
Stable coexistence

Competitive exclusion

Strength of stabilization

Fi
tn

es
s 

eq
ui

va
le

nc
e +

+

+ + + +

+

+

+ +

+

+

+

+ + + + +

+ + +

+ +

+ + + + + + + + + +

+ + + + + + + + +

+

+ + + + + + + +

+ + + + + + + +

+ +

+

+ +

+ +

0.0 0.2 0.4 0.6 0.8 1.0

-3
-2

-1
0

1
2

3

Frequency

lo
g
 r

The relative importance of stabilizing mechanisms of coexistence
Glenda M. Yenni1,2,3, Xiao Xiao1,2,3

1Department of Biology, Utah State University 2Ecology Center, Utah State University, 3Department of Statistics, Utah State University
ABSTRACT
Background/Question/Methods
Stabilizing mechanisms of coexistence, by definition, cause a species to experience greater
intraspecific competition than interspecific. This results in negative frequency-dependent
growth rates for that species causing a negative relationship between its relative frequency
in the community and its growth rate in the next year. The most crucial aspect of this
negative relationship for persistence is that it enables a species to increase when rare. This
has been empirically demonstrated for pairwise interactions. However, in species-rich
communities, the effects of competition are not realistically pairwise. In cases where
multiple species are competing for a resource, stabilizing mechanisms become increasingly
important to ease the effects of that competition. Thus,  for rare species, increasing the
strength of stabilization may be essential to their persistence in the community, or their
ability to invade. A mathematical model of negative frequency-dependent growth is used to
explore how the strength of stabilization affects a species’ ability to persist in a community.
Results/Conclusions
Increasing the steepness of the negative frequency-dependent growth relationship for rare
species significantly increases their mean time to extinction in this simulated community.
Significantly, the desert rodent community at the Portal LTREB site shows this predicted
pattern, in which rare species experience stronger negative frequency-dependant growth
relationships than the dominant species. This pattern may be a characteristic of species-
rich communities, and thus have implications for the ability of those communities to
maintain stable structure despite change (climate change, invasive species, habitat loss).
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+/- relationship btw strength of stabilization and mean population size
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+ positive relationship btw strength of
stabilization and mean population size

- negative relationship btw strength of
stabilization and mean population size

+/- coexistence

+/- competitive exclusion/stochastic extinction
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Empirical support: species show unequal stabilization in presence of community hierarchy
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Model support: unequal stabilization aids coexistence between unequal species
Stochastic coexistenceDeterministic coexistence

Predictions
•Species experiencing stochastic conditions should benefit from stronger
stabilization

•Because rare/non-dominant species are most sensitive to stochastic
extinction, they should benefit more from stronger stabilization than dominants

•This benefit should be reflected in a stochastic model of coexistence

•Negative relationship between mean population size and strength of
stabilization in cases of coexistence

•Opposite/no relationship in competitive exclusion cases

•No pattern in deterministic model

•Real communities should show a pattern of increasing strength of stabilization
with decreasing mean population size (results in a ‘fan’ of fitted stabilization
lines)

Coexistence predictions: Coexistence is aided not only by strong stabilization, but by unequal stabilization
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Negative frequency-dependence in growth rates is an indication
of stabilizing mechanisms of coexistence

•Buffers growth rates

Enables species to increase when rare

•A sign of stabilizing mechanisms (Chesson 2000)

•Required for coexistence when species are very unequal (Adler et al 2007)

•A more negative relationship between frequency and growth rate (a steeper
slope) indicates stronger stabilization

We used a three-species modification of a two-
species annual plant coexistence model as
presented in Adler et al (2007).

Left: Results from a deterministic model show
the expected pattern: coexistence when species
are relatively equivalent and/or experiencing
strong stabilization, but no relationship between
coexistence and unequal stabilization.

Right: The stochastic model, in addition, shows
the expected relationship between coexistence
and unequal stabilization.

Adapted from Adler et al 2007

Adapted from Adler et al 2007Species’ relative frequency


