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T
Ea | 0.46
Pa | 0.55
Pch | 0.18
Pci | 0.16
Pf| 0.25
Pp | 0.65
Pv | 0.57
Sm | 0.34

Table S1: Experimentally parameterized growth rates r; from Friedman et al. (2017). Note that
the parameterization follows the r-formalism (Equation (1) in the main text). Species names:
Enterobacter aerogenes (FEa), Pseudomonas aurantiaca (Pa), Pseudomonas chlororaphis (Pch),
Pseudomonas citronellolis (Pci), Pseudomonas fluorescens (Pf), Pseudomonas putida (Pp), Pseu-
domonas veronii (Pv), and Serratia marcescens (Sm).



Ea Pa Pch Pci Pf Pp Pv Sm
Ea | -3.54 -244 -3.86 -1.95 -541 -290 -3.86 -2.55
Pa| 141 -786 -19.17 20.27 -8.88 -3.38 -0.08 -1.65

Pch | 0.18 131 -1.64 25.77 -0.47 0.07 0.08 0.05
Pci | 5.12 -0.00 -2.88 -16.00 54.24 -0.00 -0.80 4.80
pPf| 0.10 -140 -6.00 -4.15 -5.00 -0.05 -0.35 0.50
Pp | -404 -734 -576 -1.11 -4.64 -4.64 -4.69 -3.90
Pv | -430 -145 -244 -0.00 0.10 -4.09 -5.18 -3.63
Sm | -2.18 -2.79 -3.22 -2.74 -297 -2.06 -2.22 -2.27

Table 52: Experimentally parameterized intra and interspecific interaction strengths a;; from Fried-
man et al. (2017). Note that a;; represents the per capita effect of species j (column) on species
i (row) and the parameterization follows the r-formalism (Equation (1) in the main text). Species
names are the same as in Table S1.



system species 1 species 2 species 3

1 Ea Pp Sm
2 Pci Pf Pv
3 Ea Pa pf

4 Ea Pa Pci
5 Pci Pt Pp
6 Pci Pf Sm
7 Pa Pci Pf

8 Pci Pv Sm
9 Pa Pci Pv
10 Pa Pf Pv
11 Pa Pci Sm
12 Ea Pci Pt

13 Ea Pci Pp
14 Ea Pci Pv
15 Pci Pp Sm
16 Pt Pp Sm
17 Pci Pp Pv

Table S3: Feasible and dynamically stable 3-species systems chosen from the pool of 8 species in
Table S2. These systems are numbered following Figure 5 in the main text and species names are
the same as in Table S1.
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Figure S1: Dynamical and structural indicators of full and partial resilience in a mutualistic system.
(a) An illustrative example of a 3-dimensional space of species abundances at equilibrium (IN*)
colored according to the largest eigenvalue of the Jacobian matrix (A1). The interaction matrix
A of this 3-species mutualistic system is shown in the center of the figure. Note that this space
corresponds to the positive orthant of the unit sphere (i.e., ||[N*|| = 1, NJ > 0V i). (b) The
same space of species abundances, but colored according to the second smallest eigenvalue of the
Jacobian matrix (A2). (c) The space of intrinsic growth rates (r) for the same system shown in
(a) and (b) colored according to the distance to closest border (min{ds}) of the feasibility domain,
which are indicated as black curves. Note that r-vectors on the feasibility domain are normalized
to unit norm (i.e., |[|r|| = 1). (d) The same space of intrinsic growth rates, but colored according
to the distance to closest vertex (min{d,}) of the feasibility domain.
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Figure S2: Dynamical and structural indicators of full and partial resilience in an antagonistic
system. (a) An illustrative example of a 3-dimensional space of species abundances at equilibrium
(N*) colored according to the largest eigenvalue of the Jacobian matrix (A1). The interaction
matrix A of this 3-species antagonistic system is shown in the center of the figure. Note that this
space corresponds to the positive orthant of the unit sphere (i.e., |[N*|| =1, N > 0V i). (b) The
same space of species abundances, but colored according to the second smallest eigenvalue of the
Jacobian matrix (A2). (c) The space of intrinsic growth rates (r) for the same system shown in
(a) and (b) colored according to the distance to closest border (min{ds}) of the feasibility domain,
which are indicated as black curves. Note that r-vectors on the feasibility domain are normalized
to unit norm (i.e., ||r|| = 1). (d) The same space of intrinsic growth rates, but colored according
to the distance to closest vertex (min{d,}) of the feasibility domain.



