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Saemangeum, on the west coast of South Korea, mésacently recognised as the single most imparsaaging
site for migratory shorebirds in the East Asian+faiasian Flyway. However, construction of the Saegeum
sea-wall was completed in late April 2006. The &8dam across the Mangyeung and Dongjin Estuarigartsof
the largest “reclamation” in the world, and willmert c. 400 knf of tidal flats to land and a freshwater reservoir.
Here we report on systematic counts and scansdlourcbanded and flagged shorebirds in Saemangéhen,
adjacent Geum Estuary and Gomso Bay in April angt BG06. This was the first of a planned seriesuobeys to
assess the effects of the reclamation on shorebirds

We counted a minimum of 198,031 shorebirds in Sageam, 15 of which (including the endangered Spoon-
billed Sandpiper) occurred in internationally imgaot numbers. Local distribution of the shorebicHanged after
closure of the sea-wall caused a decline in tidabge (with dried out inner estuarine sites beingndbned by
shorebirds) and a dramatic die-off of benthic neski Many shorebirds fed on the dying molluscs sl
temporary food source may have enabled them toessagcessfully. We had no clear evidence that birds
abandoned Saemangeum on northwards migration i6, 20@ the area and quality of suitable habitat for
shorebirds in Saemangeum is likely to be greatlyimished by the time of the next northwards migrati

On the Geum Estuary we counted a minimum of 82@fdebirds, including internationally significanimbers

of at least 13 species; these include among tlgesarcounts made at any single site of the glotmiyangered
Nordmann’s Greenshank.

In at least two species, Bar-tailed Godwit and Gt&azot, resightings of colour-banded birds indicateat the
earliest migrants were dominated by birds from hogeding grounds in eastern Australia or New Zehlaiith a
later influx of birds from north-western Australehich had probably staged on the coast of China.Great
Knots, and probably for several other speciesreg®mn appeared to be the final staging point leefodirect flight

to the breeding grounds. There was considerabkrsipecific variation in the timing of shorebird maton
through the region, so peak numbers of particytecies in the region can easily be overlooked iwrtsierm
surveys. The prolonged duration of our survey,dditon to the intensity of coverage achieved, ramglain why
the shorebird numbers we observed in the Geum ysivere considerably higher than those reportgat@vious
surveys. With the probable loss of Saemangeumdiebirds, the Geum Estuary is now likely to be Sdtbrea’s
premier shorebird site. Unfortunately, it too isgfitened by a major land reclamation project.

INTRODUCTION wall, who have claimed that the reclamation will be
. . “environmentally friendly” and that displaced shiirds can
In recent years it has become clear that the YeBew is the simply move elsewhere. In 2003 the Korean Minisbfy
most important staging area for migratory shorebirdthe  aqriciiture and Forestry identified the Geum Esyuand
East Asian — Australasian Flyway (Barter 2002). Thggmso Bay as areas to which shorebirds displacethdy
discovery of the importance of the area for shod=bhas gaemangeum reclamation will move. These claims  are
coincided with the realisation that intertidal hats in the strongly undermined by the facts that over 50% ofe&’s
Yellow Sdea arre threatened, Iand drl]mlrp]lshmg rz;pndljopth tidal flat areas have been reclaimed since 196ftitig the
area and quality, as a resuit of the huge an grISHNg  ohtions for displaced shorebirds; that a majorameltion is
human populations and economies of China and Souify, panned in the Geum Estuary; and that shatebir
Korea. T_he main cause of habngt loss in the Yem IS" displaced by reclamation elsewhere have been stown
reclamation of tidal flats for a variety of purpesencluding g ¢ter significantly increased mortality (Burte al 2006).
agriculture, industrial Qevelopment, mariculturejtworks Nevertheless, the existence of strongly conflicting
and freshwater reservoirs (Barter 2002). viewpoints on the conservation impacts of reclaometisuch

v I;I'he éargehst S'lee rehcla(;natltl)n project fugdertalmthe as Saemangeum make it difficult to ensure thatskeyebird
ellow Sea has been the development of Saemangeuim, . yiais in the Yellow Sea are protected. It isrdfoze

the west coast of South Korea. This site has beeagnised ¢, remely important that the effects of reclamatwnjects

as the single most important staging sjte for slbimjg in the on shorebirds are measured and adequately docusinente
Yellow Sea (Barter 2002) and ecologists expedois will With this consideration in mind, the Australasiammdr

cause substantial population declines of shorebimdthe gy gies Group (AWSG) and Birds Korea have formed a
East-Asian Australasian flyway (Moores in press,okset  orinership to  conduct the Saemangeum  Shorebird
al. 2006). This view is not shared by proponentshefgea-
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Monitoring Project (SSMP). The objective of theeiwyear local birds from the local open mudflats rather ntha
program is to document the effect of the Saemangeundividuals from the inner parts of the Mangyeungda
reclamation on shorebirds in Saemangeum itself @nd Dongjin. No major movements between Saemangeum and
adjacent estuarine systems (the Geum Estuary amas@&o the Geum Estuary were seen within any particulgh tide
Bay) which may receive displaced birds. The AWS@I$® during our survey (though we did see such moventeors
stepping up population monitoring counts of shabiin  Yubu Island in September 2006), and sites that weuated
Australia (Gosbell & Clemens 2006), in part to assetwice in the same tide series had similar bird neiralon
whether the Saemangeum reclamation has detectdtése each occasion, suggesting that we did not havedanile-

on non-breeding shorebird populations elsewherehm counting problems.

flyway. Results of these studies will be dissemedatidely We treated the peak count of each species obt&ioed
to inform future conservation work in the East Asiaa spring tide survey as a minimum estimate of tmalver of
Australasian flyway. shorebirds staging on northwards migration in eatlthe

In this paper we report on the first Korean fietéhson of Geum, Saemangeum and Gomso Bay. These totals may
the SSMP. The work was undertaken in April and 696, however be an underestimate of the number of shdseb
coinciding with completion of construction of thestaging in the region, as we did not make any ctimes for
Saemangeum sea-wall on 21 April 2006. Objectivethisf potential migratory turnover. In addition, the nuard of
report are: relatively rare species at Saemangeum and the Gstuary
1. To document numbers of shorebirds occurring icould easily be underestimated; for example Spalbedb

Saemangeum, the Geum and Gomso Bay on northwa&endpipers can be difficult to find when minglingthwa

migration, as a baseline against which subsequdatge flock of Dunlins.

surveys in these areas can be compared. The core activity of the expedition was counting
2. To document the timing of shorebird migratiorotigh  shorebirds, but we also counted the globally enelaet

the region, a necessary step if the overall nundber Black-faced SpoonbilPlatalea minor vulnerable Chinese

birds using it a staging area is to be estimated,; Egret Egretta eulophotesand vulnerable Saunders’s Gull

3. To make preliminary assessments of migratorgirsi Larus saundersiif they were encountered during our
of Saemangeum birds, so predictions can be made absurveys. We recorded all observations of colourdednand
where population declines caused by Saemangeum wv#db-flagged shorebirds; scans for these were made
be observed; opportunistically during counts, and more systeoadli

4. To document roost locations, local shorebird enoents during neap tides. Search effort for colour-markids was
and short-term effects of construction of thenot recorded systematically, but was reasonablysistent

Saemangeum sea-wall. throughout the expedition period. However, colowrked
birds were more difficult to detect in early anddripril,
METHODS when it was cold and windy and shorebirds oftefffdtlup

, o , their plumage or sat down at roosts, concealing tegs.
We carried out regular counts at seven high tidstsoin the Migratory departure behaviour, which is readilyageised
Geum Estuary, at twenty roosts in the Saemangeumled  , ‘shorebirds (Piersmat al 1990) was recorded if seen.
and at five sites in Gomso Bay (Figure 1). We refetese pina)y  abdominal profiles of Great Knot were smbr

sites combined as “the survey area” in the remaiotéhis  ¢5)15\ing the methodology of Wiersma & Piersma (598n
paper. Fieldwork was carried out throughout ApntdaMay  gayeral days during the expedition.

