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EXECUTIVE SUMMARY

The Dunlin Calidris alping) is one of the more abundant migratory shorelofdbe
Northern Hemisphere, and has an almost circumpldétibution of breeding populations.
Unlike most other shorebirds, the Dunlin shows aersble phenotypic and genotypic variation
over its range, with up to 11 subspecies recognikbrkbe subspecies are known to occur in
North America:C. a. arcticola C. a. pacificaandC. a. hudsoniawith population estimates of
750,000, 550,000, and 225,000, respectively. Desbéir large population estimates, the U.S.
Shorebird Conservation Plan lists the Dun{in 4. arcticolaandC. a. pacificd as a Species of
High Concern (Browret al. 2001), while the Canadian Shorebird Conservatian Bonsiders it
a Species of Moderate Concern with known or paaetitreats (Donaldsoet al. 2000). The
Dunlin warrants conservation planning due to 1gnecates of habitat loss in the nonbreeding
range where the species tends to aggregate; 2)jrg&pewledge regarding factors limiting the
populations; 3) the species’ vulnerability to aiggr of impacts, given its strong tendency to
aggregate; and 4) inadequate monitoring data fi@rehkening population trends, coupled with
suspected declines in parts of its range.

C. a. arcticolabreeds in northern Alaska (and possibly Canadal) spends the
nonbreeding season distributed from Japan to tbpl&s Republic of ChinaC. a. pacifica
breeds in coastal western Alaska, and its primanpreeding distribution is the Pacific coast
from southern British Columbia, Canada, to northteesMexico.C. a. hudsonidreeds in
northern Canada and spends the nonbreeding seasonanly on the Atlantic and Gulf coasts
from Massachusetts to Mexico. All three subspegsgessimilar habitats during migration and
nonbreeding. Dunlin are common at estuarine mwgjftait they can move among a variety of
available habitats, from freshwater to brackishlavets. Dunlin also are found in coastal and
adjacent agricultural habitats, and some indivisisplend part or all of the season inland in
freshwater wetlands and agricultural habitats.

Each subspecies uses a substantial number ottsitegghout its annual range, and some
sites support very large numbers of birds. Althosgime of the most important sites are
protected, many others are on unprotected langsortant migratory and nonbreeding sites for

C. a. arcticolainclude:
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Alaska, USA Yukon-Kuskokwim Delta, Shishmaref Inlet, and Kgakik Lagoon
(southward migration);

People’s Republic of China¥Yancheng National Nature Reserve (migration), dald
Jiang National Nature Reserve (northward migration)

Republic of KoredSouth Korea] Saemangeum Estuary, Mangyeung Gang Hagu, and
Tongjin Gang Hagu (migration).

It is noteworthy that the nonbreeding rangé€oh. arcticolaoverlaps that of three other
Dunlin subspeciesattites, sakhalinaandkistchinskj in the East Asian-Australian Flyway. This
mixing of subspecies has complicated and, to gaexented the establishment of a reliable
population estimate for and identification of imgaot sites used b§. a. arcticoladuring the

migration and nonbreeding periods.

Important migratory and nonbreeding sites [per tgustate] forC. a. pacificainclude:

British Columbia, CanadaMud Bay and Fraser River Delta (nonbreeding);

Alaska, USA Yukon-Kuskokwim Delta, Nelson Lagoon-Mud Bay, EdeBay, Port
Heiden, and Shishmaref Inlet (southward migratianyj Copper River Delta, Yakutat
Foreland, and Cook Inlet (northward migration);

Washington, USA Grays Harbor, Willapa Bay, and Puget Sound (ntignsand
nonbreeding), and coastal beaches adjacent tattiee two sites (migration and
nonbreeding);

Oregon, USA Columbia River Estuaryshared with Washingtgrinonbreeding and
northward migration), and the Willamette Valley (hoeeding);

California, USA: Central Valley (migration and nonbreeding), Sawato Valley
(nonbreeding), and San Francisco Bay and Humbdgit(Bonbreeding and northward
migration);

Baja California Sur, Mexica Laguna Ojo de Liebre—Guerrero Negro (nonbreeding)

Important migratory and nonbreeding sites [per$tar C. a. hudsonianclude:

North Dakota, USA Minnewaukan Flats—Devil's Lake (nhorthward migoat);
Michigan, USA Shiawassee National Wildlife Refuge (northward@ration);

Ohio, USA Ottawa National Wildlife Refuge (northward migoat).

New Jersey, USAEdwin B. Forsythe National Wildlife Refuge (sowtrd migration);
Virginia, USA: Chincoteague National Wildlife Refuge (southwarigration);

Texas, USA / Tamaulipas, Mexichaguna Madre (nonbreeding);

Conservation threats to the three subspecies anprtiposed solutions are similar. At

migratory and nonbreeding sites, potential or ddtuaats include habitat loss and degradation,
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human disturbance, oil spills, and contaminantsir&s of habitat alteration are related to
reclamation of intertidal areas for food productishrimp farms, changes in water hydrology
(i.e., dams) and agricultural practices, restoratibsalt marshes, and invasive species (e.g.,
Sparting. There are still major gaps in the underlyingdas that have the greatest influence on
Dunlin populations and demographic rates.

Overall, the highest-priority conservation actidantified within each subspecies’ range
is habitat protection, particularly during migratiand at nonbreeding sites. Kara. arcticola it
is critical to evaluate and curtail changes in meeding sites, especially in the Yangtze River
floodplain and along the Fujian coast. Eara. pacificait is critical to reconsider plans to
restore salt pond habitat to tidal marsh habitgigeially in California; the needs of Dunlin
should be carefully balanced with those for otlpacges. The control @partinaalso is a high
priority. Important sites should be properly recizgd at local, regional and international scales,
either as new protected areas oW\43SRN, Ramsar Convention, or Important Bird Area
designations. An education and outreach programdnymeivaluable to increase awareness of
migratory shorebird ecology and the importancerotgrting wetlands. The conservation-related
research needs include studies on migratory comitgctiensity-dependent effects of habitat
loss, and factors affecting survival and populatignamics. The monitoring needs include an
adequate population monitoring program(s) to deiteerpopulation trends and counts of birds in

natural and manmade habitats.
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RESUMEN EJECUTIVO

El Calidris alpinaes una de las aves playeras migratorias mas atendel Hemisferio
Norte, y tiene una distribucion casi circumpoladaiepoblaciones reproductivas. A diferencia
de la mayoria de las aves playefasalpinamuestra una variacion fenotipica y genotipica
considerable atras su rango, con hasta 11 subespeconocidas. Tres subespecies se sabe que
se encuentran en Norte Améri€a:a. arcticola, C. a. pacificay C. a. hudsoniagon
estimaciones de la poblacion de aproximadament®@860550.000, y 225.000,
respectivamente. A pesar de las estimaciones gggata las poblaciones, el Plan de
Conservacion de Aves Playeras de los Estados Uhgias|Calidris alpina(C. a. arcticolay
C. a. pacifica como una Especie de Gran Preocupacion (Betvah 2001), mientras que el
Plan de Conservacion de Aves Playeras de Canad@s$adera como una Especie de
Preocupacion Moderada con amenazas conocidas nc@dés (Donaldsoast al.2000). El
Calidris alpinamerece acciones de conservacion debido a: 1¢¢entes tasas de pérdida del
habitat en el rango de no reproduccién, dondedadis tiende a agregarse; 2) los vacios de
informacion sobre los factores que limitan las polunes; 3) la vulnerabilidad de la especie a
una variedad de impactos, dada su fuerte tendaremagregarse; y 4) datos insuficientes de
monitoreo para determinar las tendencias de lagpain, junto con la disminucion posible de
poblacién en algunas partes su rango.

El C. a. arcticolaes una subespecie que se reproduce en el noMesia (y
posiblemente Canadd), y pasa la temporada de mudregeion distribuida desde Japon hasta la
Republica Popular de China. €l a. pacificaes una subespecie que se reproduce en la costa
oeste de Alaska, y su distribucion principalmeméagtemporada de no reproduccion es la Costa
Pacifica desde el sur de la Columbia Britanica,a@@anhasta el noroeste de MéxicoCER.
hudsoniase reproduce en el norte de Canada y frecuenterpasa la temporada de no
reproduccion en las Costas Atlantica y Golfo déddssachusetts (EEUU) hasta México. Las
tres subespecies utilizan habitats similares darasttemporadas de migracion y de no
reproduccion. Lo€. alpinason comunes en las marismas del estuario, petnéarpueden
moverse entre una gran variedad de habitats disiesntales como los humedales de agua dulce
y salada. Lo£. alpinatambién se encuentran en habitats costeros y age@slas adyacentes,
y algunos individuos pasan una parte o la totalaath temporada en zonas continentales, en

los humedales de agua dulce y los habitats agsicola
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Cada subespecie utiliza un nimero considerablagieds en todo su ciclo anual, y
algunos de estos sitios albergan un gran nUmeavee Aunque algunos de los sitios mas
importantes estan protegidos, muchos otros estéinreas no protegidas. Importantes sitios para
C. a. arcticolaen las temporadas de migracion y de no reprodadegduyen:

Alaska, EEUU Delta de Yukon-Kuskokwin, Lagunas de Shishmarksdtin de
Kasegaluk (migracién hacia el sur);

Republica Popular de ChinaReserva Nacional Natural de Yancheng (migracida) y
Reserva Nacional Natural de Yalu Jiang (migraciacidel norte);

Republica de Kored¢Korea del Sur)Estuario Saemangeum, Mangyeung Gang Hagu, y
Tongjin Gang Hagu (migracion).

Cabe sefalar que el rango de no reproduccidp. de arcticolatiene sobreposiciones
con otras tres subespeciast(tes, sakhalina, y kistchinglkan la ruta de vuelo de Asia oriental-
Australia. Esta mezcla de subespecies ha complichdsta la fecha ha impedido el
establecimiento de una estimacion confiable dekdaeion y la identificacion de sitios
importantes utilizados pd&. a. arcticoladurante los periodos de migracién y de no

reproduccion.

Los sitios importantes de migracion y de no repeodin [por pais / estado] pata a. pacifica
incluyen:
Columbia Britanica, CanadaBahia de Mud y el Delta del rio Fraser (no repootin)

Alaska, EE.UU.:Delta de Yukon-Kuskokwim, Lago Nelson y Bahia MBahia;
Egegik, Port Heiden, y la Bahia de Shishmaref (atign hacia el sur), y Delta del Rio
Copper, el cabo de Yakutat, y la Bahia de Cookr@eign hacia el norte);

Washington, EE.UU.:Grays Harbor, Bahia de Willapa, y Puget Sound r@cign y
temporada no reproductiva), y las playas adyacenles dos ultimos sitios (migracion y
no reproduccion);

Oregon, EE.UU.:el Estuario del rio Columbiadmpartida con Washingtpfno
reproducciéon y migracion hacia el norte), y el ¥ale Willamette (no reproduccién);

California, EE.UU.: Valle Central (migracién y no reproduccién), Valke Sacramento
(no reproduccion), y la Bahia de San FranciscoBalaia de Humboldt (no reproduccion
y la migracién hacia el norte);

Baja California Sur, México:Laguna Ojo de Liebre - Guerrero Negro (no
reproduccion).
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Sitios importantes pai@. a. hudsonian época de migracion y de no reproduccion (pade}
incluyen:

Dakota del Norte, EE.UU.:Minnewaukan Flats - Lago de Diablo (migracion haali
norte);

Michigan, EE.UU.: Refugio Nacional de Vida Silvestre Shiawassee i@esign hacia el
norte);

Ohio, EE.UU.: Refugio Nacional de Vida Silvestre Ottawa, (migbacacia el norte);

Nueva Jersey, EE.UU.Refugio Nacional de Vida Silvestre Edwin B. Fohsyt
(migracién hacia el sur);

Virginia, EE.UU.: Refugio Nacional de Vida Silvestre Chincoteagug(acion hacia
el sur);

Texas, EE.UU. / Tamaulipas, MéxicoLaguna Madre (no reproduccion).

Las amenazas para la conservacion de las trespadies y las soluciones propuestas
son similares. En los sitios usados durante lapaeadlas de migracién y no reproduccion, las
amenazas reales o potenciales incluyen la pérdigmradacion del habitat, la perturbaciéon por
humanos, los derrames de petréleo, y los contart@sdas fuentes de la alteracion del habitat
estan relacionadas con el uso de las zonas inteafearpara la produccién de alimentos, granjas
de camaroén, los cambios en la hidrologia de aguagjpmplo, las presas) y las practicas
agricolas, la restauracion de las marismas salgdas especies invasoras (por ejemplo,
Sparting. Todavia hay grandes vacios en los factoresrdatantes que tienen la mayor
influencia sobre las poblaciones@ealpinay las tasas demograficas.

En general, la accion de conservacion de prionidas alta identificada dentro el rango
de cada subespecie es la proteccion del habifsciedmente en los sitios donde las aves pasan
las temporadas de migracion y de no reproducciara@®. a. arcticola es fundamental evaluar
y disminuir los cambios en los sitios de no repomitin, especialmente en la llanura aluvial del
rio Yangtse y en la costa de Fuji. P@raa. pacifica es fundamental que se reconsideren planes
para restaurar el habitat de lagos salados aldt@l@tmarisma intermareal, especialmente en
California; las necesidades @e alpinadeben balancearse con cuidado con los de otrasiesp
El control deSpartinatambién es una alta prioridad. Los sitios impddameben ser
reconocidos, como apropiado, a la escala localhmay e internacional, ya sea como nuevas
areas protegidas o con la designacion de RHRAPy&wivn de Ramsar, o Area de Importancia
para las Aves (AICA). Un programa de educacionwilgiacion seria muy util para aumentar la

6
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conciencia sobre la ecologia de las aves playeigrsutorias y la importancia de proteger los
humedales. Las necesidades de investigacionesoredas a la conservacion incluyen los
estudios sobre la conectividad de las migracidnesfectos de la pérdida de habitat que estan
influenciados por la densidad, y los factores dfaetan la supervivencia y la dinamica de la
poblacién. Las necesidades de monitoreo incluyeprograma adecuado para el monitoreo de
poblacidn(es) para determinar las tendencias gel&acion y los numeros de aves en los

habitats naturales y artificiales.
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PURPOSE

The Dunlin Calidris alping) is one of the more abundant migrants of the MNwrth
Hemisphere and has a near circumpolar distribudfdareeding populations. Unlike most
shorebirds, the Dunlin shows considerable phenotgpd genotypic variation over its range,
with up to 11 subspecies recognized (Greenwood ,1986haev and Tomkovich 1988,
Browning 1991, Wennerbegg al 1999, Wennerberg 2001). Despite its large pojuuiat
numbers, various issues of concern have been faehtivhich prompted the development of
this conservation plan. The issues of concern d&ld) recent rates of habitat loss due to
reclamation for industrial development and agriodf dam construction, coastal development,
and aquaculture management in the nonbreeding rahgee the species tends to aggregate in
spatially constrained or otherwise limited areggd&ps in knowledge regarding factors limiting
the populations; 3) suspected declines in numimet4a inadequate monitoring data for
determining population trends, coupled with susp@cleclines in parts of its range. These
concerns have prompted a number of organizatiodsagancies to assign special conservation
status to the Dunlin. For example, the U.S. ShodeBonservation Plan lists the Dunli@.(a.
arcticolaandC. a. pacifica as a Species of High Concern (Broatral 2001), while the
Canadian Shorebird Conservation Plan considerSjgexies of Moderate Concern with known
or potential threats (Donaldsethal 2000). This conservation plan is the first step process to
develop a multi-faceted conservation strategy fonlih that breed in the Western Hemisphere.