Competition system Mutualistic system Antagonistic system

Correlation 3 4 5 3 4 5 3 4 5

p(A1, min{d,}) —0.98+£0.01 -0.98+0.01 —-0.94+0.02 —-091£0.07 -0.89+0.06 —-0.80+0.09 —-0.97+£0.02 -0.97+£0.02 —-0.944+0.01
p(As—1, min{d,}) —0.90+£0.06 —0.82+0.05 —0.74+0.05 —-0.77+£0.15 —-0.78£0.10 —-0.74+£0.07 —-0.77+£0.10 —0.65+0.10 —0.55+0.07

Table S4: Mean (£ standard deviation) correlation between full recovery (largest eigenvalue, A;)
and full resistance (distance to closest border, min{dy}) as well as between partial recovery (second
smallest eigenvalue, A\g_1) and partial resistance (distance to closest vertex, min{d,}). These
correlation values correspond to Figures 2b and 3b from the main text. Each mean and standard
deviation was computed over 100 theoretical random systems for each combination of system type
(competition, mutualistic, and antagonistic system) and size (S = 3, 4, and 5). Note that all mean
correlation values are strong and negative (< —0.55).
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Figure S3: Relationship between full recovery and full resistance in theoretical systems with strong
interspecific interactions (i.e., 0> = %). (a) Each panel shows 200 values of full recovery (largest
eigenvalue, \1) and full resistance (distance to closest border, min{d}) of one illustrative theoretical
random system with three species (red: competition system, blue: mutualistic system, and yellow:
antagonistic system). Point shapes (circle, square, and triangle) correspond to the species with the
highest abundance at that equilibrium state. Correlation values between A; and min{d,} are shown
in the bottom left corner of each panel. (b) Each panel shows the correlation values between A
and min{d,} for a given type of system and for three system sizes (S = 3, 4, and 5). Boxplots
denote the median and interquartile range and points show the actual correlation values obtained
for each system type and size (100 values per boxplot).
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Figure S4: Relationship between partial recovery and partial resistance in theoretical systems with
strong interspecific interactions (i.e., 0> = &). (a) Each panel shows 200 values of partial recovery
(second smallest eigenvalue, \2) and partial resistance (distance to closest vertex, min{d,}) of the
same illustrative theoretical random systems with three species shown in Figure S3 (red: com-
petition system, blue: mutualistic system, and yellow: antagonistic system). Point shapes (circle,
square, and triangle) correspond to the species with the highest abundance at the equilibrium state.
Correlation values between Ao and min{d, } are shown in the bottom left corner of each panel. (b)
Each panel shows the correlation values between Ag_; and min{d,} for a given type of system and
for three system sizes (S = 3, 4, and 5). Boxplots denote the median and interquartile range and
points show the actual correlation values obtained for each system type and size (100 values per
boxplot).
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Figure S5: Partial correlation between full recovery and full resistance controlling for the most
abundant species in theoretical random systems. Each panel shows the partial correlation val-
ues between full recovery (largest eigenvalue, A;) and full resistance (distance to closest border,
min{dy}) while controlling for the identity of the most abundant species at equilibrium (p(A1,
min{dp} | most abundant species)) for a given type of system (red: competition system, blue: mu-
tualistic system, and yellow: antagonistic system) and for three system sizes (S = 3, 4, and 5).
Boxplots denote the median and interquartile range and points show the actual partial correlation
values obtained for each system type and size (100 values per boxplot).
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Figure S6: Partial correlation between partial recovery and partial resistance controlling for the
most abundant species in theoretical random systems. Each panel shows the partial correlation
values between partial recovery (second smallest eigenvalue, Ag_1) and partial resistance (distance
to closest vertex, min{d,}) while controlling for the identity of the most abundant species at
equilibrium (p(Ag—1, min{d, } | most abundant species)) for a given type of system (red: competition
system, blue: mutualistic system, and yellow: antagonistic system) and for three system sizes (S =
3, 4, and 5). Boxplots denote the median and interquartile range and points show the actual partial

