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Table S1: Model variables, parameters, and their default value from Hartvig et al. (2011)  3 

Variable Description Value Unit 
Variables 

𝑁!(𝑚) Consumer size distribution of species 𝑖 -  
𝑚 Size of a consumer - g 
𝑅s Density of the shared resource - g m"# 
𝑅$  Density of resource 𝑗 - g m"# 

Feeding  
𝑞 Exponent for search volume 0.8 - 
𝑛 Exponent for maximum food intake 0.75 - 
ℎ Maximum food intake 0.233 g%"& day"% 

𝐴max Maximum size-specific attack rate 21.9 𝑚# g"'  
day"% 

𝜏( Width of the attack rate function for the shared resource 20 - 
𝜏 Width of the attack rate function for species-specific 

resources 
1 - 

𝜃) Optimal trait value of 𝑅( 0 - 
𝜃% Optimal trait value of 𝑅% 1 - 

𝜃* Optimal trait value of 𝑅* 3.5 - 
𝜃# Optimal trait value of 𝑅# 6 - 
𝜃+ Optimal trait value of 𝑅+ 8.5 - 

𝜃, Optimal trait value of 𝑅, 11 - 
𝜃- Optimal trait value of 𝑅- 13.5 - 

Species niche 
x1 Trait of species 1 𝜃%(= 1) - 
x2 Trait of species 2 𝜃*(= 3.5) - 
x3 Trait of species 3 𝜃#(= 6) - 
x4 Trait of species 4 𝜃+(= 	8.5) - 
x5 Trait of species 5 𝜃,(= 11) - 
x6 Trait of species 6 𝜃-(= 13.5) - 

Growth and Reproduction 
𝑚. Body mass at birth 0.5 mg 
𝑚(/012 Body mass at ontogenetic shift 5 g 
𝑚342 Body mass at maturation 25 g 
𝜂 Body mass at maturation relative to asymptotic mass 0.25 - 
𝑢 Width of maturation transition 10 - 
𝜖 Efficiency of offspring production 0.1 - 
𝛼 Assimilation efficiency 0.6 - 



𝑘 Standard metabolism 0.0274 g%"5 day"% 
𝑝 Exponent of standard metabolism 0.75 - 

 
 

Mortality 
𝜉 Fraction of energy reserves 0.1 - 
𝜇. Background mortality rate 0.01 day"% 

𝜇add,	i Additional, size-independent mortality for species i 0 day"% 

𝜇size,	i Size-specific mortality for species i 0 day"% 

𝜇egg Egg mortality 0 - 

𝑚min Minimum size threshold for size-specific mortality 0 g 
𝑚max Maximum size threshold for size-specific mortality 100 g 

Resource dynamics 
𝛿 Resource turnover rate 0.1 day"% 

𝑅s,34B Maximum density of the shared resource 5 g m"# 
𝑅$,34B
=	𝑅C,34B 

Maximum density of each (non-focal) species-specific 
resource 

1 g m"# 

 4 
 5 
Table S2: Individual-level equations for both the deterministic and individual based model. 6 

Function Equation 
Maximum resource-specific attack rate 
coefficient 

𝐴!,$?𝑥! , 𝜃$B = 𝐴34B	exp F−?𝑥! − 𝜃$B
*/?2𝜏$*BJ. 

Size- and resource-specific attack rate 𝑎!,$?𝑚, 𝑥! , 𝜃$B = 𝐴!,$?𝑥! , 𝜃$B𝑚'  

Maximum size-specific food intake ℎ𝑚& 
Intake of the shared resource 𝑅( 

𝐼!,s(𝑚, 𝑥! , 𝑅() = ℎ𝑚& 𝑎!,((𝑚, 𝑥! , 𝜃()𝑅(
ℎ𝑚& + 𝑎!,((𝑚, 𝑥! , 𝜃()𝑅(

 

  
Intake of species-specific resource Rj 

𝐼!,$(𝑚, 𝑥! ,	R) = ℎ𝑚& 𝑎!,$?𝑚, 𝑥! , 𝜃$B𝑅$
ℎ𝑚& +∑ 𝑎!,$$ ?𝑚, 𝑥! , 𝜃$B𝑅$

 

  
Total food intake (Holling type 2 
functional response for multiple prey) 

