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Fig. 1. The Georgia Basin/Puget Sound region of British Columbia, Canada and Washington, USA.
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Table 1. Thenameand location of stopover sites sampled in the GeorgiaBasin/Puget Sound region, sample
sizesfor invertebrate coresand body-mass samples, and usage datafor each migratory stage (N = northward,
SA = southward adult, SJ = southward juvenile, n = number).

Site SiteName  Location Inverteb- Body mass(n) Usage Peak Re- Migratory
rate core cord stage
Q)
AB  Alice Bay Edison, WA 30 13 Used (Seaman 2003) 500 SA
BB  Boundary Bay Delta, BC 146 N=63 SA=18 Used (Butler 1994) >100000 N, SA, SJ
SE34
CH  Comox Harbor Comox, BC 15 N/A Not used (BSC, 24 SA
unpublished data, 2005)
Cor CordovaBay Victoria, BC 15 N/A Not used (BSC, 75 SA
unpublished data, 2005)
Cow Cowichan Bay Duncan, BC 15 N/A Not used 0 SA
DB DougBanks Tofino, BC 25 28 Used (Butler et al. 1992) 5000 SJ
DeB Deep Bay Vancouver Island, 15 N/A Not used (Dawe et al. 1998) 12 SA
BC
FaB Fanny Bay Vancouver Island, 15 N/A Not used (Dawe et al. 1998) 0 SA
BC
FB  FaseBay San Juanldand, 25 7 Used (K. O'Rellly, 200 SJ
WA unpublished data)
KB  KyeBay Comox, BC 15 N/A Not used (BSC, 25 SA
unpublished data, 2005)
RaB Rathtrevor  Parksville, BC 15 N/A Not used (BSC, 20 SA
Beach unpublished data, 2005)
RB  RobertsBank Delta, BC 29 N=57 SA=18 Used (Butler 1994) >100000 N, SJ
SJ=66
RS  Rebecca Spit Quadralsland, 15 N/A Not used 0 SA
BC
SB  SkagitBay Utsalady, WA 60 N=38, SA=25  Used (Evenson and 10000 N, SA
Buchanan 1997)
Sl Sidney Island Sidney Island, BC 15 24 Used (Y denberg et al. 2004) 1000 SJ
TI Totten Inlet  Shelton, WA 31 27 Used (Evenson and 2000 N
Buchanan 1997)
WH  Walker'sHook N/A Not used (J. Booth, pers. 0 SA

Saltspring Idland, 15
BC

comm.)
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Safety

Peregrine Falcons (Falco peregrinus), Merlins (F.
columbarius), and other raptors hunt shorebirds,
including Western Sandpipers (Page and Whitacre
1975, Whitfield 1985, Buchanan et al . 1988, Dekker
1988, Cresswell 1994, 1996), and achieve greatest
hunting success using cover to conceal their
approach (Whitfield 1985, Cresswell 1994,
Whitfield 2003b, Dekker and Y denberg 2004). As
the shoreline poses a great deal of danger for
foraging sandpipers, stopover sites that are small
and have a large proportion of available foraging
habitat close to cover are more dangerous than
stopover sites that are large where sandpipers can
spend large amounts of time feeding on the open
mudflat far from the danger lurking along the
shoreline (Pomeroy et al. 2006).

As an index of safety, we used the distance tool in
ArcMap v.9.1 (ESRI 2005) to measure the furthest
distance from the shoreline (as indicated by the
upper water mark on marine charts (Nautical Data
International 2005, National Oceanic and
Atmospheric Administration (NOAA) 2005)) inthe
intertidal zone at each of the sites. For alarge open
mudflat or beach, this measure is the distance (m)
between the shoreline (upper water mark) and the
waterline (low water mark) at the widest point. For
an enclosed bay surrounded by shoreline, the index
of safety is measured as the distance from the
shoreline to the midpoint of the widest distance
across the bay.