Number of species (S)

correlation values obtained for each system type and size (100 values per boxplot).
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Figure S7: Partial correlation between full and partial recovery controlling for rank in theoretical
random systems. Each panel shows the partial correlation values between full recovery (largest
eigenvalue, \1) and partial recovery (second smallest eigenvalue, Ag_1) while controlling for the
rank of A1 (p(A1, As—1 | rank of A1)) for a given type of system (red: competition system, blue:
mutualistic system, and yellow: antagonistic system) and for three system sizes (S = 3, 4, and 5).
Note that these partial correlation values are expected to be close to zero. Boxplots denote the
median and interquartile range and points show the actual partial correlation values obtained for

4

Number of species (S)

each system type and size (100 values per boxplot).
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Figure S8: Partial correlation between full and partial resistance controlling for rank in theoretical
random systems. Each panel shows the partial correlation values between full resistance (distance
to closest border, min{d}) and partial resistance (distance to closest vertex, min{d,}) while con-
trolling for the rank of min{d,} (p(min{dy}, min{d,} | rank of min{d,})) for a given type of system
(red: competition system, blue: mutualistic system, and yellow: antagonistic system) and for three
system sizes (S = 3, 4, and 5). Note that these partial correlation values are expected to be close
to zero. Boxplots denote the median and interquartile range and points show the actual partial
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correlation values obtained for each system type and size (100 values per boxplot).
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Competition system Mutualistic system Antagonistic system

Partial correlation 3 4 5 3 4 5 3 4 5

p(A1, min{dy} | most abundant species) —0.99+0.01 —-0.98+0.01 —-0.94+0.02 -091+0.07 —-0.894+0.06 —-0.80+0.09 —-0.97+0.02 —0.97+0.02 —0.94+0.01
p(As—1, min{d,} | most abundant species) —0.91+0.07 —0.82+0.05 —0.74+0.05 —0.80+0.14 —0.80+0.10 —0.75+0.06 —0.81+0.08 —0.67+0.09 —0.57+0.07
p(A1, Ag—1 | rank of A;) —0.05£0.08 —0.02£0.05 —0.03£0.04 0.06%0.08 0.06 £ 0.05 0.03 £0.03 —0.002 £0.08 0.009£0.05 —0.04%£0.03

p(min{dy}, min{d,} | rank of min{d,}) 0.07 +0.11 0.084+0.05 0.074+0.03 0244013 0.16+£0.07 0.11+£0.04  0.06 +0.08 0.06+0.04  0.0740.03

Table S5: Mean (£ standard deviation) partial correlations. The first and second rows show the
partial correlation between full recovery (largest eigenvalue, A1) and full resistance (distance to
closest border, min{d}) as well as between partial recovery (second smallest eigenvalue, Ag_1)
and partial resistance (distance to closest vertex, min{d,}) while controlling for the identity of the
most abundant species at equilibrium. Note that all mean partial correlation values in these two
rows are strong and negative (< —0.57), similarly to Table S4. These partial correlation values
correspond to Figures S5 and S6. The third and fourth rows show the partial correlation between
full recovery (largest eigenvalue, A1) and partial recovery (second smallest eigenvalue, Ag_1) as well
as between full resistance (distance to closest border, min{dy}) and partial resistance (distance to
closest vertex, min{d, }) while controlling for the rank of the largest variable (i.e., A\; or min{d,}).
Note that most mean partial correlation values in these two rows are close to 0, showing that these
indicators are complementary. These partial correlation values correspond to Figures S7 and S8.
FEach mean and standard deviation was computed over 100 random systems for each combination
of system type (competition, mutualistic, and antagonistic system) and size (S = 3, 4, and 5).
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Correlation Value
p(A1, min{dp}) —0.69+0.23
p(A2, min{d,}) —0.56+0.23

