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1 Spatial distribution definitions

1.1 Poisson point process

A Poisson point process consists of points randomly located across an n-dimension space where all points are independently

generated. A Poisson point process depends on its intensity. The intensity represents the number of points per unit of area or

volume. When the intensity is constant over space, the Poisson point process is qualified of homogeneous (Chiu et al., 2013)5

and inhomogeneous otherwise. The intensity can then be a function of space for instance (Daley and Vere-Jones, 2005; Illian,

2008).

1.2 LGCP

LGCP are inhomogeneous Poisson point processes of which the intensity is a Gaussian random measure. LGCP may take

different forms but here, the exponential one was chosen. LGCP depends on 3 parameters: mean (µ), variance (σ), and scale10

(β) of the Gaussian random measure (for multiple species, these parameters can be set independently but were always similar

for all species in this study). The intensity of the point processes and the aggregation scale are determined by these three

parameters. The average intensity (λ) of an LGCP is given by: λ= eµ+σ2/2 (Illian, 2008).

The function rLGCP from R library SPATSTAT is used.

1.3 CSR15

CSR is a special case of LGCP in which λ is constant. Thus CSR are homogeneous Poisson point processes (Illian, 2008). The

function runifpoint from R library SPATSTAT is used (Baddeley and Turner, 2005).

1.4 Aggregated LGCP

Aggregated LGCP distributions use the intensity λ of a previously generated LGCP. The function rpoispp from R library

SPATSTAT is used (Baddeley and Turner, 2005).20
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2 Theoretical formulas for linear networks

Let r ∈ R∗. We consider a linear network with r resources and r− 1 species (Figure S1). We use an arena of surface AT .

Quantity of resources are noted with a bar on top. We use this writing to distinguish generic names (no bar) from resource

quantities (with a bar).

25

We consider that all cells from all species are independently distributed following a CSR law and ∀n < r−1,Sn transforms

Rn into Rn+1.

Each species Sn occupies a proportion of space cn between 0 and 1. Proportions have no units.

30

We initially set the quantity of R1 at R̄1 = ĀT (uniform spread of concentration 1 over the surface AT . The total quantities

for each resource over the arena at start is :

R̄1 = ĀT

R̄n = 0, if n ̸= 1
(1)

We can show that for a linear network, the final total quantities for each resource are:



n= 1, R̄1 = ĀT (1− c1)

∀n ∈ [2, r− 2] , R̄n = ĀT (1− cn)

n−1∏
m=1

cm

n= r− 1, ¯Rr−1 = ĀT

n−1∏
m=1

cm

(2)35

We detail the proof here. At start, we have:R̄1 = ĀT

R̄n = 0, ofr n > 1
(3)

S1 transforms R1 into R2. The quantity transform is proportional to the space occupied by S1:

Figure S1. Graph representation of a linear network with r− 1 species and r resources
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
R̄1 = ĀT − ĀT c1 = ĀT (1− c1)

R̄2 = ĀT c1

R̄n = 0, for n > 2

(4)

S2 transforms R2 into R3. The quantity R̄2 is equal to ĀT c1. On the whole arena of surface ĀT , the quantity of R2 is equal40

to ĀT (1− c1), therefore, the mean surface concentration of R2 over the arena is equal ĀT c1
AT

. The area covered by S2 is equal

to AT c2. Resource R2 can only be transformed where S2 is present. Cells are independently distributed, therefore, the mean

quantity of resource transformed by S2 is the product of the area covered by S2, c2, times the mean surface concentration in

R2:

ĀT c1
AT

×AT c2 = ĀT c1c2 (5)45

This gives us:

R̄1 = ĀT (1− c1)

R̄2 = ĀT c1 − ĀT c1c2 = ĀT c1(1− c2)

R̄3 = ĀT c1c2

R̄n = 0, for n > 3

(6)

The previous thinking can be carried out for all next steps by recurrence.



R̄1 = ĀT (1− c1)

R̄2 = ĀT c1(1− c2)

R̄3 = ĀT c1c2(1− c3)

...

¯Rr−1 = ĀT c1c2...cr−2(1− cr−1)

R̄r = ĀT c1c2...cr−1

(7)

2.1 Model convergence in circular networks50

Figure S2 shows a example of convergence test for SHISHAMO.
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Figure S2. Test of resource convergence: log10 of the absolute difference of the total amount of each resource between the current and the
previous steps versus log10 | R̄r,t − R̄r,t−1 |
Simple circular network with 3 species S1, S2, S3, respectively consuming R1, R2 and R3 and producing R2, R3 and R1, 30 bacteria per species, r = 50,

CSR, 1 simulation.

Across steps, the difference of the total amount of each resource decreases exponentially. With a number of 10×nSp steps, we considered the difference

small enough to end the simulation.
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