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The concept of ecological niche

The concept of ecological niche

Three aspects of the ecological niche:
1 Habitat niche: Joseph Grinnell (1928) thought of a niche in terms of the

space or habitat that a species occupies.
2 Trophic niche: Charles Elton (1927) was the first who used the term niche

as the “functional status of an organism in its community”, emphasizing the
importance of energy relations.

3 Multidimensional or hypervolume niche: George Evelyn Hutchinson
(1957) suggested that a niche could be visualized as a multidimensional set
or hypervolume. Within this, the environment permits an individual species
to survive indefinitely.
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The concept of ecological niche

The niche as a hypervolume
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The concept of ecological niche

The niche as a response curve and its relation to fitness
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The concept of ecological niche

The niche as a response curve and its relation to fitness

NF = {x ∈ E |Λ(x) ≥ λmin}, (1)

where
E ⊆ Rd is a multidimensional space whose axes are defined by environmental
variables relevant to the species of interest,
the function Λ(x) relates each environmental combination, x ∈ E to fitness:

Λ : E −→ R,

λmin is the threshold above which the fitness is high enough to support a
population, therefore, it defines the border of the niche.
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The concept of ecological niche

Tolerance ranges measured in the lab
The individuals of a species are expected to evolve physiological adaptations
to local environmental conditions.
Thus, physiological experiments can provide approximations of a species’
tolerance to environmental gradients.
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Ecological niche modeling approaches

Ecological niche modeling approaches
Johnathan M. Chase & Mathew A. Leibold, 2003
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Ecological niche modeling approaches

Ecological niche modeling approaches

Johnathan M. Chase & Mathew A. Leibold, 2003

They proposed to separate the niche of
a species into two fundamental units:
The requirement component of the
niche denotes the minimum or maximum
level of a particular factor that allows a
species to persist in a given habitat.
The impact component of a species’
niche denotes the influence of the
species on the niche factor of interest.
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Ecological niche modeling approaches

Ecological niche modeling approaches
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Ecological niche modeling approaches
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Ecological niche modeling approaches

Ecological niche modeling approaches
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Ecological niche modeling approaches

Ecological niche modeling approaches

A. Townsend Peterson, Jorge Soberón, et al, 2011

Fundamental niche of a species:
“The set of environmental com-

binations that lead to a positive
growth rate for a population of the
species under study; leading, at the
same time, to the survival of the
species”

Major contribution: BAM diagram
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Other relevant concepts in ecological niche modeling

Hutchinson’s duality (Colwell & Rangel, 2009)

G ←→ E (t;G )

(x , y)←→ (e1, e2)
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Other relevant concepts in ecological niche modeling

Factors that limit the geographic range of a species

Note: there are different possible configurations of the BAM diagram.
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Other relevant concepts in ecological niche modeling

Presence data

Surrogate data to estimate niches.
Obtained from G-space, but the N f is an object defined in E-space,
Come from the realized niche, this is, the intersection A ∩ B ∩ C .
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Other relevant concepts in ecological niche modeling

Relationship between three niche concepts

NR(t;G ) ⊆ N∗(t;G ) ⊂ NF

N∗(t;G ) = NF ∩ E (t;G ) is the
existing niche, a discrete subset
of the fundamental niche
NR(t;G ) is the realized niche,
includes dispersal limitations
and biotic interactions
Presence data come from the
realized niche!
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A new approach to estimating the fundamental niche

A biologically realistic shape for N f

Main hypothesis: If we have
observed the species in two different
environmental combinations, then
the species should be able to survive
in intermediate environmental
conditions.
Implication: The N f is a convex set
in E-space. For instance, an ellipsoid
in multivariate space. Remember,
Hutchinson assumed a rectangle!

f1 (x i | µ,Σ) = (2π)−d/2 |Σ|−1/2 exp [−1
2

(x i − µ)T Σ−1 (x i − µ)]
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A new approach to estimating the fundamental niche

Model 1: combining the information contained in both
presence and physiological data
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A new approach to estimating the fundamental niche

Model 1: Formulation

Suppose that the data consists of n independent occurrences of the species of
interest. Let D = {x1, . . . , xn} be the set of environmental combinations where
the species has been observed, where x i is a vector of length d :

