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Effects of Global Warming and Environmental Factors of Light, Soil Moisture, and Nutrient
Level on Ecological Niche of Quercus acutissima and Quercus variabilis. Cho, Kyu-Tae, Rae-
Ha Jang, Seung-Hyuk Lee, Young-Sub Han and Young-Han You*(Department of Biology,
Kongju National University, Kongju 314-701, Korea)

This study was conducted to determine the changes of the ecological niche breadth
and niche overlap of Quercus acutissima and Quercus variabilis under elevated CO,
concentrations and under elevated temperature conditions. We investigated the
growth responses by environmental factor, CO, concentration, air temperature, light,
soil moisture and nutrients. Rising CO, concentration was treated with 1.6 times than
control (ambient) and increased temperature with 2.2°C above the control (ambient)
in the glass greenhouse. Ecological niche breadth and niche overlap was calculated
the two oak species (Q. acutissima and Q. variabilis), which were cultivated with
light, soil moisture and nutrient gradients at four levels. As a result, the ecological
niche breadth of Quercus acutissima was determined to be increased under the warm-
ing treatment, but decreased under soil moisture and nutrient environments. The
ecological niche breadth of Quercus variabilis was increased under light, soil mois-
ture and nutrients of the warming treatment than control. Ecological niche overlap
between Quercus acutissima-Quercus variabilis was increased under light of the
warming treatment than control, but decreased under soil moisture and nutrient envi-
ronments. These results means that two oak species are more severe competition in
light environments than soil moisture and nutrient environments. According to analy-
ses of the Cluster and PCA, the two oak species were more sensitive react under light
environment than to elevated CO, concentration or elevated temperature.

Key words : ecological niche breadth, ecological niche overlap, global warming
treatment, environmental factor
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ppmel] {1+& 7l o] (Houghton et al., 1990), CO, %=
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(Beranacchi et al., 2000). 4P o2 CO, =9} %7}
Z7lsp Alge AARun Ase] 2Awel o %
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S0 dutdoz AlEEE Bl A }E]L (IPCC, 2007)8]
97]1& CO, x=2] °F 24 (690~ 770 ppm)= A A 5}ed
AlA] 2T CO, %% (386.9+6.1 ppm)2] <F 1.6v) (B
602.7+64.1 ppm) = A3+ (Fig. 2).
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23t} oju] == 33A=A7] (LCI Ultra Com-
pact Photosynthesis System. ADC 2005) 2. &4 3}9]t}.
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Fig. 1. Schematic diagram of CO, enrichment treatment.
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Fig. 2. Average CO, concentration and monthly mean temperature within each environment used in this experiment
under control (ambient CO,-ambient temperature) and treatment (elevated CO,-elevated temperature) conditions.
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B=1/3 (Pi®) S
B : niche breadth (Levins' B)

Pi : relative response of a given species to the whole
gradients that is realized in gradient i

S : total number of gradients
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% 29 ge) A9 FRAS DAY 7 FAe) 3
T2 o]83}e] Schoener (1970)2] ®}H ol wie} H]# 4
A} (proportional similarity)Z A4tk e #9171
FY3H S A A9t b FREW 2 3 1]
I A3 g2 0o+,
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PS : Proportional similarity (niche overlap)

Pij : relative response of species j in the i th gradient
Pih : relative response of species h in the i th gradient

5. &A1A=

27} s3] A #]91e] WolE A
a7] 93 ZF P A= A91E o843t o i
4 (oneway ANOVA)& 44151913, §7.221e] o]
2o A%A o] AFAE W] $lske] BAL
e 7} WAoo BEHE o) gste] f2e
= A (eucledian distance)E 3 & w7} 15
7 (unweighted pair-group average, UPGA)°2. 2 3%
(clustering)d}Act. =3 HA|H ol BExA )2 8s]7] 9
3 9o BEAE ARAS ol £ FAEEH (PCA)
o=z wdslsh 919 EAFEH A2 Statistica 8 &
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7o e AYFL 3 2] T (0.895) < EFFH
He]F(0.977)< 4 M) F-(0.979) <02 vhehyiet.
A A)91%2] 7= ]9} §-(2009)9] H7V71EH F
A ke 1L 7]Fo= 0.900 oA WA H7t
319132, 0.900 oJ3ks F7 Hrhstdt. 1 A3 3 A=
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Table 1. Comparison of niche breadth of Quercus acutissima along each environmental factor (light, soil moisture,
nutrient) under control (ambient CO,-ambient temperature) and treatment (elevated CO,-elevated temperature)

conditions.
Control Treatment
Character
Light Moisture Nutrient Light Moisture Nutrient

