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Ecological communities are structured by assembly processes
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effort-standardized estimates from larger, more-continuous habitat 
patches to those from smaller habitat patches. With this, we can then 
explicitly test the importance of within-patch demographic changes 
that lead to the ecosystem decay of biodiversity measures amidst losses 
due to passive sampling20. Additionally, even if sampling effort among 
patches was not standardized in the original study, but is known, we 
can use post hoc methods for standardization (for example, various 
forms of rarefaction; Methods).

Several outcomes are possible when comparing sample-effort- 
controlled biodiversity patterns from larger habitat fragments to those 
from smaller habitat fragments20: three illustrative cases of these out-
comes are shown in Fig. 1. The first is passive sampling: here, while there 

may be fewer total species in smaller relative to larger fragments, the 
numbers of individuals, species and relative abundances of species with 
a given standardized sampling effort is the same. That is, we expect 
there to be no relationship between any of these standardized estimates 
of biodiversity and habitat fragment size. In Extended Data Fig. 1, we 
use simulations to explore the robustness of this expectation and show 
that it is not sensitive to extreme non-randomness (that is, aggregation) 
in species distributions. Second, we consider ecosystem decay as a 
result of changes in the relative abundance of species. In this outcome, 
differential demographic responses of species in the assemblage lead 
to some species becoming relatively more abundant and others rela-
tively less abundant (that is, relative abundances become more uneven) 
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Fig. 1 | Conceptual illustration of the hypotheses and data structure.  
a, Small fragments (left) showing three hypotheses for comparisons made with 
the large fragment (right): (1) passive sampling, in which the densities of 
individuals and the relative abundances of species are similar to that of the 
large fragment; (2) ecosystem decay (evenness), in which the relative 
abundances of species are more uneven in the small fragment compared to the 
large fragment; and (3) ecosystem decay (individuals), in which the density of 
individuals is lower in the small fragment compared to the large fragment. 
Sampling is illustrated with boxes inside each fragment. In this example, the 
sampling effort increases from small (two samples) to large (four samples) 
fragments, but sampling effort can be standardized post hoc because 

sample-level data are available; other sampling methods are slightly different 
but can also be standardized (Methods). b, We compare the standardized 
number of individuals (average individuals per sample) (left), standardized 
species richness (average richness per sample) (centre) and standardized 
species evenness (average evenness per sample) (right) between a small 
fragment and a large fragment to illustrate how this information can be used to 
disentangle the passive sampling versus the ecosystem decay hypotheses. For 
the purposes of simple illustration, the large fragment has a completely even 
species abundance distribution, even though this is unrealistic. This figure was 
created for this paper by F. Arndt (www.Formenorm.de).

Chace et al., Nature (2020)Ken Orvidas, New York Times (2014)



Species compositions are structured by assembly history
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Assembly history 
(the order of species arrivals)

Species compositions 
(which species are present) 
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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It is hard or even impossible to know a priori which assembly history 
will take place
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows

a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and

yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes

the other, the resident community contains a single resident (M = {1}). To change the resident

community, the alien species needs to promote the establishment of the other species (yellow).

Panel C provides examples of game-changing and non-game-changing alien species for the resident

community of Panel B. Panel D shows the scenario when the two resident species coexist (M =

{1, 2}). To change the resident community, the alien species needs to suppress the establishment

of any of the species. Panel E provides examples of game-changing and non-game-changing alien

species for the resident community of Panel D. Note that in all scenarios, the alien species can

be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows

a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and

yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes

the other, the resident community contains a single resident (M = {1}). To change the resident

community, the alien species needs to promote the establishment of the other species (yellow).

Panel C provides examples of game-changing and non-game-changing alien species for the resident

community of Panel B. Panel D shows the scenario when the two resident species coexist (M =

{1, 2}). To change the resident community, the alien species needs to suppress the establishment

of any of the species. Panel E provides examples of game-changing and non-game-changing alien

species for the resident community of Panel D. Note that in all scenarios, the alien species can

be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows

a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and

yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes

the other, the resident community contains a single resident (M = {1}). To change the resident

community, the alien species needs to promote the establishment of the other species (yellow).

Panel C provides examples of game-changing and non-game-changing alien species for the resident

community of Panel B. Panel D shows the scenario when the two resident species coexist (M =

{1, 2}). To change the resident community, the alien species needs to suppress the establishment

of any of the species. Panel E provides examples of game-changing and non-game-changing alien

species for the resident community of Panel D. Note that in all scenarios, the alien species can

be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows

a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and

yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes

the other, the resident community contains a single resident (M = {1}). To change the resident

community, the alien species needs to promote the establishment of the other species (yellow).

