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ABSTRACT

The migration status of waterbirds inhabiting the 10 coastal wetlands in
the south and west coasts (Jangbongdo Island, Muuido Island, Daecheoncheon
Estuary, Seocheon Tidal Flat, Yubudo Island, Gomso Bay, Hauido Island,
Jeungdo Island, Doam Bay, Gangjin Bay) was examined from May 2008 to
March 2013, and the habitat use of waterbirds was investigated using Wild
Tracker(WT-300, GPS-Mobile phone based telemetry) from October 2015 to
February 2016. There were 282,844 waterbirds (sum of max number) from 96
species that migrated at the coastal wetlands in the south and west coasts of
Korea. For the most dominant taxonomical group, shorebirds accounted for
37.5% of the number of species and 67.1% of the total population, followed in
the order of dabbling ducks, herons, and seagulls. The dominate species were
Calidris alpina, Larus crassirostris, Limosa lapponica,  Charadrius
alexandrinus, and Calidris tenuirostris. Shorebirds were observed most at
Seocheon Tidal Flats and Yubudo Island, and dabbling ducks were found
most in Doam Bay. Diving ducks were observed most at Gangjin Bay and
seagulls were seen most frequently at Seocheon Tidal Flats. The ten coastal
wetlands of the western and southern coasts were divided into three groups
according to the similarity index of waterbirds (Ko). Group 1 was the area
where dabbling ducks and diving ducks were dominant, group 2 was the area
where shorebirds were dominant, and group 3 was the area where seagulls
were dominant. It was evident that there were differences in species
composition depending on the regional environments.

A total of 468 macrobenthic species appeared in nine coastal wetlands of
the west and south (Yubudo Island included in Seocheon Tidal Flats). Among
them, 183 species (39.1%6) of Polychaeta appeared, thus being the most

dominant taxonomical group, and 119 species (25.4%) of Mollusca appeared,



making it the sub-dominant taxonomical group. For concentration, Mollusca
was the most dominant taxonomical group with 47.99%, followed by
Polychaeta at 30.4%. Species that accounted for more than 1% of the total
concentration were five species for Mollusca, four species for Polychaeta, and
five species for Crustacea. When examining the macrobenthic communities by
region, 171 species appeared in Doam Bay for the highest number of species,
and the highest population was found at Muuido Island. Species diversity was
highest at Daecheoncheon Estuary. Polychaeta showed positive correlation in
number of species and population of shorebirds, species diversity, species
evenness, and species abundance, and Mollusca showed negative correlation in
number of species and population of shorebirds, and species diversity.

Upon examining the relationship of shorebirds and sedimentary
environments, there was significant positive correlation with the mud content
of the sedimentary environment, number of shorebird species, and species
diversity, while sand showed significant positive correlation with the
population of shorebirds. Lastly, clay showed significant positive correlation
with the number of species and population of shorebirds.

For Anas poecilorhyncha, area was 99.48kr’, KDE 90% was 61.15kif, KDE
70% was 27.0Z2kw’, and KDE 509, which is the core habitat, was found to be
13.82ki’. By region, Anas poecilorhyncha of Seocheon was found to be the
biggest core habitat, followed in the order of Dongjin River, Anseong River,
Haenam, and Mangyung River.

Anas poecilorhyncha showed highest use in inland water at 47.3%,
followed by use of 28.9% in paddy fields, 6.5% in inland wetlands, and 5.6%
in ocean areas. The rate of change of habitat use was highest between 6
am. and 8 am. and between 4 p.m. and 6 pm. They moved from paddy
fields to river systems and inland wetlands at around 7 a.m., and moved
from inland waters, inland wetlands, coastal wetlands, and oceans to paddy

fields at around 5 p.m. When examining by region, there was a difference in



use rates of habitats. In the case of Mangyung River and Dongjin River,
there were slight differences between day and night, but the fluctuation was
small. However, in Seocheon, the use rate of coastal wetlands in the daytime
was highest, while use of paddy fields was highest at nighttime. Meanwhile
at Haenam, use rate of paddy fields was highest in the daytime, and use rate
of inland waters was highest at nighttime. Anas poecilorhyncha moved 0.77kn
in a day. By region, Anas poecilorhyncha moved the most in Seocheon at
1.25km, and was followed by Dongjin River at 0.80km, 0.71km at Haenam, 0.73
km at Anseong, and 0.55km at Mangyung River. From 6 am. to 8 am. and
from 4 pm. to 6 p.m., they migrated over Z2km, and in the remaining time
ranges, they moved less than 1km.

Upon evaluating the coastal wetland grade by waterbirds, when grading
by score, Yubudo Island and Seocheon Tidal Flats had the highest values at
Grade I, followed by Gomso Bay, Doam Bay and Gangjin Bay at Grade IL
When grading by ranking, Doam Bay was first, Seocheon Tidal Flats second,
Gomso Bay third, and Yubudo Island was fourth. On the other hand,
Jangbongdo Island appeared to have the lowest value ranking tenth, but it
still has high wvalue for preservation as it is a breeding ground for

endangered species such as the Egretta europhotes.
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AFAGE A - e AdFA 107 4GS BFon A4S ANHAL,

Table 1. Waterbird survey period

Study Area survey period No. of survey
JangBong-do 2011. 6. ~ 2012. 1 4
Muui-do 2011. 8. ~ 2012. 5 10
Daecheoncheon estuary 2010. 9. ~ 2011. 5 4
Seocheon tidal flat & Ubu-do 2011. 3. ~ 2012. 1 6
Gomso Bay 2010. 8. ~ 2011. 5. 4
Haui-do 2008. 5. ~ 2009. 1 4
Jeung-do 2012. 7. ~ 2013. 3 4
Doam Bay 2009. 8. ~ 2010. 7 11
Gangjin Bay 2012. 6. ~ 2013. 3 4
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6 A T3 A FAR

Aol slFeth(Figure 2). FARTA AL 634k, 8l 54.8km=z -2 vhe}

FARSAY T 7bd W wHo|th A= WAL 732%krolH, st
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26.9kmoll E3rh. FE = AbE A4
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~ Korean Peninsular
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— 36° N

0 100km
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Figure 1. Study site of waterbirds on the south-west coast of Korea. 1
Jangbongdo Island, 2 Muuido Island, 3 Daecheoncheon estuary, 4
Seocheon tidal flat, 5 Yubudo Island, 6 Gomso Bay, 7 Jeungdo
Island, 8 Hauido Island, 9 Doam Bay, 10 Gangjin Bay.
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Figure 3. Muuido Island tidal flat and surroundings.
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Figure 4. Daecheoncheon estuary and surroundings.
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Figure 8. Hauido Island and surroundings.
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Figure 9. Jeungdo Island tidal flat and surroundings.
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(1) 27 24 3y
=z

FEF F2AE 2008UFE 2013W7hA] 107] AAFEAE tFoez 7F AL
A FHa g Al 13] o] 1d7F AL o] FojH Tl RALe] UM AHEE
ol g3t ALY A9 A, A, AFAH FH & oot & BARALE
Eate]l 7|Ee] ZAMA A A2 e 2R AAEIT g ARG vg vo}s}
At Axo FAMA G S Ao w Ax(kn X lkmE TFEIINCH, =2, A

2 Abg A HEA 5E st 2A FERE AR

¥} ek (X8), Field scope(X20~60)E o] &3t =5 A3 th

Ao o]HE S 7 gH(Nikon D300s X300)= #Hodl & A& AoA 7 FE
2

g Estol BASAL AN Aol SFE WA @A 29 122 9L o|F
of ARG WAL HE A% 29 oldol BARMNE WASGon, T4

Aol 97 BEF 2AY 2} ARAAE FEFATL 24 g o] Ay

PN
T
Ornithological Society of Korea, 2010)9] w2} 7|QdstH o, 277 #zEH

W, GPSE olgatd a9 AxE wolalw sl AAel JAeAT. A} A

Al FEF Aol 2 e acle]l AgeAY, 2 FE7E S AAAR olss
stls A5, TEAMNS Ft7] Al HATS o' FFE VISR, T
Ao R Adels A5 AQds3 ol AA 54 #e dTE ¥
s7] f1ste] ©](2004)9] 7ol 9ot BEFE FERF EIsIAT 2RES
ANA =g Ho st FERFE = A (Wader) 2 788913, 9.2
9] °](2000)ll A1 A AlgH A 22 F(Dabbling duck)el Fste= T=
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o HuuAFE AbEste] gotstal 4 AR R ol &
skt Z+E A 49} sk4+= EXCEL 2013, ACCESS 2013 Z2 138 Al-835}o]
EA AT A W 2 T $HFTY 4AFES Brower er al (1990)¢] &k -4
S (RD, relative species density)& ©|&3th A== A &< #EE
e xR Ha #FEsE FF AddATE =i o7IA A dHA

Aes depdvh ¢4 =

==
X

S QA 24 FIA 2 Erin b go) waE s

= obgle] 43 ol gate] ALE

RD =n;/ N x 100(%)

(n; : 58F) MAF, N: AA £ AAF)

N

Y= Aok F¥cE, TeFE ATE LA TS (species

o\

diversity)< Shannon and Weaver (1949)2] A<l H(index of Shannon

diversity)ZS o] &3ttt E4o] Alg&%¥ 2] t}8-3 2t (Brower et al, 1990)

H'= -2 (n/Nn(ny/N)

(n; o1 A9 3 Fo AAF, N:i A9 F AAF)

FZ X % (species richness):= Margalef®] #4221 Da(index of Margalef

diversity)& ©]-83fo] #A %Sl

Da = (s-1)/In(N)

(s : ¥zd AA £ &, N #2d 5 7HA5)

F 15 Z(species evenness)E YWEHUWE A= Heipel #49 Hp(Heip

eveness)S ©]-&3fo] #2133t}

Hp = (10" -1)/(s-1)
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ofg 7kA o] oy, #Fd T3 AAFE FAl 2HET FAF

H

{1
N
& &l
o
X

o (Horn’s index of community overlap)”} At} Ro#t< + o 1+

of Tt BEE= T WlEol FAEFE o, 1o ZHAl "o wbd

T A Fho] s A BEEHE Fol ASFE 09 7HgT 2ol A= RoAl
2 SPSS 18.0% ©]&3to] Dissimilarities (Measure : euclidean distance)3k o &
Sabstd ) o] ke A= HRAE A gR #EE A9z S35 A G

Hlgo] fFAbetA] &5 fho] =om, FAEFS 00 7M. &A= &
2tEl RoAFE ol g€3te] XLSTAT =ZzEaz5o® AHC (Agglomerative

hierarchical clustering)g 3} t}.

Ro = (H;~H/(H';=H5)
Hs=[NIn (N) - X (z1 + yDI/N
(N1 Ja 2 JgebolA #z2d F AT 3 i 139
MA yi o 28 W ghgo] A=)
H,=[NIn (N - 2 xi In(xzi) - B yi In(yd)] / N
Hs= NiH1 + Nofd3) / N
Ny © 1899 T WA, Ny @ 28] & A, Hi e
1ol H', Hs 238 H)

ot
of\
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2008 5€F-H 2013 397bA] oF 5WdzE A - FElQt AbFAl 1071 % el
A BEE BERE XS SRR T 8% 169 96 28284470 A (A R A
At AA FTHYE AFH)E 2872 YEgow, FdsE AF(HpE
063, TTFE AF(Da)+v 757019 HAS-HETL WEXQ(Calidris alpina)=
FHE 287%E AR oy, vgo g ZIN B = (Limosa lapponica) 8.0%,
Yol Al 7|(Larus crassirostris) 7.5%, &5 WAl (Charadrius alexandrinus) 7.2%

o] o7 A9 5%old A= H FolAtHFigure 12). EFwEE W

1- (

15%, MERF 105, Zu7F 8%, &4 2877t 65 59 ol /A

- U F7E o 25778670 A7 BRE M wew, tees Z
T woE AHHIIT ALAEE B
AHRoH, oz A
Ao 64%F, 7FS Aol 57%, o] EHd 52%F9 o BEIHAJY AAFs B2
o 156,003MA= 7FF Bka, 7FS AL, oJEH 9 oAk (Figure 13). AA
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of 2.85% 7} Etow 7S Ao 236, o] EH 222, EH 2039 <=o|Atrt.
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i R

Limosa lapponica
8.0%

Figure 12. Status of dominant species among waterbirds observed at
the 10 coastal wetlands of the south-west coasts.
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Figure 13. Number of species and counts of waterbirds observed at coastal
wetlands of the south-west coasts.
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Figure 14. Dominant taxon of waterbirds observed at the 10 coastal wetlands
of the south—-west coasts.
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Figure 15. Number of species and counts per region at the 10 coastal
wetlands of the south-west coasts. GJ : Gangjin Bay, GS: Gomso
Bay, DC:, Daecheoncheon estuary, DA: Doam Bay, MU: Muuido
Is., SC: Seocheon tidal flat, UB: Yubudo Is., JB: Jangbongdo Is.,
JD: Jeungdo Is. HU: Hauido Is.

Table 2. Status of dominant taxon by 10 coastal wetlands in south-west
coasts

GJ* GS DC DA MU SC UB JB JD HU

Dabbling ducks 1591 695 2936 4527 049 633 082 898 652 6314

Diving ducks 6707 009 015 2390 000 032 035 000 130 533

Herons 2.52 3.36 141 451 2.89 0.19 0.28 171 1565 1193
Grebes 0.09 0.10 0.15 044  0.00 000 0.1 000 000 078
Waders 512 5741 943 1712 5558 8164 8988 147 2304 805
Gulls 9.16 3189 5891 705 4091 1149 854 87.08 5180 8.8
Others 0.13 020 0.58 172 013 0.01 0.12 0.76 168 218
Note :

# GJ : Gangjin Bay, GS: Gomso Bay, DC: Daecheoncheon estuary, DA: Doam Bay, MU:
Muuido Is., SC: Seocheon tidal flat, UB: Yubudo Is., JB: Jangbongdo Is.,, JD: Jeungdo
Is. HU: Hauido Is.

* Rate of dominant
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Table 3. Status of shorebird communities in 10 coastal wetlands on the
south-west coasts

GJ* GS DC DA MU SC UB JB JD HU Total’

No. of species 11 29 13 17 13 26 23 6 12 14 36

Maximum of - g17 9158 978 2,717 3328 96,762 78754 129 312 162 193111

individual
H* 066 200 141 149 146 187 183 086 1.70 2.08 2.17
Hpf 028 060 055 053 057 057 058 048 068 0.79 061
D 149 307 174 202 148 218 195 1.03 192 256 288

Note :

8 GJ : Gangjin Bay, GS: Gomso Bay, DC:, Daecheoncheon estuary, DA: Doam Bay, MU:
Muuido Is., SC: Seocheon tidal flat, UB: Yubudo Is., JB: Jangbongdo Is., JD: Jeungdo
Is. HU: Hauido Is.

> Total : Sum of Count

¢ H’: The Shannon diversity index, Hp : Heip evenness index from Brower et a/ (1990), Da :
the Margalef diversity index.

