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BHAE Bosty AR 7HAE S3617] o] A AR A 2EA (Payment for Ecosystem Services, PES)7t 7
Z=3 Qe 12k PES AlS8yt Ae] gabAQl Ade Qo Zagh AHA HUHPER dte FE5T Agolrh
oo & At FFEA A Al F<l PESO] BatE FAISt] AA1A] e HebS A sl on, ojd o]FAd &/
HUEPTG 8 Fo] Holds EASHATE AFEAoA #EE 3 2REE Foldur], e, 2787 F
o] glow, o529 Fq Holgdd A, MEe 59| Bt AT} HHolE T A} AER EAE EI
PESE &ofl 52 HollA MHA FgFo] o]Fo|Aa glom, AfEgu], 7187, 47]2)7] 59 277t olE °]&
St Qlth= At TEESI AR50 A& 7Heet wEE el Hel 35 AlA" AT AT 9 727
FE71271, 271217D el tieh B4 35 ek mAS ok gtk oldff, 59 9 N A|9ute] FAE Tefste] AYH
A AAE Astofjof gtk & AfolM= ol A 2R MARARA A7} 5219 AHA FoAS ATt
E3, ol Afte FF A ST A& JHe BAS AT 72 AmE &8E 4 e J9E ZAeth
A ;]
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Abstract

Payment for Ecosystem Services (PES) is emphasized to enhance ecosystem conservation and increase its ecological value.
However, effective implementation of PES and policy execution requires insufficient ecosystem monitoring and research.
Therefore, this study analyzed the effectiveness of PES implemented in Janghang Wetland to propose habitat
management strategies. The study included monitoring migratory birds and analyzing key species' food sources. The
dominant avian species observed in Janghang Wetland include Larus crassirostris, Anas platyrhynchos, Anser
albifrons with their primary food sources analyzed as Gramineae plants such as Bromus japonicus, Elymus sibiricus,
Brassicaceae plants such as Rorippa palustris. Furthermore, this study found that PES facilitates rice seed supply within
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Janghang Wetland, benefiting birds including Grus vipio, Anser fabalis, A. albifrons. To sustainable manage Janghang
Wetland, improving food supply systems and exploring decentralized supply methods for G. vipio and Gooses (Anser
fabalis, A. albifrons) are necessary. Additionally, managing boundaries between agricultural and developmental areas to
improve ecological connectivity is essential. This study reaffirmed the ecological importance of Janghang Wetland as a
crucial habitat for migratory species. The result will be significant as foundational data that can be used for future
policy—making and support sustainable conservation efforts.
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S SRR Ao 2 FFEA= AAelTE =
AMA 2] Y EQA(Flyway Site Network) z|Hojw, <A
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(Choi and Han, 2023). o]54 X7E= A9 9 =27t Y| =
= J7F 3 AAE o]Fo 2 ]IS ]o%‘i W 29 3t =

7F b A2 I AR wR7et |9 YED Zag uj¢
a3t AR ZFo|H(Taylor and Norris, 20105 Merken
et al., 2015; Xu et al., 2019; 2020). s+ ZdE =
shdl AFFrs 78 YHREToR TGA AFEA9t
nFA APEA P2 AEA FHAG MR 03E 5
AN DEstetl BA NEY A AR FHT 5
A oy st FARSAY o de/iAT= B
1059t8] 2 259 0 1 (Han River Basin Environmental
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M 5 94 e 2Ry fFEn] dEAATE HD
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AEAZE Algste AHlA 7HAE Sk T tRE v
gog HTZY T YECORY Zxo] "Wadt 29

EA] &fAHERRo] ofuzt ofsfuAIR Al AEA AH] A
HAM S3S A% gFl d dvke A BAste W
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Grima et al., 2017). A AAZHSZ 704 7] o]4e] =7}
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T d9& FHCE PESTR A st o,

