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Why migrating shorebirds need the Yellow Sea

Each year, invisible to the naked eye, millions of migrating shorebirds fly
from Australasia towards the tidal flats of the Yellow Sea. There they
need to find places to rest and refuel on their long journey to the breeding
grounds in Siberia and Alaska. Shorebird migration, one of nature’s most
spectacular phenomena, creates surprising and hitherto little-known
connections between countries, habitats and people. These links are
illustrated here by Jan van de Kam’s beautiful images and the compelling
words of his colleagues.

This book invites you to discover the crucial role that the Yellow Sea plays in
shorebird migration, and highlights the need for this unique and threatened
habitat to be saved for future generations of birds and people.
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In January 2008 Royal Dutch Shell and Wetlands International
agreed to a strategic long-term collaborative partnership. The five
year agreement will encompass a variety of activities to enhance
the conservation and sustainable use of wetlands by Shell and its
affiliates, to raise performance standards in the energy sector and
its supply chain with respect to conservation and wise use of
wetlands, and to strengthen Wetlands International’s capacity for
engaging with business and for leadership in wetland conservation
and wise use. One element of the partnership is to strengthen the
conservation of migratory waterbirds and the wetlands they depend
on in East Asia. This book is a product to facilitate these efforts.

A & (Wetlands International)
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Foreword by Professor Chen Kelin

Professor of Northeast Institute of Geography and Agricultural Ecology
(CAS), and Director of Wetlands International, China

A close relationship has always existed between people and birds. The
beauty of these feathered creatures inspires us, their sheer variety and
abundance dazzle us, their ability to navigate long distances across
continents and oceans, arriving and departing in tune with the seasons,
sparks our imagination and enriches our appreciation of the natural world.
The migratory routes of these birds cover wetlands in many countries,
transcending national borders, from the arctic to the southern hemisphere.

The Yellow Sea, surrounded by China, the Democratic Peoples’
Republic of Korea and the Republic of Korea, is one of the most important
coastal wetland ecosystems in the world. Its vast tidal mud flats are an
essential staging site for shorebird migration between the southern and
northern hemispheres. During northward migration it supports more
than 30% of the estimated East Asian — Australasian Flyway population of
25 shorebird species and carries almost the entire flyway population for
15 species.

To assess shorebirds numbers, and to accurately understand the
utilization of the Yellow Sea during migration, Wetlands International in
Australia and China, together with local Chinese government agencies and
nature reserves around the Yellow Sea coastline, have worked collaboratively
for the past 12 years. Workshops, training courses, field surveys and banding
of shorebirds have been organised and information for the public on
waterbirds and wetlands has been disseminated.

Approximately 600 million people from China, South Korea and North
Korea live on the shores of the Yellow Sea and the tidal flats are of major
importance for shellfish harvesting. Often people and shorebirds can be seen
working side by side. However, rapid population and economic growth have
led to serious degradation and loss of wetland areas and impacted on the
regional environment in ways which may jeopardise its continued use by
shorebirds. Adoption of wise use principles for the tidal flats of the Yellow Sea
is vital to ensure that this wonderful region continues to be sustainable for
both shorebirds and people. | hope this publication, with its fantastic photos
of shorebirds, will encourage readers to give attention to the importance of
ecologically sustainable development of this highly significant region.
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Foreword by Professor Chul-hwan Koh
Professor of Marine Ecology
Seoul National University

Much has happened in the last two decades along the eastern Yellow Sea
coast. Traditionally, reclamation of tidal flats was limited to agricultural
purposes. However, in only the last two decades of the 20th century,
nearly 800 km2 of coastal wetlands on the southwestern coast of Korea
have been lost to reclamation for industrial development. This should be
considered an ecological collapse.

Huge projects like Saemangeum, which enclosed 400 km2 of tidal
flats including the two estuaries of Mangyeung and Dongjin with a 33 km
long dyke, are very destructive.

Recent citizens’ movements to protect tidal wetlands from
reclamation have contributed to increasing public awareness about the
nature and beauty of these Korean tidal flats. The flats are also
indispensable to local inhabitants and artisanal fisheries are common
along the coast. Typically, manila clam, surf clam and razor clam are
harvested by local residents simply going onto the tidal flats and digging
them up with hooks. Even lugworms are collected by the bare-hand
method for export to Japan as angling bait.

High productivity is an important characteristic of the Yellow Sea
coastal wetlands. A survey we conducted in the Hwaseong tidal flat near
Seoul showed that annual production yielded about 150 razor clams, or
over 3 kg in wet weight, per square metre. This kind of productivity not
only supports humans, but also migrating shorebirds in the East Asian—
Australasian Flyway.

Now, through public debate in the media about the pros and cons
of reclamation projects, even everyday people in the eastern Yellow Sea
region want to protect the tidal flats from further deterioration and
destruction. National policy in South Korea is also turning from reclamation
to conservation and wise use. However, we think the turning process
towards conservation has been slow and late, and we have already paid
too great a price for it. There still remains much to do towards securing
conservation of the Yellow Sea tidal flats. In this respect, this book will
surely be a great contribution to enhancing public awareness about the
unique and precious nature of the tidal flats.
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Foreword by Mr Andrew McNee
Chair of the Partnership for the East Asian - Australasian Flyway
Australian Government Department of Environment, Water, Heritage and the Arts

This book and its wonderful photographs by Jan van de Kam bring to life the
dramatic journeys of migratory shorebirds in the East Asian — Australasian
Flyway, the importance of their staging sites and the need for international
cooperation to maintain this cycle. The Flyway encompasses 22 countries
and is home to over 50 million migratory waterbirds from over 250 different
populations, including 28 globally threatened species.

Each year these millions of waterbirds migrate in journeys of astounding
distances. They cross state and provincial boundaries, countries and oceans
from their breeding grounds in or near the Arctic Circle, moving through East
and South East Asia, to arrive in their non-breeding grounds as far south as
Australia and New Zealand. They then return along similar routes.

International cooperation is essential to maintain an unbroken chain of
habitats to support these global travellers and their need for stopover sites to
rest and refuel along the Flyway. In recognition of this need, the Partnership
for the Conservation of Migratory Waterbirds and the Sustainable Use of their
Habitats in the East Asian - Australasian Flyway was launched in Indonesia in
late 2006. The Partnership is a significant step forward in international
cooperation, promoting the conservation of migratory waterbirds and their
habitats in the Flyway as part of sustainable development. The Partnership
has a key message: that conservation and sustainable development go hand
in hand - that birds and people can live in harmony along the Flyway.

The Partnership is working to achieve social and economic benefits for
the communities that share habitat with migratory waterbirds as well as
conservation outcomes for the birds that rely on these habitats. The Flyway
Partnership now has 10 National Government Partners, 2 Inter-Governmental
Partners and 7 International non-Government Partners.

It is recognised as a Regional Initiative under the Ramsar Convention.
It is fitting that this book is launched at the Tenth Conference of the Parties
to the Ramsar Convention in the Republic of Korea because the tidal mudflats
of the Yellow Sea provide critical staging grounds for millions of migratory
waterbirds in the East Asian — Australasian Flyway. Please use this book to
learn more about the biodiversity values of the Flyway and the need to ensure
that these are incorporated into the development of the region.
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Every spring, high above the Pacific-Ocean, great flocks of
shorebirds stream toward the Yellow Sea. From the
continental shores and archipelagoes of Australasia, they
race through the skies. Godwits and knots, stints and plovers
- all strive north along ancient pathways, driven by ancient
dreams. Bound for the tundra of Siberia and Alaska, they
first pause to rest and refuel along the shorelines of East
Asia. As they fly and land, and then fly again, they weave
unseen threads that bind them to the world and its myriad
inhabitants in diverse and often unexpected ways. This
network of invisible connections is as colourful and textured
as the multi-layered plumage that adorns the wing of a
turnstone. For much of the year, however, these shorebirds
and the connections they weave are not visible to most
people. In this book, through the beautiful images of Jan van
de Kam and the compelling words of his colleagues, we
hope to make those connections more obvious.

During much of their lives, and particularly while
undertaking their epic migrations, these migrant shorebirds
are literally invisible to us. Flying day and night, hundreds or
thousands of meters above vast tracts of the empty Pacific,

they escape our detection. We simply cannot observe their
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most daunting achievements - urgent flights lasting hours or
days, without stopping to rest, to feed, or to sleep. Not only
are these shorebirds usually beyond our sight, but they are
even more dramatically beyond our imaginations. However,
with the help of recent advances in technology, scientists
have finally begun to understand how impressive the
migratory flights of shorebirds truly are. Through combinations
of rigorous field work and novel laboratory experimentation,
they are just starting to comprehend the details of how
shorebirds prepare for, and then complete their long
migrations. We are at the threshold of mystery, and as we
increase our understanding of the world from a bird’s
perspective, it is clear that there are untold wonders yet to
discover and important connections to be made.

