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1. 9 w A
Z5 QA =ZFalx}F vloly ~(Avian Influenza Virus; AIV)E AFHS H]

3 EIRHEE, 7, oA xRl AHE f¥ste dFTEaEd
(zoonosis)olth. JAFFTEAAH S ofAFE] Ao s A1, 5
3 o1zte]l A, =, BEYV] Fol f1@ol H 7)ol (Mathews 2009) A
A0l o Zy gk W9 (biosecurity) S 3 TA Aol HQsr)
(FAO 2008). & <ZF <A (Avian Influenza; AD) Aol lof ok =z
7o G g =ol= FHASHA ol FoA sktevt dAAA P e
vtolef ~ Ayt AREe gl A & dthH(Gauthier-clerc et al. 2007
Latorre-margalef et al. 2009). AIVE &S Aoz 3k AdAHA A] 3
A3 met AP =/FAESF AR vlol g 2~ (low phathogenic avian
influenza Virus; LPAIV)9} W AA =7 AEFAA vio]l 8 ~(high
phathogenic avian influenza Virus; HPAIV)Z &3t} (Spackman
2008). LPAIVE 7ta& tido= e A5 S 7= A <
e FHtetA g A o= urE At (Alexander 2007, Kuiken 2013).
AIVE A gk Ao+ dEE Jhee tEdeE oo
Spickler (2008)¢} Alexander (2000)2] Ao w2 AIlVe 3 WA
Zo A =2 AAES UEWL, 7he L8 E o2 Haddo] vE
U] gt 93 AWz MY XAbEo] w2 A5 ol HPAIVE A
o] ¥w HPAIVE 4% 7la Aol Fal & of7|stes fFdH o=z 15
Ha glom, Qb oAl X[/ F AR o]ojA il IHH(Olsen et al.
2006; Gauthier-clerc et al. 2007).

AIV 8Hbel =9 4902 HA4F Alaglog 4k Alx"o] wdst F
A= AV Ad 9938 A o] =1} (Ssematimba et al. 2013; Yu et al. 2014).
dh - 7)) o] HA Al T AA AMAA = M A ZEAH | FAE A
1

glo] drehalx] eFgkil(Swayne 2009), M2 Ao o] AIV 792 WY

41
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Hol gle oAd AAe AIV Y9 #A JhsAd S on ik (Causey &
Edwards 2008).

M) (Anser cygnoide)®t =712 7|(Anser indiscus)®l 78-%, B ol A
HAZE B FHE AAXE o] &3tt W47 o|F Jiel= &
ofAl-th T HA)o]5d Z(East Asian—Australasian Flyway)Z, %7]2]7]
= F9olro}l Hrjol=7d Z(Central Asian Flyway)ZS o]-&3] v]HA x| =2
o] FstA Hrh(Figure 1). 22712177 ¢ ol& 3 AIVE FAke] tigh <A
T7F olHA oy oA Zol M= ofAlotell A B AT ol F
A= e Aot (Muzaffar et al. 2008, Newman et al. 2009;
Prosser et al. 2009). AIVE] &7 2] Z4kell o] ok Z=/7F vA=
ol s = "WEskA e mbrk gl7] el (Latorre-margalef et al.
2000; Takekawa 2010) WA X|ol Al 9] AIV 7+¢1 & WA X 23E The A
A2 AIV 4t 7hs A& HoET
T MAA gAY AIV e 3 58S B vpely s A

Fow olojd F don, o|F7t A FHe wel = & o]ls

e HAA 9] AV g4k Tk R AAY A3 vted s on
(Swayne 2009). Wb Y= F4 HolHE E3 et 7187
T AR T F5AEES FAFeEN T H g5 5S4 o
oty A Ao A BIHHAA AR o]l FFEE I AIVY A &
I ole] gk ofAxFo o] tigh o] sf 7t

i u}i

o r¢ ﬂ i foh



East Asian-
Australasian

Flyway

Asian
Flyway

Figure 1. Different migration routes of the Bar-headed (Anser indicus) and
Swan Geese (A. cygnoides). Bar-headed Geese use the Central Asian
Flyway (Orange) while Swan Geese migrate along the northern parts of the

East Asian-Australasian Flyway (Blue).
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2o A, olF A duA B mE dsHdol St Aoew didH
o 2 dATelM= D ek 27181719 A A kel &2 Alzte] A
Htell wet o] & MAA WA ols At SUHE Aolge M-S

7

3l ] =
dsstal, o5& 93 Mot #7179 dsAe WstE ALEETF
(kernel density estimation: KDE)E %3&f 3}o}3} it}

ALV zrgdeo] of ol mA & TS Fofstaxt s o=
AIV g WA <F vgd 71 7+ o] Al (travel distance), d5d =}
o] wtolstaat 819l al, Latorre-Margalef et al. (2009)¢] A& <o)
et 2) AIVe 7 JhASE vzEd NAl kel o' AY, s A=
2ol 7t e Ao oAttt olE HTstaA AIV 7 o Fo ot

Y



2 ols AT FFH LukslA 3 ¥ (generalized linear model: GLM)
o

A 9 th(Venesky et al. 2009). oF
= ol ANz} wpol#] 2, o &g wlojz A
(Ebola virus), 91=E 1< upo]g] ~(West Nile virus)9} 22 s=vj7

74 wWYto] S TE AR FAFI dthH(Alekseev et al. 2001;
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o b B AAY oF w¢kY A AHlY #FAUF doloF gt
(Weber & Stilianakis 2007). stA|9F of A5 &S AW S

4 HAAY VI8 FTES ekl Al 7E F
2] 2 ¢l 3] 9 (physical avoidance) a4
2011; Curtis 2014). @A 2 AFoA = A A
whet WA 7] HEle] Fitol &S I o R =2
olm g, 3) HAMAe uA JHAY HET AL
FAR ARl o m YEd AR o= ¥
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o E =0 e AL MATE Hol o]&, AV, AV F5F T AdE
S St T WA o Z(Burt 1943), 43 A &
Ao dolu 714 To e wep @b F Ao T
s 2017). WEAL AHA W= ofAlE=o AAA ol 2
o2 S35 o] o (Georgii 1980) F5HI} olF e hit AT
&3l JHA H Fo Aot Ao g vk olafstar, A A A W
A e mE dF WstE 758 3

Fsd L AAA g A vde #HAA s E AT 7 E
AE] Ao d3to=r Faixo] gfth(Harris et al. 1990; Laver & Kelly
2008). 13+ s & A2 A e digt AF2= AR A A (Harris
et al. 1990; Laver & Kelly 2008), 7HA«= =4 (Trewhella et al. 1988;
Gautestad & Mysterud 2005; Wang & Grimm 2007), 3 2-3¥4 =9
A (Village 1982), <1ztell <ot wae] <J3F(Berland et al. 2008;
Rushton et al. 2000; Frair et al. 2008; Thiel et al. 2008), 42 =%l eF
(Hulbert et al. 1996), AW A 3}e} oA s&Eo] o] & (Kenkre et al. 2007),
T8 AR AE] 87 e #HHEA(Tufto et al. 1996; Fisher 2000),
RdgS T3 FHAAdA ]2 gk A+ (Mitchell & Powell 2004) & ©l
UATH BEH A= AA T ARG e AT EA LdEt Ty
of $eolle Eeta o E=o ool g AT FxH mefgto
= Qe PFsHs AP dFoR dAEI = FATHBorger et al
2008). 924 YAS o] 83 F4 o (satellite telemetry technology)<]

Ho] ofAEE, Hto] o AFe ATFF
of dig AFIHAA dqE 9 *gEH%ﬂ Aol HEEo ghom
(Romagosa & Labisky 2000), A2 ols& sl 27 2 UYs &5

N



o] o, AE Fo g A ATE ThsstA s tH(Webster
et al 2002; Stokes et al 2015).

