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PATTERNS OF SHOREBIRD USE OF THE SALTON SEA AND 
ADJACENT IMPERIAL VALLEY, CALIFORNIA 

W. DAVID SHUFORD, NIL WAR OCK, A D ROBERT L. Mc.KER A 

Abstract. From 1989-J 995 and in 1999, we recorded 34 specie. on shorebird urvey at the Salton 
Sea and adjacent Imperial Valley, California. Of 27 regularly occurring pecies, 4 were primarily year­
round re ident and breeder , 12 winter re idents, and 1 I migrants. Median horebird total were 
78,835 in fall, 68,281 in pring, and 27,796 in winter; maximum counts on single survey exceeded 
100,000 in spring and fall. The only taxa exceeding 10,000 individual in spring or fall were the 
Black-necked Stilt (Himantopus mexicanus, fall), American Avocet (Recurvirostra americana, fall), 
Western Sandpiper ( alidris mauri, pring and fall), and dowitchers (Limnodromu pp., pring). The 
American A vocet and Long-billed Dowitcher (L. colopaceus) were the only pecie exceeding 5000 
in winter. The Salton Sea remain an important breeding and wintering area for the Snowy Plover 
(Charadriu alexandinus). Increa ed coverage of agricultural field in 1999 revealed 2486-3758 
Mountain Plovers (C. montanus), repre enting 30% to 38% of the pecie ' e timated world population. 

t all ea on , shorebird concentrated primarily along the outh and secondarily along the north and 
we ·t horeline . Still, distribution patterns around the Sea varied greatly among pecie , and several 
relied extensively on fre hwater and brackish pond . The Mountain Plover, Whimbrel (Numenius 
phaeopus), and Long-billed Curlew (N. arnericanus), primarily u ed agricultural fields of the Imperial 
Valley. The shorebird community at the alton ea shows affinitie with coa tal ite in California 
and west Mexico. Despite many similaritie , the alton ea contra ·t. with other intermountain sites 
by serving as a topover for . everal primarily coa ta! pecie , ho ting large number of Whimbrels 
( pring) and Mountain Plovers (winter), and, for many specie , acting mainly as a wintering area rather 
than a breeding area or migratory topover. horebird at the Salton Sea face potential threat from 
high salinity, disea e outbreak , contaminants, and eutrophication. Large restoration projects proposed 
to reduce alinity ma have n gative impa ts if placed in hallow water or alkali flat habitats whtre 
large number of shor birds or en itive species concentrate. 

Key Words: di tributi n pattern ; habitat use; migratory st p v r; Mountain Pio r; Pacific Flyway; 
olorado River Delta; wintering area. 

PATRON SD U D ~L MAR SALTON YE OYA NT VALL lMP RI L, AUFORNIA 
POR A YES PL Y RAS 

Resumen. De 1989- 1995 y en 1999, documcntamo. 34 especi s en cemos de aves playera en el 
Mar Salton y el ac.lyacente Valle Imp rial, alifornia. De 27 especies que ocurren regularm nte, 4 
fueron primariam nte residentes anuales de reproducci6n en la zona, 12 fucron re. id nt s d in ierno, 

11 migratorias. a mediana rota! de a es playeras fu 78, 35 en mono, 6 .2 J en primavcra, > 
27,796 en in ierno; en primavera y otono los conteos ma imo.· <l cens s simples xcedi ron 100,000 
indi iduos. Los unicos ta ones que excedicron los 10,000 indivic.luos en primavera u otofio fueron el 

andelero rnerican) (Himantopus mexicww.\, toi'\o), ht A o ' ta Americana (Rcutrviro.Hra ameri­
cww, otono), el Playero Occidental ( alidns nwuri, primavera y otono), y los ostureros (Limnodro­
nw spp., primavera). La A oceta Americana y el osturero Pico Largo (Limnodromus scolopaceus) 
fu ron la unicas esp cies que sup rar n los 5000 individuos en invierno. El Mar alton sigue iendo 
un area importante de reproducci6n invernada para el horlo Ne ad ( haradrius alexandrinus). 

l aumento en cobertura de campo agrfcolas en l 999 revel6 2486-3758 horlos Llaneros (C. 111011-

tanus}, repre entando entre 30% y 38% de la p blaci6n mundial cstimada para la espe i . Durante 
todas las estacion s, las a e . playera · . e conccntraron principalment a lo largo de la costa ur y 
secundariamente a lo largo de las costas norte y oeste. Aun asf, lo. patroncs de distribuci6n alreded r 
del Mar Salton variaron grandemente entre las especies, y varia. dependieron ex ten . amente de charcas 
de agua dulce y alobre. El horlo Llanero, el Zarapito Trinador (Numenws phaeopus), y el Zarapito 
Pico Largo (Numenius americanus) usaron principalmente campos agrfcolas del Valle fmperial. La 
comunidad de ave playeras en el Mar Salton mu stra afinidadc. c n ·itio costeros de California y 
el oe te de Mexico. pesar de mucha . imilitude , el Mar Salton c ntrasta con otro itios ubicados 
entre montana sir iendo c mo un sitio de parada temporal para variac e p cies de a e principalmente 
playera , albergando un gran numero de Zarapitos Trinadores (primavera) y Chorlo Llanero · (invier­
no), y, para muchas specie , actuando ba icamente como area de invernada en ez de area d repro­
ducci6n o parada durante la migraci6n. Las ave playeras en el Mar alton enfrentan potenciale 
am nazas por Ia alta salinidad, brote de enferm dade. , contaminantes, y eutrofizaci6n. Grandes pro­
yectos de restauraci6n propuestos para reducir la salinidad pueden tener impacto negati os i . on 
llevados a cabo en aguas de poca profundidad o habitat llanos alcalinos, donde e c ncentran grande 
numeros de especies de aves playera o de ave ensibles. 

Palabras claves: area de invernada; Chorlo Llanero; Delta de! Rf olorado; patrones de di . tribu-
ci6n; ruta de vuelo del Pacifico; sitio de parada durante la migraci6n; u o de habitat. 
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Shor birds increasingly are a focus of conser­
vati n concern because of population declines 
and habitat loss (Pag and Gill 1994, Brown et 
al. 200 I). Although recent papers provide broad 
overview of horebird use of wetland and ag­
ricultural habitats in western North America 
(Shuford et al. 1998, 2002a; Page et al. 1999), 
few data have been published on the patterns of 
horebird u e at individual site (e.g., Stenzel et 

al. 2002), where mo t con. ervation and man­
agement efforts will b implem nted. The Salton 
Sea recently has been given long overdue rec­
ognition for it great importance to populations 
of Pacific Flyway waterbirds (Shuford et al. 
2002b, chapter in this w>lume). Shorebird are 
among the mo t numerous group. of waterbirds 
at the Salton Sea during migration and winter, 
yet, other than for the Snowy Plover (Page et al. 
J 991, Shuford et al. 1995), few quantitative data 
hav been published on their pattern of use or 
thi . ite. Such data are needed to address con­
cerns for the health of the Salton Sea eco ystem 
(USFWS 1997, Tetra Tech, Inc. 2000, Shuford 
et al. 2002b). 