From a human perspective, Australasia and the
countries along the eastern flank of Asia are connected in
important ways as well - by history and commerce, alliances
and agreements. Less frequently do we consider the ecological
connections between nations, but the dramatic wanderings of
migratory birds compel us to do so. Their globe-spanning
flights link countries separated by thousands of kilometres, as

well as those separated by ideology, language and culture. In
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Curlew Sandpipers feeding in the Yellow Sea
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fall above a shimmering horizon as they move to and from
feeding sites or dodge the attacks of marauding falcons. For
a few days or weeks of the year, the migrant shorebirds may
be stunningly visible and conspicuous. And yet, even when
the massed flocks create some of the greatest wildlife
spectacles on the planet, they usually pass beyond our
observation. They remain invisible because they inhabit a -5
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escape detection; invisible connections that have the power
to either sustain or destroy the critical nodes that support

the great migrations. Far from the slick grey ooze and

salty tang of the mudflats, decisions made in corporate
boardrooms, the halls of government, and the marketplace

will impact on the flocks of birds that surge up and down the
flyways each year. Those decisions can benefit wildlife and

natural habitats, or they can be to their detriment.
For the racing skeins and swirling clouds of migrant

birds, the Yellow Sea is the nexus of their migration. Wetlands
and shorelines throughout East Asia are vitally important to

migrant birds, and many of these areas are at great risk.
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Among them, however, the Yellow Sea is paramount. Birds
from across a broad swath of the equatorial and southern
latitudes converge there every spring, and then fan out to
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Twice a day dramatic changes occur at the margins of the
sea. At high tide, water covers all; as the water recedes, vast
mudflats are exposed. First impressions suggest hardly any life
in this mud, but, in reality, it is teeming with small organisms
such as crabs, shellfish and worms that can survive in the
ever-changing environment. This rich food source is exploited
by other specialists, the many species of shorebirds which are
completely dependent on these mudflats.
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Shorebird migration creates fascinating
global connections. In March
birdwatchers in New Zealand celebrate
the birds’ departure at Miranda Nature
Reserve. In May the same birds arrive
on mudflats surrounded by snow-
covered mountains and volcanic peaks
in Alaska, and are welcomed with
shorebird festivals.
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Shorebirds are not only able to travel immense distances and
find their way around the globe; they are also capable of
adapting to extreme weather situations. These Bar-tailed
Godwits and Red Knots (left) look very comfortable in the sun-
baked sand dunes of New Zealand. Two months later, after a
journey of 17,000 km in two non-stop flights, the godwits still
have the energy to perform acrobatic display flights above their
snowy breeding grounds on the tundra of Alaska.
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The rich mudflats of the Yellow Sea are an essential stop-over
site for migrating birds. Here they build up fat reserves by
eating as much as they can to fuel the next stage of their
journey. The world’s population of Great Knot refuel there each
year during their flights between Australia and Siberia. The
Yellow Sea mudflats are also indispensable for the critically
endangered Spoon-billed Sandpiper (right), a species which
has an estimated global population of no more than 200-300
breeding pairs.
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At some places in the Yellow Sea,
migratory shorebird habitat is protected.
At Yalu Jiang National Nature Reserve in
northern China, special roosting sites
(left) and observation hides have been
created, giving people the opportunity to
see and admire these international
travellers. However, most people are
mainly interested in mudflats for the
shellfish that live there.
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The shoreline of the Yellow Sea supports millions of people,
and the mudflats are used for a broad range of human
activities including shipping, industry, and the harvesting of
marine food. With good planning, both the interests of people
and birds can be met, but once a mudflat is reclaimed (right)
neither shorebirds nor people can harvest food there any more.
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To ensure that management plans meet the needs of
shorebirds, we must learn more about how they use their
habitats throughout the year. Global scientific partnerships are
being formed to undertake more detailed studies of the
worldwide migration of shorebirds. Tracking the movements
and monitoring the survival of known individuals are particularly
important components of shorebird conservation biology. To
do this, individual birds are marked with numbered metal
bands and unique combinations of coloured leg-bands or
engraved plastic leg-flags.
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From small shorebirds such as Sanderling (this page) to larger
birds such as Bar-tailed Godwits (right), the amazing ability of
these beautiful birds to navigate long distances across continents
and oceans, arriving and departing in tune with the seasons,
sparks our imagination and enriches our appreciation of the
natural world. We must ensure their survival — it is up to us!
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Shorebird lifestyles

A tidal flat on arising tide... a mass of birds of varied sizes is
forced together by the incoming water. From a distance, it
may seem impossible to tell them apart. However, close
examination through binoculars or a telescope will often
reveal a surprisingly diverse suite of species. Long-legged
herons, egrets and spoonbills wade in the water; gulls gather
in noisy flocks, and ducks and geese feed in muddy puddles.
Meanwhile, milling shorebirds (also known as waders) sort
themselves into a size hierarchy at the water’s edge. Some
of these birds may be local-breeding residents, but others
will have flown thousands of kilometres to be here. This
scene will be repeated throughout the flyway from Russia in
the north to New Zealand in the south.

What exactly are these birds that we call shorebirds?
It is a surprisingly difficult question to answer. Taxonomically,
shorebirds belong to one of thirteen families in the order
Charadriiformes. Confusingly, this order also includes some
closely related bird families - the skuas, gulls, terns and auks
- that are not regarded as shorebirds. There is no clear-cut
definition by habitat either. Herons and egrets are often
found wading along shorelines, yet are not members of the

Charadriiformes or considered to be shorebirds. And some
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Eastern Curlew and Curlew Sandpipers feeding at the tide edge.
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bird species universally considered to be shorebirds can
go through a lifetime without ever visiting a shoreline!
Nevertheless, bird watchers seem to understand what
shorebirds include - the plovers, sandpipers and relatives
that generally live on the coastal fringe between land and
sea.

Although fairly similar at first glance, these shorebirds
are actually quite different in structure and appearance,
differences that correlate with their different ecologies. In
most places the commonest species are the sandpipers,
which range in size from the sparrow-sized Red-necked
Stint to the much larger Eastern Curlew, whose bill alone is
longer than an entire stint. The curved bill of a curlew, or the
similarly shaped one of a Whimbrel, allows it to make
complex twisting probes as it pursues crabs and shrimps
down muddy burrows. Short-billed stints feed with a frenetic
sewing-machine action, trapping minute organisms almost
too small for the human eye to see. Between these extremes
lies a range of subtle adaptations. Godwits use the flexible
tip of their long bill to grasp buried polychaete worms;
swimming phalaropes use the surface tension of water to
draw up microscopic crustaceans; Red Knots detect small
shellfish without even touching them and swallow them
whole.

The other major group of shorebirds, the plovers and
their relatives, do not have such sensitive bills. Their short
hard bill is teamed with large eyes and a ‘wait and see’
foraging mode. They rely on invertebrates betraying their
presence by moving on the mud surface, at which point they
run quickly and attempt to grasp the oblivious crab, shrimp,
worm or insect. Oystercatchers take the concept of an
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Oriental Pratincole bathing on Eighty Mile Beach, Australia.
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endemic is even rarer: the Spoon-billed Sandpiper.

A high priority species for visiting birdwatchers,
Spoon-billed Sandpiper numbers have plummeted over the
past two decades. It is thought that they now number as few
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tide begins to ebb, ensuring that they do not miss any foraging
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The long bill of a Bar-tailed Godwit can locate and catch prey
buried deep in the mud. Godwits forage so efficiently that they
can increase their mass by nearly 50% in the month preceding
departure from Australia or New Zealand. This extra weight, in
the form of fat and muscle, fuels the first leg of their northward
migration, which brings over 50,000 godwits together in Yalu
Jiang National Nature Reserve in China. Here, feeding on the
rich mudflats of the Yellow Sea, birds can re-gain sufficient
weight to fuel the last leg of their flight to the breeding
grounds.
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Male Eastern Curlews have shorter bills than females, but
both use their elongated bills to extract large crabs from deep
burrows (right). The up-curved bill of Terek Sandpipers is
another kind of crab-catching tool. The short bill of Greater
Sand Plovers is used to seize small animals from the surface;
the straight bill of the Common Greenshank is often used to
lunge for fish — but the function of the remarkable bill of the
Spoon-billed Sandpiper is still a mystery.

B ARMEPE K8 ok LE EVE ) Je— 8, H
R T 7 WK 1R K JEE AS A 08 4 KI5 A TR VR 1)
T 7R CWATED o SRS L
U5 At T 8 1 S — R B o R YT 1R
PLBRE, IR (MR R i /N shis 75
RIS 1) LV HE R R BOR 28, B R4
ATWE TS AT (G (K D REATS 2 ANk




- e
-:ﬂ"

-l =

A e e T

S
-:En T .

-

AE B0l MBEA(QLER)E 7

2] zEd, Wol7} o] ek wed

o] o} Blo] & g B

1% f1gel e,
= ogow

o ZEE WA Yol L3 AHE

2

S o H

N

)

My & o >
s S mlnF
(o3
dr
i)

JE e U e B R
O et & 2 F o
o

L.

Small sandpipers like Dunlin (right) search mudflats with rapid
pecks at the surface, leaving a distinctive foraging trail. They
only probe deeply when potential prey items are located. The
bills of shorebirds are surprisingly flexible. Muscles in the back
of the head can move the tips of the mandibles, enabling
species like Bar-tailed Godwits (left) to probe to full bill-depth
and still use the bill-tip as a pair of tweezers to pick up delicate
prey items.
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When high tide covers the feeding grounds shorebirds
congregate at roosts to rest. Sometimes they gather on rocky
shores or in quiet clearings within mangrove-forests. Birds of
prey are their main threat. Whilst there is safety in numbers,
sleeping birds often open an eye to look around; others
regularly scan the sky for predators.
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Shorebirds change their appearance during the year. In
Australia, Curlew Sandpipers are grey and white. They become
more brightly coloured as they migrate through the Yellow

Sea on their way to the breeding grounds in Siberia. Before
departure, Red Knots in New Zealand (far right) also moult into
a reddish breeding plumage.
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Flyways

Invisible to the naked human eye, above the land and oceans
of the world, lie some of the planet’s busiest highways.
Twice a year, these connecting corridors of activity hum to
the endless beats of millions of wings as birds commute
between their seasonal homes. On their way north, adults in
rich breeding plumage head for distant breeding grounds. A
few months later they return south again, accompanied or
followed by the season’s young making their first forays into
a world of unknown possibilities. The pathways these birds
funnel through are known as flyways.