Leaf width length 0.977 0.997 0.996 0.996 0.991 0.988
Leaf lamina length 0.994 0.999 0.997 0.998 0.998 0.998
Leaf lamina weight 0.977 0.988 0.986 0.906 0.957 0.978
Leaf petiole length 0.979 0.979 0.948 0.964 0.963 0.987
Leaf petiole weight 0.960 0.985 0.976 0.935 0.949 0.945
Leaf area 0.969 0.998 0.996 0.995 0.985 0.994
No. of leaves 0.914 0.988 0.965 0.993 0.994 0.974
Leaves weight 0.830 0.976 0.959 0.859 0.989 0.960
Stem length 0.916 0.944 0.989 0.974 0.915 0.838
Stem diameter 0.938 0.995 0.966 0.969 0.987 0.974
Stem weight 0.990 0.971 0.965 0.964 0.960 0.933
Shoot length 0.977 0.993 0.995 0.986 0.998 0.976
Shoot weight 0.897 0.979 0.964 0.914 0.993 0.961
Root length 0.978 0.971 0.992 0.973 0.998 0.986
Root weight 0.525 0.942 0.991 0.586 0.978 0.979
Plant weight 0.637 0.958 0.989 0.686 0.990 0.978
Leaf density 0.882 0.863 0.997 0.932 0.978 0.965
Specific leaf area 0.925 0.989 0.994 0.920 0.988 0.996
Root/Shoot ratio 0.714 0.954 0.966 0.725 0.938 0.983
Photosynthetic investment 0.926 0.944 0.957 0.880 0.933 0.982

Mean (n=20) 0.895 0.977 0.979 0.908 0.974 0.969

S.D. 0.127 0.019 0.016 0.114 0.025 0.035
20714 HA F 14714 FAelA 0900 ol o= Wl B cjgkamels ol gt o] TE= A % 4
20 25, zvo—ﬂr—?— A, ASERA, ABARA, L ek oz SAPRHAA ARz Sl
e, AP HAAY §o] 0525~08972 Tha FAdTh olA Fo] e B euc} A4 BHeddes o
Eokpl A= g Alutoe] 0.8630 2 T E9) 2 #] ¢lv}(Barbour et al., 1987).

2 olA 1971 AL 0900 ke Walch oks

28] T 2E 32 o] 0.900 o]Abo 2 Yl (Table 1).

2tsbA e o] e Xl«ljp & 2|7 (0.908)<
oFa 2] T-(0.969) < EF4 A =] T-(0.974) &0 2
epte.

s X2l 20714 4 F 157K AeA] 0.900
ooz wglx, AA dFA, AEFA, AEATA,
2| 8RR 233 ], 33 7] 3R] 3212 0.586~0.880
2 tih F9Yt) By A= =5 3xle] 0.900
ooz W, ks AT E71- ] A
0.8382 ThA F Y] 1974 A2 0.900 oA
© 2 dqjt}(Table 1).

Apebre] Ad A9 mdpps) oJopanct
Bel A FA ehae o1 & AT, FRUE 2
23 AR ohE A7Ae} QX (Kim et a
2008; Lee and You, 2009). o= Aot E‘{}—’r——,.‘i—

olg FqsE Az BlzTol wlal LxsA 7ol A
B A9FS AT Aol glglok F AelTe
Zrhelel T By AT TS A%k Al gad
Aog vehdeh ol A s} gl e 44
bt B BAWste] & Agte] AFur} Bxelol
el oz 8495

2) 235 (Quercus variabilis)
A7) e AT P A2} T (0.926)< E4R
A 2] F-(0.977) < 93 oF4 2] 7-(0.987) £ o= et
I3 Ha]F= 20714 & = 1471 A4 0.900
ooz Wl AR WA, AARTA, AspETA,
124 2A), 9%, XS/ AR 3 o] 0.600~0.895
S Fm S4E AT Y AT 2
21 0] 0.900 o]0 = quqlz‘r(Table 2).
e o] e 2952 % X2 (0.894)< 4]
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Table 2. Comparison of niche breadth of Quercus variabilis along each environmental factor (light, soil moisture, nutri-
ent) under control (ambient CO,-ambient temperature) and treatment (elevated CO,-elevated temperature) con-
ditions. % indicates a significant difference between control and treatment (Fisher’s least significant difference,

p<0.05).
Control Treatment
Character
Light Moisture Nutrient Light Moisture Nutrient

