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EXECUTIVE SUMMARY

a

We organized and coordinated the efforts of ateam of 30 partners to examine the spring
migration ecology of shorebirds at over 30 sites spanning 3 countries aong the Pacific
Flyway from Sinaloa, Mexico; California, Nevada, Oregon, and Washington; British
Columbia, Alberta, Canada; to western Alaska.

We successfully radio-marked 88 shorebirdsin April 2002 at Bahia Santa Maria,
Sinaloa, Mexico, comprising 59 Western Sandpipers and 29 Long-billed Dowitchers.

The mean length-of-stay at Bahia Santa Maria for Western Sandpipers (x= 16.4 + 4.0
days, n = 59) and Long-billed Dowitchers (x = 18.6 + 4.8 days, n = 29) did not differ
significantly by age, sex, body mass, or capture date.

We documented 50 locations of Western Sandpipers (46%) past their banding sites, half
of that detected in previous years. Some of the birds we marked may have remained at
Bahia Santa Maria during the summer, reducing our detections.

San Francisco Bay was the single most important stopover site for Western Sandpipers
where 22% of the marked birds were detected, followed by Willapa Bay and Grays
Harbor (20%). We relocated 12% at the Copper River Delta, far below the 70-90% of
previous years, but this may have been due to some batteries expiring and radios falling
off before birds reached Alaska. Two birdswererelocated at Y ukon-Kuskokwim Delta
breeding areas.

Western Sandpipers mean length-of-stay past the banding site ranged from 1-5 days,
and their longest stopover was at San Francisco Bay (X = 5.0 + 3.2 days).

Only one Long-billed Dowitcher was detected, at Carson Lake, NV in the western Great
Basin. Onthe basis of our results and earlier work on waterfow!, w e suspect that L ong-
billed Dowitchers at Bahia Santa Mariamay have migrated through the Interior
Highlands of Mexico aong the eastern Pacific Flyway or western Central Flyway.

Our project was showcased on the list-serve and web site of the Sister Shorebird
Schools, an environmental education program sponsored by the U. S. Fish and
Wildlife Service. Over 850 users from 36 states and 23 countries subscribe to the
site, and during the migration, the web site received over 50,000 hits.

Over the past decade, we have built a network of cooperators to examine the
importance of coastal habitats used by shorebirds during the spring migration. These
studies have reveal ed the complexity of migration strategies used within and among
shorebird species along the Pacific Flyway. We are preparing an integrated proposal to
complete analyses on wetland quality, bioenergetics, and connectivity, and to conduct 2
more radio-telemetry field seasons (2004 and 2006) focusing on the Pacific Flyway.



INTRODUCTION

Asagroup, shorebirds of North America have experienced declines in populations (Morrison
2001, Morrison and Hicklin 2001) over the last several decades. Reasons for the declines are
unknown but habitat modification has figured prominently as a potential cause. As

increasing amounts of habitats have been altered and destroyed, it is becoming critical for
wildlife managers to understand how birds use habitats throughout their range. At present,

we have little information on how individual birds use migration areas, especially during
migration periods. Understanding the stopover ecology of shorebirdsisalso acritical
component of understanding the complete life cycle of these birds (Skagen 1997). Conservation
of migratory stopover sites relies not only on knowing how and when different areas of their
migrati on landscape are used, but also on knowing what influences the use of and time spent at
different areas of that landscape (Warnock and Bishop 1998).

Research on shorebird migration is identified as a priority in the United States Shorebird
Conservation Plan (Brown et al. 2001). The migration strategies used by one of the best-
studied shorebird species in North America, the Western Sandpiper (Calidris mauri), have
been well described for the stretch between San Francisco and western Alaska (Iverson et al.
1996, Bishop and Warnock 1998, Warnock and Bishop 1998). Those studies, applying radio
telemetry to document migration routes and timing, demonstrated that individual Western
Sandpipers typically make short flights during their northward migration and use a variety of
stopover sites. However, little is known about how Western Sandpipers migrate up the
Pacific Flyway from areas south of San Francisco. Similarly, very little is known about the
northward migration strategy used by the Long- billed Dowitcher (Limnodromus scolopaceus,
Takekawa and Warnock 2000), and nothing is known about how either shorebird species
migrates between Mexico and central California. In light of this, we set out to learn more about
the migration strategies of Western Sandpipers and Long-billed Dowitchers along the Pacific

Flyway.
We had the following objectives:

1. Determine the spring migration routes of Long-billed Dowitchers and Western Sandpipers
between Sinaloa, Mexico and western Alaska.

2. Estimate length-of-stay of these birds at banding and stopover areas with a special focus
of getting unbiased length-of-stay estimates for San Francisco Bay.

3. Evauate the interrelationships of stopover sites during spring.

4. Compare these results with what is known about Long-billed Dowitcher and Western
Sandpiper migration along the Pacific Flyway.

