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Regresión logística, Análisis 
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Modelo de nicho 

Distribución nativa 
predicha 

Distribución 
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El modelado de nichos ecológicos a través del espacio 
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Datos de entrada 
Otra Región  Región Nativa 

Información  
ambiental 



Potencial de invasión de especies exóticas 
Zambrano et al. 2006. Canadian J. Fisheries 

Distribución nativa de la carpa 
comun (Cyprinus carpio) 



Distribución potencial en 
América.  
 
Los puntos representan 
poblaciones establecidas 

Potencial de invasión de especies exóticas 
Zambrano et al. 2006. Canadian J. Fisheries 
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Localidades de registro 
de la especie 

Algoritmo de 
Modelado 
 
Regresión logística, Análisis 
de Cluster, GARP, Redes 
Neuronales, MaxEnt, etc. Temperatura 
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Modelo de nicho 

Distribución predicha 
para el T1 

Distribución 
predicha para el T2 

El Modelado de nichos ecológicos en el tiempo 

Productos 
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Información 
Ambiental 

Proyección al  
escenario geográfico 

Datos de entrada 
Tiempo 2 Tiempo 1 

Información  
ambiental 



Distribución 
en el 
presente 

Distribución 
en el futuro 

Análisis de 
vulnerabilidad 

Análisis post hoc para evaluar cambios distribucionales 



El conservadurismo de nicho es el marco conceptual y el supuesto de trabajo 
para transferir modelos a escenarios alternativos en tiempo y espacio 

Wiens, JJ &  MJ Donoghue. 2004. TREE 19:639-644 

El conservadurismo de nicho es la 

tendencia de las especies a 

mantener estables en el tiempo 

caracteres de sus nichos ecológicos 

cuando se enfrentan a condiciones 

ambientales nuevas 

 

En el contexto del MNE, estos 

caracteres se refieren a las 

toleracias fisiológicas a variables del 

ambiente que determinan sus 

distribuciones geográficas 



Tener un buen muestreo del nicho de la especie 

Peterson. 2001. Condor 103:599-205 

Nicho ecológico del Cuitlacoche café 
(Toxostoma rufum) (puntos) en 
relación a su espacio ambiental 
disponible en EU (polígono) 

Muestreo representativo Muestro con sesgo ambiental 

Es necesario caracterizar adecuadamente el nicho de la especie 

Premisas para transferir modelos en tiempo y espacio 



Es necesario caracterizar adecuadamente el nicho de la especie 

Identificación de las variables ambientales adecuadas 

Neerincks et al. 2010. Am J Trop Med Hyg 82:492-500 

Premisas para transferir modelos en tiempo y espacio 



Distribución observada Distribución modelada 
incorporando una variable 
crítica (evapotranspiración) 

Distribución modelada 

tomado de: Pearson. 2005. Ecography 

Distribución observada y modelada de Rhynchospora alba en Gran Bretaña 

Identificación de las variables ambientales adecuadas 
Premisas para transferir modelos en tiempo y espacio 



Preceptos: Las especies están en equilibrio con el ambiente 

Se refiere al grado en que las especies “llenan” su distribución potencial. 
Las barreras o las interacciones bióticas pueden limitar este equilibrio 

tomado de: Svenning & Skov. 2004. Ecol. Letters 



tomado de: Pearson & Dawson. 2003. Glob. Ecol. Biogeo. 12: 361-371 

Cuando el modelo predice adecuadamente la distribución conocida es 
indicio que las variables utilizadas son adecuadas y que la especie está 
en equilibrio con el ambiente 

Distribución observada y modelada de Blechnum spicant en Europa 

Esto es una condición necesaria para hacer proyecciones a escenarios de 
cambio de clima 



Identificar si la detección de cambios en el nicho en los dos escenarios 
que se comparan es genuina o son artefactos metodológicos 

Retos 

Broenniman et al. 2007. Ecol Lett 10: 701-709 

Centaurea maculosa 



Esto no es sencillo 

Retos 

Fitzptrick et al. 2007. GEB 16: 24-33 

Solenopsis invicta 



Retos 

Peterson & Nakazawa 2008. GEB 17: 135-144 

Solenopsis invicta 
WorldClim 0.046º  WorldClim 0.16º  

IPCC 0.5º CCR 0.5º  

NDVI-AVHRR 0.08º  Sub - WorldClim 0.16º  



Peterson. 2001. Condor 103:599-205 

Nicho ecológico del Cuitlacoche café 
(Toxostoma rufum) (puntos) en 
relación a su espacio ambiental 
disponible en EU (polígono) 

La diferencia observada en los nichos puede ser producto de ocupar 
distintas zonas de E por restricciones del lugar en donde vive la especie 

Retos 



Es recomendable calibrar los modelos usando datos tanto de la 
distribución nativa como de las zonas de invasión, pues las especies 
pueden habitar ambientes distintos dadas las restricciones de cada área  

