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Text S1: R-package modifications 18 

To improve the realism of our simulations we made two modifications to the original R package 19 

(Hoeks et al., 2021). The modified package version can be found at: 20 

https://anonymous.4open.science/r/RewildMadingleyR-FCC9/. 21 

First, the Madingley assumes one single vegetation stock on which herbivores depend on 22 

and compete for (Harfoot et al., 2014). This can result in unrealistic outcomes when certain 23 

herbivore guilds are taken out of the simulation. To release the unrealistic assumption of 24 

competition between small and large herbivores (or omnivores) all herbivore and omnivore cohorts 25 

were assigned to eight bins using adult body mass and log10 breaks. The vegetation mass was 26 

separated over eight equal proportions at the start of the simulation. Each proportion of vegetation 27 

biomass was assigned to a specific herbivore bin. Vegetation growth was simulated by dividing the 28 

default growth equally over the eight vegetation proportions. This assumption is based on the 29 

energy-equivalence rule, which assume that energy in ecosystems is distributed independently of 30 

the size of organisms (Brown et al., 2004). Despite many studies have challenged this theory 31 

(Carbone et al., 2007; Isaac et al., 2011, 2013; Pedersen et al. 2017; Santini et al. 2021), Hatton et 32 

al. (2019) have recently shown the pattern holds when investigated across a large range of 33 

organisms, which suggests it can be an acceptable approximation for a global ecosystem model. 34 

Second, preliminary tests highlighted an unexpected outcome. The removal of large-bodied 35 

mammals led to an increase in mesocarnivores and omnivores, which in turn increased their 36 

consumption on small-bodied endothermic cohorts driving them to extinction. While an increase in 37 

mesocarnivores and omnivores and consequent impact on small herbivores is possible (Roemer et 38 

al., 2009; Moreno-Opo et al., 2015), a complete eradication of all small-bodied species is unlikely. 39 

In fact, while in the Madingley no heterogeneity in the landscape exists, in reality small species can 40 

persist in areas that are inaccessible to larger species. To avoid this, we set a density threshold 41 

below which it becomes impossible for a predator to prey on a target cohort. This basically assumes 42 

that predation on a given prey becomes very unlikely when this is rare. We assumed that 43 
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endotherms with a body mass <150g that reach a density of <1 individual per km2 become invisible 44 

to predators. This is a highly conservative assumption, as small mammals <150g generally occur at 45 

very high densities (Santini et al. 2022).  46 

 47 

Table S1. Functional properties used for the initialization of cohorts. 48 

Functional 

group 

Feeding 

mode 

Reproductive 

strategy 

Thermo-

regulation 

mode 

Maximum 

mass (kg) 

Herbivore 

assimilation 

efficiency (%) 

Carnivore 

assimilation 

efficiency (%) 

1 Herbivore Iteroparity Endotherm 700 50 80 

2 Carnivore Iteroparity Endotherm 50 0 0 

3 Omnivore Iteroparity Endotherm 200 40 64 

4 Herbivore Semelparity Ectotherm 0.02 50 80 

5 Carnivore Semelparity Ectotherm 0.02 0 0 

6 Omnivore Semelparity Ectotherm 0.02 40 64 

7 Herbivore Iteroparity Ectotherm 1.5 50 80 

8 Carnivore Iteroparity Ectotherm 10 0 0 

9 Omnivore Iteroparity Ectotherm 0.2 40 64 

  49 
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Table S2. Trait-based community dissimilarity and the additive components ‘turnover’ and ‘nestedness’, 50 

comparing the maximum trait space volume of the initial and post reintroduction state. The dissimilarity in 51 

maximum trait space volume was calculated using the mFD package (Magneville et al., 2022) and comprised of three 52 

traits: 1) log10 adult body mass, 2) the functional group index (see Table S1), and 3) the trophic level. Jaccard indices 53 

are presented as mean values computed across 10 simulation replicates. Standard deviations are shown in brackets. 54 

Reintroduction scenario Location Jaccard (%) Turnover (%) Nestedness (%) 

Main scenario: 

Herbivores + omnivores 

+ delayed carnivore 

reintroduction 

High NPP – Low Seasonality 8.37  (1.17) 3.66  (2.01) 4.71  (2.13) 

High NPP – High Seasonality 9.21  (3.76) 1.16  (0.36) 8.05  (2.23) 

Low NPP – Low Seasonality 10.32  (3.11) 5.11  (1.07) 5.21  (0.89) 

Low NPP – High Seasonality 8.42  (3.31) 0.49  (0.27) 7.91  (2.41) 

Alternative scenario 1: 

Herbivores + omnivores  

+ carnivores 

(reintroduced during one phase) 

High NPP – Low Seasonality 7.62  (3.01) 3.57  (1.97) 4.05  (3.43) 

