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Table A1. Coordinates and pairwise Euclidean geographic distances (in km) between the study ponds. 1	

 Rural populations Urban populations 
 Bierbeek Bornem Houwaart Leuven Mechelen Oudenaarde 

Bierbeek 50°47'27.87"N 
4°42'12.17"E      

Bornem 46.75 51°6'54.40"N 
4°16'41.4"E     

Houwaart 20.67 46.27 50°56'25.75"N 
4°52'43.11"E    

Leuven 9.25 39.71 14.72 50°52'26.17"N 
4°41'48.69"E   

Mechelen 34.43 13.45 32.90 26.71 51°3'15.43"N 
4°26'40.65"E  

Oudenaarde 76.64 55.18 89.19 75.94 62.51 50°50'45.78"N 
3°36'57"E 
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Table A2. Results of the linear model testing for the effects of hatching period, urbanisation level 2	

and pesticide treatment on survival until emergence of the damselfly Coenagrion puella. 3	

 Survival 
 df F p 

Hatching period (Period) 1 0.37 0.543 

Urbanisation level (Urban) 1 0.90 0.349 

Pesticide treatment (Pesticide) 1 0.37 0.543 

Period × Urban 1 0.90 0.349 

Period × Pesticide 1 3.80 0.058 

Urban × Pesticide 1 0.03 0.868 

Period × Urban × Pesticide 1 1.12 0.296 

Residuals 40   

 4	

 5	
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Table A3. Results of the (generalized) linear mixed effect models testing for the effects of hatching period, urbanisation level and 6	

pesticide treatment on metamorphic traits (age at emergence, mass at emergence) and adult traits (age at maturation, lifespan, lifetime 7	

mating success) for the males of the damselfly Coenagrion puella. 8	

 Age at 
emergence 

Mass at 
emergence 

Age at 
maturation Lifespan Lifetime mating 

success 
 χ2 p χ2 p χ2 p χ2 p χ2 p 

Hatching period (Period) 137.72 <0.001 8.30 0.004 0.09 0.765 2.39 0.122 6.55 0.010 

Urbanisation level (Urban) 3.17 0.075 0.44 0.508 1.65 0.199 4.16 0.041 4.89 0.027 
Pesticide treatment 
(Pesticide) 3.63 0.057 1.26 0.262 0.43 0.513 0.13 0.713 0.27 0.605 

Period × Urban 0.65 0.421 8.62 0.003 2.45 0.117 4.20 0.040 1.05 0.305 

Period × Pesticide 0.26 0.610 0.72 0.397 0.11 0.734 0.18 0.672 0.18 0.669 

Urban × Pesticide 0.03 0.871 1.62 0.203 0.28 0.598 0.72 0.399 0.01 0.921 

Period × Urban × Pesticide 0.22 0.636 2.43 0.119 0.00 0.995 1.15 0.283 0.06 0.808 

Larval density in microcosm 11.10 0.001 40.79 <0.001       

Temperature     66.87 <0.001 21.92 <0.001 12.77 <0.001 

Precipitation     0.06 0.804 0.43 0.513 0.09 0.758 

Sunshine      4.82 0.028 5.90 0.015 4.48 0.034 

Significant effects (p < 0.05) are indicated in bold. See text for a detailed description of the models. 9	
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Table A4. Number of male damselflies released into the insectary, presented per 

treatment combination. Numbers in brackets represent number of adults that mated at 

least once. 

  Hatching period 

  Early Late 

U
rb

an
is

at
io

n 
le

ve
l 

Rural 62 (15) 65 (22) 

Urban 62 (18) 48 (5) 

 

 

Table A5. Parameters for model fits and model selection with hatching period as 

predictor. Candidate path models were tested separately for only rural and only urban 

males. Models where the Fisher’s C statistic are not significant (p > 0.05) have a good fit. 

Candidate path models Fisher’s C df p K AICc ΔAICc ωAICc 

Urbanisation level: Rural        

Direct paths only 37.22 6 <0.001 16 74.165  27.032 <0.001 
Indirect paths only 33.18 4 <0.001 17 72.795  25.662 <0.001 

Direct + indirect paths 4.80 2 0.091 18 47.133  0 0.999 

Urbanisation level: Urban        

Direct paths only 44.25 6 <0.001 16 82.099 40.917 <0.001 

Indirect paths only 0.53 4 0.970 17 41.182 0 0.805 
Direct + indirect paths 0.50 2 0.780 18 44.016 2.834 0.195 

Best supported models are indicated with bold. K = likelihood degrees of freedom, AICc 
= Akaike’s information criterion corrected for sample size, ΔAICc = difference in AICc 
between best model and other candidate models, ωAICc = Akaike weights, representing 
relative support for model. 
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Table A6. Parameters for model fits and model selection with urbanisation level as 

predictor. Candidate path models were tested separately for only early and only late 

males. For the pooled data, the ‘direct paths only’ is presented (see main text for details). 

