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Appendix 1: Supplementary figures 

 

 

Fig. A1. Image of the Jonkershoek valley showing the study sites position across the two 

slopes.  

  

 

 

 

 

 

 



 

Fig. A2. Conceptual representation (Venn diagram) of the different fractions of variance in 

arthropod species composition explained by three different sets of predictors: plants, 

hemipterans and spatial structure (Space). Each circle represents the total variance explained 

by each set of predictors and the intersections between circles represent the fraction of 

variances shared between sets. The area outside the circles represent the unexplained variance 

or model residuals. p: non-spatial plant variation; h: non-spatial hemipteran variation; s: 

independent spatial variation; hp: non-spatial shared plant and hemipteran variation; ps: 

spatial plant variation; hs: spatial hemipteran variation; hps: spatial shared plant and 

hemipteran variation. P=p+ps; HP=hp+hps; H=h+hs. 

 

 

 

 



 

Fig. A3. Species richness and total abundances of the herbivorous hemipteran families. 

 

 

 

 

 

 

 

 

 

 



 

Fig. A4. Species richness and total abundances of the spider (Araneae) families. 

 

 

 

 

 

 

 

 

 

 



 

Fig. A5. Species richness and total abundances of the parasitoid wasp (Hymenoptera: 

Parasitica) families. 

 

 

 

 

 

 

 

 

 



 

Fig. A6. Species richness and total covers of the plant families. 

 

 

 

 



 

Fig. A7. Hemipterans: Observed and estimated species accumulation curves according to 

four incidence-base estimates: Chao, first-order Jackknife, second-order Jackknife and 

bootstrap. Blues lines are means and pink lines are 95% confidence intervals. Size = number 

of quadrats. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Fig. A8. Spiders: Observed and estimated species accumulation curves according to four 

incidence-base estimates: Chao, first-order Jackknife, second-order Jackknife and bootstrap. 

Blues lines are means and pink lines are 95% confidence intervals. Size = number of 

quadrats. 

 

 

 

 

 

 

 

 

 



 

Fig. A9. Wasps: Observed and estimated species accumulation curves according to four 

incidence-base estimates: Chao, first-order Jackknife, second-order Jackknife and bootstrap. 

Blues lines are means and pink lines are 95% confidence intervals. Size = number of 

quadrats. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Fig. A10. Plants: Observed and estimated species accumulation curves according to four 

incidence-base estimates: Chao, first-order Jackknife, second-order Jackknife and bootstrap. 

Blues lines are means and pink lines are 95% confidence intervals. Size = number of 

quadrats. 

 

 

 

 

 



 

Fig. A11. Part of variance in arthropod species composition explained by plant species; 
determined from variation partitioning using redundancy analyses (RDAs; see Fig. 2) for 
very rare species (VR), rare and abundant species “rarefied” to very rare (Rvr and Avr), rare 
species (R), abundant species “rarefied” to rare (Ar) and abundant species (A) for different 
trophic groups. The size of the circles is function of the importance of each plant species, 
expressed as partial adjusted R2 values. 



 

Fig. A12. Part of variance in arthropod species composition explained by the hemipteran 
species; determined from variation partitioning using redundancy analyses (RDAs; see Fig. 2) 
for very rare species (VR), rare and abundant species “rarefied” to very rare (Rvr and Avr), 
rare species (R), abundant species “rarefied” to rare (Ar) and abundant species (A) for 
different trophic groups. The size of the circles is function of the importance of each 
hemipteran species, expressed as partial adjusted R2 values. 



Appendix 2: Supplementary tables 

Table A1. A. Observed and estimated mean (±SE) species richness according to four 
incidence-base estimates: Chao, first-order Jackknife, second-order Jackknife and bootstrap. 
B. Sampling completeness (%) = observed/estimated mean (±SE) species richness*100. 

