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Behavior of Migrant Shorebirds in Saline Lakes
of the Southern Great Plains
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Abstract.—

 

We recorded and compared diurnal and nocturnal time-activity budgets of American Avocet (

 

Recur-
virostra americana

 

), Lesser Yellowlegs (

 

Tringa flavipes

 

), Least Sandpiper (

 

Calidris minutilla

 

), and Wilson’s Phalarope
(

 

Phalaropus tricolor

 

) on 21 saline lakes in the Southern Great Plains, USA, during spring and summer/fall 2002 and
2003 to examine importance of saline lakes as migratory stopover sites. All four species spent most of their time
feeding (47-70%) and resting (7-37%) by day and at night during spring and fall migrations. Little time was spent
in other behaviors. Time budgets differed among species and between seasons, likely due to different energy needs.
Time spent foraging varied seasonally between saline lakes and freshwater playas for American Avocets and Least
Sandpipers, likely due to differences in vegetation cover and availability of prey between these wetland types. For
most species, time spent foraging and resting differed between day and night. Therefore, extrapolating diurnal ac-
tivity budgets to the entire 24-hour period and from one type of habitat to another within the same region is not
recommended. Saline lakes are used by migrant shorebirds as stopover sites where they replenish lipid stores. Con-
servation efforts should focus on preserving these unique wetlands and the freshwater springs that discharge in
them
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Time-activity budgets allow researchers to
understand how birds use certain wetlands
(Titman 1981; Davis 

 

et al.

 

 1989). Previous
studies suggest that shorebird behaviors dif-
fer between day and night (Dodd and Col-
well 1998; Johnson 

 

et al.

 

 2003) and location
and type of wetland (Hötker 1999). However,
few studies have provided detailed nocturnal
activity budgets of migrating shorebirds (Mc-
Neil 

 

et al.

 

 1992; Kostecke and Smith 2003).
Additionally, time-activity budgets may vary
among species and between seasons, because
energy needs of migrant shorebirds depend
on body size, migration patterns, and migra-
tion season (Pienkowski and Evans 1984;
Battley 

 

et al.

 

 2001; Morrison 

 

et al.

 

 2005). Col-
lecting nocturnal time-activity budgets, espe-
cially by focal individual sampling (Altmann
1974), requires considerable effort. Extrapo-
lating data obtained from accessible wet-
lands or during daytime may allow research-
ers to save time and resources. However, be-
cause shorebird activity budgets likely vary

among types of wetlands and between day
and night, interpretations of life history or
habitat importance could be biased.

During migrations through interior
North America, shorebirds replenish energy
reserves necessary for completion of migra-
tion at intermediate stopover sites that serve
as “stepping stones” (Skagen and Knopf
1993). At freshwater playas (Smith 2003) in
the Southern Great Plains (SGP), shorebirds
spend most of their time feeding and resting
(Davis and Smith 1998a; Kostecke and Smith
2003). In addition to playas, there are ap-
proximately 42 saline lakes in the SGP
(Reeves and Reeves 1996). In contrast to pla-
yas (Smith 2003), saline lakes are large dis-
charge wetlands in close contact with the sat-
urated zone of the Ogallala aquifer (Holli-
day 

 

et al.

 

 1996; Triplet 1998) and supplied
freshwater by springs (Brüne 1981). Vegeta-
tion cover, if present, is less than 1% and
water salinity varies from 1 ppt to >100 ppt
(Andrei 2005). In contrast, freshwater playas
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are filled by rainfall runoff, serve as recharge
points for the Ogallala aquifer (Osterkamp
and Wood 1987; Smith 2003), and are more
vegetated than saline lakes (Haukos and
Smith 1997). Ecological and hydrological
differences between playas and saline lakes
may cause migratory shorebirds to allocate
time in different ways when using the two
predominant types of wetlands in the SGP.

Information about the functional role of
saline lakes for a range of shorebird species
is important for understanding the needs of
shorebirds migrating through the SGP and
conservation planning. If saline lakes serve
as stopover sites (Andrei 

 

et al.

 

 2006), shore-
birds should spend most of their time feed-
ing and resting to restore and accumulate
the energy reserves necessary to continue
migration (Senner and Howe 1984; Skagen
and Knopf 1993). However, if saline lakes are
used mostly for roosting, shorebirds should
spend most of their time resting.

