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Abstract. From 1989 to 1999, we surveyed shorébirds at. the Salton Sea and in the
adj acent Imperial Valley, California. Qf 27 regularly occutﬁng species (of 34 recorded),
4 were primarily year-round rcsidenfs and breeders, 12 winter reéidents, and 11 migrants.
Median shorebird totals were 78,835 in fall, 68,281 in spring, and 27,796 in winter;.
m‘éximmn counts on singl_é surveys exceeded 100,000 in spring and fall. The 01;11y taxa
exceéding 10,000 individuals in spriﬁg or fall were the Black-necked Stilt (fall),
American Avocet (fall), Westem Sandpiper (spring and fall), and dowitcher spp. (spr‘ing)..
The American Avocet and Long-billed .Dowitcherwcre the only species ekceediﬂg 5,000
in winter. The Salton Sea remains,‘an important breeding and wintering area for the |
SnOwj( Plover, but more extensiire coverage of agricultural fields in 1999 revealed 2,486-
. 3,758 Mountain Plovers, reprcsqnting 30% to 38% of the species’ estimated world
population. At all seasons, shorebifds concenﬁated primarily along thé south and
sec;.onda.rily along the north and west shorelines. Sﬁll, distribution patterns around the -
S¢a varied gréatly among species, and several relied extensiﬁely on freshwater and
brackish ponds. The Mountain Plover, Whirabrel, and Long-billed Curlew primarily -
used agricultural fields of the Imperial Valiey. Winteriﬂg and migrant shoreb{rds at the
Salton Sea, respectively, show an affinity with those at the ‘Rio Colorado Deltg and with
the Pacific Coast of Mexico and the United States. Shorebirds at the Salton Sea face
threats from increasing salinity, disease outbreaks, and, potentially, from contaminants
from agricultural and urban sources. Large restoration projects proposed td reduce
- salinity may have negative impacts'-,if placed where large numbers of shorebirds or

sensitive species concentrate.

_ 'Key Words: distribution patterns, habitat use, migratory stopover, Mountain
Plover, Pacific Flyway, Rio Colorado Delta, wintering area.
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Shorebirds increasingly are the focus of gonservation concern because of
population declines and habitat loss (Page and Gili 1994, Brown et al. 2000). 'Although
recent papers provide broad overviews of shorebird use of wetlands and agriculturﬁl
habitats in western North America (Shuford et al. 1998, Page et al. 1999), few data have
been published on fhe patterns of shorebird use at individual sites, where most
conservation and management efforts will be impleménted. The Sal-t-:.m Sea recently has
been given long o;;ra;; recégnit‘ion for its great importance to populations of Pacific
Flnyway. waterbirds (Shuford et al. 2000, papers this volumej.' Shorebirds are ﬁnong the
most numerous groups of waterbirds at the Saltdn Sea during migratioh and winter, yet,
other than for the_ Snowy Plover (Page et al. 1991, Shuford et al. 1995), few quantitative
data have been published on their patte‘rﬁs of use of this site. Such data are needed to
address concerns for the health of tﬁe_ Salton Sea ecosystem (USFWS 1997, Shuford et al.
1999, Teira Tech, Inc. 2000).

Point Reyes Bird Observatory conducted surveys of shorebird use at the Salton
Sea via the Pacific Flyway Project from 1989 to 1995 and the Salton Sea Reconnaissance
Survey in 1999 (Shuford et al. 2000). Here we report the abundance and distr_ibution |

patterns of shorebirds at the Salton Sea and adjacent Imperial Valley, highlight threats to

these populations, suggest conservation measures for shorebirds, and identify future

“ research needs.
STUDY AREA AND METHODS
The study area included the Salton Sea, Riverside and Imperial Counties,

California, and the adjacent Imperial Valley, Imperial County. We used several methods
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to characteri_ze shorebird use in this area. From 1989 to 1995 and in 1999, we conducted
comprehensive surveys of most shorebird habitat at the Salton Sea over short periods up
to four times a year. We conducted a‘total of eight comprehensive surveys in fall (mid-

Aug to mid-Sep), eight in spring (mid-Apr), five in early winter (mid-Nov to early Dec),

and four in mid-winter (late Jan to early Feb). On ééch census, a team of professional
biologists and skilled volunteers atteﬁlpted to survey the entire Salton Sea shoreline, -
adjacent marshes and impoundments, and various sites in the Imperial Valley, including
the Finney-Ramer Unit of Imperial Wildlife Area'(WA) south of Calipatria and private
duck clubs near Brawley. Except on winter surveys of Mountain Plovers, described
below, we covered agricultural habitat of the Imperial Valley only on a limited an_d.
opportimistic basis. To ébtain éata on their patterns of _distributii_n’: and habitat use -
around the Sea, observers kept separate fallics of shorebirds within 19 shoreline segments
and three complexes of freshwater marshes and impoundmenté (Fig. 1). Obsefvérs
generally conducted surveys \mth the aid of binoculars and spotting scopes and traveled
by vgﬁicie or on foot. During sﬁmmer 1999, observers used an airboat to survey the
shoreline from Iberia Wash at Saltc;vn City south to, and including, thg New River to
reduce the risk of heat exhaustioﬂ whiie covering this long, isolated stretch.