Site Usage

Sites were classified as “used” or “unused” based
on the intensity and frequency of use, using as
sources published literature, unpublished reports,
the Bird Studies Canada Coastal Waterbirds Survey
(Bird Studies Canada, unpublished data, 2005)
database, and local knowledge (Tablel). Siteswere
classified as “used” if hundreds or thousands of
sandpipers on stopover are recorded there on a
regular and annual basis (Butler et al. 1987, 1992,
Buchanan 1988, Iverson et al. 1996, Evenson and
Buchanan 1997, Warnock and Bishop 1998,
Acevedo Seaman et a. 2006). Siteswere considered
“unused” if there are no records of Western
Sandpipers there. A few sites (see Table 1) had
single-day records up to 75 birds, but the sites are
in fact visited only rarely by western sandpipers,
and were therefore classified as “unused.”
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At sites that were used during migration, we used
mist netsto capture sandpipersto measure the body
mass of individuals using the site (for sample sizes
see Table 1). Western Sandpipers were removed
from the mist nets immediately after capture and
weighedwithin 10 min. Tarsaeweremeasured using
callipers (to the nearest 0.1 mm).

Statistical Analysis

We tested for differences between sites in food
abundance and safety using analysis of variance
(ANOVA). T-tests were used to test if food
abundance and safety differed between used and
unused sites. Separate logistic regressions were
used to test whether food abundance, safety, or food
abundance and safety affected stopover-site usage
by sandpipers.

For analysis of body mass, we used anaysis of
covariance (ANCOVA) including tarsus length as
a covariate to account for body size differences
between individuals. As northbound migrantswere
significantly heavier (0.8 g) than southbound
migrants (P = 0.05), we also included migratory
stage (northward, southward adult, southward
juvenile) in the analysis. Body-mass values at each
Site are reported as the least-squares mean. To
investigate the rel ationship between site safety and
state of individuals using a site, we then used these
least-squares means of body mass at each site.
Means and 95% C.I. are used throughout. IMPIN
V. 4.04 (SAS 2001) was used for all statistical
analyses.

RESULTS

Of the 17 sites surveyed, eight were classified as
“used” and nine as “unused” according to our
criteria (Table 1). Food abundance and safety
measures both varied widely between study sites.
Food abundance ranged from means of eight to 204
invertebrates core (ANOVA: Fg 470= 16.3, P <
0.0001). Invertebrate densities were on average
threetimesgreater at used than at unused sites(mean
invertebrate density/core £ 95% C.1.; used sites =
99.4 £+ 32.2; unused sites = 31.9 + 30.4, ANOVA:
F1 15=9.26, P = 0.008). The relative abundance of
invertebrate taxa sampled at each siteisprovided in
Appendix 1. The safety index ranged from 75 mto
4560 m, with used siteson averagethreetimes safer
(mean distance from shore = 95% C.I. = 1932.5
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+ 845.9 m) than unused sites (mean distance from
shore+ 95% C.I. = 581.7 + 797.5 m, ANOVA: F
15=5.4,P=0.03,N=17).

In alogistic regression model including food asthe
only independent variable, usage of 12 of the 17
sites was predicted correctly (Table 2. x?>=8.51, d.
f. = 1, R(U)?>= 0.36, P = 0.0035). The logistic
regresson model including safety as the only
independent variable al so correctly predicted usage
of 12 of 17 sites (x2=5.78, d.f. = 1, R(U)?= 0.25,
P = 0.02), although the identity of the 12 sites
differed (Table 2). Thelogisticregressionincluding
both food abundance and safety as explanatory
variables performed better than either of these
models, correctly predicting the usage of 14 of 17
sites (Fig. 2. x?=10.24, df. =2, R(U)?>=0.44, P =
0.006).

The body mass of individuals (controlled for
structural size and migratory stage) was greater at
stopover siteswith greater safety (Fig. 3. Nonlinear
Regression: LS mean body mass = 26.6 * (1 - e
(-0.0061*safetyindex)y ' R2 = 0,55, P = 0.03), but was not
significantly related to food abundance (P = 0.41).

DISCUSSION

Our analysis shows that including both food
abundance and safety as factors improved our
ability to predict which stopover sites were used by
migrating sandpipers and which were not. Either
factor on its own was also able to predict stopover-
site usage, but migrant sandpipers used sites that
were dangerous only if food abundance there was
high, and used sites with low food abundance only
if they were very safe. To our knowledge, no other
study has investigated the usage of stopover sites
by migrants or compared multiple Site attributes at
both used and unused sites on aregional scale. Our
results also confirm that, on this scale, the usage of
stopover sitesdependson thefuel load of individual
sandpipers, previously shown in a comparison of
just two sitesby Y denberg et al. (2002). Sandpipers
on dangerous stopover sites carry on average less
fuel than those on safer sites. We hypothesize that
this occurs because sandpipers with adequate fuel
loads do not need to risk feeding in dangerous
places.

