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Our studies in the Fraser River Delta, British Columbia, Canada, show that shorebirds that normally feed in 
the intertidal zone by day make greater use of terrestrial habitats for foraging than had previously been 
supposed, especially at night. We highlight the importance of shorebird ecologists extending their studies to 
evaluate fully the use of non-marine habitats and the significance of night-feeding. We outline the techniques 
that can be used to monitor habitat use and foraging strategies on a 24-hour day basis. We also draw atten- 
tion to the importance of passing the results of such studies to land-use planners so that they can include key 
terrestrial habitats in management plans for coastal wetland sites. 

INTRODUCTION 

Many shorebird species are at risk as a result of their reliance 
on coastal habitats that are also favoured for human settle- 

ment. More than half of the coastal wetlands in the contigu- 
ous United States have been lost or altered since the arrival 

of European settlers, and in the last century alone, an esti- 
mated 70% of California's coastal wetlands have been lost 

to development (National Wetlands Working Group 1988, 
Bildstein et al. 1991, NOAA 2001, Speth 1979). Represent- 
ing just 17% of the land area of the US, coastal counties sup- 
port over half the US human population, and population 
growth in these areas exceeds the national average (Culliton 
1998). Not surprisingly, coastal habitat alteration is occur- 
ring at an alarming rate. 

Declines in many North American shorebird species have 
been attributed to the loss of coastal wetland habitats, and 
their conservation has been identified as one of the main 

strategies for reversing declines and stabilizing populations 
(Donaldson et al. 2001, Brown et al. 2001). Because shore- 
birds have relatively low reproductive potential, their popu- 
lations are particularly sensitive to factors affecting adult 
survivorship (Hitchcock & Gratto-Trevor 1997, Sandercock, 
this volume). Most adult mortality takes place during migra- 
tion or on the wintering grounds where shorebirds often con- 
centrate in large numbers at relatively few key coastal 
wetland sites (Myers et al. 1987, Evans 1991). This tendency 
to concentrate in space and time "breaks the normal link 
between the abundance of a species and its immunity to ex- 
tinction" (p. 21, Myers et al. 1987). 

Conservation and restoration plans for key coastal wet- 
land sites may provide further benefits to shorebird popu- 

lations by incorporating adjacent terrestrial habitats in addi- 
tion to intertidal marine and wetland habitats. The availability 
of intertidal foraging habitats varies with the tidal cycle, and 
birds may be completely excluded from certain sites during 
high tides. Where suitable adjacent habitat exists, some 
shorebird species move from intertidal areas to feed in 
nearby fields as high tides, lower temperatures, and rainfall 
reduce the profitability of foraging at intertidal sites (Goss- 
Custard 1969, Kelly & Cogswell 1979, Page et al. 1979, 
Townshend 1981, Rottenborn 1996, Colwell & Dodd 1997, 
Butler 1999, Shepherd et al. 2001). Shorebirds may also use 
different foraging habitats by day and by night (Robert et al. 
1989, Mouritsen 1994, Dodd & Colwell 1998, Sitters et al. 
2001). 

SHOREBIRD FORAGING STRATEGIES IN THE 
FRASER RIVER DELTA 

We investigated habitat preferences, foraging activity budg- 
ets and diet composition of Dunlin Calidris alpina pacifica 
in the Fraser River Delta, British Columbia, the northernmost 
site in North America to support a large non-breeding popu- 
lation (numbering 30-60 thousand individuals) (Warnock & 
Gill 1996, Shepherd 2001a). The Fraser Delta is the largest 
wetland on Canada's Pacific coast and supports the country's 
highest densities of waterbirds, raptors and shorebirds in 
winter (Butler & Campbell 1987). It is also a key stopover 
site for migratory species flying between breeding habitats 
in Canada, Alaska and Russia and non-breeding habitats in 
southern USA and Central and South America. Over two 

million shorebirds use the Delta annually, including interna- 
tionally important populations of Dunlin and Western Sand- 
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pipers Calidris mauri (Butler & Vermeer 1994). The land 
surrounding the Delta supports a variety of agricultural uses 
and suburban housing, and is an area of increasingly dense 
human settlement. 

We used radio telemetry and direct observation to inves- 
tigate Dunlin habitat preferences and activity budgets in both 
marine and terrestrial habitats, and stable isotope analyses to 
determine the relative contribution of marine and terrestrial 

food to the Dunlin diet (Shepherd 200lb, Evans Ogden 
2002). Shorebirds wintering in temperate estuaries are gen- 
erally active both day and night (Mouritsen 1994, Warnock 
& Takekawa 1996). In order to avoid obtaining biased or 
incomplete results, we therefore collected data throughout 
the 24-hour day and twice-daily tidal cycles. We found that 
individual Dunlin spent similar proportions of time foraging 
day and night, and that use of available habitats differed 
between day and night (Shepherd 200lb). Our research 
showed that more than 70% of radio-marked individuals 

used terrestrial habitats adjacent to the intertidal zone, that 
Dunlin located in terrestrial habitats used them primarily for 
foraging (on average more than 60% of the time spent there), 
and that terrestrial food items made up an average of about 
30% of the Dunlin diet (determined by staple isotope analy- 
sis) (Shepherd 200 lb, Evans Ogden 2002). Interestingly, we 
found that use of terrestrial foraging habitats was primarily 
nocturnal. We hypothesized that this was because predation 
risk and human-related disturbance in the terrestrial habitats 

were lower at night than during the day, since both humans 
and the Dunlins' primary predators (falcons) are mostly only 
active by day. Wilson's Plovers Charadrius wilsonia cin- 
namominus wintering in Venezuela switched to foraging 
primarily at night apparently due to an increase in the risk of 
predation during the months that their diurnal predators (Per- 
egrines Falco peregrinus) were present (Thibault & McNeil 
1994). 

