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GENERAL RANGE AND  
WASHINGTON DISTRIBUTION 
      
Shorebirds are represented in Washington by many 
families, including plovers, oystercatchers, avocets and 
stilts, sandpipers, snipes, and phalaropes (Paulson 1993).  In 
Washington, shorebirds occur as year-round residents, 
breeding or summer residents, spring and/or fall migrants, 
and migrants that winter in the region (Table 1).  Some 
species, such as the killdeer and spotted sandpiper, have 
resident and migrant sub-populations.   
 
The vast majority of wintering and migratory shorebirds in 
Washington occur at coastal estuaries (Figure 1).  These 
areas include the Columbia River estuary, Willapa Bay, 
Grays Harbor, coastal Washington beaches, the Strait of 
Juan de Fuca, Hood Canal, the San Juan Islands, and the 
Greater Puget Sound region (Figure 1).  The highest counts 
of wintering birds are from Willapa Bay (38,000-90,000 
shorebirds; Buchanan and Evenson 1997), Grays Harbor (approximately 20,000 shorebirds annually during 1979- 
1988; Paulson 1993, Brennan et al. 1985), and the northern estuaries of Puget Sound (>10,000 shorebirds at several 
estuaries and >50,000 shorebirds in the region; Evenson and Buchanan 1995, 1997). 
 
The most significant areas during migration include Grays Harbor (>one million shorebirds during spring; Herman 
and Bulger 1981), Willapa Bay (>100,000 shorebirds during spring; Buchanan and Evenson 1997), and the many 
estuaries of Puget Sound (>50,000 shorebirds during spring; Evenson and Buchanan 1997).  Species such as the red-
necked phalarope may occur in large numbers offshore during migration (Jehl 1986).  Other significant wintering 
and migratory staging areas in the region include Boundary Bay and the Fraser River delta in southern coastal 
British Columbia, Canada (Butler and Campbell 1987, Butler 1994, Vermeer et al. 1994). 
 
Other habitats in western Washington are also important for shorebirds.  Flocks of black-bellied plovers and dunlins 
occasionally occur at non-estuarine sites in western Washington (e.g., flooded fields in the Wynoochee and Chehalis 
River valleys) during migration or winter periods (J. Buchanan, unpublished data).  Some of these birds may have 
been temporarily displaced by flooding (Strauch 1966) or other conditions that reduced prey availability at coastal 
estuaries (Townshend 1981).  Large numbers of shorebirds forage and roost on ocean beaches during winter 
(Buchanan 1992) and migration (Myers 1988-89, Myers et al. 1986).  Other important habitats include rocky 
shorelines and the pelagic zones (Paulson 1993). 
 
Compared to the coastal region, shorebirds are far less abundant at wintering and migratory stop-over areas in the 
eastern part of the state where they occur at widely scattered ponds, "potholes" and lakes, marshes, flooded fields,  
 

Figure 1: Primary wintering and migratory ranges of 
shorebirds associated with estuaries and/or shoreline 
habitats in Washington. Various shorebird species are 
also associated with freshwater or other upland habitats 
that are difficult to generalize and identify on a map of
this scale (see text). Map derived from the literature. 
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and riverine systems (Paulson 1993).  As is true in other interior regions in North America, the seasonal distribution 
and abundance of shorebirds in this part of the state is somewhat unpredictable in that the suitability of shorebird 
habitats in many areas is dependent on changing water levels that are sensitive to varying water use practices, 
drought, and other environmental conditions (Fredrickson and Reid 1990, Skagen 1997).  The highest counts of 
migratory shorebirds (most counts are <1,000 birds) in the interior region of Washington are from Lake Lenore (i.e., 
red-necked phalarope), Soap Lake, Turnbull National Wildlife Refuge, Yakima River delta, and water bodies near 
Reardan (Paulson 1993).  It is likely that other areas of concentrated use by shorebirds have not been documented.  
In Washington, the primary breeding ranges of the American avocet, black-necked stilt, and Wilson’s phalarope 
occur within the Columbia Plateau region in the eastern part of the state. 
 
Breeding and Wintering Ranges 
 
The breeding distribution of migrant shorebirds includes species that nest locally, such as the spotted sandpiper and 
American avocet (Jewett et al. 1953), and also species that nest in the arctic and subarctic, such as the dunlin and 
western sandpiper.  The wintering range of nearctic shorebirds is vast, extending from southeastern Alaska to 
southern South America (Morrison 1984) and generally falls within 3 categories: 1) wintering areas primarily within 
North America, 2) wintering areas extending throughout much of the western hemisphere, and 3) wintering areas 
primarily within South America. 
 
Distribution of Age and Sex Classes 
 
The age and sex compositions of some shorebird populations vary spatially and temporally across their ranges.  
Examples of local or regional spatial segregation can be found, although the population structure of most species is 
poorly known.  For example, adult male and juvenile western sandpipers winter primarily in western North America 
whereas most females of this species winter in South America (Page et al. 1972).  Additionally, populations of 
wintering dunlins exhibit pronounced local and regional segregation by age class (Kus et al. 1984, van der Have and 
Nieboer 1984, Buchanan et al. 1986). 
 
Temporal segregation of age and sex classes occurs during migration in many species (Morrison 1984, Butler et al. 
1987).  In Washington, this segregation involves 2 of the most abundant species in western North America, the 
western sandpiper and dunlin (Page and Gill 1994).  An understanding of spatial and temporal segregation can be 
important for population and habitat management, because habitat loss or degradation at certain wintering or 
migratory staging areas may significantly impact specific age or sex classes of these or other species at the local, 
regional, or population level. 
 
 
RATIONALE 
 
Over 40 species of shorebirds occur in Washington throughout their breeding and nonbreeding seasons (Paulson 
1993, Gill et al. 1994).  Two of these, the snowy plover (Charadrius alexandrinus) and the upland sandpiper 
(Bartramia longicauda), are listed as State Endangered species (the upland sandpiper may be approaching 
extirpation in Washington).  During the nonbreeding period, most shorebird species in Washington aggregate in 
large single- or multi-species flocks at estuaries, beaches, wetlands, or other foraging and/or roosting locations.  
Because of the limited distribution of these habitats, and the propensity of shorebirds to form large aggregations, 
shorebirds are vulnerable to habitat loss; chemical, metal or oil pollution; various disturbance factors; and other 
potentially significant impacts.  
 
Many shorebird species are long-distance migrants that travel thousands of miles between wintering and breeding 
areas.  The availability of wintering sites and migratory staging areas has decreased throughout North America due 
to the destruction of biologically rich but economically important areas used by these birds (Page and Gill 1994, 
Skagen 1997).  The number and quality of these sites likely constrains shorebird populations during the nonbreeding 
season (Myers 1983, Senner and Howe 1984, Myers et al. 1987b), although habitat loss can adversely impact 
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shorebird populations at any season (Evans and Pienkowski 1984, Goss-Custard and Durell 1990, Sutherland and 
Goss-Custard 1991).   
 
Nearly all of Washington’s shorebird species are represented by individual birds en route to wintering grounds in 
Central or South America or breeding grounds in Alaska, Canada or the Russian Far East.  A number of sites in 
Washington support substantial shorebird populations (Herman and Bulger 1981, Evenson and Buchanan 1995, 
Buchanan and Evenson 1997) and qualify as important regional or hemispheric sites in the Western Hemisphere 
Shorebird Reserve Network (Myers et al. 1987a).  Moreover, the region as a whole supports huge numbers of birds 
during winter and migration.  Consequently, during one season or another, this region supports substantial segments 
of shorebird populations that are truly international in their distribution (Gratto-Trevor and Dickson 1994).  For this 
reason, shorebird populations and the habitats they use in Washington are integral components of a greater 
hemispherical population of birds and must be managed from this international perspective (Gill et al. 1994). 
 
Large-scale censuses of shorebirds conducted in Britain (Prater 1981, Moser 1987), the Canadian Arctic (Gratto-
Trevor et al. 1998), and eastern North America (Howe et al. 1989, Morrison et al. 1994a) indicate that populations 
of many species are declining.  Long-term research from migratory staging areas in eastern North America indicates 
that several species of shorebirds, including some that also migrate through Washington, have experienced 
significant population declines along the east coast (scientific names are presented in Table 1): black-bellied plover, 
semipalmated plover, whimbrel, ruddy turnstone, red knot, sanderling, semipalmated sandpiper, least sandpiper, and 
short-billed dowitcher (Howe et al. 1989, Morrison et al. 1994a).  Populations of American golden-plover, lesser 
yellowlegs, red-necked phalarope, and red phalarope are also thought to have declined in Canadian breeding areas 
(Haig et al. 1997, Sauer et al. 1997, Gratto-Trevor et al. 1998).   
 
Other species have experienced population declines as well.  For example, the size of the wintering population of 
rock sandpipers along the Pacific coast of Oregon, Washington, and British Columbia declined suddenly and 
dramatically (and appears to have shifted north to Alaska) in association with the 1982-83 El Nino event (Buchanan 
in review).  Black turnstone numbers have also declined along the Pacific Northwest coast (Paulson 1993).  Species 
such as the snowy plover and upland sandpiper have also clearly declined in response to habitat destruction 
(Washington Department of Fish and Wildlife 1995a, 1995b).  Analyses of data collected from Breeding Bird 
Survey routes throughout Washington indicate the occurrence of significant population declines at one or more 
spatial or temporal scales for the following four species of locally-nesting shorebirds: spotted sandpiper in the 
Columbia Basin, (-9.1% between 1966 and 1996), killdeer statewide (-2.3% between 1966 and 1996 and -4.1% 
between 1980 and 1996), common snipe in the Columbia Basin (-3.2% between 1966 and 1996) and statewide (-
5.5% between 1980 and 1996), and Wilson’s phalarope in the Columbia Basin (-10.9% between 1980 and 1996) 
(Sauer et al. 1997).   
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Table 1.  Seasonal abundance and habitat use of shorebirds in Washington.  Habitats are described in Paulson 
(1992, 1993).  Bold text refers to primary habitat or area where the species is locally or seasonally common; 
standard text refers to secondary habitats.  Abundance codes are from (Paulson 1993).  Seasonal abundance codes 
may differ from Paulson (1993) based on other available information.  Codes with an asterisk (*) represent unique 
local populations.  Abundance codes in parentheses refer to interior Washington. 

Abundance by seasona  
Species 

 Winter Spring Summer Fall Habitat 

Black-bellied  
plover 
(Pluvialis 
squatarola) 
 

VA VA  

(VU) 

FC VA 
(U) 

coastal and estuarine sand beaches and mud flats, 
exposed shorelines of ponds and lakes, farmland, wet 
lowland meadow 

American  
golden-plover 
(Pluvialis dominica) 
 

 R  C (U) coastal and estuarine mud flats and saltmarsh, 
exposed shorelines of ponds and lakes, farmland, 
alpine/subalpine meadow, wet lowland meadow 

Pacific  
golden-plover 
(Pluvialis fulva) 
 

VR R  C coastal and estuarine mud flats and saltmarsh, 
exposed shorelines of ponds and lakes, farmland, 
alpine/subalpine meadow, wet lowland meadow 

Snowy plover 
(Charadrius  
alexandrinus) 
 

U FC* FC* FC* coastal sand beaches 

Semipalmated  
plover 
(Charadrius  
semipalmatus) 
 

FC A 
(VU) 

U A (U) coastal and estuarine sand beaches and mud flats, 
exposed shorelines of ponds and lakes 

Killdeer 
(Charadrius 
vociferus) 
 

C (U) C (C) C (C) C (C) estuarine mud flats and saltmarsh; exposed shores of 
ponds, lakes, and large rivers; fresh marsh, wet 
lowland meadow, grassy areas and farmland 

Black  
Oystercatcher 
(Haematopus  
bachmani) 
 

FC FC FC FC coastal rocky shore 

Black-necked  
Stilt (Himantopus  
Mexicanus) 
 
 
 
 
 
 
 
 
 
 
 

 VU 
(U) 

(FC)  shallow marshy ponds and lakes 

WDFW
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Abundance by seasona 

 
 

Species 
 Winter Spring Summer Fall 

Habitat 

American  
avocet 
(Recurvirostra  
americana) 
 

 R (FC) (C) R (A) shallow marshy ponds and lakes 

Greater  
yellowlegs 
(Tringa  
melanoleuca) 
 

VC 
(VU) 

VC 
(FC)  

R VC  

(FC) 

estuarine mud flats, shorelines of shallow ponds, 
lakes and large rivers, flooded fields 

Lesser  
yellowlegs 
(Tringa  
flavipes) 
 

 VU 
(U) 

 FC  

(FC) 

estuarine mud flats, shorelines of shallow ponds and 
lakes, flooded fields, 

Solitary sandpiper 
(Tringa solitaria) 
 

 U 
(VU) 

(R) VU  

(U) 

shorelines of shallow ponds and lakes, including 
those found in wooded settings; flooded fields and 
other ephemeral freshwater areas  

Willet 
(Catoptrophorus  
semipalmatus) 
 

U* VU 
(VU) 

(U) VU  

(VU) 

shorelines of shallow ponds and lakes, estuarine mud 
flats 

Wandering  
tattler 
(Heteroscelus  
incanus) 
 

 FC  FC coastal rocky shores 

Spotted sandpiper 
(Actitis macularia) 
 

U* U (U) U (R) U 
(VU) 

shorelines of streams, rivers, shallow ponds and 
lakes, marshes; rocky shore, estuarine mud flats 

Upland sandpiper 
(Bartramia 
longicauda) 
 

  (VU)  wet meadow/ grassland 

Whimbrel 
(Numenius  
phaeopus) 
 

VU* VC FC VC coastal and estuarine sand beaches and mud flats, 
saltmarsh 

Long-billed  
curlew 
(Numenius  
americanus) 
 
 
 
 
 
 
 

U* VU 
(FC) 

(FC) VU 
(FC) 

dry grassland, farmland; estuarine mud flats, 
saltmarsh 

WDFW
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Abundance by seasona  
 

Species Winter Spring Summer Fall 

 

Habitat 

Bar-tailed godwit 
(Limosa  
lapponica) 
 

   R coastal and estuarine sand beaches and mud flats 

Marbled  
godwit 
(Limosa  
fedoa) 
 

C* FC 
(FC) 

R FC 
(FC) 

coastal and estuarine sand beaches and mud flats, 
exposed shorelines of interior ponds and lakes 

Ruddy turnstone 
(Arenaria  
interpres) 
 

VU 
 

C  FC coastal rocky shore, sand beaches, mud flats 

Black turnstone 
(Arenaria  
melanocephala) 

C C  C coastal rocky shore 

Surfbird 
(Aphriza  
virgata) 

C C  C coastal rocky shore 

Red knot 
(Calidris  
canutus) 

VU VC R U (R) estuarine sand and mud flats, coastal sand beaches 
 
 
 

Sanderling 
(Calidris alba) 
 

VA VA (R) VU VA 
(U) 

coastal sand beaches, estuarine sand and mud flats, 
coastal rocky shore 

Semipalmated 
sandpiper (Calidris 
pusilla) 
 

