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PREFACE 

Thi vo!Jme i the re ' ult of two ympo ia held 
on the P'-St and pre ent . Latus of the avifauna of 
the Saltcn Sea: the fir t in the Imperial Valley 
in th LI.Timer of 1997, . p ns red by the West
ern Fiel Ornithologi t , the second in River, id 
in spring of 2000, ho ted by the Cooper Orni
thologicJ ociety. In the introductory chapter 
that fo llcw. we summarize the dynamic history 
of the Sa:.ton Sink and Colorado River Delta, the 
key envi·onmental i ues in the region, and the 
gene is cf the e ympo ia and the papers in this 
volume. 

Finan(ial support for the volume was pro id
ed by thf Cooper Ornithological Society, PRBO 
Con ervc.tion Science, U.S. nvironmental Pro
tection g ncy (grant #X-98955101-0), and 
Western Hield Ornithologists. We are grateful to 
Philip U itt and Michael A. Patten for organiz
ing the s_ mpo ia in 1997 and 20 0, re pectively. 
We are :::or ally indebted to John Rotenberry, 
STUDIES A VIA BIOLO y editor, for hi protes-
ional anJ collegial guidance during this proj ct, 

and to .ugeniCI McNaughton, EP n ironmen
tal ci rtist, for upport of this volume. We 
thank Dan And r on for his arly encourag -
ment for the volume, ~duardo Palacios, Susana 
Peluc, anJ J ill Deppe for th panish tran ·Jation 
of abstra.:ts, and Viola Toniolo for edit rial as
sistanc . We also thank Lisa Lewis and the ni
ver- ity r Redlands for assistance with maps, 
David Ja1iger and Claire Peasle for h Ip with 
images, :..nd arah Warnock for modifying log
os. W a·e grateful to the folio ing individuals 

for critical revi ws of manuscripts: Dan Ander
. on, Doug Barnum, harles Collins, Sam Fitton, 
Milton Friend, Kimball L. Garrett, Steve N. G. 
H well, Stuart Hurlbert, Joseph R. Jehl, Jr., John 
Kelly, Guy McCa kie, Miguel Mora, Brian Mill
sap, Steve Myer , Lewi, Oring, duardo Pala
cio , Michael Patten, Marilyn palding, Larry 

pear, Lynne Stenzel, Ken Sturm, John Take
kawa, Phi lip Unitt, and Brian Walton. We are 
indebted to N. John Schmitt and Jonathan Al
derfer for contributing original artwork, and to 
John Whitehead for the cover photo. We thank 
Tim Manolis for sharing his artwork a well. 

Finally, we are particularly appr ciative of the 
tirele , efforts of Kimball Garrett, Michael Pat
ten, and Nils Warnock in this endeavor and tho e 
of many others, such a. Doug Barnum, Clark 
Bloom, Milton Friend, Robert McKernan, 
Charle. Pelizza, Sylvia Pelizza, Rey Stendell, 
and Ken Sturm, who have worked to increase 
awareness about the importance of avian habi
tats in the Salton Sink. 

We dedicate thi . volume to Norman D. Hogg 
( J 947-1996). Norm grew up in the Coachella 
Valley and continued to hunt, farm, and conduct 
bird studies at the north end or the Salton Sea 
throughout his all too brier adult life. His knowl
edge and appreciation of the alton ea's habi
tat. and avifauna was vast and profound. Norm 
was a natural and gifted teacher; the humor and 
enthusiasm with which he shared his keen in
sight on the ea will always be treasur d. 

Kathy . Molina 
W. avid Shuford 
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INTRCDUCTION 

KATHY C. MOLINA A D W. DAVID SHUFORD 

The ecos~ tern of the Colorado River Delta Re
gion ( yk 1937), from California' Salt n ea 
to the deLa of the Colorado River in Sonora and 
Baja Cal fomia, Mexico, are characterized by 
abundantand species-rich avifaunas, a hi tory of 
ma ive ratural and anthropogenic environmen
tal chang~s. and inten e scientific and political 
di course regarding the region's near and long
term futtre. Given today's imperiled tatu of 
the ecOS) terns of the Salton Sink (the below
sea-level ba in within which the Sea lie ) and 
Colorado River Delta, and the recent focu on 
the maincnance and enhancement of natural re
source vtlue in thi broad region, current and 
hi torical biological data are an especially valu
able comnodity. A few published account of 
recent fa nal investigation exi t for thi area, 
we recog1ized the need for uch ba eline doc
umentatim. Hence, our objective for thi vol
ume wer ( 1) to organize into a ingle publica
tion a re of contribution that not only com
plement ecent efforts to establi h baseline data 
on the Sei' avifauna (Shuford et al. 1999, 2000; 
Patten et al. 2003) but al o impart additional 
depth an long-term per ·pective to the e work , 
and (2) tc empha ize the continued importance 
of th Saton Sink to a ian populations and it 
ronnectivty to important avian habitat through
out the Colorado River D lta Region, the arid 
W st, an the larger Pacifi Flyway. 

EOGRPPHIC AND COLOGIC S TTTNG 

To higUight th comp! x1ty of the unique al
ton Sink co y terns, and their often ~ rg tten 
relation hp to the greater olorado River Delta 
Region, ve review th geography and phy ical 
characteri'tics of the region, the hi torical pat
terns of lrnd u e in the ink, and a chronology 
of event culminating in the pro po al of variou 
engineering projects to maintain the Salton Sea. 

The Cclorado River Delta Region, of which 
lhe Saltor Sink occupie the northwe tern por
tion, i a arrow rift valley or trough extending 
from San Gorgonio Pa s, at the foot of the San 
Jacinto and San Bernardino mountain , outh
ward to t1e mouth of the Colorado River and 
into the If of California (Fig. 1). It i bordered 
on the we:;t by the penin ular ranges of southern 

aliforni and northern Baja California, and on 
the east by the Little San Bernardino, Orocopia, 
and ChoCJlate mountain of California and the 
Gran De erto (or Sonoran Me a) in northwe t
ern S nora, Mexico. The Colorado River Delta 

Region occupie an area of some 8612 km2 

(3325 mi2; Syke 1937). Here the main cour e 
of the Colorado River follow the region' 
outhea tern flank. 

The pre ent day Salton Sea, a large saline lake 
lying between the Coachella and Imperial val
ley (the northern and outhern portion of the 
Salton Sink, re pectively), is the large t perma
nent water body found in the Colorado River 
Delta Region , apart from the Gulf itself. The 
path of the Colorado River ha hi torically me
andered, and at variou times it flowed north
westward directly into the Salton Sink (Syke 
1937), creating a large ephemeral body of water 
called Lake Cahuilla (Patten and Patten-Smith 
this volume). The highe t urface elevation of 
the mo t recent lake wa about -60.7 m in 
1905-J 907, when the Salton Sink last received 
the entire flow of the river a winter flood over
ran the banks of the earthen diver ion channel 
to the Imperial Valley (Syke~ 1937); its pre ent 
day elevation i about -69.2 m (Imperial Irri
gation Di trict, unpubl. data). The Salton Sea i 
approximately 56 km in length and nearly 24 km 
aero at it widest point, with a surface area of 
about 984 km2 and a maximum depth of about 
15 .2 m (U. . Bureau of Re lamation 1997). Wa
ter level in thi terminal lake i maintained today 
by an quilibrium between agricultural and mu
nicipal wastewater inflow" and an evaporation 
rate of ab ut 1.8 m per y ar. Salinity of the ea 
ha risen er time and today range fr m 3 to 
44 mg l 1, which is about 25% altier than th 
Pacific Oc an (U.S. Bureau of Reclamation 
1997). Important permanent inflows to the ea 
occur from the Whitewater (Fig. 2), Alamo, and 
New rivers, and a number of agricultural drain
age canal that terminate mainly along the 
southea tern border of the Sea. Sea onal fr h
water flow from Salt Creek and, e pecially, San 
Felipe Creek and Wa h can be ub tantial, de
pending on rainfall in the watershed. The cli
mate of the Sink is characterized by mild dry 
winter (mean minimum temperature of 7°C for 
November through February) and extremely hot, 
dry ummers (mean maximum temperature of 
40°C, June through September; http://www. 
wrcc.dri.edu). Annual precipitation (mea ured at 
Imperial, 30 km south of the Sea) average 
about 7.5 cm and occur mainly from August 
through March. An extensive system of irriga
tion canal allow intensive flood-irrigated ag
riculture to be practiced year round. 



2 

Compiled by 
G Syke MAP 

T DI S IN VIAN BIOLOGY 

(' 

0 
+ 

.,. "ts (' 
0 

~ ~ 

<> 
~ 

t."" 1-_,. 

" 

C'~~ 
c,,. 

~:IJ..., 
-f 

N . 27 

PLATE 2 

115° 

1. 
"P ..,. 

-1' 
0 'Y ... 

i. ~>' 
0 .$' 0 

<) 

~>'8 

IG R I. Map of the Colorado River Delta Region adapted from that compiled by G. Sykes in MacDouga 
( 1914) depicting the extent of the Salton Trough . 



INTR D CTION-Molina and Shuford 3 

JG R "' erial view of the west (foreground) and east levees or the Whitewater River delta at the north 
end of the Salton ea. Photo by K. C. Molina , January 1993. 

The initial fish fauna of the Salton Sea con
sisted of freshwater sp cics present in the Col
orado Riv r drainage, such as carp ( Cyprinus 
carpio) .111d <.;triped mullet (Mugil cephalus), 
which were introduc d during rhc filling of th 
basin in 1905- 1907 (Walker et al. 1961). Al
though a ariety of . pecies of game fish were 
released nto the Sea beginning in 1929 in an 
effort to es tablish a sportfishery, the pre<; nt day 
fish com1 unity was largely a result of introduc
ttons of t ree marine sp cies, orangemouth cor
vina ( Cv1 oscion xantlzultH·), bairdiella ( Bairdiel
!a icistiu ), and sargo (Anisotremus dal'idsoni), 
made by the alifornia Department of Fish and 
Game in J 950 and J 951 (Walker et al. 1961 ), 
and later f tilapia (Oreochromis mossambicus; 
·Riedel et al. 2002). 

Becam of the Salton S a's challenging en
vironme t with its wide annual range in water 
temp rat re, seasonal anoxia in deeper waters, 
and the oJd chemical compo. ition of its marine
like wate s, the invertebrate fauna of the Salton 
Sea is Ii ited to a few numerically important 
specie. (Linsley and Carpelan 1961 ). The e are 
the pile~orm Neanthes succinea, the cop pod 
Cyclop. Jimorphus, and the barnacle Ba/anus 
amphitrite. Neanthes, believed introduced in 
1930 along with other fauna! introductions by 

alifornia Fish and Game, was the most impor
tant pr y of carnivorous fish. .vc!ops wa, prob
ably an important food source, especially in 
summer and fall, for filt r feeders such as young 
bairdi Ila. The larval stage of Ba/anus, although 
prevalent, was probably not an important food 
source for fl . h (Linsley and arpelan 1961 ). A 
1999 investigation ot inve1 t brate fauna (Det
wiler et al. 2002) found Newzthes and Balanus 
to still predominate. These authors reported two 
amphipods (Gammarus nwcronatus and Coro
phiwn louisianum) and the polychaete Streblos
pio benedicti to also b numerous; all were 
thought to be e. tablished after 1956. 

S veral other important permanent wetlands 
are associated with the Salton Sea. The Finney
Ramer Unit of the Imperial Wildlife Area (Fig. 
3), containing recreation lakes north of Brawley, 
and the Wister Unit along the outheastern shore 
are managed by the California Department of 
Fi. h and Game. The key components of wildlife 
habitat at the Sonny Bono Salton Sea National 
Wildlife Refuge include the Hazard Unit (Fig. 
4) and impoundments at Unit 1 and 2 (Fig. 5). 
Fig Lagoon, near Seeley, is managed by the Im
perial Irrigation District. Several experimental 
projects in various tages of development along 
the New River (Miller 2002) provide riparian 
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FIGUR 3. Heronry, comprised of mainly Cattle Egrets, at Finney Lake of the Imperial Wildli~ Area. Photo 
by A. Small. May 1992. 

and additional wetland habitats in the Imperial 
Valley, as do a number of seasonal wetlands on 
private lands. 

lmp rtant avian habitats in th alton Sink are 
not limited to the Sea or its associated wetland . 
Water wa. fir t diverted from th Colorado River 
to farmland in the Imp rial Vall yin 1901, and 
by I 927 it was b ing d livered to about 1575 
km2 of cropland (http://www.iid.com/aboutiid/ 
hi tory-how.html ; Imperial Irrigation District, 
unpubl. data). Today an average of nearly 1900 
km 2 of land in the Imperial Valley alone are ir
rigated annually (http://www.iid.com/water/irr
agriculture.html) . Although the e tent of irrigat
ed agriculture has leveled off in recent decade , 
agricultural practice have inten ified with more 
multi-cropping on the ame land in a ingle year 
(C. Sidhu, Imperial Irrigation District, per . 
comm.). Becau e of the great extent of flood
irrigated land combined with the high rate of 
crop turnover, particularly in the Imperial Val
ley, a large and varied an·ay of feeding and rest
ing habitat are nearly continuou ly available to 
many waterbird and shorebird species. Some of 
these, uch a the Cattle Egret (Bubulcus ibis) , 
White-faced Ibi (Plegadis clzihi), Long-billed 
Curlew (Numenius americanus), and Ring-billed 
Gull (Larus delawarensis) , congregate in these 

flooded fields in large number . Agricultural 
land , especially in the Imperial Valley, <>upport 
significant populations of several species that 
have declined els where in the state. For ex
ample, a substantial proportion of alifornia' 
wintering population of the Mountain Plover 
(Charadrius montanus) , repres nting 30-50% of 
this pecies ' global population, finds ustenance 
in the many disk d, burned, and grazeJ field. 
that are readily available in the valley (Wunder 
and Knopf 2003, Shuford et al. th;s \'o /wne). 
Re ident Burrowing Owl (Athene cunic u!arfr1), 
e ploiting the va. t network of earthen drainage 
canal and abundant food supplies, al. o reach 
high densitie here (DeSante et al. this 1•0Lwne). 
Although the ex ten ive irrigated agricu I tu re in 
the Imperial Valley appear ' to have benefited 
many pecies of bird for many decad 'S, con
version to cropland ha probably displac 'd ome 
landbird that once occupied and depended upon 
the sparse alkali scrubland in thi area. 

Some native me quite (Prosopis pp.) wood
land wa pre ent in the wetter and more alkaline 
portion of the Sink, particularly to the north 
between the towns of Indio and Mecca (Mac
Dougal 1914). Me quite was apparently never 
wide pread or extensive prior to the conversion 
of land to agriculture or urban development, and 
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FIGUR 4. freshwater impoundment of the Ha1ard Unit near the <.,outheast shore of the ea where gulls, 
terns, skimmers, and shorebirds loaf and feed. Photo by K. C. Molina, July 1997. 

only a few remnant patch s r main (Patten t al. 
2003). Riparian habitat, now almo. t exclusive! 
dominated by xotic Ta111arix, xist. in th Im
perial Wildlif Area, and along ten i e reach
es of the New, Alamo, and Whitewat r rivers, 
wher it is highly d grad d by channel maint -
nance activiti s; small bosques of me quite, wil
low (So/i.\), and cottonwood (Populus) are es
tablished and managed on som state and federal 
refuge lands (K. Molina, pers. obs.) as well as 
111 some parks in Brawley near th New Riv r 
(Patten t al. 2003). 

outh of the Imperial Valley in the northeast
ern corner of Baja California and adjacent o
nora, Mexico, lies the Mexicali Valley. Tog ther 
th se two valley form a nearly contiguous 
swath of highly productive farmland. Although 
its avifauna and habitats are less well known 
than those north of the bord r, the Mexicali Val
ley regi n has recently received increasing at
tention (Patten et al. 1993, 200 I; Hinojo a-Huer
ta et al. 2001, 2002, this l'Olwne; Ander on et 
al. 2003). The Rio Colorado corridor (Fig. 6) 
nakes southward to the Delta along the valley' 

ea tern border. Although degraded by reduced 
instream flows a a re ult of upstream diver ion 
and dominated in mo tar a by exotic Tamarix, 
the river provides expanse of important riparian 

habitat, including significant ·tands of mature 
cottonwood/willow gallery fore t (Cohen et al. 
~003, Hin josa-Huerta et al. thi. volume). The 
Rfo Hardy drainage ( ig. 7) and the wetlands 
associated with it along the all y's ~estern bor
der in Baja alifornia are e-enerally upported 
by agricultural return flows and ar I rgely veg
etated by Tamari.A and other salt-tolerant species 
(Hinojosa-Huerta t al. this volume). Th xten
·ive marshes of the ienega de Santa lara, 
maintained by agricultural drain flows from Ar-
1.1ona, and the pod et wetland · near l Doctor 
( ig. 8), form d by a . erie · of arte ian well or 
pows along th escarpment of the Gran De ierto 
south of the Ci ' nega, provide a variety of per
manent or near-permanent wetland and riparian 
habitat along the delta's eastern edge in Sonora 
(Glenn et al. 1996). The ponds at the Campo 
G otermico Cerro Prieto (Fig. 9), at the head of 
the Rfo Hardy drainage, and I la Montague, at 
the mouth of the Rf o Colorado, provide impor
tant ne:ting habitat for colonial breeding water
birds and other taxa uch as the Large-billed Sa
vannah Sparrow (Passerculus sandwichensis 
rostratus; Palacios and Mellink 1992, 1993; Per
esbarbosa-Ro a and Mellink 1994, Molina and 
Garrett 200 l ). 
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Nesting islets in the freshwater impoundment (Rock Hill ponds) of the 
National Wildlife Refuge headquarters. Photo by K. L. Garrett, July 200 I . 

NVIRONM NT L ISSUES AND TH 
R ST R TION PRO SS 

The al ton ea lies within a clo. ed ba..,in and 
receives large inputs or agricultural and munic
ipal wast water heavily laden with salts and nu
trients. Because of the Sea's high evaporation 
rates, which effectively concentrate dissol ed 
substances, issues or water quality ha long 
b en r concern. The ea's continued and p r
manent e istence as a r pository for agricultural 
drainage is mandat d by federal deer es ena ·ted 
in 1924 and J 928, and by a State of alifornia 
statute in 1968 ( alton ea Authority and U .. 
Bureau of Reclamation 1998). Th agricultural 
industry of the achella and Imperial valley. , 
valued at over 1 billion annually (www.iid. 
com/water/irr-agri ulture .html; Salton a Au
thority and U.S. Bureau of Reclamati n 1998), 
i. dependent on its ability to sequester agricul
tural drainage and discharge it to the Salton Sea 
(Salton Sea Authority and U.S. Bureau of Rec
lamation 1998). asibility tudies focu ing on 
th control of, alinity and urface elevati n be
gan in the 1960. (Salton ea Authority and 
Bureau of Reclamation 1998), but the lake's ri~
ing surface el vation and apparent tabilization 
of salinity, at least for the time being, allayed 
concerns and postponed further effort ( .S. Bu -

reau of Reclamation 2003). Water quality again 
became a concern when apparent declin s in the 

alton Sea's introduced sportfishery in th 1980s 
stimulated the establishment in 1988 or the al
ton ea Task Force, a public entity repre'> nting 
county governments and water districts ( alton 
Sea uthority and U .. Bureau or Reclamation 
1998). ln response to th~ enactment f Public 
Law 102-575 in 1992 directing th Bureau of 
Reclamation to conduct '\tudies of salinity con
trol, the agency adopted a set of five goals to 
ser e as criteria against which potentially suit
able restoration projects would be v·iluated 
( alt n Sea Science ubcommittee 2000, U .. 
Bureau f Reclamation 2003). These <:rit ria, 
some potentially at odds with others, were to ( l) 
maintain the ea as a repository for agricultural 
discharge, (2) reduce and control salinity and 
lake surface elevation, (3) provide endangered 
species habitat, (4) enhance the fisheries, and (5) 
protect human r creational valu - hence, the 
gen sis of the present-day Salton Sea Restora
tion Project. In 1993 th Salton ea uthority, 
compo ed of county, water di trict, and tribal 
repre. entation, wa" creat d a · the local co-lead 
agency to act in tandem with the Bureau of Rec
lamation on a restoration project for the ca. The 
Salton Sea Project Draft Evaluation of alinity 
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FlGUR 6. Mature cottonwood-willow gallery forest (background) along stretch of the Rfo Colorado south of 
Carranza (= Ledon), Baja alifornia. Photo by K. L. Garrett, June 1998. 

and Elevation Management Alternative wa re
leased in 1996 (Salton Sea Authority 1996), al
though its public di tribution was limited and it 
did not garner widespread att ntion. These al
ternative , mostly centered on the construction 
of diked impoundments within the Sea to ". -
quest r and remove salts from the remainder of 
the Sea, l~tcked consideration of wat r quality 
i ues oth r than salinity, such as eutrophication 
and potential elenium, heavy metal, and organ
ochlorine contamination. They al ' O inadequately 
addressed the proposed proj ct.' impact to 
wildli~ from potential loss and d gradation of 
ignificant habitat as a re ult of surface eleva

tion declines and increased development and 
recreational u e at the Sea. 

'The Salton Sea Reclamation Act, enacted by 
Congress in 1998, directed the Department of 
the Interior to complete tudies of re toration 
options complying fully with the five criteria et 
forth by the Bureau of Reclamation in 1992 
(U.S. Bureau of Reclamation 2003). During thi 
pr ce the agency wa t c n. ider all ption 
under a cenario of reduced inflow to the Salton 
Sea. Moreover, the Act explicitly deemed ineli
gible projects that relied on additional supplies 
of water from the Colorado River. This stipula
tion reflected a provision of previous legal com-

pacts and federal court decisions that limited the 
beneficial use of olorado River water to do
mestic and irrigati n purpos s ( . . Bureau of 
Reclamation 2003). 

In the 1990s the Salton S a seemed to be e -
peri ncing a surge in the frequency and size of 
mortality events involving flsh and birds, indi
cating an eco ystem increasingly und r stress 
(Friend 2002). Historically, periodic fish die-offs 
at the ea had been poorly documented. Most 
were attributed to anoxic comiitions associated 
with high ambient temperatures and high nutri
ent loading timulating seasonal algal blooms 
( .S. ish and Wildlife ervice 1997). In 1992, 
an estimated 150,000 dead ared Greb (Pod
iceps nigricollis) litter d the Sea'" shore" and 
shallow bay"; the cause of this ma s mortality 
has never been completely under tood and will 
likely remain unresolved (Meteyer et al. this vol
wne). Such large die-offs are not novel as grebe 
mass mortalitie not associated with adverse 
weather conditions, but rather with disease or 
unknown cause , have been documented else
where in western North America since 1880 
(Jehl 1996). However, in 1996 the loss of over 
15,000 pelicans and other waterbirds was attri
buted to a particular strain of avian botulism not 
previously known to involve piscivorous birds 
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FIGURE 7. Stretch of the Rfo Hardy corridor in Baja California vegetated with Tamarix and the common 
recd, Phragrnite . Photo by K. L. Garrett, eptember 1996. 

(Rocke t al. this volume) . Inten e ma. media 
intere t in the bird die-off fueled predictions of 
the ea' imminent c !lapse and timulated in
creasingly frequent and ·trident public out ries 
for immediate actions t "fix" the ailing body 
of water. Such media coverage al o . erved to 
polarize public opinion, with equally trid nt 
voic proposing that the ea be imply allow d 
to dry up or that th wat r ' now nouri hing the 

ea be redirected t th m re de er ing "natu
ral" wetland habitats of the olorado Ri er Del
ta. Paradoxically, during th late 1990 , tilapia 
populations in th Salton ea exploded to form 
on of the mo t highly productive fi herie de-
cribed for the p ci (Costa-Pierce and Riedel 

2000), although an apparent rever al of thi 
b m began around 2000 (Riedel et al. 2002). 

A a re ult of ongre ' 1998 enactment of 
the Salton Sea Reclamation Act, the Salton ea 

cience Subcommittee wa establi bed in 1999 
(and later became the alton Sea Scienc Of
fice). This entity wa charged with facilitating 
ba eline studie of the phy ical and biological 
characteristics of the Sea, identifying data gaps, 
and coordinating all ientific endeavors under
taken on behalf of th Re toration Plan, includ
ing scientific review of all proposed restoration 
alternati es (Salton a Science Subcommittee 

2000). The re. ults of many of these r connai -
. ance tudies w re publi . hed in 2002 in volume 
473 of the journal Hydrobiologia. Two such in
ve tigations ( chro der et al. 2002, Vogl and 
Henry 2002) indi ated that pa t uspicion re
garding high contamination load. of pesticide 
and sel nium in th water column and in sedi
m nts of the ea w re largely un upported. The 
effort , of th ci nee Office continue t the pre-
ent and have been broadened recently to in

clude considerati n and tudy of i ·ues such as 
eutrophication, salt precipitation, fugitiv du. t 
generation, and potential action for their re
mediation. 

