results from mesocosm experiments[END_REF].

To test the potential responses of phytoplankton communities to an increased nutrient load and/or to food web manipulations, various experimental approaches have been developed, from the use of microcosm and mesocosm experiments to the manipulation of whole lakes [START_REF] Amorim | Effects of the manipulation of submerged macrophytes, large zooplankton, and nutrients on a cyanobacterial bloom: A mesocosm study in a tropical shallow reservoir[END_REF][START_REF] Carpenter | Trophic cascades, nutrients, and lake productivity: Whole-lake experiments[END_REF][START_REF] Filiz | Phytoplankton community response to nutrients, temperatures, and a heat wave in shallow lakes: An experimental approach[END_REF][START_REF] Quiblier | Phytoplankton growth control and risk of cyanobacterial blooms in the lower Senegal River delta region[END_REF][START_REF] Schindler | Eutrophication and recovery in experimental lakes: Implications for lake management[END_REF][START_REF] Schindler | The dilemma of controlling cultural eutrophication of lakes[END_REF][START_REF] Xu | Determining critical nutrient thresholds needed to control harmful cyanobacterial blooms in Eutrophic lake Taihu, China[END_REF]. These types of experiments have also been widely used in ecotoxicological studies (e.g., [START_REF] Shaw | The use of aquatic field mesocosm studies in risk assessment[END_REF][START_REF] Solomon | Mesocosms and microcosms (Aquatic)[END_REF][START_REF] Vera | New evidence of Roundup ® (glyphosate formulation) impact on periphyton community and the water quality of freshwater ecosystems[END_REF]. Mesocosms represent a good compromise between small volume experiments and lake manipulation because (i) they allow the performance of controlled and replicated experiments in large water volumes under the same temperature and light conditions as those in natural aquatic ecosystems and (ii) mesocosms can be filled with water from the studied freshwater ecosystems and thus contain populations and communities from multiple trophic levels.

However, mesocosm experiments are difficult to maintain for long periods, which limits their use for predicting the long-term responses of whole lakes [START_REF] Schindler | The dilemma of controlling cultural eutrophication of lakes[END_REF].

In the framework of a research program dealing with the freshwater lagoon Aghien (Ivory Coast), we aimed to assess the potential impact of increasing pollution by nutrients (phosphorus and nitrogen) and local omnivorous fish on its phytoplankton community.

This lagoon, which provides multiple ecosystem services for local populations, is located in the peri-urban area of Abidjan city, and consequently is being affected by the growing urbanization of its watershed. The first objective of this study was to test whether the addition of nutrients (P and N) leads to changes in phytoplankton biomass and composition. Inside this community, special attention has been given to cyanobacteria and their toxins because of the potential health risks associated with them [START_REF] Chorus | Toxic cyanobacteria in water-Second Edition[END_REF].

The second objective of this study was to evaluate the impact of the ability of locally farmed fish (Oreochromis niloticus) to affect phytoplankton biomass and composition and potentially accumulate cyanotoxins in their tissues. This study was performed by using a simple and low-cost mesocosm system and involved local populations to raise their awareness of the water pollution issue.

| MATERIALS AND METHODS

| Study site

Lagoon Aghien (5°22' N to 5°26' N and 3°49' W and 3°55' W) is a freshwater ecosystem located in the district of Abidjan in the south of the Ivory Coast (see the map in [START_REF] Ahoutou | Assessment of some key indicators of the ecological status of an African freshwater lagoon (Lagoon Aghien, Ivory Coast)[END_REF]. This lagoon is characterized by an area of 19.5 km 2 , a perimeter of 40.7 km, a volume of 75 km 3, and a maximum depth of 10 m [START_REF] Koffi | Hydrological and water quality assessment of the Aghien Lagoon hydrosystem (Abidjan, Côte d'Ivoire)[END_REF]. In a recent study performed by [START_REF] Ahoutou | Assessment of some key indicators of the ecological status of an African freshwater lagoon (Lagoon Aghien, Ivory Coast)[END_REF], the authors showed that the lagoon is hypereutrophic, as evidenced by the high concentrations of total phosphorus (TP) (>140 µg L -1 ), total nitrogen (TN) (>1.36 mg L -1 ), and chlorophyll-a (Chl-a) (26-167 µg L -1 ). Moreover, the phytoplankton community in the lagoon is dominated by genera that are typical of eutrophic ecosystems such as Peridinium and several cyanobacterial genera, Raphidiopsis, Microcystis, and Dolichospermum, known to potentially produce cyanotoxins [START_REF] Ahoutou | Assessment of some key indicators of the ecological status of an African freshwater lagoon (Lagoon Aghien, Ivory Coast)[END_REF].

This lagoon is already used for multiple purposes (washing dishes and clothes, bathing, fishing, and obtaining water for consumption) by local populations [START_REF] Effebi | Activities and uses of Aghien lagoon (South-East of Côte d'Ivoire)[END_REF] et al., 2021), to detect potential spatial variations in the responses of the phytoplankton communities to the various treatments tested.

Débarcadère is a very shallow station located at the western end of the lagoon, close to the mouths of its two main tributaries (the rivers Bété and Djibi); Aghien-Télégraphe is located on the northern shore of the central part of the lagoon. During the experiment, there was a marked daily wind blowing at the Aghien-Télégraphe station but not at the Débarcadère station.