AA F4 dHolHE o&d 7|Hr|F dTA ATEE A7
(Anser anser)®] W2 x| &} H]H 2 %o o] g5 Blu A7 (Kleinhenz
& Koenig 2018), Z718 7| (Anser fabalis)®] W2 A, S3H7]1&A], o]F 7
2o 3 A (Mitchell et al.  2016), &71# 7| (Branta bernicia)® 7
o] A7l Fete] AEAd gk A (Lewis et al. 2011) So] T35
ot 2.g-7e7]Fe FxF A v gtk AFEE (4l 5 2016)2
e} A 5780l fFAskaL M A A7 FA= w2l (Anas platyrhynchos)
o} slwEA % 0 ] (Anas poecilorhyncha)E Ao 2 9% F4 dHolH=
&% qsd % olF Ay Ml FAste] §oF A T MAA #F *

AR AT & U E AF Ao & setshgivh

;ﬁ'! _u::l_ 1_]| '_.:J"!_ T
I = =



2. 7197179 A EA}

27187179k 2ol A-dd uet FARE olssts ok 2R ¥
Us 7o ® o AEFUIE 7HAY gk dle] AT A dA
B ] 2} (Alerstam 1990). 7187 ol =/ &+ WA

=

NeR
A, BIAAA, S 71 FA oM 9] 1424 (philopatry)©] /& Th# &

2 =4
YEFFTHOwen & Ogilvie 1979). ©]= 57 A9 2] Hold, A4A o4
g, 4 FoRAd, wwte] A= FAA T3 A A Fd A4S AT AN

A wi7AYFol gk RS gt o 2 A= olfe] =48] Wi
A 4= A (Robertson & Cooke 1999).

HA XA o] FEAS A7 A, 2 AH, olF FHE AT o
U A wet mstd ¢ ok Ao FRAj9} fFRe A =
A (precocial) &< Willow Grouse (Lagopus lagopus)®l 7] 4%+
of e PFTA Aol w=Zd(Erikstad 1985), F3F F 79 Al
mel PeAS JARHoer Frtete AoE dHA A 53], F3) ¢
Td Fo= dEHol dAGA FAH= S HEwa L5 JHA -l
Me Fsk % g & & dEHo] g4 AA= AR YER
(Erikstad 1985). dutxlo = o271 7|72 M7= oF 9F7F A yd
I le] ZkFojxttar el Qlth. Atlantic Brant Goose (Branta
bernicla hrota)®] 7% 3 § 45-504 § H|sjo] 7}53HH (Barry
1962), Black Brant Goose (Branta bernicla nigricans)= 3} §& 49¢
ol v THE = Aoz A H At (Einarsen 1966).

717 -1 F{Fe b8 27 G | A A Aot o] FH
e HoA & F53 AdstE = AEE 7HAH, |A47] o]F9 ¢
71875 2Fe oF o] ZlZol(molting) Al171E Rl™ ® 73}
wmEzl e WA, Al AH A4S Tl olFE AT HAg AAA
S FASIEZ(Rivera et al. 1999; Mitchell et al. 2010) ©] Al7]& &%
MA ] AE Fagt JdFE v A A "ot Blzdo] A|7]e] uwe} 2413
dso Fol v=2vdxm dEA  JrtHThompson & Drobney 1997,
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X
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Adams et al. 2000). ZlZo] 2ol Hd A== 2] A7
A2 A el ko] digk A+ (Ringelman 1990), o] Al7]9] =
doF Abefeo] thal oG- (Ankney 1984)7F ol Hth. wElA 7]
FEd Aol ol dxo zldolet ofd JhA e Al A Aol
Aol slo] Hastt, 7o AF A Zldo] A7) o]
| wet Solettal delA o, Aol a4 5= oY
171 f13tolth(Owen & Ogilvie 1979). %
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1980; Lewis et al. 2011). oFA X7+ Zlzo] Al7] Z7]o] AAAWY 3
sdo] fHast F7]e PEHo]l FUkete AR dElA ot A
ARl AA A o] gy e #I AFE= ofF7A IS HAAo|n
(Lewis et al. 2010). H]¥ 2] 7]A)+= =,
A dyA F4s AT ol AFH Helds w8le Y ofF b
2 MAAA HFEA & AMEE HAAE o] &t
Hol AASEZRY AFEAFomHN A& olos BF X HA
of A#g MA w3 FAE W ZutE Zldo] A7l Holen
(Owen & Ogilvie 1979). 7lgl¢t 7181714 Zldo] Al7]& 6 2
HA lom o= JhAle WA fF H WA AE ofFeo] wet =
(Kear 2005, Table 1).

4z A5 WA o]F ZldolE sk WA, Fxo A5 2o AdAo] o
HZITE JhEl el 2712719 WA A
28, 71E A2 A oA o] H o]

H
A S &l wet dskd =l
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ot
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®
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Nl
)
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il
=2



Table 1. Molting period of the Swan and Bar-headed Geese.

Species Molting Molting Stage
Swan - Nonbreeding birds: early June -Pre-molting: before June
Goose - Breeding birds: July-Aug ‘Molting: June-Aug
(Anser .

) -Postmolting: late Aug
cygnoides)
Bar-headed - Breeding birds: 32-35 days -Pre-molting: before June
Goose after hatching, June-July ‘Molting: June- July
(Anser .
. -Postmolting: late July
indicus)
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;
(Feare 2010), AIV ZHA ol o 3k

of W& AIVe gkl gk A+7F dvk(Alexander 2000). HPAIVJ
g 93 gpotol] thE AT
7had ofA R[] HFo] YR dEA oyt & He] HEA
A= HEsA e v gl (Peterson 2008; Nriagu 2014).

AIVe] ko] 3 A7 A 2 JFS Ao s oA

il

=31 9lom HPAIV HSNI Hfo] & 2~

s

BATS w59 A4S AsAA 759 55 AT ez &
A QoY (Venesky et al. 2009) okl Z/FE o=z 3 A4 H

%o Aoz AA AdEel A AIVZE ok ZFAA w A= g
3 A7t 25 a1 9 vh(Latorre-Margalef et al. 2009). AIVE 7+ &
ofF 2549 HE71¢ b7d e HAVIE AA 7H o E A JHAY A
= o587 =8y A "®ch(Huai et al. 2008; Zhou et al. 2019). &5 °1&
Tz wpolel s ke gobE 9= AIV A9 dE AN & 7o
ol o] JHA sl gk AF7F o]FH A of g

53], AIVe SQlessduo=z AW Hdutel o #A Iets 9@l
vlolgl 2 3l mdo gk A7F Eol] o] Fo]H oW (Bouvier 2015)
H, W=, 7]]1}1:} sAANAME AYAHRA 2" (Global  Information

System; GIS)S 283 ¥ A AW g 2 BEAo dsloz ALV
gt A4 % Jjﬂj/]ﬂ g A AlgE ek AIVe] ek st A=
= B 5 (2014)°] 33 HPAI A A&7k 58 &4 vy
5 (2015)¢ EZ-‘T’E} =3t A AL Wbe] AAW EA 4, 93
wokoll A o] F R AIV 54 9 dAH5HA £48 F WAl A Fo] 3l
=
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vhol ey 2~ 7+ JHAI S Wz JhA] 3F T 0 AELE Ao Ay
s e BAFH, 43AEe ofdE Aof mpole 2~ A A <
v JRAl 7F AFS] dlsoll = 39Ut LJrE‘r thar 4 A At ol= %
A JHAS 7h7ke] domE xA o]l Frhskal, A @Al Eof
A7 wWjEoz 4 glth(Loehle 1995). kAT ES A& HlolE A
A AdRE A BN dF5F A4S S ﬁJr%ﬂt Aoz delA
AL, AE A= FEEFH KQHE

1990). ok &=
A Ay gz vz gloam (Altizer et al. 2011),
A= At =5
of AIV7} ok 25

o|Fol glof %F-w4

7F A=A EA(RE) e wrld =

A T
| QA

* 9

o8k A}z e 2R

ATHFAO 2008).
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1. &+ &F

W& (Anser cygnoides)+= 712 7] 5 (Anseriformes) £ 2] ¥} (Anatidae)el
&3t =A2 dAAFH = 60,000-90,00000 A 7F JtH(BirdLife
International 2016). 7H&]E FofAjolo] A2lsls= Fo =z AHXAAY

(forest-steppe zone), Z~®] At (steppe zones)®] 4Fz}5, ZX|the] 3}

a3 7} =
(river valley), 715%, ¥3%, &0 W& A9 7y 22 549
A WAt XY FA], FA4A, sk, Ao A dEsith - A E

<
Q' Vallisneria asiatica, *+=3, W} ZES A4t A= 4HA 3

MA BERE gAof ol 2R, AMEH A9 B TE, T, MRS
28 FAel A WAstaL FolAjol o]5 4 = (East-Asian Australasian
Flyway)& o|&3al &gt = T, 48, v SAZE olsdte] HIWHA
715 Xt (BirdLife International 2016). =2 H]*H 24} %] (non-breeding
area)x= s AA2A(LELRE, Jiangsu Province) 3oy} 33 (ELBSH,
Poyang Lake), AL, Yangtze) <A &4 WIEWM,
Dongting Lake)®= FA F-ZolA A AlA JHAlwto] €5 v &
T Atk o= 109 Z25olA 49 FE7bA #E
710l A7 R o 100070 7 et Aow o

