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Since the late 1970s, broad-scale surveys for the Snowy Plover 
(Charadrius alexandrinus) have been conducted in many western states 
(Page and Stenzel 1981, Wilson-Jacobs and Meslow 1984, Page et al. 
1986, Herman et al. 1988, Halpin and Paul 1989, Page et al. 1991). In 
California, surveys of the breeding population have covered the entire state 
(Page and Stenzel 1981, Page et al. 1991), whereas surveys of the 
wintering population have focused mostly on the coast (Page et al. 1986). 
Knowledge of the status of the species in the interior in winter is therefore 
fragmentary (Page et al. 1986). Here we report the migration schedule, 
distribution, abundance, and habitat use of Snowy Plovers wintering in the 
interior of California based on the first comprehensive surveys of key 
wintering areas in the San Joaquin Valley and the Mojave and Colorado 
deserts. We also summarize records of plovers from other sites where they 
infrequently winter in the interior of California and other western states. 

METHODS 

As part of Point Reyes Bird Observatory's (PRBO) Pacific Flyway Project, 
we organized winter surveys of all shorebirds using most open shallow- 
water habitats in California's Central Valley, Mojave and Colorado deserts, 
and southern Great Basin desert. On the basis of prior knowledge (H. Coe, 
R. Marsh in litt.) and our initial surveys, we determined that 19 sets of 
agricultural evaporation ponds (totaling about 2576 hectares) were the 
primary wintering area for Snowy Plovers in the southern San Joaquin 
Valley (Figure 1). We surveyed these ponds at least once during each of the 
periods 6 November-1 December 1991, 15-31 January 1992, 18-30 
November 1992, 23 January-5 February 1993, 9-29 November 1993, 
15 January-1 February 1994, 9-22 November 1994, and 28 January-22 
February 1995. Observers drove or walked impoundment dikes and care- 
fully scanned suitable plover habitat with binoculars and spotting scopes. 
Roster et al. (1992) described the physical and biological characteristics of 
these highly productive saline impoundments. 

Our standard multi-species shorebird surveys of the Salton Sea, Riverside 
and Imperial counties (21-22 November 1992, 6 February 1993, 21-22 
January 1994), proved inadequate to detect many of these cryptic plovers 
on the broad beaches of the sea's vast shoreline. Hence, from 3 to 8 
December 1993 and 1 to 9 December 1994 we made thorough specific 
searches for plovers in all areas of the Salton Sea with suitable habitat. 
Once to twice per winter from November 1991 to February 1995 we also 
surveyed most other areas possibly important to Snowy Plovers in the San 
Joaquin Valley and the southern Great Basin, Mojave, and Colorado deserts 
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Figure 1. Agricultural evaporation ponds in the Tulare Basin of the San Joaquin 
Valley, California. 1, Britz Five Points: 2, Stone Land Co.: 3, Westlake Farms North; 
4, Fabry Farms: 5, Meyers Ranch: 6, Barbizon Farms: 7, Tulare Lake Drainage 
District (TLDD) North: 8, Westlake Farms South: 9, Pryse Farms: 10, Bowman 
Farms: 11, Morris Farms: 12, Martin Farms: 13, 4-J Corp.: 14, TLDD Hacienda; 
15, TLDD South: 16, Lost Hills Water District: 17, Carmel Ranch: 18, Lost Hills 
Ranch: 19, Rainbow Ranch. 
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of California (Appendix 1). Although we tried to make exhaustive surveys 
for plovers at all sites, we probably detected a higher percentage of plovers 
at the smaller, more contained sites, such as diked evaporation ponds, than 
at larger sites with long broad beaches or expansive alkali flats, such as the 
Salton Sea or Owens Lake. Lacking a color-banded population, we were 
unable to estimate detection rates for wintering plovers as Page et al. 
(1986, 1991) did for breeding plovers. 

For additional winter records of Snowy Plovers from the interior of the 
western U.S., we searched the published literature, including the seasonal 
reports and Christmas Bird Counts (CBCs) in Audubon Field Notes (AFN), 
American Birds (AB), and National Audubon Society Field Notes 
(NASFN), and contacted regional and local experts in California, Washing- 
ton, Oregon, Nevada, Arizona, and New Mexico. These sources helped us 
to characterize the seasonal limits of the Snowy Plover's period of winter 
residency. 