In this conservation plan we provide informatibattwill help a variety of audiences to
understand Dunlin ecology and behavior, as wethassarious conservation issues important to
achieving population goals set forth in the U.Sor8hird Conservation Plan (Brovet al.
2001). Specifically, we provide a brief overvieweasch subspecies’ ecology and status in North
America C. a. arcticola, C. a. pacificaandC. a. hudsonigy identify important sites used by at
least 1% of each subspecies, and describe majsepation threats and conservation actions
needed at those sites. To develop the plan, we suied information from published literature,
unpublished data, and personal communications stithebird scientists, resource managers,
and amateur field ornithologists with special ietdrin and experience with shorebirds. To the
extent possible, the scope of this plan includesetitire range and full annual cycle for each of

the three subspecies that breed in North Amenrcaath section of the plan, for consistency and
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comparison, information abo@t a. arcticolaandC. a. pacifica—both of which breed in
Alaska—is presented first, followed by the relaljvmore eastern-breedir@. a. hudsoniaSite
information includes high counts of Dunlin, hatstased, factors that impact or potentially
impact each site, and conservation actions needduininish or offset threats.

This plan was written in accordance with the Whigtates and Canadian shorebird
conservation plans (Browet al 2001, Donaldsogt al 2000) and the Action Plan for the
Conservation of Migratory Shorebirds in the EasbAsAustralasian Flyway (Asian-Pacific
Migratory Conservation Committee 2001). In addifias@ used regional shorebird plans to
identify research and education/outreach needsptréin to Dunlin in the following planning
regions: Asia (Wetlands International — Oceaniadd08laska (Alaska Shorebird Working
Group 2000); Northern Pacific (Drut and Buchana@@0Southern Pacific (Hickest al 2003);
Prairie Potholes (Skagen 2000); Central PlainséPlaakes (Fellowet al 2001); Northern
Atlantic (Clark and Niles 2000); Southeastern CalaBtains (Hunteet al. 2000); and Western
Gulf Coast (Elliott and McKnight 2000) planning regs. Our goal is to provide natural resource
managers, funding agencies, scientists, and athenested parties with the information
necessary to maintain or increase Dunlin populattbroughout their ranges.

NATURAL HISTORY AND STATUS
Dunlin are one of the better studied shorebirddanth America with numerous studies
done at breeding grounds and at nonbreeding sibegever, considerable gaps remain,

especially with respect to population trends armtiois involved in these trends.

M ORPHOLOGY

The Dunlin Calidris alping is a medium-size (33—-85 grams) sandpiper that is
distinguished from most other Calidrid sandpipearthe Western Hemisphere by its relatively
long and slightly curved bill (Paulson 2005). Durnil breeding plumage are very different in
appearance than those in nonbreeding plumageeédlyg, or alternate plumage, Dunlin have a
black belly, reddish cap, and a bright reddish-brdack, hence its forma@ame of Red-backed
Sandpiper. Dunlin in juvenal plumage are seldonm &&ept on or adjacent to breeding areas,
and have a reddish-brown back and brownish-blaldkdpes on the belly (see photo in Paulson

2003). In nonbreeding, or basic plumage, Dunlivehaverall light brownish-grey coloration
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with diffuse brownish bands of streaking on uppexalst, and white under parts (Warnock and
Gill 1996). Females on average are larger and langer wings and bills than males (Warnock
and Gill 1996).

TAXONOMY

Unlike most other shorebirds, the Dunlin showssiderable phenotypic and genotypic
variation over its range. Nine to eleven racesacegnized (Greenwood 1986, Nechaev and
Tomkovich 1988, Browning 1991, Piersma 1996, Engelnand Roselaar 1998) in five
phylogenetic lineages (Wenimt al 1996, Wennerberg et el. 1999, Wennerberg 2001).
Subspecies differ mainly in size (mass and lengthilband wing) and in subtle differences in
mostly breeding plumage (Engelmoer and Roselaa8,1P&ulson 2005). Three subspecies breed
in North AmericaC. a. arcticola,C. a. pacificaandC. a. hudsonigwWarnock and Gill 1996).
C. a. pacificaandC. a. hudsoniare larger and dorsally brighter th@na. arcticola(\WWarnock
and Gill 1996, Paulson 2005). The antiquity of Mokimerican subspecies dates to the late
Pleistocene, witlC. a. hudsonideing ancestral (Wenirgt al. 1993).

POPULATION ESTIMATE AND TREND

The Dunlin is one of the most abundant shorelpeties in the Western Hemisphere,
with an estimated North American population of 5800 birds (Table 1). The confidence of
population estimates for the three North Americalbspecies are considered “low” (Browhal
2001). Although comprehensive trend data for Dupbpulations are generally lacking, all three
North American subspecies are thought to be dedi(Brownet al 2001, US. Shorebird
Conservation Plan 2004).

10
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Table 1.Population estimates for three subspecies of Dih#ihbreed in North America.

Subspecies  Estimated population Range of estimate eference
C. a. arcticola 750,008 200,000 — 750,000 Morrisaet al (2001, 2006)
C. a. pacifica 550,000 500,000 —-600,000 Page and Gill (1994hdgis
et al (2000), Morrisoret al
(2006)
C. a. hudsonia 225,000 150,000 —300,000 Morrisenal (2001, 2006)

@ Based on extrapolations of breeding densities.

C. a. arcticola

Although Morrisonet al (2006) retained the current estimate of 750,30tha
population size fo€. a. arcticola data from recent surveys suggest this numbeoisigh.
Brownet al (2007) estimated 10,506 (+ 4,112 SE) Dunlin residthe Arctic National Wildlife
Refuge, which represents only a small portion efgpecies’ range on its eastern edge. A more
recent estimate by Declan Troy (in litt., citedMyBarter, unpubl. paper) gives a figure of
640,000, while R. Gill (in litt.) suggests thatWwetn 200,000 and 300,000 are likely to exist
based on data from Gill and Handel (1990). SurveykePeople’s Republic of China and other
East Asian countries have located only 703,000 inyBlarter and Cao 2007). This estimate
includes four subspecie€ (a. actities, arcticola, kistchinskandsakhaling, further supporting
the notion that the estimate of 750,@006ticola Dunlin is too high.

C. a. arcticolawas the only shorebird species at the Prudhoe(ldyield between 1981
and 1992 that exhibited a persistent downward tremibundance, although no significant trend
in nest density was detected (Troy Ecological ReteAssociates 1993). Decreases in nest
densities of Dunlin at Barrow since the 1970s (Drthin, pers. comm., cited in Troy 2000)
suggest a widespread decline in this subspecigsedent, nonbreeding areas @ra. arcticola
are only generally defined, and it is likely théspecies mixes with other East Asian subspecies.

Thus it is difficult to assess population sizes &tedds from the nonbreeding range.

C. a. pacifica
The available data for this subspecies reveal tranan population trends depending on
location. Data from Christmas Bird Counts (CBC}hie Lower Mainland, British Columbia,
suggest a stable population over the last 25 y@8&—-2000) (Shepherd 2001a). In the United

11
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States, CBC data from Washington (Figure 1) andy@r€Figure 2) show substantial annual
variability but no obvious trend between 1979-86 a605-06. In California, however, there
appears to be a curvilinear trend in Dunlin abuedan CBC locations since 1979-80, with a
strongly downward trend since 1989-90 (Figure 34nd hese data are consistent with counts
at Bolinas Lagoon, an estuary in California for @ha30-year data set shows a significant
decline in numbers of nonbreeding Dunlin, espegsilice 1993 (PRBO 2007). Comprehensive
data from the breeding grounds are not availablev¥aluating population trends. Future efforts
to evaluate population trends on the breeding giswhould include a 20-year data set from the
Yukon-Kuskokwim Delta that focuses on presencefatxsstatus over an extensive system of
randomized plots maintained by the Office of MigratBird Management, U.S. Fish and

Wildlife Service, Anchorage, Alaska.
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Figure 1. Trend in annual abundance of Dunl®. @. pacifica at seven Christmas Bird Count locations
in Washington (USA) between 1979-80 and 2005-08 Agmpendix 1 for explanation)%(= 0.005, F =
0.135, P = 0.3 Sites included in the analysis were Bellingham Baglumbia River estuary, Grays
Harbor, Leadbetter Point, Olympia, Padilla Bay, &edjuim-Dungeness.
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Figure 2. Trend in annual abundance of Dunl. @. pacifica at six Christmas Bird Count locations in
Oregon (USA) between 1979-80 and 2005-06 (see Afipérfor explanation)rf = 0.004, F = 0.087, P
= 0.22). Sites included in the analysis were Coos Bayyéltis, Eugene, Sauvie Island, Tillamook Bay,

and Yaquina Bay.
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Figure 3. Trend in annual abundance of Dunl@®. @. pacifica at 30 Christmas Bird Count locations in

California (USA) between 1979-80 and 2005-06 (seieefdix 1 for explanationplynomial model; ¥
=0.245, F = 3.89, P =0.034 Sites included in the analysis were Berniciagt€rville, Contra Costa, Del
Norte County, Hayward-Fremont, Lancaster, Los Aagel os Banos, Malibu, Marin County (south),
Mendocino, Morro Bay, Moss Landing, Oakland, Oc&eyista-Carlsbad, Orange County (coastal),
Palo Alto, Palos Verdes Peninsula, Point ReyesrBald, Sacramento, Salton Sea (north), Salton Sea
(south), San Diego, San Jose, Santa Barbara, Rasta Stockton, Thousand Oaks, Ventura, and

Western Sonoma County.
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Figure 4. Trend in annual abundance of Dunl@ @. pacifica at 30 Christmas Bird Count locations in
California (USA) between 1989-90 and 2005-06 (seieefdix 1for explanation) ¢ = 0.55,F-ratio =
18.2,P = 0.0007). See Figure 3 for CBC locations usetthiénanalysis.

C. a. hudsonia
Population trends of this subspecies are not chegualitative assessment of shorebird

populations breeding in the vicinity of ChurchManitoba (Canada) between the 1930s and the
1990s, indicated that Dunlin have decreased irmatbea (Jehl and Lin 2001). Based on the
Maritimes Shorebird Survey (MSS) and the IntermatldShorebird Survey (ISS), data from
southbound migration between 1974 and 1998 indeaten-significant downward trend for the
North Atlantic Region (annual change: -2.5%), baba-significant upward trend for the
Midwest Region (annual change: +3.6%) (Bzral 2007). Although this is the only Dunlin
subspecies that migrates through the interior {eegMississippi Flyway), the Atlantic Coast
route is the most important flyway during migratidarnock and Gill 1996). Based on
Christmas Bird Count data from 1979-80 to 2005-a@@ual population trends for each of three
regions varied. Specifically, trends from New Emglaand Mid-Atlantic States (Figure 5) and
from Texas (Figure 6) suggested stable populatiwhsreas the trend for the southeast region

indicated a slight decline followed by a slightriease (Figure 7).
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Figure 5. Trend in annual abundance of Dunl®. @. hudsonipat 15 Christmas Bird Count locations in
New England and the Mid-Atlantic States (USA) beawd 979-80 and 2005—-06 (see Appendix 1 for
explanation)1® = 0.003, F = 0.066, P = 0.56 Sites included in the analysis were New Haveth New
London (Connecticut); Bombay and Cape Henlopend®ate); Ocean City (Maryland); Cape Cod,
Martha’s Vineyard, mid-Cape Cod, New Bedford (Massssetts); Cape May and Long Branch (New
Jersey); Newport County (Rhode Island); and Back Bhincoteague, and Newport News (Virginia).
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Figure 6. Trend in annual abundance of Dunl®. @. hudsonipat 10 Christmas Bird Count locations in
Texas (USA) between 1979-80 and 2005-06 (see Appérfdr explanation)ré = 0.002, F = 0.049, P
= 0.83). Sites included in the analysis were AransasivBoPeninsula, Corpus Christi, Corpus Christi
(Flour Bluff), Cypress Creek, Freeport, Galvestdayston, Laguna Atascosa and Port Aransas.
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Figure 7. Trend in annual abundance of Dunli @. hudsonipat 41 Christmas Bird Count locations in
the Southeast region (USA) between 1979-80 and-Z&ee Appendix fbr explanation) fgolynomial
model; F = 0.417, F=8.57,P = 0.002 Sites included in the analysis were Dauphin\afiekeler
(Alabama); Bay County, Bradenton, Cedar Key, CoGzmt Bay, Dade County, Ft. Myers, Jacksonville,
Key Largo, Lower Keys, Merrit Island, Naples, NoRmellas, Pensacola, Port St. Joe, Sabine, Sanibel
Sarasota, St. Augustine, St. Marks, St. Peterslamdy,Tampa Bay (Florida); Harris Neck and Sapelo
(Georgia); Bodie, Cape Hatteras, Mattamuskeet Natiwvildlife Refuge, and Ocracoke (North
Carolina); and Charleston, Hilton Head, and Liteltfi(South Carolina).

DISTRIBUTION

Globally, the Dunlin has a vast breeding and neadling distribution (Piersma 1996,
Engelmoer and Roselaar 1998). It has a circumpoteding range, nesting in most arctic
regions (absent only from high Arctic islands ofgdand North America, western Greenland,
and eastern Canada). In migration, the speciesscated with marine and estuarine
environments and interior wetlands, and duringnbigbreeding season is found in or near

coastal areas throughout much of the Northern Hameie (Figure 8).
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Wintering

Figure 8. Breeding and nonbreeding (wintering) distributidribainlin in North America (Warnock and
Gill 1996). Blue areas indicate known breeding tmees: northern Alaska fdC. a. arcticola western
Alaska forC. a. pacifica and northern Canada f@r a. hudsoniaOrange areas signify nonbreeding
areas: Pacific Coast f@. a. pacifica and Atlantic Coast fo€. a. hudsonia

C. a. arcticola

This subspecies breeds in northern Alaska, northstiurne Peninsula east to Camden
Bay, and is most common between Point Barrow andiRre Bay (Johnson and Herter 1989,
Warnock and Gill 1996, Johnsehal 2007) (Figure 9). During intensive surveys of Kaath
Slope of Alaska, the subspecies was entirely alisemtthe Brooks Range Foothills, but found
on the majority of coastal plots within the NatibRatroleum Reserve—Alaska, and in the north-
central portions of the Coastal Plain (Johnsbal 2007). It is unclear whether Dunlin breeding
near Cape Bathurst, Canada, represents an easwtargion ofC. a. arcticolaor a westward
extension ofC. a. hudsonigFigure 9). After migrating to Asia, the populatis thought to
spend the nonbreeding season mainly along the froastlapan south to the Republic of China
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[Taiwan] (see map at http://alaska.usgs.gov/scibmmegy/avian_influenza/species/
species.php?code=DUNL). Color-marked birds hawemlveported migrating between Alaska
and Japan, the Republic of Korea [South Korea]Républic of China, and the People’s
Republic of China (Rogeet al 2006, M. Barter and R. Lanctot, unpubl. datayj(ire 9).

C. a. arcticola
Breeding (Jun-Aug)

Nonbreeding (Sep-May)

C. a. pacifica
Breeding (May-Jul)
Nonbreeding (Aug-Apr)

Em BN

Figure 9. Seasonal occurrence and migration pathway€fer. arcticolaandC. a. pacifica
(R. Gill)

C. a. pacifica

This subspecies breeds in coastal western Alaska tine tip of the Alaska Peninsula
north to at least Point Hope (Gabrielson and Lind®59, Warnock and Gill 1996); it occurs
extralimitally to the Cooper River Delta (Mickelsehal 1981, Murphy 1981). Its primary
breeding areas include Norton Sound and the Yukaskkwim Delta, and coastal meadows
along the north side of the Alaska Peninsula (&itll Jorgensen 1979, Warnock and Gill 1996,
R. Gill, unpubl. data) (Figure 8). The northernemttof its breeding range is unclear, but likely
occurs between Point Hope and Barrow and may qwevith C. a. arcticola(Figure 9).