Because alternative terrestrial foraging habitats were pri- 
marily used at night, their value to Dunlin had previously 
been underestimated and the conservation requirements of 
shorebirds had not been incorporated into local land-use 
planning processes. Avian management plans for terrestrial 
habitats in the Fraser Delta region had focused on the needs 
of raptors, passefines, and waterfowl; birds whose require- 
ments can differ from those of shorebirds. For example, 
raptor management zones consist of areas covered with tall 
grasses and other vegetation with man-made perches, places 
that shorebirds tend to avoid. Hedgerows are promoted as 
habitat for passefines, but the resulting fragmentation of 
fields and addition of perching and hiding sites for raptors 
may be detrimental to shorebirds. Until recently, freshwater 
wetlands in the region were managed exclusively for water- 
fowl and kept at water levels that largely excluded foraging 
shorebirds. 

Shorebird species that use alternative foraging habitats, 
particularly in terrestrial areas with human activity, provide 
an interesting challenge to managers by requiring an ap- 
proach to conservation and land-use planning that integrates 
marine intertidal and adjacent terrestrial habitats, and implies 
the need for a management regime more complex than just 
habitat protection. Farmland can be managed and worked in 
ways that are compatible or incompatible with shorebird 
usage, and successful conservation plans will hinge on 
farmer support, cooperation, and willingness to engage in 
stewardship activities. 

In order to provide comprehensive advice to land manag- 

ers and stewards, we needed to determine which habitats 
were preferred by Dunlin and to quantify their relative im- 
portance. Dunlin showed a significant and consistent over- 
all preference for foraging in marine intertidal habitats over 
terrestrial habitats. However, the majority of the wintering 
population also foraged terrestrially (Shepherd 200lb, Evans 
Ogden 2002). Within the terrestrial zone, Dunlin preferred 
soil-based agricultural habitats with short vegetation (includ- 
ing pastures, bare fields with below-ground crop remains, 
fields with above- and below-ground crop remains, and win- 
ter cover crops) over other terrestrial habitats (including sub- 
urban areas, greenhouse areas, tall grasses, wooded areas, 
turf, and nursery crops) (Shepherd 200 lb). Of the soil-based 
agricultural habitats, pasture, which is heavily and naturally 
fertilized with cattle manure in the Fraser Delta, was the most 
preferred. 

At the Fraser River Delta, the northern end of the Dunlin' s 
core winter range, access to nearby terrestrial habitats may 
be required by many individuals in order to meet daily energy 
requirements (Davidson & Evans 1986, Shepherd 200lb, 
Evans Ogden 2002). However, without behavioural data 
collected at night, or stable isotope data showing relative 
proportions of marine and terrestrial foods in the diet over 
the winter period, we would not have understood the impor- 
tance of maintaining soil-based agricultural habitats adjacent 
to intertidal habitats. Other studies support the contention that 
alternative high tide foraging habitats, in particular soil-based 
agricultural fields, can be important for wintering shorebird 
populations (Velasquez and Hockey 1991, Colwell & Dodd 
1995, Wamock & Takekawa 1996, Rottenborn 1996, Weber 
& Haig 1996, Butler 1999, Dann 1999, Masero & Perez- 
Hurtado 2001, Smart & Gill 2003). Predicted mortality rates 
of Eurasian Oystercatchers Haematopus ostralegus winter- 
ing in Britain in an environment similar to that of the Fraser 
Delta increased significantly when upshore and field forag- 
ing areas were removed from a population model (Stillman 
et al. 2000). 

The use of soil-based agricultural habitats as alternative 
foraging sites is not limited to shorebirds. Lovvorn & 
Baldwin (1996) found that intertidal habitats with adjacent 
farmland supported 75-94% of individuals of four waterfowl 
species wintering in the Puget Sound region (just south of the 
Fraser Delta), and found that few locations with no adjacent 
farmland supported significant waterfowl populations. The 
presence of grazing waterfowl can also facilitate subsequent 
agricultural habitat use by shorebird species, such as Dunlin, 
that prefer short vegetation. In the Fraser Delta, winter field 
vegetation can grow quite tall, thereby restricting access to 
soil invertebrates and obscuring the view of approaching 
predators. Waterfowl convert the fields by grazing into more 
shorebird-favourable habitat, and shorebirds in the region 
have been observed to make greater use of agricultural habi- 
tats after the wintering waterfowl have grazed back the veg- 
etation (Taitt 1997, Evans Ogden 2002). 

CONCLUSIONS 

We contend that shorebird ecologists working at non-breed- 
ing coastal wetland sites, particularly at times or in places 
where energetic costs are high such as periods of pre-migra- 
tory fattening or places where temperatures are low, should 
take into account the birds' requirements throughout the full 
24-hour day and whole tidal cycles. Such data can be col- 
lected by observation (with the assistance of modern night 
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vision equipment), by radar, by radio telemetry, or by stable 
isotope analysis to provide a more complete picture of 
shorebird requirements. It is also essential that researchers 
investigate the use of alternative high tide foraging habitats, 
particularly soil-based agricultural lands, and the relative 
importance of these habitats to the birds. Where research 
findings indicate significant value of such habitats, we en- 
courage shorebird ecologists to provide their findings to land 
use planners, and advocate for the inclusion of these habitats 
into conservation plans for key coastal wetland sites. 
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