We recorded diurnal and nocturnal time
activity budgets of American Avocet (

 

Recurvi-
rostra americana

 

), Lesser Yellowlegs (

 

Tringa
flavipes

 

), Least Sandpiper (

 

Calidris minutil-
la

 

), and Wilson’s Phalarope (

 

Phalaropus tri-
color

 

) during spring and summer/fall migra-
tions. These four species represent the range
of body sizes and feeding guilds of shore-
birds migrating through interior North
America and the SGP (Skagen and Oman
1996; Davis and Smith 1998b). Our objec-
tives were to (1) document time-activity bud-
gets of representative species of shorebirds
to examine the role of saline lakes as migra-
tory stopover sites in both the spring and
summer/fall, (2) compare diurnal and noc-
turnal time-activity budgets of the four rep-
resentative species, and (3) examine differ-
ences among time-activity budgets of shore-
birds using the saline lakes and those using
freshwater playas in the SGP (Davis and
Smith 1998a).

 

M

 

ETHODS

 

Study Area

The study was conducted on 21 saline lakes in Deaf
Smith, Parmer, Castro, Bailey, Lamb, Terry, Lynn,
Gaines, Dawson, and Andrews counties in northwest
Texas, and in Quay, Curry, Roosevelt, and Lea counties

in northeast New Mexico. The saline lakes were located
and identified following Reeves and Reeves (1996).

A detailed description of wetlands in the SGP is pro-
vided in Smith (2003). Behavior data were collected
from all lakes that contained surface water, where shore-
birds were present, and for which access permission was
granted by landowners. The climate of the region, dry
steppe with hot summers and mild winters, is character-
ized by average annual precipitation of 48 cm (Lub-
bock, Texas) occurring mostly between May and
September (National Oceanic and Atmospheric Admin-
istration 2004). Preceding and during data collection,
annual precipitation recorded in Lubbock, Texas, was
below the 48 cm annual average (2001: 32.9 cm; 2002:
47.6 cm; 2003: 20.9 cm) (National Oceanic and Atmo-
spheric Administration 2004).

Data Collection

Focal individual sampling (Altmann 1974) was used
during spring (10 March-15 June 2002, 2 March-7 June
2003) and summer/fall (7 July-9 November 2002, 7 July-
8 November 2003) to sample shorebird behavior. Be-
havior data were collected on randomly assigned lakes
during three diurnal periods (Davis and Smith 1998a)
and three nocturnal periods: early day (sunrise-11.00
h), midday (11.00-15.00 h), late day (15.00 h-sunset),
early night (sunset-24.00 h), midnight (00.00-03.00 h),
and late night (03.00 h-sunrise). For diurnal observa-
tions, we used 10

 

×

 

50 binoculars and a 20-50

 

×

 

80 spotting
scope, whereas, for nocturnal observations, we used a
night vision monocular (Noctron V, Aspect Technology
and Equipment, Plano, Texas).

Individual birds were selected randomly by moving
the optical instrument in a zigzag pattern across flocks
of birds (Davis and Smith1998a) and choosing the bird
nearest to the center of the field of view. For most small
flocks (> ten birds), each individual bird in the flock was
sampled. For larger flocks, birds from all portions of the
flock were selected randomly by moving the optical in-
strument in a zigzag pattern and selecting the individu-
als in the center of the field of view. When multiple
flocks were present, we sampled behaviors of birds in
each flock. Each individual bird was observed for five
minutes. Behaviors were dictated on a tape-recorder
and a digital stopwatch was used to time duration of
each behavior. Sampling periods were up to four hours
in length, depending on abundance of shorebirds. Be-
havioral classifications were based upon descriptions by
Baker (1971) and Metcalfe and Furness (1986). Dura-
tion of the following activities was recorded: locomotion
(walk, swim, or flight), aggression (chasing, pecking, or
threatening another individual), alertness (stationary
birds visually scanning the surroundings), resting (loaf-
ing or sleeping), body maintenance (preening, bathing,
neck or wing stretching), and feeding (Baker and Baker
1973; Hamilton 1975).