With the exception of the Rock Sandpip€alidris ptilocnemiy, C. a. pacificahas the
northernmost nonbreeding distribution of any Cadidm the Pacific coast of North America. Its
primary nonbreeding distribution extends from seuathAlaska to northwestern Mexico,
including the Baja California Peninsula, and that&t of Sonora, Sinaloa, and Nayarit (Warnock

18
WHSRN — Dunlin Conservation Plan, February 20101v1



and Gill 1996). It occurs in coastal areas and mlsgricultural areas away from the immediate
coast, including the Willamette Valley in Oregondkiiock 2003) and the Central Valley in
California (Shuforcet al 1998) (Figure 8).

It appears that a certain amount of populationesgagron occurs during the nonbreeding
season. Dunlin staging on the Yukon-Kuskokwim Daitthe fall are more likely to migrate to
and spend the nonbreeding season in coastal Bdtflmbia, Canada, and coastal Washington
and Oregon, while Dunlin staging on the Alaska Rsula in the fall are more likely to migrate
to and spend the nonbreeding season in Califo@ild1996, Warnock and Gill 1996, R. Gill,
unpubl. data) (Figure 8).

C. a. hudsonia

This subspecies breeds in northern Canada, frorNonwest Territories to the west
sides of Hudson and James Bays (Godfrey 1986 #neralso confirmed breeding records as
far east as southwest Baffin Island (Madiral. 1988) and along the eastern shore of Hudson
Bay at the Ungava Peninsula, Quebec (Andres 20069.subspecies spends the nonbreeding
season commonly on the Atlantic and Gulf Coastsfidassachusetts to Mexico, with birds
occasionally reported from coastal western Yuc&aminsula (Warnock and Gill 1996). Within
the nonbreeding range it appears to be most abtiodahe Texas coast (Eubanks 2006), and
less abundant in the Atlantic Coast states (lems 77000 birds in Florida) (Spranalal 2000).
In Mexico, the subspecies spends the nonbreedaspresouth along the coast from Tamaulipas
to northern Veracruz and on the northern coastumfatan Peninsula (Howell and Webb 1995)
(Figure 8).

MIGRATION

Depending on the subspecies, Dunlin migrate vhridistances from breeding to
nonbreeding areas, but usually do not exceeded &)@00 kilometersC. a. arcticolalikely
migrates the farthest, with marked individuals knaw travel a minimum of 7,300 kilometers
between the North Slope of Alaska and the Republi€hina. All three subspecies have similar
migration timing during the northward migration there are differences in timing during the
southward migration, witke. a.arcticolaandC. a. hudsonianigrating earlier thaf. a. pacifica

(Warnock and Gill 1996). Prior to southward migpatitheC. a. pacificasubspecies undergoes
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pre-basic molt while on staging areas that arellysadjacent to the breeding grounds. The
duration of this molt—into September—has been dcited reason for this taxon’s unusually late

departure on the southbound migration (Holmes 1&réenwood 1986).

C. a. arcticola
Northward migration of this subspecies is simitathe timing shown b¢. a. pacifica

The passage of migrant Dunlin in the Republic ofééoand the People’s Republic of China is
from March to May, with a peak in mid-May at Saempemm Estuary (Rogeet al 2006). The
peak of northward migration occurs between midlatelMay (or even early June) at regions
between Sakhalin and Magadan in far eastern R(Gsiasimov and Huettmann 2006). Birds
arrive on the breeding grounds between late Mayeanky June (Warnock and Gill 1996, Barter
2002, R. Lanctot, unpubl. data). The route frombreading areas to breeding areas is unknown,
but presumed to be coastal over the Sea of Oklamiskhe western Bering Sea (Warnock and
Gill 1996). Following nesting, birds move to codsteeas in northern Alaska between July and
September, with a peak migration occurring in noitete August (Andres 1989, Johnson and
Herter 1989). After staging on the north coast tafska, an as yet un-quantified portion of the
post-breeding populations moves south to the Yukoskokwim Delta where birds mix wit@.

a. pacificaDunlin before they migrate to the coast of cerfias$t Asia in September or October
(Gill and Handel 1981, Gill 1996, Warnock and Gif196). It is possible that some birds move
directly to the nonbreeding grounds (Norton 193altjough this has not been confirmed. Dunlin
using the East Asian-Australasian Flyway begirnvarg in Japan and the Republic of Korea as
early as late July (Bartet al 2005), with peak arrival occurring in mid-Septanto late

October (Brazil 2008). The early-arriving birdsdlit are notC. a.arcticola sincearcticola seem

to undergo at least a partial pre-basic molt whileor near the breeding grounds that lasts into
August(R. Lanctot, unpubl. data). Much work remains tecdrn migration routes and timing in

the East Asian-Australasian Flyway following théspecies’ departure from Alaska (Figure 9).

C. a. pacifica
Northward migration is suspected to begin in soutim®nbreeding grounds in late

March. The peak of migration in western North Amaroccurs in late April and early May

(Warnock and Gill 1996). Few migrants remain instabareas south of Alaska after mid-May
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(Warnock and Gill 1996, Paulson 1993). Once theatign has begun, birds move along the
Pacific coast or, in smaller numbers, through iotesireas like the Central Valley in California,
and Willamette Valley in Oregon (Strauch 1967, Wakcet al. 2004). Migrant Dunlin stop for
short periods at various sites along the way agnigrate to the breeding grounds; length of
stay at migratory stopover sites typically rangesMeen 1 and 4 days (Warnaoekal 2004).
Depending on location, Dunlin migrating north todalaska from southern, coastal North
American sites travel quickly, on average up to 8274 kilometers per day of active flight
(Warnocket al 2004).

After the breeding season, birds move from breednognds to coastal staging sites in
western Alaska (Holmes 1971, Gill and Jorgenser®1Bandel and Gill 1992). Southward
migration begins after a complete pre-basic molthenstaging grounds that lasts into August or
September with peak movements from Alaska betwatenSeptember and mid-October; some
juveniles occasionally remain into early Novembdéaridel and Gill 1992, R. Gill, unpubl. data).
Although a few birds arrive along the Pacific caaditer summer months, the vast majority of
birds arrive there after mid to late October (Pag@é4, Butler and Campbell 1987, Paulson
1993) (Figure 10). Occasional peaks in abundant@enNovember in Washington suggest that

some movement continues at this latitude into eanher (Buchanan 1988) (Figure 9).
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Figure 10.Median annual abundance (1999-2006) of Dunlin #endnlet, Washington (USA), from
early October to mid-November (J.B. Buchanan, uhgata). Substantial numbers of birds typically
arrive during the 5-day period from 28 October tddvember. Dates shown are midpoints in each 5-day
interval.
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C. a. hudsonia
The northward migration d€. a. hudsonianvolves two flyways, one along the Atlantic

Coast and the other through the Great Plains (W&rand Gill 1996, Skageet al. 1999). This

is the only subspecies of Dunlin that crossesritexior plains of North America, especially
during the northward migration (Warnock and GilB&9 Skageret al 1999). In the interior,
northward migration is from March to May (Skageral. 1999). The limited numbers recorded
in the mid-continent (Jorgensen 2004), except thkoas, suggest that birds migrating through
the interior may fly directly from Gulf Coast nom@ding sites to the Prairie Potholes, peaking in
mid-May, before their final flight to the breediggounds (Warnock and Gill 1996, Skagsral
1999). However, in the coast of Texas, Dunlin udand sites more frequently during the
southward migration versus northward migration fwocod and Freeman 2004). The timing of
northward migration is similar in the Gulf and Attac coastal regions. Southward migration is
later than for some other Calidrid species, betidier than foC. a. pacifica The migration
period extends from late August to November in botarior and coastal areas, with a peak
passage in October (Warnock and Gill 1996, Skagexh 1999).

M AJOR HABITATS

Breeding
Dunlin use a wide variety of breeding habitatsnidin northern sub-arctic and some

arctic areas. On the North Slope of Alaskaa. arcticolabreed in moist-wet tundra, often in
areas with ponds, polygons, and strangmoor landf@¥krarnock and Gill 1996). Birds of this
subspecies are more common in coastal tundra tit@nar tundra (Johnson and Herter 19&2).
a. pacificaon the Yukon-Kuskokwim Delta, Alaska, breed inst@asedge graminoid meadows
with numerous shallow ponds and tidal distribut(idolmes 1970, Warnock and Gill 1996).
On the Seward Peninsula, Alaska,a. pacificaare found breeding in highest densities where
wet meadow habitat is mixed with drier sites of dvearub meadow (Kessel 1989). a.
hudsoniain northern Ontario breeds in wet tussock and-paatmock tundra (Cadmaat al
1987), whereas in Manitoba they breed in wet tuatichwet sedge marshes (Jehl and Smith
1970).

22
WHSRN — Dunlin Conservation Plan, February 20101v1



Migration
All three subspecies use similar habitats durimgyation. Dunlin are common on mostly

soft substrate littoral flats (mud, sand, consdédamaterial), but they also use, to a lesser gxten
a wide variety of brackish and freshwater wetlamdsh vegetated and unvegetated and both
coastal and inland. They also use a variety ofi@vabpen-water habitats including flooded

fields, sewage lagoons, and salt-works (WarnockG@iidL996).

Nonbreeding
For all subspecies, habitat preferences durindgpreading are similar to those during

migration.

In the People’s Republic of Chin@, a. arcticolaand other subspecies of Dunlin that
breed in Asia are encountered in a wide varietiplaind habitats including shallow water,
muddy water edges, dry mud, and wet, lightly vetlgetareas. Along the coast, Dunlin use
intertidal areas both near and distant from the éidge. Dunlin also feed in fish ponds and salt
pans located inside of containment walls when kidgs limit intertidal habitat (Barter and Cao
2007, R. Lanctot pers. obs.).

C. a. pacificaare able to forage in different microhabitats (Galvit993), and move
among a variety of available habitats (Warnetkl 1995, Shepherd and Lank 2004). During
the nonbreeding season, Dunlin in some regions rhetxgeen coastal and interior areas (Page
1974, Warnoclet al 1995, Shepherd and Lank 2004). Some Dunlin spartdor all of the
season inland in freshwater wetlands and agriallhabitats (Shufordt al 1998, Sanzenbacher
and Haig 2002). This subspecies exhibits diffegdmlistribution patterns in which sex and age
classes are spatially segregated, either latitlgi(Buchanaret al. 1986, Shepheret al 2001),
or among habitats on a local scale (Retial 1989, Warnock 1994, Shepherd and Lank 2004),
or within feeding/roosting flocks (Kus 1985, Raizal 1989).C. a. pacificamales are more
likely than females to make one-way movement fre&stal estuaries to agricultural and
wetland habitats up to 150 kilometers inland; theseements appear to be stimulated by
rainfall and other weather variables (Warnetlal 1995, Kellyet al. 2002). In the Fraser River
Delta, British Columbia, this subspecies showenyaificant preference for tidally influenced
marine habitats, but most individuals (> 80%) alsed terrestrial habitats, usually during high
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tide and primarily at night (Shepherd and Lank 2084sed on stable isotope analysis, the
agricultural habitat contributed approximately 38%&. a. pacificadiet, and younger birds had
a significantly higher terrestrial contributiontteeir diet (43%) than did adults (35%) (Evans
Ogdenet al. 2005). Dunlin regularly use agricultural areaamestuaries for diurnal and
nocturnal roosting and foraging in Washington (Baredin 2000). At Humboldt Bay, California,
Dunlin make extensive use of upland pastures, edpefor nocturnal roosting, from November
to March (Conklin and Colwell 2007). Furthermoreyriin at the Willamette Valley, Oregon,
exhibit a high degree of regional fidelity duririgetnonbreeding period (December—February).
Individuals use extensive areas (seasonal home iar2H8 + 45 ki), as well as numerous sites
within the region, apparently to exploit the distriion and variability of local resources
(Sanzenbacher and Haig 2002).

C. a. hudsonia common on coastal estuaries, bays, interiorosedsvetlands, flooded
fields and other agricultural lands, especiallg fields (Warnock and Gill 1996). In the coast of
Texas, Dunlin make extensive use of managed amd#&srd wetlands and agricultural fields (B.

Ortego, pers. comm.).

CONSERVATION STATUS

The Canadian Shorebird Conservation Plan consilef3unlin a Species of Moderate
Concern (Donaldsoet al 2000). Browret al (2001) listsC. a. arcticolaas highly imperiledC.
a. pacificaas high concern, ar@. a. hudsonias moderate concern. The U.S. Shorebird
Conservation Plan (2004), based on the populatedtand potential threats, lists the Dunlin as
a Species of High Conservation ConcernGoa. arcticolaandC. a. pacificaand as &pecies
of Moderate Conservation Concern €@ra. hudsoniaThe U.S. Fish and Wildlife Service
includesC. a. arcticolaas a Bird of Conservation Concern (U. S. Fish\afidlife Service
2008). The American Bird Conservancy’s Green L28(7) includes the Dunlin as a Moderately
Abundant Species with Declines or High Threats. THeN Red List considers the Dunlin a
Species of Least Concern (BirdLife Internationad2)) and NatureServe lists it as Globally
Secure (NatureServe 2006). The Dunlin is not inetlish the Audubon WatchList 2002 or by
the Committee on the Status of Endangered Wildtii€anada (COSEWIC).
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POPULATION GOAL

Given the low confidence level in population estigs for the three North American
subspecies (Browet al 2001), establishing a population goal will beettefd according to the
following generalkchedule for each subspecies:

C. a. arcticola Investigate status of subspecies, determine sarstextent of presumed
decline, halt regional or rangewide declines, drahtevaluate and establish population goals
based on estimates of carrying capacity with artdbouit habitat restoration efforts.

C. a. pacifica Investigate status of subspecies, in particaaletermine whether the
apparent decline in abundance is limited to theuain that spends the nonbreeding season
south of Oregon; determine causes and extent dihded one is occurring; halt the decline, and
then evaluate and establish population goals bas@stimates of carrying capacity with and
without habitat restoration efforts.

C. a. hudsonialnvestigate status of the subspecies to determimether a population decline
is occurring; determine causes and extent of declirone is occurring; then evaluate and
establish population goals based on estimatesrofieg capacity with and without habitat

restoration efforts.

CONSERVATION SITES

BREEDING RANGE
It is difficult to identify particular sites on éhbreeding grounds because the density of
birds is very low and spread out over a very langa. Thus the locations mentioned for each

subspecies refer to general areas that can belaige

C. a. arcticola
This subspecies breeds primarily on the North &lafpAlaska between Cape Lisburne

and Camden Bay (Johnsehal 2007) (Figure 11). The highest concentrationsiootthe
National Petroleum Reserve—Alaska (particularlyrrigarrow and the Ikpikpuk River), Kuparuk
and Prudhoe Bay Oil Fields, and areas east to &imai@g River and Camden Bay in the Arctic
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National Wildlife Refuge (Johnsaat al 2007). It is unclear whether populations breedtiegr

Cape Bathurst in Northwest Territories belong ie #ubspecies.