5. Improve public awareness of shorebird conservation by featuring the project on the
USFWS Sister Shorebird School web site.



METHODS

We captured shorebirds during daylight hours at the Patolandia Duck Club in Bahia Santa
Maria, Sinaloa, Mexico (Fig. 1, for more details of site see Engilis et al. 1998, Warnock
2002) between 7 - 15 April 2002. Western Sandpipers were mist-netted during the day in
shallow, open-ponded areas of Bahia Santa Maria using taped alarm calls of Western
Sandpipersto lurethemin. Long-billed Dowitchers were trapped during the day at the inner
edge of the cattail marsh of the bay. We trapped along narrow channelsin the cattail marshes
where dowitchers funneled through, set up shorebird decoys, and stationed two people with a
mist net who flicked the net upwards when the dowitchers flew by.

We weighed each bird captured to the nearest 0.05 g and measured (mm) exposed culmen,
flattened wing, and tarsus. Western Sandpipers were sexed as malesif their exposed culmen
was £ 24.2 mm and asfemales if their exposed culmen was3 24.8 mm (Page and Fearis
1971). The amount of fat in the Western Sandpiper's furcular cavity was scored between O
and 5 (Warnock and Bishop 1998). We were unable to determine sex or estimate fat scores
for Long-billed Dowitchers. We aged Western Sandpipers and Long-billed Dowitchers as
first-year birds based on extensive wear of the inner wing coverts relative to adults
(illustrated in Warnock and Warnock 2001). All birds were marked with ametal U. S. Fish
and Wildlife Service (USFWS) band and banded with UV resistant color-bands. Fifty-nine
Western Sandpipers had 1.0 g radio transmitters (estimated life 6 weeks, Holohil Systems
Ltd., Woodlawn, Ontario, Canada) glued to their lower backs (see Warnock and Warnock
1993), while 29 Long-billed Dowitchers had 1.3 g radios (estimated life 10 weeks) attached
with similar methods. The radio transmitter weight was 3% of the mass of a Western
Sandpiper and <1% of the mass of aLong-billed Dowitcher. We affixed transmitters to the
birds with cyanoacrylate glue (QuickTitea Super Glue, Loctite Corp.a , Rocky Hill, CT).

Our ability to detect radios varied by method and equipment: range was < 2 km from the
ground with a hand-held antenna, 2-4 km from the ground with atruck mounted antenna (3-7
km from a 120 m hill), and >10 km from an airplane (aerial range at Bahia Santa Mariawas
< 3 km, perhaps because the 2-element "H" antennas were not optimized). We used radio
transmitters at all major stopover areasto test aeria telemetry equipment.

At Bahia Santa Maria, we regularly monitored the whole bay from the air from 11-29 April
(Table1). After 29 April, when aerial surveys ceased, we were only able to access the area
where Long-billed Dowitchers were banded. We continued to monitor this area through 5
May. From Bahia Santa Maria up to and including the Copper River Delta, we regularly
(>10 d monitoring) monitored 17 potentia stopover sites and irregularly monitored 14 areas
for our radio-marked birds (Table 1, Fig. 1). Trucks equipped with dual-Y agi, null-peak
telemetry systems were used at San Francisco Bay. Hand-held, 3-element Y agi antennas
were used at remaining ground monitoring sites. Aeria monitoring was conducted from
planes equipped with exterior, dual-mounted antennas.
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Figure 1. Location of banding site and sites surveyed for radiomarked Western Sandpipers
and Long-billed Dowitchers in spring 2002.




Table 1. Telemetry methods (A = aerial, G = ground), number of surveys (V = variable number
of surveys, conducted opportunistically during a study of Northern Pintails, Anas acuta), and
field effort (days) for monitoring migratory movements of Western Sandpipers and Long-billed
Dowitchers, April-June 2002. Surveys indicate the number of searches conducted.

