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ABSTRACT

From 2012 to 2018, the total number of individual observed was of
158,621 and were of 24 species at Mankyung river. The most dominant
species is mallard(Anas platyrhynchos) with 28.8%, followed by Greater Scaup,
white—fronted goose, tufted ducke and spot-billed duck. Analysis of annual
arrival status by category group showed that wild goose species have been
declining every year but in recent years their number is increasing but since
2011 the dabbling duck species has been decreasing year by year. Diving
duck species show the higher significant variation in migration but tend to
increase as a result. The waterflows starts their arrival from mid-October
and peaked at the end of December. They tends to leave the Mangyeon river
from early march. Dabbling duck that share a similar ecological habits
showed a similar tendency to arrive. According to analysis, the wintering
home range, by attaching a location tracker to three specise of waterfowls.
The average home range of mallard was of MCP 628.9kr, and the average of
KDE 509 was of 71.9 ki'. The wintering home range of spot-billed duck was
of MCP 51.1kit, the average of KDE 50% was of 4.5kr'. The winter migratory
home range of pintail was of MCP 1,175.0ki’, the average of KDE 50% was
of 114.5kr. Overall, it was found to be using the Saemangeum area during
the wintering season. The three main habitats were the highest rate of
Hydrosphere use by three species, with an average of 47.0%, followed by
main feed sites of waterfowls is Rice field. More than 5 percent of inland
wetland is used by mallard and spot-billed duck where as the pintail use 8
percent of coastal and ocean water, which show the difference in use of
habitat between these species. All three species take a rest in Hydrosphere
during the day and eat in the Rice field at night. Analysis of monthly

movement pattern showed that the maximum distance traveled between



mallards and pintails ducks increased until early December, and decreased
from late January to early February. The maximum moving distance by
spot—billed duck increased at the end of December and decrease after early
January continuously. All three species showed a tendency to rise again after
early February. The monthly home range of mallard and pintail is similar till
January, after this month the mallard home range become narrow where as
the pintail increase its home range. The spot-billed duck tend to show
narrower home range after January. Comparing to overall winter home range,
area used by spot-billed duck and mallard is narrow, where as pintail is
higher. The daily moving distance analysis showed that all species had the
longest travel distance between 16:00 and 18:00, followed by 6:00 to 8:00
section, they have the similar pattern of flight. It was found that the moving
distance by time was larger in pintail followed by the order of mallard,
spot-billed duck. The moving distance during day appears to be longer as
compare to night and they move a shorter distance during the
dawn(0:00-06:00). Analysis of hourly distance travel in mallards and pintail
by dividing sex show that males generally travel a longer distance than
females overall. Waterfowls starts moving north between mid-march and late
of April, but some still continue their migration till mid of may. The path for
the migration route of species appears to be different according to the
individuals and they selected the habitat in the northeastern region of china
mainly. The pintaill moved a distance of 2,132.6km to breed to Sakhalin,
Russia. As for latitude, the breeding site of pintail was the highest followed
by mallard, spot-billed duck. It show that mallard has 20, spot-billed duck
has 8, pintail has 7 main stopover site. It showed their tendency of stay
range from at least 1 till 46 days, but mostly it was found to move within
173 days from stop over site. The average altitude for long-haul flights was
found to be 564.2 meters and maximum of 1,907 meters , and the average

speed of the flight was of 75 km/h and maximum of 115 km/h in waterfowl.



These water birds have their higher tendency to depart in between 16 in the
afternoon and 20 in the evening. They flight at least 2 hours to 30 hours in
maximum and most of their arrival time was at dawn. Overall, they starts to
depart at night and tended to arrive at dawn or before 8 a.m. at the latest.
In conclusion, the results are likely to be used as a variety of basic research
data, including protection and restoration of species and populations of the

waterfowls species and habitat management among countries.
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TR HE BHW 7187 3 222970, FHA e R 13F 7455071 A, A
edF TF 6LTIAA} BARYL Y we B3 QA RE Ane

2012~2013d ¥E7]= F 23F 89,007/HA7F #FEE AT 7HE A2 Fo] #F
=& 2011~2012, 2013~2014, 2017~2018d €&571=2 17%F, 7 A& /MAF7F
HEE Ar= 2011~2012d 0= 2580470 A 7F w2 5] AtH(Appendix 1).

mﬂ'
(i

A =Y EFE BHMRYE, 5 AL 17FA Hd 23Fow Fit 1950
zston, & MATE Wy ®E Fo] A veldou ARHoR HAp FrtelE
s BAtHFigure 3). SRR BASAS W, 7187]F= 2012~2013 74A]
AG7F F7kek ey olF 2015~2016 EE717kA FHER e, olF thA]
2% ZUteteE A4S BHYd(Figure 4). A F= wid =A<
WE o]l AA YeRygtont 2010~2011d FHd 60,2207)

b Zaete 43S BRAHFigure 5). Ao d e FAad L Fe sdsH
ZHANAF WE Fol wjg AA detwou vid " Frbske 43

(Figure 6).

o

o
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Table 1. Status of waterfowl communities 8 years in Mankyung river.

1011

1/12

12/'13

1¥14 445 1916 16917 1718 Max.
No. of species 20 17 23 17 19 19 19 17 24
Maximum
o 63814 2584 007 35390 B8 67164 51106 70222 162
of individuals
¢ 1.33 1.26 191 1.98 1.82 1.41 1.61 1.95 2.09
Hp© 0.44 0.44 0.61 0.70 0.62 0.48 0.55 0.69 0.66
Da® 1.71 1.58 1.93 1.53 1.60 1.62 1.66 1.43 1.92
Goose 3,115 11,130 20660 8722 7360 1,700 2212 3899 22297
Dabbling duck 60220 14571 568% 24013 42331 27001 44666 41539 74,550
Diving duck 5,479 103 11461 2,655 25477 38463 4,227 24784 61,775
).5% Anas platyrhynchos
28.8%

Aythya fuligula
9.5%

R

-

7

7

7

Figure 2. Status of dominant species among waterfowls observed at the
Mankyung river.
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90,000 y=1317.4x + 54412
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30,000

20,000

10,000

10-'11 11-'12 12-'13 13-"14 14-"15 15-'16 16-'17 17-'18

Mo. of individuals

Figure 3. Number of individuals of waterfowls observed at Mankyung river
from 2010 to 2018(y=1317.4x + 54412 R%=0.0231).

25,000
20,000
y =-1158.9 + 12565
= R? = 02004
< 15,000
=
5
£
© 10,000 B
o
= - LT
5,000 I I

10-'11 11-'12 12-'13 13-'14 14-15 15-'16 16-'17 17-18

Figure 4. Number of individuals of goose observed at Mankyung river from
2010 to 2018(y=1158.9x + 12565 R*=0.2004).
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60,000
y=-614x + 41673

e R® = 0.0089
40000 [ S
30,000

20,000

10,000

10-'11 12-"13 13-'14 14-'15 16-'17 17-'18

Meo. of individuals

Figure 5. Number of individuals of dabbling duck observed at Mankyung river
from 2010 to 2018(y=-614x + 41673 R*=0.0089).
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Figure 6. Number of individuals of diving duck observed at Mankyung river
from 2010 to 2018(y=3090.3x + 174.89 R*=0.2987).

_’I7_



2) A% £FF ARG £4

2016, 2017 10955 3€97HA4 270d 9] H5713t 5 Faiel Axs 244 A3,
A =YAFES Fes B, 2016~2017d €571 A 511057047 =
st o, oo dig 5% A= 255570 A= YERTE 2017~2018 €5 710l &
A 7022270 A7} =eletd o, 5% MAGE 3511MA 2 et o] S o] &3}
FEFY ZATEFS B9 W 2016~20179 25715 102 Sl 45637041 =
T2 AlFste] 129 dheol A 377A R Ao Eejetglon, o]% Hap kst
39 zFol 1670MAZ wAEd A9E wus A4S Btk 2017~2018d
ol 11,996 A 2 S8 S Alzste] 129 S0 47,1687A =

%_
Hdl =l o, ol A Hasvrt 249 sheol 3IAMAR WA A 9E
7

BT R ¥ 29 dE $HE 1% T2 VH7IFE £7187] Anser
fabalis, 2171217] Anser albifrons 2522 UEgton FHAHFE 352827
Tadorna tadorna, S™# 28] Anas penelope, 3% 2% Anas platyrhynchos,
W58 Anas platyrhynchos, 3122l Anas acuta, %123 Anas crecca®
652 Yelygth #FeAdedlFe A Aythya marila, 73272 354

Aythya marila® % 222 el oh(Figure 7).

ofj

(1) 71471+
27198 71 (Anser fabalis)
20161 ds7lol= 19 2ol MOMAIR =5 AlAtsto] 29 <ol 8287141 =
A =g e, ol% sk
AE7oE 109 S5 190MA 2 =S A 2ého]

o Foll= WEEA Fnt. Z71217]9]

[\
o
ofN
She
=
\_)—*
—_
o0
Q1
=
—_>‘4~',
b
e
=
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2712 7] (Anser albifrons)

2016 dE7]ole 129 ol 1,080MAR =& Al#tste] 29
HAZ A =dstsler, off sty 4
20179 ds7]ol= 1149 skeoll 3[07HA= =l s Al #ksko] 1
Hd =t on, o]F sttt 3¥ T ol ol WA T 47]27]9]
A ® 5 AW mdAlzls Az A 24E7] FETE e, dAH s 114

Sheol A 129 2E7HA] =giste] 39 oA FAlolddl Wy Ao YERT

4 2o 2T14MA =

(2) 94 225
S5l 22l (Tadorna tadorna)
20161 dE7]ol= 109 2ol MRAR =S AlAeke] 1149 shel 1,341

MAZ Hd ZefistRon, o] HA FHAsitirt 249 ohe o] = HEE A FSk
20179 EE7e+= 108 Tl 2071A2 E3E Alztste] 29 el 1
Ho Zfstglon, 39 sk o] Foll= #EEA Ut SFE e =g

109 =<

2] Q¢ (Anas penelope)