C. a. pacifica
The core breeding area for this subspecies isghtral Yukon-Kuskokwim Delta of

western Alaska, but major breeding populations atsur at several sites on the Alaska
Peninsula (R. Gill, unpubl. data, S. Savage, unpidih), in eastern Norton Sound, on the
northern Seward Peninsula and eastern KotzebuedS#&@ssel 1989, Warnock and Gill 1996).

C. a. hudsonia
The core breeding area for this subspecies in dzaappears to be centered in the

lowlands of Nunavut Territory, especially in thedRaussen Lowlands where more than 6,000
Dunlin are estimated to breed (Johnstbal 2000). Other birds breed west to Southampton
Island, along the shore of Hudson Bay in Manitolé @ntario (Jehl and Smith 1970, Cadman
et al 1987), up to the Ungava Peninsula, Quebec (ArkDes).

MIGRATION AND NONBREEDING RANGE

We identified important migration and nonbreedamgas that support at least 1% of the
global population for each of the three subspeaid3unlin (Tables 2—4). With the current
population estimates being 750,000 @ra. arcticola 550,000 forC. a. pacificaand 225,000
for C. a. hudsonigPage and Gill 1994, Warnock and Gill 1996, Biskbpl. 2000, Morrisoret
al. 2001, 2006), we included all sites where highntedior any one season have been
approximately 7,500 fo€. a. arcticola 5,500 forC. a. pacificaand 2,250 foC. a. hudsonia

It was fairly straightforward to define importasites that are comprised of a discrete
wetland, bay, or intertidal flat where the 1% arid@ occurs during a given season. In other
cases, however, the process was more complicaaetbrs that made it difficult to identify
important nonbreeding sites included incompletelywsyed coastal and interior areas, and the
unknown extent of movement by nonbreeding flockds Tncludes movements among sites (and
between roosting and foraging sites) that are edteat different times by the tide and by
changing conditions as the nonbreeding seasongsegs. In addition, complexes of distinct

sites in relatively close proximity to one anotfguch as at Cook Inlet in Alaska; the Greater
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Puget Sound area in Washington; and Ojo de Lielwer®ro Negro in Mexico) collectively
support large numbers of migrant or nonbreedinglibuAlthough numerous individual sites in
these complexes support only a few thousand bads,dhe array of these “lesser” sites support
many thousands of birds (Evenson and Buchanan Fagjet al 1997).

Finally, our use of the 1% criterion generallyugqd that we use single-day, high-count
data from migration periods. Consequently, givendbcurrence of turnover during migration,
our migration count data are underestimates of ddnure at the sites; other sites that may have

met the 1% criterion, if turnover were taken integ@unt, were not included in our tables.

C. a. arcticola
Twenty-two sites were identified as supportinggast 7,000 DunlifTable 2). Based on

high counts, the Yukon-Kuskokwim Delta, Shishmdndét, and Kasegaluk Lagoon (Alaska,
USA), Yancheng National Nature Reserve and YaloglMational Nature Reseryeople’s
Republic of China), and Saemangeum Estudigngyeung Gang Hagu, and Tongjin Gang Hagu
(Republic of Korea) are critical sites fGr a. arcticola Numerous sites in Alaska, Republic of
Korea, Republic of China, People’s Republic of Ghiand Japan support between two and four
Dunlin subspecies, making it difficult to underdahe value of any particular site to a given
subspecies during migration and nonbreeding (Tlsled Figure 11). Given this uncertainty, it
is noteworthy that several additional sites inHast Asian-Australasian Flyway have the
potential to be important 8. a. arcticola For example, over 500,000 shorebirds, including
Dunlin, are known to use the Penzhina River motithebase of the Kamchatka Peninsula, and
northwest Penzhina Bay supports over 100,000 shidee{iserasimov and Huettmann 2006).
Similarly, thousands of shorebirds use a numbeite$ around the Sea of Okhotsk (between
Sakhalin Island, Kamchatka and Magadan in far eafassia), including Aniva Bay, Bolshoe
Bay, Rekkiniky Bay and Tugursky Bay (Gerasimov &hgttmann 2006).

27
WHSRN — Dunlin Conservation Plan, February 20101v1



Figure 11 Breeding ranges of the four Dunlin subspeciesa arcticola, sakhalina kistchinskiand
actiteg in the East Asian-Australasian Flyway and theimbined core nonbreeding range.

Sixteen sites (73%) supported at least 7,000 Duhlring the southward migration. The
greatest numbers of birds were reported from thieo¥itKuskokwim Delta, Shishmaref Inlet,
and Kasegaluk Lagoon in Alaska (Table 2), howelemroportion ofC. a. arcticolapresent
amongC. a. pacificaon the Yukon-Kuskokwim Delta is as yet unknown.

Ten sites (45%) met our threshold criteria durimghorthward migration and the most
important sites included the Yancheng National KaReserve and the Yalu Jiang National
Nature Reserve in the People’s Republic of Chind, %aemangeum Estuary, Mangyeung Gang
Hagu, and Tongjin Gang Hagu in Republic of Koreal[€ 2).

Recent surveys of Dunlin (includir@ a. arcticola, sakhalina, kistchinskindactites
subspecies) during the nonbreeding season iR¢bgle’s Republic of China indicate a wide-
spread coastal distribution (Barter and Cao 20Bigufe 12). Dunlin are particularly prevalent
in Jiangsu, Zhejiang, and Fujian Provinces, anoutjn the wetlands of the middle reaches of the
Yangtze River. Although the Yellow River floodplamas not been surveyed, this region is
unlikely to have many Dunlin due to lack of suibkbitat and colder winters. In contrast,

Guangdong Province is likely to have large numigBester and Cao 2007).
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Figure 12.Sites at which nonbreeding Dunlin (includi@ga. arcticola, sakhalina, kistchinskind
actitessubspecies) have been recorded during surveys ctttoetween 2003 and 2007 in the People’s
Republic of China (from Barter and Cao 2007).

When individual site count data are combined torese the total number of Dunlin for
larger wetland areas, a few sites appear to be mertant (Figure 13). The largest regional
concentrations occurred in northern and centralgdia, central Fujian, and at a number of
wetlands in the Yangtze floodplain. In additioneo20,000 Dunlin were reported along the

south and west coasts of Republic of Korea (Mo@8£9, 2006).

Figure 13. Abundance estimates at sites where nonbreedingrb{imtiudingC. a. arcticola, sakhalina,
kistchinski,andactitessubspecies) were recorded during surveys condbetieeeen 2003 and 2007 in
the People’s Republic of China (from Barter and 2a07).
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Table 2. List of important sites (or complexes of siteg@dipyCalidris alpina arcticoladuring the Southward Migration (SM), Nonbreeding
(NB), and Northward Migration (NM). Site designatioriteria: IBA = Important Bird Area; EA-ASNW = BbAsian-Australasian Shorebird
Network Site, NNA = National Nature Reserve; RAMSARamsar site; WHSRN = Western Hemisphere Shatéteserve Network. Only

sites with >7,000 birds included.

Site Province— State| Country SM NB NM Site Designation Source
Colville River Delta Alaska U.S. 21,733 Andres 1989, 1994
Pogik Bay Alaska U.S. 15,488 A. Taylor, unpubl. data
:é(;);,kplk Delta/Smith Alaska Us. 29,920 A. Taylor, unpubl. data
E_. Dease Inlet and C. Alaska US. 13,270 A. Taylor, unpubl. data
Simpson
W. Kasegaluk Lagoon 40,762 A. Taylor, unpubl. data
Noatak River Delth Alaska U.S. >30,000 (f&ngors and Risebrough
Cape Espenbetg Alaska U.S. 9,707 Schamekt al 1979
Shishmaref Inlét Alaska U.S. >75,000 fgcglgors and Connors
Yukon River Delti Alaska us. >200,00( WHSRN i]ggses and Kirchoff 1977,
Central Yukon- Alaska US 264,229 WHSRN Gill and Handel 1990
Kuskokwim Delta >
Kamchatka Russia 32,330 S;égsmov and Huettmar
Moroshechnaya hatk . 9,161 18,500 Schuckarcet al 2006
Estuary Kamchatka Russia
Yancheng National Jiangsu People’ss 18,559 57,867| RAMSAR, NNR Wang 1997, Barter 2002
Nature Resenve Republic
of China
Dong Shéa Jiangsu People’s 13,081 Wang and Barter 1998
Republic
of China
Yalu Jiang National Liaoning People’s 43,875| EA-ASNW, NNR Riegeret al 2006, Barter
Nature Resenve Republic et al 2000a, Barter 2002
of China
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Site Province— State| Country SM NB NM Site Designation Source
Shuangtaizihekou Liaoning People’s 16,411| EA-ASNW, NNR Barteret al 2000b, Barter
National Nature Republic 2002
Reservé of China
Huang He National Shandong People’s 24,106| NNR Zhuet al 2000, Barter
Nature Resenve Republic 2002
of China

Mangyeung Gang Chollabuk Republic| 22,000 47,650 Yi and Kim, unpubl. data

Hagd of Korea

Tongjin Gang Hagl Chollabuk Republic| 22,004 38,850| EA-ASNW Yi and Kim, unpubl. data
of Korea

Saemangeum Estudry Republic| 41,300 62,508 Moores 2006
of Korea

Geum Estuary Republic 21,829 Moores 2006
of Korea

Namyang Mah Kyonggi Republic 15,200 Yi and Kim, unpubl. data
of Korea

Ganghwa Db Kyonggi Republic 17,000 Yi and Kim, unpubl. data
of Korea

Asa Mart Chunchongman| Republi¢ 14,000 Yi and Kim, unpubl. data
of Korea

Yeong Jong Db Inchon Republic| 12,110 13,208 Yi and Kim, unpubl. data
of Korea

Fujimae Higaté Honshu Japan 1,148 1,085 2,669 Shorebird Census of

Japan, WWF Japan,
unpubl.

Daijugaramf Kyushu Japan 4,700 3,360 5,400 Shorebird Census of Japan

Shira-kawa Kakol Kyushu Japan 4,489 4,157 1,420 Shorebird Census of Japan

Yatsu Higata Honshu Japan 741 310 1,788 Shorebird Census of Japan

Sanbanzk Honshu Japan 2,100 1,600 2,038 Shorebird Census of Japan

! These sites contain an undetermined numbér. af arcticolaandC. a.pacificaduring southward migration.

2 Total estimated use: 250,000 (northbound). Thexddmice ofC. a. arcticolain the region has not been determined.

® Total estimated use: 150,000 (northbound); 350(860thbound). The abundance(fa. arcticolaat the site has not been determined.

* Totals for the site include individuals of up tuf subspecies @&. alpina The abundance @. a. arcticolaat the site has not been determined.
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C. a. pacifica
Forty-two sites were identified as supporting aste5,000 Dunlin and appear to support

a large proportion of th€. a. pacificapopulation (Table 3). Based on high counts, sontaef
most important sites [per state] included: the @ogRiver Delta, Yukon-Kuskokwim Delta,
Nelson Lagoon-Mud Bay, Yakutat Foreland, Egegik,Bad Cook Inlet (Alaska, USA); Grays
Harbor, Puget Sound, and Willapa Bay (Washingtd®A)) Columbia River Estuary and
Willamette Bay (Oregon, USA); San Francisco Bag, @entral Valley, the Sacramento Valley,
and Humboldt Bay (California, USA). Other importaites include Mud Bay and the Fraser
River Delta (British Columbia, Canada), and Lag@ja de Liebre—Guerro Negro (Baja
California Sur, Mexico).

Numerous sites in Alaska support two Dunlin subssgenaking it difficult to
understand the value of any particular site tovamgisubspecies during migration (Table 3 and
Figure 11). Only twelve sites (29%) were used bylibuin more than one season. The annual
cycle activities and inter-seasonal differencesnigration strategies . a.pacific are clearly
reflected in their geographic and seasonal pati@rsge use.

During the southward migration, 21 sites (50%) metthreshold of at least 5,000
Dunlin (Table 3). Birds stage at several key egdgan western and southwest Alaska prior to a
trans-Pacific flight to the nonbreeding grounds thgasses the Copper River Delta and other
more northern estuaries along the Pacific Coas.sltes supporting the greatest numbers of
southward Dunlin included the Central Yukon-KuskakvDelta and Yukon River Delta,
Nelson Lagoon-Mud Bay, and Egegik Bay (all in AlaskOther important sites [per state]
include Willapa Bay, Grays Harbor, and associaegthes in Washington, and the Central
Valley in California.

Twenty-two sites (52%) were identified as meetimg threshold during the nonbreeding
season (Table 3), when Dunlin rely on several,dastal and inland sites. The most important
sites are the Central Valley and San FranciscoiB&alifornia, and Grays Harbor in
Washington. Other important sites [per state] idelithe Fraser River Estuary and Mud Bay in
British Columbia; Puget Sound and Willapa Bay insMagton; Willamette Valley, Columbia
River Estuary, and Coos Bay in Oregon; and thedaento Valley in California. Only one site
in Mexico was identified as supporting substantiainbers of Dunlin during the nonbreeding

season: Laguna Ojo de Liebre—Guerrero Negro.
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During the northward migration, 17 sites (40%) wielentified as supporting at least
5,000 Dunlin (Table 3). Northward migration is lahgcoastal; different cohorts of birds use a
few to several estuaries as they move north, witration culminating for most with a stopover
at Alaska’s Copper River Delta. Other importanésifper state] include: Yakutat Foreland and
Cook Inlet in Alaska; Grays Harbor, Puget Soundi, @Ahllapa Bay in Washington; the
Columbia River Estuary in Oregon; San Francisco, Bay Central Valley, and Humboldt Bay in
California; the Lahontan Valley in Nevada; and Liagjo de Liebre—Guerrero Negro in Baja
California, Mexico.
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Table 3.List of important sites (or complexes of sites@dipyCalidris alpina pacificaduring the Southward Migration (SM), Nonbreeding
(NB), and Northward Migration (NM). Site designatioriteria: BIRE = Biosphere Reserve; IBA = Impaott8ird Area; NP = National Park,
NWR = National Wildlife Refuge; PA = Protected Aré@®AMSAR = Ramsar site; SWA = State Wildlife ArA§HSRN = Western Hemisphere
Shorebird Reserve Network, WMA = Wildlife Managerménea. Counts represent high counts unless otkerindicated. Only sites with >5,000
birds included.

Site Province— State| Country SM NB NM Site Designation Source
Noatak River Delth Alaska uU.S. >30,000 (135)7n£\0rs and Risebrough
Cape Espenbetg Alaska U.S. 9,707 Schamekt al 1979
Shishmaref Inlét Alaska uU.S. >75,000 (f;)gsnors and Connors
Yukon River Delta Alaska US. >200,000 WHSRN i]g?gs and Kirchoff 1977,
Central Yukon- Alaska US 264,229 WHSRN Gill and Handel 1990
Kuskokwim Delta >
ggig)kwm River Alaska US. 99,315 NWR R. Gillet al, unpubl. data
Nushagak Bay Alaska uU.S. 21,872 WHSRN R. Gillet al, unpubl. data
Kvichak Bay Alaska uU.S. 41,187 WHSRN R. Gillet al, unpubl. data
Egegik Bay Alaska U.S. 106,800 SWA R. Gillet al, unpubl. data
Ugashik Bay Alaska U.S. 55,000 SWA R. Gillet al, unpubl. data
Cinder-Hook Lagoon Alaska U.S. 69,900 SWA R. Gillet al, unpubl. data
Port Heiden Alaska U.S. 93,400 47,000 SWA R. Gillet al., unpubl. data
Seal Islands Alaska uU.S. 25,165 SWA R. Gillet al., unpubl. data
Nelson Lagoon-Mud Alaska US. 184,000 SWA (in part) G_|II and Jorgenson 1979
Bay Gill et al 1981
Izembek-Moffet 28,000 NWR, RAMSAR Tibbittset al 1996
Alaska uU.S.