In the two villages located close to these stations, we organized a meeting with the chiefs to present the project and to ask them for their permission before beginning to work. In addition, during the experiments, some people from the villages visited our facilities, and small experiments were organized with the teachers of two schools (one per village) to explain our work to the children. A few months after the end of the experiments, we organized one meeting per village to present the main findings from these experiments.

| Experimental set-up

The mesocosm experiments were carried out in February 2018 during the long dry season. To limit the cost of these mesocosms so that they could be reproduced by local teams, very inexpensive materials and a simple assembly method were implemented. The mesocosms were constructed with transparent polyethylene bags (200 L capacity) attached to plastic rings (hula hoop) and supported by motorcycle or car tubes, enabling them to float. Fifteen mesocosms numbered from 1 to 15 were installed and filled with 160 L of lake water at each station (Figure 1a). The positions of the 15 mesocosms in the experimental setup (from M1 to M15) were randomly determined to avoid potential biases due to their locations (Figure 1a). In Débarcadère, the mesocosms were tied in groups of three to wood piles located 20 m away from the shore (2 m depth), while in Aghien-Télégraphe, the mesocosms were attached in increasing order to a wooden barrier located 10 m away from the shore (1.6 m depth) (Figure 1b). The main characteristics of these two stations are provided in Table A1.

The design of the experiment at each site was as follows (Figure 1a): ̶ Three mesocosms (P6, P10, & P14) were supplemented only with soluble phosphorus (16 ml of the P solution) (P treatment), and the P-solution was formed from KH 2 PO 4 with a P concentration = 1.59 mg ml -1 .

̶ Three mesocosms (NP7, NP11, & NP15) were supplemented with nitrogen and phosphorus (16 ml of the N solution and 16 ml of the P solution) (NP treatment),

̶ Three mesocosms (NPF3, NPF4, & NPF8) were supplemented with nitrogen and phosphorus (16 ml of the N solution and 16 ml of the P solution), and five fish (Oreochromis niloticus) were added to each of them on Day 3 (D3) (NPF treatment). All fish used in the experiment were a mix of males and females; they were purchased at a fish farm located in the lagoon. They were handselected with the goal of them having similar lengths and masses of approximately 120 mm and 30 g, respectively. Five additional fish were measured, weighed, and dissected at D3. They were not added to a mesocosm and used as a control. At the end of the experiments at D7, all the alive fish (n = 34, one fish died)

were measured, weighed, and dissected following ethical animal concerns and regulations. For each individual, the liver, muscles, and intestines were collected, quickly frozen by using liquid nitrogen, and further stored at -80°C until cyanotoxin analysis.

For the nutrient addition, the volume of P solution added to the P, NP, and NPF mesocosms was calculated by multiplying the initial soluble reactive phosphorus (SRP) concentration by 10. The volume of N solution added to the N, NP, and NPF mesocosms was calculated with the goal of maintaining the N/P Redfield ratio between the volume of the solutions added.

For all the analyses that were performed during the experiment (see the following paragraphs), the schedule of the water and fish samplings in the mesocosms is provided in Figure 1c. Water sampling and probe measurements were performed in mesocosms between 7:00 AM and 9:00 AM at Aghien-Télégraphe station and between 10:00 AM and 2:00 PM at Débarcadère station. 

| Nutrient analyses

| Multiparameter probe measurements

A YSI EXO2 multiparameter probe (YSI Inc.) was used for in situ measurements in the mesocosms of water temperature, turbidity, oxygen (O 2 ) concentration/saturation, and fluorescent dissolved organic matter (fDOM) concentrations.

| Phytoplankton biomass and composition

| Chl-a concentrations

On each sampling date, 100 ml of lake water was filtered through glass microfiber filters (Whatman ® GF/C) in triplicate. Filters were frozen and stored at -20°C. Chl-a and phaeopigment extraction were performed in 10 ml 90% aqueous acetone solution at 4°C for 24 h. Then, the solution was centrifuged at 2000 rpm for 15 min. The supernatant was used to calculate pigment concentrations by spectrophotometry at 750 nm (for correction linked to the turbidity of the extract) and 665 nm before and after acidification. Acidification, which allows the destruction of Chl-a but not that of phaeopigments, was performed by adding two drops of 5% (v/v) hydrochloric acid to the extracts. The spectrophotometric analyses were carried out using a Hach Lange DR 6000 UV-VIS spectrophotometer.

The Chl-a concentrations were calculated by using the following formula [START_REF] Lorenzen | Determination of chlorophyll and pheopigments: Spectrophotometric equations[END_REF]:

E E V L V [Chl -a](μg • L ) = 26, 7( 1-2) × /( × ), -1 s
where E1 is the absorbance (OD 665 --OD 750 ) before acidification; E2

is the absorbance (OD 665 -OD 750 ) after acidification; V is the volume of 90% acetone in ml; L is the length of the optical path; V s is the volume of filtered sample (expressed in liters).

