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Supplementary 1: Detailed description of simulation model

We used an allometric-trophic-network model to simulate the complex trophic dynamics of 

ecosystems in a controlled environment (Schneider et al. 2016). It defines trophic interactions 

between different species based on their body-mass ratios and utilizes a set of differential equations 

that describes density changes of resources, producers, and animal consumers over time. 

Simulating producer-resource interactions

The change in biomass density Pi of primary producer species i is calculated as

d Pi

dt
=riGiPi−∑

k

Ak Fki−x iPi ,

with the first term describing resource-dependent growth, the second describing mortality due to 

predation by animals, and the third describing metabolic demands. Both the intrinsic growth rate r i of

species i, which defines its maximum possible growth rate, and the metabolic demands x i of species i 

scale allometrically with body mass (Enquist et al. 1998; Stephenson et al. 2014):

ri=mi
−0.25 ,

x i=xPmi
−0.25 .

with mi=10
μP being the specific body mass of producer species i, where μP

 follows a uniform 

distribution on [0, 6]. Metabolic demands were rescaled by xP = 0.138 (Brose 2008). Growth of 

primary producer species i was further limited by the species specific growth factor G i, defined by 

two limiting resource j ϵ {1, 2} as

Gi=min (
θi1

K i1+θi1

,
θi2

K i2+θ i2
) ,
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where Kij is the half-saturation density of resource j at which the resource uptake rate of primary 

producer i is half of its maximum, and follows a uniform distribution on [0.1, 0.2]. θij
 is the 

concentration of resource j accessible by primary producer i. 

To simulate different scenarios of resource-use dissimilarity (RUD; see methods in main text), we 

spread resource concentrations of each considered resource j across C = 16 resource compartments. 

The change in resource concentrations Njn of resource j in resource compartment n was defined as:

dN jn

dt
=D(

S j

C
−N jn)−v j∑

i

r iGiPi

N jn

θij

.

The first term describes the rate at which resources are renewed. It is limited by the turnover rate D, 

which was set to 0.25. The supply concentration Sj represents the maximum concentration of 

resource j. It was set to 50 and 25 for resources 1 and 2, respectively. As we defined each 

compartment n to be quantitatively the same, we split the supply concentration S j equally between 

compartments. The second term captures the loss of resources due to primary production, which is 

similar to the resource-dependent growth term used to calculate the change in primary producer 

densities but separated for each resource compartment. The relative content of resource j in the 

biomass of primary producers is described as vj and was set to 1 and 0.5 for resources 1 and 2, 

respectively. By keeping the ratio between Sj and vj the same for both resources j, all resources 

considered can limit the growth of primary producers and consequently play a role in determining 

competitive advantages while contributing differently to primary production. The pool of resource j 

accessible by producer species i corresponds to the sum of resource concentrations in the 

compartments it has access to:

θij=∑
n

ϑ ¿ N jn ,

with ϑ¿=1 if species i can access resource compartment n, ϑ¿=0 otherwise. 
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At the end of the simulations, we quantified primary production as the summed up resource uptake 

of both resources j, in all compartments n, and for all primary producer species i:

Y=∑
i

Y i=∑
j
∑
n

v j∑
i

riGiPi

N jn

θ ij

.

Creating network topology and simulating animal consumers

Similar to primary producer species, each animal species k was characterized by its specific body 

mass mk=10
μ A with the exponents drawn randomly from a uniform distribution on [2, 12]. To create 

a viable network topology, we calculated the probability of consumer species x to feed on an 

encountered resource species z as

Lxz=( m x

mzRopt

e
1−

m x

mz Ropt )
γ

,

with the optimal consumer-resource body mass ratio Ropt = 100 and γ = 2. Low probabilities with

Lxz≤0.01 were set to be zero. We only considered animal communities where each species had at 

least one resource species at maximum producer richness (i.e., 16 producer species). When lowering 

producer richness (see main text), animal species that lost their resource species were removed 

before simulations. 