FHOo7 KA PES AI-AIYS st it g

ZHEO| PES A|HAMY-L 20204 69 o] =9 PES AlF
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AME AR BEA AP FHTAE Egatal glom, 2021
PES AFAAIY 7tol=ehele A H AlYsHATHMOE,
2022). 1FAL] B T srolEERle] whet FgEa] g
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olF HolE T8t T8 H=S FHOE AFE 13 £ ©]&35te] PCR(Polymerase Chain Reaction) ¥Hg 81
sk, < A&}, thermal cycler(Applied Biosystems, 2720)& ©]-&
st PCR SE&2 45t¥tt. PCR(Polymerase Chain

2.2, G uHH Reaction) WF-§-271-2 ERAlG Aol Aglo] FUsHA A&
5lod, 94°Co|l A WA (denaturation) 15%, 58ColA AG

221 =& 24 24 (annealing) 30z, 72°Cel|A] 4t (elongation) 30x= dloq
FFEA Wl PESE Ald¥shy] Mo 2R/ 29 U HHold Z 403] vrEsIATh 1.2% o7t~ A(Agarose gel)S o4
242 2021-20229 D57] A5l Zdfiste 279 e A7195S Tl TF0l FdH FF A= AccuPrep
3 EAT A4 B4 (Kim, 2022) A3 AH, 43 ® PCR Purification kitE ©]-§sto] AA|(purification) 2}
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A 23k A AFFR|eE 27]2717F AR Ao Fotal o] 25°CellA 4417k Q1FfH]o] A (incubation) § 2to]Alo] A
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Aot 54 fojR= DNA 49 5&S& =ol7]
flsto] £A4 72 -80C ZAL WYEale] Hykstqlrh
DNA F&#42 QlAamp® Fast DNA Stool Mini
Kit(QIAGEN) Z=2EZ(protocol)o]l wat viHdE A5z
FE] Holo| thgt total genomic DNAE FZ&stt}. Tt
FGEAt TR QT o1F Wolfle] sl Tjetsp]
$13) MIFish-E-F, MIFish-E-R eto]m|(Miya et al.,
201505 olgsto] 128 Y= FHsHHeh Holdol 3+,
rbcl 4GS Z=23517] A rbcla_F, rbcLa R Zeto|H
(Kress and Erickson, 2007)& o]t ITS2 49 5
Z35}7] QI8 1TS2_S2F, 1TS2_S3R =Zzto]H(Chen et al.,
20100 o8t tHTable 1). ©]¢] PCR PreMix(i-StarTaq)

HHE& AA 5" PCR #2E Genotech Korea' F3ll
n]=-3-742F23 NCBL(National Center for Biotechnology
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Table 1. The primer set for identification of owner of excrement and food sources

Primer name Region Sequence

MIFish-E—F s 5—GTTGGTAAATCTCGTGCCAGC—3

MiFish—E-R S-CATAGTGGGGTATCTAATCCTAGT TTG-3'
rbelaF 5—ATGTCACCACAAACAGAGACTAAAGC-3'
rbela R rbel. S-GTAAAATCAAGTCCACCRCG-3'
ITS2_S2F 152 5-ATGCGATACTTGGTGTGAAT-3
ITS2_S3R 5-GACGCTTCTCCAGACTACAAT-3'

Source: Miya et al., 2015; Kress and Erickson, 2007; Chen et al., 2010

Fig. 1. Location of Study site, Janghang Wetland including flooded rice paddy Munon (1), avian feeding area (3-5), and rice straw

preservation area (1, 3, 5, 7, 8, 11, 12)
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A 2AHE APt 9.2 (Choi et al, 2023), 71& &/
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of what 20238 A-HE PESE AAsHAT B dAFoA
202319-20249 D=0 AT APFLSA] W WA 2
,HE E 119} —dEi ZATAG L] PES BHE A5}

u
)
)
3
=
POV

=
AL
ok |o
N
=2
1!
ok
%
ohe > lo ot g

3.1. PES AlA| O]A CHAH RBo| 2 BM

="
PES AA] o] Lt =M AH, £4=Ad el

(a)
Fig. 2. Droppings of G. vipio (a) and A. fabalis (b)

2 FEEAE HAASHA A lﬂu:’ﬂlo}‘ﬁ‘:} a 734’ 7]‘37]-rri
SALQY A m= 277 (Anser fabalis) 2, EH 2] F<l
[e)

o] FZEZ FUd AEe AFFuE A= ArHFig. 2).