_3’]_



g A me - BuAE @ ma

e

)
12
1)
it
kT
2
R
B>

d

TFl| Al 2002 7HY Bokal, toz XA A™EA 26,
FREA 23F, HFH oA 175 oo, v FB TN 6502 71
o3}

EA A A Be 96762017 BRE o, Theom

2~
¥
v
=
__>‘4_'q
>
Ir
>,
)

78,5470 A, + 4wt 9158704, 2% 332870 A, =nt 2717704 59 o]t
A Sl A 12070 A 7w o] 7 A2 JiAI7E 21 E )l tk(Figure 16). ST
|7(H)= skel=rF 2082 7Hd =skom, dgo= wavko] 200, AHdAE

o] 1.87, #-=7F 1.83, =7t 1.70 T8 o= A 2 A ¢S Bilow,
0

o
o
N

6o% M e A% g math #EE ARHPE shelwel

o

0792 1070 AMFA & 7P =okom, thgo = FLoA 068, FaTrelA 060, fi-
Tl A 058, AMHA™Y Fow 057 59 oz Yehgrh wkd 21 0289 A4
s Kol 7P gty TFNE AFDav #AhTeNA 3

shol oA 256, A A A 218, =

vom ARETo|A 10302 7 e X5 7S VERITH Table 3 33).

70 160,000

O No. of species @ Total of individuals

60 140,000

120,000

100,000

80,000

No. of species
Total of individuals

60,000

20
40,000

10 @ @ 20,000
L J
® L ]
] ® ® 0
GJ GS DC DA MU SC uB 8 1D HU

Figure 16. Comparison of number of species and counts of shorebirds at the
10 coastal wetlands of the south-west coasts. GJ : Gangjin Bay,
GS: Gomso Bay, DC:, Daecheoncheon estuary, DA: Doam Bay,
MU: Muuido Is., SC: Seocheon tidal flat, UB: Yubudo Is., JB:
Jangbongdo Is., JD: Jeungdo Is. HU: Hauido Is.
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Figure 17. Dominant species of shorebirds observed at the 10 coastal
wetlands of south-west coasts.
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Figure 18. Comparison of major dominant species of shorebirds observed at
the 10 coastal wetlands of south-west coasts . GJ : Gangjin Bay,
GS: Gomso Bay, DC:, Daecheoncheon estuary, DA: Doam Bay,
MU: Muuido Is., SC: Seocheon tidal flat, UB: Yubudo Is., JB:
Jangbongdo Is., JD: Jeungdo Is. HU: Hauido Is.
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Table 4. Status of dabbling duck communities by 10 coastal wetlands on the
south-west coasts

GJ* GS DC DA MU SC UB JB JD HU Total’

No. of species 9 9 9 11 1 9 5 3 3 7 15

Maximum of 5957 1 102 2561 5872 15 9343 1016 723 47 1068 25104

individual
H* 178 138 089 184 0.00 110 053 091 059 1.32 1.79
Hpf 081 063 040 0.77 000 050 033 082 054 068 0.66
D& 099 114 102 115 000 083 058 030 052 086 1.38
Note :

Gangjin Bay, GS: Gomso Bay, DC:, Daecheoncheon estuary, DA: Doam Bay, MU:

a GJ .
Muuido Is., SC: Seocheon tidal flat, UB: Yubudo Is., JB: Jangbongdo Is., JD: Jeungdo

Is. HU: Hauido Is.

> Total : Sum of count
¢ H’: The Shannon diversity index, Hp : Heip evenness index from Brower et al (1990), Da

the Margalef diversity index.
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Figure 19. Comparison of number of species and counts of dabbling ducks
observed at the 10 coastal wetlands of south-west coasts . GJ:
Gangjin Bay, GS: Gomso Bay, DC:, Daecheoncheon estuary, DA:
Doam Bay, MU: Muuido Is., SC: Seocheon tidal flat, UB: Yubudo
Is., JB: Jangbongdo Is., JD: Jeungdo Is. HU: Hauido Is.
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Figure 20. Dominant species of dabbling ducks observed at the 10
coastal wetlands of south-west coasts.
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Figure 21. Comparison of dominant species of dabbling ducks per region at
the 10 coastal wetlands of south-west coasts. GJ : Gangjin Bay,
GS: Gomso Bay, DC:, Daecheoncheon estuary, DA: Doam Bay,
MU: Muuido Is., SC: Seocheon tidal flat, UB: Yubudo Is., JB:
Jangbongdo Is., JD: Jeungdo Is. HU: Hauido Is.
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Table 5. Number of other waterbird species observed at the 10 coastal
wetlands in south-west coasts

GJ* GS DC DA MU SC UB JB JD HU Total

Diving ducks 6 3 3 6 - 5 3 - 2 2 6
Herons 7 8 5 6 5 6 4 6 4 5 10
Grebes 3 1 2 4 - 1 1 - - 1 4
Gulls 5 4 3 7 3 6 6 2 3 2 8
Others 7 9 2 14 6 5 6 7 6 8 17
Total 28 25 15 37 14 23 20 15 15 18 45

Note :

# GJ : Gangjin Bay, GS: Gomso Bay, DC: Daecheoncheon estuary, DA: Doam Bay, MU:
Muuido Is., SC: Seocheon tidal flat, UB: Yubudo Is., JB: Jangbongdo Is.,, JD: Jeungdo
Is. HU: Hauido Is.

_39_



107 AgtANA =8 - Bug R FUHLAFE AT e FRF
WAL w@s el by Bk

A},
ow, hgow AHAAH FHE dHHdHd s, =YW 59 o8 #EHA
(e}

e
of
o
)
[-‘11
=2
R
\)
-~
o0
w
)
N

=

=
oA 1696870 A1 7F BrEE o] b wkew, dEow fiE X s, &

T, Fav 5o Fo]AtH(Table 6).

Table 6. Number of other waterbird counts observed at the 10 coastal
wetlands in south-west coasts

Gl* GS DC DA MU SC UB JB JD HU Total

Diving ducks 21092 19 23 5244 0 478 438 0 21 110 27425

Herons 793 737 211 989 217 288 352 160 252 246 4245
Grebes 27 22 23 96 0 1 7 0 0 16 192
Gulls 2879 7002 8300 1546 3076 16968 10737 8137 834 177 60156
Others 41 44 g7 378 10 21 152 171 27 45 876

Total 24,832 7,824 9,144 8,253 3,303 17,756 11,686 8,368 1,134 594 92,894

Note

# GJ ¢ Gangjin Bay, GS: Gomso Bay, DC: Daecheoncheon estuary, DA: Doam Bay, MU:
Muuido Is., SC: Seocheon tidal flat, UB: Yubudo Is., JB: Jangbongdo Is., JD: Jeungdo
Is. HU: Hauido Is.
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Table 7. Analysis of similarity index (Ro) by region using the total count
number of waterbirds observed at the 10 coastal wetlands in
south—-west coasts

Sites GJ? GS DC DA MU SC UB JB JD HU
Gangjin Bay 143 126 063 152 138 145 145 139 068
Gomso Bay 050 105 042 053 078 076 033 1.29

Daecheoncheon 092 073 077 103 063 045 1.11
Doam Bay 119 105 123 127 104 063
Muuido 040 058 082 052 146
Seocheon tidal flat 057 093 064 124
Yubudo 096 083 1.38
Jangbongdo 071 1.36
Jeungdo 1.30
Hauido

Note :

# GJ : Gangjin Bay, GS: Gomso Bay, DC:, Daecheoncheon estuary, DA: Doam Bay, MU:
Muuido Is., SC: Seocheon tidal flat, UB: Yubudo Is., JB: Jangbongdo Is.,, JD: Jeungdo
Is. HU: Hauido Is.

Table 8. Status of dominant taxon of three groups classified according to
similarity index (Ro)

Group 1 Group 2 Group 3

Sites
GJ* DA HU UB MU SC JB DC GB JD

Dabbling ducks = 1591 4527 6314 082 049 633 898 2936 695 6.52

Diving ducks 6707 2390 533 035 000 032 000 015 009 130

Herons 252 451 1193 028 289 019 171 141 336 15.65
Grebes 0.09 044 078 0.01 000 000 000 015 0.10 0.00
Waders 512 1712 805 89.88 5558 8164 147 943 5741 23.04
Gulls 9.16 7.05 8.58 854 4091 1149 8708 5891 3189 51.80
Others 013 172 218 012 013 001 076 058 020 168
Note :

# GJ ¢ Gangjin Bay, GS: Gomso Bay, DC: Daecheoncheon estuary, DA: Doam Bay, MU:
Muuido Is., SC: Seocheon tidal flat, UB: Yubudo Is., JB: Jangbongdo Is., JD: Jeungdo
Is. HU: Hauido Is.
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Figure 22. Similarity index cluster analysis results of 10 coastal wetlands of

the south-west coasts using the sum of total counts. In Group 1,
there are reservoirs, paddies and salt fields, in which dabbling
ducks and diving ducks are dominant. In Group 2, there are vast
tidal flats in which shorebirds are dominant. In Group 3, there are
vast tidal flats as well as a large port, in which seagulls are
dominant. GJ : Gangjin Bay, GS: Gomso Bay, DC:, Daecheoncheon
estuary, DA: Doam Bay, MU: Muuido Is., SC: Seocheon tidal flat,
UB: Yubudo Is., JB: Jangbongdo Is., JD: Jeungdo Is. HU: Hauido
Is.
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Table 9. Analysis of similarity index (Ro) by region using the sum of the
max waterbird counts observed at the 10 coastal wetlands in
south-west coasts

Site GJ? GS DC DA MU SC UB JB JD HU
Gangjin Bay 1.43 1.26 0.63 152 1.38 1.45 145 1.39 0.68
Gomso Bay 0.50 1.05 0.42 0.53 0.78 0.76 0.33 1.29

Daecheoncheon 0.92 0.73 0.77 1.03 0.63 0.45 111
Doam Bay 1.19 1.05 1.23 1.27 1.04 0.63
Muuido 0.40 0.58 0.82 0.52 1.46
Seocheon tidal flat 0.57 0.93 0.64 1.24
Yubudo 0.96 0.83 1.38
Jangbongdo 0.71 1.36
Jeungdo 1.30
Hauido

Note

* GJ ¢ Gangjin Bay, GS: Gomso Bay, DC: Daecheoncheon estuary, DA: Doam Bay, MU:
Muuido Is., SC: Seocheon tidal flat, UB: Yubudo Is., JB: Jangbongdo Is., JD: Jeungdo
Is. HU: Hauido Is.
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Figure 23. Similarity index cluster analysis results of 10 coastal wetlands of
the south-west coasts using the sum of max counts. In Group 1,
there are reservoirs, paddies and salt fields, in which dabbling
ducks and diving ducks are dominant. In Group 2, there are vast
tidal flats in which shorebirds are dominant. In Group 3, there are
vast tidal flats as well as a large port, in which seagulls are
dominant. GJ : Gangjin Bay, GS: Gomso Bay, DC;
Daecheoncheon estuary, DA: Doam Bay, MU: Muuido Is., SC:
Seocheon tidal flat, UB: Yubudo Is., JB: Jangbongdo Is., JD:
Jeungdo Is. HU: Hauido Is.
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ML £8 - EWAF) A2 o & 54

37 AAEE e AN Qo] AH7E 19908 olF AEA AH7H
HeA 7 FeAde]l R AXL Ak £F FEF AR F1%4 2
Me A4 W FAGLD ol gatn gov, olFgol e HEfi Aveoke] W

AR etz dEAE olFstH AAtH(Barter, 2002). =& - EulAlF= A

e AN ol wAle]l Hds) EA o) gov], FAYE oGl wel of
Fol BaF AUANL AWNA A3 Yok Hol Nl WIAHNZZE S5} o

ofo] wujel otuk Rl H S y|ALE, substrata)ol AAEtE RS EH 6
ok A AMA e 1208+ & 3371 Phylume] low, teFst E7Fa- FolA 7Hg $-
A3sl= Phylume 3855 (Phylum Annelida)®] tHEF(Polychaeta), 9145 & &
(Phylum Mollusca)®] o] w3l 7 (Bivalvia)2} 35 (Gastropod), A #] %5 & (Phylum
Arthropoda)®] #+ZF+(Crustacea) 5 37H°)tH(a-3 &, 2003). ol& HIAEEL
PEoHor AFAFo] AstaL olsAol Aol w4 Ee wHEAA AAA 9] we
of whg-ste] wulat=dl FA7F ddvk el JHAle] o] o] FF ] A=
g k= A Eo|th(Dauer et al, 2000). P AA - ES A9 2270 A oYy
Al AGARHA o YA =2k Sl A az et al, 2004;
Dauvin et al, 2007). E3] TRATEE AokgA 9] oF

R EE AR

[l

Ll
u‘.

o
ofy
ko
ot
12
ot
o
e
2
S

ghe] AR wl§- F2 3o (Wildsmith et al,
2009). A - el A Wiy Soz ek EeA ale] AA g3 Agow

el o HAzel & Fd&Fe FA Ha, ARSI HA e Waks A
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HAZge] #ARA AFEE ke - Bl 2 dolA AR 1070

A F AR weknt st qHAST, Fre 5 NS o 4

fo
il

g o] AR o]& BAS dotry] fdte] HAZRA I A A
Aolgo] & AT AE 8 - EUAFoA of" IS FEA dopr 7]
flsto] kA (correlation analysis)s AAlsHHh A4 22192 SPSS 180

S ApEsielen, HES AAAFEAA 29T FAAFE A (spearman
PS
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3. &+ 2%

1) 83 &7 &4
HA G e] AAE dotrr] fste] B ATA G s, =oku
i sk, ARk 57 A A #EE B8 - By RS gides HAS
Aol #AE LdolR Ut HARAE LS FEIHSFT sFFabol A s A
FA ZIE2ERAF - AE AN 20099 HE 2013704 HAFAH ] ARE Q&
™ Al 7 BEE Aol et HAS A A AdE O
At 2t A4 &5 vHE&2 0~10%, 11~20%, 21~30%, 31~40%, 41~50%,
51~60%, 61~70%, 71~80%, 81~90%, 91~100%<] 107H= o] FE3tA e
W, 2 =8 - EuAl Y Mg E 248U =8 - 2R HH88 9 A
A HolErFH We JFS ¥yl s HA=ES A selacdd A2
(Gravel), 2 #}(Sand), Z(Silt), HE(Clay)e] aZF7 =8 - Bulr|Fo =, /MA

T, TUSdEH)E tHoer 2w A3ASEA(spearman  correlation

i

Q.
pR I Y

coefficient)& AAISHAT HIEGF AdEAs AAlet7] A =0 - SuA7F9

B9l H(Sil e dHEFe =Q - FuAFe T FuS
S(H)9 %o ARAAZS BIYTHr= 0148, p<0.05, r= 0.196, p<0.01). ¥HA, 7j A=
o o3 JaFS FA4 FIHr=056, p>0.05). Z#H(Sand)e] FFS =2 - Zu
A5l Aol el FaAAE BATHr=0.197, p<0.01). ¥, =8 - EdA] {2
T TUG=EH)AE Fome dEFS T4 FUTHr=0.051, p>0.05, r=-0.131,
p>0.05). E(Clay)e] 3 =8 - BuAlFeo T MAGF =& o 4%
PAZ B (r=-0.249, p<0.001, r=-0.387, p<0.001), EFF=(H)l= F<Jv] &
FAZE ERA] 24 th(r=0.019, p>0.05). wWekA HAE F H(Silt)e] vFo] =&
FE T USRI SUeE A4S 2, EY(Sand)d] §Ee =9 - B