PRBO on. ervation cience (PRBO) con-
duct d surveys or shorebird use at the Salton 
Sea via the Pacific lyway Project from 1989 to 
1995 and the Salton Sea Reconnaissance Survey 
in 1999 (Shuford et al. 2000). Here we report 
the abundance and distribution patterns of shore­
birds at the alton a and adjacent Imperial 
Valley, highlight threats to these populations, 
suggest com,ervation mea..,ures for shorebirds, 
and id ntify future res ~arch needs. 

T DY R ND M~TH D 

The study area include<l th' alton ea, Riversid' 
and Imperial counti s. alifornia. and the adjacent Im­
perial Valley, Imperial ounty. We used several meth­
ods to charactcri/c shorebird use in this area. From 
1989 to 1995 and 1n 1999. we conducted comprehen­
sive surveys or most shorebird habitat at the altcm 

ea over short periods up to four times a year. W 
conducted a total or eight comprehensi e -.urveys in 
fall (mid- ugust to mid- eptember). eight in spring 
(mid- pril). five in early winter (mid- ovember to 
early December), and four in mid-winter (late January 
to early February). On each census, a team of profes­
sional biologist'-. and skilled volunteers attempted to 
survey the entire alton ca shoreline. adjacent marsh­
es and impoundments (Fig. I, reas 1-21) and various 
sites in the Imperial alley, including th Finn y-Ra­
mer Unit or Imperial Wildlil'e rea (W ) south or a­
lipatria ( rea. 22a-b) and private duck clubs near 
Brawley ( reas 22c-g). Except on winter sur eys of 
Mountain Plovers (scientific names or all species are 
listed in Table I) described below, we co ered agri­
cultural habitat of the Imperial Valley only on a limited 
and opportunistic basis. To obtain data on their pat­
terns of distribution an<l habitat use around the Sea, 
observers kept separate tallies of shorebirds within 19 

shoreline segments and three complexes of freshwater 
marshes and impoundments (Fig. I). Observers gen­
erally conducted surveys with the aid of binoculars and 
spotting scopes and traveled by vehicle or on foot. 
During summer 1999, obser ers u ed an airboat to ur­
vey the shoreline from Iberia Wa h at alton City 
(boundary of Areas 5 and 6) south to, and including, 
the New River (Arca 11 b) to reduce the risk of heat 
exhaustion while co ering this long, is lated stretch. 
Observations from aerial survey conducted for other 
species of waterbirds found very few sh r birds away 
from the immediate shoreline where they were readily 
counted by ground based observers. 

We instructed observers, when po sible, to identify 
all shorebirds to species. Groups of unidentified hore­
birds fell mostly into four categorie : yellowlegs, ei­
ther Greater or Lesser (Tri12ga mela12oleuca or T. jfa­
l'ipes); small sandpipers of the genus Calidris, primar­
ily Western and Least sandpiper (C. mauri and C. 
minutil/a), and Dunlin (C. alpina); dowitchers, either 

hart-billed or Long-billed (Limnodromu.s griseus or 
L. scolopaceus); and phalarope , either Wil on's or 
Red-necked (Phaloropus tricolor or P. lobatus). For 
analyses, we grouped identified and unidentified dow­
itchers as dowitcher spp. owing to the difficulty of 
identifying most indivi<luals to species on surveys. Ob­
servations indicate that all wintering dowitcher. are 
long-billeds, a-. no -.hort-bille<ls have been recorded at 
the ea from 29 November to 3 March (Patten et al. 
2003) . !though the Long-billed Dowitcher is th mo. t 
numerous of the two sp cies during migration, the 

hort-billed also occurs in -.ubstantial numbers season­
ally (M. Patten, pers . comm.) . We assigned unidenti­
fied shorebirds to speci s using methods described in 
Page et al. ( 1999). 

We used the median numbers of shorebirds on com­
prchcnsi e sun cy s to estimate the seasonal abundanc 
of various taxa . Becau-.1.: or limited coverage on some 
-.urveys, we u-.ed only ftvc fall, three early wintet, one 
latt.: winter, and five spring surveys to characterize 
shorebird abundance. and only four surv ys in 1999 to 
analy/e patterns of distribution around the alton ea 
and nearby wetlands . We excluded the November 1999 
survey when calculating medians for winter, as com­
parisons with oth r winter counts sugg sted that shore­
birds wer still migrating in ovember. or graphing 
the <listribution pattern" of -.horebird within study area 
wetland'> in 1999, we grouped data for si subareas: 
west shore (Area-. 3 10), north shore ( rem, 1-2 and 
19), east shore ( rcas 13 18), south shore ( reas I I 
and 12), nearshore ponds (Areas 20 and 21 ), and Im­
perial Valley ponds (Area 22; Fig. I). 

To document seasonal occurrence patterns of shore­
birds, in 1999 we surveyed a subset of shorel ine seg­
ments (I - B, 8, I I A - D, 12 , 20A-D, and 2 1 B; Fig. 
I) once a month during winter and mid-summer and 
twice a month during spring and fall. We did not co er 

rea 8 on the 4 - 7 October sur ey because of ad er e 
winds, but we estimateJ data for thi . egment by tak­
ing the mean of the two counts on either side f this 
survey. Finally, we combined <lata from the same ub­
set of areas surveyed on the four comprehensive sur­
veys in 1999 with the 14 partial surveys for a total of 
18 surveys used to describe annual pheno logy. We 
characterized the seasonal occurrence pattern of 27 
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FIGURE I. Numbered areas of the shoreline and inshore zone (within km of . hore) of the al ton ea, 
alifornia, and adjacent freshwater impoundm nts. Inset shows locations of duck clubs near Brawley in the 

Imperial Valley. 

regularly occurring species, i.e., those recorded on at 
least three comprehensive urveys in any season. Al­
tJ;iough not meeting this !alter criterion, we included 
the Mountain Plover in this characterization as it 
would have occurred on all comprehen ·ive winter sur­
veys if they had included most agricultural habitat in 
the Imperial Valley. 