Our best model incorrectly predicted usage of three
of the 17 sites, and an examination of their
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characteristics can help to understand these
assignment errors. Two sites (Doug Banks and
Totten Inlet) were classified by the model as
“unused,” but are in fact used regularly by
sandpipers on stopover. The cover surrounding
these two sites differsfrom that lining the shoreline
of the other six “used” sites, which consists of low
marsh grasseswhereas Doug Banksand TottenInlet
are surrounded by tall coniferous trees. From the
perspective of amigrant sandpiper, these sites may
befunctionally safe, asfalcons do not appear to use
these trees for attack cover, but hunt by attacking
over the open mudflat, much like the attack strategy
they employ at larger sites (J. Buchanan, pers.
comm.). This difference suggests that cover type
might be an important factor influencing stopover-
site usage by migrants and may be used, in addition
todistancefrom cover, to remotely assesthe danger
of apotentia site.

The third incorrectly classified site was Kye Bay,
which, according to the model, should be used by
sandpipersduetoitshighfood abundance; however,
thereis no record of usage by Western Sandpipers.
A noticeable difference between this and all other
used stopover sitesistherelatively high percentage
(60%) of nematodes (Phylum Nematoda, Class
Adenophorea) among the potential prey items,
compared with a maximum of 46% and an average
of 25% nematodes among used sites (Appendix 1).
Although all prey taxa presented here have been
documented as Western Sandpiper prey (Wolf
2001), there is evidence that nematodes are less
preferred by Western Sandpipers than other prey
items such as polychaetes (Sutherland et al. 2000).
Itispossiblethat prey type may a so beanimportant
factor influencing stopover-site selection by
migrants and may be used, in addition to prey
abundance, to remotely assess the food availability
of apotential site.

One possible source of biasin thisstudy isfrom our
measure of food at each site. We measured
invertebrate abundancefrom core samplesextracted
within 500 m of the shoreline at each site; however,
this methodology might not accurately represent
food abundance across entire sites. At Boundary
Bay, for example, there is a strong declining
gradient in food abundance as distance from the
shorelineincreases (Pomeroy 2006). For large sites
where these gradients are likely to occur (Swennen
et a. 1982, Reise 1985, Kennish 1986), we might
be overestimating food abundances, whereas our
measures of food abundance at smaller sites are
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Table 2. Actual usage at sample sites on migration by sandpipers, and usage as predicted by each logistic
regression model. (Y =yes; N = no.)
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Fig. 2. The mean invertebrate density (+ 95% C.I.) and safety index for sites that are used and not used

by Western Sandpipers on migration.
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the levels of food abundance, and gauge the level
of danger there based on their encounters with
predators, and they can make appropriate
adjustments to anti-predator behaviorsto carefully
balance food and danger over short temporal and
small spatial scales. This work suggests that
migrants assess food and danger attributes of
stopover sites remotely and that these attributes
affect which sites they will use.

Assessment of the conservation value of stopover
sitesfor migrants should eval uate measures of both
food and danger. As migration is energetically
expensive, stopover-site quality is often associated
with the quantity or quality of food resources(Y ong
etal. 1998, Baker et al. 2004, Placyk and Harrington

2004, Battley et al. 2005, Stillman et al. 2005a, van
Gils et al. 2005, Smith et a. 2007). However,
migration is also dangerous. As danger from
predatorsincreases, migrant birds have been shown
toalter their behavior at stopover sitesby decreasing
length of stay at the site (Ydenberg et a. 2004),
allocating morefeeding timeto vigilance (Cimprich
et al. 2005, Pomeroy 2006), and carrying lower fuel
loads (Y denberg et al. 2002, 2004, Schmaljohann
and Dierschke 2005). Predation danger influences
habitat usage by migrants within and between
stopover sites. Assessments of stopover-sitequality
then must include both food and danger attributes
of sites. Furthermore, stopover-site quality is
condition dependent. Whereas heavy individuals
with ample fuel reserves may prefer safe sites with
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Fig. 3. The relationship between the safety index measured at stopover sites and the | east-squares mean
body mass (x 95% C.1.) of sandpipers captured. The lineisthat predicted from the nonlinear regression
(LS mean body mass = 26.6 * (1-e(-0.0061* safety index))).
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high bird densities despite few food opportunities,
lean birds would be more likely to consider a high-
quality site as one where it could fatten quickly,
despite the added danger. Our results suggest that a
variety of site types (i.e., both high food and high
safety) need to be conserved.