  
VU 
(U) 

  

U (U) 

Exposed shoreline of shallow ponds, mud flats 

Western sandpiper 
(Calidris mauri) 
 

VC* VA 
(U) 

U VA 
(C) 

coastal and estuarine sand beaches, mud flats, and 
salt marsh; exposed shoreline of shallow ponds and 
lakes; freshwater low marsh 

Least sandpiper 
(Calidris  
minutilla) 

FC VC (C)  VC 
(C) 

estuarine mud flats, salt marsh; exposed shoreline of 
shallow ponds and lakes; freshwater low marsh  

Baird’s sandpiper 
(Calidris bairdii) 
 
 
 
 
 
 
 
 
 

 VU 
(U) 

 FC 
(FC) 

coastal sand beaches, mud flats, exposed shoreline of 
shallow ponds and lakes, grassy areas, alpine/ 
subalpine meadow 

WDFW 
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Abundance by seasona  

 
Species Winter Spring Summer Fall 

 

Habitat 
Pectoral  
sandpiper 
(Calidris  
melanotos) 
 

 VU  C 
(FC) 

estuarine and freshwater marsh, mud flats 

Sharp-tailed 
sandpiper 
(Calidris acuminata) 
 

   U estuarine salt marsh, mud flat edges 

Rock sandpiper 
(Calidris 
ptilocnemis) 
 

FC FC  FC coastal rocky shore 

      Dunlin 
(Calidris  
alpina) 
 

VA VA 
(U) 

U VA 
(VU) 

coastal and estuarine sand beaches and mud flats, 
flooded fields, rocky shores  

Curlew  
sandpiper 
(Calidris  
ferruginea) 
 

   R estuarine marsh, sand beaches, mudflats; freshwater low 
marsh 

Stilt sandpiper 
(Calidris  
himantopus) 
 

   VU 
(VU) 

fresh and brackish marsh; sewage lagoons, flooded 
fields 

Buff-breasted  
sandpiper 
(Tryngites  
subruficollis) 
 

   VU grassy areas, coastal sand beaches 

Ruff 
(Philomachus  
pugnax) 
 

   VU estuarine mud flats, salt marsh; flooded fields, 
shallow ponds  

Short-billed  
dowitcher 
(Limnodromus 
 griseus) 
 

 VA (R) FC VA 
(VU) 

estuarine mud flats, coastal sand beaches, flooded 
fields, freshwater areas 

Long-billed  
dowitcher 
(Limnodromus 
 scolopaceus) 
 
 
 
 
 
 

FC C (VC)  VC 
(VC) 

exposed shoreline of shallow ponds and lakes; 
estuarine mud flats (winter), freshwater marsh 

WDFW 
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Abundance by seasona  

 
Species Winter Spring Summer Fall 

 

Habitat 
Common snipe 
(Gallinago 
 gallinago) 
 

FC (U) U (FC) U (FC) FC 
(FC) 

estuarine and freshwater marsh; flooded grassy 
fields, farmland 

Wilson’s phalarope 
(Phalaropus 
 tricolor) 
 

 U (FC) VU (FC) VU 
(FC) 

ponds and lakes, freshwater marsh, sedge meadows 

Red-necked 
phalarope 
(Phalaropus 
lobatus) 
 

 A (FC)  A 
(FC) 

marine waters; ponds and lakes 

Red phalarope 
(Phalaropus 
fulicaria) 

U FC  VC off-shore marine waters 

VA = Very Abundant (over 1,000 individuals observed per day), A = Abundant (200-1,000 individuals per day), VC = Very Common (50-200 
individuals per day),  C = Common (20-50 individuals per day), FC = Fairly Common (7-20 individuals per day), U = Uncommon (1-6 
individuals per day), VU = Very Uncommon (more than 6 individuals per season in the region, but not seen every day), R = Rare (1-6 
individuals per year in the entire region).  The list does not include very rare (over 6 total records), casual (2-6 records), or accidental (1 record) 
species in the region.  
 
a Winter refers to the period of local residency following autumn migration.  The winter period for most species is November through March.  
Spring migration for most species is generally April through mid -May although some species begin migrating in Washington during March and 
others extend into June.  Fall migration extends from late June to late October; some fall migrants occasionally remain in Washington until mid -
November. 

 
Other species, for which adequate information is lacking, are likely at risk of population-level impacts due to the 
vulnerability of their primary habitats (species to which Page and Gill [1994] assigned high vulnerability scores [a 
score ?   > 10 is used here to define ‘high’] include American avocet, black-necked stilt, common snipe, killdeer, marbled 
godwit, snowy plover, upland sandpiper, willet, and Wilson’s phalarope) and may be declining (Paulson 1992, 
Morrison et al. 1994b), although population monitoring data are generally lacking (see exceptions above).  Finally, a 
number of species, including red knot, and various species of plovers, curlews, godwits, and dowitchers suffered 
substantial, if not catastrophic, population declines between 1870 and 1927 in response to unregulated hunting (Page 
and Gill 1994; see Cooke 1910, Forbush 1912, Grinnell et al. 1918).  Populations of some of these species have not 
recovered and the likelihood of recovery appears low due to the negative effects of additional or more recent 
impacts, such as habitat loss (Paulson 1993, Page and Gill 1994).    
 
 
HABITAT REQUIREMENTS 
 
Most shorebird species exhibit unique migratory strategies that include preferences for specific habitat components 
(Davidson and Stroud 1996).  Research on habitat selection by birds indicates that a range of habitats may be used 
although certain habitats are preferred and selected when possible (Fretwell and Lucas 1970).  Although research on 
habitat selection by shorebirds has not been conducted in Washington, the habitat preferences of most species are 
obvious, assuming the predominant patterns of distribution and abundance reflect habitat preference (Ruggiero et al. 
1988; Table 1).  Some secondary habitats are used on occasion, however, and may be locally important, particularly 
during periods of adverse weather or depletion of food sources (Warnock et al. 1995, Davidson and Stroud 1996).     
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Coastal Environments 
 
Most shorebirds in Washington occur as migrants or winter residents (Table 1).  During the nonbreeding period, 
most can be found concentrated at beach or estuarine sites where fat and protein reserves required for overwintering 
or continued migration are replenished (Evans et al. 1991).  The primary habitat requirements of these birds relate to 
the availability of adequate foraging and roosting areas.  The foraging requirements of many shorebirds in western 
Washington are met primarily in estuarine ecosystems associated with silt or silt/sand intertidal areas and adjacent 
beaches or salt marshes, where tidal mud flats provide foraging substrates for many species.  Black-bellied plover, 
dunlin, western sandpiper, and dowitchers forage on mud flats with high levels of silt, whereas semipalmated 
plovers and sanderlings forage in sandy or silt/sand areas (Paulson 1993).  Other species, such as rock sandpiper, 
surfbird, and wandering tattler are found almost exclusively along rocky intertidal shores (Paulson 1993).  Many 
species in eastern Washington use wet meadows, flooded fields and other areas of shallow water.  The habitat 
associations of shorebirds in Washington are summarized in Table 1.   
 
As a group, shorebirds are behaviorally and morphologically adapted to forage in a rather narrow range of 
microhabitat conditions (Burton 1974, Gerritsen and van Heezik 1985), including exposed tide flats or beaches, 
shallow water, salt marshes, and even open water.  Consequently, the selection of invertebrate prey by shorebirds 
during the nonbreeding season is related to shorebird morphology and environmental factors that influence prey 
availability.  These factors include tidal range, tidal exposure, wave action and tidal current, substrate slope, 
sediment mobility, organic pollution, local or regional climate, microhabitat conditions, and invertebrate behavior 
(Bryant 1979, Pienkowski 1981, Quammen 1982, Ferns 1983, Grant 1984, Hicklin and Smith 1984, Gerritsen and 
van Heezik 1985, Reise 1985, Esselink et al. 1989, Hockey et al. 1992, Beukema et al. 1993, Nehls and Tiedemann 
1993, Wanink and Zwarts 1993, Zwarts and Wanink 1993).   
 
Shorebirds use a variety of habitats for roosting.  They often roost in salt marshes adjacent to intertidal feeding 
areas, even when these areas are extremely limited in size (Brennan et al. 1985, Buchanan 1988).  Shorebirds at 
Grays Harbor and Willapa Bay often roost in large flocks on Pacific beaches, occasionally concentrating near the 
mouths of small creeks where they bathe and preen (Buchanan 1992).  In some areas, shorebirds roost on natural and 
dredge spoil islands and on higher elevation sand beaches (Herman and Bulger 1981, Brennan et al. 1985).  Some 
species also roost in fields or other grassy areas near intertidal foraging sites (Brennan et al. 1985, Butler 1994); 
shorebirds may forage at these or other roost sites if suitable prey are present.  Shorebirds occasionally roost on 
pilings, log rafts, floating docks, and other floating structures when natural roost sites are limited (Buchanan 1988; 
Wahl 1995; J. Buchanan, unpublished data).   
 
Shorebirds will fly considerable distances between foraging and roosting locations where roost sites are limited 
(Page et al. 1979).  Distances >16 km (10 mi) have been documented (Symonds et al. 1984, Buchanan et al. 1986).  
On rare occasions, some species (i.e., dunlins) will engage in continuous flight during the high tide period, even 
though suitable roosting habitat is available (Prater 1981, Brennan et al. 1985).  The reason for this behavior is not 
understood.  In addition, shorebirds will also fly for extended periods when disturbed at a roost site.  The energetic 
costs associated with extensive flights at or among roosting and foraging locations are not well understood.  
  
Other habitats used by shorebirds in this region include pasture and agricultural land.  Thousands of shorebirds roost 
(and occasionally forage) in pastures near Raymond and Bay Center on Willapa Bay during winter and spring 
migration (Buchanan and Evenson 1997).  Large concentrations of roosting birds have been observed on fallow 
fields at Nisqually delta, Skagit Bay, Samish Bay, Lummi Bay, and adjacent to other large estuaries in northern 
Puget Sound and the Fraser River Valley (Brennan et al. 1985, Butler 1994, Wahl 1995, Evenson and Buchanan 
1997).  This type of habitat use has been documented in other areas (Townshend 1981; Colwell and Dodd 1995, 
1997; Rottenborn 1996).    
 
Use of artificial wetlands by shorebirds has not been documented in Washington.  However, many species of 
shorebirds, including at least 12 species that occur in western Washington, used managed coastal wetlands in South 
Carolina (Weber and Haig 1996) indicating that such habitats, if suitable, would likely be used in this state.  Salt 
marsh created at the Jay Dow Sr. wetlands in northeastern California provides important habitat for shorebirds 
migrating through and breeding in that region (Robinson and Warnock 1996).  Similarly, salt evaporation ponds are 
an important habitat used by over-wintering and spring migrant western sandpipers in San Francisco Bay (Warnock 
and Takekawa 1995) and by shorebirds in other parts of the world (Davidson and Evans 1986, Martin and Randall 
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1987, Sampath and Krishnamurthy 1988, Velasquez and Hockey 1992).  Shorebirds also forage, usually in 
comparatively small numbers, in sewage lagoons associated with waste treatment facilities. 
      
Shorebirds are generally site-faithful to specific wintering areas (Townshend 1985, Myers et al. 1986) although 
some individuals may move considerable distances among sites (Warnock et al. 1995, Warnock 1996).  This fidelity 
to particular sites has important ramifications for conservation management and mitigation.  For example, because 
shorebirds do not settle in their winter quarters in a random manner, but rather return to areas used in previous years, 
mitigation efforts must recognize that habitat loss will most likely result in density dependent competition (e.g., 
greater competition for the same level of resources due to a greater density of birds at a given site) at other sites in 
the region (see the “Habitat Loss” section below).  
 
Freshwater Environments 
 
Most shorebirds that forage in freshwater areas require ponds and pools that have exposed shorelines or that are 
shallow enough to allow foraging by wading birds.  As with estuarine sites, the availability of appropriate prey (e.g. 
various invertebrates) and roost sites are important habitat requirements. 
 
Locally nesting species have specific nest site requirements.  Killdeer and spotted sandpiper both nest on 
gravel/cobble substrates, however they often occupy vastly different environments (Paulson 1993).  Killdeers nest in 
habitats including dry lake beds, short-grass fields, and unpaved margins of roadways.  In contrast, spotted 
sandpipers typically nest where there is herbaceous cover in sandy or rocky substrates along creeks, rivers and lakes 
in both forested and arid environments (Oring et al. 1997).  American avocets, black-necked stilts, common snipes, 
and Wilson’s phalaropes also nest in Washington, primarily in the eastern part of the state.  Avocets and stilts nest in 
rather open areas in or near marshes or other bodies of water, while phalaropes and snipes nest in wet meadows and 
marshes (Paulson 1993).  Other habitats used by shorebirds include marshes, pastures, flooded fields, reservoirs, 
impoundment drawdowns, sewage treatment ponds, stormwater wetlands, and other artificial wetlands (Rundle and 
Fredrickson 1981, Perkins and Lawrence 1985, Duffield 1986, Paulson 1993).  Habitat associations of interior 
species are summarized in Table 1. 
 
 
LIMITING FACTORS 
 
Habitat Loss 
 
Effects of Habitat Loss or Degradation During the Nonbreeding Season - During the past century the amount of 
coastal estuarine wetlands in North America has been severely reduced (Dahl 1990).  In Washington, approximately 
66% of the coastal wetlands were destroyed over this period (Boule et al. 1983).  Most of Washington’s wintering 
and migrant shorebird species are dependent on these estuarine areas for essential foraging and roosting 
requirements.  The most typical form of habitat loss occurs when wetlands or intertidal areas, including roost sites 
(Burton et al. 1996), are filled for development purposes (Page and Gill 1994).   
 
Activities that degrade rather than destroy habitat also have the potential to impact shorebirds.  Temporary or 
permanent reductions of habitat quality may reduce foraging efficiency and increase shorebird energetic 
requirements and/or mortality rates.  Mineral extraction activities such as removal of sand from coastal beaches 
(Phipps 1990) or gravel from river beds, may degrade or destroy foraging, roosting and nesting habitat used by 
shorebirds.    
 
For some shorebird populations, the loss of nonbreeding habitats, including roosting sites (Burton et al. 1996), 
results in increased density-dependent mortality (Sutherland and Goss-Custard 1991).  This increased mortality 
occurs when shorebirds are forced to leave degraded or destroyed sites and settle elsewhere.  Such movement to 
other sites increases the density of birds at remaining sites and results in greater competition for limited resources 
(Goss-Custard 1977, Evans et al. 1979, Goss-Custard 1979, Schneider and Harrington 1981, Goss- Custard 1985, 
Moser 1988, Lambeck et al. 1989) because of higher rates of prey depletion and increased rates of competitive 
interference (Goss-Custard and Durell 1990, Sutherland and Goss-Custard 1991, Evans 1991).  It is likely that these 
movements force some birds to occupy lower-quality sites where competition for marginal resources is more intense 
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(Evans 1976, Sutherland and Goss-Custard 1991).  These movements may have a greater impact on juvenile 
shorebirds (Goss-Custard and Durell 1987) and may therefore considerably influence population structure; this may 
have occurred in a wintering population of dunlins in Europe (Sutherland and Goss-Custard 1991). 
 