We instructed observers, when possible, to identify all shorebirds to specieé.
Groups of unidentified shorebirds fell mostly into four éategories: yellowlegs, either
Greater or Lesser; small sandpipers of the genus Calidris, primarily Western and Least
Sandpijaers, and Dunlin; dowitchers, either Short-billed or Long-billed; and phalaropes,

either Wilson’s or Red-necked. For analyses, we grouped both identified and

unidentified dowitchers as dowitcher spp. owing to the difficulty of identifying most
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individuals to species on surveys. Incidental 'observatioﬁ_s indiéate_ that all ‘win_tering
dowitchers are Long-billeds. Although the I.bng-billed Dowitcher is the most numérous
of the two species during migration, the Short-billed also cccurs in substantial numbers
seasonally .(M. Patten in litt.). We assigned unidentified shorebirds to species using -
methods described in Page et .al. (1999), leaving some (dowitchers) in unidentified
categories when the ratio of unidentified to identified was high. Scientific names for all
species are listed in Table 1. |
| We used the median numbers of shorebirds on comprehensive surveys to |

estimate the seasonal abundance Qf various taxa. Because of limited coverage on some
surveys, we used only five fall, three early'wi.nter, one laie winter, andr five spring
surveys to characterize shorebird abundance and three winter surveys to analyze patterns
 of distribution around the Salton Sea shoreline. We excl;.aded the November 1999 survey
when calculating medians for winter, as comparisons with other winter counts suggested
that shorebirds were still migrating in November. For gréphing the distribution patterns
of shoreﬁird within study area wetlands in 1999, we grouped data for six subareas: 'west
shore (Areas 3-10), north shore (Areas 1-2 and 19), east shore (Areas 13-18), south shore
(Areas 11 and 12), nearshore ponds (Areas 20 and 21), and Imperial Valley ponds (Area
22) (Figure 1).

To docuhmt seasonal occurrence patterns 6f shorebirds, in 1999 we sun-feycd a
subset of shoreline segments (1A-B, 8, 11A-D, 12A, 20A-D, and 21B; Fig. 1) once a
month during winter and mid-summer and twice a month during spring and fall. We did

not cover Area 8 on the 4-7 October survey because of adverse winds, but we estimated

data for this segment by taking the mean of the two counts on either side of this survey,
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Finally, we combined data from the sanic subset of areas sﬁrveyed on the. 4
comprehensive surveys in 1999 with the 14 partial surveys for a total of 18 surveys used -
to describe annual phenology. We characterized the ‘scasbnal occurrence patterns of 27
. regularly occurring species, i.e. thoéé recorded on at least three comprehensive suﬁeys in |
any season. Although it did not meet this latter critérion, we included the Mountaix;
Plover in thi; characterization as it woﬁld have occurred on ail comprehensive winter
surveys if they had .includc‘d most agricuitural habitat in the Imperial Vaileyf ‘

In 1999, we conducted tl;ree comprehensive su.rveys'of Snowy Plovers at the
Salton Sea to compare to prior data on this species (Shuford et al.1995). We condﬁctéd
the 22-30 January and 11-14 November surveys, when plovers are flocking and easiest to
detect, as part of the comprehensive survéys described 'above and the 21-31 Méy survey
" as a separate census focusing entirely on éﬁowy Plovers. At that season, surveying is
made more difficult by adults sitting cryptically on nests and by adults_-witfz chicks
sometimes moving long distances to mob observers. To minimize these problems, we
_ instructed oﬁscrvers to use both binoculars and spotting scopes to repeatedly scan long
distances up and down beaches and alkali flats to try to detect incubating adults before
the plovérs snuck off nests and scattered. We also asked observers to zig-zag bacl; and
‘forth across beaches and alkali flats to try to détect roosting or incubating ploversor
those fbraging behind sﬁo;elinc' beérms where they otherwise might be invisible from the
upper beach. On very wide beaches and alkali flats, two observers worked in tandem,