| Identification and counting of the phytoplankton genera

For each water sample, 100 ml was collected and fixed in a formaldehyde solution (5% final concentration). The identification and cell counts of the phytoplankton genera were performed on an inverted microscope (Nikon Eclipse TS100) using the Utermöhl method [START_REF] Utermöhl | Zur vervollkommnung der quantitatives phytoplankton methodik[END_REF] according to the AFNOR 15204 standard. For each sample, at least 500 counting units (cells, colonies, or filaments/ trichomes) were counted under the microscope on a minimum of 30 fields of view randomly selected and distributed over the entire surface of the bottom of the counting chamber. For Microcystis, two categories of colonies were considered corresponding to their diameters (< or >200 µm). The mean number of cells per category was estimated under an upright microscope by counting the number of cells in 30 colonies per category after the colonies were gently spread between slides and coverslips. For filamentous cyanobacteria (Aphanizomenon, Raphidiopsis, Limnothrix, Lyngbya, Oscillatoria, Planktothrix, and Pseudanabaena), filament lengths of 100 µm were considered, and the mean cell number per 100 µm of filament was estimated on 30 filaments per genus according to the method described by [START_REF] Catherine | SOP1: Cyanobacterial samples: Preservation, Enumeration, and biovolume measurement[END_REF]. Finally, for all genera, the results of the cell counts were expressed as numbers of cells per milliliter. The mean cell biovolumes were estimated for the nine most abundant genera (Microcystis, Raphidiopsis, Limnothrix, Oscillatoria, Dolichospermum, Scenedesmus, Staurastrum, Aulacoseira, and Peridinium) by the measurements of 30 cells per genus. For all the other genera, we used the standard cell biovolume values provided in the HELCOM PEG Biovolume reports (https://helcom.fi/helcom-atwork/projects/peg/).

The richness and diversity (Shannon index) of the phytoplankton communities were estimated at the genus level.

| Identification and quantification of cyanotoxins in phytoplankton communities and fish

| Cyanotoxin extraction from phytoplankton

For each sample, 200 ml of water was filtered on polycarbonate filters (Whatman ® Nuclepore, 0.4 µm porosity) and frozen at -80°C. After thawing, the filters were placed in 15 ml sterile glass vials to which 4 ml of 75% methanol was added. Samples were sonicated on ice with an ultrasound probe (Sonics Vibra Cell) (100% amplitude, 130 W, 20 kHz)

for 3 min with 30-s pulse intervals to facilitate toxin extraction. The extracts were centrifuged at 3000 rpm for 15 min, and the supernatants were collected in 15 ml glass tubes and stored in a refrigerator at 4°C.

The resulting pellets underwent a second extraction using 2 ml 75% methanol in an ultrasonic bath containing ice for 15 min and then centrifuged again to ensure that all toxins were extracted. These second supernatants were added to the first and centrifuged again at 12,000 rpm for 5 min. One hundred microliters of these supernatants were frozen at -80°C until cyanotoxin analysis.

| Cyanotoxin extraction from fish

The method of [START_REF] Manubolu | Optimization of extraction methods for quantification of microcystin-LR and microcystin-RR in fish, vegetable, and soil matrices using UPLC-MS/MS[END_REF] was used to extract cyanotoxins from the fish tissues. For each fish sample, 100 mg of fresh liver, muscle, and intestine tissues were used for cyanotoxin extraction. The muscle extracts were previously freeze-dried and underwent ball milling. All samples were extracted twice with 5 ml BuOH:MeOH:H 2 O (1:4:15). They were ground for 2 min with an ultrasonic probe (Sonics Vibra Cell) (70% amplitude, 130 W, 20 kHz)

and then centrifuged at 13,000 rpm for 10 min at room temperature.

The collected supernatants underwent final centrifugation at 13,000 rpm for 10 min, and 100 µl of these last supernatants were collected in glass vials and stored at -80°C until analysis.

| Identification and quantification of the cyanotoxins

The 

| Statistical analysis

Coefficients of variation (CVs) were calculated to estimate the extent of variability in the data among the mesocosm triplicates. The CV values obtained for each treatment at each time point were compared by a nonparametric sign test for matched pairs. Three-way permutational analysis of variance (ANOVA) was performed on the variations in Chl-a concentrations, richness/diversity (Shannon index) of the phytoplankton community, total cyanobacteria biovolumes, biovolumes of the three dominant cyanobacteria genera, and finally MC concentrations. The three explanatory variables were (i) the station (Débarcadère and Aghien-Télégraphe), (ii) the five experimental treatments (Control +N, +P, +NP, +NPF), and (iii) the sampling time. We used the "lmp" function from the R package "lmPerm" to fit a linear model with permutations followed by an ANOVA test of the parameters using the "ANOVA" function from the R package "car."

Principal component analysis (PCA) was used to study the dynamics of the phytoplankton community composition during the experiments. Fisher's exact test was used to compare the proportion of MC+ and MC-fish at the two stations and a Mann-Whitney U test was used to compare the MC concentrations in fish intestines at the two stations. Three-way permutational ANOVA was performed by using R and all other analyses were performed by using XLStat (version 2021-1-1-1095) and PAST [START_REF] Hammer | PAST: Paleontological Statistics software package for education and data analysis[END_REF] software.

| RESULTS

| Nutrient concentrations and physicochemical variables

At D0, the nutrient concentrations (NO 2 , NO 3 , NH 4 , SRP, and TP)

were globally similar at the two experimental stations (Débarcadère and Aghien-Télégraphe) (Table 1). The main difference between the two sites was the higher concentration of TN recorded at Débarcadère than at Aghien-Télégraphe (1.447 and 1.043 mg L -1 , respectively). The values of the Chl-a/DIN (dissolved inorganic nitrogen) and the Chl-a/TP ratios, which can be used to evaluate whether N, P, or NP are limiting for phytoplankton growth, were similar at the two stations (0.31 and 0.28 for Débarcadère; 1 and 0.8 for Aghien-Télégraphe, respectively). There was an increase in nitrate concentrations in the N mesocosms at D3 and D7 and a strong increase in ammonium concentrations in the NPF mesocosms at D7

(Figure A1). NPF mesocosms (Figure A2). The same decrease in O 2 saturation was observed in the NPF mesocosms after D3 at the Aghien-Télégraphe station, while no increase was found in the NP and NPF mesocosms from D0 to D3 (Figure A2).

| Dynamics of phytoplankton biomasses (Chl-a)

When looking at the global variability in the Chl-a values among the triplicates (CV values), there was no significant difference (sign test for matched pairs) when comparing data from the two stations. There was an increase in the CV values from D0 to D7 under the P, NP, and NPF treatments but not under the C and N treatments (Figure A3).