RESULTS 

Period of Winter Residency 

For the interior of the West, the period of winter residency for Snowy 
Plovers is primarily November through February (Page et al. 1986). Fall 
departure from breeding sites varies regionally. In southern New Mexico, 
most fall migrants leave by early to mid-October but some linger into early 
November [e.g., up to 20 at Bitter Lake National Wildlife Refuge (NWR), 
Chaves County, on 2 November 1973; AB 28:88]. Along the lower 
Colorado River, Snowy Plovers are rare and irregular after September 
(Rosenberg et al. 1991) but may remain in fall until mid-November (Phillips 
et al. 1964). In the southern California deserts away from regular wintering 
sites, Snowy Plovers typically stay only until mid- to late September (T. and 
J. Heindel, J. Tarble in litt.). In Nevada, Snowy Plovers occasionally linger in 
fall into November (Alcorn 1988). 

At colder sites in the wintering range, such as Harper Dry Lake and the 
Lancaster sewage ponds in the Mojave Desert of California, numbers of 
Snowy Plovers appear to dwindle over the winter (K. Garrett, E. Cardiff 
pers. comm.). By contrast, in areas of milder winters, such as the Salton 
Sea and San Joaquin Valley, plover numbers appear to remain fairly 
constant throughout the winter (see below). 

The timing of the first influx of spring migrants to interior breeding areas 
generally ranges from early to late March. In southern New Mexico, early 
arrivals in spring have ranged from 8 to 17 March (AB 25:609, 26:639, 
28:607, 39:336, 46:460), and large numbers have been detected as early 
as 22 March (1974, 124 at Bitter Lake NWR; AB 28:674). Late February 
records for New Mexico (see below) are problematic and may represent 
either wintering birds or very early spring migrants. Along the lower 
Colorado River, Snowy Plovers may arrive in spring by late March (Phillips 
et al. 1964, Rosenberg at al. 1991). They have arrived in the southern 
California deserts as early as 13 March (1974, Tecopa, Inyo County; J. 
Tarble in litt.) and build up rapidly thereafter (e.g., 24 at Edwards Air Force 
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Base, Kern County, on 24 March 1990; AB 44:496). In Nevada, Snowy 
Plovers arrive as early as 22 March (Alcorn 1988). 

Wintering Status 

In the interior of the West most wintering Snowy Plovers were found at 
evaporation ponds in the San Joaquin Valley and at the Salton Sea. The 
remaining plovers were found primarily at alkali lakes in the southern 
deserts. 

San Joaquin Valley. The vast majority of the wintering Snowy Plovers 
on our surveys of the San Joaquin Valley were in evaporation ponds created 
to dispose of the salt-laden subsurface drain waters from irrigated fields 
(Table 1, Figure 1). Snowy Plovers were found on 10 of 19 evaporation- 
pond systems surveyed. Over four winters, totals for these ponds ranged 
from 79 to 185 [mean 135.2, standard error (SE) 18.8] plovers in Novem- 
ber and from 53 to 174 (mean 101.0, SE 23.8) in January. The Westlake 
Farms North and Tulare Lake Drainage District's (TLDD) Hacienda Ranch 
ponds usually held the most plovers, except in November 1993 and 1994, 
when TLDD South held 95 and 68 birds, respectively (Table 1). Plover 
numbers at individual pond systems varied over the course of a winter, as 
demonstrated by nine counts from 15 November 1993 to 25 February 
1994 at the Westlake North and Westlake South ponds, where totals 
ranged from 21 to 61 (mean 39.3, SE 3.5) and 3 to 31 (mean 12.3, SE 
3.4), respectively (J. Seay in litt.). Other Snowy Plovers encountered on our 
surveys of the San Joaquin Valley were found on managed duck clubs in the 

Table 1 Number of Snowy Plovers Counted at Agricultural Evaporation 
Ponds in the Southern San Joaquin Valley, California, in the Winters from 
1991-92 to 1994-95 

Pond System Name a 

1991-92 1992-93 1993-94 1994-95 

Nov Jan Nov Jan Nov Jan Nov Feb 

Jack Stone Land Co. 0 17 0 0 0 0 8 0 
Westlake Farms North 77 5 48 47 48 35 19 0 
Westlake Farms South 2 1 9 36 3 3 12 15 
Bowman Farms 0 9 D b D D D D D 
Morris Farms 0 1 0 1 0 D D D 
Martin Farms 0 0 0 2 0 0 D D 
TLDD Hacienda 0 13 79 80 35 62 25 34 
TLDD South 0 5 4 2 95 11 68 10 
Lost Hills Ranch 0 2 D 0 D D D D 
Rainbow Ranch 0 0 0 6 4 1 5 6 

Totals 79 53 140 174 185 112 137 65 

aNo plovers were detected at 9 other sets of evaporation basins also surveyed 
time periods in 1991-92 to 1994-95 (see Methods and Figure 1). 

bD, evaporation basin dry at time of survey. 

during the same 
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Grasslands wetlands complex near Los Banos, Merced County, at alkali 
ponds, or at sewage ponds (Appendix 1). 

