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Abstract

We examined the use of an extensive prairie lake
and wetland complex at the Quill Lakes, Saskatchewan, by
migrant shorebirds. The most common species observed
there during northbound spring migration were (in order
of abundance) Red-necked Phalarope Phalaropus lobatus ,
Semipalmated Sandpiper Calidris pusilla, Stilt Sandpiper
C. himantopus, White-rumped Sandpiper C. fùscicollis,
Least Sandpiper C. minutilla, and Sanderling C. àlba. The
most numerous species during southbound autumn
migration were Red-necked Phalarope, dowitchers
(primarily Long-billed Dowitcher Limnodromus
scolopaceus), Stilt Sandpiper, Semipalmated Sandpiper,
Lesser Yellowlegs Tringaflavipes, and Hudsonian Godwit
Limosa haemastica. The most significant species in terms
of relative population numhers and conservation concerns
were Stilt Sandpiper (spring and autumn) and Hudsonian
Godwit (autumn).

Birds migrated rapidly through the area in spring
(the peak period was from the second week of May to the
first week of June), and there was no evidence ofmass
gain. At least sorne members of species for which
conservative flight range estimates could be made (Least
Sandpiper, Lesser Yellowlegs, Semipalmated Sandpiper,
Stilt Sandpiper) apparently had more than enough stored
fat to fly nonstop to breeding areas. Sorne yearling
Semipalmated, Least, and Stilt sandpipers and Lesser
Yellowlegs migrated north in spring.

Autumn migration was more protracted than spring
migration (the peak period was from the third week of
July to the third week ofAugust; average length-of-stay
estimates ranged from seven to 16 days), and there was
sorne evidence of birds gaining mass at the Quill Lakes
(Hudsonian Godwits, Lesser Yellowlegs, Semipalmated
Sandpipers, Stilt Sandpipers). Estimated flight ranges
indicated that at least sorne individuals of each of these
and other species could fly nonstop from Saskatchewan to
the southern coasts of the United States or northern South
America, with the exception of Long-billed Dowitchers.
Gnly Long-billed Dowitchers and sorne Short-billed
Dowitchers Limnodromus griseus were in active flight
feather moult at Little Quill Lake.

Juveniles were common among locally breeding
species during July and August. Among northern-nesting
migrants, juveniles migrated later than adults. For Least

and Semipalmated sandpipers, most southbound migrants
were juveniles, which suggests that either adults and
juveniles migrated along different routes or adults had
sufficient energy reserves to overfly the Quill Lakes. For
Hudsonian Godwits, Stilt Sandpipers, and Long-billed
Dowitchers, juveniles were rarely, if ever, seen, which
again suggests different routes or a much later migration
for juveniles.

Shorebird species assemblages differed among
habitats at the Quill Lakes, which suggests that species
diversity was related to habitatdiversity. Numbers and
foraging locations of the most common species migrating
through the area were related to the availability of suitable
habitat. Shorebirds used the shoreline of Little Quill Lake
more and the nearby marsh basins less as water levels in
the area increased. In addition, species that forage mostly
by probing substrates used deeper water and selected
marsh habitats, whereas species that mostly peck selected
lakeshore habitats. As a complex of large and small,
permanent and temporary wetlands, the Quill Lakes area
usually has sorne habitat suitable for foraging shorebirds
each year and might funètion as a "refuge" for migrants
during prairie droughts.
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Résumé

Nous avons étudié comment les oiseaux de rivages
migrateurs utilisaient un vaste complexe de lacs et de
terres humides des prairies, aux Lacs Quill, en
Saskatchewan. Les espèces les plus communes que nQus y
avons observées pendant la migration printanière vers le
nord (par ordre d'abondance) sont le Phalarope
hyperboréen (Phalaropus lobatus), le Bécasseau
semipalmé (Calidris pusilla), le Bécasseau à échasses (c.
himantopus), le Bécasseau à croupion blanc
(C.fuscicollis), le Bécasseau minuscule (C. minutilla) et le
Bécasseau sanderling (C. alba). Les espèces les plus
nombreuses, lors de la migration d'automne vers le sud,
étaient le Phalarope hyperboréen, les Limnodromi, surtout
le Bécasseau à long bec (Limnodromus scolopaceus), le
Bécasseau à échasses, le Bécasseau semipalmé, le Petit
Chevalier (Tringaflavipes) et la Barge hudsonienne
(Limosa haemastica). Les espèces les plus significatives
quant à l'importance relative de leur population et la
question de la conservation furent le Bécasseau à échasses
(printemps et automne) et la Barge hudsonienne (automne).

