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Climatic vs. non-climatic control of western hemlock distribution in its coastal and interior ranges
Daniel Gavin and Feng Sheng Hu, Department of Plant Biology, University of lllinois, Urbana IL

Observations: Methods comparisons: Climatic control of range limits:
Western hemlock occurs in two ranges, a coastal range west of the Which form of statistical bioclimatic model best describes the species—climate Are the coastal and interior ranges of hemlock in equilibrium with
Cascade and Coast Mountains, and an interior range in the Columbia relationship? climate?

Mountains west of the Continental Divide.
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surveys. potential range. “climatic signature” is then used to classify cells via a multiscale Bayesian approach that utilizes posterior Maximum likelihood estimates of the climatic conditions for hemlock presence (dark green) or
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L. Methods b and ¢ compare climatic signatures or response surfaces where a species is present vs. where it is Atlow levels of e_ffediv_e prgcipitatio_n (EP<500 mm), hemlock occurs over a broader range
Predictions: absent, while method a uses only climatic observations where a species is present. of temperatures in the interior than in the coastal range.
1. Climatic constraints on hemlock distribution differ between the Climatic data: Coastal-calibrated model Interior-calibrated model

coastal and interior ranges. Effective Precipitation ~ January Minimum Temp
o

July Maximum Temp

2. The importance of climatic constraints, as determined by the fit of Y
statistical models, differs between the coastal and interior ranges.
This would suggest an important role of non-climatic factors.
Approach: PSS present

Statistical models are often used to describe the relationship
between climate and species’ range limits. However, there is
little agreement regarding which form of model is the most
appropriate. Thus, we first compare the output of three models.
We then examine the results the most appropriate model in
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Observed and predicted ranges of western hemlock using models calibrated separately
for the coastal and interior ranges.

detail. Mapped 1960-1990 climatic normals (PRISM climate mapping project; Daly et al. 1994) and lusi )
estimated effective precipitation (Thornthwaite et al. 1957) at 1-km resolution. Consideration Conclusions:
of six other parameters did not improve model accuracy based on these three parameters. 1) Coastal hemlock occurs in different climate space from interior hemlock.
Analyses were run using GRASS GIS. This caused the models to poorly predict the hemlock range outside of the
Results: range where the model was calibrated.
Abstract Climatic envelope MG-SMAP Response surface 2) The coastal-calibrated model could accurately predict the coastal range, but

the interior-calibrated model could only moderately predict the interior range.
Large areas of overprediction outside of the interior range may be due to
unexplored climatic variables or due to non-climatic factors. However,
adding additional climatic variables did not improve model performance (not
shown). Thus, this study strongly suggests that non-climatic factors,
such as dispersal limitation and competition, may affect range limits at
large spatial scales.

The role of climate in determining species distributions at large spatial
scales is rarely tested rigorously. We used three bioclimatic models
(climatic envelopes, mixed-Gaussian—sequential maximum a posteriori
classification (MG-SMAP), and response surfaces) to assess climatic vs.
non-climatic controls of the range of western hemlock (Tsuga
heterophylla), a late-successional species that occurs in distinct coastal
and interior ranges in northwestern North America. The three bioclimatic

models differ in the level of generalization of the species-climate WS asont
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