Page et al. (1986) listed the few records of Snowy Plovers wintering in 
the San Joaquin Valley before 1985. Subsequent winter records for the San 
Joaquin Valley, beyond ours for the Tulare Basin, are cited in Appendix 2. 

Salton Sea. On multi-species shorebird surveys of varying amounts of 
the Salton Sea shoreline, not specially aimed at Snowy Plovers, observers 
tallied 112 plovers on 23 November 1991, 48 on 21 and 22 November 
1992, 66 on 3 February 1993, and 40 on 21 and 22 January 1994. Our 
complete surveys of the Salton Sea, 3-8 December 1993 and 1-9 Decem- 
ber 1994, which emphasized a thorough count of Snowy Plovers, yielded 
totals of 285 and 214, respectively (Table 2). The December totals were 
similar to or surpassed the breeding-season totals of 226 in May 1978 and 
198 in May 1988 (Table 2). The distribution of wintering Snowy Plovers in 
1993 and 1994 was generally similar to that of breeding birds, with the 
majority found along the western and southeastern shorelines (Table 2, 

Table 2 Number of Snowy Plovers Counted in Winter along 
Various Segments of the Salton Sea, California (see Figure 2), with 
Comparisons to Prior Breeding Seasons 

Shoreline Segment 

4-12 4-14 3-8 1-9 

May May Dec Dec 
1978 ø 1988 b 1993 1994 

(1) Whitewater R. delta 2 4 14 3 
(2) Whitewater R.-Desert Shores 0 0 10 0 
(3) Desert Shores-Salton Sea Beach 12 8 0 1 
(4) Salton Sea Beach-Lido Palms 7 14 46 16 
(5) Lido Palms-lberia Wash 32 18 21 9 
(6) Iberia Wash-Naval Test Base 38 14 102 31 
(7) Naval Test Base 0 24 17 16 
(8) San Felipe Creek delta 29 38 26 18 
(9) San Felipe Creek-Bar•h Rd. 3 3 0 7 
(10) Poe Road 0 0 15 3 
(11) Near New River jetty 2 0 0 0 
(12) Salton Sea NWR 0 7 3 0 
(13) McDonald Rd.-Wister Unit 16 17 10 89 
(14) Imperial Wildlife Area 

(Wister Unit) ponds 5 13 3 9 
(15) North Wister-Niland Marina 33 11 0 0 
(16) Niland Marina-Bombay Beach 29 26 13 7 
(17) Bombay Beach 4 1 0 1 
(18) near Bob's Playa Riviera 6 0 0 0 
(19) Salt Creek Beach 6 0 0 0 
(20) Desert Beach 2 0 5 4 
Totals 226 198 285 214 

86 

aData from Henderson and Page (1979). 

bPRBO unpublished data summarized by Page et al. (1991). 
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Figure 2); wintering birds were, however, more clumped at roosting sites or 
favored feeding areas than were breeding birds. In 1993 two areas of 
concentration stood out: 46 birds were roosting at one site between Salton 
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Figure 2. Salton Sea, California. Numbered sites or segments of the shoreline: 1, 
Whitewater R. delta; 2, Whitewater R.-Desert Shores; 3, Desert Shores-Salton Sea 
Beach; 4, Salton Sea Beach-Lido Palms; 5, Lido Palms-lberia Wash; 6, Iberia 
Wash-Naval Test Base; 7, Naval Test Base; 8, San Felipe Creek delta; 9, San Felipe 
Creek-Barth Rd.; 10, Poe Road; 11, near New River jetty; 12, Salton Sea NWR: 13, 
McDonald Rd.-Wister Unit; 14, Imperial Wildlife Area (Wister Unit) ponds; 15, north 
Wister-Niland Marina; 16, Niland Marina-Bombay Beach; 17, Bombay Beach; 18. 
near Bob's Playa Riviera; 19, Salt Creek Beach; 20, Desert Beach. 
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Sea Beach and Lido Palms (area 4, Figure 2), and 102 were scattered along 
a 8-km stretch of beach between Iberia Wash and the north boundary of the 
Salton Sea Naval Test Base (area 6, Figure 2). In 1994 the highest single 
concentration of 89 plovers was scattered along a 8-km segment of the 
southeastern shoreline from the Wister Unit of Imperial Wildlife Area south 
to McDonald Road (area 13, Figure 2). 

Other southern California sites. During surveys in the winters of 1992- 
93, 199'3-94, and 1994-95 small numbers of Snowy Plovers were found 
at three sites in the Mojave Desert and at Lake Elsinore, Riverside County 
(Appendix 1). 

A large number of other winter records of Snowy Plovers in southern 
California have now accumulated; most are from alkali lakes and sewage 
ponds in the southern Great Basin, Mojave, and Colorado deserts (Appen- 
dix 2). 