Flyways are a human construct, a way of viewing
the world in simple terms. They describe the movements of
birds through countries, across continents, and even across
oceans. The East Asian - Australasian Flyway stretches from
the middle of Siberia in the west across to Alaska in the east,
compressing through eastern Asia and spreading out across
Southeast Asia, to Australia and New Zealand. More than
50 shorebird species migrate up and down this Flyway, and
in doing so they connect virtually every country in the Asia-
Pacific region. It is not just shorebirds that use such flyways,
however; waterfowl such as ducks, geese and swans migrate
in their millions along similar pathways around the world.

The starting point in the northern hemisphere for most

of the birds in the East Asian - Australasian Flyway is Russia,
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where the vast expanses of Arctic and sub-Arctic tundra and
taiga provide rich and productive environments for birds to
quickly breed and raise a family. After breeding, these birds
fuel up before making long southward flights. They will fatten
up and store energy for flight, and build up their muscles to
carry this extra weight, often leaving the breeding area for
nearby tidal flats where rich feeding awaits.

The first major refuelling stop for many birds may be
the Sea of Okhotsk in eastern Russia or the Yellow Sea. While
little is known in detail about these southwards refuelling
stops, it seems likely that species such as Great Knots and
Red Knots launch off from these sites and overfly eastern
Asia on the way south, travelling without stopping directly to
Australia. This entails a flight of some 6,000-8,000 km, which
until recently would have been considered one of the longest
flights known in the bird world.

That honour now clearly goes to the Bar-tailed
Godwits that breed in Alaska. After breeding on the coastal
and mountain tundra, godwits congregate on the rich tidal
flats adjoining the Yukon-Kuskokwim Delta to fuel up for a truly
epic flight - a non-stop trans-Pacific crossing. Researchers
from the USA and New Zealand have recently discovered that
godwits heading to New Zealand make a massive 11,500 km

flight, which takes more than a week.

H3) FQl SRR ES.
Bar-tailed Godwits in flight
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The tundra may still be frozen when Bar-tailed Godwits arrive.
Finding food is a challenge.
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Godwits are not the only East Asian bird to launch off
from Alaska. Juvenile Sharp-tailed Sandpipers make a curious
dogleg migration. After hatching in Siberia, thousands of
young birds cross the Bering Sea to Alaska where they fatten
up on seeds and invertebrates in the shallow pools around the
edge of the tundra. Without any adults to join up with, they
set out on journeys over uncharted waters that will lead them
southwards, possibly all the way to Melanesia or Australia.

But most birds do not make these very long flights.
Instead, they depend on a network of habitats along the
Flyway, safe and undisturbed sites where they can replenish
themselves after flights and get ready for the next one. This
is especially true for young birds, which flock to the shores of
the Yellow Sea in August and September before moving on
to their eventual wintering sites further south. Juveniles have
no experience of migration. They rely on inherited genetic
programs that can give only a general plan of where to migrate.
Consequently, they are often found in groups in unexpected
places, such as surf beaches where most shorebirds usually
do not live, and they may use places that adults pass by.

Adults move more directly to their non-breeding
destinations, using fewer sites en route than juveniles do.

This migration covers quite a wide time span, as birds from

various tundra regions pass through at different times, and
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reach the breeding grounds just when the snow starts to melt.
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birds. At the southernmost extremity of the Flyway, just before

northward take-off, Bar-tailed Godwits in New Zealand can
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migrants during their northward migration. This is their
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Bar-tailed Godwits in Alaska, ‘fuelled up’ for the long flight to
New Zealand.
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final opportunity to prepare for breeding, to ensure that they
arrive with enough energy to display and court mates, defend
territories, make eggs, and cope with any freezing periods that
may occur. In late April and May, the Yellow Sea provides one
of the spectacles of the shorebird world. At Yalu Jiang National
Nature Reserve in China half the Bar-tailed Godwits from the
Flyway gather in vast flocks, paying no heed to human borders
as they flit across the Yalu River to Korean tidal flats to roost
or feed. Massed flights of tens of thousands of Great Knots
twist and turn over mudflats teeming with the small shellfish
they depend on. Some of these key sites hold over a hundred
thousand birds, and collectively the Yellow Sea holds probably
two million birds through the migration season.

How do shorebirds make these incredible journeys?
The trick is to combine obesity and athleticism. Their
performance is a paradox in human terms - birds may be 30,
40 or even 50% fat when they leave for a migratory journey.
Humans would be classified as clinically obese at such levels.
Yet, once in the air, these birds can work as hard as the fittest
human athlete, and keep it up for many days on end. They
will have built up the size of their muscles, heart and lungs
while fattening, and increased the activity of the enzymes
responsible for delivering energy to cells. They may have
shrunken their digestive organs before taking off to lighten
their load. When flying, their large fat deposits will be burnt
as fuel. But that is not all - their muscles and other organs will
also get smaller. The protein that is broken down from these
tissues will be reused in chemical reactions that allow the rapid
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The East Asian—Australasian Flyway links Siberia, Alaska,

and Central Asia with Australasia. The map shows how
migration routes converge on the Yellow Sea.
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Young Sharp-tailed Sandpipers in Alaska
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energy delivery to continue for the length of the journey.

When the birds arrive after migration they will be a
shadow of what they were a few days earlier. They will be
skinny, tired, thirsty, and they need to sleep. Not all birds will
have survived the flight; some may have hit headwinds and
not been able to reach their destination. Others may have
stopped short of their eventual goal. Poor weather often
forces birds down at Chongming Dongtan Nature Reserve, at
the mouth of the Yangtze River on the coast of China. Many of
these birds will have been aiming for the northern or eastern
Yellow Sea, 600-1,000 km further on, but will make a short
stopover until the weather improves.

Humans often have an image of migratory birds as
frail, slight creatures battling their way across the globe, no
doubt inspired by how tiny some species are. But many
migrating shorebirds do not fit that picture at all. They are
beefy, humpbacked bundles of muscle and fat; finely honed
creatures that cut through the sky at speeds that may
average 60 km/hour. They have been migrating for millennia
and treat the planet’s vast distances as an opportunity rather
than a limitation.
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Flying birds like this flock of Terek Sandpipers are obvious in
tidal areas. But it is not so easy to observe migrating
shorebirds, because they usually fly at high altitudes. If
lucky, you can see their departure. Groups of birds gather
on a mudflat calling persistently. Some fly up and return
again drawing more birds into the group; the calling
becomes more agitated. Suddenly the whole group takes
off, climbing higher and higher, sometimes circling to allow
stragglers to catch up. The ragged flock becomes
structured, forms straight lines and then an aerodynamic
V-formation, and is quickly lost from human sight.

PRI BT WAR . (H BT K
ISR S IFAE S 3, U EAT WG R . Wk
iz, PRATLUEB)EATRERR .. KRR ES IS 5 R AR A
W b, AEHg ], LSRR, WG
RIS TE s AT P L 75 AR AR sl A 22
FEARIA], BEAS LRSS, B R, AR 2
R P AL e S A BN IR 1 o WY, LM BT AR 1S
B, RS HEREL, IFALAT &8 T
RIBAALL, ARERMANATT L 3 2K




Holx ¢ A4 ag INVISIBLE CONNECTIONS « ETEMIBE & 60 61 HA ol H 5=« FLYWAYS « IE &Lk

HEAY S WU BRI BeorEase 2
B2 w2 chd ) s0nkel sjwolq el 2e
20E vo)= ALtk wH, B o] &
Fulsha A 1ES yHAlol ZhE o2 W

550 Alueloboll A W4} wel &= v o = thy e,

In the non-breeding season in Australia Great Knots occur in
dense flocks. Here at Eighty Mile Beach they feed on small
shellfish. By contrast, they are solitary when breeding in the
mountains of Siberia, camouflaged in a chestnut and black
breeding plumage which they grew during their migratory
journey via the Yellow Sea.
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In an amazing performance, small shorebirds like the 25-30
gram Red-necked Stint migrate more than 10,000 km from
Australia to Siberia, arriving as the snow starts to melt. The
female produces 4 eggs that together weigh as much as she
does. Four weeks after hatching, the chicks are able to fly to
Australia.
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In NW Australia many shorebirds roost on the rocky shore at E{;ﬂ j(;‘FU A @;“:%B , it[: % ﬁ%ﬁ%% _r% E@f(ﬁﬁ
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The Yellow Sea is the main staging area for shorebirds
migrating from Australasia to the breeding grounds in Siberia
and Alaska. A key place is Yalu Jiang National Nature Reserve
in northern China. At high tide huge flocks, mostly of Bar-tailed
Godwits and Great Knots, roost in the fishponds along the
coast. At low tide they swirl over the vast mudflats where
shorebirds and local fishermen search for shellfish.
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EZ O F o] xS AFFHY] Hof| e W He) Before their northward migration, Ruddy Turnstone LE TV 2 () 75 B A 8 RN 20 B Vs A TR UG ) BT k2
FEQ = A" Az ol g RS A EEbEd Yt and Red Knots in New Zealand not only change their Wiy AN B A B i, B A ANE .
g3 we] A Hk=o] F=A YA upet T8 X 7} plumage, but also their shape. A thick layer of fat is 5L JE () — R A T URAE S k2, e A A T
e ARG

