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PATTERNS AND PROCESSES OF THE OCCURRENCE OF PELAGIC 
AND SUBTROPICAL WATERBIRDS AT THE SALTON SEA 

M1 HA L A. P TIE A o Guy McCASKIE 

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 Procellariiforme. 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 or California, the source or 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 e ist in th form of mountain ranges to 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. Seasonality of occurrence coincides with g neral period of 
mon oonal wind , 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 t pography, and pre. ence of mountains surrounding the ea that may act to 
funnel bird. toward the Sink, though the ea's cology and si7e also ontribute to the bserved 
patterns. 

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

P TRON SY PROCE 0 D 0 URREN lA o ~ ES C TI A P LAGI A Y BTRO-
PI ALE E L M R LTO 

Resumen. El Mar alton atrae una diversidad mayor de aves acuaticas pelagicas y subtr picales que 
cualquier otro Iago, ya sea de agua salada o dulce, n el interior del oeste de orteamerica. Toda las 
especies de Procellariiforrnes y especies subtropicales de Pelecaniformcs. iconiiform s, natida y 
Laridae registradas ocurrcn mt\s frecuentementc ntre finales de abril y principios de octubre. Yarios 
factores pare en facllitar la disp ~rsion de especic" a la uenca del alton, pero restringen su dispersion 
a otros cuerpos de agua en cl interior. La pro 1midad al Golfo de alifornia, la ruente de la mayorfa 
d las cspecics, cs clararnent importante. o hay barrcras geograficas prominentes qu separ n el 
Mar alton d I Golf>; por el contrario, la region 1111crmedia es un si110 bajo y facil de crua\r. Dicha'i 
barreras existen en forma de cadenas monlaflosas hacia el oeste y cl nortc, y como una e pansi6n de 
ti rra1., (Lridas de m >deradn rdi ve hacia el ste de\ Mar Salt m, pr 'sumiblemente d S<\lentando \,\ 
dispersi ' n ma1., alla de la uenca. La ocutTencia estacional coincide con perfodos generates de viento1., 
mons6nicos, que se desarrollan anualmente de mayo a octubre en cl 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 direcci n opuesta. Durante los meses de verano, la prcsencia de corrientes termicas de aire en la 
calida Lona norte del Golfo y las temperaturas relati amente 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 el norte. Diehm, factores probablemcnt tienen una gran influencia en la dispersion de 
algunas especies (por ejemplo: Procellariiformes, pelfcanos y aves fragatas). La alta diversidad de aves 
acuatica subtropieales en el Mar Salton parece rcsultar de una combinacion de factores, los cuales 
incluyen la pro imidad al Golfo de California, la ausencia de barreras para la disper ion desde el 
Golfo debido a la topograffa baja clel delta, y la presencia de montaiias rodeando el Mar Salton que 
podrfan actuar para dirigir las ave hacia la uenca, aunquc la ecologfa del Iago y su tamano tambien 
contribuyen al patron observado. 

Palabras claves: dispersion; Procellariiformes; Mar alton; aves acuatieas 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 reservoirs 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. 1 ILS or- PECIES OP PELA )IC \ND SLBTROPICAL W TERBIRD AT THL ALTO EA I OM PAR-

I 0 ro THEIR 1 \IL S I RIZO A A D E 

Specie' 

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

ooty Shearwater (P. griseu ) 
Black-vented Shearwater (P. opisthomela 
Leach's torm-Petrel (Oceanodroma leucorhoa) 
Black Storm-Petrel (0. melania) 
Least torm-Petrel ( 0. micro.soma) 
White-tailed Tropicbird (Phaethon /epturus) 
Red-billed Tropicbird (P. aethereus) 
Blue-footed Booby ( ula nebouxii) 
Brown Booby (S. /eucogaster) 