Northern California. The only Snowy Plover found on our surveys in the 
Sacramento Valley was a single bird in a flooded fallow agricultural field 
about 8 km northwest of Colusa, Colusa County, on 25 January 1995 (C. 
Hickey). We know of no other winter records of Snowy Plovers from the 
Sacramento Valley. The latest records for the Sierra Nevada and Great 
Basin Desert, respectively, are of one at the south end of Lake Tahoe, E1 
Dorado County, on 11 November 1961 (G. McCaskie in Page et al. 1986) 
and one or two at Mono Lake, Mono County, on 6 November 1990 (J. R. 
Jehl, Jr., pers. comm.). These November records probably represent late 
migrants rather than true winterers; the winter climate of both locations is 
typically too severe for overwintering plovers. 

Arizona and New J•exico. Snowy Plovers winter infrequently in these 
states. We have found only nine winter records for Arizona, four from the 
Colorado River, the remaining five from scattered localities, Prescott being 
the northernmost (Appendix 2). For New Mexico we found five records, 
excluding the one of 9 at Laguna Grande, Eddy County, on 27 February 
1993 (AB 47:287), thought to represent early spring migrants (AB 
47:287). Four of the records are from playa lakes in the southeastern 
corner of the state. 

Oregon, Nevada, and •Vashington. Three Snowy Plovers at Harney 
Lake, Malheur NWR, Harney County, on 27 February 1968 have been 
considered early spring migrants (Page et al. 1986, Littlefield 1990), but 
this seems extremely early given the average arrival date of 26 April at 
Malheur (Littlefield 1990) and the typical late March arrival of plovers inland 
in southern California and Nevada (see above). This undocumented record 
is also anomalous since there are no mid-winter records from the interior of 

California north of the Sacramento and Owens valleys and no winter 
records at all from elsewhere in the interior of Oregon (J. Gilligan in litt.), 
Nevada (Alcorn 1988, V. Mowbray pers. comm.), or Washington (B. Tweit 
pers. comm.). 

Size of the Interior Wintering Population 

Our surveys were most complete in November and December 1993 and 
1994 when 499 and 283 Snowy Plovers, respectively, were located 
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wintering in the interior of California: Salton Sea (285, 214), evaporation 
ponds in San Joaquin Valley (185, 65), Lancaster sewage ponds (17, 2; on 
CBC), Harper Dry Lake (9, 0), and Grasslands (3, 2). We would likely have 
found a few more plovers in the interior in 1993 and 1994 if we had 
surveyed a few other sites in southern California and all suitable habitat in 
southern Arizona and New Mexico. 

Habitat Use 

Snowy Plovers wintering in the San Joaquin Valley were found primarily 
in evaporation ponds where shallow water was bordered with extensive 
alkali flats. They tended to forage on the moist alkali flats near the water's 
edge and to roost in depressions in raised areas of bumpy encrusted alkali. 
At the Salton Sea, foraging plovers were most frequent on moist fiat 
beaches >20 m wide. They concentrated particularly on the margins of 
shallow receding lagoons perched on the beach slope above the main 
shoreline, often found on the broad deltas of creeks or washes. Plovers 
tended to roost on encrusted alkali near lagoons or on the barnacle- and 
driftwood-strewn berms of beaches. We also found plovers at five sets of 
sewage ponds, but they occurred more or less regularly only at the Lancaster 
sewage ponds in the Mojave Desert. There they roosted on the gravel- or 
rock-lined dikes, but it is unclear if they use these sewage ponds extensively 
for foraging. The five sewage ponds used by plovers are within a few 
kilometers of either alkaline wetlands (Los Banos sewage ponds), evapora- 
tion ponds (Lemoore Naval Air Station sewage ponds), or a playa lake 
(Edwards Air Force Base, China Lake, and Lancaster sewage ponds), 
habitats that the birds may use as primary or supplementary foraging areas. 
The bird seen on the 29 December 1985 Creighton Ranch-Corcoran CBC 
in the southern San Joaquin Valley was on exposed mudflats in a shallowly 
flooded fallow field (R. Hansen pers. comm.), as was the bird near Colusa in 
the Sacramento Valley on 25 January 1995 (C. Hickey pers. obs.). 
Rosenberg et al. (1991) reported that in the lower Colorado River Valley 
Snowy Plovers are "most frequently observed in plowed agricultural fields," 
presumably during migration, but this habitat appears to be very rarely used 
in winter anywhere in the West. 