For shorebird species that forage on invertebrates associated with kelp windthrow, the health of offshore kelp forests 
may be important for maintaining stable populations in this region.  In coastal California, linear densities of spotted 
sandpiper, wandering tattler, whimbrel, black turnstone, and ruddy turnstone were higher on the Palos Verdes 
Peninsula in 1985-86, after offshore kelp forests had been restored, than in 1969-73 when kelp was absent (Bradley 
and Bradley 1993).  Although these relationships were highly significant, the authors cautioned against generalizing 
their results to other regions because other factors may have partially contributed to the observed population 
changes. 
 
Effects of Habitat Loss or Degradation on Reproductive Capability - The loss or degradation of habitat at migratory 
stop-over sites may influence survival rates and annual productivity of shorebirds on their Subarctic/Arctic breeding 
grounds.  The timing of arrival at the breeding grounds sometimes occurs during periods of adverse weather or 
depleted prey availability.  Survival at this time is more likely if the birds have accumulated sufficient fat and 
protein reserves at temperate staging sites (Morrison and Davidson 1989).  Som e shorebirds carry more fat than is 
needed to make flights between staging areas and the breeding range (Davidson and Evans 1989, Evans and 
Davidson 1990) and it is thought that these reserves provide insurance in the event of adverse conditions during 
migration or upon arrival at the breeding grounds.  When shorebirds are delayed at staging areas or are otherwise 
unable to adequately accumulate these body reserves before or during migration, they are more likely to experience 
nest failure due to late arrival or poor physiological condition at the breeding grounds (Davidson and Evans 1989, 
Evans and Davidson 1990).  Consequently, marginal environmental conditions at wintering or migratory staging 
areas in Washington may influence shorebird productivity at breeding areas thousands of miles away. 
 
Bivalve Management - A number of economically important bivalve species are produced and harvested in 
Washington’s sheltered marine waters, but there have been no studies on the relationship between their presence or 
harvest and shorebird behavior or abundance.  The geoduck clam (Panopea abrupta) is generally harvested in 
waters ?   >6 m deep at mean low low-water or ?   >200 m from shore and its management therefore does not appear to have 
a direct bearing on shorebirds.  Other bivalve species, however, are managed in intertidal areas that are also used by 
shorebirds. These areas are either privately owned or leased from the Washington Department of Natural Resources.   
 
Bivalve management, when conducted on silt or silt-sand tide flats, clearly alters substrate conditions (Simenstad et 
al. 1991).  These substrate alterations influence the quality of sites and in some cases may render a site less suitable 
or unsuitable for shorebird species associated with fine-silt substrates.  The only study to address shorebird response 
to aquiculture activities, conducted in Tomales Bay, California, found far lower densities of dunlins and western 
sandpipers in aquiculture plots than in adjacent control plots (Kelly et al. 1996).  The significance of substrate 
alteration and the resulting changes in suitability of foraging habitat to local shorebird populations is unknown.  It 
should be noted that some shorebirds may benefit from bivalve management.  The density of willets, an uncommon 
species in Washington, was greater in aquiculture plots than in control plots at Tomales Bay, California (Kelly et al. 
1996).  Shorebirds in Washington, particularly greater yellowlegs, occasionally forage in tidal pools associated with 
aquiculture operations (J. Buchanan, unpublished data).  The significance of this potential association is also 
unknown.   
 
Water Diversion - Habitat loss in interior regions of Washington occurs primarily when wetland areas are drained 
and used for agricultural or development purposes.  It is possible that changes in the water table resulting from 
irrigation demands on local drainages has reduced or eliminated some areas of wetland or moist habitats (Hallock 
and Hallock 1993, Neel and Henry 1996).  Such habitat losses may increase density-dependent effects on shorebirds 
in the manner described above.   
 
Water Salinization - Changes in water chemistry, manifested through salinization, may adversely effect shorebirds 
or their habitats in the Columbia Basin.  Although a natural phenomenon in the intermountain west (defined as the 
portion of western North America that lies between the Cascade and Rocky Mountain ranges), water salinization 
increases as greater demands are placed on limited water resources (American Society of Civil Engineers 1990).  
Water salinization occurs when water is diverted for other uses.  Diversion of water typically results in less water 
delivered to wetlands and other water bodies.  As a result, wetlands and ponds become shallower and more saline 

WDFW 


WDFW 


WDFW 


WDFW 




  
 

Volume IV: Birds.                                                        20-12                                 Washington Department of Fish and Wildlife 

through evaporative concentration (Rubega and Robinson 1996).  The extent to which water salinization has 
occurred in interior Washington is unknown.  In addition, it is not clear how to best manage saline wetlands for 
shorebirds or other wildlife (Rubega and Robinson 1996). 
 
Salinization may directly effect shorebirds in a number of ways.  First, salinization interferes with their ability to 
regulate water balance through excretion of excess salt (Rubega and Robinson 1996).  Although some birds have 
well developed salt glands that enable them to excrete excess salt (Schmidt-Nielson 1960), it is not clear that all 
shorebirds have this capability (Rubega and Robinson 1996).  An inability to maintain water balance results in 
dehydration and death (Rubega and Robinson 1996). 
 
Second, water salinization may influence shorebird behavior.  Shorebirds in highly saline areas often concentrate 
near freshwater sources such as springs (Rubega and Robinson 1996; J. Buchanan, personal observation).  If these 
freshwater sources are scarce it is likely that energetic costs will be increased for birds that travel to these sites.  Like 
all birds, shorebirds bathe regularly.  It is thought that salinization may increase feather wetting, which in turn may 
increase thermoregulatory demands (Rubega and Robinson 1996).  Water balance and thermoregulatory 
considerations may be particularly significant to fledglings (Rubega and Robinson 1996). 
Water salinization may also result in changes in emergent vegetation as well as in the composition of the 
invertebrate community (Wolheim and Lovvorn 1995).  These changes may influence the composition of shorebirds 
using particular sites by reducing the species richness of potential prey species (Rubega and Robinson 1996).  
Research is clearly needed to investigate the relationship between increasing water salinization and the health and 
behavior of shorebirds that migrate through or nest in the Columbia Basin. 
 
Effects of Livestock Grazing - A number of research projects indicate that livestock grazing has a variety of positive 
and negative effects on shorebirds and their habitats in the interior portion of western North America (Powers and 
Glimp 1996).  The direct effects, including trampling and disturbance, are negative, whereas the indirect effects are 
either positive or negative and include habitat changes and factors related to foraging and predation (Powers and 
Glimp 1996).  The potential significance of these effects are thought to be related to the species of grazer and the 
timing and distribution of grazing (Powers and Glimp 1996). 
 
The effects of trampling by livestock include destruction of eggs or nests (Rohwer et al. 1979, Guldemond et al. 
1993), abandonment of disturbed nests (Delehanty and Oring 1993), and increased time adult birds spend away from 
their nests (Graul 1975), which likely results in increased exposure of eggs.  Although each of these effects has been 
noted in shorebirds (Powers and Glimp 1996), research on these topics is lacking from the intermountain west. 
 
Livestock may also impact shorebird habitats by altering attributes of the environment.  For example, livestock 
grazing can alter vegetation composition, compact soil, and increase erosion (Kadlec and Smith 1989, Powers and 
Glimp 1996).  These changes have been demonstrated to result in reduced populations of invertebrates (Mono Basin 
Ecosystem Study Committee 1987), reduced use of habitats by shorebirds (Bowen and Kruse 1993), and increased 
egg depredation and predation upon chicks and adults (Redmond and Jenni 1986, Bowen and Kruse 1993). 
 
Conversely, livestock grazing has certain demonstrated or potential benefits to shorebird habitats, depending on the 
timing and intensity of grazing.  Grazing was thought to control the growth of vegetation that would otherwise have 
been too tall or dense to allow use by shorebirds (Crouch 1982, Kohler and Rauer 1991, Nilsson 1997).  In addition, 
several studies in non-arid regions indicate that grazed lands supported greater populations of invertebrate prey 
species and that shorebird foraging and body condition was enhanced at those sites (Galbraith 1987, Granval et al. 
1993).  It is unknown whether these potential benefits of livestock grazing would occur in the intermountain west. 
 
Effects of Exotic Plants - Three exotic species of cordgrass (Spartina spp.) have invaded the intertidal areas of 
Washington (Frenkel and Kunze 1984).  Although Spartina alterniflora was introduced to Willapa Bay in 1894, and 
was recognized as a potential problem in 1942, its spread has increased dramatically in the past decade (Mumford et 
al. 1991).  Cord grass grows in dense stands that effectively trap sediments; this process leads to changes in substrate 
elevation that may substantially degrade the original salt marsh environment (Sayce 1988, Landin 1991).  Research 
in Europe indicates that tideflat areas with Spartina growth have lower densities of the invertebrate prey of 
shorebirds (Millard and Evans 1984, Atkinson 1992).  Moreover, an association between the spread of Spartina and 
a decline in shorebird abundance was reported in Great Britain (Goss-Custard and Moser 1988).  Observations near 
the mouth of the Willapa River in Willapa Bay in spring 1998 indicate that extensive areas used by red knots and 
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western sandpipers in the early 1980s are now covered by cord grass and no longer appear to be used by these shore-
birds (Chris Chappell, personal communication).  Consequently, although the information for North America is 
rather limited, it appears that the colonization and alteration of tideflats by cordgrass has the potential to influence 
the availability of shorebird foraging and roosting habitats in Washington.  
 
Another exotic species, purple loosestrife (Lythrum salicaria), has invaded the Columbia Basin (Engilis and Reid 
1996).  Loosestrife is a dense, woody plant that can grow to over two meters in height along the margins of ponds, 
lakes and wetlands.  This fast-growing plant can render invaded shoreline areas unsuitable for shorebirds.  
Additional exotic species that may cause habitat degradation, although likely at a lesser scale, include phragmites 
which grows along salt marsh margins, and reed canarygrass (Phalaris arundinacea), which grows along margins of 
freshwater wetlands and flooded fields that might be used by shorebirds.   
 
Effects of Exotic Vertebrates and Invertebrates - Numerous exotic vertebrate and invertebrate species have been 
introduced to coastal and interior wetlands (Carlton and Geller 1993).  The common carp (Cyprinus carpio) was 
introduced to many wetland areas in the intermountain west and appears to be degrading wetland habitats (Engilis 
and Reid 1996).  The foraging behavior of this exotic species disturbs aquatic plant beds which increases turbidity 
and reduces photosynthetic activity by submerged plants (Robel 1961).  The likely consequence is a change in 
wetland vegetation composition and a reduction in invertebrate populations. 
 
A number of exotic marine invertebrates, transported and introduced via ballast water introduction (Cordell 1998), 
have the potential to impact shorebird prey populations in Washington’s estuaries.  The Asian clam (Potamocorbula 
amurensis) has recently become established in San Francisco Bay, California (Carlton et al. 1990).  The invasion of 
this clam was very rapid and in some areas of San Francisco Bay it now dominates the macrobenthic fauna (Nichols 
et al. 1990).  We have no evidence to suggest that this species has colonized estuarine sites in Washington.  The 
European green crab (Carcinus maenas) was documented in coastal estuaries of Washington in 1998.  It too has the 
capability to dramatically alter the macrofaunal community of marine estuaries.  Such changes would be potentially 
deleterious to shorebird and other wildlife populations associated with marine estuaries.  
 
Similarly, various Asian copepods have recently been introduced via ballast waters to coastal estuaries in the Pacific 
Northwest (Cordell 1998, Cordell and Morrison 1996).  Although the outcome of these invasions is not clear, 
potentially significant deleterious effects similar to those associated with other invasions of this type are likely to 
occur (Carlton et al. 1990, Nichols et al. 1990, Cordell 1998).  
 
Utility Lines - Collisions with utility lines have been documented for a wide variety of bird species including 
shorebirds (Kitchin 1949, Bevanger 1994, Brown and Drewien 1995, Janss and Ferrer 1998).  Placement of utility 
lines adjacent to intertidal areas may degrade habitat quality by increasing the likelihood of in-flight collisions (Scott 
et al. 1972, Lee 1978).  Fatal injuries to shorebirds following collisions with utility lines have occurred where utility 
lines were situated adjacent to intertidal foraging areas in western Washington and at the Fraser River estuary in 
British Columbia (Kitchin 1949; J. Buchanan, unpublished data; R. Butler, personal communication; S. Richardson, 
personal communication).  
 
Wind Turbines - Mortality of shorebirds has been documented at wind turbine sites in the Netherlands (Musters et al. 
1995, 1996) and in the United States (Erickson et al. 2001), although the rate of documented mortality was generally 
low.  It is likely, however, that mortality would be greater at complexes of turbines situated along flight corridors 
used by large concentrations of shorebirds.  Wind turbine sites in southeastern Washington occur near areas used by 
a relatively small flyway of migrating shorebirds, but the potential impact of the turbines on those shorebirds is 
currently unknown.  There are relatively few wind turbine sites in Washington at present, but it is expected that 
many such sites will be established in the near future as the technology for managing this efficient source of energy 
is refined.  The significance of wind turbines as a source of mortality will likely depend on the number and location 
of these complexes built in the coming years. 
 
Other Potentially Hazardous Structures - One million or more birds are killed annually across North America in 
collisions with structures such as skyscrapers and communication towers (see www.towerkill.com [1998]). Because 
of their great height, these structures are a hazard to low-flying migrant birds.  Even the illumination from safety 
lights is thought to confuse birds, causing circling behavior around the structure that increases the likelihood of 
collisions with support cables or the structure itself (Avery et al. 1976).  As of November 1998, there were 241 
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towers exceeding 61 m (200 ft) in Washington, including 19 towers of at least 152 m (500 ft).  Many of these towers 
are located in the Puget Trough; the presence of these towers may be a mortality factor for shorebirds that 
overwinter and/or migrate through this region.  The potential magnitude of this factor has not been addressed (see 
www.towerkill.com [1998]).  Shorebirds have also been documented colliding with coastal lighthouses; multiple 
incidents involving red-necked phalaropes occurred at the Destruction Island lighthouse in 1916 (Bowles 1918).  
Such occurrences are poorly documented, but this is likely related to limited access and search efforts at such sites. 
 
Pollution 
 
Chemicals and Heavy Metals - Research from other temperate coastal regions indicates that rather high levels of 
organochlorine contaminants (White et al. 1980, White et al. 1983) and heavy metals (Goede 1985, Goede and de 
Voogt 1985, Blomqvist et al. 1987, Ferns and Anderson 1994) occur in shorebird tissues.  Although the effects of 
these contaminants on shorebirds are not known, physiological and behavioral abnormalities associated with high 
contaminant levels have been reported for other temperate marine bird species (Gilbertson et al. 1976, Gilbertson 
and Fox 1977, Sileo et al. 1977, Fox et al. 1978).  
 