Three-way permutational ANOVA results (Table A2) showed a significant difference in the Chl-a concentrations depending on the experimental treatments (F = 67.7; p < 0.0001), time (F = 14.0; p < 0.001), and the interaction between treatment and time (F = 10.7; p < .0001). However, no significant difference was found between the two stations (Table A2). At both stations, there was a strong increase in Chl-a concentrations until Day 3 in the NP and NPF mesocosms followed by a dramatic decrease in the NPF mesocosms after the addition of fish (Figure 2). The most contrasting difference in the Chl-a concentrations between these stations was observed for the P treatment with an increase in phytoplankton biomasses from D5 to D7 in Débarcadère but not in Aghien-Télégraphe, but large CV values were found among the triplicates.

| Dynamics of the phytoplankton community

The temporal variations in the structure of the phytoplankton communities at the phylum level (Cyanobacteria, Chlorophyta, Euglenozoa, Bacillariophyta, and Dinophyta) were globally similar at the two stations (Figure 3). At D0, the phytoplankton communities The mean richness values of the phytoplankton communities calculated at the two stations ranged between 19 and 32 genera (Figure A4). Depending on the experimental treatments, there were significant differences in the richness of the phytoplankton communities (F = 4.9; p < 0.002) (Table A2). Interestingly, the highest richness values were found in the NPF treatments at the two stations at D3, before decreasing at D7.

The mean Shannon index values of the phytoplankton communities were equal to 2.24 (±0.26) and 2.33 (±0.18) in Débarcadère and Aghien-Télégraphe, respectively (Figure A4). There was a slight but significant difference in the diversity of the phytoplankton communities depending on the time (F = 4.81; p = 0.03) (Table A2). Similar to the richness, the highest diversity values were found in the NPF treatment at D3, before decreasing at D7.

A principal component analysis (PCA) was then performed on the biovolume values estimated for each phytoplankton genus at D0

(control mesocosms at Aghien-Télégraphe), D3 (all mesocosms), and D7 (all mesocosms) (Figure 4). The first two eigenvalues of the PCA accounted for >55% of the total variability. The PCA showed the following:

̶ The structure of the phytoplankton communities in the C mesocosms was very stable during the experiment, as shown by the perfect overlay of the convex hulls of the control mesocosms at D0, D3, and D7.

̶ Only a few changes occurred in the N mesocosms at D3 and D7 and in the P mesocosms at D3 compared with the C mesocosms, as shown by the partial overlay of their convex hulls with those of the C mesocosms. At D7, in the P mesocosms, more marked changes occurred in the phytoplankton communities of some mesocosms, as shown by the larger surface of their convex hulls (compared with those of the N mesocosms).

̶ Generally, marked changes occurred in the phytoplankton communities in the NP mesocosms and NPF mesocosms at D3 compared with the C mesocosms.

̶ There was large heterogeneity in the structure of the phytoplankton communities in the NP mesocosms at D7, as shown by the large surface of the convex hull.

̶ The phytoplankton communities in the NPF mesocosms at D7

were different from those found in all the other mesocosms;

specifically, the surface of the corresponding convex hull was much smaller than that of the NP mesocosms at D7.

As shown in Figure A5, the highest correlations recorded between the biovolume values of each genus and the first two components of the PCA were Pediastrum (r = 0.9), Scenedesmus (r = 0.15), Oscillatoria (r = -0.23), and Limnothrix (r = -0.18) for PC1

and Raphidiopsis/Cylindrospermopsis (r = 0.94), Gomphosphaeria (r = 0.50), and Coelastrum (r = -0.32) for PC2. All these genera belong to the cyanobacteria and Chlorophyta phyla.

| Dynamics of cyanobacteria and cyanotoxins

| Cyanobacterial dynamics

Treatments, time, and their interaction have a significant impact on the variations in the biovolume values of cyanobacteria (F = 9.3, 35.0, and 9.6, respectively; p < 0.0001) (Table A2). As shown in Figure A6, there was an increase in the total biovolume values of cyanobacteria (Figure A6).

F I G U R E 4

| Cyanotoxins in phytoplankton

Saxitoxin, anatoxin-a, homoanatoxin, nodularin, and cylindrospermopsin were not detected by UHPLC-MS/MS in any of the analyzed samples. However, MCs were found in all samples. Among them, MC-RR was the dominant MC variant in all the mesocosms at the two stations. MC-LR was mostly detected under the NP and NPF treatments from D4 to D7 at Débarcadère station and under nearly all treatments at Aghien-Télégraphe station (Table A3).

The average total MC concentrations ranged between 0.07 and 0.53 µg L -1 for each mesocosm treatment. As shown in Figure 5, there was an increase in the total MC concentrations in the N, NP, and NPF mesocosms while no variations occurred in the C and P mesocosms. Significant differences in the MC concentrations were found by three-way permutational ANOVA depending on the treatments (F = 28.7, p < 0.0001), the time (F = 13.4, p = 0.0003), and also the station (F = 10.0; p = 0.001) and their interactions between them (Table A2).