L (µ,Σ|D) ∝
n∏

i=1

exp
[
− 1

2 (x i − µ)′Σ−1(x i − µ)
]∑

y∈E(t;G) exp
[
− 1

2 (y − µ)′Σ−1(y − µ)
]

Parameters of interest: µ and Σ−1.
Adding a priori information given by the tolerance ranges.

f (µ,Σ|D,E (t;G )) ∝ L(µ,Σ|D)g1(µ)g2(Σ).
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A new approach to estimating the fundamental niche

Bayesian approach: Specifying the a priori distributions
µ ∼ N(µ0,Σ0)

g1(µ) = (2π)−d/2 |Σ0|−1/2 exp [−1
2

(µ− µ0)TΣ−1
0 (µ− µ0)]

A = Σ−1 ∼Wishart(α,W )

g2(A) =
|A|(α−d−1)/2 exp[− 1

2 tr(AW−1)]

2αd/2πd(d−1)/4
∏d

i=1 Γ(α+1−i
2 )

Estimating the mean and variance from the range of a sample, (xmin, xmax) (Hozo
et al. 2005):

µ̂0,i = x̄i ≈ xmin+2m+xmax

4 , where m is the median of sample.
There is no information regarding the covariances, therefore, we only specify
the diagonal of the matrix (using Chebyshev’s inequality):

Σ̂0,i =
xmax − xmin

6
.
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A new approach to estimating the fundamental niche

Assessing the model through virtual species

Jiménez et al, 2019. On the problem of modeling a fundamental niche from occurrence data.
Ecological Modelling 397, 74-83
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A new approach to estimating the fundamental niche

Summary of the results for the virtual species: Overlap
between virtual species and results of the model

Jiménez et al, 2019. On the problem of modeling a fundamental niche from occurrence data.
Ecological Modelling 397, 74-83
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A new approach to estimating the fundamental niche

Model 2: Explicit consideration of the shape of M
An implicit assumption of Model 1 is that all the environmental combinations in
E-space can be observed. However, we know that E (t;G ) has an intricate shape
and that not all the environmental combinations exist in G-space.
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A new approach to estimating the fundamental niche

Two-stage sampling

The random process under which an environmental combination is observed can
be described as the result of a two-stage sampling.

Jiménez & Soberón. Estimating the fundamental niche: accounting for the uneven availability of
existing climates in the accessible area. In Prep.
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A new approach to estimating the fundamental niche

Model 2: Formulation

We modify the likelihood to include explicitly the non-uniform properties of the
sampling E-space, E (t;G ).

L (µ,Σ|D) ∝
n∏

i=1

w(x i )f1(x i ;µ,Σ)

E [w(X )]

where
w(X ) is a weight function defined by the distribution of environmental
combinations that are accessible to the species, which we estimate with a
kernel method,
E [w(X )] =

∫
w(x)f (x ;µ,Σ)dx ,

f1(·;µ,Σ) is a multivariate normal distribution.

L. Jiménez (CMM) Ecological niche modeling May 17, 2023 25 / 32



A new approach to estimating the fundamental niche

Worked example: Hummingbirds

Cooper & Soberón (2017). Global Ecology and Biogeography, 27(1), 156-165.
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A new approach to estimating the fundamental niche

Worked example: Hummingbirds
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A new approach to estimating the fundamental niche

Worked example: Hummingbirds
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A new approach to estimating the fundamental niche

Modeling niches of plankton species
Prochlorococcus (red) and Synechococcus (blue).
Combining TARA OCEANS and GBIF data (or other data sources).
What are the relevant environmental variables to model their niches?
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A new approach to estimating the fundamental niche

Modeling niches of plankton species
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A new approach to estimating the fundamental niche

Conclusions

Key aspects of niche modeling approaches:
The type of variables used to define the niche space.
How to define the relationship between the data used in the model and
fitness.
The type of constraints included in the model to determine the border of the
niche.
The assumptions about the shape of the response curve to environmental
gradients.
How to assign a suitability value and how to measure niche size.
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A new approach to estimating the fundamental niche

¡Gracias!

Contact Information: ljimenez@cmm.uchile.cl
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