Any uch project to maintain the Salton Sea 
will nece arily be of ma ive proporti n and 
require long-term monitoring. Although an ini
tial Environmental Impact Statement and Report 
ha been comp! ted, a preferred project alter
native wa not identified (Salton Sea Authority 
and U.S. Bureau of Reclamation 2000). The en
vironmental a e ment proce continue with 
more detailed analy e of potential alternatives 
and the refinement of their de igns (U.S. Bureau 
of Reclamati n 2003). Although the tate legi -
lature ha approved fund for a project feasibil
ity tudy, funding for project con truction and 
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FIGURE 8. Pozos or arte ian wells near El Doctor, supporting native wetland and riparian vegetation, along 
the escarpment of the Son ran Mesa. K. L. Garrett, October 1997. 

an adaptive monitoring program has yet to be 
appropriated. 

Adding considerably to the significant chal
lenge inher nt in the rec toration of the Salton 
Sea i the impending allocation of a greater pro
portion of olorado Riv r wat r to urban us s 
These water tran fers , along with reductions in 
the total allotment of Colorad River to alifor
nia, will necessitate lark conservation mea ' ures 
by agricultural u ers and will gr ally reduce 
fre hwat r inflows to the alton Sea. These di
mini hed ftow may make any propo ed engi
neering project to u tain the pr ent extent of 
the Salton S a a financial impossibility. Similar
ly, adequate fre hwater flows to the Colorado 
River Delta lack long-term assurances. Ma sive 
human population growth expected to continue 
on both sides of the border will present ever
greater challenges for the su tainability of the 
region' wildlife habitat. lntere tingly, everal of 
the mo t recently propo ed re toration options 
for the Salton Sea include de alinization of the 
New, Alamo. and Whitewater rivers, an engi
neering component whose co t until recently 
was considered prohibitive. Ironically, however, 
the e plans propose to export any of the fresh
water produced by this technology to urban cen
ters (Salton Sea Authority 2003), and it is un-

clear how much will be returned to ustain 
aquatic habitat at the S a. Ultimately, an inno
vati c interpretation of Jaws governing the 
" beneficial u es" of water in the region and the 
acquisition of long-term wat r leases (Cohen et 
al. 2003, Gold 2003) dedicating freshwat r nows 
to th Sea and Delta will be necessary to help 
en~ure that the needs of w1ldlife and wetland 
habitats are accommodated. 

One of the initial obstacles to a more com
plete understanding of the ignificance of the 
Salton Sea'c aquatic and agricultural habitats to 
wildlife stem from the negative connotation so
ciety attaches to artificial feature that erve a 
wildlife habitat. Artificial habitat are ·ometime 
viewed as less valuable than pri tine or near 
pristine habitats. However, most of California' 
natural wetlands have been highly modified by 
human development, existing now in various 
stages of impainnent or having been lost com
pletely (Dahl et al. 1991 ). When faced with the 
perva ive loss and degradation of wildlife hab
itat in our increasingly urbanized landscape, a 
society that espou es the value of wildlife may 
not have the luxury of di tinguishing between 
natural and pristine wetlands, and those that are 
highly modified yet still function effectively as 
wildlife habitat such a tho e of the Salton Sink. 
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The impoundments and nesting islets of Campo Geotermico 
Garrett, September 1996. 

Unlike many ther saline bodie of water in 
the arid We t that dried up almo t entirely (e.g., 
Owen Lake) or have fluctuat d greatly in their 
water volume (Jehl 1994), the Salton ea ha~ 
persi ted over th last century as a large, intact 
lak . In fact, on consistent goal rcfle t d in any 
of the variou. plans to restore the ea has b n 
t tabilize it . urface ele ation and curb its en
croachment onto privat property. While it is un
likely that the a will ever again experi nee 
flood flow directly from the olorado Riv r as 
it la t did in l 905-1907, its de ignation as a re
po itory for agricultural drainage in a region 
with an economy that will likely continue to be 
dominated by irrigat d agricultur en. ures that 
ome form of the alton Sea will continue to 

oc upy the Salton ink for ome time to come. 
The bird life of the Salton Sea ha inspired 

awe ince it formation, as indicated by Grin
nell' observation on hi inaugural visit to the 
Sea in 1908, wh n he wrote: 

"As we neared the Island, a curious frosted patch 
became conspicunus on the highest hill. This soon 
proved to be a great colony of American White Pel
icans ... The sight of the grear white birds rising 
in masse from their nesting grounds was exciting 
in the extreme; for I had never seen this species 
under such circumstances before. They 1vheeled in 
great circles overhNtd, era sing and re-crossing 

fJ\'er their breeding grounds, or glided out to sea in 
intersecting V's. When flapping, their wings gave 
0111 a loud swi1·h, and the manv at once produced a 
roar" ... (Grinnell J908, pp. 186-187). 

Despite the well-publici.1:ed bird mortaliti s in 
recent y ars, today's isitor to the alton S a can 
still marvel at the . ight of hug masse. of peli
can~ wheeling o erh ad, loafing at the river 
mouths, or feeding in innumerable groups dot
ting the Sea's . urface during th non-breeding 
season, when as many as 20,000 individuals typ
ically have been recorded there. Similarly, ne 
can be erwhelrned by thou ands of W . tern 

andpipers (Calidris mauri) probing int th 
rich organic mud along the outheast rn shore
line, or re el in wave after wave of Whit -faced 
lbi undulating aero '' the darkening . ky a they 
pi! into their nighttime roo t about the Impe
rial Valley. 

G NESI 0 THIS VOL ME 

The first tirring of intere t for thi olume 
began in 1997, when the Western Fi Id Orni
thologi. ts (WFO) convened it 22nd tated 
meeting in late August in the Imperial Vall y. In 
recognition that the basic status and distribution 
of bird at the Salton ea were now fairly well 
known, but that very little had been published 



INTRODUCTION- Molina and Slu~ford 11 

ince the earliest explorations of the region, the 
meeting presented a symposium addres ing the 
current state of knowledge of the Sea's avifauna. 
Because it was unclear whether the final project 
alternatives identified in 1997 (U.S. Bureau of 
Reclamation 1997) would adequately protect the 
Sea's wildlife, in March I 998 WFO ratified a 
re olution entitled " The Salton Sea as Signifi
cant Wildlife Habitat." This resolution support
ed "rehabilitation and conservation efforts at the 
Salton Sea that are re ponsive to the needs of 
wildlife and based on ound and thorough bio
logical data; that recogni7e the importance of 
freshwater, delta, brackish, , aline, and agricul
tural habitats; that improve water quality and 
guarantee continued adequate sources of fresh
water; and that seek to minimize threats to wild
life potentially re ulting from urban and recre
ational development" (Garrett 1998). In April 
1998, four major ornithological societies-the 
American Ornithologists ' Union, Cooper Orni
thological Society, Wilson Ornithological Soci
ety, and the Association of Field Ornitholo
gists-adopted a similar resolution for the Sal
ton Sea at the North American Ornithological 

onference in St. Louis, Mis ouri. This joint 
resolution noted a " lack of con. ensus on what 
is meant by restoring the Salton Sea" and sup
ported "an approach that allows sufficient time 
to study the situation, including all feasible op
tions, that any additional research funds are add
ed to agency cor budg ts, that no mone be 
spent on 'em rg ncy action' before a full envi
ronmental impact statement is completed, in 
cluding studies of the impacts of brine or salt 
disposal from all pumped water, and that th 1m
pl mentation of hatever action b recommend
ed mu"t meet all en ironmcntal law<\, including 
the National nvironmental Policy Act and the 

lean Water Act, and that judicial review of pro
posed actions be allowed without r straint" 
(AOU 1999). 

With concern by ornithologi ts for the Salton 
Sea's avifauna and habitats increasing in the 
years following the WFO symposium in 1997, 
the Cooper Ornithological Society convened its 
70th annual meeting in April 2000 in River ide, 
Calif rnia, which included a symposium entitled 
"The Ecology and Conservation of the Avifauna 
of the Salton Trough." Recognizing the trategic 
role the Salton Sea plays in avian migration sys
tems of western North America and, in particu
lar, its importance as a component of wildlife 
habitat in the Colorado River Delta region (Shu
ford et al. 2002), the conveners . ought to broad
en the scope of the previous WFO symposium 
and invited the participation of Mexican orni
thologists working in the Delta region. The ym-

posium, organized by Michael A. Patten, fea
tured 14 presentations, including two pertaining 
to the Mexican portion of the Colorado River 
Delta region. It served as the basis for the col
lection of papers appearing in this volume. 

We begin this symposium volume with two 
introductory papers that trace the development 
of knowledge of the avifauna of the Salton Sea 
region: Patten and Smith-Patten describe what is 
known of the Salton Sea a ifauna prior to mod
ern exploration by reviewing zooarchaeological 
data as well a the physical history of the Salton 
Sink, and Garrett et al. highlight the hi tory of 
ornithological exploration around the Sea. We 
then present contribution that focus on the pat
terns of occurrence at the Salton Sea of everal 
important avian groups, including migratory 
shorebird. (Shuford et al.), waterbirds (Warnock 
et al.), waterfowl (Barnum and Johnson), . ub
tropical waterbirds (Patten et al.), and migratory 
passerines (Flannery et al.). Patten et al. detail 
avian range expan ions and population changes 
in the Sink over the la t 50 years, and Hinojosa
Huerta et al. describe the waterbird communities 
of the Colorado River Delta. Two papers de-
cribe the olonial breeding avifauna, cone n

trating on !arid. (Molina) and cormorants, ibis 
and ardeids (Molina and Sturm), and two others 
tr at the status and distribution (DeSante et al.) 
and ecology (Ros nberg and Haley) of Burrow
ing Owls. Two papers focus on avian mortality: 
Meteyer t al. detail th investigation f the die
off of Eared Grebes in 1992, and Rocke et al. 
describe the losses of p licans and other pisciv
orous birds to Type botulism . Finally, Shuford 
and Molina bring avian research in the region 
into the cont xt of conservation biology by 
stressing the need for scientists to engage more 
directly in political and regulatory processes. 

Regardless of th "unnatural" water sources 
that sustain it, the altun Sea ha. long served as 
a complex mosaic of important avian habitats 
and a necessary link in the migratory pathways 
of birds along the Pacific Flyway (Shuford et al. 
2002), and it continues to do so today. It is our 
hope that the papers in this volume will not only 
augment the published record of avian biology 
of the alton Sea and the great r Colorado River 
Delta region but will also underscore the inter
connectedne s of these area'>, highlight the com
plexities of the threats they face, and above all 
stimulate further study, innovative dialogue, and 
action to preserve these internationally impor
tant bird habitats. 
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LINKING THE SALTON SEA WITH ITS PAST: THE HISTORY AND 
AVIFAUNA OF LAKE CAHUILLA 

MI HAEL A. P TT N D BRE D D. SMITH-PATTE 

Abstract. The alton Sea is a large, hallow, saline lake in the onoran De ert of southeastern 
California. It was created by fl oding of irrigation channels under construction in 1905, during the 
effort to bring ag1-iculture to the Imperial Valley. But to view the alton ea as merely an engineering 
mistake misses the rich history of lakes in the region. Large periodic floods on the Colorad River 
created a vastly larger fre h-water lake in the Salton Sink. This body of water, called Lake ahuilla, 
had formed as recently as the mid- I 600s. Lesser floods on the Colorado River continued to carry 
water to the alton Sink as recently as 1891, when a small lake was formed. The Salton ea is thu 
the latest in a long erie of lakes that have occupied the region, going back thousands of years. 
Available evid nee, largely from midden sites of local Native Americans, implies that the avifauna of 
Lake Cahuilla was quite similar to the avifauna of the Salton Sea, forging another link with th pa t. 
Yet the Sea has many non-natural element , such as a con ·tant urface level rather than periodic 
desiccation, a highly aline environment, and an exotic fish fauna. These element (and other ) have 
changed the character of this otherwise natural eco ystem. The ea's presence i a boon to bird , 
particularly gi n the exten ive loss of wetland · throughout California, but problems have arisen that 
threaten its future. By taking a biogeographically, historically, and ecologically broader view of the 
Salton Sea's avifauna, we can gain a more thorough understanding of the Sea's past that will lead to 
a better approach to conservati n n ds in the future. 

Key Words: olorado River; historical ecology; Lake ahuilla; alton ea; Salton ink. 

ENLAZANDO L MAR SALT N 0 S PAS DO: LA HISTORIA Y AVIFAUNA DELL GO 
CA HU ILA 

Resumen. I Mar Salton es un Iago salino, extenso y superficial locali/ado en el Desierto onorense 
del sureste de alifornia. Fue creado en 1905 por inundaci6n de los canale de irrigaci6n en cons
truccion , cuando se intent tracr la agricultura al Valle Imperial. Pero si vemo al Mar alton como 
un error de ingenieria nos perdemos de la rica historia sobre los lagos de la region. Inundaciones 
peri6dicas extensas del Rfo Colorado crearon un vasto Iago de agua dulce dentro de la ucnca del 
Salton. . tc cuerpo de agua, conocido como Lago ahuilla, se habfa formado a mediados de 1600. 
Inundacioncs mcnores del Rfo Colorado continuaron trayendo agua hacia la uenca d I alton hasta 
apro imadamente 1891, cuando sc form6 un pequcfio Iago. De esta forma, el Mar alton es el mas 
rcciente de una scrie Je lagos que han ocupado la region , que data de hacc miles de afio'> . La cvidencia 
disponiblc, a partir principalmente de sitios de conchcros d los Americanos ativos, implica que la 
a ifauna del Lago Cahuilla fue muy similar a la a ifauna del Mar alton, fotjando otro nlace con su 
pasado. in embargo el Mar alton tiene arios elem ntos no naturales, tales como un ni el constante 
en su superticie en veL de dcsecaciones periodicas, un medioambiente con una alta salinidad , y una 
ictiofauna e 6tica . Estos elementos (y otros) han cambiado el caracter de lo que serfa d otra manera 
un ecosistema natural. La presencia de este mar es un beneficio para las a es, particularmente por la 
perdida de granJes extensi nes de humedales en alifornia, pero han surgido problemas quc amen:11:an 
su futuro . Si echamos un vista7o mas amplio a Ia biogeograffa, historia y ecologfa de la avifauna del 
Mar alton, poJemos aprender y entcndcr mejor el pasado del mar lo cual nos guiara a un mejor 
enfoque sobre las necesidades de conservaci6n en el futuro . 

Palabras c/(ll•es: uenca del alton; ccologfa hist6rica; Lago Cahuilla; Mar alton; Rf olorado. 

The Salton ea is worthy of con rvati n and 
protection a a natural resource. To say other
wi e ignore the biology, geography, and history 
of the region. Nonethele , the contrary view has 
been expre ed by some biologi ts, con erva
tioni t , and resource manager who, e xpert 
opinion will h lp policy maker decide the fate 
of the Salton Sea (, e Kaiser 1999, Morri on 
and Cohen 1999, Cohn 2000). The current Sea 
was formed hortly after the turn of the twenti
eth century, but its history extend much further 
into the past. Many a:pect of the Salton ea are 
anthropogenic, :p cially it fisherie and the 

12 

maintenance of a relatively constant urface I v
el. But much about th Salton S a and its eco-
ystem i, natural, and would be all the more 

were it not for sev re anthropogenic alteration 
of the water regime along the Colorado River. 
Indeed, upon reviewing the geographical and bi
ological hi tory of the region, one could ju t a 
easily conclude that th Salton Sea i merely the 
late t in a long line of hallow lake, that has 
occupied at lea t a portion of the Salton Sink 
over the pa t , everal millennia, and is thus ob
vi u ly natural. 

It is important, therefore, that con, ervationi t 
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and resource managers have a complete under-
tanding about the Salton Sea's place in the re

gion. It is in this spirit, in an attempt to provide 
data for a more balanced view-a view that 
would con ider both natural and manmade as
pect of the ecosystem-that we pre. ent a sum
mary of the geographic history of the Salton 
Sink and provide a glimp. e of how the avifauna 
looked before written history, and thus before 
the Salton Sea came into existence. The Salton 
Sea i important habitat for birds regardles of 
its perceived naturalnes , but we hope to show 
that much of thi naturalness i not just per
ceived; it i real. 

THE GULF AND THE RIVER 

The geography of the Salton Sea cannot be 
explored without taking a broader view that in
cludes the Gulf of California and the lower Col
orado River. As recently as the Pliocene, the Sal
ton Sink was part of the Gulf of California (Ken
nan 1917, Durham and Allison 1960). Moreover, 
the Salton Trough, the trench formed by uplift 
of the Peninsular Ranges (the San Jacinto Moun
tains outh through the Sierra Juarez) to the we t 
and of the Chocolate and Orocopia mountain to 
the east, extend from the pre ent day Coachella 
Valley into th gulf (Syke I 937). 

The Colorado, once the mightie. t river in 
western North America, empties into the Gulf of 
California. Anyone who ha. seen the Grand 

anyon realizes that this river transport a tr -
mendou amount of sediment. Mo. t of thi sed
iment was depo ited in a broad flood plain 
where a funn led bench, a deltaic "bar," even
tually formed that isolated th uppermost portion 
of the gulf (Blake 1915, K nnan 1917). Thus 
wa. formed the first lak that occupi d the Sal
ton Sink. This "trapp d" inland sea was present 
tern, of thousands of y ar ag , and wa posi
tioned only a short distance from what was then 
the head of the Gulf of California. Barring ad
ditional inflow from ome unknown source, thi · 
sea likely dried within a few decades, as evap
oration rate in the Salton Sink are extremely 
high (Blake 1914 ), particularly compared to the 
cooler Great Ba in, where post-Pleistocene lake. 
of imilar dimen ions dried much more slowly 
(Hubb and Miller 1948). 

A the pre. ent day delta was forming, pre
sumably over many millennia, the lower Colo
rado River did not have a definite course, but 
instead meandered aero s a vast area south of 
what i · now the Mexicali Valley (Blake 1915, 
Syke 1937). In some year the river followed a 
cour e similar to its current, controlled one. In 
other years it wung westward, forming a di -
tinct river channel named Hardy's Colorado 
(Sykes 1937), now called simply the Rfo Hardy. 
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FIGURE I. Above sea level highstands (m) of Lake 
Cahuilla over the pa t millennium (after Smith 1999). 
When dry, the lakebed is at aboul - I 00 m below sea 
level. 

In still other years, particularly during major 
(100- to 200-yr) flood event , the Colorado Riv
er flowed almo t due westward, through cour es 
now called the Alamo (formerly the Salton) and 
New river . During uch years much of the vo
luminous flow never reached the Gulf of Cali
fornia, instead emptying into the Salton Sink. 
This flow formed an expansive lake, evidence of 
which was first noted by modern xplorers in the 
mid-l 850s. when the lake was dubbed "Cahui
lla" after the Native Americans that lived along 
its northern flank (Blake I 858, L 9 I 4 ). 

LAKE CAI-I ILLA 

That Lake Cahu i Lia ex i ted at all might b tes
tament enough to th Salton Sea's ties with th 
pa t. But th lake was not pre~ nt continuously. 
The "alton ink is one of the hotte t locales in 
North America, rivaling D ath Valley and the 
northern Gulf of California for that dubiou 
claim (Turner et al. L 995). With mid-summer 
temperatures generally over 43°C and often top
ping 50°C, resultant rates of evaporation are 
enormous, with an estimated drop in surface Lev
el of between 1.8 m and 2.4 m/yr (Blake 1914, 
Tetra Tech 2000). Because flo d event on the 
Colorado River are sporadic and evaporation 
rates in the Salton Sink are ubstantial, we 
would predict that Lake Cahuilla was ephemeral 
... and indeed it wa . This huge Jake came and 
went over the millennia, ranging from fiv time 
the current size of the Salton Sea to a dry, salt
encrusted pan. Its rand m cillations per isted 
into modern times, including a high tand (the 
maximum volume of water) a recently a the 
mid-1600s (Fig. l; Wilke 1978, Laylander 1997, 
Smith 1999). Many of these lakes were fresh at 
highstand (Hubb and Miller 194 : 108), but a 
they gradually ub ided they become more 
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Fl URE 2. Maximum extent of Lake ahuilla at 
highstand, with the current Salton ea superimposed. 

brackish as a result of heavily alkaline soils 
within the basin . At highstand, Lake ahuilla 
was substantially larger than the alton ea ( ig. 
2), being over twic as long ( 160 km vs. 72 km), 
twice as wide (56 km vs. 27 km), four times as 
deep (I 00 m vs. 25 m), fl e times the c.,urface 
area (5400 km 2 vs. I 150 km 2 ), and ns111g to a 
mu ·h high r surfac elevation ( + 15 m vs. - 69 
Ill). 

!though the cycle of flooding and desicca
tion had taken place for thousands of years, th 
full extent of Lak ahuilla was never realiLed 
again after the mid-I 600s. Still, occasional 
fl ods brought wat r from th Colorado River to 
the alton Sink through the 1800s, including in 
1840, l 42, I 852, 1859, 1862, and l 67 (Blake 
1914 . The la t flood of any consequence oc
curred in 1891 - it formed a lake about half the 
size of the current Salton ea (Blak 1914, Ken
nan 1917). The pre. ence of a large fresh-water 
or bracki h lak , especially combined with its 
wetland and floodplains, undoubtedly had a 
profound effect on regional avifauna. We know 
littl about the avifauna of Lak Cahuilla, how
ever, for its exi tence predates scientific explo
ration on the continent. Below we present what 
knowledge ha been gained from archaeological 
evidence, albeit scant, to provide a comparison 

between our glimps of the birdlife of Lake a
huilla to that of the alton Sea. 

THE ALTO S EA 

With the tremendous impact human. have had 
on the Colorado River ( ykes 1937), its capacity 
to flood has been diminished . everely. W have 
constructed numerous dam and hydroelectric 
plant along it length, tapped much of its water 
to quench the thirst of burgeoning des rt citie 
(e.g., the larg metropolitan areas of Phoenix, 
La Vegas, and Los Angeles depend on river wa
ter), and diverted even more of it water to . up
port agriculture in th lower Colorado River val
ley and the Salton Sink. Major floods are now 
es entially nonexist nt, as mo t of the water is 
trapped in one of numerou re ervoirs ( .g., 
Lake Ha asu, Lake Mead). By the turn of the 
twenti th century, th loss of the river's capacity 
to flood meant the loss of Lake Cahuilla, and of 
the important flood plains around the river's del
ta (see Murphy 1917, ykes l 937). 

But the river had one la t hurrah. In 1905, 
during construction of canals to bring irrigation 
water to the Imperial Valley, the Colorado Ri er 
sw lied. It was another major flood year. Water 
gushed down channels through the Alamo River 
(and to some extent the N w Ri er) and began 
to flood the Salton ink (Kennan 1917), just as 
it has countless times before. By th time now 
was halted some 18 months later, the " alton 
ea" was born. Blake (1914) c gently argued 

for use of the current moniker o er "Lake a
huilla" so that we might distinguish th larger 
fr shwater forerunner from its smaller saline 
heir. 

en though th alton ea was created hy 
the same natural process that gav rise to Lake 

ahuilla every century or two, its ma1nt 'nance 
and current conditions arc decidedly less natural. 
Were it not for voluminous runoff of irrigation 
wasl water, the a would ha e desiccated d -
cadcs ago. Indeed, lake ( 1914) estimated it 
would be dry by 1920, but h could not foresee 
the agricultural boom that en eloped the r gion 
because of a steady, controlled flow of irrigation 
water from the lorado River. By 1924 th sur
face levation had stabili.t d, then it increa. ed 
steadily until 1980. It is now maintained at - 69 
m, mostly by farm runoff in the Imperial Valley 
(Fogelman et al. 1986), although runoff from the 
Coachella and Mexicali valleys also contribute . 

Moreo er, fishe carried to the Salton ea dur
ing the initial 1905 flood were fresh-water ·pe
ci s from th Colorado River (Evermann l 916), 
just as fish fauna had b en at Lake ahuilla (Go
balet 1992). With no outl t, water was lost from 
th Sea only by evaporation, so the Sea's salinity 
steadily increa ed. The ea now supports intro-
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duced species of marine and freshwater fi hes 
along with a native pupfi . h (Saiki 1990, Riedel 
et al. 2002, Sutton 2002). We can only speculate 
what effect this change in resources may have 
had on fi h-eating birds. 

METHODS 

Physical evidence of bird use of Lake Cahuilla 
come. from middens at camps and villages of the Ca
huilla and Kumeyaay indians who occupied the north
ern and southern shorelines, re pectively. Both tribes 
fished and hunted birds at the lake. We summarized 
publi hed data from the northern shore around Myoma 
Dune and the vicinity or La Quinta in the outhern 
Coachella Valley (Wilke 1978, Brock et al. 1999), the 
ea tern shore at Wadi Beadmaker and Bat Caves 
Buttes, near the mouth of Salt Creek (Wilke 1978), 
and the southwestern shore at the Elmore site north of 
the New River mouth (Beezley 1995, Laylander 1997). 
We reevaluated ome specimens when a published spe
cies-level identifi ation seemed at odds with our pre-
ent understanding of bird distribution in the region. 

