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Many scientific questions and conservation challenges regarding migratory shorebirds will be best and most 
efficiently addressed by combining information from different disciplines and the entire annual cycle. We 
present examples that integrate physiological, behavioural, and population data collected on breeding grounds, 
on migration, and on non-breeding grounds, focusing on work with Western Sandpipers. We suggest ways 
to apply this approach generally to address scientific and conservation questions in other shorebirds species 
in the future. 

INTRODUCTION 

Twenty-one years ago, J.P. Myers (1981a)published "Cross- 
seasonal Interactions in the Evolution of Sandpiper Social 
Systems". The paper considered aspects of the entire annual 
cycle to explain phenomena often conceptualised as driven 
within one seasonal dimension. Concurrently, Rudi Drent 
and co-workers at the University of Groningen emphasised 
the potential value of studying the foraging, migration and 
breeding success of individually marked geese of known age, 
gender, social status and body condition. The Western Sand- 
piper Research Network adopted and expanded these cross- 
seasonal and cross-disciplinary approaches when it origi- 
nated within the Centre for Wildlife Ecology at Simon Fraser 
University, Vancouver, British Columbia, Canada, 10 years 
ago, building on earlier work by the Canadian Wildlife Serv- 
ice (Butler et al. 1987). The network now includes behav- 
ioural and population ecologists, physiologists, and wildlife 
managers. This breadth has allowed us to combine informa- 
tion from different disciplines gathered on the breeding 
grounds, at migratory stopover sites, and on wintering areas, 
to increase our understanding of, and maintain appropriate 
conditions on the landscape for, migratory shorebirds. We 
present here examples of the utility of this approach for ad- 
dressing novel and crucial questions, and believe it has sub- 
stantial potential for future research and conservation work 
(Harrington et al. 2002). 

We assert that an attempt to understand individual strat- 
egies and population dynamics will benefit from viewing the 
birds as predators, prey, and as competitors. A central con- 
cept for most of the Western Sandpiper researchers is that 
habitat choices, particularly on migration and during the win- 
ter, will reflect "state-dependent tradeoffs" between foraging 
efficiency and safety from predators (Ydenberg et al. 2002). 
Under "state", we here include morphological sex differences, 
age-specific attributes and experience, body size and mass, 
and diverse aspects of physiological condition. Under "habitat 
choice", we consider not only choice of local foraging sites 
such as mudflat, beach, or farmland, but also choice on the 
scale of wintering latitude. Two companion essays in this 
volume emphasise work by members of our network on sand- 
piper options for feeding (Elner & Seaman) and preventing 

being fed on (Butler, Ydenberg & Lank). The ideas in both 
essays arise from and address information gathered through- 
out the species' range and annual cycle, and both utilise cross- 
disciplinary approaches in their discussions. 

Western Sandpiper Calidris mauri 

The Western Sandpiper Research Network chose to focus on 
the most common species of shorebird on the American Pacific 
Coast because of the practical advantage of doing so for 
developing novel techniques and testing ideas with potential 
general applicability, including species of greater direct con- 
servation concern. Western Sandpipers are relatively easy to 
capture in mist-nets, to sex, and age (Prater et al. 1977). They 
breed in a relatively compact area of western Alaska and the 
eastern edge of Siberia, and spend the non-breeding season 
spread along the Pacific coast from southern Canada to Peru, 
and to a lesser extent, along the east coast of the Americas 
(Wilson 1994, Nebel et al. 2002). Colleagues and collab- 
orators have been working at three Alaskan breeding ground 
sites (Nome: Sandercock 1997, 1998, Neville 2002; Kanay- 
araq: Ruthrauff 2002; Cape Espenberg: Schamel & Tracy 
unpubl. data); a large and a small migratory stopover site 
near Vancouver B.C. (the large Fraser River Delta and the 
small isolated Sidney Island: Butler et al. 1987, Lissimore et 
al. 1999, Ydenberg et al. 2002) and, a larger set of stopover 
sites in southern British Columbia and Washington state 
(Seaman & Williams, Pomeroy, unpubl. data); and five 
overwintering sites spanning the species' range (San Fran- 
cisco Bay: see Warnock & Takekawa 1995; Punta Banda, 
near Ensenada, in northwestern Mexico: Buenorostro et al. 
1999, Fernfindez et al. 2001, 2003; Bahia Santa Mafia, on the 
central-west coast of Mexico; Chitr•, on the Pacific coast of 
Panama: O'Hara 2002, O'Hara et al. 2002; and La Libertad, 
in Ecuador: Harrington & Haase 1988). Radio-tracking stud- 
ies have provided direct information on cross-seasonal 
movements, primarily on northward migration from Califor- 
nia to Alaska (Iverson et al. 1996, Wamock & Bishop 1998, 
Bishop &Warnock 1998), but also on southward migration 
(Butler et al. 1996). Such widespread geographical coverage 
and cooperation enables us to address questions in several 
fields in ways never previously possible. 
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LIFE HISTORY DIFFERENCES IN NON-BREEDING 