eotropic Cormorant (Phalacrocorax brasilianus) 
Brown Pelican (Pelecanus occidentalis) 
Magnificent Frigatebird (Fre[?ata nwgn!ficens) 
Little Blue Heron (Egret/a caerulea) 
Tricolored Heron (£. tricolor) 
Reddi'>h gret (Egretta rl(fescens) 
Yellow-crowned ight-Heron (Nycranassa 1•io/acea) 
White lbi'> (Eudocimus a/bus) 
Glossy Ibis (P/egadis falcinel/11s) 
R . eate Spoonbill (Ajoia ajaja) 
Wood tork (Mycreria americana) 
Black-bellied Whistling-Duck (Dendrocygna autumnalis) 
Fulvous Whistling-Duel-. (D. bicolor) 
Laughing Gull (larus otrici/la) 
Heermann's Gull (L. heemwnni) 
Yellow-footed Gull (L. li1•ens) 
Gull-billed Tern ( terna nilotico) 
Royal Tern (S. ma ti ma) 

legant Tern (S. e/egan\·) 
L ast Tern (S. a11tillaru111) 
Black kimmer (Rynchops niger) 

Approximate number of record<. 

Salton ca 

4 
3 

I 
8 
0 
2 
3 
3 
0 
0 

> 100 
27 

7 
1000s 

lOOs 
> 100 

±40 
10 

1 
1 

> 100 
1000s 

21 
1000s 
1000s 

IOOs 
1000s 
1000s 

5 
17 

lOOs 
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 

evacla 

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 
0 
5 
I 

Not<'. Somc rccorcJ, 111\ohcu 'cvcral (c.g .. l: lcganl Tern. Lca't TLrn) to thou,antl' (cg., Lca\t Storm-Petrel) 111cl1nclua1,. 

locked saline lakes "possess a real biological 
unit . " Yet the al ton S a diff rs drastically 
from all or these lakes and re ervoir. in its avian 
div rsity (Hamm r 1986). Over 400 species 
have be n rec rd d in the alton Sink (Patten 
1999)-about 160 or them wat rbird species
and the million or birds frequenting th area 
annually (Patten et al. 2003) is a. great an abun
dan e a. anywhere on the continent (. ee Page 
and Gill 1994). Jn particular, as we show here, 
a greater vari ty and number of pelagic and sub
tropical waterbirds occur at the Salton ea than 
at any other inland lake or waterway in w tern 
North America. Thi. pattern is typified by ev
eral pecie that r gularly i it the Salton ea, 
uch a the Brown Pelican (see Tabl I for sci

entific names), 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 

have ccurr d a. vagrants lo the a lton a than 
to thes other lake . . 

Th large size of th alton a might be 
viewed as th chi f reason for the ob ·erv d di 
versity, but size alone i. 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 surface area or the lower Colorado River 
and it anthropogenic r servoir exceed that of 
the Sea (Ro enberg et al. 1991 ). It thu appear 
that one or everal other factor contribute to the 
di proportionately high occurrence of waterbirds 
at the alton ea. 

Here we detail the pattern of occurrence and 
the relative abundance f pelagic and ubtr p
ica! waterbird pecies recorded in the Salton 

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

onstrate the much high r diversity at the Sea rel 
ative to other part of inland we tern North 
America), and on the easonality of occurrence 
of these species. We then xplore 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 waterbird. , 
along with their temporal pattern of occurr nee. 
We take a broad-bru h approach, so that we 
might elucidate what geographic and climatic 
factors affect the occurrence of all ubtropical 
wat rbird. in the Salton Sink. The potential ef
fect we po. it probably drive the occurrenc of 
ome pecies more than others, but a broad view 

adds an important perspective to region-wide 
pattern. f occurrence, and emphasizes the place 
held by the Salton Sea in th gr ater lower Col 
orado River region (Fig. I). In many ways the 
Salton S a is less like an i olated lake in the 
interior of western North America and more like 
an ext n. ion of the Gulf of alifornia and Col
orado River delta. 

M TH DS 

We cone ntrated on five orders or families of wa
terbirds: Procellariiformes (albatrosses, . hearwaters, 
and storm-petrels), Pelecaniformcs (boobies, pelicans, 
cormorants, and frigatebirds}, iconiiformes (herons, 
ibises, and storks), Anatidae (ducks and gees ), and 
Laridae (gulls and terns). W restricted our analyses to 
bird 1.;pe ·ies that are truly p lag ic , or that are coa1.;tal 
but with br ding ranges and niches that are essentially 
subtropical. 