2006, but particular effort was made to obtan pr NM and Ju-Yung Gi made a brief visit to
_comprehenswe counts on the spring .tlde ser|emmrred Saemangeum and the Geum Estuary in late Septer@®ér 2
in the study area between 15-17 April, 27-29 Amiid 13- g4 5 few observations from this visit (includingaunt at

17 May. The actual period of surveying was muchgésn v, Island) are also presented in this paper.
Each of the main counts was preceded and followed b

several days of additional surveying, so that wddensure RESULTS
that we had located all the main shorebird roostsent, and
so we could check that local shorebird movemerdsndit Notes on shorebird habitats and distribution withinthe
cause us to “double-count” any birds. study area

Our team was not large enough to carry out counddl a
sites in the region in a single day, but it wassgae to carry
out simultaneous counts at all major roosts in @eum
Estuary on a single high tide, in the Mangyeungi&ston a
single high tide, and in the Dongjin Estuary to GonBay in
a single day. In the same spring tide series weaechout
additional observations in targetted sites (Yuland and
Gunsan Air base) to see if there were any tidaeéla
movements of birds. betwe_en the Geum and Mangyeu er Barrage was built in the late 1980’s, formmdarge
betiween the inner parts of the. Mangyeung and DangjlCSWler lake that flooded the former tidal flatag
estuaries. Movements between the Mangyeung andjmonqsnaltmgrsgéjge gégﬁ:smijr?”:%e?f fggggfgg h?gfﬁ:a't?é:? f
Rivers were recorded at Simpo, but they appear@u/tive y larg

Geum Estuary

The distribution of shorebird habitat within the u@e
Estuary has been extensively modified by human
development. No shorebird roosts were found orhaily
urbanised southern shores of the lower Geum Rwhich

are occupied by the industrial city and adjacenit b
Gunsan. The upper reaches of the estuary have been
ﬁ%/suitable for most species of shorebird since Geeim
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Figure 1. Map of the study region, showing main roost sitére counts were conducted (col
from some of these sites were pooled for analysiseFigure 3).

remnants to the north of the river moutb. 10.5 knf were seen leaving Yubu Island and flying to rodstshe

exposed at low tide), and shorebirds also feeddah ftats in  Saemangeum system, probably near the US Air Farse &t

those parts of the river channel below the GeumemRivGunsan. Such movements have been seen in the region

Barrage. before (NM unpubl.), but we had no evidence thayth
Observations of birds flying into or out of highdeéi occurred during our northwards migration study qerin

roosts suggested that the majority of shorebirdhénGeum 2006.

Estuary fed on the Daejuk Tidal Flat, especialignal the The lower parts of the Geum River channel are tigal

shores of the Gaeya Channel (Figure 2). At high titese low water extensive soft mudflats are exposed on

birds moved to roosts on Yubu Island and Daejudnidl(or, Haemangdong Tidal Flat and Gupo Tidal Flat (Figt);eand

if the tide was not very high, on the sandflatsMeetin them), they are used as feeding areas by reasonably frargéers

or to roosts on the mainland coast at Songsok Rmjson of shorebirds. These can be counted most effigieatl

Ri or Daemoe, Janghang-Eup. These mainland rocste wrising tides, which push the shorebirds into prests on

partially to completely submerged by tides over ®.high, mudflats on the northern shore of the Geum Rivédrese

and in such conditions shorebirds were forced tduyor pre-roosts are submerged at the peak of high 8dme of

Daejuk Islands. The potential roosting areas oedliglands the displaced shorebirds flew to high tide roos$tBaemoe

were small on very high tides, and on 6.8 m tides iHarbour, but we were unable to relocate all the &GUiglal

September 2006, some shorebirds (especially GmyeR) Flat birds at high tide roosts. We suspect somé¢hese,
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Flgure 2. Satellite photograph of the Geum Estuary. Numbwiate the roost sites and pre-
roosts counted regularly in April-May 2006 (namégeg in quotation marks are nicknames for
sites that do not appear to have a Korean namejnmen shorebird counts recorded in a single
high tide at each site are given below, along witxima recorded in previous surveys by N.
Moores (unpubl. data) or Les al. (2002).

# Roost name Peak count in April- * Peak historic

May 2006 count
1 Yubu Island 40,582 31,268
2 Daejuk Island 15,215 NA
3 Daemoe, Oknam Ri 22,443 22,532
4 Namjeon Ri 4,094 3,396
5 Songsok Ri (Janggu Bay) 1,122 645
6 “Geum Barrage S” 8,994 NA
7 “Geum Barrage N” 1,527 5,618

*

These data should not be considecomprehensiy, as few other data sources have been ch.

particularly Black-tailed Godwits, Broad-billed argharp-
tailed Sandpipers, must have had undiscoveredsroostice
fields inland of the Geum Barrage.

entire northern shore of the Dongjin (N. Moorespulnl.).
Historically these roosts were used most by shoisbbn
medium-high tides; on the very highest tides, wtiensalt-
marsh was inundated, many of the shorebirds tetalsmbst

Saemangeum at other easier-to-count roost sites, such as gu@k to a

The largest shorebird roosts found within the Samyaam
complex were at Okgu and Simpo (Figure 3); obs@nat
of birds flying into and out of these roosts sugegshat

lesser extent, Gyewhado, where banding and couatfogs
were largely concentrated.
Shorebird habitat and distribution within Saemamgeu

both sites were used largely by birds feeding om ttthanged markedly during the study period. The aatidal
extensive outer tidal flats at the confluence ofe thrange in Saemangeum was over 7 m during the biggest
Mangyeung and Dongjin Rivers. At both of these ssitespring tides, but construction of the sea-wall lgasatly
counts were dominated by Great Knot. Smaller shatebreduced exchange of estuarine and Yellow Sea walaes
roosts were found adjacent to the tidal flats naththe 33 km sea-wall was officially completed on 21 Apiilith
Mangyeung River channel (near Gunsan Airport; deteid the only remaining gaps being the 540 m of sluiatesg
by Dunlin), and adjacent to the tidal flats soutbstvof the opposite the Dongjin River. The sluice gates wepeno
Dongjin River channel (sandy flats, dominated bystEm throughout our study period, but tidal range néedgss
Curlew and Dunlin). Shorebird roosts on the inmaches of dropped markedly: in late April and May it was I¢san a
the Mangyeung and Dongjin Rivers had relatively édow metre, even on spring tides. As a result, highstige longer
numbers of shorebirds (Figure 3). In contrast, liavipus reached tidal flats in the upper reaches of theaests. This
years tens of thousands of shorebirds had beentambunis probably why shorebird counts at the inner Sangyaam
coming into roosts in salt-marsh near Wolyeon, abosts (sites 5, 10 and 11 in Figure 3) were higimesarly
Hapo/Mangyeung-Eup (Mangyeung) and along much ef ti\pril, despite the fact that the number of shormdbin the
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Figure 3. Satellitephotograph of Saemageu

. Numbers itelibe roost sites and p

i O

re-roosts

counted regularly in April-May 2006 (site names ggivin quotation marks are unofficial
nicknames assigned on our expedition); maximumetiiat counts recorded in a single high

tide at each count are given below.