Lagoon
Cook Inlet 8,860 NP (in part) Bennett 1996, R. Gét
(Tuxedni Bay) Alaska U.sS. al., unpubl. data

83,000| SWA Gill and Tibbitts 1999

Note:
Cook Inlet Alaska uU.S. value =
(Redoubt Bay) mid of 2-
I census
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Site Province— State| Country SM NB NM Site Designation Source
Kachemak Bay Alaska U.S. 5,100 WHSRN, SWA West 1994
Copper River Delta Alaska U.S. 493’9924 WHSRN Bishopet al 2000
Yakutat Foreland Alaska U.S. 137,000 Andres and Browne 1998
Fraser River Delta British _ Canada 40,000 WHSRN, IBA Shepherd 2001b
Columbia
Mud Bay British . Canada 60,000 Paulson 1993
Columbia
10,000 | 100,000| 95,400| WHSRN, IBA, Brennaret al. 1985,
Grays Harbor Washington U.S. NWR (part) Paulson 1993, Buchanan
2005, PRBO, unpubl. data
. . 37,750| 69,850 41,640| IBA, NWR (part) Buchanan and Evenson
Willapa Bay Washington U.S. 1997, PRBO, unpubl. data
5
. - 78,792| 67,770| SWA, PA,NWR, | Evenson and Buchanan
Puget Sourft Washington U.S. IBA (part) 1997, PRBO, unpubl. dath
6
Grayland Beach Washington U.S. 10,194 10,540 i Buchanan 1992, J.
Buchanan, unpubl. data
North Beach Washinaton US 76,486 33,424 -° I NWR, IBA (part) Buchanan 1992, J.
(Longbeach Peninsula 9 T Buchanan, unpubl. data
22,000| 10,515 -° Paulson 1993, Buchanan
Ocean Shores Beach Washington uU.S. 1992, J. Buchanan,
unpubl. data
Columbia River Oregon US 20,483| 88,513 NWR (part) Contreras 1995, Warnock
Estuary 9 " 2003, PRBO, unpubl. data
Coos Bay Oregon U.S. 11,000 Paulson 1993
Tillamook Bay Oregon uU.S. 7,600 Paulson 1993
Willamette Valley Oregon u.S. >30,000 ggggenbacher and Haig
Humboldt Bay California U.S. 35,694 | 50,891 WHSRN, IBA Colwell 1994
Bodega Harbor California. U.S. 7,046 PRBO, unpubl. data
Tomales Bay California U.S. 10,818 PRBO, unpubl. data
Point Reyes Esteros California U.S. 8,399 PRBO, unpubl. data
Bolinas Lagoon California U.S. 5,052 PRBO, unpubl. data
San Francisco Bay California us. 124,6274 139,713 WHSRN, IBA PRBO, unpubl. data,

Stenzel and Page 1988
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Site Province— State| Country SM NB NM Site Designation Source
Elkhorn Slough California U.S. 6,146 WHSRN, IBA PRBO, unpubl. data
Central Valley California U.S. 58,231 134,942| 72,786 Shufordet al. 1998
Sacramento Vallé‘y California u.S. 78,215 WHSRN PRBO, unpubl. data
South Grasslan8s California U.S. 16,422 WHSRN PRBO, unpubl. data
North Grasslands California U.S. 9,766 | WHSRN PRBO, unpubl. data
Lahontan Valley Nevada Us. 11,136| WHSRN, IBA, Chisholm and Neel 2002,

WMA PRBO, unpubl. data

. . 34,304 13,000 WHSRN, Pageet al 1997,
Laguna Ojo de Liebre~ Baja California | Mexico RAMSAR, IBA, Da%emanret al 2002
Guerrero Negro BIRE

! These sites contain an undetermined numbér. af arcticolaandC. a. pacificaduring southward migration.

2 Mean of four counts from 1992—1995.

% Count from only one part of the estuary (Brenagal. 1985).

* The following individual sites in the Greater Pu§eund area have supporteg500 Dunlin in one or more season: Bellingham Baayton
Harbor, Lummi Bay, Padilla Bay, Port Susan Bay, SarBay, Skagit Bay, and Totten Inlet (Buchanan8 $8/enson and Buchanan 1997,
Buchanan 2005).

® Systematic autumn count data are lacking, butnestis of 10,000 — 50,000 birds are reported in yemts at individual sites in the Greater
Puget Sound region (J. Buchanan, unpublished data).

® Systematic northbound count data are lackingittisitaimost certain that totals in this seasoncaraparable to nonbreeding totals at this site.

"November count, some birds likely migrants.

8 Area included in Central Valley totals.
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C. a. hudsonia
Thirty-five sites were identified as supportindesdst 2,000 Dunlin (Table 4). Based on

high counts, the binational Laguna Madre (USA-MeXidMinnewaukan Flats—Devil’'s Lake
(North Dakota, USA), Ottawa National Wildlife ReigOhio, USA), Edwin B. Forsythe
National Wildlife Refuge (New Jersey, USA), Shiagees National Wildlife Refuge (Michigan,
USA), and Chincoteague National Wildlife Refuger(inia, USA) appear to be critical sites for
C. a. hudsonia

Eleven U.S. sites (32%) met the threshold durimgstbuthward migration. The sites
supporting the greatest numbers of Dunlin inclutthedEdwin B. Forsythe National Wildlife
Refuge (New Jersey), Chincoteague National Wildiéfuge (Virginia), and Duxbury Beach
(Massachusetts) (Table 4).

Only three sites (9%) were identified during tlmbreeding seas@s meeting the
threshold requirement, with the most important séang the Laguna Madre (Texas, USA,
Tamaulipas, Mexico). The other two are Shoalwatey 81d Colorado River Delta (Texas)
(Table 4). However, various wetlands in Mexico #mel southertunited States support
substantial numbers of Dunlin during the nonbregdi@ason, but comprehensive count data are
lacking (or have not been published) for theseareg)i The database we developed to evaluate
Christmas Bird Count results included many U.Satmns between New England and coastal
Texas with observer coverage between 1979-80 abg-27. Although we were unable to
associate Dunlin totals with specific sites witthie count circles, we noted 33 Christmas Bird
Count locations with at least one count of at |2a800 Dunlin. Three Christmas Bird Count
locations had counts exceeding 10,000 (13,604 atlBy Hook, Delaware; 34,400 at Cape
May, New Jersey; and 11,165 at Chincoteague, Mapiseven additional locations had counts
exceeding 5,000 Dunlin (Cedar Keys, Coot Bay, aachpa, Florida; Sabine, Louisiana; Cape
Cod, Massachusetts; Hilton Head, South Carolind;Faeeport, Texas).

Twenty-one U.S. sites (62%) were identified as sufpg at least 2,000 Dunlin during
the northward migration (Table 4). The most impoirtes included the Minnewaukan Flats—
Devil's Lake (North Dakota); Ottawa National WillliRefuge (Ohio); Shiawassee National
Wildlife Refuge (Michigan); Bombay Hook National Wife Refuge (Delaware); and Grand

Terre, Jefferson Parish (Louisiana).
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Table 4. List of important sites (or complexes of site@dipyCalidris alpina hudsoniaduring the Southward Migration (SM), Nonbreeding
(NB), and Northward Migration (NM). Site designatioriteria: BIRE = Biosphere Reserve; IBA = Impoitt8ird Area; NWR = National
Wildlife Refuge; RAMSAR = Ramsar site; SGA = St&@ame Area; WHSRN = Western Hemisphere ShorebiréiedNetwork. Only sites
with >2,000 birds included.

Site Province—State | Country SM NB NM Site Designation Source
Minnewaukan Flats— | North Dakota u.S. 25,000 Skageret al. 1999
Devil's Lake
Shiawassee National | Michigan uU.S. 9,000| NWR ISS, unpubl. data
Wildlife Refuge
Pointe Mouillee State | Michigan uU.S. 5,500 SGA ISS, unpubl. data
Game Area
Ottawa National Ohio U.S. 13,242 NWR ISS, unpubl. data
Wildlife Refuge
Duxbury Beach Massachusetts U.S. 8,500 ISS, unpubl. data
Parker River National | Massachusetts U.S. 6,768 NWR ISS, unpubl. data
Wildlife Refuge
South Beach Island, Massachusetts uU.S. 4,500 ISS, unpubl. data
Chatham
Monomoy National Massachusetts U.S. 4,000 WHSRN, NWR ISS, unpubl. data
Wildlife Refuge
Jamaica Bay National | New York U.S. 6,33( NWR ISS, unpubl. data
Wildlife Refuge
Delaware Bay New Jersey uU.S. 6,000 WHSRN ISS, unpubl. data
(Thompson'’s Beach)

Edwin B. Forsythe New Jersey uU.S. 12,000 NWR ISS, unpubl. data
National Wildlife

Refuge

Bombay Hook National Delaware U.S. 8,000 NWR ISS, unpubl. data
Wildlife Refuge

Underwoods Corner Delaware U.S. 5,500 ISS, unpubl. data
Ted Harvey, Logan LN| Delaware uU.S. 5,500 ISS, unpubl. data
South

Little Creek Delaware U.S. 5,000 ISS, unpubl. data
Chincoteague National| Virginia uU.S. 8,840 ISS, unpubl. data
Wildlife Refuge
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Site Province—State | Country SM NB NM Site Designation Source
Clam Shoal North Carolina| U.S. 5,500 ISS, unpubl. data
Huntington Beach Stateé South Carolina U.S. 4,700| SP ISS, unpubl. data
Park
Yawkey Wildlife South Carolina | U.S. 2,369 ISS, unpubl. data
Center
Cape Romano Florida Uu.S. 4,610 ISS, unpubl. data
Honeymoon Island Florida U.S. 3,000 ISS, unpubl. data
Merritt Island National | Florida uU.S. 1,385 Sprandekt al. 1997
Wildlife Refuge
Grand Terre, Jefferson| Louisiana U.S. 8,000 ISS, unpubl. data
Parish
Between Duson and | Louisiana U.S. 2,385 3,710 Skageret al 1999
Crowley
Brazoria National Texas u.S. 5,242 NWR Skageret al. 1999
Wildlife Refuge
Bolivar Flats Texas U.S. 4,040 WHSRN ISS, unpubl. data
San Bernard National | Texas U.S. 3,495 NWR Skageret al. 1999
Wildlife Refuge
Airport, Port Aransas Texas U.S. 2,768 ISS, unpubl. data
South Padre Island Texas u.S. 2,547 Skageret al. 1999
Matagorda National Texas U.S. 2,014| NWR Skageret al. 1999
Wildlife Refuge
Laguna Madre Tamaulipas— | Mexico- 52,000 WHSRN, B. Ortego and L. Elliot,
Texas uU.S. RAMSAR, NWR, | unpubl. data
IBA, PA
Shoalwater Bay Texas u.S. 5,000 B. Ortego and L. Elliot,
unpubl. data
Colorado River Delta Texas U.S. 2,700 B. Ortego and L. Elliot,
unpubl. data
Mad Island Wildlife Texas u.S. 2,743 WMA Skagenet al. 1999
Management Area
Trinity Bay Texas U.S. 2,500 Skageret al. 1999
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CONSERVATION THREATS

Dunlin conservation is an issue of concern becdikeeother shorebird species, aspects
of its ecology make it vulnerable to degradatiotoss of the resources required to breed,
migrate, and survive the nonbreeding period (Mg¢r@l 1987). These features include: 1) a
tendency to aggregate in a limited number of lacetiduring migration and on the nonbreeding
grounds, which means deleterious change(s) caataflarge proportion of the population at
once (Paget al. 1997, Paget al 1999, Bishopet al 2000); 2) a limited reproductive output,
subject to vagaries of weather and predator cyolédse Arctic, which, in conjunction with long
lifespan, suggests slow recovery from populatiotlides (Holmes 1966, Warnock and Gill
1996); 3) a migration schedule closely timed tesseally abundant food resources and tidal
regimes, suggesting that there may be limited bié&y in migration routes or schedules (Bishop
et al 2000, Warnoclet al. 2004); and 4) occupation and use of wetland htbihat are affected
by a wide variety of human activities and developtagespecially water diversion (Bildsteit
al. 1991, Page and Gill 1994) and reclamation foeopurposes (Wetlands International —
Oceania 2004).

This section of the plan reviews the factors tlearesent potential threats to Dunlin. We
classified conservation threats as: habitat logsdagradation, environmental contamination,
human disturbance, climate change, and diseaseealtth For convenience, we discuss each of
the threats present in the sensitive periods (ergeding, migration, and nonbreeding) of the
annual cycle of the Dunlin. Although we have litléormation on the effects of the various
factors on Dunlin populations, it seems likely ttiay are in some cases additive, both within

and among seasons.

HABITAT L0OSS ANDDEGRADATION

Reclamation of Intertidal Areas for Economic Actittes
Vast amounts of intertidal flats critically impontato shorebirds and other migratory

waterbirds are still being reclaimed by humansth@fthree subspecies, a.arcticola appears

to face the greatest threat from habitat loss duedlamation of intertidal areas on its
nonbreeding grounds. For example, in the Repulblkooea, 1% of intertidal flats are reclaimed
annually for human development (Korean WetlandgaAde 2006). The largest such project, the

Saemangeum reclamation project, involved drainM@@0 hectares of tidal flats and 10,000
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hectares of estuarine shallows. Saemangeum repsasleat is arguably the most important
shorebird site (including fd€. a. arcticolg in not only the Republic of Korea but in all the
Yellow Sea, and affects shorebirds from aroundPheific Basin (Barter 2002, Woodley 2006).
Likewise due to reclamation, there has been a @&%df habitat in the Lower Chang Jiang
Basin in the People’s Republic of China, a 70% fghe coastal wetlands in the Republic of
China, and a 45% loss of the tidal flats in Japaet{ands International — Oceania 2004).
Additionally, the diversion of fresh water from shbird habitat for urban expansion threatens
Dunlin populations at many interior western sigsg;h as at the Salton Sea (Shuferdl 2004).
Furthermore, the reduction in water and sedimentdlcan seriously affect the sediment input
rate to coastal areas. This often results in enosi@stuaries and intertidal areas, and a
decreased ability to supply intertidal flats witkgh silt and nutrients, potentially causing
detrimental changes in the benthic fauna commyBigyter 2002). The rate at which new
intertidal areas are created in the future is jikeldecline, as a consequence of the reduced river
flows to the Yellow SeéBarter 2002).

In all seasons, shorebirds roost during much e@friod when they are not foraging or
actively traveling. These resting periods allownthi® conserve stored lipids that enhance
nonbreeding survival and fuel migration flightstidugh some roost sites can be very dispersed
within a wetland or agricultural area (Conklin addlwell 2007), others are small or localized
(J. B. Buchanan, unpubl. data). The loss of or hudisturbance to roost sites has been
identified as an issue of management concern imwsregions (Drut and Buchanan 2000,
Wetlands International — Oceania 2004, Moores 2006)

Habitat degradation can occur when large damsuledm major river systems. These
dams trap sediments and this results in loss ofead accretion in river deltas and changes in
seasonal flows of water in nearby rivers. The rdge@ompleted Three Gorges Dam in the
People’s Republic of China has already begun tecathe Chang Jiang River and wetlands

downstream (Wetlands International — Oceania 2004).

