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Introduction

Macrophytes play a crucial role in the functioning of aquatic and wetland systems and support a variety of ecosystem services [START_REF] Hilt | Translating Regime Shifts in Shallow Lakes into Changes in Ecosystem Functions and Services[END_REF][START_REF] Janssen | Shifting states, shifting services: Linking regime shifts to changes in ecosystem services of shallow lakes[END_REF]. Under favorable environmental conditions (e.g., light, temperature, nutrients), exotic and native species can form dense stands within a short time [START_REF] Hussner | Management and control methods of invasive alien freshwater aquatic plants: A review[END_REF][START_REF] Riis | Distribution of macrophytes in New Zealand streams and lakes in relation to disturbance frequency and resource supply-a synthesis and conceptual model[END_REF] which can hinder commercial and leisure activities such as navigation, fishing, swimming and other water sports [START_REF] Dugdale | Aquatic weeds in Victoria: Where and why are they a problem, and how are they being controlled?[END_REF][START_REF] Güereña | Water hyacinth control in Lake Victoria: Transforming an ecological catastrophe into economic, social, and environmental benefits[END_REF][START_REF] Verhofstad | Classifying nuisance submerged vegetation depending on ecosystem services[END_REF]. Furthermore, dense vegetation increases the risk of flood for adjacent land [START_REF] Boerema | Economic valuation of ecosystem services, a case study for aquatic vegetation removal in the Nete catchment (Belgium)[END_REF], can clog hydropower stations [START_REF] Dugdale | Aquatic weeds in Victoria: Where and why are they a problem, and how are they being controlled?[END_REF], and represses a more diverse native vegetation [START_REF] Stiers | Impact of three aquatic invasive species on native plants and macroinvertebrates in temperate ponds[END_REF]. Dense mats of floating plants create anoxic conditions [START_REF] Janse | Effects of eutrophication in drainage ditches[END_REF]. Mass development of macrophytes is thus often perceived as problematic, and managed through physical removal [START_REF] Hussner | Management and control methods of invasive alien freshwater aquatic plants: A review[END_REF][START_REF] Thiemer | Mechanical removal of macrophytes in freshwater ecosystems: Implications for ecosystem structure and function[END_REF], resulting in high financial costs for local authorities and taxpayers [START_REF] De Winston | Review of best management practices for aquatic vegetation control in stormwater ponds, wetlands, and lakes[END_REF]. As mass developments are expected to increase in the future due to global change, their removal will become more important and balanced management strategies are needed [START_REF] Hussner | Management and control methods of invasive alien freshwater aquatic plants: A review[END_REF][START_REF] Thiemer | Mechanical removal of macrophytes in freshwater ecosystems: Implications for ecosystem structure and function[END_REF]. However, studies on the effect of macrophyte removal on aquatic ecosystems are scarce including how this management strategy affects the diversity of phytoplankton, zooplankton and macroinvertebrates [START_REF] Thiemer | Mechanical removal of macrophytes in freshwater ecosystems: Implications for ecosystem structure and function[END_REF].

Macrophyte removal could affect phytoplankton, zooplankton and macroinvertebrate assemblages, with consequences for ecosystem functioning. Macrophytes increase structural complexity and heterogeneity in the water column and offer habitats that would otherwise not be available [START_REF] Thomaz | Influence of aquatic macrophyte habitat complexity on invertebrate abundance and richness in tropical lagoons[END_REF]. Dense macrophyte stands offer space, shelter and a source of food (directly or via epiphytic algae and bacteria) to macroinvertebrates [START_REF] Ferreiro | Macroinvertebrates select complex macrophytes independently of their body size and fish predation risk in a Pampean stream[END_REF][START_REF] Wolters | Macrophyte-specific effects on epiphyton quality and quantity and resulting effects on grazing macroinvertebrates[END_REF], but they can also reduce the dissolved oxygen availability in the water, negatively affecting macroinvertebrates [START_REF] Caraco | Vascular Plants as Engineers of Oxygen in Aquatic Systems[END_REF][START_REF] Stansbury | Water quality modeling of the effects of macrophytes on dissolved oxygen in a shallow tailwater reservoir[END_REF]. The effect of macrophytes on zooplankton depends on the interactions with other trophic groups. Studies have shown that zooplankton generally avoids macrophyte beds [START_REF] Meerhoff | An experimental study of habitat choice by Daphnia: plants signal danger more than refuge in subtropical lakes[END_REF], but in the presence of predatory fish, zooplankton use macrophyte beds as a refuge to avoid predation during the day [START_REF] Burks | Diel horizontal migration of zooplankton: costs and benefits of inhabiting the littoral[END_REF]. Phytoplankton and macrophytes are in direct competition for nutrients and light [START_REF] Scheffer | Temperature and photoperiod effects on phytoplankton growing under simulated mixed layer light fluctuations[END_REF][START_REF] Xu | Eutrophication triggers the shift of nutrient absorption pathway of submerged macrophytes: Implications for the phytoremediation of eutrophic waters[END_REF]. Therefore, the presence of macrophytes hinders the growth of phytoplankton [START_REF] Scheffer | Temperature and photoperiod effects on phytoplankton growing under simulated mixed layer light fluctuations[END_REF][START_REF] Van Donk | Macrophyte-related shifts in the nitrogen and phosphorus contents of the different trophic levels in a biomanipulated shallow lake[END_REF]. Besides competition for nutrients, macrophytes have been shown to suppress phytoplankton even under nutrient saturation [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] Vanderstukken | Biological control of phytoplankton by the subtropical submerged macrophytes Egeria densa and Potamogeton illinoensis: a mesocosm study[END_REF]. The production of allelochemicals by certain macrophyte species also has a strong impact on phytoplankton [START_REF] Körner | Allelopathic Growth Inhibition of Selected Phytoplankton Species by Submerged Macrophytes1[END_REF][START_REF] Švanys | Effects of the allelopathically active macrophyte Myriophyllum spicatum on a natural phytoplankton community: a mesocosm study[END_REF] especially cyanobacteria, making macrophytes a useful tool in cyanobacteria management [START_REF] Bakker | Impact of water-level fluctuations on cyanobacterial blooms: options for management[END_REF][START_REF] Wang | Growth Control of Cyanobacteria by Three Submerged Macrophytes[END_REF].