201611 dE7]ol= 1149 kel S57HAl= =8 AlZkeke] 149 Z<eoll 7807HA1 =

Aol =kl o, o]F Ak Aastthrl 3¢ sk ol R WEHA &tk 20174
dE57lol= 11E skl 3670AR =S AlZfste] 12€ shcell 8507HA1= X o
Zeetlon, 39 & olFd= #EHA ¥kt Frged] =ddFdS 114

shesel malE AlAsle] 129 sheel Al 19 2 Abolo] vl wmejsta 39 x4

o) Fo Wip Row e
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A= 2 ¥ (Anas platyrhynchos)

20161 AE7ldle 119 ZEol 19770AR =dE Azete] 129 &bl
26570702 Aol =t on, ol Ha gasitrt 29 T olFole &
MAZE BFEAC 20179 L5710 E 102 Fol 24467042 2 S Al Zato]
12¢

of\
My
=2
[\
[\
=
[\
=
2
b
i)
=
F

)
_0|L
=
[\
e
ofN
She
)
ol
=
ol
F

_1

)
—_>'4~,
N

3wk % 2 @ (Anas platyrhynchos)

20161 37|l 109 T BUNAR ZHE AlFele] 129 ol
12,0570 A1 = A =8t o, o] % i
HdEHA 20179 EE7]dE 108 Two 244570A 2 =HlE Al Aske] 12€
ool 13587/MAI= Aol Zefstl o, 29 ST ol ¥l & JHAZE BRI
Ao =gATFS 108 Too ZHE AlFste 129 FEolA sk

]

ol

>~
=z

o

N

of Hul =gt 2¢¥ F

o
S
o
=
)
=

Ir
pod
o
il
=
iuj
T
)

a9 2 (Anas acuta)

2016 dE7ldlE 109 Shwol 200MAR E=HlE AlFate] 129 Fwol
1L8067HA = FH o =efetsion, ol % sttty 39 Z<& ol Foll= & TiA
FEHA 20173 LE7]E 119 3ol S8AR ZalE Agste] 129 skl
64070 A = ol Z=stor, 2¢ st olFol= #EEA Utk e
=R EF2 10E koA 11 X Atolddl =S AlAbste] 12€9 TedlA] &k

!
Atole]l Ao =sta 29 sk o] Fo Wy Ao g e

2] 2 2](Anas crecca)

2016 €&Vl E 108 Foo R2AAE =dE A e 119 F40
LAINA = Hd =dstd o, olF Fasnrt 39 2w olFole 4 7HAZ
#AzE QT 20173 €570l 102 Tl QU/NAIZR =& AlZste] 29 x5
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L7oARA 2 Hd) mefetel o, 3¢ sk ol Fol= LghArE BEE AT 4229

=S 108 FTwol =dE AlFEte] 39 2 o] Fel Wuys Aow

AL Jo =dE 20179 €570 T HAR @Wo] Z#d 7)7te] 11¥
TEAE Aot S W 119 Feol Ao E=Yshs 2R YE

3 A 97

3 =X (Aythya ferina)

20161 H%E7]ole= 1092 FT<eol 1535/hA2 T8l E A FEke] 119 Z<5=9
BMAZ A =t o, o|F stz 29 st o] T2 HEE A I
20179 dE7lell= 108 Tl 350070A1= =S Altete] 114 F<zell 770070 A1 =
Ho =gstd o, 29 T ool #FHA Gt A5A 9 =P EgS 104
Too Ediste] 119 A T Atoldl Hol Edistal 249 sk o] $ol] wvh=
Ao w eyt

Hem g3 =A(Aythya marila)

20163 37l 10¥€ oo 1,733AIZ =g S AlFste] 119 59
BAIOMA = Hd =t on, ofF Asithrt 249 sk ol F = Ag JWAZE w3
HAah 20179 €571 108 Fodd 11,0007 A2 EglE AlZeke] 19 2ol
13,0007 A2 Hd =stg e, 29 Fo olFddE BRHA EFshth HeH
A=A =4 = Ao =dA 7= JArE A BAS] T ddey

AAR oz 109 Fwo 2dste] 29 & o] %ol W= Ao vE
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Anser fabalis
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— 2017
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Ist 2nd 3rd 1st 2nd 3rd Ist 2nd 3rd 1t 2nd 3d I1st Ind 3nd 1st Ind 3rd 1t 2nd  3rd
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1500 — 2016

1,000 —017

No. of individuals
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Tadorna tadorna

800 — 016
600 — 2017

Mo. of individuals
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30,000

25,000

20,000

15,000 — 1016
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Figure 7. Monthly change in number of individuals of waterfowl in

Mankyung river district from 2016 to 2013(H-arrival €— max
@ departure)
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Anas poecilorhyncha

16,000
14,000
- 17000
=4
IE 10,000
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£ 1,200
E 1000 —2016
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2 a0
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Figure 7. Continued.
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AR eeRe DA% gerdAFAst BAHOR FoI% JUUAE 1Y
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Table 2. Pearson’s correlation between month and wintering population in
2016-2017(TW : Total Waterfowl, BG : Bean Goose, WG :
White-fronted Goose, CS : Common Shelduck, EW : Eurasian
Wigeon, MD : Mallard, SD : Spot-bill Duck, PT : Pintail, CT
Common Teal, PC : Pochard, GS : Greater Scaup)

Source TW* BG WG CS EW MD  SD PT CT PC GS
Month 0.06 028 066 051" 098" 091" 051" 043 -0.09 0.06
BG 0.76™ -0.06 032 -0.02 0.09 006 -015 006 -0.16
WG 0.09 0.29 0.17 0.27 0.34 011 -0.02 -0.12
CS 024 0627 050" 037 081" -0.13 0.16
EW 047 053" 019 004 -0.22 -0.23
MD 0.85™ 046" 036 -016 -0.02
SD 0.31 020 -0.15 -0.05
PT 0.62" -0.06 0.03
CT -0.02  0.29
PC 0.92"

Note : Pearson correlations 1 : *, p<0.05; *% p<0.01; **xx p<0.001

Table 3. Pearson’s correlation between month and wintering population in

2017-2018(TW : Total Waterfowl, BG : Bean Goose, WG
White-fronted Goose, CS : Common Shelduck, EW : Eurasian
Wigeon, MD : Mallard, SD : Spot-bill Duck, PT : Pintail, CT
Common Teal, PC : Pochard, GS : Greater Scaup)
Source TW* BG WG CS EW WMD SD PT CT PC GS
Month 0.68" 042 0.63 026 090" 091 047" 052" 023 084"
BG 067" 055 043 054" 056" 057" 046 0.07 060
WG 0.09 0.19 0.36 041 0.15 038 -0.27 0.38
CS 030 054" 046" 074" 068" 031 046"
EW 0.13 019 078" 001 -070 049
MD 095" 033 034 -092 056"
SD 0.25 038 -0.06 0.59™
PT 045" 0.06 057"
CT 028  0.44"
PC 0.30
Note : Pearson correlations r @ *, p<0.05; **, p<0.01; **x p<0.001
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o] T8 AMEHASE T Asgkel f1Asta en, of AH5E
AA ek HatR FAAR oFAA gl olE F AAAR o]8ste TEF
T8 gEAR 229rR(o], 2000; A, 2016). 53] =ulelA 7hd Wol ==

FHA Q8 Fo A =& F2 AAAE o)Lt 9o
=t} & 4 rh(2l %, 2016; NIBR, 2018). du-# o=
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Z2HE 9 B2 olss A " T, 2008 4 5, 2016¢). ol# e ATFAHRE
wl, of A do] Holxpde AF7]e] ALY AAH = FAg
2 4 9 (Reminton and Braun, 1988). wghA ok ZFol fF5dAI} A2 %
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WS Sl 279 ole 548 R AMAA ol&E T WY EFTY BI-wgE
3t T3 ARE AFS 4 AtH(Aebischer and Robertson, 1993; Yamaguchi
et al., 2008; Krementz et al., 2011).
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°of Al Aeed, AMdTes e Fuf 3¢S 20156 108 4H
73

Asel 5% oldtm st= Aol dAEol ol AkE FHis & o o
(Kenward 1985), oFA&=&9 252719 FA= 27g9ls 1edste] 540g ©]/d9
MAE doz Wl (Back-Pack) Bl = H-2 s} tH(Table 4). 9 F4
A8 WT-300(GPS-Mobile phone based Telemetry)2 o] & %4l Al
ZIWtow ARE 5oy, A7A7E el A AABEE g F AUk

A2l e s Zhzte] AAlel dEHNFTE Foadh GPSHEE 247t
Ao g 19 123 FHstAT fAFAvelH = 20159 11¥€ 2¢5-F 20169
F4 AdeE Ha 62°00A HF 1269S
513 7-E Hdf 1,5173] & 53t tHTable 5).
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Table 4. The information for captured 3 species ducks(Mallard, spot-bill duck,

pintail). Information on species, sex, weight, and location of capture is

provided

D Species Sex Cag(i:gng Weight(g)
MmO1 Mallard Male 1,300
Mm02 Mallard Male 1,135
MmO03 Mallard Male 1,155
Mm04 Mallard Male 1,550
MmO05 Mallard Male Riv. 1,475
Mf01 Mallard Female Mankyung 995
MIf02 Mallard Female 930
Mf03 Mallard Female 1,140
Mf04 Mallard Female 995
MIf05 Mallard Female 1,105
S01 Spot-bill duck 1,165
S02 Spot-hbill duck Riv. 1,275
S03 Spot-bill duck Mankyung 1,335
S04 Spot-hill duck 1,195
PmO1 Pintail Male 980
Pm02 Pintail Male 820
PmO03 Pintail Male 870
Pm04 Pintail Male 920
Pm05 Pintail Male Riv. 910
Pf01 Pintail Female Mankyung 300
P£02 Pintail Female 850
P£03 Pintail Female 830
Pf04 Pintail Female 790
Pf05 Pintail Female 730
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Table 5. Status and wintering migration period of 27 ducks with

Wild-Tracker (WT-300)

o R Batery 0 GPS Ted  Number of
MmOl  2015-11-2 2016-03-31 150 12 1,689
Mm02 2015-11-2 2016-02-12 102 12 1,198
MmO03  2015-11-02 2016-01-25 34 12 1,009
Mm04 20151207 016-11-22 351 12 1,283
MmO05 20151207 2016-03-31 115 12 1,276