# Roost name Peak count in April- Date of peak
May 2006 count (2006)
1 “Gunsan Airbase”/Okbong Ri 17151 14 May
2 Haje Harbour 2447 26 Apr.
3 Okgu Eup 80000 29 Apr.
4 Wolyeon Ri, “Crane Point” 6916 25 Apr.
5 Mangyeung Eup, “S1” 4054 3 Apr.
6 Simpo Ri 52297 13 May
7 Changjae Ri, “Dongjin N6” 5201 11 Apr.
8 Gwanghwalmyeon, “Dongjin N5” 10337 1 Apr.
9 Unpari, “Dongjin N4” 10047 14 May
10 Nampo Ri, “Dongjin N2” 5534 15 Apr.
11 Seobo Ri, “Dongjin N1” 2062 10 Apr.
12 Munpo, Anseong Ri, “Dongjin South” 2044 16 May
13 Gyehwa Ri 5000 27 Apr.
14 Buldung, “South-west 3" 3594 15 Apr.
15 Jangsin Ri, “South-west 2" 4900 15 Apr.
16 Wolpo, “South-west 1” 10364 14 May
17 Haseo Myeon, “Education centre” 1468 14 May

general region increased steadily through April pedked
in mid-May

The lack of tidal inundation on the upper flatstbé
Saemangeum system caused a massive die-off ofishétl
late April and May. Large numbers of shellfish caroghe
surface of the mudflats and died, gaping open aoddging
a ready food source for shorebirds (Figure 4).drtigular,
thousands of Great Knots and Dunlin were seen muickie
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flesh out of dying or freshly dead cockles in the® area.
Shellfish species that were observed dying incluttes
brachiopod Lingula anating solenoid bivalves (probably
Solen strictug, the cockle Mactra veneriformis several
smaller species of bivalvesSifionovacula constricta
Nuttalia obscuraty the gastropodJmbonium thomasand
the crabsMacrophthalmus japonicusPhilyra pisum and
Portunus trituberculatus Local fisherfolk operating crab
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Figure 4. Saemangeum in the last week of April, 20/ithin a week of sewall closure, many sque
kilometres of mudflat were dominated by dying bixed that came to the surface and lay gaping opgestgpJu-
Yung Gi). In the short term thigrovided an easily accessible food supply for dhicde such as the Dun
Calidris alpina (inset photo: Jan van de Kam) but neither thigifeource, nor any other, will be availabl
staging shorebirds on the mudflats of Saemangeuheifuture

traps on areas of the lower tidal flats that sélieived tidal one Dunlin) on 15 May. In early September 2006,d&4d
waters reported that 30-40% of crabs found in th@ips juvenile Red-necked Stints and a dead juvenile Giiked
were dead, suggesting a loss of condition (usualtps are Sandpiper were found at the same site. Interegtingl dead
captured alive in these traps). shorebirds were found on sandflat roosts on thenGeu
We did not have time to make quantitative obseovesti Estuary, despite the fact that a similar amountiroé was
of the scale of the shellfish die-off. In theoryirpso would spent there by observers, and that the presenaeoofiead
have been straightforward, as the dying shellfigheneasily passerines in the flats at Yubu Island (a Dusky$hrand a
seen on the surface, and the zones in which theyriead Siskin) suggests that the tides had not causedcbifgses on
were extensive (hundreds of metres wide) and sharghe Geum sandflats to be washed away. It is therefo
defined. In May it was noted that the “dead staHifeones” possible that the death of the Saemangeum birdselasd
were expanding seawards, and that they occurredmypin to the reclamation, perhaps because food supplies w
areas no longer inundated by high tides, but @lsveas that insufficient or because birds became ill as theyewerced
were only occasionally inundated. At the same tidegd to eat carrion. However, the cause of death ofetthésls is
shellfish that had been longest exposed had bemresged unconfirmed; those found in spring did not appearbé
or decomposed to the point that they no longerigeava emaciated.
food source, so those areas of the “dead shellfishes at The reduction in tidal range in Saemangeum must als
the highest tidal levels were abandoned by feedirtgave influenced lower tidal levels, as large mudileeas are
shorebirds . In September 2006, when DR and NMsited now permanently inundated, and are no longer exbtze
the same sites at Simpo, these habitats had chandma tides (or feeding shorebirds). We have no dstaow
considerably in appearance. The Saemangeum Devetdpnthis might have affected the local benthos.
Corporation had apparently employed people to coliee
remains of dead shellfish from the surface andcttter Gomso Bay
seeds of halophytes, transforming large areas an opThis is a large, mostly sandy bay, approximatelykf®b in
mudflat to saltmarsh. length and 5 km wide at its mouth, fed however bly two
Several dead shorebirds were found on a large Iséndsignificant streams. Much of the bay's hinterlamingains
island roost off Okgu, in Saemangeum. Two Great tKn@otentially attractive to shorebirds (with salt-paand wet
corpses were found there on 29 April, and a furthplus rice fields for example, especially in the norgémd while all
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such areas were checked during the survey, the-usest
roosts were in the bay proper (most especiallyretct of
rocky shore in the northwest, and a rather smak af salt-
marsh in the innermost part). At lower tides, irogdight,
scans across the whole inner bay were also cordlfrchan
several vantage points. Despite adequate covenagfund
few shorebirds in total. Local fisherfolk complaof the
bay’'s rather low productivity, presumably in pattedto the
combination of sandy substrate and marine-influgracel
this is reflected not only by the low number of Hirds
found during the survey period, but also by theatre¢
scarcity of other waterbird species at other seasbespite
the small numbers of shorebirds there, Gomso Bay/ stifl
found to be internationally important for Whimbgehost of
which were found in the northwest part of the bdngld a
single Black-faced Spoonbill during the survey périand
also supported up to 10 endangered Oriental WhibekS
Ciconia boycianain early January 2007 (Ju Yong-Gi pers
comm. 2007)

Species totals and peaks

Species totals observed in the complete countb@sring
tide series from 14-17 April, 27 - 29 April and 13-May
are summarised in Table 1. A minimum of 82,993 shiods
were found in the Geum Estuary, including 13 spedat
occurred in internationally significant numbersyagi that
our counts were likely to be underestimates, wesiclan it
probable that a fourteenth species (Sanderling) alas
present in internationally significant numbers. Animum
of 198,031 shorebirds were found in Saemangeurtudimg
15 species that occurred in internationally sigaifit
numbers. Gomso Bay had far fewer shorebirds (anmoimi
of 1,139) but still had one species, Whimbrel,
internationally significant numbers.

Few observations of migratory departures were ma
during the expedition, largely because we only hasmall

Eastern OystercatcherHaematopus ostralegus osculans

Most of the 1,485 seen in the region occurred & @eum
Estuary, roosting on Yubu and Daejuk Islands. Ite la
September 495 Eastern Oystercatchers were fourstingo
on Yubu lIsland; they were followed at low tide amchost

all birds fed on sandy tidal flats north of thearsll. Previous
surveys have shown that the numbers roosting atuYub
Island are highest in the non-breeding period @a2002,
Leeet al 2002), with a maximum count of 5,700 — i.e. 57%
of the estimated world population of 10,000 of this
distinctive taxon; they also breed there and omosuding
islets in lower numbers (Lee 2004). Saemangeumldvaer
numbers of Oystercatchers but they were still
internationally significant levels during our suyveMost
were found on tidal mudflats near the Gunsan aiyporon
tidal sandflats at Simpo. There were small rockgtssat
both of these sites, and oystercatchers are sesberhave
nested in both these areas in the past.