Studies have shown reduced macroinvertebrate abundance after macrophyte removal in rivers [START_REF] Grygoruk | Agricultural Rivers at Risk: Dredging Results in a Loss of Macroinvertebrates. Preliminary Observations from the Narew Catchment[END_REF][START_REF] Känel | Disturbance by aquatic plant management in streams: Effects on benthic invertebrates[END_REF] and lakes [START_REF] Habib | Impact of mechanical deweeding on the phytophilous macroinvertebrate community of an eutrophic lake[END_REF][START_REF] Miliša | The impact of aquatic macrophyte (Salix sp. and Cladium mariscus (L.) Pohl.) removal on habitat conditions and macroinvertebrates of tufa barriers (Plitvice Lakes, Croatia)[END_REF], while others demonstrated neutral [START_REF] Buczyński | Early recolonization of a dredged lowland river by dragonflies (Insecta: Odonata)[END_REF][START_REF] Ward-Campbell | Maintenance of agricultural drains alters physical habitat, but not macroinvertebrate assemblages exploited by fishes[END_REF] or even positive [START_REF] Bickel | Impact of partial removal of the invasive macrophyte Lagarosiphon major (hydrocharitaceae) on invertebrates and fish[END_REF] effects of plant removal on macroinvertebrate abundance.

Reduced taxonomic richness was found in a study covering a single river in Australia [START_REF] Carey | Impacts of Indian waterfern (Ceratopteris thalictroides (L.) Brongn.) infestation and removal on macroinvertebrate biodiversity and conservation in spring-fed streams in the Australian arid zone[END_REF], while other studies in lakes and rivers did not find changes in richness [START_REF] Bickel | Impact of partial removal of the invasive macrophyte Lagarosiphon major (hydrocharitaceae) on invertebrates and fish[END_REF][START_REF] Ward-Campbell | Maintenance of agricultural drains alters physical habitat, but not macroinvertebrate assemblages exploited by fishes[END_REF]. Shannon-diversity was shown to increase in a study in a river in the U.S. [START_REF] Lusardi | Stream macrophytes increase invertebrate production and fish habitat utilization in a California stream[END_REF], while other studies in rivers did not detect a change in Shannondiversity [START_REF] Buczyński | Early recolonization of a dredged lowland river by dragonflies (Insecta: Odonata)[END_REF][START_REF] Dabkowski | The impact of dredging of a small lowland river on water beetle fauna (Coleoptera)[END_REF]. In lakes, several studies reported reduced Shannon-diversity [START_REF] Habib | Impact of mechanical deweeding on the phytophilous macroinvertebrate community of an eutrophic lake[END_REF][START_REF] Miliša | The impact of aquatic macrophyte (Salix sp. and Cladium mariscus (L.) Pohl.) removal on habitat conditions and macroinvertebrates of tufa barriers (Plitvice Lakes, Croatia)[END_REF]. Depending on the site and its characteristics, the effects are mixed, and it is difficult to detect a general response pattern for macroinvertebrates.

Only few studies are available on the effect of macrophyte removal on zooplankton and phytoplankton. [START_REF] Choi | Effect of removal of free-floating macrophytes on zooplankton habitat in shallow wetland[END_REF] showed an increase in abundance, richness and diversity of zooplankton after removing free-floating macrophytes in a lake in South Korea. Opposite results for abundance were found in other studies in a Mexican lake [START_REF] Mangas-Ramírez | Effect of mechanical removal of water hyacinth (Eichhornia crassipes) on the water quality and biological communities in a Mexican reservoir[END_REF]) and a river in the U.K. [START_REF] Garner | Identification of Freshwater Zooplankton Functional Groups Based on the Functional Traits of Species. (In Russ.)[END_REF]. After plant removal, several studies showed a clear increase in phytoplankton cell density [START_REF] Wojciechowski | Potential effects of mechanically removing macrophytes on the phytoplankton community of a subtropical reservoir[END_REF] or in Chl-a concentration [START_REF] Bicudo | Undesirable side-effects of water hyacinth control in a shallow tropical reservoir[END_REF][START_REF] James | Water Quality Impacts of Mechanical Shredding of Aquatic Macrophytes[END_REF][START_REF] Kuiper | Mowing Submerged Macrophytes in Shallow Lakes with Alternative Stable States: Battling the Good Guys?[END_REF]. However, other studies showed a short-term reduction in Chl-a concentration after plant removal [START_REF] Alam | The Effects of Mechanical Harvesting of Floating Plant Tussock Communities on Water Quality in Lake Istokpoga[END_REF][START_REF] Morris | Effects of plant harvesting and nutrient enrichment on phytoplankton community structure in a shallow urban lake[END_REF]. Increased turbidity due to the removal likely causes this short-term decrease [START_REF] Thiemer | Mechanical removal of macrophytes in freshwater ecosystems: Implications for ecosystem structure and function[END_REF]. Furthermore, the removal of macrophytes increased the abundance of cyanobacteria in tropical lakes [START_REF] Mangas-Ramírez | Effect of mechanical removal of water hyacinth (Eichhornia crassipes) on the water quality and biological communities in a Mexican reservoir[END_REF][START_REF] Wojciechowski | Potential effects of mechanically removing macrophytes on the phytoplankton community of a subtropical reservoir[END_REF], while [START_REF] Morris | Effects of plant harvesting and nutrient enrichment on phytoplankton community structure in a shallow urban lake[END_REF] did not find an effect on cyanobacteria in a shallow lake in Australia.