Mf01 2015-11-2 2016-03-31 150 12 1,422
MAf02 2015-11-2 2016-01-15 74 12 364
M{03 2015-11-2 2016-03-31 150 12 1,301
Mf04 015-11-02 2016-03-19 138 12 1,166
MI{05 2015-12-07 016-01-02 26 12 210
S01 015-12-07 2016-03-31 107 12 1,277
S02 2015-12-07 2016-01-23 47 12 459
S03 2015-12-07 2016-01-5 49 12 532
S04 2015-12-07 2016-01-27 51 12 1,809
PmO01 015-11-02 2016-01-30 89 12 1,074
Pmo02 015-11-02 2016-01-27 86 12 1,032
Pm03 015-11-02 2016-01-26 85 12 982
Pm04 2015-11-16 2016-01-17 62 12 751
Pm05 2015-11-16 2016-02-27 103 12 1,235
P01 2015-11-2 2016-01-23 82 12 981
P02 015-11-16 2016-01-03 48 12 422
P{03 015-11-16 2016-01-11 56 12 531
Pf04 015-11-16 2016-01-22 67 12 812
P05 2015-11-16 2016-03-21 126 12 1,517
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3) €A &4

Fai 3F9 dsd TS Hdl 59 GPSHEE ArcGIS 9.x (ESRI Inc.)
2 ArcGIS€ Extention?] Hawth’s Analysis Tool®] Animal Movement Tool&
o] g&3le] AT B AFdAe= HAEESHZAIH(Minimum  Convex
Polygon Method : MCP) 100% H3 AdEE=ZF4H (Kernel Density
Estimation @ KDE) 90%, 70%, 50%% °¢|&3tsitt. ¢ KDE +4& $g
Smoothing Parameter Factor= Animal Space Use 1.2 (Idaho Univ.) >~ 213 9]
h_reference 215 #-&3t3th 2g]ar AAA o]&& utotstr] fla EA| 9] H =
ArcGISE ol&3dte] ad FH3gol| e A4S Fotstlom, Ad, Aghid
AMA A ol gE AolE R7ISE] SPSS v22 ZEIWE o] §3te] Fho| Al
A% One-way-ANOVA(Y W]  #EAHEA)S  AAsdon, AIFHSE
Welch®} Dunnett T3Z ©] &3}

#Z3E3E ol s AYE ok, ol FIHYS Fetetglom, 3F e Hi olT A=
A, AE R FHEste] B4 AT S € o]F AR Aole A
Shapiro Wilk test(d 14 #HA)ste] SiE4ko]l 7FH =] One-way-ANOVA 415
st om, A5 A2 Scheffes o] &8ttt T3F A E ol EA = At ol
WA kol Kruskal - Wallis (R 25 A74)& 3] vlustglon, AA5HSS

<4

Mann Whitney U testZ o]-&3}o]

D:\/(X1 _X2)2 +(Yl _Y2)2
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1) 354 24

(1) oT»JAa]
e 107MA9] dsdS detst A3 MCPo 93t Ht P52 6289kt
(n=10, SD=501.2)°| 4t} 7 W2 dsdAE Bl A= MI05E 1,557.4kire] 1z,

M Fe PTALS Bl A= MI02Z 555kro| Q. M He dEdaS Bl
MFEFO5/ A = F-2H2]1 Q1 w7 7ol Al A A skt 2015\ 129 2799 oF 77km Ho 3l
Ao R o]Fste] AAEAT. a2 s WA o] A1 MCPe

- 1

aly

3@
H
=M

3
HAlo] WA ek tH(Table 6, Figure 8).

KDE 90%°] “<&olA o] &&¥= F 3719 (n=10, SD=319.6)°]1 o.M,
KDE 70%E 7|2 Hir d&H2 151.8kn(n=10, SD=138.2)°] It} A A2 =] <]
P A3 Hat 71.9kn(n=10, SD=70.2)°] % t}.
FAY GHe FEIAS wl, 22 KDE 90%+= Hit 625.3kn(n=5, SD=378.2)
olslem, KDE 70%+ it 371.9%m(n=5, SD=2225), KDE 50% 72.2kr'(n=5,
SD=1083)= el 4FH 2> KDE 90%+ 3+t 360.7kr(n=5, SD=393.2)°0] %o,
KDE 70%+ it 144.4kn'(n=5, SD=162.3), KDE 50% 71.6kr'(n=5, SD=80.5)%
e re] Aol= AA YEruA skt &4 A FRA A B AJow
AEE ST o2 o] F3s Mf05e} H-2F=]ol| Al oF 44knm

ol &3 MfO4NA, SHTE Fold

KDE 50% % 7|+o® deds A=

¢

Figure 8).
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Table 6. Home range analysis results according to MCP and KDE of 10
mallards with GPS at Mangyung River

, 90% 70% 50% Main
ID MCPr)  gpEGw)  KDE(m)  KDE(k) wintering site
1. Riv. Mankyung
MmoO1 308.7 272.7 136.9 70.2 9. Saemangeum
1. Riv. Mankyung
MmO02 1110.7 622.8 328.2 179.3 2. Riv. Dongjin
3. Saemangeum
1. Riv. Mankyung
MmO03 592.4 348.0 90.6 37.8 2. Saemangeum
3. Buyeo—-gun
1. Riv. Mankyung
Mm04 986.7 629.3 224.3 65.9 2. Riv. Dongjin
3. Saemangeum
1. Riv. Mankyung
MmO05 127.8 42.5 154 7.7 2. Saemangetm
1. Riv. Mankyung
MfO01 207.8 68.2 19.3 9.9 9. Saemangeum
MIf02 55.5 24.7 84 3.4 1. Riv. Mankyung
MIf03 209.7 60.2 23.2 9.2 1. Riv. Mankyung
1. Riv. Mankyung
Mf04 1131.9 662.7 265.9 139.9 2. Saemangeum
3. Gomso bay
1. Riv. Mankyung
Mf£05 15574 987.6 405.4 195.5 2. Geumsan-gun
Aver.
male 625.3 383.0 159.1 72.2
Aver.
female 632.4 360.7 144.4 71.6
Total
aver. 628.9 371.9 151.8 719
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Figure 8. Home range status according to MCP and KDE of 10 mallards with
GPS at Mangyung River.
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Figure 8. Continued.
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Figure 8. Continued.
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(2) BWHF

A5 7hAd dE PFsAS gobst A3 MCPel o3 H P

51.1km(n=4, SD=156)°11t}. 7} B dB5ALS B /AT S22 71.6kmo] L,
M EFS AEAL Bl JfAE SO1E 29.2kie] ).

KDE 90%¢] 3olA ol &% 3E= it 225kn(n=4, SD=11.8)°]21 2™, KDE
0%2 7lsez AF PFETdL 95k (n=4, SD=4.9)°]t}. A% KDE
3 A3 #HF 45ki(n=4, SD=2.2)°]At}. £
A BE AV 9571 Eet FAA wAEd Aol dEsstden, g

A qo =z o]lFst /A= gl th(Table 7, Figure 9).

50% 5 7lwox2 dEHas 4t

e

<3

Table 7. Home range analysis results according to MCP and KDE of 4
spot-hill ducks with GPS at Mangyung River

, 90% 70% 509 Main

ID MCP () KDE (k) KDE (k) KDE (k) wintering site
S01 29.2 85 3.3 1.4
S02 71.6 16.1 7.3 3.8

Riv. Mankyung
S03 45.6 25.4 109 55
S04 58.0 40.1 16.6 74
Aver. 51.1 22.5 9.5 45
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S03

Figure 9. Home range status according to MCP and KDE of 4 Spot-bill
ducks with GPS at Mangyung River.
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(3) e

awre P 10/MA1e #5aS geobet A MCPel 9 e Hvt 5L 1,175.0kr
(n=10, SD=1,082.5)°] At} 714 w2 A&5AES 2 ZAE PO2E 4,188.4kr
o, 7t FL FFPL ®Wel JMAE Pm02E 4675kiel Atk M @S
FFAS B PO2NAE F2AQl A Aasth 20151 122 299
Fatete] #FFE AA A Ggatel A
A8t Th 22 Qs AA o] &WH A MCPe WHo] WA yelstH(Table 8,
Figure 10).

KDE 90%¢] %ol ol&EEX= e 513.0kr(n=10, SD=672.0)°]%}oH,
KDE 70%% 7]+o 2 #Hi %@L 227.1kn(n=10, SD=312.2)°] At} 4422l
KDE 50% % 7|+o=® d5dS AEs 27 3 1145kf(n=10, SD=165.3)°] 3Lt}

°F 590km "ol HEpd= &

oX,
M
o
HU

m] 72 KDE 90%+% 1 329.9kr(n=5, SD=204.0)
ollow, KDE 70%% B 143.7ki(n=5, SD=94.4), KDE 50% 67.5kir(n=5,
SD=47.7)% el 4R KDE 90%E H 696.1kn(n=5, SD=891.4)0]%} 0.1,
KDE 70%% #Hi 310.6kii(n=5, SD=414.8), KDE 50% 161.6ki'(n=5, SD=218.9)&
dZlo] FART AF Al WA yHeEldou FAE olF e PO2AAE AlstH
oA AAYPF AL 533wE FAHETG F& AL B B A
B2z A B Agog o)Fd A Ad ddweR o)F e P29} FA
ol A oF 44km "ol FAWro® o]Fd POIZNA, F48TE o] 53 PmO1/Al

olAth PIOA/NAl= =t 2 ol gAY 2 F G R IAcs Eae
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Table 8. Home range analysis results according to MCP and KDE of 10
Pintails with GPS at Mangyung River

z 90% 70% 50% Main
ID MCPUat)  KpDE(a)  KDEGm)  KDE(kr) wintering site
1. Riv.
Mankyung
PmO01 1040.7 341.3 142.2 66.7 2. Saomangeum
3. Gomso bay
1. Riv.
Pm02 4675 1435 61.8 29.8 Mankyung

2. Riv. Dongjin
3. Saemangeum

1. Riv.

Pm03 680.4 193.7 34.8 39.2 Mankyung
2. Saemangeum
1. Riv.