3] o

(e}

390 E EWT F2UlER8 50 & deposited under the skin, and they become pot-bellied T EEEE. 7= FA, e 7R B R e
5] olgHF Yt FEA H - -
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- Red Knots about to migrate in March, and contrasts . ‘ _ VS N
ek A~ 7} markedly with the leaner newly-arrived juvenile (small BNTEN S CNEE T IUAD BT BEHRSLE,

Al 2kt picture taken in September). The bulky Bar-tailed %%%ﬁ@ﬁi%}%ﬁ% ‘( ATFED g% t 7/{; Bz 2
Godwits (right) are about to embark on the longest % @J %ﬁ@ > lji4T L%%’éﬁﬁ‘ EP ﬂi{( Eﬁﬁ% o

non-stop flight in the bird world, from Alaska to New
Zealand.

o 7};}] J‘;’_EEO] 00]12 and heavy-breasted. This is obvious in the colourful W 2T T 5 1 ] 5, 3o i e A A 5K 1
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After breeding, huge flocks of shorebirds feed on the rich tidal
flats of Alaska and Siberia, building up enough fat for their long
flights south. But not all birds can make it. A skull and a few
feathers are all that remains of this young Bar-tailed Godwit,
surrounded by a Peregrine Falcon’s talon marks in the sand.
When shorebirds are heavy with fuel for migration they become
less agile, and therefore easier prey for predators. Migrating
birds have to cope with many such natural dangers and always
seem to live on the edge of survival. They are therefore
particularly vulnerable to man-made changes in their
environment.
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The tundra

Far to the north of the Yellow Sea, a frozen expanse awaits
the advent of spring. Broad river deltas, sloping plains, and
rugged mountains lie silent, shrouded in a mantle of snow
and ice. As the sun swings farther north above the Arctic
horizon, the white blanket starts to soften beneath the
relentless assault of lengthening days. Soon, the immaculate
white landscape is dotted with small dark patches of brown
vegetation, patches that grow and multiply. Bit by soggy bit,
the tundra is exposed.

The Arctic tundra is a treeless world where brutal
winter winds and shallow soils restrict the growth of plants.
This world of dwarf vegetation, however, can be surprisingly
rich. Mosses, lichens, sedges, forbs, and prostrate shrubs
produce a thick, spongy carpet from which the miniature
branches of dwarf willow and birch reach a few centimetres
into the frigid air. At higher latitudes and elevations, the

vegetation becomes sparser and less diverse, forming a
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barren mosaic with frost-shattered stones. Each spring, this
cold, stunted world beckons to the shorebirds departing from
the Yellow Sea, calling them back to the realm of their birth.

In much of the Arctic, the thin layer of tundra
vegetation rests on an impervious mass of permafrost -
permanently frozen, icy soil that chills the ground above it and
resists penetration by plant roots. Paradoxically, however, the
combined effect of six to ten months of snow and permafrost
produces a bonanza for breeding shorebirds. When the snow
recedes each spring, the draining melt-water is trapped by
the permafrost within the narrow band of active soil and
vegetation that manages to thaw. With nowhere else to go,
the melt-water forms complex networks of shallow wetlands
rich in shorebird prey.

When the first shorebird migrants arrive from the
Yellow Sea, the tundra has just started to emerge from its icy
winter shell. Cold temperatures retard snow melt, and spring
storms often drop fresh snow on the recently exposed tundra.
How do shorebirds survive under these inclement conditions?
The secret lies in the rich mudflats of the Yellow Sea. Along
the shorelines of Korea and China, staging shorebirds turn
invertebrate prey into fat before embarking north. The fat
they accumulate in the Yellow Sea fuels not only the final leg
of their great migration to the Arctic, but also serves as an
insurance policy in case severe weather makes it difficult to
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Sandpipers from North America may perform flight displays
next to Spoon-billed Sandpipers that spent the winter in
Bangladesh. On the Yukon-Kuskokwim Delta, Bar-tailed
Godwits recently arrived from the Yellow Sea may join Black
Turnstones from California to mob Peregrine Falcons from
Latin America. On Alaska’s North Slope, Asian Dunlin may
nest near Stilt, Semipalmated, and White-rumped Sandpipers

from Mexico, Suriname, and Argentina, respectively.

About a month after the arrival of migrant birds
in the Arctic, a second great burst of life animates the
tundra. Beneath the whistles, trills, and croaks of breeding
shorebirds, a faint buzzing tremor arises. On warm days,
that tremor grows into a pervasive hum that seems to come
from everywhere at once. Myriad insects emerge from the
wetlands, shedding larval skins and arising as winged adults.
Midges, mosquitoes, crane flies - hordes of tiny creatures
begin to swarm over and above the tundra. At about the
same time, the first shorebird chicks start to break out of
the calcium caverns where they have been developing.
Within hours of hatching, they are mobile, leaving the nest
and actively foraging for their own food - newly-hatched

shorebirds scampering about after newly-emerged insects.

For the next few weeks, chicks grow at a prodigious
rate. When first hatched, they are but tiny balls of down atop
grotesquely large legs and feet, endearingly awkward in both
form and gait. Within a week, however, they begin to assume
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No warm-blooded creature, not even a predator like this
Rough-legged Buzzard chick, can escape mosquito attacks on
the tundra.
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the proportions of their parents. At the same time, their
downy garb gradually gives way to a fresh juvenile plumage,
crisply patterned with distinct feather edgings. This period of
growth and development is a time of great risk for shorebird
chicks. The tundra is alive with potential predators - foxes,
weasels, minks, hawks, falcons, cranes, jaegers, gulls, and
owls. In some years, very few young survive this gauntlet to
pass through the next great transition of their life - from an
earthbound existence to a life of winged freedom. For those
that survive, their first tentative flight may occur less than
three weeks after hatching, while tufts of down still decorate
their crown and nape. Rarely at first, but then with increasing
frequency and skill, the young shorebirds take to the air.

By the time the young shorebirds are flying well,
they may be on their own, abandoned suddenly by parents
with different demands to attend to. Adults quickly shed
the responsibilities of parenthood, flying to the nearest
deltas, bays, and estuaries to prepare for migration. Juvenile
shorebirds, too, eventually move coastward, but on their own
schedule. Even in those species where adults and juveniles
feed together for a time along northern shorelines, the adults
usually depart first, leaving the young shorebirds to prepare
for and embark on their first great migration alone.

After the adults vanish into the austral sky, some
juveniles linger on the tundra and around inland wetlands,
but soon, most grow comfortable in the marine environment.
Between bouts of feeding on tidally-exposed mudflats,
young godwits destined for New Zealand loaf on offshore
sandbars, while young Dunlin bound for the Orient roost on
tilting islands of peat eroded from the sloughing edge of the
continent. Like their parents before them, their attention turns
inevitably to the south as the equinox comes and goes. Skies
through which they have never flown and lands which they
have never seen beckon ever more urgently, irresistibly calling
the young shorebirds away from the tundra and continental
shorelines, and on to their great southbound odyssey. When
at last they take wing and ascend above the sea, they chase
an increasingly distant horizon. As they track the curve of the
earth ever southward, they are blessedly unaware that only a
few will return to complete the cycle and bring forth new life
in the Arctic.
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Brown when the snow first melts, bright green later in the
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season - the variation in tundra landscapes is immense; from
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All of the world’s Great Knots breed in the montane tundra of eastern Siberia. Aerial displays are
common early in the breeding season but, once incubation starts, pairs behave secretively near
their well-hidden nests.
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On a rocky hilltop in Siberia a Great Knot warns its chicks of danger (below). This downy chick is about 2 weeks old and well
camouflaged between the rocks and lichen (centre and upper right). The feathers of its wings are growing very quickly. In another
week most of its down will have been replaced by juvenile plumage: this chick (lower right) is able to fly.
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Soon after they arrive on the tundra, Red Knots start their
courtship display.

Adult Grey Plovers use a variety of distraction displays to lure
predators away from their nests (upper right). Newly-hatched
chicks (lower right) may leave the nest within a few hours, but
still need to be brooded regularly by their parents for several
days after hatching.
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After flying more than 10,000 km to
the tundra, Bar-tailed Godwit males
have no time to rest. To secure a
mate they perform extensive display
flights and sometimes have fierce
fights with territorial neighbours. The
male (above) and female godwits
share incubation duties for about
three weeks. Once the chicks have
hatched (right), both parents also tend
the brood.
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Once the snow starts to melt, the song of breeding Dunlin
resounds over the tundra (facing page). Four weeks later, the
first chicks hatch (left). Within a few weeks of hatching, they
can fly. Juvenile dunlin (below) will undertake their first
southbound migration without parental guidance.
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Even brightly coloured shorebirds such as Ruddy Turnstones
and Red Knots are nearly invisible in the tundra vegetation
when they sit motionless on their eggs.

The numerous berries that ripen in the summer provide food
for young and adult birds. Berries frozen over winter will
support next year’s arriving shorebirds.
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Many predators, such as arctic and red foxes (below right), itF % /g |7:] ijj :Ic@ , ﬁﬂ :“ﬂ:& 3’)& %n ?I 3’)& ( Jr[L 445 —F

hunt for shorebird chicks. The young birds’ cryptic plumage K, Tﬁ@"ﬂ%ﬁ%%’é% i} Z)j % s Z)j E‘,ﬁi A
and rapid growth rates contribute to their protection. Despite %ﬂ] 'I%IE E@ﬁk&bﬂ %ﬁ T Hlfﬂ] E(J Q gjd%%)j i )i.
these adaptations, many chicks in the vast arctic landscape fail %ﬁﬁ%ﬁ&? iﬁ E@ 1% EFF' ?Eﬁ , jt*&r_:%: E@
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A southern holiday?