Existing studies on the effect of macrophyte removal on biodiversity often have a narrow scope (e.g. focusing on a single plant species, system or organism group) or a restricted sampling design (e.g. lacking a before-after comparison or a control site). Holistic studies considering multiple groups, species and systems are lacking, but are needed to disentangle general patterns from local differences [START_REF] Thiemer | Mechanical removal of macrophytes in freshwater ecosystems: Implications for ecosystem structure and function[END_REF]. Additionally, trait-based analyses, such as functional evenness, functional richness or functional divergence [START_REF] Villéger | New Multidimensional Functional Diversity Indices for a Multifaceted Framework in Functional Ecology[END_REF], can help to better predict ecological dynamics and increase comparability among different systems [START_REF] Kremer | Realizing the potential of trait-based aquatic ecology: New tools and collaborative approaches[END_REF].

In this study, we analyzed the effect of macrophyte removal in three lakes and two rivers with different trophic states (from oligotrophic to hypereutrophic) located in different climate zones (from temperate to tropical climate) along a latitudinal gradient from North Europe to South Africa. At each site, different macrophyte species (native or invasive) are considered problematic, and mechanical removal is part of the current management practice. We applied a BACI design (before-after-control-impact) and sampled macroinvertebrates, zooplankton, and phytoplankton before, and one week and six weeks after plant removal at control and impact sections. Using the same method and the same timespan between macrophyte removal and sampling enables us to compare results among sites. The high variability of our study systems covering different plant types, plant species, trophic levels, system types and climate zones allows us to disentangle general patterns from site-specific effects. We expected to find (i) negative effects of macrophyte removal on macroinvertebrate and zooplankton but positive effects on phytoplankton abundance and diversity; and (ii) strongest impacts on all three groups one week after the removal and a partial recovery six weeks after removal. We applied a comprehensive approach considering six biodiversity and functional indices throughout, using a standardized scoring method.

Material and Methods

Study Locations

We sampled five aquatic systems in four countries in Africa and Europe (Figure 1). The studied systems differed in their physical features, the dominant vegetation and trophic status (Table 1).

In all sites, dense mats of macrophytes are perceived as problematic and are removed mechanically as part of their management strategy.

The northernmost site was the oligotrophic river Otra in Norway. Our study was conducted in a dammed, slow-flowing part of the river, dominated by the native submerged macrophyte Juncus bulbosus L. causing problems for recreational use and hydropower production. Plant stands are usually mowed once every 3 years in early summer. The river Spree (Germany) is characterized by mass development of the native Sagittaria sagittifolia L., Stuckenia pectinata (L.) Börner and Nuphar lutea (L.) Sm. Dense macrophyte stands cause a water level increase of 20-50 cm in summer and increase the risk of flooding adjacent farmland during heavy rainfall events. Mechanical removal is therefore applied once per summer. Lake Kemnade (Kemnader See; Germany) is an important recreational area in a densely populated area. Dense stands of the non-native submerged species Elodea nuttallii (Planch.) H.St-John interfere with several recreational activities, and a mowing boat is active daily between May and September. Non-native, amphibious Ludwigia grandiflora subsp. hexapetala (Hook. & Arn.) G.L.Nesom & Kartesz and Ludwigia peploides subsp. montevidensis (Spreng.) P.H. Raven dominate in Lake Grand-Lieu (Lac de Grand-Lieu; France), an important nature reserve. The plants have negative effects on native vegetation and human activities such as professional fishing and boating. For 20 years, plants have been removed yearly, which is costly and ineffective due to fast regrowth. In the reservoir Hartbeespoort Dam (South Africa), the floating macrophyte Pontederia crassipes Mart. (formerly Eichhornia crassipes; Pontederiaceae) covers significant parts of the lake (up to 60%), thereby hindering recreational and commercial activities.

In all lakes, we used typical methods used in macrophyte management. All those methods are efficient at removing most of the macrophytes from the treated areas, a small part of the macrophytes, however, will always be left. Table 1: Site characteristics. Depth and velocity are given for the sampling location. Climate zones according to the Köppen-Geiger classification [START_REF] Kottek | World Map of the Köppen-Geiger climate classification updated[END_REF]. 

Site

Study Design

Our sampling was performed using a BACI Design (Before-After-Control-Impact, [START_REF] Underwood | Beyond BACI: Experimental designs for detecting human environmental impacts on temporal variations in natural populations[END_REF]). We defined two sections of comparable size in every study site: one where macrophytes were removed (Impact section) and one where macrophytes were not removed (Control section).