Pm04 695.9 254.9 104.7 42.0 Mankyung

2. Riv. Dongjin
3. Saemangeum

1. Riv.
Pm05 1944.6 7159 325.0 159.7 Mankyung
2. Saemangeum
1. Riv.
P01 567.5 202.3 81.7 37.6 Mankyung
2. Saemangeum
1. Riv.
P02 4188.4 2468.3 11329 594.8 Mankyung
1. Riv.
P03 512.2 436.1 207.0 112.3 Mankyung
1. Riv.
Mankyung
P04 8477 220.2 86.7 448 9. Saemangeum
3. Riv. Geum
1. Riv.
P05 804.9 153.6 445 185 Mankyung
2. Geumsan-gun
Aver.
male 1175.0 513.0 227.1 1145
Aver.
female 965.8 329.9 143.7 67.5
Total 1384.1 696.1 310.6 161.6

aver.
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Pm03 Pm04

Figure 10. Home range status according to MCP and KDE of 10 Pintails with
GPS at Mangyung River.
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Figure 10. Continued.
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Figure 10. Continued.

_47_



3F°o i PFEAS MCP 6183k, KDE

o]
S
<
rlr
w2
(]
DO
)]
=
Mg
S
X
rlr
—_
\V]
©
a1
=5
il
L -
o
T
i)

. AN A A KDE 50%+ 63.6ki=
etk 2 4K WAS vus|Ed, 2% vt 1145k 2 71 B Al
2 #(71.9u), JWEAS S #(45k)e]  aolArt

L
o
(Table 9). s egst uedy F F2 W34, 1%, Atas THo=
e

o

Table 9. Home range analysis results in according to MCP and KDE
measures of 3 species with GPS by region

Species MCP (ki) 90% KDE (ki) 70% KDE (ki) 50% KDE (ki)
Mallard 628.9 371.9 151.8 71.9
Spot-hill duck 51.1 22.5 9.5 45
Pintail 1175.0 513.0 2271 1145
Aver. 618.3 302.5 129.5 63.6
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2) €% 7] AR o]l& BN

AAFA7E ogate] Y58 FUARE EANLE FLF FEOE BF
7}

sto] A5kt Asew 10744 dig fx#AzE 24 23, diE
S o]EES HYoW o= =(34.8%), HWE5HHA(5.8%),

3 F(4.5%), 71EHEB.9%), AAdF5A(1.3%)e] o]t (Table 10, Figure 11).

FoRgE A4 A o] & Firoll= WHEFY ol &&0] 622%% 7Hd =%,

o2 =(26.7%), 3l FT(4.0%), WHFFA(3.8%), 71EH2.2%), AMt5A(1.1%)2]

TOo 2 YEyth ofttelE =9 o] &

(36.9%), WH5A(79%), 7IEH(5.6%), 3l¥(5.0%), AtEA(1.6%) ¢ o=

0] 431%% 7 =9ki, vdeo® s

debdth 3Foe] Feokt AN4A ol §F wm Ask FgolE FAAQ
NEF v gol ¥, obzrels HAAQA = o] g Eo] BA Uukt

(x2= 437.183, p <0.001, Figure 12).

Table 10. Using ratio of total habitats during the tracking period of mallard

Habitat Mm Mm Mm Mm Mm Mf Mf Mf Mf Mf A
abtta 01 02 03 04 05 0l 02 03 04 05

Rice field 286 353 286 195 434 501 350 316 454 316 348

Hydrosphere 549 466 549 509 51.7 442 325 541 384 539 497

Wetland 118 16 118 03 03 02 195 66 28 66 58

Ocean 09 111 09 157 35 38 130 00 79 00 45

Coastal

Wetland 14 23 14 05 09 10 00 00 54 00 13

Other 23 31 23 131 02 08 00 77 00 79 39
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Figure 11. Habitat use of 10 mallards. other habitats include forests, artificial
buildings, roads, and bare lands.
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Figure 12. Comparing Used habitats in day and night time of mallard.
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(2) AW F e

(Table 11, Figure 13). F-oFt A 21%] o] &&8S B, Fitol= UF59 o] &E0]
508%= 71 =A YEwen, 1 vFo®m =(39.7%), WHEHFA(75%), 71E
(20%)°] +o=2 yeygon g AdFA] o] &ES fldnh ot &
T AR WS ol Eo] 46.7% = 7Fd =%, 1 Hgo=
=(35.8%), WEHA(7.1%), 71EH104%), ANFF019)9) % o|ith. FaF )

OFE MR o] §ES HF Ay FooRt BF FAAQ WS vEol

M N

:L
=
(3]

I
3
o
,.Jk
%0
0

= 9kaL, o R T F 3ol HAX QI = o] & ECl wA WEW

<0.001, Figure 14).

o

Table 11. Using ratio of total habitats during the tracking period of spot-bill duck

Habitat S01 S02 S03 S04 Aver.
Rice field 35.1 57.6 285 31.6 34.8
Hydrosphere 63.2 23.1 474 539 49.7
Wetland 0.4 9.2 164 6.6 5.8
Ocean 0.0 0.0 0.2 0.0 45
V%Zifati 00 00 0.0 0.0 1.3
Other 1.3 10.1 75 7.9 3.9
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Figure 13. Habitat use of 4 spot-bill ducks. other habitats include forests,
artificial buildings, roads, and bare lands.
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Figure 14. Comparing Used habitats in day and night time of spot-bill duck.
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=
N FT(8.2%), WHFHFX(3.2%), 71EH0.4%)°] =22 e (Table 12, Figure 15).
Foop7to 2 o] AMAA| o] 8 ES HW FItdE U2 o] 8Eo] 588%=E
P EQI, Ggo® =(185%), At A(14.8%), WMHHA(4.4%), dF
(3.0%), 71EH0.4%)] w2 & Ve ofztolli= =9] o]§-Eo] 509%= 7} =7
et o) o ® U F5(204%), #MEF(13.9%), AFA(3.8%), HHHFA
(1.8%), 71BH0.3%)e = oAtk e F-oft A% o]&E Hlu A}

o= FAAS W= Hlgo] gokal, oghtell= FHAAQ = ol&Eo] =

A

N
o

Ao 2 YEFETH v2= 1,346.987, p <0.001, Figure 16).

Table 12. Using ratio of total habitats during the tracking period of pintail

Habiag  PM Pm Pm Pm Pm Pt Pf PFPf PP
apita 01 02 03 04 05 0l 02 03 04 05 &

Rice field 271 261 312 304 395 348 355 422 502 269 338

Hydrosphere 52.3 528 523 527 333 374 527 342 406 451 449

Wetland 14 02 06 00 202 09 04 00 02 13 32

Ocean 124 122 37 32 48 116 61 144 22 115 82

Coastal

Wetland 64 86 121 137 16 149 31 83 67 151 96

Other 04 00 01 00 07 03 22 09 01 01 04
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Figure 15. Habitat use of 10 pintails. other habitats include forests, artificial
buildings, roads, and bare lands.
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Figure 16. Comparing Used habitats in day and night time of Pintail.
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4]
o
S
[00]
X
)
ox
o
Auj
O
o\

B AR Zpol7t Ak ol & FAA SR A sH7] 918 One-way-Anova 4]
S AAEdon, FiAte] M EA ol AFFHA L Welch®t  Dunnett T3E
ol g3ttt 1 A¥ wgevt e F T3 foe Aojvt dv= Aoz E
W THP<0.001, F=1085.709, df=2)(Table 13).

Fopzto® Uiro] B4F Ayl A oele mwredls Fhol vl okt =
o] & Eo] =/ yEyt AT ouE 164%, 1L dE 324%9 F7HES Ho
T ozt M)A o]§E F = o]&EC] /M =A JERWTH(Table 14, 15,
Figure 17, 18). (3% 28 : x2= 437.183, p <0.001; Q] : yo= 1,346.987,
p <0.001). 1ol wrall W F o= ofghel] H]3 Fte] = o]&Eo] Y =
UEl o ofgt = o] gEo] FRTE 39% WA= Ao e} Fokgh

T UWE59 ol&Eo| 7M =A YElstH(Table 16, Figure 19). 18y S A4
O R FoRzk AR o] &Eo] Ao]Z BT ye= 76488, p <0.001).

Table 13. Analysis of difference in habitat use of 3 species ducks (One-Way

Anova)

Dependent Speci A SE o/ de Post_I .
Variable pecies verage f/ p/d ost-Hoc tes

Mallard(a) 1.99 0.14

c>ab
Habitat ~ Spot-bill duck(b) 1.9 024 1BG)

(Dunnett T3)

Pintail(c) 2.90 0.15
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Table 14. Comparison of habitat use of ducks by species

Rank Mallard Spot-bhill duck Pintail Aver.

1 Hydrosphere Hydrosphere Hydrosphere Hydrosphere
(49.7%) (48.6%) (44.9%) (47.0%)

9 Rice field Rice field Rice field Rice field
(34.8%) (37.6%) (33.8%) (34.7%)

3 Wetland Wetland Coastal Wetland Ocean
(5.8%) (7.3%) (9.6%) (5.8%)
Ocean Ocean Coastal Wetland

4 (45%) Others (6.5%) (8.2%) (5.5%)

5 Coastal Wetland Ocean Wetland Wetland
(1.3%) (<0.1%) (3.2%) (4.6%)

6 Others 3 Others Others
(3.4%) (0.4%) (2.4%)

100%

0%

W%

0%

Mallard Spot-bill duck Fintail Aver.

| :IRice field iiHydrosphere iiWetland =Ocean < Coastal Wetland ﬁOther|

Figure 17. Comparison of habitat use by species during wintering season of
Ducks.
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Table 15. Comparison of daytime habitat use of ducks by species

Rank Mallard Spot-bhill duck Pintail Aver.