In 1999, we conducted three comprehensive survey 
of Snowy Plovers at the Salton Sea to compare to prior 
data on this specie (Shuford et al. 1995). We con­
ducted the 22-30 January and 11-14 November sur­
vey , when plovers are flocking and easie t to detect, 
as part of the comprehen ive surveys de cribed above 
and the 21 - 3 L May survey as a separate census fo­
cu ing entirely on Snowy Plover . At that season, . ur­
veying i made more difficult by adults sitting crypti­
cally on nests and by adults with chick sometimes 

moving long distances to mob observers. To minimize 
these problems, we instructed observer to use both 
binoculars and spotting scopes to repeatedly scan long 
di lances up and down beaches and alkali flats to try 
to detect incubating adults before the plovers sneaked 
off nests and scattered. We also asked observers to 
zigzag back and forth across beaches and alkali flats 
to try to detect roosting or incubating plovers or those 
foraging behind horeline berms where they otherwise 
might be invisible from the upper beach. On very wide 
beache and alkali flat , two observer worked in tan­
dem, one covering the upper beach or alkali flat , the 
other the immediate horeline, zigzagging as needed. 

In 1999, we estimated the winter population size of 
the Mountain Plover ia comprehensive survey of 
80% to 90% of the agricultural lands in the Imperial 
Valley on 14-15 February, 13- 14 November, and 11-
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12 December. Adju. ting for individual participating 
on both day, of two-day survey period , the number 
of obs rver ranged from 1 1 ob 'erver in eight parties 

n the 14-15 February survey to 26 ob erver in 15 
partie. on the 1 1-12 Dec mber urvey. Obs rvers 
drove all acces ible roads and used binocular. and 
. potting cope to carefully can fields with appropri­
ate plover habitat of barren ground or par e low 
growth. On all urv y. , ob ervers recorded and 
mapped the location of all flocks and de cribed the 
type of field on which plover occurred. In Novem­
ber and December, ob. erver gathered additional data 
on the behavior (foraging, roosting, or flying) of plo­
ver and on characteristic of fields where plover were 
observed (% co er of vegetation v . bare ground, dom­
inant plant pecie , average plant height, burned or 
grazed v . unburned or ungrazed, etc.). We also col­
lected limited data on the Long-billed Curlew, partic­
ularly in November and December. 

RESULTS 

PE !ES RICH ESS A D OVERALL ABU DAN E 

We detected 34 specie of horebird on c m­
prehen i ve urvey of the Salton Sea area (Ta­
ble 1, 2). Median horebird totals were 78, 35 
(N = 5 urvey , min- max = 59,512-105,570) 
in fall, 68,281 (N = 5 urveys, min-max = 
36,675-129,538) in . pring, and 27,796 (N = 4 
urvey , min-max = 19,724-70,059) in wint r. 

The relatively low number- in April 1999 com­
pared with other spring. may repre ent a lack of 
coincidence of the 1999 urvey dates with the 
peak pa age of Western andpiper , which can 
move through rapidly in large number . Th 
high horebird numbers in No ember 1999 like­
ly reflects protra ted migration through that p -
riod, a. other winter count. were taken later in 
th season. In 1999, we counted 275 Snowy Plo­
v rs at th alton Sea in January, 221 in May, 
and l 70 in November, and 24 6 Mountain Plo­
v r in agricultural fields of the Imperial Valley 
in F bruary, 2790 in N ember, and 3758 in De-
ember. The increase in M untain Plover num-

ber aero urvey. may r ft ct a parallel in-
crea e in ob er er coverage. 

Median counts of hor birds at the Salton ea 
were > 1000 and <I 0,000 for ix and four taxa 
and > 10,000 for thre and two taxa in fall and 
pring, respectively (Table I). Median count in 

winter were > 1000 and <5000 for five taxa and 
>5000 for two taxa. The only taxa e ceeding 
10,000 individuals in spring or fall were th 
Black-necked Stilt (fall), American A ocet 
fall), We tern andpiper ( pring and fall), and 

dowitcher pp. ( pring). The only pecie e -
ceeding 5000 in winter were the American Av­
ocet and Long-billed Dowitcher. 

EA 0 AL Occ RR c p TIER s 

Seasonal occurrence pattern varied gr atly 
among ·pecie of regularly occurring horebird 

(Figs. 2-5; Tables l, 2). Of 27 uch . pecie , four 
were primarily year-round re ident and breed­
ers, 12 primarily winter re ident , and 11 pri­
marily migrant . Of year-round re ident , th 
Black-necked Stilt and American Avoc t al o 
howed large peak , repre enting fall migrant , 

in July and Augu t and August to early No m­
ber, respectively. Of pecie occurring primarily 
as migrant , the Semipalmated Plover, Ruddy 
Turnstone, Red Knot, Sanderling, and, particu­
larly, the Whimbr I were more numerou in 
pring than fall, whereas this pattern was re­

ver ed for the Baird' Sandpiper and WiL on' 
and Red-necked phalarope . Of primarily winter 
re idents, dowitcher number were welled the 
mo t by migrant in pring and fall. 

PAITER S OF DI TRIBUTIO 

At all ea on , shorebirds concentrated pri­
marily along th south shoreline and secondarily 
along the north and we t shoreline (Fig. 5 in 
Warnock et al. this volwne). Shorebird den itie 
were particularly impre. ive at all eason along 
the horeline (Area 12) of the Wi ter Unit of 
Imperial WA ( ig. 6). Still, many numerou p -
cies varied in their patterns of di tribution ( ig. 
7). The Marbled Godwit and We tern andpiper 
concentrated heavily on the south hore of the 

alton Sea; the Semipalmated Pl ver also con­
centrated there, except in April when it wa 
widespread. The Black-necked Stilt and Ameri­
can A vocet wer generally wide pread but tend­
ed to concentrate mor on th west and s uth 
shore and th south shore, respectively. By con­
tra. t, though fairly widespread, the Will t and 
Dunlin tended to concentrate on the west shore. 
The two yellow! g species and the L ast Sand­
piper were wid spr ad but tended to rely more 
on pond. than other species. Dowitch rs w re 
m t num r u. on th ·outh hore and in adja­
cent near hore pond . The di tributi n pattern · 
of the Black-b llied Plover and Long-bill d ur­
lew in wetland wer influenced by their us of 
agricultural fields. Plover foraged exten. ively 
along the al ton ea shoreline, but their . ea ·onal 
concentrations in Imperial Valley p nd reflect­
ed bird u ing the. e ite. for roo ting after for­
aging in nearby field . The curlew wa. f und 
primarily along th outh hore and in Imperial 
Valley pond ; the curlew appeared to b pri­
marily roo ting rather than foraging in the e 
habitat . 