Mariculture (Shrimp farms)
Along the coast of Sinaloa, Mexico, over 21,000t&exs of intertidal and mangrove

swamps important to shorebirds, includitga. pacifica have been converted to shrimp farms

since the 1990s (Ducks Unlimited 2006). Most ofshemp farms were built on brackish flats
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and emergent brackish marshes, and have affe@duytirodynamics and connectivity of
coastal wetlands (Hernandez-Cornejo and Ruiz-L@@®P These converted areas no longer

provide suitable habitat for Dunlin.

Changes in Agricultural Practices
C. a. pacificaandC. a. hudsonianake significant use of agricultural habitats sashice

fields and flooded agricultural fields (Shufagtlal 1998, Elphick and Oring 2003, Evans Ogden
et al 2005). Therefore, the increasing conversion atiNdmerica’s agricultural lands to
housing and other urban uses threatens these sigsgaoughout North America. In contrast,
fish farms located just inside seawalls in the Réipwof China and the People’s Republic of
China provide essential habitat when exceptiorati tides flood all intertidal areas on the

outer coast (R. Lanctot, pers. obs.).

Restoration of Salt Marshes (Salt ponds)
Along the Pacific coast of North America, salt pdrabitat supports large numbersf

a. pacifica most notably at Laguna Ojo de Liebre—GuerrerorbleBaja California Sur, Mexico
(Pageet al 1997); San Diego Bay, California (Terp 1998); &ah Francisco Bay, California
(Pageet al 1999). In recent years, salt pond habitat atFancisco Bay and San Diego Bay is
being converted back to a mixture of tidal marshitiaé (Warnock 2005, see also Paracuedtos
al. 2002). Modeling of the effects of converting oatt pond habitat to vegetated tidal marsh
generally predicts significant declines of smatm&birds using that habitat in areas of
restoration (Stralberegt al. 2003). Specific effects on Dunlin populations ané&known but will

need to be tracked.

Exotic Species (Spartina spp.)
Invasive species potentially threaten shorebiraiggenvorldwide (Warnockt al 2001).

Exotic Spartinaposes a serious threat@o a. pacifica For example, at Willapa Bay,
Washington, nonbreeding and spring shorebird usknagel over 60% in recent years$gartina
meadows replaced tidal mudflats (Jacques 2002gr8kareas in Willapa Bay that supported
substantial numbers of migrant and nonbree@ing. pacificain the early 1990s were
completely or largely covered [8partinaby the late 1990s (Buchanan 2003). There is a@nirg
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need to take appropriate conservation measurestore affected tidal flats and to prevent
invasion ofSpartinato other important site@uchanan 2003). Stralberg at al. (2004) modeled
the spread ofpartina alterniflorain San Francisco Bay, California, and the predidbsd of
habitat value for shorebirds ranged from 9% to 80Py identified the upper mudflats (due to
their greater exposure time) and the east and shatte mudflats (areas used by high numbers
of birds) as the areas of greatest potentiabfmartinainvasion. Other sites vulnerable to
Spartinainvasion range from San Francisco Bay, to Pugeh&au\Washington, and possibly

the Fraser River estuary in British Columbia, Can@daehler and Strong 1996, Buchanan 2003,
Stralberget al. 2004). In 2000, the California State Coastal @ovency established the Invasive
SpartinaProject (ISP) in San Francisco Estuary. The IS#®msprised of a number of
components including outreach, research, permjttimgpping, monitoring, and the allocation of
funds for efforts to eliminate populations of natigenousSpartina In Britain, the spread of
Spartina anglicaresulted in the national decline of Dunlin (Goasstard and Moser 1988);
clearing the plant increased shorebird use lo¢&sans 1986). Efforts to eradicaépartinaat
Willapa Bay, Washington, have been effective (lmstly), and Dunlin and other shorebirds have
begun using restored areas (Patten and O’'Casey.2007

ENVIRONMENTAL CONTAMINATION

The main pollutants of concern to Dunlin subspeeie oil and agricultural and
industrial chemicals. Oil spills pose local thre@®unlin, where major stopover and staging
sites are in close proximity to shipping channeld eefineries. Fo€. a. arcticola several sites
important during migration and the nonbreeding eedmve oil fields, such as the Colville River
Delta in Alaska and the Yellow Sea in the PeopRepublic of China. A major oil spill at such
sites during seasons of peak use could have agthstrconsequences to the Dunlin populations
(Andres 1989, Barter 2002). FGr a. pacifica major spills are a threat along the Alaska,
Washington, Oregon, and California coasts and ijpmialand waters, as a significant amount
of marine vessel traffic passes through these wat@nually (Alaska Shorebird Working Group
2000, Drut and Buchanan 2000). An oil spill at Saancisco Bay, California, in November
2007 oiled many species of shorebirds, includinglDuN. Warnock, unpubl. data). F@r. a.
hudsonia navigation channels in the coast of Texas areilyaased by the petroleum industry

(B. Ortego, pers. comm.).
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In northwestern Mexico and in the People’s RemudliChina’s Yellow Sea, tons of
industrial effluent and domestic sewage are diggthannually. Thu€. a. arcticolaandC. a.
pacificamay be exposed to potentially harmful chemicaks{@& 2002, Soto-Jimenez al
2003). Enrichment with excessive levels of natyraticurring materials (including nutrients)
may change the vegetative community of coastaland. For example, the extensive growth of
cattail marshes in coastal wetlands of the MexBtate of Sinaloa as a consequence of
agricultural runoff enriched with organic matteryrdecrease the quality of these wetland§ to
a. pacifica(Carrera and Fuente de Leon 2003). In San Framéiay, the reduced water
circulation and discharge from industrial sourcesrasponsible for the highest levels of some
trace elements in the area that may affec. pacifica(Hui et al 2001).

Chemicals used for agriculture or other purposgier individually or in combination,
have the potential to harm shorebirds on-site sewhere as runoff (Buchanan 2000). Pesticide
levels in coastal wetlands and tidal flats alorgBacific Coast are unknown. Although the use
of DDT has been banned throughout much of the Westemisphere, Dunlin are still being
exposed in the East Asian-Australasian Flyway. Breptacement chemicals currently used,
such as such as organophosphates and carbamatessath in high mortality and impaired
behavior and physiology (Strum 2008). Many otheepbally toxic pesticides and chemicals
continue to be used as well (e.g., Warnock and Sctivach 1995). Although the implications to
C. a. arcticolaare poorly understood, monitoring on the coashefPeople’s Republic of China
showed that shellfish had unacceptably high leskmllutants, such as oil chromium, arsenic,
and DDT (see Barter 2002). There has been littleitnong of contaminants in Dunlin, and
much of this work was conducted 20 years ago (8ahicket al 1987, Custer and Myers 1990).
Pesticides and other environmental contaminants tieespotential to impact shorebirds locally,

and the mortality or reproductive failure assodatgth bioaccumulation needs further study.

HUMAN DISTURBANCE

As a result of increasing populations, mobilityddeisure time, the presence of humans
in many areas important for shorebirds is likewrsgeasing. Given the restricted nature of the
remaining areas of suitable habitat, and increasimgerns about shorebird conservation, the
issue of whether human presence has adverse effestsorebird populations has become ever

more important in recent years (Gill and Sutherla@@0). A major concern for conservationists
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is that, in response to human presence, animalsan@g or under-use areas; thus, human
presence may be equivalent to habitat loss or dagjom. Disturbance by humans could
therefore be just as damaging as actual habitatdodegradation, but since the habitat is
unchanged, the effects are potentially reversiBi# &nd Sutherland 2000).

Some shorebirds apparently perceive humans aatpredFrid and Dill 2002).

Therefore, when humans are present, they will see&duce perceived risks by changing their
feeding behavior (Fitzpatrick and Bouchez 1998,maset al. 2003). The extent of this
behavioral change can vary from subtle declinesniallow rates (Goss-Custard and Verboven
1993) to more drastic changes such as a permaneidbace of an entire estuary (Mitchetlal
1989). It is well established that human disturleacen have an adverse effect on shorebird
fitness. First, it compels them to pay the highrgagc cost of flying; second, it may reduce the
amount of time that the birds are able to feed;tad, it can deprive them from feeding in the
most profitable sites. Any overall reduction in Egeintake as a result of these responses is the
net impact of disturbance on energy budgets amtehesurvival (Gill and Sutherland 2000,
Bakeret al 2004). Despite these concerns, the effects ofamuaetivities on migrating or
nonbreeding Dunlin (i.eC. a. arcticola, pacificaandhudsonig are unknown.

A source of conflict that has generated much delsathe interaction between migratory
shorebirds and shellfish and other invertebratedsiers working by hand at low tide (Shepherd
and Boates 1999, Goss-Custatdl 2000). The increasing human disturbance assdordta
harvesting by hand could pose a threat to the tmgrgrocess, especially during adverse
weather events. Shellfishing and digging by hang reduce, directly or indirectly, the benthic
prey stocks or disturb the shorebirds, forcing therfeed in areas of less quality (Shepherd and
Boates 1999, Goss-Custatlal 2000, Barter 2002). Human disturbance not onguoon the
feeding areas but also in the saltpans and shnrdgish ponds, which are often the only
available roosting areas for shorebirds at higagtiBarter 2002). Disturbance from oil
exploration, drilling, and extraction activitiesrche serious in the People’s Republic of China’s
Huang He and Shuangtaizihekou National Nature ResdBarter 2002).

Hunting is another factor that could threaten pafpons ofC. a. arcticoladuring
migration or nonbreeding in Asia and Russia. In ynainthe countries in these regions,
shorebirds are trapped, netted, snared, or shéddoror sale. This has, in general, greatly

decreased over the past decade (see Barter 2@08)s&nce hunting of this subspecies @nd
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a. pacificaalso occurs in Alaska, although the number ofsirdrvested is likely to be low

(Wetlands International — Oceania 2004).

CLIMATE CHANGE

Weather is of major importance for the populatignamics of birds, but the implications
of climate change have only recently begun to lskes$ed. Potential effects of climate change
pose serious concerns in many areas and in albisea®f concern in the Dunlin’s sub-arctic and
arctic breeding grounds is the unknown effect whate change on breeding success. It is well
documented that major breeding areas like the Yikaskokwim Delta in Alaska are being
affected through fewer days with snow cover andweardays on average (Niehaus and
Ydenberg 2006). The Yukon-Kuskokwim Delta in Alasgias experienced a significant warming
trend between 1977 and 2003, but no temporal trenfilst arrival dates were found in 17
shorebird species. A similar pattern was foundhandather side of the Bering Strait (Meltofé,
al. 2007). It is not well understood, however, hog ttlimate change would affect the
reproduction and survival @. a. pacifica

Climate change is expected to result in the acatta of current rates of sea-level rise,
inundating many low-lying coastal and intertidadas. This could have important implications
for organisms that depend on these sites, inclusiagebirds that rely on them for feeding
habitat during their migrations and in the nonbnegdeason (Bildsteiat al 1991, Paget al
1999, Lindstrom and Agrell 1999, Piersma and Linitst2004). Galbraitlet al (2002) modeled
the potential changes in the extent of intertidah§ing habitat for shorebirds. Even under a
scientifically conservative climate change scenahey projected major intertidal habitat loss at
Willapa Bay, Humboldt Bay, San Francisco Bay, amdbiare Bay; these losses might
jeopardize the ability of these sites to contirueupport their current shorebird numbers. The
most severe losses are likely to occur at sitegewvtiee coastline is unable to move inland
because of steep topography, seawalls, or otheahw®@velopmentsnd where the effects of
sea-level rise may be exacerbated by additiondrapbgenic factors (Galbraitt al 2002).
Similar losses are predicted along the coastabnsgof the People’s Republic of China (Hulme
et al 1992).

In addition to sea level rise, climate change walhtinue to affect broad-scale

climatology that will in turn likely affect Dunliduring all phases of their annual cycle. Most
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notably is the projected change in the positioegd@iency, and seasonality of storm tracks,
especially in the Northern Hemisphere. Along thet eaasts of Asiad. a. arcticolg and North
America C. a. hudsonipsome climate change models predict summer cyslaméincrease in
both frequency (number of cyclones per area pexosgand intensity (Geng and Sugi 2003).
Other models indicate no increase in intensityrbgtonal reductions in the number of weaker
cyclones and a poleward shift of the storm tracthenAtlantic and North Pacific (Graham and
Diaz 2001, Brayshaw 2005, Bengtssdral 2006, Yin 2006). Yet others (McCabeal 2001)
indicate a likely increase in frequency and intgnef high-latitude cyclones, particularly in the
North Pacific, potentially affecting both. a. arcticolaandC. a. pacifica

The consequences to Dunlin populations of suchgdare many. An increase in severe
(hurricane-force) storms over the western Atlamtitate summer would likely affe@. a.
hudsoniadirectly through increased mortality and indirg¢tirough dramatically altered coastal
habitats (Micheneet al 1997). At least one&]. a. pacifica of the three North American
populations of Dunlin is a wind-selected migrantafwbck and Gill 1996, R. Gill, unpubl. data),
using storms of particular strength and track ssasouthward migration from Alaska to the
west coast of temperate North America. What affleetprojected change in frequency, intensity,
and track of storms in the North Pacific will hawethe migration strategy of Dunlin (likely also
C. a. arcticolg is unknown, but potentially significant.

Besides affecting migratory behavior, changingmteegimes will also affect habitats
upon which Dunlin depend during other phases af tienual cycle. For example, dramatically
accelerated coastal erosion of Dunlin nesting Babtnorthern Alaska has been linked to
climate change, not only to warming of permafradtdiso to shrinking pack ice that has
increased wave fetch and contributed to more igtet@ms (Mars and Houseknecht 2007). A
similar process is occurring on the Yukon-Kuskokvid@lta where both nesting habitats and
littoral habitat used during post-breeding are geinbstantially altered by increased frequency
and intensity of storms, including more frequerdastal flooding (U.S. Geological Survey,
unpubl. data). Away from the breeding grounds weegpect changing storm regimes also to
affect littoral and coastal wetland habitats updmnol Dunlin rely during winter and northward
migration. Since the Dunlin is essentially a coaspacies throughout its annual cycle, the
actions of increased storm activity coupled witing sea level do not bode well for the stability

of Dunlin populations.
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DISEASE OUTBREAKS

A number of diseases are known to have had negmtipacts on bird populations (at
least at local levels), or have the potential tsdoAvian botulism is a paralytic disease caused
by ingestion of a toxin produced by the bacter@lostridium botulinum(USGS National
Wildlife Health Center 2007). West Nile virus hgsead rapidly across North America in the
last several years, affecting many species of l@mse its discovery in the Western Hemisphere
in 1999 (Kilpatricket al 2007). The virus has killed species in most GsagNorth American
birds and is particularly deadly to corvids (CeriterDisease Control 2007). Avian flu is caused
by influenza A viruses that occur naturally amoirgs There are different subtypes of these
viruses that also can be found in birds. The aflianurrently of concern is the H5SN1 subtype
(USGS National Wildlife Health Center 2007). TGea. arcticolasubspecies may have the
highest likelihood of acquiring H5N1 since it speride nonbreeding season in the People’s
Republic of China, where outbreaks have occurreddent years. To date, only a small number
(5/1413) of samples collected frath a. arcticolaandC. a. pacificain Alaska has tested
positive for avian influenza (but not the highlytipagenic HSN1) using a matrix-RT-PCR test
(H. Ip, pers. comm.). The extent to which diseaseh as avian botulism, West Nile virus, and
avian flu affect Dunlin is unknown. Dunlin have ro#en killed by avian botulism, nor has West
Nile virus or the H5N1 subtype been reported imil{€enter for Disease Control 2007, USGS
National Wildlife Health Center 2007).