Panel C provides examples of game-changing and non-game-changing alien species for the resident

community of Panel B. Panel D shows the scenario when the two resident species coexist (M =

{1, 2}). To change the resident community, the alien species needs to suppress the establishment

of any of the species. Panel E provides examples of game-changing and non-game-changing alien

species for the resident community of Panel D. Note that in all scenarios, the alien species can

be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.

12

1

$hange

3FRVJSFT�suQpression�PG�
BOZ�TQFDJFT�UP�DIBOHF

3esident species

"MJFO�species

$olonizer $olonizer5ransient 5ransient

$olonizer $olonizer5ransient 5ansient

/o change

$hange /o change

2

�*�

3FRVJSFT�promotion�PG�
ZFMMPX�TQFDJFT�UP�DIBOHF

A B C

D E

Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows

a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and

yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes

the other, the resident community contains a single resident (M = {1}). To change the resident

community, the alien species needs to promote the establishment of the other species (yellow).

Panel C provides examples of game-changing and non-game-changing alien species for the resident

community of Panel B. Panel D shows the scenario when the two resident species coexist (M =

{1, 2}). To change the resident community, the alien species needs to suppress the establishment

of any of the species. Panel E provides examples of game-changing and non-game-changing alien

species for the resident community of Panel D. Note that in all scenarios, the alien species can

be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows

a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and

yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes

the other, the resident community contains a single resident (M = {1}). To change the resident

community, the alien species needs to promote the establishment of the other species (yellow).

Panel C provides examples of game-changing and non-game-changing alien species for the resident

community of Panel B. Panel D shows the scenario when the two resident species coexist (M =

{1, 2}). To change the resident community, the alien species needs to suppress the establishment

of any of the species. Panel E provides examples of game-changing and non-game-changing alien

species for the resident community of Panel D. Note that in all scenarios, the alien species can

be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows

a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and

yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes

the other, the resident community contains a single resident (M = {1}). To change the resident

community, the alien species needs to promote the establishment of the other species (yellow).

Panel C provides examples of game-changing and non-game-changing alien species for the resident

community of Panel B. Panel D shows the scenario when the two resident species coexist (M =

{1, 2}). To change the resident community, the alien species needs to suppress the establishment

of any of the species. Panel E provides examples of game-changing and non-game-changing alien

species for the resident community of Panel D. Note that in all scenarios, the alien species can

be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.

12

1

$hange

3FRVJSFT�suQpression�PG�
BOZ�TQFDJFT�UP�DIBOHF

3esident species

"MJFO�species

$olonizer $olonizer5ransient 5ransient

$olonizer $olonizer5ransient 5ansient

/o change

$hange /o change

2

�*�

3FRVJSFT�promotion�PG�
ZFMMPX�TQFDJFT�UP�DIBOHF

A B C

D E

Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows

a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and

yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes

the other, the resident community contains a single resident (M = {1}). To change the resident

community, the alien species needs to promote the establishment of the other species (yellow).

Panel C provides examples of game-changing and non-game-changing alien species for the resident

community of Panel B. Panel D shows the scenario when the two resident species coexist (M =

{1, 2}). To change the resident community, the alien species needs to suppress the establishment

of any of the species. Panel E provides examples of game-changing and non-game-changing alien

species for the resident community of Panel D. Note that in all scenarios, the alien species can

be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.

12

1

$hange

3FRVJSFT�suQpression�PG�
BOZ�TQFDJFT�UP�DIBOHF

3esident species

"MJFO�species

$olonizer $olonizer5ransient 5ransient

$olonizer $olonizer5ransient 5ansient

/o change

$hange /o change

2

�*�

3FRVJSFT�promotion�PG�
ZFMMPX�TQFDJFT�UP�DIBOHF

A B C

D E

Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.

12

1

$hange

3FRVJSFT�suQpression�PG�
BOZ�TQFDJFT�UP�DIBOHF

3esident species

"MJFO�species

$olonizer $olonizer5ransient 5ransient

$olonizer $olonizer5ransient 5ansient

/o change

$hange /o change

2

�*�

3FRVJSFT�promotion�PG�
ZFMMPX�TQFDJFT�UP�DIBOHF

A B C

D E

Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.