Location Method Surveys Monitoring Dates
Mexico
Bahia Santa Maria G 11 Apr 7-12, 30, May 1-3, 5
A 17 Apr 11-12, 14-24, 26-29
Nevada
Carson Lake G 3 Apr 21, May 6, 9
A 2 May 2, 8
Cdifornia
Salton Sea G 27 Apr 89, 11-12, 14-20, 2-27, 29-30 May 1-2, 6-7, 9-11, 13
San Diego Bay G 26 Apr 820, 23-25, 29-30 May 1-4, 7-9, 13
Pt. Mugu G 27 Apr 812, 16-18, 20, 22-30 May 3-8, 13, 20
Owens Lake G 9 Apr 2,5, 8, 16-17, 19-20, 23, 25
San Joaquin Valley A 3 May 2, 5, 8
Elkhorn Slough A 7 Apr 24, 27, 28 May 1-2, 4, 14
San Francisco Bay A 16 Apr 10, 12, 14, 18, 22, 24, 27-28 May 1, 2, 4, 7, 9-10, 12, 14
South Bay G 18 Apr 16-18, 23-25, 27-30 May 2-3, 6-9, 14
North Bay G 6 Apr30May 1, 3,6,9, 14
Tomales Bay A 10 Apr 18, 24, 27-28, May 4, 7, 9-10, 12, 14
Humboldt Bay
South Bay G 9 May 4-6, 8-13, 18
North Bay G 25 Apr 22-25, 29-30 May 1-3, 5-11, 14-22
Oregon
Klamath Basin G V2 Apr 27-30, May 1-15
Summer Lake Wildlife Area G V2 Apr 27-30, May 1-15
Malheur G V2 Apr 27-30, May 1-15
Bandon Marsh G 10 Apr 28, 30 May 3, 4(2), 56, 9, 12, 17
Coos Bay G 3 May 2, 7, 12
Bandon Marsh-Pecific City A 1 May 13
Bandon Marsh-Columbia River A 1 Apr 29
Lower Columbia River G 1 May 22
A 3 May 7,11, 21
Washington
Grays Harbor G 14 Apr 21, 23, 25, 28, 30 May 2, 4, 6, 8, 10, 12, 15, 17, 19
A 15 Apr22,24,27,29May 1, 3,5,7, 9,11, 13-14, 16, 18, 21
Willapa Bay G 9 Apr 23, 25, 30 May 2, 6, 8, 10, 15, 17
A 15 Apr 22,24,27,29May 1, 3,5, 7,9, 11, 13-14, 16, 18, 21
British Columbia
Fraser River Delta G 21 Apr 19, 22-30 May 2, 4-6, 11-16
Tofino Beach G 6 Apr 23 May 1-4, 7



Alberta
Central Alberta

Lloydminster-Edmonton A 1 May 24
Lloydminster-Slave Lake A 1 May 25
Slave Lake-Utikuma Lake A 1 May 26
Grand Prairie A 1 May 28
Alaska
Stikine River Delta A 25 Apr 25, 27, 29 May 2, 4-24
Juneau
Juneau Wetlands G 21 May 1-2, 4-15, 17-18, 20-21, 23-25
Juneau and Taku Inlet A 5 May 3, 9, 11, 15, 18
Berners Bay G 24 Apr 27 —May 20
Y akutat Forelands A 18 Apr 29, May 2-3, 6, 8, 10, 12-21, 24, Jun 6
Copper River Delta A 25 Apr 29, May 1-2, 4-25
Upper Cook Inlet A 7 Apr 28, May 1, 6, 7, 10, 13, 17
Upper Tanana River Valley A 2 May 30, Jun 5
Bristol Bay
South (King Salmon-11nik) A 5 May 8, 12, 16, 19, 22
North (King Salmon- G 1 May 7
E. Nushagak Bay) A 5 Apr 29 May 3, 16, 19, 22
Lower Alaska Peninsula A 3 May 4-6
Y ukon-Kuskokwim Delta A 4 May 15-17, Jun 4
Seward Peninsula A 2 Jun 4-5
Bettles to Fairbanks A 1 Jun 6
North Slope
Deadhorse-Teshekpuk Lake A 1 Jun 11
Deadhorse to Icy Cape A 1 Jun 12
Ikpikpuk River-lcy Cape A 1 Jun 13
Atgasak-Umiat A 1 Jun 16

! Bahia SantaMaria coverage May 1-3 and 5 restricted to Long-billed Dowitcher banding area.

“Greater than 10 surveys done, although exact number not known; these areas surveyed by four trucks equipped
with dual Yagi antennae set-ups. Locations surveyed in these three areas included the Lower Klamath NWR,
Tule Lake NWR, Butte Valley Wildlife Area, Goose Lake, Warner Valley (especialy near Crump Lake),
Chewaucan Marsh, Summer Lake Wildlife Area, Malheur NWR and flooded fields to the north.

Monitoring began north of banding sites as soon as radio-marked birds were suspected of
departing. Flights were conducted at altitudes of 300-1500m, with timing of flights varying
by area. When abird waslocated at a site, we monitored its presence until it had not been
detected for at least 2 days or the bird had been relocated at another site. All monitoring at a
site ceased when either all radio-marked birds had departed or when minimal migratory
activity was observed.

We assumed there was no difference in the probability of detection by method (ground or air)
and that all radio-marked birds at a banding or monitoring site were detected on a given day.
We defined relocations as the number of monitoring sites at which a bird was detected and
migration time as the interval (full day increments) between successive sites that a bird
remained undetected. Length-of-stay (LOS) for each site was the number of days from first



to the last detection. We assumed a detected bird remained on a site the entire day (i.e., LOS
> 1 day), and that it remained on site from the first to the last detection day. For birds
arriving or departing on days we were unable to monitor (usually because of weather, Table
2), we estimated the arrival or departure date by taking the midpoint between dateswe
monitored. Statistical analyses were performed using STATA (Computing Resource Center,
SantaMonica, CA 1999). Significance was determined if P £ 0.05.

