
Table S1: Traits database 

Values (if continuous) and modalities (if categorical) for each trait for each species from the literature (abbreviated names, see scientific names in Table S3). Species 
size (adult abdomen and body sizes, larval body size) are in millimeters. Voltinism traits are boolean. Flight start modalities are April-May (ApMa) or June-July (JunJul) 
and flight end modalities are July-August (JuAu) or September-November (SepNo). Flight duration is expressed in month. Overwintering stage modalities are eggs (E), 
larvae (L) or both (EL). Courtship trait takes the value “yes” if species perform tandem during the oviposition and “no” otherwise. Dispersal ability is a score evaluated 
by experts in the database of Harabiš and Hronková (2020). Other trait modalities are explicit. 

Data sources for each trait and each species are indicated with colors: Harabiš & Hronková, 2020 (yellow), Powney et al., 2014 (purple), Corbet et al., 2006 (pink), 
Inventaire National Du Patrimoine Naturel, 2003 (blue), Denis, 2018 (gray), Heiser, 2012 (green), Boudot & Kalkman, 2015 (orange), Lambret & Deschamps, 2011 
(brown). 
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Table S2: Summary of environmental conditions 

 

S2A Protocols for measuring local environmental conditions 

The water quality was measured bi-monthly in one large representative drainage ditch connected 
to the ditches included in the transect for each hydrological unit. Three water quality variables were 
measured in situ in the top 30 cm of the water column using a portable electronic multi-parameter 
probe (WTW 3430, Thermo Fisher scientific Inc.): electrical water conductivity, pH and dissolved 
oxygen (expressed in % saturation). A water sample was also collected in the top 30 cm of the 
water column to measure the ammonium, nitrite, nitrate, total nitrogen (Kjeldahl), orthophosphate 
and dissolved organic carbon concentrations in the laboratory. The chlorophyll a concentration was 
measured by spectrophotometry after acetone extraction. The water quality measurements were 
averaged for the March–August period (the same value was used for the two transects belonging 
to each unit) which describes the conditions experienced by Odonata at the time they were sampled 
in the field. 

The hedge cover index was calculated as the product of three visually assessed ordinal scores 
(hedge length (score from 1 to 5), hedge width (score from 1 to 3) and hedge height (score from 1 
to 3) that were subsequently summed over the two banks of the sampled ditch. This index was 
updated due to hedge removal once over the study period for two transects; otherwise, the values 
remained unchanged over the study period. 

The two indices characterizing the herbaceous vegetation density were also visually estimated on 
the lower banks (helophyte species) and upper banks (other herbaceous species) close to each 
transect, by multiplying its height (cm) by its cover (%) on the two banks. We differentiated 
helophyte species from other herbaceous species as they might play different ecological functions 
during the life cycle of Odonata (Lenz 1991; Rouquette and Thompson 2005). 

Algae cover (mainly Enteromorpha and Ulva spp.) and aquatic vegetation cover were visually 
assessed in the ditches occurring along the transects as described in Mauchamp et al. (2021). 

Abundance of the red swamp crayfish (Procambarus clarkii) was annually assessed in one 
representative ditch per hydrological unit using 25 funnel traps deployed in a 250-m long stretch 
for 24 hours in mid-June. The same crayfish abundance value was used for the two transects 
assigned to each hydrological unit.  
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09792-x 

Rouquette J.R. & Thompson D.J. (2005). Habitat associations of the endangered damselfly, 
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S2B Summary (mean and range values) of the environmental variables recorded in the studied sites 
and at which spatial scale they were measured 