Data Analyses

Multivariate analyses of variance (MANOVA) were
used to assess differences in behavior among the four
species, because such data are not independent of each
other (Davis and Smith 1998a; DeLeon and Smith
1999). Species, season, and year were independent fac-
tors. MANOVAs were also used to test for differences in
percent time spent in each behavior between years, sea-
sons, and diel periods (i.e., diurnal and nocturnal) with-
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in each of the four species of shorebirds. Wilks’ lambda
(

 

λ

 

) was the test criterion. For significant (

 

P

 

 

 

≤

 

 0.05) over-
all MANOVAs, factorial analyses of variance (ANOVA)
and Fishers’ least significant difference tests were used
to determine differences in individual behaviors among
species, followed by 1-way ANOVAs to compare behav-
iors between day (sunrise to sunset) and night (sunset
to sunrise) for each species (Zar 1999). Because overall
behavior of Lesser Yellowlegs did not differ between sea-
sons and diel periods, 1-way ANOVA and Fishers’ least
significant difference tests were used to determine dif-
ferences in time spent among behaviors.

Differences Between Playas and Saline Lakes

Diurnal behaviors of American Avocets and Least
Sandpipers were compared between freshwater playas
and saline lakes. Diurnal activity budgets were available
for these two species from both wetland types. Compa-
rable data are lacking for other species. Diurnal data for
American Avocets and Least Sandpipers in playas were
collected in 1993 and 1994 (Davis and Smith 1998a),
whereas, time activity data where collected in saline
lakes in 2002 and 2003. For each wetland type, behavior
data were pooled across years, and Z-tests (Zar 1999)
were used to test whether feeding, resting, body mainte-
nance and alert behaviors of American Avocet (playas:
N = 1,421; saline lakes: N = 545) and Least Sandpiper
(playas: N = 647; saline lakes: N = 583) were similar be-
tween saline lakes and playas during spring and fall mi-
grations. The focal individual was the experimental unit
and values presented are mean ± SE. All analyses were
performed with SAS® software (SAS Institute 2000).

 

R

 

ESULTS

 

There was no 3-way interaction (i.e., year

 

×

 

 season 

 

×

 

 species) in the initial analyses of
shorebird behaviors (Wilks’ 

 

λ

 

 = 0.99, n.s.).
There was a 2-way season 

 

×

 

 species interaction
(Wilks’ 

 

λ

 

 = 0.98, P < 0.001). Therefore, subse-
quent analyses were conducted within season.

During spring, behaviors differed among
species (Wilks’ 

 

λ

 

 = 0.77, P < 0.001). Least
Sandpipers fed more than the other species
(F

 

3,1992

 

 = 9.94, P < 0.001; Fig. 1). Resting
(F

 

3,1992

 

 = 30.95, P < 0.001), body maintenance
(F

 

3,1992

 

 = 4.38, P < 0.01), alert (F

 

3,1992

 

 = 47.79,
P < 0.001), locomotion (F

 

3,1992

 

 = 120.27, P <
0.001), aggressive (F

 

3,1992

 

 = 3.22, P < 0.05),
and courtship and mating (F

 

3,1992

 

 = 10.70, P <
0.001) activities also differed among the four
species (Fig. 1). Least Sandpipers spent the
least time resting and the most alert and in
locomotion. American Avocet spent the least
time alert and were the only species ob-
served in courtship (Fig. 1).

Feeding (F

 

3,2107

 

 = 17.26, P < 0.001), rest-
ing (F

 

3,2107

 

 = 36.14, P < 0.001), alert (F

 

3,2107

 

 =

37.51, P < 0.001), and locomotion (F

 

3,2107

 

 =
110.90, P < 0.001) activities differed among
species (Wilks’ 

 

λ

 

 = 0.81, P < 0.001) during
summer/fall; whereas, aggression (F

 

3,2107

 

 =
1.58, n.s.) and body maintenance did not
(F

 

3,2107

 

 = 1.65, n.s.) (Fig. 2). Least Sandpipers
spent the most time feeding and the least
time resting, whereas, American Avocets
spent the most time resting and fed the least.
Least Sandpipers were also the most alert
among the four species, while American Avo-
cets were the least alert (Fig. 2).