𝐼!(𝑚, 𝑥! ,	R) =

⎩
⎪
⎨

⎪
⎧ℎ𝑚& 𝑎!,((𝑚, 𝑥! , 𝜃()𝑅(

ℎ𝑚& + 𝑎!,((𝑚, 𝑥! , 𝜃()𝑅(
if	𝑚 < 𝑚(/012,

ℎ𝑚& ∑ 𝑎!,$$ ?𝑚, 𝑥! , 𝜃$B𝑅$
ℎ𝑚& +∑ 𝑎!,$$ ?𝑚, 𝑥! , 𝜃$B𝑅$

otherwise
 

  
Maintenance costs 𝑘𝑚5 
  
Net energy production 𝐸!(𝑚, 𝑥! ,	R) = 𝛼𝐼!(𝑚, 𝑥! ,	R) − 𝑘𝑚5 
  



Function Equation 
Fraction of energy allocated to 
reproduction 𝜓(𝑚) = X1 +

𝑚
𝑚342

"D
Y
"%
Z
𝜂𝑚
𝑚342

[
%"&

 

  
Somatic growth 𝑔!(𝑚, 𝑥! ,	R) = ]?1 − 𝜓(𝑚)B𝐸!(𝑚, 𝑥! ,	R) if	𝐸!(𝑚, 𝑥! ,	R) > 0,

0 otherwise
 

  
Reproduction rate 𝑏!(𝑚, 𝑥! ,	R)

= a𝜓(𝑚)𝐸!(𝑚, 𝑥! ,	R)
𝜖

2𝑚.
(1 − 𝜇egg) if	𝐸!(𝑚, 𝑥! ,	R) > 0,

0 otherwise
 

  
Total offspring production per species 

𝐵!(𝑥! ,	R) = c 𝑏!
E

F!

(𝑚, 𝑥! ,	R)𝑁!(𝑚)	d𝑚 

 
Starvation mortality rate 𝜇((𝑚, 𝑥! ,	R) = e

0 if	𝐸!(𝑚, 𝑥! ,	R) > 0,

−
𝐸!(𝑚, 𝑥! ,	R)

𝜉𝑚 otherwise
 

Total mortality rate 𝜇!(𝑚, 𝑥! ,	R)

= f
𝜇. + 𝜇((𝑚, 𝑥! ,R) + 𝜇add,	i + 𝜇size,	i if	𝑚min ≤ 𝑚	 ≤ 𝑚max
𝜇. + 𝜇((𝑚, 𝑥! ,R) +	𝜇add,	i otherwise  

 7 
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Different species-specific resources 10 

In the main text, I chose six resources to ensure the community is large enough to study 11 

multispecies interactions while remaining computationally feasible. Here, I show that the 12 

results presented in the main text are qualitatively the same in case of a different number 13 

of species-specific resources available (Fig. S1). The number of species-specific resources 14 

available determines the maximum number of coexisting species in the system. Increasing 15 

the productivity of a focal species-specific resource will ultimately result in the collapse of 16 

the species flock (Fig. S1). The more resources available, the faster a collapse occurs. This 17 

is because when more species coexist, the higher competition for the shared resource is. 18 

 

Figure S1: In panel a) there are in total four species-specific resources available, 
resulting in a maximum of four coexisting species. In panel b) there are twelve species-
specific resources available, resulting in a maximum of twelve coexisting species. The 
insets in each panel show the change in the focal parameter, the vertical dashed lines 
indicate where the focal parameter starts to increase and when it is set back to its 
original value. The trait of species i equals 𝑥! = 𝜃! = 1 + 2.5 ∗ (𝑖 − 1). The productivity of 
the shared resource equals 0.5 g m-3 day-1 in panel a, and 0.7 g m-3 day-1 in panel b. Other 
parameters have default values.  
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Different distances between the feeding curves 22 

The widths of the feeding curves and the distance between them indicate how much the 23 

species-specific resources differ from each other. Curves that are far away from each 24 

other imply that individuals require highly specific morphologies to efficiently utilize one of 25 

the resources. For an adaptive radiation to unfold with the chosen parameters, the 26 

distance between the curves should be between 1.9 and 4.2 (ten Brink and Seehausen 27 

2022). I therefore chose a distance of 2.5 between the feeding curves of the species-28 

specific resources in the main text. Here, I show results in case the curves are relatively 29 

close (distance of 1, Fig. S2a) or far (distance of 5, Fig. S2b) from each other. Since these 30 

distances would never result in an adaptive radiation, the community of coexisting species 31 

in these cases originated differently (e.g., via multiple immigration events).  32 

In case of feeding curves close to each other, only four species can coexist in the 33 

system. The reason is that species specialized on a particular species-specific resource (xi 34 