A ZHAlEell S A e T vt HE(Clay) ] &2 =8 - =R

ot
o



o] T4 AT oFdEdS FSHTable 10).
Table 10. Correlation between shorebird communities and sediments
(Spearman correlation coefficient)
Spearman'’s rho gravel sand silt clay
N.S. -0.049 0.051 0.148 -0.249
(n=186) p>0.05 p>0.05 0<0.05 p<0.001
§ N.L -0.023 0.197 0.056 -0.387
o,
3 (n=186) p>0.05 p<0.01 p>0.05 »<0.001
H -0.079 -0.119 0.196 0.033
(n=186) p>0.05 p>0.05 p<0.01 p>0.05
Note

# N.S. : Number of species, N.I. :

Number of individuals, ' : The Shannon diversity index
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2) AAA Holgo ¥H FF

(1) NPAM = FF
ZA7IE Bt HEAMEES d3S dotet Ay =outolA 168F o2 /)
F B ANEE 37t Faxdr. vgoer Fonr) 136, FEx 117
5

&, AR 113F 5o wolddrh. v, AN 59F ez 7 A2 STt
=] =
=

Sl E At (Table 11). #FTEZ H, UREFE SdoA] 718 22 60F 9]
sRlE o tggo=E HAeE 47F, Fo% 43%F, % 40F o9 oA} &
o= 23F 0 R M AU dASESE =gt 7P 2e 50F0] dHely

(@)
I
_|>_1‘

oft

k

S

o\

ol

glov, thgos PO 45%, FH 3 o woz 2daY
ohowtd AEAEE 7EoR b AT AFE WA 6FTow A1
ge T4 FaAsgon, deow Fow 3%, PR} 4AW 2F] 2
Sad. wel, ARAEe 17502 b A9

)

Table 11. Number of species per macrobenthos taxon that appeared at the
nine coastal wetlands in south-west coasts

GJ* GS DC DA MU SC JB JD HU

Polychaeta 39 36 37 60 43 31 47 40 23
Mollusca 36 28 23 50 45 7 29 12 16
Crustacea 32 31 36 22 35 17 32 30 19

Echinodermata 2 1 2 4 7 1 3 4 -
Total 113 102 102 168 136 59 117 36 61
Note

® GJ : Gangjin Bay, GS: Gomso Bay, DC: Daecheoncheon estuary, DA: Doam Bay, MU:
Muuido Is., SC: Seocheon tidal flat, JB: Jangbongdo Is.,, JD: Jeungdo Is. HU: Hauido
Is.
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2) A E=e] D& v

97l Aol A Edg HIAMTESY EE(nd/m)E ¥ AT 97 A
o T FYE7F 9E 2130/MA/mE Hol 7P =i, theo® ES9hvhe] 70170
A/, sk E7F 69570 A /mt, A A AE A e 27F 57370 A/m 5] ol A vH(Table
12). BFvEZ B2Y, OgRFE A AGANA 4583704/ mE B 7 =kal, o)
o] Eef Al 368N A /mi, =dRbAl Al 29870 A /i, FECA 26970 A/m T2 Fol
oo FEEel A 9TAA/ MR T Sttt AASES T EdA 156271 A
/mMZ 7H =S AEE Hon oz stomolA 29370A/m’, e Eol A
2670 A/, SR A 166704/ m' 5] ol vk v A AE A A 2370 A/’
= 7P vskd bR Fo oA A4 A/mE MY =2 RS Ko,
ggoz FavelA 28870A/m, Zdwtell A 23170 A/, 8- ol A 19570 A/’
o ol ATk WA, st ol A= A/ m e 2 T Skt

oft

ot

Table 12. Density per macrobenthos taxon that appeared at the nine coastal
wetlands in south-west coasts

GJ? GS DC DA MU SC JB JD HU

Polychaeta 210 151 209 298 146 484 97 269 368

Mollusca 154 122 166 151 1,562 23 267 59 293
Crustacea 132 288 109 231 414 57 195 51 32
Echinodermata 1 1 1 8 4 2 2 24 -
Total 502 570 489 701 2,130 573 573 403 695
Note :

# GJ : Gangjin Bay, GS: Gomso Bay, DC: Daecheoncheon estuary, DA: Doam Bay, MU:
Muuido Is., SC: Seocheon tidal flat, JB: Jangbongdo Is.,, JD: Jeungdo Is. HU: Hauido
Is.
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3) HFAME=] BAZF vl
9h AFelH =@ HIAM =] A Fg/m)e M

d

ol
A F E=gube]l A 3048g/moz b Egkow tgom vl
301.6g/m’, tH Aol A 155.03g/m’, =ATolA]l 139.24g/m* 5o <ot (Table
13). ¥ AE o A= 12.09g/me] AAFS 1o 97) A

o]
-
FodE BH OERE ARt A 212g/me® 7Y =%

(o3

H,
13.35g/m’, A A 482g/m', % 428g/m' 59 +o=Z Yyt HbdH FE =
= 084dg/me 7 Witk AAlTES E=dntil A 2726g/mE 7MY = AA
FS yehdlen, dgoz vk 2503g/m’, =4T 100.76g/m, WA
93.475g/m' e oAt WHH, A A AHA A 434g/m'e] AAFS Ho T
vttt AR5 A Aol A 43225g/m = 7HE =okal, AW 26.3g/m’, = ANk
26.24g/m’, Fol% 164g/m' ¢ TolAth W, FEEolA 363g/meE 7+

stk

Table 13. Biomass per macrobenthos taxon that appeared at the nine coastal
wetlands in south-wests coasts

GJ GS DC DA MU SC JB JD HU

Polychaeta 212 448 1335 6 3.8 482 084 428 114

Mollusca 2503 100.76 93475 2726 481 434 653 19.66 5)

Crustacea 263 2624 43225 103 164 535 363 68 144

Echinodermata 19 613 0.05 1156 5.2 123 095 017 0

Total 301.6 139.24 155.025 304.8 &6 1618 1209 3095 309

Note :

# GJ : Gangjin Bay, GS: Gomso Bay, DC:, Daecheoncheon estuary, DA: Doam Bay, MU:
Muuido Is., SC: Seocheon tidal flat, JB: Jangbongdo Is., JD: Jeungdo Is. HU: Hauido
Is.
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3) FAAH Aol BA
A AolEe] A= B AFAGS 9 Al AR Ea - A
ok AolEe AN TES dFom AAstdh A AolZe] AN &+
¢l Polychaeta, Mollusca, Crustacea, Echinodermata®] <%

8- BUARY FF, AAF, FUFIEEIE BPoE v AuAFRA

o)

(spearman correlation coefficient) & A At A Th v 24 FAFA S AAjst7]

A me - BUARY B8 AAE FHFRE), HYAASERY 5, A%, 4
Aol ATFY AL AASG o, GRS WA Fahel HmE FPEA

= AAEEA

AAAFES A3 FAEE F Polychaetadl F9(r=0.475, p<0.001)%}
E=(r=0.355, p<0.05), Echinodermata®] A A= (r=0.402, p<0.005)< =8 - &4
A7 T F3t G FAAAE HA oW Molluscad] B B8 - &
A7 Fol fFelg 5o A#EdATE AATHE=-0.397, p<0.005). R®HA,
Polychaeta®] A A =3} Mollusca®l £ A A=, Crustacead £, Bk, AA

2 Echinodermata®] €59 UEE =Q - BuAfo] Fo J3S FA Edr}

i

=2

(Table 13, Figure 24).
T2 - BYAlF9 JNAIG9 Polychaeta®] &(n= 50, r= 0.381, p<0.01)<} 2
T(n= 50, r= 0.363, p<0.01), Echinodermata®] A #(n= 50, r= 0.476, p<0.001)

S Fo3 %o AAAAE B, Molluscad LE: =8 - ZulXFo /A
Foll o3t o HAIAT|AE HYAtkn= 50, r= -0441, p<0.001). wWHH,
Polychaeta®] A A&, Mollusca®] %5, A, Crustaceas T, U=, AL,

Echinodermata®l &, WEs =8 - FulAlFo] MAFd dFS FA4 &gt
(Table 13, Figure 24).

=9 - SYAFe FuUdx=(H)e Polychaetadl F(n= 50, r=0.365, p<0.01),
W% (n= 50, r=0.351, p<0.05), Echinodermata®] 4§ =(n= 50, r=0.419, p<0.005)
2 fFost 4o FAAAE BA oW, Mollusca®l &5 (n= 50, r=-0.319, p<0.05)
o} W& (r=-0.387, p<0.0D)¢} ol &9 FAAAE Eh ¥HH, Polychaeta®
A AT} Mollusca®] A A%, Crustacea?] 9 WXk, AA %, Echinodermata
o Fgot Hre =8 - BUAFY FUHYEH)A FFe FA FUtHTable
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13, Figure 24).

EQ - YAl Fe T 5= Hp)e Polychaetadl B, AAZFY Folst 3
AAE HIATHr=0.284, p<0.05 1r=0.296, p<0.05). W+ Polychaeta® ‘5
Mollusca, Crustacea, Echinodermata®] &, €%, AAFS EQ - B Fo
TS E=Hp)ol 93-S FA &dtH(Table 13, Figure 24).

TEFHE(Da)=  Polychaeta®l F5(r=0468, p<0.001)<t A A = (r=0.374,
p<0.01), Mollusca®] A A = (r=0.346, p<0.05)3} F2J3+ Lo FAAAE H T}
1 Polychaeta®] WX Mollusca®l &<, WXk, Crustacea®l &, WXk, A A

%, Echinodermata®] %4, 2%, AAZFS =8 - EWAFY

o\

Z X1 (Da)el

o2

S FA| ki (Table 13, Figure 24).

Table 14. Correlation between shorebird communities and macrobenthos using
the spearman correlation coefficient

Polychaeta Mollusca Crustacea = Echinodermata
N? D B N D B N D B N D B
0475  0.355 -0.397 0.402
N -0.083  -0.021 -0.071
p<0.001 p<0.05 p<0.05 p<0.001
, | 0381 0.363 -0.344 -0.441 0.476
T -0.123 -0.220
p<0.01 p<0.01 0<0.01 p<0.001 <0.001
§ .| 0365  0.351 -0.387 0.419
a H -0.177  -0.205 -0.246
% p<0.01 p<0.05 p<0.01 »<0.001
0.443  0.284 0.296
Hp -0.065 -0.225 0.266
p<0.01 p<0.05 p<0.05
0.468 0.374 = 0.286 0.346
Da 0.092 -0.138
p<0.001 p<0.01 p<0.05 0<0.05
Note :

2 N : No. of species, D : Density(ind./m’), B : Biomass(g/m’)

b T : Total of individuals, H : The Shannon diversity index, Hp : Heip evenness index from
Brower et al (1990), Da : the Margalef diversity index.
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Figure 24. Relationship between shorebirds and its food source, macrobenthos. The points show the time of investigating
shorebirds and macrobenthos.
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APdsode Pded XS fd 59 GPSHIZE ArcGIS 9x(ESRI
Inc.) ¥ ArcGIS& Extention® Hawth's Analysis Tool®] Animal Movement
Tools& o] &3te] ®EAsYET. 2 AFdAE  HAESZEH(Minimum

Convex Polygon Method : MCP) 100% Y 3}

)

U == (Kernel Density
F o,

Smoothing Parameter Factori= Animal Space Use 1.2(Idaho Univ.)Z =21

2
rot
r‘:.l

off
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L9 ArcGISE ol&3dte] g kol e &4 S Fotstion, A 9d A7t
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# A7 One-way-Anova(ddulx] FAHEA)S  AA
Scheffe®} Dunnett T3E ©] &3ttt

FiE3E ol AYE Fote], stFolEAEE Hotstdon, A H olF
Al AGE AA A Hit olsAgE Tt AGE stFolE AL
Zkol= 41 Shapiro Wilk test(8774 #A4)E AAlste] AarAdol w54 &
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3. &+ 23

1) AR

570 Aol A S Fe e 2000 A5 E8sto] ofAEE A F4 7] (WT-300)

E R 207039 #Hyr AT 1,241£1049g01 R e, FH ke Ht
63+16.14, 719+201.13] 9] % E F4l8t A th(Table 15).

TR E A AXFAVIE FFEA A Hi AT
1,218+110gellom, F47]3k Ht 83x16Yo|R o, AFAR 521 Het

989+1933] ] AtH(Table 15). A & AFAANA 1A AAF47]E F-23)
Ak A E s0509] AF- 1,330gelRen 2015 11Y9 19¥¢] AAF4715
B2ate] 2016 29 597b4] 784 7F 935709 A HEE FA18E tHTable 15).
i bAoA AAdd AAFAVIE FEFEATE A AT
1,270+80gel lom, F2 7|7k Hit 63:8UolRon, AT FAS Hf
620+593] A E AT AANZT s0512] A F> 1,180ge1Rom 20154 112 269
of YIxFH715 B&sle] 2016 1€ 21974 56Y7F 536719 AAFEE +
A8t tHTable 15). ®HAZ A 374A o YAFA71E F=atednt. 37/MAY A

T Wit 1,258+70gel o, FAH 7S Hit 56690, YAF{E FAE

1

Fit 6314633 FAEH AT AAMS 0559 AT 1,275go| e, 20151 12
4 7ol AAFATIE FAete] 20161 19 23Y7bA] 4743 5663] ¢ A F %
E FASAH(Table 15). P HNA 70l A F4 715 28t 7704

9] AT Hr 1,221+1204gol o, F4 7|7 Hat 50£1.7L ol A, A F
T2l H et 589+25.13] o] AtH(Table 15).