Finally, there was no significant correlation (R 2 Pearson = 0.006) between the MC concentrations and the sum of the biovolumes of cyanobacterial genera known to be able to potentially produce MCs (Aphanocapsa, Dolichospermum, Leptolyngbya, Limnothrix, Merismopedia, Microcystis, Oscillatoria, Planktothrix, and Pseudanabaena) (Figure A7).

| Microcystins in fish

No MC was detected in the livers and muscles of the 34 analyzed fish, while MCs were detected in the intestine of 21 of them (Table 2). These 21 fish containing MC (MC+) were distributed as follows: 4/5 from the control (dissected at D3); 5/15 fish from the NPF mesocosms of Aghien-Télégraphe (dissected at D7); and 12/14 from the NPF mesocosms of Débarcadère (dissected at D7). This difference between the two stations (Aghien-Télégraphe and Débarcadère) in terms of the proportion of MC+ fish was statistically significant (Fisher's exact test, p = 0.001).

The MC concentrations in the MC + fish ranged from 0.04 µg equiv MC-LR g -1 FW to 1.43 µg equiv MC-LR g -1 FW (mean = 0.30 µg equiv. MC-LR g -1 FW ± 0.36), and these concentrations were higher in the MC+ fish at Débarcadère station than in those at Aghien-Télégraphe (Mann-Whitney U test, p < 0.01) (Table 2).

The proportions of fish with a full, empty, or partially filled (few contents) intestine were significantly different between Débarcadère and Aghien-Télégraphe (Fisher exact test, p < 0.001). There were also significant differences in the proportions of MC+ and MC-intestines regarding their content (Fisher's exact test, p = 0.014). All the full intestines were MC+, while less than 50% of the empty or partially filled intestines were MC+.

| DISCUSSION

Mesocosm experiments were performed in Lagoon Aghien to assess the potential impact of an increase in nutrient (N and P) concentrations on the phytoplankton community of this aquatic ecosystem.

One of the challenges for this 7-day mesocosm experiment was that the response of the phytoplankton communities to nutrient addition may not be immediate. In previous works performed in microcosms under tropical conditions, very rapid responses (2 days) of the phytoplankton communities were observed after nutrient addition [START_REF] Leboulanger | Rapid assessment of multiple-limiting factors of phytoplankton biomass: Bioassays, in vivo chlorophyll-a fluorescence, and factorial design[END_REF] the repeatability of the Chl-a data estimated for the triplicate mesocosms under each treatment at each time, the mean CV values were similar (approximately 17%) at the two stations, and these values ranged within the same order as those classically estimated in microcosm/mesocosm experiments (see, e.g., the review by [START_REF] Sanderson | Pesticide studies: Replicability of Micro/Mesocosms[END_REF]. This result means that the different treatments tested (N, P, NP, and NPF) in this experimental system were the major drivers of the temporal variations recorded in the monitored variables. As expected, we found that there was an overall congruence in the variations occurring in some biological data, such as the Chl-a concentrations or total phytoplankton biovolumes and those occurring in physicochemical variables, such as the turbidity or O 2 saturation, particularly at Débarcadère station. The differences in O 2 saturation values between the two stations were explained by the time of measurement with the probe (approximately 7:00 AM in Aghien Télégraphe and 11:00 AM in Débarcadère).

Our data showed that there was a significant increase in phytoplankton biomass (estimated by the Chl-a concentrations and biovolume values of phytoplankton genera) in the mesocosms supplemented with both P and N, which suggests that there is a synergistic effect of P and N addition on phytoplankton growth in Lagoon Aghien. These data are very interesting in relation to the goal of addressing the limitation of primary production in the lagoon because the data on nutrient concentrations did not provide an answer to this question [START_REF] Ahoutou | Assessment of some key indicators of the ecological status of an African freshwater lagoon (Lagoon Aghien, Ivory Coast)[END_REF]. [START_REF] Chorus | What Colin Reynolds could tell us about nutrient limitation, N:P ratios and eutrophication control[END_REF] suggested that no limitation is caused by nutrients when soluble P concentrations exceed 3-10 µg L -1 and dissolved N concentrations exceed 100-130 µg L -1 . At the beginning of our experiments (Day 0), the soluble P concentrations were approximately 7 µg L -1 at both stations, while the total dissolved N concentrations were 160-170 µg L -1 , which suggested only a potential P limitation. However, as shown in Table 1, the Chl-a/TP ratio value (~1) and the Chl-a/DIN ratio value (~0.3) exceeded the threshold values (P limitation when Chla/TP ratio >0.3; N limitation when Chl-a/DIN ratio >0.042) defined in [START_REF] Maberly | Nitrogen and phosphorus limitation and the management of small productive lakes[END_REF], suggesting a colimitation of phytoplankton growth by P and N. Our data clearly showed that only the addition of both P and N in mesocosms strongly stimulated the growth of phytoplankton communities, which supports the existence of simultaneous P-N colimitation according to the definition proposed by Harpoale et al.

(2011). This simultaneous P-N colimitation of primary productivity is very frequent in terrestrial, marine, and freshwater ecosystems, as

shown by the meta-analyses performed by [START_REF] Elser | Global analysis of nitrogen and phosphorus limitation of primary producers in freshwater, marine and terrestrial ecosystems[END_REF] and [START_REF] Harpole | Nutrient co-limitation of primary producer communities[END_REF]. In the latter paper, it was also shown that simultaneous colimitation by P and N seems to occur more often at higher latitudes and that this kind of limitation tends to be found in ecosystems characterized by low total N and P concentrations. Our data suggest that simultaneous N and P colimitation can also be found in tropical lakes characterized by high levels of these two nutrients.

