
1 
 

Appendix S4. Results of generalized additive mixed models (GAMM) for effects of 1 

landscape variables on arthropod abundance and ecosystem services. 2 

Supporting Information to Martin, E. A. et al. The interplay of landscape composition and 3 

configuration: new pathways to manage functional biodiversity and agro-ecosystem services 4 

across Europe. 5 

 6 

In order to assess the robustness of results to the statistical method applied, we ran an 7 

additional set of analyses examining effects of landscape variables at all spatial scales on 8 

arthropod abundance and ecosystem services using generalized additive mixed models 9 

(GAMM) instead of models with polynomial terms (see Methods and Appendix S1). For this, 10 

we used ti() tensors for the main explanatory variables % SNH (alternatively % arable land), 11 

edge density, and their interaction using function gamm() in R package mgcv v.1.8-24 (Wood 12 

2017), with ‘select=TRUE’ to penalize smooths to zero and maximum likelihood estimation. 13 

Random effects for each response variable were selected identically to polynomial analyses 14 

as described in Appendix S1. For each term in the models, we set an initial value of 5 for the 15 

smoothness parameter ‘k’. We then incrementally increased ‘k’ for each term and refit the 16 

model until effective degrees of freedom were stabilized (function choose.k() in R package 17 

mgcv). ‘K’ values used in final models were on average 9.3 ± 1.4 (mean ± SD) for 18 

composition variables (% SNH and % arable land), 8.7 ± 0.9 for edge density and 12.8 ± 2.4 19 

for their interaction. Similarly to polynomial analyses, we present the results of full models 20 

(penalized by select=TRUE) to avoid parameter bias in the context of inference (not 21 

prediction). We ran GAMM models at all successive radii around sites (0.1, 0.25., 0.5, 1, 2, 3 22 

km) and present effective degrees of freedom and p-values of terms for all radii in Appendix 23 

S4 Figs. 1-3. In contrast to quadratic models, confidence intervals of effects (regression 24 

estimates) are not obtainable in the GAMM context, and confidence intervals of predictions 25 

can only be visualized using 2-dimensional plots of predictions for each model (as opposed to 26 

3-dimensional heatmaps). We thus here restrict the presentation of model outcomes at all 27 

radii to effective degrees of freedom and p-values of each term (Appendix S4 Figs. 1-3). 28 

However, we caution that p-values obtained with GAMM are explicitly approximate and 29 

mainly represent significance of the smoothness parameter. In Appendix S4 Figs. 1-3, 30 

effective degrees of freedom >1 indicate non-linearity of effects (Wood 2006). We present 31 

detailed results for each response variable at 1 km radius in Appendix S4 Figs. 4-6. 32 
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Results of GAMM analyses show strongly consistent results with polynomial analyses (Figs. 33 

2-4, S5-S7), thus confirming the main patterns observed. In particular, we find highest 34 

abundances of all arthropods and pollinators at high values of both % SNH and ED 35 

(Appendix S4 Figs. 1, 4). Especially for pollinators, smaller increases are associated with ED 36 

at low values of % SNH, highlighting the non-linear (convex) effect of % SNH on pollinator 37 

abundance (Appendix S4 Fig. 1). One difference between results of GAMM and polynomial 38 

models is in the impact of edge density on pollinators. In Fig. S4 (polynomial model), 39 

interactions of % SNH and ED are significant at 2 radii, but a positive main effect of edge 40 

density at 1 km radius is found instead in Appendix S4 Fig. 1 (GAMM model).  41 

Functional trait syndromes of enemies, pollinators and pests (Appendix S4 Figs. 2, 5) and 42 

ecosystem services of pest control, pollination and yields (Appendix S4 Figs. 3, 6) also show 43 

highly consistent results with polynomial analyses, with some differences in the approximate 44 

significance levels of the GAMM. We highlight for example the presence of regions of high 45 

yields per unit area throughout the gradients of edge density and % SNH (Appendix S4 Fig. 46 

6). Due to the more complex interpretation of results at all radii using GAMM (effective 47 

degrees of freedom give no indication of the direction of effects in Appendix S4 Figs. 1-3), 48 

we base the discussion of results on polynomial analyses shown in Figs. 2-4, S5-S7 (see 49 

Methods). 50 
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 60 

Appendix S4 Figure 1. Results of GAMM models explaining the abundance of all 61 

arthropods and subsets of enemies, pollinators and pests as a function of landscape 62 

composition (% SNH, top panel; % arable land, bottom panel) and configuration variables 63 

(ED, edge density of crop/crop and crop/non-crop boundaries) in conventional fields. Models 64 

were run at six successive spatial scales (0.1, 0.25, 0.5, 1, 2 and 3 km radii around sites) 65 

shown from top to bottom for each term. Radii at which approximate p-values were <0.05 are 66 

highlighted. Effective degrees of freedom are given for each response variable and radius. 67 