In lakes, the two sections were adjacent to each other. In the river Spree, the control section was upstream of the impact section, and in the river Otra, the two sections were located at the opposite shores. Both sections were sampled the week before plants were removed, and then one week and six weeks after plant removal. To reduce sampling bias, both sections were sampled on the same date and by the same people. In every sampling session in each section, five water samples were taken for phytoplankton, five water filtrations were performed for zooplankton, and five grab and sweep samples were taken for macroinvertebrates.

Sampling methods and processing

The same sampling method was used in each site and only slightly adjusted to the local conditions.

 Phytoplankton:

For phytoplankton, sub-surface water samples were taken. According to the expected density of phytoplankton, the volume of sampled water ranged from 50 ml in hypereutrophic sites to 250 ml in oligotrophic sites. Samples were fixed with acidic Lugol and stored in a cold and dark place.  Zooplankton:

With a 60 µm mesh, 20 to 80 l (depending on the characteristics of the system) of surface water per sample were filtered. The sample volume required to collect enough individuals was pre-defined with a test sample, and the same sample size was used for the complete sampling. After filtration, the zooplankton sample was narcotized with carbonated water and then conserved in 80% ethanol and stored at 4° C before identification. Zooplankton was subsampled for identification and identified based on [START_REF] Bledzki | Freshwater Crustacean Zooplankton of Europe: Cladocera & Copepoda (Calanoida, Cyclopoida) Key to species identification, with notes on ecology, distribution, methods and introduction to data analysis[END_REF].

Subsamples of a known volume were randomly taken using a Hensen-Stempel pipette and placed in a Bogorov counting chamber. Subsamples were counted until a total of at least 400 organisms were reached. Finally, the abundance was calculated as individuals per liter. In the rivers Otra and Spree, the number of zooplankton collected was low, with many samples being completely empty (mean density of 0.285 individuals per liter in the Spree and 0.031 in the Otra). These sites were therefore excluded from further analysis, and the effect of removal was considered neutral.

 Macroinvertebrates:

For macroinvertebrates, the sampling consisted of grab samples to collect macroinvertebrates associated with the sediment and sweep samples to collect macroinvertebrates associated with the macrophytes. Five grab samples were taken using an Ekman grab sampler, and samples were filtered using a sieve (250 µm mesh size). Five sweep samples were collected using a hand net with a 250 µm mesh size swept harshly through the plants in the case of submerged species, or through the roots for floating species for 30 seconds over 1 m². Both types of samples were stored in 80% ethanol.

Macroinvertebrates were separated from sediment under a dissecting microscope and identified to the lowest taxonomic level possible.

Biological Indices

We used the number of individuals per sample (macroinvertebrates), individuals per liter (zooplankton), and Chl-a concentration (phytoplankton) to quantify abundance of macroinvertebrates, zooplankton, and phytoplankton. Abundance values were log(N+1) transformed for analysis. If individuals were not all identified to the same level, only the lowest identification level was used to estimate taxonomic richness and Shannon-diversity to avoid overestimation. For example, when some individuals were identified to the species level, but others in the same genus could not be identified further, only the species level was included in the analysis.

To assess the functional diversity, we used multidimensional functional diversity indices. A multidimensional space was created with every functional trait representing one dimension, and all taxa and their abundance were plotted in this space. Functional richness (the volume filled by the community of interest), functional evenness (the evenness of abundance distribution) and functional divergence (distribution of the abundance within the volume of the trait space) were used as indices to describe functional diversity [START_REF] Villéger | New Multidimensional Functional Diversity Indices for a Multifaceted Framework in Functional Ecology[END_REF]. Calculations were done with the mFD package in R [START_REF] Magneville | mFD: an R package to compute and illustrate the multiple facets of functional diversity[END_REF]. Due to a lack of precision for available functional information, this analysis was performed at the genus level (or higher taxonomic level if not identified to genus). The following sources were used as a trait database for functional S1. Calculating the functional parameters requires at least three taxa, so samples with a lower number of taxa were not analyzed. As the composition of the phytoplankton community plays a key role in management strategies, we did an additional analysis of the proportion of the cyanobacteria compared to the complete phytoplankton community based on cell count.

Statistical Analysis

All statistical analyses were performed in R version 4.1.2 (R Core Team, 2021). To test the overall effects of plant removal on each parameter across all five systems, linear mixed models (LMM)

were performed with the function "lmer" from the package "lme4" [START_REF] Bates | Fitting Linear Mixed-Effects Models Using lme4[END_REF]. Statistical parameters for the linear mixed models are summarized in Table S2. "Before-After", "Control-Impact", and their interaction were used as fixed factors, and site was included as a random factor (parameter ~ BA * CI + (1|Site)). In addition, each parameter was analyzed separately for each site with two-way ANOVAs using the "aov" function from the package "stats" (R Core Team, 2021). Test statistics can be found in Supplementary Information, Table S3.