According to this study, usage of stopover sites by
migrantswill changeif levelsof food and/or danger
change depending on a) the magnitude of the
change, and b) the level of the other attribute. For
example, if food abundance declines at a safe site,
usage by migrants might not change, whereasif the
siteisdangerous it might no longer be used. At the
landscape scale, increases in predator abundance
would likely cause migrants to shift usage from
small, dangerous sites to larger, safer ones (e.g.,

Y denberget al. 2004, Taylor et al. 2007). Moreover,
changes in stopover-site usage will be condition
dependent (Y denberg et al. 2002, 2004). A decrease
in food abundance at a dangerous site will have a
greater effect on lean birds, whereas increasing
danger at safe sites will have a greater effect on
heavy birds. If we neglect the role of predators and
the effect they have on stopover-site usage, the
behavioral adaptations used by migrants to avoid
mortality by predation, including increasing
vigilance, decreasing length of stay, and adjusting
habitat usage, could instead be attributed to declines
in food abundance at asite or to population decline
(Ydenberg et al. 2004). Efforts to conserve habitat
for migrants must consider the role of food
abundance and predation danger in stopover-site

usage.
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Stopover-site conservation is essential to maintain
populations of migratory birds. The importance of
identifying, prioritizing, and protecting stopover
habitat for birds is gaining increasing recognition
(Myerset a. 1987, Donovan et al. 2002, Mehlman
et a. 2005, Skagen 2006). Many bird conservation
programsidentify and prioritize sites of importance
based on the number of individuals (or proportion
of apopulation) using aparticular site(e.g., Western
Hemispher Shorebird Reserve Network (WHSRN),
Important Bird Area (IBA)). However, this
approach may overemphasize the importance of
large (safe) sites that can support significant
numbers of birds. Mehlman et al. (2005) assert that
efforts to conserve stopover habitat for landbirds
should target amosaic of different typesof stopover
habitats. The authors suggest three categories of
stopover sites representing points on a continuum
of their capacity to meet the needs of migrants.
These categories range from fire escapes
(infrequently used with few available resources, but
vital in emergencies) to convenience stores (mid-
quality stopover sites that are used for rest, and
replenishment of some fuel, but where food
resources might be low and/or predation danger
high), to full-service hotels (high-quality siteswith
abundant resources where migrants can safely rest
andrefuel for thenext leg of migration). Inour study
system, the sites with ample food and safety would
be considered full-service hotels, and sites that are
high in either food or safety could be thought of as
convenience stores, wheresas sites that are low in
food and safety may be potential fire escapes.
Within each of these categories, the sites can then
easily be ranked based on their food and safety
attributes, and prioritized accordingly for
conservation.

We show here evidence that migrant Western
Sandpi pers select stopover sites according to trade-
offsbetween food abundance and predation danger.
Furthermore, usage of these sites depends on the
state of an individual. This study suggests that
migrants use habitat features, such as cover, to
assess predation danger, and that they mediate their
probability of mortality from predation by adjusting
habitat usage on alandscape scale. Results such as
these can be applied to predict the behavior of
migrants at stopover sites, and usage of stopovers
if food and/or danger attributes at a site change.
Furthermore, stopover-site usage by migrants
dependson state. Asdanger from predatorschanges
onthelandscape, the state of the birdsthat usethose
sitesmight also change (Y denberg et al. 2004). This
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study indicates that to identify migration stopover
sites for conservation, both food and danger
attributes must be considered.

Responses to this article can be read online at:
http: //mww.ace-eco.org/vol 3/issl/art7/responses/
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Appendix 1. The percentage of each taxon represented at each site.

Please click here to download file ‘ appendixl.doc’.
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