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Appendix 1 
Validation of the flowering peak with data gathered in 1997 in which flowering phenology was 

monthly monitored throughout the entire flowering season (from March to September) . 

Pearson correlation test (0.93, t = 9.11, DF = 14, p-value < 0.001). 

 

 

Figure A1. Plot representing the correlation between our estimated flowering peak and the 

one observed in the field  in 1997 for the interacting plant species.   



Appendix 2 
Changes in flowering peak through the 17-year period. 

 



 

 

 

Figure A2. The 17 plant species studied are divided in four groups to better illustrate the 

trends of each. The missing values for some species are because in those particular years, the 

plant was not observed interacting with any butterfly and thus its flowering peak could not 

be estimated from the butterfly–plant interaction data (see methods for details). 



Appendix 3 
Changes in the abundance peak of butterflies through the 17 year-period (only the first generation is 

illustrated here).  

 

Figure A3. The 12 butterfly species studied are divided in four groups to better illustrate the trends 

of each. See Table 1 in the text for acronyms of butterfly species. 



Appendix 4 
Model selection results for associations between climate variables and temporal mismatch between 

the community of butterflies and the flowering plants they visit, both for the spring generation 

asynchrony index, AI1, and for the summer generation, AI2. 

To evaluate the relative importance of predictor variables in determining the mismatching in 

interactions, we constructed a total of 12 models for each mismatching index, corresponding to an 

equal number of meaningful biological hypotheses which were tested simultaneously. We used 

GLMMs as they are a flexible tool, with a great advantage over linear mixed models (LMMs) as 

they include error structures and link functions that allow analysis for non-normal distributions of 

the response variable (Bunnefeld and Phillimore 2012). Moreover, like LMMs, GLMMs include 

random effects to the linear predictor with flexible accommodation of covariates, preventing 

pseudoreplication (McCulloch and Neuhaus 2005). 

The Akaike's information criterion (AIC) was used to rank these models and to select the 

most parsimonious one. As our sample size was large enough (sample size/number of estimated 

parameters included in the model > 40), AICc (corrected for small sample size) was not necessary 

(Burnham and Anderson 2002). Residuals were not overdispersed, thus refitting the data with a 

quasi-Poisson model was not necessary (Bolker et al. 2009). To evaluate the level of empirical 

support for a given model, we further calculated ∆i as the difference in the AIC value between that 

model and the lowest AIC value. We considered models with ∆i < 2 to be statistically equivalent, 

after Burnham and Anderson (2002). Akaike weights (wiAIC) were also calculated to provide a 

standardized measure of the strength of evidence in favour of the focal model relative to the others, 

comparing them on a scale ranging from 0 to 1.  



Table A1. Model selection results for associations between climate variables and temporal 

asynchrony between the community of butterflies and the flowering plants they visit, both for the 

spring generation asynchrony index, AI1 (A) and for the summer generation AI2 (B). Akaike´s 

information criterion (AIC) along with AIC differences in relation to the model with lower AIC (Δi) 

and the Akaike weights (w) are presented for each model. BAI, butterfly abundance index; Ta, 

annual mean temperature; GIAa, annual Gaussen index of aridity; T90-w and GIA90-w, mean 

temperature and Gaussen index of aridity respectively, for the 90 days preceding first sampling date; 

Tf-w, GIAf-w, mean temperature and Gaussen index of aridity respectively, for fall-winter season; 

T90-sp and GIA90-sp, mean temperature and Gaussen index of aridity respectively, for the 90 days 

preceding second butterfly generations; Ps-s, Ts-s and GIAs-s, precipitation, mean temperature and 

Gaussen index of aridity respectively, for spring–summer season. For both indexes, the best models 

are indicated in bold (see text for further details). ‘Year’ and ‘interaction’ identity were used as 

random effect in all the models. 

