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Variations in Ecological Niche of Quercus variabilis and Quercus
acutissima Leaf Morphological Characters in Response to Moisture
and Nutrient Gradient Treatments under Climate Change Conditions™
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ABSTRACT

This study attempted to elucidate the ecological niches and influencing environmental factors of
Quercus variabilis and Quercus acutissima, which are representative deciduous broad-leaved trees in
Korean forests, taxonomically close and genetically similar, under climate change conditions. Under
climate change conditions induced by increased CO, and temperature, soil moisture and nutrient
environments were manipulated in four gradients. At the end of the growing, plants were harvested
to measure growth responses, calculate ecological niches, and compare them with those of the control.
Eperimental plants were grown for 180 days in a glass greenhouse designed with four gradients each
for soil moisture and nutrient environments under climate change conditions induced by increased CO,

and temperature. After harvesting, growth responses of leaf traits were measured, ecological niches were
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calculated, and these were compared with those of the control groups. Furthermore, the responses of
the two species’ populations were interpreted using principal component analysis(PCA) based on leaf
trait measurements. As a result, under climate change conditions, the ecological niche breadth for
moisture environment was broader for Quercus variabilis than Quercus acutissima, whereas for the
nutrient environment, Quercus acutissima exhibited a broader niche breadth than Quercus variabilis.
And the rate of change in ecological niche breadth due to climate change decreased for Quercus
variabilis in both moisture and nutrient environments, while for Quercus acutissima, it increased in
the moisture environment but decreased in the nutrient environment. Additionally, in terms of group
responses, both Quercus variabilis and Quercus acutissima expanded their ecological niches under
climate change conditions in both soil moisture and nutrient conditions, with Quercus acutissima
exhibiting a broader niche than Quercus variabilis under nutrient conditions. These results indicate that
the changes in leaf morphological characteristics and the responses of individuals reflecting them vary

not only under climate change conditions but also depending on environmental factors.

Key Words: Genetic similarity, Soil factor, Elevated CO, Elevated temperature, PCA
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Figure 1. Schematic diagram of environmental condition
treatments: Climate change treatments and soil
moisture and nutrient gradient within a glass
greenhouse.
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Table 1. Ecological niche breadth of Q variabilis(Qv) and Q. acutissima(Q.a) under climate change treatment(elevated CO,
- elevated temperature, treatment) by moisture and nutrient environment

Treatment

Character Moisture Nutrient
Qv Qa Qv Qa
Leaves number 0.973 0.994 0.967 0.974
Leaf area 0.990 0.985 0.984 0.994
Petiole length 0.981 0.963 0.884 0.987
Lamina length 0.990 0.998 0.997 0.998
Leaf length 0.995 0.998 0.996 0.989
Leaf width 0.997 0.991 0.998 0.988
Petiole weight 0.986 0.949 0.982 0.945
Lamina weight 0.986 0.957 0.966 0.978
Leaf weight 0.987 0.957 0.967 0.978
Leaves weight 0.943 0.989 0.945 0.960
Mean 0.983 0.978 0.969 0.979
S. D. 0.016 0.019 0.034 0.016
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Figure 2. Variation(%) in the ecological niche breadth of 8 leaf traits of Q. variabilis and Q. acutissima under
climate change treatment in soil moisture and nutrient environment to ambient atmosphere
condition(control). Negative numbers indicate a decrease and positive numbers indicate an increase

compared to the control.
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Figure 3. Principal component analysis(PCA) ordination of 8 leaf traits of Q. variabilis and Q. acutissima under
control(ambient CO,-ambient temperature, C) and climatic change treatment(elevated CO,-elevated
temperature, T) by soil moisture and nutrient environment.
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Table 2. Correlation matrix of 8 variables treated with the moisture and nutrient gradient with the PC1 and PC2

scores of the principal component analysis(PCA).

Trait Moisture Nutrient

PC1 PC2 PC1 PC2
Total leaves number 0.022 0.936 0.310 0.872
Leaf area -0.850 -0.278 -0.906 0.060
Petiole length -0.426 0.231 -0.494 -0.227
Lamina length -0.863 -0.089 -0.838 -0.080
Leaf length -0.875 -0.075 -0.850 -0.091
Width length -0.867 -0.209 -0.887 -0.081
Petiole weight -0.639 0.027 -0.651 -0.078
Lamina weight -0.930 0.022 -0.945 0.106
Leaf weight -0.931 0.024 -0.947 0.103
Total leaves weight -0.554 0.761 -0.489 0.812
Variance explained [%] 56.12 16.44 58.26 15.24

* Statistically significant traits(r > 0.5) are shown in red.
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