In addition to this nutrient limitation of the phytoplankton biomass in Lagoon Aghien, our data provide other insights into factors and processes potentially involved in the control of phytoplankton growth in this lagoon. First, the addition of Nile tilapia to the NPF mesocosms at D3 resulted in a drastic reduction in the total phytoplankton biomass, particularly the cyanobacterial biovolumes, at the two stations. This result suggests, in agreement with the works of [START_REF] Torres | Cyanobacteria are controlled by omnivorous filter-feeding fish (Nile tilapia) in a tropical reservoir[END_REF], that this species is potentially able to control cyanobacteria in tropical lakes. However, it has also been found that depending on the environmental conditions, planktivorous fish may either promote or reduce phytoplankton biomass due to their ability to feed either on phytoplankton or their main grazers (zooplankton) (e.g., [START_REF] Attayde | Omnivory by planktivores stabilizes plakton dynamics, but may either promote or reduce algal biomass[END_REF]. Second, the high biomasses reached in the mesocosms supplemented with both P and N suggest that there is no light limitation affecting phytoplankton growth in the lagoon, although such a limitation is frequently found in Africa (e.g., [START_REF] Loiselle | Spatial dynamics of chromophoric dissolved organic matter in nearshore waters of Lake Victoria[END_REF][START_REF] Nyakoojo | Temporal distribution of phytoplankton in Lake Nyamusingiri in the Albertine Rift Valley, Uganda[END_REF]. Third, we found a decrease in the CV values from D1 to D7 when there was no significant change in the Chl-a concentrations (C and N treatments) and an increase in these CV values when there was an increase in the Chl-a concentrations (P, NP, and NPF treatments).

This result suggests that other noncontrolled processes/factors may also have an impact on these Chl-a concentrations when phytoplankton communities are growing in mesocosms.

Variations in phytoplankton biomass were accompanied by changes in the compositions of the phytoplankton communities.

The mesocosms supplemented with both P and N were the most heterogeneous at D3 and D7, indicating different trajectories in the evolution of these communities between the replicates. However, the dominant genera found in these NP mesocosms always belonged to Chlorophyta and Cyanobacteria. This dominance of Chlorophyta and Cyanobacteria after the addition of both P and N was also observed in mesocosm experiments performed at Lake Taihu in China [START_REF] Ma | Green algal over cyanobacterial dominance promoted with nitrogen and phosphorus additions in a mesocosm study at Lake Taihu, China[END_REF]. Knowing that our experiments were performed over a short period (7 days), the most likely explanation for the dominance of Chlorophyta in some NP mesocosms is that they are fast-growing microorganisms compared with Cyanobacteria [START_REF] Jensen | Impact of nutrients and physical factors on the shift from cyanobacterial to chlorophyte dominance in shallow Danish lakes[END_REF].

Interestingly, the addition of fish to some mesocosms resulted in a dramatic change in the composition of the phytoplankton community, with the disappearance of Cyanobacteria and dominance of Chlorophyta. Moreover, the dispersion of the NPF points at D7 in the PCA was very small compared with that found in the NP mesocosms, suggesting that phytoplankton grazing by fish is a very strong selective pressure compared with all other pressures. In terms of the grazing activity of Nile tilapia, [START_REF] Tesfaye | Food and feeding habits of juvenile and adult Nile Tilapia, Oreochromis niloticus (L.) (Pisces: Cichlidae) in Lake Ziway, Ethiopia[END_REF] showed that the diet of adults (length > 10 cm) is mainly macrophytes and phytoplankton, with a preference for Cyanobacteria followed by diatoms and Chlorophyta. Similarly, [START_REF] Semyalo | On the diet of Nile tilapia in two eutrophic tropical lakes containing toxin producing cyanobacteria[END_REF] showed that Cyanobacteria constitute a dominant part of the phytoplankton consumed by Nile tilapia. Consequently, the large dominance of Chlorophyta at D7 in the NPF mesocosms probably resulted from the consumption of Cyanobacteria and/or from the more rapid growth of Chlorophyta.

In addition to the impact of fish on the phytoplankton biomass, our data showed that fish had a direct impact on the fDOM concentrations, as it has already been observed in aquaculture systems in which water exchange is low [START_REF] Yamin | Accumulation of humic-like and proteinaceous dissolved organic matter in zerodischarge aquaculture systems as revealed by fluorescence EEM spectroscopy[END_REF]. In such systems, humic substances result from the degradation of organic matter contained in fish feces. Similarly, we found that there was a strong increase in ammonia concentrations at D7 in the NPF mesocosms and that ammonia production/excretion by fish is a well-known process (see e.g., the review by [START_REF] Ip | Ammonia production, excretion, toxicity, and defense in fish: A review[END_REF]. Finally, fish respiration may also explain a large part of the low O 2 saturation values (approximately 50%) from D4 to D7 in the NPF mesocosms.