We sorted and identified additional a ian skeletal re
mains (housed in the Archaeological Curation Unit, 
Department of Anthropology, niversity of California, 
Riverside) that were part of pre iously unanalyzed 
Myoma Dunes midden . amples (site. CA-RfV-1766, 
CA-RIV-1767, CA-RfV-1768). We identified speci
mens by using standard keys (e.g., Gilbert et al. 1996) 
and by comparing them to the reference collection at 
the San Diego Natural History Museum. All samples 
date from the past one to two thousand y ars before 
present. 

tatus at the Salton Sea of species identified in mid
den samples was taken directly from Patten et al. 
(2003). We used current (2000) status for all species, 
save for the Canvasback (Aythya 11alisi11eria). This div
ing duck was a common to fairly common winter vis
itor to the alton ea as recently as the 1970s (Patten 
et al. 2003) but ha1-. declined precipitously since, to the 
point that it is now uncommon. Because its sharp de
cline has been so recent, we used its status in the 1970s 
in our analysis. Data from Lake Cahuilla are confound
ed by differential hunting preferences, <lifferences in 
ease of capture, and potentially by ariation in prec.;
ervation. We thu · did not use parametric statistics 
when comparing status at the Salton ea to status at 
Lake Cahuilla. Instead we relied on non-parametric 
statistics that examine differences in central tendency. 
We thus compared current status with historical status 
using a Kruskal-Walli test, adjusted for ties in rank. 
Three groups were defined by current status: common 
(abundant to fairly common), uncommon, and rare (see 
Patten et al. 2003 for details and definitions). Ranks 
of midden samples were derived from tallies of mini 
mum number of individuals (MNJ) from specimens 
identified to species or species group (e.g., genus Anas, 
scaup spp.). 

RESULTS AND DISCUSSION 

With two exceptions, every speci recorded 
in midden samples from Lake Cahuilla has been 
recorded frequently at the Salton Sea. The ex
ceptions were reports of a Red-necked Grebe 

(Podiceps grisegena) and a Band-tailed Pigeon 
(Columbo fasciata) from the Coachella Valley 
(Wilke 1978). The Red-n eked Grebe ha not 
been recorded at the Salton Sea (Patten 1999, 
Patten et al. 2003) and is casual anywhere inland 
in southern California (Garrett and Dunn 1981), 
so we reexamined the specimen (a tibiotar us). 
After careful comparison to the reference ma
terial, we concluded that on the ba is of size and 
subtleties of shape it was in fact a Pied-billed 
Grebe (Podilymbus podiceps). The Band-tailed 
Pigeon i a casual visitor to the deserts of Cal
ifornia (Garrett and Dunn 1981 ), and has been 
recorded in the Salton Sink only four time (Pat
ten et al. 2003). We were unable to locate the 
specimen; however, we tentatively accept the 
identification and sugge t that the specimen 
may have been captured in the foothills of the 
Santa Ro a Mountain , rising above the we tern 
edge of the Coachella Valley, and tran ported to 
the site where they were consumed or otherwi e 
used. 

We found a good match betw en bird pecie 
collected at Lake Cahuilla and the current status 
of those species at the Salton Sea (Kruskal-Wal
lis Hauj = 7.21, df = 2, P < 0.05). For both 
species richne s and relative abundance, com
mon . p cie were better represented than un
common ones, and uncommon one better than 
rare ones (Table 1; ig. 3). The American Coot 
(Fulica americana) was esp cially well repre
sented; many of our unidentified specimens (N 
= 200) likely pertain to thi pecies. The Elmore 
site in particular has a large number of coot re
mains (BeeLI y 1995). Thi . speci s is common 
at th Sallon Sea and app aL Lo have been com
mon at Lake ahuilla. Perhaps it wa. al o ea ier 
to capture than many of the ducks and grebes 
that frequ nted the lake. 

We do not expect a perfect match between 
avian diversity (i.e., a combination f richness 
and abundance) at Lake Cahuilla and the Salton 
Sea. The lake was larger, deeper, and contained 
fresh or bracki h water, and thus a different ort 
of lacustrine habitat. Furthermore, the status of 
most species is dynamic, and could easily have 
changed substantially over the pa t everal mil
lennia. Considering how many pecies' statuses 
have changed at the Salton Sea ince only 1950 
(Patten et al. thi volume), these changes may 
have b en gr at. Nonetheless, the most common 
pecie then tend to be the mo t common specie 

now, implying that the avifauna of Lake Cahui
lla, particularly the waterbird , was quite similar 
to the avifauna of the present day Salton Sink, 
an impre sive link when considering our time 
frame of the past 2000 yrs. As far as its birdlife 
is concerned, the Salton Sea is just another in a 
series of lake occupying the ba in. 
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TABLE I. BIRD SPECIES R E ORDED FROM MIDDE SITE A D COPROLITE AMPLE AT SITE ARO D LAKE 

CAH ILLA ( EE TEXT), WITH A COMPARISO TO PRESE T DAY STATUS AT THE SALTO SEA (FROM PATTE ET L. 

2003) 

Specie. 

Pied-billed Grebe (Podilymbus podiceps) 
Eared Greb (Podiceps nigric ollis) 
Aechmophorus spp. 
American White Pelican (Pele canus erythrorhynchos) 
Double-ere led Cormorant (Plwlacrocorax auritus) 
American Bittern (Botaurus le ntiginosus) 
Great Blue Heron (Ardea herodias) 
Black-crowned Night-Heron ( Nycticorax nycticorax) 
Wood Stork (Mycteria americana) 
Turkey Vulture (Cathartes aura) 
Canada Goose (Branta cana ensis) 
Tundra Swan (Cygnus co/wnbianus) 
Mallard (Anas p/atyrhynchos 
Cinnamon Teal (A. cyanoptera) 
Northern Pintail (A. acuta) 
Green-winged Teal (A. crecca) 
Anas spp. 
Canvasback (Aythya valisineria) 
Redhead (A. americana) 
Greater Scaup (A. marila) 
Les. er Sea up (A. affinis) 
Aythya pp. 
Bufflehead (Bucephala albeola) 
Common Goldeneye (B. americana) 
Ruddy Duck (Oxyura jamaicensis) 
Red-tailed Hawk (Buteo jamaicensis) 
American Kestrel (Falco sparverius) 
Gambel's Quail (Callipep/a gambelii) 
American Coot (Fulica a mer ·cana) 
Sandhill rane (Gnts C{[lladensis) 
Willet (C{[toptrophorus semip{[//ll{[flls) 
Long-billed Dowitcher (Limnodromus scolopaceus) 
Band-tailed Pige n (Co/umha fasciata) 
Mourning Dove (Zenaida macroura) 
Barn Owl (Tyto o/ha) 
Great Horned Owl (Bubo 1•1rt:inwnus) 
Burrowing Owl (Athe!le cunic u/aria) 
Common Raven (Corvus core/.\) 
Red-winged Blackbird (Agelaius phoeniceus) 

THE FUTUR OF THE SALTON SEA 

The maintenance of a p rmanent lake in the 
Sonoran Desert of California has both benefits 
and co t . On the positive ide, the Sea' very 
existence provide wetland habitat in a tate that 
ha de. troyed or degraded >90% of its wetland 
(Mit ch and Go selink 1993). A a result, the 
Salton Sea i now an extremely important top
over for migratory waterfowl and horebird 
(Shuford et al. 2002b, Patten et al. 2003, Bar
num and Johnson this volume, Shuford et al. this 
volume). Permanent water al o provide breed
ing habitat for uncommon or rare waterbird 
such a the Snowy Plover ( Clzaradrius a/exan
drinus nivosus) Gull-billed Tern (Sterna nilotica 

Minimum Status al the Salton Sea 
number of (principal pauern of 
individuals occurrence only) 

2 fairly common breeding re ident 
8 abundant winter visitor, transient 

J 3 fairly common breeding resident 
2 common winter visitor, tran ient 
4 common breeding resident 
1 uncommon winter visitor 

12 common breeding re ident 
4 fairly common breeding resident 
1 rare summer/fall visitor 
3 common transient 
2 fairly common winter visitor 
l ca ual winter vi itor 
3 fairly common winter vi itor 
7 common tran ient 
4 common winter vi itor 
6 common winter vi itor 
4 generally common winter vi itor 

16 uncommon winter visitor ( ee text) 
11 fairly common breeding re ident 
7 uncommon/rare winter visitor 

17 fairly common winter vi itor 
3 generally fairly common winter visitor 
l uncommon winter vi itor 
1 uncommon winter visitor 
5 common breeding resident 
J common winter visitor 
l common breeding resident 
2 common breeding resident 

182 common breeding resident 
1 uncommon winter vi it r 
J c mmon transient and winter visitor 
1 abundant transient and winter visitor 
2 ca ual vi itor ( ee te t) 
3 abundant breeding resident 
1 fairly common breeding re. ident 
l uncommon perennial i itor; breeds 
I fairly common breeding resident 
2 fairly common breeding resident 
I abundant breeding resident 

vanrossemi), and Black Skimmer (Rynchops ni
ger niger). La tly, what riparian vegetation re
main in the region can thrive thank to a con
tinuou flow of water through the river . 

Unfortunately, cost are al o high. Continuous 
inflow of irrigation water coupled with extreme
ly high evaporation rate has greatly increased 
alinity of the Salton Sea (Setmire and Schroe

der 1998). Runoff from agriculture and from in
du try carries numerou pe ticide and deter
gents into the Sea. The New River, for example, 
ranks as the mo t polluted river in the United 
States (Gruenberg 1998). Although concern has 
been exp.re sed about the potential accumulation 
in the Sea of heavy metal , organochlorine pe -
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FIGURE 3. A compari on of the avifauna of Lake 
Cahuilla and the Salton ea. Bars represent the a erage 
rank of bird taxa from midden. around Lake ahuilla 
(from data in Table I) . Categories are the current . Latus 
of the ame taxa at the Salton ea. The taxa captured 
most often al Lake Cahuilla are the most numerous 
today at the sea . 

ticide r idue , and elenium, and for their re
specti e negative impact to wildlife, re. ult of 
recent investigation hav not fully supported 
the e concern. (Holdren and Montano 2002, 
Schroeder et al. 2002). H wever, high nutrient 
level and the re ulting ea onal decrea es in 
di olved oxygen probably impo ·e significant 
tre s · on th Salton Sea cosyst m. 

So wh r a we can f rg a link between the 
alt n ea and it pa t, vi ion . of the a's fu-

tur ar murky. It i pos, ibl that th costs in
curred by maintenance of the Sea ar manife. t
ing thems lv in r c nt catastr phic avian di -
off. (se Jehl 1996, Shuford e t al. 2002b ). These 
events are not new (see Gilman 1918), and pr
haps hav occurred for c nturies (D. W. Ander-
on, p rs. comm.), but th lo · f hundred ' of 

thousands of Eared r bes (Jehl 1996) or thou
sands of pelican (Shuford et al. 2002b) in singl 

years cannot be ignored. That similar mass mor
talities have recently occurred in and around the 
Gulf of California (Vidal and Gallo-Reyn so 
1996) sugge t that the whole of the Salton 
Trough may need the help and attention of con-
ervationists and re ource manager . 

Knowledge i power. We must under tand the 
Salton Sea's eco y ·tern before we can hope to 
protect it. The Environmental Impact R port/ 
Statement proce (Tetra Tech 2000) and ongo
ing work by the Salton ea Science Office and 
the Salton Sea Authority are moving in that di
recti n. Understanding the Salton Sea's birds
it mo. t numerous and visible animal -will al
low u. to construct a more complete picture of 
the Sea' eco y tern. With recent report by the 
Point Reye Bird Ob ervatory (Shuford et al. 
2002b), a recent book detailing the tatu and 
di . tribution of the avifauna of the Salton Sink 
(Patt n et al. 2003), and the content of this 
sympo. ium volume, we have laid a ound foun
dation on which to build sound conservation 
plan . But surely more work i needed. Only 
with increa ed knowledg of habitat require
ments (b th for foraging and breeding), migra
tory and nesting phenology, disper al patterns, 
sp cific th1eat , and ·ommunily ecology will the 
futur picture of the alton Sink' birdlife com 
into focus. And with this focus, we can begin to 
forge a comprehensive and workable plan t 
c nserve the Salton ea and it myriad birds 
( ·ee huf rd t al. thi.\ 1 olume, huford and Mo
lina this 110/ume). 
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HISTORY OF ORNITHOLOGICAL EXPLORATION OF THE 
SALTON SINK 

KIMBALL L. GARRETT, KATHY C. MOLINA, AND MICHAEL A. PATTEN 

Abstract. Ornithological ex !oration of the Salton Sink began prior to the formation of the present
day Salton Sea with collecting effort by E. A. Mearn and F X. Holzner, E. W. Nel on and E. A. 
Goldman, F Stephens, and thers from 1894 to 1905. The first exploration of the Sea itself was 
reported by Jo eph Grinnell in 1908. Additional . tudies by W. L. Dawson, A. J. van Ros em, L. H . 
Miller. J. R. Pemberton, and others helped establish the uniqueness of the Sea's avifauna. Significant 
egg collection were also made in these early years. Among new taxa described from the Salton Sink, 
Butorides virescens anthonyi is based on a Mearns' specimen from 1894, Melospiza melodia saltonis 
on Grinnell's 1908 collection, and Gelochelidon [ = Sternal nilotica vanrossemi on birds taken by 
Pemberton and de cribed by G. Bancroft in l 929. B. and M. Clary published everal distributional 
records in the 1930s, and important collections were made by . A. Cardiff in the 1940s through 
1960s. A fuller under landing of the diversity of birds using the Salton Sink, including an array of 
po t-breeding visitors from th subtropics, developed with work by . erious amateur field ornithologists, 
notably G. McCa kie, beginning around 1960- 1965 and continuing to the present. Also, from the 
1950s to the present, bird breeding in the thermally challenging Salton Sea environment have served 
a subjects for research on avian physiological ecology and behavioral adaptations. The Salton Sea 
National Wildlife Refuge has maintained files on the avifauna of the region since the 1930s. Federal 
and state agency cen ·us and management work has concentrated on harvestable waterfowl, but e -
pecially since the 1970s research has expanded to non-game species, including listed species such as 
the Yuma Clapper Rail (Ral/us /ongirostris yumanensis). The role of the Salton Sink in the migration 
ecology of shorebird. , grebes, and pelicans has received considerabl recent study, as have breeding 
colonial waterbirds, Burrowing Owls (Athene rnnicularia), and polytypic landbirds. Present day re-
earch is largely focused on baseline data and predicted effects of various proposed remedial action 

to tabilize the Sea. 

Key Words: history of ornithology; Salton Sea; Salton Trough. 

HlSTORIA DE LA EXPL RACJON ORNITOLOGI A D LA CUEN A DEL SALTON 

Resumen. La exploraci6n ornitologica de la uenca de! alton comen/O antes de la formaci6n de lo 
que es hoy en dfa el Mar alton , con los csfuer/os de colecta de . A Mearns y F. X. Hol/ner, 
W. Nelson y E. A. Goldman , . Stephens, y otros entre los aiios 1894 y 1905. La primera exploracion 
del Mar Salton en sf mismo fue reportada por Joseph Grinnell en 1908. Estudios adicionale · condu
cidos por W. L. Dawson, A. J. van Rossem, L. H. Miller, J. R. Pemb rton, y otros ayudaron a stablecer 
la singularidad de la avifauna del Mar alton. Significativas colecciones de huevos fueron hechas 
tambien durante estos primeros aiios. Entrc las Llescripciones Lie nue os taxones para la uenca del 

alton, Bworides virescens anthonyi es basada en un especirnen de Mearns de 1894, Melosph:.a me
lodia saltonis basada en la coleccion de Grinnell de 1908, y Gelochelidon [ = Sternal nilotica van 
rossemi en aves capturadas por Pemberton y descritas por G. Bancroft en 1929. B. y M. Clary 
publicaron varios records de t.listribucion en los aiios 1930, e importantes colecciones fueron hechas 
por . A. Cardiff entre las d ' cadas del '40 al '60. Un entendimiento mas completo de la diversidad 
de aves que usan la u nca del alton, incluyendo un grupo de aves visitantes post-reproductivas del 
ubtropico, se desarroll6 con el trabajo de . erios ornit61ogos de campo aficionados, particularmente 

G. McCa kie, comen1.o alredcdor de 1960- 1965 y continua al presente. Tambien, desde la decada de! 
'50 al presente, aves que se rcproducen en desafiantes ambientes termales de! Mar Salton han servido 
como sujetos de investiga ·ion en ecofisiologfa de aves y adaptaciones de comportamiento. El Refugio 
Nacional de Vida ilvestre dcl Mar Salton ha mantenido archivos de la avifauna de la region de de 
lo aiio '30. Los censos y el trabajo de manejo de agencias federal s y e tatales e han concentrado 
en ave acuaticas de caza, pero especialmente de. de la decada del '70 la inve tigacion e ha expandido 
a otra especies, incluyendo especies listadas como importantes para la conservacion como el Ra c6n 
Picudo de Yuma Rallus longirostris yumanensis. I rol de la Cuenca del Salton en la ecologfa de 
migracion de aves costeras, zambullidores, y pelfcanos ha ido estudiado recientemente en forma 
considerable, de la misma manera que aves acuaticas coloniale , los Tecolotes Llaneros (Athene cu
nicularia), y diversas ave terre tres. La investigacion actual esta principalmente enfocada en datos 
ba e y la prediccion de los efecto de varias acciones remediadoras conducidas para estabilizar el Mar 
Salton. 

Palabra claves: Depre. ion de Salton; historia de la ornitologfa; Mar Salton. 
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The current prominence of the Salton Sea in bird 
research, managem nt, and cons rvation efforts 
has been preceded by a long history of profound 
change in the landscapes or the Salton Trough 
(the modern-day Coach Ila and Imperial valleys 
south through the delta of the Colorado River) 
a well as an intere. ting, if not entirely thorough, 
eleven decades of ornithological exploration. 
Avifaunal change in response to changing hab
itats has been a hallmark or this region, from the 
periodic flooding of the Salton ink (most re
cently embodied by the present-day Salton Sea), 
through the destruction of much of the native 
riparian and desert v getation, the large cale 
importation of water for agriculture, the ngoing 
dynamics of the al ton Sea's aquatic eco ys
tems, and the recent extensive urbanization and 
industriali1:ation of the Mexicali, Imperial, and 

oachella valleys. 
Jn th context of this symposium volume on 

the Salton Sink we provide a historical account 
of the development of know! dge about the re
gion's avifauna. We take th approach of ex
amining a series of broadly overlapping p ri ds 
corr sponding to (I) the initial e ploration of the 
g n ral biota of the alton ink region prior to 
the formation of the modern Salton ea, (2) th 
early xplorations and collecting efforts after the 
Salton ca\ formation in 1905-1907, (3) the es
tablishment or game manag ment areas and 
wildlif refuges anJ their associated research 
and management, (4) a long period of refinem nt 
of distributional and ec.:ologi -al information that 
c.:ontinu s to the present day, (5) behavioral and 
cc.:ophysiological studies from the 1950s to the 
pre<., nt using the Salton Sea as a laboratory or 
avian adaptation to a thermal! challenging en
vironment, and (6) recent (g n ~rally post l 970) 
focused research on sensitive and declining bird 
sp cies and on ecosystem health, which has in
ten<.,ifi d greatly within the last decade. 

EARLY E PLORA110 Of· r111 · l IO TROU(d·I 

PRIOR TO II IE FORM I 10 01 1 HE AL TO EA 

Knowledg of the avifauna of the Salton 
Trough prior to the formation of the modern Sal
t'on Sea is quite limited and reflect d primarily 
in collections of exploratory parties from th 
United tales governm nt, and in particular 
those collections housed in the National Muse
um of Natural History (form rly United States 
National Museum, hereafter SNM). dgar A. 
Mearns, as<.,isted by Frank X. Hol1:n .... r, collect d 
for the United States and Me ican Boundary 
Commission from 7 April to 6 May 1894 with 
an itinerary that included the following sites in 
the Salton Trough: Cooks Wells, Seven Wells, 
Gardner's Laguna, Salton River, Laguna de! Al-

amo, Unlucky Lake, lndian Wells, New River, 
Laguna tation, and Mesquite Lake (Mearns 
1907). dward W. Nelson and Edward A. Gold
man collected specimens, primarily for U NM, 
around I 905 to 1907. Frank Stephen collected 
in the general region in the I 890 , including 
some important collecti ns from the Salton ink 
itself; in later years he mad additional impor
tant collection, from the Salton Sink for the San 
Diego Natural History Museum, an institution 
whose int rest in that area continues today with 
the collecting efforts of Philip Unitt, Roger Hig
son, and others. 

The prehistoric avifauna of the Salton Sink 
has also been studied through the collection and 
identification of zooarchaeological remain 
along the shores of Lake ahuilla, the forerun
ner of the modem alton a that intermittently 
occupied the Salton Sink (sec Patten and Smith
Patten this 110/ume and references therein). The 
formation and early history or the Salton Sea, 
its anteced nt lakes in the Salton Sink, and the 
relationship of the Salton ink to the Colorado 
Ri r are d tailed by ykes ( 1937). 

XPLOR TIO OF THE::. S LTO SC.A A 'D THl' 

COMPILATION OF Vlf-AUNAL RI: ORDS THROUGll 

OLLI' 'TIO S OP SKINS A D EGG 

The first ornithological exploration of the al 
ton ea itscl r was made on 19 April 1908 when 
Joseph rinnell rode the Vinegaroon from a 
starting p )int near Mecca at the ea's north end 
some 65 km to Echo I land near the south a. t 
end, about 20 km south of the railroad stop or 
Lano, "n •ar Yokano"; it is unclear whether 
" "'cho Island" refers to mod rn-da Ob-,idian 
Butt' (Black Rock) or perhaps Mullet Island. 
The rc1.,ults of the oyagc ol the i11egaroo11 
were puhlished in The mu/or (Grinnell 1908) 

Loye H. Miller collected a specimen of Lou
isiana Waterthrush, 'eiurus motocilla, n J 7 Au
gust 1908 "while passing the time between 
trains at the station at Mecca, Riversid ounty, 
in search of th English parrow [Passer do
mesticus] to d termine its w stern pr gress 
along the outhern Pacific rout " (Miller 1908). 
This constituted th first record of this water
thrush for California, and remained the only re
cord until 1985 (Dunn 1988). 

William L. Dawson visited the north end of 
the Salton ea in 1913 and documented the Dou
ble-er sted Cormorant (Phalacrocorax auritus) 
colony there in that sp ci s' account in hi Birds 
of California (Daw. on 1923). Daw on wrote of 
fish kills h encountered: "Fish of four or five 
kinds struggled feebly in th shallow waters or 
else lined the shores in windrows .... It was 
impossible to determine what was causing the 



20 STUDIES IN A VIAN BIOLOGY N . 27 

demise of the e fi h, whether the increa ing ·alt
ines. of the water, or the exertion of the pawn
ing s a on." 

Daw on was ref tTing, of cour e, to various 
pecies of fre hwater fi h that had entered the 

Sea from the Colorado River (Walker l 961), but 
thi early observation wa a portent of the abun
dant fi h "necromass" that was to characterize 
the Sea in later years. 

John R. Pemberton ( 1927) di covered a 
unique land-locked breeding colony of the Gull
billed Tern (Sterna nilotica) at the outh end of 
the Sea in 1927; follow-up visit to thi colony 
were made in the following and ub equent 
year by Loye Miller, Adrian J. van Ro em, 
Raymond B. Cowie , Donald R. Dickey, and 
other . Pemberton' Gull-billed Tern , everal of 
which were collected by J. Stuart Rowley, who 
accompanied him, proved to be an unde crib d 
sub pecies, named two years later by Griffing 
Bancroft (Bancroft l 929). The Salton Sink, in 
fact, is the type locality for at least six avian 
ub pecie : Ardea virescens anthonyi (Mearns 

1895; now Butorides l'irescens anthonyi); Den
drocygna bicolor helra (W tmore and Peter 
1922) from "Unlucky Lak.e" (helva i now uni
ver ally considered a juni r synonym of nomi
nate bicolor, rendering th specie monotypic); 
Melospiza melodia sa/1011is (Grinnell 1909; best 
merged with M. m. fa/lax; Patten 2001, Arccse 
et al. 2002); Gelochelidon nilotica 11a11rossemi 
(Bancroft 1929) from the . outh end of alton 

a [ = Sterna 11ilotic11 vanrossemi]; Pyrocep
halus rubinus fic1111mw .\ (van Ro ·sem 1934) 
from Brawley; and Ci.1tothorus palustris deser
ticola (R a 1986) from the New Ri er, 3.2 km 
north-northwest of clcy (best ynonymi.led 
with aestuarinus; nit! et al. 1996). 

logists found profitable collecting in th 
Salton Sea region. Wilson Hanna mad exten
sive egg ollection~. mainly between 1920 and 
1950; over 500 egg . et. from the Salton Sea ar a 
are hou ·ed al the an Bernardino ounty Mu-
eum (R. L. McKern.rn, pers. comm.), repre
enting Hanna's efforts a. w 11 a tho. e of Jo
eph P Norri earli r i the 20th century. Other 

egg collector worked the alton ea and vicin
ity, with mo t of their ·ollection now housed at 
the We tern Foundati n of Vertebrate Zoology 
in Camarillo, California. 