A 

  Observed chao jack1 jack2 boot 
Plants 109 135.44(+-17.27) 126.62(+-5.01) 138.25 116.75(+-2.7) 
Hemipterans 104 137.51(+-14.53) 140.23(+-7.93) 156.93 120.45(+-4.25) 
Spiders 84 131.13(+-20.71) 121.21(+-9.66) 143.56 100.1(+-4.9) 
Wasps 171 278.24(+-34.48) 243.46(+-14.42) 290.93 202.1(+-7.81) 

 

B 

  chao jack1 jack2 boot 
Plants 80(+-12) 86(+-4) 79 93(+-2) 
Hemipterans 76(+-9) 74(+-4) 66 86(+-3) 
Spiders 64(+-12) 69(+-6) 59 84(+-4) 
Wasps 61(+-9) 70(+-4) 59 85(+-3) 

 

  



Table A2. Fractions of variance (adjusted R2 values) in arthropod species composition 
explained by plant (and hemipteran) species composition and spatial variables. P: plant 
variation (p: non-spatial; ps: spatial); H: hemipteran variation (h: non-spatial; hs: spatial); HP: 
shared plant and hemipteran variation (hp: non-spatial; hps: spatial); s: independent spatial 
variation. VR: very rare species; Rvr: rare species “rarefied” to very rare; Avr: abundant 
species “rarefied” to very rare; R: rare species; Ar: abundant species “rarefied” to rare; A: 
abundant species. 

                  

  P H HP  
   p ps h hs hp hps s 

Hemipterans VR 0.065 0.002 0 0 0 0 0.031 

 Rvr 0.059 0.004 0 0 0 0 0.032 

 Avr 0.081 0.008 0 0 0 0 0.055 

 R 0.06 0.012 0 0 0 0 0.076 

 Ar 0.109 0.033 0 0 0 0 0.085 

 A 0.123 0.102 0 0 0 0 0.137 
Spiders VR 0.052 0.004 0.05 0.001 0.011 0.005 0.04 

 Rvr 0.062 0.003 0.072 0.004 0.014 0.013 0.046 

 Avr 0.071 0.003 0.06 0.009 0.016 0.02 0.096 

 R 0.041 0.002 0.092 0.004 0.025 0.015 0.046 

 Ar 0.081 0.005 0.039 0.005 0.012 0.021 0.076 

 A 0.171 0.004 0.019 0.001 0.051 0.032 0.072 
Wasps VR 0.067 0.001 0.062 0.004 0.014 0.009 0.053 

 Rvr 0.074 0.003 0.047 0.002 0.009 0.006 0.045 

 Avr 0.069 0.002 0.052 0.005 0.014 0.011 0.058 

 R 0.076 0.006 0.049 0.003 0.015 0.019 0.099 

 Ar 0.065 0.005 0.063 0.005 0.019 0.028 0.09 

 A 0.048 0.001 0.053 0.007 0.031 0.1 0.163 
                  

 

 

 

 

 

 

 

 

 

 

 

 



Table A3. Differences in the importance of bottom-up biotic niches (adjusted R2) between 
rarefied and unrarefied species. Rvr: rare species rarefied to very rare; R: rare species; Avr: 
abundant species rarefied to very rare; A: abundant species; Ar: abundant species rarefied to 
rare. Effect size d is negative when the adjusted R2 value obtained for rarefied species is 
inferior to the value obtained for unrarefied species. Standard errors between parentheses.  

    Effect size d Diff. adj. R2 t p   
Hemipterans Rvr - R -0.184 (0.082) -0.008 (0.003) -2.259 0.012 * 
 Avr - A -2.005 (0.1) -0.136 (0.005) -24.55 <0.001 *** 
 Ar - A -1.228 (0.089) -0.083 (0.005) -15.045 <0.001 *** 
Spiders Rvr - R -0.123 (0.082) -0.011 (0.006) -1.509 0.066 . 
 Avr - A -1.208 (0.089) -0.1 (0.006) -14.799 <0.001 *** 
 Ar - A -1.537 (0.093) -0.114 (0.005) -18.83 <0.001 *** 
Wasps Rvr - R -0.326 (0.082) -0.027 (0.006) -3.993 <0.001 *** 
 Avr - A -1.018 (0.087) -0.087 (0.006) -12.469 <0.001 *** 
 Ar - A -0.686 (0.084) -0.054 (0.005) -8.405 <0.001 *** 
                  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table A4. Differences in the importance of plant species composition (adjusted R2) between 
arthropod abundance classes. VR: very rare species: Rvr: rare species rarefied to very rare; 
Avr: abundant species rarefied to very rare; R: rare species; Ar: abundant species rarefied to 
rare. Effect size d is negative when VR or R are less explained by plant species composition 
than rarefied species. Standard errors are noted between parentheses. 