H AAA &2 2 v dd, B9 2508 Qs JiA
o doem WA 3 9 AE 7 Mol oFHAA &S
7FsAd ol 2 th(BirdLife International 2016). 7Hg]¢] A2 H AL €3]
IUCN Red Listel # ¢F#(vulnerable species; VU)o 2 A A F o] 1o
o, el = BEH7] ke OI5 3 HA7dE A3B-12=2 =
A= o] ATHGESHAI 1982).

lo
= Oﬁ _}1_,

_13_



=718 71(Anser indicus)= 71¥] 7] 5 (Anseriformes) 2 2| #}(Anatidae)
o &3t EAE FEdA QE o2V 7A] Y& W E3xdte= A
o2 d#A At =717E &, dAek T 55, 3| ook
sAe TGokAlol mHAAW  FA A wAsH w4
5500-9,200m L= H|dsto] s detol AWS Ho| Fo
WadHAlE HREES QdE Ao dEstes AR °
(Takekawa et al. 2009; Hawkes et al. 2011). =, A &9 Z7], ¥y,
=5 Hol& sty Ao we} 2R, xFE AAsE g

FHolA Z7]8] 7] 20039 3€¥€ 1569 4 942 A2 Hx 7= FHAu
(o] 2005). Al Aot AFFr Felo 4o s o] #F w3l
W, ol % wid 1-270A|7F 71217] Felel Aol d#EEa v

=7]¥17]+= TUCN Red List®] &4 tdE(least concern species: LC)
o2 JhATE vuA GA FEst 90d] S0 P8, & AFH, A4
A A= Qe WAF7E Fasta A vkBirdlife 2016). HPAIVE] 7
A z2HFE 294 9o, 53] Hsto]-El W E(Qinghai-Tibet) LY A
ool A e] HOHN1 TAe] gk A7k o] FoHth(Brown et al. 2008;
Prosser et al. 2011, Zhang et al. 2011).
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Figure 2. Deploying a GPS transmitter on a Swan Goose

(Anser cygnoides)

:'-.-J

)
Figure 3. Deploying a GPS transmitter on a Bar—headed
Goose (Anser indicus)
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oA A FE TEol AAF et 71878 HA Aol n
(Figure 4). $=& Joigt WA & st T/ da#S 7HAL 2
3 (Gombobaatar et al. 2011), EoFA ot AAjolF ZF %olAl o}
Aol 54 =, AotAlol-Fotzel7l  HAjo]F7d = (East Africa-West
Asian Flyway)oll €121 glo] thddt oAl =/ A2 A7 Hw g
Aoz Fa3k A 9olth(Ganbold et al. 2017).

Mele] 28 9@ F24 FA F2E 555 A9 Dornod T (province) 9]
Bus Lake (N 49.738°, E 115.150°), Chukh Lake (N 49532°, E
114.669°), Galuut Lake (N 49.742°, E 115.290°), Khaichiin Tsagaan
Lake (N 49.676°, E 114.675°)°14 olflH i1, &712719 £3 3 F4
Az HARe B FTYHel YA Arkhangai 72 Salmiin Lake (N

481245 °, E 99.1527 °)ell A ol A} g9t &7e7= 9 559

oﬁ
‘H'U

o+ FANA A2 Z o] Al7E BUYa A7E 712, o]F H7bA
THE o] FHA AW
he] W2l7iel 79-99 ZF Dornod A9 79 Hi 7] 28 °C, F

ZFo] 18.2 mm©o] t}.

=718]7] WA71el 7¥9-99  Arkhangai A9 AGH HFFe
= H

350-450 mme|™, 4478 7TE7A] At JsEn 2714717 WA st
= 717 79 "Hi A 71 205 °Cola, AA 71 87 °C, Hit
TS 7620 mmeo|th. 89 FHi 7|2 193 °C, HA 7= 6.8 °C,
A A5 6604 mmolth 99 H1 7] 151 °C oln HA 7]
2 15 °C, H+t ZrEe 2794 mmeo|th

_16_



Khaichiin Tsagaan
Lake

: /i"ﬁulaat Lake

O eesss s liiles
0 110 220 440 660 880

Figure 4. Location of study areas (A: Gulaat Lake, B: Salmiin Lake, C: Chukh Lake, D: Bus Lake, E: Khaichiin Tsagaan Lake)

in Mongolia
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gt

=)

7

&+

A ElolH

ol
=

R

3.1.

=<
Z._-
™H
Ho

o

Tor

4577,

EEREENES)

(Food and Agriculture Organization,
(United States Department of Agriculture, "= &5 %), CAS (Chinese

FAO

USDA

(United States Geological Survey,

USGS

L
[}

Academy of Sciences), MAS (Mongolian Academy of Sciences)<]

7N 2 <k

7TE-8do] g HAT

2014 79-2014d 89 F A

2O
T

g2 20194 7€

iy

9 9
2ERE

x e

712 7]

=
=

4 = AT

)

PN
T

Ry
fhn Y

N

o] % Hl&Zl(flight feather)o] A= H|ePo]

< e8] d E #W(corral trap)

!

E3

= Bt

to] 5239

sHA s

63:

=
=

Elg] €520 3

of

il

o] tH(Figure 5). < ¥Ehg

o} A

s A

P

T

3 ~EY

T
T

o} X

7F AHAZRD 7heb] e vl wl = (neck band)
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5% ©]&H<50g)Z2 3+ o™ (Kenward 1985), ++& o]&3] 7qAel 5o
vl (backpack)d 0.2 F-2Hetth AFEH 4 A= MicrowaveAl<]
GPS/GSM 20-70, 3%t=r A A4 WT-300 Eagle 717] 22 &
A 7)dke] 2% #x](Global Positioning System & Global System
for Mobile; GPS-GSM)Z 5% g+ ¢ Ale]EE(Wild Tracker;
http://www.wi-tracker.com) &3l &1, = tH(Table 13). ¢ A]
F4 dolHy Fx2A 803 A9 x| dsel wek oxrF A E
T Jom oA 9l= ¢F 5-15m o] th

GPS % FH& Mele]l A% o 12143k 30202 T49] Ao
]

2 oHATL, EVe7e) A% 207 Ao 19 128 FRHAT. F
%54 Ae 717 3 uEe FRel wet AdEgoy, Ay 77
N dae o@ e EA5Tel we Sn sbsd A FuSE
B & EE AL £ Ao AFow WAALY

92 F47] ¥ Fol= FA WAE AW sAth(Figure 6). WAHE
AR S E e B2 S8l AR £H FLF Held wrtA
%ok @ato] o)At}

_19_



Figure 5. Trapping net on July 2019

Figure 6. Release of a GPS tagged Swan Goose on July 2019
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32. YA =4

&)= A (home range) EAolE dwAl oz A i Al FHE 99X
£ FA3=(Worton 1989) A HZ: F%
KDE)& &3 ssde Hx F4X
o2 # #A HelHE FHsti, 7d R AEE HIstd
(smoothing) 7HA] &7t o] &5 HWE /fde] TAHMOE Y= v &
4 W olth(Worton 1989; Harris et al. 1990). #d #4lo|&= HE A
FMh)e] AA ] wel 1479 (fixed kernel) ¥ % -8-7] 4 (adaptive kernel)
Wrgel Aok HEAF(h+ w29 WIS ARt Ao=m wWyel w

2 KDE @tol 2@ldn}, & £x9 4% 9w 240 /e 2227
]

W)

(kernel density estimation:

O:

o
TE_L ,E_/\-] ]_N\ ] qu-] Ul_ljt_ _?4;(_]‘*: xﬁ]

2l o} 5=t &9]3ttH(Seaman & Powell 1996). 74 #
g4 HIA+E Fele WA e HdEdAZ(maximum  nearest
neighbor distance: ad hoc), HAAHFAEFTA(least squares
cross—-validation: LSCVh), ol ¢gt 9] ¢ = (user input or custom
value)H, 7Hs =1l 2FeFd A (likelihood cross-validation: CVh) & ©] At}
(Seaman & Powell 1996; Worton 1989). ¥ A G Aoz oz A
A WA AAE WA AAstr] $18] 118 h #S AHE3] KDE
S A4S HH(Gitzen et al. 2006; Chirima & Owen-Smith 2016). 33
AL AT AFES B9 T 9 90% KDES 2 AA & o,
& & Hu o] &o] Bo| H= ﬂ’%’ﬂ”z](core area)t™ 50% KDE<S
Aot JHA d AEAS AR
Melet 2718719 AR F I+ AF5A zolE Hux 34 &
A F2d teE Ry oF H7pA| 9 #MAAAA(50% KDE)%t @Fd
(90% KDE)= -3ttt M2 Aol A o] F7} 7M7h] A oL, Zldo| 7} X3

gol me Yo WMsE votslux RAYryE dFd AR A
2] o]ZF(migration) A7}A ¢ F7+ HE@e Wa=2 wmpelated).
— 21 —



WA A A ol g stebe a2 AR 8 EF A7 L o] F

7)
ANALE 7IEo = 914 F4 HolHE Adsty

2o Mgt )
29 Z71e7)¢] o] Fi 89 W 99 ol o] Fojgon AAEE 4

ottt o= e 174A, 7187
= A tH(Table 2).