DISCUSSION 

San Joaquin Valley 

Our surveys establish that the Snowy Plover currently winters regularly in 
modest numbers at agricultural evaporation ponds in the southern San 
Joaquin Valley of California. Most of these ponds were built from the late 
1970s to the mid-1980s (Moore et al. 1990) and were rapidly colonized by 
breeding (Ivey 1984) and wintering (Page et al. 1986) Snowy Plovers. 
Earlier winter counts of Snowy Plovers at the TLDD Hacienda and TLDD 
South evaporation ponds combined ranged from 4 to 36 (mean 19.7, SE 
4.0) on 7 surveys from 7 November 1983 to 3 January 1984 and from 1 to 
7 (mean 3.7, SE 0.6) on 11 surveys from 13 January to 29 February 1984 
(H. Coe in litt.). Although the variation in numbers among the four years of 
our study (Table 1) precludes valid comparisons to the prior single-year 
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survey, it is clear that the Snowy Plover was well established in winter at 
least by 1983, five years after the TLDD ponds were built in 1978 (Moore 
et al. 1990). Surveys of 16 sets of evaporation ponds totaling about 2517 
hectares in the winter of 1989-90 yielded totals of 42 birds in early 
November, 57 in early December, and 73 in early February (R. Marsh in 
litt.). These counts fall within the range of variation of our 1991-92 to 
1994-95 counts (Table 1). 

These data suggest that the wintering population of plovers on the 
evaporation ponds is generally smaller than the breeding population. Ros- 
ter et al. (1992) counted a maximum of 181 adult-sized plovers on 12 sets 
of evaporation ponds in the breeding season of 1987. Because they did not 
differentiate between adults and full-grown juveniles and because their 
counts increased steadily over the breeding season, at a time when young 
would be fiedging continually, their total likely overestimates the adult 
breeding population that year. Page et al. (1991) reported a raw count of 
241 adult plovers on a survey of all evaporation ponds in 1988, but 
estimated a total of 339, on the basis of suspected low totals from ponds 
where Snowy Plovers were counted during multi-species surveys. J. 
Skorupa and D. Barnum (in Page et al. 1991) found 189 adult plovers at six 
sets of ponds in 1989. The average of our November and January counts 
(Table 1) implies that the wintering population on these ponds was about 66 
in 1991-92, 157 in 1992-93, 148 in 1993-94, and 88 in 1994-95. 
Because of this variation, a survey of plover numbers over several consecu- 
tive breeding and winter seasons would be desirable to better establish the 
relative size of the breeding versus the wintering population. 

The breeding grounds of the plovers wintering in the interior are un- 
known. Five Snowy Plovers color-banded as chicks at evaporation ponds in 
the San Joaquin Valley in 1989 wintered on the California coast in 1989- 
90 (Page et al. 1995, PRBO unpubl. data). Also, single color-banded birds 
sighted on 14 February 1990 at both the TLDD Hacienda and TLDD South 
evaporation ponds had been banded as young on these ponds in summer 
1989 (J. Skorupa in litt.). They may have wintered on these ponds or may 
have wintered on the coast, returning early to set up for breeding in the San 
Joaquin Valley. More color-banding would be useful, to determine if some 
plovers hatched on the evaporation ponds are resident and, if so, what 
proportion of the population is resident and what proportion migrates to 
the coast or elsewhere. 

Very limited information is available on the historical breeding status of 
the Snowy Plover in the San Joaquin Valley (Page and Stenzel 1981), and 
even less is known of the species' former status there in winter (Page et al. 
1986). The Tulare Basin historically held the largest single block of wetland 
habitat in California, primarily in the form of shallow lakes and associated 
marshes (USFWS 1990). These playa lakes, in a region of high soil 
alkalinity (Preston 1981), must have provided ideal habitat for both breed- 
ing and wintering Snowy Plovers. The plover's use of these lakes went 
largely undocumented before they were drained. Because of the vast extent 
of former habitat, we suspect that plover numbers in the Tulare Basin may 
have rivaled or exceeded those in any other region in the interior of 
California. 

9O 
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Salton Sea 

The largest population of Snowy Plovers wintering in the interior of the 
West is found at the Salton Sea. Lack of prior thorough surveys led Garrett 
and Dunn (1981) to conclude that the Snowy Plover "rarely" remains at the 
Salton Sea through winter (K. Garrett pers. comm.) and left Page et al. 
(1986) unable to estimate the size of the winter population there. Given that 
the Salton Sea is among the Snowy Plover's most important breeding areas 
in the interior of California (Page and Stenze11981, Page et al. 1991), that 
it has long been occupied by breeding birds (Page and Stenzel 1981), and 
that it has mild winters, it also seems likely that for decades since its creation 
in the early 1900s it has held a substantial wintering population of plovers. 
Page et al. (1986) speculated that the wintering population of plovers at the 
Salton Sea is smaller than the breeding population, but our surveys suggest 
that the wintering population is similar to or greater than the breeding 
population. Surveys at both seasons over several years are needed to assess 
this accurately. 