MCs were detected in numerous mesocosms but no other cyanotoxins (cylindrospermopsins, saxitoxins, anatoxin-a, homoanatoxin, and nodularins) were observed despite the presence of cyanobacterial genera potentially able to produce several of these toxins. These data are in agreement with those reported in the review papers by [START_REF] Mowe | Tropical cyanobacterial blooms: A review of prevalence, problem taxa, toxins and influencing environmental factors[END_REF] and [START_REF] Svircev | Global geographical and historical overview of cyanotoxin distribution and cyanobacterial poisonings[END_REF], showing that MCs are the most frequent cyanotoxins found in tropical Africa. They also confirmed that Raphidiopsis, which was one of the dominant genera in some mesocosms, very infrequently produces cylindrospermopsins and saxitoxins in Africa.

No significant correlation was found between the variations occurring in the biomasses of potential MC-producing cyanobacteria and those occurring in MC concentrations. This lack of relationship was already described by [START_REF] Mowe | Tropical cyanobacterial blooms: A review of prevalence, problem taxa, toxins and influencing environmental factors[END_REF] in tropical African blooms as opposed to tropical Asian or American blooms. However, our findings showed that a similar increase was found in the MC concentrations in the mesocosms supplemented with N, alone or associated with P, while very small quantities were found in the C and P mesocosms during the entire course of the experiment. Knowing that there was no significant increase in the potential MC-producing cyanobacterial biomass in the mesocosms supplemented with N, nitrogen may stimulate MC production by MC-producing Cyanobacteria. This finding is in agreement with several studies (e.g., [START_REF] Chaffin | Interactions between nitrogen form, loading rate, and light intensity on Microcystis and Planktothrix growth and microcystin production[END_REF][START_REF] Horst | Nitrogen availability increases the toxin quota of a harmful cyanobacterium, Microcystis aeruginosa[END_REF][START_REF] Wagner | Nitrogen form, concentration, and micronutrient availability affect microcystin production in cyanobacterial blooms[END_REF], which showed that increasing the N supply increased MC cell quotas and concentrations in both Microcystis and Planktothrix cultures and natural cyanobacterial blooms.

Surprisingly, high MC concentrations were recorded at D7 in the NPF mesocosms at the Débarcadère station, while there was a strong decrease in the Chl-a concentrations and cyanobacterial biovolumes.

In contrast, very low MC concentrations were recorded in the NPF mesocosms at the Aghien-Télégraphe station. This result might be explained by the fact that at Débarcadère station, most of the fish had full intestines, containing small amounts of MCs, while at Aghien-Télégraphe station, most of the fish had empty or partially filled intestines with few MCs. Given that [START_REF] Lu | Feeding and control of blue-green algal blooms by tilapia (Oreochromis niloticus)[END_REF] showed that the digestion efficiency of Nile tilapia in terms of cyanobacteria ranged from 58% to 78%, it can be assumed that this partial digestion results in the production of feces containing partially destroyed cyanobacterial cells with their MCs. We have no clear hypothesis explaining the difference in the fish intestine contents found at the two stations.

However, it should be noted that due to the windy conditions observed during the experiment at Aghien-Télégraphe station, mesocosms at this station were much rougher than those at Débarcadère station, which may have influenced fish behavior and consequently their intestine content. Finally, some bacteria, fungi, zooplankton, and plants can biodegrade MC in water and fish intestines (see e.g., the review by [START_REF] Li | Current research scenario for microcystin biodegradation-A review on fundamental knowledge, application prospects and challenges[END_REF]), but we do not have any data to discuss the impact of this potential process in our results.

All these findings are interesting to discuss regarding the issue of controlling cyanobacterial blooms in the lagoon and limiting human exposure to cyanotoxins. Numerous studies have been published in the past 20 years on the management of nutrients for the control of cyanobacterial blooms with the important question of choosing to target only P or both P and N (e.g., [START_REF] Chorus | What Colin Reynolds could tell us about nutrient limitation, N:P ratios and eutrophication control[END_REF][START_REF] Paerl | Mitigating eutrophication and toxic cyanobacterial blooms in large lakes: The evolution of a dual nutrient (N and P) reduction paradigm[END_REF]. Our findings showed that (i) in some P mesocosms, N 2 -fixing cyanobacteria (in particular Raphidiopsis) were able to grow and (ii) N addition seemed to stimulate MC production, suggesting that the control of both N and P is needed in Lagoon Aghien.

However, in the local context of this lagoon, this reduction in the N and P loads will be difficult to achieve because, as shown by [START_REF] Koffi | Hydrological and water quality assessment of the Aghien Lagoon hydrosystem (Abidjan, Côte d'Ivoire)[END_REF], nutrient inputs are likely to increase in the near future due to the expansion of urban areas within the watershed of the lagoon and the lack of sewage systems and treatment.

Finally, while ex situ and in situ mesocosm experiments are frequently used in northern countries with the goal of better understanding the responses of aquatic ecosystems to various stresses, few studies based on these approaches have been performed in freshwater Sub-Saharan ecosystems (i.e., [START_REF] Buxton | Cattle-induced eutrophication favours disease-vector mosquitoes[END_REF][START_REF] Masese | Hippopotamus are distinct from domestic livestock in their resource subsidies to and effects on aquatic ecosystems[END_REF][START_REF] Melack | Responses of phytoplankton to experimental fertilization with ammonium and phosphate in an African soda lake[END_REF][START_REF] Troussellier | Daily bacterioplankton dynamics in a Sub-Saharan estuary (Senegal River, West Africa): A mesocosm study[END_REF]. The main reasons for this are probably that the equipment is considered quite expensive, and its implementation may cause difficulties with local populations (e.g., theft or degradation of equipment). This study shows that it is possible to develop mesocosm systems at a moderate cost that are also easy to transport and construct in the field. As already observed during a pilot study on citizen monitoring of Lagoon Aghien [START_REF] Mitroi | Can participatory approaches strengthen the monitoring of cyanobacterial blooms in developing countries? Results from a pilot study conducted in the Lagoon Aghien (Ivory Coast)[END_REF], we also showed that it is possible to benefit from active local population support during experiments, in particular, support for the installation of the mesocosms and their monitoring when scientific teams were not present on site. These actions occur when these experiments are prepared by these populations. 