DISTRIBUTIONS 

Our widespread geographic coverage uncovered two signifi- 
cant and surprising piec_es of natural history. It was previ- 
ously recognised that male Western Sandpipers wintered far- 
ther north than females (Harrington & Hasse 1988), but with 
extensive collaboration we have produced a more detailed 
picture of this cline, and discovered that the latitudinal pat- 
tern differs between age classes in an unexpected way (Nebel 
et al. 2002). We have also discovered an intriguing life- 
history difference. In their first spring of life, birds winter- 
ing in Panama, and presumably farther south, remain resident 
on the non-breeding grounds, whereas those wintering in 
central Mexico, and presumably farther north, migrate north 
(O'Hara et al. 2002, Fernandez et al. 2003, see Summers et 
al. 1995 for Old World examples). Somewhere between 
these areas, there is a "life history divide". Finally, within 
each sex, Western Sandpipers are larger in body size, and 
particularly in wing length, farther south (O'Hara 2002). 

What accounts for these patterns? Are the sex, age, and 
size differences related to state-dependent feeding/safety 
tradeoffs due to the bill dimorphism and latitudinal gradients 
in the availability of different food types (Elner & Seaman, 
this volume) and/or latitudinal differential risk of predation 
(Clark & Butler 1999, Butler et al., this volume)? Do breed- 
ing ground considerations favour northward non-breeding 
sites for males (Myers 1981b)? A novel hypothesis emerg- 
ing from our group is that a higher amount of primary feather 
wear selects against northward migration by first-year birds 
wintering farther south. Some shorebird species have evolved 
a partial or even complete wing moult during their first winter 
(Prater 1981), but we have no evidence that this occurs in 
Western Sandpipers. Thus primaries grown after hatching 
must support three migratory flights prior to replacement, 
while adults moult primaries after two migratory flights. This 
means that by the end of their second summer, the primaries 
of juveniles are extremely worn, potentially resulting in in- 
efficient flight and/or increased vulnerability to predation 
(O'Hara et al. 2002, Nebel et al. 2002, Yen et al., MS). There 
are at least two factors that could lead to increased feather 

damage at more southern latitudes: the longer migration dis- 
tance and the higher UV intensity (Yen et al. MS). Higher 
feather wear at southern latitudes would affect the primaries 
of juveniles more than those of adults, as the former have 
experienced substantially more wear. Feather wear might 
therefore be a significant factor when choosing a non-breed- 
ing latitude. An extensive network allows collection of 
feather samples needed to test this hypothesis. More impor- 
tantly, to what extent are such patterns general (e.g. Shepherd 
et al. 2001), but currently unrecognised in other species, and 
what ecological and/or historical factors might be tested in 
comparative studies of the strength of size and sexual clines 
in non-breeding distributions? 

TIMING OF MIGRATION AND MOULT 

As with many other small calidrids, adults migrate north 
prior to first-year birds. Males travel more rapidly than females 
at the end of spring migration (Wamock & Bishop 1998), but 
remain longer on the breeding grounds. Sandercock et al. 
(1999) measured seasonal trends in fecundity that could pro- 
vide benefits for birds breeding earlier. He also showed that 
mate fidelity rates of Western Sandpipers are lower than 

those of the later-arriving Semipalmated Sandpipers (C. pus- 
illa) (Sandercock et al. 2000). These results are consistent 
with the idea that cross-seasonal interactions exist between 

migration distance, and arrival times on the breeding grounds, 
resulting in potential advantages of a sex or species spend- 
ing the non-breeding season closer to the breeding grounds 
(Myers 1981a,b). 