The change of biomass densities of species k, Ak over time, was simulated as

d Ak

dt
=eP Ak∑

i

Fki+eA A k∑
l

Fkl−∑
l

Al Flk−xk Ak ,

with the first term describing increases due to the summed up herbivorous feeding on primary 

producer species i, with a conversion efficiency eP = 0.545 (Lang et al. 2017). Similarly, the second 

term describes the summed up carnivorous feeding on animal species i, with a conversion efficiency 

of eA = 0.906 (Lang et al. 2017). The third term captures mortality due to predation by animals i in the

4

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77



same way as for primary producers. The last term represents metabolic demands of animal species k,

which scales allometrically with body mass (Ehnes et al. 2011) as

xk=x Amk
−0.305,

with a scaling constant xA = 0.141 (Ehnes et al. 2011). All trophic interactions include feeding rates

F xz=
ωx bxzZ z

1+qxz

1+c X x+ωx∑
ζ

bxζ hxζ Zζ
1+qxζ

∙
1
mx

as a function of the biomass densities Xx and Zz of the consumer species x and resource species z, 

respectively. Feeding rates capture the proportion of biomass of resource species z consumer species

x consumes. By dividing by body mass, the per-capita feeding rate is transformed to be relative to 

one unit biomass. Consumers with multiple resource species have to split their feeding efforts, 

captured in the relative consumption rate ωx, defined as the inverse of the number of prey species of 

consumer x. Time lost due to consumer interference c was drawn from a normal distribution (μ c = 

0.8, σc = 0.2) for each food web. We used an interaction-specific, allometric Hill-exponent 1 + qxz

(Kalinkat et al. 2013), which determines the functional response type of the interaction. It was 

calculated as:

qxz=
qmax Rxz

2

q0
2
+Rxz

2 ,

with Rxz being the consumer-resource body mass ratio of consumer species x and resource species z. 

By setting qmax = 1, we assure that the functional response varies between the classic type II (qxz = 0) 

and type III (qxz = 1). At optimal consumer-resource body mass ratio Ropt = 100 we wanted qxz to be at 

intermediate levels. Therefore, we also set q0 = 100. At higher consumer-resource body mass ratios, 

the functional response gets closer to the classic type III, which lowers the feeding rates at low 

resource densities. The feeding rate was further determined by the capture coefficient:

bxz=b0mx
β x mz

β z Lxz ,
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which describes the success rate of consumer species x to capture resource species z. It is based on 

the assumption that an encounter is more likely with higher movement speeds of both consumer and

resource species. Since movement speed scales allometrically and based on feeding type (Hirt et al. 

2017), we drew βx and βz from according normal distributions (carnivore: μβ = 0.42, σβ = 0.05, 

omnivore: μβ = 0.19, σβ = 0.04, herbivore: μβ = 0.19, σβ = 0.04, primary producer: μβ = 0, σβ = 0). 

Similarly, we assumed different values for b0 based on the feeding type of the consumer (carnivore: 

b0 = 50, omnivore: b0 = 100, herbivore: b0 = 200). The handling time:

hxz=h0mx
ηx mz

ηz ,

scales with the body mass of consumer and resource species to the power of ηx
 (μηx

 = -0.48, σ ηx
 = 

0.03) and ηz
 (μηz

 = -0.66, σ ηz
 = 0.02) respectively. The scaling constant h0 was set to 0.4. All 

parameters drawn from normal distributions had to fall within the inclusive limits of μ±3 σ  or be 

redrawn otherwise. 

Simulation setup

Initial biomass densities of primary producer and animal species were randomly drawn from uniform 

distributions on [0, 1]. Resource densities were initialized for the whole resource pool with random 

values drawn from uniform distributions on [Sj / 2, Sj], which were then evenly split between 

compartments. We ran simulations until t=150.000 . Species that reached biomass densities < 10-6 

during simulations were assumed to be extinct, and their values were set to 0. 

