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ABSTRACT

This study was conducted to investigate the effect of ecological factors affecting Pinus densiflora forest
distribution associated with climate change in the future. Ecological niche is used as a method to
quantify the position occupied in biological communities, space, influence and all ecological factors.
Ecological niche breadth was analyzed on meteorological and growth factors of P. densiflora. Nine
sites (i.e., Gangneung, Jeongseon, Pyeongchang, Hamyang, Bonghwa, Yeongyang, Uljin, Uiseong and
Boseong) were selected to set 20 m X 20 m quadrat from September to October 2010. The height,
DBH, clearlength, crown width and basal area were measured at each quadrat and used as growth
factors. In addition, the measured values from the closest weather stations of each survey area of the
maximum, mean and minimum temperature, humidity and precipitation were used as meteorological
factors. The ecological niche breadth of the five meteorological factors except humidity was low. It is
considered that precipitation could effect on the distribution of P. densiflora forest. In particular,
maximum temperature showed low ecological niche breadth less than 0.4 in most of the survey areas.
However, the ecological niche breadth of the five growth factors was high in all survey areas.

Key words: Climate change, Pinus densiflora, Ecological niche breadth, Niche overlap index, Environmental
factors
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Fig. 1. Location map of each study sites.
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Table 1. Location and meteorological factors of each study site

. GPS Altitude ~ Precipitation ~ Humidity Temperature (°C)
Site

Lat Lon (m) (mm) (%) Mean Max. Min.
1 37°42'10.5" 128°46'59.9" 489 1,288.7 73.4 6.5 1.5 11.6
I 37°32'14.3" 128°55'20.9" 647 965.1 65.9 9.9 5.0 15.9
1 37°27'26.8" 128°29'33.9" 667 965.1 65.9 9.9 5.0 15.9
v 35°27'16.4" 127°38'27.4" 607 1,576.8 73.0 12.2 6.9 18.4
\'% 37°03'35.8" 129°07'57.4" 613 1,220.2 70.7 9.1 3.1 15.8
VI 36°45'38.0" 129°15'28.7" 446 1,101.3 68.4 11.9 7.8 16.4
Vil 36°56'26.4" 129°14'00.8" 504 1,101.3 68.4 11.9 7.8 16.4
VIII 36°263'9.8" 128°49'22.0" 270 1,007.9 67.1 11.3 4.8 18.6
IX 34°55'23.3" 127°05'58.9" 231 1,779.9 70.7 13.6 9.1 18.4

Note) I: Kangreung, II: Jeongseon, III: Pyeongchang, IV: Hamyang, V: Bonghwa, VI: Yeongyang, VII: Uljin, VIII:

Uiseong, IX: Boseong

Table 2. Growth factors of each study sites used for measurement of niche breadth

Site Height DBH Clear length Crown width Basal area
(m) (cm) (m) (m) (m’)

I 20.7+2.0 47.249.6 14.4+1.7 4.8+1.1 2.907+0.07
I 15.120.6 35.9+4.1 11.0£1.1 3.7+0.6 1.534+0.02
111 18.2+0.9 55.548.3 10.3£1.6 5.0+0.7 2.965+0.07
v 17.6£0.6 33.445.1 11.2+1.2 4.0£0.9 1.434+0.03
A% 15.7+0.7 31.5+4.9 7.8+1.1 4.5+0.8 0.957+0.02
VI 14.5+1.0 36.8+4.4 9.94+0.8 4.0+0.5 1.939+0.03
VI 12.6£1.0 26.545.0 4.6+0.8 4.5+0.7 1.309+0.02
VI 14.9£1.5 22.344.1 9.542.2 3.8£1.0 1.375+0.02
IX 17.0+£0.8 31.1+£3.9 10.542.1 5.2+0.7 1.467+0.02
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AEE FY 3 FalelA Yehks & Alele] A
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PS = 1-1/2% |Pij — Pih|

