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I propose that the longitudinal range size gradient
for North American trees is consistent with the
climatic variability hypothesis and examine which
climatic factors may be most influencing variance
across North American tree species ranges.
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Range Size Distribution
This graph presents
the relationship
between range size
and longitude of
the center of each
species’ range (in
meters easting).



r2 = 0.1743
p < 0.0001
n = 594

Longitude of Range Center (m)
The map below
illustrates the distribution of mean range size for
North American tree species in this study. Each cell
value represents the mean range size for all tree
species occurring within that cell. A longitudinal
range size gradient is evident, with species in the
western portion of the continent having smaller range
sizes than species in the eastern portion.







The analysis was performed in the Lambert Equal
Area projection using ArcGIS, R and JMP.
Species with range maps truncated at political
boundaries, having PAFRAC dimensions indicative
of simple geometric shapes, or with subsequent
taxonomic changes making it difficult to rectify with
the original E.L. Little range map were excluded
from this analysis.

All Species

Linear models were built to evaluate how the
individual loadings of principal components 1 and 2
varied with range size, and how components 1 and 2
varied with the mean and variance of each BioClim
layer across all species’ ranges.

r2 = 0.2483
p < 0.0001
n = 90

r2 = 0.3675
p < 0.0001
n = 499

Angiosperms

The observed change in range size with respect to bioclimatic variation
is similar for both gymnosperms and angiosperms, though the strength
of the relationship varies for each taxonomic group.

r2 = 0.4222
p < 0.0001
n = 408

Log (Range Size)

All BioClim layers (1-19) were clipped to each
species’ range map boundary and the minimum,
maximum, mean and variance of each layer across
each species’ range were computed.
A principal components analysis (PCA) was
performed on the mean and variance of all BioClim
layers across all species ranges.

Gymnosperms

Principal Component 2 and Range Size
All Species

Gymnosperms

Angiosperms
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r = 0.0275
p > 0.0002
n = 499

r = 0.0115
p > 0.0299
n = 408

r = 0.2127
p < 0.0001
n = 89

Log (Range Size)

The table below shows results of regression models evaluating how the individual
loadings of principal components 1 and 2 vary with the mean values of each
bioclimatic layer. Values in bold: r2 > 0.2 .Values with grey backgrounds: r2 > 0.4.

A multiple regression model was built to evaluate
how range size varied with five bioclimatic factors
observed to most influence bioclimatic variation.

Horizontal axis
(PC1) is defined by
temperature factors.
Vertical axis (PC2)
is defined by factors
of precipitation.

r2 = 0.5797
p < 0.0001
n = 380

r2 = 0.1148
p < 0.0001
n = 380

Longitude

These results suggest that the factors appearing to influence the first and second
principal axes of bioclimatic variance across all species ranges are generally:






Mean Diurnal Range (BIO 2)
Isothermality (BIO 3)
Temperature Seasonality (BIO 4)
Precipitation Seasonality (BIO 15)
Precipitation of Driest Quarter (BIO 17)

A multiple linear regression model relating these five bioclimatic variables to range
size was statistically significant and explained 53% of the variation in range size
(r2= 0.5313, p < 0.001, RMSE = 1.6501, n = 500).

Precipitation Seasonality (Bio 15)

r2 = 0.7634
p < 0.0001
n = 380

Longitude





By extracting the bioclimatic measures within each
species’ geographic range, the specific climatic
setting that each species experiences is sampled.
For North American trees, geographic range size is
inversely correlated with climatic variability.
Species with small geographic range sizes sample a
climate space with more environmental variation
than species with large geographic range sizes.
This finding contradicts the general assumption that
large-range species are climatic generalists that are
able to tolerate variable climates. Instead, largerange species may simply be exploiting a more
homogenous climate.
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Component 1 (43.8%)

Isothermality (Bio 3)
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Finally, a map was made showing the distribution of
mean range size for all species in this analysis.

Correlation circle
projecting mean
values for 19
BIOCLIM variables
in factor space.



Mean Diurnal Range (Bio 2)
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Results



Finally, each factor thought to influence bioclimatic variance across all
species ranges is expected to trend along a longitudinal transect with
lower climatic variability at greater longitudes. The figures below illustrate the longitudinal variation of these factors showing both a
smoothed and overall trend line. All but Temperature Seasonality show
a trend towards low climatic variability at greater longitudes.

Precipitation (mm)

However, it is not known whether longitudinal range
size gradients are similarly consistent with the
climatic variability hypothesis.



Principal Component 1 and Range Size



Precipitation (mm)

The observed latitudinal range size gradient for
many species has been shown to be consistent with
the climatic variability hypothesis.3

Bioclimatic data was obtained from BioClim.2

Results of principal component 1 and 2 regressions and the multiple
linear regression are somewhat consistent with the hypothesis that
range size is inversely proportional to climatic variability. Mean range
size does decrease as temperature variation (PC 1) increases. However,
mean range size increases as precipitation variation (PC 2) increases,
though this inconsistency could result if PC 2 is more strongly
correlated with overall precipitation than variance in precipitation.

Temperature (Degrees C * 10)
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The charts below show the results of linear regression models examining how the
first two principal components of bioclimatic variation scale with the range size for
all tree species, gymnosperms and angiosperms, respectively.

Conclusions

Temperature Std Dev * 100





Range sizes were obtained from digital range maps
of tree species from E.L. Little’s Atlas of North
American Trees.6

Discussion

Precipitation (mm)



One often cited geographic pattern is the latitudinal
range size gradient of Rapoport’s rule.4



Results (Continued)

PC1 Score



Geographic range size is a basic and fundamental
unit of biogeography.1

Component 1 (43.8%)
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r2 = 0.0924
p < 0.0001
n = 380

Longitude
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