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Abstract

Habitat suitability modeling of  boreal biodiversity: predicting plant species 
richness and rarity

Parviainen, Miia, Department of Geography, University of Oulu, 2011

Keywords: biogeography, biodiversity, GIS, remote sensing, productivity, modeling, 
species distribution, species richness

Understanding both the spatial patterns of species distributions and richness and 
predicting the occurrences of high biological diversity are central themes in biogeography 
and environmental conservation. Much of the data on species occurrences gathered 
in different surveys and for different purposes can be compiled into spatially-explicit 
databases and used for research purposes beyond the scope of the original individual 
studies. Predictive habitat suitability models of species geographical distributions and 
species richness are increasingly used as an alternative for incomplete or spatially biased 
survey data as a basis for conservation planning. In cases in which reliable models for 
occurrences and richness of species can be produced, they can play a significant role 
in land-use planning and help managers to meet different conservation challenges. 

The work described in this thesis aimed to determine the main environmental variables 
which predict the variation in plant diversity patterns in boreal landscapes (NE Finland) 
using existing and readily available environmental data sources and different habitat 
suitability modeling methods. Species distribution models were built using occurrence 
records of 28 threatened vascular plant species and 17 ecologically relevant environmental 
variables based primarily on generalized additive modeling (GAM). Species richness 
models constructed for 28 plant families and a total of six remote sensing-based 
productivity measures were used to investigate and predict richness patterns. All the 
analyses were performed at the same, 25 ha resolution. The performances of the models 
were evaluated and their predictions extrapolated to the whole study areas. 

The results showed that the meso-scale distribution patterns of rare boreal vascular 
plants are strongly associated with favorable thermal and moisture conditions as well as 
with stressful, low temperatures. Growing degree days, water balance and temperature 
of the coldest month were found to be important predictors of threatened plant species 
distributions. Certain land cover (e.g. mire) and geology variables (e.g. calcareous soils) 
appeared also as important predictors for several threatened plant species at the 25 
ha resolution. The predicted threatspots of rare species were concentrated in certain 
areas where important habitat composition variables, such as relatively high elevation 
with rather continental and dry climate, sun-drenched cliffs, and a cover of calcareous 
rich sandy soils were abundant. Productivity and its variability, as estimated by using 
remotely sensed NDVI values, provided a useful predictor of plant species richness in 
high-latitude landscapes. Furthermore, incorporating neighbourhood information into 
the local productivity-models produced ecologically more reliable predictions of species 
richness. 
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In methodological terms, the results showed that there may be great deal of variability 
in predictions from alternative models and it was thus not possible to single out a ‘best’ 
technique or way for predicting suitable habitats. The use of flexible modeling technique 
such as GAM was found to be useful, as it allowed the calculation of response curves 
that more closely fit the data. Another way to reduce the uncertainty stemming from the 
differing projections of single species models is to use several models in the analysis, 
and combine their projections. Ensemble methods applied in this thesis, i.e. summation 
of the predictions from different models and consensus methods provided some clear 
advantages over the single modeling techniques. The results showed, that although 
choice of modeling technique is one of the ‘core’ issues in habitat suitability modeling, it 
should be remembered that the technique is only one part of the modeling process; other 
methodic topics, including the nature of the biological data, selection of environmental 
variables and examining the shapes of the responses are also key elements in the 
modeling process which may affect model results and may be varied regardless of the 
modeling technique used. 

Habitat suitability models can lead to important advances in our understanding of the 
factors underlying for the distribution of species, and provide valuable tools for the 
conservation planning. In conclusion, habitat suitability models can help in determining 
which aspects of the environment of a given species have a critical impact on its 
distribution, and thus advance our understanding of the ecological requirements of 
species and provide valuable information concerning where species are likely to be 
found in insufficiently surveyed landscapes. Given this, such models have great potential 
as tools for conservation, but it is crucial that their predictions and the underlying 
assumptions in the models are evaluated thoroughly.
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