Several le numerou pecie al o howed 
differential distribution patterns along the Salton 
Sea shorelin . In 1999, the Snowy Plover con­
centrated in area imilar to tho e u ed in prior 
year (see Shuford et al. 1995). At all eason , 
plover concentrated primarily on sandy bea he 
and and or alkali flat along th we tern and 



SHOREBIRD USE-Shuford et al. 65 

southeastern shoreline of the ea (Table 3; Fig . 
1, 7). Areas of particular importance included 
the horeline and expan ive alkali flats of the 
we tern horeline from Iberia Wa h outh 
through the northern portion of the Salton Sea 
Test Ba e and San Felip Creek Delta (Area 6, 
northern part of 7, and 8) and the southeastern 
shoreline, breached impoundments, and sand 
spit paralleling Davi Road and the Wi ter Unit 
of Imperial WA (Area 12). In 1999, these area , 
respectively, held about 44o/c and 33% of all plo­
ver in January and 55 % and 18o/c in May. Other 
specie particularly concentrated on the we t 
shoreline in spring were the Ruddy Turnstone 
(84% in Area 6), Red Knot (87 % in Areas 5 and 
6), and Sanderling (81 % in Area 6). The Stilt 
Sandpiper concentrated primarily along the Wi -
ter horeline (Area 12) and in brackish or fre h­
water pond of or adjacent to the Salton Sea Na­
tional Wildlife Refuge (Area 20). In 1999, 73 o/c 
and 18% of Stilt Sandpiper in January and 43% 
and 52o/c in November were in Areas 12 and 20, 
respectively. Away from the Sea, small number 
al o occurred in freshwater pond of duck clubs 
near Brawley in the Imperial Valley. 

Opportunistic coverage of agricultural field 
of the Imperial Valley , howed that everal pe­
cie were much more num rou there than in 
horeline or other wetland habitat at or near the 

Salton Sea. The high count of 9837 Whimbrels 
at the Salton Sea in April 1989 was almost x­
clusively from agricultural field in the Imperial 
Valley, which recei ed only limited coverage. 
The magnitude of Long-billed Curlew abun­
dance in the Imperial Valley i indicat d by 
count of about 2655 individuaL in a ' ingle 
flock near alipatria on I 3 No emb r I 999, a 
total of 5593 from coverage or ab ut 60% of the 
Imperial Valley by six observers involved m a 
Mountain Plover urvey on l 1- 12 December 
1999, and 7476 on a multi -ob erver survey of 
the alton Sea and porti n of the Imperial Val ­
ley in Augu t 1995. A mixed flock of horebirds 
in a ingle flooded field in the Imperial Valley 
on 11 D c 1999 held 153 Greater and 20 Le ser 
yellowleg , which, re pectively, repre ent l 88% 
a·nd 69% of the median number of these pecie 
found on three winter counts of the entire Salton 
Sea (Table 2). Similarly, G. McCa kie (per . 
comm.) recorded about 150 Greater and 100 
Le ' er yellowlegs in one flooded field near Ca­
lipatria on 2 December 2000. The Black-bellied 
Plover also i fairly numerou in agricultural 
field , and a roo ting flock of 758 individual at 
the New River Delta on 2 February 1999 likely 
moved there after foraging in nearby fields . 

Overall, wintering Mountain Plover were 
di tributed widely over the Imperial Valley with 
no con i tent areas of concentration (Fig. 8) , 

presumably reflecting the shifting availability of 
suitable field with the temporal and patial var­
iation in cultivation practices. The concentration 
of plovers in a relatively few ite, in February 
appeared to reflect a preference by plovers for 
burned fields at that ea on as de cribed below. 

The types of fields used by Mountain Plovers 
varied by eason . In February, 81 % of all plo­
vers were in stubble hayfields burned after har­
vest; the remainder, except for three individual 
in an a paragus tubble field, were in hort-stat­
ure, tubble hayfield yet to be burned. Mo t of 
the burned field had ome par e new green 
growth. In three complexes of burned stubble 
hayfields holding about 1184 plovers, residual 
tubble about 3-5 cm tall covered about 50% of 

the ground with the remainder bare of vegeta­
tion. In November, 35% of the plover were in 
bare tilled field and 65% in field of various 
crop types with new growth averaging < 3 cm 
in height and ranging up to 95% vegetative cov­
er. In December, 47% were in bare tilled field 
and 53 o/c in fields of variou crop types, primar­
ily in new stage of growth, ranging from < 5% 
to 100% vegetative cover. Of plovers in fields 
with new crops, 69% were in field in which 
plant height averaged < 5 cm, 10% in which it 
averaged 5- 10 cm, and 21 % in which it aver­
aged > 10- 20 cm. Additional practice that pro­
duced the low stature and parse cover of veg­
etation attractive to plovers included grazing and 
mowing or harvesting of hay crop . Plover u -
ing bare field appeared to pr fer activ ly or re­
c ntly tilled field ,. Thi appeared particularly to 
be the cas in Dec mber when at lea. t 649 
(37 %) of 1777 plover, in bar fields w re in 
on s in which tractors were a ti ely working; an 
additional but unknown p rcent were in fields 
that had recently been tilled. Tilled fields used 
by plovers tended to be relatively flat and 
smooth rather than extensively furrowed, undu­
lating, or with large dirt clod . Although many 
fields ith growing crop u ed by plovers were 
relatively flat throughout, many other had 
rai ed beds with flat tops and narrow intervening 
furrows in which plovers oft n stood or 
crouched. 

DISCUSSION 

SPECIE RI H SS 

In addition to the 34 shorebird pecie found 
on our surveys, an additional 11 rare to extreme­
ly rare pecie ha e been recorded in the Salton 
Sea area (Patten et al. 2003). Although it i dif­
ficult to compare specie richne, s acros wet­
lands with unequal observer coverage, by any 
measure the Salton Sea ha a rich horebird fau­
na that rival or exceed that of mo t sites in 



TABLE I. NUMBERS OF SHOREBLRDS ON SURVEYS OF THI SALTO"l SEA, CALIFORNIA, LN FALL AND SPRING, 1989-1995 AND 1999 °' °' 
19 Aug 1-t Sep :n Aug 21 Aug 13 Aug 23 Apr 21 Apr 27 Apr 25 Apr 17 Apr 

1989 1990 1991 1992 1999 1989 1990 1991 1992 1999 

Black-bellied Plover 98 138 267 462 253 579 297 456 256 575 
Pluvialis squatarola 

Pacific Golden-Plover 0 0 0 0 0 I 0 0 0 
Pluvialis fulva 

Snowy Plover 84 102 389 125 351 113 261 179 312 285 
Charadrius a/exandrinus 

Semipalmated Plover 131 38 89 67 139 81 J 483 607 232 131 
'fzaradrius semipalmatus 

Killdeer 132 263 579 777 259 130 182 144 408 215 
Charadrius 1•ociferous 

Mountain Plover 0 0 5 0 0 0 0 0 0 0 
[/) 

"""'l 
Charadrius montanus c 

Black-necked Stilt 10,167 3,825 7,555 19,255 15,857 l,171 3,J 14 3,184 10,467 3,465 0 -Himantopus mexicanus rri 
American A vocet 19,382 16,545 14,121 12,717 10,037 5,926 3,11 l 7,052 14,356 7,001 

[/) 

Recurvirostra americana z 
Greater Yellowlegs 41 56 65 39 113 14 40 9 61 14 )> 

Tringa melanoleuca < 
Lesser Yellowlegs 0 174 14 36 28 28 3 2 7 12 ;; 