one covering the upper beach or alkali flats, the other the immediate shoreline, zi g—

zagging as needed.
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In 1999, we estimalt.ed the winter population size of the Mountain Plover via
comprehensive surveys of 80% to 90% of the agricultural lands in the Imperiél Valiey on
14-15 February, 13-14 November, and 11-12 December. Adjustiﬁg fc;r individua]s
paxﬁcipating on both days of two-day survey periods, the number of observers ranged
from 11 observers in 8 p;nies on the 14-15 February survey to 26 observers in 15 parties
on the 11-12 December survey. Observers drove all accessible roads and used binoculars
and spotting scopes to carefully scan fields with appropriate plover habitat of barren

_;r;;_nd or spérsé low growth, On all surveys observers recorded and mapped the location
of all flocks and described the types of fields on which plovers opcuﬁed. In November
and Deccrﬁber, observers gathered additional data on the bebavior (foraging, roosting, or
‘ﬂying) of plovers and on characteristics of ﬁelcis where plovers were observed (percent

cover of vegetation vs. bare ground, dorh.inant plant species, average i)lant height, burned
or gi'azed vs. unburned or ungrazéd, etc.). We also colllected. limited data on the Long- ._ ,
billed Curlew, particularly in November and December.

RESULTS “

SPECIES RICHNESS A.Ll\iD OVERALL ABUNDANCE

.We detected 34 species of shorebirds on comprehensive surveys of the Salton Sea

area (Tables 1 and 2). Median shorebird tptals were 78,835 (N = 5, min.-max. = 59,512-
. 105,570) in fall, 68,281 (N = 5, min-max. = 36,675-129,538) in spring, and 27,796 (N =
4, min-max. = 19,724-70,059) in winter. The relatively low numbers in April 19_99
compared with others springs may represent a lack of coincidence of the 1999 sﬁrve_y
dates with the peak passage of Western Sandpipers, which can move through very rapidly

in large numbers. The high shorebird numbers in November 1999 likely reflects
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Pprotracted migration through that period, as othér winter counts were taken latef in the
season. In 1999, we counted 275 Snowy quvérs at the Salton Sea in January, 221 in | 7

~ May, and 170 in November and 2,486 Mountain Plovers in agricultural fields of the
Imperial Valley in Febrpary, 2,790 inNovember,‘ and 3,758 m December. The incréasc _

in Mountain Plover numbers across surveys may reflect a parallel increase in observer

covérage.
Median counts of shorebirds at the Salton Sea were >1,000 and <10,000 for six
and four taxa and >10,000 for three md—t;:éxa in fall and spring, respectively (Table
1.). Median counts in winter were >1,000 and <5,000 for five taxa and >5,000 for two
taxa. The only taxa-.exceeding 10,000 individuals in spring or fall were the Black-necked
Stilt (fall), Amencan Avocet (fall), Western Sandpiﬁer (spring and fall), and dowitcher
spi). (spring). The only species cx_ceédiﬁg 5,-600 in winter were the American Avocet and
Long-billed Dowitcher. |
' SEA.soﬁAL OCCURRENCE PATTERNS
Seasonal occurrence patt«ﬁs varied greatly among species of regularly occurring
shorebirds (Figs. 2-5; Tables 1 and 2). Of 27 such _spécies, 4 were primarily year-round
residents and breeders, 12 primarily winter residehts, and 11 primarily migrants. Of year-
round residents, the Bi.ack-nocked Stilt and American Avocet also showed large peaks,
representing fall migrants, in July'and August and August to early Noveml')er,.
respectively. Of species occurting primarily as migrants, the Semipa_lmated Plover,

Ruddy'Tumstone, Red Knot, Sanderling, and, particularly, the Whimbrel were more

' numerous in spring than fall, whereas this pattern was reversed for the Baird’s Sandpiper
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and Wilson’s and Red-necked'phalampes. Of primarily winter residents, dowitcher
numbers were swelled the most by migrants in spring and fall.
'PATTERNS OF DISTRIBUTION