Scoring

To summarize and compare the measured effects, we used a scoring system. Every parameter (abundance, taxa richness, Shannon-diversity, functional richness, functional evenness, and functional divergence) for every organism group (Zooplankton, Phytoplankton, Macroinvertebrates (Sweep and Grab Samples)) was scored with a value of -1, 0 or +1. If the model (linear mixed models for overall effects and ANOVA for effects by country) showed no significant difference (p > 0.05), the score was set to 0. Significant effects were scored with a -1 for a negative impact of macrophyte removal and +1 for positive impacts. The direction of impact was calculated based on the following formula:

Percentage differences were calculated based on the "Effect" value above compared to the value in the impact site before removal (BEFOREimpact). Therefore, these values can be lower than -100%. The scoring was done separately for one week and six weeks after sampling. An unweighted scoring together with the presentation of percentage differences were chosen, as the impact on the ecosystem between parameters is not comparable.

Results

Differences in aquatic biodiversity among sites

Differences in aquatic biodiversity were found between the five sites (Figure 2, Figure 3). For zooplankton, Lake Grand-Lieu showed the highest abundance with a mean of 4.022 (standard deviation: 0.764) individuals per liter compared to 0.581 (0.133) in Hartbeespoort Dam and 0.178 (0.097) in Lake Kemnade. On the other hand, the zooplankton in Lake Grand-Lieu showed a lower functional richness than the other two sites (0.009 (0.016) compared to 0.175 (0.001) in Lake Kemnade and 0.127 (0.073) in Hartbeespoort Dam). Taxa richness, Shannon-diversity, functional evenness and functional divergence were more similar among sites.

For phytoplankton, variations in phytoplankton abundance among sites were high. The three lakes showed higher phytoplankton abundance compared to the rivers, with Hartbeespoort Dam (1330 (562) µg Chla/l; only measured one week after the removal in control site) and Lake

Grand-Lieu (166 (46) µg Chla /l) having the highest estimates, followed by Lake Kemnade ( 29(21) µg Chla /l), which correlated with the declining order of their trophic status. Phytoplankton abundance was lower in the two rivers, with a higher value in the eutrophic river Spree (4.53

(1.56) µg Chla /l) than the oligotrophic river Otra (1.12 (0.03) µg Chla /l). As for zooplankton, taxa richness, Shannon-diversity, functional richness, functional evenness, and functional divergence did not follow clear trends, and variations were small.

Comparing grab and sweep samples of macroinvertebrates revealed differences in the macroinvertebrate distribution in the five sites. Hartbeespoort Dam (30 ( 14) individuals per sweep sample; 31 (22) individuals per grab sample) and Lake Grand-Lieu (166 (141); 66 (63))

consistently showed the lowest and second-lowest abundance in both sample types, respectively.

For the remaining three sites, Lake Kemnade showed the highest abundance (3837 (1914); 897 (675)). The two rivers showed the second and third highest abundance for sweep samples, Otra (400 (452)) is ranked before Spree (237 (329)) and for the grab samples, Spree (229 (165))

followed by Otra (197 (151)). The taxa richness followed a different pattern than the abundance.

For sweep samples, the highest taxa richness was found in Lake Grand-Lieu (12.1 (3.6) taxa found) and for grab samples in Otra (10.4 (2.9)). The lowest taxa richness in both sample types was found in Hartbeespoort Dam (6.8 (1.8) in sweep samples; 3.0 (1.2) in grab samples). 

Effects of macrophyte removal on aquatic biodiversity

We found adverse effects of removal on zooplankton assemblages after one week as well as six weeks (see Table 2, Table S2 and Table S3). In the overall model for one week after the removal, we found a negative impact on taxa richness (-25%; removal effect compared to before sampling in impacted site; see methods) and a negatively impacted functional divergence (-33%). After six weeks, only taxa richness (-25%) was affected in the overall model, while there was no longer an impact on functional divergence. Taking a closer look at each site after one week, we found negative effects only in Lake Grand-Lieu (taxa richness and Shannon-diversity), while in Lake Kemnade, we found negative (taxa richness) and positive (functional richness) effects. No effects on zooplankton were found in Hartbeespoort Dam.

Phytoplankton was the only group which was positively impacted by macrophyte removal. The overall model showed a positive effect on taxa richness (17%), Shannon-diversity (21%) and functional richness (24%) one week after the removal. After six weeks, the overall model showed no further negative effects. In Lake Kemnade, the river Otra and Hartbeespoort Dam, we found positive effects one week after the removal. After six weeks, only positive effects were found in Hartbeespoort Dam, while in Lake Kemnade, the impact became negative.

Macroinvertebrates associated with macrophytes (sweep samples) were most strongly affected by the removal. After one week, the overall model showed a decrease in abundance (-50%), taxa richness (-49%), Shannon-diversity (-48%), functional richness (-48%), and functional divergence (-38%). After six weeks, the overall model no longer showed an impact. The three lake sites were the most strongly affected. While we found some impacts in all three lakes one week after the removal, effects declined over time. We only found a negative impact on the abundance in Lake Kemnade, while we found a positively impacted abundance in Lake Grand-Lieu. The two river sites showed the least effect, and only the abundance was negatively impacted one week after removal in the river Spree, while no impact was found in the river Otra. Macroinvertebrates associated with the sediment (grab samples) were not affected by plant removal in the overall model. Only in the river Otra did we find a negative impact on functional richness (-21%).

We combined all the above-mentioned results in our scoring (-1 for negative effects, +1 for positive effects). Both one-week-after and six-week-after sampling illustrated a negative overall impact of plant removal over all groups with a score of -3 (one-week-after) and -1 (six-weekafter). However, no effect was consistent across all sites, and the impacts changed over time with site-specific differences. The strongest negative effect one week after the removal was found in Lake Grand-Lieu (-5) ahead of Hartbeespoort Dam (-2), river Spree (-1) and Lake Kemnade (-1).