Candidate path models Fisher’s C df p K AICc ΔAICc ωAICc 

Hatching period: Early        

Direct paths only 3.36 6 0.762 16 40.444 0 0.715 
Indirect paths only 5.25 5 0.262 17 45.024 4.580 0.072 

Direct + indirect paths 0.36 2 0.835 18 42.874 2.430 0.212 

Hatching period: Late        

Direct paths only 11.22 6 0.082 16 48.887 1.200 0.325 

Indirect paths only 11.18 4 0.025 17 51.622 3.935 0.083 

Direct + indirect paths 4.41 2 0.110 18 47.687 0 0.592 

Pooled        

Direct paths only 2.26 4 0.689 16 36.733 - - 

Best supported models are indicated with bold. K = likelihood degrees of freedom, AICc = 
Akaike’s information criterion corrected for sample size, ΔAICc = difference in AICc between 
best model and other candidate models, ωAICc = Akaike weights, representing relative support 
for model. 
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Table A7. Standardized path coefficients for the best supported path model (‘direct and 

indirect paths’) explaining effects of the hatching period on lifetime mating success of 

male damselflies, including only rural males. 

Response Predictor Coefficient SE p 

Lifetime mating success Hatching period 1.236 0.239 <0.001 

Lifetime mating success Age at emergence 1.612 0.199 <0.001 

Lifetime mating success Mass at emergence 1.408 0.146 <0.001 

Age at emergence Hatching period –0.747 0.087 <0.001 

Age at emergence Larval density in microcosm 0.087 0.078 0.279 

Mass at emergence Hatching period –0.001 0.116 0.992 

Mass at emergence Larval density in microcosm –0.408 0.106 0.001 

Age at emergence Mass at emergence –0.559  <0.001 

The last row represents the partial correlation between age and mass at emergence. 

 

 

 

 

Table A8. Standardized path coefficients for the best supported path model (‘only 

indirect paths’) explaining effects of the hatching period on lifetime mating success of 

male damselflies, including only urban males. 

Response Predictor Coefficient SE p 

Lifetime mating success Age at emergence 0.441 0.164 0.007 

Lifetime mating success Mass at emergence 0.499 0.164 0.002 

Age at emergence Hatching period –0.661 0.082 <0.001 

Age at emergence Larval density in microcosm 0.268 0.078 0.003 

Mass at emergence Hatching period –0.390 0.103 0.001 

Mass at emergence Larval density in microcosm –0.493 0.094 <0.001 

Age at emergence Mass at emergence –0.507  <0.001 

The last row represents the partial correlation between age and mass at emergence.  
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Table A9. Standardized path coefficients for the best supported path model (‘direct and 

indirect paths’) explaining effects of the urbanisation level on lifetime mating success of 

male damselflies, including only late hatched males. 

Response Predictor Coefficient SE p 

Lifetime mating success Urbanisation level –0.521 0.279 0.062 

Lifetime mating success Age at emergence 0.838 0.158 <0.001 

Lifetime mating success Mass at emergence 1.388 0.203 <0.001 

Age at emergence Urbanisation level 0.150 0.106 0.251 

Age at emergence Larval density in microcosm 0.043 0.104 0.683 

Mass at emergence Urbanisation level –0.255 0.124 0.132 

Mass at emergence Larval density in microcosm –0.380 0.113 0.004 

Age at emergence Mass at emergence –0.651  <0.001 

The last row represents the partial correlation between age and mass at emergence. 

 

 

 

 

Table A10. Standardized path coefficients for the best supported path model (‘only direct 

paths’) explaining effects of the urbanisation level on lifetime mating success of male 

damselflies. Note that the model uses pooled data instead of separate path models for 

early and late males (see main text for details). 

Response Predictor Coefficient SE p 

Lifetime mating success Urbanisation level –0.460 0.001 <0.001 

Lifetime mating success Age at emergence 0.821 0.001 <0.001 

Lifetime mating success Mass at emergence 0.940 0.001 <0.001 

Age at emergence Larval density in microcosm 0.098 0.107 0.366 

Mass at emergence Larval density in microcosm –0.459 0.078 <0.001 

Age at emergence Mass at emergence –0.513  <0.001 

The last row represents the partial correlation between age and mass at emergence. 
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Table A11. Results of the linear mixed effect model with lifespan as covariate, testing for 

the effects of hatching period, urbanisation level and pesticide treatment on lifetime 

mating success for the males of the damselfly Coenagrion puella. Note that this analysis 

excludes non-mated males, as lifespan was calculated only for mated males (see main 

text for details). 

 Lifetime 
mating success 

 χ2 p 

Hatching period (Period) 0.05 0.825 

Urbanisation level (Urban) 2.62 0.106 
Pesticide treatment 
(Pesticide) 1.68 0.195 

Period × Urban 0.17 0.682 

Period × Pesticide 0.56 0.455 

Urban × Pesticide 1.82 0.177 

Period × Urban × Pesticide 0.95 0.329 

Lifespan*  75.84 <0.001 

Temperature 60.65 <0.001 

Precipitation 0.03 0.848 

Sunshine  14.07 <0.001 
Significant effects (p < 0.05) are indicated in bold. * The slope for lifespan was 0.974 (SE = 
0.112).	
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Figure A1. Location of the six study ponds. All ponds were located in Flanders, Belgium (inset). 
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Figure A2. Mean daily water temperatures in the microcosms (blue line) and air temperature in the insectary (red line) during the 

experiment. The dashed area indicates the period when microcosm were placed temporarily indoors.
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Figure A3. Candidate path models used to test whether the effect of a predictor on lifetime mating success of the damselfly Coenagrion puella is 

a) direct, b) indirect, c) both direct and indirect. The predictor in the models was selected based on linear mixed effect analyses of treatment 

means (see main text for details). Double-headed arrows are partial correlations between traits. 