Tringa fiavipes z 
Solitary Sandpiper 0 0 0 0 l 0 0 0 0 0 t;O -Tringa solitaria 0 
Willet 781 1,147 1,093 566 582 208 337 197 104 682 L" 

Catoptrophorus semipa/111atus 0 
0 

Wandering Tattler I I 0 0 0 0 0 0 0 0 -< 
Heteroscelus incanus 

Spotted Sandpiper 7 10 41 82 19 6 17 8 4 7 
Actitis macularia 

Whimbrel 0 2 116 0 31 9,837 3,243 7,860 0 43 
Numenius phaeopus 

Long-billed Curlew 3,761 l,374 670 2,425 394 102 31 48 34 33 
Numenius americanus 

Marbled Godwit 724 3, 190 2,413 371 1,036 73 630 877 3,170 928 
Limosa fedoa 

Ruddy Turnstone 2 3 5 29 10 11 26 37 46 44 
Arenaria interpres 

Black Turnstone 0 0 0 0 0 4 0 0 0 0 z 
Arenaria melanocephala 9 

Surfbird 0 0 0 0 0 5 0 0 0 0 N 
Aphriza virgata 

-....) 



TABLE 1. CONTINUED 

19 Aug 14 Sep 23 Aug 21 Aug 13 Aug 
1989 1'190 1991 1992 1999 

Red Knot 22 0 0 0 J 
Calidris canutus 

Sanderling 0 70 0 0 39 
Calidris alba 

Western Sandpiper 9,336 54,374 34,961 35,653 34,394 
Calidris mauri 

Least Sandpiper 1,154 422 3,556 4,149 942 
Calidris minutilla 

Baird's Sandpiper 23 0 6 6 1 
Calidris bairdii 

Dunlin 0 J 0 14 J 
Calidris alpina 

Stilt Sandpiper 0 48 85 40 15 
Calidris himantopus 

Ruff 0 0 0 0 3 
Philomachus pugnax 

Dowitcher spp. 5,939 10,704 9,320 15,533 7,153 
Limnodromus griseus or L. scolo-

pace us 
Wilson's Snipe 0 0 0 0 2 

Gallinago de!icata 
Wilson's Phalarope 7,577 818 2,346 1,003 3,065 

Phalaropus tricolor 
Red-necked Phalarope 150 12,265 1,139 4,350 32 

Phalaropus lobatus 
Red Phalarope 0 0 0 0 0 

Phalaropu.s fulicarius 

Totals 59,512 105,570 78,835 97,699 74,758 

23 Apr 21 Apr 27 Apr 
1989 1990 1991 

502 366 365 

135 265 132 

36,053 38,225 58,444 

197 793 2,574 

0 0 0 

53 212 48 

0 JO 35 

0 0 0 

12,109 10,126 14,624 

3 7 3 

133 416 83 

77 754 1,816 

0 0 0 

68,281 62,949 98,784 

25 Apr 
1992 

126 

0 

67,343 

3,476 

0 

2,258 

0 

0 

26,443 

0 

334 

101 

0 

129,538 

17 Apr 
1999 

371 

249 

14,700 

1,226 

0 

141 

I 

0 

6,492 

1 
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T BLE 2. MBERS OF llOREBIRDS 0 SURVEYS 0 THE SALTO SEA, CALIFORNIA, I WINTER, 1993, 1994,AND 
1999 

6 Dec 1993 5 Dec 1994 II ov 1999 22 Jan 1999 

Black-bellied Plover 9 2 430 1,38 1 1,310 
Snowy Plover 285 214 170 275 
Semipalmated Plover 29 31 122 73 
Killdeer 451 175 228 277 
Mountain Plover 169 52 0 0 
Black-necked Stilt 4,012 2,159 5,938 3,941 
American A vocet 5,836 3,363 18,800 7,3 18 
Greater Yellowlegs 103 27 82 ] 

Le er Yellowleg 29 3 69 62 
Yellow legs pp. 0 30 0 0 
Willet 1,834 1,540 1,531 1,162 
Spotted Sandpiper 5 8 11 7 
Long-billed Curlew 402 108 1,380 373 
Marbled Godwit 1,381 1,283 1,205 1,297 
Ruddy Turn tone 5 6 0 17 
Red Knot 0 0 20 0 
Sanderling 102 106 37 52 
Western Sandpiper 3,273 4,714 22,526 1,573 
Least Sandpiper 3,225 1,464 3,773 2,006 
Dunlin 609 454 964 799 
Stilt Sandpiper 12 134 206 164 
Ruff I 0 0 l 
Dowitcher spp.a 5,671 3,4 19 11 ,589 6,356 
Wil on' Snipe 6 4 5 24 
Wilson' Phalarope 0 0 2 1 
Red-necked Phalarope 0 0 20 0 

Totals 28,422 19 724 70 059 27, 169 

"These are almost exclu<,ively Long-billed Dowitchers. Only a Jew Shon-billed Dowitchcr<, were recorded on the November survey. and no short­
b11leds have been recorded al the ca from 29 ovembcr 10 3 March (Pancn cl al. '.!003). 

we tern North America. This richne s appear to 
reflect the large size of the Sea, its varied saline 
and fre hwater habitats (in proximity to exten -

iv irrigated fields) , it mild winter climate, and 
its location along a pathway to and from the 
Gulf of California. For compari on, pecie · ri h­
ne , t r migration and winter, wa, 43 pecie 
for 56 wetland of the Pacific Coa t of the con­
tigu u United State (Page et al. 1999), 38 p -
cie in the San Francis o Bay estuary (St nzel 
et al. 2002), 35 pecies at Great Salt Lake (Paton 
et al. 1992), 33 , pecie in the Central Valley 
(Shuford et al. l 998), and 29 and 27 specie , in 
winter, at two and five large e tuarie on the 
we t coast of Mexico (Engili et al. 1998) and 
Baja California (Page et al. 1997), respectively. 
Hence, generally large wetland with diver e 
habitat will have the highest pecie richnes ; 
all el e being equal , coastal ites will hold more 
pecies than interior site . 

SEASONAL Oc URR E CE PATIER S 

Although it would have been ideal to have 
ba ed our characterization of easonal occur­
rence pattern olely on comprehen i e urvey , 
on more frequent partial urvey , or on more 

year of data, we think our methods provide rea­
, onable approximation of the e patterns for 
mo t specie . Still , our lack of urvey in early 
to mid-May appear d to truncate th depiction 
of the period of de lining numbers of many win­
tering and migrant sh rebird in pring, when 
pa age typically i mor rapid than in fall. Gen­
erally thi did not greatly distort the occurrence 
pattern of p cie reaching peak number in 
mid- to late April. The pattern was di torted, 
though, for the R ct-necked Phalarope, which 
reache peak number in early to mid-May (e.g., 
3000+ on 11 May 2000, 5000 + on 9 May 2001 ; 
G. McCa kie, per . comm.); the period of peak 
numbers appears to be slightly later at Great Salt 
Lake, where up to 20,000 were recorded on 19 
May 1991 (Paton et al. 1992). 