The river Otra was the only site with positive and negative effects equalizing each other (0). The scores changed strongly after six weeks. Lake Grand-Lieu showed no negative effects. In fact, this site had the highest positive impact, with a score of 2. Hartbeespoort Dam also had a positive score (1), while the two rivers, Otra and Spree, had no effect after six weeks. Lake Kemnade was the only site with a negative score after six weeks (-3).

Cyanobacteria

In addition to the scoring, we analyzed the proportion of cyanobacteria in the phytoplankton community to monitor cyanobacteria blooms after the removal of macrophytes (Table S4). We found a significant increase of the proportion of cyanobacteria only at Hartbeespoort Dam, with an increase of 45% after one week and 70% after six weeks. This increase in cyanobacteria was also visible during fieldwork as a green and foamy layer on the water. In Lake Kemnade, we found a 62% reduction in the proportion of cyanobacteria after one week and 44% after six weeks. There were no significant changes in the cyanobacteria proportion in any of the other sites.

Chapter 3

Table 2: Scoring of the impact of macrophyte removal on biodiversity. -1: significant negative effect, 1: significant positive effect, 0: No (significant) effect, 0*=values too low for analysis. 

weeks

Zooplankton Abundance

0 0 0* 0* 0* 0* 0 1 (153%) 0 0 0 0 0 1 -2 -1 Richness -1 (-25%) -1 (-25%) 0* 0* 0* 0* -1 (-29%) -1 (-54%) -1 (-29%) 0 0 0 -2 -1 Shannon 0 0 0* 0* 0* 0* 0 0 -1 (-59%) 0 0 0 -1 0 F-richness 0 0 0* 0* 0* 0* 1 (169%) -1 (-266%) 0 0 0 0 1 -1 F-evenness 0 0 0* 0* 0* 0* 0 0 0 0 0 0 0 0 F-divergence -1 (-33%) 0 0* 0* 0* 0* 0 0 0 0 0 0 0 0 Phytoplankton Abundance 0 0 1 (59%) NA 0 0 0 0 0 0 NA NA 1 0 5 1 Richness 1 (17%) 0 0 0 0 0 1 (70%) 0 0 0 0 0 1 0 Shannon 1 (21%) 0 0 0 0 0 1 (332%) 0 0 1 (43%) 0 0 1 1 F-richness 1 (24%) 0 0 0 0 0 1 (105%) 0 0 0 0 0 1 0 F-evenness 0 0 0 0 0 0 0 0 0 0 0 0 0 0 F-divergence 0 0 0 0 0 0 0 -1 (-12%) 0 0 1 (10%) 1 (15%) 1 0 Macroinvertebrate Sweep Abundance -1 (-50%) 0 0 0 -1 (-86%) 0 -1 (-75%) -1 (-28%) 0 1 (42%) -1 (-100%) 0 -3 0 -11 0 Richness -1 (-49%) 0 0 0 0 0 -1 (-62%) 0 -1 (-47%) 0 -1 (-106%) 0 -3 0 Shannon -1 (-48%) 0 0 0 0 0 0 0 -1 (-51%) 0 -1 (-99%) 0 -2 0 F-richness -1 (-38%) 0 0 0 0* 0* -1 (-65%) 0 -1 (-53%) 0 0* 0* -2 0 F-evenness 0 0 0 0 0* 0* 0 0 0 0 0* 0* 0 0 F-divergence 0 0 0 0 0* 0* -1 (-8%) 0 0 0 0* 0* -1 0 Macroinvertebrate Grab Abundance 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -1 0 Richness 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Shannon 0 0 0 0 0 0 0 0 0 0 0 0 0 0 F-richness 0 0 0 0 0 0 0 0 0 0 0* 0* 0 0 F-evenness 0 0 0 0 0 0 0 0 0 0 0* 0* 0 0 F-divergence 0 0 -1 (-21%) 0 0 0 0 0 0 0 0* 0* -1 0 Total (sitewise) -3 -1 0 0 -1 0 -1 -3 -5 2 -2 1

Discussion

Our results showed that removal of macrophytes affected the diversity of zooplankton, phytoplankton and macroinvertebrates in freshwater lakes and rivers. Although results differed among locations, we found common patterns. Overall, macrophyte removal had negative effects on the zooplankton and macroinvertebrate community and positive effects on the phytoplankton community. These findings are consistent with our first hypothesis. The effects were most pronounced one week after removal, with decreasing effects six weeks after the removal, confirming our second hypothesis.

Macrophyte removal had a stronger effect on macroinvertebrates living on or between plants than on those living in/on the sediment, as illustrated by different responses of the sweepsampled and grab-sampled communities. This finding aligns with results reported by [START_REF] Känel | Disturbance by aquatic plant management in streams: Effects on benthic invertebrates[END_REF], which show stronger effects of plant removal on species living directly on plants than species living in/on the sediment. While macroinvertebrates living within the plants (sweep samples) were negatively affected one week after macrophyte removal, in four out of five studied sites, negative effects only remained at Lake Kemnade six weeks after removal. The strong negative effects on macroinvertebrates associated with macrophytes immediately after removal could be explained by a high bycatch of macroinvertebrates together with the removed macrophytes [START_REF] Dawson | Invertebrates on cut weed removed during weedcutting operations along an English river, the River Frome, Dorset[END_REF][START_REF] Young | Impacts of diquat herbicide and mechanical excavation on spring-fed drains in Marlborough[END_REF]. Lake Grand Lieu showed positive effects six weeks after the removal. The decrease in water level, as well as sediment disturbance after macrophyte removal might have increased the resuspension of sediment and small benthic invertebrates which we usually collect in grab samples but only in low density in sweep samples.