O
N
=
N
1o
£
i
=
°
4
N
-
>~
-
ofo

Aol A5 F=4 FAe 1A "Heoly 7|5 Aol dEHH o, #
A8t k7l MA A o]go] WA Al o] MAA|oA 7] HH mA]
2 R 7] EgFstdoh(Miller et al. 2005). ©]F AlFY O TlES dA

gFor 3 MAANAM viF= AZke] 10 ol 7

R ) =2
B2 gkgrom Aoz e 3Y olst®E HF= AS olF F F1t
7120 2 B ektH(Martell et al. 2001).

dgsd FAHAL B4 2ZEd9 R (R version 352, R Core Team

2018), RStudio (RStudio version 1.1.463, RStudio Team 2016)2]
adehabitatHR 3| 7] X] & A}-&3}o] h-reference WH o2 AYE =&
i1(Calenge 2019), ArcMap 10.3.1& A}&3] KDE 995 7HA8 stA T
(ESRI 2015).
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Table 2. Information of the captured and tracked Swan (Anser cygnoides)

and Bar-headed Geese (A. indicus) in Mongolia used for spatial analysis in

this study
Species 1D Period for spatial analysis Interval
between GPS
fixes
Anser 403 28 Jul 2014 - 13 Sep 2014 Imin - 30mins
cygnoides
406 1 Aug 2014 - 29 Aug 2014 1min - 30mins
409 31 Jul 2014 - 4 Sep 2014 1Imin - 30mins
410 1 Aug 2014 - 29 Aug 2014 1min - 30mins
411 31 Jul 2014 - 18 Aug 2014  1min - 30mins
413 29 Jul 2014 - 19 Aug 2014 Z2mins - lhr
414 30 Jul 2014 - 13 Sep 2014 1lmin - lhr
415 31 Jul 2014 - 27 Aug 2014 1lmin - lhr
416 28 July 2014 - 13 Sep 2014 lmin - lhr
417 31 Jul 2014 - 12 Sep 2014 Imin - lhr
419 31 Jul 2014 - 13 Sep 2014 30mins - lhr
421 31 Jul 2014 - 13 Sep 2014 1lmin - 1lhr
422 1 Aug 2014 - 6 Sep 2014 Ilmin - 1lhr
HYO01 1 Aug 2014 - 26 Sep 2014 lhr - 3hrs
HYO03 1 Aug 2014 - 26 Sep 2014 1hr
HYO06 1 Aug 2014 - 6 Sep 2014 1hr
HY10 1 Aug 2014 - 29 Aug 2014 1hr
Anser indicus kel915 14 Jul 2019 - 4 Aug 2019 2hrs
kel916 14 Jul 2019 - 2 Sep 2019 2hrs
kel917 14 Jul 2019 - 2 Sep 2019 2hrs
kel918 14 Jul 2019 - 10 Aug 2019 2hrs
kel919 14 Jul 2019 - 5 Sep 2019 2hrs
kel920 14 Jul 2019 - 9 Aug 2019 2hrs
kel921 14 Jul 2019 - 15 Sep 2019 2hrs
kel922 14 Jul 2019 - 6 Aug 2019 2hrs
kel923 14 Jul 2019 - 30 Aug 2019 2hrs
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321 A 4

Nz =2 dolHE Ed /MY Z7187)e d5H B = 3 3§
=4 o] weolm WAoo E W Azbe] w2 &l A4 %] (50%
KDE), 35 #(90% KDE) ¥3sl& #4134

Malel 27187]9 MAR )Mo = 3 P=7

2(50% KDE)¢t &5 (90% KDE)% vpepstint. R ofF H7hA 9

H2A = o] Felet =7]187]19 AU, PEHe] WEE KWz
A+ Ao =m AU, PFHe WstE Fetdon, dFd 14
of s Wste] F I AAA 1 Aolg vefstux AwksiybH &%
R dl(generalized additive model: GAM) ®#4< &3 Al7]o] w& &4
MAA, BEA FAA o8 gt T W AAA 1A
(50%, 90% KDE)o|iL, A7 War £ AAAE A Bt Mes =

7181719 54 7]1zF Apolof wE IS wjAlstx Lo = A
A dEE AAsPrh EAo+= 2139 R 352 (R core team 2018)
F A d7]1A gamlss (Stasinopoulos et al. 2019)E AF&3}$

L o
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Ml £33 5 AIV 249 #45S
HA7F 1B AT AHE A5 A daE BHE A8 § USDAY
T2l Southeast Poultry Research Laboratoryol] Ag% o] #245 ).
AIV e i= 23 5 1770A S vhelgls A Bat ZiAl= 11704
ov, 1 F /A4 PR-PCR #4& T3 HbE &9 2344 A=
(clade)= E<lstaith. vzHA 7HAI= 6704 S

5 AEFAA A o457 g9 Y E EH”OE g5 xolE B
71 93l o]% A (travel distance)®t &7t o] &(spatial use)S F413FA
thoolE A" #A4 Al A F4 AR & AIZF HLS 13 oW 9
tlole e F+ 1A #Ax Atolo] A AFA ol A FstA &2 600% o] 49
dolHE A9t th(Douglas et al. 2012). ol& A7 &X4d&= F 177
A F, YA dHolg 7]1Eo] 60-600%0l st 1270A12] A H o]
7 AREEAY. desd £ A, f1A #HE P H5 Ako] A4
B FTA @7l Aol viAE WA= fldew 17Ae] =4 ©o]
H7F AR&E A (Table 3). 7HAIY ols Aot Fsd> A, A7
b gdetd ok dad e mEd AEA P4, A 52 oA
Ao wep Aol & ¢ glom o] o]F9o Ay, A AolE UEd
T AH(William 1977, Woodrey & Chandler 1997). wlgtA o]% A&
2 s AolE BT Qo] FA FA Al AW ¥R dE, A

4o
o
ol
jusl
==
{EA
ol
i
ro

FE7 2 Ao A

=
& nelsch
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Table 3. Avian Influenza Virus Infection status of the 17 Swan Geese
(Anser cygnoides) used in this study (source: USGS and USDA,
unpublished data). Infection status means status of AIV infection. A refers
virus A which is low photogenic influenza virus, Neg refers non-infected
status. A/Ho(HBNx) 2.34.4 means high pathogenic influenza virus with type 2344 clade

Species 1D Infection status Analysis
. travel distance,
Anser cygnoides 403 A )
spatial use
travel distance,
406 A .
spatial use
travel distance,
409 Neg )
spatial use
travel distance,
410 A .
spatial use
travel distance,
411 A _
spatial use
travel distance,
413 A ,
spatial use
travel distance,
414 Neg ,
spatial use
travel distance,
415 Neg .
spatial use
travel distance,
416 A .
spatial use
travel distance,
417 A

spatial use
419 A spatial use

travel distance,

421 A )
spatial use
travel distance,
422 Neg )
spatial use
HYO1 A spatial use
HYO03 Neg spatial use
HYO06 Neg spatial use
A/TH(HBNX)
HY10 spatial use
2344
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=
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m 99=E 735

=
=

D= (X —X)+(¥,- V)

(Generalized Linear Model, GLM)

17702 AARZRE QoA 76 AA 7+ dolEe] FEe o)

aj A

dlol 8=

]
~

beloh AL 79 ol % 9

)
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)
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=
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94
ol

s

p

ol

o

el ake]

sk

b w

)

=
=
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ATV 771 &<k ele] a3k o] &5 MAXAAA(50% KDE)%} 3
A F49 A HAFEEFH
h-reference WH o2 74 I
olE Hiz =EH P
A A, dE, AAAE
AstAn. ded FA4= ZEYo R (R version 352, R Core
Team 2018)3} RStudio (RStudio version 1.1.463, RStudio Team 2016)
9] adehabitatHR | 7]A| & A}&3F33L(Calenge 2019), A= FFoll+=
ArcMap 10.3.15 AF-&3FS THESRI 2015).

