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Appendix 1 
Environmental and temporal distances calculation 
To illustrate how to compute the environmental and temporal distances, we use a crop sequence of 

four successive cropping seasons (i.e. oilseed rape, winter cereal, maize and maize grown, Fig. A1) 

in a field of the Aquitaine French administrative region. Environmental data are presented Table 

A1. 

	

	

	

	

	

	

	

Three cropping season pairs can be computed since two cropping seasons must be separated by at 

least one cropping season. This yields to the following cropping season pairs: oilseed rape (2003) – 

maize (2005); oilseed rape (2003) – maize (2006) and winter cereal (2004) – maize (2006). 

 

Table A1. Environmental data of the four cropping seasons of the case study. 

Field	 Year	 Crop	 Sowing	
date	
(Julian	
day)	

Herbicide	active	
ingredient	

(HRAC	classes)	

Crop	
height	
(cm)	

Mean	annual	
temperature	

(T°C)	

Total	annual	
precipitation	

(mm)	

AQ001	 2003	 oilseed	
rape	

242	 K3	 160	 14.5	 712.8	

AQ001	 2004	 winter	
cereal	

285	 A	;	O	 85	 13.4	 693.4	

AQ001	 2005	 maize	 120	 C1	;	E-F3;	F1;	F2	 220	 13.4	 595.8	
AQ001	 2006	 maize	 122	 E-F3	;	F1;	F2	 220	 14.1	 821.5	
	

Winter cereal Maize 

Cropping 
season 

Oilseed rape Maize 

2003 2006 2005 2004 



If we consider the pair of cropping seasons “oilseed rape (2003) – maize (2006)”, environmental 

and temporal distances can be computed as described below. 

 

Distance in crop sowing date (2003, 2006) 
1. Transform Julian day of each cropping season into radian as follows:  

day (radian) = (Julian day × 365 / 360) x π / 180 

 

 

Therefore, for oilseed rape (2003) crop sowing date in radian is:  

ð (242 × 365 / 360) x π / 180 = 4.28 radian  

and for maize (2006), crop sowing date in radian is:  

ð (122 × 365 / 360) x π / 180 = 2.16 radian  

 

2. Compute sowing date distance (oilseed rape (2003) – maize (2006)) as the Euclidean 

distance between oilseed rape and maize cosinus and sinus:  

𝒙𝒊 −  𝒚𝒊 ²𝒏
𝒊!𝟏   = ( cos 4.28 − sin 4.28  )²+ (cos 2.16 − sin 2.16  )²  = 1.36 

 

Distance in herbicide HRAC classes (2003, 2006)  
Ccompute the HRAC - Jaccard index based on the HRAC classes of oilseed rape (2003) and maize 

(2006): 

Jaccard (A, B) = 1 – (|A ∩ B| / |A U B |) = 1-0 = 1 

with A the HRAC classes in oilseed rape (2003) and B the HRAC classes in maize 

(2006). 

 

Distance in crop height  
The distance in crop height is the absolute value of the difference in height of the crops of the pair: 

Crop height ‘oilseed rape (2003)’ – crop height ‘maize (2006)’ = |160 – 220| = 60 

 

Distance in mean annual temperature  
The distance in mean annual temperature is the absolute value of the difference in mean annual 

temperature of the cropping seasons of the pair: 

|Mean annual temperature (2003) – mean annual temperature (2006)| = |14.5 – 14.1| = 0.4 

 

 

Julian	day	in	degree	 Degree	in	radian	



Distance in total annual precipitation  
The distance in total annual precipitation is the absolute value of the difference in total annual 

precipitation of the cropping seasons of the pair: 

 | Total annual precipitation (2003) – total annual precipitation (2006)| = |712.8 – 821.5| = 108.7 

 

Temporal distance  
The temporal distance is the number of year separating the two cropping seasons of the pair wise: 

Temporal distance = 2006 – 2003 = 3 

 

Heterogeneity of crop sowing date  
Heterogeneity of the crop sowing date is the mean of crop sowing date distance (2003,2004), crop 

sowing date distance (2004,2005) and crop sowing date distance (2005,2006) 

 

Heterogeneity of crop sowing date (2003, 2006) = (0.74 + 1.36 + 0.02) / 3 = 0.71 

 

Heterogeneity of herbicide HRAC classes 
Heterogeneity of herbicide HRAC classes is the mean of HRAC – Jaccard index (2003, 2004), 

HRAC – Jaccard index (2004 , 2005) and HRAC – Jaccard index (2005 , 2006).  