Leaf width length 0.993 0.998 0.996 0.982 0.997 0.998
Leaf lamina length 0.995 0.998 0.996 0.990 0.988 0.997
Leaf lamina weight 0.977 0.991 0.989 0.870 0.986 0.966
Leaf petiole length 0.986 0.964 0.955 0.981 0.981 0.884
Leaf petiole weight 0.985 0.975 0.954 0.994 0.986 0.982
Leaf area 0.986 0.994 0.982 0.957 0.974 0.991
No. of leaves 0.973 0.995 0.987 0.968 0.981 0.967
Leaves weight 0.881 0.975 0.990 0.750 0.924 0.962
Stem length 0.984 0.983 0.989 0.982 0.982 0.961
Stem diameter 0.978 0.995 0.998 0.958 0.991 0.996
Stem weight 0.937 0.953 0.989 0.910 0.975 0.964
Shoot length 0.995 0.971 0.994 0.985 0.992 0.991
Shoot weight 0.895 0.967 0.996 0.823 0.938 0.963
Root length 0.997 0.989 0.999 0.927 0.986 0.999
Root weight 0.600 0.935 0.986 0.590 0.942 0.938
Plant weight 0.705 0.946 0.991 0.660 0.943 0.947
Leaf density 0.629 0.949 0.972 0.906 0.946 0.938
Specific leaf area 0.963 0.993 0.996 0.925 0.987 0.981
Root/Shoot ratio 0.778 0.987 0.990 0.830 0.988 0.978
Photosynthetic investment 0.959 0.993 0.984 0.884 0.999 0.983

Mean (n=20) 0.926 0.977 0.987 0.894 0.974 0.969*

S. D. 0.109 0.020 0.013 0.113 0.022 0.028

FA A2 F(0.969)< ESF4H 2] (0.974) =02 1}
Ehgt

F AT 20744 (A F 1371 ¥AelA 0.900
ooz Wl dFFA, AA FA, AR, A
PR, ABA A, ASA R v, BT BEA
] 3322 0.590~0.884=% thA Fohv) EofpE 22+
E o] 0900 ooz Yol s AT
AFRe] HAnke] 0.8842 Tha FU4T VA 1071
712 0.900 oJAFe 2 yigit)(Table 2).
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Bojo 3 )7 (0.912)< FFa A 2] T (0.925)< £k
T A2 7-(0.941) o2 eyt

& A=l 207H4] A S 137FA] 3AelA 0.900
olabo g Y, ol AA FA, E71H ), 27 7A,
AREA, NEAFA, dL= PAo] 0723~08972
B Foheh EESE AT 20714 3R F dEr
A, 714 0], 9=, FFA7I® FAm] FAde] 0.865~
0.898% tha ZSk3r, WA 16714 & elA] 0.900 ©]
Aoz Yo ks A=lFe dFHA, AR,
Z7]%7 {AelA 0.836~0.879= T FSkaL, A
1771A] Ao A 0.900 o] Ao 2 Y9lch(Table 3).

>z A A9 FEYLS g AT
(0.888)< EoF4E A7 (0.902)< 3 )T (0.922) <=
o2 vepgt
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Table 3. Comparison of niche overlap between Quercus acutissima and Q. variabilis within environmental conditions
under control (ambient CO,-ambient temperature) and treatment (elevated CO,-elevated temperature) con-
ditions. % indicates a significant difference between control and treatment (Fisher’s least significant difference,