E TABLISHME T OF WILDLI 

A ERA OF W ATERFOV. L MA 

HABITAT E HA EME -

, 1930-
0 

The federal refuge a~ the south end of the Sal
ton Sea was establi h d in l 930 as the "Salton 
Sea Migratory Waterf wl Refuge." It later be
came known a the Sa.ton Sea National Wildlife 
Refuge (SSNWR), no.v amended to the Sonny 

Bono Salton ea National Wildlife R fuge . 
Maintenance of habitat for migratory waterfowl 
and game pecies wa the overriding mis ion 
through much of th xi tence of thi refuge, a 
well a for the State Waterfowl Management 
Area (now Imperial Wildlife Area) neighboring 
the federal refuge. Much of the early work by 
refuge per onnel wa in waterfowl management, 
with the goal f reducing crop depredation by 
grain-feeding waterfowl (O'Neill 1999). 

Annual refuge narratives were begun by Lu
ther C. Goldman, refuge manager, in 1939. They 
reveal the predictable emphasi on waterfowl 
and game birds, with Ring-necked Phea ant 
(Phasianus colchicus) releases, for example, 
documented in 1939. Even a early a that year, 
however, there wa mention of Yuma Clapper 
Rail (Rallus longirostri yumanensis) on the 
refuge, a taxon which wa to become of great 
management concern there. A card file of bird 
ob ervation wa al o kept by Goldman. 

Much of the originally designated federal ref
uge wa oon submerged by rising water level , 
and the refuge narrativ s plaintively read, "Until 
we do get land abo the water Jev I, littl can 
b done toward d elopment on the alton ea 
Refuge." Wh n dward J. O'Neill arrived a 
refug manager in 1947 the entire original 
32,400-acre refug was underwat r (O'Neill 
1999). The refuge narratives contain interesting 
instances of human as well a. avian behavior, 
<;uch as the following entry : "One hunting trag-
dy occurred during the la t day of th op n sea

son when a woman accid ntally shot and killed 
her hu. band who was in a blind only a few feet 
from her wn." 

O'Neill remained as refuge manager until 
1958 and detailed his experienc , there in a 
memoir O' eill 1999). During his t nure an 
emphasis on waterfowl management c ntinued, 
but he al o describ d some work with colonial 
wat rbirds and landbird . . Hi b ok de. cribe. ef
forts direct d toward habitat managem nt, bird 
banding, the regulation of gamebird hunting and 
th enforcem nt of tho e regulations, notewor
thy bird record , dev lopment of early bird Ii t , 
and nesting-biology studie . Sign of c n. erva
tion problem. abound d; for example, an Atom
ic Energy Commission in tallation u. urped one 
former ne ting i let in 1950. The J 955 refuge 
narrati e contain a pointed comment regarding 
the abandonment of a Gull-billed Tern colony 
from di turbance by a photographer and egg-col
lector. 

From 1959 to J 967 there were ~ ur different 
f deral refuge manager-, and biological infor
mation in the narratives became a bit more 
ketchy, with renewed mpha i on waterfowl 

and game bird management. Starting in the early 



HISTORY 0 ORNITHOLOGI AL EXPLORATION-Garrett et al. 21 

1960 many sighting from Guy McCaskie and 
other birders were entered into the refuge file . 
In 1985 and 1986, und r Gary Kramer a refuge 
manager and William Henry as as istant refuge 
manager (and later wildlife biologi t), the fir. t 
real work on contaminant wa reported and fo
cused , tudies of the Burrowing Owl (Athene cu
nicularia) were initiated. After the 1980 addi
tional long-term project on non-gam specie 
were conducted, including tho eon colonial wa
terbird , Yuma Clapper Rail , contaminant anal
y is of waterbirds u ing agricultural drain . and 
Burrowing Owls. The Salton Sea National Wild
life Refuge narrative are now available in CD
ROM format from the Uni ver ity of Redlands 
[http://www.in titute.redland .edu/ ·alton]. 

The tate of California' Imperial Wildlife 
Area, with it component Wi ter and Finney-Ra
mer unit , al o manage both game and non
game species. The Finney-Ramer Unit acreage 
was purcha ed from two pro~ ional baseball 
play r in the early 1930s, and land for the Wis
t r Unit wa acquired in 1956 (Gillilan 1971, 
Nathen. on 1972). 

REFINI G DI TRIBUTIO AL l FORMATIO BY 

COLLE TOR AND FIELD OR ITHOLOGI TS 

Various collectors worked the Salton a and 
surrounding area ' from the period aft r the Sea's 
formation through the 1920s and b yond. Im
portant collections of birds from the Salton 
Trough are hou ed at the Natural History Mu-
eum r L ngeles ounty (mainly through 

th efforts of Frank Daggett and Luth r 
Wyman), Mus um of Vert brate Zoology (Uni 
ver"ity of California, Berk I y), an Bernardino 
County Museum, an Dic0 0 atural History 
Museum. Dicke Bird an<.1 Mammal ollection<.; 
(University of alifornia, Los Ang les), Univer
sity of Michigan Museum of Zoology, and West
ern oundati n of Vertebrate Zoology, with , ig
nificant furth r collecti ns in at least 16 addi
ti nal major in ·titutions. 

even di ·tributional notes regarding bird 
around the oachella Valley and the north end 
of the Salton Sea were published in The Condor 
by Ben L. and Marjori Clary of th Coral Reef 
Ranch, Coachella, betw n 1930 and 1936. 
These note included documentation of Califor
nia' first Blue-footed Booby (Sula nebouxii) on 
the ea in November 1929, a peci whose ir
regular irruption into the alton Sink from the 
Gulf of California are now well known. Regard
ing the booby record, Mr . Clary ( 1930) wr te: 
"Frequently it lit on the levees within a few feet 
of him ['·Mr. Hartley"], and on several occa
sions he was able to pick the bird up and carry 
it about. But if not in the mood for such dem
on tration of affection, it did not he. irate to 

prod him with it long, sharp bill." The Clary, 
also obtained the first Salton Sink pecimen of 
Large-billed Savannah parrow (Passercu/us 
sanchvichensis rostratus) on 23 February L 930, 
an occurrence publi hed by Willett (1930); this 
endemic sub pecies of the olorado River Delta 
and adjacent coasts ha. proven to be a regular 
non-breeding isitor to th Sea from late um
mer through early winter (Patt net al. 2003) and 
has recently expanded it breeding range to the 
outhern tip of the Salton ink (Molina and Ga

rrett 200 I ) . 
Distributional information and pecimen col

lection: were obtained regularly from the 1940s 
through the 1980 by ugene A. Cardiff (often 
with his brother Bruce E. Cardiff). Te tifying to 
the c ntinually changing nature of the Salton 
Sea, the tree in which California's fir t Cerulean 
Warbler (Dendroica ceru/ea) wa collected by 
Eugene Cardiff on 1 0 tob r 194 7 (Hanna and 
Cardiff 1947) i now well below the urface of 
the ea. cientific coll cting in the Salton Sea 
area has continued through the effort of Cardiff 
(and son teven W. ardiff, now with the Lou
t ·1ana tate University Museum of Natural ci-
ne ), Robert L. Mc Kernan, and Gerald Braden 

of th San Bernardino ounty Museum. ddi
tional collecting, particularly with an eye toward 
th ass . sment of polyt pie :pecie , ha, aL o 
been conducted by Philip Unitt, Roger Higson, 
and other~ connected with the San Diego Natu
ral History Mu eum. 

uy Mc askie made the first of his > 850 vis
it to th alton S a in 1961. Born in Scotland, 
Mc askie brought his passion and efficient 
field-biruing technique~ to alifornia in 1957 
(Dr nnan 1992). McCa1.;kic's efforts e empltfy 
tho"e of a host of tal ntt::<.1 amateur birder" ho 
have refined distributional information and in
creased our knowledge of breeding birds, post
breeding disper al, vagrants, and rare migrants 
in the Salton ea region. By 1962 McCa. ki had 
discovered large numbers of Stilt Sandpipers 
(Calidris lzimantopus), a "pecies repre nted 
pre iously in the region by only a handful of 
specim ns and sight records. Thi prompted then 
Audubon Field Notes regional editor Arnold 
Small to write: "What must be regarded as a 
truly phcn menal number f Stilt Sandpipers for 
California was found by Mc askie and Stallcup 
on the Salton Sea National Wildlife Refug Au
gust 31 ( 1961) ... 99 bird ·." The re ult of de
cade of field record. by Mc a kie and ther , 
al ng with an analysi . of specimens, have re
cently been compiled into an avifaunal tudy of 
the Salton Sea (Patten et al. 2003). 

The California Bird Record Committ e of 
the Western Field Ornithologi t has reviewed 
425 records of vagrant and scarce migrant bird 
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specie from the alton ink in Imperial and 
River ide counti s through 200 I, ace pting 338 
of th m (California Bird Record ommitte fi
les, maintained at the We tern Foundation of 
Vertebrate Zoology in Camarillo, CA); the vast 
maj rity of the e are photographic or sight re
cord . 

Annual cheduled field trips to the Salton Sea 
and Imperial Valley by numerous outhern Cal
ifornia chapters of th National Audubon Soci
ety and various bird clubs continue to generate 
distributional information. Th first and, to date, 
only meeting of an ornithological society to be 
held in the Salton ink wa, that of the We ·tern 

ield Ornithologists in Imp rial in August 1997. 
A Salton Sea International Bird Festi al was ini
tiated in 1998 and ha been held nearly annually 
ince at a resort in Holtville. 

RE EAR H ON THE COPHYSIOLOGICAL 

CIIALLE GES OF TllERMOREGUL TI G IN THE 

SALTO SEA AREA 

With mid-summer temp ratllres frequently ex
ceeding 45°C, the alton Sea area has pro en to 
be a popular field laboratory for the study of 
avian behavioral and physiological r spons s to 
a thermally challenging environment. William 
Dawson speculated that the January nesting or 
Double-crested ormorants he obs rv d on his 
1913 visit to the north end of the Salton ea was 
an adaptation to the heat: "The remarkably early 
n sting may ha e be n induced not only by the 
movement of the fish, but by the disciplinary 
exp ri nee of the effe ·t upon young squabs or 
the olorado Desert sun in, say, pril (equiva
lent to July anywhere lse)" (Dawson 1923). 

George A. Bartholomew and William R. 
Dawson (along with r fuge manager dward J. 

'Neill) inv sttgatcd thermorrgulation in mer
ican White Pelicans (Pelecanus eJ)'throrhyn
clws) n sting on sandy islets near the south
western shore or the alton Sea (Bartholomew 
t al. 1953). Gilbert . Grant of the Uni ersity 

of alif rnia, Los ngelcs, c nducted his doc
toral di . e11ation on beha ioral adaptations to 
high temperatures in incubafr1g recur irostrids, 
Clwradrius, terno, Black Sk mmers (Rynchops 
niger), and Lesser Nighthawb (Clwrdeiles acu
tipennis) (Grant 1979, 1982), .rnd Kathy . Mo
lina of California tale Univa ity, Northridge, 
investigated parental car in Gull-billed Tern 
and Black Skimmers in the l·ot Salton ea en-

ironment (Molina 1999). 

ITIVI-:., 

SPECIES

'D "SAVI G THE 

Particularly in the last decade of the 20th c n-
tury, concerns about th alton Sea'. levation, 

salinity, contaminant ·, and disease outbr aks, 
coupled with regional and continental oncern, 
about the conservation status of a suite of en
, itive, threatened, or endangered bird speci s, 
led to a variety of focused species studie. and 
larg r-scale reconnaissance projects. cological 
problem. and increasing demands from urban 
and agricultural regions out ·ide the Salton ink 
for Colorado Riv r water (the ource of n arly 
all of the Salton Sea's water) fostered th in
volvement of conservation organizations, uni
versitie., agrobusinesses, local commerce, vari
ou government agencies, and politicians. Hav
ing entered the political arena, the Salton Sea 
to k a leap forward in th con ciou nes of pol
itician with th d ath on 5 January 199 of 
Congressman Sonny Bono (R-Palm pring ). 
Bono had championed the cau. e of environmen
tal cleanup and economic development of the 
Salton Sea, and " aving the Salton Sea" became 
something of a political mantra in hi . honor. A 
corollary of this political intere. t in th alton 
Sea was governmental funding for various re
connai sance studies of the Sea's biota, col gy, 
and nvironmental health. 

tudies on particular species or groups in re
cent years ha included surveys of migratory 
shor birds in 1989- 1995 and again in 1999 
( huford et al. this 1'0/ume); the migration ecol
ogy )f ared Grebes (Jehl and McKernan 2002); 
the 1igration ecology or White and Brown (Pe
leccmus occidentali.\) pelican. (ongoing work by 
Daniel W. nd r..,on, niversity or alifornia, 
Davis); breeding herons (the late Norman D. 
l logg; Molina and Sturm this 1'0/11mc); White
faced Ibis ( huford ct al. 1996); br eding larids 
(Mo! ina thi.\ volume); ong Sparrows (Patt n 
2001 ); subtropical atcrbirds and "pelagi ," 
bird. (Patten and Mc askie this volume); poly
typic landbirds (Patten ct al. 2003, this 11olw11e); 
rails (e.g., Laymon ct al. 1990); Burrowing Owls 
(Yor et al. 2002, Rosenberg and Haley this 1•0/
ume ; and Mountain Pio ers (Knopf and Rupert 
1995, Wunder and Knopf 2003, huford et al. 
thi.\ volume) . 

G neral avian r connaissance studies were 
conduct d in 1999 by work rs from Point Reyes 
Bird Observatory (Shuford et al. 2000), forming 
a baseline against which anticipated avifaunal 
changes could be measured. A popular account 
of the Salton ea's a ifauna from the same time 
peri d, based on sur eys at a number of ites 
around the Sea, was published by Massey and 
Zembal (2002). 

Among numerous recent studies on avian dis
ease · and eco ystem health in the Salton Sea 
regi n, that of Rocke and riend (2003) is note
worthy for having relied hea ily on the narra-
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tive and other records maintained at th 
SSNWR. 

CLOSING REMARKS 

The CUJTent trend of management-oriented re-
earch i likely to continu as long as a biolog

ically viable Salton Sea continu s to exi t. In 
fact, it i, likely that long-term monitoring of avi
an population and habitats will be mandated in 
conjuncti n with the testing and implementation 
of engineering olutions to the instability of the 
Sea. Increasingly, the Salton Sea and adjacent 
agricultural areas and riparian ystems are being 
percei ed a an inter-related unit, and these area 
ar in turn recognized as part of the larger unit 
of the entire Salton Trough, including the lower 
Colorad River and it delta. Therefore, future 
research is likely to involve collaborations with 
worker- n the Mexican side of th Trough. On 
an even larger scale the Salton Sea is but one of 

a series of shallow inland lak throughout we t
ern North America (Jehl 1994), and part of a 
uite of migration ystems that link far-flung re

gions throughout the Americas. 
The Salton Sink of the future may ultimately 

appear as foreign to u as th pre ent-day situ
ation might have looked to Joseph Grinnell a 
he journeyed on the Vinegaroon in 1908, and 
most certainly to Mearns a hi party collected 
peci mens and explored the border region before 

the modern Salton Sea even exi ted. 
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POPULATION CHANGES AND BIOGEOGRAPHIC AFFINITIES OF 
THE BIRDS OF THE SALTON SINK, CALIFORNIA/ 
BAJA CALIFORNIA 

MI HAEL A. PA TT , RI HARD A. ERI D PHILIP U ITT 

Abstract. Since the alton Sea's formation in 1905 permanent water, introduced aquatic prey, and 
extensive habitat conver ion have altered its birdlife greatly. A number of waterbird and landbird 
specie · colonized the Sea and the as ociated alton ink early in the twentieth century. Other landbird 
suffered from the loss of desert scrub and, particularly, me quite (Prosopis pp.) thickets, with the 
Vermilion Flycatcher (Pyrocephalus rubinus) , Le Conte' Thra her (Toxostoma lecontei), and Lucy' 
Warbler (Vermi1 1(JrC/ luciae) eventually extirpated a breeder . Although ome waterbird specie have 
declined ince 1950, many have increa ed or held teady. Population of 60~ of breeders that colo
nized or increa ed markedly originated in the Gulf of California or adjacent we tern Mexico. Since 
1950, the Wood Stork (Mycteria americana), Fulvous Whi tling-Duck (Dendrocygna bicolor), Amer
ican Wigeon (Anas americana), and Northern Pintail (A. acuta) are the only waterbirds, and the Cri al 
Thra her (To wstoma crissale) the only land bird, that have declined markedly. After a decline in the 
1930 , the Larg -billed a annah Sparrow (Passercu/us sandwichensis rostratus) ha increa ed ince 
the 1980s anJ began nesting in the Mexicali Valley in the late 1990s. Landbird species that colonized 
the Salton Sink since 1950 include the Inca Dove (Colwnbina inca) , Great-tailed Grackle (Quiscalus 
mexicanus), and Bron1.ed Cowbird (Molothrus aeneus)-specie. that have increa ed dramatically 
throughout the American Southwest-and the White-tailed Kite (£/anus /eucurus), Anna's Humming
bird (Ca/ypte anna), and the non-native uropean tarling (Srumus vulgaris). Landbird . pecie col
oni7ing the alton ink generally have coloni1.ed from the olorado River Valley, whereas landbird 
<;ub. pecies generally have colonized from coastal California. 

Key Words: a\ ian biogeography; colonin.Hion; population changes; al ton Sea. 

MBIO OBLA I N LE Y AFINIDADE BIOGEOGRA A DE LAS AVE D LA 
UENCA D L LT N, CALIFORNINBAJA CALIFORNIA 

Resumen. Desde la formaci6n del Mar al ton en I 905, agua permanente, la introducci6n de presa 
acuaticas y extensiva conversi6n de habitats ban alterado en gran medida su avifauna. Un numero de 
especies de · ve. acuaticas y terrestres colonil'aron el Mary la asociada uenca del Salton a principios 
del . iglo vei ntc. Otras especies terrestres sufrieron de la perdida <lei habitat arbustivo de de, iert y, 
particularme te, de denso<., muquites (Prosopis \pp.) con la con<.,iguiente perdida de la reproducci6n 
del Mo..,quer ,1rdenal (Pyrocephalus rubinus), el uitlacoche Pulido (To.w .Homa lecontei) y el hipe 
Rabadilla Rufa (Ver111i1•ora luciae). Aunque algunas especies d aves acuati as han reducido sus 
poblaciones desJe 1950, muchas han aumentado o se ban mantenido constantes. Las poblaciones de 
60% de ave. reproduclivas que coloni/aron o se incremenlaron marcac.lamente, fueron originadas en 
cl Golfo de al1forn1a o en ti rras adyaccntcs dcl oeste de Me ico. D sde I 50, la igi.iena Americana 
(Mycteria A111er1ca11a), el Pijije anclo (Dendrocygna bicolor), el Palo halcuan (Ana.\· americana) y 
el Pato Gol ndrino (Anos acuta), son las unicas aves acuaticas, y el uitlacoche Crisal (Toxostoma 
crissale) la Linica ave terrestre, que han disminuido marcadament . espu ' s de una reducci6n en los 
anos 1930, e I Gorri6n abanero de Pico Largo (Passerculus sandll'ichen.\is rostratus) ha in rementado 
desde lo. an )S 1980 y comen76 a anidar en el Valle de Mexicali a fines de los ano 1990. Las esp cies 
de a es ternestres que col ninron la Cuenca del alton a partir d 1950 incluyen la T6rtola ola 
Lagra (Colw111b1w inca), el Zanate Mexicano (Quiscalu mexicanus), el Tordo Ojo Roj (Molothrus 
aeneus)-es c; es que han incrementad dramaticamente a lo largo del sure te de los stados Uni
dos-y el ilaro ola Blanca (£/anus leucurus), el Colibrf Cabeza Roja (Calypte anna), y el intro
ducido Estor·nin Pinto (Sturn11s 1111/garis). Las especies de a es terrestres que colonizan la Cuenca 
de! Salton g ne·a lmente lo han hecho desdc el Valle del Rfo Colorado, mientras que las . ub species 
de ave, terr stres generalmente han colonizad desde la co ta de alifornia. 

Palabras cfli11•es.· biogeograffa de aves; coloni1.aci6n; cambios poblacionale ; Mar alton. 

Lake Cahuilla, the a. precur or of the Salton 
Sea, wa ephem ral. F oodwater from the C l
orado River filled thi lake periodically. But in
ten e heat and direct unlight r moved it water 
at a rapid rate, prod ucirig an alkaline flat within 
a few decade . The ebb and flow of surface wa
ter implie an ebb and 1ow of habitat , with bird 

24 

commumtie pre umably changing in kind. We 
know little about the avifauna of Lake ahuilla 
and nothing of pattern of range expan ion and 
retraction around that Jake. Yet we do know that 
variou waterbird pecies that occur at the Salton 
Sea also occurred at Lake Cahuilla (Patten and 
Smith-Patten this volume). Logic dictate that 
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the e specie vacated the region when the lake 
dried, although we do not know how oon be
fore desiccation they departed, let alone how 
long after flooding th y colonized, alth ugh 
ome species likely colonized rapidly (Grinnell 

190 ; ee below). 
The Salton Sea i e, sentially a miniature ver-

ion of Lake Cahuilla, created by the ame pro
ces e, and harboring, far a we know, imilar 
specie of bird (Patten and Smith-Patten this 
volume). A key difference i that the Salton Sea 
receive a ubstantial influx of irrigation runoff, 
effe tively maintaining the Sea' surface level
an ephemeral lake ha become permanent. Run
off is the re ult of broad- cale con r ion of de-
ert scrub to agriculture; for decade the Impe

rial and Coachella valley have been among the 
greate t crop-producing region in the United 
State (Steere 1952). The udden emergence of 
a me ic environment in the heart of the we tern 
Sonoran Desert (the Sea wa created in under 
two years), coupled with the ub equent intro
duction-deliberate and accidental-of variou 
ti he and invertebrate ( e Walker 1961, J hi 
and McK man 2002) led to dra tic change. in 
th region' birdlife. Perhaps equally profound 
in impact wa the piecemeal clearing of riparian 
habitat and the methodical irrigation and de
velopm nt of agriculture in th valleys surround
ing the alton Sea. 

Pattern of avian colonizati n and r treat at 
Lak ahuilla are likely tor main unkn wn. Yet 
ornithological exploration of the alton ink 
since its inception (Garrett et al. this 110/wne) has 
provided som in ight into how habitat alter
ation g n rally, and the e istenc of the Sallon 
Sea specifically, permitt d variou, peci s to 
coloni7e and forced thers to evacuate. On the 
basis of habitat descriptions near the turn of the 
tw ntieth century, such as those of M ams 
( 1907) and Parish (I 9 J 4 ), it appears that the 
amount of both open water and of park , ranch
e , and suburbia increased greatly after 1900, 
wherea, the amount of d sert ·crub and of m -
quite (Prosopis pp.) thicket decreased greatly 
a land wa converted to agriculture. Lik wi e, 
the amount of mar hes and riparian vegetation 

' appears to have held teady, although the char
acter of each ha changed, the former now 
heavily managed, the latter now dominated by 
non-native tamari k (Tamarix ramo issima) 
rather than native will w (Salix pp.), Fremont 
cottonwood (Populus fremontii), and bordering 
me quite. 

In thi paper we ummarize often cant data 
on range expan ions into the Salton Sink. We 
focus particularly on range change in the la t 
half of the twentieth century, during which the 
urface level of the Sea has been relatively ta-

ble and conver ion to agriculture wa largely 
complet . We use these data to explore coloni
zation patterns for specie of waterbird , pecies 
of monotypic landbird , and ub pecie of poly
typic landbirds. We ummarize biogeographic 
affinitie of avian taxa occupying the alt n 
Sink and compare the affinitie with pattern 
of colonization. 