Contaminant levels have been reported in black-bellied plovers, dunlins, and western sandpipers wintering in 
western Washington (Schick et al. 1987, Custer and Myers 1990).  Both studies found levels of organochlorine 
contaminants below those known to affect the survival or reproduction of shorebirds.  However, some spring 
migrants from Grays Harbor carried very high DDE residues (Schick et al. 1987).  Black-bellied plovers from two 
Puget Sound sites carried low levels of mercury and elevated levels of selenium (Custer and Myers 1990).  In 
addition, dunlins occasionally ingest lead shot (Kaiser et al. 1980, J. Buchanan, unpublished data), but residue levels 
of lead in shorebirds are unreported for this area.  Given the lack of current data on concentrations of organochlorine 
and heavy metal contaminants in shorebirds in this area (Schick et al. 1987, Custer and Myers 1990), it is difficult to 
assess the potential current effects related to these contaminants.  Other contaminants, such as organophosphorus 
insecticides, also occur in the environment; there is no information on the presence or effects of these contaminants 
on shorebirds in this region (Morrison 1991). 
 
Contaminants known or suspected to have originated from upland agricultural areas have been documented in 
shorebirds (White et al. 1980, Zinkl et al. 1981, DeWeese et al. 1983, White et al. 1983, Schick et al. 1987, Custer 
and Mitchell 1991).  The discovery of contaminants (i.e., selenium) in waterfowl and wading birds that use 
freshwater marshes (Ohlendorf et al. 1986, Saiki and Low e 1987, DuBowy 1989, Williams et al. 1989) suggests that 
common snipe, American avocet, black-necked stilt, and Wilson’s phalarope may be vulnerable to exposure to a 
similar variety of contaminants.  Two incidents of dunlins killed after exposure to agricultural chemicals have been 
reported from northern Puget Sound (Lora Leshner, personal communication).  In California, killdeers and dunlins 
died after ingesting grain poisoned by strychnine (Warnock and Schwarzbach 1995); the likelihood of such an event 
occurring in Washington is unknown. 
 
Heavy metals and other contaminants are present in naturally-occurring and dredged sediments in estuaries, and 
accumulate in fish, birds, mammals, and invertebrates (Goerke et al. 1979, Seelye et al. 1982, Duinker et al. 1984).  
Contaminants can also be released from sediments by bait digging in the intertidal zone (Howell 1985).  Intake of 
these contaminants occurs when shorebirds forage in intertidal areas.  Other sources of pollutants include waste 
discharge, which has been associated with the disappearance of invertebrate prey species of shorebirds in the 
Netherlands (Esselink et al. 1989, van Impe 1985).  The significance of waste discharge on shorebird abundance or 
physical condition in this region is unknown. 
 
Oil Pollution - In a summary report on the potential effects of oil spill contamination in northern Puget Sound and 
the Strait of Juan de Fuca, 10 shoreline habitat types were identified in the order of their sensitivity to oil 
contamination (Kopenski and Long 1981).  Three of the four most sensitive habitat types - sheltered marshes, 
sheltered tidal shores, and exposed tidal flats - are primary foraging and roosting habitats for numerous shorebird 
species.  The most abundant wintering shorebird species to use these habitats, the dunlin, is considered highly 
sensitive to oil spill pollution (Vermeer and Vermeer 1975).  Other species, such as the sanderling, are likely 
sensitive as well (Chapman 1984).  Certain species that use rocky shoreline habitats may be less vulnerable to some 
impacts from oil spills (Smith and Bleakney 1969), since oil would have a shorter “residence time” on rocky 
shorelines exposed to high wind and wave energy.  This reduces the time period during which birds would be 
exposed to oil, although short-term impacts to these species can still be substantial (Andres 1997). 
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Spill-related avian impacts can be manifested in at least 5 
ways.  First, direct mortality occurs due to a number of 
factors related to plumage fouling or toxicity (Leighton 
1990).  Second, reduced invertebrate food supplies caused 
by oil pollution (Bellamy et al. 1967, Grassle et al. 1980, 
Maccarone and Brzorad 1995) may result in reduced 
survival rates if birds are forced to relocate to densely-
occupied or less productive areas (Sutherland and Goss-
Custard 1991).  This is especially true during winter, 
when foraging efficiency may be constrained by adverse 
weather, particularly if body-fat reserves are too low to 
fuel significant emigrations.  Third, the activity associated 
with the actual cleanup of the spill may disturb shorebirds 
to such an extent that foraging and roosting patterns are 
disrupted (Burger 1997).  Fourth, research indicates that 
oiled shorebirds spend more time preening and less time 
foraging after a spill (Burger 1997).  Burger (1997) 
concluded that this was a potentially negative influence 
on the condition of the birds upon their departure for 
migration (and also on their arrival at the breeding 
grounds; see above), and added that the detrimental 
effects were magnified by the presence of people (see 
section on human disturbance).  Finally, oiled birds may 
be more vulnerable to predation, particularly if 1) 
plumage fouling or thermal stress make them less 
efficient at avoiding predators, or 2) their marked 
plumage or altered behavior make them more 
conspicuous to predators (Curio 1976). 
 
Recent experience indicates that oil pollution is a significant potential threat to shorebirds in this region.  Larsen and 
Richardson (1990) found that 3,574 of 11,708 shorebirds (mostly dunlins) were still oiled 5 days following the 
Nestucca oil spill off Grays Harbor in December, 1988.  This proportion of oiled birds declined over the next 3 
weeks, and it was unclear whether the decline was related to self-cleaning, emigration, or mortality.  The beaches 
fouled by this spill support very high overwintering concentrations of sanderlings and roosting dunlins (Buchanan 
1992).  It is noteworthy that the largest Puget Sound populations of shorebirds in winter, spring, and fall occur at 
estuaries in close proximity to major shipping lanes and/or oil refineries (Evenson and Buchanan 1995, 1997; Figure 
2). 
 
Other Sources of Pollution - Plastic-particle pollution has been documented in most marine waters (Coe and Rogers 
1997) and occurs when plastic debris (e.g., packaging material) enters the marine environment from land (Liffmann 
and Boogaerts 1997, Redford et al. 1997) or at-sea sources (Coe and Rogers 1997).  The variety of  
plastic waste present in the marine environment is quite high and differs from one site to the next (Ribic et al. 1997).  
Debris surveys conducted at the ports of Seattle and Tacoma and on the beach at Olympic National Park reported 
high amounts of plastic debris; the park survey in 1992 found an average quarterly accumulation of 1729 pieces of 
plastic debris/km (Ribic et al. 1997).  Plastics digestible by wildlife comprised between 44-74% of the debris found 
in surveys along the west coast of North America (Ribic et al. 1997).   
 
Plastic pollution in marine environments is potentially detrimental to shorebirds and other wildlife after it is 
intentionally or accidentally ingested.  Small particles are ingested by surface feeding marine birds (Baltz and 
Morejohn 1976, Day et al. 1985) and have been associated with reduced fat deposits (Connors and Smith 1982, 
Ryan 1988) and perhaps intestinal blockage and ulcerations in other species (Day et al. 1985).  Among shorebirds, 
the red phalarope appears most vulnerable to this type of contamination in Washington (Bond 1971, Connors and 
Smith 1982, Day et al. 1985), although other shorebird species have been known to ingest plastic particles (i.e., bar-
tailed godwit [Limosa lapponica] and red-necked phalarope; Robards et al. 1997). 
 

Figure 2: Major shipping lanes in the Puget Sound and 
the Strait of Juan De Fuca.  These lanes extend 
northwards through the Strait of Georgia, and along 
Washington’s outer coast into the Columbia River.   
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Human Disturbance 
 
Human disturbance has the potential to influence shorebirds in at least 3 ways (Fox and Madsen 1997).  First, 
substantial disturbances force birds to alter their normal activity patterns resulting in an increase in energetic costs.  
Second, shorebirds forced to leave an area due to human disturbance may settle in lower-quality alternate habitats.  
Third, increased energetic costs and use of lower-quality habitats may expose shorebirds to greater risks of 
predation.  The occurrence and potential significance of these patterns is only now beginning to be investigated and 
understood in North America. 
 
Many human disturbances are related to recreation.  Sources of disturbances include beachwalkers, wandering dogs, 
birdwatchers, hunters, windsurfers, horseback riders, cyclists, vehicles, boats, kayaks, personal water craft (e.g., jet 
skis), helicopters, and airplanes (Kirby et al. 1993, Goss-Custard and Verboven 1993, Koolhaas et al. 1993, Smit 
and Visser 1993).  In Washington, these types of activities are responsible for both inadvertent and intentional 
disruption of foraging and roosting behavior (J. Buchanan, unpublished data).  Most disturbances from recreational 
sources are temporary (e.g., birds relocate to a new site following a disturbance).  However, cumulative effects of 
repeated disturbances, particularly during periods of peak human activity (Kirby et al. 1993), or during periods of 
peak shorebird abundance (e.g., migration; Burger 1986) may be significant (Klein et al. 1995), although this has not 
been well assessed (Goss-Custard and Verboven 1993).  Human disturbance may be most significant in areas where 
roost sites are limited (Warnock et al. 1995) because the birds do not have alternate sites they can use when 
disturbed.  
 
Pedestrian and Vehicular Recreational Activities - Perhaps the most common type of human disturbance is 
recreational walking or other travel on beaches.  Pedestrian or vehicle traffic on beaches or other areas used by 
shorebirds negatively affects shorebird distribution, abundance, foraging efficiency, and behavior (Burger and 
Gochfeld 1991, Pfister et al. 1992, Goss-Custard and Verboven 1993, Kirby et al. 1993).  In fact, local population 
declines of sanderling, semipalmated sandpiper, short-billed dowitcher, and red knot along the Atlantic coast of 
North America may be related to site disturbance from moderate levels of vehicle traffic (Pfister et al. 1992).  Klein 
et al. (1995) found that several shorebird species were more common in areas further from roads and trails (or dikes) 
on a wildlife refuge than in similar habitats near roads and trails.  Some species (i.e., black-bellied plover, willet) 
were particularly sensitive to higher levels of vehicle traffic and responded by moving further from roads (Klein et 
al. 1995).  Limited information suggests that black oystercatchers will abandon areas with regular human activity 
(Ainley and Lewis 1974, Nysewander 1977, Andres 1998); this may be particularly critical in nesting areas.   
 
Human disturbance occasionally escalates to a point where shorebirds are killed.  At North Beach, Washington, a 
beach open to vehicle traffic, roosting flocks of western sandpipers, dunlins, sanderlings, and dowitchers have been 
intentionally targeted by speeding motorists; at least 480 birds were killed in 2 separate incidents on this beach (R. 
Schuver, personal communication; M. Cenci, personal communication).  Harassment by motorists of roosting 
shorebirds is not uncommon on Washington beaches (J. Buchanan, personal observation). 
   
Water-related Recreational Activities - Shorebirds are also disturbed by recreational activities on water (Weston 
1997).  Smit and Visser (1993) reported that kayakers represent a potentially important source of disturbance to 
roosting birds because the small daft of a kayak allows close approach to roost sites in intertidal areas.  Disturbance 
by personal motorized water craft (e.g., jet skis) has been documented at a large roost site in Grays Harbor (L. 
Vicencio, personal communication).  These types of disturbances may occur throughout marine areas of 
Washington.  
 
Waterfowl Hunting - A common human disturbance activity is waterfowl hunting.  The noise associated with 
shotgun blasts disturbs foraging and roosting black-bellied plovers, greater yellowlegs, dunlins, and western 
sandpipers in Washington and can cause birds to temporarily leave an area (J. Buchanan, unpublished data).  In a 
review of the effects of hunting disturbance on waterbirds (including shorebirds), Madsen and Fox (1995) reported 
that hunting disturbances can result in temporary disruption of daily activities (foraging, roosting, preening) and 
displace birds from preferred foraging areas.  These responses to hunting disturbance result in greater energetic costs 
due to under-exploitation of preferred foraging areas.  Given that populations of many species may be limited during 
the winter period the potential significance of the disturbance is clear, though it is unknown whether the level of 
disturbance from hunting reduces the physical condition or survival of shorebirds in Washington. 
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Although many shorebird species were hunted formerly (Bent 1927, Page and Gill 1994), the common snipe is the 
only shorebird game species in Washington.  Other species, including dunlin, long-billed dowitcher, and greater 
yellowlegs, are occasionally shot by hunters who mistake them for snipes (Hainline 1974, J. Buchanan, unpublished 
data; R. Butler, personal communication; J. Hidy, personal communication).  In a small sample of snipe wings 
submitted anonymously by hunters, 18% of the wings were actually from long-billed dowitchers (Buchanan and 
Kraege 1998).  It is currently unclear whether this source of mortality is as substantive as these preliminary data 
suggest.   
 
Intentional killing of non-game shorebirds by waterfowl hunters has also been documented at several sites in 
western Washington, including Samish Bay, Totten Inlet, and Willapa Bay (J. Hidy, personal communication; R. 
Woods, personal communication, J. Buchanan, unpublished data).  The Willapa National Wildlife Refuge is closed 
to snipe hunting to reduce the likelihood that nontarget species will be shot (J. Hidy, personal communication).   
 
Aircraft - Aircraft traffic and military activities can also disturb shorebirds (Smit et al. 1987, Koolhaas et al. 1993, 
Smit and Visser 1993).  In a review of shorebird disturbance factors in Europe, Smit and Visser (1993) found that 
the distance at which shorebirds flushed varied among sites, suggesting that shorebirds were less habituated to 
aircraft disturbances at certain sites.  Nonetheless, they reported that shorebirds were usually disturbed (e.g., they 
flushed from foraging or roosting sites) by aircraft flying at <300 m (990 ft).  Similarly, shorebirds were more 
restless on days with jet activity than on days without (Koolhaas et al. 1993).  Helicopters disturbed shorebirds at 
greater distances than other aircraft, although one study showed no disturbance from helicopters flying at 100-300 m 
(330-990 ft) 2-3 times per hour, suggesting, perhaps, that habituation had occurred to the regular flights (Smit and 
Visser 1993).  Small and slow flying aircraft were one of the most disturbing phenomena in the Wadden Sea area 
(Smit and Visser 1993).  Additionally, ultralight aircraft may cause impacts because of low flights and associated 
noise, although there are no data on shorebird responses to this potential source of disturbance (Smit and Visser 
1993). 
 
Environmental Conditions, Predation, and Disease 
 
The effects of adverse weather, predation, and disease on the physical condition of shorebirds is important from a 
management perspective.  Although these factors (i.e., general storm patterns, predation) typically operate at a level 
beyond human influence, their significance may be far greater if coupled with the effects of subsequent human 
activities (e.g. habitat loss, pollution, disturbance).  Consequently, a general understanding of these factors is 
necessary for effective management.  
 