La migration du printemps est passée rapidement à
cet endroit (la période la plus forte a commencé à la
deuxième semaine de mai et s'est terminée à la première
semaine de juin) et il n'y avait aucun signe de gain de
masse. Au moins quelques individus d'espèces dont il a
été possible de faire une estimation conservatrice de leur
distance d'envolée (le Bécasseau minuscule, le Petit
Chevalier, le Bécasseau semipalmé et le Bécasseau à
échasses) avaient apparemment emmagasiné assez de gras
pour continuer leur envol sans escale jusqu'à leur aire de
nidification. Certains petits d'une année parmi les
Bécasseaux semipalmés, minuscules et à échasses, ainsi
que les Petits Chevaliers, ont migré vers le nord au
printemps.

La migration d'automne a été plus longue que celle
du printemps (la période forte allant de la troisième
semaine de juillet à la troisième semaine d'août); on a
estimé la durée du séjour à entre sept et seize jours et on a
pu observer que des individus avaient pris de la masse aux
Lacs Quill (la Barge hudsonienne,;le Petit Chevalier, le
Bécasseau semipalmé, le Bécasseau à échasses). Des
estimations de distances d'envolées indiquaient qu'au
moins quelques individus de ces espèces et d'autres
pouvaient, sans escale, se rendre de la Saskatchewan à la

côte sud des États-Unis, ou au nord de l'Amérique du sud,
sauf le Bécasseau à long bec. Seuls les Bécasseaux à long
bec et certains Bécasseau roux (Limnodromus griseus)
étaient en pleine mue de rémiges au Petit Lac Quill.

Il y avait des juvéniles partout parmi les nicheurs
locaux aux mois de juillet et août. Parmi les migrateurs
nicheurs du nord, les juvéniles ont migré plus tard que les
adultes. En ce qui concerne les Bécasseaux minuscules et
semipalmés, la plupart des migrateurs qui allaient au sud
étaient des juvéniles, ce qui suggère que les adultes et les
juvéniles empruntent des voies de migration différentes ou
que les adultes avaient assez de-réserves d'énergie pour
continuer sans halte leur envolée au-dessus des Lacs Quill.
Pour les Barges hudsoniennes, les Bécasseaux à échasses
et Bécasseaux à long bec, on n'a vu qu'à peine, ou pas du
tout; de juvéniles, ce qui laisse entendre encore qu'ils ont
emprunté des voies différentes, ou que les juvéniles ont
migré beaucoup plus tard.

Les assemblages d'oiseaux de rivage différaient
selon les habitats aux Lacs Quill, ce qui suggère que la
diversité des espèces va de pair avec la diversité des
habitats. Les nombres et les lieux fourragers, pour les
espèces migratrices les plus communes de l'endroit,
dépendaient de la disponibilité d'habitats appropriés. Les
oiseaux de rivage utilisaient plutôt le rivage du Petit Lac
Quill, et les marais voisins, mais en diminuant à mesure
que le niveau de l'eau augmentait. Les espèces qui se
nourrissent surtout des substrats de fond fréquentaient des
eaux plus profondes et choisissaient des habitats
marécageux, alors que les espèces qui picorent
choisissaient plutôt des habitats de rivage. Comme
complexe de terres humides grandes et petites,
permanentes et temporaires, 1ft région des Lacs Quill offre
habituellement, à chaque année, de bons habitats pour le
fourrage des oiseaux de rivage et pourrait servir de
« refuge» aux migrateurs durant les sécheresses des
prairies.
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1. Introduction

Many species of shorebirds migrate to and from
their breeding grounds along traditional routes, stopping
in large numbers to replenish fat or to moult at the same
places each year. The dependence of shorebirds on
specifie staging grounds (stopovers) makes them
particularly vulnerable to environmental change (e.g.,
Lester and Myers 1991), which has led to concern among
conservationists for the identification and preservation of
critical areas (Senner and Howe 1984; Myers et al. 1987;
Morrison 1991; Morrison et al. 1995).

Most critical shorebird staging grounds that have
been recognized throughout the world are in coastal
marine habitats, which normally have predictable patterns
of water availability on a daily, seasonal, and annual basis
(e.g., Morrison and Harrington 1979; Senner 1979;
Hicklin 1987; Morrison and Ross 1989; Gill and Handel
1990; Zwarts and Piersma 1990). A number of these
important coastal sites are known to have a super­
abundance of prey when shorebirds are present, allowing
birds to deposit large amounts of fat before undertaking .
long nonstop flights. The importance of inland habitats ­
often saline lakes and wetlands where water levels can
vary dramatically and unpredictably among days, seasons,
and years - is much less weIl understood and has been
examined only rarely (Skagen and Knopf 1993). In the
northern prairies, studies have been conducted at various
small wetlands around Saskatoon, Saskatchewan (Lewis
1983), and at Last Mountain Lake, Saskatchewan (Colwell
1987, 1991; Colwell and Oring 1988; Colwell et al. 1988).
In this publication, we provide information on shorebird
migration and habitat use at a major inland stopover in the
Canadian prairies.