5
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Table 15. Status and migration period of 20 spot-billed ducks with
Wild-Tracker (WT-300)

Caught area 1D W(eé%ht Tracking period I%?Stgg No. ﬁon edGPS
s045 1,195 2015. 10. 21 - 2016. 02. 05 107 1,283
s046 1,100 2015. 11. 02 - 2016. 02. 02 92 1,108
Dongjin s047 1,265 2015. 11. 02 - 2016. 01. 12 it 861
s048 1,405 2015. 11. 02 - 2016. 01. 03 62 728
s049 1,125 2015. 11. 02 - 2016. 01. 23 82 966
Seocheon  s050 1,330 2015. 11. 19 - 2016. 02. 05 78 935
s051 1,180 2015. 11. 26 - 2016. 01. 21 56 536
s052 1,250 2015. 11. 26 - 2016. 02. 04 70 603
Haenam
s053 1,400 2015. 11. 26 - 2016. 02. 04 70 699
s054 1,250 2015. 11. 26 - 2016. 01. 19 54 643
s055 1,275 2015. 12. 07 - 2016. 01. 23 47 566
Mangyung  s056 1,165 2015. 12. 07 - 2016. 02. 05 60 717
s057 1,335 2015. 12. 07 - 2016. 02. 05 60 610
s058 1,425 2015. 12. 15 - 2016. 02. 05 52 622
s059 1,240 2015. 12. 15 - 2016. 02. 05 52 622
s060 1,220 2015. 12. 18 - 2016. 02. 05 49 543
Anseong s061 1,080 2015. 12. 18 - 2016. 02. 05 49 532
s062 1,100 2015. 12. 18 - 2016. 02. 05 49 584
s063 1,130 2015. 12. 18 - 2016. 02. 05 49 584
s064 1,350 2015. 12. 18 - 2016. 02. 05 49 584




(2) X% Awhsey YA

A7yl A ofAEENXF4 7 (WT-3000S S&3to] 570419 %o
PeAS ot A7 MCPol 9d dF S 220.28km(Median)o] S oH, 714
He P5aS 1ol AAE s045= 114477kl x, 7 F& d5dS wel
A A= s048= 96.15kn o] 2L tH(Table 16, Figure 25).

b W AeAS KBl s045WM S Fobwt FxIAe A 20159 11€ 309 224

o AEtdE JFwoz ol Tt Y FXAeE B o FHurh 2FE o
el MCPe] WA o] Aojxoz WA yepych weba] s0458S A9l ek A
A ] AE Al WA 210.07krol Atk KDE 90%9] FFollA]l o] X
122.70kn'(Median)©] A th. 7Hg W2 A5 dS 2 MAlE s047H 22 170.15kn o]
Rom, MCPIZF 7HE W& WAS Hel s04570 A= KDE 90%9] w2 d&d
ol F WAZ F2 WAS BRIt MCPAA 7MY §2 HAE Bl s048W2
KDE 90% <F&olA 71.92kr= 7 2 WAS Bt A2 #<9 KDE
50%5 7l+o® FedaS A= A3 30.76kn(Median) o] th. 7HE 1 A
2AAE Hl MAE sd6R o2 4413kl em, 7HE F2 AAAAE HAl
MAE MCPAA 7Hd W& FE5dS B9l s045H 02 18.44kio] 1 tH(Table 16,
Figure 25).

Table 16. Home range analysis results according to MCP and KDE of five
spot-hilled ducks with GPS at Dongjin River

D MCP(a)  90% KDEGa) 70% KDE(a) 50% KDE(mr) O of

$045 1144.77 112.46 44.49 18.44 1

5046 920.28 127.43 64.01 33.47 5

S047 32458 170.15 78.60 4413 3

5048 9.15 71.92 34.84 1952 2

5049 199.85 122.70 57.32 30.76 2
Median 920.28 122.70 57.32 30.76
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Figure 25. Home range status according to MCP and KDE of five spot-billed
ducks with GPS at Dongjin River.
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(3) Ml AT P
Aol BAAFA A R FEAAFA 7 (WT-300) &3t 171419 3
MRS FyedAS ot Az MCPol 93 FFdL> 330.99%m o] o,
KDE 90%29] oA o] &&= ¥= 169.61kro] it KDE 70% S=oll A 87.22k
oo, M2 KDE 50%E 7IFo® AsAs A= 27} 46.50kr o]
21 tH(Table 17, Figure 26).

Table 17. Home range analysis results according to MCP and KDE of
spot-hilled duck with GPS at Seocheon

D MCP(af)  90% KDE(ki) 70% KDE(ur) 50% KDEGm) N Of

s050 330.99 169.61 87.22 46.50 4

Figure 26. Home range status according to MCP and KDE of spot-billed
duck with GPS at Seocheon.
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(4) Aepde side] Awdses d5d

AEbg = dldel A R EEAAFA VI (WT-300) &85t 471219 3w
e PsAs geotst A MCPOl 9gt fF -2 4457k (Median)©] $12.1,
M e PEdaS Bel JfAE s0530® 1028lkrel A, M Fo FFdS
Bl A= s051=2 26.45kr o] S th(Table 18, Figure 27).

KDE 90%¢] 3ol o] 88X = 1957ki(Median)ol vt 7H4 w& %54
S Hel AAE 053 o2 39.38kmol e, o] A= MCPOl7F 7Hg 5 W
A& Hel vk Ak 7HE F WAS 2 MAE s0b4eZ KDE 90%
o A 1366kr= 7+ F2 WAES BAY KDE 70%E 7I+o2 Psds A=
s Ay} 854kif(Median)o) Atk 7HE W& e AS Hel VA= s053% MA=
14.34kwolom, 7Hd F& PedS 1B AAE 054 MAZ 6.11kwe] At
A2 x¢l KDE 50%E 7|+o2 Y5dS 2h&E3 An 427k (Median) o] )
o b W dAAMAAE 2 WA= MCP, KDE 90%, 70%°14 7H¢ W
AAE Bl s063H o= 595krel o™, b F& AAAAAE B A=

s054H o 2 3.16kno] I tH(Table 18, Figure 27).

Table 18. Home range analysis results according to MCP and KDE of four
spot-billed ducks with GPS at Haenam

D MCP (k) K]goEﬁmz) K];OEO(/(I)(mZ) KSOEO(/(})imZ) cé\rl((e) . a?fea
s051 26.45 15.96 7.06 3.54 1
s052 46.23 23.18 10.01 5.00 1
s053 102.81 39.38 14.34 5.95 1
s054 42.90 13.66 6.11 3.16 1

Median 44.57 19.57 3.54 4.27
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Figure 27. Home range status according to MCP and KDE of four
spot-billed ducks with GPS at Haenam.
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(5) W] AW A5
W7l A SRR FEE DA FH7(WT-300)S Z-g3te] 37hA9] s s g
FE5dS Fetst A3 MCPol| og s 71.57ki(Median) o]l oH, 7Hg 4
S YEAL B MAE s0572 99453kl L, 7HE £ FF AL w1l A
= s056% 29.23kmel Atk M W AEAS Kl s057H-S WAl A A A5}
oF 2016 1€ 199 Ao G G5 4o o]Fste]l A5ttt whet
A MCPe WA o] A W& Aoz HeltH(Table 19, Figure 28).

KDE 90%¢] F3olA] o] &&= 16.12kf(Median)ol it 7Hd W& 5
S HQ A= s057TH o R 894.27kifol o, 7HE F& WAS B A=
s056¥ &2 KDE 90% F3ollA 847kit= 714 F& W3S Wt KDE 70%
NEoR YErdaL A& A 72%n(Median)ol vk Mg He FEAS B
MAE s057H JHA = 457 46krol o, 7Hd F& AsAS Bl MAE s056
WA 2 331kl Ytk AAA 29l KDE 50%E 72 dsALs A&
Ay 377at(Median) o) Atk 7HE W2 AAAAE Bl A= MCP, KDE
90%, 70%°14 7F¢ ¥ WAS Bl s057HoZ 256,02kl R, /M F
AN AAZ 1Sl A= s054H R 1.35krol ek A S olFsle] A2 3

-

s057S ALt F A= HAAAATE gk vwre] WA S HTH(Table 19,
Figure 28).

Table 19. Home range analysis results according to MCP and KDE of three
spot-hilled ducks with GPS at Mangyung River

D MCP (iar) K]gOE%)imz) Kg%)(/fimz) K]g%o(/(l)imz) o a(?;acore
s055 71.57 16.12 7.29 3.77 2
s056 29.23 8.47 3.31 1.35 2
s057 994.53 894.27 457.46 256.02 2
Median 71.57 16.12 7.29 3.77
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Figure 28. Home range status according to MCP and KDE of three
spot-hilled ducks with GPS at Mangyung River.
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(6) et Aoy Yed
PN R EAXFA7I(WT-30005 &35t T/HA S A5 e
PeAs gord A3 MCPoll 93 352 99.48kn(Median) o] A 2™, 7Hd 4

< e AE B JNAE s068= 47743kwel i, 7HY F2 deAs 1l A

(o]

s

s064% 4691kmel At 71 WL A5AS 2l s058H2 A H I} opibnh
AT TAAE olsstm A2ttt wekA MCPe WAl A F7hek o=
®elth MCP 100kmo] 49l 7R+ s058, s059, s063o.2 37§ om vy =] 47
A= 100k v wke] sl 5dAS H A Table 20, Figure 29).

KDE 90%¢] %ol 35 W22 61.15k(Median) ol A th. 7+ W& &
AL B AAE s058M ez 185.62kmoller, 7hE F& WHS wel A
= s060H & KDE 90% <F&dlA 2144tz 7Hd F& W3S B9v. KDE
0%E 7|£o2 PsdaE 2Es 27 27.02ki(Median) ol Atk 714 W 35

AL 89l AAE 058 AR saTTkiolg o, MY FE& AEAL 1 I

il

A= s060H 7HA= 949l ATt A A2 A2l KDE 50%E 7|+2o % s
2bze A3 1382kt (Median)o] 2tk 7 W2 A AAE 1l A= MCP,
KDE 90%, 70%°A 7} W2 WAE Hel 05822 41.6%kmolslem, 7174
F2 IHAAMARE HQl A= s064H o2 432kmo| ATt THHA T oF ks

Lo

FAMAAE HAS Bl A= AR e, 11~17re] A4S B3l 7HA

+ 370A, 4A0kitold W& WA S Bl JiAl= 170 A o (Table 20, Figure 29).
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Table 20. Home range analysis results according to MCP and KDE of seven
spot-hilled ducks with GPS at Anseongcheon

ID MCP (i) KI%OEO(/(})mf) K];]%%imz) Klg%(ﬁ)imz) cg\rlg ' a(;fea
s058 477.43 185.62 34.77 41.69 2
s059 165.54 79.59 31.61 15.94 2
s060 63.56 21.44 9.49 474 2
s061 89.81 29.33 10.90 4.58 2
s062 79.28 51.92 22.42 11.69 3
s063 284.55 70.37 32.33 16.54 1
s064 46.91 37.21 12.05 4.32 1

Median 89.81 51.92 22.42 11.69

L — Kilometers

I Kihometers
0 3 & 12 L

0 2 4

(a) s058 (b) s059
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Figure 29. Home range status according to MCP and KDE of seven
spot-billed ducks with GPS at Anseongcheon.
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gle] MCPe 93t d&do] 330.99%me=2 7Hg 4
TR 7H220.28km) 01 ATk, WhA, d (4457l = MY FE dHS B
KDE 90%& #&% AsAs Y Az dwilsewlZt 160.61kf= 71 4
S HAS Bow tgor FXZ(122.70kr), $H3FH(51.92k), a ' (19.57ki),
77 (16.12k) o =o 2 yErEth #AA A%l KDE 50%E H&3 A%
AL AH R AHA 4650ki2 7 W AANAA WAL nlon, v

o

= 21 73(30.76km), <9HAd A (11.6%n), 3l (4.27knf), & 7H(3.77km)e] o] At}
(Table 21).

Table 21. Home range analysis results according to MCP and KDE of
spot-billed duck with GPS by region

Site MCP (ki) 90% KDE (ki) 70% KDE (ki) 50% KDE (k)
Dongjin 220.28 122.70 57.32 30.76
Seocheon 330.99 169.61 87.22 46.50
Haenam 44.57 19.57 8.54 4.27

Mangyung 71.57 16.12 7.29 3.77
Anseong 89.81 51.92 22.42 11.69
Median 99.48 61.15 27.02 13.82

_84_



2) ANA ol g BA

(1) s ede] A&7 A4A ol &&
57F Aol A F-zhgh fwkis Qe 207HA the fX 3z FAHS EA Y
HEE ol&sto]l BAsT & 2074417 5% A F#E = 14380780 °lF
WSl AA#E 68047071 AA 8] AN om 47.3%°] HlT& AA AT
2 =olA 416270 AT S FAsden 289%2 HlTE AA[sHAH
U o =2 al Y 5.6%, HEFA 65%, AetsA 4.3%, & 21% 9] &olden,
frelgk zfol7b A ATHp<0.001, F=63.92, df=239)(Table 22). 7]E}=
o ol 53] =3 WEHA, =3 v,

Ao A 2ol 7b Znh o5 4L ATt Bl Fo
oAU, FHxo exm 3 Aim AA4dd. d¥HTY= UE

JAGA 58 R olgdgon, B ol HE ol&sh: A% FAT

X

)
N
N

;

hinH
juic

L FAA, A, 24, REA

o 1
Yol f i

o

2 tH(Figure 30).

Rice field
28.9%

1
nhunmmhmmhmma
AR MY
Attt

Figure 30. Habitat use of 20 spot-billed ducks. Other habitats include forests,
artificial buildings, roads, and bare lands.

_85_



Table 22. Analysis of difference in habitat use of 20 spot-billed ducks
(One-Way Anova)

Dependent

Variable Habitat Average SE £/ p/df Post-Hoc test
Hydrosphere(a) 170.10 14.84
Rice field(b) 104.05 9.87

a>b, c, d, e f
Ocean(c) 20.30 5.34

6392 / 0000  b>c, d e f

TOtal / 239
Marshy place(d) 2348 4.49 d>f

(Dunnett T3)
Tidal flat(e) 15.40 6.07
Dry field(f) 7.63 1.69
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1072.58, p<0.001)(Table 23, Figure 33).
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Figure 31. Habitat use of spot-hilled ducks during daytime.
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Figure 32. Habitat use of spot-billed ducks during nighttime.