Given that Eastern Oystercatchers occur in theoremi
largest numbers during the non-breeding season tfie
boreal winter), it is a little surprising that ocount in mid-
April was lower than that at the end of April (FiguL), both
in the Geum Estuary and Saemangeum. This may dugges
there was some passage migration through the regven
did not find any colour-banded or flagged oystesicats, but
it is unlikely that many have been colour-markeseehere
in the flyway.

in

Black-winged Stilt Himantopus himantopus

A few were found in the Saemangeum region in midHAp
some in flooded rice fields or fishponds near tbast and

i r§ome on the tidal-flats themselves.

&\éorthern Lapwing Vanellus vanellus

A single bird was seen on mudflats in the Geum Rjmear

team in mid- and late May, when most departures atige barrage) on 6 April.

thought to have occurred. Some departures were fsaen
the Geum Estuary on 15 May (74 Common Greensha
from Namjeon Ri; 14 Lesser Sand Plovers, 115 Baeda

Godwits and 50 Dunlin from Daemoe Harbour), and 65

Terek Sandpipers were seen departing from Simp@6n

Placific Golden PloverPluvialis fulva

oW numbers were seen in Saemangeum and the Geum in
April; counts were lower at the end of mid-Apriliggesting

May. Expedition members Kevin and Kelly White maddhat numbers might have peaked before we begansinte

almost daily visits to Simpo (the largest easilgessible
roost in Saemangeum in mid-May) from 13 May to 24yM
and although they did not have the time or lightditions to
conduct complete counts of the site, they obseevecry
obvious decline in shorebird numbers and considénet!
most departures occurred between about 15 and 3 bya
26 May they only found 233 shorebirds at this shieugh it
had held 50,000 shorebirds on 13 May.

Different species of shorebird migrated through th
region at slightly different times (Figure 5). Sifiemotes on
timing of migration are given in the annotated $pedist
below, along with notes on migratory origins if @oi-band
and leg-flag resightings were made.
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surveying. No colour-marked birds were seen.

Grey Plover Pluvialis squatarola

A minimum total of 5,424 Grey Plover was recordedhe
survey area, constituting 4.4% of the estimatedvdly
population. Highest counts were made in the Geutuabp
on Yubu Island and Daemoe Harbour. In Saemangeduen, t
highest numbers were seen at Okgu, roosts on trikreno
Shores of the Dongjin Estuary, and (in early Aprily) on
the mudflats near the Gunsan US Air-force base.ufbo
6,000 Grey Plover occur in South Korea during tlva-n
breeding period, and such birds are likely to hstie been
present at the start of our survey. Numbers of Gleyers
increased gradually during the survey period, ssiijog the
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Table 1. Shorebird counts during the spring tide surveyApnil-May 2006 at the Geum Estuary, SaemangeumGoriso
Bay. The total shorebird counts given are the stitme peak counts observed during the surveys,dandot include any
corrections for potential turnover; they are therefminimum estimates of the numbers of shorehisisg these sites on
northwards migration. The second column gives thectiterion for each species (in the East Asiantfalassian flyway,
from Wetland International 2006, except for the &fdilled Sandpiper estimate from Bamfatdal. 2006 and the Spoon-
billed Sandpiper estimate from Syroechkovsky 20D&sser Sand Plover estimates combines subspemegolusand
stegmanni Bar-tailed Godwit estimate combines subspebgaseri and menzbieri Common Redshank estimate combines
subspeciegerrignotaeandcraggi, Dunlin estimate combines subspeaesticola andsakhaling. Sites where peak numbers
exceed this total (i.e. >1% of the minimum flywagpplation estimate) are considered to be of intevnal significance
under the Ramsar convention on wetlands and ahdidiiged in boldface.

Specie§0] 1% Geum Estuary Saemangeum Gomso Bay
Level Mid- Late Mid- Peak Mid- Late Mid- Peak Mid- Late  Mid- Peak
April April May April April May April  April May

Shorebirds
Eastern Oystercatcher 100 862 1,255 70 1,255 180 227 81 227 - 1 3 3
Black-winged Stilt 1000 - - - - 29 1 - 29 - -
Northern Lapwing 10,000 1 - - 1 - - - . - -
Pacific Golden Plover 1,000 15 - 1 15 21 12 2 21 - - -
Grey Plover 1,300 2,194 2,771 3,004 3,004 | 1,615 1,786 2,179 2,179 1 - 71 71
Little Ringed Plover 250 10 1 10 - - 2 2 5 - 5
Kentish Plover 1,000 25 32 11 37 486 102 61 486 -
Lesser Sand Plover 600 1 533 1,691 1,691 4 1,445 5,914 5,914 - - 1 1
Greater Sand Plover 1,000 1 - - 1 - - 1 1 - -
Eurasian Woodcock - - - 1 - - - - - - - -
Common Snipe 10,000 - 5 - 5 - - - . - -
Asian Dowitcher 230 - - - - - 1 1 1 - - - 1
Black-tailed Godwit 1,600 15 37 930 93 3 261 613 613 -
Bar-tailed Godwit 3,300 | 11,460 12,479 3,33812,479| 4,416 5,826 5,422 5,826 - - - -
Little Curlew 1,800 - - - 1 1 - - 3 - -
Whimbrel 550 24 150 1,215 1,215 45 552 1,028 1,028 - 609 439 609
Eurasian Curlew 350 324 428 30 428 36 83 21 83 - 4 - 4
Eastern Curlew 380 2,582 726 278 2,582 | 2,261 794 610 2,261 - 14 - 14
Curlew Sp. - - 237 237 - - 20 2 - -
Spotted Redshank 1,000 2 2 56 56 137 55 113 137 - -
Common Redshank 650 - 1 - 1 2 5 41 41 1 - L
Marsh Sandpiper 10,000 - - - 0 5 7 1 1 - - 3
Common Greenshank 1,000 50 84 1,482 1,482 100 110 912 912 55 20 5p
Nordmann's 8 14 43 70 70 - 7 14 14 - - - -
Greenshank
Green Sandpiper 1,000 - - - - 3 1 - 3 - 3 3
Wood Sandpiper 1,000 1 2 - 2 - 12 12 27 9 27
Terek Sandpiper 500 29 206 1,629 1,629 103 744 3,855 3,855 - 149 149
Common Sandpiper 500 - 1 5 5 1 2 10 10 - 2 P
Grey-tailed Tattler 400 - 2 59 59 - 3 233 238 - 10 10
Ruddy Turnstone 310 2 187 695 695 - 315 744 744 - - - -
Great Knot 3,800 10,429 16,135 29,83829,838| 27,258 83,404 86,288 86,288 - - - 13
Red Knot 2,200 2 3 10 10 37 45 64 61 - - -
Sanderling 220 120 196 78 196 1 222 2 222 - - - -
Red-necked Stint 3,200 4 92 719 714 296 782 5,154 5,154 - 16 - 16
Temminck's Stint 1,000 2 - - 2 - - - - - - :
Pectoral Sandpiper - - - - - - 1 - - - -
Sharp-tailed Sandpiper| 1,600 15 9 1,014 1,014 18 99 645 645 - -
Curlew Sandpiper 1,800 - - 5 5 - 1 32 37 - - F
Dunlin 17,500 17,300 23,310 20,15023,310| 34,645 41,593 62,508 62,508 - 169 60 169
Spoon-billed Sandpiper| 15 - - 1 1 1 5 34 34 - - - -
Broad-billed Sandpiper 250 - 1 11 11 2 2 338 338 - - - -
Ruff - - - - 5 1 - 5 - - - -
Oriental Pratincole 750 - 2 - 2 - - - - - -
Unidentified shorebirds - - - 3 - 18,092 - 18,092 - - - -

Total Shorebirds 45,484 58,693 66,627 82,993 71,711 156,585 176,9398,031 1 901 767 1,13p

Other noteworthy
species

Black-faced Spoonbill 15 1 4 - 4 1 1 5 5 - -
Chinese Egret 30 - - - - - 1 1 1 - - - -
Saunders's Gull 85 25 10 5 25 19 12 3 19 - - -
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Figure 5. Timing of migration of selected shorebird specle®tgh the west coast of South Korea in-mid
April (left=hand bar), late April and mid-May (rihhand bar). Data from Saemangeum, the Geum E
and Gomso Bay are pooled. On the Y-axis, the raurobbirds is presented as the proportion of tha
count.

arrival of passage migrants. No flagged or coleamded Little Ringed Plover Charadius dubius
birds were found, perhaps reflecting the low nuralzgrthis
species banded elsewhere in the flyway (at the oimeur
study, only 239 had been flagged in north-westenstralia,
and 86 in Victoria).