High NPP – High Seasonality 8.23  (2.37) 2.13  (1.40) 6.12  (1.11) 

Low NPP – Low Seasonality 11.11  (2.84) 6.44  (3.51) 4.67  (3.34) 

Low NPP – High Seasonality 8.13  (2.52) 3.94  (2.77) 4.19  (2.48) 

Alternative scenario 2: 

Herbivores + omnivores  

(no carnivores) 

High NPP – Low Seasonality 11.21  (1.52)  5.56  (4.09) 5.65  (3.70) 

High NPP – High Seasonality 14.51  (2.02) 4.34  (2.25) 10.16  (3.71) 

Low NPP – Low Seasonality 12.57  (2.80) 4.06  (3.09) 8.51  (3.19) 

Low NPP – High Seasonality 16.48  (4.65) 5.63  (3.38) 10.85  (3.78) 

55 



 5 

Table S3. Jaccard indices quantifying the overall biomass distribution dissimilarity. Because the Madingley model 56 

follows a trait-based approach (i.e. does not model species) and traits are modeled on a continues scale, grouping 57 

cohorts into larger aggregates is required for the comparison of two communities using the regular Jaccard index. We 58 

aggregated the biomass of cohorts using log10 body mass bins and functional group (see Table S1). The resulting bins 59 

were used to calculate the Jaccard index using the ‘vegdist’ function of the vegan package (Oksanen et al., 2007). 60 

Jaccard indices are presented as mean values computed across 10 simulation replicates. Standard deviations are shown 61 

in brackets. 62 

Reintroduction scenario Location Jaccard (%) 

Main scenario: 

Herbivores + omnivores 

+ delayed carnivore 

reintroduction 

High NPP – Low Seasonality 27.0  (5.04) 

High NPP – High Seasonality 29.7  (5.42) 

Low NPP – Low Seasonality 25.2  (2.75) 

Low NPP – High Seasonality 31.3  (8.35) 

Alternative scenario 1: 

Herbivores + omnivores  

+ carnivores 

(reintroduced during one phase) 

High NPP – Low Seasonality 22.4  (4.67) 

High NPP – High Seasonality 22.1  (3.13) 

Low NPP – Low Seasonality 20.1  (4.45) 

Low NPP – High Seasonality 25.5  (3.19) 

Alternative scenario 2: 

Herbivores + omnivores  

(no carnivores) 

High NPP – Low Seasonality 38.5  (6.35) 

High NPP – High Seasonality 36.0  (6.17) 

Low NPP – Low Seasonality 38.1  (3.85) 

Low NPP – High Seasonality 35.6  (4.13) 

  63 
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 64 

Fig. S1 Food-web plots from the initial state compared to the post reintroduction state for the main 65 

reintroduction scenario. Large-bodied endothermic cohorts were removed from the initial state, starting from the 66 

heaviest. After the model reached equilibrium, large herbivores and large omnivores were reintroduced, followed by a 67 

delayed reintroduction of large carnivores. Blue circles in the food-web plots depict the absolute log10 biomass found in 68 

the initial state. Red circles in the food-web plots depict the absolute log10 biomass observed in the post-reintroduction 69 

state. Biomass distribution Jaccard dissimilarity indices were calculated by summing the biomass of cohorts within the 70 

same log10 body mass bin and same functional group and comparing these aggregates from the initial to those of the 71 

post-reintroduction state. Jaccard indices were calculated using the ‘vegtdist’ fuction of the vegan package (Oksanen et 72 

al., 2007) Jaccard indices shown here represent the mean and standard deviation (denoted as SD) computed across 10 73 

replicates.  74 
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 75 

Fig. S2 Variance decomposition analysis, excluding results from alternative reintroduction scenario 2. 76 

Contribution of local environmental conditions and different reintroduction scenarios to the variance in simulated 77 

response ratios. This figure only include the variation in response ratios for the main reintroduction scenario (where 78 

large herbivores (> 200 kg) and omnivores (> 100 kg) are reintroduced first, followed by the reintroduction of large 79 

carnivores (> 10 kg) in a second reintroduction phase) and the variation in response ratios for alternative reintroduction 80 

scenario 1 (reintroduction of all large mammal cohorts in one single phase). The response ratio was calculated by taking 81 

the natural logarithm of the biomass in the post-reintroduction state divided by the biomass in the initial state. Biomass 82 

inputs used to derive the response ratios were based on yearly averages computed over the last 5 years of the simulation 83 

phase. The variance explained was calculated using an ANOVA, in which the sum of squares for the reintroduction 84 

scenario, the local environmental conditions, as well as the residuals was divided by the total sum of squares. The 85 

variance decomposition analysis includes results from 10 simulation replicates per unique combination of reintroduction 86 

scenarios and local environmental conditions.  87 
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