Adverse Weather Conditions - Reduced body mass, emigration, depleted invertebrate food sources, reduced 
availability of adequate nesting and foraging areas, and outright mortality are known to occur during winter storms 
or prolonged periods of flooding or drought.  The impact of winter storms may be more severe in regions with 
normally mild weather conditions because shorebirds maintain fat levels and muscle mass (i.e., protein reserves) 
adequate for survival under the prevailing environmental regime (Davidson 1981, Davidson and Evans 1982, 
Davidson et al. 1986a, b; Dugan et al. 1981).  Unusual storm events therefore have the potential to catch the birds 
“off guard”. 
 
Flood and drought conditions are known to influence habitat use by shorebirds.  Drought in interior areas may result 
in reduced availability of foraging or nesting habitats, particularly for species that use wetlands (Alberico 1993).  
Significant flooding in estuarine or interior habitats may inundate foraging, roosting or nesting locations for 
extended periods, and in estuarine areas may deplete invertebrate populations through erosion or scouring of fine 
intertidal sediments (Ferns 1983).  These conditions are unsuitable for certain species and can result in reduced body 
condition or site abandonment (Strauch 1966, Rundle and Fredrickson 1981, Hands et al. 1991, Warnock et al. 
1995).  Extensive winter movements (up to 160 km [100 mi]) in response to adverse weather have been documented 
in California (Warnock et al. 1995) and appear to occur in Washington (Evenson and Buchanan 1995, 1997).  
 
On the other hand, changes in water levels, particularly at interior sites, may create more suitable conditions for 
certain shorebird species (Rundle and Fredrickson 1981, Hands et al. 1991, Smith et al. 1991, Taylor et al. 1993).  
Sites that generally lack adequate foraging areas due to extremely high or low water levels will be used by 
shorebirds when foraging opportunities are created by changing water levels. 
 



  
 

Volume IV: Birds.                                                        20-18                                Washington Department of Fish and Wildlife 

Global Warming - There is currently considerable debate regarding the ecological significance of global warming.  
A change in global temperature would likely have both predictable and unforeseen impacts on shorebirds.  Changes 
in sea level will likely alter the distribution and extent of estuarine areas, and may reduce the area of intertidal and 
saltmarsh habitats available to shorebirds (Lester and Myers 1989-90).  Other potential responses to global warming 
include changes in migration timing, migration routes, extent and quality of breeding habitats, and the availability of 
prey. 
 
Other changes related to climatic conditions are occurring along the Pacific coast of North America.  Recent 
research indicates that significant warming has occurred in waters of the California Current.  This warming has been 
linked to declines in zooplankton and seabird populations (Roemmich and McGowan 1995, Veit et al. 1996).  
Changing conditions in offshore waters may influence the distribution and abundance of phalaropes migrating 
through the region.  In addition, rock sandpiper numbers have declined substantially in the southern portion of their 
wintering range during this period of oceanic warming (Buchanan 1999). 
 
Predation - Predation is a potentially significant limiting factor because it is a substantial source of mortality among 
shorebirds.  The overall mortality rate of most shorebird species is very high (Martin-Löf 1961, Boyd 1962, Soikkeli 
1967, Gromadzka 1983; see Warnock et al. 1997).  The presence of predators in an area typically results in 
heightened levels of vigilance by shorebirds (Metcalfe 1984).  This enhanced vigilance, in combination with other 
sources of disturbance, can have a potentially significant effect on shorebird activity schedules and physical 
condition (Burger 1997).  Perhaps the most significant predators of shorebirds in Washington are the peregrine 
falcon (Falco peregrinus) and merlin (F. columbarius), both recognized as priority species in Washington.  An 
estimated 21% of a wintering population of dunlins in California were taken by falcons (Page and Whitacre 1975).  
In some situations predation by raptors may influence the latitudinal distribution of wintering shorebirds (Whitfield 
et al. 1988) as well as population structure (Townshend 1984).  Some studies show that juvenile shorebirds are 
preferentially selected by raptors, or that they are more vulnerable to predation because they roost in atypical 
habitats (Kus et al. 1984, Townshend 1984).  Shorebirds also respond to the presence of mammalian predators such 
as rats; this may be most significant at nocturnal roosts (Burton et al. 1996).   
 
Disease - The significance of disease for most shorebird species is unknown.  However, outbreaks of avian cholera 
and botulism Type C are capable of killing thousands of birds, including shorebirds (Kadlec and Smith 1989). 
 
Political and Management Constraints 
 
Shorebirds as a group are characterized by annual, round-trip flights of enormous distances between wintering and 
breeding areas.  This life history attribute alone makes it difficult for management agencies to identify species of 
concern and facilitate meaningful protection strategies.  Factors that influence the health of shorebird populations 
may operate on the breeding grounds, the wintering grounds and/or along flyways.  Consequently, managing 
shorebirds, particularly the highly migratory species, requires that these factors be addressed wherever they occur. 
 
Current methods of identifying and protecting species of concern across broad geographical areas are somewhat 
limited in their utility (unless the species is listed by federal governments).  For example, a species listed as 
threatened or endangered at the state or province level generally has no special standing elsewhere (except for basic 
protections under the Migratory Bird Treaty Act).  This creates potential difficulties for management of a state-listed 
species if a limiting factor exerts significant influence during migration through a state or province where the species 
(does not breed and) is not listed.  States tend to list only those species that have breeding populations within state 
boundaries and generally focus on determining a species’ status within the state.  In short, it is currently difficult, if 
not impossible, for states (and likely provinces) to effectively enact legal protection for species for which there is 
local or regional, but not federal, concern.   
  
 
MANAGEMENT RECOMMENDATIONS 
 
These management recommendations are based on a combination of locally and regionally important conservation 
issues. The following sections contain a spectrum of management recommendations that land owners, resource 
managers, and others can use to reduce impacts to shorebirds or to improve shorebird habitats.  These 
recommendations address regional or large scale conservation issues, as well as site-specific actions that may be 
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meaningful to local sub-populations.  Some of these recommendations can be implemented by landowners and local 
governments, while others are more policy oriented, and need to be addressed by state and federal agencies, and 
conservation organizations. Because of the broad range of shorebird distributions and their dynamic life history 
characteristics, it is important to understand these management issues at various spatial and temporal scales. 
 
Habitat Identification and Preservation 
 
Identify important local and regional sites - One of the first tasks required to protect shorebird habitat is to identify 
important local and regional sites.  British workers have developed a system to evaluate site populations by 
comparing them to national, international and flyway populations (Prater 1981).  Field work to identify locally and 
regionally important sites is ongoing in much of western North America (Page and Gill 1994; G. Page, personal 
communication), and many important sites in western Washington have been identified (Buchanan and Evenson 
1997, Evenson and Buchanan 1997).  Additional work is needed for the migration periods in eastern Washington, 
the fall migration period in western Washington, and for the group of rocky shoreline species along the Washington 
coast. 
 
Wetland habitats of all sizes support shorebird populations in Washington.  In North America, standards set forth by 
the Western Hemisphere Shorebird Reserve Network specify that sites which support at least 20,000 shorebirds or at 
least 5% of the flyway population are of regional importance (Myers et al. 1987a; Harrington and Perry 1995; I. 
Davidson, personal communication).  This strategy appears to effectively identify several of the major estuarine sites 
in Washington.  However, recent research in Puget Sound indicates that numerous sites support populations of 
<5,000 shorebirds, and that cumulatively these sites may account for as much as 20-50% of the Puget Sound 
shorebird population (Evenson and Buchanan 1995, 1997), indicating a need to recognize the importance of 
assemblages of smaller sites.  This may also be particularly important for some shorebirds that migrate through the 
Columbia Basin (Robinson and Warnock 1996, Skagen 1997). 
 
Preserve remaining wetland habitat - Preservation of remaining wetland habitat should be a priority for shorebird 
conservation programs.  Locally and regionally important sites should be purchased to reduce the loss or degradation 
of habitat important for shorebirds and other wildlife.  Following an assessment of water needs and a determination 
of salinization significance, efforts should be made to insure the availability of high-quality water for important 
wetlands and wetland complexes in the Columbia Basin.  In a review of coastal wetland conservation strategies, 
Bildstein et al. (1991) recommended the development of new protective and regulatory legislation, and more 
effective enforcement of existing laws concerning wetland use. 
 
Land Use Assessment 
 
Assess livestock grazing in habitats used by shorebirds for potential impacts - Research indicates a number of direct 
and indirect impacts on shorebirds or their habitats due to grazing livestock (Powers and Glimp 1996).  Negative 
impacts described elsewhere include the destruction of eggs or nests (Rohwer et al. 1979, Guldemond et al. 1993), 
abandonment of disturbed nests (Delehanty and Oring 1993), and adult birds spending an increased time away from 
their nests (Graul 1975), which likely results in increased exposure of eggs.   
 
Assess commercial sand and gravel extraction from beach and riverine areas for potential impacts to shorebirds - 
Certain beach and riverine areas are important foraging, roosting, or nesting areas for shorebirds (Buchanan 1992, 
Paulson 1993).  The development of a review process for these activities would help ensure that shorebirds are 
considered as part of the permitting process.   
 
Utility Lines and Wind Turbines 
 
Assess impacts associated with placement of new utility towers and lines - New towers and utility lines should not 
be placed in known or suspected flight corridors or near wetland areas used by shorebirds.  New lines should be 
placed below ground if possible.  In areas where placement of towers and lines have been proposed, an effort should 
be made to determine whether flight corridors or wetlands occur nearby so that more appropriate alternate strategies 
may be developed and implemented.   
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Mark existing utility lines to make them more visible - Where possible, existing utility lines should be marked or 
treated to make them more detectable by birds in areas where collisions involving shorebirds have occurred or are 
likely to occur.  Techniques include: coating or painting wires, marking wires with mobile (i.e., non-stationary) 
spirals or strips of fiberglass or plastic, warning lights, and placement of predator silhouettes or acoustical devices to 
scare birds (Bevanger 1994).  Recent research indicates that static wire-marking may effectively reduce the number 
of collisions birds have with power lines (Janss and Ferrer 1998); the wire markings used in that study included 
white spirals (30 cm diameter x 100 cm length) looped around the static wire and black crossed bands (two 35 cm 
bands attached side-by-side at their mid point) on conductors.  Similarly, collision mortality (of cranes and 
waterfowl) was reduced in sections of transmission and distribution lines marked with dampers (112-125 cm [1.27 
cm diameter] polyvinyl chloride plastic lengths twisted around the transmission lines and placed at 3.3 m intervals 
on the uppermost static wire) or plates (30.5 x 30.5 cm yellow fibreglass squares with a contrasting black diagonal 
stripe 5 cm in width and placed at 23-32 m intervals on static wires or center conductors) (Brown and Drewien 
1995).  Also, yellow marking devices may be more visible to birds and should be used in areas characterized by dark 
or c loudy conditions, whereas a combination of colors (red markers may be best in bright sunlight) would suffice for 
variable conditions (Raevel and Tombal 1991, Brown and Drewien 1995).  
 
Some strategies may be more effective for certain species groups than others due to species differences in sound or 
color perception.  Research should be conducted to evaluate the effectiveness of these and other techniques designed 
to reduce collisions (Bevanger 1994, English 1996).  Evaluations of potential techniques should consider the type of 
behavior that places birds at risk.  For example, the first 3 approaches listed above may be less effective in areas 
where shorebirds make significant nocturnal flights between foraging and roosting locations.  
 
Other strategies to reduce the incidence of bird collisions with utility lines involve line configuration.  Grouping 
multiple lines might make them more visible to birds, and the lines will occupy a smaller area of flight space, thus 
reducing the likelihood of collisions Bevanger (1994).  In addition, the lines should be arranged side by side rather 
than in a vertical stacked formation (Bevanger 1994).   
   
Assess impacts associated with placement of wind turbines - Wind turbines should not be placed in known or 
suspected flight corridors, near known concentrations of birds, or near wetland areas used by shorebirds.  In areas 
where wind turbine placement has been proposed, an effort should be made to determine whether flight corridors, 
important wetlands, or other habitats occur nearby so that alternate strategies may be used. 
 
Oil Spills 
 
In the event of an oil spill, limit public access to beach or estuarine spill sites - Oiled birds typically spend a 
considerable amount of time attempting to clean their plumage and spend less time foraging (Burger 1997).  This 
results in an increase in energetic costs.  Consequently, the impacts of an oil spill can be exacerbated by disturbances 
caused by human recreation (e.g., beach walking), except in some circumstances where intentional disturbance is 
used to exclude shorebirds and other wildlife from oiled beaches.  For this reason, public access to the vicinity of 
spill sites or areas where oiled birds occur should be limited as much as necessary or possible until shorebird 
roosting, foraging, and preening behavior returns to a baseline level. 
 
Assess and enhance navigational assistance procedures for commercial marine vessels - An assessment of the 
causes of oil spills should be conducted to determine how navigational aids might reduce the incidence of these 
events.  Although determining the specific enhancements is beyond the scope of this document, they might include 
better navigational charts or training, and increased tug boat availability to assist larger vessels that enter Strait of 
Juan de Fuca and Puget Sound waters.  
 
Continue the development and refinement of oil trajectory models - A number of oil trajectory models have been 
developed for spill response management.  These models typically incorporate factors such as characteristics of the 
oil; wave action and other physical processes; and oceanographic and meteorological factors such as tidal cycle, 
currents and weather (ASCE Task Committee 1996, Galt 1994, Galt et al. 1996).  These models are used to respond 
to actual spills and to identify high risk sites (Begg et al. 1997).  Because of the complex functioning of currents and 
tides within the Puget Sound region, however, researchers are attempting to develop new models to improve site 
protection and spill response.  These important efforts should be continued and supported (Begg et al. 1997). 
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Develop baseline information needed to assess impacts of oil spills - Baseline information on shorebird abundance 
and habitat use is lacking for a number of species and should be updated periodically for all potentially vulnerable 
species.  This information will be important for efforts to: 1) assess impacts of oil spills (Parsons 1996), 2) develop 
appropriate remediation for spill damages (Parsons 1996), and 3) improve protection and response strategies (Begg 
et al. 1997).  
 
Plastics in the Marine Environment 
 
Develop procedures for controlling spills of plastics into the marine environment - Small plastic particles injure 
surface feeding marine birds that intentionally or inadvertently ingest them.  A strategy to control the amount of 
plastic that enters the marine environment will be complex because plastic waste originates from land and at-sea 
sources, it is virtually impossible to identify the origin of most debris (Ribic et al. 1997), and compliance is difficult 
to enforce (offenders are rarely caught; Laska 1997, Sutinen 1997).  Local waste management programs are 
generally ineffective because the mobility of plastic makes this form of pollution a global management issue 
(Ninaber 1997).  
 
Much of the land-based plastic pollution appears to enter the marine environment from storm water runoff.  
Moreover, plastic pellets are transported to marine waters from locations at any sector of the plastics industry 
(Redford et al. 1997), indicating that better containment is needed in all phases of pellet manufacture, packaging, 
transport, and use.  Strategies to limit land-based sources of marine debris should involve development and 
implementation of regulatory and administrative measures, use of education to identify problems and solutions, 
creation of solid waste management infrastructure, use of new technologies, political commitment, and assessment 
and monitoring programs (Redford et al. 1997).     
 