p<0.05).
Control Treatment
Character
Light Moisture Nutrient Light Moisture Nutrient
Leaf width length 0.939 0.960 0.987 0.949 0.941 0.938
Leaf lamina length 0.965 0.977 0.949 0.950 0.945 0.974
Leaf lamina weight 0.969 0.865 0.857 0.897 0.894 0.852
Leaf petiole length 0.941 0.939 0.917 0.930 0.871 0.877
Leaf petiole weight 0.949 0.909 0.836 0.897 0.834 0.871
Leaf area 0.935 0.954 0.929 0.920 0.888 0.945
No. of leaves 0.879 0.944 0.953 0.908 0.911 0.855
Leaves weight 0.873 0.936 0.900 0.892 0.821 0.838
Stem length 0.875 0.898 0.931 0.928 0.866 0.850
Stem diameter 0.946 0.988 0.910 0.957 0.912 0.911
Stem weight 0.889 0.970 0.879 0.928 0.881 0.907
Shoot length 0.918 0.961 0.951 0.949 0.960 0.882
Shoot weight 0.878 0.952 0.911 0.902 0.844 0.835
Root length 0.938 0.912 0.962 0.901 0.938 0.939
Root weight 0.909 0.984 0.922 0.934 0.948 0.824
Plant weight 0.897 0.976 0.921 0.939 0.936 0.828
Leaf density 0.723 0.872 0.908 0.840 0.946 0.851
Specific leaf area 0.955 0.987 0.989 0.973 0.966 0.925
Root/Shoot ratio 0.956 0.944 0.948 0.912 0.872 0.927
Photosynthetic investment 0.906 0.895 0.948 0.938 0.867 0.935
Mean (n=20) 0.912 0.941 0.925 0.922 0.902* 0.888*
S.D. 0.055 0.038 0.039 0.030 0.044 0.046
TE 2071 ¥A F GdETAL dAFA o], AR, EHOH 2512 dz2Tek Sd3A o] 71 gle]
qaH, A YA, 27120l 27)A, ARERA, A ALFe) C-L1008F T-LI00S EF =t oo
SRR AR 1], B3HA) 7| B8] 32 o] 0.821~0.894 A Actolxz, TFNY ZEIE dx2F9 233} xe|+
2 oA FUAL WA 10714 A6l 4] 0.900 o] o= o T glo] A2 3 Aoz FEHUH (Fig. 3a). =
Qoo da A2l QB WAFRe|, dARF Fre 87 Adel wet 24 F agew FREY
o 2ge dazTeh exdstAe T FRglel AYFal

A, A AA A5, E71- o], A o], A 3R,
A SHEA, AEA A, A= oA 0.824~0.882
2 vha 943, i 97bA) FAelA] 0900 o] 4oz
vlglo} (Table 3).
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Fig. 3. Unweighted pair-group average clustering of reaction of (a) Quercus acutissima and (b) Q. variabilis to environ-
mental conditions (C: ambient CO,-ambient temperature, T: elevated CO,-elevated temperature). Numeral indi-
cates treatment gradients in each environmental factor (L: light, M: moisture, N: nutrient).

(b)

Factor 2: 13.88%
Factor 2: 22.89%
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Fig. 4. PCA ordination of 24 individuals of (a) Quercus acutissima and (b) Q. variabilis using 20 ecological and morpho-
logical variables treated to environmental factors (C: ambient CO,-ambient temperature, T: elevated CO,-elevated
temperature, L: light, M: moisture, N: nutrient). Numeral indicates treatment gradients in each environmental
factor.
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Table 4. Correlation matrix of 20 variables with the first and two principle component scores of PCA analysis of Quercus

acutissima and Q. variabilis.

Factor of Q. acutissima

Factor of Q. variabilis

Character
| 11 | 1
Leaf width length 0.813817 —0.426938 0.010126 0.857016
Leaf lamina length 0.671577 —0.158565 —0.132963 0.943366
Leaf lamina weight —0.529715 —0.711032 —0.900729 0.219058
Leaf petiole length 0.328193 —0.709276 0.305573 0.599780
Leaf petiole weight —0.084858 —0.921570 —0.389068 0.498995
Leaf area 0.815530 —0.318331 —0.092466 0.943635
Leaves number —0.760938 0.389703 —0.557652 —-0.188114
Leaves weight —0.868181 —0.017946 —0.937489 0.155912
Stem length 0.867719 -0.162411 0.468511 0.648435
Stem diameter —0.794844 0.034214 —0.897951 —-0.053119
Stem weight —0.203211 —0.126288 —0.817655 0.409894
Shoot length 0.700587 0.354057 0.485195 0.660756
Shoot weight —0.840901 0.044672 —0.920557 0.217007
Root length —0.603006 —0.204776 —0.799569 —0.131594
Root weight —0.947581 —0.004234 -0.960111 0.124896
Plant weight —0.952161 0.003922 —0.966472 0.144821
Leaf density —0.492201 —0.391517 —0.207160 —0.324543
Specific leaf area 0.921281 0.276276 0.875667 0.319587
Root/Shoot ratio —0.837763 —0.101820 -0.861777 —0.059055
Photosynthetic investment 0.793886 0.060615 0.838144 0.087051
Variance explained (%) 53.61 13.88 49.00 22.89

1
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