We gathered data through an exhaustive review of 
regional reports published in American Birds and it<; 
successors (Field Notc.1 and orth American Birds), of 
reports of the Californi,1 in.I Record ommittcc, or 
sp cirncns in all major museum collections in the Unit
ed Stat s, and of our own field notes. pan c mpila
tion of th data (details of which can be found in Pat
ten et al. 2003), we plotted seasonality of occurrence 
and relative abundance . We also scanned American 
Birds and other published sources (McCaskie I 970a, 
Lawson 1977, M ns n and Phillips 19 I, Ale rn 
J 988, Rosenberg et al. 1991, Rosenberg and WitLeman 
1998) to compile the approximate number of records 
of species of subtropical waterbirds for Arizona and 
Nevada. We examined topographic map. and the lit
erature (especially Anderson ct al. 1977 and Patten and 
Minnich 1997) t determine which processes might 
generate the observed patterns of occurrence of water
birds at the Salton Sea. 

We p rformed non-param tric stati . ti al analy s f r 
comparing diversity am ng ri10na, Nevada, and the 
Salton Sea. Our null hypothesis is biased in favor of 
finding larger number of waterbirds in Arizona and 
Nevada, both va tly larger than the Sea. Naturally, wa
terbirds concentrate at isolated wetlands in arid west
ern N rth America, so uch locales tend to receive a 

disproporti nate amount of ob erver coverage in each 
region, but particularly in . outhea tern California, 
western and southern Nevada, and . outhern Arizona. 
We perforn ed a Kruskal -Walli te t on ranked abun
dances for a ll pecies, corrected for ties. We examined 
seasonality by performing goodness of fit tests on 
sums of rec rds in each taxonomic group for each ea
. on, with winter defined a December-February, 
spring as March- May, summer as June-Augu t, and 
fall as Sept mber-November. 

RESULTS 

[n general there have been more pecie and 
more individual of pelagic and ubtropical wa
terbird recorded at the Salton Sea than el e
where inland in the outhwestern United State 
(Table 1 ). Arizona and Nevada, although ub
stantially I rger in area than the Salton Sea, have 
significantly lower diver ity of the e pecie 
(Kru kal-Walli . H a<lJ = 15,256.0, df = 2, P < 
0.00 I), although a few pelagic and subtropical 
species, such a the Black-vented Shearwater 
and the tropicbirds, have been recorded in those 
state but not at the Sea. 

easonal pattern of occurrence at the Salton 
ea are r markably imilar aero taxonomic 

group. (Fi'='. 2). Whether the pecie i recorded 
fre4uently or rarely, and regardle s of it ord r 
or family, each of the pelagic and ubtropical 
bird. we r view d occur almo t exclu iv Iy be
tween late pring (May) and early fall (Septem
ber). There are exception , with one to a few 
winter record of ome pecie ( ee below), but 
the preponJerance f record. are for th . ummer 
months (G = 4.6, df = 12, P < 0.00 I). 

PRO ELL RIIFORM · S 

The occurr nee at th Salton Sea f speci s 
of Procellariif rmes ha. been previou. ly . um
murizeu and analyzed (Patten and Minnich 
1997). Not surprisingly, all . pecies are vagrants 
at the Salt n ea, ccurring well outside the pe
ci s' establi hed ranges. Eight p cies have been 
recorded (Table 2), with all bird fir. t detected 
betwe n late April and late September. ome 
birds remained f r lengthy period , but none 
stayed later than 9 Novemb r (Patten et al. 
2003 ). Tv. o occurrences of torm-petrel , in
volving dozen (Nora in 1998) to thou and 
(Kathleen in 1977) of bird , were as ociated 
with tropical torm that moved north into 
c;outhea tern alifornia from the Gulf of Cali
fornia (Patten 199 ). The only storm-petrels to 
reach Arizona wer a sociated with the e two 
storm (Jone 1999). 