Thirty-one species of shorebirds occur regularly as
breeders (l0 species) or migrants in the Northern Plains of
North America (summarized by Helmers 1992). Among
the migrants, sorne species use different routes for
northbound and southbound migrations (e.g., Morrison
1984; Harrington et al. 1991; Gratto-Trevor and Dickson
1994). In addition, species might use a stopover for
different reasons, including breeding, resting, acquiring
energy reserves, or moulting. A knowledge of species
composition, timing of occurrence, and purpose of
stopover is needed for the development of site-specifie
wetIand management strategies for shorebirds, including
both simple preservation and more complex manipulation
of shorebird habitat.

In 1986, the Canadian Wildlife Service initiated its
Prairie Shorebird Program in response to the increasing
interest in shorebird conservation throughout the western
hemisphere (Dickson and Smith 1988). The first under­
taking was a series of aerial surveys in the southern halves
of Manitoba, Saskatchewan, and Alberta to identify
potèntial concentration areas for shorebirds during
migration (Smith and Dickson 1989). The Quill Lakes, a
complex of saline lakes and marshes in the northern
prairies of Saskatchewan, had particularly large numbers
of shorebirds (see Appendix 1 for a list of species).

Sites with significant numbers of staging
shorebirds have now been identified for both Canada
(Morrison et al. 1995) and the United States (Harrington
and Perry 1995) and given potential (or actual) Western
Hemisphere Shorebird Reserve Network (WHSRN)
designations. Official designation of an area as a WHSRN
site provides it with international recognition and,
indirectly, protection. WHSRN sites are categorized in
importance by the absolute numbers of birds or
percentages of flyway populations using the areas. The
highest designation is a "Hemispheric Site," with more
than 500 000 shorebirds per year or 30% of a flyway
population. Next are "International Sites," with more than
100 000 shorebirds or 15% of a flyway population.
Finally, "Regional Sites" must have at least 20 000
shorebirds or 5% of a flyway population. Throughout
Canada and the United States, there are only 12 potential
or actual Hemispheric Sites, including areas such as
Shepody Bay and the Minas Basin of the Bay of Fundy,
the Fraser River delta in British Columbia, the Copper
River delta in Alaska, and Delaware Bay in New Jersey.
There are a further 13 potential or actual International
Sites, including the Quill Lakes in Saskatchewan. In the
Canadian prairies, only the Old Wives/ChaplinJReed lakes
complex ofwetIands and a suite of 12 lakes at the
Alberta/Saskatchewan border have comparable numbers of
shorebirds (Morrison et al. 1995). In Region 8 of the
United States (Prairies), there are only Regional Sites
listed (Harrington and Perry 1995).

As a result of the large numbers of shorebirds
staging at the Quill Lakes (almost unique to the prairies)
and because the area was slated to be the first major
habitat project of the Prairie Habitat Joint Venture of the
North American Waterfowl Management Plan (to be
managed for the benefit of waterfowl), a series of studies

•



was initiated there in 1988 to document the nature of the
shorebird migration and to provide information that could
be used to develop management strategies for shorebird
habitat at the Quill Lakes and in the prairies in general.
The results of the studies on prey availability, food habits,
and body composition of select shorebird species are
presented in Alexander ( 1994) and Alexander et al. (1996),
whereas an analysis of the migration routes of Semi­
palmated Sandpipers (see Appendix 1 for scientific names
of shorebirds) that use the Quill Lakes has been given by
Gratto-Trevor and Dickson (1994).

This publication provides an overview of the use of
the Quill Lakes by shorebirds during both spring and
autumn migrations, particularly Little Quill Lake and its
surrounding marsh basins. Where pertinent, inter- and
intraseasonal variability are emphasized, as characteristic
of interior versus coastal wetlands. This publication is
split into two major sections. The first deals with shore­
bird migration at the Quill Lakes in terms of 1) species
identification, 2) species composition and abundance, 3)
age composition, 4) interrelationships between the
stopover and other areas via resightings and recoveries of
marked birds elsewhere, 5) chronology of migration and
length of stay, 6) presence of active flight feather moult,
7) rates ofmass gain, and 8) potential flighrranges of
birds from the area. The second section discusses habitat
selection by shorebirds at the Quill Lakes 1) by location,
2) in relation to habitat availability (water level
fluctuations), 3) in relation to wading depth, and 4) in
relation to feeding method. AIl field methods are
presented in one location to avoid repetition of methods
common to both major sections.
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2.1 Geography and water chemistry

The Quill Lakes (approx. 52°N, 104°W) comprise
three large, variab1y saline and a1kaline bodies ofwater
(Big, Middle, and Little Quilliakes; Fig. 1). They lie
within the topographically level to gentle-rolling plains
and lowlands of Saskatchewan at the southern edge of the
aspen parklands (Richards and Fung 1969; see Hammer
and Haynes [1978] for a discussion of saline lakes in
relation to geographic factors throughout the Canadian .
prairies). The surrounding area is extensively cultiv~ted.
Much of the land immediately adjacent to the lakes lS used
for pasture. Climate fluctuates between humid and dry
subhumid continental conditions.