M THODS 

The alton Sea National Wildlife Refuge and Point 
Reyes Bird Observatory have cen used variou water
birds sine the early 1980s, and volunteers have con
ducted hristma Bird ount~ regularly at the north 
and south ends of the Salton ea ince 1970, porad
ically before then. Our effort to examine trend . ince 
1900 were thus con trained by the virtual lack of quan
titative data on population si;;e prior to the 1960 . 
Given thi s constraint, and becau e our goal wa to de
duce and outline general patterns, we often attempted 
to make only qualitative statements about range ex
pansion and biogeographic affinities. Therefore, the in
formation we pre ent in the table and figure is often 
qualitative, meant only to provide a heuri tic guide t 
gen ral patterns and to summarize the more obvious 
trends. Nonethele , we did e amine waterfowl and 
other data from the Salton ea ( outh) Christma Bird 
C unt, conducted in the winters of 1939/1940- 1941/ 
1942, 1955/1956- 1957/1958, 1965/1966, and 1968/ 
1969- present, and we gathered and present ome ad
ditional quantitative data. Numerous small fluctuations 
or trends in range or population . iz , and probably 
som larger ones. likely w nt und tected. 

We gathered data from a variety f sources, detai 1 d 
by Patten et al. (2003). In summary, we relied mainl 
on published sources (particularly regional reports in 
North Ameri ·c111 Birds and its pretlec ssors and n tes 
in the ollllor), specimen data (chiefly from th an 
Diego Natural Hisror Museum), and our fi Id notes 
and thos1; of Guy Mc askie . Ta onom follows Patten 
et al. (2003) . Tabl s list scientific nam~s not in the t t. 
We tleri ctl tl • .lla for our I 1e charts trom accounts ot 
subspecies ' occurrences in the alton Sink (Patten et 
al. 200 I, 2003), which we chiefly based on compari 
sons of . pecimens. We created pie chart. for heuristic 
comparison; they do not reflect exact percentages of 
occurrence'>. 

RANG AND POPULATI N CHA GES 
1900- 1950 

Shortly after the turn f the twentieth century, 
permanent surface wat r and extensive habitat 
conversion for agriculture greatly altered th 
avifauna of the Salton Sink. Many waterbird 
pecies colonized the Salton Sea within a few 

years of its formation; both the American White 
Pelican (Pelecanus erythrorhynchu ) and Dou
ble-crested Cormorant (Phala rocorax auritus) 
wer bre ding there by th ti me Grinnell (I 908) 
conducted the fir t ornithological exploration of 
the Sea. Over the next two decades the Sea was 
colonized by various other waterbird specie , 
uch as the Gull-billed Tern (Sterna nilotica) by 
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TABLE I . STATUS A D PROVE A CE OF SELECTED SP CIE OF W ATERB IRDS THAT HAVE COLO !ZED OR APPEAR 
TO BE COLO !ZING THE SAL TO SEA 

pecies3 Appearance Current status Provenance 

American White Pelican 1907 common visitor; former breeder Great Basin 
Brown Pelican 1951 common po t-breeder; breeds Gulf of California 
Double-ere ted Cormorant 1907 common breeder ? 
Neotropic Cormorant 1982 rare post-breeder; increa ing west Mexico 
Cattle Egret 1970b common breeder wet Mexico 
White-faced Ibi" 1954b common vi itor; breed Great Basin 
Black-bellied Whi tling-Duck 1951 rare po t-breeder; increasing west Mexico 
Fulvou Whi tling-Duck ca. 1906 former breeder wet Mexico 
Laughing Gull l 928b,c common post-breeder; breeds Gulf of California 
Heermann ' Gull 1967 rare post-breeder; increasing? Gulf of California 
California Gull 1996b common visitor; breed Great Ba in 
Yellow-footed Gull 1965 common po t-breeder Gulf of California 
We tern Gull 1969 increa ing perennial visitor Pacific coast 
Gull -billed Tern 1927 fairly common breeder Gulf of California 
Ca pian Tern I 927b,c common breeder ? 
Elegant Tern 1985 increasing post-breeder Gulf of California 
For ter' Tern 1970b common vi itor; breeds ? 
Least Tern 1964 uncommon visitor; increasing? Gulf of California 
Black Skimmer 1968 fairly common breeder Gulf of California 

3 Scientific name~ in text or Table 2, except: eotropic Cormorant (Plwlacrocorm brasilianus) , Black-bellied Whistling-Duck (De11drocyx1w aw11111-
11alis), and Elegant Tern (Sterna e/egansl . 
b Date of first breeding. not of first occurrence. 
c Extirpated as a breeder in 1950s; recoloni1ed in 1992 (Caspian Tern) and 1994 (Laughing Gull). 

1927 (Pemberton 1927) and the Laughing Gull 
(Larus atricilla) by 1928 (Miller and van Ros
sem 1929). 

During the early decade of the twentieth cen
tury a ho t of landbird pecie al o colonized the 
Salton Sink, presumably drawn to the green r, 
w tter habitats of ranch yard , towns, orchards, 
and agricultural fields. Notable among the early 
landbirds colonizing were th White-wing d 
Dove (Zenaida asiatica), Gila Woodpecker (Me
lanerpes uropyg ialis), N rthern Mockingbird 
(Mirnus polyglottos), and Brown-headed Cow
bird (Molothrus ater , each f which reached the 
region before the cl e of the 1930 (Hoffmann 
1927, Arnold 1935, Roth tein 1994, Patten et al. 
2003). Even the non-native Hou e Sparrow 
(Passer dorne ti us ), introduced on the east 
coa t of North America, marched across the con
tinent and reached the Salton Sink by the early 
1910 (van Ro em 1911). Of these pecies, 
only the mockingbird reached the Salton Sea 
from the we t ( ee below). 

With the lo of desert crub, particularly 
thicket of me quite, variou pecies of land
bird pajd the price. Notable among the e pe
cie were the Vermilion Flycatcher (Pyroceph
alus rubinu ), Le Conte' Thrasher (Toxostoma 
Lecontei) , and Lucy 's Warbler (Verm.ivora lu
ciae), each of which howed izeable decline 
by the 1930 and are now extirpated from the 
region as breeder Patten et al. 2001, 2003). 
Neither the thrasher nor the warbler occur reg-

ularly anymore, whereas the flycatcher occurs 
only as a par e winter visitor. The Vermilion 
Flycatcher's decline is curious in light of thi 
pecies' tolerance of human-altered habitat. uch 

a agricultural area and golf course , in other 
parts of it range (Wolf and Jone 2000). More
over, the pecies occa ionally summer in north
ea tern Baja California along the Rf o olorado 
(where it bred in 2002; 0 . Hinojosa-Huerta, 
p r . comm.) and Rf o Hardy (Patten et al. 2001 ). 

RANGE AND POPULATION CHANG 
1950-2000 

WATERBIRDS 

In the pa t half century numerou pecie of 
bre ding and non-breeding waterbird have ei
ther colonized the Sal ton Sea or increa ed there 
markedly (Tables 1, 2). By contrast, two pecie , 
the Wood Stork and Fulvou Whi tling-Duck, 
have decrea ed o much that each may oon be 
extirpated in California. The stork occur prin
cipally a a po t-breeding vi itor to the Salton 
Sink, with the large t numbers in late ummer 
and early fall (Augu t and September). It used 
to occur in the thousand , but the 1990 brought 
s;,. 75 individuals every year, with a few as 12 
in the mo t au tere (Fig. 1 ). In 2002 the pecies 
again wa scarce (G. McCa kie, per . comm.), 
although a remarkable 36 storks were in the 
outhern Mexicali Valley in July (E. Mellink, 

per . comm.). Similarly, the multitude of whis-
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TABLE 2. SELECTED W IERBIRD SPECIES THA1 HAVE SHOW MARKLD DE RE:A 5, OR l CREA E AS 0 BREED
ERS, T TllE ALTO SEA I CE 1950 

Species Change" ca,on incc 

Brown Pelican (Pelecanus occidentalis) iii summer/fall 1951 
Cattle gret (Bubulrns ibis) iii year round 1963 
White-faced Ibi · (Plegadis chilzi) ii winter 1970s 
Wood tork (Mycteria americana) Hl summer/fall mid-I 960s 
Fulvous Whistling-Duck (Dendrocygna bicolor) Hl summer/breeder 19 Os 
Ross's Goose (Chen rossii) iii winter mid-1960 
Canada oose (Branta canadensis) lH winter 1980s 
Brant (Branta bernicla) ii spring 1962 
Gadwall (Anas strepera) i winter 1970s 
American Wigeon (Anas americmw) lH winter 1960s 
Northern hoveler (Anas clypeata) ii winter 1950s 
Northern Pintail (Anas acuta) lH winter 1950. 
Canvasback (Aythya 11alisineria) H winter 1970s 
Ruddy Duck (Oxyura jamaicensi.~) i winter 1970s 
Western Gull (Larus occidentalin i year round 1969 
Yellow-footed Gull (Larus lil·ens) ii summer/fall 1965 

" Each arrow i' a rough guide to the magnnude. such that a single arrow s1gn1fics a relatively small change. t\\O a relative!} moderate change. and 
three a relatively suhstantial change 

tling-ducks is gone; the ·p ci s used to occur in 
the hundred as a po. t-brecding i itor in th 
19 0 . , and at least 20 pairs bred there in the 
1960s (Patten et al. 2003). Although breeding 
numbers d clined markedly, doz ns of post
breeding birds continued to visit into th early 
1990 · (Patten et al. 2003). nly one pair was 
kn wn to hav br d in the alton ink in 2000; 
none were known to breed there in 200 I or 2002 
(G. Mc askie, per.. comm.). Non-breeders and 
p st-br eding visitors ha d clined as well; 
only four were located in 2000 and only one wa.., 
noted in 200 l (Patten ct al. 2003 ). 
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FIGURE I. Decline of the Wood tork (Mycteria 
americana) at the Salton ea since 1970 (Spearman 
rank correlation: r, = - 0.82, P < 0.00 I); thou ands of 
storks u. ed to occur in the 1960s (Garrett and Dunn 
1981 ). The trend line is from a linear regres ion (y -
- I 2.48x + 24,958.55, r2 = 0.52). Count data courtesy 
of G. Mc askie. 

Four other species of waterfo I, the anada 
Goose, American Wige n. Northern Pintail. and 
Can a back, hav also declined (Patten et al. 
2003; cf. Barnum and Johnson this volume), the 
goose and the anvasback st adily ( igs. 2, 3), 
the wigeon and pintail abruptly after the 1950s 
(Table 3). The bulk of the populations of the 
goose and the Can asback may now winter far
ther north, such that a ~ w hundred rather than 
a f w th usand now winter in th alton ink. 
This h pothesis requires the gath ring and l . t
ing of long-term population data throughout al
ifornia. These two spc~i shave declin d or were 
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IGURE 2. D cline of the Canada Goose (Branta 
L'W1llde11sis) at the alt n Sea sin e 1965 (Spearman 
rank correlation: r, = - 0.87, P < 0.00 l ). The trend 
line is from a linear regression (y = -90.42x + 
180,614.46, r2 = 0.65). Data are from the alton Sea 
(south) Christmas Bird Count. 
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FIGURE 3. Decline of the Canvasback (Aythya val
isineria) at the Salton Sea ince J 968 (Spearman rank 
correlation: r, = -0.42, P < 0.01 ). The trend line is 
from a linear regres ion (y = - 27.77x + 55,765.29, 
r2 = 0.14). Data are from the Salton Sea ( outh) Chri t
mas Bird Count. 

always carce in northern Baja California and 
Sonora (Ru ell and Mon on 1998, Patten et al. 
2001). The downward trend of the pintail ha 
been noted aero s North America (Bank and 
Springer 1994). Only three , pecie of waterfowl, 
the Ros. 's Goose, Northern Shoveler, and Ruddy 
Duck, have increased markedly since J 970 (Fig. 
4, Table 3; Patten et al. 2003, Barnum and John-
on thi volume). Breeding populations of the 

goo e hav burgeoned across th Canadian arc
tic (Ryder and Ali au ka 1995). Similar broad-
cale population increa e for the Brown Pelican 

(Ander on and Gre 1983), attle Egret (Lar
son l 982), White-faced Tbi . ( huford et al. 
1996), and Black Skimmer (Collin · and Garrett 
1996) have been mirrored at the Salton Sea. 

The tatu of Jarid in the Salton Sink ha al o 
changed c n iderably ince 1970, with five pe
cies colonizing or recolonizing a breeder (Ta
ble 1, 2). Both the Laughing Gull and Ca pian 
Tern colonized the Sea in the late 1920 , di -
appeared within in a few decad , and recolo
nized in the 1990 , the latter pecie ' increase in 
concert with growing popu lation aero the 
We t (Wire and Cuthbert 2000). Similarly, 
numbers of the Double-ere ted Cormorant plum
meted in the 1970s and 1980 , until it may have 
been extirpated ( cen u data are lacking) as a 
local breeder (K. C. Molina, per . comm.; W. D. 
Shuford, pers. comm.). By the mid-1990s, con
comitant with increa e across the continent 
(Carter et al. 1995), the species was again breed
ing in large numbers at the Salton Sea (Shuford 
et al. 2002b). Even o, breeding population of 
both the tern and the cormorant have varied con-
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FIGURE 4. Population trends of the Snow Goo e 
(Chen caerule cens) and Ro 's Goo e (C. rossii) in 
the Imperial Valley since 1968. The wintering popu
lation of the Snow Goo e ha been fairly con tant 
since the 1950 (Patten et al. 2003), but wintering pop
ulation of Ro 's Goo e ha increa ed since the late 
1970s. Data are from the Salton Sea ( outh) Christmas 
Bird ount. 

iderably from year to year (Molina this volume, 
Molina and Sturm this iolume). 

In addition to the bre der , two pecie , the 
We tern and Yellow-footed gull , first app ared 
at the Salt n ea in the 1960 but are regular 
now, the f rmer a rar but in rea ing perennial 
visitor (Patt n et al. 2003), the latt r occurring 
in the thou. and a a p t-breeding vi itor (Pat
ten 1996). Two oth r, He rmann' Gull (L. 
heennanni) and the Lea t Tern (Sterna antilla
rum ), appear to b in r asing although each r -
main. rare en ugh that chang s in . tatu are dif
ficult to judge. Even s , we pr diet that th s 
tw ~p ci and the Yellow-footed Gull are the 
most likely additions to the breeding avifauna of 
th alt n ea. Since 1990, pairs of Heermann 's 
Gull hav ummer d and pair of Yellow-foot
ed Gulls have been ob erved performing mating 
di . play · (Patten et al. 2003). In July 2002, two 
adult Lea t Terns accompani d by a juvenile 
w re at the ame location where a pair of adult. 
had been observed in May (Patten et al. 2003). 

Populations of most (63%) species that colo
nized or appear to be c Ionizing the Salton Sea 
and adjacent irrigated valley have their origin 
in the Gulf of California or adjacent we tern 
Mexico (Table 1; ee Patten and McCa kie this 
volume). Nine of the e J 2 outherly pecie have 
colonized ince 1950 (Table l ), with all but the 
Catt! Egret and Black Skimmer till on the in
crease at the Salton Sea (Patten et al. 2003). Of 
the outherly pecies, only the Wood Stork and 
Fulvou Whistling-Duck have undergone steep 
decline at the Salton Sea, mirroring their de-
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FIGURE 5. Decline of the Cri al Thra h r (Toxo-
toma eris ale) at the Salton Sea since 1955 (Spearman 

rank correlation: r, = - 0.33, P < 0.05). The trend line 
is from a linear regressi n (y = -0.07x + 134.12, r~ 

= 0.17). Data are from the Salton Sea ( uth) Christ
ma. Bird Count. 

dines in Sonora and el ewhere in we tern Mex
ico (Ru ell and Mon on 1998, Hohman and Le 
2001). 

LA DBIRD 

Population change 

Since the middle of the twentieth century, the 
ri al Thra her (Toxostoma crissale) is th 

only p cies of Jandbird that ha de lined mark
edly in the alton ink, most noti eably aft r th 
mid-19 Os (Fig. 5). xt nsi e remo al f thick-

ts of hon y me quit (Prosopi glandulosa) and 
screwbcan (P. pubescens) pre ·umably precipi
tated this mesquit -d p ndent thra. her's decline. 
Nonethele, s. population of the thra, h r ha e 
p r isted longer than tho e of other mesquite
dwelling sp ci s, uch a the Vermilion Fly
catcher and Lucy's Warbler ( ·ee ab ve). The 
Phainopepla (Phainopepla nitens) ha had an in
termediate re pons , declining a a bre der but 
p r i . ting commonly in ome mall area , e -
pecially during wint r (Patt n ct al. 2003). The 

ummer Tanager (Piranga rubra) no longer 
bre ds in the Salton Sink (Table 4), though it. 
population in the region wa likely alway mall 
(Patten et al. 2001, 2003). 

The multitude of specimen from the 1910 
through the 1930s indicate that the Large-billed 
Savannah parrow (Pas erculu sandwichensis 
rostratu ), a Gulf of California end mic, was 
formerly a common po t-brecding vi itor to the 
Salton Sea. For rea on unknown, potentially re
lated to damming of the Colorado River (fide K. 
L. Garrett), by the 1960s and 1970 thi parrow 
was "virtually accidental " everywhere in Cali
fornia (McCa kie 1988). Again for rea on un-
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TABLE 4. STAT A D PROVE A E OF SPECIES OF L ANDB IRDS K ow TO H AVE COLO IZED T HE SALTO I K 

SI E F ORMATIO OF T llE SALTO SI::.A AND D EVELOPME T OF AGRI ULTURE I THE 0 CHELLA, IMPERIAL, A D 

M EXI ALI Y ALLEY 

Species" Appearanceh Breeding status Provenance 

While-winged Dove 1920 common Colorado River 
Inca Dove 1984 rare Colorado River 
Anna's Hummingbird 1980s uncommon, local Pacific coasl 
Gila Woodpecker 1927 uncommon Colorado River 
Black Phoebe 1949 fairly common ? 
Brown-ere ted Flycatcher 1978 rare, irregular Colorado River 
Cliff Swallow 1977 common Colorado River? 
Barn Swallow 1973 exlirpaled ? 
American Robin 1992 rare, irregular Pacific coasl? 
Northern Mockingbird 1911 common Pacific coast 
Summer Tanager 1928 exlirpated Colorado River 
Lark Sparrow 1970s fairly common Pacific coast 
Savannah Sparrow (rostratus) 1997 rare, local Gulf of California 
Yellow-headed Blackbird 1952 fairly common Colorado River 
Brewer' Blackbird 1988 fairly common, local Pacific coast 
Great-tailed Grackle 1973 common Colorado River 
Bronzed Cowbird 1989 rare, local Colorado River 
Brown-headed Cowbird 1900s common Colorado River 

a cientific names in Lexl. except: Black Phoebe <Sayomi1 11igrica11.1), Brown-crested Flycatcher (Myiarc/111.1 1vrn111111/m), C liff Swallow (Perroche/ido11 
pyrr/1011ota). Barn Swallow (Hiru11do rusrica). American Robin (Turdus 111igratori11.1), and Yellow-headed Blacio.bird (Xw11/10ceplwlu.1 w111hocephalu1). 
h Date of first breeding, not of lirst occurrence. 

known , this sparrow staged an impress ive come
back beginning in the late 1980s. It is again fair
ly common at the Salton Sea, mainly as a post
breeding v1s1tor (July through February) . 
Moreover, in the late 1990s it bred at Campo 
Geotermico Cerro Prieto (Molina and Gan-ett 
200 I), a locale in the southern M xicali Valley 
roughly midway between the Sea and the Gulf, 
and singing males (harbingers of bre ding at the 
Sea?) were at the south end of the Salton S a in 
early June 1998 and in lat December 1999 (Pat
ten et al. 2003). 

th r \andbirds that ha e rec ntly ·o\ niz. d 
or in rea ed markedly in the Salton Sea region 
(Table 4 ; Patt n et al. 2003) include peci em
blematic of rapid expan ion in the southwestern 
United tale · ( ee Phillips 196 ): the Inca Dove 
(Columbina inca) , Great-tailed Grackle (Qui -
ca/us mexicanus) , and Bronzed Cowbird (Mo
lothru aeneus). The dove wa fir t recorded in 
the region in 1984; it i now an uncommon 
breeding re ident in the Imperial Valley. Re
cord of the cowbird date back to 1956 (Cardiff 
1961), but only ince the mid-1980s ha the spe
cie increa ed uffici ntly to e tablish itself. 
Most dramatic ha been the spread of the grack
le. It was fir t recorded in California and the 
Salton Sink in 1964 (McCa kie and De
Benedictis 1966), was breeding around the Sal
ton Sea by 1970, and is now a common to abun
dant re ident. The Anna's Hummingbird (Calyp
te anna), Lark Sparrow (Chondestes gramma
cus), and Brewer's Blackbird (Euphagus 

cyanocephalus) also colonized in the 1980s, and 
the non-native European Starling ( tumus vul
garis) colonized in the 1950s (Rainey et al. 
1959, Zimmerman 1973). The White-tailed Kite 
(Elanus leucurus) expanded it range into the 
Salton Sink in the past three decades following 
a tr nd throughout western North Am rica ( ee 

isenmann 1971 ). The species colonized the Im
perial Valley in the 1990s, as it did the Mexicali 
Vall y sometime during th 1980s (Patten et al. 
I 993). Its breeding in th Imperial Valley ha 
been documented n several occa ions (Patten 

t al. 2003), herea. its breeding in th M xi ali 
Valley i · strongly suspected (Patten et al. 200 I) . 

Biogeographic affinities 

Whether recent arrival or not, affinitie of 
landbirds breeding in the Salton Sink are typi 
cally with the Sonoran De. ert avifauna (Fig. 6). 
Over 60% of the p cie. known to have colo
nized the Salton Sink in the twentieth century 
are from the Sonoran De ert or Colorado River; 
the remainder is from the Pacific Coa t and none 
is from the Great Basin (Table 4 ). The key novel 
habitat appears to be the lawns and planted 
broadleaf trees (and palms) a sociated with 
park , ranches, and . uburbia, for many colonists 
are human ommen al (e.g., the Inca Dove, An
na' Hummingbird, and Great-tailed Grackle). 
Colonization presumably followed the now per
manent rivers and continuous agricultural belt 
prawling from the Colorado River through the 

Mexicali Valley to the Imperial Valley. 
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INTERIOR WEST T AXA PACIFIC COAST TAXA 

BREEDERS 

Cal/ipep/a gambelii • Callipepla califomica 

Picoides sea/ans • Picoides nuttallii 

Eremophi/a alpestris /eucansiptila • Eremophila alpestns actia 

Polioptila melanura • Poliopt1/a califomica 

Toxostoma crissale • Toxostoma redivivum 

Pipilo aberti • P1pilo crissa/is 

Melospiza melodia fa/lax e Melospiza melodia heermanni 

Agelaius phoeniceus sonoriensis • Agelaws phoeniceus neutral1s 

MIGRANTS AND WINTER VISITORS 

Colaptes auratus canescens 
,., 

Co/aptes auratus col/ans 

Aphelocoma ca/1fornica woodhousei • Aphelocoma califomica obscura 

Thryomanes bewickii eremophilus - Thryomanes bewickii chanenturus 

Catharus guttatus sequo1ens1s 0 Catharus guttatus guttatuslnanus 

Verm1vora celata orestera Vermivora celata /utescens 

Oendroica coronata memorabilis 0 Oendroica coronata auduboni 

Oporom1s tolm1ei monticola 0 Oporomis tolmiei tolm1ei 

Wilsoma pus1/la pileolata • W1/soma pusi/la chryseola 

Junco hyema/Js montana 
,. 

Junco hyemalis thurben 

Pheuct1cus m melanocephalus 0 Pheuct1cus melanocepha/us maculatus 

Fl URE 6. Qualitative comparison of biog:eog:raphic artinities of landbirds in the alton Sink. wholly black 
pi signifies complete affinity with the interior west avifauna, whereas a wholly white pi signifies complete 
affinity with the Pacific Coast avifauna. The heading "interior west" refers to the Sonoran Desert for breeders, 
th Great Basin for migrants and winter visitors. 

ub. p cies how a different pattern (Fig. 6). 
As with , pecies, the common breeding ub pe
cie i typically of Sonoran Desert affinity; ex
amples include the Song parrow (Melospiza 
mefodia fa flax) and Red-wing d Blackbird (Age
laius phoeniceus onoriensis; ee Patten 200 I, 
Patten et al. 2003). The common migrating or 
wintering ubspecie , however, i typically of 
Pacific Coa t affinity (Fig. 6), with few from the 
Great Ba in. In some ca e , the Great Ba in ub
specie provide most records (e.g., 30 record 
of Aphelocoma californica woodhousei to only 
one of A. c. obscura), but in most case the 
ub pecie provide only a mall percentage (e.g., 

23 . peci mens of Thryomanes bewickii charien
turus to only two of T. b. eremophilu ) or none 
(e.g., Agefaius phoeniceus nevadensis; N > 300 
specimen ). Subspecie that appear to have col
onized ince 1950, uch a Laniu ludovicianus 
gambelii and Eremophila a/pestris actia, are 
from coa tal alifornia and generally have 
reached only the Coachella Valley (Patten et al. 
2003), mirroring the pattern of Melospiza me
Lodia heermanni (Patten 2001). The e more 
"mesic-adapted" forms apparently moved 
outheast through the San Gorgonio Pa s, where 

extensive irrigation of the Salton Sink provided 
novel habitat that could ustain their popula-



32 STUD! S JN A VIAN BIOLOGY NO. 27 

tion . Thu , the preponderance of e idence i 
that colonizing landbird ub pecie are chiefly 
repre entative of the ci m ntan California fauna. 

