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Micro Feeding Site Preference of Wintering Cranes by
Topography and Vegetation in Cheorwon Basin, Korea'
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ABSTRACT

The main purpose of this study is to investigate the relationship between the topography of land and vegeta-
tion and the preferred habitat of wintering cranes. Investigations were conducted twelve times in Cheorwon ba-
sin, South Korea, during two wintering seasons (12/ 2005 - 2/ 2006; 1/2007 - 2/2007). The density of rice grain
in the middle of rice paddies was higher than that of the areas along the edge of rice paddies. However, it was
observed that red-naped cranes preferred to feed along the edges of rice paddies rather than to feed in the middle
of the paddies. White-naped cranes, on the other hand, preferred to feed in the middle of paddies. To be more
specific, red-crowned cranes preferred feeding sites such as levees of the paddies or the areas where the level
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of the rice beds was comparatively more elevated. But the preference of the white-naped cranes turned out to
be just the opposite. Another finding was that both red-naped cranes and white-naped cranes preferred con-
cealed areas for their feeding site, and the frequency rate of their feeding in concealed areas has little to do with
weather factors. This finding contradicts a widely accepted view that cranes prefer open spaces for their feeding
site. Besides, red-crowned cranes, compared with white-naped cranes, preferred to feed in more concealed
areas. The frequency rate of feeding in both concealed areas and non-concealed areas had little to do with the
size of feeding flocks. There was no difference between a flock of fewerthan five cranes and a flock of more
than five cranes in terms of frequency rate of their feeding. In conclusion, the result of these investigations in-
dicate that red-naped cranes comparatively prefer concealed areas for their feeding site, and white-naped
cranes are less prone to them, and there is no direct connection between their preference of feeding site or fre-
quency and the size of their flock. This is presumed to be the characteristics unique to their individual species

KEY WORDS : HORIZONTAL VISIBILITY, FEEDING POSITION, CONCEALMENT OF FEEDING SITE,
DISTURBANCE FACTOR, LOCOMOTION DISTANCE
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Figure 2. Modified figure of plane (above) and sectional view (below) in rice paddy field as feeding site (NWR:
near wall of rice paddy, NER: near end of rice paddy, MR : middle of rice paddy, R: ridge of rice
paddy, TR: terraced rice paddy, FR: flatted rice paddy).

Table 1. Definition of the symbol and degree of the concealment and visibility in each subject

. Variable name . @ Relative size s H oo
Subject and Categories Definition and Height Concealment Visibility
NWR Igl;:gr('i ythe wall of ridge in terraced rice 400w (16%) . +
& : .
NR NER Near the end in terraced rice paddy 400m° (16%) - ++ +
gg:idtigr% NBR  Near the border in flatted rice paddy 800m° (32%) - -+
MR Middle area of rice paddy 900m’ (36%) - -+
Others Ridge, ridge of chanel, road, cultivated } ) )
land of other crops
High Height the higher than height in alert >15m .t L
posture of cranes
Ridge height . Higher than height in feeding, lower -
Middle than height in alert posture Im I.om i o
Low Lower than back height in feeding <im + BRI
Vegetation SG Short grass or naked ground 0~0.5m - -+
and height LV Long vegetation >(.5m >+ >4
Ridge and NCA Not concealed area <1.5m -, + +
vegetation
height CA Concealed area >1.5m ++, -+ -

@ Relative size and height : Relative size in case of 50mx50m size of the rice paddy

¥ Concealment: Concealment was defined by possibility of detecting from disturbance factor
* Visibility : Visibility was defined by possibility of visible the other disturbance factor

& NR : Near ridge of ricepaddy (near means the area within 10m)

- no effect, + : small effect, ++ : middle effect, +++ : big effect
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Table 2. Differences of the number of rice grain and depth of stubble
® Number of Rice Grain and * Feeding Aver Standard N iy
Depth of Stubble Position verage Deviation
ER . 24. 40 .
GTR 35.1 8 -3.318
MR 62.0 449 40
i . 322 40
Number 9f Rice ETR ER 29.1 | 486"
Grain MR 19.8 22.4 40
ER 4.1 50.2 40
Total 6 -1.648™
MR 81.8 45.6 40
ER 3.3 1.3 40 N
Depth of Stubble -2.302
MR 4.0 14 40