RESULTS
BANDING

Western Sandpipers - Comparing first-year to adult Western Sandpipers, we did not detect
significant differencesin body mass, culmen, or fat measurements (Mass, Fi5=2.18, P =
0.15; Culmen, F15=1.83, P = 0.18; Fat, F155=0.71, P = 0.40; Table 2). We did detect
significant differences between males and females in body mass (ANOVA, F15=4.93, P =
0.03) and culmen measurements (ANOVA, F1s55=215.3, P < 0.001), but not in fat scores
(ANOVA, F15=0.64, P = 0.43). Combining ages, females weighed, on average, about 1.4
g more than males (females, mean mass= 27.4g £ 2.5 g, n = 31; males, mean mass=26.0 g
+ 2.3 g, n=28). Wefailed to detect significant age and sex interactions of birds in body
mass, culmen, or fat scores (ANOVA, P > 0.42 for all comparisons).

Long-billed Dowitchers - We failed to detect significant differencesin body mass or culmen
measurements between first-year and adult birds (Mass, F;,7= 3.31, P = 0.08; Culmen, F 57
=0.02, P=0.88; Table 2).

Table 2. Measurements of culmen length (mm), body mass (g), and fat of Western
Sandpipers and Long-billed Dowitchers captured 7-15 April 2002 at Bahia Santa Maria,

Sinaloa, Mexico. Measurements include mean + SD, n.

Sex Adult Juvenile
Western Sandpiper
Mass Mde 26.4+23, 14 25.6+ 23,14
Femde 279+ 27, 16 269+ 21,15
Culmen Mde 22.7+0.8, 14 222+0.9, 14
Femde 26.8+ 1.4, 16 264+1.1,15
Fat Mde 18+12 14 18+14, 14
Femde 18+13, 16 12+10,15
Long-billed Dowitcher
Mass 109.2+7.7, 21 102.6 + 10.9, 8
Culmen 67.5+5.2, 21 67.1+6.5,8

RELOCATIONS

Western Sandpipers - Of the 59 radio-marked Western Sandpipers that we potentially could
have detected, we rel ocated 46% (n = 27) at one or more sites past their banding site (Table
3). Of the over 30 sites that we monitored, radio-marked birds were detected at 18 sites. In



coastal California, we did not detect any birds south of Elkhorn Slough. We did not detect
birds at any sitesin northeast California or south-central Oregon, nor did we detect any birds
east of Nevada nor at Alaska s North Slope and Seward Peninsula. San Francisco Bay was
the single most important stopover site with 22% of our 59 radio-marked Western Sandpipers
detected there. Combining Willapa Bay and Grays Harbor, 20% of our marked Western
Sandpipers were detected there, while 12% of the marked Western Sandpipers were detected
at the Copper River Delta.

Table 3. Relocation sites with mean length-of-stay and number of birds (LOS = SD days, n)
of Western Sandpipers radio-marked at Bahia Santa Maria, Mexico, April 2002. Only sites
where at |east one bird was detected are listed.

Females Males Combined”
Adult First-year Adult First-year
California
Salton Sea 1.0+£0.0,1
San Luis NWR 20+£00,1
Elkhorn Slough 10+£00,1
San Francisco Bay 50+34,5 55+21,2 47+55,3 50+31,3 50+32 13
Humboldt Bay 1.0+£0.0,1
Nevada
Carson Lake 1t
Oregon
Bandon Marsh 1.0+£0.0,1 15+0.7,2 1.3+0.6, 3
Coos Bay 1.5+00,1 20+0.0,1 18+04,2
Siletz Bay 1
Y aguina Bay 1t
Columbia River 1t
Washington
Willapa Bay 1.0+£0.0,1 1.0+£00,1 20+0.0,1 1.0+£0.0,1 14+05,4
Grays Harbor 15+0.7,2 25+18,2 15+00,1 18+1.0,5
British Columbia
Fraser River 1t
Alaska
Stikine River 25+00,1
Y akutat Forelands 1.0+£0.0,1
Copper River 1.7+ 3.1, 3 20+00,1 3.0+£00,1 25+0.7,2 21+0.7,7
Y-K Delta 1! 1!

'Unable to calculate length-of -stay.
2 Sites listed when more than two birds rel ocated.

Of the 59 Western Sandpipers that we radio-marked at Bahia Santa Maria, 16 of them (27%:
4 adult females, 6 first-year females, 2 adult males and 4 first-year males) were still at the
banding site on our last aerial survey day of their banding site (29 April). Four of these birds

were subsequently relocated further north, but the detection rate of these birds was

significantly lower than birds that left during our scheduled survey period (7 April - 29 April;

c?% =3.81, P=0.05).



Long-billed Dowitchers - Only one Long-billed Dowitcher was recovered outside of the
banding area, an adult detected at Carson Lake, Nevada in the western Great Basin. One
Long-billed Dowitcher was still being detected at the banding site on our last day of
monitoring on 5 May.