N
ules
2
k=)
i
o
offt
)
)

oy
4
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AIV A3 =5 Fotstr] fa AIV Zelo] &<ls 7ie

S digoz 27 o]do] A A &= Bus Lake, Chukh Lake, Gulaat
Lakeol A ¢] A& 288 224319t} Khaichiin Tsaan Lakeoll A+ 17§ A
of tidt F2o] olFH 7| MAE FEgE B FdsA g
vhol e 2~ Aute= HJF vl&d ddo] dow, AT R, BAA 7] o
2 g de A Qo] (Loehle 1995), &4

= 7 RAe] fA #Hx D A B T ARE ANdE] A 3 A=

¥ 3ol HAFS W= ‘fo(attraction) 2 K, A2 TE W
Foz olFstH A FHxe FHol WAA XS WE ‘IY
(avoidance)' & T®3F9tHLong 2019). 7HA] 3+ f<lx} 3s]v]o] whal A
28-S geotd 4 o 435 28-S Benhamou's IAB Index & A}
g3l A32E AF(IABexp)E X3} 39 tHBenhamou et al

2014). F3&& Ae= 7 A A 2 A9 A< (ocal range) G5
Pz

4858 A4 W9 (global range)®l B EAGol ol Z717AA A FIA
Mool Hgsol HEAES ST oz T A 9A, WP
WaE Fo QoA 454 A5E Tk A4S obdsh 2tk @ A
A g ARAAY G T, ol AA gAYem WYl
of 7t A §H Waksh TP JEE FEAEL FYHE WA ol
oA B AERE ARE 558 A 3 AERE AR #9E
WA, g AAsk mad Ade WEel AL weles Azt 9

Lp(t) = exp[=0.5(D,4(t)/A)*]
D, (t)=12,@)— Z,t)ll

Za(t) ot AlZFell A2l A A9 $1A]
Zp(t) : t Al A ] B 7fAe] $] X
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AIV 2 oo mE Faz8 Ag zolE dofstax Aytd AA
R Kruskal-Wallis #7482 AAgom, 4348 AF =5 2 &4
EXo= B AZEYo] AZEYo R (R version 352, R Core
Team 2018), RStudio (RStudio version 1.1.463, RStudio Team 2016)2]
wildlfieDI = 7] A 7} AF-&-% I tH(Long 2019).
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V. a7 25 % 1@
1. g9 718 7] HAA A PFFA

1.1 g 718719 AA R A2 PFFA

H2A Ao M o] Aot 71278 FEAaH} HAMAAE
o7 Fste] Wk Fdg ol th(Table 4). F47] §-3 o
A A 7R et 271871 A of 37 w e, HHoRE v
< ¢F 8ol

H A 2o A 7] e] A A A X (50% KDE)= Hat 3,019 ha, 4 34
M A A= 398 ha, AAAMAA Ho WAL 17922 ha® YERS o 72 9
WA Ao Ao it PFH(90% KDE) 12,797 haol™, 4 d5A @
A& 1,405 ha, H AL 68,105 ha® e} THFig 7, Table 5). ¥
AR A Z7)e 7] MAAMAA = Ht 3453 ha®, HA HAAA A=
1,430 ha, Hdl WA A2 A= 5717 haolth. &7]e]7]9] it &
FHLE 15205 ha, HA d5HS 10542 ha, W F-sA 31,704 ha ©]
tHFig 8, Table 5).

Mot 2718719 F3F o] &S Xzt UMK P5d, o5 A
o WstE dFd Ao m FokdaL, A7l E HAY A S5
Bl tH(Table 4). GAM 45 AAlsteo] A7), &, A2 Ao m& 34
A2 A WskE gekdt A3 (Table 6) 4 A 22 = A1719 74 el e}
7S5 HoluH(Table 4), AA A o2 Z7tstgil EAH R Fo3 A
= 45 %kl 0.365 ha(p<0.001), 55k 0.337 ha(p<0.001), 65 =k 0.3
ha(p=0.005)2] F7F7F AATE Sl Aol ;A MAA= 7hg 5722 ha,
%7]1217] 7537 ha®l WA F7HE Hols o & e tH(p<0.001). Al
2z1e] 749 Chukh Lakex 1.103 ha, Gulaat LakeolA]+= 2.808 ha,
Khaichiin Tsagaan LakeolA = 1.335 ha®l et <717} vERsth
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(p<0.001).

s Wsle] s GAM 4 A3 (Table 7) Al7l, &, /‘1”7q°ﬂ*1
WHste= thgd Zo] YR A7 oR Sl AT UEE o,
Ao me= WA F7HF Uesit(Table 4). Al714 o= Eﬁ]ﬂoi
o)t Wl 454 557 = 7 0367, 0489 had 712 UEIS S
™ (p<0.001). 6F#toll &= 0.364 ha®l W4 F7FH7F YEFSTH(p=0.003). <l
Aol JHElE -1.804 hadl #AE W A3L(p<0.001), #7127+ 8.755 ha
o] FT7Fe EATHpP<0.001). AAA 9ol Chukh Lakei 1.056 ha,
Gulaat Lakeol] A+ 2.696 ha, Khaichiin Tsagaan Lake®l| 4]+ 1.358 ha<]
FAAFSRE Fost 77 UESTH(p<0.001, Table 7).

WA oA o]F AgE dFY oz F3te] GAM A% A
(Table 8), °]& Agle A&HHo2 Frisiieorn F=H °F 20-21 m9Y
S7H7F PR TH(p<0.001). Foll Slol olE Adle HasteE Ao u
Btekom el -14224 m, =797 -14.04 mo #HAE HAH
(p<0.001). A2 Aol 2lo] Gulaat Lake: 1516 m ¢ ol Ag =7}
(p<0.001), Khaichiin Tsagaan Lake: 1.95 m¢] Z7FHp=0.011)7} =A%
o2 o stA YEw

d

_32_



Table 4. Changes in kernel density estimation (KDE) of Swan Geese and Bar-headed Geese at breeding grounds in

Mongolia over the eight week after the deployment of telemetry units

Species Location D % Spatial use (KDE; ha) by week KCE () in
(lake) KDE P1 P2 P3 P4 P5 P6 P7 P8 overal pericd
A cygroides Bus 409 50 369.46 289.2 267.93  401.47 439.3 - - - 591.09
90 1169.01 981.3 895.38  1259.36  1502.58 - - - 1740.28
414 50 304.43 355.93 244.77 306.92 332.16 235.41 - - 508.813
90 1123.31 1082.09  892.46 1011.7 1066.16  831.02 - - 1529.72
415 50 444.05 346.67  245.86 699.79 - - - - 523.72
90 1319.60 113251 816.28  2536.74 - - - - 2571.01
417 50 349.69 367.45 353.57 284.714  285.72 226.75 - - 398.44
90 1234.81 1104.22 1285.59  987.11 984.55 793.63 - - 1405.04
419 50 373.7 379.36 286.77 352.34  1274.24  768.43 - - 1034.13
90 1250.93 1139.34 1067.47 1152.12 4957.32  4495.7 - - 5302.28
421 50 311.88 37221  342.44 307.91  576.41  515.20 - - 873.50
90 1104.11 1131.50 1321.19 991.99 2882.07 4027.34 - - 3797.83
Chukh 406 50 916.69 97591 1284.65 2791.36 - - - - 2314.52
90 295491 3371.34 4110.44 8684.24 - - - - 9576.34
410 50 862.75 780.3 803.85  2237.38 - - - - 1900.39
90 2831.66 2581.47 2662.56 8037.98 - - - - 7474.85
422 50 735.53 910.47 1212.93 2690.62 1145.06 - - - 1167.66
90 2454.95 3520.22 38855  9361.51 5632.86 - - - 5676.62
HY01 50 875.46 896.94 843.21 855.33 796.1 990.69  1028.05 1157.07 1021.17
90 2891.59 2965.84 2737.96 2918.75 2727.87 3256.11 3357.53 5941.92 40714
HY03 50 844.68 967.70 861.34 841.15 843.33  1005.94 1026.83  996.31 1004.35
90 2822.88 3132.17 2794.82 2799 2784.21 3397.12 3349.46  4290.56 3342.46
HY06 50 871.41 1015.6 857.97  3512.03 1614.27 - - - 2473.04
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90  2884.87 322038 2784.99 10866.65 7264.23 - - - 12207.84
HYI0 50  941.01  966.26 123503 264965 - - - - 3196.08
90 302859 331556 419201 8693.02 - - - - 12697.93
Gulaat ~ 403 50 452528 5547.9 1015658 4368.36 444099 689403 634433 - 6201.06
90 1515762 2123303 3423197 1561214 1538821 1466901 1989051 - 37206.38
413 50 456942 460326 430648 - - - - 7967.65
90 1520273 1516327 216075 - - - - - 31870.6
416 50 5347.62 457959 9480.37 1687487 8027.54 1120125 - - 17922.48
90 1735827 1625662 2254464 4852873 30537.94 21547.66 - - 68105.43
Khaicin =~ 411 50 102134 150948  1095.3 - - - - - 2231.45
Tsagaan 90 340389 6517.88 3650 - - - - - 8976.5
A idicus  Salmiin - kel9ls 50 186219 187083 292889 - - - - - 3613.88
90 68770 62472 1263084 - - - - - 13979.99
kelole 50 183401 18351 18292 198991 21283 236562 - - 3973.24
N 60903 610482 633344 725801 794290 882668 - - 12719.36
kelol7 50 182682 188380 185341  18M4l 454033 384617 - - 571717
0 606547 625097 616017 631377 1762715 14339 - - 3170431
kelols 50 181017 182619 18422 429208 - - - - 233,05
0 601182 606377 5994 150891 - - - - 11550.35
kelold 50 18043 18216 187L76 279261 394760 332735 24182 - 5633.30
0 62913 620091 620713  8HL03 1296150 1109118 78213 - 168%9.9
el 50 187112 186946 264916 336985 - - - - 2775.86
0 60812 6AB59 960623 1009689 - - - - 10541.83
kel®l 50 18039 18016 179788 17942 258680 185508 228030 183895 142098
90 599968 601878 596912 596684 1655555 616264 1506211 735679 11439.87
kelo2 50 185024 1L 330919 - - - - - 2569.31
0 614655 64193  18%18 - - - - - 1676167
kel 50 18227 18B42  18%635 267586 187734 238305 - - 302917
90 608319 610414 606485 841062 630812 824370 - - 1125119
- 34 - 2