Support changes to marine pollution regulations that result in global control of marine plastic pollution.  Annex V 
of the International Convention for the Protection of Pollution from Ships, known as MARPOL (73/78), was enacted 
in 1988 to reduce at-sea marine pollution.  MARPOL is a product of the International Maritime Organization.  Some 
authorities believe the provisions of MARPOL must be enhanced to be truly effective (Ninaber 1997).  
Improvements to MARPOL and other marine pollution regulations are needed and should consist of the following 
elements at the very least: 1) technological innovations that reduce the amount of plastic materials used on ships or 
that allow for at-sea processing, 2) organizational and operational changes within the shipping and marine recreation 
industries to facilitate policy development that addresses waste management, 3) educational communication that is 
designed to promote an environmental ethic and which targets specific marine ‘user’ groups, 4) government and 
private regulation and enforcement efforts that require development of waste management plans for ocean-going 
vessels and that extend authority to state or municipal authorities to levy fines for illegal dumping, and 5) creation of 
economic incentives by promoting development and use of recyclable products and development of on-board waste- 
processing equipment (Laska 1997).  Finally, because waste management in the marine environment is a global 
issue, a standardized approach that facilitates participation by vessels and ports world-wide is needed.  Incompatible 
vessel and port waste management programs (e.g. removal and handling of recyclable waste) will result in failure to 
control marine plastic pollution.  For additional recommendations regarding plastic particle pollution, see Koss 
(1997), Laska (1997), Liffmann et al. (1997), Ninaber (1997), Sutinen (1997), and Wallace (1997). 
 
Pesticides and Other Chemicals 
 
Use extreme caution when applying chemicals near habitats used by shorebirds - Some pesticides (including 
insecticides, fungicides, rodenticides, herbicides) and fertilizers (including animal waste) can directly kill fish and 
wildlife and indirectly affect habitat quality when used inappropriately.  Because information on the toxicity and 
effects of specific chemical treatments to fish and wildlife is scarce or lacking for many chemical com pounds, a 
conservative approach to chemical treatments is recommended and alternatives to chemical use are encouraged 
(Odum 1987).  Appendix A (of this volume) lists contacts useful in assessing pesticides, herbicides, and their 
alternatives. 
 
Use current information to establish buffer zones when applying chemicals - Buffer zones should be implemented 
around shorebird and waterfowl nesting habitat in agricultural landscapes to minimize the impacts of spray drift 
(e.g., Payne et al. 1988), particularly when the effects of drift are negative or unknown.  These buffer zones should 
be specific to the types of chemicals used and their methods of application.  Creation of adequate buffer zones 
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requires up-to-date information about the potentially adverse effects of various compounds on estuarine and wetland 
ecosystems and the wildlife that use these habitats.   
 
Promote public education about chemical use and wetland functions through natural-resource agencies, local 
governments, conservation groups, and others - There is a need for a general understanding by the public that 
actions near or within wetlands affect the proper functioning of the ecosystem (Grue et al. 1986).  Efforts to provide 
important information to the public will likely require elements of research, monitoring, and education.  
Implementation of an integrated training and certification program for landowners and commercial pesticide 
applicators has been recommended as a means to provide pesticide users with important biological information and 
training (Grue et al. 1989). 
 
Human Disturbance 
 
Control public access and human activities in areas important to shorebirds - This may consist of directing foot 
traffic away from roosting or foraging sites that should not be disturbed by human visitors.  Similar efforts to control 
areas open to the public at Grays Harbor during spring migration appear to have been successful although an 
ecological assessment of human disturbance on shorebirds there has not been done.  Similarly, Pfister et al. (1992) 
recommended identifying important beach areas and establishing vehicle restriction zones during critical roosting 
periods to reduce disturbance to shorebirds. 
 
Develop site-specific strategies to manage human disturbance - Important wintering and migratory staging sites 
should be identified so that site-specific strategies can be developed, as necessary, to manage human disturbance.  
Potential strategies include developing informational signs that identify or describe important foraging or roosting 
areas.  Groups of volunteers (“beach patrols”) at the Dee estuary in Europe have successfully educated the public 
about shorebird ecology by distributing leaflets and leading organized birdwatching trips to roost sites (Kirby et al. 
1993).  It may be possible to coordinate similar groups of volunteers in Washington if future site disturbance 
warrants such action. 
 
Post informational signs to reduce human disturbance - Informing the public about the sensitivity of large 
concentrations of roosting or foraging birds may reduce disturbance at such sites.  One means to accomplish this 
would be to post informational signs at beach access points, public boat launches, or other marine access points.  
 
Address the effects of disturbance in refuge management plans - Management plans for existing or proposed refuge 
or wildlife management areas should address the potential impacts of hunting and other human disturbances.  Fox 
and Madsen (1997) assert that many refuge/wildlife management areas are linear in shape and as a consequence 
have few disturbance-free areas.  They propose that refuges should be designed to provide disturbance-free areas 
and adequate buffer zones, and that refuge design must take into account the ecology of the species expected to use 
the area.  For shorebirds, this means identifying important foraging and roosting areas and accounting for typical 
spatial and temporal patterns of use.  For example, it would be important to determine whether shorebirds exhibited 
differential use of diurnal and nocturnal roost sites, and whether there was age-, sex-  or species-related segregation 
in habitat use (Meltofte et al. 1994).  In addition, it has been recommended that complexes of disturbance-free 
roosting sites should be situated such that the distance among roosts is equal to normal intra-roost flight distances of 
the species that typically move the shortest distances within a single estuary (Rehfisch et al. 1996).  Obviously, a 
substantial amount of information is need to examine the issue of disturbance and to develop scientifically-based 
management guidelines as needed (Hill et al. 1997). 
 
Assess the level of unintentional shorebird mortality due to hunting - The level of unintentional mortality of 
shorebirds due to hunting is likely very low.  An evaluation of this source of mortality would provide an indication 
as to whether a new identification/information guide for shorebirds should be developed for inclusion in a waterfowl 
hunting pamphlet.  Such an assessment may allow for more effective refuge design or area access considerations. 
 
Implement educational programs that inform the public about the ecology and behavior of shorebirds through 
natural-resource agencies, local governments, conservation groups, and others - This may reduce harassment of 
shorebirds in areas of high use by humans (Kirby et al. 1993).  In addition, public education programs should 
emphasize the international scope of shorebird conservation (Bucher 1995, Finney 1995); such an effort should 
greatly improve conservation efforts throughout the western hemisphere (Castro 1993).  Finally, resource 



  
 

Volume IV: Birds.                                                         20-23                                Washington Department of Fish and Wildlife 

management agencies and wildlife interest groups must work together to improve regional involvement in 
international conservation efforts.  Such efforts require improved information on the basic ecology of flyway 
species, identification of significant threats or potential impacts, and development of real conservation measures 
(Davidson et al. 1995). 
 
Control of Exotic Species 
 
Continue efforts to control the establishment and growth of cordgrass, purple loosestrife, and other noxious weeds- 
A substantial effort is underway to implement an integrated weed management program in Puget Sound and Willapa 
Bay following guidelines set forth in an environmental impact statement on noxious emergent plant control 
(Washington Department of Agriculture et al. 1993).  Potential methods to eradicate noxious weeds include 
biological control, repeated mowing, hand pulling of seedlings, and chemical treatment (Washington Department of 
Agriculture et al. 1993).  Some of these methods are currently being used (Kilbride et al. 1995, Washington 
Department of Fish and Wildlife 1995c).  A monitoring and assessment strategy is essential to determine the 
efficacy of the methods and to safeguard against unanticipated impacts (e.g., those resulting from chemical 
application).  Appendix A lists useful contacts for assessing pesticides, herbicides, and their alternatives. 
 
Develop guidelines or regulations to control the transport of exotic invertebrates in marine waters - A large number 
of exotic invertebrate species are transported in ship ballast and discharged in estuarine or portside waters around the 
world (Carlton 1985).  Ballast occasionally is discharged in ‘technically restricted places” if it is felt that petroleum 
products are not contained in the ballast (Carlton 1985), making current controls on ballast uptake and discharge 
limited or ineffective.  Due to the potentially deleterious effects of exotic marine invertebrates on native marine 
assemblages and the apparent lack of meaningful controls on ballast management, policy makers and resource 
management agencies should work with marine transport organizations to develop meaningful procedures for uptake 
and discharge of ballast. 
 
Restoration/Creation of Habitat 
 
The restoration or creation of tidal and nontidal areas for overwintering shorebirds is a possible means to mitigate 
environmental impacts.  There is potential risk associated with this approach, however, because shorebirds do not 
settle in their winter quarters in a random manner, but rather return to areas used in previous years.  Little 
information is available to assess the potential effectiveness of such restoration efforts (Wilcox 1986, Rehfisch 
1994), and it is stressed that restoration is not an adequate substitute for safeguarding existing wetlands.  Mitigation 
efforts at wintering grounds must recognize that habitat loss will most likely result in density-dependent competition 
at other sites in the region (see below).   
 
Restoration of habitats used during breeding and migration seasons is also an important consideration.  Substantial 
efforts are currently underway in the intermountain west to manage and restore wetland habitats (Inter-mountain 
West Joint Venture; Ratti and Kadlec 1992).  These efforts should be supported. 
 
There are many risks, often unforeseen, associated with restoration/creation projects.  For example, restoration 
projects that reduce shore width typically result in the covering of adjacent high-level sandy tide flats with fine silt 
(Hill and Randerson 1986); the resulting change in substrate may not support species that formerly used the site 
(Burton et al. 1996).  
 
Develop site-specific strategies for restoration projects - Information on local water, soil, and vegetation conditions 
and requirements (freshwater environments; Hammer 1997) or tidal, wind pattern, sea swell, and substrate 
conditions (marine environments; see below) needs to be incorporated. 
 
Create new sites at least five years prior to modification of natural habitat - Artificially created sites should provide 
for all displaced birds and should address this need at least 5 years prior to the modification of natural habitat to 
allow an assessment of its success (Davidson and Evans 1987).  Specifically, this 5-year period is needed to: 1) 
identify suitable sites; 2) acquire, design, and construct the mitigation features at sites; 3) allow settlement and 
stabilization of suitable sediments; and 4) allow colonization of sufficient densities of invertebrate prey species 
(Davidson and Evans 1987).   
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Address population dynamics at long-term and regional scales through mitigation  - Mitigation studies should 
model population dynamics in a variety of local habitats over wide spatial (e.g. coastal, Puget Sound, and interior) 
and temporal (e.g., at least 5 years) scales.  This is important because 1) shorebirds may use a variety of habitats 
(e.g., intertidal mudflats, beach, salt marsh) in an area (Burger et al. 1997); 2) changes in shorebird populations at a 
site during the nonbreeding season may also reflect responses to factors at other sites within the estuary, at other 
estuaries, or even at breeding areas (Goss-Custard and Durell 1990, Goss-Custard and Yates 1992); and 3) impacts 
to a site may influence shorebird populations at other sites.   
 
Evaluate shorebird use of artificial impoundments - Artificially created sites may be very important to shorebirds, 
particularly in the Columbia Basin.  Artificial drawdown sites may provide more nesting opportunities for certain 
species depending on the type of shoreline or the availability of nesting substrate (Paton and Bachman 1996).  Care 
must be taken, however, to determine whether the spatial extent of the shoreline area created by the drawdown 
concentrates predator search effort and leads to high predation rates (Rönkä and Koivula 1997).  In addition, efforts 
to modify such sites should be evaluated in the same manner as undisturbed sites (Warnock and Takekawa 1995). 
 
Create adequate roost sites - Roost sites are an important habitat resource used by shorebirds during the 
nonbreeding season.  Although most shorebirds appear to prefer salt marshes and beaches as roost sites, they also 
use dredge-spoil islands and other human-created areas.  Shorebirds will likely use artificial sites if they are properly 
designed.  A primary consideration in creating a roost site is that it must be designed to address the needs of the 
species that will use the site.  Island roosts should provide shelter from strong winds or sea swell if these are 
significant environmental conditions in the particular area (Burton et al. 1996).  In addition, Burton et al. (1996) 
recommended that island roosts should be open, with flat tops and gently sloping sides so that the birds can 
effectively scan for predators (Metcalfe 1984). 
 
Manage artificial (freshwater) sites for breeding season use - Shorebirds will nest in artificial wetlands and 
impoundment drawdowns when certain conditions are met (Green 1988, Paton and Bachman 1996).  The first 
consideration required when managing habitats for breeding birds is to determine the focal species that will use the 
site.  Nesting requirements are quite different for species like the killdeer and American avocet.  Other 
considerations include the depth of water in impoundments and the availability of invertebrate prey (see sections 
below). 
 
Manage artificial (freshwater) sites during fall migration - During fall migration, shorebirds are attracted to 
drawdowns in reservoirs and other artificial impoundments, flooded agricultural lands, and artificial fish ponds 
(Rundle and Fredrickson 1981, Hands et al. 1991, Smith et al. 1991).  Gradual draw-downs in impoundments are 
recommended because this more effectively facilitates the extended-use period of shorebirds during fall migration 
and assures availability of resource alternatives as local conditions change (Rundle and Fredrickson 1981, Skagen 
and Knopf 1994).  Rundle and Fredrickson (1981) further recommended that shallow [0-5 cm (0-2 in) deep] flood 
pools be interspersed with exposed saturated soils to enhance shorebird use; shorebirds also used areas disked prior 
to flooding.  It is important to maintain drawdown and flooded lands habitat for the duration of fall migration to 
provide habitat conditions favorable for late-season movements of juveniles (Morrison 1984, Hands et al. 1991).  
Shorebirds are attracted to these artificially created areas during spring migration, but seem to use them less than 
during fall (Rundle and Fredrickson 1981, Hands et al. 1991), although data from sites in the Pacific Northwest are 
lacking.  
 
Maximize invertebrate production at artificial (freshwater) sites - Artificial impoundments will be most effective if 
the site contains features that maximize invertebrate production and foraging efficiency by shorebirds (Rehfisch 
1994).  The enhancement or creation of artificial sites will require local knowledge of the potential for a specific site 
to support desired populations of invertebrates.  Some recommendations for the management of artificial 
impoundments are provided in Table 2.    
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Table 2.  Features of pastures, fields, and artificial impoundments that maximize benefits for nesting or migrating 
shorebirds. 

Site feature Recommended condition or action References 

Water depth • Less than 5 cm (2 in) for sandpipers. 
• Less than 10-15 cm (4-6 in) for larger species (e.g., yellowlegs, avocets).  

Areas of slightly deeper water may be suitable for phalaropes. 
• Particularly at sites with a permanent or long-term management emphasis, 

areas of deeper water [>30 cm (12 in)] should be maintained in the center of 
impoundments to minimize winter mortality of invertebrates.  Also, the deeper 
area(s) should not be allowed to dry out and would thus act as a source from 
which invertebrates might colonize areas flooded during migration periods. 