Variable name Abbreviated 
names Unit Scale of 

measurement Mean  Min Max 

Water depth in July waterdepth7 meters Transect 0.4 0 1.2 
Drying duration drying days Hydrological unit 23 0 194 
Duration of spring flooding of 20% of 
the meadow surface 

flood_spr days Hydrological unit 6.9 0 52 

Water conductivity cond µS.cm-1 Hydrological unit 1071 478 3985 
Ammonium concentration nh4 mg.L-1 Hydrological unit 0.15 0.01 2.03 
Nitrite concentration no2 mg.L-1 Hydrological unit 0.12 0.01 0.39 
Nitrate concentration no3 mg.L-1 Hydrological unit 15.14 0.32 53.67 
Orthophosphate concentration orthop mg.L-1 Hydrological unit 0.10 0.02 0.94 
Saturation in oxygen sato2 % Hydrological unit 81 45 128 
pH ph - Hydrological unit 8 7 9 
Hedge Index hedge_index - Transect 35 0 90 
Vegetation density on lower banks veg_low - Transect 18 0 111 
Vegetation density on upper banks veg_up - Transect 35 13 74 
Total aquatic vegetation cover veg_aqua % Transect 26 0 94 
Algae cover algae % Transect 10 0 66 
Crayfish abundance crayfish individuals Hydrological unit 96 1 414 
Ditches length ditch meters Transect 13113 3311 23140 
Woodland cover wood % Transect 15 0 64 
Meadow cover meadow % Transect 66 36 93 
Crop cover crop % Transect 15 0 41 
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S2C Correlation between the remaining environmental variables (abbreviated names) after the 
Variance Inflation Factor (VIF) procedure 

 

 
Three variables of water quality (chlorophyll a, total nitrogen and dissolved organic carbon) and 
all water depth variables except the water depth of July were excluded during the VIF procedure. 
Total nitrogen was highly correlated to orthophosphate concentration. Dissolved organic carbon 
was also highly correlated to the chlorophyll a concentration. All excluded water depths were 
highly correlated to the water depth of July. 
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Table S3: Details on Odonata data along the 22 transects from 2015 to 2019: scientific and abbreviated (a six-letter code, three for genus names 
plus three for species names) names and abundance (number of individuals) all years combined. 
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Table S4: GDM analysis using Odonata abundance data. 

S4A Results of the GDM analysis on the relation between beta diversity (abundance data), 
geographic distance and environmental variables. Proportion of explained deviance is calculated 
as the change in explained deviance between a model fit with and without that variable while 
holding all other variables constant. Relative importance is obtained by summing I-splines 
coefficient for each variable. All predictors in the table are significantly correlated to beta diversity 
and they are ranked according to their relative importance. Full GDM models respectively 
accounted for 48%, 43% and 15% of the total deviance for all species, Zygoptera, and Anisoptera. 

 

  Predictor Explained 
deviance (%) 

Relative 
importance 

All species Geographic distance 39 2.044 

 Drying duration 9 1.062 

 Vegetation density (lower banks) 7 0.582 

 Water depth in July 3 0.571 

 Hedge index 4 0.397 

    

Zygoptera Geographic distance 43 2.291 

 Drying duration 6 0.729 

 Vegetation density (lower banks) 7 0.562 

 Water depth in July 2 0.531 

 Hedge index 3 0.353 

  Aquatic vegetation cover 2 0.301 

    

Anisoptera Nitrite 16 1.062 

 Geographic distance 36 0.773 

 Water depth in July 16 0.765 

 Vegetation density (upper banks) 16 0.685 
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S4B. Generalized dissimilarity model-fitted I-splines for variables significantly associated with beta diversity for (a) all species, (b) Zygoptera and (c) 
Anisoptera (abundance data). The first panel of each line shows the relationship between the observed compositional dissimilarity and the linear 
predictor of the regression equation from Generalized Dissimilarity Modelling (predicted ecological distance between transect pairs). Remaining 
panels show the fitted functions (partial ecological distance between transect pairs) for each environmental variable significantly associated with 
compositional turnover. The maximum height reached by each I-spline indicates the total amount of species turnover associated with that variable 
holding all other variables constant. The slope of the curve indicates the rate of species turnover and how this rate varies along the gradient of a given 
variable, holding all other variables constant. 
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Table S5: RLQ tables: species scores, coefficients for traits and for environmental variables for the two first axes of the co-inertia. Species are ranked 
according to their score on the first axis, and traits and variables according to their coefficients along the first axis. Colors are gradients from blue to red 
to help visualizing the range of values. Codes for species name, traits name and environmental variables are available in Table S3, Table S1 and Table 
S2B, respectively. 
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