S BTROPI L PELECA IFORME 

Totipalmate bird are common at the Salton 
ea, with the two temperate pecie , 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) fall. 
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 ormorant (Pha/acrocorax 
auritus), occurring regularly. Five subtropical 
pelecaniform have been recorded at the alton 
Sea: the Blue-footed and Brown boobi , Brown 
Pelican, Neotropic ormorant, and Magnificent 
Frigat bird. The two b bies and the cormorant 
are agrant. to the Salton a (Tab! 3), having 
occurred well out id the pecie ' established 
range . All b obie ha e arrived at th Sea be
tween mid-July and mid- eptember, with a few 
remaining into wint r. The cormorant has been 
re orded only , ven times, all but once between 
24 April and 1 ept mb r. The e ception was 
an adult cca ionally pr ~cnt a earl as 27 b
ruary and as late a I 0 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 early May through mid-No
vember, and has recently att mpted nesting, 
once ucce fully. Y ar-r und numb rs have in
creased ub tantially since the 1970s (Patten et 
al. this volume), but the pecies nonethele. s con
tinue to have a tenfold to hundr dfold higher 
abundance in ummer. The Magnificent rigate
bird occur nearly annually in small numbers, 
with all record betwe n 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 l!FORME 

The Wo d 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 ELLARl-
IFORMES R rcORDS AT TllE AL TO l:A 

Laysan 
Cook's Petrel 
Wedge-tai led 

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

Fi f\t detection date 

02-2 1 May 
10-24 July 

31 July 
06 August 
2 April-24 Augu t 
30 Jun - 15 September 
14 August-28 Sept mber 
10 July-27 September 

Note.1: " hr't detection·· refer' to the date a bird ~a' first detected at the 
alton Sea (for a given record) ; the -.pan '' ol dales of first detection for 

multiple record' ote 1he slrong \easonal a\pcct of occurrence (records 
arc cxclu\l\'CI) Jrom late spring through earl) lall). 

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 Augu t (Patten et al. 
2003). 

Four southerly heron have o curred at the 
Salton Sea. The Little Blue and Tricolored h r
ons are both casual spring and summer vi . itor 
to the alton ea that have nested, the former 
twice, th latter probably one (Patten t al. 
2003). Apart from one in winter, all records of 
Little Blue Heron fall between early May and 
mid- eptember, and most Tricolored Heron re
cords fall hetween mid-April and late pt m
b r. The R ddish gr t has reached the alton 
Sea ten times, nine betwe n mid-July and arly 

ept mber, and once in winter. The only Ycllow
crov n d Night-Heron 'WU"> pre<., nt 27 April-I 
June l 996. 

Three other subtropical ciconiiforms hav 
been recorded at the alton a. The Roseate 
Spoonbill is a highly irr gular anu a declining 
summer and fall vagrant to the alton Sea, with 
virtually all records b tween arly May and the 
end of October (mo t mid-May to late eptem
ber); only three birds ha e be n recorded in th 
pa t 20 yeaL (Patten et al. 2003). The only 
White Ibis recorded was one pre.'ent l 0 July-5 
August 1976 that returned 25 June-14 July 
1977. The first record of Glossy Ibis at the al
ton Sea occuITed from 27 May-8 August 2000 
(Patten et al. 2003 ). The last . pecie ha ex
panded its range into North America during the 
twentieth century, fir t c Ionizing Florida, 
spreading we t to Te a and reaching we t Mex
ico in the 1990s and Arizona in 2001 (Patten 
and Lasley 2000, Ro enberg and Jones 200 l ). It 
is possible that bird wandering to the Salton 
Sea and southern Arizona originate from we t
ern Mexico, although it i perhap equally likely 
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TABLE 3. A T EMPORAL MMARY OF C RR CE OF V AGRA T S LBTROP IC L P ELECA IFORMS, CICON ll FORM , 

TIDS, A D L ARID AT T ll E ALTO S EA 

Species First dctec tJOn date Peak 

Blue-footed Booby 
Brown Booby 

12 July- 18 October* 
12 July-06 September 

ugust/September 
August/Septe mber 
May- July 
Jul y/August 
June- August 
May- Augu, t 
Augu t 