The Quill Lakes lie within an area of saline soils;
because evaporation often exceeds water input, the lakes
can be highly saline, especially Big Quill Lake. In 1991
and 1992, water salinities (Wetze1 1983:179) at the Quill
Lakes were as follows (Alexander 1994): 1521-6004
mg/L (pH = 6.7-8.8, mostly >8.0) at Little Quill
Res~riction, Milligan Creek Project, Jesmer Project, and
Campbell Project Segments 6 and 7; 7242-10258 mg/L
(pH 8.5-9.2) at Little Quill Lake; 4266-17 054 mg/L
(pH 8.0) at Middle Quill Lake; and 103 871-111 009
mg/L (pH 8.1-8.7) at Big Quill Lake. Sulphate was the
dominant ion. Salinity affects the composition and
densities ofboth invertebrate prey and vegetation in and
around wet1ands (Hammer and Heseltine 1988; Kantrud et
al. 1989; Hammer et al. 1990).

In Big Quill Lake and probably also Little Quill
Lake, precipitation (direct and indirect through runoff and
groundwater) accounts for approximately 50-70% of the
changes in 1ake levels (Whiting 1977). Consequently,
water 1eve1s, salinity, and pH fluctuate considerably within
and among years. During the 20th century, water levels
have generally decreased and sa1inity has increased at Big
Quill Lake, although apparently not at Little Quill Lake
(Alexander 1994). The high salinity at Big Quill Lake at
the end of this study was likely the result of drought in the
late 1980s and early 1990s. Water levels at Big Quill Lake
were lower during this study (1989-1993) than at any
other time in historical record (since the late 1800s, the
highest leve1s were approximately 519.5 m above sea 1evel
[asl] in 1880 and 1920 and 516.8 m asl in 1958, whereas
the lowest were approximately 515.7 m asl in the late

1940s and 513.6 m asl in 1993; summarized in Whiting
1977 and in Appendix 2).

In the past, there was flow from east to west
between lakes, with Big Quill Lake as the terminal and
most saline basin. Creeks flowing into and between the
1akes are now mostly controlled. In 1936, the stream
between Little Quill and Big Quilllakes was dammed
(Hammer 1978), which effectively split the Quill Lakes
drainagè basin into two independent drainage basins
(Whiting 1977). Since then, diversions and dams have
been constructed on other streams (e.g., Milligan Creek in
1961 and Duck Hunting Creek, which feeds Little Quill
Restriction, in 1963). In this permanent wetland complex,
the amount of water in specific,Jakes, basins, and marshes
is dependent primarily on environmental conditions,
although water levels in certain areas can be controlled to
sorne extent.

2.2 Lake and wetland substrates

Substrates range from mud at the southwest end of
Little Quill Restriction to sandy mud at Little Quill
Restriction's north end and Little Quill Lake's east shore
to muddy sand along Little Quill Lake's southeast shore
(Alexander 1994). The sandy mud substrates of Little
Quill Lake's east shore lay between two stream mouths,
both ofwhich are now dammed. Middle Quill Lake
substrates are dominated by clay, with increasing amounts
of grave! and coarse sand at greater depths in the
substrate. The west shore of Little Quill Lake is sandy in
its central parts and increasingly muddy in the southern
and northern stretches. Substrates in openings in the
vegetation at Little Quill Restriction and in the recllntly
flooded Jesmer Project aredominated by plant litter.
Substrate softness increases with increasing mud content,
decreases with increasing sand content, and decreases with
increa~ing exposure of the substrate to the atmosphere
(i.e., as the waterline recedes, unflooded substrates
become harder) (Alexander 1994). Substrate type and
penetrability can affect the ability of shorebirds to probe
and detect prey (Myers et al. 1980; Quammen 1982;
Kelsey and Hassall 1989; Mouritsen and Jensen 1992).
Invertebrate species composition and distribution are a1so
dependent on substrate type (Green 1968).



Figure 1 ... . .
Saskatchewan (inset) and the Qum Lakes. Sttppled areas mdlcate alkah flats. ProJects are Ducks
Unlimited (Canada) waterfowl management projects.