 

Heterogeneity of herbicide HRAC (2003, 2006) = (1.0 + 1.0 + 0.25) / 3 = 0.75 

 

Heterogeneity of crop height 
Heterogeneity of crop height is the mean of crop height distance (2003,2004), crop height distance 

(2004,2005) and crop height distance (2005,2006) 

 

Heterogeneity of crop height (2003, 2006) = (75 + 135 + 0.0) / 3 = 70  

 

Heterogeneity of temperature 
Heterogeneity of temperature is the mean of temperature distance (2003, 2004), temperature 

distance (2004, 2005) and temperature distance (2005, 2006) 

 

Heterogeneity of temperature (2003, 2006) = (1.1 + 0.0 + 0.7) /3 = 0.6  

 

 



Heterogeneity of precipitation 
Heterogeneity of precipitation is the mean of precipitation distance (2003, 2004), precipitation 

distance (2004, 2005) and precipitation distance (2005, 2006) 

 

Heterogeneity of precipitation (2003, 2006) = (19.4 + 97.8 + 225.7) / 3= 114.3  

 

  



Appendix 2 
Supplementary Tables 

 
Table A2-1. Groups of herbicide active ingredients in the BioVigilance France 
data set  
from the Herbicide resistance action committee (HRAC) classification 
HRAC	
class	 site	of	action	 HRAC	class	 site	of	action	

A	 Inhibition	of	acetyl	CoA	
carboxylase	 F3	 Inhibition	of	carotenoid	

biosynthesis	(unknown	target)	

B	 Inhibition	of	acetolactate	
synthase	ALS	 G	 Inhibition	of	EPSP	synthase	

C1	
Inhibition	of	

photosynthesis	at	
photosystem	II	(triazine)	

H	 Inhibition	of	glutamine	
synthetase	

C2	
Inhibition	of	

photosynthesis	at	
photosystem	II	(urea)	

I	 Inhibition	of	DHP	
(dihydropteroate)	synthase	

C3	
Inhibition	of	

photosynthesis	at	
photosystem	II	(nitrile)	

K1	 Microtubule	assembly	inhibition	

C3_M	

Inhibition	of	
photosynthesis	at	

photosystem	II	(nitrile)+	
Uncoupling	(Membrane	

disruption)	

K2	 Inhibition	of	mitosis	/	
microtubule	organisation	

D	 Photosystem-I-electron	
diversion	 K3	 Inhibition	of	VLCFAs	(cell	division)	

E_F3	

Inhibition	of	
protoporphyrinogen	
oxidase	+	carotenoid	

biosynthesis	

L	 Inhibition	of	cell	wall	(cellulose)	
synthesis	

F1	

Inhibition	of	carotenoid	
biosynthesis	at	the	
phytoene	desaturase	

step	(PDS)	

N	 Inhibition	of	lipid	synthesis	-	not	
ACCase	inhibition	

F2	
Inhibition	of	4-

hydroxyphenyl-pyruvate-
dioxygenase	(4-HPPD)	

O	 Action	like	indole	acetic	acid	

	
	 	



Table A2-2. Akaike information criterion for the three competing models of increasing 
complexity  
(model 1 ‘current conditions’, model 2 ‘temporal distance’ and model 3 ‘temporal 
variation’) 
Dissimilarity	