One difficulty with arguments relating migration distance 
and timing of arrival has been identifying the costs of start- 
ing northward or southward a few days earlier to make up for 
a longer migration distance. Interestingly, although females 
leave breeding territories a week or more prior to males 
(Neville 2002, Ruthrauff 2002), there is a much smaller dif- 
ference in southward migration timing at temperate latitudes 
(Niehaus et al. unpubl. data). This suggests that different 
factors drive brood abandonment and migration timing de- 
cisions. Our thoughts about the timing of migrations of 
shorebirds and predators (Lank et al. in press, see Butler et 
al., this volume) have led us to new hypotheses involving 
costs and benefits that determine southward migration and 
moult timing. Those individuals oversummering in Panama, 
both yearlings and adults, complete primary moult 3-4 
weeks earlier than adults that are returning from the breed- 
ing grounds. Moulting earlier, which we argue is advant- 
ageous to do prior to the arrival of migratory falcons, may 
partially compensate residents for the loss of a breeding 
opportunity (O'Hara et al. 2002; Watts pers. comm.). This 
argument assumes that birds or classes of birds with higher 
wing-loading, whether due to extra fuelling for migratory 
flight, more worn wings, or allometric differences between 
the sexes, are at greater risk of predation (Burns & Ydenberg 
2002). This may be tested in part by inferring the relative 
fatness of birds taken by predators, based on extrapolation 
of fat in wings discarded by avian predators (Guglielmo & 
Burns 2001), and comparison of sex ratios of carcasses, as 
determined by molecular sexing (Nebel & Cloutier unpubl. 
data), versus those present in local populations. We look 
forward to future studies employing these techniques. 

MEASURING INDIVIDUAL STATE AND PERFORM- 

ANCE 

An emphasis on state-dependent decision-making by indivi- 
duals or classes of individuals requires appropriate measures 
of state. Elner & Seaman (2003) consider how morphologi- 
cal variation can affect our estimates of "state". Physiologists 
are measuring aspects of condition and performance that are 
not possible or practical to assess from behavioural observa- 
tions, and relating these measurements to ecological condi- 
tions. One of the most exciting integrations of these meas- 
urements thus far is using circulating levels of triglycerides 
to measure fuelling rate (see below). In general, the physi- 
ological ecology group has focused on individual and class- 
specific differences in organ allocation throughout the annual 
cycle, on circulating levels of other metabolites of potential 
ecological interest and on digestive enzymes. 

Juveniles making their first southward migration have a 
higher index of muscle damage than adults, as assessed from 
metabolites in blood samples (Guglielmo et al. 2001), and 
lower levels of fatty acid binding protein levels, which is an 
intracellular protein crucial to the utilisation of stored fat 
reserves by muscle during endurance flight (Guglielmo et al. 
1998, Guglielmo et al. 2002a). These findings may provide 
a measure of the extent to which young birds undertake 
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longer migratory flights than adults or are less effective when 
flying similar routes. In contrast, prior to departure from the 
breeding grounds in Alaska, and during stopovers on south- 
ward migration, juveniles have substantially longer and 
heavier small intestines than adults, or than later in life (Stein 
2002, Guglielmo & Williams 2003). These data potentially 
contradict the observations of reductions in gut size during 
migration reported in other species (Pierstoa & Gill 1998, 
Weber & Hedenstr6m 2001). In addition, we have docu- 
mented significant age-related and seasonal variation in 
digestive enzyme activities in migrating Western Sandpipers 
(Stein 2002). Age-related differences in digestive function 
and seasonal differences in diet composition might be asso- 
ciated with different age-dependent migration strategies in 
future studies. 