•
Quill Lake

2.3 Lake and wetland vegetation

The vegetation in and around Little Quill Lake and
surrounding marshes is typical of North American saline
wetlands (Millar 1976; Hammer and Heseltine 1988;
Kantrud et al. 1989). Sago Pondweed Potamogeton
pectinatus was the most abundant submergent in the
deeper open-water marshes and offshore in Little Quill
Lake. Sago Pondweed also occurred in sparse and stunted
stands in the shallows along the shore of Little Quill Lake.
Horned Pondweed Zanichellia palustris and Chara sp.
were also present in most marsh areas. The typical
emergents in the open-water marshes (e.g., Little Quill
Restriction, shoreline of Middle Quill Lake, Milligan
Creek Project, Jesmer Project, Campbell Project Segment
7) were Alkali (Prairie) Bulrush Scirpus maritimus var.
paludosus, Hardstem Bulrush S. acutus, other bulrushes
(S. validus, S. americanus), spike-rushes (Eleocharis
palustris, E. aciculari..'i, E. parvula var. anachaeta), Wire
Rush Juncus balticus, Whitetop Grass Scolochloa
festucacea, and Common Cattail Typha latifolia.

104'00'

N

A

Wadena
•

There is little shoreline marsh at Little Quill and
Big Quilllakes. Nearshore gradients in both lakes are
slight, resulting in rapid and frequent changes in the
location and extent of shallow water in response to wind,
precipitation, and evaporation. In 1990, there was a band
ofpredominantly Alkali (Prairie) Bulrush (with smaller .
amounts of the other bulrushes and spike-rushes listed
above) along Little Quill Lake's east shore. From 1990 to
1992, water levels dropped in Little Quill Lake, expanding
its east and southeast shores by several hundred metres.
These shoreline flats were invaded by such species as
Perennial Sow Thistle Sonchus arvensis, Foxtail Barley
Hordeumjubatum, Goosefoot (Chenopodium spp.),
Biennial Sagewort Artemisia biennis, Samphire Salicornia
rubra, and Alkali Grass Puccinellia nuttalliana (possibly
also Dystichlis stricta; Hammer and Heseltine 1988).
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3. Methods

In order to identify and count shorebirds, ground
surveys were conducted during northbound spring
migration (May and early June) in 1989, 1990, 1992, and
1993 and during southbound autumn migration (July,
August, and early September) in 1989-1992, inclusive.
The surveys in spring 1989 were preliminary and limited
in coverage; they are therefore excluded from most
analyses. The subsequent surveys were conducted mostly
at Little Quill Lake's west, east, and southeast shores,
Middle Quill Lake's east shore, Little Quill Restriction,
Milligan Creek Project, Jesmer Project, and Campbell
Project Segments 2, 3, 5, 6, and 7 (Fig. 1). Survey
coverage was similar in 1989 (autumn migration), 199 l,
1992, and 1993. In 1990, most smaller basins surrounding
Little QuilI Lake were not surveyed. Milligan Creek
Project was surveyed only in 1989, because water levels
were too high for shorebirds in aIl other years. Big Quill
Lake and Level Project were surveyed only during spring
1993. Sorne years and areas are excluded from analyses
when inconsistencies in survey coverage cause biases.

Surveys were conducted every three or four days
(usually between 09:00 and 17:00 Central Standard Time).
The study area was divided into several sections (e.g.,
isolated small basins, stretches of shoreline), and data
were tallied for each section separately. Most surveys
within a season were conducted by the same two
observers, but there was usually one new primary observer
eaeh year. Observers drove small alI-terrain vehicles or
walked along shorelines and reeorded ail shorebirds seen
(aided by binoculars and a 15-60x spotting scope).
Behaviour (feeding or not feeding) and substrate moisture
or wading depth (dry, wet, water depth < tarsus length,
water depth > tarsus length, swimming on water) were
also reeorded. Unidentifiable shorebirds were classified as
small (SHSM, SHLS), medium (SHME), smaIl-medium
(SHOT), or large (SHLA) in size (see Appendix 1).
Observers rarely differentiated between Long- and
Short-billed dowitehers (Limnodromus spp.), both of
which oceurred in the area; therefore, aIl sightings of
dowitchers were combined.
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3.1 Surveys 3.2 Banding and shorebird morphometrics

We captured shor~birds at Little Quill Lake from
1988 to 1992. As sample sizes were largest and measure­
ments were standardized in 1990, 1991, and 1992, we
present data only from those years. Spring migrants were
caught in 1990 (26 May to 1 June) and 1992 (16 May to 3
June). Autumn migrants were sampled in 1990 (16 July to
23 August) and 1991 (11 July to 26 August).

