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Abstract In this study, we hypothesized that the size of wintering crane population would change due to
the climate factors. We assumed that wintering population size would differ by climate values in January,
which is the coldest period in year. Especially, White-naped cranes were able to choose wintering site between
Cheorwon and other alternative place where snow coverage had low influence, differing from Red crowned
cranes. For this reason, we predicted the population size of White-naped cranes would fluctuate according
to the extent of snow coverage in Cheorwon. Therefore we used snow coverage data based on MODIS
and climate data from KMA (Korea Meteorological Administration) that are generally used. We analyzed
the crane’s population size in Cheorwon in January from 2002 to 2014. The temperature in the Cheorwon
increased from 2002 to wintering period in 2007 ~ 2008 and went down, showing the lowest temperature in
2011 ~2012. With this phenomenon, warmth index showed the similar pattern with temperature. Amount of
newly accumulated snow (the amount of snow that fallen from 0:01 am to 11:29 pm in a day) was low after
2002, but rapidly increased in 2010 ~2011 and 2011 ~2012. The area of snow coverage rapidly declined from
2002 to 2005 ~ 2006 but suddenly expanded in wintering period in 2009 ~2010 and 2010 ~2011. Wintering
population size of the White-naped cranes decreased as snow coverage area increased in January and the
highest correlation was found between them, compared to the other climatic factors. However, the number of
individuals of Red crowned cranes had little relationship with general climate factors including snow cover
range. Therefore it seems that population size of the Red crowned crane varied by factors related with habitat
selection such as secure roosting site and area of foraging place, not by climatic factors. In multiple regression
analysis, wintering population of White-naped cranes showed significant relationship with logarithmic value
of snow cover range and its period. Therefore, it suggests that the population size of the White-naped crane
was affected by snow cover range n wintering period and this was because it was hard for them to find out rice
grains which are their main food items, buried in snow cover. The population size variation in White-naped
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cranes was caused by some individuals which left Cheorwon for Izumi where snow cover had little influence
on them. The wintering population in Izumi and Cheorwon had negative correlation, implying they were

mutually related.
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Fig. 1. Survey area and distribution of factors influencing crane habitat selection, such as reservoirs, roosting sites, human residence area, mili-
tary facilities and roads classified by the different levels of traffic volume (low, medium and high traffic according to the Yoo et al., 2007).
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Table 1. List and definitions of climatic variables tested in multi-variate regression model.

Variables Definition

Scale or range of grade

NSJAN New Snow in January
SCP Snow Cover Periods

Accumulated Depth (cm)
Snow Cover Periods which values above 25

SCPandRA Snow Cover Periods and Range Snow Cover Periods X Range (values above 25 ~50: 1,
51~100: II, 101 ~ 150: 1T, 151 ~200: IV, 201 ~255: V)

AucSCR Accumulated Snow Cover Range Sum of Average Snow cover range value of points
in crane’s habitat (1 ~255)

LNAucSCR Log. value of the Sum of Snow Cover Range (AucSCR) LN (AucSCR)

Preci. Precipitation in January Accumulated precipitation level (cm)

AT Average Mean temperature °C in January

AMinT Average Minimum temperature °C in January

AMaxT Average Maximum temperature °C in January

Wljan Sum of the number of days that maximum temperature Modified Warmth Index

was recorded above 5°C
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Table 2. Correlation coefficient matrix between each climatic factors.
Climatic variables NSJAN NSfromDec SCPweek SCPandRA Preci. WI
NSfromDec 0.87%*%*
SCPweek 0.64* 0.60%*
SCPandRA 0.49"™ 041" 0.93%**
Preci. 0.62%* 0.63* 0.55" 0.30™
AT -0.45" —0.60* -0.20" -0.08" -0.15"
AMinT -0.38™ -0.50™ -.012" -0.02" -0.06™
AMaxT —0.59* —0.69* -0.28™ -0.17" -0.24"
Wlian —-0.48™ -0.39™ -0.49™ —0.58* 0.01™
LNAucSCR 021" 0.20™ 0.71%* 0.80%* 0.15" -0.38"
* p<0.05, **: p<0.01, ***: p<0.001,™: p=>0.05
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Fig. 4. Fluctuation of wintering population of the Red-crowned Crane and White-naped Crane in Cheorwon each January from 2002 to 2014.
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Fig. 6. Changes of the days above 10°C and 5°C in maximum tem-
perature in wintering season from 15th December to 31st
January.
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Table 3. Eigenvalues and cumulative variance of the correlation
matrix of climatic variables.

Table 5. Correlation between crane’s wintering population and
weather and snow cover variables.

Principal Eigenvalue
components  Sum  Proportion (%) Cumulative proportion (%)
1 8.212 54.749 54.749
2 3416 22.776 77.526
3 1.294 8.630 86.155

Table 4. Correlation coefficients between factors and principal
components (PC1, 2, 3) and the factors representing each
principal component.

Major principal components

Factors
PCl1 PC2 PC3

NSJAN .689 — 445 339
NSfromDec 682 —.556 314
SCPweek 970 11 081
SCPandRA 932 274 —.160
AucSCRJan 933 273 —.181
AucSCRgrade 797 190 162
AucSCRDecJ .898 146 —.061
SCPandRA050 946 252 —.117
Rangeover50 957 181 011
Preci. 502 —.180 772
AT - 311 .899 258
AMinT —-.222 .889 336
AMaxT - 410 .879 .146
Wlian —.590 —.025 354
LNAucSCR 654 437 —-222

Character Snow cover Temperature Precipitation
FAAREAS 2 A, kol 1 o)Al 3749 AR
FAE 175 H&9 86.2%S AHA|3HATH (Table 3). ]
FTHoR 7t AR HEHL = ¥ (PCl) 71& (PC2)
93 4 (PCIHOE Vel 4 qlglon] 2R 7
A 8 4~0]3ith (Table 4).