Table 5. Core areas (50% KDE) and home range (90% KDE) of Swan Geese

and Bar—headed Geese in breeding grounds

Core areas (50% KDE; ha)

Home ranges (90% KDE; ha)

Min Max Mean+S.D.

Species
Min Max MeantS.D.
Anser
] 398 17,922 3,019+257
cygnoides
Anser
o 1,430 5717 3,453£162
indicus

1,406 63,105 12,797+833

10,542 31,704 15,205+735
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Figure 7. Core areas (50% KDE, green) and home
ranges (90% KDE, blue) of 17 Swan Geese tracked

in Mongolia.

Figure 8. Core areas (50% KDE, green) and home
ranges (90% KDE, pink) of 9 Bar-headed Geese

tracked in Mongolia.
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Table 6. Summary of the generalized additive models on the changes in

core areas (b0% kernel density estimation: of the Swan and
Bar-headed Geese by parameter
Estimate Standard p
error
Species
Bar-headed Geese 7.537 0.071 106.209 <0.001
Swan Geese 5.722 0.078 73.673 <0.001
Location
Chukh Lake 1.103 0.076 14.591 <0.001
Gulaat Lake 2.808 0.093 30.222 <0.001
Khaichiin Tsagaan Lake 1.335 0.189 7.076 <0.001
Periods
Period 2 0.038 0.086 0.444 0.658
Period 3 0.096 0.086 1.122 0.264
Period 4 0.365 0.09 4.049 <0.001
Period 5 0.337 0.099 3.408 <0.001
Period 6 0.3 0.106 2.834 0.005
Period 7 0.179 0.152 1.173 0.243
Period 8 0.096 0.191 0.503 0.616
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Table 7. Summary of the generalized additive models on the changes in

core areas (90% kernel density estimation: of the Swan and
Bar-headed Geese by parameter
Estimate Standard p
error
Species
Bar-headed Geese 8.755 0.081 107.575 <0.001
Swan Geese -1.804 0.081 -22.194 <0.001
Location
Chukh Lake 1.056 0.087 12.182 <0.001
Gulaat Lake 2.696 0.107 25.302 <0.001
Khaichiin Tsagaan Lake 1.358 0.216 6.277 <0.001
Periods
Period 2 0.045 0.099 0.453 0.651
Period 3 0.146 0.099 1.482 0.141
Period 4 0.367 0.103 3.556 <0.001
Period 5 0.489 0.113 4.317 <0.001
Period 6 0.364 0.121 2.997 0.003
Period 7 0.321 0.175 1.837 0.068
Period 8 0.396 0.219 1.810 0.073
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Table 8. Summary of the generalized additive models on the changes in

travel distance of the Swan and Bar-headed Geese by parameter.

Estimate Standard t )
error
Species
Bar-headed Geese -14.04 0.282 -49.722 <0.001
Swan Geese -14.224 0.309 -46.028 <0.001
Location
Chukh Lake 0.353 0.301 1.175 0.242
Gulaat Lake 1.516 0.37 4.101 <0.001
Khaichiin Tsagaan Lake 1.95 0.751 2.597 0.011
Periods
Period 2 20.05 0.342 58.625 <0.001
Period 3 20.855 0.342 60.979 <0.001
Period 4 21.745 0.359 60.657 <0.001
Period 5 21.601 0.393 54.925 <0.001
Period 6 21.226 0.421 50.416 <0.001
Period 7 20.64 0.606 34.053 <0.001
Period 8 21.343 0.759 28.107 <0.001
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1.2 2%

e - 7H7IHE XS HFsE9Y 833;‘474 MA Ao A= F
(Adam et al. 2016), 1_E(Adam et al. 2016), 42 Q< (Ricklefs &
Peters 1981) #ut ofvjz} Ho] &, 1 <l CE’J A 8l o
g5 o (Quan et al. 2002; + 5 2008b). Holeol AL A7} FIH

of we} ettty oe A 9}13}(Sed1nger & Raveling 1986; Larsson &
Forslund 1991). 7iglel <=71e71e] w2 Ao A9 ;A A 2 =] (50%
KDE)¢} @5 d(90% KDE)S HA W4, Hd W4, H+d WAS OH
T ZF FZF o] &9 AolE uotd A Hd B HA IAAAA 9
AL =719717F A iet 2A detst o she] o] 34l A2 ] ¢} 535;‘4
Ho WA o] 27|87 WA dHEwt ol sAA T hEek =
71719l HAAMAA e} slvd AolE HoAFE ZASE Ringelman
(1990)¢] A7l &&sted 71877 WelM = ol et e 549 =
ojef} o wE XA o]& H qFA Aol7t YELD F AS5S HoFE
th Kear (2005)¢] Ao =W WHA A 77| G4 e= 3 A
Ao A of ] o] A WA s, Jiele JHEA R WHAstE EAS
Btk olef 2 WAX W F A= 549 Aol F X
At FEH Aol= YERE ThsAdol 3l

AlZlel wet AN XA AEsA, ols Ags FUFe AT e
Hsts BQa, AAA R Frletes S EAtHTable 4). o]+ HA
A A AIZE 7Tl w2 7;1%"] Ry, A7 A 22 gkl |
ste gt Ax= & 4 T o] IMAA A A= 4-55F2Hp<0.001),
67 2Hp=0.005)° EA o= %Q@ =718 H$3(Table 6), &5
S7hE 4-55F2H(p<0.001), 6F*F(p=0.003)° FAHSR FJg o=
Uets ok 71 el mEW Zldol= e A9 89 e 4R H i,
=797l 79 Hol guH+= HAOoE 2AE T (Kear 2005, Table 1).
o= A Al Fog AANAMAA], BEHe] F7HF YERE 4, 5, 65730
st Al7lolth A7l el mE =7 dAeHd g Aol w
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2W A7 AF3 o] s A= vl s ol (Erikstad 1985; Barry 1962;
Einarsen 1966. *H 2] %] ]/‘194 5719 A FetE F 4-6F22] HAA

A¢t dqsdo] FUteke Ao®E UBYES o 5 Arh A8 Aol o
29 Z7) 317]4 3 Al A 2] %] &= 1 2] 7] (nesting period)el] 7F& WA e}
SkaL, zlgo] setele= 7Hd A A vEbwow Zlzo] wke] A A A A
of gz WAL g, OL%], WA o feof] wet Zpol7p yERLbA] eFol
HA 7] st 535 S os REFo] WA & A Aol Al
= ol Ages & F AFo]l ATHJAW(Cui et al. 2010). 34 A2 A
¢} fgEEe] Wt oF 03-05 ha® 1 gro] A A& ekgtort A gAlo
e oyA 87w 2/ olwdd ¢S FH S5 B slAo] A7 Y
B 2RFE Stoa B2 AAYUAE QA 8 FF ol E A AE
FFE = T A= Yu7t At (Marra et al. 1998; Norris et al. 2004;