At all seasons, shorebirds concentrated primarily.along the south shoreline and
secondarily along the north and west shorelines (Fig. XXX in Warnock et al. £his
volume). Shorebird densities were particularly impressive at all seasons along the
shoreline (Area 12) of the Wister Unit of Imperial WA. Still many numerous species
varied in their patterns of distribution (Figure 6). The Marbled Godwit and West% o
Sandpiper concentrated heavily on the south shore of the Salton Sea; the Semipalmated
Plover aléo‘condeﬂtrated- there, except in April when it was widespread. The Black- |
necked Stilt and American Avocet were generally widespread but tended to concentrate
more on the west _mid south sﬂores and the south sh;)re, respectively. By contrast, though
fairly widespread, the Willet and Dunlin tended to concentrate on the west shore. lThe
two yellowlegs species and the Leas_t Sandpiper were widespread but tended to rely more
on ponds than other species. Dowitchers were most numerous on the south shore and in |
adjacent nearshore poﬁds. The distributioﬁ patterns of the Black-bellied Plover and -
Long-billed Curlew in wetlands were influenced by their use of agricﬁ]tural fields.
Plovers foraged extensively aioﬁg the Salton Sea shoreline, but their seasonal
concentrations in Imperial Valley ponds reflected birds using these sites to roost after
foraging in nearby fields. The curlew was found primarily along the south shore and in
| Imperial Valley ponds; the curlews appeared to be primarily roosting in these habitats
and foraging in agricultural fields. |

Several less numerous species also showed differential distribution patterns along
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the Salton Sea shoreline. In 199_9-, the Snoﬁy Plover concentrated in aréas similar to

- those used in prior years (see Shuford et al. 1995). At all seasons, plovers concéntrated

| primarily on sandy beaches and sand or alkali flats along the western and southeastern

shorelines of the Sea (Table 3; Figs. 1 and 6). Areas of particular importance included

the shoreline and expansive alkali flats of the western :shorelin'é from Iberia Wash south
through the northern portion of thc_ Salton Sea Test Base and San Felipe Creek Delta

. (Area 6, northern part of 7, and_8) and the southeastern shoreline, breached

impoundments, and sand spit paraileling Davis Road and the Wister Unit of Imperial WA

(Area 12). In 1999, these areas, respectively, held about 44% and 33% of all piovgrs in-

J anuary and 55% and 18% in May. Other species particularly concentrated on the west

shoreline 1n spﬁng wel:e the kuddy Tu.hlstdne (84% in A.rea 6), Red Knot (87% in Areas
5 and 6), and Sanderling (81% in Area 6). The Stilt Sandpiper concentrated primarily

. along the Wister shoreline (Area 12) and iﬁ braékish or freshwater ponds of or adjacent to

the Salton Sea National Wildlife Refuge (Area 20). In 1999, 73% and 18% of Stilt

Saﬁdpipers in January and 43% énd'SZ% in November were in Areas 12 and 20,

respectively. Away from the Sea, small numbers also occuured in freshwater ponds of

duck clubs near Brawley in the Imperial Valley.

Opportunistic coverage of agricultural fields of the Imperial Valley showed that
several species were much more numerous there than in shoreline or other wetland
habitats at or near the Saiton Sea. The high count of 9,837 Whimbre-ls at the Saitbn Sea
in April 1989 was almost exclusiﬁely from of agi‘icultural fields in the Imperial Vailcy,
which received only limited coverage. The order of magnitude of Long-billed Curlew

abundance in the Imperial Valley is indicated by counts of about 2,655 individualsin a




Shuford, Warnock, McKerman 10

single flock near Calipatﬁa on 13 November 1999, 2 total of 5,593 from coverage of
about 60% of the Imperial Valley by six observers involved in a Mountain Plover survey
on 11-12 December 1999, and 7,476 on a multi-observer survey of the Sélton Sea and
portions of the Imperial Valley in August 1995. A mixed flock of shorebirds in a single
flooded field in the Imperial Valley on 11 Dec 1999 held 153 Greater and 20 Lesser
Yelléwlegs, which, respectively, represent 188% and 69% of the fnedian number of these
species found on three winter counts of the entire Salton Sea (Table 2). The Black-
bellied Plover also is fairly numerous in agricultural fields, and a roosting flock of 758
individuals at the New River Delta on 2 February 1999 likely moved there after foraging
in nearby .ﬁelds. | .7

Ovefall ﬁrintering Mountain Plovers were distributed widely over the Imperial
Valley w1th no consistent areas of concentrauon (Fig. 7), presumably reﬂectihg the
* shifting availability of suitable ﬁeld:s with the temporal and spatial variation in cultlvatlon_
practices. The concentration of plovers in a relatively few sites in February appeared to
reflect a preference by plovers for burned ﬁelds at that season as described below.