_88_



Table 23. Analysis of spot-billed ducks’ habitat use by timeline using chi-squared test

Hour
2%/p

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

frequency 53 59 48 56 66 71 71 81 77 59 50 51

Others (%) 71% 8.0% 65% 75% 89% 9.6% 9.6% 10.9% 10.4% 8.0% 6.7% 6.9%
Expected Counts 61.8 61.2 60.6 60.0 59.9 59.4 61.8 63.5 63.7 63.9 63.7 62.5

frequency 619 630 669 638 536 531 513 529 493 488 574 579
Hydrosphere (%) 9.1% 93% 98% 94% 79% 78% 75% 7.8% 73% 7.2% 8.4% 8.5%
Expected Counts 566.2 560.5 555.3 550.1 549.2 544.0 566.2 581.8 583.7 585.6 583.7 572.8

frequency 44 57 56 56 127 115 122 126 120 32 41 43
Marshy place (%) 47% 6.1% 6.0% 6.0% 135% 12.2% 13.0% 13.4% 12.8% 3.4% 4.4% 4.6%
Expected Counts 78.2 77.4 76.7 76.0 75.8 75.1 78.2 80.4 80.6 80.9 80.6 79.1
frequency 394 353 303 308 215 212 272 287 318 563 485 451 1072.58 /
Habitat  Rice field (%) 95% 85% 7.3% 7.4% 52% 51% 65% 6.9% 7.6% 13.5% 11.7% 10.8% 0.000

Expected Counts 346.5 343.0 339.9 336.7 336.1 332.9 346.5 356.1 357.2 358.4 3572 350.6

frequency 25 17 18 18 33 28 33 24 37 26 21 25
Dry field (%) 82% 56% 59% 59% 108% 9.2% 10.8% 7.9% 12.1% 85% 6.9% 8.2%
Expected Counts 25.4 25,1 249 24.7 24.6 24.4 25.4 26.1 26.2 26.3 26.2 25.7

frequency 21 30 34 41 94 94 92 90 83 9 13 15
Tidal flat (%) 34% 49% 55% 6.7% 15.3% 153% 14.9% 146% 13.5% 1.5% 2.1% 2.4%
Expected Counts 51.3 50.8 50.3 49.8 49.8 49.3 51.3 52.7 52.9 53.1 52.9 51.9

frequency 41 39 46 46 90 99 94 93 106 61 50 47
Ocean (%) 50% 48% 57% 57% 11.1% 12.2% 11.6% 11.5% 13.1% 7.5% 6.2% 5.8%
Expected Counts 67.6 66.9 66.3 657 65.6 65.0 67.6 69.5 69.7 69.9 69.7 68.4
Total ratio 83% 82% 82% 81% 81% 80% 83% 86% 86% 86% 86% 84%
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Figure 33. Analysis of change in spot-billed ducks  habitat use by

timeline.
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olgES Bt sidolA= WFFolA 532%2 ol§ES HO
oldE WE TN AlbE Hul= AoR FAFAY dEom =0l 31.1%9
, AFH9.8%), WE5A(31%) 52 wo= o] &t A4
=l A 40.9%9 Wz om 7 wol olgstlon, tEom EelA
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Table 24. Comparison of habitat use of spot-billed ducks by region

Rank Dongjin river Seocheon Haenam Mag%gmg Anseong
1 Hydrosphere Rice field Hydrosphere Rice field Hydrosphere
(49.3%) (35.8%) (53.2%) (40.9%) (51.3%)
9 Rice field Tidal flat Rice field Hydrosphere Rice
(28.5%) (24.3%) (31.1%) (34.4%) field(22.8%)
Hydrosphere Marshy place Marshy place
Tidal flat Eroded land Marshy place Tidal flat
4 (5.9%) (13.4%) (3.1%) (6.0%)  Ocean (35%)
Coniferous Dry field Dry field Grassland
5 forest (36%) Ocean (T5%) 75 6og) (35%) (2.9%)
6 Marshy place Others Others Others Eroded land
(2.9%) (4.0%) (0.2%) (1.5%) (2.7%)
7 Others B B _ Dry field
(3.4%) (2.3%)
3 N _ 3 3 Others
(3.5%)
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Figure 34. Comparison of habitat use by region during wintering season of

spot-hilled ducks.
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Figure 35. Comparison of day/night habitat use of spot-billed ducks per
region.
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glof] zFol7F A=A A S| fEl vl RS A HQA kruskal-wallis A4S A A

Atk A A SLS Mann Whitney U testZS o] &3}t
571 A9 AA oA WA Tt F < olFdte Adle HAEETL

2 0.77£0.02knE o] EFdhe Aowm EAHIIY. AN E BA(EEFA)

i (2EE A 0.55+0.04kme] 1o, Hol o] FA = 540lkn= I H Atk A
1.2520.07kne] 1 o™, FHo olsAE

19.74km 2 vERSTE SOl A = F (2T 22 0.73+0.02km 2 W ERSE S

F A ol AT E 4AL17TkmE ol E& At dldel A= 0.7140.04kn =2 YEFRE O

Ao olFAYE 1941km= YElETh SR sFol AT Hit 9=

9790.03, W77 10722.36, A AH 9782.16, oA A 971378, 3 9406.22 ©] A

m, A9 2k AW FeE e sFolEAYE SAHE Fold zelrt AT

(> = 67140, p < 0.001). 18l = A9 7+ FwASo g 3}
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o

(Table 25, Figure 36).
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Table 25. Comparison of daily travel distance of spot-billed ducks by region
using Kruskal-Wallis test

Max  Average

km Rank (p) Post-Hoc test

Area N km SE

Dongjin(a) 1171  0.80 0.04 116,73  9790.03

Seocheon(h) 1391 125 007 1974  10722.36 aze
b>a, c, d, e
Haenam(c) 824 071 004 1941 978216 07140 e
: : : : (0.000)
d>e

Mangyung(d) 684  0.55 0.04 54.01  9713.78 (Mann-Whitney)

Anseong(e) 975  0.73 0.02 4117  9406.22

0 I I I I I

Dongjin  Mangyung Seocheon  Anseong Haenam

o o o _ e
> oo L », N s

Daily Move Distance(km)

o
N

Figure 36. Comparison of daily travel distance of spot-hilled ducks per region.
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=A AAE7] Y5l shapiro wilk testE AA|EF A3 1270 A7t o] 5 A€
B A2 7S WESAITIAL Ee A th(p<0.05). whEbA 127] AJREE o

Al zFol 7t 3l wA8t7] Skl Bl AR kruskal-wallis 4

rr
)

S AA AT AFEHES Mann Whitney U testZ o] &3l th.
A1 ol FE A e AA FH(+EXF L) 0.77£0.17km/2 hour ©] oW, +4
ol sz AE = 895kmolAth. AlZF W= AHET 164|014 18A] Alolef o] &3t

A= 225+0.73kn/2 hour & 3tF < 7P W AgE olsston, 024 oA
04A] &<t ol Agl+ 0.23+0.02km/2 hour 2 7H4 &2 A E olsstAth
2H 6AIFE 8AIZEA, 2% 4AFE] 6A7HA] ol&7 Ael= 2km o] ol o,
U A A zFol A= 1km P)wke] olE A E YE Y tHFigure 37). 164] 9 A
182 Atelef olFAR A £9&= 14,655.700.2 7Hg =dorm, o= 064
o 51 08A1 Alele] o]s Az 14,265.12, 18~ A 20A] Alele] o] A2 10,658.03,
08Aell A1 10A] Atelo] el A 10,170.32 59 &oldom, 0241614 044 Aol
o] ol sAd = 6618765 % b vrokv. dAWRH T AU olE A=
EAHoR F93 xto]7t AAvHn = 19424, 27 = 3,754.627, p < 0.001). 13 =
2 A Aw s oo olFAg = Aot e ASE ERIF AT Mann
Whitney U testZ A4S AASH A3} stFolsAge] Hit £ 0649l
A 1041 Abel el 181l A 20A] Atolo] ol FA = thE AZtHe] o]E ARt
=& Alow Atk (Table 26).
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Table 26. Comparison of spot-billed ducks’ travel distance by timeline using
Kruskal-Wallis test

Dgggr;%elgt Hour Average SE. N Algzrnakge 2X(p) Post-Hoc test
0(a) 0.40 0.08 1621 7647.05
d >b, c
2(b) 0.27 0.04 1606  7212.12
e >a, b, c, d, f
4(c) 0.23 0.02 1592  6618.76 g h ik I
6(d) 0.46 0.04 1585  7679.10 f >b, ¢, h I
3(e) 2.01 0.08 1589  14265.12 g >c
Move 10(f) 0.60 0.04 1568 10170.32 3754.627 h >c
; I >c
Distance (0.000)
12(g) 0.52 0.06 1621 9572.54 i sa b o odf
14(h) 0.42 0.03 1654  9845.60 g h Ik 1
16(1) 0.42 0.03 1653  9903.72 k >a, b, ¢, d, f
18G) 225 007 1659  14655.70 g h il
1 >c

20(k) 1.13 0.09 1648  10658.03 )
(Mann Whitney)

22(1) 0.47 0.07 1628  8171.69

o
wn
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o

i
wn

g
o

=
wn
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-
o

o
wn

2
o

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

Figure 37. Travel distance of 20 spot-billed ducks by timeline.
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Table 27. Scoring by b5 criterions among 10 coastal wetlands on the
south-west coast of Korea

Score
Criterion of score

. . 5,000 10,000
supporting birds on mudflat <5,000 10,000 20,000 >20,000

protected bird species 0 1-4 5-9 >10
population size of the protected 10 100
< >
birds 10 -100 -1,000 1,000

. . o
waterbird Spec.les over l/? level of 0 14 5 g <10
the survival population

i i 1% level i
waterbird species over. % level in 0 1-4 5-9 ~10
Korea population

Table 28. Grading level of 1-5 by total score of 4 or 5 criteria by
waterbirds among 10 coastal wetlands on the south-west coast in Korea

Total score by 5 criteria Total score by 4 criteria Grade
>13 >11 I
10-12 8-10 o
7-9 5-7 m
4-6 3-4 v
0-3 0-2 A
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Table 29. Grading level by score of 10 coastal wetlands on the south—-west
coast in Korea

1% level 1% level
(iefri I;ggg?ecégg P rgii:reccléed of Korean of world Scores  Grade

population  population

Jangbongdo 6,941 8 257 3 3 7 m
Muuido 5,837 7 135 5 2 8 m
Daecheoncheon 7,672 4 35 3 1 5 I\%
Seocheon tidal flat 116,226 9 5176 23 15 14 I
Yubudo 87,148 11 9,711 21 11 15 I
Gomso Bay 14,837 10 320 14 4 11 T
Hauido 1,665 8 20 2 0 4 v
Jeungdo 1,243 5 25 0 0 3 \Y
Doam Bay 14,324 12 2,046 11 2 12 il
Gangjin Bay 26,951 8 131 8 2 10 T
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Table 30. Index for the grade by the ranking of waterbirds among 10 coastal
wetlands on the south-west coast in Korea

count  Gndnviduasn Hp Da
Jangbongdo 6,941 101 0.74 0.23 2.60
Muuido 5,837 354 1.81 0.54 3.11
Daecheoncheon 7672 557 1.99 0.55 4.02
Seocheon tidal flat 116,226 3,900 2.33 0.57 4.89
Yubudo 87,148 5,096 2.10 0.54 413
Gomso Bay 14,837 970 2.45 0.59 6.46
Hauido 1,665 16 2.48 0.68 5.12
Jeungdo 1,243 40 1.87 0.55 4.07
Doam Bay 14,324 261 2.84 0.68 6.69
Gangjin Bay 26,951 176 1.92 0.50 4.61
Note :

H : The Shannon diversity index, Hp : Heip evenness index from Brower et al. (1990), Da :
the Margalef diversity index.
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Table 31. Ranking grade by waterbirds population and index among 10
coastal wetlands on the south-west coast in Korea

Peak Mean density Voke Hy D Sum of Rank

count  (individuals/km) rank
Jangbongdo A 8 10 10 10 45 10
Muuido 8 5 9 7 9 38 3
Daecheoncheon 6 4 6 5 8 29 6
Seochfelon tidal 1 9 4 4 4 15 9
at
Yubudo 2 1 5 8 6 22 4
Gomso Bay 4 3 3 3 2 15 3
Hauido 9 10 2 2 3 26 5
Jeungdo 10 9 8 6 7 40 9
Doam Bay 5 6 1 1 1 14 1
Gangjin Bay 3 7 7 9 5 31 7
Note :

H : The Shannon diversity index, Hp : Heip evenness index from Brower et al. (1990), Da :
the Margalef diversity index.

* Rank of 10 coastal wetlands
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Appendix 1. Peak count of waterbirds by each season at Jangbong-do on the
West - South coast of Korea (June 2011 - Jan. 2012)

Scientific name Spring Summer  Autumn Winter Mi}éiumn}[lm
Anser fabalis 180 180
Anser albifrons 450 450
Anas poecilorhyncha 63 93 53 93
Platalea leucorodia 1 1
Platalea minor 22 22
Ardeola bacchus 1 1
Ardea cinerea 29 29
Ardea alba modesta 15 13 32 32
FEgretta intermedia 10 10
Fgretta garzetta 7 14 14
FEgretta europhotes 34 2 3 34
Phalacrocorax carbo 40 40
Phalacrocorax capillatus 1 2 2
Falco tinnunculus 1 1
Falco subbuteo 1 1
Buteo buteo 3 3
Haematopus ostralegus 5 5
Charadrius dubius 3 3
Numenius phaeopus 5 5
Numenius madagascariensis 2 13 13
Tringa nebularia 3 3
Calidris alpina 6 100 100
Larus crassirostris 5,867 1,457 748 32 5,867
Larus vegae 1 32 32

No. of species 12 8 11 7 24

Total of individuals 6,068 1,489 1,036 751 6,941
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Appendix 2. Peak count of waterbirds by each season at Muui—do on the
West - South coast of Korea (Aug. 2011 - may 2012)

Scientific name Spring Summer  Autumn Winter Max
Anas platyrhynchos 67 35 186 186
Anas poecilorhyncha 159 76 49 235 235
Podiceps cristatus 12 12
Platalea leucorodia 3 1 3
Platalea minor 4 4
Bubulcus ibis 1 1
Ardea cinerea 3 21 14 6 21
Ardea alba modesta 1 28 14 3 28
FEgretta garzetta 10 5 4 10
FEgretta europhotes 13 87 5 2 87
Falco tinnunculus 1 1
Falco subbuteo 1 1
Falco peregrinus 1 1 1
Pandion haliaetus 1 1
Buteo buteo 1 1
Haematopus ostralegus 2 2
Charadrius alexandrinus 56 20 1 56
Charadrius mongolus 80 80
Limosa lapponica 400 400
Numenius phaeopus 88 24 50 4 88
Numenius arquata 5 5
Numenius madagascariensis 41 41
Tringa stagnatilis 15 15
Tringa nebularia 18 34 20 34
Tringa ochropus 5 5
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Appendix 2. Continue

Scientific name Spring Summer  Autumn Winter Max
Xenus cinereus 321 321
Heteroscelus brevipes 124 124
Calidris tenuirostris 150 140 150
Calidris ruficollis 50 50
Calidris alpina 434 150 2,000 10 2,000
Larus crassirostris 408 2,123 230 58 2,123
Larus canus 62 62
Larus vegae 41 154 154

No. of species 15 17 18 16 33

Total of individuals 1,945 2,610 3,134 679 6,302
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Appendix 3. Peak count of waterbirds

by each season at estuary of
Dacheoncheon on the West - South coast of Korea (Sep. 2010

- Jan. 2011)

Scientific name Summer  Autumn Winter Spring Max
Cygnus cygnus 1 1
Tadorna tadorna 23 23
Aix galericulata 7 7
Anas penelope 2 6 6
Anas platyrhynchos 963 1,699 56 1,699
Anas poecilorhyncha 465 661 198 661
Anas clypeata 6 6
Anas formosa 2 2
Anas crecca 128 156 12 156
Aythya ferina 4 4
Mergus merganser 1 1
Mergus serrator 3 15 15
Tachybaptus ruficollis 3 3 4 4
Podiceps cristatus 10 3 10
Nyrcticorax nycticorax 1 1
Ardea cinerea 13 50 35 12 50
Ardea alba alba 1 1
Ardea alba modesta 29 18 4 29
Egretta garzetta 22 19 7 22
Phalacrocorax capillatus 1 46 27 11 46
Falco tinnunculus 1 1 1
Vanellus vanellus 19 19
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Appendix 3. Continue