 

American Avocet

 

. There were no year 

 

×

 

 sea-
son 

 

×

 

 diel period interaction (Wilks’ 

 

λ

 

 = 0.99,
n.s.) or year 

 

×

 

 diel interaction (Wilks’ 

 

λ

 

 =
0.99, n.s.) in analyses of American Avocet be-
haviors. There was a 2-way season 

 

×

 

 diel in-
teraction (Wilks’ 

 

λ

 

 = 0.98, P < 0.05). There-
fore, subsequent analyses were conducted
within season.

Figure 1. Activity budgets of four shorebird species dur-
ing spring (2 Mar-15 Jun) migration in 18 saline lakes of
the Southern Great Plains, 2002-2003. For each behav-
ior, species with the same letter were not different (P >
0.05). Sample sizes are shown in the bottom graph.
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In spring, feeding (F

 

1,644

 

 = 19.06, P <
0.001), resting (F

 

1,644

 

 = 15.17, P < 0.001),
body maintenance (F

 

1,644

 

 = 32.47, P < 0.001),
locomotion (F

 

1,644

 

 = 45.91, P < 0.001), and
mating (F

 

1,644

 

 = 6.78, P < 0.01) differed be-
tween day and night (Wilks’ 

 

λ

 

 = 0.86, P <
0.001), while time engaged in alert (F

 

1,644

 

 =
0.20, n.s.) and aggressive (F

 

1,644

 

 = 0.48, n.s.)
behaviors did not. American Avocets fed
more at night, whereas, time spent resting,
in locomotion, and for body maintenance
was greater during daytime (Fig. 3).

During summer/fall, American Avocet be-
havior differed between night and day (Wilks’

 

λ

 

 = 0.85, P < 0.001). Time spent in feeding
(F

 

1,587

 

 = 12.11, P < 0.001), resting (F

 

1,587

 

 = 6.10,
P = 0.01), body maintenance (F

 

1,587

 

 = 31.97, P
< 0.001), locomotion (F

 

1,587

 

 = 45.31, P <
0.001), and aggression (F

 

1,587

 

 = 12.24, P <
0.001) differed between day and night, where-

as, alert behavior did not (F

 

1,587

 

 = 0.01; n.s.).
Most feeding and locomotion occurred at
night, whereas, resting and body maintenance
occurred more during the day (Fig. 3).

 

Least Sandpiper

 

. There were no year 

 

×

 

 sea-
son 

 

×

 

 diel period (Wilks’ 

 

λ

 

 = 0.99, n.s.), sea-
son 

 

×

 

 diel period (Wilks’ 

 

λ

 

 = 0.99, n.s.), or
year 

 

×

 

 diel period interactions (Wilks’ 

 

λ

 

 =
0.99, n.s.) in initial analyses of Least Sand-
piper behavior. Sandpiper behavior differed
between night and day (Wilks’ 

 

λ

 

 = 0.87, P <
0.001). Time spent feeding (F

 

1,1157

 

 = 8.06, P <
0.01), resting (F

 

1,1157

 

 = 3.96, P < 0.05), body
maintenance (F

 

1,1157

 

 = 79.80, P < 0.001), alert
(F

 

1,1157

 

 = 10.78, P < 0.001), locomotion (F

 

1,1157

 

= 34.08, P < 0.001), and aggression (F

 

1,1157 =
53.22, P < 0.001) differed between day and
night. Least Sandpipers spent more time
feeding and resting at night, while body
maintenance, alertness, and locomotion
were greater during daytime (Fig. 4).

Wilson’s Phalarope. There were no year ×
season × diel period (Wilks’ λ = 0.98, n.s.),
season × diel period (Wilks’ λ = 0.98, n.s.), or
year × diel period interactions (Wilks’ λ =
0.97, n.s.) in analyses of overall Wilson’s
Phalarope behavior. Phalarope behavior
only differed between night and day (Wilks’

Figure 2. Activity budget of four shorebird species dur-
ing summer/fall (2 Jul-9 Nov) migration in 17 saline
lakes of the Southern Great Plains, 2002-2003. For each
behavior, species with the same letter were not different
(P > 0.05). Sample sizes are shown in the bottom graph.