  , and the construction of a water treatment plant in Débarcadère started in 2021 to provide drinking water to part of the population of the Abidjan agglomeration from 2023 to 2024. Mesocosm experiments were performed at two different stations, Débarcadère and Aghien-Télégraphe (see Ahoutou

  Design of the mesocosm experiment at the two stations (Débarcadère and Aghien-Télégraphe (a), the installation of the mesocosms at Aghien-Télégraphe and Débarcadère stations (b) and the water and fish sampling for the analyses during the experiment (c)

̶

  Three mesocosms (C1, C2, & C13) were used as controls (C treatment), ̶ Three mesocosms (N5, N9, & N12) were supplemented only with nitrogen (16 ml of the N solution) (N treatment), and the N-solution used for nutrient enrichment was formed from NaNO 3 with an N concentration = 11.53 mg ml -1 .

  identification and quantification of the cyanotoxins in the water and fish samples were performed by ultrahigh-performance liquid chromatography in tandem (Elute UHPLC-Bruker) coupled with high-resolution mass spectrometry (Compact QTOF-Bruker) (UHPLC-MS/MS). All samples were separated on a C18 stationary phase column (Acclaim RSLC Polar Advance 2, 2.2 µm, Thermo Fisher ® 2.1 × 100 mm) along a linear gradient of acidified acetonitrile and ultrapure water acidified to 0.8% and 0.1% formic acid (5:95%, v/ v) at 0.3 ml min -1 and then analyzed between 50 and 1500 m/z in positive BbCID (MS-MS/MS) mode, alternating at 2 Hz between lowand high-energy MS and MS2 modes, respectively, with a mass accuracy of less than 0.5 ppm. The injection volume and data acquisition time were 4 µl and 21 min, respectively. The elution rate was 0.5 µl min -1 . The analytical standards of the cyanotoxins investigated were saxitoxin (CAS 35554-086), anatoxin-a (CAS 64285-06-9), homoanatoxin (CAS 142926-86-1), nodularin (CAS 118399-22-7), cylindrospermopsin (CAS 143545-90-8), and seven variants of microcystins (MCs) (variant MC-LR, -LA, -LF, -LW, -LY, -RR and -YR corresponding to CAS 101043-37-2; CAS96180-79-9; CAS 154037-70-4; CAS 157622-02-1; CAS 123304-10-9; CAS 11755-37-4; and CAS 10164-48-6, respectively), all certified 1 year, purity >99% (Novakit ® ). Data were integrated using TASQ 1.1 software (Bruker ® ). Cyanotoxins were identified according to (i) retention time, (ii) molecular mass, (iii) isotopic pattern, and (iv) diagnostic ions. They were then quantified according to the area under the peak signal determined for analytical standards. Phormidium favosum (PMC 240.05), Raphidiopsis raciborskii (PMC 99.03), Aphanizomenon gracile (PMC 638.10), and Microcystis aeruginosa (PMC 728.11) strains were used as positive controls. Except for MC-RR, MC-LR, and MC-YR, other MC structural variants were quantified according to MC-LR equivalence, calculated from the regression curves of the MC-LR analytical standard.

  Abbreviations: Chl-a, chlorophyll-a; DIN, dissolved inorganic nitrogen; SRP, soluble reactive phosphorus; TN, total nitrogen; TP, total phosphorus. a Standard deviation.

  Temporal variations in the phytoplankton biomasses (mean Chl-a ± SD) under the different experimental treatments at the Débarcadère (a) and Aghien-Télégraphe (b) stations. C, control; D: day; N, +nitrogen; NP, +nitrogen and phosphorus, NPF, +nitrogen, phosphorus and fish; P, +phosphorus; red arrow, addition of fish to the NPF mesocosms (a) (b) F I G U R E 3 Temporal variations in the mean (±SD) total phytoplankton biovolumes (yellow crosses, right Y scale) and the proportions (bars, left Y scale) of the five phytoplankton groups (Cyanobacteria, Chlorophyta, Euglenozoa, Bacillariophyta, and Dinophyta) under the different experimental treatments at the Débarcadère (a) and Aghien-Télégraphe (b) stations. C, control; D, day; N, +nitrogen; NP, +nitrogen and phosphorus, NPF, +nitrogen, phosphorus and fish; P, +phosphorus were mainly composed of Cyanobacteria (35%-40%), Chlorophyta (20%-25%), and other phyla (<40%). At D3, there was an increase in the proportion of Chlorophyta biovolume under the NP and NPF treatments in the Aghien-Télégraphe experiments and, to a lesser extent, in the Débarcadère experiments, in association with high mean biovolume values. At D7, the most important change was the dominance (>60%) of Chlorophyta and a drastic decrease in Cyanobacteria at the two stations (Débarcadère and Aghien-Télégraphe) in the NPF mesocosms where fish were added, in association with a decrease in mean biovolume values.

  Abbreviations: E, empty; F, full; FC, few content.

F

  Abbreviation: fDOM, fluorescent dissolved organic matter
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