LENGTH-OF-STAY AT BANDING SITE

The mean length-of-stay of Western Sandpipers (x = 16.4 + 4.0 days, n = 59) at Bahia Santa
Mariawas significantly shorter than the mean length-of-stay of Long-billed Dowitchers (x =
18.6 £ 4.8 days, n = 29; ANOVA F,g = 4.98, P = 0.03); however, the mean length of stays
should be treated as minimum estimates since 15 Western Sandpipers and 7 Long-billed
Dowitcher were still at Bahia Santa Maria when we stopped monitoring for Western
Sandpipers there.

Table 4. Length-of-stay of shorebirds at Bahia Santa Mariain April 2002 by age and sex.
Length-of-stay reported as x + SD, n.

Sex First year Adult
Western Sandpiper Femade 16.3+4.3, 15 16.3+£5.2, 16

Mae 16.1+ 3.5, 14 169+23, 14
Long-hilled Dowitcher Combined 195+4.0, 8 182+5.1,21

We found no evidence that length-of-stay of either species of bird was affected by age and
sex of birds (Table 4), body mass of birds (Fig. 2), or banding date (Fig. 2).

A Western Sandpiper 4 Western Sandpiper
@® Long-billed Dowitcher < Long-billed Dowitcher

140 4/17
[ ] ° °
10 . . .8 o . 4115 a
2 100 . o % ®%ss 3¢ 5 413
[%)] ©
% 80 ° o A OA o BSOS O O
c c 411 A A A4 b boa o
> 60 '6 OAsAL DAADA ©
'8 0 % 4/9 ° O A A O A O O
A om A AAa A
- 20 ‘:A‘A“‘t‘““‘ 2 4]7 A AA A A 4 A
0 : r r r T | 4/5
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Length of Stay Length of Stay

Figure 2. Effect of body mass and banding date on length-of-stay (days) of Western Sandpipers and
Long-billed Dowitchers at Bahia Santa Maria, Sinaloa, Mexico, April 2002.

LENGTH-OF-STAY PAST THE BANDING SITE

Western Sandpipers - We were able to determi ne 40 length-of-stay estimates based on
relocations of 27 birds detected north of Bahia Santa Maria (Table 3). Due to incomplete

10



search efforts, we were unable to cal cul ate length-of-stay for birds detected at 6 sites (Table
2). Past the banding site, mean length-of-stay at 12 other sites we monitored ranged from 1-5
days, with mean length-of-stay of birds stopping at San Francisco Bay more than double any
other stopover site (Table 2).

Within sites, there were no obvious patterns of age or sex of birds affecting their length-of-
stay at stopover sites (Table 2). At San Francisco Bay, where sample size was sufficient for
testing, age and sex did not explain significant amounts of variation in length-of-stay (log
transformed) of Western Sandpipers (ANOVA; Age, F110=0.60, P = 0.46; sex, F110=0.49,
P =0.50). Length-of-stay of Western Sandpipers at San Francisco Bay was significantly
related to their arrival date at San Francisco Bay (adjusted r* = 0.57, P = 0.002, n = 13; Fig.
3); on average, early arriving birds stayed longer than late arriving birds.
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Figure 3. Relationship between arrival date and length-of-stay of Western Sandpipers at San
Francisco Bay, California, spring 2002.

Long-billed Dowitchers - Due to incomplete search efforts, we were unable to calculate
length-of-stay for the one Long-billed Dowitcher detected at Carson Lake, Nevada.

PUBLIC OUTREACH AND EDUCATION

Our work in Sinaloa was the focus of an award winning television show in Sinaloa, Mexico
shown in May 2002. Our project was featured both on PRBO's web site and Sister Shorebird
Schools' (SSS) list serve and web site. The SSSis an environmental education program
sponsored by the US Fish and Wildlife Service. Anoverview of our project was provided to
SSS list-serve subscribers on 23 April 2002. Subsequently, 6 list-serve updates described the
movements of selected Dunlin and Dowitchers. The Shorebird Sister Schools website linked
to the PRBO Conservation Sciences web page that featured the tracking project. Asof
August 2002, the project continues to be posted on the web site, and al list-serve messages
are archived under "Where are they today”. We estimate that information on our project
reached severa thousand people. Over 850 usersfrom 23 countries and 36 US states
subscribe to the site, including many school classes. During May 2001 when our study was
being conducted, the web site received nearly 50,000 hits.

11



DISCUSSION
SITESUSED IN MIGRATION

Over the past decade, we have built a network of cooperators to examine the importance of
coastal habitats used by shorebirds during the spring migration. The 2002 spring shorebird
migration study marks the fifth season (1992, see Iverson et a. 1996; 1995, 1996, see Bishop
and Warnock 1998, Warnock and Bishop 1998; and 2001, see Warnock et al. 2001) that we
have successfully radio-marked and followed shorebirds over large areas of the Pacific
Flyway. These studies have revealed the complexity of migration strategies used within and
among shorebird species along the Pacific Flyway. For thefirst time, we marked birds south
of San Francisco Bay, at Bahia Santa Maria, Sinaloa, Mexico. Little had been known about
how individual shorebirds migrated from Mexico through western United States and Canada.