AIl birds were captured in mist nets, primarily at
night. We placed nets in groups of2-10 along the shore of
Little Quill Lake and/or in adjacent marshes. No more
than 15 nets were in use at a time. The maximum number
of shorebirds captured in one night was 345 (average
number per night was 74).

Eaeh bird was marked with a metal band (usuaIly
stainless steel), one or two white plastic (darvic) leg fIags,
and one colour band: red (aduIts) or green (juveniles). We
measured wing length (±I mm, maximum chord: fIattened
and straightened), bill length (±0.1 mm, exposed culmen:
feathering to tip), and mass (±O.l g, electronic balance).
Dowitchers in the hand were identified to species
according to plumage characteristics described by Prater
et al. (1977). Several dowitchers could not be identified
because of missing tail feathers and are not included in the
analyses.

We aged aIl birds by plumage characteristics
(Prater et al. 1977) and examined them for flight feather
moult. Yearlings were identified in sorne species bythe
presence of partial postjuvenile wing (PPW) mouIt (Gratto
and Morrison 1981). PPW mouIt is identified by
differential wear of primaries and secondaries, with outer
primaries and inner seeondaries being the least worn,
having been replaced in the bird's first winter (on the
wintering grounds), whereas other flight feathers have not
been replaeed (Prater et al. 1977; Spaans 1979). FinaIly,
the birds were dyed with a pattern of pieric acid (yeIlow­
orange) on their underparts and released 0.5-6 hours
(usually <2 hours) after capture.

Individuals were weighed as soon as possible after
capture. As temperatures at night were never above 30°C,
loss of mass before release should have been less than 2%

.(Castro et al. 1991). Eighteen Semipalmated Sandpipers
captured in the spring of 1990 were reweighed 2-3 hours
after the initial weight was taken. Their mass decreased an
average of 0.4 g (SD 0.2, range 0...(J.8), or 1% of initial
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mass. Mass gain in shorebirds at Little Quill Lake was
measured in two ways. In sorne species, individual birds
were retrapped sorne days after being first captured and
actual change in mass was measured. Otherwise,
correlations between date and mass of birds càptured
provided an indication of mass gain of the population.

CLGT measured nearly aIl birds in 1990 and 1992,
~d HLD (H.L. Dickson), GB (G. Beyersbergen), and
CLGT almost aIl birds in 1991. Several series of birds
were measured by these three researchers in 1991. Wing
lengths measured by HLD and GB were consistently
slightly shorter than those measured by CLGT. Therefore,
aIl wing lengths were converted to those of CLGT by
adding average differences of HLD or GB measurements
to those of CLGT. The fewwing measurements made by
others were not used. Measurements of 1990 and 1991
autumn migrants were combined for each species, as were
measurements of 1990 and 1992 spring migrants.

Several individuais of sorne common species were
coIlected for other studies (food habits, isotope studies,
toxics, DNA analysis). The birds were aged and measured
as noted above, with the addition of tarsus length (±O.l
mm). Sex was determined by internaI examination.

3.3 Length-of-stay estimates

In years when we colour-dyed shorebirds, a
consistent part of the Quill Lakes area was censused every
three days (28 May to 3 June in 1990 and 17 May to 4
June in 1992 during spring migration; 14 July to 28
August in 1990 and 17 July to 6 September in 1991 during
autumn migration, with the exception of 25 August 1990,
29 July 1991, and 3 September 1991). For each three-day
period (ending the morning before a census), aIl birds
were given a specifie dye pattern. We divided the under­
parts of a bird into four regions: l, upper breast; 2, lower
breast before legs; 3, beIly including legs; and 4, under
tai!. Dye patterns included any number of these areas: for
example, 1--4 mêant that the bird was dyed on the upper
breast and under-tail areas only.

During the consistent area censuses, dye patterns of
aIl banded birds were noted. The percentage ofresighted
birds of a species and dye pattern per total number marked
with that pattern was plotted against date. Length of stay
for each dye pattern cohort was estimated from these
graphs as the number of days since the middle of the dye
period to the day when less than half of the originally
resighted birds were present. Average length of stay was
calculate4 as the mean of the length-of-stay estimates for
that species. Only dye periods with more than 30 birds of
a species marked were used in these estimates. These
estimates are likely to be biased 10w because we do not
know how long birds were present in the area before
capture.

3.4 Flight range estimates

Alexander (1994) discussed in detail methods for
calculating flight ranges of shorebirds and compared a
number of equations based on theoretical and empirical
approaches. He concluded that there is no definitive model
for estimating flight ranges because ofweak or untested
assumptions about model parameters. OveraIl, most

estimates tend to be conservative when compared with
observed migratory flights.