PS : Proportional similarity (niche overlap)
Pjj :Relative response of species j in the i gradient
Pih : Relative response of species / in the i gradient

L 2z 3 o0&
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Foll S Zsl= pHE 4.5 ©l3l2R= Hotta(1990)
o] A7} HlugE W AR Y] AT EY
pHell o3t Aol & A& gls Zo= woET
B Y B4y, BEYTE 5 B9 o318k AJdod
T FEE vAE e T 5.23~16.63%= A

Table 3. Soil chemical properties of each study site

AES A F718 I 3.44%Jeong et al,
2003)0l] HI3)] =& Aoz Vet oH, Jkw o] A
3 A B NG| vlEl At el f7]
& o] #A vehdths A3 (Jeong et al, 2002)
o} FA1er AES Bt BER7I1ET DRI A
IAE Hole Ao IHA v AP A
(Kim et el, 1991) AGE=R HXH, B38=<o]
0.45%, 0.43%= A UeRom, 231, oA el
Z2F 0.15%%F 0.13%2 SHA YeRsttt. o]yst A}
= e} AHRIESY] AAA 0] 0.43%~0.09%
2= 23 (Jeong et al, 2002)2} HIS3E oz
ERdth BEY U fEclite] gk EY pHY R
gkt 2R IAZE lom pHrt v 739 <l
2ke] gAdslel] 71Rlste] Frajlcke] o] WA v
e Zlo= 4eA JthF 5, 1994). 1L} &
It Aol M= pHY FUIESEY Sl FAL
UERFA] gdgton, @3]y AutEle AaE vEhfa
Qo] AHR| oA FERIAE] Hol7} vl - & Aoz
YUERITH(Lee, 1981; Jeong et al, 2003). ECS}
7188 AQJFE iR oA ko] A Vel
=, 0213 A} Aih= AU YRl B 31t
2 o] b JEd nig] o] vlwd A o
et A7A3Kim er al, 1998)¢} FAKH U
ERiTE.

A&7 gk A A9FE F Fate H 2 Fel
A =& S BYor, U E 0.881~0.951, AL
0.990~0.999, 1127 0.963~0.988, Skl 0.950~0.993,
FHE 0.932~0.988, FLHHE 0.874-0.95102
E 8RN 0.8 oo = MEiE A9ES
Ueila dA7IAIE S7duislel] &8sl Hgx o=

Site pH EC OM. TN  Avail. ,Os C.E.C. Exch. cations (me/100 g)
(H0)  (ds/m) (%) (%) (mg/kg)  (cmolt/kg)  ca?* Mg K* Na*
I 543 0.19 11.20 0.29 2031 3.17 0.71 0.43 0.09
1 5.13 0.18 1220 026 16.00 24.42 0.15 0.19 0.23 0.12
11 5.13 0.15 16.63 0.43 17.33 24.71 1.14 0.28 0.21 0.10
v 5.10 0.18 1020 025 23.00 18.70 1.77 0.46 0.20 0.09
\Y% 553 0.13 6.17 0.15 14.52 2.09 0.79 0.16 0.08
VI 5.63 0.17 523 0.13 5.00 13.20 3.00 1.42 0.28 0.08
VI 5.07 021 13.73 0.45 15.67 35.39 1.41 0.28 0.31 0.09
VI 553 0.16 8.37 023 13.33 18.26 242 0.49 0.21 0.07
X 5.10 0.17 1237 038 16.67 23.39 0.70 0.22 0.23 0.10
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2 A9jFo] FoAle Aaks Hol 70| AEF A
F Wsle)] 2 FEFs PIAE Fo=E AlEEn) B
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A717F 7o) B AR} iAoz wE 7
ko] QO™ (Kim et al, 2012; Seo, 2012), Hi7]
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Table 4. Niche breadth of each study sites along growth factors