Overall, we had alower likelihood of detecting radio-marked Western Sandpipers (46%) and
Long-billed Dowitchers (3%) past their banding site than in previous years when relocations
ranged from 84-91% of all possible birds (Warnock and Bishop 1998, Warnock et a. 2001).
Mosgt striking was the fact that we detected only one of 29 Long-billed Dowitchers that we
marked past their banding site despite our intensive search efforts throughout the Pacific
Flyway. Our previous results when attaching transmitters with glue has been highly reliable,
including work on dowitchersin 2001 (see Warnock et al. 2001). Itisunlikely that we would
have missed these birds along the coast as last year we had high probabilities of detecting
dowitchers on the coast, especially at the Copper River Delta (76% detection rate therein 2001,
Warnock et al. 2001), where no dowitchers were detected this year.

Telemetry studies in the early 1990s indicated an interchange of migratory birds from the West
Coast to the Interior Highlands regions of northern Mexico for Northern Pintails (R. Migoya,
pers. comm.) and Greater White-fronted Geese (Anser albifrons; JY T, unpubl. data). Thus, we
suggest that many of the Long-billed Dowitchers that migrate northwards through Sinaloa take
an interior route through Chihuahua and then up through the western side of Great Plains
through the United States where they are common during migration (Skagen et al. 1999,
Takekawa and Warnock 2000). It may be that these birds then continue up the Central Flyway
through Canada and end up on the North Slope of Alaska (see map of Pacific Flyway in Lincoln
1952). Marked Long-billed Dowitchers from the North Slope have subsequently been found in
Kansas (Takekawa and Warnock 2000), demonstrating a northern Alaska - Central Flyway
connection.

Our recoveries of Western Sandpipers also were illuminating despite our lower recovery rate
compared to previous years. In southern California, no Western Sandpipers were detected
along the Pacific coast south of Elkhorn Slough, despite substantial search efforts at San
Diego Bay and Pt. Mugu, two sites that traditionally host some of the highest numbers of
migrating Western Sandpipers in southern California each spring (Page et a. 1992). Western
Sandpipers detected at coastal southern California sites may be coming up from Baja
Cdlifornia, Mexico where large numbers winter (Page et al. 1997). We had one recovery at
the Salton Sea, with concentrated but frequent search effort at the southeastern section of the
sea (the Sonny Bono Salton Sea NWR and the state operated Wister Unit), where greatest
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concentrations of Western Sandpipers at the Salton Sea occur (Shuford et al. 2000). This
recovery, along with resightings of color-banded Western Sandpipers from Panama (Butler et
al. 1996) indicates that at |east some Western Sandpipers from Mexico, Central and South
America migrate up through the Gulf of Californiato the Salton Sea before continuing their
northward migration either up the Pacific Coast or through the interior of the Pacific Flyway.

At interior sites north of the Salton Seain California and Nevada we had limited search effort
that still yielded three birds. A Western Sandpiper and a Long-billed Dowitcher were
detected in the Lahontan Valley, NV in the western Great Basin and a Western Sandpiper
was detected in the southern Central Valley at San Luis NWR. Thisindicates that some birds
from the western coast of Mexico migrate north through the western Great Basin and some
head up through the Central Valley and then move to the coast. Neither of the birds detected
in Nevada were detected again, but the San Luis bird was picked up at Willapa Bay and
Grays Harbor in Washington. The Summer Lake, Ma heur, and Lower Klamath Lake region,
an interior area of south-central Oregon and north-eastern California that is known to support
large numbers of migrating shorebirds including Western Sandpipers and Long-billed
Dowitchers (Warnock et al. 1998), did not yield any radio-marked shorebirds despite a great
deal of search effort there. This suggests that our marked birds migrating north through the
interior crossed over to the coast before reaching south-central Oregon.

This season, our single site with the most recoveries of Western Sandpipers (22%) was the
San Francisco Bay. Our results support the conclusions of Page and others (1999) that with
the exception of the Copper River Delta, San Francisco Bay is perhaps the single most
important coastal spring site for Western Sandpipers in the western United States. North of
San Francisco, we recovered Western Sandpipers at most sites that we regularly surveyed.
For the first time, we monitored for and detected radio-marked Western Sandpipers at coastal
sites in Oregon, demonstrating the importance of coastal wetlands of this state to migrating
Western Sandpipers. The Willapa Bay and Grays Harbor area of Washington was aso an
important areafor our radio-marked Western Sandpipers, as has been demonstrated in past
years (Iverson et al. 1996, Warnock and Bishop 1998).