CONSERVATION STRATEGIES AND ACTIONS

CURRENT OR POTENTIAL COLLABORATORS

This conservation plan serves to synthesize wiedtvow about Dunlin ecology, the
location of important sites, and identificationtbfeats. The next step will be to conduct projects
that are broad-scale, international, and collalbardd fill gaps in our knowledge about Dunlin
and about the threats to their future. Agenciesagednizations that have been involved in
Dunlin research, bird surveys, and/or monitoringj &hich may represent potential
collaborators on combined efforts now or in thaufat are listed below. More details regarding

specific individuals and their contact informatiare included in Appendix 2.
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Asia/Russia

Birds Korea

Fudan University (Shanghai)

Massey University (New Zealand)

Pacific Institute of Geography, Russian Academ$atnce
Russian Working Group on Waders

Taiwan Wader Study Group

University of Science and Technology of China
Wetlands International — Asia Pacific

Canada

Canadian National Shorebird Working Group
Canadian Wildlife Service

Centre for Wildlife Ecology, Simon Fraser Univeysi
Ducks Unlimited Canada

North American Bird Conservation Initiative — Cdaa

United States

Alaska Shorebird Group

Cascadia Research Collective

Ducks Unlimited, Inc.

Gulf Coast Joint Venture

Humboldt State University

Institute for Arctic Biology

Lower Columbia River Estuary Partnership
Manomet Center for Conservation Sciences

North American Bird Conservation Initiative — U.S.
National Audubon Society

Pacific Coast Joint Venture

PRBO Conservation Science

Prince William Sound Science Center

San Francisco Bay Joint Venture

Shorebird Sister School Program

The Nature Conservancy

U.S. Fish and Wildlife Service, Migratory Bird Magement
U.S. Geological Survey, Alaska Science Center
U.S. Geological Survey, San Francisco Bay Fieldi&ta
U.S. Shorebird Plan Council

Washington Department of Fish and Wildlife
Western Hemisphere Shorebird Reserve Network
Yukon Delta National Wildlife Refuge

Mexico
Centro de Investigacion Cientifica y de Educa@aiperior de Ensenada (CICESE)
Colegio de la Frontera Sur
Comision Nacional para el Conocimiento y uso dBitadiversidad (CONABIO)
Direccion General de Vida Silvestre, SEMARNAT
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Ducks Unlimited de México, A.C. (DUMAC)

North American Bird Conservation Initiative - Megi
Pronatura Noroeste, A.C.

Pronatura Veracruz

Universidad Autbnoma de Baja California Sur (UABCS
Universidad Nacional Autonoma de México (UNAM)

CONSERVATION ACTIONS
Analyses of the situation for the three subspetiatoccur in North AmericaG. a.
arcticola, C. a. pacificaandC. a. hudsonipshow that the conservation threats, and the

proposed solutions, are very similar among theetBtédspecies.

Habitat Protection
Overall, the highest-priority conservation actidentified within each subspecies’s range

is habitat protection, particularly during the noedding and migration seasons. We
acknowledge that conserving and protecting halt&torth America is different than in Asia, as
are the challenges faced. While this section isenooiented towards North America, efforts need
to be carried out on both continents to fully b&@tinlin.

To safeguard Dunlin populations, we have to prateetnterconnected chains of
wetlands they depend upon from further deterionaéind disappearance. Because adult survival
is a critical variable in determining populatiozesiof [long-lived]migratory shorebirds, it is
very important to maintain and secure high-qudiaypitats. The habitat goal is to protect,
restore, and enhance the conditions necessarhievaceach subspecies’ population goals.
Achieving this habitat goal will likely provide ingptant habitats for other shorebird species as
well.

Although methods of habitat protection will undcedity vary by political climates,
opportunities, and programs available at variousglictional levels, the primary limiting factor
for habitat protection is the lack of funding. Thascrucial first step is to develop fundraising
strategies that earmark funds specifically for talprotection. This will require understanding
what motivates the landowners and other major &tzkers, seeking at least their passive—if
not active—support, and garnering the support loéis, such as local organizations, businesses,

and individuals interested in shorebird conservatibalso requires strengthening or developing
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relationships with existing or potential partnefsose own interests also could be advanced
through Dunlin conservation efforts.

Important sites should be protected through varmoaans, including acquisition,
conservation easement, and voluntary conservataorspThe main purpose of an easement
program should be the conservation and sustaimagi@gement — in perpetuity — of privately
owned or communal lands important to Dunlin anceothigratory shorebirds. Furthermore,
these legally binding agreements should respeditimaal users’ ownership or other rights, and
include as an incentive access to federal or dthets that would be available to promote
restoration or more sustainable use of the sitatsral resources.

Although the fate of migratory shorebirds is velgsely linked to the availability of
extensive and healthy wetlands, it is unrealigtiexpect that these areas will be protected solely
for the sake of shorebirds. However, some of tlsgss supply very important economic and
social benefits for local residents; thus, shodebonservation is best achieved by the
implementation of plans that maintain these beséfijt protecting the region’s biodiversity and
encouraging sustainable use of wetland resourceshls reason, the protection of shorebird
habitat should be placed in the context of maimgitmealthy and functioning ecosystems for
other human values, such that benefits of a priotestrategy have more broad appeal and
support among local and regional stakeholders.

ForC. a. pacificalarge-scale habitat restoration projects in Saméisco Bay and San
Diego Bay, in which salt ponds are converted toetaigd tidal marshes, have the potential to
negatively impact shorebird populations. Maintagnponds of varying salinities and depths
should be a management priority, as well as anmaaitoring to assess changes in Dunlin
response to local conditions (Warnaatkal. 2002, Warnock 2005). Also, the presence, spread,
and control of non-nativBpartina(especiallyS. alternifloraand hybrids) may present a
different challenge in each estuary of the northamific coast of North America. Without
systematic survey data, it is impossible to astespotential influence of the current spread of
Spartinaon shorebirds. It is important to promote locatiparships to address concerns about

Spartinamanagement (Buchanan 2003).
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Recognition of Important Sites
Opportunities for effective habitat conservationtugratory shorebirds are enhanced

when important sites are properly recognized ailloegional, and international scales that
favor conservation actions on a flyways basis.thisrreason, there is great value in formally
establishing or identifying new protected areas sites that meet WHSRN, East Asian-
Australasian Shorebird Site Network, Ramsar Conganbr Important Bird Areas (IBA)
criteria. To qualify for inclusion in WHSRN for exgple, a site must be of demonstrated
importance for shorebirds at regional (at leasd@0 birds annually or 1% of the biogeographic
population for a species), international (at 163,000 birds annually or 10% of the
biogeographic population for a species), or hemagpl{at least 500,000 birds annually or 30%
of the biogeographic population for a species)escahccording to the Ramsar Convention, a
wetland should be considered internationally imgatrif it regularly supports 20,000 or more
shorebirds or 1% of the individuals in a populatidrone species. The criteria used by the IBA
program are internationally agreed upon, standaddiguantitative, and scientifically defensible.
Ideally, each IBA should be large enough to suppelftsustaining populations of as many key
bird species as possible for which it was iderdife, in the case of migrants, to fulfill their
requirements for the duration of their presencariples of such candidate sites for Dunlin

(relative to documented use by the species) afalmes 2—4.

Public Awareness and Education Programs
Because human activities frequently harm critwealland sites used by Dunlin, an

education and outreach program would be valuabiectease public awareness about migratory
shorebird ecology in general, conservation issailed,the importance of protecting coastal
wetlands. Ideally, the programs could promote sawhreness through strategic activities and
educational products, based on existing migratboyebird and wetland communication
networks. Where possible, these networks could teefpomote the conservation of Dunlin.
Also, it would be helpful to implement a communioatstrategy to promote the exchange of
information on shorebird conservation and habitahagement, particularly as it pertains to
Dunlin, between all levels of government, nongowaental organizations, regional natural-

resource management bodies, industry, and comrasn@iommunity awareness-raising
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workshops are also needed—not only to promote ¢nefiis of conserving wetlands, but also to
inform landowners about incentive programs for Writey may be eligible. Programs could be
developed to inspire landowners and other stakensld work with their political
representatives towards policies and legislatian would further promote and fund wetland

conservation, benefiting Dunlin and other migratsinprebird species.

RESEARCH AND MONITORING NEEDS

Although the Dunlin, especiall§. a. pacificais one of the best-studied shorebird
species in North America, there are still majorgyapknowledge about factors that limit Dunlin
populations and have the greatest influence om tileess and survival. This section of the plan
gives an overview of the research and monitorirggdeeelevant for effective conservation of
Dunlin populations. In many ways, research and toang needs are closely related and will
require cooperation and coordination among agenerganizations, and individuals at local,

regional, national, and international levels.

RESEARCH NEEDS

Migratory Connectivity
Populations may be influenced by events actingiwior interactively among the

breeding or nonbreeding grounds or during migrafeg., Sillettet al 2000). To pinpoint
causes of population change, we must understarfdinicgonal links between sites and know
how sites work relative to the ecosystems that amtgr depend upon. Such knowledge of
migratory connectivity is not only critical for id&fying the factors that limit populations, but
also for developing models that successfully ptedigclines in the future and for making
recommendations for management actions to prefilent {Dolman and Sutherland 1995). The
migration route used by some subspecies is notkmellvn. Resighting of marked birds, stable
isotopes (e.g., Evans Ogdenal 2005), genetic information (e.g., Hagal 1997), and radio
telemetry (e.g., Warnoast al. 2004) can help determine migratory strategiesasch subspecies.
Initial analysis of Dunlin from around the worldast minor population structuring based on
maternally inherited MtDNA (Weninkt al. 1996, Wennerberg 2001), although preliminary

analysis with bi-parentally inherited microsatelitindicate no difference in genetic profiles
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betweenC. a. arcticolaandC. a. sakhalingS. Haig and M. Johnson, unpubl. data). Further

study into the five designated Beringia subspeisiemderway (R. Lanctot, pers. comm.).

Density-dependent Effects of Habitat Loss
Understanding density dependence as a limitingpfas key to understanding the

relationships between habitat availability and pgapon dynamics and thereby predicting the
effect of habitat loss on shorebirds. Any habiteirge or loss which disproportionately affects a
particular age or sex group is likely to have aatggeimpact on population size than would be
predicted if all animals were affected equallyCina. pacificathere are age-related differences
in habitat distribution on a local scale (Warno@94, Shepherd and Lank 2004), and
susceptibility to raptor predation (Page and Whéa®75, Kuset al 1984). It has been shown
that predation by raptors can cause density-depemaertality of nonbreeding Dunlin

(Whitfield 2003). The interplay between social dadhging behavior in nonbreeding Dunlin
deserves further study, as it could reveal why smiiiduals may be predisposed to greater
mortality risk. We also need to gain a better uatigrding of the consequences of habitat loss on
Dunlin. Behavior-based models have been develapad attempt to predict how bird
populations will be affected by environmental cheyrguch as habitat loss, disturbance, and
climate change (West and Caldow 2006). Althougkehadividuals-based models are often
complex and take a long time to develop, such nsodale already proved useful in a range of
issues and locations in Europe (Duetlal 2005, West and Caldow 2006). Alternatively,
habitat-based models can be used to predict howalhahange, through processes like loss,
restoration, and climate change, will affect th&ribbution and abundance of birds like the

Dunlin, as has been done at San Francisco Bayll{Stget al 2005).

Factors Affecting Survival and Population Dynamics
Populations of migratory shorebirds can be infaezhby events that occur during

breeding, migration, and nonbreeding periods; petjart regulation can occur by a combination
of mechanisms operating in one or more of thesgossa(Piersma and Baker 2000). To enhance
conservation efforts for Dunlin, we need to undandtthe relative effects on population
dynamics of those impacts that are manifested dumreeding, nonbreeding, and migratory

periods. The use of demographic modeling to eldeittee processes that substantially influence
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population dynamics within different broad regia@isionbreeding occurrence should be a
priority. Adult survival has the greatest potent@influence rates of population change in
shorebirds and other long-lived vertebrates (Hibtkcand Gratto-Trevor 1997, Sandercock
2003). Thus, one of the main goals of researchldimito identify stressors, throughout the
annual cycle, that influence demographic parametgck as adult survival (Warnoekal

1997). Ideally, it will be important to identify vene Dunlin experience these stressors, and seek
to determine whether they are associated with nmesasi population performance. Seasonal
estimates of survival for breeding, migration, aotbreeding periods (by subtracting from
annual estimates) would be valuable informatiorthesmight help focus the significance of
specific stressors. Also, data on juvenile disgeasd juvenile survival, especially during the

southward migration, are highly relevant to migratconnectivity.

MONITORING NEEDS

Population Status
One of the most basic yet critical information gapgarding the Dunlin is population

trends, especially west of the Rocky Mountains amd¢he breeding grounds for each subspecies.
At present, we lack the ability to decide whethieserved population declines in several
estuarine systems are real or a result of othéorfa¢e.g., changes in turnover rate, redistrilsutio
among sites, etc.). Establishing adequate populationitoring to determine the current
population status of Dunlin should be a high-ptiogoal. Without this information,
conservation and management of Dunlin populatioiidikely be difficult and lack direction.
The overall goal will be to maintain current popiga levels of each subspecies. Population
targets have been developed in the U.S. Shorelmingévation Plan (Browet al 2001);
however, these targets are preliminary and wiéliiibe refined using more comprehensive
information. Future refinement will be particulariyportant to improve Dunlin conservation
and management efforts. Additionally, populatiomgéds for subspecies having experienced
declines should reflect recovery or enhancemeatftomer level of abundance.

Perhaps the greatest uncertainty involving thiessetsubspecies is the nonbreeding
distribution and status &. a. arcticola Its occurrence intermixed with other Dunlin subsps
along the East Asian-Australasian Flyway maked#ficdlt to understand important aspects of

its status. It will be a high priority to work withthe nonbreeding and migration range to
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identify the key areas used by this subspeciesduhiose periods, and to develop the ability to
assess or monitor trends in abundance (or asped&ymgraphy) in these locations.

There should be two general approaches to popnlatmnitoring: (i) the population
level, and (ii) site-specific and regional asses#erl he latter will be used to evaluate Dunlin
responses to habitat changes and to further refinenderstanding of the location of important
sites in specific regions during the nonbreediragea. If possible, there should be a link
between Dunlin-specific population monitoring andrenwidespread, shorebird survey efforts,
such as the International Shorebird Survey (IS8)tha Program for Regional and International
Shorebird Monitoring (PRISM), to integrate and sgten existing shorebird survey efforts.
The closer coordination and expanded survey edtarnportant stopover sites will provide a
strong, statistically valid framework for detectitignds in Dunlin populations, and will assist
local managers in meeting their shorebird consEmajoals.

Habitat Use
The loss of habitat important to shorebirds haslgarticularly dramatic in the last 100

years (Bildsteiret al. 1991, Page and Gill 1994). Although some of tlesthimportant sites are
protected to some extent from direct industrial arlthn development, many other sites are
unprotected lands or on lands not specifically ngadao address shorebird habitat needs. Thus,
the goal will be to monitor the condition, distrilmn, availability, use, and productivity (i.e. gth
functional value) of habitat. Although many impartaites for Dunlin have been identified and
are presented in this report, research is neededderstand the value of smaller sites and
particularly the importance of alternative habituish as agricultural fields and salt ponds
(Shepheraet al 2003). It will be necessary to develop specifibitat-use and distribution
information for Dunlin at each site. If possibleete should be a link between the population
monitoring efforts and site/habitat assessment.