The benthic macroinvertebrate community was only negatively affected in the river Otra. The removal practice in the Otra strongly affects the sediment, compared to the other sites where the removal has a smaller impact, which could explain that the Otra is the only site where we found negative effects on macroinvertebrates living in the sediment. The removal of floating plants was expected to have less impact on biodiversity as they only take up a small part of the water column. However, in Hartbeespoort Dam with floating P. crassipes, comparable effects to the sites with other plant types were found. The removal of P. crassipes has been shown to strongly alter the water chemistry as it can reduce transparency and oxygen levels and increase nutrient availability drastically leading to lethal ammonia levels, all of which have negative effects on biodiversity [START_REF] Mangas-Ramírez | Effect of mechanical removal of water hyacinth (Eichhornia crassipes) on the water quality and biological communities in a Mexican reservoir[END_REF].

Removal of macrophytes had substantial effects on the zooplankton community. The taxa richness and functional divergence were negatively affected one week after plant removal, and taxa richness stayed reduced even after six weeks. This is in accordance with the higher diversity generally found in macrophyte beds compared to open water, associated with a higher habitat complexity [START_REF] Choi | Effect of removal of free-floating macrophytes on zooplankton habitat in shallow wetland[END_REF][START_REF] Kovalenko | Habitat complexity: approaches and future directions[END_REF]. In contrast to macroinvertebrates, no reduction in the abundance of zooplankton was found after macrophyte removal. Lake Kemnade even showed increased zooplankton abundance. The small zooplankton size compared to macroinvertebrates might help them avoid ending up as bycatch of macrophyte removal. Our results cannot confirm earlier studies [START_REF] Garner | Identification of Freshwater Zooplankton Functional Groups Based on the Functional Traits of Species. (In Russ.)[END_REF][START_REF] Mangas-Ramírez | Effect of mechanical removal of water hyacinth (Eichhornia crassipes) on the water quality and biological communities in a Mexican reservoir[END_REF], which found a negative effect of macrophyte removal on zooplankton abundance. The increase in phytoplankton abundance might positively affect the zooplankton abundance due to higher availability of food.

Contrary to zooplankton and macroinvertebrates, we found positive effects on phytoplankton.

The removal of macrophytes increased taxa richness, Shannon-diversity and functional richness one week after the plant removal. After six weeks, effects of plant removal on the measured diversity/indices were no longer found compared to the control sites. Other studies have found remarkable changes in Chl-a concentration shortly after plant removal, either positive [START_REF] Bicudo | Undesirable side-effects of water hyacinth control in a shallow tropical reservoir[END_REF][START_REF] James | Water Quality Impacts of Mechanical Shredding of Aquatic Macrophytes[END_REF] or negative [START_REF] Alam | The Effects of Mechanical Harvesting of Floating Plant Tussock Communities on Water Quality in Lake Istokpoga[END_REF][START_REF] Morris | Effects of plant harvesting and nutrient enrichment on phytoplankton community structure in a shallow urban lake[END_REF]. We could not confirm these results with our study. While short-term adverse effects can be explained by increased turbidity (lower light availability), positive effects can be explained by the decreased competition for light and nutrients. Short-term increase of phytoplankton richness and functional richness could be explained by an overlap of remaining plant-associated species and the newly established open water-associated species directly after the removal. Former studies showed differences in the phytoplankton communities associated with macrophytes and open water sections [START_REF] Gebrehiwot | Phytoplankton functional dynamics in a shallow polymictic tropical lake: the influence of emergent macrophytes[END_REF][START_REF] Wojciechowski | Potential effects of mechanically removing macrophytes on the phytoplankton community of a subtropical reservoir[END_REF]. In Hartbeespoort Dam, the only subtropical site in our study, we found a strong increase of cyanobacteria, aligning with studies with comparable results (Mangas-Ramírez and [START_REF] Mangas-Ramírez | Effect of mechanical removal of water hyacinth (Eichhornia crassipes) on the water quality and biological communities in a Mexican reservoir[END_REF][START_REF] Wojciechowski | Potential effects of mechanically removing macrophytes on the phytoplankton community of a subtropical reservoir[END_REF].

Allelopathic effects of P. crassipes could explain such increase [START_REF] Liu | Use of chlorophyll a fluorescence to elucidate the toxicity target of N-phenyl-2-naphthylamine on photosynthetic system of Cylindrospermopsis raciborskii (Cyanobacteria)[END_REF]. None of the other sites showed an increase in the cyanobacteria proportion, but in Lake Kemnade, the cyanobacteria proportion decreased. The reduction in cyanobacteria proportion in Lake Kemnade could be the consequence of the increased zooplankton abundance, which was shown earlier to have the potential to control cyanobacteria [START_REF] Belfiore | Zooplankton as an alternative method for controlling phytoplankton in catfish pond aquaculture[END_REF][START_REF] Ger | Understanding cyanobacteria-zooplankton interactions in a more eutrophic world[END_REF]. In both Hartbeespoort Dam and Lake Kemnade, the effects were already evident after one week and remained until the sixth week.