    Effect size d Diff. adj. R2 t p   
Hemipterans VR - Rvr 0.062 (0.082) 0.003 (0.004) 0.756 0.775  
 VR - Avr -0.363 (0.082) -0.023 (0.004) -4.451 <0.001 *** 
 R - Ar -1.234 (0.089) -0.07 (0.004) -15.11 <0.001 *** 
Spiders VR - Rvr -0.299 (0.082) -0.02 (0.005) -3.659 <0.001 *** 
 VR - Avr -0.536 (0.083) -0.038 (0.005) -6.567 <0.001 *** 
 R - Ar -0.616 (0.084) -0.037 (0.004) -7.55 <0.001 *** 
Wasps VR - Rvr 0.006 (0.082) 0 (0.005) 0.076 0.53  
 VR - Avr -0.055 (0.082) -0.004 (0.005) -0.676 0.25  
 R - Ar -0.04 (0.082) -0.003 (0.004) -0.492 0.311  
                  

 

 

 

 

Table A5. Differences in the importance of hemipteran species composition (adjusted R2) 
between arthropod abundance classes. VR: very rare species: Rvr: rare species rarefied to 
very rare; Avr: abundant species rarefied to very rare; R: rare species; Ar: abundant species 
rarefied to rare. Effect size d is negative when VR or R are less explained by hemipteran 
species composition than rarefied species. Standard errors are noted between parentheses. 

    Effect size d Diff. adj. R2 t p   
Spiders VR - Rvr -0.436 (0.083) -0.035 (0.006) -5.337 <0.001 *** 
 VR - Avr -0.467 (0.083) -0.037 (0.005) -5.718 <0.001 *** 
 R - Ar 0.908 (0.086) 0.058 (0.004) 11.121 1  
Wasps VR - Rvr 0.376 (0.083) 0.026 (0.005) 4.606 1  
 VR - Avr 0.107 (0.082) 0.008 (0.005) 1.316 0.906  
 R - Ar -0.443 (0.083) -0.03 (0.005) -5.421 <0.001 *** 
                  

 

 

 

 

 

 

 



Appendix 3: Supplementary methods 

 

Spatial variables 

The spatial coordinates (longitude; latitude) of each quadrat were determined by use of a GPS 

in the field, as well as Google Earth software. As spatial coordinates cannot be used in their 

raw form in the analyses, we used MEMs (Moran’s Eigenvectors Maps) which decomposes 

spatial distances into different principal components called MEMs. To calculate them, a 

neighbour list with spatial weights was obtained using the k nearest neighbour method (k=4) 

(spdep package in R software) (Bivand and Piras 2015, R Core Team 2018), then MEMs 

were generated from this list (adespatial package in R software) (Dray et al. 2018, R Core 

Team 2018). These MEMs are linearly related to Moran's index of spatial autocorrelation and 

were used as explanatory variables in our analyses to efficiently model the spatial structure at 

all spatial scales (Borcard et al. 2004, Legendre et al. 2009).  

 

Variation partitioning method 

The variation partitioning method for two explanatory datasets/variables was detailed in 

Legendre (2008). This can be extended for more than two explanatory datasets/variables 

(Okland 2003). We performed variation partitioning using redundancy analyses (RDAs). The 

hemipteran, spider, wasp and plant datasets (i.e. covers or abundances per species in each 

quadrat) were Hellinger transformed before the analyses (as recommended by Legendre and 

Gallagher (2001) for community data). Then, the datasets used as predictors in the analyses 

(i.e. plants or hemipterans) were orthogonalised using principal component analyses (PCAs). 

The principal components for plants (pPCs) and/or for hemipterans (hPCs) were used as 

explanatory variables (Mitchell-Olds and Shaw 1987, Graham 2003) in addition to the spatial 



MEMs. For each explanatory table (pPCs, hPCs and MEMs), forward selection of the 

variables was performed using adjusted R-squared and p-values as stopping criterions 

(Blanchet et al. 2008). The selected pPCs, hPCs and MEMs were then used in RDAs to 

partition the variation in arthropod species composition. Moran spectral randomisations of the 

pPCs and hPCs were performed using the msr function (adespatial package in R software; 

Dray et al. 2018, R Core Team 2018). This allowed us to calculate unbiased adjusted R2 

values for the shared environment-space fractions (ps, hs and hps) following Clappe et al. 

(2018) procedure. Variation partitioning were performed for very rare, rare, abundant and 

“rarefied” species data sets, and for each trophic group considered (i.e. herbivorous 

hemipterans, spiders and parasitoid wasps). RDAs, PCAs and variable selections were 

performed with the vegan package in R software (Oksanen et al. 2017, R Core Team 2018).  
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