Theoretical approaches estimate energy require­
ments from aerodynamic theory and the mechanics of
flight (e.g., Pennycuick 1989; Rayner 1990). These
models require as input an energy conversion factor that
converts metabolic power to mechanical power for flight.
The value of the factor and whether or riot it scales with
body size have a significant impact on estimated flight
ranges (Alexander 1994). When energy conversion factors
scale with body size, flight range estimates increase with
increasing body size. Unfortunately, energy conversion
factors for different types and sizes ofbirds are not weIl
established (Walsberg 1990). Another weakness of the
theoretical approaches is that their predicted flight speeds
do not match speeds of migrating birds observed in the
field. Both Biebach (1992) and Alexander (1994) (for
passerines and shorebirds, respectively) concluded that
Rayner's (1990) predictions of flight speed should
probably be corrected by a factor of 1.5 to match observed
flight speeds. Pennycuick's (1989) flight speed estimates
were generally higher than Rayner's (1990) but stilllower
than field estimates. In addition, the theoretically derived
models, especiaIly those of Pennycuick (1989), include
parameters for extrinsic factors such as flight altitude, air
density, and wind speeo, which are difficult to measure.
These differences and difficultiès need to be reconciled
before researchers can place much confidence in
theoreticaIly derived equations.

EmpiricaIly derived models offlight range are
based on cost-of-flight equations, which are fitted from
observed relations between body dimensions and energy
consumption. The earliest models considered only body
mass (reviewed by Castro and Myers 1988), whereas more
recent versions also include wing area and span (Rayner
1990) or wing length (Castro and Myers 1989). Empirical­
ly derived models have fewer initial assumptions (i.e.,
fewer parameters), making them easier to apply and more
common in practice. These models, however, assume
implicitly that factors such as altitude and air density are
not important. Recently, for example, they have been
justifiably criticized for excluding wind speed as a key
factor affecting flight range, especially for long-distance
migrants (Butler et al. 1997). In addition, current cost-of­
flight equations are based mostly on passerines and are
likely to overestimate flight costs and underestimate flight
ranges of shorebirds, because shorebird metabolism is
probably lower than passerine metabolism (Kersten and
Piersma 1987) and because shorebirds, with their long,
pointed wings, are probablymore efficient in flight than
most other birds, particularly passerines, which have
relatively broader wings. Therefore, although empiricaIly.
derived equations have been easier to apply, they are not
necessarily more or less accurate than the theoreticaIly
derived models.

In this paper, we provide flight range estimates for
shorebirds captured at the Quill Lakes based on an exist­
ingempirical1y derived equation. As we measured wing
length and not area or span, we have used Castro and
Myers' (1989) equation, which is the most recently
published equation that uses wing length:

R =26.88*C*S*LI.614*(M1 -,).464_ M2 -M64)
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where R = flight range (km), C = a correction factor
explained in the next paragraph, S = flight speed (kmJh), .
L = wing length (cm), Ml = mass at end of flight (g), and
M2 = mass at start of flight (g). Wing length used was 'the
mean of each species/season/age group from Table 8 (e.g.,
Semipalmated Sandpiper/autumn/adult). As the sex of
mist-netted birds could not be determined, sex differences
in flight ranges were not examined. For each species or
group, MI was the mass of the lightest bird captured
whose wing length was at least average. This value was
used to represent potential minimum mass at the end of
flight. Two different versions of M2 were used: mass of
the heaviest bird in a species or group (resulting in a
relatively high estimate offlight range), and mean niass
(resulting in a more conservative estimate offlight range).
Average mass at the initiation of flight should fall within
these two values.

Alexander (1994) compared the Castro and Myers
(1989) equation used in this study with others that were
based on wing area and span (Pennycuick 1989; Rayner
1990) and with observed flight ranges. Average flight
speed was Zwarts et al. 's (1990) estimate Of 55 kmlh (±8
[SD]). The Castro and Myers (1989) equation generated
predictions that were overly conservative, especially for
larger species such as godwits. (Most equations predict
that larger species have greater flight ranges than smaller
species for a given relative fat load, inc1uding theoretical­
ly derived models when energy conversion scales with
body size. In contrast, the Castro and Myers [1989]
equation and theoretically derived equations with non­
scaling energy conversion predict only slightly higher
flight ranges for larger species.) To compensate, we have
used a flight speed of 55 km/h (Zwarts et al. 1990) and a
correction factor of 1.36, which is equivalent to using a
flight speed of 75 km/h and coincidentally similar to what
has commonly been used in other shorebird studies
(McNeil and Cadieux 1972; Summers and Waltner 1978;
Jehl1979; Mercier 1985; Castro and Myers 1989;
Harrington et al. 1991). This generates estimates for larger
shorebirds that are similar to estimates from the other
equations in Alexander (1994) with flight speeds of 55
kmlh or with flight speeds predicted from body size. For
smaller shorebirds, estimates of flight range using the
Castro and Myers (1989) equation with the 75 kmlh flight
speed equivalent tend to be 15-20% higher than estimates
from the other equations in Alexander (1994). Given that
ail equations appear to be conservative (Alexander 1994),
we consider our corrected estimates also to be conserva­
tive. Actual flight ranges would, of course, be modified
greatly by wind (Butler et al. 1997).