ASSESSING HABITAT QUALITY THROUGH PHYSI- 
OLOGY AND DEMOGRAPHY 

Shorebird researchers commonly attempt to assess habitat 
patch quality directly from physical and prey-related param- 
eters, such as mud samples. We have also done so (e.g. Shep- 
herd & Lank, MS), but have also taken alternative approaches. 
Working with overwintering Dunlin C. alpina pacifica, 
Evans Ogden (2002) determined the relative contributions of 
marine versus terrestrial food sources based on stable isotope 
ratios in blood, and compared these with time budget data on 
habitat utilization, as derived from radio-tracking studies of 
the same population (Shepherd 2001; Shepherd et al., this 
volume). At a smaller scale, we are testing the utility of infra- 
red photography of mudflat surfaces to assess patch primary 
productivity (Pomeroy & Buffer, pets. comm.). At a fine scale, 
for diet choice, we have also attempted to assess diet com- 
position by comparing samples from sites where birds have 
and have not been feeding (Sutherland et al. 2000, Wolf 
2001). 

A novel approach appears useful when fattening rates are 
important, as at migration stopover sites or prior to departure 
from wintering areas. Levels of triglycerides in circulating 
blood provide an index of birds' fattening rates (Williams et 
al. 1999, Ydenberg et al. 2002, Guglielmo et al. 2002b). At 
the landscape level, preliminary data suggest that there is 
(a) significant inter-site variation in this index of fattening 
rate, especially during northward migration, (b) intra-site 
consistency in rates across seasons and years, and (c) a posi- 
tive relationship between total macrofaunal prey abundance 
and rates, as expected (Seaman & Williams, unpubl. data). 
This direct assessment of the birds' condition sidesteps com- 
plications regarding measuring prey abundance versus its 
availability to shorebirds (Backwell et al. 1998). In the end, 
analysing blood rather than mud may provide a more effi- 
cient and effective tool for ranking the utility of sites for mi- 
grants. "Landscape Physiology" (Williams, pers. comm.) 
may help us make decisions about shorebird conservation. 

An entirely different approach to assessing relative habi- 
tat quality is rates of local philoparry and/or residence time, 
as determined by mark-recapture studies. Within seasons, we 
have shown, for example, that length of stays have declined 
over the past 17 years at a small site, despite abundant food 
(Ydenberg et al. 2002, Butler et al., this volume), and we 
argue that the resurgence of Peregrine falcon populations 
during the 1990s decreased habitat suitability for sandpipers. 
On a longer time scale, we can estimate within-season and 
annual "apparent survivorships" from several breeding and 

wintering sites (e.g. Sillett & Holmes 2002). Since non-return 
to an area indicates either permanent emigration or death, we 
suggest that comparing values among sites based on local or 
"apparent survivorships" allows the birds themselves to 
indicate relative habitat suitabilities (Femfindez et al. 2003, 
Lank et al. MSb). 

INDIVIDUAL-BASED MODELLING OF POPULATION 
CONSEQUENCES 

Many components of behaviour, physiology, and demogra- 
phy were integrated in a state-dependent dynamic program- 
ming model of northward migration strategies (Clark & 
Buffer 1999). We hope in coming years to expand this model 
to provide a tool for exploring additional behavioural deci- 
sions throughout the annual cycle, and to move from mod- 
elling individual decisions to predicting population conse- 
quences based on those decisions. Eventually we hope to 
include the bird's year-round distributions, which would 
allow our models to be used as a predictive management tool. 

CONCLUSION 

We recognise that allocation of resources to the extensive 
and intensive study of a single species is not an approach 
everyone might take. We believe, however, that developing 
fundamental understandings of how this species operates 
throughout its annual cycle, at physiological, individual, and 
population levels, will prove useful when we are forced to 
make decisions about species where critical information can- 
not be obtained. Species differ in specific aspects of their 
lives; nonetheless, we hope that generalities emerging from 
our research will be of value to all shorebirds, to other long 
distance migrant species, and those who appreciate them. 