. Relative . Clear Crown Basal
Site basal area Height DBH length width area Mean+S.D.
I 0.877 0.991f 0.963° 0.9864" 0.949¢ 0.877¢ 0.941+0.051¢
I 0.950¢ 0.999% 0.988¢ 0.990% 0.972% 0.950% 0.975+0.021°
111 0.925¢ 0.998° 0.980" 0.978¢4¢ 0.981¢% 0.925f 0.965+0.031¢
v 0.923% 0.999% 0.979 0.989° 0.957% 0.923¢ 0.962+0.033°
\Y 0.919° 0.998° 0.978° 0.983" 0.970% 0.919% 0.961+0.034°
VI 0.950 0.996° 0.987¢ 0.993¢ 0.988 0.951¢ 0.977+0.021°
VII 0.873° 0.993? 0.967° 0.971% 0.980% 0.873% 0.943+0.055%
VI 0.881% 0.990% 0.967° 0.950° 0.932° 0.881% 0.93440.045°
IX 0.945% 0.998¢ 0.986° 0.963°% 0.9844 0.945% 0.970+0.022%
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Table 5. Niche breadth of each study sites along meteorological factors

Temperature (°C)
Site Precipitation Humidity - Mean£S.D.
Mean Max. Min.

I 0.556% 0.985° 0.281° 0.018? 0.563° 0.481+0.361%
Il 0.379% 0.984° 0.468" 0.177° 0.688° 0.539+0.309%
11 0.379°d 0.984° 0.468% 0.177° 0.688° 0.539+0.309"
v 0.438%d 0.986° 0.618" 0.323¢ 0.784¢ 0.630£0.265"
\Y 0.468>4 0.983% 0.437° 0.0716" 0.716° 0.535+0.340%
VI 0.516° 0.959" 0.670° 0.435% 0.812° 0.678+0.214°

Vil 0.516% 0.959° 0.670° 0.435° 0.812f 0.678+0.214%
VIII 0.524%¢ 0.987° 0.519¢ 0.147¢ 0.762° 0.588+0.313%
IX 0.506¢ 0.991¢ 0.682° 0.466° 0.806° 0.690+0.217°

Table 6. Niche overlap of nine sites estimated by the niche overlap index in Pinus densiflora forest
I | 11 v \Y% VI Vil VIII IX
1 -
il 0.888 -
il 0.782 0.856 -
v 0.799 0.874 0.815 -
\Y% 0.804 0.808 0.857 0.807 -
VI 0.845 0.886 0.807 0.919 0.826 -
\Yii 0.829 0.815 0.737 0.826 0.717 0.853 -
VII 0.810 0.796 0.691 0.795 0.691 0.840 0.912 -
IX 0.873 0.896 0.808 0.883 0.830 0.920 0.837 0.843 -
0 5 10 15 20 25

A Yot 2utd Exo] wWslE 7k & Zo=
ol et

ARl w2 Aot AUge] FEEHS
UERE AEA A9 S59S ZARA M FRH
T Ae fidleH, ddFt 1A, U9t A
0.920¢F 09192 =A Uepstor, oda 33, o
At HAdo] 77t 0.6912 71 Al Ueldt). ol
B3k At Aol 2] E‘r% A= L
go] 2t 545 veiliTe AZ2ZA A3 A}l
o Awe A A9 FEA 270 HEE=
A} QJomz AR AR =B =A3)
T e o BEEAY] AN Aolo] BxE

W 5 ok ek geSAme] oe e

A} FRefo] We Aol 7 Aok ARy B
% 7o) A1 Rolw, Fow 7t Aole] Eel
A

Jolsith= AS VeRdT

A A7t 2pol & gl 5t AHE X9 TE5Y
S |83 cluster®AS AAISF A} Al =0
w2 A Y 7F AUFE-e] A 297 A4 F

vill

i

i

\

Fig. 2. Dendrogram for the nine sites obtained by the average
linkage cluster analysis based on the niche overlap index.
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