Low numbers were seen in Saemangeum and the Geum in
April; mostly beside freshwater wetlands near th&st or on
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small pools on upper mudflats. No colour-markedbwvere
seen.

Kentish Plover Charadrius alexandrinus

A few were seen at most sites within Saemangeumttand
Geum estuary, but high counts were only made onflatad
near the Gunsan US Air-force base, with 552 thara neap
high tide on 14 April. Numbers declined steadilyotigh
April and May, suggesting that departure to theetireg
areas occurred earlier than in species that breddgher
latitudes. Given the early passage of this spettiés likely
our counts were an underestimate of the numbermrigegun
the area on northwards migration. Numbers in tig@reare
considerably higher on southwards migration, wheakp

Tidal Flats on 16 May. In Saemangeum, the higheshits
were made on the northern shores of the Dongjier rignd

at Okgu. Black-tailed Godwit was a late migranbtigh the
region, with numbers increasing five-fold betwelea énd of
April and mid-May. The late arrival of this specmsggests
that it stages elsewhere before reaching Koreas thi
suggestion is supported by the single leg-flaggtesig, a
bird banded at Chongming Dao (near Shanghai, on the
Chinese coast). No north-west Australian leg-flagsre
seen, although 586 Black-tailed Godwits had besggied in
north-western Australia in the years before oureeligon
began.

Bar-tailed Godwit Limosa lapponica

counts of 2,500 have been made in the Geum Estuafyo subspecies of Bar-tailed Godwit occurred in shely

11,000 in the Mangyeung Estuary and 8,500 in thedpo
Estuaries (Barter 2002). No colour-marked birdsenssen.

Lesser Sand PlovelCharadius mongolus

A minimum total of 7,606 was recorded during ourvsy,

comprising 5.9 % of the estimated flyway populationW

Plumage characters suggested that most or allwsesnin
the mongolus subspecies group, which some worker
consider to be a full species “Mongolian Ploverir@idhfield

et al 2000). Five leg-flagged birds were seen. Twcheke,
with an orange-white flag combination, had beendealnin
Korea. A bird with a single orange flag, and anothih a
single white flag, may also have been birds that been
banded in Korea but subsequently lost a
alternatively the orange-flagged bird may have cdrom
Victoria, where 55 Lesser Sand Plovers have besygdd.
Origins of a bird seen with a single blue leg-flagre
unclear as the bird may have lost a leg-flag; tagsflag
colour is part of the leg-flag codes for both Japard
Taiwan.

Greater Sand PloverCharadrius leschenaultii
Single birds were seen at Yubu Island (17 Aprilgl &kgu
(15 May).

Eurasian WoodcockScolopax rusticola

A single bird was seen on Yubu Island on 9 April.

Common SnipeGallinago gallinago

Up to five birds were seen on a flooded rice fiakkt to
Daemoe Harbour (Geum Estuary) between 24 and 2i& Apr
Asian Dowitcher Limnodromus semipalmatus

Single birds were seen on the northern shoreseobtingjin
Estuary on 17 April and 14 May, with one furthediindual
seen near Daemoe Harbour on 30 April.

Black-tailed Godwit Limosa limosa

This species occurred in largest numbers on irdal fiats
of estuarine systems. The highest counts were rmatiee

Geum Estuary, with 830 on the Haemangdong and Gu S
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region,baueri (which breeds in Alaska and spends the non-
breeding season in eastern Australia and New Zdpkamd
menzbieri (which breeds in Yakutia and spends the non-
breeding season in north-western Australia). Tlesemce of
both subspecies would have been apparent simpty fied
observations, as the whiter rump of subspeonesizbieri

as reasonably easy to detect when birds wereightfl
However, we had still stronger support for the preg of
Both subspecies from leg-flag and colour-band heisigs.
We made 131 observations of colour-marked birds,high
total being caused by a combination of: (1) largenbers
colour-marked in the flywayc. 7,900 had been flagged in
north-western Australia¢. 2,230 flagged in south-eastern
Australia, and 1,248 in New Zealand before our surv
egan; (2) ease of detection, leg-flags or colamds often
being visible on this long-legged species in coldather
when bands or flags on the tibia of other speciesew
concealed by fluffed-up feathers; and (3) particakéention
being paid to Bar-tailed Godwits by expedition pants
seeking birds from their own banding projects.

Resightings of colour-marked birds confirmed that
baueriwas by far the most abundant subspecies of Biedtai
Godwit in the region, with 130 birds being resighfeom
New Zealand (n = 38), Victoria (85), Queensland &4y
New South Wales (3). Only 22 north-west Australian
menzbieriwere relocated, despite more Bar-tailed Godwits
having been leg-flagged in north-western Austrétian in
south-eastern Australia and New Zealand. At le8sbids
were with individual colour-band combinations fradew
Zealand, one of which was seen just 11 days aistrideing
seen in New Zealand. Five of these individuals wszen
more than once; one of these remained in the sivety for
at least 11 days, and another for at least 25 dBys
indicates that some Bar-tailed Godwits stage inrtggon
for a long period, presumably undertaking substargre-
migratory fuelling in that time.

Despite this evidence for sontaueri staging for long
periods, it was clear that many otliraueridid not remain in
the region throughout our study period. NumbersBaf-
tailed Godwits decreased sharply after the end pfilA
However, numbers of north-west Australianenzbierirose
in the same period (Figure 6), indicating that thvegre
moving into the area alsaueri departed. Most Bar-tailed
dwit departures from the north-west Australiam-no
reeding grounds occur in the first fortnight of rAp
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Figure 6. Timing of flag and band resightings of Bailed Godwit and Great Knot frc
the Saemangeum area in April-May 2006.

suggesting thanenzbieriarriving on the west coast of KorealLittle Curlew Numenius minutus
in May must stage somewhern route This idea is
supported to some extent by the five Bar-tailed @t
flagged in Chongming Dao (China) that were foundbim
study area. Three of these birds were found bet\®2eand
29 April, and another on 19 May. However, one Chmoimg
Dao bird was found so early in the study periodg8il) that
it seems unlikely to have staged in China befoachég A late migrant through the region, with numberskieg in
Korea. mid-May. Internationally significant numbers weifd in

In view of the population turnover occurring in Bafled Saemangeum, the Geum Estuary and Gomso Bay; they we
Godwits, peak counts observed in late April mustehaeen widespread in the study region, occurring at mossts. No
an underestimate of the total number of birds Btagi colour-marked birds were seen, but this may retleetlow
Nevertheless, internationally significant numbeesevfound number that have been flagged - onl\280 have been leg-
in both Saemangeum and the Geum Estuary. The mdsgged in Australia.
important roosts in the Geum Estuary were on Ydband
(peak count of 9,000) and in Daemoe Harbour (peaktcof Eyrasian Curlew Numenius arquata

6,000). In Saemangeum Bar-tailed Godwits were redsy _ L .
widespread on roosts closest to outer estuarire fialts, Internationally significant numbers were found lire tGeum

with counts of over a thousand being made at OBgupo, Estuary, mostly roosting on Yubu Island. Here ttmyded
the Gunsan US Air-force Base, a roost on the northel©® roost separately from Eastern Curlews; at otiers _
shores of the Dongjin River, and the south-weststoaVnere numbers were smaller, they often mingled with

between the Dongjin River and the Saemangeum sia-wa Eastern Curlew flocks and were therefore easilylooked.
In both the Geum Estuary and Saemangeum, numbers

Singles or pairs were seen at three separatebgiteeen 10
and 23 April (only one of these was seen in a gptide
period, but the others are included in the totalable 1.)