Environmental Contaminants
Determining the effects of contaminants on thdthed Dunlin is an important research

and monitoring need. The goal will be to evaluatpacts of contaminants (e.g., lead,
agricultural chemicals, industrial chemicals, afido Dunlin during migration and

nonbreeding). This can be accomplished in a nurmbeays, including: a) assessing impacts of
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contaminant events (e.g. oil or chemical spill3)agsessing risk of contaminant events; c)
developing risk-reduction strategies; and d) mamtppotential exposure to a broad spectrum of

environmental pollutants through comprehensive siagnpand toxicology programs.

RANGE-WIDE

High Priority (to be initiated or completed within the next 2-€ang)

Create a GoogleEarth placemark fileof important breeding, migration, and nonbreeding
sites forC. a. articola, pacificaandhudsoniaindicating any sitethat are known to be of higher
priority/importance. WHSRN Executive Office and plauthors proactivelglistribute this map
to conservation partners.

Researchers establisipariodic remote-sensing schemat important sites foC. a.
arcticolathat will quantify changes over time in the amoaohavailable habitat, especially
within the East Asian-Australasian Flyway.

Researchers evaluate existing survey data or edtaldwmonitoring programs or
research studiego determine:
distribution and accurate estimates of populatine and trendhroughout the ranges for
C. a. arcticola pacifica andhudsonia

potential limiting factors on population growtiirough the measurement of demographic
parameters, such as adult survival and productigitkey locations; and

the potential to geographically differentiate p@iidnsof C. a. arcticola pacifica, and
hudsonialand other adjacent subspecies) through the ugerdtics, stable isotopes,
mark-band resightings, vocalizations, or other négles.

Researchers further develop models to evalpatential effects of climate changen
Dunlin’s habitat use, migration behavior and timiagd demographic vital rates. This work can
be done in conjunction with similar modeling fohet shorebird species as appropriate.

Partners establish new, or strengthen existinghar@sms otooperation and
communication between shorebird conservationists/researchareiiestern Hemisphere and
the East Asian-Australasian Flyway, as well as agradhrelevant governments, private groups,
and communities throughout the Dunlin’s range.

Partnersenroll 75% of the total sites in Tables 2—4 of the pleat fualify as neviites of
International or Hemispheric Importance per WHSRN and/or East Asian-Australasian
Shorebird Site Network criteria.
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Partners implement tH& HSRN Site Assessment Toalt 50% of the important Dunlin
sites in the Hemisphere. Compare and collectiveghae the rankings for each site’s condition,
threat levels, and trends for an overall statusgbrtant Dunlin sites range-wide.

Medium Priority (to be initiated or completed within the next 5y&ars)

Researchers establistpariodic remote-sensing schemat important sites fo€. a.
pacificaandC. a. hudsonighat will quantify changes over time in the amoohavailable
breeding, migration, and nonbreeding habitat.

Researchers investigate the effects of variougpatehtially significant forms diuman
disturbance at key sites (e.g., habitat alteration and devekqt, agricultural runoff, and
hunting) on Dunlin behavior, physiology, or demaura

Researchers determine the prevalencvin influenza and other diseases Dunlin,
and their potential impact(s) on the population.

Researchers quantihunting of C. a.arcticolaby humans in southern People’s Republic
of China and in Alaska, and determine its effeat(s}he subspecies’ population.

Authors of this plarupdate Cornell’s “Birds of North America” account for Dunlin.

MIGRATION AND /OR NONBREEDING

High Priority (to be initiated or completed within the next 2-€ang

Using the most appropriate research and moniteriathods available, researchers identify
C. a. arcticola’snonbreedingites as well as route® and from its breeding and nonbreeding
grounds.

Managers of tidal marsh restoration projects inf@adia (San Francisco Bay and San
Diego Bay) agree to retain enousgit pond areassufficient for supporting high counts of
migrating and nonbreedir@. a. pacifica

Appropriate partners addreisabitat restoration at Willapa Bay, Washington, to benefit
migrating and nonbreedin@. a. pacificaby:
o restoring tidal mudflats affected I8partinato pre-invasion quality; and
o developing and implementing a strategy to prevewrbatrolrecurring invasions.

Appropriate partners develop and implement a gyafier preventing or treatin§partina
invasionsat vulnerable sitesuch as San Francisco Bay (California), Puget S¢Wfakhington),
and Fraser River Estuary (British Columbia, Canagida)ortant to migrating and nonbreedi@g
a. pacifica.
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Researchers determine the potential effects ofofl@ving threats orC. a. arcticolaat
major stopover areas in the East Asian-Australayaray:

loss of intertidal areas due to human reclamatmahraduced accretion of soil resulting
from declining river flows;

high levels of pollution leading to reduced bentoductivity and, thus, declining food
supplies for shorebirds; and

unsustainable harvest of benthic fauna by humans.
Researchers quantifise and abundancatnonbreeding sites fat. a. arcticola

Using Tables 2—4 in the plan as a guide, partnengge Dunlin-specific information to
existingenvironmental education programsin communities located in/around areas important
to migrating and nonbreeding Dunlin.

Partners developutreach programs for stakeholderghat will improve their
understanding of how the maintenance or enhanceofi@absystem functions benefits Dunlin,
other wildlife, and natural resources of directsato communities.

At interior areas dominated by agriculture, parsngork with land managers to develop
wetland-management practices supportive of Dunlinsuch as ensuring availability of high-
guality water in wetlands and protecting wetlantliteds from fragmentation or urban
encroachment.

Medium Priority (to be initiated or completed within the next 5y&ars)

Researchers determine the level, type, and effdatinlin’s exposure to contaminantsat
important migration and nonbreeding sites, as argatl limiting factor to adult survival.

Researchers quantifise and abundanceatnonbreeding sites fdt. a. pacifica and C. a.
hudsonia

Using all methods available, researchers documewementsbetween major stopover
and staging siteduring northward and southward migration®fa. articola, pacificaand
hudsonia

Through all methods available, researchers assesementsduring the November-
March nonbreeding period for C. a. articolaandhudsonia
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APPENDIX 1
EXPLANATION OF PROCEDURES USED TO ANALYZE CHRISTMAS BIRD COUNT (CBC) DATA

Data used for the analysis of trends in the norngeabundance of Dunlin for this
conservation plan were obtained from www.audub@pbord/cbc/, accessed in Spring 2007.
Sites were required to meet two criteria to beude in the analysis: 1) the site was active
between CBC 80 (Winter 1979-80) and CBC 106 (Wig@5-06), and 2) Dunlin were
regularly present in the count circle. This resalin 43 Christmas Bird Count sites within
Washington, Oregon, and California (involvi@g a. pacificg, and 66 sites along the east coast
of North America, from Massachusetts to Texas (wving C. a. hudsonia

In some years, counts were not conducted in somist@as Bird Count locations. In
these cases, the values from counts that occuryedr prior to and after the missing count
were summed, and the average of this value wastagegresent the missing value. Ebra.
pacifica,there were 1,161 potential CBC counts in the 2'#-peaod between CBC 80 and CBC
106 in Washington, Oregon, and California, of whaah(3.2%) were missing. There were 1,782
potential CBC counts within the range®@fa. hudsoniauring the analysis period, of which 42
(2.4%) were missing.

We used raw data for the analyses because it ibedigf that sites supporting Dunlin and
other shorebird species were well covered in OQhastBird Countsuse of index values based
on observer effort were therefore unwarranted. €data were summed for each year for all
sites in each analysis block (Washington, Oregatif&@nia, mid and north-Atlantic states,
southeast Atlantic states, and Texas).
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APPENDIX 2

CONTACTS AND POTENTIAL COLLABORATORS FOR DUNLIN CONSERVATION AND RESEARCH

Name Title Affiliation Location Country Phone E-mail
Glan 61-3-
Barter, Mark Waverley, Australia Markbarter@optusnet.com.au
S 98033330
Victoria
Palmerston | New (64) 6-356
Battley, Phil Massey University 9099 ext p.battley@massey.ac.nz
North Zealand 2605
Berlanga, : . Coordinador México- o . (52) 55-5528- .
Humberto Biologist NABCI México, D.F. | México 9125 hberlang@xolo.conabio.gob.mx
_ . : - Cordova
Bishop, Mary Avian Prince William Sound ' 907-424- .
Anne Ecologist Science Center Alaska USA 5800 mbishop@pwssc.gen.ak.us
Buchanan, Wildlife Washington Department| Olympia, 360-902- .
Joseph B. Biologist of Fish and Wildlife Washington USA 2697 buchajbb@dfw.wa.gov
Senior Pacific Wildlife Research "
Butler, Robert Research Centre, Canadian Delta, B.nt'Sh Canada 604-940- rob.butler@ec.gc.ca
W. o - X Columbia 4672
Scientist Wildlife Service
Carmona, Universidad Autbnoma L (52) 612-
Roberto Professor de Baja California Sur La Paz, BCS México 1280-775 beauty@uabcs.mx
Carrera, , Ducks Unlimited de Monterrey, . (52) 81-8335-
Eduardo Director México, A.C. NUevo Leon México 1212 ecarrera@dumac.org
Chiang, Chung- | Wildlife Taiwan Wader Study Tunghai Republic | 886-933- dec.chiang@twsg.twmail.or
Yu Biologist Group University of China | 926596 ' 9 9 -0r9
Colegio de la Frontera | Chetumal, México (52) 983-835-
Correa, Jorge Professor Sur Quintana Roo 0440 coyotecorrea@yahoo.ca
Colwell, Mark Professor of | Humboldt State Arcata, 707-826-
A. wildlife University California | YSA 3723 mac3@axe.humboldt.edu
. Wildlife o .
Conklin, Jesse Biologist Conklin.jesse@gmail.com
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Name Title Affiliation Location Country Phone E-mail
de la Cueva Centro de Investigacidén y Ensenada, (52) 646-175-
. ' Professor Educacién Superior de | Baja México 0500 x 242- | cuevas@cicese.mx
Horacio ) .
Ensenada California 51
Executive Western Hemisphere
Duncan, Charles| Office Shorebird Reserve Por;land, USA 207-871- cduncan@manomet.org
. Maine 9295
Director Network
Conservation .
Elliot, Lee Metric The Nature Conservancy San Antonio, USA 210-224- lelliott@tnc.org
. of Texas Texas 8774
Coordinator
Pacific Wildlife Research .
Elner, Robert Head Centre, Canadian Delta, B.rmSh Canada 604-940- bob.elner@ec.gc.ca
W. o . Columbia 4674
Wildlife Service
. . Ducks Unlimited de o . (52) 55-5794-
Estrada, Aurea | Biologist México, A.C. México, D.F. México 7082 aestrada@dumac.org
Instituto de Ciencias del
Fernandez, Professor Mar y Limnologia, Mazatlan, México (52) 669-985- femandez@ola.icmyl.unam.m
Guillermo Universidad Nacional Sinaloa 2845 9 Acmyl. ’
Auténoma de México
: . Russian Academy of Petropavlovsk . 7 (4152) : .
Gerasimov, Yuri | Researcher Sciences _Kamchatsky Russia 112464 Bird@mail.kamchatka.ru
Research .
. S USGS, Alaska Science | Anchorage, 907-786- .
Gill, Robert V\(lldllf(_a Center Alaska USA 7184 robert_gill@usgs.gov
Biologist
Gratto-Trevor, Research Canadian Wildlife Saskatoon, Canada 306-975- cheri.gratto-trevor@ec.ge.ca
Cheri Scientist Service Saskatchewan 6128 9 -9¢.
Huettmann, Research University of Alaska- Fairbanks,
Falk Scientist Fairbanks Alaska USA fith@uat.edu
Kashiwagi, . . Japan Wetlands Action 81-425-83- Minoru_kash@nifty.com
Minoru Biologist Network Tokyo Japan 6365
Kelin, Chen Ckl@wetwonder.org
Marshall 415-663-
Kelly, John Researcher Audubon Canyon Rand aIifornir;l USA 8203 kellyjp@svn.net
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Lanctot, Alaska Region 7, Migratory Bird| Anchorage, USA 907-786- Richard_lanctot@fws.gov
Richard Shorebird Office, U.S. Fish and Alaska 3609

Coordinator | Wildlife Service
University Centre for Wildlife Burnaby, 604-291.-
Lank, David B. | Research Ecology, Simon Fraser | British Canada dblank@sfu.ca
. ; . . 3010
Associate University Columbia
Lebedeva, Elena| Researcher ORNI Moscow Russia lenaswan@rol.ru
. Wildlife Pacific Wildlife Research L
Lemon, Moira J. Research Centre, Canadian Delta, B.”t'Sh Canada 604-940- moira.lemon@ec.gc.ca
= - S . Columbia 4689
Technician Wildlife Service
Liu, Weiting Kentish.plover@msa.hinet.net
- Yukon Delta National
McCaffery, Wildlife Wildlife Refuge, U.S. Bethel, Alaska| USA 907-543- Brian_McCaffery@fws.gov
Brian J. Biologist . oo . 1014
Fish and Wildlife Service
Centro de Investigacidén y Ensenada, (52) 646-175-
Mellink, Eric Professor Educacion Superior de | Baja México 0500 x 242- | emellink@cicese.mx
Ensenada California 58
Commonwealth David.milton@xsiro.au
Milton. David Fisheries Scientific and Industrial | Cleveland, Australia 61 7 3826
’ Ecologist Research Organisation | Queensland 7241
(CSIRO)
Moore, Charlie Whbkenglish@aol.com
. : . Su Young-Gu,| South Spoonbillkorea@yahoo.com
Moores, Nial Director Birds Korea Busan Korea
Wildlife Texas Parks and Wildlife  ,. .
Ortego, Brent Diversity Department, Wildlife Victoria, USA 361-576- bortego@Vviptx.net
. X L . Texas 0022 x 24
Biologist Division, Region IV
CICESE-La Paz,

. Pronatura A.C. Noroeste
Palacios Castro, Professor Direccion de La Paz, BCS México (52) 612-121- epalacio@cicese.mx
Eduardo 2 . 3031 x111

Conservacion—Baja
California Sur
. . Yamashina Institute for . 81-4-7182- .
Shigeta, Yoshi Researcher Ornithology Chiba Japan 1107 BXK07401@nifty.com
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Name Title Affiliation Location Country Phone E-mail
Taylor, Audrey PhD student University of Alaska, Fairbanks, AK| USA 907-474- ftart@uaf.edu
Fairbanks 6052
Research .
o USGS San Francisco Bay~_;. . 707-562- .
Takekawa, John V\(lldllf(_a Estuary Field Station California USA 2000 john_takekawa@usgs.gov
Biologist
Tomkovich Zoological Museum,
' Researcher Moscow Lomonosov Moscow Russia pst@zmmu.msu.ru
Pavel . ;
State University
Vega Picos, Deputy \é\:]eosrteel;?rstrgsizrr)cee " Culiacan, México (52) 667-759- xvega@manomet.or
Xicoténcatl Director Sinaloa 1616 9 -0rg
Network
Co-Director, PRBO Conservation Petaluma 415-868-
Warnock, Nils V\/_e_tlgnds Science California USA 0371 X308 nwarnock@prbo.org
Division
- Centre for Wildlife Burnaby, ) i
Williams, Tony Professor Ecology, Simon Fraser | British Canada 604-291 tdwillia@sfu.ca
D. ) . . 3535
University Columbia
. People’s
.. Assistant . . . . +86-21- ..
Zhijun Ma Professor Fudan University Shanghai cl?fecpﬁi?:: 65643912 zhijunm@fudan.edu.cn
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