The types of fields used by Mountam Plovers varied by season. In February, 81%
of all plovers were in stubble hayfields burned after harvest; the remainder, except for 3
individuals in a asparagus stubble field, were in short-stature, stubble hayfields yet to be
bufned. Most of the bumed fields had some sparse new green growth. In three
complexes of bumed stubble hayfields holding about 1,1 84 plovers, residual stubble
about 3-5 cm tall covered about 50% of the ground with the remainder bare of végetation.
In Novembef, 35% of the plovers were in bare tilled fields and 65% in ﬁélds of various

crop types with new growth averaging <3 cm in height and ranging up t0 95% vegetative
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cover. In December, 47% were in bare tilled fields and 53% in fields of various crop
types, primarily in new stages of growth, ranging from <5% to 100% vegetative cover.
‘ Of plovers in ﬁe}ds w1th néw crops, 69% were in fields in which plant height averaged
| <5 ¢m, 10% in which it averaged 5-10 cm, and 21% in which it averaged >10-20 cm.
'Additional practices that produced the low stature and sparse cover of vegetation
attractive to plovers included grazmg and mowing or harvesting of hay crops. Ploveﬁ
using bare fields appeared to prefer actively or recently tilled fields. This appeared
,particularly to be the-ca;c_ in December when at least 649 (37%) of 1,777 plovers in bare -
- fields were in ones in which tractors were actively working; an addltxonal but unknown
percent were in fields that had reccntly been tilied. Txlled ﬁelds used by plovers tended
to be relatively flat and smooth rather than undulatmg and with large dirt clods. |
Although many fields with growing croﬁs used by plovers were relatively flat throughout,

| many others had raised beds with flats tops and narrow intervening furrows in which
plovers often stood or crouched. -

DISCUSSION

IMPORTANCE OF THE SALTON SEA

- Regional comparisons indi(’:s.ite the Sé.lton Seé ranks second, after Great Salt Lake, -

of the ten s1tes in the Intermountain West of western North Amenca that hold >10,000
shoreblrds (based on medlans) in fall, first of three such sites in spnng, and is the only
one in winter (PRBO unpu‘_bl. data). Unlike many interior sites that hold their largest

nurnbers of shorebirds in fail -.particqlarly saliné lakes where.large numbers of Aﬁmrica_n '
Avocets and Wilson’s Phalaropes stage — the Salton Sea holds compargble numbers in

both spring and fall. Although its shorebird numbers in winter are much smaller than in
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migration, the Salton Sea is one of only three sites in the interior -of the West, along with |
California’s Central Valley and degonfs Willamette Valley, that hold tens of thousands
of shorebirds in winter (PRBO @ubl. data).

| Of common to abundant intermountain shorebirds, the Salton Sea held _
particularly high proportions of thc estimated regional populations _of the Black-necked
Stilt (31%), Whimbrel (88%), small sandpipers (33%), and dowitchers (33%) in spring
and of the Willet (77%) and Long—billed Curlew (87%) in fall. Of uncommon to rare
intermountain shorebirds, the S_alton Sea held over 90%. of the_;s;c—i;ated-populaﬁons of
the Ruddy Turnstone, Red Knot, and Stilt Sandpiper in spring. Although nc‘:t numerically
dominant, the population of the Stilt Sandpiper wintering at the Salton -Sea is still the only
substantial one of that species in North America (G: McCaskie pers. comm.).

The Salton Sea also holds very important populations of the Snowy and Mountain
Plovers Surveys in 1999 reconfirmed that the Salton Sea supports the largest populauon '
of wintering Snowy Plovers in the interior of western North Amenca (Shuford et al.
1995) and is one of a handful of key breeding areas in the interior of California (Page et
al. 1991) Although Cahfom]a s Central and Imperial Valleys are w1de1y considered the
primary wintering areas for the Mountain Plover (Knopf and Rupert 1995}, our surveys
suggest the latter area may be of much more crucial importance than previously thought.
Regardless, the mean number for these three surveys represents about 30% 1o 38% of the
species’ estimated population of 8,000 to 10,000 individuals (Anonymous 1999). On
prior surveys across the California wintering range, the 2,072 and 755 Mountain Plovers
recorded in the Imperial Valley m 1994 and 1998, respeciively, represented 61% and