Becau e of it very mild winter climate and 
clo e proximity to the ocean, the Salton Sea's 
horebird have easonal occurrence patterns 

with a greater affinity to those on the Pacific 
Coa t than the interior of the We t. Of 12 pe­
cie that are primarily winter re ident at the 
Salton Sea, nine are primarily winter re ident 
and three are rare to uncommon migrant on the 
California coa t (Shuford et al. 1989). By con-
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FIG R 2 . a onal occurrence patterns of the Black-bellied Plover, Snowy Plover, emipalmated Plover, 
Killdeer, Black-necked Stilt, and American Avocet at the alton ea, alifornia, in 1999. Data from 18 surv ys 
of five areas of shoreline and fre . hwater pond ( ee M TH D ). 

tra t, none of the specie wintering at the Salton 
Sea do o in even moderate number in the tn­
termountain We t (Paton et al. 1992, Taylor et 
al. 1992). Many specie of pa ag migrant at 
the Salton Sea, however, had pattern of occur­
rence imilar to those both at ites in the Inter­
mountain We t (Paton et al. 1992, Taylor et al. 
1992) and on the California coa ' t (Shuford et al. 
1989). Becau e of the Salton Sea' outherly lo­
cation, migrant there generally appear to arrive 

earli r and depart ooner in . pring and vice ver­
. a in fall compared with the central California 
coa. t and the northern Intermountain We t, 
th ugh more work i. needed to document these 
pattern . 

IMPORTANCE OF THE SALTO EA 

Regional compari on. indicate the Salton Sea 
rank econd, after Great Salt Lake, of the ten 
sites in the Intermountain We t of western North 
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FIG R 3. ea onal occurrence pattern of the Greater Yellowleg , Les~er Yellowl g , Willet, potted and­
piper, Whimbrel, and Long-billed urlew at the Salt n ea, California, in 1999. Data from I urveys f five 
areas of horeline and fre hwater pond ( ee M THODS). 

America that hold > 10,000 horebird (ba ed on 
median ) in fall, fir t of three uch ite in 
pring, and i the only one in winter (Shuford et 

al. 2002a; PRBO, unpubl. data) . Unlike many 
interior ite that hold their largest numbers of 
shorebird in fall-particularly aline lake 
where large number of American A vocet and 
Wil on' Phalarope stage- the Salton Sea hold 
comparable number in both pring and fall. Be­
cau e annual and ea onal fluctuation in water 

level are mall at the alton Sea, annual vari­
ation in horebird number appear to b damp­
ened there compared with other ite in the In­
termountain We t, uch a the Lahontan Valley, 
Nevada (Neel and Henry 1997) that how great 
variation in the extent of shallow water habitat. 
Although its shorebird number in winter are 
much maller than in migration, the Salton Sea 
i one of only three ite in the interi r of the 
We t, along with California's Central Valley and 
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FIGURE 4. ea a nal occurrence patterns of the Marbled Godwit, Western Sandpiper, Least andpiper, Dunlin , 
total sandp ipers, and dowitcher spp. at the Salton ea, alifornia, in 1999. Da ta from 18 survey of five areas 
of shoreline and freshwater pond (see M THODS). 

Oregon 's Willamette Valley, that hold tens of 
thou ands of shorebird in winter (Shuford et al. 
1998; PRBO, unpubl. data). 

Of common to abundant intermountain shore­
birds, the Salton Sea held particularly high pro­
portions of the estimated regional populations of 
the Black-necked Stilt (3 1 %), Whimbrel (88%), 
small sandpipers (33%), and dowitchers (33%) 
in spring, and of the Willet (77%) and Long­
billed Curlew (87%) in fall (Shuford et al. 

2002a). Of uncommon to rare intermountain 
shorebirds, the Salton Sea he ld ov r 90% of the 
e timated population of the Ruddy Turn. tone, 
Red Knot, and Stilt Sandpiper in spring. Al­
though not numerically dominant, the population 
of the Stilt Sandpip r wintering at the Salton Sea 
is one of few ubstantial ones of that pecie in 
the United States; the neare t known wintering 
site to the Sea is on the Sinaloa coast of we t 
Mexico (Klima and Jehl 1998). 
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FIGURE 5. Seasonal occurrence patterns of the Ruddy Turnstone, Red Knot, anderling, Stilt Sandpiper, 
Wit on's Phalarope, and Red-necked Pha larope at the Salton ea, California, in 1999. Data from 18 survey. of 
five area of horeline and freshwater pond. (see METHODS). 

The Salton Sea also holds important popula­
tion of the Snowy and Mountain plover . Sur­
veys in 1999 reconfirmed that the Salton Sea 
support the large t population of wintering 
Snowy Plover in the interior of western North 
America (Shuford et al. 1995) and is one of a 
handful of key breeding area in the interior of 
California (Page et al. 1991 ). Although Califor­
nia' Central and Imperial valley are widely 
con idered the primary wintering area for the 
Mountain Plover (Knopf and Rupert 1995), our 

survey sugge t the latter area may be of much 
more crucial importance than previously 
thought. Regardles , the mean number for these 
three urvey repre ents about 30% to 38% of 
the pecie ' e timated population of 8000 to 
10,000 individuals (Anonymou 1999). On prior 
urveys across the California wintering range, 

the 2072 and 755 Mountain Plovers recorded in 
the Imperial Valley in 1994 and 1998, respec­
tively, repre ented 61 % and 35% of the totals of 
3390 and 2 179 individual found tatewide (B. 



SHOREBIRD USE-Shuford et al. 73 

FIGURE 6 . The juxtapo ition of shallow water along the alton ea horeline, backwater embayments, and 
freshwater imp undments f the Wi ter nit f Imperial Wildlife Area attract large numbers of migrant and 
wintering horebird · (Photo by W. 0 . Shuford , 12 February 1999). 

Barn , per . comm.; Calif rnia D partment of 
Fi h and Game, unpubl. data; K. Hunting, per . 
comm .). The higher total in th Imp rial Valley 
in 1999 almo t surely reflect an incr a e in ob­
s rv r coverage there over prior year rather 
than a populati n increa · . ount. of Mountain 
Plov r. on the alton Sea (s uth) hri stma Bird 

ount, cov ring only part of the northern Im­
perial Valley, have ranged from 0- 1003 bird 
(median = 197 bird ; N = 35) from 1965 to 
2001 (http://www.audubon . rg/bird/cbc/hr/ 
ind x.html). 