Figure 3. Diurnal and nocturnal activity budget of Amer-
ican Avocets during spring (2 Mar-15 Jun) and summer/
fall (2 Jul-9 Nov) migration in 14 saline lakes of the
Southern Great Plains, 2002-2003. For each behavior, pe-
riods with the same letter were not different (P > 0.05).
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λ = 0.65, P < 0.001). Time engaged in feed-
ing (F1,1242 = 392.56, P < 0.001), body mainte-
nance (F1,1242 = 9.70, P = 0.001), alert (F1,1242

= 293.12, P < 0.001), locomotion (F1,1242 =
72.77, P < 0.001), and aggression (F1,1242 =
71.04, P < 0.001) were highest during day;
whereas, resting was highest at night (F1,1242 =
508.40, P < 0.001) (Fig. 4).

Lesser Yellowlegs. There were no year × sea-
son × diel period (Wilks’ λ = 0.98, n.s.), sea-
son × diel (Wilks’ λ = 0.98, n.s.), or year × di-
el interactions (Wilks’ λ = 0.98, n.s.) in anal-
yses of Lesser Yellowlegs behavior. Yellowlegs
behavior also did not differ between night
and day (Wilks’ λ = 0.98, n.s.). Lesser Yellow-
legs spent different (F5,2808 = 460.05, P <
0.001) amounts of time engaged in feeding
(57.4 ± 1.8%), resting (26.4 ± 1.7%), mainte-
nance (4.5 ± 0.2%), alert (6.5 ± 0.1%), loco-
motion (5.2 ± 0.1%), and aggression (<1%).

Differences Between Playas and Saline Lakes

During spring diurnal periods, American
Avocets spent more time (z = 3.91, P < 0.001)
feeding in saline lakes than in playas (playas:
47.0 ± 1.7; saline lakes: 53.7 ± 2.4). During

summer/fall, American Avocets spent more
time (z = -4.11, P < 0.001) feeding in playas
(playas: 48.4 ± 0.5; saline lakes: 41.4 ± 2.6).
Avocets rested more (z = -3.45, P < 0.001) in
playas (playas: 36.9 ± 1.8; saline lakes: 30.7 ±
2.3) in spring, but during summer/fall they
slept more (z = 1.89, P < 0.05) in the saline
lakes (playas: 38.6 ± 1.7; saline lakes: 41.7 ±
2.5). Avocets spent more time (spring: z =
5.02, P < 0.001; fall: z = 4.13, P < 0.001) in
body maintenance in saline lakes (spring:
playas, 4.9 ± 0.5; saline lakes, 7.4 ± 0.8; fall:
playas, 6.2 ± 0.6; saline lakes, 8.7 ± 0.9). Time
spent alert (4.1-5.1%) did not differ (spring:
z = -0.42, P = 0.33; fall: z = 1.88, P = 0.30) be-
tween playas and saline lakes.

Least Sandpipers spent more time feed-
ing in playas than in saline lakes during
spring (playas: 77.6 ± 1.6, saline lakes: 67.7 ±
1.3, z = -6.12, P < 0.001) and summer/fall mi-
grations (playas: 71.2 ± 1.7, saline lakes: 61.5
± 1.6, z = -6.47, P < 0.001). Alternatively, Least
Sandpipers spent less time resting in playas
than in saline lakes during spring (playas: 1.0
± 0.6, saline lakes: 6.6 ± 1.0, z = 9.21, P <
0.001), and fall (playas: 1.3 ± 0.4, saline lakes:
12.4 ± 1.4, z = 27.6, P < 0.001). Time spent in
body maintenance did not differ in spring
(playas: 6.9 ± 1.3, saline lakes: 7.6 ± 1.0, z =
0.53, P = 0.298), but was greater in playas
during fall migration (playas: 10.9 ± 1.2, sa-
line lakes: 7.8 ± 0.6, z = -2.68, P < 0.01). Sand-
pipers spent more time alert (spring: z =
4.81, P < 0.001; fall: z = 3.5, P < 0.001) in the
saline lakes during both seasons (spring: pla-
yas, 5.8 ± 0.7; saline lakes, 9.2 ± 0.3; fall: pla-
yas, 6.9 ± 0.7; saline lakes, 9.3 ± 0.3).