Index		
Date	of	
Survey		 Plot		

AIC	
Model	1	 Model	2	 Model	3	

Jaccard		
T1		 Control		 -1983	 -1988	 -1995	

T2		
Control	 -2224	 -2244	 -2266	
Sprayed		 -1343	 -1360	 -1363	

Bray-Curtis		
T1		 Control		 -2176	 -2181	 -2187	

T2		
Control	 -2294	 -2304	 -2314	
Sprayed		 -1667	 -1678	 -1678	



Table A2-3. Model ouputs for temporal weed community temporal dissimilarity calculated using presence-absence data (Jaccard index) in the 
middle (T2) of the cropping season in both control and sprayed plots. The p-values were calculated using the Imer function in the lmerTest library 
and are in bold if significant. Estimates are qualified by their standard deviations. Conv–min, min–conv and min–min are respectively conventional–
conventional, minimum–conventional and minimum–minimum tillage, the first corresponding to the tillage intensity of the older season of cropping 
season pairs. 

Plot	type	 Factor	 Group	 Covariates	 Estimate	±	SD	 p-value	

T2	Control	

contemporary	

Patch	availability	 Sowing	date	 0.072	±	0.004	 <0.001	

Patch	suitability	

Precipitation	 0.011	±	0.004	 0.004	
conv–min	 0.024	±	0.009	 0.014	
min–conv	 0.04	±	0.010	 <0.001	
min–min	 0.028	±	0.010	 0.003	

Patch	availability	×	Patch	suitability	
Sowing	date	×	conv–min	 -0.031	±	0.008	 <0.001	
Sowing	date	×	min–conv	 -0.015	±	0.010	 0.128	
Sowing	date	×	min–min	 -0.020	±	0.007	 0.007	

Temporal	

Temporal	distance	 Temporal	distance	 0.001	±	0.004	 0.728	

Temporal	variation	

variation	of	crop	height	 -0.001	±	0.004	 0.963	
variation	of	herbicide	spectrum	 0.006	±	0.003	 0.063	

variation	of	precipitation	 -0.008	±	0.004	 0.097	
variation	of	temperature	 -0.001	±	0.005	 0.913	

variation	of	herbicide	spectrum	×	variation	of	
precipitation	 0.008	±	0.003	 0.016	

Temporal	distance	×	Temporal	
variation	 Temporal	distance	×	variation	of	crop	height	 0.008	±	0.003	 0.009	

contemporary	x	
Temporal	

Patch	availability	×	Temporal	variation	
Sowing	date	×	variation	of	herbicides	

spectrum	 0.007	±	0.003	 0.021	

Sowing	date	×	variation	of	precipitation	 0.013	±	0.004	 <0.001	
Patch	suitability	×	Temporal	variation	 Precipitation	×	variation	of	temperature	 -0.008	±	0.003	 0.014	

Patch	suitability	×	Temporal	distance		
conv–min	×	Temporal	distance	 0.017	±	0.008	 0.038	
min–conv	×	Temporal	distance	 0.004	±	0.010	 0.682	
min–min	×	Temporal	distance	 0.028	±	0.007	 <0.001	

	  		 		 		 		
	  	 	 	 	
	  	 	 	 	

	  	 	 	 	



	  	 	 	 	
Plot	type	 Factor	 Group	 Covariates	 Estimate	±	SD	 p-value	

T2	Sprayed	

contemporary	

Patch	availability	 Sowing	date	 0.058	±	0.008	 <0.001	

Patch	suitability	

Crop	height	 -0.012	±	0.009	 0.158	
Herbicide	spectrum	 0.003	±	0.004	 0.455	

Precipitation	 0.009	±	0.004	 0.042	
Herbicide	spectrum	×	Precipitation	 0.01	±	0.004	 0.015	

conv–min	 -0.003	±	0.013	 0.963	
min–conv	 0.001	±	0.014	 0.768	
min–min	 0.003	±	0.012	 0.751	