As the Arctic summer ends, shorebirds leave their breeding
grounds and head south. Some species migrate no further
than cool temperate regions in the northern hemisphere;
Grey Plover that remain in Korea are an example. If they can
survive the coldest periods of winter there, they have a head-
start when the time comes to return to the breeding grounds.
Many species, however, continue south, via the Yellow Sea,
to spend their non-breeding season in warm tropical regions.
The cost of living is cheap in the tropics, where they do not
need to invest much energy in keeping warm. Remarkably,
some shorebirds fly further still, bypassing the warm tropics
and eventually coming to a stop in temperate non-breeding
grounds deep in the southern hemisphere, half a world away

from the breeding areas to which they will have to return. It
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A large shorebird roo_st at high tide in Roebuck Bay, NW Australia
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is a question that still perplexes shorebird biologists: why do
so many shorebirds migrate so far?

The highest numbers and diversity of migratory
shorebirds, especially of those species that migrate
furthest south, are found in extensive tidal flat systems.
The geographical conditions suitable for formation of such
tidal flats are not common, but in low-lying regions where
gradients are small and tidal ranges are high, low tide
exposes rich feeding areas which can be several kilometres
wide. The tropical coast of northern Australia satisfies these
geographical requirements well, and includes some of the
greatest shorebird sites in the world — Eighty Mile Beach,
Roebuck Bay and the Gulf of Carpentaria. Extensive tidal
flats are less common elsewhere in Australia and New
Zealand, being confined to some estuary systems and other
embayments where shorebirds often have to share their
habitats with urbanised human populations. Furthermore,
not all tidal flats are of equal value to shorebirds; some are
food-rich, and used by tens of thousands of shorebirds, while
others can be quite poor. Shorebird biologists are repeatedly
struck by the relative importance of a small number of sites
to global populations of shorebirds.

Wherever shorebirds choose to spend the non-
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Sleeping Bar-tailed Godwits
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several behavioural ploys to avoid overheating. They include
panting, and raising selected feathers to disperse body heat.
Careful selection of microhabitat is even more important. For
example, when shorebirds stand in shallow water, or on wet
substrates, they can dissipate body heat through their feet
into the surrounding water.

The conflicting demands of energy conservation
and predator avoidance are of particular importance to the
behaviour of coastal shorebirds when the tide is high. In
these conditions, when the tidal flats are immersed, feeding
is impossible. Shorebirds are forced to nearby sites, known
as roosts, where they attempt to stay safe while avoiding
unnecessary energy expenditure. Finding suitably open
sites is challenging, as land above the high tide mark often
has vegetation or buildings that can be used as cover by
approaching predators. Birds of prey use this kind of cover
skilfully as they try to burst into a roosting shorebird flock
at high speed. The need to roost in suitable microclimates
makes the search for a roost site still more difficult. At some
sites shorebirds need to fly long distances to find suitable
roosts, commuting 30-60 km per day between roosting and
feeding areas.

In many non-breeding and staging areas, shorebirds
at high tide face the additional burden of finding roosts
which humans rarely visit. Human disturbance at many
sites is increasing as tourism, recreational demands and
commercial developments compete for habitat. The
presence of people, even if they are only using beaches
for recreational purposes, can cause a great deal of
disturbance. It can even cause shorebirds to abandon good
feeding areas simply because there are no adequate roost
sites within reach. Such disturbances must be considered
in management decisions about sites. In some cases they
can be controlled with simple measures such as restricting
beach access, construction of hides from which the public
can view shorebirds, or by erecting signs to make the
public aware that they should avoid disturbing shorebirds.
With carefully planned engineering, it is even possible to
construct artificial shorebird roosts. In other cases legislation
to restrict disturbance at key feeding or roosting areas must
be considered.

SR, (75 1 Bk R A JT ) 1) 340 B¢
FAZHAE A S RE R . EHIX IR
BEDC, WUBr e 25, i am KGR )% 2
DA 2% 2 B8 T A 5 A 1 AT, ISR 1
WAL Y RE A RELE RIS S RE ) (T
) DUMInRER; BURMAAE R (il
WD B W . AR RAREIEX,
VRO PG b Fiy M X, KB B e 4
e A B, XS S I R R A 2R
air ) e o A G2 K AT J LR AT SR s St
B il o XA IEIRITI L B 30 P
Ak P AT, X ritH o EE,
B, A5 5w 7E K L B )
Py, RO T8 B AR Y P TR B
IR 7K

VI, DR AT BE R R 3RE A
HAHTE JE 2SR, AER Ui AS A5 2R AT
A BB AEBKEI, MR
RN SR 3 E R b i LR 2 5/
T 22 4 [ 3 U5 0E G e B 1) AN A6 )V
Moo K BTIE NI R AP,
D] Ay v 1 K 1 Il 28 8 A R ) O 3R
7/ P NI B AT S R SURTEY LEN
By o MBIy R X RS, P b
[ TS B I M o 3 AT DA A B AR %
IR BAT NGRS R 3B 5 2 A 2 T A
. SR BRI AT A pe ksl &
(Fo o ot , e AT ASAE A5 B AN B R it 2
[AIRERAER KAT30-602 B,

FEVE 2 AR SRR N 45 AR, s ] N £
eV a1 Vit e ) NP R DA 5 4
BINAREWS A A= Wi . R
R R AR Y T A B 58 e R L, AR VT
2 3 XN SRS S I TP InR  AE #
ali i SR IS, NI T3 R K
(Ko AEMFME LA, (SR8 5 Ay
AT =4 [ 5 S b T BT ARG I 58 b, A

[<e)
©

w2 F7F2 © A SOUTHERN HOLIDAY? © F§J7 AR ?

=
)
ofrt

og(::‘
do
il
,
ol
ki
<y O,
do = no,
MO
by F
i
ok
ol
%0,
o
iy rlr mlm H‘“ 10 HE[

oy
2

of

ﬁ',
_O|L
%
)
. ol
) gy 1o -2
Mo
[0 4o 1>
FU g o
O HE I
o
rﬁ
E &

7 X

rE o
-0,

of b
N
o,
o
Er
o, Of
o X
I

3

=
1=}
N
2 N2 o

Lo
1
X
—=2
L
e

4

22
o
)

F1 Bo it <N 2 i rlr

L o 2HC
1

=)
)
ol
-
2
=t et
2

f
o
=

N
e jah:
=

=

lo
T PR N 2 e b

bt - o
X
o

o i
~N
N
- O
i
k9
)

AN
=

2 2 o T
et
2

o 1,

iy
i
Lo
i
fE
PR

il
rlo

tio O,
-1
_O|L
k=)
fr 2L pok
)

RUNE
>
g
1gi‘l"E
N
N

oN N 1L
_0|L
[
ofrt
R
Ll

=
it i offt

Hr o
Y, o
ro do o ok
K o
Wﬁ
oLy L

2 10 e
mﬁg
i S glo N,
o
tio
_0|£

O
)

o7
. F
e 2 e 2 Q> o o,

flo 1o lo

e T

)
X,

o > o

[¥
e o
B
o
A
r
=
i
tio
o
a2
>
Ry
f
-
X

off Lot
>
2

~
=
)
R
Og‘:la
lo,

e b (e Ho 2 iy T BN
AR
~
>,
2
rot
=
oy I,

=
o
=

By

N
fz fo
£
=
f
N
©,

o~
M

l
flo
ol
o
il
ol
o
e

o
sl

il
_‘_,;d °
Sgé:lq’

fr o
e

o2
o

> i

ol ofl

Mo
©
o,
)
=,
i}
1~

o

1ok &= &
mul ol g}l x}7] A dol
ol 77 &2 B

N
N
off Ju ozl

2 Sz
N
— gt

b e N

]
ol

az

=

o

o

X

=

Hy

Fo

4

2
i to 2 riy
o e ey 2

O W Tz oy N

o
v
ol
ol
1—(_1
i3
rlo

275 BE A Sl
HA 2] 2 o] ko] A= 4
stth, Hubtol A X E 53 A7 E
FE A ZES Hafjof & Al 7)o ‘& o}
Fol Al H &=

ol oAl H e Ayt E zt n)A

¢

Ir <t

ol
o

o
{
.

i

T

S o N
ek =
iﬁ’l’;ﬁ’
n:

o
T

e

252 Y22 98] 4 b Azte] B
o At BHo] T FE0| FRE o|FE 4
2 wolth 9% FHRe e ma -2
AEo] BWE A7) B N LA E o] &3}
of e AAS Makt u ua o WSS
o F2 AR o X ste] Holrbz 2R 40|
th. ol o) Bo] 37 AAE o] gk u
of QoA BE Bio] 9 walFEd) of
2 AR A Aol B Aol o %
Sa-BuAEe] AdeEe 5t oluA v
5§ vol2 323 AT + A B AN
3 =t

Bathing Common Greenshank
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Around February, towards the end of the non-
breeding season, adult migratory shorebirds step up
preparations for the return migration to their breeding
grounds. Once again, they start body moult - this time,
attaining the brightly coloured plumage which will serve the
multiple purposes of attracting a mate, keeping them warm
at high latitudes, and blending in with the ground on which
they will nest. At about the same time, they also begin to
gain weight, as they build the fat and protein stores needed
to fuel the long flight ahead.