Hands et al. (1991), 
and Rundle and 
Fredrickson (1981) 
 
Rehfisch (1994) 

Seasonal 
availability 

• Impoundments and managed drawdowns may be most important during 
autumn migration.  Where possible, maintain a number of units (e.g., 6) during 
peak periods of anticipated use to ensure the availability of suitable conditions; 
the most important period in eastern Washington is probably August-
September. 

• Gradual drawdowns create suitable conditions over a longer time period. 

Hands et al. (1991), 
Rundle and 
Fredrickson (1981) 

Vegetation • In impoundments generated by spring precipitation or runoff, greater water 
depths may be needed to inhibit growth of undesirable aquatic vegetation.  
Short drying periods may also be required to control invasive plant species. 

• Dense shoreline vegetation may impede use by shorebirds. 
• Use of pastures by small and medium-sized shorebirds increases when 

vegetation is <20 cm (8 in) tall; shorebirds appear to prefer sites with 
vegetation <10 cm (4 in) tall. 

Rundle and 
Fredrickson (1981) 
and Rehfisch (1994) 
Rundle and 
Fredrickson (1981) 
Colwell and Dodd 
(1997) 

Special 
methods of 
site prep-
aration 

• Disking prior to flooding may improve site conditions. Rundle and 
Fredrickson (1981) 

Arrangement 
of units 

• Where possible, maintain a number of sites (e.g., 6) during peak periods of 
anticipated use to ensure the availability of suitable conditions. 

• Create mosaic of shallow water areas interspersed with areas of exposed, 
saturated soil. 

Hands et al. (1991) 
and Reid et al. (1983) 
Rundle and 
Fredrickson (1981) 

 
Maintain agricultural areas and pasturelands near sites used by shorebirds - Colwell and Dodd (1995, 1997) 
recommended that a mosaic of pasture lands with various vegetation heights and flooding conditions be maintained 
in coastal areas near estuaries.  They felt that it might be possible to manage for appropriate vegetation height 
through cattle grazing.  They added, however, that the information needed to make specific recommendations about 
grazing intensity and timing was not currently available.  Similarly, Rottenborn (1996) stated that the greatest use by 
shorebirds of agricultural lands in Virginia was in areas of flooded, bare (plowed) earth.  He believed that the 
potential value of staging areas might be enhanced by managing adjacent pasture and agricultural lands for the open 
conditions most often used by shorebirds.  Prescribed fire may be a potential method to create or enhance shorebird 
habitat in certain upland areas (Stone 1994). 
 
Effectively manage artificial sites - There are several additional practical issues that should be addressed by those 
interested in creating or maintaining artificial habitats (Engilis and Reid 1996).  First, in areas where flooding or 
erosion are important issues, it will be necessary to design and use spillways properly to prevent damage.  Second, 
exotic species such as carp and purple loosestrife must be controlled and their potential reinvasion routes managed 
to prevent the reestablishment of these species.  Third, in areas with a controlled water source it is important to 
maintain water flow, provide adequate draining, and use adequate spacing between inflow and outflow points to 
minimize stagnant water and reduce the likelihood of outbreaks of avian cholera and botulism Type C (Kadlec and 
Smith 1989).  Fourth, an assessment of soil conditions is necessary to determine whether the site will effectively 
hold water (e.g., prevention of drainage to the water table, or seepage through dikes).  The capacity of a site to 
contain water may be accomplished with as little as 10% clay content although 30% clay content is more desirable 
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(Engilis and Reid 1996).  Finally, artificially constructed islands designed as shorebird nest sites must have a gently 
sloping shoreline (a minimum 5:1 ratio to a height 30-60 cm above water level is recommended; Engilis and Reid 
1996) and be large enough to enable shorebirds to effectively use predator avoidance behavior to protect eggs or 
fledglings.  Resource managers should consult Engilis and Reid (1996) and Hammer (1997) for more details about 
wetland habitats and restoration. 
 
Consider other recommendations - Evans (1991) made a number of additional recommendations that should be 
considered in any restoration or mitigation project.  These recommendations are based on shorebird ecological 
studies and do not reflect results of actual mitigation assessments, which are largely lacking.  First, many wintering 
shorebirds forage in protected areas during periods of strong winds.  In areas where strong winds are known to 
occur, it may be important to provide sheltered, yet open feeding areas.  This might be accomplished by excavating 
channels through mitigation tideflats.  Second, it may be possible to increase the availability of invertebrate prey at 
wintering sites by discharging clean cooling water from industrial processes.  Evans (1991) suggests that increases 
in prey availability may occur if such discharges increase water and mud temperatures.  However, it is 
recommended that such action be done experimentally and evaluated for its potential impacts to plankton and 
invertebrate communities prior to more widespread use.  Finally, creation of adjacent wetlands may be beneficial in 
some situations where reclamation eliminates habitat and effectively reduces the amount of time that shorebirds can 
spend foraging at a site.  This may be particularly important for smaller shorebirds that face a competitive 
disadvantage to larger species for spatially or temporally limited resources (Davidson and Evans 1986).  [Shorbird 
conservation planning documents were prepared after this PHS document was completed; see Brown et al. (2000) 
and Drut and Buchanan (2000)]. 
 
Conservation Planning 
 
Develop a comprehensive planning process within state and federal natural resource agencies - Managing for 
shorebird populations in Washington requires development of comprehensive conservation objectives for the 
various shorebird species and the habitats they use.  This must be done in the context of a landscape scale that 
incorporates the full range of species occurrences and community interactions in the habitats involved (Skagen 
1997).  Accomplishing this will likely facilitate more effective implementation of the recommendations described 
above and will likely provide greater opportunities to address the conservation needs of other species associated 
with the habitats used by shorebirds (Dickson and McKeating 1993, Laubhan and Fredrickson 1993, Streeter et al. 
1993, Fredrickson and Laubhan 1994) [Shorbird conservation planning documents were prepared after this PHS 
document was completed; see Brown et al. (2000) and Drut and Buchanan (2000)]. 
 
Broaden the geopolitical scale of conservation planning - Due to the migratory status of most shorebirds and the 
potential difficulties associated with their management as described above, there is a need for comprehensive 
conservation planning at the flyway level.  Strong partnerships and governmental commitments developed at this 
geopolitical scale may result in:  
 
1) better understanding of limiting factors and population health of various species, 2) more effective management of 
refuges and other important areas used by shorebirds, and  3) opportunities to efficiently protect shorebirds and a 
large number of other species through the development of regional or flyway-level plans that emphasize specific 
needs and solutions.  The current effort to develop a National Shorebird Conservation Plan may address these issues 
and should be supported.  In addition, as part of a comprehensive planning and coordination process, cooperative 
agreements should be established whereby listing a species as threatened or endangered in a flyway state or province 
would prompt other flyway states or provinces to evaluate that species’ status.  The evaluation would determine 1) 
whether factors in the other states or provinces may have influenced the initial listing or are significant for recovery 
planning, and 2) whether the species should be listed in other states or on a flyway basis.  This second concept 
requires that regional or flyway standards for listing be developed.          
 
RESEARCH NEEDS 
 
Many authors have commented on the importance of research for conserving wildlife resources (Bildstein et al. 
1991, Morrison 1991).  Essential research should investigate shorebird distribution, population trends, and annual 
survival or mortality estimates, as well as energetic and eco-physiological relationships.  In addition, shorebird 
ecology and habitat relationships in Washington need to be studied, including threats to shorebird habitats and their 
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Table 3. Summary of research and information gaps relating to shorebird species in Washington that are addressed 
in this document. An asterisks (*) represents areas of information developed from Washington, pound sign (#) 
represents areas of information from elsewhere within the species range that is pertinent to Washington. 
 
Species Important 

sites 
identifieda 

Popula-
tion 
trends 
monitord 

Food 
habitsb 

Physiolog/ 
mortality 
factors 

Recent 
contami-
nant 
studiesc 

Effects 
of 
disturb-
anced 

Effects of 
habitat 
degradation 

Refer-
ences e 

Black-bellied 
plover *    * # # 7,8,9, 

15,16 
American 
golden-plover *       14 

Pacific 
golden-plover *       14 

Semipalmated 
plover *     #  14 

Killdeer *     #  9,14 
Black oyster-
catcher *  *   #  11,13, 

17 
Black-necked 
stilt *     #  14 

American 
avocet *       14 

Greater 
yellowlegs *     #  3,7,9 

Lesser 
yellowlegs      #   

Solitary 
sandpiper         

Wandering 
tattler       # 1 

Spotted 
sandpiper       # 1 

Whimbrel       # 1 
Marbled 
godwit *       14 

Ruddy 
turnstone       # 1 

Black 
turnstone       # 1 

Surfbird         
Red knot *     #  14 
Sanderling *    * #  4,15 
Western 
sandpiper *    * #  7,9, 

15 
Least 
sandpiper      #   

Baird’s 
sandpiper         

Pectoral 
sandpiper *       5 

Rock 
sandpiper  *      6,14 

Dunlin *  *  * #  2,4, 
9,15 

Short-billed 
dowitcher *     #  7,10, 

14 
Long-billed 
dowitcher *       7,10,14 
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Species Important 
sites 
identifieda 

Popula-
tion 
trends 
monitord 

Food 
habitsb 

Physiolog/ 
mortality 
factors 

Recent 
contami-
nant 
studiesc 

Effects 
of 
disturb-
anced 

Effects of 
habitat 
degradation 

Refer-
ences e 

Common 
snipe 

* 14 

Wilson’s 
phalarope *       14 

Red-necked 
phalarope *  *     12,14 

Red phalarope *       14 

aVarious species that migrate through eastern Washington use habitats whose availability is seasonally or annually unpredictable due to changes 
in water levels; important habitats for many species (for example, lesser yellowlegs, solitary sandpiper, spotted sandpiper, and least sandpiper) 
can likely be predicted seasonally or annually based on availability of suitable conditions;   bOnly the food habits studies conducted in 
Washington, Oregon, or southern British Columbia are included because of substantial regional differences in energetic demands, prey 
availability, and prey use;   cIncludes chemical, industrial, heavy metal, plastic, and oil pollution;   dSee table 4 for details and references;   
eReferences are as follows: 1 = Bradley and Bradley 1993, 2 = Brennan et al. 1990, 3 = Buchanan 1988, 4 = Buchanan 1992, 5 = Buchanan (in 
prep - a), 6 = Buchanan (in prep - b), 7 = Buchanan and Evenson 1997, 8 = Custer and Myers 1990, 9 = Evenson and Buchanan 1995, 10 = 
Evenson and Buchanan 1997, 11 = Frank 1982, 12 = Jehl 1986, 13 = Nysewander 1977, 14 = Paulson 1993, 15 = Schick et al. 1987, 16 = 
Sutherland and Goss-Custard 1991, 17 = Vermeer et al. 1989. 
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use of artificial wetlands.  Research on environmental contaminants and shorebird toxicology is needed in 
Washington (Morrison 1991).  Additional research needs are presented below.  Many of these and other research 
topics have not been addressed for shorebird species in Washington (Table 3). 
 
Evaluate the potential impacts of commercial shellfish management may have on shorebird populations - There is 
currently a dearth of information on the response of shorebirds to management of bivalves in intertidal areas in the 
Pacific Northwest.  Due to this lack of information, research should be conducted to evaluate whether various 
aspects of commercial bivalve production influence site quality for shorebirds. 
 
Determine the relationship between livestock grazing and shorebird habitat quality - Information on the effects 
livestock trampling may have on shorebirds is needed for the intermountain west.  Negative effects noted elsewhere 
include eggs or nest destruction (Rohwer et al. 1979, Guldemond et al. 1993), nest abandonment (Delehanty and 
Oring 1993), and adult birds spending an increased time away from their nests (Graul 1975), which likely results in 
increased exposure of eggs.  Vegetation control is one potential positive effect.  An effort is needed to identify these 
relationships, particularly in the Columbia Basin, and determine the conditions under which grazing activities and 
shorebird habitat management might be compatible.   
 
Develop a better understanding of the ecology and population status of the common snipe - The common snipe is a 
state game species.  The effects of hunting mortality on common snipe populations need to be investigated to ensure 
appropriate management. 
       
Evaluate the effects of various types of human disturbance on shorebirds - Studies have shown that many types of 
human activities disturb shorebirds.  Research on disturbance effects should focus on 1) vehicle and pedestrian 
traffic on beaches, 2) watercraft disturbance on lakes and bays, and 3) tourist/birdwatcher disturbance at migratory 
stopover sites.  
 
Determine the effects of water salinization on shorebirds and other wildlife - The relationship between increasing 
water salinization within the Columbia Basin and the shorebirds that migrate through or nest in that region needs to 
be investigated. Understanding this relationship will be required to better control the potentially harmful effects of 
increasing salinization on shorebirds and other wildlife, and for effective management of vegetation. 
 
Use new technology to improve our understanding of shorebird ecology - Satellite imagery has been used to assess 
habitat suitability and availability (Yates et al. 1993a,b), as well as to predict presence or abundance of birds (Lavers 
and Haines-Young 1997).  Development of this and other tools, including Geographic Information Systems, should 
greatly increase our ability to address management issues of concern. 
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Table 4.  Summary of responses by shorebirds to human disturbances. 
 

Species Response behavior and type of disturbance Reference 
 

Killdeer • Moved to areas beyond 60 m (197 ft) from trail1 when visitation level 
exceeded 301-450 visitors/4 hr time period.  Did not appear to be as 
sensitive to vehicle traffic. 

Klein et  
al. (1995) 

Black-bellied  
plover 

• Generally found far [81-100 m (266-328 ft)] from roads, and moved to 
areas beyond 100 m (328 ft) when traffic level exceeded 601-750 
vehicles/4 hr time period. 

• In northern Europe, mean flush distance in response to people walking 
on tidal flats was 124 m (407 ft). 

Klein et  
al. (1995), 
 
Smit and  
Visser  
(1993) 

Semipalmated  
plover 

• Generally found far [61-80 m (200-262 ft)] from roads, and moved to 
areas beyond 80 m (262 ft) when traffic level exceeded 451-600 
vehicles/4 hr time period. 

• In northern Europe, the mean flush distance in response to people 
walking on tide flats by the closely related ringed plover (Charadrius 
semipalmatus) was 121 m (397 ft). 

Klein et  
al. (1995), 
 
Smit and  
Visser  
(1993) 

Willet • Generally found far [61-80 m (200-262 ft)] from roads, and moved to 
areas beyond 80 m (262 ft) when traffic level exceeded 451-600 
vehicles/4 hr time period.  Moved to areas beyond 40 m (131 ft) from 
trail when visitation level exceeded 151-300 visitors/4 hr time period. 

Klein et  
al. (1995) 

Sanderling • Generally found far [61-80 m (200-262 ft)] from roads, and moved to 
areas beyond 80 m (262 ft) when traffic level exceeded 451-600 
vehicles/4 hr time period.  Moved to areas beyond 60 m (197 ft) from 
trail when visitation level exceeded 301-451 visitors/4 hr time period. 

• Median flush response distance on a New England beach was 12 m (39 
ft). 