Whimbrel Numenius phaeopus
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increased between mid-April and late April, sugmesthat underestimation of the number of birds staginghmriegion.
the birds present included passage migrants. Theyatso A single individual leg-flagged in north-western Zalia
have included birds that had spent the non-breesiiagon was found in the Geum Estuary on 16 May; about 150
in the area (non-breeding countscofl200 Eurasian Curlew Common Greenshank had been leg-flagged in norttewes
have been made in the Geum Estuary, éteal. 2002). The Australia and about 450 had been leg-flagged irtoviE at
highest previous count of Eurasian Curlews in treui@ the time our survey began.

Estuary (2,800 — 7.3 % of the flyway population)swaade

during southwards migration at the end of Augusar(®& Nordmann's GreenshankTringa guttifer

2002, Leeet al. 2002); consistent with this pattern, WeTh' d d . found in_int tionall
counted 1,450 at Yubu Island on 2dptember. NS _endangered species was tound in - intérnatypna
significant numbers in both Saemangeum and the Geum

Estuary. Counts from the Geum were particularly
noteworthy, with the 70 found in mid-May (including
Internationally significant numbers were counted bioth single flock of 69 birds at Yubu Island) constihgiabout
Saemangeum and the Geum Estuary, with concentsatiof%o of the world population. At the time of obsergatthe
tending to be largest at the roosts closest toragwiarine Yubu Island flock appears to have been the largest
habitats. In the Geum Estuary counts were higheStubu concentration of this species seen in at leaste2@syuntil a
Island, with good numbers also being found on Daejulock of 70 was found in Peninsular Malaysia onebifaary
Island and adjacent mainland roosts. In Saemangthey, 2007 (David Li, posting to Asia-Pacific MigratoryirB
were widespread but the largest numbers were seeh sf network). Another concentration of Nordmann’s Geteank
the mouth of the Dongjin River, along the coasttte was also found at Daejuk Island (25 birds on 26ilsmther
Saemangeum sea-wall. observations were of single birds or small flocksg than
Eastern Curlews were early migrants, and their rexsib 10 birds) at roosts relatively close to outer adhea
declined considerably between the middle and endipof;  mudflats. Almost all of the Nordmann’s Greenshaeé&rsat
it is possible that their numbers peaked before smuvey roosts were mingling with flocks of Grey Plover.
began. Five colour-marked individuals were seehfrain Internationally significant numbers of Nordmann’s
Victoria, south-east Australia (544 had been flagge Greenshank were also found in the Geum Estuary on
Victoria before our surveys, compared with 169 dled) in  southwards migration, with a minimum of 31 indivédisl
north-western Australia). (possibly as many as 38) being found at Yubu Istam@4 -
25 September 2006.

Eastern Curlew Numenius madagascariensis

Spotted RedshankTringa erythropus

Low numbers were seen, mostly at roosts on the istn@res Green SandpiperTringa ochropus

of the Dongjin River (Saemangeum) and the HaemargdoA few birds were seen, mostly on freshwater wettand
and Gupo Tidal Flats of the Geum Estuary. Counts inner estuarine mudflats.

Saemangeum were lower at the end of April thanethins

mid-April or mid-May; we do not know if this was esed Wood SandpiperTringa glareola

by population turnover in this typically early magt or by a

failure to find roost sites in the late April coant A few birds were seen, mostly on freshwater wetaod

inner estuarine mudflats.
Common RedshankTringa totanus . "

9 Common SandpiperActitis hypoleucos
Uncommon in the region, numbers at Saemangeum gea

e :
in mid-May. %\ few birds were seen, mostly on freshwater wettand

inner estuarine mudflats.
Marsh Sandpiper Tringa stagnatilis . .

PIp 9 9 Terek Sandpiper Xenus cinereus
Uncommon in the region; most seen were found irirther

Dongjin, or on ponds beside Okgu. Internationally significant numbers were found imthb

Saemangeum and the Geum estuary, with moderateensmb
occurring on most roosts adjacent to outer estaarin
mudflats; large numbers (579) were also found fegdin
Common Greenshanks occurred in internationallyiiggmt the Haemangdong and Gupo Tidal Flats of the Geum
numbers in the Geum Estuary and numbers approabied Estuary on 16 May. This species was a late mignaiih
level in Saemangeum. They occurred in small numbérs numbers increasing over fivefold between late Apuild
nearly all roosts, with unusual concentrationsiofdbeing mid-May. Five colour-marked birds were found: fdtom
found at a roost at Okgu (418 on 15 May) and ontitfed = north-western Australia (where 3,679 birds had Heyged
flats within the Geum River Channel (920 on 16 Mafey by 2005) and one from Chongming Dao, China. Allsthe
were late migrants, with numbers increasing byaofaof birds were found in mid-May, except for one nortbstv
12 between late April and mid-May; a migratory dépae  Australian bird found on 25 April. This may suggtsit, as

of 74 birds from Namjeon Ri (Geum Estuary) was ole@ in Bar-tailed Godwit and Great Knot, a late inflak Terek

on 15 May, suggesting that migratory turnover mayse an

Common GreenshankTringa nebularia
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Sandpipers to the west coast of Korea consisteliargf Yubu Island on the highest tides. Great Knot number

north-west Australian birds that have staged im&hi increased in the general region during the studyoge
(Figure 5). Most of this increase occurred in theuf®
Grey-tailed Tattler Heteroscelus brevipes Estuary, where counts almost doubled between thleoén

April and mid-May; in contrast Great Knot numbers i
Saemangeum were almost equal in the late April raitd
May surveys. It is possible that some birds movesinf
Saemangeum to the Geum as habitat conditions within
Saemangeum deteriorated. Alternatively, the inereas
numbers of birds at the Geum might have been caloged
incoming migrants selecting this site in preferertce
Saemangeum.

The latter interpretation is more consistent with
resightings of colour-marked birds made during the
Internationally significant numbers were found imttb expedition (Figure 6). Most colour-marked birds areted
Saemangeum (mostly at Simpo and near the Gundsasa)r were from north-western Australia (80) or mainlaDhina
and the Geum estuary (mostly on Yubu Island and €34), with smaller numbers from Victoria, southteas
Namjeon Ri). They were late migrants, with numberdustralia (11), south-eastern Queensland, eastestralia
increasing threefold between late April and mid-Mady (2), Kamchatka, Russia (1) and South Korea (3).riteber
single white-flagged bird, presumably from New Zeaml, Of colour-marked birds from eastern Australia weser

Fairly small numbers were seen, with the largestint®

being made in Saemangeum (especially on the figiegite

the US Air Force base in Gunsan, and on the caeatelen

the Dongjin River and the Saemangeum sea-wallthén

Geum Estuary, most birds were seen at Namjeon Riy-G
tailed Tattlers were late migrants with nearlysaén in mid-
May. No colour-marked birds were seen.