ACKNOWLEDGEMENTS 

The persons listed below have participated in the "Western 
Sandpiper Research Network", knowingly or not, directly and/ 
or through attendance at our meetings held over the past dec- 
ade and through correspondence. We thank those italicised for 
helpful feedback on this essay, and many of these for permis- 
sion to cite their latest unpublished findings: Felipe Becerril, 
Mary Ann Bishop, Laura Bosschieter, Alejandra Buenrostro, 
James Bums, Rob and Holly Butler, Roberto Carmona, Colin 
Clark, Fred Cooke, Horacio de la Cueva, Francisco Delgado, 
Oliver Egeler, Bob Elner, Bruno Ens, Lesley Evans Ogden, 
Guillermo Ferndndez, Ch6ri Gratto-Trevor, Chris Guglielmo, 
Ben Haase, Brian and Kina Harrington, John Ireland, Gary 
Kaiser, Bart Kempenares, Rick Lanctot, Moira Lemon, Darren 
Lissimore, Brian McCaffery, Kim Mathot, Jessica Macdonald, 
Guy Morrison, Amanda Niehaus, Julie Neville, Patrick 
O'Hara, Theunis Pierstoa, Andrea Pomeroy, Rahul Ray, Dan 
Ruthrauff, Brett Sandercock, Yolanda Sandoval, Dana Sea- 
man, Pippa Shepherd, Will Stein, Barry Smith, Terri Suther- 
land, Jori Tang, Nils and Sarah Wamock, Shaftlynn Wardrop, 
Tony Williams, Bryan Watts, Nick Wolf, Ron Ydenberg, 
Peggy Yen, and Janet Yu. Thanks also to John Goss-Custard 
for his thoughts about this essay. 

REFERENCES 

Backwell, P.R.Y., P.D. O'Hara & J. Christy. 1998. Prey availability and 
selective foraging in shorebirds. Anim. Behav. 55: 1659-1667. 

Bulletin 100 April 2003 



Nebel & Lank: Cross-seasonal and cross-d•sc•phnary studies of m•gratory shoreb•rds 121 

Bishop, M.A. & N. Warnock. 1998. Migration of Western Sandpipers: Links 
between their Alaskan stopover areas and breeding grounds. Wilson Bull. 
110: 457-462. 

Buenrostro M.A., N. Warnock & H. de la Cueva. 1999. Wintering West- 
ern Sandpipers (Calidris mauri) at Estero de Punta Banda, Baja Califor- 
nia, Mexico. Wader Study Group Bull. 88:59-63 

Burns, J.G. & R.C. ¾denberg. 2002. The effects of wing loading and gen- 
der on the escape flights of least sandpipers (Calidris minutilla) and west- 
ern sandpipers ( Calidris mauri). Behav. Ecol. Sociobiol. 52: 128-136. 

Butler, R.W., F.S. Delgado, H. de la Cueva, V. Pulido & B.K. Sandercock. 
1996. Migration routes of the Western Sandpiper. Wilson Bull. 108: 662- 
672. 

Butler, R.W., G.W. Kaiser & G.E.J. Smith. 1987. Migration chronology, 
length of stay, sex ratio, and weight of Western Sandpipers, (Calidris 
mauri) on the southern coast of British Columbia. J. FieM Ornithol. 58: 
103-111. 

Clark, C.W. & R.W. Butler. 1999. Fitness components of avian migration: 
a dynamic model of Western Sandpiper migration. Evol. Ecol. Res. 1: 
443-457. 

Evans Ogden, L.J. 2002. Non-breeding shorebirds in a coastal agricultural 
landscape: winter habitat use and dietary sources. Ph.D thesis, Simon 
Fraser University. 

Fermindez, G., H. de la Cueva & N. Warnock. 2001. Phenology and length 
of stay of transient and wintering western sandpipers at Estero Punta 
Banda, Mexico. J. Field Ornithol. 72: 509-520. 

Fernandez, G., H. de la Cueva, N. Warnock & D.B. Lank. 2003. Local 
survival rates of Western Sandpipers wintering in northwest Baja Califor- 
nia, Mexico. Auk 120: 55-61. 

Guglielmo, C.G. & J.G. Burns. 2001. Avian forensics: predicting body fat 
and body mass from wing remains. J. Avian Biol. 32: 198-203. 

Guglielmo, C.G. & T.D. Williams. 2003. Phenotypic flexibility of body 
composition in relation to migratory state, age and sex in the western sand- 
piper. Physiol. Biochem. Zool. 76: 84-98. 

Guglielmo C.G., N.H. Haunerland & T.D. Williams. 1998. Fatty acid bind- 
ing protein, a major protein in the flight muscle of migrating Western 
Sandpipers. Comp. Biochem. Phys. B. 119: 549-555. 

Guglielmo, C.G., T. Pierstoa & T.D. Williams. 2001. A sport physiologi- 
cal perspective on bird migration: evidence for flight-induced muscle 
damage. J. Exp. Biol. 204: 2683-2690. 