Scientific name Spring Summer  Autumn Winter Max
Charadrius dubius 5 5
Charadrius alexandrinus 2 4 4
Charadrius mongolus 5 5
Numenius phaeopus 79 15 314 314
Numenius arquata 12 12
Numenius madagascariensis 26 26
Tringa nebularia 38 62 9 30 30
Xenus cinereus 10 11 11
Actitis hypoleucos 2 1 1 2
Heteroscelus brevipes 7 8 2 8
Calidris ruficollis 21 2 21
Calidris alpina 471 2 200 471
Larus crassirostris 2,271 1,345 2,793 919 2,793
Larus vegae 5 35 784 79 784
Larus ridibundus 372 197 372

No. of species 13 18 27 22 37
Total of individuals 2,499 3,671 6,628 2,139 7,672
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Appendix 4. Peak count of waterbirds by each season at Seocheon tidal flat
on the West - South coast of Korea (Mar. 2011 - Jan. 2012)

Scientific name Spring Summer Autumn Winter Max
Anser cygnoides 4 4
Anser fabalis 8 8
Tadorna tadorna 3,930 3,930
Anas strepera 6 6
Anas falcata 26 26
Anas penelope 138 138
Anas platyrhynchos 3,921 3,921
Anas poecrlorhyncha 8 4 1,305 1,305
Anas crecca S 5
Aythya ferina 347 347
Aythyva marila 8 8
Bucephala clangula 21 21
Mergus merganser 94 94
Mergus serrator 8 8
Tachybaptus ruficollis 1 1
Platalea minor 1 1
Butorides striata 1 1
Ardea cinerea 74 22 25 24 74
Ardea alba modesta 3 36 16 36
FEgretta intermedia 2 2
FEgretta garzetta 2 24 48 48
Egretta europhotes 6 6
Phalacrocorax capillatus 14 14
Falco tinnunculus 1 1 2 2
Buteo buteo 1 1
Gallinula chloropus 1 1
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Appendix 4. Continue

Scientific name Spring Summer Autumn Winter Max
Haematopus ostralegus 118 4 12 118
Vanellus vanellus 17 17
Pluvialis fillva 20 20
Pluvialis squatarola 1,891 100 2 287 1,891
Charadrius placidus 1 1
Charadrius dubius 2 2
Charadrius alexandrinus 10 275 20 275
Charadrius mongolus 5 11 11
Charadrius leschenaultii 4 4
Limosa limosa 10,375 10,375
Limosa lapponica 19,680 800 19,680
Numenius phaeopus 1,089 2,980 86 2,980
Numenius arquata 6,289 390 190 3,619 6,289
Numenius madagascariensis 4 835 242 143 2 4 835
Tringa erythropus 4 4
Tringa totanus 5 5
Tringa stagnatilis 7 7
Tringa nebularia 125 720 289 720
Tringa glareola 2 2
Xenus cinereus 934 1,300 130 1,300
Actitis hypoleucos 1 2 2
Heteroscelus brevipes 403 403
Arenaria interpres 222 80 222
Calidris tenuirostris 7,813 5,250 1 7,813
Calidris ruficollis 120 500 2 1,500 1,500
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Appendix 4. Continue

Scientific name Spring Summer Autumn Winter Max
Calidris alpina 38,286 5,730 1,821 1,838 38,286
Larus crassirostris 1,797 6,075 3,913 427 6,075
Larus canus 5 5
Larus vegae 43 1,374 1,374
Larus ridibundus 1,779 1,331 1,779
Larus saundersi 1 201 201
Sterna albifrons 22 22

No. of species 36 19 19 32 58

Total of individuals 95,974 24,538 6,705 20,478 116,226
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Appendix 5. Peak count of waterbirds by each season at Ubu-do on the

West - South coast of Korea (Mar. 2011 - Jan. 2012)

Scientific name Spring Summer Autumn Winter Max
Anser fabalis 32 32
Tadorna tadorna 877 877
Anas strepera 1 1
Anas platyrhynchos 18 18
Anas poecilorhyncha 12 3 38 88
Aythya ferina 7 7
Mergus merganser 427 427
Mergus serrator 4 4
Podiceps cristatus 7 7
Platalea minor 10 60 60
Ardea cinerea 8 40 61 5 61
Ardea alba modesta 10 46 161 161
FEgretta garzetta 8 10 10
Egretta europhotes 3 3
Phalacrocorax capillatus 20 57 57
Falco tinnunculus 2 2
Falco subbuteo 1 1
Falco peregrinus 1 1
Accipiter nisus 1 1
Haematopus ostralegus 93 1,300 6,320 7,190 7,190
Pluvialis fillva 4 4
Pluvialis squatarola 2,395 1,275 532 167 2,395
Charadrius alexandrinus 249 1,127 17,717 210 17,717
Charadrius mongolus 130 150 7,602 100 7,602
Charadrius leschenaultii 35 35
Limosa limosa 16 30 30
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Appendix 5. Continue

Scientific name Spring Summer Autumn Winter Max
Limosa lapponica 570 68 570
Numenius phaeopus 156 244 68 244
Numenius arquata 40 42 407 1,900 1,900
Numenius madagascariensis 105 2,200 623 145 2,200
1ringa totanus 300 300
Tringa nebularia 3 120 31 120
Xenus cinereus 165 970 2,176 600 2,176
Heteroscelus brevipes 42 42
Arenaria interpres 7 7
Calidris tenuirostris 246 1,500 100 1,500
Calidris alba 48 50 50
Calidris ruficollis 450 168 2,200 2,200
Calidris acuminata 35 35
Calidris alpina 32,300 4,400 11,530 2,150 32,300
Furynorhynchus pygmeus 2 2
Limicola falcinellus 30 135 135
Larus crassirostris 130 3,423 5577 19 5577
Larus vegae 260 45 243 260
Larus ridibundus 300 500 500
Larus saundersi 1 219 219
Sterna hirundo 2 2
Sterna albifrons 18 18

No. of species 22 25 31 23 48

Total of individuals 37,419 17,199 56,101 14,966 87,148
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Appendix 6. Peak count of waterbirds by each season at Gomso bay on the

West - South coast of Korea (Aug. 2010 - May 2011)

Scientific name Summer Autumn  Winter Spring Max
Anser fabalis 111 111
Tadorna tadorna 31 31
Anas strepera 8 8
Anas falcata 2 2
Anas penelope 1 1
Anas platyrhynchos 186 430 59 430
Anas poecilorhyncha 6 76 405 8 405
Anas clypeata 6 6
Anas crecca 108 389 108
Aythya ferina 11 11
Mergus merganser 1 1
Mergus serrator 7 7
Tachybaptus ruficollis 10 4 8 10
Platalea leucorodia 3 8
Nycticorax nycticorax 2 2
Bubulcus ibis 8 8
Ardea cinerea 178 174 33 44 178
Ardea alba alba 8 8
Ardea alba modesta 108 60 2 108
FEgretta intermedia 4 4
FEgretta garzetta 100 12 2 100
Egretta europhotes 2 2
Phalacrocorax capillatus 6 6
Falco tinnunculus 6 5 4 1 6
Falco peregrinus 1 1
Circus cyaneus 1 1
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Appendix 6. Continue

Scientific name Spring Summer Autumn  Winter Max
Accipiter nisus 1 1
Buteo buteo 8 8
Buteo lagopus 1 1
Fulica atra 2 2
Haematopus ostralegus 2 2
Pluvialis fillva 253 13 253
Pluvialis squatarola 105 39 105
Charadrius dubius 2 2
Charadrius alexandrinus 850 4 3 850
Charadrius mongolus 9 66 3 2 66
Charadrius leschenaultii 55 55
Gallinago gallinago 1 1 1
Limosa limosa 4 4
Limosa lapponica 536 5 201 536
Numenius phaeopus 3,402 43 568 3,402
Numenius arquata 4 29 29
Numenius madagascariensis 65 184 184
Tringa totanus 4 4
Tringa stagnatilis 4 4 4
Tringa nebularia 1,006 297 56 1,006
1Tringa guttifer 2 4 4
Tringa ochropus 24 1 2 24
Tringa glareola 2 2
Xenus cinereus 1,287 136 259 1,287
Actitis hypoleucos 28 1 4 28
Heteroscelus brevipes 5 13 28 28
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Appendix 6. Continue

Scientific name Spring Summer Autumn  Winter Max
Arenaria interpres 9 9
Calidris tenuirostris 15 15
Calidris ruficollis 144 144
Chlidris subminuta 6 6
Calidris acuminata 2 4 4
Calidris alpina 1,102 958 60 682 1,102
Philomachus pugnax 2 2
Larus crassirostris 3,709 2,359 2 392 3,709
Larus canus 6 6
Larus vegae 340 72 26 340
Larus ridibundus 47 49 49

No. of species 26 32 29 30 63

Total of individuals 11,800 6,106 1,363 2,686 14,837
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Appendix 7. Peak count of waterbirds by each season at Haui-do on the
West - South coast of Korea (May 2008 - Jan. 2009)

Scientific name Spring Summer Autumn  Winter Max
Accipiter soloensis 2 2
Actitis hypoleucos 1 2 2
Anas acuta 10 10
Anas falcata 205 205
Anas penelope 208 208
Anas platyrhynchos 14 9 81 81
Anas poecilorhyncha 72 46 93 540 540
Anas strepera 20 20
Ardea alba modesta 2 35 10 35
Ardea cinerea 17 42 74 44 74
Ardeola bacchus 1 1
Aythya ferina 50 50
Aythya fuligula 60 60
Bubulcus ibis 6 6
Buteo buteo 2 2
Calidris tenuirostris 30 30
Charadrius alexandrinus 6 6
Charadrius dubius 5 5
Charadrius placidus 2 2
Circus cyaneus 1 1
FEgretta garzetta 4 9 2 9
Falco peregrinus 2 2
Falco subbuteo 1 1
Falco tinnunculus 1 3 2 3
Haematopus ostralegus 8 8
Heteroscelus brevipes 2 2
Himantopus himantopus 7 7
Larus crassirostris 71 3 1 71
Larus vegae 19 83 83
Numenius arquata 45 45
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Appendix 7. Continue

Scientific name

Spring Summer Autumn Winter Max

Numenius phaeopus 34 34
Pandion haliaetus 1 1
Phalacrocorax capillatus 3 8 19 19
Pluvialis squatarola 4 4
Tachybaptus ruficollis 1 15 15
Tadorna tadorna 4 4
Tringa nebularia 4 1 2 4
Tringa ochropus 1 1
Xenus cinereus 12 12
No. of species 21 5 14 22 39

Total of individuals 318 91 248 1,405 1,665
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Appendix 8. Peak count of waterbirds by each season at Jeung-do on the
West + South coast of Korea (Jul. 2012 - Mar. 2013)

Scientific name Summer Autumn Winter  Spring Max
Anas penelope 2 2
Anas platyrhynchos 7 7
Anas poecilorhyncha 38 19 17 22 38
Aythya ferina 4 4
Mergus merganser 17 17
Ardea cinerea 19 29 13 21 29
Ardea alba alba 2 2 2
Ardea alba modesta 3 87 24 18 87
FEgretta garzetta 3 30 1 30
Falco tinnunculus 2 3 3
Falco peregrinus 1 1
Pandion haliaetus 1 1 3 3
Buteo buteo 1
Gallinula chloropus 5 1 5
Fulica atra 9 9
Haematopus ostralegus 2 2
Pluvialis fillva 1 1
Pluvialis squatarola 60 2 60
Charadrius alexandrinus 82 32
Numenius phaeopus 29 3 29
Numenius madagascariensis 16 16
Tringa stagnatilis 1
Tringa nebularia 1 6 9 9
Tringa ochropus 1 1
Actitis hypoleucos 3 1 3
Heteroscelus brevipes 4 4
Calidris alpina 104 45 104
Larus crassirostris 85 675 56 675
Larus vegae 3 3
Larus ridibundus 15 15
No. of species 10 17 12 16 30

Total of individuals 154 1,164 93 194 1,243
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Appendix 9. Peak count of waterbirds by each season at Doam bay on the

West - South coast of Korea (Aug. 2009 - Jul 2010)

Scientific name Summer Autumn  Winter Spring Max
Anser fabalis 24 666 666
Cygnus cygnus 2 834 1,342 79 1,342
Tadorna tadorna 403 84 403
Anas strepera 56 7 56
Anas falcata 42 42
Anas penelope 113 26 113
Anas platyrhynchos 1,878 1,452 189 1,878
Anas poecrlorhyncha 47 899 718 119 899
Anas clypeata 36 8 36
Anas acuta 65 25 97 97
Anas crecca 275 340 108 340
Aythya ferina 290 3,062 340 3,062
Aythya filligula 180 314 637 637
Aythyva marila 4 211 211
Bucephala clangula 31 2 31
Mergus merganser 8 35 34 85
Mergus serrator 3 43 43
Gavia stellata 1 1
Tachybaptus ruficollis 4 18 13 18
Podiceps cristatus 32 23 32
Podiceps auritus 1 1
Podiceps nigricollis 5 5
Platalea leucorodia 5 10 6 10
Platalea minor 2 3 3
Butorides striata 1 1
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Appendix 9. Continue

Scientific name Summer Autumn  Winter Spring Max
Ardea cinerea 168 89 120 127 168
Ardea alba alba 4 4
Ardea alba modesta 156 33 42 27 156
FEgretta intermedia 1 1
FEgretta garzetta 44 77 37 13 77
Phalacrocorax carbo 66 66
Phalacrocorax capillatus 82 82
Falco tinnunculus 4 5 5 5
Falco peregrinus 1 1
Pandion haliaetus 2 2 2 2
Circus cyaneus 2 2
Accipiter nisus 2 2
Buteo buteo 1 5 5
Gallinula chloropus 4 1 4
Fulica atra 70 84 6 34
Grus vipio 7 7
Pluvialis fillva 35 35
Pluvialis squatarola 11 11
Charadrius dubius 1 1
Charadrius alexandrinus 4 112 112
Limosa limosa 15 15
Limosa lapponica 1 207 207
Numenius phaeopus 8 29 278 278
Numenius madagascariensis 3 3
Tringa nebularia 17 27 3 28 28
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Appendix 9. Continue

Scientific name Summer Autumn  Winter Spring Max
1ringa ochropus 4 5 5
1ringa glareola 3 3
Xenus cinereus 7 10 1 362 362
Actitis hypoleucos 3 2 3
Heteroscelus brevipes 7 84 84
Arenaria interpres 8 8
Calidris ruficollis 10 11 11
Calidris alpina 220 690 1,551 1,551
Larus crassirostris 125 378 2 249 378
Larus canus 11 253 253
Larus vegae 49 177 141 177
Larus cachinnans 4 4
Larus ridibundus 40 9% 96
Larus saundersi 3 3
Sterna albifrons 18 18
No. of species 16 27 46 48 65
Total of individuals 602 5,497 10,139 5,706 14,324

- 152 -



Appendix 10. Peak count of waterbirds by each season at Gangjin bay on
the West - South coast of Korea (June. 2012 - Mar 2013)

