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Statements to specify:

● Species partition an abstract “niche space” of the
ecological possibilities among themselves.

● They are able to coexist, i.e. to avoid competitive
exclusion, exactly because they partition that space.
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Statements to specify:

● Species partition an abstract “niche space” of the
ecological possibilities among themselves.

● They are able to coexist, i.e. to avoid competitive
exclusion, exactly because they partition that space.

Questions to answer:

● What is the niche space to partition?

● How to define the niche of a species within that space?

● What is the precise relation between niche partitioning
and coexistence?
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Statements to specify:

● Species partition an abstract “niche space” of the
ecological possibilities among themselves.

● They are able to coexist, i.e. to avoid competitive
exclusion, exactly because they partition that space.

Ways of niche segregation to deal with:

● functional (e.g. resource partitioning)

● spatial/habitat (e.g. environmental gradient)

● temporal (e.g. successional)
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Robert M. May (1973)

Stability and complexity

in model ecosystems

p. 158
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Tilman’s model
from:

Chase & Leibold (2003)

Ecological niches:

linking classical and

contemporary approaches
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Population sizes 
n1,n2,...,nL

Population
growth rates 

r1,r2,...,rL




Population dynamics

Population regulation

(dni /dt = ri ni )




Meszéna, Gyllenberg, P ásztor & Metz, 2006:

Competitive exclusion and limiting similarity: a unified theory. TPB 69: 68-87



Regulating loop
Introduction

Theory

❖ Regulating loop

❖ Results

Examples

Conclusions

9 / 27

Population sizes 
n1,n2,...,nL

Regulating variables (I)
(resource concentrations,
predation pressure, etc.)

Population
growth rates 

r1,r2,...,rL




Population dynamics

Population regulation

(dni /dt = ri ni )
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Impact 
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Meszéna, Gyllenberg, P ásztor & Metz, 2006:

Competitive exclusion and limiting similarity: a unified theory. TPB 69: 68-87
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Robust coexistence re-
quires segregation with
respect to the regulating
variables.

ri (E, I(n1, n2, . . . , nL)) = 0
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= det (Si · Cj)

|J | ≤ VS · VC

VS = |S1 ∧ S2 ∧ · · · ∧ SL|

VC = |C1 ∧ C2 ∧ · · · ∧ CL|
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variables.

Therefore , the niche space
should be identified with the
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Robust coexistence re-
quires segregation with
respect to the regulating
variables.

Therefore , the niche space
should be identified with the
set of regulating variables.

Segregation is measured by
differentiation of the impact
and the sensitivitiy niches.
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Robust coexistence re-
quires segregation with
respect to the regulating
variables.

Therefore , the niche space
should be identified with the
set of regulating variables.

Segregation is measured by
differentiation of the impact
and the sensitivitiy niches.

Therefore , the niche of
species i should be identified
with the pair (Ci, Si).

ri (E, I(n1, n2, . . . , nL)) = 0

dn

dE
= −

(

∂r

∂n

)

−1

·
∂r

∂E
=

= −
M

det
(

∂ri

∂nj

) ·
∂r

∂E

J = det

(

∂ri

∂nj

)

= det (Si · Cj)

|J | ≤ VS · VC

VS = |S1 ∧ S2 ∧ · · · ∧ SL|

VC = |C1 ∧ C2 ∧ · · · ∧ CL|



Examples

Introduction

Theory

Examples

❖ Spatial
segregation

❖ Functional &
spatial segregation

❖ Temporal
segregation

Conclusions

17 / 27



Spatial segregation
Introduction

Theory

Examples

❖ Spatial
segregation

❖ Functional &
spatial segregation

❖ Temporal
segregation

Conclusions

18 / 27

Patch A




Migration Patch B
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Szil ágyi & Mesz éna:

Two-patch model of spatial niche segregation. Evol. Ecol., in press
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Szil ágyi & Mesz éna:

Two-patch model of spatial niche segregation. Evol. Ecol., in press
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RED–BLUE: temperature (spatial segregation)

YELLOW–GREEN: food size (functional segregation)

Do not confuse the niche space with the space of
regulating variables!
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Structured metapopulation:
local population size has a dynamics also!

Random local catastrophes with rate µ.
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Parvinen & Mesz éna:

Disturbance-generated niche-segregation in a structured metapopulation model. in prep.
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(Discrete, or continuous, not only resources!)
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What is niche space?
The set of the regulating factors.
(Discrete, or continuous, not only resources!)

What specifies the niche of a species?
The way the population is regulated:
the pair of impact and sensitivity niches (Ci, Si).

What is the condition for coexistence?
Robust coexistence requires the segregation of the niches.
Large niche-overlap makes the coexistence unlikely.

Generality
Discrete and continuous, competitive and non-competitive
interactions, equilibrium and non-equilibrium are handled
together!
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It is possible to have a
consistent view of ecology,
based on first principles.
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