¥ GTR: grain type rice grain, ETR: ear type rice grain
* ER: edge of rice paddy, MR: middle of rice paddy
* Independent sample t-test, 2-tailed, "p<0.05, " p<0.001.
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Table 3. Feeding position frequencies of flocks in RCC and WNC
Inter Year x°
o Specics S Fee ding Frequency (Rate) - ni ::)r OZar X -
o, 05-0 5-
position 05-06 07 Total vs 07 vs Total vs Total
NWR 198 (41.5%) 123 (49.8%) 321 (46.2%)
NER 144 (30.2% 65 (26.3% 209 (30.1%
(30.2%) (26.3%) (30.1%) 2.914™ 5.723™ 5.548"
RCC MR 65 (13.6%) 22 (8.9%) 78 (11.2%)
NBR 41 (8.6%) 37 (15.0%) 87 (12.5%)
Total 448 247 695 -
* Intra Species x* 73.286"" 45.543"" 112.424 -
NWR 155 (28.7%) 127 (38.5%) 282 (32.4%)
ER 162 (29.9% 60 (20.0% 208 (26.2% o
(29.9%) (20.0%) (262%) 39,885 7.260™ 13.926
WNC MR 143 (26.4%) 57 (173%) 200 (23.0%)
NBR 81 (15.0%) 80 (243%) 161 (18.5%)
Total 541 330 871 -
" Intra Species x* 17.563"" 16.037° 17.763" -
Inter Species x* 40.272" 19.853"" 57.6117" -

@ RCC: Red-crowned Crane, WNC: White-naped Crane
NWR near wall of rlce paddy, ER: edge of rice paddy, MR: middle of rice paddy, NBR: between the rice paddy
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Table 4. Differences of ridge height in crane's feeding site between intra and inter species

@ . Frequency Inter Year x°
pectes idee heeh 05-06 07 Total 8?8? Vg 5'I—‘(())?al Vs (')1"7otal
Low 84 (17.2%) 58 (20.9%) 142 (18.6%)
RCC Middle 162 (33.3%) 98 (353%) 260 (34.0%) 2.622™  0.856" 1.216™
High 241 (49.5%) 122 (43.9%) 363 (47.5%)
Total 487 278 765 -
"Intra Species x* 40217 121537 51.086 -
Low 177 (30.7%) 116 (32.0%) 293 (31.2%)
WNC Middle 187 (32.4%) 117 (323%) 304 (32.4%) 0.234™  0.056™ 0.104™
High 213 (33.9%) 129 (35.6%) 342 (36.4%)
Total 577 362 939 -
"Intra Species x* 1.764"* 1.764" 2.075™ -
Inter Species x~ 29.252"" 10.361" 39.1147 -

@ RCC: Red-crowned Crane, WNC: White-naped Crane
* Low : lower than cranes feeding height (1m), Middle :
ngh vegetation taller than tall of Cranes (1.5m)

# : Yate's collection, ~ p<0.001, ™* not significantly different

taller than cranes feeding height (1m), lower than tall of Cranes (1.5m),

Table 5. Differences of vegetation height in crane's feeding site between intra and inter species

Frequency (Rate) Inter Year x°

Species $Vegetation
05-06 07 Total 05-06 vs 07 05—06 vs Total 07 vs Total
Y 198 (41.7%) 147 (53.3%) 345 (45.9%) .
9.420 2.135™ 4,336
RCC LV 277 (58.3%) 129 (46.7%) 406 (54.1%)
Total 475 276 751 -
*Intra Species ¥° 6.622 " 0.588™° 1.483™° -
SV 254 (57.3%) 238 (66.5%) 492 (61.4%) . .
6.987 1,985 2.714™
WNC LV 189 (42.7%) 120 (33.5%) 309 (38.6%)
Total 443 358 801 -
“Intra Species x° 4.800" 19.990"" 21,194 -
Inter Species x° 22.468 11,4207 37.405 -