North of Washington, although sites where we found birds were similar to previous years,
our recovery rates of radio-marked Western Sandpipers dropped off. Thiswas especialy
noticeable at the Copper River Delta, through which the mgjority of the estimated world's
population of Western Sandpipers passes in the spring (Bishop et a. 2000). Despite similar
search effort to previous years of study, we relocated only 12% of radio-marked Western
Sandpipers there this spring, compared to 70-90% relocation in previous years. This suggests
that many radios were either expiring or falling off birds before they reached the Copper
River Ddlta, a strong possibility since we were stretching the limits of the battery life of the
radios we put on Western Sandpipers. Thiswould not have been the case for Long-billed
Dowitchers since their radios had a battery life of 10 weeks.

Another factor that could explain lower recovery rates at the Copper River Deltaisif some
Western Sandpipers bypassed the Copper River Delta by following the same route as Long-
billed Dowitchers and migrating up the eastern side of the Pacific Flyway and the western
Central Flyway, through Alberta, up the Mackenzie River to northern Alaska (see Senner and
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Martinez 1982), where Western Sandpipers are known to breed (Senner and Martinez 1982,
Johnson and Herter 1989). Western Sandpipers do occur in the Central Flyway in small
numbers during the spring (Skagen et a. 1999), and southward migrating birds from British
Columbia have subsequently been detected in Kansas (Senner and Martinez 1982), indicating
some connection between the flyways. The two Western Sandpipers we tracked from
Mexico to breeding grounds on the Y ukon-Kuskokwim Delta were both detected further
south at coastal sitesin California and Washington, indicating a coastal migration route for
these breeding birds.

LENGTH-OF-STAY AT BANDING SITES

Aside from the change in banding location, our estimates of length-of-stay at the banding site
were most different compared with results from previous years. Mean length-of-stay of
Long-billed Dowitchers at their banding site in San Francisco Bay in 2001 was about 8 days
(Warnock et al. 2001), while at Sinaloait was over 18 days. Similarly, for Western
Sandpipers banded at more northerly sitesin San Francisco, Honey Lake and Grays Harbor,
mean length-of-stay ranged from 2.6 (Honey Lake) to 9.1 days (San Francisco), compared
with over 16 days at Sindloa. Severa factors may help explain the longer mean length-of-
stay at Sinaloa.

First of al, inclusion of birdsthat are not actually migrating may inflate the Sinaloa
estimates. In many shorebird species, first year birds do not attempt to breed and often stay
at their wintering sites (McNell et a. 1994, del Hoyo et a. 1996). It is estimated that at
Bahia Santa Maria approximately 10% of Western Sandpipers do not migrate, the mgjority of
them first year birds (G. Fernandez pers. comm.). Dueto financial constraints, we stopped
aerial telemetry flights on 29 April. This prevented further monitoring of the Western
Sandpiper banding area (only accessible from the air), although we were able to monitor the
banding area for Long-billed Dowitchers from the ground until 5 May. Of the 16 Western
Sandpipers that were till being detected only 4 of them were subsequently relocated to the
north, asignificantly lower resighting rate than birds we detected leaving, suggesting that
many of these birds either did not leave or migrated up the Central Flyway. It appears asif
most of the Long-billed Dowitchers migrated from Bahia Santa Maria.

Longer length-of-stay at Bahia Santa Maria vs. more northerly sites and inter-species
differences in length-of-stay of Western Sandpipers and Long-billed Dowitchers may also be
related to both timing of migration and location of the breeding grounds. Breeding Long-
billed Dowitchers are one of the latest arriving shorebirds on the eastern side of the North
Slope of Alaska (Takekawa and Warnock 2000), with early arrival dates at Prudhoe Bay, AK
on 25 May (Hohenberger 1994). In contrast, Long-billed Dowitchers arrive to breeding areas
in western Alaska beginning the first week of May (Takekawa and Warnock 2000). Any
Western Sandpipers migrating up to northern Alaska would face similar constraints in timing
of migration due to the later snow melt-off and more unpredictable weather in northern vs.
western Alaska (Holmes 1971, 1972).
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As has been the case in the past (Warnock and Bishop 1998, Warnock et al. 2001), we failed
to find any significant effects of sex, body mass, or banding date on length-of-stay at the
banding site. Additionally, we found no significant effect of age. Part of these effects may
be masked by the banding effect that we have documented in the past (Warnock and Bishop
1998, Warnock et a. 2001), which causes birds to stay longer at the site where they are
banded than they would if they were not handled. Past the banding site, we also failed to find
significant effects of sex or age on a bird's length-of-stay.

LENGTH-OF-STAY PAST BANDING SITES

With the exception of stopover lengths at San Francisco Bay, Western Sandpipers moved
rapidly through stopover sites, spending on average 1-2 days per site. These estimates are
similar to those we have recorded for Western Sandpipers in previous years of study (Iverson
et a. 1996, Warnock and Bishop 1998).