1 Hydrosphere Hydrosphere Hydrosphere Hydrosphere
(62.2%) (50.8%) (58.8%) (58.9%)

9 Rice field Rice field Rice field Rice field
(26.7%) (39.7%) (18.5%) (23.9%)

3 Ocean Wetland Coastal Wetland Coastal Wetland
(4.0%) (7.5%) (14.8%) (8.4%)
Wetland Wetland Wetland

4 (38%) Others (20%) (4.4%) (4.6%)

5 Others B Ocean Ocean
(2.2%) (3.0%) (3.0%)

6 Coastal Wetland 3 Others Others
(2.2%) (0.4%) (1.29%)

100%

N 1
AN

T

0%

1%

Mallard Spot-bill duck Pintail Aver.

| : Rice field % Hydrosphere &iWetland =Ocean N Coastal Wetland QOther|

Figure 18. Comparison of habitat use by species during daytime of ducks.
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Table 16. Comparison of nighttime habitat use of ducks by species

Rank Mallard Spot-bill duck Pintail Aver.
1 Rice field Hydrosphere Rice field Rice field
(43.1%) (46.7%) (50.9%) (46.0%)
9 Hydrosphere Rice field Hydrosphere Hydrosphere
(36.9%) (35.8%) (29.4%) (34.5%)
3 Wetland Others Ocean Ocean
(7.9%) (10.4%) (13.9%) (8.8%)
4 Others Wetland Coastal Wetland Wetland
(5.6%) (7.1%) (3.8%) (4.6%)
5 Ocean Ocean Wetland Others
(5.0%) (0.1%6) (1.8%) (3.6%)
6 Coastal Wetland Others Coastal Wetland
(1.6%) (0.3%) (2.5%)
100% -
T |
0% |
30% |+

Mallard Spot-bill duck

Pintail Aver.

| I Rice field &iHydrosphere &iWetland =0cean N Coastal Wetland

% Other |

Figure 19. Comparison of habitat use by species during nighttime of ducks.
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3) #a7e €87 €2 olF A Hd

AAFAGAS FA Feode] de7] ddolsAy &4 A 114 ==

5
4
Y
)

o
of
N

12l 4.0km(SD=2.7, n=71) ZFw=°l 56km(SD=2.0, n=80), &}<=¢l
6.0km(SD=2.8, n=75)°] 534t} 12¥€ Zoll= 7.4km(SD=25, n=75), Zw=°l 4.7kn
(SD=1.4, n=95), &ts=oll 69km(SD=1.8, n=127)¢]%3stdtt. 19 Z<olE 4.0kn
(SD=1.6, n=109), F<=°l 25kn(SD=0.5, n=105), 3t<=°ll 3.1kn(SD=1.1, n=102)
ol F3ak3ith 29 Zs=olE 3.0kn(SD=05, n=80), F<=oll 4.3kn(SD=1.6, n=62), &}<=ol
4.8kn(SD=1.6, ol sttt FAH I dAE FEste] B 119 Z25H
~

n=
12¢ 2712 FAol FARY B W AAE oo, 149 o Fo

Sh-he]l A ttest FABAF 119, 124, 292 SAHSE #9938 Aol7t
LERSE S (p<0.001, t-test), 1€ Fodk zol7b yElUA] e ktH(p=0.847,
t-test). AAA AyE EAAEH d& 27]Q 1149 2&FE Ho oAt

NEAYN PR F

A s, A2 AFAE FAHLR AXEe EaS EAtH(Figure 22). 98

SWHe 119 0Ll Yerston, 1249 947 .1k,
14 4809kr, 2€ 369.1kr® 129 o]F F o]&WAo] FL How UYWL
(Figure 22).

& 107041 5 8AA7E FAAQ] HZAES AR dEden, F dEAR
olFg MAEL FoATL R A Skt o= URAI7)F ol Fdte] dEdtes Ao=

UEst . ol E2 25 1249 Tl o]ssklen, 1249 Tl 2704, 19 Tl
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INAZ} ol sttt & Aol ZAE olsMAlE aatkw oz oF s MIIO/A =
3% Ho o5 AT 7F 545km= VERE

Table 17. The moving average max distance(km) monthly of mallard

Nov. Dec. Jan. Feb.

Ist 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd

Aver.

max
distance 40 956 60 74 47 69 40 25 31 30 43 48

(km)

SD 27 20 28 25 14 18 16 05 11 05 16 16

GPS fix 71 80 7w 7% 95 127 109 1056 102 80 62 66

2.0
8.0
6.0
5.0

3.0

Distance(km)

2.0

1.0

1st 2nd 3rd 1st 2nd 3rd 1st 3rd 1st 2nd 3rd
Nov. Dec. Jan. Feb.

Figure 20. The moving Average max distance(kn) monthly of mallards.

_60_



14.0

12.0
10.0
6.
4.
0.0
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Now. Dec. Jan. Feb.

Distance(km)
[+]
o o

[=]

o

2nd 3rd

B Male ElFemale

Figure 21. Monthly moving pattern of male and female of the mallards.

Nov.

Jan. o Feb.

Figure 22. The moving distance(km) monthly of mallards by google map(MCP-
Nov: 901.1kw, Dec: 947.1knf, Jan: 480.9kn’, Feb: 369.1).
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AAFAGAE F2et AWy soge 457 d¥olsAY 4 Ay, 12¢
%% B HY olF A8l 20km(SD=14, n=40) F<=ol 2.8kn(SD=1.1, n=45),
ak<=oll 55km(SD=3.7, n=55)°]5 Attt 19 Z<=olE 3.4km(SD=13, n=42), F<=9l
3.4kn(SD=0.9, n=40), &}<=oll 1.4km(SD=0.8, n=44)o] 5ttt 29 Z<=ol&= 1.1kn
(SD=0.7, n=28), <ol 2.4km(SD=1.2, n=21), sk=ell 2.0kmn(SD=15, n=15) ©]5&}%it}.
AAAR AHE BAHNEE 9% F7)d Hol=t 129 2¢HH 12€ 7R

Hdl ol At S7kstvrt 19 2= ol FFEH= Hul olsArt AT F

2457l 24 olsdEE detsty] f&) V|HE AxRES ¥R w5

APA ol A A3 TIA7] Q129 5H d 29744 B4 FA W
NARE o] Fete EEe BAtHFig. 4). € MCPE 43 23 & ol 8WA&

2 Yeyorw 19 88.2kr, 29 S4km= 149 o]fH Ao 71 we
Yo Aoz yelyth(Figure 24).

A FA7IE FAG AT A BF wATS TR dEsidon,
ah Al o] E A= SO3MAR & A ol E5 A} 202kmE ey,

Table 18. The moving average max distance(km) monthly of spot-hill ducks

Dec. Jan. Feb.

1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd

Aver.

max
distance 2.0 2.8 55 34 34 14 1.1 24 2.0

(km)
SD 14 1.1 3.7 1.3 0.9 0.8 0.7 1.2 15

GPS fix 40 45 55 42 40 44 28 21 15
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4.0

3.0

Distance(km)

2.0

1.0

0.0

1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd
Dec. Jan. Feb.

Figure 23. The moving average max distance(km) monthly of spot-hill ducks.

Feb.

Figure 24. The moving distance(km) monthly of spot-bill sucks by google
map(MCP- Dec: 68.1kr, Jan: 88.2kw, Feb: 8.4).
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F A olsAeE 66km(SD=2.8, n=36) Tl 86kn(SD=2.9, n=64), sk
8.8km(SD=2.7, n=100)°]%53t4tt. 129 Zwole 12.0km(SD=3.0, n=100), F <=l
10.1km(SD=1.3, n=100), 3k<=oll 89km(SD=2.4, n=110)°]%53&}it}. 1¥ Z<=ol= 50kn
(SD=1.4, n=97), <=l 53km(SD=1.1, n=81), 3}zl 1.5km(SD=0.5, n=83)°] %53} %1 t}.
29zl 22km(SD=07, n=44), Fwol 8.1km(SD=3.6, n=24), t<=ol 9.4km
(SD=6.0, n=1) o] &3tAtt. TAHY dHE TRt FAMH 119 2E5H TF

A gl FARG O W ADE olEsgon, 119 FEVE 129 FeAAs

(o3

FHol o W AgE olFsttt o|Fdd= Hld FS Holtir) 29 Fwole
SR olE AL ¥ del Yebgth(Figure 26). 4579 €A t-test A4
A3 114, 129, 192 SAIH22 Fog Aol7t gllem11d @ p=0.103,
129 : p=0594, 1¥ p=0.144, t-test), 29L& <3 Ao]7} e TH(p<0.001,
t-test). AAAQ A2E EMsLd €% 27|90 119 238 A o)lsA7}
S7belt7 9 F7190 129 2% ol FHE = A oAU AA A &
25 719 29 Fwde A FUbske 4SS R At (Figure 25, Table 19).
457] € olsudds Tetsty] fa VEE ARES YHEE FESH
AR A o] FAZ A3} D% 27|¢ 11€eE A%, 5307 FAZ FHow
A ARFAA olFstth 12¥9c%E AwrEFI wAY FARS FAHOE
o] gkl om, 4dkm WA FH/A olFdE EuS EAth 197 2€d =
A ANAZE 47km BolH FHAFAE o] &t o i 2
3, AT AFAES FHOR AAdte BE5S BHAthFigure 27). €49 MCPZ
Mgk A3 F o)A 11Y 8657k =
29 6445kr® 129 o] F F o]§H Aol F2 Ao YEtskth(Figure 27).
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Table 19. The moving average max distance(km) monthly of pintails

Nov.

Dec. Jan. Feb.

1st

2nd

3rd

Ist

2nd  3rd 1st 2nd 3rd 1st 2nd

Aver.
max

distance

(km)

SD

GPS fix

2.8

36

8.6

2.9

64

8.8

2.7

100

12.0

3.0

100

101 89 50 53 15 22 81

1.3 24 14 11 05 07 36

100 110 97 &1 8 44 24

14.0

12.0

10.0

8.0

Distance(km)

6.0

4.0

2.0

0.0

1st
Nov.

2nd

3rd

1st

Dec.

2nd

3rd 1st 2nd 3rd 1st 2nd
Jan. Feb.

Figure 25. The moving average max distance(km) monthly of pintails.
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16.0

14.0

12.0

10.0

8.0

6.

Distance(km)
[=]

4.

Q

2.

[=]

0.0

3rd

1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 1st 2nd

MNowv. Dec. Jan. Feb.

EMale BJFemale

Figure 26. Monthly moving pattern of male and female of the pintails.

Nov. Dec.

Jan. Feb. |

Figure 27. The moving distance(km) monthly of pintails by google map(MCP-
Nov: 855.7knf, Dec: 942.6kn!, Jan: 503.8km', Feh: 644.5).
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One-way-ANOVA #4 24y}

2)(Table 21).