Ruddy Turnstone Arenaria interpres

was seen at Simpo on 2 May than that from north-western Australia, but thissirto some
extent be a reflection of the number of Great Kiagged in
Great Knot Calidris tenuirostris both regions. By 2006, only 313 Great Knot had been

o ) ) flagged in Victoria and there were unlikely to beany

The most abundant shorebird in the study regioth Wie  f39qed Great Knot in the flyway from Queensland, a
total minimum count (116,126) comprising 30.6% bét flagging stopped there about six years ago; in restt
world population of this species. Internationallgréficant 15484 had been flagged in north-western Austriafighe
numbers were found in Saemangeum (22.7% of thedwolme e undertook our Korean fieldwork. Bearingstii
population) and the Geum Estuary (7.9% of the worlghing the colour-band records suggest that propuately
population), with only tiny numbers found at GomBay more Great Knot from eastern Australia migrate uigho
(none during spring tide periodsyvithin Saemangeum, soyth Korea than do those from north-western Alistra
much the largest concentrations of Great Knot iened at Numbers of birds from south-eastern Australia seeme
Okgu, where there was a single flock of about 80,G0eat easonably consistent through the study period, thet
Knot at the end of April (three independent cousftshis  ,ronortion of resighted birds from north-westernskalia
flock ranged from 56,000 to 60,840). By mid-May rhers 54 (especially) mainland China increased markiedijay.
of Great Knot at this locality dropped to 34,950f there  Thjs suggested that birds from north-western Aliatrere
was a roughly corresponding increase in numbe&impo, qying into the region in May after staging in Cijmnd we
where Great Knot numbers increased from 10,8438 | jngeed had confirmation that staging in mainlandn@h
April to 40,000 in mid-May. This shift in distribien might  occyrred. Eight of the resighted Chinese birds, saén
have been a response to the shellfish die-off, reatGnots  etween 13 and 18 May, had been marked at Chongming
were feeding on very extensive beds of dying ssBlih the paq in March/April 2006 (flag colours at this siteere
Simpo area during May. Elsewhere in SaemangeunatGregyersed in 2006 so birds from this season could be
Knots were found in moderate numbers (hundredsowr | gistinguished from birds flagged in previous sea$oit is
Fhousands) at sgveral outer estuarine roosts. lhrenbers very likely that these birds had previously spem hon-
increased considerably on the coast between th#&0U preeding season in north-western Australia, asrengt
mouth of the Dongjin River and the Saemangeum sB88-Wnigratory link between the Great Knots of north-ises
(225 in mid April, none in late April, 9,874 in mMay). In a;stralia and Chongming Dao has been establishetiein
contrast, counts decreased during the survey patidacher past (e.g. Battlegt al 2000).
estuarine roosts in the Dongjin (1,301 in mid-Aptl030 in Most migratory departures of Great Knot from thgioa
late April, 134 in mid-May) and no Great Knots wéoend 46 thought to have occurred between 15 May anM@@
at all at the innermost roosts of the MangyeungeRiat e Great Knots could be found in the Simpo areer dfis
sites that have held up to 30,000 Great Knot omgifdes period, although there was an abundance of dyimfjfish
in previous years. These changes in distributiorreweiq feed on, and there had been up to 40,000 Great K
p_robably. rglated to the decreasmg tidal range srallfish present there on 13 May. Average abdominal profiles
die-off within Saemangeum following completion bétsea- Great Knots in Saemangeum declined sharply after th
wall. middle of May (Figure 7), suggesting that the hestvbirds

In the Geum Estuary the largest roosts of GreattKn@ere departing on reaching departure mass. Abddmina
were found on Yubu Island (peaking at 23,190 olME§),  profile scores in the Geum Estuary (on Yubu Islaweye
Daejuk Island (maximum of 6,335 on 26 April) andelbme higher than those in Saemangeum in mid-May, suigest

Harbour (maximum of 6,500 on 13 April). We suspeeiny  ,a¢ hirds were experiencing better feeding coaniithere,
Great Knots moved between these roosts, beingdotce
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Figure 7. Average abdominal profile score (+ s.d.) of GrEabt at Saemangeum and the G
Estuary during the study period. Numbers next éosymbols are sample sizes.

or perhaps that the heaviest birds had moved rgd3eum with a white flag was probably a bird from previduending
from Saemangeum. work in Korea that had lost an orange flag.

Red Knot Calidris canutus Temminck's Stint Calidris temminckii

An uncommon, late migrant through the region, ugualTwo birds were seen in a brackish pond on Yubuwutslan
found mingling with large flocks of Great Knot. Her leg- 13 and 15 April.

flagged birds were seen in Saemangeum on 14 to dp M

one each from New Zealand, Victoria (south-eastefectoral SandpiperCalidris melanotus

Australia) and north-western Australia. . . . .
) A single bird was seen on the inner Dongjin Estuamy5

Sanderling Calidris alba April.
Most birds seen were on sandy island roosts at Ysibnd Sharp-tailed SandpiperCalidris acuminata
(Geum Estuary) and off Okgu (Saemangeum), usua
mingling with flocks of Dunlin and Lesser Sand Riov
Numbers were much higher in late April than in eitimid-
April or mid-May (Figure 6), suggesting that thipesies
staged rather briefly; it is therefore likely thatigratory
turnover could have led to an underestimate ohtiraber of
Sanderling staging in the region. No colour-markedis
were seen.

I,/l-kllate migrant through the area, with numbers iasireg by

a factor of 15 between late April and mid-May. Thegest
counts made were on the Haemangdong and Gupo Tidal
Flats of the Geum Estuary, where 970 birds werendou
feeding on 16 May. In Saemangeum most Sharp-tailed
Sandpipers were found at Okgu, with a peak of 4594%
May. A single colour-marked bird, flagged in Viderwas
found on the Gupo tidal flat (Geum Estuary) on 12yM

Red-necked StintCalidris ruficollis Curlew Sandpiper Calidris ferruginea

Widespread within the study region, with the latges . .
numbers being found at Okgu (over 2,000 on 13 &hd n uncommon, late migrant through the region. Nmwao
' arked birds were seen.

May). This species was a late migrant, and numberd
increased more than sixfold between late April anid-
May. Four leg-flagged birds from Victoria were sparbird
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Dunlin Calidris alpina

The second most abundant shorebird species irether, it
was found on almost all roosts, although countdedrto be
highest on those near outer estuarine tidal fidtsnbers of
Dunlin increased gradually over the study periasiking in
mid-May. We do not know if migratory turnover inigh
species might have influenced our estimates ohtimabers
of staging birds. Dunlin have a broad breedingrithstion,
with many distinct subspecies that may have differe
migratory schedules, and the subspecies occurring
Saemangeum have not been fully resolved. Resightirf

Oriental Pratincole Glareola maldivorum

Single birds (possibly the same individual) werenset
Yubu and Taeching Islands on 26 Apiril.

DISCUSSION

Our surveys confirmed the importance of Saemanggum
shorebirds on northwards migration. Counts madeQd66
were broadly consistent with surveys in previouargeby
Moores (1999) and the Korean Ministry of Environmen

9 (Ministry of Environment 1998; KARICO 2003, 20040 (5;

two colour-banded birds banded near Barrow in AdasiOr @& summary of totals observed in these survegs,

indicate that they include subspeciescticola, and the

Moores et al 2006). For some species, the totals we

resighting of a bird flagged in Chukotka suggediatt observed were higher than previously recorded in

subspeciessakhalina is also present. Other leg-flagge
Dunlin were seen from mainland China (n = 7), Taiwh)
and South Korea (4).