• More sensitive to disturbance (humans, dogs, etc.) on beaches at dusk 
[flush response distance = 8.3 m (27.2 ft)] than during day [flush 
response  

     distance = 5.0 m (16.4)]. 
• Concentrated on sections of beach with fewer people. 
• At high disturbance levels (vehicle count >100/day), used back beach 

much more than front beach, compared to periods of lower disturbance 
(vehicle count <20/day).  

Klein et  
al. (1995), 
 
Roberts  
and Evans  
(1993) 
 
Burger and 
Gochfeld 
(1991) 
 
Pfister et  
al. (1992) 

Dunlin • Generally found far [81-100 m (266-328 ft)] from roads, and moved to 
areas beyond 100 m (328 ft) when traffic level exceeded 301-450 
vehicles/4 hr time period. 

• In northern Europe, mean flush distance in response to people walking 
on tidal flats was 71-163 m (233-535 ft). 

Klein et  
al. (1995), 
 
Smit and  
Visser  
(1993) 

Western/least  
sandpiper 

• Generally found far [61-80 m (200-262 ft)] from roads, and moved to 
areas beyond 80 m (262 ft) when traffic level exceeded 451-600 
vehicles/4 hr time period. 

Klein et  
al. (1995) 

WDFW 
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Species Response behavior and type of disturbance Reference 

 
Greater  
yellowlegs 

• Did not respond to differing levels of road traffic, but foraging areas 
were located further from road than expected based on distribution of 
habitat.  Most greater yellowlegs used areas >20 m (66 ft) from the 
road. 

Klein et  
al. (1995) 

Lesser  
yellowlegs 

• Did not respond to differing levels of road traffic, but foraging areas 
were located further from road than expected based on distribution of 
habitat.  Most lesser yellowlegs used areas >20 m (66 ft) from the road. 

Klein et al.  
(1995) 

Red  
Knot 

• Did not respond to differing levels of road traffic, but foraging areas 
were located further from road than expected based on distribution of 
habitat.  Most red knots used areas >90 m (295 ft) from the road. 

• In northern Europe, mean flight distance in response to person in kayak 
was about 250 m (820 ft) 

• Mean flight distance in response to wind surfer was about 200 m (656 
ft). 

• In northern Europe, birds less approachable on days with aircraft 
activity.  Incidence of restlessness greater on days with aircraft activity. 

Klein et al.  
(1995) 
 
 
Smit and  
Visser  
(1993), 
Koolhaas  
et al.  
(1993) 

Short-billed  
dowitcher 

• Did not respond to differing levels of road traffic, but foraging areas 
were located further from road than expected based on distribution of 
habitat.  Dowitchers were more common at >90 m (295 ft) than at any 
distances closer to road. 

• Abundance on front beach declined sharply when level of disturbance 
exceeded 10-40 vehicles/day. 

Klein et al.  
(1995) 
 
Pfister et  
al. (1992) 

Black-necked  
stilt 

• Avoided habitats within 20 m (66 ft) of road. Klein et  
al. (1995) 

Eurasian  
oystercatcher 
(Haematopus  
ostralegus) 

• In northern Europe, took to flight when walking person within 250 m 
(820 ft) 57% of time.  In northern Africa, flocks were flushed by a 
walking person at 400-500 m (1,312-1,640 ft).  Mean flight distance in 
response to walking person ranged from 85-138 m (279-453 ft). 

• Mean flight distance in response to person in kayak was about 40 m 
(131 ft). 

• Mean flight distance in response to wind surfer was about 125 m (410 
ft). 

Smit and  
Visser  
(1993) 

Redshank  
Tringa  
totanus 

• Mean flight distance in response to person in kayak was about 195 m 
(640 ft). 

• Mean flight distance in response to wind surfer was about 285 m (935 
ft). 

Smit and  
Visser  
(1993) 

WDFW 
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Species Response behavior and type of disturbance Reference 

 
Bar-tailed  
godwit 
 

• Mean flight distance in response to person in kayak was about 200 m 
(656 ft). 

• Mean flight distance in response to wind surfer was about 240 m (787 
ft). 

• Mean flight distance in response to walking person ranged from 101-
219 m (331-718 ft). 

• At least 20% of birds in flock flushed when jet flew within 400-500 m 
(1,312-1,640 ft). 

• At least 55% of birds in flock flushed when helicopter flew within 900-
1,000 m (2,953-3,281 ft). 

Smit and  
Visser  
(1993) 

Eurasian  
Curlew 
Numenius  
arquata 

• Mean flight distance in response to person in kayak was about 230 m 
(755 ft). 

• Mean flight distance in response to wind surfer was about 400 m (1,312 
ft). 

• Mean flight distance in response to walking person ranged from 101-
339 m (331-1,112 ft). 

Smit and  
Visser  
(1993) 

Black  
turnstone 
 

• In northern Europe, mean flush distance in response to people walking 
on tidal flats was 47 m (154 ft). 

Smit and  
Visser  
(1993) 

Primarily 8  
species,  
including: 
semipalmated  
sandpiper,  
ruddy turnstone,  
sanderling,  
both dowitchers,  
red knot,  
dunlin, and  
greater yellowlegs 

• In two New Jersey bays, factors influencing whether shorebirds flew 
but returned as a result of disturbances included duration of disturbance 
(short disturbances causes more flights), number of disturbances, 
distance between birds and source of disturbance, number of children at 
the site, number of people walking, and number of dogs.  Factors 
influencing whether shorebirds flew away and did not return included 
duration of disturbance, the number of boats, and the number of 
children at the site. 

Burger  
(1986) 

 1Trail or road traffic in various studies refers to responses of shorebirds to pedestrian or vehicular activity on 
trails or roads adjacent to intertidal areas within a refuge, unless otherwise noted. 
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KEY POINTS 
        
Habitat Requirements 
 
Coastal Environments 

• The primary habitat requirements of migrant or winter resident shorebirds relate to the availability of 
adequate foraging and roosting areas. 

• Most species in western Washington are associated with silt or silt/sand intertidal areas and adjacent 
beaches or salt marshes.  Pastures and agricultural land are also used by roosting and foraging shorebirds in 
western Washington. 

• Shorebirds are adapted to forage in a narrow range of microhabitat conditions, from exposed tide flats or 
beaches to shallow water, salt marshes, and even open water. 

• The foraging requirements of many shorebirds are met primarily in estuarine ecosystems, where tidal mud 
flats provide foraging substrates.  Black-bellied plover, dunlin, western sandpiper, and dowitchers forage 
on mud flats with high levels of silt, whereas semipalmated plovers and sanderlings forage in sandy or 
silt/sand areas.  Other species, such as rock sandpiper, surfbird, and wandering tattler are found almost 
exclusively along rocky intertidal shores. 

• Shorebirds often roost in salt marshes adjacent to intertidal feeding areas, but will use a variety of habitats.  
Shorebirds at Grays Harbor and Willapa Bay often roost in large flocks on Pacific beaches, occasionally 
concentrating near the mouths of small creeks.  In some areas, shorebirds roost on naturally-occurring and 
dredge-spoil islands and on higher elevation sand beaches.  Some species may also roost in fields near 
intertidal foraging areas; foraging occurs at these or other roost sites if suitable prey are present.  
Shorebirds occasionally roost on log rafts, floating docks, and other floating structures when natural roost 
sites are limited. 
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• Use of artificial wetlands by shorebirds has not been documented in Washington.  However, many species 
of shorebirds, including at least 12 species that occur in western Washington, use artificial or managed 
coastal wetlands in other parts of the United States and the world.  Artificial wetlands could potentially 
provide important shorebird habitat in Washington. 

• Shorebirds are generally site-faithful to specific wintering areas.  This fidelity to particular sites has 
important ramifications for conservation management and mitigation. 

 
Freshwater Environments 

• Many species in eastern Washington use wet meadows, flooded fields and other areas of shallow water. 
• Most shorebirds that forage in freshwater areas require ponds and pools that have exposed shorelines or 

that are shallow enough to allow foraging by wading birds.  As with estuarine sites, the availability of 
appropriate invertebrate prey and roost sites are important habitat requirements. 

• Habitats used by shorebirds in nonestuarine regions include marshes, pastures, flooded fields, reservoirs, 
impoundment drawdowns, stormwater wetlands, and other artificial wetlands. 

   
Management Recommendations 
 
Habitat Protection  

• Identify and preserve wetland habitats important to shorebirds.  Assemblages of smaller sites, as well as 
major estuaries provide critical habitat to shorebirds in Washington. 

• Where livestock grazing occurs in pastures used by shorebirds, assess for potential trampling or disturbance 
of nesting birds. 

• Assess commercial sand and gravel extraction from beach and riverine areas for potential impacts to 
shorebirds.  The development of a review process for these activities would help ensure that shorebirds are 
considered as part of the permitting process. 

• Avoid placement of new utility towers and lines in flight corridors or near wetland areas used by shore-
birds.  New lines should be placed below ground if possible. 

• Where possible, treat existing utility lines to make them more detectable by birds in areas where collisions 
with shorebirds have occurred or are likely to occur.  Techniques include coating or painting wires, 
marking of wires with mobile spirals or strips of fiberglass or plastic, placement of predator silhouettes, 
warning lights, and acoustical devices to scare birds.  Static wire-marking may effectively reduce the 
number of collisions with power lines.  Grouping multiple lines may make them more visible to birds and 
will occupy a smaller area of flight space.  In addition, it is suggested that the lines be arranged side by side 
rather than in a vertical stacked formation. 

• Address shorebirds and their flight corridors in wind turbine and cellular tower proposals. 
• In the event of an oil spill, limit public access to beach or estuarine spill sites.  The impacts of an oil spill 

can be exacerbated by disturbances caused by human recreation (e.g., beach walking). 
• Control the entry of plastic litter into the marine environment.  Small plastic particles injure surface feeding 

marine birds that inadvertently ingest them. 
• Continue efforts to control the establishment and growth of cordgrass, purple loosestrife, and other noxious 

weeds.  Potential methods to eradicate noxious weeds include biological control, repeated mowing, hand 
pulling of seedlings, and chemical treatment. 

• Use extreme caution when applying chemicals near habitats used by shorebirds.  Encourage alternatives to 
chemical use.  Appendix A (of this volume) lists contacts useful in assessing pesticides, herbicides, and 
their alternatives. 

• Use current information to establish buffer zones when applying chemicals.  Implement buffer zones 
around shorebird and waterfowl nesting habitat in agricultural landscapes to minimize the impacts of spray 
drift. 

• Assess whether or not public access and human activities should be controlled at areas important to 
shorebirds.  If needed, potential solutions may include erecting cordons to restrict foot traffic from roosting 
or foraging sites, and establishing vehicle restriction zones during critical roosting periods. 
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Restoration/Creation of Habitat  
• Develop a site-specific strategy for any restoration project affecting shorebirds.  Information on local water, 

soil, and vegetation conditions and requirements (freshwater environments) or tidal, wind pattern, sea 
swell, and substrate conditions (marine environments) needs to be incorporated. 

• Create new sites at least five years prior to modification of natural habitat.  Artificially created sites should 
provide for all displaced birds and should address this need at least 5 years prior to the modification of 
natural habitat to allow an assessment of its success.  This 5-year period is needed to 1) identify suitable 
sites; 2) acquire, design, and construct the mitigation features at sites; 3) allow settlement and stabilization 
of suitable sediments; and 4) allow colonization of sufficient densities of invertebrate prey species. 

• When conducting mitigation studies, model population dynamics in a variety of local habitats over wide 
spatial (e.g. coastal, Puget Sound, and interior) and temporal (e.g., at least 5 years) scales. 

• Evaluate shorebird use of artificial impoundments.  Artificially-created sites may be very important to 
shorebirds, particularly in the Columbia Basin.  Artificial drawdown sites may provide more nesting 
opportunities for certain species depending on the type of shoreline or the availability of nesting substrate.  
In addition, efforts to modify such sites should be evaluated in the same manner as undisturbed sites. 

• Create adequate roost sites. A primary consideration in creating a roost site is that it must be designed to 
address the needs of the species that will use the site.  Island roosts should provide shelter from strong 
winds or sea swell if these are significant environmental conditions in the particular area.  Island roosts 
should also be open, with flat tops and gently sloping sides so that the birds can effectively scan for 
predators. 

• Manage artificial (freshwater) sites for breeding season use as well as fall migration. 
• Maximize invertebrate production at artificial (freshwater) sites. 
• Maintain agricultural areas and pasturelands near sites used by shorebirds. 
•    Practical considerations regarding management of artificial sites include: 
 

 - proper design and use of spillways in areas prone to flooding and erosion,  
 - control of exotic species such as carp and purple loosestrife, 

- water flow maintenance that minimizes stagnant water and reduces the likelihood of outbreaks of avian 
cholera and botulism Type C,  
- an assessment of soil conditions to determine whether a site will effectively hold water (e.g., prevention 
of drainage to the water table, or seepage through dikes). 

 
Policy needs and considerations for government agencies and conservation organizations 

• Initiate and design conservation planning efforts to address the following: 
- comprehensive, multi-species, landscape-level or ecosystem plans that address many species, habitats, as 
well as factors such as community dynamics. 
- flyway-level biological and policy coordination among states and provinces to improve regional 
management and enhance opportunities to protect shorebird populations. 

• Identify important local and regional sites. 
• Preserve remaining wetland habitat.  Locally or regionally important sites should be purchased to reduce 

the risk of loss or degradation of habitat important for shorebirds and other wildlife.  New protective and 
regulatory legislation needs development, and existing laws concerning wetland use need more effective 
enforcement. 

• Promote public education about chemical use and wetland functions.  Implementation of an integrated 
training and certification program for landowners and commercial pesticide applicators has been 
recommended as a means to provide pesticide users with important biological information and training. 

• Continue the development and refinement of oil trajectory models. 
• Develop site-specific strategies to manage human disturbance.  Potential strategies include developing 

informational signs that identify or describe important foraging or roosting areas and organizing groups of 
volunteers (“beach patrols”) to educate the public about shorebird ecology. 

• Post informational signs at boat docks, moorage areas, and beach access points to explain the impacts of 
disturbances caused by boats, personal watercraft, unleashed dogs, and other human activities. 
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• Address the effects of human disturbance in refuge management plans.  Refuges should be designed to 

provide disturbance-free areas and should take into account the ecology of the species expected to use the 
area. 

• Assess the level of unintentional mortality due to hunting.  An evaluation of this source of mortality would 
provide an indication as to whether a new identification/information guide for shorebirds should be 
developed for inclusion in a waterfowl hunting pamphlet. 

• Implement educational programs to inform the public about the ecology and behavior of shorebirds.  Public 
education programs should emphasize the regional and international scope of shorebird conservation.  Such 
efforts require improved information on the basic ecology of flyway species, identification of significant 
threats or potential impacts, and development of real conservation measures. 

• Undertake comprehensive efforts to control the spread of exotic invertebrates in marine waters.   
 
 
 
 

 
 
 
 
 
 

  