AFFINITI AND Co ECTIVITY 

. Compari ons of winter horebird p pulation 
at the Salton ea with those of California' Cen­
tral Valley and Mexico' Rfo Colorado Delta, th 
clo e t marine horebird habitat, indicates the 
Salton Sea ha a clo er affinity ith the latter 
area (Table 4). The Salton Sea and the Rfo Col­
orado D lta both hold relatively high number 
of wintering American Avocet , Willet , and 
Marbled Godwits, relatively low number of 
Dunlin, and mall numbers of wintering Sand­
erling. Unlike the Rio Colorado Delta, and more 
like th Central Valley, the Salton Sea ho t rel­
atively large number of wintering Black-necked 

Stilt and Long-bill d D witch r , presumably 
becau e the Sea ha a sub tantial am unt of 
fre h at r habitat and the D lta d not. 

On a broader cale, th winter shorebird om­
munit at th Salton S a also has a clo affinity 
to that f the coasts of alifornia (Page et al. 
1999), we. tern Baja alifornia Page et al. 
1997), and the we t coast of Mexico (Engili et 
al. 1998). Thi affinity is ·h wn by the occur­
renc at all ite of many species found winter­
ing in both coa tal (referen e above and inte­
rior habitat (e .g ., Shuford et al. 1998) and the 
ub tantial wintering population at the Sea of 

the emipalmated Plover, Will t, and Marbled 
Godwit, and mall numbers of the Sanderling 
and Ruddy Turn tone, all of which are typical 
of coa tal area but rare or ab ·ent in winter in 
the interior. Conver ely, everal pecie found 
on the coa t of California, Baja California, and 
we. t Mexico in winter are lacking (Short-billed 
D witcher) or very rare (Whimbrel, Red Knot) 
at the Salton Sea then, though not in migration 
(Patten et al. 2003). Al o, ome trictly marine 
specie found on the California coa t are lacking 
(Black Oy tercatcher, Haematopus bachmani; 
Wandering Tattler) or xtremely rare (Black 
Turn tone) at the Sea in winter; mall number 
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FIGUR 7. Distribution patterns during four seasons 
for 15 shorebird taxa by six major subdivisions of the 

alton Sea study area. (a) = January, (b) = ovember, 
(c) = April, and (d) = August; East = ea. t shore, fVP 
= Imperial Valley ponds, North = north shore, N P 
= nearshore pond. , South south hore, and We, t = 
we t shore (see METHODS; Fig. 1 ); AMA V = Amer­
ican vocet , BBPL = Black-bellied Plover. BN T = 
Black-necked tilt, DOWI = dowitcher spp., DUNL 
= Dunlin, GRYE = Great r Yellowleg , KILL - Kill­
deer, LBCU = Long-billed Curlew, LESA = Least 
Sandpiper, LEYE = Lesser Yellowlegs, MAGO = 
Marbled Godwit, SEPL = emipalmated Plover, 

NPL = nowy Plover, W A = We tern Sandpiper, 
WILL= Willet. 

of the latter two pecies al o occur on the we t­
ern Baja coa t. Likewi, e, though found in west­
ern Baja California and we t Mexico, the Wil­
son' Plover (Charadrius wilsonia) and Ameri­
can Oy tercatcher (Haematopus palliatu ) do 
not winter at the Sea. Finally, the Stilt Sandpiper 
winter at both the Salton Sea and the west coast 
of Mexico but not on the coast of California or 
western Baja California. 

Ba ed on their known ranges, specie that 
winter at, or migrate through, the Salton Sea 
come from diverse breeding area ranging from 
the western North American arctic (e.g., We tern 

Sandpiper) to the high plain of the United 
State (e.g., Mountain Plover). Yet, anecdotal 
evidence uggest a strong migrant connection 
between the Salton Sea and the west coast of 
Mexico, the Gulf of California, and the Pacific 
Coast of the United States, particularly in spring. 
Butler et al. ( 1996) reported a Western Sandpip­
er banded in Panama wa found at the Salton 
Sea in pring. The large number of Whimbrel 
in the Imperial VaJJey in spring appear to rep­
re ent a movement of birds from coa tal Mexico 
(Howell and Webb 1995) that continues north to 
the west of the Sierra Nevada and through Ca­
lifornia' Central Valley (Shuford et al. 1998); 
very few mo e east of that range through the 
Great Basin (Shuford et al. 2002a). An even 
tighter coastal pas age, linked by the Salton Sea, 
i suggested by moderate numbers of migrant 
Ruddy Turnstone , Red Knots, Sanderling , and 
Short-billed Dowitcher found at the Sea (Table 
l; Patten et al. 2003). These specie move along 
the Pacific Coa t of Mexico (Howell and Webb 
1995) and the United State (Page et al. 1999), 
but away from the Salton Sea are rare el ewhere 
in the interior of California and much of the 
West (Shuford et al. 1998, 2002a). 

Although th shor bird faunas of the Salton 
Sea and sites in the Intermountain West also 
have affinities, only the Sea serves as a stopover 
site for several primarily coastal species and 
hosts large numb r of migrant Whimbrel in 
spring and wintering Mountain Plovers. Also 
many speci s that occur primarily at other site 
in the Intermountain West as breeders or mi­
grant<; occur at the Sea primarily or extensiv ly 
as winter r sidents (e.g., Willet, Long-billed 
Curlew, Marbled Godwit). 

THRhA D Co , LR ATIO 

Great concern has recently be n expressed 
about the health of the Salton Sea ecosystem be­
cause of increasing , alinity, large bird die-offs 
from di ea. es and unknown cau es, potential 
harm from contaminants, and hyper-eutrophica­
tion (USFWS 1997, S tmire 2001, Shuford et al. 
2002b, Meteyer et al. this volume, Rocke et al. 
this volume). Although the greatest threat to 
shorebird habitat in the lntermountain We t is 
the carcity of high quality fresh water (Engilis 
and Reid 1997, Oring et al. 2000), thi threat is 
manifest in various way . Many intermountain 
wetland uffer from water diver ions that re­
duce inflow and hence wetland acreage (e.g., 
Owen Lake, California). By contrast, the Salton 
Sea is the large t intermountain wetland threat­
ened by an inflow of water of relatively high 
alinity, greatly increased at the Sea by high 

evaporation rate , and from contaminants from 
agricultural and urban sources. The salinity of 
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TABL 3. MBERS m owY PLOVER Co TJ::.D 1 VARIO s AR1::.A AT THE SALTON SEA, LlFORl\/IA (FIG. 
J ), I 1999, WITH COMPARISO S TO PRIOR YEAR (0 TA FROM SHUFORD ET AL. 1995) 

Breeding season Winter 

4 - 12 Ma; 4 14 May 21-31 May 3 8 Dec I 9 Dec 22-27 Jan 4 15 Nov 
Arca 1978 1988 1999 1993 1994 1999 1999 