Landbird colonizing or occurring regularly in 
the Salton Sink how a different pattern than wa
terbird , with breeding p cies and sub pecie 
typically a ociated with the Colorado Ri er 
Valley and migrant and winter vi itor typically 
a ociated with coa tal California. These diff r
ent pattern underscore the complexity of bio-

geographic analy e . Had we analyzed all bird 
a a single group or had we ignored ub. pecific 
variation, we likely would have mi ed the pat
tern that we uncovered. 
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PATTERNS AND PROCESSES OF THE OCCURRENCE OF PELAGIC 
AND SUBTROPICAL WATERBIRDS AT THE SALTON SEA 

Mi HA L A. P TTE A o Guy M CASKIE 

Abstract. The Salton Sea attracts a higher di ersity of pelagic and subtropical waterbirds than do 
any other lakes, saline or fresh water, in the interior of western North America. All recorded pecies 
of Procellariiformes and subtropical pecies of Pelecaniformes, Ciconiiformes, Anatidae, and Laridae 
occur by far most frequently between late April and early October. Several factors appear to facilitate 
the species' dispersal to the Salton Sink, but re trict their dispersal to other inland bodies of water. 
Proximity to the Gulf of California, the source of most species, is clearly important. There are no 
prominent geographic barriers separating the Sea from the Gulf; instead, the intervening region is low
lying and easily crossed. Such barriers do exist in th form of mountain ranges t the west and to the 
north, and a an expanse of arid land of moderate relief to the east of the Salton Sea, pre umably 
di couraging disper. al beyond the ink. Sea.-onality of occurrence coincides with g neral period , of 
mon oonal winds, which de elop annually in May through October in the Gulf of California and pu h 
northward through the alton Sink. Winds blow predominantly in the opposite direction in winter. 
During summer months, the presence of thermal air current. in the warm northern gulf and the 
relatively uniform ea surface temperatures between it and the waters further south along the mainland 
coast of Mexico may aid movement northward. Such factors probably have a strong influence on 
disper al of only some species (e.g., Procellariiformes, pelican , and frigatebirds). The high diversity 
of ubtropical waterbirds at the Salton Sea appears to re ult from a combination of factor , which 
include proximity to the Gulf of California, lack of barrier ' to dispersal from the Gulf due to the 
continuous low delta topography, and pre. ence of mountains surrounding the ea that may act to 
funnel birds toward the Sink, though the ea's ecology and si7e also contribute to the bserved 
patterns. 

Key Words: dispersal; procellariiformes; al ton ea; subtropical waterbirds; 'agrants . 

P TRON SY PROC 0 D 0 URREN lA o ~ ES AC A TI A P L , GT y BTRO-
PICAL E L M R LTO 

Resumen. El Mar Salton atrae una di ersidad mayor de aves acuaticas pelagicas y subtropicales qu 
cualquier otro Iago, ya sea d agua salada o dulcc, n cl interior del oeste de ortcamerica. Toda las 
especies de Procellariiformes y especies subtropicales de Pelecaniformes. iconiiform s. natida y 
Laridae registradas ocurrcn mas frecuentem ntc ntre finales de abri I ) principios de octubre. Varios 
factores pare en facllitar la disp'rsion de especic ... a la uenca del alton. pero restringen su dispersion 
a otros cuerpos de agua en el interior. La pro 1midad al Golfo de alifornia. la fuente de la mayorfa 
d las cspecies, cs claramente importante. o hay barrcras geograficas prominente.., qu separ n el 
Mar alt )n d I Golf>; por el contrario. la region 1nl 'rmedia es un sil10 bajo y facil de cru1ar. Dichas 
barreras e isten en forma de cadenas montaflosas hacia el oestc y el nortc, y como una e pansi6n de 
tierra-. (1ridas de m derauo rdieve hat.ia el !-.l · de\ Mar Saltern, pr •-.,umiblem ·nte d -.,.tlentando \,\ 
dispersion mas alla de la uenca. La ocutTencia cstacional coinciuc con perfodos generales de viento-. 
monsonicos, que se desarrollan anualmente lie mayo a octubre en el Golfo de alifornia y soplan 
hacia el norte a traves de la uenca del alton. l:.n invierno los vientos 1.,oplan predominantemente en 
la direccion opuesta. Durante los meses de verano. la prcsencia de ct rriente'> termicas de aire en la 
calida Lona norte del Golfo y las temperaturas rclativamente uniformes entre la superficie de la /Ona 
norte y las aguas hacia cl sur a lo largo de la costa continental de Mexico, podrfa propiciar mo i
mientos hacia cl norte. Dicho!-. factores probablement tienen una gran influencia en la di<>persion de 
algunas especies (por ejemplo: Procellariiformes, pclfcano!> y aves fragatas) . La alta <liversidad de aves 
acuatica subtropicale!-. en el Mar Salton parece resultar de una combinacion de factore. , los cuales 
incluyen la pro imida<l al Golfo de California, la ausencia de barreras para la disper ion desde el 
Golfo debido a la topograffa baja del delta, y la presencia de montanas rodeando el Mar alton que 
podrfan actuar para dirigir las ave hacia la uenca, aunque la ecologia del Iago y su tamafio tambien 
contribuyen al patron observado. 

Palabras claves: dispersion; Procellariiformes; Mar alton; ave. acuaticas subtropicales; migratorias 
accidentale . 

The Salton Sea i on of a number of large a
line lake in the interior of the we tern United 
States. There are also numerous large fre h-wa
ter lake and re ervoirs in the region, particular-
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ly along damm d porti ns of the Colorado Riv
er. Each saline lake has much in common (Ham
mer 1986, Jehl 1994), with Bayly (1972) noting 
that "despite their chemical diver ity" land-
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T BL I. THE. 11\Tl s or PECIES OF PEL\ JIC \ D s BTROPI AL w TERBIRD AT THE LTO OM PAR-

I 0 ro THEIR 1 \ILS I RIZO A D EV 

pec1e\ 

Laysan lbatross (Phoehastria i111111utabilis) 
Cook's Petrel (Prerodroma cookii) 
Wedge-tailed Shearwater (Puffinus pacificus) 
Buller's hearwate r (P. bulleri) 

ooty Shearwater (P. griseus) 
Black-vented Shearwater (P. opisrhomela 
Leac h's torm-Petre l (Oceanodroma leucorhoa) 
Blac k Storm-Petrel (0. melania ) 
Least torm-Petrel (0. micro.soma ) 
White-tailed Tropicb ird (Phaethon /epturus ) 
Red-billed Tropicbird (P. aethereus) 
Blue-footed Booby ( ula nebouxii) 
Brown Booby (S. /eucogaster) 

eotropic Cormorant (Pha/acrocorax brasilianus) 
Brown Pe lican (Pe/ecanus occiden talis) 
Magnifi cent Frigatebird (Fregata magn!ficens) 
Little Blue Heron (Egreffa caerulea) 
Tricolored Heron (£. tricolor) 
Reddish gret (Egre tta rl!fescens) 
Yellow-crowned ight- Heron (Nycranassa 1•io/acea) 
White Jbi'> (Eudocimus a/hus) 
Glossy Ibi s (Ple[!,adis falcinel/us) 
R . eate Spoonbill (Ajoia ajaja) 
Wood tork (Mycreria americana) 
Black-bellied Whi stling- Duck (Dendrocygna autumnalis) 
Fulvous Whistling- Duck (D. hicolor) 
Laughing Gull (Lant .\ atrici/la) 
Heermann 's Gull (L. heemwnni) 
Yellow-footed Gull (L. /il•ens) 
Gull-billed Tern ( rema nilorico) 
Roya l Tern (S. nunima ) 

legan t Tern (S. e/egmn) 
L ast Tern (S. a11tillaru111) 
Black kimmer (Rynchops niger) 

Approximate number of record<. 

Salton ca 

4 
3 

1 
8 
0 
2 
3 
3 
0 
0 

> 100 
27 

7 
1000 

lOOs 
> 100 

±40 
10 

I 
I 

> 100 
1000s 

21 
1000s 
1000s 

IOOs 
1000s 
1000s 

5 
17 

IOOs 
1000s 

Ari/ona 

2 
0 
0 
0 
1 
2 
0 
2 
2 
I 
5 

15 
7 

> 100 
> 50 
>50 
± 40 
± 40 

6 
3 
5 
I 

23 
17 

lOOs 
IOOs 
12 

± 40 
2 
I 
0 
4 

+25 
6 

evada 

0 
0 
0 
0 
0 
0 
0 
0 
I 
0 
0 
2 
2 
I 

30 
5 
5 
2 
I 
0 
0 
0 
I 
2 
4 
2 
3 
5 
I 
0 
0 
() 

5 
I 

Not<' . Somc rccord' 111\ohcu 'cveral (cg . l: lcgant Tern. Lca't Tcrn) to thousaml' (cg., Lca\t Storm-Petrel) inul\1duals. 

lock d saline lakes "p sse. s a real biological 
unit . " Yet the al ton a diff rs drastically 
from all or these lakes and reservoir. in its avian 
diversity (Hammer 1986). Over 400 specie 
have be n recorded in the Salton Sink (Patten 
l 999)-about 160 of them wat rbird sp cie -
and the miJJions or birds frequenting the area 
annually (Patten et al. 2003) is a, great an abun
dan a. anywhere on the continent (- ee Page 
and Gill I 994) . Jn particular, as we show here, 
a greater vari ty and number of pelagic and sub
tropical waterbirds occur at the Salton Sea than 
at any other inland lake or waterway in w tern 
North America. Thi . pattern is typified by ev
eral pecies that regularly i it the Salton Sea, 
uch a the Brown Pelican (see Tabl 1 for ci

entific name ), Wood Stork, and Yellow-footed 
Gull , but are virtually unknown eL ewhere in the 
interior of we tern North America. In addition, 
many more pelagic and ubtropical wat rbird 

ha e occurred as vagrants lo the alton a than 
to thes th r lake,. 

Th large size of th alton ea might be 
viewed a th chi f reason for the ob ·erved di 
versity, but size alone is not a particularly , at
isrying explanation. After all, the Great Salt 
Lake i a va tly larger body of wat r, everal 
saline lake in the Gr at Ba in ar nearly a. 
large a. the Salton Sea (Jehl 1994), and the com
bined , urface area of the lower Colorado River 
and its anthropogenic reservoirs exceed that of 
the ea (Ro enberg et al. 1991 ). It thu appear 
that one or everal oth r factors contribute to the 
di proportionately high occurrence of waterbirds 
at the Salton Sea. 

Here we detail the pattern of occurrence and 
the relative abundance. of pelagic and ubtr p
ica! waterbird pecie. recorded in the Salt n 

ink, grouped by avian order or family . We pre
sent data on both the higher overall diver ity of 
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these pecies, in compari . on with the whole 
tates of Arizona and Nevada (chiefly to d m

onstrate the much higher diversity at the Sea rel
ative to other part of inland western North 
America), and on the easonality of occurrence 
of these species. We then explore a number of 
geographic, topographic, and climatic factors, 
most of which are not mutually exclu ive, that 
appear to explain the Salton Sea's extraordinary 
diver ity of pelagic and ubtropical waterbirds, 
along with their temporal pattern of occurrence. 
We take a broad-bru h approach, so that we 
might elucidate what geographic and climatic 
factors affect the occurrence of all subtropical 
waterbirds in the Salton Sink. The potential ef
fect we posit probably drive the occurrence of 
ome species more than other. , but a broad view 

adds an important perspective to region-wide 
pattern of occurrence, and empha izes the place 
held by the Salton Sea in the greater lower Col
orado River region (Fig. I). In many way. th 
Salton Sea is le s like an isolated lake in the 
interior of western North America and more like 
an extension of the Gulf of California and Col
orado River delta. 

METHODS 

We concentrated on five orders or families of wa
terbirds: Procellariiformes (alb, tr s. es, hearwaters, 
and storm-petrels), Pelecaniforme. (boobies, pelicans, 
cormorants, and frigatebirds), Ciconiiformes (herons, 
ibises, and . torks), Anatidae (ducks and geese), and 
Laridae (gulls and terns). W re. tricted our analyses to 
bird species that are truly p lagic, or that are coastal 
but with br eding ranges and niches that are essentially 
subtropical . 

We gathered data through an exhausti e review of 
regional reports published in American Bird\ and its 
·u cessors (Field Note5 and orth American Birds), of 
reports of the California Bird Record Committ e, or 
specimens in all major museum collections in the Unit
ed Stat s, and of our own field note'>. Upon c mpila
tion of the data (details of which can be found in Pat
ten el al. 2003), we plotted seasonality of occurrence 
and r lative abundanc . We also scanned American 
Birds and other published sourc s (McCa. kie l 970a, 
Lawson 1977, Monson and Phillips 1981, Alcorn 
J 988, Rosenberg et al. 1991, Rosenberg and WitLeman 
1998) to compile the approximate number of records 
of species of ubtropical waterbirds for Arizona and 
Nevada. We examined topographic maps and the lit
erature (especially Ander on et al. 1977 and Patten and 
Minni h 1997) lo determine which processes might 
generate the observed patterns of occurrence of water
birds at the Salton Sea. 

We performed non-parametric stati tical analy s for 
comparing diversity among Arizona, Nevada, and the 
Salton Sea. Our null hypothesis is bia ed in favor of 
finding larger number of waterbird in Arizona and 
Nevada, both va tly larger than the Sea. Naturally, wa
terbirds concentrate at isolated wetland in arid west
ern North America, o uch locales tend to receive a 

disproporti nate amount of ob erver coverage in each 
region, but particularly in southea tern California, 
western and southern Nevada, and . outhern Arizona. 
We perfor ed a Kruskal-Walli te t on ranked abun
dance for all pecie. , corrected for tie . We examined 
seasonality by p rforming goodne of fit tests on 
sums of rec rds in each taxonomic group for each sea
son, with winter defined as December-February, 
spring as March-May, summer as June-Augu t, and 
fall as September-November. 

RESULTS 

In general there have been more pecie and 
more individuals of pelagic and ubtropical wa
terbirds recorded at the Salton Sea than else
where inland in the southwestern United State 
(Table 1 ). Arizona and Nevada, although ub-
tantially l rger in area than the Salton Sea, have 

significantly lower diversity of the e pecies 
(Kruskal-Wallis Hadj = 15,256.0, df = 2, P < 
0.001 ), although a few pelagic and subtropical 
species, such as the Black-vented Shearwater 
and the tr picbirds, have been recorded in those 
tates but not at the Sea. 

Seasonal pattern of occurrence at the Salton 
Sea are remarkably imilar aero taxonomic 
groups (Fi0 . 2). Whether the specie i recorded 
frequently or rarely, and regardle s of it · order 
or family, each of the pelagic and ubtropical 
birds we r viewed occurs almo t exclu ively be
tween late pring (May) and early fall (Septem
ber). There are exceptions, with one to a few 
winter record of some species ( ee below), but 
the prepon erance of record are for the ummer 
months (G = 84.6, df = 12, P < 0.00 I). 

PRO LLARllFORMES 

The occurr nee at the Salton Sea f species 
of Procellariiformes ha been previou ly um
marized and analy L d (Patten and Minnich 
1997). Not surprisingly, all pecie are vagrants 
at the alton ea, occurring well outside the pe
cies' e. tabli ·heu ranges. Eight pecies have been 
recorded (Table 2), with all bird fir t detected 
between late April and late Septemb r. ome 
bird remained for lengthy period , but none 
stayed later than 9 November (Patten et al. 
2003). T\.\-o occurr nces of storm-petrel , in
volving d zen (Nora in 1998) t thou and 
(Kathleen in 1977) of bird , were a ociated 
with tropical torm that moved north into 
outheastem California from the Gulf of Cali

fornia (Patten 1998). The only storm-petrels to 
reach Arizona were a sociated with these two 
storms (Jones 1999). 

SUBTROPIC L PELECA IFORMES 

Totipalmate bird are common at the Salton 
Sea, with the two temperate specie , the Amer
ican White Pelican (Pelecanus erythrorhynchos) 
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FIGURE 2. Sea onality of occurrence of pelagic and 
ubtropical waterbird at the alton Sea (data are for 
pecie in Table 2 and 3). For all fi e groups peak 

occurrence i · from late spring through earl) fa ll. 
Breeder and regular visitors (e.g., Brown Pelican , 
Gull -billed Tern, Black Skimmer) show the same sea
sonal pattern of occurrence. 

and Double-ere t d Cormorant (Pha/acrocorax 
auritus), occurring regularly. Five subtropical 
pelecaniform have been recorded at the alton 
Sea: the Blue-footed and Brown boobie., Brown 
Pelican, Neotropic ormorant, and Magnificent 
Frigatebird. The two b bies and the cormorant 
are agrant. to the Salton a (Tabl 3), having 
occurred well out id the pecie ' established 
range . All b obie ha e arrived at the Sea be
tween mid-July and mid- eptember, with a few 
remaining into winter. he cormorant has been 
re orded only . ven times, all but once between 
24 April and 1 ept mb r. The c ception was 
an adult cca ionally pr s nt a earl as 27 b
ruary and as late a 10 eptember during its si 
summer. at the Sea, which included a breeding 
attempt (Patten et al. 2003 ). 

The Brown P lican is common in summer and 
fall, mainly from arly May through mid-No
vember, and has recently att mpted nesting, 
once . ucce . fully. Y ar-round number. have in
creased ub tantially ·ince the 1970s (Patten et 
al. this volume), but the specie nonethele. s con
tinue to have a tenfold to hundredfold higher 
abundanc in ummer. The Magnificent Frigate
bird occur nearly annually in small numbers, 
with all re ord between early June and mid
September, ave for one in February (the pecies 
level identification of which i tentative; Patten 
et al. 2003). Number pre ent in any given um
mer vary from none to 25 or more. 

SUBTROPICAL Cleo llFORME 

The Wood Stork is the only subtropical cico
niiform that occurs regularly at th Salton Sea, 
and it ha declined markedly over the pa t 50 

TABLE :2. A S MMARY OF OATES FOR PRO E:LLAR l-
IFORMES RrcORDS AT THE L TO EA 

Species 

Laysan 
Cook's Petrel 
Wedge-tailed 

Shearwater 
Buller''> hearwater 
Sooty Shearwater 
Leach 's torm-Petrel 
Black torm-Petrel 
Least torm-Petrel 

FiN detection date 

02-21 May 
10-24 July 

31 July 
06 August 
28 April-24 August 
30 Jun - 15 September 
14 August-28 Sept mber 
I 0 July-27 September 

Nme.1: "'Fir't detection·· refer' to the date a bird was first detected at the 
alton Sea (for a given record) ; the '>pan I'> of dates of fir'>l dctecuon for 

muluplc record'>. ole the qrong 'easonal J'>peet of occurrence (record'> 
arc exelu\1\cly from late spring through earl:y fall) . 

years (Patten et al. this volume). Neverthele , 
despite its sharp decrea e in numbers, its ea
sonality of occurrence has changed little, with 
almost all bird found 2 May-29 October and a 
decided peak in July and August (Patten et al. 
2003). 

Four southerly herons have occurred at the 
Salton Sea. The Little Blue and Tricolored her
ons are both casual . pring and summer vi . itor 
to the alton ea that have nested, th former 
twice, the latter probably once (Patten t al. 
2003). Apart from one in winter, all records of 
Little Blue Heron fall between early May and 
mid- cpl mber, and most Tricolored Heron re
cords fall h tween mid-April and late S ptem
b r. The R ddish gr t has reached the alton 
Sea ten times, nine between mid-July and early 

eptember, and once in winter. The only Ycllow
crowned Night-Heron wa-. pres nt 27 April-I 
June 1996. 

Three other ')Ubtropical ciconiiforms have 
been recorded at the alton a. The Roseate 
Spoonbill is a highly irregular and a declining 
summer and fall vagrant to the alton Sea, with 
virtually all records b tween arly May and the 
end of October (most mid-May to late ptem
b r); only three birds ha e been recorded in the 
pa t 20 year. (Patten et al. 2003). The only 
White Ibis recorded was one pre 'ent I 0 July-5 
August 1976 that returned 25 June-14 July 
I 977. The first record of Glossy Ibis at the al
ton Sea occurred from 27 May-8 Augu t 2000 
(Patten et al. 2003). The last specie ha ex
panded its range into North America during the 
twentieth century, fir t colonizing Florida, 
spreading we t to Texa and reaching we t Mex
ico in the 1990s and Arizona in 2001 (Patten 
and Lasley 2000, Ro enberg and Jones 200 I). It 
is possible that birds wandering to the Salton 
Sea and southern Arizona originate from we t
ern Mexico, although it is perhap equally likely 
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TABLE 3. A T EMPOR L MMARY OF 0 ,.. RRE CES OF v '\GRA T SLBTROPIC L PELECA IFORMS , Cleo llFORM ' 

TIDS , A D LARID AT TllE ALTO S EA 

Spec ies First detect JOn date Peak 

Blue-footed Booby 
Brown Booby 

12 July- 18 October* 
12 July-06 September 

August/September 
August/Septemb r 
May- July 
July/August 
June- August 
May- Augu, t 
August 

Neotropic Cormorant 
Magnificent Frigatebird 

27 ebruary- 10 September 
04 June- 23 September 

Little Blue Heron 07 May- I 5 eptember* 
Tricolored Heron J 7 A pri 1-0 J October* 
Reddish Egret 
Yellow-crowned Night-Heron 
White Ibis 

11 July- 04 September* 
27 April 

Glo y Ibi 
25 June- IO July 
27 May 

Ro ·eate Spoonbill 
Black-bellied Whi tling-Duck 
Heermann' Gull 

S May- 28 October* 
20 April- IS October 

July-September 
June- August 
July/Augu t 

July Royal Tern 
02 March-04 November* 
12 June- 20 July 

Elegant Tern 
Lea t Tern 

24 pril- 24 August 
15 April- 17 Augu t 

May- July 
May/June 

Notes: " First detection" refers to the date a bird was fi rst detected at the '>Ca (for a g iven record ); the '>pan is o f dates of fir'>l detection l'or multiple 
records. " Peak" refers to the period when most records have accumulated. An asteri'>k sig nific-. that the spec ie-. has wintered al the alton ca once 
or twice (see Patten et al. '.!003). ote the strong tendency for bird'> to appear between late spring and earl y fall. 

they originated from outheastern North Amer
ica. 

UBTROPICAL A ATIDAE 

Both ubtropical whi , tling-duck found in 
continental North Am rica occur at th alton 
Sea. The Fulvou Whi tling-Duck wa, formerly 
a fairly common re id nt, most abundant in 
summer and fall. It is now rare and declining as 
a breeder (Patten t al. this volume) , occurring 
between early April and early November, with a 
minor influx of birds from the south in June 
thr ugh August. Th Black-bellied Whistling
Duck, which ha been increa, ing in numbers in 
n rthwe tern M xic (Ru ell and Monson 
199 ) and Arizona (Ro enberg and Wil/eman 
I 9 ), is a ca ual , umm r and fall visitor to the 
alton S a, primarily b tween lat May and late 

Augu t, with two records for mid-April and an
other 15 October-4 No ember. 

Yariou es entially eagoing waterfowl occur 
regularly at the Salton Sea (Patten et al. 2003), 
particularly the Brant (Branta bemicla). c ters 
(Melanitta pp.), and Red-brea ted Mergan, er 
(Mergus serrator), but the e north-temperate 
breeders do not have the same pattern of occur
rence a their ubtropical relative . Mo' t occur 
principally as uncommon or rare pring mi
grant , moving through the Salton Sink cone m
itant with the pa age of pring h rebird, (Pat
ten et al. 2003). 

SUBTROPICAL LARIDAE 

An impre sive number and vari ty of gull 
and tern ne ting north of the Salt n ea pas 
through the area a migrant , or pend th winter 

on the Sea. The ame ariety can be expected to 
occur at any aline lake in the We t. It i the 
more outherly gulL and terns and the Black 
Skimmer that w consider subtropical. 

Both the Gull-billed Tern and Black Skimmer 
nest fairly commonly at th Salton Sea, the for
mer since 1927 (Pemberton 1927; Molina this 
Folume), the latter since 1972 (Mc askie et :ii. 
1974; Molina this volume). Gull-bill d Terns ar
rive in mid-March (earliest 5 March 1995), and 
most have departed by eptember. Skimm rs ar
rive in early April (earli st I April 197 ), and 
most ha d parted by mid-Octob r. The Laugh
ing Gull formerly nested (until 1957) at th al
lon ea, and has attempt d to do ,·o recently 
(since 1994; M lina 2000a, this volume), but it 
is now primarily a fairly common post-breeding 
visitor from ne ting colonies in the ulr of al
ifornia. Most occur between mid-June and late
September, with counts a, high a 800+ in late 
July 1979. The Yell w-foot d Gull i , a comm n 
post-breeding vi ' itor from the Gulf of alifor
nia. Most are pre, ent b tween late May and the 
end of August, with hundred or even thousand 
present in July (Patten 1996). 