Beaumont et al. 2009. D&D 15: 409-420 



Climas no análogos en los escenarios alternativos 

Ante escenarios 

ambientales nuevos (i.e., 

de cambio climático y/o en 

áreas invadibles) no 

sabemos como van a 

responder las especies, y 

los modelos fallan porque 

no fueron calibrados bajo 

tales condiciones 

Condiciones ambientales nuevas 

Retos 



Incertidumbres en proyecciones temporales y espaciales. 
El comportamiento de los modelos en climas no análogos 

1.  ANN1 (SPECIES) 
2.  ANN2 (SPLUS) 
3.  BIOCLIM 
4.  CTA 
5.  GA 
6.  GAM 
7.  GARP 
8.  GLM 
9.  DOMAIN 
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Pearson et al. 2006.Journal of Biogeography 
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Incertidumbres en proyecciones temporales y espaciales. 
El comportamiento de los modelos en climas no análogos 



Las proyecciones NO son predicciones de lo que va 
a suceder en el escenario alternativo 

Sin dispersión Dispersión universal 

Cambio 
•   Dispersión 

•   Establecimiento 

•   Reproducción 

Son hipóteisis geográficas de la 
respuesta de condicionantes 
ambientales de la distribución de 
las especies 



et al., 2005) have also provided a worst case ‘no-dispersal’

scenario to give a lower bound to their projections. However,

the difference between these extreme projections can yield large

uncertainties (e.g. Thuiller, 2004).

While the unlimited dispersal assumption might provide

good approximations for plants that are human-dispersed or

have high dispersal ability, it probably overestimates the future

distribution of many other species because: (1) human-driven

habitat fragmentation makes it increasingly difficult for many

species to migrate (Pitelka et al., 1997); and (2) the speed of

the expected global warming is predicted to be rapid – one or

more orders of magnitude faster than past climate change

events (Etterson & Shaw, 2001). Certain species may thus

require migration rates much faster than those observed during

post-glacial times (Malcolm et al., 2002) and could fail to keep

pace with rapid climate change. Compounded with this is the

possibility that rapid climate change may not allow many

species to evolve the necessary adaptations (Davis & Shaw,

2001; Etterson & Shaw, 2001).

Even though the need for including dispersal limitations

into models has been raised repeatedly (Pitelka et al., 1997;

Woodward & Beerling, 1997; Cain et al., 1998; Davis et al.,

1998; Nathan & Muller-Landau, 2000; Ronce, 2001; Araujo &

Guisan, 2006; Midgley et al., 2007; Thuiller et al., 2008), so far

relatively few niche-based climate change modelling studies

have considered it (e.g. Carey, 1996; Ostendorf et al., 2001;

Dullinger et al., 2004; Iverson et al., 2004). Accounting or not

for dispersal is equivalent to making a distinction between

‘potentially suitable habitat’ and ‘potentially colonizable hab-

itat’. Potentially suitable habitat is the area a species could

occupy given unlimited dispersal ability, whereas potentially

colonizable habitat accounts for dispersal constraints such as

limited seed dispersal distance, time to reach reproductive

maturity, gaps in suitable habitat or barriers to dispersal, e.g.

rivers, mountain ranges or dense urban areas (Fig. 1).

Refining the projections from potentially suitable to poten-

tially colonizable habitat requires transition from a static to a

more dynamic approach of modelling species distributions.

One way to achieve this is to use a cellular automaton, which

can be briefly described as a grid of cells with values that evolve

over time according to rules that are affected by neighbouring

cells (Sarkar, 2000). Cellular automata have already been

widely used in ecology, for instance, to simulate vegetation

succession (Yemshanov & Perera, 2002; Scheller et al., 2007),

competition between plants (Silvertown et al., 1992), spread of

invasive species (Higgins et al., 2000) or plant migration

(Collingham et al., 1996; Pearson & Dawson, 2005). Yet, only a

few studies have employed them to simulate species migrations

when predicting future distributions under climate change

(e.g. Carey, 1996; Ostendorf et al., 2001; Dullinger et al., 2004)

and even fewer have derived projections for many species (e.g.

Iverson et al., 2004).

To investigate how dispersal limitations can modify projec-

tions of future plant distributions, we developed a model –

MigClim – capable of simulating plant migration under climate

change and landscape fragmentation scenarios. Our MigClim

model couples predictive distribution maps, representing a

species’ habitat suitability as a function of evolving climate, with

a cellular automaton that simulates dispersal, colonization,

growth and extinction of the species in the landscape. A number

of specific parameters can be defined, such as dispersal distance,

barriers to dispersal, landscape fragmentation, stochastic long-

distance dispersal (LDD) or increase in reproductive potential

over time. Our objective when developing MigClim was to

provide a flexible tool that could be used to obtain refined

projections of climate change impact for numerous plant species

at various spatial scales. Although dispersal models exist based

on more advanced population dynamics (e.g. Lischke et al.,

2006), they are usually restricted to trees and require advanced

knowledge of a species’ population dynamics, which is not

available for most species. Hence, from the perspective of niche-

based species distribution models, MigClim represents an

important step forward, because it allows more realistic projec-

tions of future distributions to be made for many species in a

relatively simple way.