= θ") can also feed efficiently on nearby resources. For example, a species specialized on 35 

resource 5 also feeds efficiently on resources 4 and 6. However, species specialized on the 36 

boundary resources (1 and 6) are at a disadvantage, as they have access to fewer 37 

alternative resources compared to species in the middle. As a result, these boundary 38 

species are outcompeted by species specialized on centrally located resources, leading to 39 

a community where only four species persist. 40 

 Figure S2 shows that the distance between the feeding curves does not qualitatively 41 

change the results. As before, changes in resource productivity of a focal resource can 42 

result in the collapse of the community. In case of close feeding curves (Fig. S2a), species 43 

3 initially profits the most from the increase in the productivity of resource 1. However, this 44 

species goes extinct after the collapse to the alternative equilibrium, since it is not the best 45 

competitor for the shared resource.  46 



 

Figure S2: Timeseries of the densities (in g m-3) of four (a) or six species (b) over time in a 
scenario where the productivity of resource 1 increases. For the first 10 years, the 
productivity of this focal resource is equal to the other 5 resources at 𝛿𝑅1,max= 0.1 g m-3 
day-1. Over the next 50 years, the productivity gradually increases each year with steps of 
0.01, until reaching a rate of 0.5 g m-3 day-1, after which it is restored to the original value 
of 0.1 g m-3 day-1. The insets in each panel show the change in the focal parameter, the 
vertical dashed lines indicate where the focal parameter starts to increase and when it is 
set back to its original value. The distance between the species-specific feeding curves 
equals 1 (panel a) and 5 (panel b). Other parameters have default values. 

 47 

Feeding curves 48 

Figure S3 shows how the attack rate coefficient Ai,j  (Eq. 2) changes as a function of the 49 

specialization trait xi for each of the seven resources. In case of the default developmental 50 

trade-off (𝜏s= 20), species specializing on R1 suffer much less from this trade-off compared 51 

to species specializing on R6 (Fig. S3a). For wider feeding curves (e.g., 𝜏s = 200, Fig. S3b), 52 

these differences are very small.  53 
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Figure S3: The attack rate constant, Ai,j , as a function of an individual’s trait value, xi, for 
all 7 resources (one shared resource (black) and six species-specific resources). In 
panel (a) 𝜏s= 20 (default), in panel (b) 𝜏s= 200. When 𝜏s= 20, the attack rate constant of an 
individual specialized on resource 1 (xi =1) equals 21.9, and for an individual specialized 
on resource 6 (xi =13.5) it equals 17.4. In case 𝜏s= 200, species 1 has an attack rate 
constant of 21.9 and species 6 one of 21.85. All other parameter values have default 
values. 
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Effects of mortality 56 

Here, I show that increased productivity of the shared resource makes ecosystems more 57 

resilient to catastrophic collapses caused by mortality (Fig. S4 and S5). Furthermore, I 58 

demonstrate that the results remain robust when mortality affects all species rather than 59 

just one (Fig. S4).  60 

When (size-specific) mortality affects all species, a sudden and irreversible 61 

collapse can occur (Fig. S4a). However, with higher resource productivity, the system 62 

becomes more resilient (Fig. S4b). In this scenario, a collapse only happens when mortality 63 

levels are very high, furthermore, many species can successfully recolonize the system 64 

after mortality levels are set back to the original value. 65 
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When a single species experiences elevated levels of (size-specific) mortality, it can 66 

result in a sudden and irreversible species collapse (Fig. 3 in main text, Fig. S5a). However, 67 

this outcome changes when the shared resource has high productivity levels (Fig. S5b). 68 

While size-specific mortality will still result in an increase of the number of small 69 

individuals, the high resource productivity prevents competitive exclusion by maintaining a 70 

sufficient resource supply for other species.  Under these conditions, the affected species 71 

will eventually go extinct for high mortality rates, but this will not affect the other species.  72 

 

Figure S4:  In both panels, mortality for small individuals of all species is increased 
(𝜇min = 𝑚b, 	𝜇max = 𝑚shift). The productivity of the shared resource equals 0.5 g m-3 day-1 

in panel a, and 1.5 g m-3 day-1 in panel b. The insets in each panel show the change in the 
focal parameter, the vertical dashed lines indicate where the focal parameter starts to 
increase and when it is set back to its original value. Note that in panel b, the collapse 
happens only for high mortality rates, and most species will be able to re-invade after the 
size-specific mortality is set back to 0. Other parameters have default values. 
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Figure S5: In both panels, mortality for small individuals of species 1 is increased (𝜇min =
𝑚b, 	𝜇max = 𝑚shift). The productivity of the shared resource equals 0.4 g m-3 day-1 in panel 
a, and 0.5 g m-3 day-1 in panel b. The insets in each panel show the change in the focal 
parameter, the vertical dashed lines indicate where the focal parameter starts to 
increase and when it is set back to its original value. Other parameters have default 
values. 
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