Thus, foran adult shorebird, the non-breeding season
hardly qualifies as a holiday. The entire period involves steep
energetic demands: the everyday costs of survival and
the additional costs of one flight-feather moult, two body-
feather moults, and a near-doubling of mass as they prepare
for the next migration. These energetic demands are so high
that many shorebirds do not succeed in meeting them; they
remain ‘down-south’ when they should be busily nesting in
the northern hemisphere.

Many of the remaining birds are immature, and they
also tend to belong to the largest species which mature more
slowly. Most strikingly, they tend to be birds of tidal flats,
as shorebird species that mainly use freshwater habitats
grow up much more quickly. This suggests that there are
complexities involved in the exploitation of food supplies of
tidal flats. Perhaps, prey is so difficult to find in these habitats
that only experienced shorebirds can find enough to build up

the stores needed for migration.
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Roebuck Bay, NW Australia, declared a Ramsar site in 1990,
with striking scenery and vast tidal flats, supports tens of
thousands of birds. Yet even here, space with a cool
microclimate is limited at high tide, and shorebirds roost close
together in shallow water or on wet sand at the waters edge.
The nearby town of Broome is expanding rapidly and, as there
is no management plan for the Bay, this crucially important bird
habitat is still not secure.
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Most tidal flats in south-eastern Australia are rather small, and
are impacted by commercial and recreational activities. Point
Cook is the closest site to Melbourne; other shorebird sites
nearer to the city have been lost to development. Corner Inlet
(right) is an exception: a relatively undisturbed national park,
used by many shorebirds despite the presence of nearby
industry. However, the spread of the introduced weed Spartina
has caused loss of some shorebird roosts and feeding areas.
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Red Knots and Bar-tailed Godwits are the only Arctic breeding
waders to reach New Zealand in large numbers. While pressure
on tidal flats from industry here has been small, encroachment
of mangroves and weeds threatens some roosts. The only fully
protected reserve is the 30 km long Farewell Spit in the north-
west of South Island.
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Pied Oystercatchers, Red Knots and Bar-tailed Godwits (above
left) endure a squall in New Zealand, facing the wind to prevent
cold rain permeating their plumage. In tropical NW Australia,
shorebirds use very different behavioural ploys to avoid
overheating. These Asian Dowitchers (below) are selectively
raising back feathers to dissipate body heat. Panting is another
cooling method, being used by these Whimbrel (right) because
limited roost availability has forced the birds to land on hot dry
rocks.
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Shorebirds preen to maintain plumage condition. Bathing (as in
this Bar-tailed Godwit) helps dislodge dirt and possibly also
ectoparasites. All shorebirds secrete a special wax from a
gland just above the tail. Preen wax is carefully and regularly
spread over all the plumage (as shown by this Great Knot) as it
repels water and feather-digesting bacteria. Most shorebirds
do not migrate until they are at least two years old. Immature
birds remain in the southern hemisphere. These birds (right)
are sharing Roebuck Bay with resident Black-winged Stilts,
Silver Gulls and a Gull-billed Tern.
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This White-bellied Sea Eagle carrying a sea-snake on Eighty Mile
Beach ignored the roosting flock (above left), but the Eurasian
Hobby at the Geum Estuary, Korea (below left), was actively
hunting shorebirds. Annual moults are essential to replace worn
plumage, but they temporarily reduce flight performance and,
hence, increase the challenge of escaping from predators.
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Residents and migrants share habitats in NW Australia:

Red Kangaroo with Common Greenshank; resident Sooty
Oystercatcher and Lesser Crested Tern with migrant Grey-
tailed Tattlers, Terek Sandpipers and others; Australian Pelican
with a mixed flock of migrants. The Masked Lapwing (right) is
also an Australian resident - perhaps the unusual wing spurs
of this species would not have evolved if it needed to optimise
flight performance for long-distance migration.
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Roebuck Bay
The Broader View
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Disturbance at high tide roosts, such as that caused by this
couple and their dog, costs shorebirds vital energy by forcing
them to make escape flights. Public education can change
people’s behaviour so that shorebirds can relax at high tide,
but in some cases legislation may be needed to protect
shorebird roosts.

oK L6 bk 2D R W 1) Al A A S T
U H A ES SR K, X K
AR S AR . BAR AL W Ak
AR NATTEIAT A, AT AT 788 2 1 7 ik ) 39
REUE WA MUK S, (H SRR 9 mE K
W



R

A% wolel AMe AWY gt U Buel
gAY 2T ot g B nolE Ao
FRA7H A Qe AEe S9e] BnE
o}F ol AEE S gtk T kel
A7k 7A) Ferutol Bt $H 04 a HeS
uE el e AWASe] AWE Huew

[e)

Aolzka Q=X LA ") v
2 RHS 797t AL E =
S ek 37| 58E o5 Fa o
THo] uEd EHAE AT &

o 7|t 2 g g AEAE0] hA g
S =713 Mg e s e W

i FEEC FHolE AWEA AYIUE
1S A3 = sk

02 2 1t o §
o q k
o
N
N
N,

Tidal flat specialists .

At first glance, tidal flats can seem bleak and lifeless
habitats. Uniformly grey or brown, they run to the tide edge
or horizon, uninterrupted by any landmarks larger than
puddles. Yet, a closer look will reveal how rich in life they
are, especially if you remain motionless for a few minutes.
First you may notice marine snails gliding over the surface,
and a variety of burrow openings - some tiny, some big
enough to stick your arm down. If you wait longer, more and
more life will assume that it is safe, and start to emerge. Tiny
crustaceans dart across puddles - possibly glowing electric
blue at night if they are ostracods. Tentacle-like appendages
protrude from burrows. But they are not all tentacles. They
may be siphons of shellfish, sucking in water from puddles
or detritus from the ground surface; the impossibly slender
arms of feeding brittle stars; heads of predatory bristle-
worms, actively chasing tiny prey; or you may be looking
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Roosting shorebirds, mostly Great Knots and Bar-tailed Godwits
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at the sticky inside-out gut of a sipunculid worm, carefully
being unrolled to entrap detritus before being drawn back
into the body.

To truly appreciate the abundant diversity of tiny
animals and plants living in the sediment of a tidal flat,
collectively known as benthos, it is necessary to take some
sediment and wash it through a sieve. With the sand and
mud gone, the residue may reveal astonishing numbers of
animals that seldom or never poke their heads (or tails) above
the surface when the tide is low. A great diversity of animals
is involved, all having specialisations that enable them to live
in this challenging environment. Submerged by food-filled
waters for part of the day, they are left high and dry at other
times. They may be exposed to freezing temperatures when
it is cold, to desiccation if it is hot, to osmotic shock if it
rains, and to predation when shorebirds are present.

Rl R . AR R HUPR R B N A
Yis R EVE R] LB HUAT 20 R S )
BBV, RIEA AEA

LR ERE AR AEMR T S
ZRANENREY), BT R R,
A EIEJe I g P . R
Jevb el e, PR AT L R R L AR
> BN i HABATT Sk B . B H N
. VRAER 2IS MW, eI & R
Rk 7 AR B A AR B A BER A B
Ho BT R A B o0 I TR A B A
YRR, FAd TR E AR BEAE TR
o Bo RAFAR, ST IENX
i, HRARE MATRES, FW
I LB B AR T M0 S iS5 H L



INVISIBLE CONNECTIONS

=l

PAIh]

118

Tz we) Al
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more abundant at high latitudes, and the benthic animals
present are in general larger than those in the tropics. In
the richest sites so far assessed in the Yellow Sea, there
were an average of about three thousand animals and one
kilogram of biomass per square metre; some clam beds may

have biomass values of over 10 kilograms. Not all of these
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A shellfish collector in South Korea cleans the catch of the day.
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number of shorebird species hunt large bristleworms. These
worms are often abundant in tidal flats, but a person can
spend a day walking over tidal flats without actually seeing
one, as they spend most of their life concealed in burrows.
However they do occasionally extrude their rear end to
the burrow entrance in order to defecate. Cautious and
brief though this vulnerable moment is, it can be exploited
by shorebirds such as Grey Plovers, which catch worms
that they detect by seeing tiny outflows of water from the
mouth of their burrows. Some shorebird species can detect
prey without any visual cues at all, relying on other, highly
developed senses. The Red Knot, for example, pecks the
surface rapidly, displacing pore water. Specialised receptors
in the bill tip then detect such subtle differentials in the
resistance encountered by the displaced pore water that
Red Knots can locate buried hard objects (such as bivalves,
their favoured prey) up to 5 cm away.

The capture of benthic prey is also a challenge; it can
take along time and lot of effort to pull a reluctant invertebrate
from a deep hole. Crabs are easy to see on the surface, but
when they venture to the surface to feed, they stay close
to the entrances of their deep and complex burrows. Crab
capture often requires a lunge down the burrow mouth to
catch crabs before they have scuttled to safe depths - a task
for which the long up-curved bill of the Terek Sandpiper is
well-adapted. The Eastern Curlew has a much longer down-
curved bill, and with careful, neck-twisting probes, this can
be used to extract large crabs from very deep burrows. The
crabs themselves try to avoid this fate by burrowing ever

deeper, and even by hanging upside down from the roof of

their burrows.
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Perhaps the most widespread and abundant
benthos-hunters are humans. People and shorebirds can
be seen in close proximity at low tide along hundreds of
kilometres of the Yellow Sea coast. Much of the benthos
collected by people is eaten locally, with many regional
delicacies as a result. Still more is exported to seafood
restaurants, especially in China. Simple crab traps are a
common sight on the tidal flats: lengths of bisected plastic
guttering, weighed down with sandbags. Crabs are unable
to climb out of the guttering once they have fallen in, so
walk along it to be trapped in collection buckets, which are
emptied daily by the shell-fishers and are sometimes also
raided by Whimbrel. Bivalves such as cockles are harvested
even more heavily, in general being captured by hand with
traditional methods. The hand-tools used to locate buried
bivalves vary enormously from estuary to estuary - due in
part to cultural evolution, but also because the effectiveness
of different tools is influenced by substrate type. Like
shorebirds, humans find that foraging on tidal flats requires
a good deal of specialisation.