Guglielmo, C.G., N.H. Haunerland, P.W. Hochachka & T.D. Williams. 
2002a. Seasonal dynamics of flight muscle fatty acid binding protein and 
catabolic enzymes in a migratory shorebird. Am. J. Physiol. Regulatory 
Integrarive Comp. Physiol. 282: R1405-R1413. 

Guglielmo, C.G., P.O. O'Hara & T.D. Williams. 2002b. Extrinsic and in- 
trinsic sources of variation in plasma lipid metabolites of free-living west- 
em sandpipers (Calidris mauri). Auk 119: 437-445. 

Harrington, B.A., S.C. Brown, J. Corven & J. Bart. 2002. Collaborative 
approaches to the evolution of migration and the development of science- 
based conservation in shorebirds. Auk 119: 914-921. 

Harrington, B.A. & B. Haase. 1988. Latitudinal differences in sex-ratios 
among nonbreeding Western Sandpipers in Puerto Rico and Ecuador. 
Southwest. Natur. 39:188-189. 

Iverson G.C., S.E. Warnock, R.W. Butler, M.A. Bishop & N. Warnock. 
1995. Spring migration of Western Sandpipers along the Pacific Coast of 
North America: A telemetry study. Condor 98: 10-21. 

Lank, D.B., R.W. Butler, J. Ireland & R.C. Ydenberg. in press. Effects of 
predation danger on migration strategies of sandpipers. Oikos. 

Lank, D.B., G. Fernfindez & C. Schwarz. MSb. Can Apparent Survival 
Estimates of Migratory Birds Index Habitat Quality? 

Lissimore, D., M. Lemon, D.B. Lank, R.W. Butler & R.C. ¾denberg. 
1999. Large and consistent body mass differences of migrant calidris 
sandpipers at adjacent stopover sites: phenomenon and possible explana- 
tions. Wader Study Group Bull. 88: 55-58. 

Myers, J.P. 1981 a. Cross-seasonal interactions in the evolution of sandpiper 
social systems. Behav. Ecol. Sociobiol. 8: 195-202. 

Myers, J.P. 198 lb. A test of three hypotheses for latitudinal segregation of 
the sexes in wintering birds. Can. J. Zool. 59: 1527-1534. 

Nebel, S., D.B. Lank, P.D. O'Hara, G. Fernfindez, B. Haase, F. Delgado, 
F.A. Estela, L.J. Evans Ogden, B. Harrington, B.E. Kus, J.E. Lyons, 
F. Mercier, B. Ortego, J.Y. Takekawa, N. Warnock & S.E. Warnock. 
2002. Western Sandpipers during the non-breeding season: spatial seg- 
regation on a hemispheric scale. Auk 119: 922-928. 

Neville, J.A. 2002. Division of parental roles in the monogamous Western 
Sandpiper, Calidris mauri. MSc thesis, University of Alaska, Fairbanks. 

O'Hara, P.D. 2002. The role of feather wear in alternative life history strat- 
egies of a long-distance migratory shorebird, the Western Sandpiper 
(Calidris mauri). PhD thesis, Simon Fraser University. 

O'Hara, P.D., D.B. Lank & F.S. Delgado. 2002. Is the timing of moult 
altered by migration? Evidence from a comparison of age and residency 
classes of Western Sandpipers Calidris mauri in Panamfi. Ardea 90: 61- 
70. 

Pierstoa, T. & R.E. Gill. 1998. Guts don't fly: Small digestive organs in 
obese Bar-tailed Godwits. Auk 115:196-203. 

Prater A.J., J.H. Marchant & J. Vuorinen. 1977. Guide to the identifica- 
tion and ageing of Holarctic Waders. BTO Guide 17, Maund & Irvine, 
Tring. 

Prater, A.J. 1981. A review of the patterns of primary moult in Palearctic 
waders (Charadrii). In. Cooper J. (ed.) Proc. Syrup. on Birds of the Sea and 
Shore. pp. 393-409. African Seabird Group, Cape Town. 

Ruthrauff, D.R. 2002. Seasonal and age-related trends in the reproductive 
output of Western Sandpipers (Calidris mauri) at Kanaryaraq, Alaska. 
MSc. thesis, Humboldt State University. 