SV vegetation shorter than 0, 5m Lv

# ! Yate's collection,

p<0.005,

1 vegetation taller than O 5m
p<O 001,

" not significantly different
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Figure 3. Difference of habitat use frequency where not concealed area (NCA) and concealed area (CA) between
available feeding site and actual feeding site of the Red-crowned Crane (A) and White-naped Crane

(B).
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Table 6. Frequency difference of the height of ridge and vegetation in feeding position of the Cranes

Flock

Frequency (Rate) and x

. $
Species Size Concealment 0506 2 07 2 Total 2
5 NCA 129 (30.2%) 93 (39.1%) 222 (33.4%)
<
CA 298 (69.8%) 0.05™ 145 (609%) By 443 (666%) 2308
NCA 19 (31.7%) ) 20 (58.8%) ) 39 (41.5%)
RCC =5
CA 41 (68.3%) 14 (41.2%) 55 (58.5%)
4 NCA 148 (30.4%) . 113 (41.5%) . 261 (34.4%) .
Total 74.90 3.918 37.950
CA 339 (69.6%) 159 (58.5%) 498 (65.6%)
5 NCA 237 (48.4%) 154 (51.2%) 391 (49.4%)
<
CA 253 (51'6%) 0.01™ ,147 (488%) 2.020™* 400(506%) 0.572"¢
WNC s NCA 41 (47.7%) ) 31 (62.0%) ) 72 (52.9%) )
h CA 45 (52.3%) 19 (38.0%) 64 (47.1%)
4 NCA 278 (48.3%) s 185 (52.7%) s 463 (49.9%) s
Total 0.69 0.515" 0.001
CA 298 (51.7%) 166 (47.3%) 464 (50.1%)
Inter Species x° 35.105"" 7.652" 41.230"
¥ NCA: not concealed area, CA: concealed area
X Yate's collection
*p<0.05, Mp<0.0, ***p<0.001, "*not significantly different
F2ulol AESujol N SR vlenzlel B u] o mAge] ¥ we kol Uzo] g Ao Altal]
& e B9l 2 Fzo] Aol7h YUTHRCC:  ofdrh Uit ABo| Hol wuTo] BAE Fao|x,

x’=0.05, df=1, p=0.974, n.s, n=487, WNC: ¥*=0.01, df=1,
p=0.993, n.s, n=576, Table 6). 0|3t AL A F&4)+
glo| Mo SH A gt v 2H A Bxuga} Zpo)r} il
THRCC: x°=0.53, df=2, n.s, n=974, WNC: x*=0.01, df=2,
ns, n=1,152, Table 6). wfehs], FFu|e} ) F2ujo} L
Aol thFt A5 Falo] jprof mE Ago| ofy
g} F 5olAQl Agkolat & 4 Qddth

V. 13

1 FR0172 =M HA AR

EBAONA o T HANA B H Aol of
s ﬁ?—% LR Aol st} ofFolA fith(Pae,
1994; Yoo, 2004; Choi et al., 2004). Pae(1994)= F5ul
7t =2 ARG vlste] &= 7Rt oA %*“SPL
HlE0] ETHAL spglon, 1 e 4 olf wag 5
= 2ol = TPgAEY =9 HA] RRoA] A=)
w2olet stk SR, 2 Zolle Fukel 71419 714
FOR pEI S| "ol oo 1, B 59| A2