This specialisation comes with a price. It puts both
people and shorebirds at risk when tidal flats are lost.
The tidal flats at Saemangeum used to support a fishing
community of about 20,000 people. The ongoing reclamation
at Saemangeum has collapsed this fishery, with fewer than
1,000 people now able to eke out some income from the
remaining shellfish stocks. Many have fallen on hard times.
Lacking safety nets provided by government or family,
shorebirds displaced by the Saemangeum reclamation are
likely to face even greater difficulties. Moving to other tidal
flats is not a simple option, as about 50% of the tidal flats
of the Yellow Sea have already been reclaimed, and those
remaining are already likely to be close to their shorebird
carrying capacity.

Yet, moving to other tidal flat systems is the only
option that many species of migrant shorebirds have. They
are exclusively specialised to feed on tidal flats while staging
on migration, and cannot feed effectively in other habitats
such as the freshwater wetlands and agricultural lands that
typically result from reclamation projects. We must remember
that tidal flats are irreplaceable for these shorebirds.
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Plants like these mangroves, sea-grasses and the green film of
algae on the mud surface are the basis of the tidal flat food
chain. As primary producers they convert sunlight, water and
nutrients into food. Hungry shorebirds will start feeding in the
first areas to be exposed after high tide — here, it is at the edge
of the mangroves.
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Biologists need to sieve mud samples to find invertebrates hidden below the surface. Shorebirds
such as Grey Plovers have keener eyes and sharper reflexes, enabling them to locate prey by
spotting subtle cues on the surface of the mud, such as wormcasts being extruded from burrows.
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Great Knots (left) and Red Knots (above) specialise in hunting bivalves, targeting small individuals
that are swallowed whole and crushed in the gizzard. Such small specimens are often localised
and are incapable of running away — so knots gather in dense flocks when they find a rich feeding
patch. Large bivalves are usually too big to be swallowed; the Dunlin (right) is eating the flesh from
a dead bivalve washed ashore.
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Polychaetes (marine worms) are abundant and diverse on tidal
flats. They lack indigestible shells or skeletons, making them an
energy-packed meal favoured and easily swallowed by many
small shorebird species, such as Dunlin (left), Red-necked Stint
(upper right) and Spoon-billed Sandpiper (lower right).
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Whimbrel and curlew typically shake large crabs vigorously
to dislodge their dangerous claws before swallowing the crab
whole. In the Yellow Sea, fishermen also catch many crabs,
and Whimbrel sometimes inspect their traps in the hope of
finding a free meal.
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Shorebird food is diverse. Here, a Common Greenshank juggles a bristle-worm; a Terek
Sandpiper manipulates a crab. The Grey-tailed Tattler (below) and Ruddy Turnstone (lower right)
are both feeding opportunistically on stranded bivalves, which were gaping open as they died
after the closure of the Saemangeum seawall.
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Shorebirds spread out when feeding to avoid interference from
flock mates. A metre or two may suffice for birds such as
Black-tailed Godwits (above), which use touch to locate buried
worms and bivalves. Interference is a bigger problem for
species that use sight to locate active surface-dwelling prey
like crabs. Some species, like Whimbrel, (left) aggressively
defend feeding territories. Interference becomes more common
as shorebirds are forced into smaller areas by habitat loss.
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International partnerships

Just as the shorebird world is an international one, so too
is the community of birdwatchers, conservationists and
researchers who seek to unravel the mysteries of these birds
and their global journeys. The birds themselves demand
this international approach, as no one country hosts the
entire lifecycle of such species. This fact constrains what
researchers in any one country can discover, but provides a
unique opportunity for international collaborations to study
the biology of the East Asian - Australasian Flyway’s amazing
migrants.

Nowhere is this more obvious than in the efforts to
map the movements of shorebirds throughout the Flyway.
Traditionally, this was done by fitting each captured bird
with a uniquely-numbered metal ring on its leg. If ever
that bird was recaptured, its identity and place of capture
could be tracked down. In the 1990s methods changed
towards those that did not require the recapture of birds.
With leg-flags, small colourful plastic tags attached to the
upper legs, and countries in regions using their own colour,
any birdwatcher spotting a flagged bird could instantly
know where it came from. The 63,000 shorebirds flagged
in north-western Australia, for example, have now yielded
over 2,000 resightings, and their pattern outlines the Flyway.
More recently, some leg-flags are engraved with numbers,
and other researchers use combinations of different colour-
bands that can be ‘read’ with telescopes. In this way, the
movements of individual birds become known.

Still, the East Asian - Australian Flyway may be the
least understood and researched of the world’s shorebird

flyways. Incredibly, refuelling sites hosting tens of thousands
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Godwits departing from Australia on northward migration
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of birds continue to be discovered, and some of the world’s
best studied species are still mysterious in their migrations.
Red Knots are the classic example of international shorebird
research. Different subspecies spread out from the high
Arctic tundra to wintering grounds stretching from Europe,
through the tropics, to the southernmost extremities of
South America, Africa and Australasia. Sophisticated
captive facilities in The Netherlands have enabled detailed
experiments that revealed knots’ remote sensing ability
when feeding; studies in Africa and Siberia have evaluated
the annual energy costs of staying warm throughout a
Flyway. Their shellfish-eating habits have been confirmed
and studied in Australia and New Zealand, and thousands
of birds have been banded or leg-flagged in the East Asian
- Australian Flyway.

Despite this, we still do not know where most of the
Red Knots in this Flyway refuel during migration. The only
area where good numbers have been found in Asia is Bohai
Wan in China, the north-western corner of the Yellow Sea,
but counts there do not approach the more than 150,000
Red Knots believed to migrate through the Flyway. One
reason these knots may be “missing” is that surveys may
not coincide with peak migration times. Researchers radio-
tracking Red Knots in north-western Australia found most of
their birds were still there in early May, almost a month after
the birds were expected to have left!

Could these knots still reach the breeding grounds
in time to breed became the question? After all, in May most
other migrants are already refuelling in Asia, or even travelling

to the breeding grounds. Red Knots from north-western
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Jiang National Nature Reserve hosts tens of thousands of
refuelling shorebirds, including the largest Bar-tailed Godwit
flocks known on migration. Most of the godwits present in
April will be from New Zealand, and often the coastline will
be frequented by New Zealand birdwatchers. The reason for
this? Yalu Jiang has a formal relationship with the Miranda
Naturalists’ Trust in New Zealand, and in most years staff
from Yalu Jiang will journey to New Zealand, or volunteers
from Miranda join forces with Yalu Jiang staff to survey the
reserve and catch shorebirds. Such partnerships play a key
role in developing knowledge and skills through the Flyway.

Joint international endeavours are also documenting
the numbers and origins of shorebirds passing through
Saemangeum in South Korea. From 2006-2008 Birds Korea
joined with the Australasian Wader Studies Group to survey
Saemangeum through the April-May migration period.
These surveys complement earlier work that established
the Saemangeum region to be arguably the single most
important stopover site for shorebirds in the Yellow Sea.
Now, however, they are documenting its demise. With
the closure of a 33 km seawall in 2006, Saemangeum as
a natural system ceased to exist. Shorebirds arriving there
from Australasia, South-east Asia and China found most
tidal flats to be parched, cracked wastelands, rather than
the rich, vibrant flats that were formerly there.

The East Asian - Australasian Flyway has also been
the subject of ambitious high-tech migration studies. In the
late 1990s, the Queensland Wader Study Group teamed
up with the Wild Bird Society of Japan to satellite track
the world’s largest shorebird, the Eastern Curlew. They
used backpack-mounted transmitters to track curlews
migrating north from the east coast of Australia, and showed
that curlews made massive flights from Australia to the
Philippines, and probably to China, Japan and South Korea.
These flights may have been as long as 7,500 km and, until
recently, were among the longest non-stop flights known.

That record has now been beaten by Bar-tailed
Godwits from New Zealand that breed in Alaska. In 2007,
the Pacific Shorebird Migration Project, a collaboration of
shorebird biologists from the United States and Australasia,
used satellite telemetry to track the movements of godwits
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from New Zealand. The team caught birds before migration
and deployed small internal satellite transmitters. In mid-
March the first birds took off. After a week of non-stop flight,
these godwits made landfall in China and South Korea on
the shorelines of the Yellow Sea.

But the story did not end there. The transmitters
worked so well that four birds could be tracked returning
from Alaska to the Southern Hemisphere. One of these birds,
E7, was about to fly her way into the history books. She had
already set the record on northward migration, flying 10,300
km from Miranda in New Zealand to Yalu Jiang National
Nature Reserve in China. Returning to New Zealand, she left
the Yukon Delta in Alaska on 31 August and flew south for
the next eight days. When she arrived back at her wintering
site in New Zealand she had made the longest non-stop
migratory flight ever documented - 11,700 km.