1597 of the totals of 3,390 and 2,179 individuals found statewide (B. Barnes in litt.,
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CDFG unpubl. data, K. Hunting in litt.). The higher totals in the Imperial Valley in 1999
almost surely reflect an increase in observer coverage there over prior years rather than a
population increasé. Counts.of Mountain Piovels on the Salton Sea (south) Christmas
Bird Count, covering only part of the northern Impeﬁal Valley, have ranged from 0-1,025 |
birds (median = 180 birds; N = 33) from 1965 01999
| AFFINITIES AND CONNECTIVITY
" Comparisons of winter shorebird populatioﬁs at ﬂlelSalt'on Sea with those of
, Califorrﬂa’S'Ceﬁtral_ Valley and Mexico’s Rio Co}o_ra_do Delta, the closest marine
shbrebird habitat, indicates the Salton Sea has a closer affinity with the 1atter area (Table
4). The Salton Sea and the Rio Coloréde Delta both hold relatively high numbers of ‘
wintering Anierican Avocets, Willets, and Marbled Godv_{its, ;'elatively low numbers ﬁf
Duniin, and small nuﬁibers of wintering 'Sanderling. Unlike the Rio Colorado Delta, ;'md
‘more like the Central Valley, the Salton Sea hosts relatively large numbers of wintering
Black-necked Stilts and Long-bilied Dowitchers, presumably becaﬁse the Sea has a
substantial amount of freshwater habitat and the Delta does not. ..
Although little solid information exists on the origin of migrant shorebirds at the
Salton SEa, anecdotal evidence suggests there is a strong ‘migrant qonnectiqn withthe
west coast of Mexico, the Gulf of _Ca-lifomia, and the Pacific Coast of the United States,
-parti_cularly in spring. -Butler et al. (1996) reported a Western Sandpiper banded in
Pm&na was found ét the Salton Sea in spring. The very lérge numbers of W‘nimbfe!s in
the Imperial Valley in spring appeaf to be come ﬁ-om coastal Mexico. (Howell and Webb |

1995)=the_n move north to the west of the Sierra Nevada, as large numbers also pass

through California’s Central Valley (Shuford et al. 1998) but very few move east of that
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range through the Great Basin (PRBO unpubl. data).‘ An even tighter coastal passage,
linked by the Salton Sea, is suggested by the use of the Sea by moderate numbers of
migrant Ruddy Tumstones, Red Knots, and Sanderlings (Table 1). These species move
along the Pacific Coast of Mexico (Howell and Webb 1995) and the United States (Pagc :
et al. 1999), but away from the Salton Sea are rare elsewhere in the interior of Califorpia

- and much of the West (PRBO unpubl. data). Based on theif knpw_ranges; species that -
winter at the Salton Sea come from diverse breeding areas ranging from the western
North American arctic (e.g, Western Sandpiper) to the Central Plains of the United
States (e.g., Mountain Plover). | |

THREATS AND CONSERVATION -

Great concern has recently been expressed aBout the health of the Salton Sea
ecosyétern because of increasing salinity, large bird die-offs from diseases and unknown
causes, and potentiél harm frorﬁ contaminaﬁts (USI;?WS. 1997, Shuford et al. 1999).
Although the greatest threat to shorebird habitat in the Intermountain West is the scarcity
of high quality freéh water (Engilis and Reed 1997, Oring et al. 2000), this threat is
manifest in various ways. Many intermountain wetlands suffer from water diversiéns
that reduce inflows and hence wetland acreage (e.g., Owens Lake, California). By
contrast, the Salton Sea is the largest iﬁtermo‘unt&in wetland tlﬁeatencd by imported water
of high salinity and from contaminants from agricultural and urban sources. Within one
to two decades, increasing salinity could cause a major shift at the Salton Sea to a brine
shrimp (Artemia .spp.)-brine fly (Ephydra spp.) dominated system (Tetra Tech, Inc.
2000). Such a change li_kély wduld favor species, sueh'a's phataropes and avocets, ‘thai

are especially adapted to exploit such food resources at hypersaline lakes in the
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Intermountain West. It is unclear, though, if this migh_t impact species at the Sea that
favor freshwater habitats or shofebifds as a whole.

Setmire et al. (1990, 1993) and the Imperial Imrigation District (1994) reviewed
the.results of bird contaminant studies at the Salton Sea. Most studies of the effects of
contaminants on shorebirds at the Sea have focused on the Black-necked S;tilt.‘ Setmire et
, al (1993) reported that 5% of the Black-necked Stilt eggs collected at the Salton Sea had
at least a 10% probability of embryotoxicity, versus 60% at Kesterson NWR, an area of
ﬂ?gfs&enium contamination.. Stilt eggs also had Boron concentrations as much as double
* the threshold levels associated with reduced -weigiz_t gain ih ducklings, and stilt growth
rates at the Sea were lower than those of Stilfs on the coasf in an area hot aﬂ‘ected by
agricultural wastewater. Also, hxgh DDE concentrations in stilt eggs were thought to -
cause signiﬁ.cant eg'gshél_l_ thmmng. 'Alﬂibugh contaminanfs have not been shown to
cause large-scale die-offs or repioductive problems, there is still ongeing concem for
their potential impac_t# on waterbirds at tilc_ Salton Sea (see Roberts this volume).