AFFu B R4 E24E Holde AAdolgdog
vizte] A (Bromus japonicus Thunb.), W2 (Elymus
sibiricus L.), 44012 (Rorippa palustris (L.) Besser), 71
21 WEURY BERQ MAWE(Salix triandra subsp.
nipponica (Franch. & Sav.) A.K. Skvortsov)o]3itt. 27|
7] Hol¥2 ¥(Oryza satva L)E HIENA, A Hol
A1 W3 (Poaceae spp.), AR (Bromus secalinus 1.),
a3 AAstke] 7jzbgel(Rorippa indica (L.) Hiern)=
A= tH(Table 2). 2124 Fg52] FHA & 7Hs
gF offF ol UEhA] gt

3}

3.2. PES &A| O|F

FFEANA BEE 27E F 118 263 705 42,161
MA 2 Yepdtt 852 Yol Zdul7|(Larus crassirostris) 2
A & AAS 71F 7,872704(35.9%) 2 LERG oo,

202 27|87 (Anser albifrons) 6,324714(28.8%), 45
L2 (Anas platyrhynchos) 1,852704(8.4%), 27127
(A. fabalis) 1,81670A(8.3%), B=A|(Anas crecca) 1,044
A (4.8%) =02 HebgthFig. 3). BEH7] o= 1
291 3wl (Haliaeetus albicilla), BE$]7] oY=
1§ A2 EY M (Haematopus ostralegus), 52| Z o1
1(Grus

2% 3%

rP.E

(Platalea leucorodia), MW (Accipiter nisus), 550

Table 2. The analysis results of the target avian species and feed source

Species Region Source of feed Mox scoreBLéSejNI dentity (%)
rbcl Bromus japonicus Thunb. 998 1

Grus vipio Elymus sibiricus L. 792 0.9933
ITS2 Rorippa palustris (L.) Besser 749 0.01

Salix triandra subsp. nipponica (Franch. & Sav.) A.K. Skvortsov 765 0.9841

rhel. Poaceae spp. 983 0.9946

Anser fabalis Oryza sativa L 980 0.9928
TS2 Bromus secalinus L. 794 0.9955

Rorippa indica (L.) Hiern 745 0.9976

Note: The gene sequence is modified based on Kim (2022).
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vipio), N2 (Circus cyaneus), Zd(Accipiter gentilis),
F3Y(Cygnus cygnus), Z7V12171(A. fabalis), D52
(Charadrius placidus)7b IEEQOH, AA7IEEQ AL
S (Faenatopus ostralegus), ==XV NL leucorodia),
MH(A. nisus), HFFUNG. vipio), AL+ N(C cyancus),
FN(A. gentilis), BZFol(Falco tinnunculus), R 242
(H. albicilla)7t BE=J o™, fFETPE] H2mdE
HAN(H. ostralegus) = W= AT, T3 7P| SR 2F
% M (Parus majon), N7VYel(Ardea cinerea), S 2
(A. alba), B522(A. platyrhynchos), SX=7(Corvus
macrorhynchos)7t =] ot