Neotropic Cormorant 
Magnificent Frigatebird 

27 February- I 0 September 
04 June-23 September 

Little Blue Heron 07 May- I 5 eptember* 
Tricolored Heron 17 April-OJ October* 
Reddish Egret 
Yellow-crowned Night-Heron 
White Ibi 

I 1 July- 04 September* 
27 April 

Glo sy Ibi 
25 June- IO July 
27 May 

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

5 May-28 October* 
20 April- IS October 

July- September 
June- August 
July/Augu t 
July Royal Tern 

02 March-04 o ember* 
12 June-20 July 

Elegant Tern 
Lea t Tern 

24 April- 24 August 
15 April- 17 August 

May- July 
May/June 

Notes: "Fi rst detection" refe rs to the date a bi rd was firM detected at the <,ca (for a g iven record); the span 1s of dates o f first de tection for multiple 
reco rds . " Peak" refe rs to the period when most record \ have accumulated . An a<, te risk signifies that the spec ies lrn<, wi ntered at the a lton ca once 
or twice (see Patten et al. :2003). ote the stro ng tendency for birds to appear be tween late spri ng and earl y fa ll. 

they originated from outhea tern North Amer
ica. 

U BTROPICAL A ATIDAE 

Both ubtropical whi . tling-duck found in 
c ntinental North America occur at th alton 
Sea. The ulvou Whi ·tling-Duck wa. f rmerly 
a fairly common re ident, most abundant in 
summer and fall. It i · now rare and dec lining as 
a breeder (Patten t al. this volume), occurring 
be tween early April and early November, with a 
minor influx of birds from the south in June 
thr ugh August. Th Black-bellied Whi stling
Duck, which ha been increasing in numbers in 
n rthwe tern M xic (Ru e ll and Mon-;on 
199 ) and Arizona (Ro enberg and Wil/e man 
I 98), 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 re ord. 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 bernicla) . c ters 
(Melan.itta pp.), and Red-brea ted Merganser 
(Mergus serrator) , but the e north-temperate 
breeders do not have the same pattern f occur
rence a their ubtropical relative . Mo ' t occur 
principally a uncomm n or rare pring mi
grant , moving through the Salton Sink c ncom
itant with the pa age of pring horebird. (Pat
ten et al. 2003). 

S UBTROPICAL LARIDAE 

An impressive number and variety of gull 
and tern nesting north of the Salt n ea pas 
through the area a migrant , or spend th winter 

on the Sea. The ame ariety can be expected to 
occur at any aline lake in the West. It is the 
more outherly gull s and terns and the Black 
Skimmer that we consider subtropical. 

Both the Gull-billed Tern and Black Skimmer 
nest fairly commonly at the Salton Sea, the for
mer s ince 1927 (Pe mberton 1927; Molina this 
110 /ume), the latte r s ince 1972 (Mc askie et 31. 
1974; Molina this 110/wne ). Gull -billed Terns ar
rive in mid-March (earliest 5 March I 995), and 
most have departed by eptember. Skimm rs ar
rive in early April (earlies t I April 1978), and 
most ha e d parted by mid-Octob r. The Laugh
ing Gull formerly nested (until 1957) at the al 
ton ea. and has attempted to do so r cently 
(s ince 1994; M lina 2000a. this wlwne ), but it 
is now primarily a fairly common post-breeding 
visitor from ne. ting colonies in the ulf of aJ 
ifornia. Most occur b tween mid-Jun and late
September, with counts a. high a 800+ in late 
July 1979. The Yell w-footed Gull i · a comm n 
post-breeding vi itor from the Gulf of alifor
nia . Mo t are pre. ent b tw n late May and the 
end of August, with hundred or even thou and 
present in July (Patten 1996). 