Our total of 499 Snowy Plovers in the interior of California in the early 
winter of 1993 is about 200 more than the estimate by Page et al. (1986) of 
at most 300. By contrast, our total in 1994 was only 283. Our 1993 total 
is also about 20% of the 2500 that Page et al. (1986) estimated were 
wintering along the California coast. Doubtless the interior wintering popu- 
lation fluctuates as climatic conditions and management practices that affect 
habitat conditions for the plovers vary. For instance, November counts at 
two of the three sets of evaporation ponds that held the most birds during 
our study ranged from 0 to 79 and 0 to 95 over the four years. Our highest 
count of 95 plovers at the TLDD South evaporation ponds in late Novem- 
ber 1993 was at a time when the ponds were drawn down for structural 
alterations, thereby exposing extensive alkali flats (J. Wilson pers. comm.). 
It would be desirable to improve the estimates of the year-to-year variation 
in the size of the interior wintering population of Snowy Plovers by 
conducting more winter counts and by measuring detection rates to account 
for plovers missed on surveys. 

Root (1988), using Christmas Bird Count data, mapped the winter 
distribution of the Snowy Plover in North America and concluded that all 
populations were in areas that average warmer than 30 ø F (-1 ø C) in 
January. We plotted our more extensive record for the interior of the West 
on Root's (1988) contour map of average minimum January temperatures 
and found that plovers winter at many sites with average minimum January 
temperatures lower than 30 ø F (Figure 3). An average minimum January 
temperature of 20 ø F (-6 ø C) is a better temperature threshold, but Snowy 
Plovers nevertheless do not winter in an extensive area of lowland northern 
California warmer than this. Knowing that inland plovers concentrate on 
alkaline soil near saline water, we thought that some measure of aridity 
might also be helpful in predicting Snowy Plover distribution. This led us to 
plot winter records of Snowy Plovers in relation to both temperature and 
general humidity (as measured by pan evaporation rates). The best fit of our 
data was to an average minimum January temperature warmer than 20 ø F 
(-6 ø C) combined with an average annual pan evaporation rate greater than 

91 



WINTERING SNOWY PLOVERS 

Figure 3. (a) Average minimum January temperatures with 10 ø F (5 ø C) contour 
intervals; tick marks point toward lower temperatures (from Root 1988). (b) Average 
annual general humidity, as measured by pan evaporation, with 20-inch evaporation 
contour intervals; tick marks point toward smaller values (from Root 1988). (c) Winter 
(15 Nov-15 Feb) records of Snowy Plovers in the interior of the West plotted relative 
to the isolines of 20 ø F average minimum January temperature and 70 inches 
average annual pan evaporation (general humidity) (adapted from Root 1988). Large 
dots, sites of regular wintering; small dots, sites of erratic wintering. 
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70 inches (Figure 3c). Thus aridity as well as warmth favors Snowy Plovers. 
Although the increasing concentration of salts and trace elements, par- 

ticularly selenium, in the San Joaquin Valley (e.g., Skorupa and Ohlendorf 
1991, Ohlendorf et al. 1993) and at the Salton Sea (e.g., Schroeder et al. 
1993, Setmire et al. 1993) has impaired the reproduction of some species 
of birds, to date the risk of toxicity to Snowy Plovers has been low (J. 
Skorupa pers. comm.). Ironically, Snowy Plovers may face habitat loss as 
pond owners seek means to reduce the toxicity risk to wildlife using these 
habitats (see Moore et al. 1990). Methods suggested to reduce bird use of 
contaminated ponds in the San Joaquin Valley include hazing, altering the 
pond's physical structure, and creating nearby uncontaminated wetlands as 
alternative habitat (Steele and Bradford 1991, Bradford 1992). While some 
such wetlands have already been constructed, both the total amount of 
alternative habitat and the proportion of freshwater and saline wetlands in it 
have yet to be decided (C. Taylor pers. comm.). Monitoring to determine 
the effect of these actions on the health and size of populations of the 
Snowy Plover and other species will be needed. 