We ran all simulations in Julia 1.2.0 (Bezanson et al. 2017) using the DifferentialEquations package

(Rackauckas & Nie 2017) and utilizing a stiffness detection algorithm that automatically switched 

between the solvers Vern7 for non-stiff problems and Rodas4 for stiff problems.
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Figure S1: Effects of resource-use dissimilarity on net diversity effects ΔY of the primary producer 

community. Effects are shown for different levels of producer (rows) and multi-trophic animal 

richness (columns). Error bars show 25th and 75th; squares show 50th percentile (i.e., median).
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Figure S2: Effects of resource-use dissimilarity RUD on complementarity effects CE of primary 

productivity. Effects are shown for different levels of producer (rows) and multi-trophic animal 

richness (columns). Error bars show 25th and 75th; squares show 50th percentile (i.e., median).
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Figure S3: Effects of resource-use dissimilarity RUD on selection effects SE of primary productivity. 

Effects are shown for different levels of producer (rows) and multi-trophic animal richness (columns).

Error bars show 25th and 75th; squares show 50th percentile (i.e., median).
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Figure S4: Effects of resource-use dissimilarity RUD on the Shannon diversity of primary producers’ 

resource-use Hexp. Effects are shown for different levels of producer (rows) and multi-trophic animal 

richness (columns). Error bars show 25th and 75th; squares show 50th percentile (i.e., median).
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Figure S5: Effects of resource-use dissimilarity RUD on the relative survival of the primary producer 

community. Effects are shown for different levels of producer (rows) and multi-trophic animal 

richness (columns). Error bars show 25th and 75th; squares show 50th percentile (i.e., median).
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Figure S6: Effects of resource-use dissimilarity RUD on observed yield YO (blue) and expected yield YE 

(red) of the primary producer community. Effects are shown for different levels of producer (rows) 

and multi-trophic animal richness (columns). Error bars show 25th and 75th; squares show 50th 

percentile (i.e., median).
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Figure S7: Effects of relative primary producer species survival on complementarity effects CE. Effects

are shown for different levels of producer (rows) and multi-trophic animal richness (columns). The 

level of resource-use dissimilarity (RUD) is indicated by the color (yellow: low, purple: high). To 

improve readability, only 95% of the simulated food webs are shown.
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Figure S8: Effects of relative primary producer species survival on selection effects SE. Effects are 

shown for different levels of producer (rows) and multi-trophic animal richness (columns). The level 

of resource-use dissimilarity (RUD) is indicated by the color (yellow: low, purple: high). To improve 

readability, only 95% of the simulated food webs are shown.
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Figure S9: Effects of relative primary producer species survival on net diversity effects ΔY. Effects are 

shown for different levels of producer (rows) and multi-trophic animal richness (columns). The level 

of resource-use dissimilarity (RUD) is indicated by the color (yellow: low, purple: high). To improve 

readability, only 95% of the simulated food webs are shown.
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Figure S10: Effects of relative primary producer species survival on the log10 biomass of the surviving 

producer species. Effects are shown for different levels of producer (rows) and multi-trophic animal 

richness (columns). The level of resource-use dissimilarity (RUD) is indicated by the color (yellow: 

low, purple: high).
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Figure S11: Effects of log10 biomass of the surviving producer species on their productivity relative to 

their maximum possible productivity (i.e., used resources / accessible resource). Effects are shown 

for different levels of producer (rows) and multi-trophic animal richness (columns). The level of 

resource-use dissimilarity (RUD) is indicated by the color (yellow: low, purple: high).
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Figure S12: Effects of resource-use dissimilarity RUD on the relative survival of the animal 

community. Effects are shown for different levels of producer (rows) and multi-trophic animal 

richness (columns). Error bars show 25th and 75th; squares show 50th percentile (i.e., median).
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