This was a flight of staggering magnitude, crossing
the largest ocean in the world. She was tracked for 29,000 km
over six months, although only 21 days of that period were
spent in flight, and she had set foot in only three countries
in that time. E7 made the global headlines, revealing hitherto
invisible connections to all, and astounding the world with
the incredible feats that migratory shorebirds undertake. Her
flight, and those of other Bar-tailed Godwits, reinforce the
critical importance of those few, distant tidal flats that these
birds rely on around the globe, and the imperative for their

conservation.

Sepmevhe gt AANA Vg 2 wa

Eastern Curlew, the world’s largest shorebird
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The migration of this Bar-tailed Godwit (left) will link many
countries. Unique combinations of colour-bands allow birds to
be re-sighted without being recaptured, providing information
on movements, survival rates and population dynamics.
Plastic leg-flags are also used to track migration routes. Yellow
indicates capture in NW Australia, orange in SE Australia, black
over white in China and lime green in Eastern Siberia. Each
bird is given a numbered metal band, and data on its weight,
measurements and plumage collected to assess the sex of the
bird and its readiness to migrate.

Researchers are increasingly forming international alliances to
study migratory shorebirds, but these efforts need to be
matched at government level to ensure that the birds’ needs
for feeding and roosting sites are met at every stage of their
migratory journeys.
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At Chongming Dongtan Nature Reserve, north of Shanghai, former hunters now use their
traditional methods to catch shorebirds for research. Using a bamboo whistle, the hunter imitates
bird calls to lure birds flying overhead towards his “flock’ of decoys, then the clap net is pulled
across the birds’ flight path.
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Researchers catch roosting shorebirds by firing nets over
them. In hot places like NW Australia the net then has to be
covered to prevent overheating before birds are removed.
Many volunteers are needed to band and measure the birds
speedily. As the birds migrate through the Flyway, volunteers in
Korea and China look for colour-marked birds at the staging
sites.
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In 2007, using a pioneering technique, this female Bar-tailed Godwit called ‘E7” was fitted
with a satellite transmitter in New Zealand as part of a research project by the US Geological
Survey’s Alaska Science Center. The story of her migratory journey could be followed daily on
the USGS website and made global headlines. E7 made a 10,300 km direct flight from New
Zealand to China and, even more astoundingly, an 11,700 km 8-day flight from the Alaskan
breeding grounds back to New Zealand - the longest non-stop migratory flight ever
documented. The details are shown on the map. In the course of the year, this bird flew more
than 30,000 km. In her life she is likely to make the same flight at least 13 times; this equals
the distance of a flight to the moon!
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Bar-tailed Godwit E7

Migration between 17 March
and 12 September 2007 2-8 May
with distances travelled

6,500 km

Pacific Hawaii
Ocean

17-24 March

10,300 km 29 August-

T September
11,700 km

USGS Alaska Science Center

GRAPHIC PREPARED BY COLLEEN HANDEL USING NASA WORLD WIND
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In 2008, the USGS repeated their tracking with Bar-tailed Godwits from NW Australia. This A LIV (o L eI k
revealed for the first time the route taken by migrating Australian godwits like C3 (photo left e ; A
with aerial showing) and A9 (below). These birds flew non-stop to the Yellow Sea in April, (i
where they joined godwits from New Zealand. After a few weeks of re-fuelling they made
another non-stop flight, this time to the breeding grounds in Siberia. In mid to late July they g
flew back from Siberia to the Yellow Sea. C3 was the first bird to return to NW Australia,
arriving back in Roebuck Bay on 30st August. - oo
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On an icy February day, dunlin roost on frozen Sihwa Lake, Ansan City, South Korea.
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volcanoes, burrows of crabs and mud-worms. During this
time, the boreal spring, drab-grey flocks of over-wintering
Dunlin and Grey Plover are joined by Bar-tailed Godwits, the
males now coloured a deep orange and brown, arriving after
many thousand kilometres of unbroken flight.

By May, most shorebird species reach their peak
number in the Yellow Sea. Coming from a broad arc of coastal
habitats across continents, they are now concentrated and
refuel frantically before another long flight, some north-west,
others north, still others far north-east to reach Alaska. And yet,
despite this abundance and frenetic activity, at low tide there
is often little evidence of their presence beyond the occasional
melancholic cry of a distant curlew or plover. But as the hours
pass, and the shimmering horizon resolves itself more clearly
into land, sea, and sky, as the shell-fishers trudge in weary
lines back homeward across the mud, clouds of birds can
be seen to lift and rise with the incoming tide. Land becomes
sea again, and small groups of shorebirds peel away from the
horizon. Once seen, then invisible again, before lifting and
rising, moving ever closer, joined this time by a thousand more:
undulating, twisting, shimmering waves of birds and light, and
a chorus of sound, diverse and rich with excitement.
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These shorebirds seem so numerous here because
they have nowhere else to go. Their life depends on the
food resources of the tidal flats around the Yellow Sea. It is
estimated that some two million shorebirds pass through
during northward migration in April and May. This is 30%,
or even 40%, of all of the shorebirds of the vast East Asian
- Australasian Flyway, although these numbers are smaller
than the human populations of many of the region’s cities.
On southward migration too, between July and October,
when temperatures fall as dry, cold monsoon winds start to
blow across the region, another million or more shorebirds
stage in the Yellow Sea. Then they too fan out across more
southern beaches and estuaries, to be replaced in turn by
smaller flocks of now mouse-grey Dunlin, and a few thousand
Eastern Oystercatchers, heavy-built, and strong enough to
survive the winter.

The Yellow Sea’s tidal flats and coastal wetlands
support more than 30% of the Flyway population of 25
shorebird species during northward migration. For 15 spieces,
including the Bar-tailed Godwit, the Yellow Sea supports
almost the whole Flyway population at this time; and for yet
others, it supports almost the whole world population. The
Yellow Sea is the single most important region in the world
during migration for the Great Knot, and also for the critically
endangered Spoon-billed Sandpiper and the endangered
Nordmann’s Greenshank. The latter two are among the
world’s rarest shorebird species. It also forms the heart of
the breeding range of the Eastern Oystercatcher. Three more
waterbird species are on the brink of extinction and largely
dependent on the shoreline resources of the Yellow Sea:
Saunders’s Gull (with a world population of 8,500), Chinese
Egret (3,000) and the Black-faced Spoonbill (1,500).

As elsewhere in the world, fisheries have declined
as a consequence of over-fishing, pollution and coastal
reclamation. Nevertheless, the Yellow Sea still supports the
food needs of these millions of shorebirds, and of millions
of people. Fisher-folk, like the shorebirds, follow the daily
rhythm of the tides, to rake or poke or claw the mud for shells,
shrimps and lugworms. Other fishermen build piles of rocks
(Doksal) to trap fish carried in by the tide that are then left
stranded as the tide falls. Some bury pipes and buckets to
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Bordered by China and the Korean
peninsula, the Yellow Sea is the heart of
the East Asian - Australasian Flyway. Its
tidal flats, formed by some of the great
rivers of Asia, are among the most
extensive in the world and support huge
concentrations of migratory shorebirds,
such as these Great Knots, on both
northward and southward migration.
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IMAGE PROCESSING COURTESY OF DAVID Wy
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Healthy Wetlands, Healthy People, Healthy Shorebirds!

People and birds alike depend on the life-giving abundance
and ecological health of the Yellow Sea’s tidal flats and sea-
shallows. In May, up to two million shorebirds stage in the
Sea: nearly 40% of all the long-range migrant shorebirds of the
Flyway.
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The Yellow Sea is of vital importance to local communities, to regional fisheries and to global biodiversity. Several globally-threatened
waterbirds, including the vulnerable Saunders’s Gull (facing page, upper left), the endangered Black-faced Spoonbill (facing page,
upper right), the Eastern Oystercatcher (below left) and the critically endangered Spoon-billed Sandpiper (below right), depend on the
Yellow Sea.
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The Yellow Sea region, with 10% of the world’s human
population, is under increasing pressure. Most of the rivers are
dammed or dyked. Huge coastal cities are rising as centres
both of economic growth and environmental degradation.
Many tidal areas are being transformed into new ports,
industrial estates and oilfields, all intersected by bridges and
roads, at a terrifying pace.
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Reclamation has already destroyed almost half of the Yellow
Sea’s tidal flats. Until completion of a 33-km seawall in 2006,
Saemangeum in South Korea was the Yellow Sea’s most
important shorebird site. An indication of its former richness
could be seen on the tidal flats shortly after the seawall was
closed, when countless thousands of large shellfish rose to
the mud surface as they died (left). Without restoration of tidal
flow, the whole ecosystem will continue to degrade, wrecking
fisheries and causing declines in species like the Great Knot

(right).
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In line with national laws and the Ramsar
Convention, an increasing number of
other internationally important coastal
wetlands are also winning protection,
such as Suncheon Bay in South Korea
(left) and Chongming Dongtan in China.
Environmental education at these sites
helps local communities understand the
important connections between their
wetlands, their future and the future of
shorebirds.
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This picture of a Bar-tailed Godwit on his nest is literally
the last image | took for this book. Whilst sitting near the
bird for hours in the tundra in Alaska, | contemplated the
long travels | had made along this spectacular flyway
from New Zealand to the Arctic. This splendid bird, a
300 gram bundle of avian energy, had travelled the same
distances completely by his own power. | could only do
all that travelling, visit all the marvellous shorebird places
and take pictures of these fascinating birds thanks to
the kind assistance of many people, organisations and
institutes in New Zealand, Australia, China, South Korea,
the Russian Federation (Siberia) and USA (Alaska).

| thank you all for your incredible help and friendship,
and your contribution to this book. | hope it makes many
more people aware of the invisible and very vulnerable
connections shorebirds depend upon.
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