Sandercock, B.K. 1997. Factors affecting the breeding demography of West- 
em Sandpipers (Calidris mauri) and Semipalmated Sandpipers (C. pusilla) 
at Nome, Alaska. Ph.D. thesis, Simon Fraser University. 

Sandercock, B.K. 1998. Chronology of nesting events in Western and 
Semipalmated Sandpipers near the Arctic Circle. J. Field Ornithol. 69: 
235-243. 

Sandercock, B.K., D.B. Lank & F. Cooke. 1999. Seasonal declines in the 
fecundity of arctic-breeding sandpipers: different tactics in two species 
with an invariant clutch site. J. Avian Biol. 30: 460-468. 

Sandercock, B.K., D.B. Lank, R.B. Lanctot, B. Kempenaers & F. Cooke. 
2000. Ecological correlates of mate fidelity in two Arctic-breeding sand- 
pipers. Can. J. Zool. 78: 1948-1958. 

Shepherd, P.C.F. 2001. Space use, habitat preferences, and time-activity 
budgets of non-breeding dunlin (Calidris alpina pacifica) in the Fraser 
River Delta, B.C. Ph.D thesis, Simon Fraser University. 

Shepherd, P.C.F. & D.B. Lank. MS. Space use in relation to prey availability 
in individual non-territorial dunlin. To: Anim. Behav. 

Shepherd, P.C.F., D.B. Lank, B.D Smith, N.D. Warnock, G.W. Kaiser & 
T.D. Williams. 2001. Sex ratios and sex determination of Dunlin winter- 

ing at two latitudes on the Pacific coast. Condor 103: 352-360. 
Sillett, T.C. & R.T. Holmes. 2002. Variation in survivorship of a migratory 

songbird throughout its annual cycle. J. Anim. Ecol. 71: 296-308. 
Stein, R.W. 2002. Busting a gut: age-related variation and seasonal modu- 

lation of digestive tract structure and function in the Western Sandpiper. 
MSc thesis, Simon Fraser University. 

Summers, R.W., L.G. Underhill & R.P. Prys-Jones. 1995. Why do young 
waders in southern Africa delay their first return migration to the breed- 
ing grounds? Ardea 83: 351-357. 

Sutherland, T.F., P.C.F. Shepherd & R.W. Elner. 2000. Predation on 
meiofaunal and macrofaunal invertebrates by western sandpipers (Calidris 
mauri): evidence for dual foraging modes. Mar. Biol. 137: 983-993. 

Warnock, N. & M.A. Bishop. 1998. Spring stopover ecology of migrant 
Western Sandpipers. Condor 110: 456-467. 

Warnock S.E. & J.Y. Takekawa 1995. Habitat preferences of wintering 
shorebirds in a temporally changing environment: Western Sandpipers in 
the San Francisco Bay estuary. Auk 112: 920-930. 

Weber T.P. & A. HedenstrSm 2001. Long-distance migrants as a model 
system of structural and physiological plasticity. Evol. Ecol. Res. 3: 255- 
271. 

Williams, T.D., C.G. Guglielmo, O. Egeler & C.J. Martyniuk. 1999. 
Plasma lipid metabolites provide information on mass change over sev- 
eral days in captive Western Sandpipers. Auk 116: 994-1000. 

Wilson, W.H. 1994. Western Sandpiper (Calidris mauri). In: The Birds of 
North America. Eds.: A. Poole & F. Gill, Academy of Natural Sciences, 
Philadelphia, Pennsylvania; American Ornithologists' Union, Washing- 
ton, D.C. 

Wolf, N. 2001. Foraging ecology and stopover site selection of migrating 
Western Sandpipers (Calidris mauri). M.Sc. thesis, Simon Fraser Univer- 
sity. 

Ydenberg, R.C., R.W. Butler, D.B. Lank, C.G. Guglielmo, M. Lemon & 
N. Wolff 2002. Trade-offs, condition dependence and stopover site selec- 
tion by migrating sandpipers. J. Avian Biol. 33: 47-55. 

Yen, P.P.W., P.D. O'Hara & D.B. Lank. MS. Effect of ultraviolet radiation 
on primary flight feather wear of Western Sandpipers (Calidris mauri): 
an unappreciated cost of wintering in the tropics. 

Bulletin 100 April 2003 