1B gl Ao AR A WS o) T =

o 22 /1A Wapaso R QI chae] Yol S
23l0] ol BrHsd At Bz, o8)2 wolge] g
8 A3} 7R AFSRo] " Fo|tHHCC, 2007). Mul o

f
E
o

ol mARlo} 5 29| Bl TS olgsh g,

olgBtel Lo SHIAAL HFgo| W Y Fut
oS A3} 285t7] TjRo] o] Hrt A7AM
E3F QJtiYoo ef al., 2008b). Choi e al.(2004)2 7|27
7k A aol%ol BE Y5270l o FUR
A A4S, YE57] Hojao] gastrA o Fby
Ae)g 24 WE ol g3t ul&ol FolHES AT
o} FRuRo] QlolH A CIA Holgol FAst,
Rl Sejihe Shgo] SAshE =9 2t 913 WA
o H TE 34 BRFHAM Ao viesto)S R A
oft}. BhA|at, wolzko] Fofo] A REFN= BT,
HAA B2k vl o R Yehhs AT Yol
Q19] Apek B2 2xslsA o] Holo] ofat AYUS Mol
.

e

el aelef thste] ohE 1 H
tHFigure 6). Ob. 1, 22| " H
A9 F#nfF= NER-1, 2 %

Aol A FR0IE
53] W% Hel Ao
ofl tf3)4 NER, NWR $]

r*°
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Figure 5. Modified figure of Crane's feeding position and locomotion movements against the observer or other
disturbance factor in rice paddy field in Cheorwon basin.
Locomotion distance against observer 1 and 2 (Ob.1, 2, R: road) where cranes locate near end of the
ridge (NER) and near wall of ridge (NWR) is shorter than feeding position in middle of rice paddy
(MR). The word CA means the concealed area from position Ob. I, 2.

297} 7ksstek(Figure 5). FFulF7F MR 942]9] 7
S Ob. 17} 22) W3j9le] thste] BA7} Zeluba] b7,
& A AE(Klein et al., 1995; Yoo er al., 2007) o}A}
O o|F3s}7] 93k A7k NER, NWRo| J2|gk 799
vjste] M A2 o 4> QIoKFigure 5). whaba] B glatofA
© == 7o) Qe At =9 Sl e Aol vt
of WET BT AL Salo] 2T B ojle, uber v}
el mEEvete oA o5 s sjujr} 75t
7] wjola} Aeratet,

2, Ho|g

0z

el et 2

Yoo et al(2007)& Aol ok wWafjaglo] ot o
Fol #& A& FFu|F7t o] gt AL vl g3 of
A o] 50] HE ApolA] FAst o, B gl
Joll Holwfo] WEolw B15t7 = 7pdatel s 7
2 olgstE Higo] =AU, & 7] vluo)A T
% Y = 7P 2aE HAAE dsse o
ERtCHFigure 3, 4). o] 712 Holgfo] a3t 4] %]
A2 Rlo) xR Sl e B3 a3t AA2] AH
AUE deEeh Bo], FFu} Aol vstod wt
sl digte] wigtsltt= AL HoiFk Aijolr)
(Cheorwon County, 2002; Yoo, 2004; Yoo et al., 2007).

AdA A wARE 2HEo R H4S wEkal
(Holway, 1991), ZA2b= 7P A YollM AhFS 3hA L
SAE AFegA Holg e 4 AU #JAle] 4
& = HcRohbaugh and Yahner, 1997). 217F2] w)3])

| et FRr Rl 2HES wejacle 2 e 24l
& AHAATE AA7F Q)& Aot Yoo, 2004; KWRC,
2005). $& wolo] =52 FRulRE ¢Hs] 242
T YAAITE 23] A Aol viste] Fo) ARE 71
HER, 259 airt o1& Aojch Eg Ay g &

O

2

N
5

7

> C

o 12 HI 2 > 5 &

2,

A7) wm, W =Rolet Axete Suo] AUl
Aseler ek,

@
Ol

ZHEHo 2ofsh FROIek MFR0Q F A R

TEEA=7?