Beermann 's Gull and the Least Tern are both 
rar vi itors to the Salton Sea. The gull generally 
occur between early April and early October, 
with mo t records from July and Augu t. All 
rec rd f th Lea ' t Tern fall between mid-April 
and mid-August, with mo, t from June. The 1-
egant Tern i a ca, ual vi itor, with mo t o cur
ring between mid-May and mid-June, but with 
ingle records for late April and mid-Augu t. 

The Royal Tern is even rarer, with four or five 
record between mid-June and mid-July. 
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DI CUSSION 

The five orders and familie we considered 
are taxonomically unrelated, yet pecies in each 
group how the same general pattern of seasonal 
occurrence in the Salton Sink. Namely, mo. t re
cords are between late April and early October, 
with peak number from June through early Sep
tember (Fig. L ). Several pecies have never 
reached other areas in inland we tern North 
America (Table 1 ), and there are many fewer 
record for some that have (e.g., Brown Pelican, 
Magnificent Frigatebird, Beermann 's Gull, Least 
Tern), with southern Arizona generally having 
more record than outhern Ne ada ( ee Mc
Ca. kie l 970a, Monson and Phillips 1981, Al
corn 1988, Rosenberg et al. 1991). Only two 
pecie occurring in ubstantial numbers how a 

contrary pattern; the Neotropic Cormorant and 
Black-bellied Whistling-Duck have expanded 
into outheastern Arizona from Sonora (Rosen
berg and Witzeman 1998) but remain rare far
ther we t and north. Pattern. in our data lead us 
to two que. ti on : ( 1) why are pelagic and sub
tropical waterbird ncountered o much more 
frequently at the Salton Sea than at the other 
inland lake in the We. t (. aline or not)? and (2) 
why do pelagic and ubtropical waterbirds occur 
in th alton Sink almost exclu i ely between 
lat spring and early fall? 

0 RRE CE 

!though the alton ca provides a relatively 
large targ t for pas. ing wat rbirds, we suggest 
that th geography and climate of the region also 
figur prominently in under. landing the dispar
ity ob er ed in subtropical wat rbird di er~ity 

b twe n the alton ea and oth r inland It ca-
tion . in western N rth merica. The topography 

ink and its proximity to the ulf 
of alifornia ( ig. I), and weather pall rns in 
the region a a whole combine to affect bird 
movement and occurrence. 

The Salton Sea i farther south than the other 
aline lakes in the West, and considerably closer 

. to the Gulf of California, where seabird and 
·ubtropical waterbirds regularly occur. The Gulf 
supports ne ting colonies of four of the five sub
tropical Pelecaniform s, and the N otropic Cor
morant nest commonly in those part or Mexico 
adjacent to the ea tern shore of the Gulf (Pala
cios and Mellink 1992, 1993; Mellink and Pa
lacio. 1993, Patten et al. 2001). Wood Storks 
and Ro eate Spoonbills nest, formerly c mmon
ly, in the western part. of Mexico adjacent to 
the Gulf of California (Ru ell and Monson 
1998). All four of the . ubtropical herons nest in 
southern Baja California as well a · in mainland 
west Mexico (Rus ell and Monson 1998, Howell 

et al. 200 l ), and all seven of the subtropical La
ridae found at the Salton ea ne. t in the northern 
Gulf of alifornia (Palacios and Mellink 1992, 
1993; Patten et al. 2001 ). Of the eight Procella
riiformes r~corded on the Salton Sea, only the 
Black and Lea t storm-petrels are known to ne t 
in the Gulf of California, the other six riginat
ing from farther south. 

Brown Pelican regularly disper e northward 
along the Pacific coast after nesting, evidenced 
from record. from as far north as British Colum
bia (Campbell et al. 1990). Large numbers of 
Brown P lican also move northward in the Gulf 
of California at thi . ame time (Anderson et al. 
1977), and small number of boobie and Mag
nificent Frigatebird sporadically do so a well. 
Subtropical Ciconiiforme in the eastern United 
States and Canada how a similar northward pat
tern of disper al after ne ting (Palmer 1962). 
Breeding populations of Elegant Terns and 
Laughing and Yellow-f oted gulL in the Gulf 
commonly di per e northward after ne ting (Gar
rett and Dunn 1981, McCaskie 1983, Burnes. et 
al. 1999). ach of th se species i coastal and 
seldom occurs even a short distance away from 
the ocean, except f r at the Salton Sea. 

However, m re proximity to the Gulf of Cal
ifornia may not fully explain th s pattern. (Fig. 
1 ). rter all, southwestern AriLona, including 
many large r servoirs on th olorado Ri er, is 
equally close to th ulf, but has had a small 
fraction of the number of r cords and the num
ber or individuals that occur regularly. H sub
tropical :pccies simply tended to wander north
ward after breeding, on might e pect them to 
occur on a broad r front throughout southern 
Nevada ant.I rizona, rather than cone ntratcu in 
a -;ingk lo ·ale. Topogr~ phy at the head of the 
Gulf or California and surrounding the Salton 
Sink is probably an important factor in e plain
ing the observed patterns or occurrence. Land is 
low-lying ant.I flat between th h ad of the ulf 
of California and the alton ink (the elevation 
not exceeding 50 m), and there are mountains 
on the other three sid s: th Penin . ular Ranges 
to the west, the Trans erse Ranges to the north, 
and the rocopia and hocolate mountains to 
the east. If a major mountain range eparated the 
Gulf from the Sea, dispersal between them 
would likely be much low r. Instead, th low
lying area, much of it below sea level, d es not 
function as a barrier to di persal. In addition to 
the vast expanse of aquatic habitat at the alton 
Sea and its environs, northbound bird leaving 
the shore. of the Gulf ot California immediately 
encounter numerous wetlands in northea tern 
Baja California and northwest rn Sonora that of
fer suitable habitat for seabirds and other pecies 
a ociated with fr . hwater. Some of these im-
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portant wetland include the Cienega d anta 
Clara, Laguna alada, oxbow lake on the Rf 
Hardy (Fig. l; Hinojo a-Huerta et al. thi vol
ume), and the exten ive pond sy tern at Campo 
Geotermico C rro Prieto (Molina and Garrett 
2001; Patten et al. 2001, 2003), which likely fa
cilitate movement between the Gulf of Califor
nia and Salton Sink. Similar linkage of aquatic 
habitat extend from the Gulf up the lower Col
orado River to Arizona and Nevada, but many 
fewer ubtropical waterbird follow thi route 
northward (Ro enberg et al. 1991, Patten et al. 
2003). Thi ea tern portion of the lower Colo
rado River drainage and the urrounding Sono
ran Desert ha relatively greater topographic re
lief compared to the Sink, likely limiting di -
per al in that direction. Once pelagic and ub
tropical waterbird move north into the Salton 

ea, they find an environment in which they can 
ur ive, but may be inhibited from moving far

ther north, we 't, or ea t by mountain . Although 
ome bird certainly do move over the e moun

tain , or through pa es between them, the e 
mountain ranges and the arid lands lying beyond 
probably di c urage movement by ome specie, . 

Finally th Salton Sea's cology probably also 
contribute to its di tinction as an area of high 
diver ity and abundance. Bayly ( 1972) noted 
that many pecies of fish d not tol rat high 
levels of salinity. The S a is highly saline (about 
40- 44 ppt), although its level of salinity is not 
nearly as gr at as that of some other inland lakes 
in western North America such as Mono (89 
ppt), Salada ( 100 ppt), and Great alt (280 ppt), 
none of which supports fish (Hamm r 19 6). 
Other salin lakes in this region, such as Pyra
mid (6 ppt), Litt! Quill (20 ppt), and Walker 
(I I ppt), do support fish or ven sport fi , heries 
(Hammer 1986), but lag well behind the Salton 

ea in avian diversity. till, it i · evident that the 
salinity of the alton ea, about 2511£ above that 
of the ocean, allows fish t sur iv and th r fore 

b iou , ly pro ides habitat for pisci orous birds. 
Non of th hypothesiLed factors that we ha e 

di cu sed are mutually e elusive, and each prob
ably plays a rol in producing the high waterbird 
diver_ ity at the Salton Sea relative to surround
ing areas. 

SEASO ALITY 

The predominant flow of air into the Salton 
Sink in fall and winter i from the north and 
west. However, monsoonal flow from the outh 
occur annually in the late pring and ummer, 
with a strong flow of air pu 'hing northward from 
the Gulf of California into the Salton Sink at this 
time (Patten and Minnich 1997). Monsoonal 
flows no doubt aid the pa , ag of pelagic and 
subtropical bird from the Gulf f California to 

the alton Sea (And rson et al. 1977, Patt n and 
Minnich 1997), as most migrating or <lisper ing 
birds are known to follow favorabl tailwind 
(see Gauthreaux and Able 1970). If wind flow 
were persistently fr m the north throughout the 
year, di persal to the alton Sea from the Gulf 
would doubtle be hampered. Additionally, 
high ummer temperatures in the Gulf create 
trong thermal (Ander on et al. 1977), on 

which at lea t large oaring bird (e.g., Brown 
Pelican , Magnificent rigatebird ) can ride with 
ease. Such thermal , in concert with the predom
inant northward wind flow, probably aid ummer 
di per al to the ea by these pecie that nor
mally do not tray away from the immediate 
coast. 

One other factor, ea onal changes in ocean 
temperature, i likely to play a role for at lea t 
some , pecie , principally the highly oceanic pro
cellariiform . Sea surface temperature in the 
northern Gulf of California remain con tantly 
high, while tho e off we t Mexico are normally 
I w (Soto-Mardones et al. 1999). During mon
soonal flows, . ea urface temperature off the 
central coa t of west Mexico increa e to create 
an expanse of p lagic habitat that i thermally 
uniform with warm waters of the northern Gulf, 
thus enabling Procellariiforme and other bird 
moving northward off we tern M 'xico t more 
easily enter the ulf of California and stray 
north to the Salton ea (Patten and Minnich 
1997). 

ONCLUSJON 

Because of its geographic etting, ecology, 
and climate, the alton a i a unique compo
nent f th desert outhwcst. Waterbird, , many 
of which occur sparingly or not at all elsewher 
inland in arid western North America, are abun
dant at the a. Th re is probably no sing! hy
pothesis that best xplains the Sea's remarkably 
high di ersity of wat rbird , relative t oth r in
land areas, although its proximity to the Gulf f 

alifornia and the low-lying ten-ain b tween it 
and the Gulf are e celJent andidates. en 
the Sea' large size and p rsi tent populati n of 
fi h, as well as it I ation-bordered by m un
tains in nearly all direction except to the south, 
toward the Gulf-and the region' ea onal wind 
patt rn , likely contribute to the patt rn, we de
, cribed. 

The pattern of ccurrence of the variou bird 
we have con idered, in concert with pro e e of 
disper al we ha e hyp the ized, olidify th phy -
ical and biological onne tion between the Salton 
Sink and the Gulf of alifomia recognized by pre
viou worker (Syke, 1937, Anderson et al. 2003). 
Mo t of the Procellariifonne and some of the ub
tropical waterbird we di cu do not regularly oc-
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cur in the northern Gulf, and many that do occur 
ther are found in the Salton ink only a vagrants. 
Howev r, for a few pecies, most notably the 
Brown Pelican, Wood Stork, Fulvous Whitling
Duck, and several breeding larids, w should take 
the broader geographic view; plan for their man
agement and con ervation at the Salton Sea mu t 
al o con. ider their well-being in the adjacent Gulf 
of Cali fomia. 
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ANNUAL COLONY SITE OCCUPATION AND PATTERNS OF 
ABUNDANCE OF BREEDING CORMORANTS, HERONS, AND IBIS 
AT THE SALTON SEA 

KA THY C. Mou A A o KE K. STURM 

Abstract. The Salton Sea, a large aline lake in outheastern California, upport sizeable population 
of colonial breeding herons, cormorants, and ibi . Although concern recently has been expres ed over 
the ea' highly saline and eutrophic waters and its continued ability to support large breeding pop
ulations of piscivorou birds, little information ha been published on the e birds' di tribution and 
abundance there. We ummarize data on pecie abundance, species composition, and annual patterns 
of colony site occupation derived from urveys conducted by the Salton Sea National Wildlife Refuge 
from 1986-1999. The Great Blue Heron (Ardea herodias), Great Egret (Ardea alba), nowy Egret 
(Egretta thula), and Cattle Egret (Bubulcus ibis) bred annually. The Black-crowned Night-Heron (Nyc
ticorax n_vcticorax), Double-ere ted Cormorant (Phalacrocorax auritus), and White-faced Ibis (Ple
gadis chihi) bred in 13, 8, and 4 years, respectively. Two species, the Brown Pelican (Peleca11us 
occide11talis) and Little Blue Heron (£. caerulea), bred only in a ingle year, and the Tricolored Heron 
(E. tricolor) was u pectecl to have bred in one year. The mean (± SD) annual number of breeding 
colonial waterbird during the study period was 8228 ± 9513 pairs. Cattle Egrets and Double-crested 
Cormorants were most numerous with mean annual abundance of 6149 ± 8674 and 1531 ± 2027 
pairs, respectively. Great Blue Herons were most widespread, breeding at a mean of 7.2 ± 5 colony 
sites (N = 14 years) , whereas White-faced Ibis were confined to a ingle ne ting site in each year that 
they bred. Although colony site were distributed over the entire horeline, most were concentrated 
near river delta where ignificant stands of dead snags were isolated from the shoreline. Our data 
suggest that Salton Sea colonies of these specie are regionally important in ize and species richness 
and the information we provide could aid habitat management and enhancement strategie. for an 
important component of the Salton Sea avifauna. 

Key Words: ardeids; colonial breeding waterbirds; colony site occupation; cormorants; ibis. 

OCUPACIO NUAL D L SITTO DE COLONIA Y PATRONES DE ABU DANCIA DE COR-
MORANE , GARZAS E IBISES QUE E REPRODU EN EN EL MAR S LTON 

Reswnen. El Mar Salton, un cxtenso Iago salino en el sureste de California, mantiene poblaciones 
de corrnoranes, gauas e ibises de reproducci6n colonial de tamafio considerable. unque reciente
rnente se ha expresado interes en la alta salinidad y eutrofizaci6n de las aguas del Iago y su habilidad 
continua para soportar extensas poblaciones reproductivas de aves piscfvoras. muy poca informaci6n 
ha sido publicada acerca de la distribuci6n y abundancia de estas aves en el area. Resumimos las 
datos de la abundancia de especies, composici6n de especies y patrones anuales d ocupaci6n del c itio 
de colonia derivados de muestreos conducidos par el R fugio Nacional de Vida Silvestre del Mar 

alton entre los afio:-, 1986- 1999. La Gar La 1 wena ( rdec1 herodias), la Garza Blanca (Ardea alba) , 
la Garceta Pie Dorado (Egretta thula) y la Garza Ganadera (Bubulcus ibis) se reprodujeron anualmente. 
El Pedrete orona egra (Nycticorax 11ycticorax), el ormoran Orejudo (Phalacrocorax aurillls) y el 
Ibi , Cara Blanca (Plegadis chihi) se reprodujeron en 13, 8 y 4 afios, re:-,pectivamente. Do especies, 
el Pelfcano Pardo (Pelecwws occidentalis) y la Garceta ALul (E. caeru/ea) s reprodujeron solo en 
un afio, y se c ospecha que la Garceta Tricolor(£. tricolor) se reprodujo en un afio. El numero promedio 
( ± OS) anual de aves acuaticas coloniales que ~e reprodujeron en la zona durante el p riodo dee. tudio 
fue de 8228 ± 9513 parejas. La Garza Ganadera y I Cormoran Orejudo fueron las mas abundance 
con abundancias promedio de 6149 ± 8674 y 1531 ± 2027 parejas, respecti amente. Las Garza 
Morena , fueron las mas diseminadas. reproduciendose en un promedio de 7.2 ± 5 itios de colonia 
(N = 14 afio ), mientras que las Jbi es de Cara Blanca estuvieron confinados a un unico itio de 
anidamiento en cada afio que se reprodujeron. Aunque las itio de colonia estuvieron distribuidos 
sobre toda la lfnea de co ta. la may rfa de las itios e tuvieron concentrados cerca de deltas donde 
groupos ignificativos de troncos muertos se encontraban aislados de la lfnea de costa. uestros datos 
sugieren que las colonias dee tas especie en el Mar alton on regionalmente importante en tamafio 
y riqueza de especies, y la informa ion que proveemos podrfa ayudar en el manejo del habitat y 
mejoramiento de estrategias para un componente importante de la avifauna del Mar Salton. 

Palabras cloves: ardeido ; ave acuaticas de reproducci6n colonial; cormoranes; ibi e ; ocupaci6n 
de sitio de colonia. 

The Salton Sea, a large aline lake in outhea t
ern California, provides important habitat for a 
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diver e uite of migratory and resident water
bird (Shuford et al. 2000, 2002b). Abundant 
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population of colonial br eding heron (Ardei
dae), gull , tern , and kimmer (Laridae), cor
morant (Phalacrocoracida ), and ibi (Thres
kiornithidae) occur widely around the Salton Sea 
and at other as ociated wetland and agricultural 
lands ( huford et al. 2000). However, increasing 
concern ha been expre ed r cently over the 
Sea' highly aline (41-44 ppt; Setmire et al. 
1993, Schroeder et al. 2002) and eutrophic con
ditions (Holdren and Montano 2002). Additional 
concern ari e from anticipated water tran fer 
from the Imperial Valley to urban region , which 
are expected to reduce fre hwater inflow to the 
Salton Sea, accelerate incr a e in alinity, and 
exacerbate threats to existing fi h and inverte
brat prey population (Ri del et al. 2002) and 
to the avifauna which depend on them. 

Grinn 11 (1908) and Dawson (1923) provided 
the fir t hi torical accounts of the apparently 
abundant breeding population of American 
White Pelicans (Pelecanus erythrorhyncho ) and 
Double-ere ted Cormorants (Phalacrocorax au
ritus) that colonized the Sea oon after it for
mation in 1906-1907. Sub equently, however, 
littl information ha been published about the 
community of colonial br eding waterbird . 
Whereas M Jina (1996, 2000a, this volume) ha. 
rec ntly d tailed the tatus of breeding Jarid 
during the 1990 , and Warnock et al. (this ml
wne) and Shuford et al. (2000) documented the 
distribution and abundanc of br ding water
birds at th alton Sea in a single year, no rep rt 
has y l do umented the tatu of non-larid co
lonial breeding wat rbird o er a longer term. 
H r w report th pecies c mpo ition, p ci . 
abundanc , and annual part ms of it ccupa
tion f bre ding cormorant, heron, and ibi · c 1-
onies at the alton S a from 1986 through 1999. 

METH D ' 

We used annual census data collected by pcrs nnel 
of the onny Bon alton ea National Wildlife Ref-
uge (hereafter WR or refuge) from 19 6 through 
1999 to summariLe population trends and site occu
pancy of colonial nesting herons, cormorants, and ibis. 

NWR personnel began surveys of all acti e col ny 
ites along the Salton Sea shoreline in 1991 (Fig. I). 

Because regular censu es of th two large colonies at 
the north end of the Sea, Johnson Street and 76th Av
enue, did not begin until then, we included the data 
collected by N. Hogg (in etmire et al. 1993) at the. e 
locations fr m 1986 to 1990 with th se collected by 
refuge p rsonnel to form a more complete e timate of 
the annual number of breeding pairs for the study area. 
Becau e Hogg' 1986-1990 data did not differentiate 
between the Johnson Street and 76th Avenue location , 
we lumped our 1991 through 1999 cen us re ult for 
these two colonie , as " orth End," t facilitate com
parisons of colony size and species richne for the 
tudy area over the longer term. Finney and Ramer 

lakes were fir t cen u ed in 1992, although Finney 

Lake was al o ccupied in 1991 (Fig. l). The refuge 
conducted censuses, usually performed on foot r by 
boat, at at least monthly intervals from late March 
through June. Aerial survey , at irregular interval , 
were u ed to identify colony locations and to ome
time augment ~ ot and boat censu e of Great Blue 
Herons (Ardea herodias) and Double-ere ·ted Cormo
rant · in 1992, 1993, and 1997. In 1999, count of 
Great Blue Heron , Great Egret (Ardea alba), and 
Double-ere ted Cormorants at the New and lama riv
er delta were derived from a combination of aerial 
and boat urvey conducted by Point Reye Bird Ob
servatory a described by Shuford t al. (2000). Cen
su e took place from distance sufficient to prevent 
colony flushing, and the number of acti e ne ts wa 
recorded. Active nests were those attended by a re
clining (or incubating) adult or containing young. 

Difference in nesting behavior among . pecie in
fluence the ea e with which pecie. are detected and 
censused. We are least certain of our population e ti
mate. for Cattle Egret (Buhulcus ibis) becau of this 
pecies' tendency to ne. t in dense aggregation well 

within tructurally comp! x vegetation. We are confi
dent that we detected all colonies of Black-er wned 
Night-Herons along the shoreline, but we may have 
failed to detect small aggregation of thi'> pecie and 

f White-faced Ibis in well-vegetated wetlands away 
from the Sea. 

To estimate the annual number of pair for ach spe
cies, we summed th p ak number of acti e ne ·ts at 
each colony site, taking into account the timing of 
whole colony desertions and the stablishment of new 
colonies late in the season . Because we could not dif
ferentiate b tween the att mpts f late n sters and 
those of failed ne ters that may have relocated to dif
ferent colonies. th numbers we rep rt best reflect the 
minimum numb r of pairs . Means were cal ulated \ ith 
non-7ero data only and are reported with :t I so. 

We note two additional d partures from the cov r
age fforts de cribed abo' e . In 1994 the Alamo River 
d lta was not surveyed because it becam inaccessible 
during dredging activity conducted b th Imperial Ir
rigation District. !though aerial sur eys were not 
conducted to confirm the presence or absence of col
onies in 1994, we suspect that disruption posed by 
dredging, which curred simultaneously with the on
set of the breeding sea. on, was sufficiently high to 
deter the formation of any large colonies. In 1995, our 
censuses of reat, nowy (Egretta tlwla). and attle 
egrets may have been incomplete at the Alamo and 
New river deltas as these sites were n t visited after 
mid-May. The breeding chronology of egrets and cor
morants nesting at the river deltas and at Ramer Lake 
during our study was rea onably synchronous, with the 
onset and peak of incubation occurring by mid-April 
and early May, respectively (refuge records; K. Moli
na, per . ob .), wherea Great Blue Heron. initiated 
incubation by late March. Because both the ew and 

lam ri r deltas had n t traditionally attracted large 
number of ne ting cormorant or ardeids other than 
Great Blue Heron , w suspect that the. e deviations of 
urvey coverage would not have substantially altered 

the peak ne t totals th re. 
Herons and egrets were known to ne t at two loca

tion in the Imperial Valley out ide of our tudy area. 
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Whitewater R. 

Riverside Co. 

Imperial Co. 

Trifolium 
Drain 

Westmorland • 
Eucalyptus Grove 

FIGUR J. Lo alion of breeding colony site. in sludy area from 1986-1999. 

One was Brunt' Corner, a small stand of tamaris!._ 
southea t of Brawley in which only Cattle Egrets nest
ed; this ite wa abandon d by 1992. The other wa a 
eucalyptu. grove south of Westmorland, a ite known 
to be occupied by "700 egret " in 1994 ( S WR 
file ); this site was also occupied in 1999 (Shuford et 
al. 2000). Despite the lap es de cribed above, we be
lieve these data remain useful in describing the annual 
abundance and patterns of occupancy of major colony 
site for breeding ardeid , cormorants, and ibi al the 
Salton Sea over the last 14 year . 