Ao 7 e THP<0.009, F=5.484, df

7HE A o8&k

=
=

o €5

BE ol

AT 19 o] % Hsogs
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1€ 714
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HWolAls Aols H

FolRa ueds PFEAol

el
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eyt Figure 29).

s

Al ol A

Table 20. The moving average max distance(km) monthly of ducks

Feb.

Jan.

Dec.

Nov.

2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd

1st

4.8

3.0 43

3.1

56 60 74 47 69 40 25

4.0

Mallard

28 55 34 34 14 11 24 20

2.0

Spot—bill
duck

86 88 120 101 89 50 53 15 22 81 94

6.6

Pintail
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Table 21. Analysis of monthly moving average max distance of 3 species ducks
(One-Way Anova)

D\?’Eﬁg%?gt Species Average SE f/ p/df Post-Hoc test

Mallard(a) 4.69 0.44

c>ab
Monthly

~bi 5.484 / 0.009
distance Spot-bill duck(b) 2.67 0.44 /o

(Scheffe)
Pintail(c) 7.21 0.91

14.0
12.0 {
10.0

8.0

6.0

Distance(km)

4.0

2.0

0.0

st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 1st 2nd  3rd
Nov. Dec. Jan. Feh.

w [\l2llard == == Spot-bill duck sesess Pintail

Figure 28. The moving average max distance(km) monthly of ducks in
wintering season.
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Figure 29. The MCP(kn) monthly of 3 species duck in wintering season.
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4) a7 €87 ANAE olF A

AAFAZAE F-243 Feed 1049 d57] o 1145H vh538] 38714
19 123] 5% GPS #E 7+ AR 2 ol sAYE A A A3 F
ol xAE = 0:00-2:0091 0.5km(SD=0.2 n=947)¢]&3t¥ o™, 2:00-4:0091 0.4km
(SD=0.2, n=943), 4:00-6:00°] 0.7km(SD=0.3, n=938), 6:00-8:00°] 1.9km(SD=0.7,
n=922), 08:00-10:00°1 0.7km(SD=0.3, n=922), 10:00-12:00°] 0.8km(SD=0.3, n=943)
o] 53t Th 12:00-14:30° 0.4km(SD=0.2, n=972) ©]&3t% 2™, 14:00-16:009] 0.4km
(SD=0.2, n=975), 16:00-18:00°] 29km(SD=1.4, n=984), 18:00-20:00° 1.1km
(SD=0.7, n=976), 20:00-22:00° 1.0km(SD=1.1, n=968), 22:00-0:00 0.6km(SD=0.6,
n=947) ol&3st3ltt. 16:00-18:00 F-gtel 7 el o]Fstdlom, 1 HFo=
6:00-8:00 *-7Fo]l A tH(Figure 30, Table 22). F-ofzto 2 o] A&7 95
8:00-1800 T7HS FHe =) 20:00-06:007-7HS oFte® FEste] Akt
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rr
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Bo
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=X
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offt
N
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rr
(@)
]
=}
fr
o
=
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Tl ¥ Ee wAels Adom YEst. 53 ot ARE T AR

Pt olEAYE QY ABelM F70] PRl By o) B Ao ngovt
FARoEE folstd ol AAHA FAFES FAR Aow st

(p=0.631, t-test, Figure 31).
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Table 22. The Moving distance(km) of total mallards by the timeline

0:00 2:00 4:00 6:00 800 1000 1200 1400 1600 1800 2000 2200

Male 04 05 04 09 21 08 06 03 05 33 14 07

Female 08 04 04 05 18 06 09 05 04 25 08 13

Total 06 05 04 07 19 07 08 04 04 29 11 1.0

SD 0z 01 01 03 05 01 02 01 01 11 02 03

3.0

2.5

1.0

0.0
0:00 2:00 4:00 6:00 8:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00

N
o

=
7]

Distance(km)

[4)]

Figure 30. The moving distance(km) of 10 mallards by timeline.
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) ﬁ E é E
0.0
0:00 2:00 4:00 6:00 2:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00

HMale EFemale

Figure 31. Moving distance status by time of female and male mallards.

AAFHGAE F-aet Awdesod A D57 1195 o3 39714

W oz AR E WA A¥, Hr ols A=
shdom, 2:00-4:0001 0.2km(SD=0.1, n=220),
4:00-6:001 0.4km(SD=0.3, n=219), 6:00-8:00° 0.9km(SD=0.5, n=216), 08:00-10:00°]
0.2km(SD=0.1, n=216), 10:00-12:00°]  0.4km(SD=0.2, n=229) ©]&3} 3t}
12:00-14:30°  0.3km(SD=0.1, n=231) °]&3} 2™, 14:00-16:00¢1 0.3km(SD=0.12,
n=232), 16:00-18:00°1 1.8km(SD=1.1, n=229), 18:00-20:00] 0.6kn(SD=0.2, n=228),
20:00-22:0091 0.4km(SD=0.3, n=230), 22:00-0:001 0.4kn(SD=0.2, n=227) °]%&3&} it}
16:00-18:00 7kl 7Hg @ ol oen, I tgo2 600-800 T-7Ho] it
(Figure 32, Table 23). F-oFzto g2 uiro] 4357 98] 800-18:00 F1HE
FHoZ ) 20:00-06:0077HS ofzto R RSl g Ax F3F Hit olF A=
0.6km, oFzF it o]F AT 04kmE oFtETE F3ke] "zl 2ol o
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LERS T 53] ofk AlZE T AFHAIZEQD 0:00-

B A b= WS- 717k AgE o]Edl= Ao ey

Table 23. The Moving distance(km) of total Spot-hill ducks by the timline

0:00 2:00 4:00 6:00 800 1000 1200 1400 1600 1800 2000 2200

Male 04 05 04 09 21 08 06 03 05 33 14 07

Female 08 04 04 05 18 06 09 05 04 25 08 13

Total 06 05 04 07 19 07 08 04 04 29 11 1.0

SD 0z 01 01 03 05 01 02 01 01 11 02 03

3.0

2.5

= g
(1] o

Distance(km)

=
o

0.

w

0:00 2:00 4:00 6:00 8:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00

0.0

Figure 32. The moving distance(km) of 4 Spot-bill ducks by timeline.
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AAFAZAE K28 e 10/MA9 45
1 123] 59 GPS #3i& 1+ Al E ol sAYE &A% 23, Ht o] /=
0:00-2:00°1 0.7km(SD=0.3 n=822)°]%3F% 2™, 2:00-4:00 0.6km(SD=0.3, n=814),
4:00-6:001 1.1km(SD=0.5, n=805), 6:00-8:00°l 3.3km(SD=0.8, n=800), 08:00-10:00¢]
1.6km(SD=0.6, n=799), 10:00-12:00°1  1.4km(SD=1.2, n=845) ©°]&3}%]
12:00-14:30°  0.8km(SD=0.4, n=852) °]&3tA o™, 14:00-16:00¢ 0.7km(SD=0.4,
n=855), 16:00-18:000 4.6kn(SD=0.9, n=861), 18:00-20:00° 1.4km(SD=0.7, n=855),
20:00-22:00°1 0.9km(SD=0.3, n=840), 22:00-0:00° 0.9km(SD=0.2, n=826) ©]& 3} T}
16:00-18:00 -3kell 7Hd He o]Estdon, 1 o Z 6:00-8:00 T-3FolATh
(Figure 33, Table 24). F-oFzto 2 o] 4357 98] 8:00-18:00 F1He
FHo 2 20:00-06:00T7HS oFgtom FRSY BAS. 1 A F3 it
ol 5AZ = 2.1km, okt Hit olFAYE 1.0kmE oFgFETE 3ol oF 2]
o He olFstE ZoRE vEerEt A dAE FERSIH Ag E ¥

[

olsAY = HAAoE {FAFG o] 54 gFo] AATHp=0.546, t-test, Figure 34).

ol
b

=

Table 24. The Moving distance(km) of total Pintails by the timeline

0:00 2:00 4:00 6:00 800 1000 1200 1400 1600 1800 2000 2200

Male 09 o7 08 11 33 15 10 07 07 48 14 07

Female 08 o7 04 10 32 17 17 09 08 44 14 10

Total 09 o7 06 11 33 16 14 08 07 46 14 09

SD 02 03 03 05 08 06 12 04 04 09 07 03
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Figure 33. The moving distance(km) of 10 pintails by timeline.
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Figure 34. Moving distance status by time of female and male pintails.
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< o] 16:00-18:001-%to] 74 ol A7t AA yEute™, I v o2 6:00-8:00
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B
sAMeR Foaon, uwed, deed, d¥HTey o2 ATUE
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K

ol gAY} Be& Aow yEhthn = 24277, 2¥ = 70422, p < 0.001). F-oFgtoZ
Lol EAekE ko]l ofgtHTh oA ZE AA YERg oW, AIH AL
(0:00-06:00) = #H2 AgEsE wdolv AFS Btk HFogs udeds
T E FESY PSS WE T E BT Fod Aol flden, ols A g

Abel Ao 2 YERSETHp<0.05, t-test).