Crop	height	×	conv–min	 0.031	±	0.014	 0.025	
Crop	height	×	min–conv	 0.004	±	0.016	 0.806	
Crop	height	×	min–min	 0.031	±	0.014	 0.026	

Patch	availability	×	Patch	suitability	
Sowing	date	×	conv–min	 -0.035	±	0.014	 0.015	
Sowing	date	×	min–conv	 -0.015	±	0.016	 0.373	
Sowing	date	×	min–min	 -0.031	±	0.013	 0.016	

Temporal	
Temporal	distance	 Temporal	distance	 -0.002	±	0.006	 0.751	
Temporal	variation	 variation	of	crop	height	 -0.001	±	0.005	 0.815	

contemporary	x	
Temporal	

Patch	availability	×	Temporal	distance	 Sowing	date	×	Temporal	distance	 -0.011	±	0.004	 0.004	

Patch	suitaiblity	×	Temporal	distance	
conv–min	×	Temporal	distance	 0.021	±	0.011	 0.063	
min–conv	×	Temporal	distance	 -0.003	±	0.013	 0.835	
min–min	×	Temporal	distance	 0.029	±	0.010	 0.002	

Patch	suitability	×	Temporal	variation	 Crop	height	×	variation	of	crop	height	 0.011	±	0.005	 0.017	
	

	 	



Table A2-4. Model ouputs for temporal weed community temporal dissimilarity calculated using abundance data (Bray–Curtis index) in the middle (T2) of the 
cropping season in both control and sprayed plots.The p-values were calculated using the Imer function in the lmerTest library and are in bold if significant. 
Estimates are qualified by their standard deviations. Conv–min, min–conv and min–min are respectively conventional–conventional, minimum–conventional 
and minimum–minimum tillage, the first corresponding to the tillage intensity of the older season of cropping season pairs. 

Plot	type	 Factor	 Group	 Covariates	 Estimate	 p-value	

T2	Control	

Current	

Patch	availability	 Sowing	date	 0.068	±	0.005	 <0.001	

Patch	suitability	

Temperature	 -0.013	±	0.005	 0.009	
Precipitation	 0.008	±	0.004	 0.031	
Crop	height	 -0.003	±	0.004	 0.479	
con–min	 0.030	±	0.010	 0.001	
min–conv	 0.051	±	0.011	 <0.001	
min–min	 0.038	±	0.010	 <0.001	

Temperature	×	conv–min	 0.009	±	0.008	 0.249	
Temperature	×	min–conv	 0.008	±	0.010	 0.391	
Temperature	×	min–min	 0.024	±	0.007	 0.001	

Patch	availability	×	Patch	suitability	

Sowing	date	×	Crop	height	 0.009	±	0.004	 0.015	
Sowing	date	×	conv–min	 -0.027	±	0.008	 <0.001	
Sowing	date	×	min–conv	 -0.022	±	0.010	 0.021	
Sowing	date	×	min–min	 -0.022	±	0.007	 0.003	

Temporal	

Temporal	distance	 Temporal	distance	 0.011	±	0.003	 <0.001	

Temporal	variation	

variation	of	herbicide	spectrum	 0.007	±	0.003	 0.029	

variation	of	temperature	 0.000079	±	
0.004	 0.983	

variation	of	precipitation	 0.005	±	0.005	 0.277	

Current	x	
Temporal	

Patch	availability	×	temporal	variation	 Sowing	date	×	variation	of	precipitation	 0.011	±	0.004	 0.001	

Patch	suitability	×	temporal	variation	 Precipitation	×	variation	of	temperature	 -0.009	±	0.003	 0.007	

	
  

   

T2	Sprayed	
Current	

Patch	availability	 Sowing	date	 0.032	±	0.005	 <0.001	

Patch	suitability	
Herbicide	 0.005	±	0.004	 0.231	

Precipitation	 0.003	±	0.004	 0.382	
Herbicide	×	Precipitation	 0.013	±	0.004	 0.001	