Effective degrees of freedom (edf) >1 indicate non-linearity of terms (we note that edf values 68 

give no indication of the direction of effects, in contrast to effect sizes of polynomial 69 

analyses; see Fig. S5). Separate models were run with either % SNH or % arable as 70 

composition variable. Intercept estimates are not shown. Only effects for which approximate 71 

p-values were <0.05 at more than one radius are considered for interpretation. See detailed 72 

plots of results at 1 km radius in Appendix S4 Fig. 4. 73 

 74 
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 75 

Appendix S4 Figure 2. Results of GAMM models explaining the abundance of functional 76 

trait syndromes of enemies, pollinators and pests as a function of landscape composition (% 77 

SNH, top panels; % arable land, bottom panels) and configuration variables (ED: edge 78 

density of crop/crop and crop/non-crop boundaries) in conventional fields. Trait syndromes 79 

were determined for each functional group by cluster regression of categorical traits. Models 80 

were run at six successive spatial scales (0.1, 0.25, 0.5, 1, 2 and 3 km radii around sites) 81 

shown from top to bottom for each term. Radii at which approximate p-values were <0.05 are 82 
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highlighted. Effective degrees of freedom are given for each response variable and radius. 83 

Effective degrees of freedom >1 indicate non-linearity of terms (we note that edf values give 84 

no indication of the direction of effects, in contrast to effect sizes of polynomial analyses; see 85 

Fig. S6). Separate models were run with either % SNH or % arable as composition variable. 86 

Intercept estimates are not shown. Only effects for which approximate p-values were <0.05 at 87 

more than one radius are considered for interpretation. See detailed plots of results at 1 km 88 

radius in Appendix S4 Fig. 5. 89 

 90 
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 99 

Appendix S4 Figure 3. Results of GAMM models explaining the provision of pest control, 100 

pollination and yields as a function of landscape composition (% SNH, top panels; % arable 101 

land, bottom panels) and configuration variables (ED: edge density of crop/crop and 102 

crop/non-crop boundaries) in conventional fields. Models were run at six successive spatial 103 

scales (0.1, 0.25, 0.5, 1, 2 and 3 km radii around sites) shown from top to bottom for each 104 

term. Radii at which approximate p-values were <0.05 are highlighted. Effective degrees of 105 

freedom are given for each response variable and radius. Effective degrees of freedom >1 106 

indicate non-linearity of terms (we note that edf values give no indication of the direction of 107 

effects, in contrast to effect sizes of polynomial analyses; see Fig. S7). Separate models were 108 

run with either % SNH or % arable as composition variable. Intercept estimates are not 109 

shown. Only effects for which approximate p-values were <0.05 at more than one radius are 110 

considered for interpretation. See detailed plots of results at 1 km radius in Appendix S4 Fig. 111 

6. 112 

 113 

 114 

 115 



7 
 

 116 

Appendix S4 Figure 4. Heatmaps of the effects of seminatural habitat amount (SNH; 117 

composition variable) and landscape edge density (ED in km/ha; configuration variable) on 118 

the abundance of arthropods (top left) and on functional groups of pollinators, natural 119 

enemies, and pests, using GAMM instead of polynomial models. Yellow indicates areas of 120 

highest abundance, blue areas of lowest abundance (see ln(x+1)-transformed abundance scale 121 

at the right of each panel). Effective degrees of freedom of effects are shown for all radii in 122 

Appendix S4 Fig. 1. Results at 1 km radius are shown here. Results are marked ‘n.s.’ and 123 

faded if p-values <0.05 were obtained at less than two out of six tested radii. Only the area 124 

covering the range of both variables for each response is plotted. Note a log-scale of predictor 125 

variables. 126 
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 127 

Appendix S4 Figure 5. Heatmaps of the effects of landscape composition (% SNH, left 128 

columns; % arable land, right columns) and landscape configuration (edge density in km/ha) 129 

on the abundance of functional response groups of a) natural enemies, b) pollinators, and c) 130 

pests, using GAMM instead of polynomial models. Functional groups were separated into 131 

trait syndromes based on cluster regression of six categorical traits (see abbreviations in 132 

Table 1; Figs. S2-3). Effective degrees of freedom of effects are shown at all radii in 133 

Appendix S4 Fig. 2; results are shown here at the 1 km radius. See further graph details in the 134 

legend of Appendix S4 Fig. 4. 135 
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Appendix S4 Figure 6. Heatmaps of the effects of landscape composition (% SNH, left 138 

columns; % arable land, right columns) and landscape configuration (edge density in km/ha) 139 

on a) pest control, b) pollination and c) crop yield in weight per unit area, using GAMM 140 

instead of polynomial models. Response variables represent an ecosystem service index 141 

accounting for differences in methods within and between studies (see Appendix S1). See 142 

Table S3 for detailed units and measurements per study. Blue: lowest service provision; 143 

yellow: highest service provision. Effective degrees of freedom of effects are shown at all 144 

radii in Appendix S4 Fig. 3; results are shown here at the 1 km radius. See further graph 145 

details in the legend of Appendix S4 Fig. 4.  146 