While we found strong effects on assemblages one week after plant removal in the overall model, the effects did not persist six weeks later. Only zooplankton taxa richness remained reduced, while all other parameters that changed after the removal showed some resilience, and effects

were not present after six weeks. [START_REF] Känel | Disturbance by aquatic plant management in streams: Effects on benthic invertebrates[END_REF] showed in a Swiss river that the effect of plant removal on macroinvertebrates fluctuated over time, and after 72 days, overall abundance was still affected. Furthermore, different taxa showed different response patterns. Our study did not last for 72 days, but already after six weeks, most effects had dissipated. We also found strong fluctuations in the values over time. Many existing studies only analyze one time point after the removal (e.g. [START_REF] Bickel | Impact of partial removal of the invasive macrophyte Lagarosiphon major (hydrocharitaceae) on invertebrates and fish[END_REF]: sampling after four months; Habib and Yousuf, 2014: sampling after 1-5 days), and such timing differences, to some extent, contribute to the different findings in these studies. In many cases, macrophytes regrow after removal [START_REF] Bickel | Impact of partial removal of the invasive macrophyte Lagarosiphon major (hydrocharitaceae) on invertebrates and fish[END_REF][START_REF] Thiemer | Mechanical removal of macrophytes in freshwater ecosystems: Implications for ecosystem structure and function[END_REF], which might aid recovery of communities. If frequent macrophyte removal is performed, this might hinder the development of a well-adapted community to both the macrophyte and clear water state.

Impacts of plant removal on the aquatic communities were system-specific, even though an overall negative effect across systems was reported. The two least impacted sites were the two rivers. Fast recolonization via drift might help the communities to recover quickly [START_REF] Baxter | Chapter 21 -Macroinvertebrate Drift, Adult Insect Emergence and Oviposition[END_REF][START_REF] Walks | Persistence of plankton in flowing water[END_REF]. The two river sites were the only sites where native vegetation grew in dense mats. Therefore, the effects of removal of native compared to exotic plants cannot be separated from the effects of system type. As different plant growth forms have different effects on other organisms [START_REF] Walker | Macrophyte presence and growth form influence macroinvertebrate community structure[END_REF], we could expect different effects of plant removal depending on the growth form and other plant characteristics (e.g., growth rate, dispersal ability, structural density). However, we could not identify such differences in our study. Another confounding factor in our study was the different ongoing macrophyte management strategies in our systems.

All our sites were already managed prior to the experiment, and long-term effects of macrophyte removal in the past years could have affected our outcomes.

The monitoring of environmental impacts depends heavily on the choice of the proper experimental design. A simplified study design often results in an inaccurate estimate of the ecological response [START_REF] Christie | Simple study designs in ecology produce inaccurate estimates of biodiversity responses[END_REF]. The choice of a BACI (Before-After-Control-Impact)

design turned out to be a good decision for our purpose. Values differed in the two sections already before the plants were removed, even if we chose two nearby sections as control and impact sections. Including a control site was important as we found high temporal variability in the control site without plant removal. Using only a CI (Control-Impact) or a BA (Before-After) design, as was often the case in former studies, might lead to wrong conclusions, and effects might be overlooked.

While dense mats of macrophytes are often considered a nuisance due to their interference with human lake and river uses, their removal comes with adverse side effects for the ecosystem, including biodiversity. Biodiversity loss, especially in freshwater systems, is one of the biggest challenges of our time [START_REF] Tickner | Bending the Curve of Global Freshwater Biodiversity Loss: An Emergency Recovery Plan[END_REF] and saving biodiversity is part of the sustainable development goals defined by the United Nations (2015). A fact-based, unbiased understanding of macrophytes and their interaction with other organisms is key to developing management strategies to tackle this biodiversity loss. Future sustainable management strategies for mass develop of macrophytes must consider not only the macrophytes as a problem but also other ecosystem services provided such as their role in promoting biodiversity.
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 1 Figure 1: Location of the five study systems with mass macrophyte developments.

  All samples were sent to France for identification (Limnologie sarl, Rennes) and counted according to the NF EN 15204 French standard (AFNOR, 2006). Phytoplankton biomass was measured as Chl-a concentration after filtration on Whatman GF/F glass-fibre filters and extraction with dimethylformamide in a vibration shaker at 4 °C. Pigments were separated and quantified by HPLC (see Shatwell et al., 2012 for details).

  analysis: Tachet et al. (2000) for macroinvertebrates, Gavrilko et al. (2020) for zooplankton, and Padisák et al. (2009) plus Laplace-Tryture et al. (2021) for phytoplankton. Used traits are listed in Table

Figure 1 :

 1 Figure 1: Abundance (log+1 transformed), species richness and Shannon diversity of zooplankton, phytoplankton, and macroinvertebrate assemblages from five sites before, one week after, and six weeks after macrophyte removal. Horizontal bold lines represent the median, boxes the 25% and 75% percentiles, and whiskers the minimum and maximum. n = 5 for each sampling time/session.

Figure 2 :

 2 Figure2: Functional divergence, functional evenness and functional of zooplankton, phytoplankton, and macroinvertebrate assemblages from five sites before, one week after, and six weeks after macrophyte removal. Horizontal bold lines represent the median, boxes the 25% and 75% percentiles, and whiskers the minimum and maximum. n = 5 for each sampling time/session.
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