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Abstract: With the development of spatial techniques in geographic information systems ( GIS) , new methods have allowed
for robust and detailed preparation of digital models of the earth’s surface elevation, interpolation of climate parameters, and
remote sensing of surface conditions in terrestrial environments. These methods in turn have led to greatly enhanced species
distribution models (also called species niche models) by providing estimates of environmental conditions and predictions of
potential and actual species distribution areas across entire landscapes. Species distribution models have become the subject
of active field of research in large-scale ecology and biogeography, and have been used to solve many ecological issues in
recent decades. Models are used for biodiversity assessment; biological reserve design; habitat management and restoration ;

population viability analysis; environmental risk assessment; invasive species management; community and ecosystem
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modeling; and predicting the effects of global environmental change on species and ecosystems. Species distribution models
using species occurrence records ( presence only or presence/absence data) associated with environmental variables seek to
determine the fundamental niche or realized niche of a particular species, and then to project this niche onto the landscape
of interest to reflect the potential distribution area of the species. Results could be interpreted as the probability of
occurrence of the species, species habitat suitability or species relative richness. However, there is still insufficient
knowledge of the theoretical basis of species distribution models, as some of the key ecological processes have not been
incorporated into the framework of these models. This generates substantial confusion when the predicted results of species
distribution models are explained. For more efficient use and further development of species distribution models, this study
provides: 1) a full overview of the history and recent theoretical advances in the field of species distribution models; 2) a
systematic discussion of the relationship between species distribution model and species distribution area; 3) a highlight of
the critical limitations inherent in species distribution models; and 4) a focus on challenges of species distribution models
for future research. Results from this study suggest that the theoretical basis of species distribution models is strongly related
to niche theory, source-sink theory, population dynamics theory, metapopulation theory, and evolutionary theory. Proper
understanding of the relationship between the predicted and actual species distribution area depends on separation of three
factors ( environmental condition, species interactions and species migration ability ) affecting the distribution area of
species. The main problems of current species distribution models are that they fail to efficiently integrate species interaction
and species migration ability into the model building process, which creates gaps between the predicted and actual species
distribution area under normal circumstances. Future development of species distribution models should focus on
strengthening their inherent theoretical framework, and must integrate species interactions process, population dynamics
process, migration process and evolutionary process into models. This study also suggests that simulating functional groups
and community structure from higher theoretical levels is important for the development of species distribution models. We
believe that through the efforts of scientists, future species distribution models can overcome the above-mentioned drawbacks
and can dynamically model the multi-species potential distribution area, thus providing a more in—depth theoretical study of

community ecology and biogeography.

Key Words: species distribution model; species niche model; climate change; niche theory; competitive effect
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Table 1 Free software for modeling species distribution

A Software B Algorithm Hidik URL, Reference
Bayes BA ArcView extension available( Aspinall and Veitch 1993) 8]
Biomapper ENFA hitp: //www. unil. ch/biomapper( Hizel et al. 2002) [
Biomod CLM, GAM, CTA, ANN, CE, GBM, hitps ; //r-forge. r-project. org/ projects/biomod/ ( Thuiller 2003 ) [1°]

RF, MARS
Diva-GIS CE, DOMAIN hitp://www. diva-gis. org( Hijmans et al. 2001 ) ['!]
GARP GA http ://www. lifemapper. org/desktopgarp ( Stockwell and Peters 1999) [12]
GRASP GLM, GAM hitp://www. unige. ch/ia/climate/grasp/ ( Lehmann et al. 2002) ['3]
HyperNiche Non-parametric multiplicative http://home. centurytel. net/—mjm/hyperniche. htm ( McCune 2006 ) (14!
Mahalanobis Mahalanobis ArcView extension available( Farber and Kadmon 2003 ) [
MAXENT ME hitp://www. ¢s. princeton. edu/—schapire/maxent ( Phillips et al. 2006) ['¢]
ModEco SVM, ANN ,  GIM,  ME, CE, http ;. //gis. ucmerced. edu/ModEco/ ( Guo and Liu 2010) (7]

CART, Domain
OpenModeller GA, CE, RF http : //openmodeller. sourceforge. net/
SAM Autoregression hitp ://www. ecoevol. ufg. br/sam/ ( Rangel et al. 2006) %!

BA, D15 bayesian approach; ENFA, Az 2543 [ T #E ) ecological niche factor analysis; GLM, J~ 2R P generalized linear model;
GAM, |7 S iR Generalized Additive Models; CTA, 432 [EH B #5 5 Classification and regression trees; ANN, 8125 J 25 B artificial neural
networks; CE, SARALLERI climatic envelop; GBM, J*" UHEHERET generalised boosting models; RF, BEHLARHAET random forest; MARS, £ JCik
7 BB 25 455 8 multivariate adaptive regression splines; DOMAIN, Domain i # # % domain distance; GA, i 58 8 genetic algorithm;

Mahalanobis, Mahalanobis [ Z5#% % mahalanobis distance; ME, AW maximum entropy; SVM, A ) AL R suport vector machine
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Fig.1 The static, no mechanistic conceptual model for
explaining the relationship between species distribution model and
species distribution area ( modified from Soberén and Peterson,
2005)
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