Ho

Table 25. The moving distance(km) of total ducks by timeline

0:00 2:00 4:00 6:00 800 1000 1200 1400 1600 1800 2000 2200

Mallard 06 05 04 07 19 07 08 04 04 29 11 10

Spotbill 54 94 02 04 09 02 04 03 03 18 06 04
duck

Pintail 09 ov 06 11 33 16 14 08 07 46 14 09
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Figure 35. The moving Average max distance(km) timeline of ducks.
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Table 26. The detailed tracking information of ducks

. Tracking Period GPS
ID Species CatC_};ﬂng Fixed
Site Start End time/day
M1501 2015-11-02 2016-07-31
M1502 2015-12-15 2016-07-31 12 / day
M1503 2015-12-15 2016-07-30
M1601 2016-11-24 2017-07-03
Riv.
M1602 Mallard 2017-03-04 2017-07-17
Mankyung
M1603 2017-02-28 2017-06-20
6 / day
M1604 2017-03-04 2017-04-28
M1605 2017-03-04 2017-06-02
M1606 2017-03-04 2017-04-26
Riv.
S1501 2015-12-16 2016-05-20
Mankyung
S1502 . 2015-10-21 2016-06-06 12 / day
Riv.
S1503 Spot-bill duck ~ orein N15-11-02  2016-05-21
S1601 . 2017-02-11 2017-065-07
Riv.
Mank 6 / day
S1602 ankyung - oni7-2-12 2017-06-%5
Riv.
P1501 Mank 2015-11-17 2016-05-27
| amene 12 / day
Pintail
P1502 Anseong 2015-12-17 2016-04-17
P1701 Elsukdo 2018-01-15 2018-06-11 6 / day
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Table 27. The information of spring migration of mallard

Total move

Departure Arrive Period X Breeding
1D distance .
days days (days) (kn) site
M1501 2016-04-15 2016-05-09 24 1,412.4 Qigiha’ér Shi®
M1502 2016-03-30 2016-06-02 64 1,037.5 Daging Shi®
Shuangyashan
M1503 2016-03-31 2016-06-09 70 1,543.4 e
M1601 2017-05-16 2017-05-19 3 120.3 Hwasung'
M1602 2017-05-12 2017-05-24 12 1,007.5 Ha'érbin®
M1603 2017-04-27 2017-05-03 6 1,194.3 Qigiha’ér Shi®
M1604 2017-04-04 2017-04-28 24 1,494.0  WudalianchiShi®
M1605 2017-03-27 2017-04-07 11 736.0 Tonghua Shi®
M1606 2017-04-15 2017-04-17 2 892.0 Dunhua Shi®
Aver. 2017-04-16 2017-05-08 23 1,048.6

* 1: South Korea, 2: North Korea, 3: China

Figure 36. The spring migration routes of 10 mallards. Circles indicate
the daily locations with the highest location quality.
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M1604 M1605 M1606

Figure 37. Each individual’s migration routes of mallards. Circles indicate
the daily locations with the highest location quality.
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Figure 38. Usage days at flying distance during spring migration of mallards.
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Table 28. The information of spring migration of spot-bill ducks.

Total move

Departure Arrive Period ) Breeding
1D distance .
days days (days) site
(km)
S1501 2016-04-30 2016-05-13 13 726.1 Tonghua Shi®
S1502 2016-04-19 2016-04-30 11 2389 Gimpo'
S1503 2016-05-16 2016-05-18 2 861 Siping Shi®
S1601 2016-05-04 - - - -
S1602 2016-04-12 2016-04-22 10 1,022.6 Jilin Shi®
Aver. 2016-04-28 2016-05-05 9 569.7

* 1: South Korea, 2: North Korea, 3: China

Figure 39. Spring migration routes of spot-hbill ducks. Circles indicate
the daily locations with the highest location quality.
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Figure 40. Each individual’s migration routes of spot-bill ducks.Circles indicate
the daily locations with the highest location quality.
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Figure 41. Usage days at flying distance during spring migration of spot—hill ducks.
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TR SR A, S5 EoA dEAY ued MAE g r HEAA7] ¢
DE 19 ELS AdEXAA HEAsle] F
T B8 dUFE HAlol AR o] F 3 tH(Figure 42, 43).

dsA oMo Agom A A4S = 39 169(P1502)oIn o, 7+

HEA et HAAZRA Ht FAAYE 1,367.1kn(n=3, SD=603.8)°] 3 o™,
o=
o

AV B ARE olBe AAE 6568k, 1Y W ALE o B

Ol

MA= 2,1326kmE ©]53 Ao = YESTH(Table 29).

-

Table 29. The information of spring migration of pintails.

Total move

Departure Arrive Period ) Breeding
ID q q (days) distance "
ays ays ays site
(km)
P1501 2016-05-11 2016-05-22 11 1,311.9 Daging Shi®
P1502 2016-03-16 2016-03-30 14 656.8 Hanchan Shi?
P1701 2016-03-17 2016-05-12 56 2,132.6 Sakhalin®
Aver. 2016-04-04 2016-05-01 27 1,367.1

* 1: South Korea, 2: North Korea, 3: China, 4: Russia
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Figure 42. Spring migration routes of pintails. Circles indicate the
daily locations with the highest location quality.

P1501 P1502 P1701

Figure 43. Fach individual’s migration routes of pintails. Circles indicate the
daily locations with the highest location quality.
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Figure 44. Usage days at flying distance during spring migration of pintails.
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Table 30. Information on the stopover site of mallards

Stopover site (Stay day)
1 2 3 4 5

ID

MI501  Baishan Shi’(8)  Suihua Shi’(5)  Heihé Shi*(8)

ise 12 Sariwor3) Riv. Tonghua Shi’  Changchun Shi’
waseong arrtwon Amnok2 <7) (23) ( 1 4)

) Mudanjiang Shi’ ; Birobidzhan

M1503  Muncheon“(13) Jixi Shi’(13)
(1) (39)

MI1602  Sariwon’(6) Jilin Shi*(4)
MI603  Sukchon’(3)  Béichéng Shi’(1)
M1604  Tokchon®(1) Anju’(15) Jilin Shi*(1)  Suihua Shi*(3)

M1605 Gimpo'(6) Flishin Shi*(2)

M1606 Gilju*(2)

* 1: South Korea, 2: North Korea, 3: China, 4: Russia
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(Table 31).

Table 31. Information on the stopover site of spot-hill ducks

Stopover site (Stay day)

ID

FuishtinShi*(3) Lidoyuan Shi*(1)

Dandong Shi*(5)

51501

Gaeseong(2)

Pyeongtaek'(8)

S1502

Dandong Shi’(1)

S1503

1

Yangyang

51601

Jangjin®(1)

Tongchon?(6)

51602

* 1: South Korea, 2: North Korea, 3: China, 4: Russia
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Primorskiy kray= 27§A|7} o] &3tR o, 74 A o] &3k X9 T AAAZ

b o] &3k Aer yehuth S713A A e Hat 22U 995 v

5
(0]
FN

ZF MAERE FHA 27 A Hd 4719 T3 FAE

o|Bte AFe Bk
lgete mEg nsith 7

7zt w7 R Fgko]l 37 A (H XA, Ak G A,
AHIA] XA A, 2] Ao} 27) A9 (Primorskiy kray,

Khabarovskiy kray)o.2 &3gtolAe] o] 8&o| 71 =2 Ao YElTtHTable 32).

Table 32. Information on the stopover site of pintails

Stopover site (Stay day)

1D
1 2 3 4
P1501 Cheongjin®(1) Ha’&rbm*(8)
) Primorskiy
P1502 Raksan“(12) 4
kray"(1)
) Primorskiy 5 Khabarovskiy
P1701 Tanchon“(1) 4 Jixi Shi’(46) 4
kray"(7) kray"(1)

* 1. South Korea, 2: North Korea, 3: China, 4: Russia
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5383mA o, Hdl 1,836.3m, 2 25.7m2]

Aoy He vd ITEE 592.0meo] R o,
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T T O

% tH(Table 33).

ih]

A
Eolol A H
Hdl 1,907.1m,
H] &Y

of,
4

o] 53k o}
2 101.0m9)

m
A% E 5624mPpoen, =

oy
U

AAY ol%F Al Hit 564.2m, H 1,907Tm7HA W@ E= Aoz e

Table 33. Each speciess migration flight altitude

Flight altitude(m)

Species
Average altitude Maximum altitude Minimum altitude
Mallard 538.3 1,836.3 25.7
Spot-hill
592.0 1,907.7 101
duck
Pintail 562.4 1,193.6 10.5
Aver. 564.2 1,645.9 457
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Table 34. Migration flight altitude of ducks

Flight altitude(m)

Wintering Stopover Stopover Stopover Stopover Stopover
) site sitel site2 site3 sited siteb
1D Species _ _ - - - -
Stopover Stopover Stopover Stopover Stopover Breeding
site 1 site 2 site 3 site 4 site b site
M1501 849.7 993.7 349.5 359.5
M1502 80.9 298.7 937.2 981.6 705.2 304.8
M1503 589.8 1,146.5 441 161.4
M1601 245.7 25.7
Mallard
M1602 180.3 964 305.3
M1603 319.1 916 131
M1604 172.7 107.5 7355 567.1 452.6
M1605 148.4 431.9 644.2
M1606 1,836.3 843.1
S1501 649.6 522.3 408.1 4485
S1502 101 269.4 110.1
Spot-hill
S1503 621.7 4537
duck

S1601 928.5
S1602 220.3 1,054.9 1,907.7
P1501 1,192.2 894.8 261.9
P1502 Pintail 1,193.6 147.2 105
P1701 346.8 272 74 996.4 797.1
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(2) HlY &=
AAFA 7ol 7159 v S5 FA% A3 Heede] H vy HE=

76kn/hg o, H 108km/h, H A 48km/he] £EE H|&sto] o]EdE= A

Ao =
Uepdel AwAEeeel Wit v SEE TBhgor, Ao Omh, A2 6Blvhe)
sxz dds oEad 2Hed BF WA SE= Ma/hgow,

Al 115kn/h, HA Bkn/he] HE2 wg ol Fdth(Table 36). THHo= &
W, FuFE AL ols Al Hir 75kn/h, Hdl 115km/he] =2 v st A
o 2 ekt (Table 35).

Table 35. Each species migration flight speed

Flight speed(km/h)

Species
Average speed Maximum speed Minimum speed

Mallard 76 108 48
Spot-bill

76 90 65

duck

Pintail 74 115 35
Aver. 6 104 49
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Table 36. Migration flight speed of ducks

Flight speed(km/h)

Wintering Stopover Stopover Stopover Stopover Stopover

D Specics Sife si‘iel sit~e2 si‘EeS sit~e4 sit~e5
Stopover Stopover Stopover Stopover Stopover Breeding
sitel site2 site3 site4 siteb site

M1501 74 74 72 104.4

M1502 68 70 96 76 93 67

M1503 74 60 79 4

M1601 72 48

Moz 66 108 72

M1603 63 101 62

M1604 65 69 100 75 71

M1605 70 90 63

M1606 34 60

S1501 90 71 76 80

S1502 72 71 30

g1y PorPil 85 87

duck

51601 65

51602 31 68 63

P1501 99 74 59

P1502 Pintail 39 66 35

P1701 33 61 55 78 115
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dsh= Aew yeist dEdsedE Fe e v o
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A% waste] olBabizt, Ha 2AzlA HA UARAA wdsE Aow

Uehdth et % ¥ 16414 AHAIZI 204 Abole] Fuehe
%S BTk A 0N A% mPste] olFaE AOR vehdov, Az

AN ZEl A H A 2043744 vl stE Ao UEEtH(Table 37). =2HA3F2
}_

2

Olr
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L
o

Aejel} ol o}3 84 o] EESE BESAHe] Ut o uw

(Table 38).