For the first time, we obtained unbiased estimates of turnover (unaffected by the effects of
banding) at San Francisco Bay. Compared to the more rapid turnover estimates at other sites,
mean length-of-stay of Western Sandpipers at San Francisco Bay was about 5 days. These
data support the idea that San Francisco Bay serves as a staging site rather than a stopover
site for Western Sandpipers. There are probably few true staging sites for shorebirdsin
North America, sites where birds spend relatively longer amounts of time increasing their
body mass in response to a superabundant food resource (see Warnock and Bishop 1998). At
San Francisco Bay it islikely that the combination of relatively large tracts of intertidal
mudflats in juxtaposition with large expanses of salt ponds offer opportunities for intense
periods of feeding. With the salt ponds present, Western Sandpipers can and do feed through
the day and night, switching between habitats depending on tide height (Warnock and
Takekawa 1995, 1996).

Also for the first time, we obtained length-of-stay estimates of shorebirds stopping at coastal
wetlands in Oregon. Similar to other stopover areas, birds moved rapidly, turning over in
oneto two days. Thiswas also true for sites along the Washington coast. Western
Sandpipers used Grays Harbor and Willapain asimilar way, generally stopping for less than
two days before continuing. Previous turnover estimates for these birds at these sitesin
Washington have aso been rapid (Iverson et a. 1996, Warnock and Bishop 1998). Dunlin
and Short and Long-billed Dowitchers marked last year used Grays Harbor and Willapa Bay
differently than Western Sandpipers. Dowitchers stayed on average up to 5 days at these
sites. Dowitchers stopped longer at Willapa Bay than Grays Harbor while Dunlin stopped
longer at Grays Harbor than Willapa Bay (Warnock et al. 2001). Our mean two-day stopover
lengths at the Copper River Delta are comparable with results from previous years (lverson et
al. 1996, Warnock and Bishop 1998).

Except for San Francisco Bay, low sample sizes at sites north of the banding area preclude a
detailed examination of effects that potentially affect length-of-stay. At San Francisco Bay,
time of arrival had the largest effect on stopover length with late-arriving birds staying

shorter periods of time than early-arriving birds. At the Copper River Delta, the length-of-
stay of male Western Sandpipers was aso negatively related to arrival date whereas we failed
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to find this relationship in females (Warnock and Bishop 1998, Warnock et al. 2001).

Farmer and Wiens (1999), in a study of Pectoral Sandpipers (Calidris melanotos) migrating
through the Central Flyway in the spring, showed a similar relationship with birds banded at
more northerly sites having shorter lengths of stay the later they were banded in the season.
Undoubtedly, thisis related to the need for late-arriving shorebirds to get to the breeding
groundsin timeto breed. Shorebirds migrating towards breeding grounds in the subarctic and
Arctic face time constraints, and males probably face tighter constraints than females the closer
they get to the breeding grounds, as has been suggested for Western Sandpipers (Warnock and
Bishop 1998) and Pectoral Sandpipers (Farmer and Wiens 1999). Eggs laid too early in the
season face freezing (Green et a. 1977), while for chicks hatching too late in the short breeding
season there is an increased probability of food shortages (Holmes 1972) and, in some years,
greater predation (Oring and Lank 1986, Jonsson 1991). However, energetic costs for females
may be equally or more important than time considerations because egg production is
energetically expensive (MacL ean 1969, Blem 1990).

SUMMARY

This study, combined with our previous work on other shorebirds, reveals the complexity of
migration strategies used within and among shorebird species along the Pacific Flyway.
Shorebirdsrely on an interconnected web of wetlands along the Pacific Flyway. In some
cases, it appears asif shorebirds wintering along the Pacific Flyway move eastward and
migrate northward through the Central Flyway. In the future, we need to expand our scale of
study in order to adequately understand how these shorebirds are using their landscape on a
global scale. Many areas along the Pacific Flyway are used as stopover sites by Western
Sandpipers and Long-billed Dowitchers, but San Francisco Bay (at |east for Western
Sandpipers) appears to serve as astaging area. Exactly how individual sites are used by
these migrating birds, especially what types of prey are consumed, how birds accumulate fat
for migration at these sites, and what specific habitats within sites are important remain
largely unknown. Research in these areasis especially desirable. Our length-of-stay
estimates will allow for more accurate estimates of numbers of shorebird passing through
particular sites to be obtained.

FUTURE RESEARCH

Over the past decade, this project has been very successful becauseit utilized an extensive
network of partners. However, it isan extremey time-intensive and labor-intensive effort to
coordinate with uncertain funding. Thus, we are planning to work with our partners and funding
sources to complete the study within the next 5 years. We are preparing an integrated proposal
to complete analyses on wetland quality, bioenergetics, and connectivity, and to conduct 2 more
radio-telemetry field seasons (2004 and 2006) focusing on the Pecific Flyway. With this
approach, we hope to develop a strong scientific compilation for use in management plansto
protect key shorebird migration habitats in the Pacific Flyway.
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