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The concept of ecological niche

The concept of ecological niche

Three aspects of the ecological niche:

© Habitat niche: Joseph Grinnell (1928) thought of a niche in terms of the
space or habitat that a species occupies.

@ 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.

© 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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Hutchinson, 1973. An Introd. to Population Ecology. Ch.5 What's the niche?
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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

Ne = {x € E|N(X) > Amin}, (1)

where

e E CRRY is a multidimensional space whose axes are defined by environmental
variables relevant to the species of interest,

e the function A(x) relates each environmental combination, x € E to fitness:
A E-—SR,

@ Anin 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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Source: Science as a verb by Dan Warren
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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

Species 1
wins

@ They proposed to separate the niche of
a species into two fundamental units:

@ The requirement component of the

Coexistence

Species 2
wins

niche denotes the minimum or maximum I
level of a particular factor that allows a
species to persist in a given habitat. Specis 1

wins

@ The impact component of a species’
niche denotes the influence of the
species on the niche factor of interest.

Coexistence

Species 2
wins

rZ

K, = K/a,

K =K, X a,,

K, = K,/b,,

K, =K, % b,

Leibold & McPeek, 2006. Ecology.
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Ecological niche modeling approaches

Ecological niche modeling approaches
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Figure 2. A functional trait-based model of the niche derived by integrating a biophysical model and a nutritional state-space
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Ecological niche modeling approaches

Ecological niche modeling approaches

Journal of Animal Ecology 2011, 80, 595-602 doi: 10.1111/j.1365-2656.2011.01806.x

Comparing isotopic niche widths among and within
communities: SIBER — Stable Isotope Bayesian Ellipses
inR
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Fig. 2. Samples drawn from the same population (open circles)and their respective convex hulls (solid black lines), frequentist standard ellipses
(dotted black lines) and two posterior estimates of the Bayesian standard ellipses (solid grey lines) for (a)n = 10 and (b)n = 200. The true pop-
ulation standard ellipse for both examples isa circle with radius = 1
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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 Soberén, et al, 2011

Niches and

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”

phic Distributions

Major contribution: BAM diagram
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Hutchinson's duality (Colwell & Rangel, 2009)
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Other relevant concepts in ecological niche modeling

Factors that limit the geographic range of a species

BAM diagram Sites with favorable climatic
conditions

A species can only be Abiotic

present at sites where factors

three conditions hold

Biotic Movement
factors
Sites that have being
Sites with the right accessible to the
combination of species since its origin

interacting species

Note: there are different possible configurations of the BAM diagram.

L. Jiménez (CMM) [T I May 17, 2023 14 /32



Other relevant concepts in ecological niche modeling

Presence data

@ Surrogate data to estimate niches.
@ Obtained from G-space, but the N¢ is an object defined in E-space,
o Come from the realized niche, this is, the intersection AN BN C.

Longitude Latitude Temperature Precipitation
‘ X1 ‘ Y1 51 P1 ‘
X2 Y2 ty P2
" 3 |
)| =%
X Yn t, Pn
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Other relevant concepts in ecological niche modeling

Relationship between three niche concepts

Environmental space

NR(t, G) g N*(t, G) C NF — Fundamental niche

Existing environmental conditions in the Americas

o N*(t; G) = Ne N E(t; G) is the
existing niche, a discrete subset
of the fundamental niche

@ Ng(t; G) is the realized niche,
includes dispersal limitations g
and biotic interactions

Bio12 (standardized)

@ Presence data come from the
realized niche!

:
Bio1 (standardized)
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A new approach to estimating the fundamental niche

A biologically realistic shape for Ny

@ 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¢ is a convex set
in E-space. For instance, an ellipsoid
in multivariate space. Remember,
Hutchinson assumed a rectangle!

_ _ 1 _
(x| ) = 2m) 21 e [-5 (xi = ) 27 (xi - )]
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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,...,x,} be the set of environmental combinations where
the species has been observed, where x; is a vector of length d:

o - exp [_%(Xi — H)Iz_l(x" — “)]
£ e 2|D) :1;[1 ZyeE(t;G) &P [_%(y - “)/Z_l(y - “)]

Parameters of interest: g and ¥ 1.
Adding a priori information given by the tolerance ranges.

f(n, Z|D, E (t; G)) o< L(p, Z|D)g1(p)g2(X).
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Bayesian approach: Specifying the a priori distributions
o p~ N(po, o)

g1(01) = (27) /2 S0 2 exp [ 5 (1 — 110) T (1 o))
o A=Y~ Wishart(a, W)

AT expl - Ler(AW )]

— d at+l—i
oad/2d(d 1)/41—[1_:1 F( +21 )

g(A)

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

° g, =X~ Xmint 2 tXmax \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):

& Xmax — Xmin
$o,; = Jmaxmin,

6
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A new approach to estimating the fundamental niche

Assessing the model through virtual species
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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

Intersection index
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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.

Bio12 (standardized)

Biot (standardized)

Jiménez & Soberén. 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).

£ (p, X|D) ]1 —W("gflw(z‘;)’]"z)

where

e 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,

o E[w(X)] = [ w(x)f(x;p,X)dx,

o fi(+; i, X) is a multivariate normal distribution.
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A new approach to estimating the fundamental niche
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Cooper & Soberén (2017). Global Ecology and Biogeography, 27(1), 156-165.
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A new approach to estimating the fundamental
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Worked example: Hummingbirds
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A new approach to estimating the fundamental

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).
e 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

Niche models ignoring dispersal
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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

iGracias!

Contact Information: ljimenez@cmm.uchile.cl

L. Jiménez (CMM) [T I May 17, 2023 32/32


mailto:ljimenez@cmm.uchile.cl

	The concept of ecological niche
	Ecological niche modeling approaches
	Other relevant concepts in ecological niche modeling
	A new approach to estimating the fundamental niche