Temporal	 Temporal	distance	 Temporal	distance	 0.010	±	0.003	 0.005	
Current	Temporal	 Patch	availability	×	Temporal	distance	 Sowing	date	×	Temporal	distance	 -0.009	±	0.003	 0.006	



Appendix 3 
Estimating bias in the relative contribution of selected covariates caused 

by non-independence in the datasets by standardized effect size 
As a given cropping season may have been used in several pairs of cropping season, 

we quantified the bias induced by such a non-independence by computing the 

standardized effect size (SES, Gurevitch et al. 1992, Gotelli and McCabe 2002) of 

the relative contribution of each covariate selected from the model selection 

procedure (i.e. respective sum of square of each covariate from ANOVA type III 

divided by the total explained variance of model's fixed effect).  

We generated 2000 sub-datasets by randomly selected 500 cropping season 

pairs among the 1834, 1661 and 1400 pairs respectively for T1 control, T2 control 

and T2 sprayed. We then ran all previously selected models on every random sub-

datasets and calculated the relative contribution of each selected covariate. Finally, 

we computed the SES of the relative contribution of each selected covariate as 

follow: 

SESj = 
!

!"!! (!"#$%"$& !"#$%&'" !"#$%&'($&"# ! 
!"""
 !!! ! !"#$%&'() !"#$%&'" !"#$%&'($&"#  !!)

!"#$%#&% !"#$%&$'( (!"#$%&'() !"#$%&'" !"#$%&'($&"#!)
 

j referring to the selected covariate and i to the ith among the 2000 randomly 

generated sub-datasets. Finally, to test whether SESj reflected significant bias in our 

analysis, we computed non-parametric 95% confidence interval from the 0.025 and 

0.975 percentiles of the 

 𝑂𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛  ! −  𝑆𝑖𝑚𝑢𝑙𝑎𝑡𝑒𝑑 𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛  !! 

distribution (DiCiccio and Efron 1996, Davison and Kuonen 2002). 

Results from the bootstrap analysis are presented in Fig. A3-1 to A3-6. The y-

axis represents the  covariates selected by the model selection procedure for 

dissimilarity indices (both Jaccard and Bray–Curtis) in T1 control, T2 control and T2 

sprayed. The x-axis represents the mean standardized effect size (SES) of each 

selected covariate (red point) with its 95% non-parametric confidence interval (black 

error bars). Significant bias were observed if the 95% non-parametric confidence 

interval did not include zero. No severe bias were observed in the analysis of the six 

statistical models. 
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Figure A3-1. Results from the bootstrap analysis conducted for Jaccard index 
in T1 control plot. SES are red points while non parametric 95% confidence 
interval are black error lines. Since all confidence intervals include zero, we 
concluded to an absence of significant bias.  
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Figure A3-2. Results from the bootstrap analysis conducted for Bray–Curtis index in 
T1 control plot. SES are red points while non parametric 95% confidence interval are 
black error lines. Since all confidence intervals include zero, we concluded to an 
absence of significant bias. 
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Figure A3-3. Results from the bootstrap analysis conducted for Jaccard index in T2 control 
plot. SES are red points while non parametric 95% confidence interval are black error lines. 
Since all confidence intervals include zero, we concluded to an absence of significant bias. 
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Figure A3-4. Results from the bootstrap analysis conducted for Bray–Curtis index in 
T2 control plot. SES are red points while non parametric 95% confidence interval are 
black error lines. Since all confidence intervals include zero, we concluded to an 
absence of significant bias. 
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Figure A3-5. Results from the bootstrap analysis conducted for Jaccard index in T2 sprayed 
plot. SES are red points while non parametric 95% confidence interval are black error lines. 
Since all confidence intervals include zero, we concluded to an absence of significant bias. 
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Figure A3-6. Results from the bootstrap analysis conducted for Bray–Curtis index in 
T2 sprayed plot. SES are red points while non parametric 95% confidence interval 
are black error lines. Since all confidence intervals include zero, we concluded to an 
absence of significant bias. 
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