SUMMARY 

Surveys over four years reveal that most Snowy Plovers wintering in the 
interior of the West concentrate in California at agricultural evaporation 
ponds in the southern San Joaquin Valley and at the Salton Sea. Small 
numbers of plovers also winter irregularly in deserts elsewhere in southern 
California, Arizona, and New Mexico, primarily at playa lakes. Surveys in 
1993 found 499 Snowy Plovers wintering in the interior of California, 
about 200 more than had been estimated from prior partial surveys. The 
wintering population at the Salton Sea appears to be greater than or equal 
to the breeding population, but the converse appears to be true at evapora- 
tion ponds in the San Joaquin Valley. The inland distribution of wintering 
plovers in the West corresponds to arid climates (average annual evapora- 
tion >70 inches) and mild (average January temperature >-6 ø C) winters. 
Changes in management practices at the evaporation ponds designed to 
reduce the toxic effects of selenium on wildlife using the ponds may in the 
near future affect the amount and quality of habitat for plovers and other 
shorebirds. 
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APPENDIX 1 Inland Winter Records of Snowy Plovers in California from 
This Study, 1991-92 to 1994-95, Other Than From Evaporation Ponds in 
the San Joaquin Valley (Table 1) or the Salton Sea (Table 2). 

Survey Sites and Frequency 

Sites in the San Joaquin Valley surveyed in January 1992, 1993, and 1994, 
January to February 1995, and November 1993 and 1994: the Grasslands wetlands 
complex of public wildlife refuges [San Luis NWR, Kesterson NWR, Merced NWR, 
Arena Plains NWR, Volta Wildlife Area (WA), Los Banos WA, Mud Slough WA, Salt 
Slough WA, China Island WA] and private duck clubs (two-thirds of the wetland area 
of the Grasslands) surrounding Los Banos, Merced Co.; Mendota WA, Fresno Co.; 
Pixley NWR, Tulare Co.; Kern NWR, Kern Co.; South Wilbur Flood Area, Kings Co.; 
and most sets of municipal sewage ponds and irrigation district ponds from Modesto, 
Stanislaus Co., south to Bakersfield, Kern Co. 

Sites in the deserts of southern California surveyed in the winters of 1992-93, 
1993-94, and 1994-95: Tinnemaha Reservoir, Inyo Co. (2 Dec 1994, 29 Jan 
1995), Owens Lake, Inyo Co. (4 Dec 1993, 29 Jan 1994, 3 Dec 1994, 28 Jan 
1995), China Lake sewage ponds, Kern Co. (2 Nov 1992, 23 Jan 1993, 3 Dec 
1993, 2 Dec 1994, 28 Jan 1995), Edwards Air Force Base sewage ponds, Kern Co. 
(27 Nov 1992, 1 Feb 1995), Piute Ponds, Los Angeles Co. (23 Nov 1992, 2 Feb 
1993, 3 Dec 1993, 30 Jan 1994), Lancaster sewage ponds, Los Angeles Co. (20 
Nov 1992, 2 Feb 1993, 3 Dec 1993, 30 Jan 1994), Harper Dry Lake, San 
Bernardino Co. (6 Dec 1992, 1 Feb 1993, 5 Dec 1993, 12 Feb 1993, 11 Dec 
1994), San Jacinto Valley, Riverside Co. (20 Nov 1992, 30 Nov 1993, 29 Jan 
1994, 3 Dec 1994, 29 Jan 1995), Lake Elsinore, Riverside Co. (10 Dec 1993, 6 
Feb 1994, 3 Dec 1994, 28 Jan 1995), and agricultural lands south of Blythe, 
Riverside Co. (8 Dec 1993). 

Snowy Plover Records 

Merced Co.: Duck clubs in Grasslands wetlands complex surrounding Los Banos, 
3, 20 Nov 1993 (D. Shuford, C. Hickey); 5, 20 Jan 1991 (G. Page); 23, 8 & 11 Feb 
1995 (C. Alexander, C. Hickey, H. Reeve, D. $huford). Los Banos sewage ponds, 2, 
9 Nov 1994 (D. Shuford). 
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Kings Co.: Small alkali ponds near Corcoran Irrigation District reservoir, Corcoran, 
1, 28 Jan 1992 (J. Kjelmyr). Westlake Farms section 16 mitigation weftands, 2.5 km 
E of Kettleman City, 2, 16 Feb 1995 (J. Seay). Lemoore Naval Air Station sewage 
ponds (formerly Carlton Duty evaporation ponds), 11, 14 Nov 1994; 9, 31 Jan 
1994 (both T. Kroeker). 

Kern Co.: Edwards Air Force Base sewage ponds, 1, 27 Nov 1992 (M. Heindel). 

Los Angeles Co.: Lancaster sewage ponds, 20, 20 Nov 1992 (D. Shuford); 3, 3 
Dec 1993 (K. Garrett); 9, 2 Feb 1993 (K. Garrett). 

San Bernardino Co.: Harper Dry Lake, 9, 5 Dec 1993; 6, 6 Dec 1992 (E. 
Cardiff). 

Riverside Co.: Lake Elsinore, 1, 6 Feb 1994 (M. A. Patten). 