Table S6: Mean (£ standard deviation) correlation between full recovery (largest eigenvalue, A;)
and full resistance (distance to closest border, min{dp}) as well as between partial recovery (second
smallest eigenvalue, A\2) and partial resistance (distance to closest vertex, min{d,}) for the 3-
species experimental microbial systems. Each mean and standard deviation was computed over the
17 experimental systems. As expected, both mean correlation values are strong and negative.
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Partial correlation Value

p(A1, min{d,} | most abundant species) —0.70 £+ 0.24
p(A2, min{d,} | most abundant species) —0.53 £0.24
p(A1, A2 | rank of \p) —0.134+0.19
p(min{d,}, min{d,} | rank of min{d,}) 0.07£0.18

Table S7: Mean (+ standard deviation) partial correlations for the 3-species experimental micro-
bial systems. The first and second rows show the partial correlation between full recovery (largest
eigenvalue, A1) and full resistance (distance to closest border, min{dy}) as well as between partial
recovery (second smallest eigenvalue, Ay) and partial resistance (distance to closest vertex, min{d, })
while controlling for the identity of the most abundant species at equilibrium. Note that the mean
partial correlation values in these two rows are strong and negative, similarly to Table S6. The
third and fourth rows show the partial correlation between full recovery (largest eigenvalue, \;)
and partial recovery (second smallest eigenvalue, \y) as well as between full resistance (distance to
closest border, min{d,}) and partial resistance (distance to closest vertex, min{d,}) while control-
ling for the rank of the largest variable (i.e., A\; or min{d,}). Note that the mean partial correlation
values in these two rows are close to zero, confirming the complementarity between these indicators.
Each mean and standard deviation was computed over the 17 experimental systems.
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Figure S9: Dynamical and structural indicators of full and partial resilience in a competition
microbial system (system 1: Ea-Pp-Sm; Tables S1 and S3). (a) The 3-dimensional space of species
abundances at equilibrium (N*) colored according to the largest eigenvalue of the Jacobian matrix
(A1). The interaction matrix A of this 3-species system is shown in the center of the figure. Note
that this space corresponds to the positive orthant of the unit sphere (i.e., ||[N*|| =1, N} > 0V i).
(b) The same space of species abundances, but colored according to the second smallest eigenvalue
of the Jacobian matrix (A2). (c) The space of intrinsic growth rates (r) for the same system shown
in (a) and (b) colored according to the distance to closest border (min{d}) of the feasibility domain,
which are indicated as black curves. Note that r-vectors on the feasibility domain are normalized
to unit norm (i.e., ||r|| = 1). (d) The same space of intrinsic growth rates, but colored according
to the distance to closest vertex (min{d,}) of the feasibility domain.
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Figure S10: Dynamical and structural indicators of full and partial resilience in a competi-
tion/antagonistic microbial system (system 9: Pa-Pci-Pv; Tables S1 and S3). (a) The 3-dimensional
space of species abundances at equilibrium (N*) colored according to the largest eigenvalue of the
Jacobian matrix (A;). The interaction matrix A of this 3-species system is shown in the center
of the figure. Note that this space corresponds to the positive orthant of the unit sphere (i.e.,
[IN*|| =1, N} > 0V i). (b) The same space of species abundances, but colored according to the
second smallest eigenvalue of the Jacobian matrix (A2). (c) The space of intrinsic growth rates
(r) for the same system shown in (a) and (b) colored according to the distance to closest border
(min{dp}) of the feasibility domain, which are indicated as black curves. Note that r-vectors on
the feasibility domain are normalized to unit norm (i.e., ||r|| = 1). (d) The same space of intrinsic
growth rates, but colored according to the distance to closest vertex (min{d,}) of the feasibility
domain.
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