I 2 4 4 14 3 7 0 
2 0 0 5 10 0 l 0 
3 12 8 4 0 I 0 0 
4 7 14 2 46 16 17 4 
5 32 I 7 21 9 0 0 
6 38 14 71 102 31 84 37 
7 0 24 16 17 16 6 6 
8 29 38 35 26 18 30 13 
9 3 3 5 0 7 2 0 

10 0 0 4 15 3 14 0 
I I a 2 7 3 3 0 18 0 
12 16 17 39 10 89 90 102 
13 33 11 24 0 0 3 8 
14 29 26 0 13 7 2 0 
15 4 I 2 0 I I 0 
16 6 0 0 0 0 0 0 
17 6 0 0 0 0 0 0 
18 2 0 0 5 4 0 0 
21B 5 13 0 3 9 0 0 

Totals 226 198 221 285 214 275 170 
" lso includes impoundments f Salton ea Na11onal Wildlife Refuge ( rea 20A- D) not tallied separately prior to 1999. 

inflowing water may furth r increase, and water 
JeveJ d crea e, if water conser ation mea ure 
allow transfers to urban outhern California of 
water now reaching the ea (CH2M HILL 
2002). Within one to two d cades, incr a ing sa­
linity could cau ·ea major ' hift at the Salton ea 
to a brine . hrimp (Artemia spp.)-brine fl 
(Ephydra spp.) dominated syst m (Tetra Tech, 
Inc. 2000). Such a change like! would favor 
species, such as phalaropes and a ocets, that ar 
especially adapted to exploit such food resourc­
e ·. It is unclear, though, if this might impact c:.;pe­
cies at the ea that favor freshwater habitats or 
sh rebirds as a whole. Also, if water conserva­
tion measures alter current irrigation practices or 
lead to fallowing f ubstantial acreage of agri­
cultural field in the Imperial Valley, this may 
reduc shorebird u e of these fields. 

etmire et aJ. (1990, 1993) and the Imp rial 
Irrigation Di trict (1994) reviewed the re. ult of 
bird contaminant tudie at the Salton Sea. Most 
studies of the effect of contaminants on hore­
bird at the ea have focu ed on the Bia k­
necked tilt. etmire et aJ. ( J 993) reported that 
So/c of the Black-necked Stilt egg collected at 
the Salton Sea had at lea. t a J 0% probabiiity of 
embryotoxicity, versus 60% at Ke ter on NWR, 
an area of high elenium contamination. Stilt 
egg al o had boron concentrations as much a 
double the thre hold level as. ociated with re­
duced gain in ma s in duckling , and tilt growth 

rates at th Sea were lower than tho ·e of tilts 
on the coa. t in an area not aff ct d by agricul­
tural wastewater. Al o, high DDE concentration 
in tilt eggs w re thought to cau. significant 
ggshell thinning. Alth ugh contaminants have 

not been shown to cause large-:cal die-off. or 
repr ductive prob! m , th r is still ongoing 
concern for their potential impact. on waterbirds 
at th Salton ea ( . Rob rt , per . comm.). 

ub. tantial number of shor birds ha e died 
at the alton ea from botuli . rn and a ian chol­
era (Shuford et al. 1999, Friend 2002). It is un­
clear, though, wheth r mortality rat s of shore­
birds from thes di . ea e. at the S a are high 
c mpared with other site in we ·tern North 
America or if factors contributing to the verall 
concern for the eco. y. tern's h al th are nhanc­
ing disea. e outbreak at the Sea. 

Proposals to re tore the health f the Salton 
Sea eco ystem focus disproporti nately on re­
ducing alinity (Tetra Tech, Inc. 2000), a 
knowledge . o far is inadequate for implementing 
effective disea e r duction mea ure . One pro­
po ed method for reducing alinity involve con-
truction of larg within- ea evaporation pond , 

which, if implemented, likely would di place 
sub tantial amount of current horebird habitat. 
Our re ult showing the highly concentrated di -
tribution patterns of horebird a a whole and 
of some en iti ve specie , uch a. the Snowy 
Plover, indicate that large- cale evaporation 
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FIGURE 8. Di tribution and relative size of Mountain Plover flock on three urvey of the Imperial Valley, 
California, in 1999. 

pond or other imilar project should not be 
con tructed along the outheastern, southern, 
we tern , or northern horeline unle s mea ures 
can be taken to maintain current shorebird hab­
itat or adequately mitigate for their lo . It i 
unclear if large- cale evaporation ponds at the 
Sea might concentrate elenium at level that 

have caused reproductive harm to horebird 
nesting at such pond in the Central Valley (Sko­
rupa and Ohlendorf 1991, Ohlendorf et al. 
1993). 

Although the U.S. Shorebird Conservation 
Plan shows great promi e for conserving North 
American shorebird (Brown et al. 2001), efforts 
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TABLE 4. COMPARI 0 OF P AK W1 TER SHOREBIRD 

POP LATIO SAT THE S LTO SEA (TABLE 2), Rfo COL­

ORADO DELTA (MORRISO ET A . 1992, MELLI KET AL. 

1997), A D CE TRAL ALLEY (SH FORD ET AL. 1998) 

Rfo 
al ton olorado Central 

pecies ea Delta Valley 

Black-bellied Plover 1,300 4,600 10,200 
Black-necked Stilt 4,000 380 13,400 
American A vocet 7,300 9,400 4,000 
Willet 1,800 8,000 110 
Marbled Godwit 1,400 9,100 140 
We tern Sandpiper 4 700 75,000 8,400 
Dunlin 800 100 176,000 
Dowitcher pp. 6,400 2,900 118,000 

Total shorebird 28,000 164,000 374,000 

to protect horebird and other waterbirds at the 
Salton Sea will be very exp n ive, lengthy, and 
difficult. Given the high demand for water in thi 
arid region with a large and rapidly expanding 
human population, long-term ucce, ultimately 
may hinge n our ability to tabilize or reduce 
the human population, con erve water re ource , 
and elevate the priority of wildlif when allo­
cating limited water upplie . 

RESEAR H NEEDS 

Much remains to be learned ab ut the ecology 
of . horebird ~ at the Salton a. tudie lacking 
at the alton Sea include one. on horebird di­
et , the p ible effect of elenium and other 
contaminant on horebird reprodu tive ucce , 
and p pulation ize and habitat u e pattern of 
. h rebird in agricultural fields. Long-term r -
earch i. ne ded to compar the potential effects 

of . alt and metal. on immun function and ur­
vivor hip of shorebirds at the ea with popula­
tions at site lacking the e stre .. es. Banding and 
radio-telemetry tudie al o are n ded to e tab­
li h patt ms f connectivity of the Salton Sea 
with oth r wetland to focu c n ervation effort 

at the appropriate cale. Finally, long-term mon­
itoring i needed, particularly to document the 
effect of proposed re toration projects. 
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