APPENDIX 2 Inland Winter Records of the Snowy Plover Other Than 
Those Generated by This Study 

California 

Merced Co.: Los Banos sewage ponds, 1, 26 and 27 Dec 1986 (AB 41:324); 2, 
28 Dec 1992 (AB 47:949). 

Kern Co.: Lake Isabella, 1, 25 Jan 1985 (AB 39:210). Carmel Ranch evaporation 
ponds (Figure 1), 5, 24 Nov 1990 (M. Heindel). China Lake sewage ponds, 1, 21 
Dec 1990 (D. Blue). Edwards Air Force Base sewage ponds, 1, 23 Nov 1991; 5, 22 
Dec 1990; 6, 30 Dec 1989; 8, 4 Jan 1989 (all M. Heindel). 

Inyo Co. (all Owens Lake): "Northwest Seep," 1, 15 Dec 1984 (AB 39:785, D. 
Gaines); 9, 20 Dec 1986 (AB 41:1270). Keeler saltworks, 1, 20 Dec 1993 (NASFN 
48:248); 2, 11 Jan 1976; 11, 28 Jan 1993; 3, 2 Feb 1993 (all T. & J. Heindel). 
Cottonwood Marsh, 16 km SSE of Lone Pine, 4, 23 Dec 1992 (M. Heindel, T. & J. 
Heindel). Exact location not recorded, 1, 27 Dec 1890 (Fisher 1893). Dirty Sock 
Springs, 2, 3 Jan 1975 (AB 29:742). 

Los Angeles Co.: Lancaster sewage ponds, 10, 14 Dec 1991 (AB 46:977); 2, 17 
Dec 1994 (fide Fred Heath); 17, 18 Dec 1993 (NASFN 48:833); 6, 19 Dec 1992 
(AB 47:948). Rosamond Lake, 1, at least Dec 1981 through Feb 1982 (AB 36:331); 
2, 15 Dec 1984 (AB 39:785); 26, 17 Dec 1983 (AB 38:789). 

San Bernardino Co.- Harper Dry Lake, 4, 21 Nov 1988; 6, 23 Nov 1987; 5, 10 
Dec 1988; 4, 27 Feb 1988 (all E. Cardiff). East Cronese Lake near Baker, 1, 19 Nov 
1978 (AB 33:213). 

Riverside Co.: Lake Elsinore, 6, 11 Dec 1981 (Page et al. 1986); 10, 30 Jan 
1982 (AB 36:331). 

San Diego Co.: Lake Henshaw, 1, 5 Nov 1978 (AB 33:213). Lake Hodges, 2-3, 
during winter 1979-80 (Garrett and Dunn 1981); 2, 6 Nov 1982 (Page et al. 1986). 

Imperial Co.: West Pond, below Imperial Dam, 4, 23 Dec 1961 (W. C. Royall, Jr. 
and L. Olver fide G. Monson). 

We have rejected the following records for lack of sufficient documentation: Los 
Angeles Co., "at reservoir" on the Pasadena-San Gabriel Valley CBC, 6, 29 Dec 
1964 (AFN 19:331); Orange Co., Irvine Lake on the Orange Co. (northeastern) 
CBC, 20, 4 Jan 1981 (AB 35:721). 
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Arizona 

Mohave Co.: Lake Havasu, 1, 20 Jan 1982 (AB 36:318). 

Mohave and La Paz counties: Bill Williams R. delta, 2, 20 Oct 1952 to 7 Mar 
1953 (G. Monson). 

Yuma Co.: Martinez Lake, 1, 2 Feb 1977 (S. Furniss, USFWS, fide G. Monson). 
1.5-3 km north of Imperial Dam, 1-2, 4 Nov 1960 to 1 Feb 1961 (G. Monson). 

Yavapai Co.: Willow Lake, Prescott, 1, 24 Nov 1985 (AB 40:151). 

Maricopa Co.: Phoenix, 1, 28 Dec 1963 (AFN 18:295, Monson and Phillips 
1981). Near Gila Bend on Gila River, 7, 15 Jan 1974 (AB 28:674). 

Pima Co.: Tucson, 1-2, 11 Oct to 3 Dec 1971 (AB 26:101). 

Cochise Co.: Willcox, 1, 31 Dec 1976 (AB 31:359). 

New Mexico 

Sierra Co.: Elephant Butte Lake, 1, 14 Jan 1990 (P. Steel fide N.M. Ornithol. 
Soc. Field Notes 29:6). 

Otero Co.: Holloman Lakes, 1, 23 Feb 1985 (AB 39:198). 

Eddy Co.: Laguna Grande, 1, 28 Dec 1976 (AB 31:359); 1, 4 Jan 1987 (AB 
41:315). Vicinity of Salt Lake, east of Loving, 1-2, 9-27 Jan 1975 (AB 29:725). 
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