














 24 

Figure 1. Experimental site, design, and timeline. (a) Aerial photograph of the Large 
Experimental Array of Ponds facility at Gault Nature Reserve, located near an area of intensive 
agriculture. (b) Schematic representation of experimental treatments. Colours and numbers 
within symbols indicate target glyphosate concentrations after application of one dose. The 
nutrient treatment was a press treatment maintained with biweekly nutrient addition. The 
glyphosate treatment involved, in Phase I, two pulse applications (doses) of Roundup ranging in 
concentration from 0-15 mg/L of glyphosate acid, and in Phase II, one dose of 40 mg/L in all 
experimental ponds. Yellow and black ponds are pesticide-free in Phase I, while yellow ponds 
(but not black ponds) receive the lethal dose in Phase II. (c) Timeline of the experiment. Symbols 
indicate measurement dates for variables listed on the left. Temperature was also recorded in all 
ponds with automated sensors. Thick vertical lines indicate the beginning of Phase I and II, while 
the dotted line indicate the second dose of Phase I. TP = total phosphorus; SRP = soluble 
reactive phosphorus; SPC = specific conductance; DO = dissolved oxygen.  
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Figure 2. Phytoplankton biomass dynamics during the experiment. (a) Time series of chlorophyll 
a concentration (a proxy for phytoplankton biomass) in all ponds over the course of the 
experiment. Symbols and colours indicate nutrient and glyphosate treatments, respectively. 
Black lines/symbols are control ponds for Phase II. (b-e) Results of additive mixed models 
predicting chlorophyll a concentration from measured glyphosate concentration and nutrient 
treatment. Model results are shown for various key time points of Phase I. Shaded polygons 
illustrate 95 % confidence intervals. (f-g) Chlorophyll a concentration at the end of Phase II as a 
function of chlorophyll a at the end of Phase I (g) or maximum recorded glyphosate 
concentration during Phase I (g). chl. = chlorophyll; gly. = glyphosate.  
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Figure 3. Effect of glyphosate on phytoplankton biodiversity. (a, d) Time series of rarefied 
richness (a) and a diversity (effective number of genera; d) in the subset of ponds for which we 
collected composition data. Symbols and colours are as in Fig. 2. (b, e) Results of additive mixed 
model predicting richness (b) or diversity (e) at the end of Phase I as a function of glyphosate 
concentration and nutrient treatment. (c, f) Richness (c) and diversity (f) of communities at the 
end of Phase II in relation to measured glyphosate concentration at the onset of Phase II. Colours 
and symbols indicate glyphosate and nutrient treatments as in (a). gly. = glyphosate.  
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Figure 4. Effect of glyphosate on phytoplankton community composition. (a) Time series of 
Bray-Curtis dissimilarity of each pond relative to its starting composition. Higher values indicate 
greater community divergence over the course of the experiment. Symbols and colours are as in 
Fig. 2. (b, c) Results of additive mixed models predicting Bray-Curtis dissimilarity at the end of 
Phase I (b) or community synchrony (h) during Phase I (c) as a function of glyphosate 
concentration and nutrient treatment. For the synchrony index, more negative values indicate 
more asynchronous dynamics, while a value of zero indicates independent taxon fluctuations. (d) 
Non-metric multidimensional scaling (NMDS) representation of community composition at the 
beginning (open symbols) and end (full symbols) of Phase I. The position in two-dimensional 
space of the fifteen most abundant taxa is also shown. gly. = glyphosate.   
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Figure 5. Predictors of community rescue. (a) Regression tree predicting phytoplankton biomass 
at the end of Phase II as a function of various community properties. Results (p value) of a 
permutation test of a correlation between the response and the one significant predictor 
(glyphosate exposure during Phase I) is indicated. (b) Model fit (AIC) of univariate generalized 
additive models (GAMs) with phytoplankton biomass at the end of Phase II as the response 
variable and one of the community properties used in (a) as the predictor variable. A lower AIC 
indicates better fit. Genus names represent relative biovolumes of a given taxon. chl. = 
chlorophyll; ppm = parts per million (mg/L). 
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