Scientific name Summer  Autumn Winter Spring Max
Cygnus cygnus 24 15 24
Tadorna tadorna 332 174 332
Anas strepera 22 2 22
Anas falcata 61 41 61
Anas penelope 563 133 563
Anas platyrhynchos 846 440 846
Anas poecilorhyncha 62 63 888 201 888
Anas acuta 151 135 151
Anas crecca 1 470 380 470
Apythya ferina 8,452 232 8,452
Aythya fuligula 523 20 523
Aythyva marila 2 10,580 50 10,580
Bucephala clangula 441 1 441
Mergus merganser 588 82 588
Mergus serrator 93 28 93
Tachybaptus ruficollis 2 1 1 2
Podiceps cristatus 16 3 16
Podiceps nigricollis 2 2 2
Platalea leucorodia 1 1
Butorides striata 1 1
Bubulcus ibis 3 3
Ardea cinerea 116 161 60 54 161
Ardea alba modesta 138 108 32 37 138
FEgretta intermedia 1 3 3
FEgretta garzetta 35 31 4 7 35
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Appendix 10. Continue

Scientific name Summer  Autumn Winter Spring Max
FEgretta europhotes 2 2
Phalacrocorax capillatus 4 11 1 11
Falco tinnunculus 2 10 1 2 10
Falco peregrinus 1 1
Pandion haliaetus 1 2 2
Buteo buteo 2 1 2
Gallinula chloropus 2 2
Haematopus ostralegus 10 54 36 54
Charadrius dubius 2 2
Charadrius alexandrinus 1 1 1
Numenius phaeopus 27 6 27
1ringa nebularia 8 6 4 3
Tringa ochropus 1 1
Xenus cinereus 1 1
Actitis hypoleucos 1 9 9
Heteroscelus brevipes 12 2 12
Calidris alba 6 6
Calidris alpina 60 690 674 690
Larus crassirostris 92 312 3 307 312
Larus canus 3 70 70
Larus vegae 455 308 455
Larus ridibundus 27 39 840 358 340
Larus saundersi 15 37 8 37

No. of species 16 19 34 39 48

Total of individuals 495 872 26,259 3,821 26,951
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Appendix 11. count of benthos by each tidal flat on the West and South coast of Korea (June. 2012 - Mar 2013)

No. Taxon Species GJ GS DC DA MU HU Total
1  Polychaeta Amaeana sp. 1 3 11 15
2 Polychaeta Ampharete arctica 2 2
3 Polychaeta Amphicteis gunneri 4 4
4 Polychaeta Amphinome sp. 1 1
5  Polychaeta Anaitides koreana 5 11 2 18
6  Polychaeta Aricidea assimilis 2 7 49 58
7  Polychaeta Aricidea pacifica 6 8 94 28 136
8  Polychaeta Armandia lanceolata 2 48 48 98
9  Polychaeta Brada villosa 12 12
10  Polychaeta Capitella capitata 1 1 2 4
11  Polychaeta Ceratonereis  erythraeensis 130 130
12 Polychaeta Ceratonereis sp. 18 18
13 Polychaeta Chaetozone setosa 1 1
14  Polychaeta Chone sp. 5 3 8
15 Polychaeta Cirriformia tentaculata 13 7 20
16  Polychaeta Diopatra sugokai 1 5 1 4 11
17 Polychaeta FEteone longa 11 12 5 82 110
18 Polychaeta FEulalia sp. 3 3
19 Polychaeta FEumida sp. 9 9
20 Polychaeta Funice sp. 1 1
21  Polychaeta Fuzonus sp. 4 4
22 Polychaeta Glycera capitata 5 11 16
23 Polychaeta Glycera chirori 28 9 51 22 38 148
24  Polychaeta Glyeinde sp. 10 12 40 46 108
25 Polychaeta Goniada maculata 27 4 64 12 29 136
26 Polychaeta Haploscoloplos  elongatus 3 3
27 Polychaeta Harmothoe sp. 13 1 14
28 Polychaeta Hediste japonica 15 15
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Appendix 11. Continued

No. Taxon Species GJ GS DC DA MU SC JB JD HU Total
29  Polychaeta Heteromastus filiformis 116 31 289 138 2,107 2,681
30 Polychaeta Inermonephtys inermis 1 1
31 Polychaeta Lagis bocki 15 3 171 5 3 197
32 Polychaeta Leonnates persicus 56 56
33 Polychaeta Lepidonotus sp. 5 11 1 1 18
34  Polychaeta Loimia medusa 5 2 14 1 22
35 Polychaeta Lumbrineris heteropoda 22 7 9 10 10 58
36 Polychaeta Lumbrineris japonica 3 3
37 Polychaeta Lumbrineris longiolia 5 2 102 3 89 201
38 Polychaeta Lygdamis giardii 1 1
39 Polychaeta Lysidice sp. 3 3
40  Polychaeta Magelona japonica 1,078 100 1,178
41 Polychaeta Magelona sp. 1 182 183
42  Polychaeta Marphysa sanguinea 6 4 5 15
43  Polychaeta Melinna cristata 1 1
44 Polychaeta Mesochaetopterus sp. 9 9
45  Polychaeta Micronephtys sp. 1 2 3
46  Polychaeta Micropodarke sp. 8 1 9
47  Polychaeta Neanthes succinea 1 7 8
48  Polychaeta Nectoneanthes oxypoda 2 2
49  Polychaeta Nephtys caeca 8 26 36 70
50  Polychaeta Nephtys oligobranchia 106 8 66 89 17 286
51 Polychaeta Nereis longior 3 3
52 Polychaeta Nothria sp. 3 3
53 Polychaeta Notomastus sp. 1 4 48 4 57
54  Polychaeta Onuphis sp. 6 6
55 Polychaeta Owenia fusiformis 3 2 5
56  Polychaeta Paralacydonia paradoxa 2 2 4
57 Polychaeta Paraprionospio  cordifolia 17 17
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Appendix 11. Continued

No. Taxon Species GJ GS DC DA MU SC JB JD HU Total
58 Polychaeta Perinereis aibuhitensis 272 272
59  Polychaeta Perinereis nuntia 7 7
60 Polychaeta Perolepis sp. 4 4
61 Mollusca Philine sp. 9 9
62 Polychaeta Phylo felix asiaticus 25 25
63 Polychaeta Pilargis sp. 4 2 6
64 Polychaeta Pista cristata 7 7
65 Polychaeta Poecilochaetus johnsoni 4 4
66 Polychaeta Polydora ligni 2 5 2 9
67 Polychaeta Praxillella affinis 1 1
68 Polychaeta Prionospio cirrifera 3 2 5
69 Polychaeta Prionospio ehlersi 76 1 35 3 115
70  Polychaeta Prionospio japonicus 213 13 226
71 Polychaeta Prionospio membranacea 1 1
72  Polychaeta Prionospio steenstrupi 4 4
73 Polychaeta Pseudopolydora sp. 2 1 31 9 11 54
74  Polychaeta Sabellarte unid. 1 1
75 Polychaeta Scolelepis planata 31 31
76 Polychaeta Scolelepis sp. 4 38 26 46 114
77 Polychaeta Scoloplos armiger 10 12 5 158 52 237
78 Polychaeta Sigambra tentaculata 16 4 132 12 164
79 Polychaeta Spio sp. 8 13 21
80 Polychaeta Sternaspis scutata 54 2 181 2 74 313
81 Polychaeta Syllidae unid. 4 4
82 Polychaeta Tambalagamia fauvelli 2 2
83  Polychaeta Terebellidae unid. 1 1
84  Polychaeta Terebellides horikoshii 1 1
85 Polychaeta Thalenessa digitata 7 7
86 Polychaeta Tharyx sp. 5 210 1 152 368
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Appendix 11. Continued

No. Taxon Species GJ GS DC DA MU HU Total
87 Polychaeta Thelenessa digitata 1 3 1 5
88  Polychaeta Thelepus sp. 3 3
89 Polychaeta Thylorhynchus sp. 5 5
90 Polychaeta Travisia japonica 1 2 3
91 Polychaeta Travisia pupa 1 1
92 Polychaeta Trichobranchus sp. 5 5
93 Polychaeta Tylorhynchus sp. 20 20 6 24 70
94  Crustacea Abludomelita japonica 9 18
95 Mollusca Abra sp. 4 4
96 Crustacea Acetes japonicus 1 1
97 Crustacea Acmaeopleura balssi 2 2
98 Mollusca Acteocina coarctata 3 2 6
99  Mollusca Acteonidae sp. 1
100  Others Actinaria unid. 1 2 9 12
101 Mollusca Agatha lepidula 5 1 6
102 Mollusca Aglajidae sp. 4 7
103 Crustacea Alpheus bisincisus 1
104 Crustacea Alpheus brevicristatus 2 2 4 8
105 Crustacea Alpheus japonicus 2 1 7
106 Crustacea Alpheus rapax 4 42 2 48
107 Crustacea Alpheus sp. 5 3 3 12 1 26
108 Mollusca Alvenius ojianus 1 1
109 Polychaeta Amaeana occidentalis 1 3
110 Polychaeta Amaeana sp. 1 1
111 Crustacea Ampelisca brevicornis 8
112 Crustacea Ampelisca miharaensis 3
113 Crustacea Ampelisca sp. 35 12 47
114 Polychaeta Ampharete arctica 3
115 Echinodermata Amphiodia craterodmeta 2
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Appendix 11. Continued

No. Taxon Species GJ GS DC DA MU SC JB JD HU Total
116 Echinodermata Amphioplus aestuarii 7 7
117 Echinodermata Amphioplus ancistrotus 7 1 8
118 Echinodermata Amphioplus megapomus 1 1 1 8
119 Polychaeta Amphisamytha japonica 1 1
120 Echinodermata Amphiura aestuarii 8 15 23
121 Crustacea Ampithoe lacertosa 2 2
122 Crustacea Ampithoe sp. 4 4
123 Polychaeta Anaitides koreana 1 1
124 Mollusca Anomia chinensis 2 2
125 Others Arctonoinae spp. 1 1 3 5
126 Polychaeta Aricidea (A.) assimilis 5 5 10
127 Polychaeta Aricidea (A.) pacifica 12 1 13
128 Polychaeta Aricidea assimilis 2 2
129 Polychaeta Aricidea spp. 4 4
130 Polychaeta Armandia lanceolata 12 3 3 2 20
131 Mollusca Assiminea japonica 24 167 191
132 Mollusca Assiminea sp. 3 2 3 2 475 485
133 Crustacea Asthenognathus inaequipes 1 1 5 2 9
134 Crustacea Athanas lamellifer 2 44 46
135 Mollusca Bacteridium vittatum(g) 4 4
136  Mollusca Balanus albicostatus 3 11 0 14
137 Mollusca Batillaria cumingi 49 2 1 52
138 Mollusca Batillaria multiformis 10 16 26
139 Crustacea Betaeus granutimanus 3 3
140 Mollusca Bittium sp. 1 1
141 Others Blenniidae unid. 1 1
142 Crustacea Bodotria ovalis 2 1 3
143 Mollusca Brachystomia sp. 1 1
144 Crustacea Brachyura juv. 140 140
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Appendix 11. Continued

No. Taxon Species GJ GS DC DA MU SC JB JD HU Total
145 Mollusca Bullacta exarata 5 3 9 1 1 1 8 28
146 Crustacea Byblis japonicus 1 1
147 Mollusca Cadella narutoensis 6 6
148 Crustacea Callianassa japonica 3 3 10 16
149 Mollusca Callista pilsbryi 1 1
150 Mollusca Calyptraea sakaguchi 1 1
151 Crustacea Camptandrium sexdentatum 2 67 2 71
152 Polychaeta Capitella capitata 1 1
153 Polychaeta Caprella decipiens 2 2
154 Polychaeta Caprella sp. 1 2 3
155 Crustacea Carcinoplax vestitus 1 1
156 Others Carvenularia obesa 5 5
157 Polychaeta Ceratonereis erythraeensis 9 9
158 Mollusca Cerithideopsilla cingulata 19 37 34 90
159 Mollusca Cerithideopsilla djadjariensis 29 114 143
160 Others Chaetognatha sp. 3 3
161 Polychaeta Chaetozone setosa 1 1
162 Polychaeta Chaetozone sp. 12 12
163 Crustacea Charybdis japonica 1 1
164 Crustacea Chitinomandibulum emargicoxa 2 2
165 Crustacea Chitinomandibulum sp. 1 1 2
166 Polychaeta Chone teres 4
167 Crustacea Cirolana harfordi japonica 1 1
168 Polychaeta Crrriformia tentaculata 12 12
169 Polychaeta Cirrophorus branchiatus 1 1
170 Polychaeta Cirrophorus furcatus 18 8 2 1 29
171 Crustacea Cleantis planicaudata 2 2
172 Mollusca Coecella chinensis 1 1
173 Mollusca Collubellopsis bella(m) 6 6

- 160 -



Appendix 11. Continued

No. Taxon Species GJ GS DC DA SC JB JD HU Total
174 Mollusca Columbellopsis sp. 10 11
175 Mollusca Columbellopsis yaber 2 4
176 Crustacea Corophium sinense 149 7 741 897
177 Crustacea Corophium sp. 11 9 51 7 79
178 Crustacea Crangon affinis 2
179 Mollusca Crassostrea gigas 13 60 79
180 Mollusca Cryptomya elliptica 3 3
181 Mollusca Cultellus attenuatus 7 7
182 Crustacea Cumacea sp. 8 2 6 2 18
183 Crustacea Cyathura higoensis 69 69
184 Mollusca Cycladicama cumingi 2 2 4 2 11
185 Mollusca Cyclina sinensis 2 1 8 14
186 Crustacea Cyclograpsus intermedius 3 3
187 Mollusca Cyclosunetta menstrualis 27 1 29
188 Mollusca Cylichna consobrina 10 10
189 Crustacea Cymodocejaponica 2 2
190 Mollusca Dentalium octangulatum 1 1
191 Crustacea Diastylis tricincta 5 11 16
192 Crustacea Dimorphostylis asiatica 8 8
193 Crustacea Dimorphostylis hirsuta 7
194 Crustacea Dimorphostylis sp. 1 1
195 Crustacea Diogenes nitidimanus 18 18
196 Polychaeta Diopatra sugokai 3 3
197 Polychaeta Dipolydora sp. 2 2
198 Mollusca Dosinella corrugata 5 5
199 Mollusca Dosinella subalata 1 3
200 Polychaeta FEchiurida sp. 26 26
201 Others FEdwardsia japonica 6 6
202 Others Enedrias sp. 1 1
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Appendix 11. Continued