3.5 Water levels

Ducks Unlimited (Canada) recorded water levels
(m asl) at most of the waterfowl habitat management
projects (Fig. 1) periodically throughout this study. In
addition, field crews took qualitative notes on shorebird
habitat availability in relation to water levels while
conducting other fieldwork. -
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4. Shorebird migration at the
Quill Lakes

4.1 Introduction

In order todevelop appropriate management
strategies for shorebird staging sites on the prairies (many
ofwhich have sorne water control capabilities but are
often managed primarily for the benefit of other species),
we must have knowledge of species composition,
chronology of migration, and what use each species makes
of the area in terms ofbreeding, resting, energy
acquisition, and moulting.

In this section, we document which species and
ages of shorebirds use the Quill Lakes area during
migration. We also' examine the evidence for seasonal
differences in the populations (within species) that use the
Quill Lakes and differences in the migration routes
followed by adults and juveniles. In addition, this section
provides information on the chronology of northbound
spring and southbound autumn migrations, including the
timing of migration of adults compared with that of
juveniles and estimates of the duration of migratory
stopover by individuals in the Quill Lakes area. Last1y, we
examine the incidence of moult and mass gain and
estimate flight ranges to provide evidence of how
shorebirds are using the Quill Lakes during migration.

minimum population estimate. Peak counts underestimate
the actual number of birds using the area because they do
not take into account turnover of individuaIs (e.g., a peak
count of 1500 Stilt Sandpipers might be seen in spring;
however, if each bird stays an average of only four days,
the actual number migrating through the site might be as
many as 7500 in a 20-day period).

Peak counts were approximately three times higher
in spring than in autumn (based on the average among
years of the sums of each species' seasonal peak; Table 1).
Red-necked Phalaropes were the most common shorebirds
in both seasons during most years. Six species were
among the 10 most common species during both spring
and autumn migrations: Red-necked Phalaropes, Semi­
palmated Sandpipers, Stilt Sandpipers, Least Sandpipers,
American Avocets, and Baird's Sandpipers (Tables 1 and
2). In spring, White-rumped Sandpipers, Sanderlings,
Black:bellied Plovers, and Red Knots were also among the
top 10 species. In Julyand August, the top 10 included
dowitchers, Lesser Yellowlegs, Hudsonian Godwits, and
Semipalmated Plovers. These patterns were apparent
whether using means across years of peak counts (Table 1)
or total counts (Le., the sum of counts from aIl surveys
within a season; Table 2).

4.2.2 Species composition and abundance

For each species, the peak count within a season
(i.e., spring or autumn migration) is interpreted as the

4.2.1 Species identification during surveys

In most years, observers identified 91-96% of aIl
shorebirds seen during surveys (excluding unidentified
phalaropes, which were probably Red-necked Phalaropes,
and unidentified plovers, which were Black-bellied
Plovers or Lesser Golden-Plovers). In spring 1992 and at
Big Quill Lake in spring 1993, observers identified only
70% and 56%, respectively, of the shorebirds seen (more
unidentified phalaropes and plovers were recorded in 1992
as weIl). Most of the unidentified shorebirds were small
and medium in size (most likely White-rumped, Baird's,
Least, Semipalmated, and Stilt sandpipers). Potential bias
related to poor identification is noted when it applies.

4.2 ResuUs 4.2.3 Age composition

We noted partial postjuvenile wing (PPW) moult
(i.e., evidence of yearlings) only in Semipalmated Sand­
pipers, Least Sandpipers, Stilt Sandpipers, and Lesser
Yellowlegs (Table 3). We suspect that many of the older
Lesser Yellowlegs had migrated north prior to the onset of
banding. Semipalmated Sandpiper yearlings were more
abundant than adults later during spring migration and
earlier during autumn migration. Stilt Sandpiper yearlings
did not appear to migrate southward earlier than older
birds.

Among species captured in large numbers (> 100)
during autumn migration, Least Sandpiper, Semipalmated
Sandpiper, and Wilson's Phalarope juveniles were
considerably more common than adults (i.e., >90% of
birds captured were juveniles; Table 4). Roughly half of
the Lesser Yellowlegs captured in July and August were
juveniles. Few juveniles of other species, including local
breeders, were captured.
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