Beermann 's Gull and the Least Tern are both 
rar vi itor to the Salton Sea. The gull generally 
occur between early April and early October, 
with mo t record from July and August. All 
record of the Lea t Tern fall between mid-April 
and mid-August, with mo, t from June. The El
egant Tern i a ca. ual vis 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 i, 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 p cies in each 
group show the same general pattern of seasonal 
occurrence in the Salton Sink. Namely, most re
cords are between late April and early October, 
with peak number from June through early Sep
tember ( ig. 1 ). Several . pecies have never 
reached other area in inland w tern North 
America (Table l ), and there are many fewer 
records for ome that have (e.g., Brown Pelican, 
Magnificent Frigatebird, Heermann's Gull, Lea t 
Tern), with southern Arizona generally having 
more records than outhern Ne ada ( ee Mc
Ca kie l 970a, Mon on and Phillips 1981, Al
corn 198 , Rosenberg et al. 1991 ). Only two 
pecie occurring in substantial number how a 

contrary pattern ; the Neotropic Cormorant and 
Black-bellied Whistling-Duck have expanded 
into outheastem Arizona from Sonora (Ro en
berg and Witzeman 199 ) but remain rare far
ther we t and north. Patterns in our data lead us 
to two que. tions: ( 1) why are pelagic and ub
tropical waterbird encountered o much m re 
frequently at the Salton Sea than at th other 
inland lake in the West(. aline or not)? and (2) 
why do pelagic and subtropical waterbirds occur 
in th alton Sink almost exclu. ively between 
late spring and early fall? 

0 RRE E 

Although the alton ca pro ides a relativ ly 
larg target for pa ing wat rbird. , w . uggest 
that th g ography and climate of the region also 
figur prominently in und rstanding the dispar
ity observed in . ubtropical \ aterbird di e rsity 
between the alton Sea and oth r inland loca
tions in w stern N rth America. Th t >pography 
of the alton ink and its proximity to th Gulf 
of California (Fig. J ), and w ather patterns in 
the region as a whole combine to affect bird 
m v ment and occurrenc . 

The Salton Sea i farther south than the other 
aline lakes in the West, and c nsid rably clo er 

. to the ulf of California, wh r seabird and 
subtropical waterbirds regularly occur. The Gulf 
supports ne ting colonie. of four of the five sub
tropical Pelecaniformes, and the N otropic Cor
morant ne. t commonly in thos part of Mexico 
adjacent to the ea tern shore of the Gulf (Pala
cios and Mellink 1992, 1993 ; Mellink and Pa
la i . 1993, Patten et al. 200 l ). Wood Stork 
and Ro. eate Spoonbill ne t, formerly c mmon
ly, in the we tern part of Mexico adjacent to 
the Gulf of California (Russell and Mon on 
1998). All four of the ubtropical herons nest in 
southern Baja California a well a · in mainland 
we t Mexico (Ru ell and Monson 1998, Howell 

et al. 200 I), and all s ven of the subtropical La
rida found at the Salton ea n . tin the northern 
Gulf of alifornia (Palacios and Mellink 1992, 
1993; Patten et al. 2001 ). Of the eight Procella
riiformes recorded on the Salton Sea, only the 
Black and Lea t storm-petrel. are known to ne t 
in the Gulf of California, the other six originat
ing from farther south. 

Brown Pelican. regularly disper e northward 
along the Pacific coast after nesting, evidenced 
from rec rd from as far north as British Colum
bia (Campbell et al. 1990). Large number of 
Brown Pelican al o move northward in the Gulf 
of California at thi sam time (Anderson et al. 
1977), and . mall numbers of b obie and Mag
nificent Frigatebird . poradically do o a w II. 
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-footed gull in the Gulf 
commonly disperse northward after ne ting (Gar
rett and Dunn 1981, McCaskie 1983, Burness et 
al. 1999). Each of these species i coastal and 
seldom occurs even a short distance away from 
th ocean, except for at th alton Sea. 

However, mere proximity to the Gulf of al
ifornia may not fully explain these pattern · ( ig. 
I) . rter all, southwestern AriLona, including 
many large r servoirs on the olorado Ri er, is 
qually close to the Gulf, but has had a small 

fraction of the numb r of records and the num
b r of individuals that occur regularly. If sub
tropical . pccies simply tended to wander north
ward after breeding, one might pect them to 
occur on a broader front throughout south rn 
N vada am.I ri1.ona, rather than concentrat d in 
a ·ingle locale. Top gn phy at the head of the 
Gulf or alifornia and surrounding the alton 