Table 37. Each speciess migration flight time

Flight speed(h)

Species
Average time Maximum time Minimum time
Mallard 8 30 2
Spot-bill
6.5 14 2

duck

Pintail 9 20 4

Aver. 8 21 3
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Table 38. Migration flight time of ducks

Flight time(h)

Wintering Stopover Stopover Stopover Stopover Stopover
. site sitel site2 site3 sited siteb
1D Species B _ B _ _ _
Stopover Stopover Stopover Stopover Stopover Breeding
sitel site2 site3 sited siteb site
M1501 18-04 18-22 18-22 00-04
M1502 22-00 20-02 18-00 18-22 18-02 18-00
18-
M1503 20-04 Next day 18-22 18-02
00
M1601 20-00 20-00
Mallard
M1602 18-00 20-04 20-04
M1603 20-04 20-08 20-08
M1604 20-04 16-20 20-04 20-00
M1605 20-04 16-04 16-00
M1606 16-04 16-20
S1501 18-10 18-00 00-04 04-06
S1502 18-22 18-22
Spot-hill
S1503 20-04 20-00
duck
S1601 00-04
S1602 20-04 16-00 20-08
P1501 20-12 20-04 20-00
P1502 Pintail 18-06 18-22
P1701 16-12 16-00 16-20 20-04 20-04
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WA BEAaEe] vt 4 A o] (Yamaguchi et al, 2008; Cho et al., 2013),
B oA3 Aol A&t ey dEAA AFE Ar T AR HF5odY
HEEAA 7 55 HAlof A Foz o]sst= o] glE A o™ (Yamaguchi et

al., 2008; Kang et al.,, 2016), ©o]|= 1gls] BW LX) W& WA R xfo]7}

=

54 T AAR SR AES THES Al 7Y flo] v gsH
el o, of= A Al gdd S7IHAE o] &drtar Wadk Ve A-A et
A =] 3} 4 tH(Yamaguchi et al, 2008; Tajiri et al., 2015; Kang et al., 2016).
S HA ] MARF S AAER FAA, giE Aelu &, A=A
T 2E FAAGeR »HEYon, ol FERE HIES AR SV RAAE
T8l wId AFE olfste V= ATAHAY A A TH Arzel et al,
2006; Yamaguchi et al. 2008; Krementz et al. 2011, Tajiri et al., 2015, Kang
et al., 2016).

of
o
N
b
N
©
o
~N
=
rlo
Y
k>
—t
o]
N

AHE FHG 46L7HA trEFSA dEbsR =,
AAEZ thx Aol o e 1~-39 713 WE g HAAE &3
et AEo] e AowE BAHAY AA olF T F7IFAY ol &ES
el 7HA e Body condition® FIF7]1FA o] A A2 AL HA zpo] W o]
AGAR FAS Walste o 7FA gRlel wel AAEH7] wiitol thekst
el Ao g FAaEth(Arzel et al, 2006). oFAZFE FAY ol5S Ay How
kA 7] Sl s ol AdER ol AHA HHE AT F s tHAY
S FAAZE dast, FXE7|2A A Bl A ARE oUAE AR BFEHA
X

st oA =R/ E AT AHAA AFS wA Fh(Newton, 2006, W, 2013).
olzAR vtof @ F771AA] #Ad mofe 2F F u dyoprt AAFQA EFe
S FERES FAY ol Al ofztel HIEE AlFFEte] A A|bol| EAE=
AgS Begon vy nEE AW 1,907m, H 5642m, H 3 Sx= Hf

75km/h, H 104km/h=2 WERST ZAje] AR v]l8) 1%+ H 400~700m,
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H) 2,000m ©lat®= LA dtH(Nisbet, 1963; Eastwood and Rider, 1965;
Able, 1970; Bellrose, 1971). =38 o]l5 vl &£ == ofvlg]l 7} tiS FAY o] Al
HEFe H 40~75km/h, Ho 76km/hZ & A At Cochran et al., 1985;
Goémez et al. 2017). 79 A%, 17~21m/s& AEo 7 AaketH) 61 ~76kn/hE
ATH vF Qo HPgauret &% BF 2 AFZAe dX 3 tH(Bellose, 1967
Bruderer, 1971; Schnell and Hellack, 1979). T3t &g o]% A] ok7tH]8<S
it Ay A = (Haper, 1958; Gauthreaux, 1971), A+5 %53 F5/F52
16~20A] Atolo] Fate] Ao =Fat= Aol o] 7|E AFERYE

FAE Ads AN 7 AT

¢

AaAA FhAAE AEA ATE Fe) o5ARE fFF w loy
ANFA7E olgal AMes o|EARE WA AL B ATE Fo Agow
a7 Ade S onl gl ARst 9 gleld puHT £ o ER, F7
NEA, 1E W S5 B AREL FF 5EF BE L N84 BB @
Az Q7 AnWw ol AL BRAAE %7 7 FERE BAE 9@
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St & Zolalol F HAJo]|% 7 Z(East Asian—Australasian Flyway)oll
A& do] gt opAxFe TR W O ASH IEAZ AHTAHOR

& A dolth(e], 2000 4, 2016). AFUAAAN AF AL

=
ofy
fo

Fo A mAAE o of 78 vhe o] g9 FxEF mdstt Agom v
Fo@ bz AAAoITHel, 2000 2 5, 2011). AFe vEse] Fujo)

7Hd Wol Eete HAlve FaRE SNE A9 s 9@ AW, A, 54 A,
T TollA EIA EEId(H 5, 1997). ol AHAHoR thgd FA ]
Aom, Futth Z47] MEske= AAA| o] whet EEA o] debA] 7] Wi

X 8 AT dATe F o B ooldg T MRSk A3
BHEAS ATsl7]o] A Eslthe.g. Paracuellos and Telleria, 2004). A &7 &
s A st FHAd e8FE A AAFCRE mid gAastsE FAdd gloH
(& &, 2012), olo] we} o]59] BE 9 A% Feol digh A5l M=

AR F2 AW TP 2A, ANEF steh B9 ATEY ofTolhe

ot

) :1m
lo

L
o

T eElw e ket e
Abd S BE g AT o= A ¥ Fokrlol Yolrt A AA AT o] FFA
(Li et al., 1999; Kasahahra and Koyama, 2010; BirdLife International, 2017) %
vl A edF AT Aol QI =UEQl Aol Ble| v A g
TR JFE A3(H T, 2012) 9 AR 2822 25 F AT dWtFow
oA ZFY IHAIT FEFS WHAA Y dEAe A AEA
(Baldassarre and Bolen, 1994; Perry and Deller, 1996; Conroy et al., 2002).
Tl Z=dste FUAE LYRE FE OUGE HHAN IHE FE A%
e FHOE FA A9E FAHLE olgsth(Park et al, 1996; ©], 1997,
o], 2000; A1, 2016). 1=lyt T HHTE HREI A AFEo] WHHAY
%]

Az st vk Awkse] A% 2012958 AH P5A FAR QE
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o

c
N

o)
nE

ol

s, 2004; 1+ &, 2008).

(i

el

i

B

63.6kr 21
409k

[¢)

=

-

.

2> 118k =

<

A4l KDE 50%

e
EX] 209k,

3l Al
=

24

J

pas
=

s

3t
T 6183k .,

3

A o ol A

(A RbE 7%, 2010) ¢

ol g WA= 3F

EER

2 UERs

ol

B
el

I

ko3
T

501:

17] wEolth e} 3

°©

B7} 7bE

3}

=

R

2

I

Aol 8§ ol

"
el

o

=K

olg} IdHHHKim et al.,

al

7

o 7

A2
5} 93 © Y (Gudmundsson et al., 1991; Hedenstrom, et al., 1997),

°

=

AR o5
977 %

2001; AR, 2011).

=13
=

A

o)
50

A

A

9]
T

3+ tHDeppe et al.,

S

9 tH(Yamaguchi et al., 2008, Krementz et al, 2011, Kang et al., 2016).
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AFA7e] FHo] Hgstrta gl v tH(Shimada et al., 2017).

A A o8 A 1ddA HAF 46U7HA SV HAE ol &3t o
ekt HAj e AAe ols e ZF AAEE Zolrt uH, olF A E Y
solu F&53 22 nkEe] AEiel FHVFAS M A Aol we}

<
ol Hefo] dabA= Fow AFHAN(Tajiri et al, 2015, Kang et al, 2016;

AgA T3 22 A4 Ager Ae4:] 58S fdMes sA4= 254
M A Aol gk Abd ol A FAHAY. FAE FERE HET FEFEY
T FA 9} DA R HEETFAS A 9otk (Bautista, 1992; Tajiri et al.,
2015; Kang et al, 2016). 2&v A @ FAE5c] ME= Qs 33 5o
7haL glom, BA w2 AzF 105218hadl FA7F 9 E
AtH(Kelley, 1983). A5 S Fa7e F8& FIH7]AA e HAXZ Wzl

3 FRRY Fod4, A4, dolTAHe ud BFA WHe & Fow

1—4

Jrtta ®W iy wHh

s ANA] AT olss ATHoE uA7] A= ol s AR Aol A=A
M E AT F e AR FAHA Bastt HAES F71FA 9
= e 7)0e e Aol d+=d(Pulido and Widmer,
2005; Kristensen et al., 2013; Deppe et al., 2015), FH Y3 52 wjH} HEe

AN Al ol F&e FAF duAE Asd 5 A I 22" AqUAE

Ay o=z olg AEd HAAQ gads = b §lth(Bautista et al., 1992;
Newton, 2006; ¥, 2013; Shimada et al., 2014). =& X33 BE FAES
TaFoA HAY Holgdws 9t FFHd A AR o]t (Weber and Haig,
1996, Elphick and Oring, 1998; Ma et al.,, 2004, Connor and Gabor, 2006;
Desrochers et al., 2008; 1, 2016), 218} F71e] 145 FHOZ Q3] 7|&9
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