Substantial numbers of shorebirds have died at the Salton Sea from Botulism and
avian cholera (Shuford et al. 1999). It is unclear, though, whether mortality rates of
shorebirds ﬁ'ofn these diseases at the Sea are high compared with other sites in western
North America or if factors c'onﬁbuﬁg to the overall concern for the ecosystem’s health
are enhancing diseasé outbfeaks a’t. the Sea.

Proposals to restore the health of the Salton Sea ecosystem focus
disproportionately on reducing sallmty (Teﬁa Tech, Inc. 2000), as knowledge so far is
inadequate for implementing effective disease reduction measures. One proposed

r:iethod for reducing salinity involves construction of large within-Sea evaporation ponds,

2
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which, if implemented, likely-would. displace substantial amounts of current shorebird
habitat. O_iu' results showing the highly concentrated distﬁbution.pattems.of shorebirds
as a whole and of some sensitive species, such as the Snowy Plover, indicate that large-
scale evaporation ponds or other similar projects should not be constructed along the
southeéstem, southem, western, or nérthem shoreﬁnes unless measures can be takén to
maintain current shorebird habitats or adequately mitigate for their loss.

Although the U.S. Shorebird Conservation Plan shows great promise _for
conserving North American shorebirds (Brown et al. 2000), efforts to protect shorebirds
and other waterbirds at the Salton Sea will be very expensive, lengthy, and difficult.
Given the high demand for water in this arid region with a large and rapidly expanding
human population, long-term success ulﬁmately may hinge on our ability to stabilize 6_r
reducé the human population, conserve water resources, and elevate the priority of
wildlife when alldcating limited water suppliés.

RESEARCH NEEDS

Much remains to be learmed ﬁbout the ecology of shorebirds at the Salton Sea.
_Studiés lacking at the Salton Sea include ones on shorebird diets, the possible effect of
selenium and other contaminants on shorebird reproductive success, and population sizeé
and habitat use patterns of shorebirds in agricultﬁal fields. Banding and radio-teieﬁeﬁy
studies also are needed to establish patterns of connéctiv-ity of the Salton Sea with other
wetlaﬁds tf_) focus conservation efforts at the appropriate scale. Finaily, long-term
monitoring is needed, particularly to document the effect of proposed'restofation projects.
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TABLE 2. NUMBERS OF S_HOREBiRDs ON SURVEYS OF THE SALTON SEa,

CALIFORNIA, IN WINTER, 1993-1999

6 Dec 1993 5 Dec 1994 11 Nov 1999 22 Jan 1999

Black-bellied Plover 982 . 430 17381 1310
Snowy Plover 285 214 170 275
Semipalmated Plover 29 3 - 122 73 |
Killdeer 451 175 228 277
Mountain Plover - 169 52 0 | 0 "
 Black-necked Stilt 4012 2,159 5938 3,941
American Avocet | 583 3,363 is,soo 7,318
Greater Yellowlegs - 03 27 82 81
Lesser Yeuéwiegs 29 3 69 62
Yeilowlegs spp. '. 0 30 0 0
Willet 1834 150 1531 1,162
Spotted Sandpiper 5 8 - 11 . 7
Long-billed Curlew a0 108 1380 373
Marbled Godwit C 1381 . 1283 1,205 1,297
Ruddy Tumstone ~ § 6 0 17
Red Knot L 0 0 20 0
Sanderling _ 102 106 ' 37 32
Western Sandpiper 3273+ 4714 22,526 1,573
Least Sandpiper 3,225 1,464 3,773 2,006

Dunlin S 609 454 964 799
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Stilt Sandpiper - 12 134 206 164

Ruff : 1 0 0 | 1
Dowitcher spp. 5671 3,419 11,589 6,356
~ Common Sﬁpe 6 4 5 ‘ 24
Wilson’s Phalarope 0 0 2 1
Red-necked ?halarope 0 0 | 20 0

Totals 28422 19,724 70,059  27.169
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TABLE 3. NUMBERS OF SNOwY PLOVERS COUNTED IN VARIOUS AREAS AT THE SALTON

- SEA, CALIFORN}A (Flg 1), IN 1999, WITH Commsons TO PRIOR YEARS (DATA FROM

SHUFORD ET AL. 1995)