DISCUSSION

Ecological Correlates of Behavior

Shorebirds do not appear to accumulate
fat deposits while wintering on the Gulf
Coast (White and Mitchell 1990), but they do
when stopping in the Great Plains (SGP)
during migration (Davis et al. 2005). Migrant
American Avocets, Least Sandpipers, Wil-
son’s Phalaropes, and Lesser Yellowlegs
spent most of their time in the saline lakes
feeding and resting, likely accumulating lip-

Figure 4. Diurnal and nocturnal activity budget of Least
Sandpipers and Wilson’s Phalaropes during spring (2
Mar-15 Jun) and summer/fall (2 Jul-9 Nov) migration in
15 saline lakes of the Southern Great Plains, 2002-2003.
For each behavior, periods with the same letter were not
different (P > 0.05).
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id reserves to continue their migrations. Sa-
line lakes, as well as playas (Davis and Smith
1998a), may be the first wetlands in the west-
ern Great Plains where shorebirds can stop
to accumulate energy stores during spring
migration between the Gulf Coast and the
northern nesting grounds. However, annual
variations in rainfall and availability of habi-
tat and foraging resources in the freshwater
playas of the SGP likely affect the ability of
shorebirds to accumulate lipid reserves
(Davis et al. 2005). Therefore, saline lakes
which either have running springs or contain
water may function as a “safety net” of stop-
over sites for shorebirds migrating through
the SGP when playas are dry. Small areas with
low salinity around the freshwater seeps are
also important for nesting American Avocet,
Snowy Plover (Charadrius alexandrinus), Kill-
deer (C. vociferus), and Black-necked Stilt
(Himantopus mexicanus) (Conway et al. 2005).
Shorebird chicks born in saline lakes may ex-
perience severe dehydration without fresh-
water (Hannam et al. 2003).

Time spent feeding and resting differed
among species and between seasons, because
long distance migrants and small bodied
shorebirds have greater energy needs. Least
Sandpipers spent the most time feeding and
slept the least, whereas, American Avocets
spent the most time resting and fed the least.
Metabolic rates and migration distances dif-
fered among the four species in our study. To
compensate for higher metabolic rates (Pi-
enkowski and Evans 1984), the small bodied
sandpipers needed to spend more time feed-
ing than the large bodied American Avocets.
Arctic nesting birds and long distance mi-
grants, such as Least Sandpiper (Cooper
1994) and Lesser Yellowlegs (Tibbitts and
Moskoff 1999) need to accumulate lipid re-
serves to continue migration and survive in-
clement weather and food shortages on the
breeding grounds (Harrington et al. 1991;
Butler and Kaiser 1995). In contrast, short
distance migrants, such as American Avocets
(Robinson et al. 1997) likely needed smaller
lipid reserves and spent less time feeding and
more time resting.

Shorebirds using saline lakes as stopovers
fed more in spring than fall. Spring migrants

need to compensate for increased metabolic
rates due to heat loss (Wiersma and Piersma
1994). Lower spring temperatures also de-
crease availability of invertebrates (Pien-
kowski 1983; Zwarts and Wanink 1993; Davis
and Smith 1998a) and shorebirds compen-
sate by spending more time foraging to meet
energy demands.

Time activity budgets of most species in
our study differed between day and night.
American Avocets and Least Sandpipers fed
more at night than during the day, whereas,
Wilson’s Phalaropes fed more during the day.
Variation in feeding between day and night
among these species is likely in part due to
their ability to detect invertebrate prey, or,
that their preferred prey being active differ-
ently between night and day. Wilson’s
Phalaropes fed mostly by gleaning and sweep-
ing at substrate surface, a foraging technique
that requires visual location of prey. While
visual abilities of Wilson’s Phalaropes are
unknown, they foraged more during the day
than at night likely because they could not ef-
fectively locate prey on dark nights (Thomas
et al. 2006). Tactile foragers such as American
Avocets and Least Sandpipers were able to
forage at night and supplement the energy
reserves needed for migration and physiolog-
ical transformations on the breeding grounds
(McNeil et al. 1992; Dodd and Colwell 1996;
Morrison et al. 2005). In contrast, Wilson’s
Phalaropes accumulate sufficient energy re-
serves by day, or need to reside longer at stag-
ing sites and migration stopovers to accumu-
late fat for their “jump” migrations (Piersma
1987; Jehl 1997).