12

1

$hange

3FRVJSFT�suQpression�PG�
BOZ�TQFDJFT�UP�DIBOHF

3esident species

"MJFO�species

$olonizer $olonizer5ransient 5ransient

$olonizer $olonizer5ransient 5ansient

/o change

$hange /o change

2

�*�

3FRVJSFT�promotion�PG�
ZFMMPX�TQFDJFT�UP�DIBOHF

A B C

D E

Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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The structures of species interactions are sensitive to assembly 
history

8

Tadashi Fukami, Annual Review of Ecology, Evolution, and Systematics (2015)

Assembly history changes the niche relationship Assembly history
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.

12

1

$hange

3FRVJSFT�suQpression�PG�
BOZ�TQFDJFT�UP�DIBOHF

3esident species

"MJFO�species

$olonizer $olonizer5ransient 5ransient

$olonizer $olonizer5ransient 5ansient

/o change

$hange /o change

2

�*�

3FRVJSFT�promotion�PG�
ZFMMPX�TQFDJFT�UP�DIBOHF

A B C

D E

Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.

12

1

$hange

3FRVJSFT�suQpression�PG�
BOZ�TQFDJFT�UP�DIBOHF

3esident species

"MJFO�species

$olonizer $olonizer5ransient 5ransient

$olonizer $olonizer5ransient 5ansient

/o change

$hange /o change

2

�*�

3FRVJSFT�promotion�PG�
ZFMMPX�TQFDJFT�UP�DIBOHF

A B C

D E

Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.

12

1

$hange

3FRVJSFT�suQpression�PG�
BOZ�TQFDJFT�UP�DIBOHF

3esident species

"MJFO�species

$olonizer $olonizer5ransient 5ransient

$olonizer $olonizer5ransient 5ansient

/o change

$hange /o change

2

�*�

3FRVJSFT�promotion�PG�
ZFMMPX�TQFDJFT�UP�DIBOHF

A B C

D E

Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows

a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and

yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes

the other, the resident community contains a single resident (M = {1}). To change the resident

community, the alien species needs to promote the establishment of the other species (yellow).

Panel C provides examples of game-changing and non-game-changing alien species for the resident

community of Panel B. Panel D shows the scenario when the two resident species coexist (M =

{1, 2}). To change the resident community, the alien species needs to suppress the establishment

of any of the species. Panel E provides examples of game-changing and non-game-changing alien

species for the resident community of Panel D. Note that in all scenarios, the alien species can

be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.

12

1

$hange

3FRVJSFT�suQpression�PG�
BOZ�TQFDJFT�UP�DIBOHF

3esident species

"MJFO�species

$olonizer $olonizer5ransient 5ransient

$olonizer $olonizer5ransient 5ansient

/o change

$hange /o change

2

�*�

3FRVJSFT�promotion�PG�
ZFMMPX�TQFDJFT�UP�DIBOHF

A B C

D E

Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Figure 1: Game-changing species for a resident microbial community. Panel A shows
a hypothetical microbial community with a pool R = {1, 2} of two resident species (pink and
yellow), and one alien species “I” (green). Panel B shows the scenario when one species excludes
the other, the resident community contains a single resident (M = {1}). To change the resident
community, the alien species needs to promote the establishment of the other species (yellow).
Panel C provides examples of game-changing and non-game-changing alien species for the resident
community of Panel B. Panel D shows the scenario when the two resident species coexist (M =
{1, 2}). To change the resident community, the alien species needs to suppress the establishment
of any of the species. Panel E provides examples of game-changing and non-game-changing alien
species for the resident community of Panel D. Note that in all scenarios, the alien species can
be either a colonizer or transient.
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Edge: composition change after invasion

Warren et al., Ecology (2003)
Song et al, Ecology Letters (2021)
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Nonparametric assembly graph captures the full landscape of 
ecological assembly
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Diversity of priority effects in multispecies communities
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Seeking regularity in the sea of possibilities: 
Four dynamical sources (topological features) in assembly graphs

12

Alternative stable states

A B C

A,B A,CB,C

A,B,C

Invasion by species A Invasion by species B

Invasion by species C

Alternative transient paths Composition cycles

A B C

A,B A,CB,C

A,B,CEscape from cycle  
to stable states

No escape from cycle  
to stable states

Predictability = .78 Predictability = .18

Song et al, Ecology Letters (2021)



Four dynamical sources (topological features) explain the predictability 
of priority effects

13
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Relative importance of dynamical sources in explaining the 
predictability of priority effects
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Take-home message
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• Formulation: A non-parametric graph-based formalism to study priority effects 

• Diversity: Super exponential increase with community size. 

• Classification: Priority effects can be classified by decomposing them into 
four basic dynamical sources: 
✴ The number of alternative stable states 
✴ The number of alternative transient paths 
✴ The length of composition cycles 
✴ The interaction between alternative stable states and composition cycles.
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