Spoon-billed SandpiperEurynorhynchus pygmeus

An uncommon, late migrant through the region, but t
world population of this species is so smll 1000 birds,
Syroechkovsky 2005) that the numbers seen at Sagman
are of international significance. The only concatbns
seen were at Okgu (peak of 21 birds on 15 May)@intgbo
(peak of 12 birds on 18 May), with singles alsoorded
opposite the Gunsan military airbase and the iwergjin.
Single birds (possibly the same individual) wereorded at
Yubu Island on 13 April and 17 May; the former netgon

gSaemangeum: Eastern Oystercatcher, Common Gredénshan

Nordmann’s Greenshank, Terek Sandpiper, Sanderling,
Dunlin, Spoon-billed Sandpiper and Broad-billed &ziper.
Internationally important counts of Eastern Oysiéther,
Common Greenshank, Nordmann's Greenshank, Sarglerlin
and Spoon-billed Sandpiper had not previously been
published for Saemangeum during northwards migratio
(Barter 2002). It is unlikely that the higher cosirdf these
species in Saemangeum in 2006 reflect a genuiregehia
population level. They are much more likely to eefl the
intensive survey coverage we were able to achievapril-
May 2006, as our team was sufficiently large tdt &8 roost
sites, and to count simultaneously at several rdiffesites at
the peak of high tide. Importantly, our team wasoalble to
carry out counts throughout the migration periodfeent

a neap tide, and hence not included in Table 1) wapecies migrated through Saemangeum at differemssi

unusually early in the season for this species oreH.
Fifteen Spoon-billed Sandpipers, including a colbanded
adult from the breeding grounds, were found durarg
opportunistic count at Yubu Island on 24 and 25t&aper
2006, confirming that the species also occurs & @eum
Estuary in internationally significant numbers. it quite
possible that we underestimated numbers of thisiespen

and there is no single date during northwards rharaat
which peak numbers of all species are present.

Counts made in the Geum Estuary turned out to be
considerably higher than we had anticipated, withoat all
species being found in higher numbers than preljous
reported. Overall we recorded a minimum of 82,993
shorebirds in the Geum Estuary, a considerablerdifice

both Saemangeum and the Geum Estuary, as it usudtym the previously recorded peak of 34,198 shodsbon

mingled at roosts with large flocks of similarlged waders.

northwards migration. These included 13 or 14 ssethat

Spoon-billed Sandpipers at Simpo, Okgu and Yubtewebccurred in internationally significant numbers,dathe

usually active through much of high tide, feeding the
waterline on reasonably firm sandy substrates. Tseplly
fed by pecking firmly at the substrate, with thailfs angled
at about 45 degrees. We were seldom able to igette

second highest count ever made in a single sit¢hef
endangered Nordmann's Greenshank. Moreover, winter
surveys have shown the Geum Estuary to supportd@tbe
world population of Eastern Oystercatcher. In shthe

prey taken, but Jan van de Kam photographed ant adBeum Estuary is a site of very high conservatidue/and

capturing a slender polychaete about 4 cm long.

Broad-billed Sandpiper Limicola falcinellus

A late migrant through the region; almost all bisgen were
found in Saemangeum (at Okgu and the inner Dongjin)
mid-May. A bird leg-flagged in north-western Audi@avas
found at Okgu on 15 May. Larger numbers were sedhe
Geum Estuary on southwards migration (600 at Ywstand
on 24-25 September, all juveniles), a trend alstedan
Saemangeum by Barter (2002).

Ruff Philomachus pugnax

An uncommon early migrant; most seen were foundhen
inner Dongjin (Saemangeum) in the first half of Apr
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(given the deterioration that is likely to have wged in
Saemangeum over the past few months) it is probdday
premier shorebird site remaining in South Korea.
Unfortunately, it too is threatened with a majoclaenation
proposal (Leet al 2002).

In comparison with Saemangeum and the Geum Estuary,
Gomso Bay is not an important shorebird site foecigs
other than Whimbrel. The low numbers of shorebiirs
Gomso Bay are somewhat surprising, given that &yehas
extensive tidal flats, but presumably these dosopport the
benthic food supplies required by shorebirds.

The completion of the Saemangeum sea-wall had some
immediately obvious ecological effects, the moskistg of
these being the reduction of the tidal range within
Saemangeum and the resultant die-off of shellfishthe
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intertidal flats. This die-off was in itself a cadsrable loss

example, average abdominal profiles increased girdpril

of biodiversity of the Saemangeum region; about 10&nd mid-May, with many individuals reaching the imnaxm

mollusc species are known from the estuarine wabérs
Saemangeum, including an extraordinary bivalve doanly
in symbiosis with the brachiopodingula anatina which
appears to be extremely rare outside Saemangear@ehm
Estuary and Gomso Bay (Horegg al 2007). In the short

fat stages of 4 or 5; most departures from the &agerum
region appeared to occur between 15 and 20 Maypaak
arrivals of this species on the breeding grouicdd,000 km
away) occur only a few days later, on 22 to 23 May
(Tomkovich 1997). It therefore seems probable Begat

term, shorebirds may have managed to survive, aag nKnots use Saemangeum as the final staging poirdrdef

even have benefited from, the shorebird die-oféating the
dying bivalves as they came to the surface. Weesiighat
by exploiting this temporary resource, most mignato
shorebirds in Saemangeum were able
northwards migration in a reasonably normal manner
2006. We did not have strong evidence for birdsdbaing
Saemangeum in April and May 2006, though the chainge
food supplies might have prompted a possible moweroke
Great Knots from Saemangeum to the Geum Estuarydn
May.

We can only speculate on the longer term effectthef
sea-wall closure. At present the sea-wall gates inav been
closed (for engineering reasons rather than coaserv
purposes) and there are still small tides withier@angeum.
The tidal range is now only about half a metre, dmel
intertidal area is perhaps only 10% of its previsizg, but in
such a large tidal system, this still amounts tdaage
intertidal area of potential conservation significa to
shorebirds. However, the quality of the benthig/peserves
in the remaining intertidal area will be very musbfpendent

on management of the sluice gates. Sato (2006) h

demonstrated that in a reclamation in Japan mo#uses
were killed by salinity changes or hypoxia shosfter sea-
wall closure, but that a few species were reasgrtalgrant
of these changes and survived (and even incre&seshme
time, though these too died off eventually in thesemnce of
improvement of environmental conditions. If
Saemangeum reclamation project is completed asng@dhn
complete loss of the intertidal habitats is ineu#a as the
plans involve conversion of the entire area to lamd a
freshwater lake system. Over half of the shorebjpdcies
occurring in the Saemangeum area are restrictedddidal
habitats during the non-breeding season and widlgirsy,
including most species for which this site is oftalar
conservation importance (e.g. Great Knot,
Oystercatcher, Nordmann's Greenshank and Spocedbil
Sandpiper). These species will presumably be losh fthe
Saemangeum system, as will the local shellfishedystry,
which is estimated to provide a livelihood for 2K)Qpeople
(Mooreset al 2006; Honget al 2007).

undertaking a long migratory flight to the breedgrgunds.
It is likely that the Saemangeum reclamation wilise
population declines in migratory shorebirds, andthifs

to complebecurs, the effect should in theory be detectahl¢he non-

breeding grounds. Resightings of colour-marked sbird
suggested that for a number of species (e.g. Giraat; Bar-
tailed Godwit, Eastern Curlew, Red-necked Stintg th
majority of migrants through Saemangeum have negrat
from eastern Australia or New Zealand. In at |e@ab
species, Bar-tailed Godwit and Great Knot, theres wa
evidence of an influx of migrants from north-wester
Australia late in the migration period, in at letist case of
Great Knots occurring after they had staged onctiest of
mainland China. Careful monitoring of shorebird
populations in eastern and north-western Austiaiid New

Zealand is therefore of considerable importance in
documentation of the effects of the Saemangeum
reclamation.
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