(a) 

 

(b) 

 

Time scale Hypothesis MODEL        AIC               Δi     w 
 1 NULL 4005.221 13.2489 0.0003 
 2 BAI 3994.720 2.7475 0.0666 

Annual 3 BAI + GIAa 3996.713 4.7407 0.0246 
(Oct–Sept) 4 BAI + Ta 3993.032 1.0601 0.1549 

Dec + Jan + Feb 5 BAI + GIA90_w 3993.564 1.5918 0.1188 
6 BAI + T90_w 3996.370 4.3978 0.0292 

Fall–winter season (from 
Sept to Feb) 

7 BAI + GIAf-w 3993.756 1.7838 0.1079 
8 BAI + Tf-w 3995.277 3.3051 0.0504 

March + April + May 9 BAI + GIA90-sp 3995.600 3.6281 0.0429 
10 BAI + T90-sp 3995.269 3.2970 0.0506 

Spring–summer season 
(from March to August) 

11 BAI + GIA s-s 3994.108 2.1362 0.0905 
12 BAI + Ts-s 3991.972 0.0000 0.2632 

Time scale Hypothesis MODEL        AIC               Δi     w 
 1 NULL 3784.294 7.4209 0.0114 
 2 BAI 3783.985 7.1117 0.0133 

Annual 3 BAI + GIAa 3780.124 3.2506 0.0916 
(Oct–Sept) 4 BAI + Ta 3781.090 4.2176 0.0565 

Dec + Jan + Feb 5 BAI + GIA90_w 3785.299 8.4265 0.0069 
6 BAI + T90_w 3781.262 4.3897 0.0518 

Fall–winter season (from 
Sept to Feb) 

7 BAI + GIAf-w 3785.624 8.7507 0.0059 
8 BAI + Tf-w 3780.190 3.3175 0.0886 

March + April + May 9 BAI + GIA90-sp 3776.873 0.0000 0.4654 
10 BAI + T90-sp 3782.947 6.0742 0.0223 

Spring–summer season 
(from March to August) 

11 BAI + GIA s-s 3779.017 2.1443 0.1593 
12 BAI + Ts-s 3782.558 5.6581 0.0271 
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Appendix 5 
Estimates of the parameters for the best generalized linear mixed models selected for the flowering 

peak (FP) and for the mean flight date of the spring generation (MFD1) and for the summer 

generations (MFD2) of butterflies. BAI, butterfly abundance index; GIA90-sp, Gaussen index of 

aridity for the 90 days preceding second butterfly generations. The variable ‘year’ was used as a 

random factor within all models, together with ‘plant species’ in the case of models predicting the 

flowering peak and ‘butterfly species’ when predicting the mean flight dates for both generations.  

 

Table A2. Estimates of the parameters for the best generalized linear mixed models selected for the 

flowering peak (FP) with plant species as random effect. 

Model  Estimate se z p 

FP~GIA90-sp 
Intercept 5.104 0.093 54.78 <0.001 

GIA90-sp 0.027 0.008 3.17 0.0015 

 

Table A3. Estimates of the parameters for the best generalized linear mixed models selected for the 

mean flight date of the first generation of butterflies (MFD1) with ‘butterfly species’ and ‘year’ as 

random effects.	

Model  Estimate se z p 

MFD1~ GIA90-sp +BAI 

Intercept 4.8436 0.1017 47.65 <0.001 

GIA90-sp 0.0138 0.0063 2.20 0.0275 

BAI –0.0224 0.0102 –2.20 0.0276 

	

Table A4. Estimates of the parameters for the best generalized linear mixed models selected for the 

mean flight date of the summer generations of butterflies (MFD2) with ‘butterfly species’ and ‘year’ 

as random effects. 

Model  Estimate se z p 

MFD2~GIA90-sp +BAI 

Intercept 5.3528 0.0357 149.91 <0.001 

GIA90-sp 0.0213 0.0055 3.85 <0.001 

BAI –0.0075 0.0080 –0.93 0.3526 



Appendix 6 
Estimates of the parameters for the generalized linear mixed model representing the relationship 

between generalization level of the 12 butterfly species and the mean asynchrony index (AI1) across 

the 17 years, considering ‘butterfly species’ as a random effect. Only AI1 was considered for this 

analysis. 

Model  Estimate se z p 

AI1~linkage density  

Intercept 3.74 0.3039 12.328 <0.001 

Linkage 
density 

0.0270 0.0265 1.019 0.308 

 

 

  

Figure A5. Relationship between generalization level of the 12 butterfly species 

and mean asynchrony index across the 17 years (1996–2012). See Table1 in the 

main text for butterfly species quotation. 