Breeding Season - Winter

412May 4-14 May 21-31May 3-8Dec 1-9Dec 22-27Jan  4-15 Nov
Area 1978 1988 1999 1993 1994 1999 1999
1 2 4 . g4 14 3 7 0
2 0 o s 10 o T 0
3 12 8 4 o .1 g 0
4 7 . 14"' . 2 - 46 16 - 17 4
s 32 8 7 2. 9 - g9 0
6 3 0 14 mt102 31 g4 .37
7 B ¢ 2% 16 1'7 16 6 6
8 29 38 35 . 26 18 30 13
9 3 3 5 0 7 2 0
0 0 o 4 15 3. 14 g
11° 2 7 3 3 o 18 0
12 16 17 39 10 8 90 102
13 131 24 0 0 3 8 .
14 29 %6 0 13 7 2 0
15 4 1 2 0 1 1 0
16 6 0 o o 0 0 0

17 - 6 0 0 0 0 0 ¢
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18 2 0 0 5 4 -0 0

21B 5 . 13 0 3 9 0 0
226 198 221 285 214 275 170

. Totals

? Also includes impoundments of SSNWR (Area 20A-D) not tallied separater prior to 1999.
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TABLE 4. COMPARISON OF PEAK WINTER SHOREBIRD POPULATIONS AT THE SAaLTON
SEA (TABLE 2), Rio COLORADO DELTA (MORRISON ET AL. 1992, MELLINK ET AL. 1997),

AND CENTRAL VALLEY (SHUFORD ET AL, 1998)

Species - SaltonSea Rio Colorado Central \./ﬁlley
| Delta |
Black-bellied Plover 1,300 4,600 10,200
Black-necked Stit 4,000 380 13,400
American Avocet 3000 9400 4,000
Willet . 1,800 8,000 110
Marbled Godwit 1,400 9,100 140
Western Sandpiper ' _4,700. 75,000 _ 8,400
Dunlin 800 100 176,000
Dowitcher spp. 6,400 ' 2,900 118,000

Total shorebirds =~ 28,000 164,000 374,000
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Figure Legends |

FIGURE 1 (Figure 4-3). Numbered areas of the shoreline and inshore zone (within 0.5
- kmof shore) of the Salton Sea, California, and adjacent freshwater 1mpoundments Inset

shows locations of duck clubs near Brawley in the Imperial Valley.

FIGURE 2 (Figure 5-6f). Seasonal occurrence patterns of the Black-bellied Plover,
Snowy Plover, Semipahnated Plover, Killdeer, Black-necked Stilt, and American Avocet
at the Salton Sea, California, in 1999. Data from 18 surveys of five areas of shoreline

and freshwater ponds (see Methods). ~

FIGURE 3 (Figure 6-g). Seasonal occurrence pa'tterns of the Greater Yellowlegs, Lesser
Yellowlegs Willet, Spotted Sandpiper, W]nmbrel and Long-billed Curlew at the Salton
Sea, Cahforma in 1999. Data from 18 surveys of five areas of shorehne and freshwater

ponds (see Methods).

FIGURE 4 (Figure 6-h). .Seasonal occurrence patterns of the Marbled Godwit, Wesiern
Sandpiper, Least Sandpiper, Dunlin, total sandpipers, and dowitcher spp. at the Salton
Sea, California, in 1999. Data from 18 surveys of five areas of shoreline and freshwater '

ponds (see Methods).

FIGURE 5 (Fi gﬁre 5-6i). Seasonal occurrence patterns of the Ruddy Turnstone, Red

Knot, Sanderling, Stilt Sandpiper, Wilson’s Phalarope, and Red-necked Phalarope at“the
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Salton Sea, California, in 1999. Data from 18 surveys of five areas of shoreline and

freshwater ponds (see Methods).

FIGURE 6. Distribution patterns during four seasons for 15 shorebird taxa by six ‘major
| subdivisions of the Salton Sea study area: West = west -éhom, North = north shore,lEast =
east shore, South = south shore, NSP = nearshore ponds, and IVP = Imperiéi Valley
ponds (see Methods; Fig. 1). BBPL = Black-bellied Plover, SNPL = Snowy Plover,
SEPL =_Serﬁii:ahnated Plover, KILL = Killdeer, BNST = Black-necked Stilt, AMAV =
American Avocet, GRYE = Greater Yellowlégs, LEX-’E = Lesser Yellowlegs, WILL =
Willet, LBCU = Long-billed Curlew, MAGO = Marbled Godwit, WESA = Western

Sandpiper, LESA = Least Sandpiper, DUNL = Dunlin, DOWI = dowitcher Spp.

FIGURE 7 (Figure 5-9). Distribution and relative size of Mountain Plover flocks on

three surveys of the Imperial Valley, California, in 1999,
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