Using MigClim, we illustrate how dispersal limitations can

affect projections of future plant distributions under climate

change compared to unlimited and no-dispersal scenarios. We

do this by running different simulations for two virtual species

under three temperature warming scenarios for the period

(a) (b) Potentially colonisable habitat.

Initial distribution of the species.

Surface belonging to the species’ initial distribution
that became unsuitable after climate change.

Surface belonging to the species’ initial distribution
that remained suitable after climate change.

Potentially suitable habitat.

Surface beyond the species’ dispersal capacities.

gap in suitable habitat>
seed dispersal distance.

barrier impeding
seed dispersal.

(b)

(a)

Figure 1 Schematic representation of a species distribution under climate change to explain the concepts of potentially suitable and
potentially colonizable habitat.

Modelling plant dispersal in a changing climate

Diversity and Distributions, 15, 590–601, ª 2009 Blackwell Publishing Ltd 591
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MIGCLIM: Predicting plant distribution
and dispersal in a changing climate
Robin Engler and Antoine Guisan*

INTRODUCTION

Assessing the potential impact of predicted global climate

change (+1.8 to +4 K by 2100; IPCC, 2007) on vegetation is a

pressing matter. A broad range of projections of future plant

species distributions have already been made using niche-based

species distribution models (Guisan & Zimmermann, 2000;

Guisan & Thuiller, 2005) at large scales (e.g. Bakkenes et al.,

2002; Thuiller et al., 2005) and at more local scales (e.g. in

alpine landscapes; Gottfried et al., 1999; Dirnbock et al., 2003).

Yet, most of these studies have assumed that dispersal is

unlimited (or ‘universal’), where a species is allowed to

disperse freely with its future distribution becoming the entire

area projected as suitable by the model (Thomas et al., 2004).

As ‘unlimited dispersal’ represents an unrealistic best case

scenario, some authors (e.g. Thomas et al., 2004; Thuiller

Department of Ecology and Evolution,

University of Lausanne, CH-1015 Lausanne,

Switzerland

*Correspondence: Antoine Guisan, Department
of Ecology and Evolution, University of
Lausanne, CH-1015 Lausanne, Switzerland.
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ABSTRACT

Aim Many studies have forecasted the possible impact of climate change on plant

distributions using models based on ecological niche theory, but most of them

have ignored dispersal-limitations, assuming dispersal to be either unlimited or
null. Depending on the rate of climatic change, the landscape fragmentation and

the dispersal capabilities of individual species, these assumptions are likely to
prove inaccurate, leading to under- or overestimation of future species

distributions and yielding large uncertainty between these two extremes. As a

result, the concepts of ‘potentially suitable’ and ‘potentially colonizable’ habitat
are expected to differ significantly. To quantify to what extent these two concepts

can differ, we developed MigClim, a model simulating plant dispersal under

climate change and landscape fragmentation scenarios. MigClim implements
various parameters, such as dispersal distance, increase in reproductive potential

over time, landscape fragmentation or long-distance dispersal.

Location Western Swiss Alps.

Methods Using our MigClim model, several simulations were run for two

virtual species by varying dispersal distance and other parameters. Each

simulation covered the 100-year period 2001–2100 and three different IPCC-
based temperature warming scenarios were considered. Results of dispersal-

limited projections were compared with unlimited and no-dispersal projections.

Results Our simulations indicate that: (1) using realistic parameter values, the

future potential distributions generated using MigClim can differ significantly

(up to more than 95% difference in colonized surface) from those that ignore
dispersal; (2) this divergence increases under more extreme climate warming

scenarios and over longer time periods; and (3) the uncertainty associated with

the warming scenario can be as large as the one related to dispersal parameters.

Main conclusions Accounting for dispersal, even roughly, can importantly
reduce uncertainty in projections of species distribution under climate change

scenarios.

Keywords
Cellular automaton, climate change, dispersal modelling, dynamic niche-based

models, GLM, plant species distribution.

Diversity and Distributions, (Diversity Distrib.) (2009) 15, 590–601

DOI: 10.1111/j.1472-4642.2009.00566.x
590 www.blackwellpublishing.com/ddi ª 2009 Blackwell Publishing Ltd

Leading edge 

Trailing edge 

Local extinction 

Dispersal 
Colonization 

Demographic 
processes 

Se debe de tomar en consideración la dinámica del 
área de distribución en los procesos de respuesta 



Existe una enorme incertidumbre con relación a la 
respuesta en alteraciones de las interacciones bióticas 



Y de una serie de factores que intervienen en el 
proceso de colonización y extinción 