|
_

Aol AgtE oA FEL FEsH] YoM e
o ot Zo] Telof ShrNewton, 1998). 5|0
HASHE 50 Ho| o) AU £3 AAsH A% 7
A 2] Y7t AHEscGause's principle: competitive
exclusion principle, Hardin, 1960). A}olof 2531 A =
of Ayefi= oju] F1re] AAuiA o Y=jrt A5kl A8
ok Aol B, F7ho) A A AR AL Ay e
A o2 wekEth ST, fARRE A4 52 Ho]
59 2SS ol&dhe FolMe AMARD FNHEBRE
59 A= Ha s o] HA¥shs 7971 ItHNewton, 1998).
Newton(1998)of| A= F:-7k2] 213 20| 1L ujeta el Aled4
Aol el A A S, WA S, =, vl 5 327k
AE AAsEch R 2 HAZ 9 9ol sd= el
o, FRulRe} ol UFr)o AlE/g Hojo A4 o&
Sl A= Sl

AF7H Al ezl AUA Y FFn)eb AQFFe|] 5 Ho
= ZEA o2 Yalo|H g (Pae, 1994; Cheorwon County;
2002), 7] Helo] wiAl= Tk & 4= 3& Aol 5}
Ak, 22 95e Ho|AYeR dt= 4787 |(dnser
albifrons)et 271217 |(Anser fabalis)oll A 2174211 A ¢l
o] TEA o] FAIE= At 24 Ao A ofsfid 4 9l
& 7o HHEThYoo ef al., 2008a). 32 ARgol o)
3 A=l o) oyl Holef Wiso] o3t A &2
TNA 2] el 2 A o] oo A Fojti(Newton,
1998). FFuje} e 729 wietA ¢l d5¢lo] 10m
o[ o] HR|eflA EFFEE olFo] HA et A7t Wt
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Table 7. Case analysis of winner and loser in conflict flcoks among 553 Crane flocks in Cheorwon basin from Jan.

2007 to Dec. 2008

Case * Case of Conflict (n=6, 1%) Winner Conflict type Loser behavior
1 WNC 2(0) vs RCC 2(0) WNC 2(0) Alarm call Flee by walking
2 WNC 4(2) Vs ReC 2 WNC 4(2) Chase, Arch Flee by walking

among 14(0)
3 WNC 4(2) vs  WNC 200)  WNC 4Q2) A?:ﬁ;e’cﬁrce}; Flee by flying
4 RCC 4(2) Vs RCC 2 RCC 4(2) Flying attack Flee by flying
5 RCC 4(2) Vs RCC 3(0) RCC 4(2) Pecking attack Flee by run
6 WNC 4(2) Vs WNC 2 WNC 4(2) Arch, Chasing Flee by walking

Conflict data was collected natural situation except the site of artificial feeding site
* Species and number of total flock (number of juveniles in parenthesis)

(5535F-2] & 90 F2|=2 16.3% : Yoo et al., 2009). 90 H-]
F h52o] ohd Hl7iETe] Agol TETY Hlgo]
ot} vek AAo] & s, EF £ Yol A
W%5o] ety B55a} 2] AR o2 U
o,

BAR TS FARCE 71839 H 20079 1¥~24,
20084 11~12% #zboflAf = IF o] FoFAE A2js}
& o, T dFo] et Aot T3 =8t
(Table 7). HA) AT F2u|ok A5 F0)9) HAR F
6¥iel dRAFS DASACH12U7H FE0)9} AF20)
1,765 2] ). o= F-FW HHE AR 95 A¢-
7b obm, Z+ Fepd wE AJzto] Zoky) wiitol A
WIS B e GAT, 0 YL o =R Al
& % 9l& Aolh Lee er al2007)9] Q72T £30)7}
A zulof ujslo] LA|Fole} shgix|Tn £ TS| Table
79 Aol q ARzt w2uele] gy % 28] 2% &
AlBted AL Hejetk, des| FR2ujeh AEFe)zh S
o) Gk B 4 §1& Holtk