3.3. PES &g =3}

PES AA] o] &7]2)7] EHoAE §A7t &lo] =glont
AFFr] FHoA= HA7E SlE2] ekt o= A4
waolu w5 ASTE B2 2719717 iR
AAlste] AEFals w22 kel Bt |AE Ad4lsto]
ERoA FEo] 57 ghokE Aoz FAHEG A IF
oflA] FJHE FolA AFFole F2 =5 A AFHFOA
AAlstTt. v PES AA] o] Z7187]9t A AT
H) e GsHA =9 MK AEA9g o] §5hS Eelstirt.
HA FgF AQollAe AFFa], 271217], 2719717 €H
FoolAe AFFn], 271217], 47]2)7|9F kagfe#o]
A7E JEEG B 3F 9AE VEeR da 19 &
HUE e A QFTae] e At 7k HWA g =l
FeAog Fasl= 2oz velyeh fe 2421, 29 =)
oF Ho] ZFA|(3, 4, 5, 7, 8 =)o HETu] JHH 57}t
HA T3 E=ol 3304 2 =Rt 37 yehdt Hol
T 7 A2 AT 4 AUTHFig. 4). PES AFGAl
3 Zhol=afelof whet Zegst WA FF A]71(20234 124
-20249 29)¢t FFEA] 2 A171(20229 129 2023
29) AFFn] 2o B A4 v EH, ASH 39
AF A A= HA Faol olFolxA] o2 2022¢
AE57|et FARSE Aoz yebgth J8u o2 5l 299
ANAGE Hol 5 MAIG dAxol T F7tete
S et (Fig. 5). PES AHYS 51 AEiA A9 A
H|AQ1 A AIA o] At AE theFgo] = rtar T,

St

Population size . L ] [ ] [ ] &

Individuals 1~3 4-6 7-10 11-20 21-30 31~40

P. leucorodia |
H. albicilla |
G.vipio Wl
A. crecea [N
A. fabalis
A. platyrhynchos [N
A. albifrons I
L. crassivostris [ —

0 1000 2000 3000 4000 5000 6000 7000 8000 9000

Fig. 3. The number population of major Avian in Janghang
Wetland, December 2023 to February 2024

W 2023-2024
m 2022-2023

December

0 10 20 30 40 50 60 70 80

Population

Fig. 5. Cumulative winter population of G. vipio

Source: Authors' compilation, based on Choi et al.(2023),
Goyang City(2024b)

4, 0z

FFE2 785 AFFul= A A HAAR olF
Al A Hge] mE oz AR uj¢ Aoh(Han
River Basin Environmental Office, 2021). ©]%A]7] A&
FrjoAl= A= Hol oo g, 2ol @2 =4
o7l e 4gS Atste] PESE &3t Holgg Al
B F5 @ ohE Yol Fg& dlEsjoF gttt 1%
A= 20239RE= PES AFFAISY Zhol=gkgle] wak PES
E B3 Holddt AR weE 9o kst gk &
AtolMe FFEA PESS] AA] o] Fa 2R &
5, PES AA| o]Hde] ol £4 A9} PES A& o|%

.|

41-50 51~60 61~70 71~80 81~90 | 91~100

Fig. 4. Distribution population status of G vipio after the introduction of PES
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Wolg BF At 52 BAstgr PES 4A] old Fqk
o) Awule] 2o wolge AL, M, Lol

2, AHEE YeEtou, PES AA] o]& WA FFA] oA
ZF=7 A7t AAB5 (feeding)S Hol7AY BA TF 2
G F2 ATt S FdE EAT PES ARl A4
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RS R B S il pa
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Sensors) 5= o|-&dt= ZS 18T 4 UtH(ones, 2004;
Wang et al., 2006).
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2020)& ARt A4 B sfof itk AdEAIE ol
She oA oIS E AAIRE H3S57] Y5 A
A 229 5% AAS efste] 71E A 1%t
B8 St £ Q= MEH AZAAE Fets T art 9r
npz|ero 2 AEThdd el tit JAALE SRt HE
AE FE37F Bastrh= HiF oA SR Adws A7
AJH Z7 FJA|(Taskforce on Nature-related Financial
Disclosure)S E3&F PES A}¢lo] ©He]S Hhg 2= ol Akl
Ul BY DA LA A ED BEAF Ork 0
PES Atgdo] A@EA ZrE AT
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AA2] FEE el Hold ZA e Hijt 57 ]' Oq—_rL7]' 7‘]60
2 227 ok
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PES7} UAE 9E7Io] LA BEY 2o £RE
ol zul7], F2e, 27187, 2/187], AFA, A
O, el el Aol Solsict PESE 54 4
F&A W WA BF AGIAE ATR0)eL 27187,
H1H77, ARl w2797, 47197,
LR Aot 2w

PESE B¢ AU4A0) A% M ¥
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