RESULTS AND DISCUSSION 

POPULATIO SIZE A D TRE DS 

Nine pecie of colonial waterbirds were de
tected breeding and one pecie was u pected 
to have bred in the tudy area from 1986 through 
1999. The Great Blue Heron, Great Egret, 
Snowy Egret, and Cattle Egret bred annually· 

the Black-crowned Night-Heron (Nycticorax 
nycticorax) bred in all years exc pt on . The 
Double-ere ted Cormorant wa not detected as a 
breeder from 1988 through 1994, and the White
faced Ibi (Plegadis chihi) wa detected breed
ing only from 199 l through 1994 (Table 1 ). The 
Brown Pelican (Pelecanu.s occidentalis) and Lit
tle Blue Heron (E. caerulea) bred in only one 
year of the study, and the Tricolored Heron (E. 
tricolor) wa u pected of breeding once. At 
least three pair of pelican bred and ucce s
fully rai ed young in J 996 at the Alamo River 
delta among elevated mat of dead cane (Phrag
mites p.; Sturm 1998). Although three to five 
pelican ne ts were con tructed on the rocky islet 
off of Obsidian Butte (Fig. 1) in 1997, no eggs 
were documented (K. Sturm, per . obs.). A pair 
of Little Blue Herons ne ted at Brunt' Corner 



TABLE l. PEAK ANNUAL NUMBER or BREEDING PAIRS OF COLOl\IAL WATERBIRDS <\ND NUMBER OF OCCUPIED SITES (IN PARENTHESES) AT THE SALTON SEA AND FINNEY 
AND RAMER LAKES FROM J 986 TO 1999 

Double-crestctl Great Blue Great Snowy Cattle Black-crownetl White-faced 
Year Cormorant Heron Egret Egret Egret Night-Heron Ibis Totab 

1986 24 (J) 399 (2) 49 (I) 76 (I) 2,094 (1) 5 (l) 0 2,647 
1987 63 ( 1) 284 (2) 109 (2) 112 (2) 2,957 (2) 12 (l) 0 3,537 
1988 57 (l) 248 (2) 297 (2) 52 (2) 2,428 (2) 0 0 3,082 
1989 0 IO (ll 117 (2) 340 (2) 896 (2) 35 (I) 0 1,398 
1990 0 27 (3) 118 (I) 226 (I) 42 (I) 98 (l) 0 511 
1991 0 62 (6) 554 (4) 295 (2) 150 (2) 160 (2) 1003 (l) 1,321 
1992 0 116 (17) 361 (6) 198 (2) 30,055 (2) 1,417 (2) 370 (1) 32,517 
1993 0 59 (9l 265 (7) 1,981 (4) 19,035 (2) 921 (3) 320 (I) 22,581 
1994 0 51 (6) 497 (5) 322 (2) 800 (l) 14 (2) so (l) J,734 
1995 48 (2} 126 (8) 418 (4) 120 (I) 4,000 (I) 15 (I) 0 4,727 
1996 758 (4) I 18 (9) 972 (5) 524 (5) 1,320 (3) 88 (6) 0 3,780 
1997 2,590 (3) 199 ( 10) 514 (6) JOO (4) 8,506 (3) 456 (4) 0 12,365 
1998 3,284 (5) 369 (8l 227 (5) 337 (4) l I, 138 (5) 232 (4) 0 15,587 
1999 5,425 (6) 888 (18) 165 (6) I 67 (3) 2,660 (1) 100 (2) 0 9,405 

No. of pairsb 1,53 I :±: 2,027 211 :±: 231 333 :±: 247 346 :±: 489 6, 149 :±: 8,674 273 :±: 428 210 :±: 159 8,228 :±: 9,513 
Coefficient of variation 132 109 74 141 141 157 76 
No. of occupied sitesb 2.9 :±: 2 7.2 :±: 5 4 ::!: 2 2.5 :±: l 2.0 :±:I 2.3 :±: 2 1±0 
a Source: McCaskie ( 1991 ). 
h Mean :!:: so on non-zero tlata only. 
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Aerial overview (upper photo) and clo e-up view (lower photo) of the Alamo River delta, where 
large numbers of colonial waterbird nested in exotic riparian and mar h vegetation (Photos: W. D . Shuford , 
April-May 1999). 
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FIGURE 3. Aerial overview (upper photo) and clo e-up view (lower photo) of Mullet I ' land, near the mouth 
of the Alamo River, where a large colony of Double-crested Cormorants formed during the late J 990s (Photos : 
W. D. Shuford, February 1999). 
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in 1991 (McCa ki 1991), and a pair of Tricol
ored Herons wa u pected to have bred in 1994 
at Finney Lake (Patten et al. 2003). 

A mean annual total of 8228 ± 9513 pairs of 
cormorants, heron , egret and ibis bred during 
the tudy (Table 1 ). The Cattle Egret and Dou
ble-crested Cormorant showed the greate t mean 
annual abundance . Although the number of 
breeding pair for all pecie fluctuated annually 
throughout the period, coefficient of variation 
were greate t for the Black-crowned Night-Her
on, Snowy Egret, Cattle Egret, and Double
cre ted Cormorant (Table 1 ). Cattle Egrets are 
highly terre trial and gregarious, may wander 
extensively, and temporarily colonize site de
pending on environmental condition (Telfair 
1994 ). These behavior , the difficulty in cen u -
ing ne ting colonie , and the fact that ne ting 
colonie may have formed at times in numerou 
eucalyptus or Tamarix woodland and small 
wetlands disper ed throughout the Imperial Val
ley outside of our tudy area, may have further 
biased our ob ervation of this pecies. Such 
confounding factor (namely difficulty in cen-
using colonies) might also hold for the Black

crowned Night-Heron. 
The general pattern of abundance for the Dou

ble-crested Cormorant, a species who e popu
lation ize increased by nearly two orders of 
magnitude from 1995 to 1997, wa noteworthy. 
Cormorant were apparently abundant at the Sea 
from shortly after its formation until at lea t 
1913 (Grinnell 1908, Dawson 1923 ). Although 
data are few, their numbers dimini hed during 
subsequent decade. (Rem en 1978). Cormorant 
were not cen u ed after J 999, when over 5000 
pair n ted on Mullet lsland ( huford et al. 
2002b), but their numbers have clearly d clined 
in ubsequ nt ears (K. Molina, pers. obs.), with 
none ob erved ne ting at Mullet I land in 2001 
and 2002 (C. Pelizza, per . comm.). 

The dynamic nature of Double-ere ted Cor
morant population in North Ameri a over the 
pa t century (Hatch 1995) ugge t that they 

FTGURE 4. Size and relative nesting abundance at 
six main colony ites urveyed during the tudy period. 
Species name and codes are Double-ere ted Cormo
rant (DCCO), Great Blue Heron (GBHE), Great Egret 
(GREG), Snowy Egret ( NEG), Cattle Egret (CAEG), 
Black-crowned Night-Heron (BCNH), and White
faced Ibis (WFIB) . John on treet wa unoccupied in 
1994, a was the New River Delta in 1987 and 1989. 
Finney Lake was occupied from 1991 to 1993, and 
Ramer Lake wa. fir t colonized in 1994. Values at the 
top of each bar are the peak number of active nests. 
Asteri sk indicate an incomplete cen u ( ee Methods). 
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TABLE 2. M EAN M BER OF A T IVE EST A D SPECIES RI CH ' ESS (::±:: SD ) FOR C ORMORA T, H ERO , E GRET, 

A D IBIS C OLO y SITES ALO G S ALTO S EA SHORELL EA D AT F1 EY A D R AMER L AKES 

Colony site 

North Enda 
76th A venueb 
Johnson Streetb 

State Recreation Areac.d 
Bombay Beachd 
Mal lard Road 
Ibis Road 
Wister Unitd,e 
Mullet I land 
Morton Bayd.e 
Alamo River Delta 
Red Hill Bayd 
Obsidian Butte 
Lack/Lind~ay 

New River Delta 
Trifolium Draind 
Poe Road 
Elmore D e ert Ranchc 
San Felipe Creek Southd 
Salton Sea Te t Based 

I st Avenued 
Ramer Lake 
Finney L ake 

es ts 

1, 106 ::!:: 791 
513 ::±:: 306 
228 ::±:: 194 

5 
7 ::±:: 4 
4 ::±:: 3 

26 ::±:: 14 
7 

2, 129 ::±:: 2, 158 
1 

173 ::±:: 273 
11 ::±:: 9 

295 ::±:: 450 
25 ::±:: 14 

703 ::±:: 1,414 
59 ::±:: 78 
28 ::±:: 25 

18 
5 ::±:: 2 

16 ::±:: 17 
2 ::±:: 2 

3,403 ::±:: 3,2 16 
26,776 ::±:: 7,1 36 

Species richness Years occupied 

5.1 ::±:: 0 .7 14 
4 .1 ::±:: 0.6 9 
4.8 ::±:: 1.3 8 

I l 
I ± 0 9 

1.3 ::±:: 0 .5 6 
1.8 ::±:: 0.5 7 

I l 
1.2 ::±:: 0.4 5 

I I 
2.3 ::±:: 1.6 8 

1 ::±:: 0 2 
2.1 ::±:: 1.5 7 
1.5 ::±:: 0 .6 4 
2.4 ::±:: 2.2 12 

1 ::±:: 0 2 
2 ::±:: 0 .6 6 

2 1 
1 ::±:: 0 2 
I ± 0 2 
1 ::±:: 0 5 

4.3 ::±:: 1.9 6 
5 ::±:: 0 2 

Note: Means :!: D ca lculated o n non-zero data and o nly fo r s ites occupied fo r '>2 yea r'> . 
a orth End curnb ine'> data from refuge anJ N llogg (unpubl. Jata) fo r 76th Aven ue and Juhnsun t1 ee t 1..lllo111c' f 10 111 1986- 1999. 
h Derived from separa te censuses conducted at each '>i te from 199 1- 1999. 
<Single year of o ·cupation = 1992. 
d o le nc'>tling 'pecies was the Great Blue Heron . 
c ing lc year of occupation - 1999. 

readily respond to change in environmental 
condition . Factors intrin ic to the alton Sea, 
uch as prey abundance and ne t site availabil

ity, are likely to be important influences on their 
population growth and contrac ti on. Although the 
sportfi shery has lacked ontinuou and rigorous 
examination since the initial in e tigation by 
Walker t al. ( 1961 ), the period of dramatic in
crease of breeding cormorants at the Sea coin
cided with an apparent explosive increase in the 
number f tilapia ( Oreochromis mos ambicus), 
as well a. with several large mortality event of 
fish and fi sh-eating bird (USFWS 1997, Riedel 
et al. 2001, Rocke et al. this volume) . 

The current portfi hery wa e tabli hed 
through introduction of marine specie (primar
ily orangemouth corvina, Cynoscion xanthulus; 
bairdiella, Bairdiella icistius; and argo, Aniso
tremus davidsoni) by California Department of 
Fi h and Game in the early 1950 . . Population · 
of the. species flourished as indicated by the 
impres ive recreational catch rate of 1.88 fi hJ 
angler/hr reported by the state during the 1970. 
and 1980s (Black 1988, as cited by Riedel et al. 
200 I). By the 1980s tilapia, an exotic genus well 
suited to the warm saline waters of the Sea, be
came established (Riedel et al. 2001). During 
tudie conducted in 1999 and 2000, Riedel et 

al . (2002) reported tilapia as the mo t abundant 
species. Thi apparent change in the relative 
abundance among species may have signaled the 
approach or attainment by ome marine species 

f the upper limits of expected salinity toleranc
. (Mat. ui et al. 1991, 1992). Further, Reidel et 

al. (2002) r ported a ·kew in the <li stribution of 
fi h age c lasse ·, with the majority of tilapia am 
ples representing the 1995 cohort and most Ba;,·
diella, the other abundant species , representing 
the I 996 cohort. The m an air temperature in 
fall and winter (November- ebruary) in 1995-
1996 at Imperial, about 20 km south of the Sea, 
wa the ·econd mildest recorded since 1931 
(mean = I 6.5°C, compared with a 70-year mean 
of 14.7°C ; range = 1l.4- l6.8°C); water temper
ature. were pre umably corre pondingly higher 
as well , promoting increa ed growth and per
hap winter urvival and recruitment of young 
tilapia, and possibly of Bairdiella (Riedel et al. 
2002). 

Because potentially suitable ne ting habitat 
for cormorants and other colonial waterbird re
mained con tant throughout the study (sea ele
vation wa relatively stable and all major ne ting 
ite. remained isolated by water), it appear that 

food availability, rather than nest ite availabil-
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ity, explains the recent dynamics of breeding 
cormorants at the Sea. 

In addition to Double-crested Cormorants, 
Salton Sea breeding populations of several other 
species of piscivorous birds, such as Great Blue 
Herons, Caspian Terns (Sterna caspia), and 
Black Skimmers (Rynchops niger; Molina this 
volume) also exhibited rapid population growth 
during the mid- to late 1990s, suggesting that 
the abundant population of recently introduced 
tilapia (Riedel et al. 2001) may have also influ
enced the trend in abundance for these species. 

Recent survey work indicates a striking re
versal in the trends of the mid to late 1990s, with 
declines in fish populations beginning in 2000 
(Riedel et al. 2002) and becoming increasingly 
apparent in 2002 and 2003 (J. Crayon, pers. 
comm.). Concurrent marked declines have oc
curred in numbers of pelicans and cormorants 
(C. Pelizza, pers. comm.) as well as greatly re
duced breeding effort in skimmers and low re
productive success in Caspian Terns (K. Molina, 
pers. obs.). No comparable data for Great Blue 
Herons and Great and Snowy egrets are avail
able since 1999, so we cannot evaluate their re
sponse to current conditions of fish prey avail
ability. 

COLONY SITES 

The mean number of occupied colony sites 
(or prevalence) per species was greatest for the 
Great Blue Heron, which nested at up to 18 lo
cations (Table I). It was lowest for the White
faced Ibis, which was confined to a ingle site 
(Finney Lake in 1991-1993, and Ramer Lake in 
1994) in each of the four years in which the 
species was detected breeding (Table 1). 

While breeding colony sites for cormorants 
and ardeids at the Salton Sea were distributed 
along the entire shoreline (Fig. 1), many were 
aggregated at the north and south ends, near the 
mouths of the Whitewater, Alamo (Fig. 2a, b), 
and New rivers, where the largest tracts of snags 
and live vegetation occur. Finney and Ramer 
lakes, adjacent to the Alamo River and about 8 
km from the southern shoreline of the Sea (Fig. 
1), also contained dense stands of snags. Be
cause of their proximity to freshwater inflows, 
the deltas and other areas along the southeast 
shoreline lying adjacent to the outlets of numer
ous agricultural drains are less saline than the 
main body of the Sea (Carpelan 1961). Variation 
in alinity, water depth, bottom ub trate, and 
other physical characteristics likely influence 
patterns of vegetation growth in these areas; this 
same heterogeneity of aquatic habitats is likely 
reflected in the patchy distribution of fish (Rei
del et al. 2001), which might also influence the 
location of nesting colonies. 

At most locations, colonial waterbirds nested 
on stands of dead tamarisk (Tamarix spp.) in 
calm backwater lagoons. Great Blue Herons and 
cormorants also used artificial structures such as 
blinds and barges at the south end and a line of 
flooded power poles at the north end. All species 
but ibis used live tamarisk and cane along the 
Alamo and New river deltas. Cattle Egrets pri
marily, but also a few Great and Snowy egrets 
and Black-crowned Night-Herons, nested in a 
mature grove of eucalyptus south of the town of 
Westmorland. On Mullet Island, a 3-ha island 
north of the Alamo River delta, herons and cor
morants constructed nests on the rocky terraces 
and outcrops along the upper reaches of the is
land (Fig. 3a, b). Tree-like platforms constructed 
of large diameter PVC pipe erected specifically 
for breeding ardeids at Johnson Street and in a 
refuge impoundment in the Hazard Unit of the 
SSNWR were not used during the study, nor 
were wooden nesting platforms placed just off
shore of the Salton Sea Test Base. 

The largest breeding colonies formed at Fin
ney and Ramer lakes and on Mullet Island (Ta
ble 2, Fig. 4 ). Cattle Egrets dominated the breed
ing community at Ramer and Finney lakes (Fig. 
4), whereas Double-crested Cormorants were 
numerically most important at Mullet Island 
(mean = 2651 ± 2064 active nests, N = 4 
years), where their breeding effort comprised 
99-100% of all active nests. Great Blue Herons 
nested at Mullet only intermittently (K. Molina, 
pers. obs.). Mean species richne s was greatest 
at Finney Lake, Ramer Lake, and the North End 
(the composite site combining the colonies at 
Johnson Street and 76th Avenue; Table 2). Al
though nesting habitat at Finney Lake seemed to 
be nearly continually available, the site was not 
occupied in mo t years. Breeding waterbirds im
mediately colonized Ramer Lake in 1994 when 
it was re-flooded after a prolonged dry period, 
and simultaneously ceased to nest at Finney 
Lake in that and sub equent years. 

Relatively small colonies of Great Blue Her
ons formed infrequently at several sites: Salton 
Sea State Recreation Area in 1992, Salton Sea 
Test Base in 1998 and 1999, Trifolium Drain, 
San Felipe Creek South, and Red Hill Bay in 
1992 and 1999, and Wister Unit and Morton Bay 
in 1999 (Table 2; refuge files). 

Only the North End site was continuously ac
tive during the entire period. Other consistently 
occupied site included the New River Delta (12 
years) and Bombay Beach (9 years; Table 2). 

Apart from sites overwhelmingly dominated 
by a single species, such as the Cattle Egret at 
Finney and Ramer lakes and Double-crested 
Cormorant at Mullet Island, the colonies at 76th 
Avenue, Johnson Street, New River Delta, and 
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Alamo River Delta were notable in exhibiting 
high peci richness and total waterbird abun
dance (Fig. 4; Table 2). Of these four sites, 
abundance and pecie richne were greatest at 
76th A venue and John on Street, where pecies 
compo ition and colony ize were al o mo t ta
ble. Although the mean number of ne t at Ob
sidian Butte was fairly large and the ite wa 
active for even year (from 1987-1993; Table 
2, refuge file ) with a maximum of four ne ting 
pecie (Great Blue Heron and Great, Snowy, 

and Cattle egret ), by 1990 it wa occupied only 
by a few Great Blue Heron . 

Since 1996, pecie richne and overall 
abundance at the New River and Alamo River 
delta increa ed from the mall mono pecific 
colonie of Great Blue Heron that previou ly 
characterized these sites (Fig. 4). Ne ting activ
ity wa ea ily a certained on foot or by car at 
mo t ite each year, except at the New and Al
amo river deltas in 1994, when acce ibility wa 
made difficult by dredging. Survey acce to 
these delta improved in 1997 with the u e of 
airboat . However, because increa e at the New 
and Alamo river delta ( ig. 4) began a year 
prior to the implementation of airboat surve 
we ugg t that these increa e are real and not 
merely the re ult of improved cen u method ; 
it i likely that dimini hed acce s t these areas 
by conventional vehicle and fo t traffic en
hanced their i olation from human di turbance. 
It i" po sible that other delta and island breeding 
ite ha e xp rienced le" s human disturbance 

in rec nt year a reduced b ating activit ac
ompanied a declining inter "t in the recreation

al fL h ry (Molina 1996). 
In summary, our data uggest that the Salton 

ea supp rts a ignificant and di erse breeding 

community of colonial waterbird . Wherea the 
occupation of colony ite by breeding water
bird ha been dynamic, certain ite have up
ported large and specie -rich colonies over a rel
atively long time period. Although contempo
raneou count of breeding colonie of the e 
pecie in western North America are not a ail

able, it i clear that the Salton Sea colonie are 
of regional importance; their population size 
and pecie richne exceed tho e of northern 
Baja California (Ma ey and Palacios 1994, Mo-
1 ina and Garrett 200 l ), coa tal outhem Califor
nia (Unitt 1984, Hamilton and Willick 1996, Gal
lagher 1997, Lo Angele County Breeding Bird 
Atla file ), and the lower Colorado River Valley 
(Ro enberg et al. 1991 ), and rival or perhap 
al o exceed tho e of the San Francisco Bay re
gion (Shuford 1993, Kelly et al. 1993). 

We uggest that additional tudies examining 
reproductive ucce and juvenile urvival, diet 
and food availability (including the importance 
of colony ite proximity to commercial fi h 
farm and other aquaculture), characteri tic of 
ne" t ite and ubstrates, and metapopulation dy
namic be undertaken, along with continued 
c n u efforts, to promote a better under tanding 
uf tliest: regionally important colonie ' . Such data 
. hould play a crucial role in habitat management 
and enhancement trategie f r the Salton Sea 
r gion. 
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WATERBIRD COMMUNITIES AND ASSOCIATED WETLANDS OF 
THE COLORADO RIVER DELTA, MEXICO 

0SYEL HINOJOSA-HUERTA, STEPHEN DESTEFANO, Y AMILETT CARRILLO-GUERRERO, 

WILLIAM W. SHAW, AND CARLOS VALDES-CASILLAS 

Abstract. De pite extensive losses of wetland, caused by water diversions up tream, the Colorado 
River Delta in northwestern Mexico remains an important wetland sy tern in the Sonoran Desert. The 
purpo e of our study was to describe waterbird communitie acros a variety of wetland habitat types 
and zone that exist in the Delta. We measured species richnes and abundance of waterbird from 
September 1999 to August 2000. We observed a total of 11,918 individuals of 71 species at sites 
within seven wetland areas. The waterbird communities differed with respect to guild composition 
and species abundances among the wetland zones. Wetlands along the eastern portion of the Delta 
(Cienega and Indio), which are , upported by agricultural drains and managed under conservation 
initiatives, exhibited the highest species richne in our summer and winter cen, use , and highest 
abundance in summer. Shorebirds were the dominant guild in the summer period, while waterfowl 
were dominant during winter. Breeding marshbirds were also abundant, with the Yuma Clapper Rail 
(Rallus longirostris yumanensis) being most notable. Wetlands along the western Delta (Hardy and 
Cucapa) were also supported by agricultural drains, but were not managed specifically for wildlife. 
The Double-ere ted Cormorant (Phalacrocorax auritus) and American Coot (Fulica americana) were 
dominant during winter, while long-legged waders (Ardeidae) were dominant in summer. The com
position of waterbird communities along the mainstem of the Colorado River wa similar to that of 
wetlands along the we tern portion of the Delta. The hallow and ephemeral Laguna Salada, along 
the western boundary of the Delta, exhibited the highest waterbird abundance among our winter 
censuses when it was flooded in 2000. The results of our study suggest that even minimal levels of 
instream flows would lead to habitat improvements for waterbird · in the Delta floodplain. A bi-national 
wetland management program for the Delta should consider the impact of flood control measures 
and diversions for agricultural and urban uses to the health of wetland habitat on both sides of the 
international border. 

Key Words: avian communities; Baja California; Colorado River delta; migratory birds; S nora; 
water management; waterbirds; wetlands. 

COMUNIDADES DE AYES ACUATICAS Y HUMEDALES ASOCIADOS DEL DELTA DEL RIO 
COLORADO, MEXICO. 

Resumen. A pesar de las amplias p rdidas de humedales causadas por la desviaci6n de cauces aguas 
arriba, el Delta del Rfo Colorado en cl norocste de Mexico continua siendo un importante sistema de 
humedales en el Desierto Sonoren e. El prop6sito de nuestro estudio fue describir comunidades de 
aves acuaticas a traves de una variedad de tipos de habitat y zonas de humedales que existen en el 
Delta. M <limos la riqueza de especies y la abundancia de aves acuaticas dcsde septiembre 1999 ha. ta 
agosto 2000. Observamos un total de l 1,918 individuos pertenecientes a 71 especies en sitios com
prendidos entre siete ~1reas de humedales. Las comunidades de aves acuaticas difirieron con respecto 
a la composici6n de gremi y abundancia de especies entre las zonas de humedales. Los humedales 
a lo largo de la porci6n e te del Delta (Cienaga e Indio), los cuales estan mantenidos por drenajes 
agrfcolas y manejados bajo iniciativas de conservaci6n, exhibieron la mas alta 1iqueza de especies en 
nue tros cen os de verano e invierno, y la abundancia ma alta en verano. Las aves playeras fueron 
el gremio dominante en el periodo de verano, mientras que los Anseriforme fueron lo dominantes 
durante el invierno. Las aves de mari , ma que se reproducen en el area fueron tambien abundantes, 
siendo el Ra, con Picudo de Yuma (Rallu.\· longirostris yumanensis) el ma. notable. Los humedales a 
lo largo de la porci6n oeste del Delta (Hardy y Cucapa) fueron tambien mantenido por drenajes 
agrfcolas, pero no fueron manejados especfficamente para vida silvestre. El Cormoran Orejudo (Pha
lacrocorax auritus) y la Gallareta Americana (Fulica americana) fueron dominantes durante el in
vierno, mientras que aves zancudas de pata largas (Ardeidae) fueron la dominantes en verano. La 
composici6n de las comunidades de aves acuatica a lo largo del cauce principal de! Rfo Colorado 
fue similar a la de los humedales a lo largo de la porci6n oe te del Delta. La poco profunda y effmera 
Laguna Salada, a lo largo de! limite oeste del Delta, exhibi6 la mayor abundancia de ave acuaticas 
entre nue tros censos de invierno cuando fue inundada en 2000. Lo resultado de nuestro estudio 
sugieren que incluso niveles minimo, de flujo en el torrente conducirfa a mejoras en el habitat de 
aves acuaticas en el area de inundaci6n de! Delta. Un programa binacional de manejo de humedales 
para el Delta deberfa considerar los impactos de las medidas de control de inundacione, y desviacione 
de caudales para uso agrfcola y urbane en la salud de lo habitats de humedales a ambos !ados de la 
frontera internacional. 
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