Pag(1994)%] oA T faja= gl & 4= glony
Z Wol dizlo] 7P =2 HixE X519 2™(81.3%), %
2ol e e WE(19.7%)R ekt e Bl
I UUTh Pae(1994)9] AtofjA| FFn]e} AFRujo] &
Y ws] BRI 4 ool RS IFHo] ol
1HE MATFE A2 28et97] tjEo
o dF o] Fol ] e MA Y 2HF o] wj$-
Fejol A oz HolLt ek, stERe)e| hE
gjoll thgt Hho] 5 A7k digo] dofjuf= Wizt
TtHCheorwon County 2002). wjiehs] 2 £ =

| oiek Aske BAE SpNE weh B 1
Aslofo stel, AN o 44, Felo} 27), of

P
O
o]

1o do 2~ rlo L
iy

oy

TN
o

I

TR AT =T 1]
Ho Hir

4 g

N
—_

Aol &, Azl A% 0 A8 ASIFR), B A4
oko] i Nk 5 tpYst 8Qlo] Jaks & o= wotd
THAviles, 2003).

1 4BIINES FR0I50) Yo| R F W AR

21717

“menlgE S0 Ye 28 A
Fulgst FAS A AAT 4 s AEE Node Hs
th= oJm|ojt{Shenk and Armbruster, 1994; Mukherjee,
1999; Shenk and Armbruster, 2000). Pae(2000) £t %
7HAEO] 3 A Ho] FARZA AT EE AlR AA]
stk Mukherjee(1999)0] 28l Sarus Crane(Grus
antigone) e 70| & AkE Aol 4 Bol
Asjgon, WAl HAo] Yeas B ol walko] 24|
st Ao r Buslyc) kXYL Austin and Richert(2001)
o] A4A M = BF20|(Grus americana)®] WHA| AL
FH7IAE oA F8istA Aol UehtAl ¢hsirt
oo AL F3to] +EIINAE FEOY A4 aRlew
Al BrtEl= Ae Aol gt AAEHITE HIHA
Hol W2 At W& WA 54 F 5HadezA Bt
T4 Qs AS B2 SAY Aolth & dAks %7}
ANHEE FREE A4 8 2%1oR RARH: A A
Axojof 3 RHo = A3ttt

7|& Ao At oE A2 HAR| A a4 EE A
2219 @47 HF 22 b 71FA MY AR 24
o] Aolst7| Wiz Aolth. FFn 9 H-e 2jA|ote} T
of HAAAYR ot 27t §9 SA A HAZTHMein
and Archibald 1996). Y& Fyjo| oA ¥AlSl= F5in|



Ag3} Aol olgk vk HAA A5A 429

= Zytolx R Hx oA HABFTH Masatomi ef
al., 1994). A7 AL Felst 2o 425 7iA|Ho} )
5 W2 A ojth. FRUIF= FAE AL SHEHA 7]
7] 915t WAK oA e aTels del AFAe) A
Her dojol 28, Wafaclo] gt 39 & ohE ﬁdo
9 A 481 Ao BRe 59 o5 % BEA)
o 4% ABS) 217k A7, B olgelel Az
Aol eEmE 1, Mz ohE A 32 7HEe 7%?47¥ &
o}z 7| w&of (Lovvom and Kirkpatrick, 1982; Johnsgard,
1983) ¥14)7]9H Ch2 Affolel suieh. £RuFel W
AR|(H 2 froi Qlztol ofgk W agle] uhg =X
A o| =2 (Mein and Archibald, 1994), HAIX|AofA 4]
A el aQle whsto} 2o tiAsh= Aol a4-H AR
gt HE Ao} A s aglol WA eto] AX A £
Alap &b Hwksj @ olof =2{ubA T2 2(Krebs and Davies
1993), e R4l e 2 HE] ArEzy Eefiba) g Aol
el Aeg Heltk weba A zje} Q’JEXMWJ B
BN ek REE T Aoje) @ % v,

o{u

L]

ZAte

20} 24 ARRE 49 7ol Al AEE Rl
27k B AME] =g Bob A3 A8 F
A Z9A vl 238 wad o] o) A=

e o AL RO YA, o] S §9
AARE 2 G 2D, UEE SASlet A Y
S QES 8718 BEL F
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