Time spent feeding and resting did not
differ between Wilson’s Phalaropes and Less-
er Yellowlegs, possibly because migration
strategies, metabolic rates, and foraging effi-
ciency had interactive effects resulting in
similar energy needs. If wetlands along the
migration routes used by shorebirds (i.e.,
the “stepping stones”, Skagen and Knopf
1993: 539) do not offer favorable foraging
conditions, shorebirds may arrive in the SGP
with low energy stores and may need to
spend more time feeding to be able to con-
tinue their migrations. Thus, shorebirds that
encounter poor foraging conditions prior to
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arriving in the SGP need to spend more time
feeding, regardless of body size or migration
distances.

Differences Between Saline Lakes and Playas

Diurnal activity budgets differed between
saline lakes and the freshwater playas. In
spring, American Avocets spent more time
feeding and less time resting in saline lakes
than in playas (Davis and Smith 1998a; Ko-
stecke and Smith 2003), but they spent more
time feeding in playas during summer/fall.
Least Sandpipers spent more time foraging
in playas than in saline lakes during both sea-
sons. Biomass of invertebrates is lower in sa-
line lakes compared to playas (playas: 0.92
g/m2; saline lakes: 0.79 g/m2), whereas, in-
vertebrate density is higher in saline lakes
(playas: 1,066/m2, Davis and Smith 1998b;
saline lakes: 2,616/m2, Andrei 2005). Differ-
ences in availability of prey, energy needs,
and foraging efficiency of migrant shore-
birds likely resulted in different activity bud-
gets between saline lakes and playas. How-
ever, data where collected in playas in 1993
and 1994 and in saline lakes in 2002 and
2003. Differences in precipitation and inver-
tebrate communities between the two study
periods may also account for time budgets
differing between playas and saline lakes.
During years with bellow average precipita-
tion shorebirds may find poor foraging op-
portunities and may need to spend more
time gathering energy reserves, regardless of
type of wetland.

Vegetation cover also differs between pla-
yas and saline lakes, and may have influ-
enced activity budgets. Shorebirds used pla-
yas with average cover of 9% (Davis and
Smith 1998b), whereas, cover in saline lakes
is ≤1% (Andrei 2005). In general, shorebirds
prefer habitats with little vegetation (Rotten-
born 1996; Colwell and Dodd 1997; Davis
and Smith 1998b). In particular, the small
bodied Least Sandpiper may have needed
more time to forage in playas because vege-
tation inhibited their locomotion and prey
extraction (Rottenborn 1996). In contrast,
the large bodied American Avocets used a
wider range of habitats (Davis and Smith

1998b) and were probably able to avoid the
vegetated patches and to find more prey.

All four representative species in our
study also spent between 3% and 9% of their
time engaged in preening and body mainte-
nance. In particular, American Avocets and
Least Sandpipers spent slightly more time
for body maintenance in saline lakes than in
the freshwater playas (Davis and Smith
1998a; Kostecke and Smith 2003). Increased
time for body maintenance may be needed
in saline lakes to remove salt from feathers.

Management and Conservation Implications

Because activity budgets may differ
among species, seasons, wetland types, and
between day and night, researchers and con-
servation planners should exercise caution
when extrapolating data from one type of
habitat to another within the same region.
Our findings, in addition to those of Ko-
stecke and Smith (2003), show that noctur-
nal data should be included when examin-
ing shorebird energy needs and that diurnal
activity data (Davis et al. 1989; Davis and
Smith 1998a) should not be extrapolated to
the entire 24-h period.

Conservation of shorebirds migrating
through the Southern Great Plains (Davis
and Smith 1998b; Andrei et al. 2006) should
include preservation and restoration of sa-
line lakes and the springs fed by the Ogallala
aquifer. Decreasing water withdrawals from
the aquifer in the vicinity of the lakes and
throughout the region, easements and pur-
chase of water rights by conservation organi-
zations and government agencies, and resto-
ration of aquifer recharge through the playa
lakes (Osterkamp and Wood 1987; Wood
and Osterkamp 1987; Wood 2000) are need-
ed to protect these habitats.
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