No. Taxon Species GJ GS DC DA MU SC JB JD HU Total
203  Mollusca FEocylichna braunsi 3 17 20
204 Mollusca Focylichna musashiensis 1 1
205 Crustacea Fohaustorius longidactylus 36 36
206 Crustacea FEohaustorius sp. 161 1 162
207 Crustacea FEohaustorius spinigerus 21 21
208 Crustacea FErictonius pugnax 8 8
209 Crustacea Eriopisella sechellensis 378 5 383
210 Mollusca Estellacar olivacea 2 1 21 24
211 Polychaeta FEteone longa 1 23 24
212 Polychaeta Eteone tchangsii 1 1
213  Others FEuclyjmeninae spp. 9 9
214 Crustacea Fudorella sp 26 26
215 Mollusca FEulima bifascialis 1 2 2 5
216 Polychaeta Fumida sanguinea 1 1
217 Mollusca Funucula tennuis 1 1
218 Polychaeta Fuzonus dillonensis 1 1
219 Crustacea Exopalaemon carinicauda 3 3
220 Mollusca Felaniella sowerbyi 667 2 633 2 19 1323
221  Mollusca Fulvia mutica 1 1
222 Polychaeta Galathowenia oculata 3 3
223 Crustacea Gammaropsis japonicus 2 2
224  Crustacea Gammaropsis utinomi 2 2
225  Mollusca Gastropoda 1 2 164 166
226 Mollusca Gastropoda spp. 1 1
227 Polychaeta Genetyllis castanea 1 1
228 Mollusca Glauconome chinensis 3 3
229  Mollusca Glossaulax bicolor 3 3
230  Mollusca Glossaulax didyma ampla 1 1
231 Mollusca Glossaulax didyma didyma 1 1 2
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232 Polychaeta Glycera capitata 30 30
233  Polychaeta Glycera chirori 4 1 5 10
234  Polychaeta Glycera subaenea 1 5 10 22
235 Polychaeta Glycinde gurjanovae 39 20 9 1 69
236 Crustacea Gnathia sp. 1 1
237 Crustacea Gnorimosphaeroma ovatum 1 1
238 Crustacea Gnorimosphaeroma sp. 1 1
239  Others Gobiidae unid. 12 2 20 1 35
240 Others Goniada maculata 1 1
241 Crustacea Grandidierella japonica 51 3 22 3 79
242  Crustacea Grandifoxus bangpoensis 9 9
243 Crustacea Grandifoxus malipoensis 2 2
244  Crustacea Grandifoxus sp. 86 86
245 Polychaeta Haploscoloplos elongatus 6 6
246  Polychaeta Harmothoinae sp. 2 2 4
247 Crustacea Haustorioides indivisus 4 4
248 Polychaeta Hediste japonica 22 22
249 Crustacea Helice tridens sheni 1 1
250 Crustacea Helicetridenstridens 1 1
251 Crustacea Helice tridens wuana 7 7
252 Crustacea Hemigrapsus penicillatus 4 6 3 13
253 Crustacea Hemigrapsus sanguineus 2 3 5
254  Crustacea Hemigrapsus sp. 73 27 9 109
255  Crustacea Hemileucon hinumensis 481 1 482
256 Polychaeta Heteromastus filiformis 14 36 2 90 142
257 Crustacea Heteropanope makiana 2 2
258 Crustacea Hexapus sp. 11 11
259  Crustacea Idunella chilkensis 44 1 45
260 Crustacea Iiyoplax pingi 9 9
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261 Crustacea Ilyoplax dentimerosa 5 5
262 Crustacea Ilyoplax deschampsi 63 71 1 17 152
263 Crustacea Ilyoplax pingi 70 12 268
264 Mollusca Inguisitor sp. 2
265 Crustacea Insect larvae 9 26 37
266 Mollusca Iravadiayendoi 16 16
267 Mollusca Irus mitis 1 1
268 Mollusca Japanacteon nipponensis 21
269 Crustacea Jassa falcata 1 9
270 Crustacea Jassamorinor 1
271 Crustacea Jassa sp. 1
272  Polychaeta Lagis bocki 1 7
273  Mollusca Lasaea undulata 54 54
274  Mollusca Laternula marilina 6 52 52 1002 1,112
275 Mollusca Laternula truncata 4 4
276 Crustacea Latretus planirostris 1 9 10
277 Polychaeta Leonnates persica 114 114
278 Crustacea Leptochela gracilis 6 6
279 Crustacea Leptochela sp. 1 1 2
280 Crustacea Leptochela sydniensis 1 4 5
281 Crustacea Leptochella gracilis 9 2 11
282 Crustacea Ligia exotica 2 2
283 Mollusca Lingula anatina 2 2
284  Mollusca Littoraria articulata 42 42
285 Mollusca Littoraria sp. 3 3
286 Polychaeta Loimia medusa 2 2
287 Polychaeta Lumbrineris cruzensis 16 1 6 23
288 Polychaeta Lumbrineris heteropoda 3 1

289 Polychaeta Lumbrineris japonica 1 1

- 164 -



Appendix 11. Continued

No. Taxon Species GJ GS DC DA MU SC JB JD HU Total
290 Polychaeta Lumbrineris longifolia 2 19 21
291 Polychaeta Lumbrineris nipponica 1 3 1 5
292 Mollusca Lunatia fortunei 42 1 43
293 Crustacea Lysianassidae unid. 11 11
294  Mollusca Macoma incongrua 29 29
295 Mollusca Macoma praetexta 1 1
296 Mollusca Macoma sp. 3 3
297 Mollusca Macoma tokyoensis 1 1
298 Crustacea Macrophthalmus dilatatus 1 11 48 4 64
299 Crustacea Macrophthalmus japonicus 26 27 17 42 99 12 11 5 128 367
300 Crustacea Macrura sp. 1 1
301 Mollusca Mactra chinensis 3 8 11
302 Mollusca Mactra veneriformis 15 6 123 5 12 161
303 Mollusca Mactrinula sp. 5 5
304 Polychaeta Magelona japonica 31 3 34
305 Polychaeta Magelona sp. 13 20 33
306 Crustacea Mandibulophoxus hongae 78 78
307 Crustacea Mandibulophoxus mai 10 4 14
308 Crustacea Mandibulophoxus sp. 17 257 274
309 Polychaeta Mediomastus californiensis 34 241 63 569 907
310 Mollusca Megastomia sp. 237 237
311 Crustacea Melita setiflagella 3 3
312 Crustacea Melita sp. 13 1 34 48
313 Crustacea Melitidae unid. 8 5 23 7 9 52
314 Polychaeta Mellanella aciculata 4 4
315 Mollusca Meoerella rutila 1 1
316 Mollusca Meretrix lusoria 1 1 2
317 Mollusca Meretrix petechialis 1 5 6
318 Mollusca Merisca capsoides 1 5 6
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319 Polychaeta Micrura sp. 49 49
320 Mollusca Moerella iridescens 2 2
321 Mollusca Moerella jedoensis 89 3 6 86 21 5 38 6 20 274
322 Mollusca Moerella rutila 14 3 13 30
323 Others Molgula sp. 1 1
324 Crustacea Monoculodes koreanus 12 5 1 18
325 Crustacea Monoculodes sp. 9 46 55
326 Mollusca Musculista senhousia 23 3 5 3 34
327 Mollusca Musculus sp. 2 2
328 Mollusca Mya arenaria oonogai 103 1 104
329 Crustacea Mysid unid. 10 10
330 Crustacea Mysidae spp. 79 2 48 1 130
331 Polychaeta Mysta ornata 1 1
332 Mollusca Nassariidae sp. 8 8
333  Mollusca Naticidae sp. 1 1
334 Polychaeta Nectoneanthes multignatha 3 1 1 5
335 Others Nemertea unid. 7 78 11 10 106
336 Polychaeta Nemertinea spp. 31 10 4 45
337 Polychaeta Nephtys caeca 2 70 72
338 Polychaeta Nephtys californiensis 23 5 2 30
339 Polychaeta Nephtys neopolybranchia 1 1
340 Polychaeta Nephtys oligobranchia 1 3 4
341 Polychaeta Nephtys polybranchia 5 1 7 1 14
342  Polychaeta Nereis pelagica 1 1
343 Mollusca Nipponomysella oblongata 17 16 33
344 Mollusca Nitidotellina hokkaidoensis 1 18 10 8 37
345 Mollusca Nitidotellina minuta 2 1 5 16 20 3 47
346 Mollusca Nitidotellina sp. 57 57
347 Others Nudibranchia sp. 1 1
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348 Mollusca Nutlallia japonica 7
349 Mollusca Nuttalia olivacea 6
350 Mollusca Nuttallia japonica 54 54
351 Mollusca Odostomia sp. 2 40 42
352  Mollusca Odwstomia sp.(m) 3
353 Crustacea Ogyrides orientalis 6 9
354 Polychaeta Oligochaeta spp. 3 3
355 Polychaeta Onuphis spp. 1 1
356 Polychaeta Onupjhis eremita 1
357 Echinodermata Ophiactis sp. 1 1
358 Echinodermata Ophiura kinbergi 1
359 Echinodermata Ophiuroidea juv. 2
360 Echinodermata Ophiuroidea sp. 5 5
361 Others Opisthobranchia unid. 1 3 4
362 Mollusca Oscilla tricordata(g) 1 1
363 Crustacea Ostrocoda sp. 1 2
364 Crustacea Pagurus minutus 16 1 1 19
365 Crustacea Pagurus proximus 1 1
366 Crustacea Pagurus sp. 2 3
367 Crustacea Palaemon macrodactylus 2 3 5
368 Crustacea Palaemon serrifer 1 1
369 Crustacea Palaemon sp. 2 9
370 Crustacea Paphia undulata 1 1
371 Polychaeta Paralacydonia paradoxa 6 9
372 Polychaeta Paraleonnates uschakovi 4 4
373 Crustacea Paranthura japonica 2 50 52
374 Polychaeta Paraonis gracilis 11 11
375 Polychaeta Paraonis gracilis japonica 4 4
376 Crustacea Pareurystheus latipes 1 1
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377 Mollusca Parvioris fillvescens 2

378 Mollusca Patelloida cinulus 1

379 Mollusca Patelloida pygmaea pygmaea 4 6

380 Polychaeta Perinerers aibuhitensis 67
381 Crustacea Perioculodes seohae 1 1

382 Crustacea Perioculodes sp. 1 5

383  Mollusca Phacosoma japonicus 51 3 72
384 Mollusca Philine argentata 1

385 Crustacea Philosciidae sp. 1

386 Crustacea Philyra pisum 1 3

387 Echinodermata Phoronida sp. 2

388 Crustacea Photis longicaudata 3 5 1 9

389 Crustacea Pilyra pisum 1 1 2 4

390 Crustacea Pinnixa rathbuni 1 1 2

391 Crustacea Pinnotheres sinensis 5 1 6

392 Crustacea Pinnotheres sp. 14 12 26
393 Crustacea Pisidia serratifirons 3 3

394 Others Platyhelminthes sp. 1 1 2

395 Polychaeta Platynereis bicanaliculata 1 1

396 Polychaeta Podarkeopsis spp. 1 1

397 Others Podocerus sp. 2 2

398 Others Polycladida sp. 1 5 6

399 Polychaeta Polydora ligni 1 1

400 Polychaeta Polydora spp. 2 2

401 Crustacea Polyonyx asiaticus 1 1

402 Crustacea Portunus trituberculatus 3 3

403 Mollusca Potamocorbula amurensis 6 4 2 12
404 Polychaeta Prionospio (M.) japonica 13 83 11 5 112
405 Polychaeta Prionospio (P.) caspersi 6 6
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406 Polychaeta Prionospio (P.) membranacea 1 1
407 Polychaeta Prionospio (P.) paradisea 7 7
408 Others Protankyra bidentata 1 2 1 58 4 3 69
409 Polychaeta Pseudopolydora kempi 2 4 8
410 Polychaeta Pseudopolydora paucibranchiata 3 2 5
411 Mollusca Pupa strigosa strigosa 1 1
412 Crustacea Raphidopus ciliatus 1 103 104
413 Mollusca Reticunassa festiva 42 10 33 16 18 119
414 Mollusca Retusa (Decolifer) insignis 1 1
415 Mollusca Retusa insignis 28 41 69
416 Mollusca Retusa matsusimanus 4 4
417 Mollusca Retusa sp. 12 12
418 Mollusca Ruditapes philippinarum 53 83 13 51 205
419 Mollusca Scapharca subcrenata 4 4
420 Polychaeta Scolelepis (P.) geniculata 1
421 Polychaeta Scolelepis (P.) texana 1 1
422 Polychaeta Scolelepis (S.) kudenovi 2 2
423 Polychaeta Scoloplos armiger 14 18
424 Crustacea Scopimera globosa 18 5 8 31
425  Others Scytalium splendens 1 2 3
426 Polychaeta Sigambra tentaculata 2 21 24
427 Crustacea Sinocorophium sp. 1 1
428 Mollusca Sinonovacula constricta 1 1
429 Polychaeta Sipunculida sp. 3 1 4
430 Mollusca Solen grandis 1 1
431 Mollusca Solen strictus 2 1 1 4
432 Crustacea Sphaeroma sp. 2 2
433 Polychaeta Spio martinensis 3 1 5
434 Crustacea Stenothoe sp. 1
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435 Mollusca Stenothyra edogawaensis 3 448 16 271 738
436 Polychaeta Sternaspis scutata 3 4 19 26
437 Polychaeta Sthenelars fiisca 4 1 5
438 Polychaeta Syllidae spp. 2 2
439 Crustacea Synchelidium carinorostrum 3 3 6
440 Crustacea Synchelidium sp. 1 2 1 10 14
441 Others Syringa sp. 1 1
44?2  Polychaeta Tambalagamia fauvell 1 1
443 Crustacea Tanaidacea sp. 5 1 5 11
444 Mollusca Tegillarca granosa 83 88
445 Mollusca Telasco reeveana reeveana 39 1 2 42
446 Polychaeta Terebellides stroemii 3 3
447 Mollusca Terebra awajiensis 2 2
448  Others Thalassema mucosum 3 3
449 Polychaeta Thalassema sp. 2 1 3
450 Polychaeta Tharyx spp. 4 3 26 33
451 Mollusca Theora fragilis 10 19 208 3 22 23 285
452 Mollusca Thracia seminuda 1 1
453 Crustacea Tritodynamia rathbuni 8 3 2 2 1 3 19
454  Others Tunicate unid. 17 17
455 Mollusca Turbellaria unid. 1 3 4 8
456 Crustacea Uca arcuata 1 1
457 Mollusca Umbonium thomasi 20 55 9,332 41 66 9,514
458 Crustacea Upogebia major 2 25 1 28
459 Crustacea Urothoe convexa 48 2 50
460 Crustacea Urothoe grimaldi japonica 123 5 55 1 184
461 Crustacea Urothoe orientalis 80 3 83
462 Crustacea Urothoe sp. 1 15 1,711 1 1,728
463 Others Virgularia junrea 1 1
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464 Crustacea Xenophthalmus pinnotheroides 8 8
465 Mollusca Yoldia johanni 1 1
466 Mollusca Yokoyamaia ornatissima 9 9 37 55
467 Mollusca Zeuxis siquijorensis 12 1 13
468 Mollusca Zeuxis sp. 7 1 2 10
No. of species 116 116 103 171 139 59 65 86 65 468

No. of individuals 1,309 2,006 722 7280 14,306 860 468 1,369 5,837 34,657
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