Z} 7|59t 80|, Q52 Ao A
WAE B 4 AFFrute] 71582 F = FY
A7 Ao, TR0 Fos o= Mpete A
A7 UetA] & 4Th (Table 5). 23A o2 7]5a2]
o FHA = AAR 7123 = 992 A= BATE
of Az 52l adlojzt & 4 Uen, 7T
o] 7|2 8%l F = HYY Mol FFe] Ak & 5
1t} (Table 5).
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T

Red-crowned White-naped
Variables Crane Crane
r p r p
NSfromDec 0.28 ns —-0.08 ns
NSJAN 0.14 ns —-0.33 ns
SCPweek 0.19 ns —-0.56 0.058
SCPandRA 0.15 ns —-0.71 p<0.01
AucSCR 0.26 ns -0.57 0.053
LNAucSCR 0.24 ns —-0.74 p<0.01
AucSCgrade —-0.02 ns —0.27 ns
SCPandRAS50 0.23 ns 0.01 ns
Preci. 0.03 ns —-0.20 ns
AT -042 ns —-0.19 ns
AMinT -042 ns —-0.09 ns
AMaxT —-0.31 ns —-0.52 ns
Wljan —-0.46 ns 0.35 ns
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Fig. 9. Relationship between estimated value of standardized
regression of LNAucSCR and the number of wintering
White-naped Crane in Cheorwon.

Z%-ol= MODIS & B¢ H99 213 (LNAucSCR)
Tho] fojulgt agloz HEE el oH (Fig. 9, F=11.76,
df=10,p<0.01,R*=0495), 5412 o} ¢} 7t}

Wintering Population of White-naped Crane
=1178.1 —133.7«LNAucSCR + ¢

- LNAucSCR

=Loge (Accumulated MODIS snow cover range)
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AF2H3 @42 dAAY o= st thA| A
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o] MFow Q3 AHHoz 3t uprt HtFo 2N
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Zo]t} (Wang et al., 2010, Prior and Kendon, 2011). ¥
FolA 7133 715 R BA445, 20008 = P—rEi
FR7A] LA £3F ALH 243t A7 UEk
o}, AR 2009 F Al A 20108 7HA], 20109 ol A 20117}
A AL ¢ T AL @4 o] UeiteT ol &
=A% (Arctic Oscillation)®?] ¢Fsl2 QIgt Aoz & A
QJth (Wang et al., 2010, Prior and Kendon, 2011, Lee and
Choi, 2013). o]o]] we} &2 oz Z713) fd A =70
o] AF A= 20099 o] F 2 AL TSt 1,00071
A mjgte 2 745kt B2 2013 ~2014d0] o &

et Aol HA HEAITE 200070A1E 25 2
ﬂ]ﬁg UERR G2 (NIBR, 2014), 201549 199 A2
180093 7HAE YEFHATH(NIBR, 2015).

AL 2u3to] FAto] UYehd A7) (2003 ~2008)0]
= AT »a BT YERT o] Al7]ol= AAdo
Aol et = B HHY +3 4 (AucSCR)O|
0mme] 7P7he 757 Wokth o] A o] W=
Fo%le AL7ITHE At v Aojn, Ao
2 22 ]2 Az 52 el okl Yl o] ol
9ol F7] W= FtE Tt (Hall er al., 2002). ]2 A W
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g A G4 Uetts 5 FAFQ o)) UETH (Yoo
etal.,2011b).
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Fig. 10. Relationship between wintering White-naped Cranes in
Cheorwon, Korea and Izumi, Japan.
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Fojo] lojA 71FZHste] whE AA49 W7t 9
“Eﬁ AFFols 7| FHE AB2FoR AHH| o
(NIBR 2010.7.26 REA} ), 7];\%}011 st 2-e 52 o)
Hojuar B 7hHsg wam L Abgto|gt Bt 4
ek shAIRE F2 0o Fe A LFA 7L AFH A Aol
2 & 5 7] HEol 23] wAAHo| AXste JIs
o gol 7]5-/stef diste] k3t (Vulnerable) Fol2h &
& Qloh £ A= 2013 ~20149 9] 25 A<
Stil 718 3 = HY W9 Wsto = 8kl QHF A o]
Arh. webs F20)9 AT WES 71Fagle Walsl
A A o2 AR Al (P g, #H4A ¥
o] Sl ol 2HH7] wizole} HeEh EF 7]¢ U
71748.]0e wet et % A7 et EE5A
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¥
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oty QIFE 9 I7te] 7Hdol 93 o A FFS
7] @ Zo|t} (Yoo et al.,2011a). 0] 23t A= 35t
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2 239}
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7= 9QloZ dHA UA|9 (Gaston et al., 2000), 243+
Ago] HEA] T2 272 0 ‘é o Utk 243t 745011
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AER H7187] BT AFF0| FARRE SHA A ?A_E
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4 UL shgTt. o] A FRu|F MAsE HUAY
of WA, &7|2j7]o vl AA|7E H7] WEe] F 1t
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