Angelier et al. 2009; Reudink et al. 2009).
M et &7181719 FsaALS AAAe] GFE weE Fo=m FAHIY
o 717 e ZAAERY 3 E f8 NWE T¥(open water)©]

Je MAAE Adsiy, Zlgdo] A7jo= Fd3 off= /NEE A4~
£ Asstd. 717k gom, AA "ErE Fob FE3 2414 (cover) 7t
EAeteE A& Azstes Aoz 43 A At (Ringelman 1990). uhekA

Chukh Lake, Gulaat Lake, Khaichiin Tsagaan Lake?] A21x] A <=
H W\ T dAo] et 271871y s olFe TS = 7 9
=< 9wt}
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A HelHE E3 60%-600% 1+ 7HAY

=1 gol=o wotagl
o A3 AR A5 FA4 AR HZi3 g5 1149 é'ko] EAA L
2 fFostg e, 53 A2 Ao Qo] Gulaat Lake, Khaichiin Tsagaan
Lakeol| A ¢] ol&sAg7F th& A2 Hls] =LA YEFSTHP<0.001,

Table 9). AIV 2 o9 A% p §5F 005 olstolA BAL
ool vhegth 2 AL WA AA wel F9 ok 4 me] ol%
A7t 2A depeh A whe ol Aze fxe 4z kel E7
A feol@ Aol7h UEbA @atthp=056). FEE Azel s Fd
05 m 7% o olBsh: Zow etk 4w wE oF Ael
Aol EAAom felaAl HEntA egten, $5lo] dhlel wa F

=

F °F 04 m d olFdte AR YT (p=054). A2 X mE o]s
A Aole T4 ¥WE FH oF 0-5 mE YEFTE Gulaat Lakeol A&
ol At FH9 F 4 m X Z=7}8+¢) a1, Khaichiin Tsagaan Lake®)
A5 5 m b STk AL
ZFol o] tH(p<0.001). 1A #3xE &

Aoz Ueon ol FAACRE {93

Aol wel olEAY F7 ¢ 01 m FUEE Ao urEp;L
(p<0.001). wheba]l HA R A AIV 7] &<t WAL o5 Aol I
Fe FE addeze AL Y o, AAA, 994 F4 FA #Ax g5
kAl A
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Table 9. Impacts of fixed-effect parameters on travel distance (n = 7,029)

of Swan Geese based on the general linear model.

) Standard
Parameter Estimate t p
error

Infection status

Al infected 3912 1.734 2.257 0.024

Al negative 0.591 1.338 -2.482 0.013
Age

Juvenile 0.521 0.889 0.586 0.558
Sex

Male 0.487 0.791 0.616 0.538
Location

Chukh Lake 3.907 1.55 2.521 0.0117

Gulaat Lake 4127 1.513 2.127 <0.001

Khaichiin Tsagaan Lake 5.589 1.664 -3.359 <0.001
GPS_time._interval 0.118 0.008 15.166 <0.001
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2.2 257 AEFAR A dd O PFA

u

Mol 27/ AEFAA ol & P5 zho] debs 93] 4719 =
oA F 174AS] A A2 (50% KDE)9F 353 (90% KDE)S ©&
st thH(Table 10). Bus Lake®] 7% 670A1e] MM A A= o 97432
ha (50% KDE; #Z: 60 ha, Hth: 137 ha)2, 3%38-& H¥ 390+49 ha
(90% KDE; # 4 315 ha, #dl: 445 ha)= YE}ET}

Chukh Lake®ll A]2&k= 770419 A2 2= 4t 143441 ha (50%
KDE; H4: 66 ha, Hdl: 194 ha)el™, H v W5 HA-> 514482 ha (90%
KDE; #4: 346 ha, Hth: 596 ha)Z, A% wWAHL& 143+41 ha
(50% KDE)® uERytt),

Gulaat Lake®] 370A1¢] M A A= Ht 263140 ha (50% KDE;
FH 2 148 ha, HW: 420 ha) °]¥, F&AS H 1,1184336 ha (90%
KDE; # 4 846 ha, #dl: 1,493 ha) ©]t}.

Khaichiin Tsagaan LakeolA F4 ¥ 170A1¢] A2 A= 19 hao]
3, FEAL 66.86 haolth.

Al el & 2§/ dsd zolE Biux GLM #4118 AHAS
Aatzs Al #d ook 2L 9 dedd IS = F Ue X
, A8, AR nEE ok 4] A3 KDE 50%9] 3444
ek, 90%°] dFsd WAL Al #9 MAl= F9 11282 hadl W3t7b o
Ebyka, v A= 90 ha® 9 o Fo wel oF 22 ha o o7t

ol
32

ﬂ?

[0

-

o
o g2 FoF AeolE YEFHR W (p=0.038), 7L 9] & TFolAM =
Aytol Aade]l yeuA . Aw Waw A E4e] 1dgd
AW, A"l o] FAe] A FFsHI FE Aol Al HlE 1576
ha ZHA YEskaL(p=0.711), %9 &AL A=l v 8 ha & A
(p=0.858) 2.2 YEoy AR Fo3 Aojs FA B= A=
LHERS T
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Table 10. Core areas (50% KDE) and home range (90% KDE) of Swan

Geese in 4 lakes during avian influenza virus susceptible periods.

Location ID Core areas Home ranges

(50% KDE; ha)  (90% KDE; ha)
Bus Lake 409 80.749 394.002
414 59.921 315.950
415 136.867 445.893
417 88.644 403.332
419 134.184 431.938
421 79.736 352.659

All birds 96.68+31.55 390.63+48.89
Chukh Lake 406 124.909 504.075
410 166.885 500.159
422 65.993 346.099
HYO01 163.808 541.705
HYO03 136.029 543.061
HY06 150.676 569.58
HY10 193.547 596.080
All birds 143.12+40.67 514.39+81.57

Gulaat Lake 403 222.592 1014.606
413 148.298 846.481
416 419.565 1493.753

All birds 263.49+140.18 1118.28+335.86
Khaichiin Tsagaan Lake 411 19.103 66.862
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Table 11. Impact of AIV on core area (50% KDE) and home range (90%
KDE) of the Swan Geese (n = 17). Location shows statistical significance

based on the general linear model.

Parameter Estimate Standard t p
error
Infection status
Al infected 112.82 85.492 -0.599 0.564
Al negative 90.281 88.253 -0.836 0.425
Age
Juvenile 8.464 45.902 0.184 0.858
Sex
Male -15.764 41.181 -0.383 0.711
Location
Chukh Lake 36.817 43.540 0.846 0.42
Gulaat Lake 147.456 60.829 2.424 0.038
Khaichiin Tsagaan Lake -93.716 91.804 -1.021 0.334
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Follz} vlolg s~ grho] 2FHo T WA= gFS uho}
stk /o] P5s olF A, AT, dsAS A A
T AR w4 Al olF AdE pEt FoFE 0. =

o} m7Z+ad ANA 7F XolE Ho|x @For}t S 0.05904 AIV
o WE ol% Ayt BEAZNOE F3 Aozt AdArt #Fd A

&
¢ o
i

ol

o] o] At vz MA By F9 o)A oF 4 m AA YER
th ol&= A, AIVE el MA] ol S AdstA Fevha & F
Attt oA ZFel ol AIV el W& g Fo] AdoletA e ¢
fre & HE AV e mE gFo] tE F AdSs gvlsH, FF

AIV7E opxFoll m X &= gkl g A4 A+ 283hs Ho
=t e olEA= T AIV el w Hog {93 xlo]r}t

7}

Utk sol = &7kl oF 4 mo] Aol 9A F4 AR oA Rl
ool #} 7121717 ¢] FEdel nls| G o #F2 78 =(Kear 2005
Adam 2016) AIVel 9|3t @FS W&stA Fst=d AZF =2
oAETh AdgAFol w=H LPAIVE 7ol oAz ol A
Aol wel gEA Yeves sor deAd doy e A
LPAIVe] o] o]F 7 3 £rd IFS FA vl A5
t}(Latorre-Margalef et al. 2009). Bewick's Swan (Cygnus columbianus
bewickin® 7%, Gils (2007)¢] o w2 LPAIV o] o]F A
2 dg =53, ols AYE & ot oRE Yeuoy FdFES
Aoz ¢ B Fo AMZoA olFHF Hoye (2011)¢] Ao w=w
LPAIVE Zdd} o] A&, ol A ol FFs WA e
T AT

a4 857,

i
e

ol

Jsd 24 Ay AV A

AHH(p=0.56). BHAAAA e} Psd WA Al #4949 MA 1 <F 22 ha
o ztol7F Ao EAA o E FostA = A} HTable 11). A2 274
of wE ggFo 2= Gulaat Lakedl A 9 147 ha = e BAAH S