ink is probably an important factor in explain
ing the observed patterns of occurrence. Land is 
low-lying and flat between th head of the ulr 
of alifornia and the alton ink (the elevation 
n t e ceeding 50 m), and th re are mountains 
on the other three side. : the Penin. ular Ranges 
to the west, the Transverse Ranges to the north, 
and the Orocopia and hocolate mountains to 
the east. If a major mountain range eparated th 
Gulf from the Sea, dispersal between them 
would likely be much lower. Instead, th low
lying area, much of it below ea level , does not 
functi n as a barrier to dispersal. In addition to 
the vast expan e of aquatic habitat at the alton 

ea and its environs, northbound bird leaving 
the shores of the Gulf of California immediately 
encounter numerous wetlands in northea tern 
Baja California and northwestern Sonora that of
fer suitable habitat for seabirds and other pecies 
a ·ociated with freshwater. ome of these im-
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portant wetland include the Cienega d anta 
Clara, Laguna alada, oxbow lakes on the Rfo 
Hardy (Fig. l; Hinojo a-Huerta et al. this 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 species. 

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 foh d not tol rate high 
levels of salinity. Th Sea is highly aline (about 
40- 44 ppt), although its level of 'alinity is not 
nearly as gr at as that of som 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) . 

ther salin Jake. in this region, such as Pyra
mid (6 ppt), Little Quill (20 ppt), and Walker 
( 1 1 ppt), do support fish or ven sport fisheries 
(Hammer 1986), but lag w JI behind the Salton 

ea in avian diversity. till, it i , evident that the 
salinity of the alton ea, about 25% above that 
of the ocean, allows fish t sur i 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 , ed are mutually e clu . i e, and each prob
ably plays a rol in producing the high waterbird 
diver. ity at the Salton ea relative to surround
ing areas. 

SE SO ALITY 

The predominant flow of air into the Salton 
Sink in fall and winter i from the north and 
we t. However, mon oonal flows from the outh 
occur annually in the late pring and ummer, 
with a strong flow of air pushing northward from 
the Gulf of California into the Salton Sink at this 
time (Patten and Minnich 1997). Monsoonal 
flows no doubt aid the pas ag of pelagic and 
ubtropical bird from the Gulf of California to 

the alton Sea (And r. on et al. 1977, Patt n and 
Minnich 1997), as most migrating or disper ing 
birds are known to follow favorabl tai lwind 
(see Gauthreaux and Able 1970). If wind flow 
were per i tently fr m the no1th thr ugh ut the 
year, dispersal 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 ft w, 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 t 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 
low (Soto-Mardones et al. 1999). During mon
. oonal flows, . ea urface temperatures 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 Mexico to more 
easily enter th ulf of California and stray 
north to the Salton ea (Patten and Minnich 
1997). 

ONCL SJON 

Bccau<;e of it<., geographic etting, ecology, 
and climate, the alton ea i a unique comp -
nent f the de ·ert outhwcst. Waterbird. , many 
or which occur sparingly or not at all lsewhere 
inland in arid western North America, are abun
dant at the a. Th r L probably no single hy
pothesi that b st plains the ea' r markably 
high di er ity of wat rbird relative t oth r in
land area. , although its proximit to the ulf of 

alifornia and the low-lying ten-ain b twe n it 
and the Gulf are e cellent candidates. ven o, 
the Sea' large iz. and p r. i tent populati n of 
fish, as well as it I ation-bordered by m un
tains in nearly all direction except to the outh, 
toward the Gulf-and the region' ea onal wind 
pattern , likely contribute to the patt rn we de
. cribed. 

The pattern of ccurr nee of the ariou bird 
we have con id red, in concert with pro e e of 
disper al we ha e hypothe ized, olidify th phy -
ical and biological onnection between the Salton 
Sink and the Gulf f California recognized by pre
viou worker ( yke. 1937, Anderson et al. 2003). 
Mo t of the Pr cellariiforme and ome 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 , everaJ breeding larid , we hould take 
the broader geographic view; plan for their man
agement and con ervation at the Salton Sea mu t 
aJ o con ider their well-being in the adjacent Gulf 
of Cali fomia. 
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