2 fold Aol & Ehdth(p=0038) 27 AEAL

ol glo} Aol WA FEAR BEAC] Aol Hal 1576 ha 2
A tebgod old gl obAtkp=0711). 71/ 1Fe BS o
7 A ANE 71276 (Kear 2005) §%7] kol g A5 a7
Ao Aol el fI%F Aol7k ohd Ao wealth
ol o} fxe] WEAL gxol M8l 8 ha A e, o
oz o Aol oy h(p=0858) F= AAe] Ao we o
Hol F/l¥] wet PEel FAW/ WEeE B & U

(Erikstad 1985).

ol
)
O>’

rr

_

oA E A F4 FA 715 Ao Lol wet Frtake A
o2 yetwgth 4 A Frtel we FHe olE Y SUhES
3 0118molth o= GPS A9l 15 m o] ghoz 2 A
el 1A F2 FA 71F ko] GPS Al 9% And 4 gl 9
A A A 75 AE A o 9o HAe] shed RS
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3. 28 AT =4z wlo|P A AT A=

3144 & $EHE 2 9T A% AYE

ATV 719 2 vz A 2 A58 A (TIAB.exp)oll o
AAS A A F(shapiro-wilk normality test, p<0.001), AIV %+ B
2 RA 7 AdszE AolE wofstaal A AR Aol i
Kruskal-Wallis A4S AAstd o 1 A3 AIV #Z9 of F(Infection
status)oll W& FE52E 2ol FAAHSZ FosiAl YEFUA] g9k
(df=4, ¥*=4.2752, p=0.37, Figure 9).

s 8 A B FAdPattract) 3] 9] (Pavoid) 289 49, Bus
Lake®] 4% EE& /KA Aaz&oA 3II7F yeuxA &L
(P.avoid=1.00) & #&3st= Ao & ey o™ (Table 12), Chukh Lake

M= FTAHeZ Fod Iy yERYA @ dth(P.avoid>0.001,
Table 13). Gulaat Lakeoll A= 70A 7+ Fom gk 3]9) = yepA] &%
UH(Table 14).

Fls
fex]
=
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Figure 9. The difference in interaction index (IAB.exp) of AIV infected
and non-infected individuals of Swan Geese. LP (low pathogenic avian
influenza virus), HP (high pathogenic avian influenza virus) and neg

(negative) in the horizontal axis represent Status of Infection.
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Table 12. Swan Geese interaction IAB index in Bus Lake. Infection status
corresponds to Interacting IDs. It describes avian influenza virus infection

as LP (low pathogenic avian influenza virus) and neg (negative).

Interacting ) Infection
IAB.exp P.attract P.avoid
IDs status
414-417 0.587 0.003 1 neg-LP
419-421 0.527 0.006 1 LP-LP
414-421 0.656 0.001 1 neg-LP
414-419 0.529 0.006 1 neg-LP
417-419 0.529 0.006 1 LP-LP
417-421 0.58 0.003 1 LP-LP
409-417 0.509 0.003 1 neg-LP
415-417 0.509 0.003 1 neg-LP
409-419 0.454 0.006 1 neg-LP
415-419 0.504 0.006 1 neg-LP
409-421 0.541 0.001 1 neg-LP
409-415 0.469 0.001 1 neg-neg
414-415 0.519 0.001 1 neg-neg
415-421 0.533 0.001 1 neg-LP
409-414 0.508 0.001 1 neg-neg
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Table 13. Swan Geese interaction IAB index in Chukh Lake. Infection
status corresponds to Interacting IDs. It describes avian influenza virus
infection as LP (low pathogenic avian influenza virus), HP (high

pathogenic avian influenza virus), and neg (negative).

Interacting ) Infection
IAB.exp P.attract P.avoid
IDs status
HO1-H10 0.654 0.013 1 LP-HP
H06-HO1 0.691 0.013 1 neg-LP
422-410 0.799 0.005 1 neg-LP
HO03-HO1 0.692 0.014 1 neg-LP
HO06-H10 0.645 0.013 1 neg-HP
HO03-H10 0.662 0.015 1 neg-HP
406-410 0.668 0.003 1 LP-LP
422-H03 0.742 0.2 0.82 neg-neg
406-HO1 0.653 0.1 0.91 LP-LP
422-HO1 0.708 0.118 0.902 neg-LP
422-406 0.71 0.004 1 neg-LP
422-H06 0.715 0.196 0.824 neg-neg
422-H10 0.684 0.125 0.893 neg-HP
406-H10 0.635 0.099 0911 LP-HP
HO06-406 0.649 0.134 0.876 neg-LP
H06-410 0.681 0.165 0.845 neg-LP
H03-410 0.696 0.187 0.824 neg-LP
H03-406 0.658 0.165 0.846 neg-LP
410-HO1 0.68 0.25 0.76 LP-LP
410-H10 0.652 0.168 0.842 LP-HP
HO03-HO06 0.000 0.449 0.562 neg-neg
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Table 14. Swan Geese interaction IAB index in Gulaat Lake. Infection status
corresponds to Interacting IDs. It describes avian influenza virus infection as

LP (low pathogenic avian influenza virus).

Interacting ) Infection
IAB.exp P.attract P.avoid
IDs status
413-416 0.427 0.004 1 LP-LP
403-416 0.394 0.13 0.874 LP-LP
403-413 0.179 0.2 0.807 LP-LP
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etk JRAl E 2 olF H7AA Y e st A %l
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Abstract

Spatial use of and intraspecies

interactions in conspecific
Swan Geese (Ansa cygnadks)
and Bar-headed Geese (Anser indicus)

breeding in Mongolia

Baek, Minjae
Major in Forest Environmental Science
The Graduate School

Seoul National University

Swan Geese (Anser cygnoides) and Bar-headed Geese (Anser
indicus) are conspecific waterbird species that use similar breeding
habitats in Mongolia. After the breeding season, Swan Geese migrate
through the East Asian—-Australasian Flyway while Bar-headed Geese

use the Central Asia Flyway to reach their own non-breeding
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grounds. Unlike natural habitats in Mongolia, non-breeding grounds in
lower latitudes are known to be epicenters of the Avian Influenza
Virus (AIV) outbreaks. Therefore, AIVs from two separated
non-breeding grounds can be introduced into and exchanged in their
shared breeding grounds in Mongolia, and then transmitted again
along the two different flyways. Information on the spatial use and
species interactions would helpful for the understanding of the biology
of the geese and inter- and intra—species AIV transmission. This
study aimed to enhance the understanding of spatial use and home
ranges of the breeding geese and to assess the effects of AIV
infection and intraspecies interaction on their spatial use and the risk
of AIV transmission through the analysis of GPS-based telemetry
data in breeding grounds of Mongolia.

In July and August in 2014 and 2019, home ranges (90% of kernel
density estimation: 90% KDE) and core areas (50% KDE) were
estimated from the GPS coordinates of the geese in their breeding
grounds. The study period in the breeding ground was separated into
weeks, and the temporal changes in core areas and home ranges
were estimated to detect weekly changes in their spatial use. There
was a significant increase and decrease in the range of behavior by
species, habitats and periods. This pattern of spatial use may be
related to the temporal change in individuals’ mobility due to the
growth of offspring and the re—growth of flight feathers of adults,
the depletion of available feeding resources over time, and the
increased feeding activities to prepare for migration.

Analysis of the home ranges and travel distances to assess the
potential effects of AIV infection on the behaviors of Swan Geese
indicated that there was no significant difference between AIV

infected and non-infected individuals 1in ecological perspective.
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Interactions between infected and non-infected individuals, attraction
or avoidance, were standardized as Benhamou’s IAB Index. The
indices indicated that all individuals seem to interact randomly
without clear attraction or avoidance with infected individuals,
suggesting that the gregarious Swan Geese would be vulnerable to
the spread of AIV by having no avoidance of infected individuals.
This random interaction between AIV infected and non-infected
individuals in shared breeding sites of wild geese may be a risk
factor of the inter- and intra-species local transmission and the
long—distance transmission along their different migration flyways.
This study collected noble information on the spatial use of two
wild geese species using high—frequency GPS-based telemetry data in
their wild breeding habitats, improved knowledge on the ecology of
two declining geese species, and provided fundamental data to assess
the risk of AIV transmission in the two AIV susceptible waterbirds

in terms of their conservation and management.

keywords : Avian Influenza Virus, Bar-headed Goose, Breeding

ground, Home-range, Interaction, Swan Goose
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