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TABL 4. R E:.L T IO NSHIP B TW E MA. A D TIM OF A PTURE:. , 0 TROLL! G FOR AGE; S LTON S EA F A LL, 

1999 

Slope AdJU '> led Adj u,~ ted 
Species (g/hr) SL· p R2 r-

Orange-crowned Warbler 12 1 0.015 0.0052 0.004 0.080 

Adult 56 0.021 0.0077 0.008 0.110 
Young 65 0.0093 0.0070 0.19 0.012 

Yellow Warbler 120 0.025 0.0062 < 0.001 0. 130 

Adults 59 0.026 0.0093 0.007 0.100 
Young 61 0.024 0.0084 0.005 O. lJO 

Audubon ' Warbler 105 0.0096 0.0083 0.25 - 0.006 

Adults 30 0.016 0.016 0.32 0.001 
Young 75 0.0068 0.0097 0.48 - 0.007 

Wil son' Warbler 51 - 0.00032 0.0067 0.96 0.250 

Adult 28 - 0.0014 0.0080 0.86 - 0.037 
Young 23 0.0013 0.012 0.92 - 0.047 

Gamb l 's White-crowned Sparrow 63 0.014 0.026 0.59 - 0.024 

Adult 40 - 0.01 2 0.033 0.72 - 0.023 
Young 23 0.063 0.040 0.13 0.061 

Notes : Resu l1s reported inc lude model'> that co n1 rol fo r age effect, as well as fo r each age c lass separate ly. AdJUSled R2 refers 10 resu lls fr m a 
>tati,tica l model 1hat inc ludes age. AdJU\tcd r2 refe rs 10 resu lts of analysis for each age class separa1e ly. 

toration plan becau e of their importance to mi
gratory pa erine . 
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APPENDIX. SPRI G (723.5 NET-HR) A D FALL ( l 16l.0 NET-HRS) CAPTURE RATES (BIRDS/100 NET-HRS) OF 
BIRDS AT THE SALTO SEA I 1999 

Species 

Lea t Bittern (lxobrychus exili ) 
Lea t Sandpiper (Calidris minutilla) 
Sharp- hinned Hawk (Accipiter striatus) 
Cooper's Hawk (A. cooperii) 
American Ke trel (Falco sparverius) 
Common Ground-Dove (Columbina passerina) 
Mourning Dove (Zenaida macroura) 
Le er Nighthawk (Chordeiles acutipennis) 
Anna' Hummingbird (Calypte anna) 
Rufous Hummingbird (Selasphorus rufus) 
Western Wood-Pewee (Contopus sordidulus) 
Willow Flycatcher (Empidonax traillii) 
Hammond ' Flycatcher(£. hammondii) 
"We tern Flycatcher" (£. dif.ficilisloccidentalis) 
Black Phoebe (Sayornis nigricans) 
Say ' Phoebe (S. saya) 
Ash-throated Flycatcher (Myiarchus cinerascens) 
Eastern Kingbird (Tyrannus verticalis) 
Loggerhead Shrike (Lanius Ludovicianus) 
Plumbeous Vireo (Vireo plumbeus) 
Ca in' Vireo (V. cassinii) 
Warbling Vireo (V. gilvus) 
Verdin (Auriparus fiaviceps) 
Cactus Wren (Campylorhynchus brunneicapillus) 
Bewick ' Wren (Thryomanes bewickii) 
House Wren (Troglodytes aedon) 
Marsh Wren (Cistothorus palustris) 
Ruby-crowned Kinglet (Regulus calendula) 
Blue-gray Gnatcatcher (Polioptila caerulea) 
Black·tailed Gnatcatcher (P. melanura) 
Swain. on' Thru h (Catharus ustulatus) 
Hermit Thrush (C. guttatus) 
Northern Mockingbird (Mimus polyglortos) 
Orange-crowned Warbler (Vennivora celata) 
Na hville Warbler (V. ruficapil/a) 
Western Palm Warbler (Dendroica palmarum palmarurn 
Yellow Warbler (D. petechia) 

udubon's Warbler (D. coronata cwduboni) 
Myrtle's Warbler (D. c. coronata) 
Unkn wn Yell w-rumped Warbler (D. coronata) 
Black-throated Gray Warbler (D. nigrescens) 
Town end', Warbler (D. townsendi) 
Hermit Warbler (D. occidentalis) 
American Red tart (Setophaga ruticilla) 
MacGillivray's Warbler (Oporonis tolmiei) 
Common Yellowthroat (Geoth/ypis trichas) 
Wil on' Warbler (Wilsonia pusilla) 
Yellow-breasted Chat (/cteria virens) 
We tern Tanager (Piranga ludoviciana) 
Green-tailed Towhee (Pipilo chlorurus) 
Abert' Towhee (P. aberti) 
Chipping Sparrow (Spizella passerina) 
Brewer' Sparrow (S. breweri) 
Sage Sparrow (Amphispiza bellii) 
Savannah parrow (Passerculus sandwichensii) 
Song Sparrow (Melospiza melodia) 
Lincoln's Sparrow (M. Lincolnii) 

Spring 

0 .14 
0. 14 
0.14 
0.00 
0.00 
0.28 
_b 

0.00 
0.00 
0.14 
0.55 
2.21 
0.97 
5.11 
0.14 
0.00 
0.28 
0.69 
0.00 
0.00 
0.55 

19.21 
1.52 
0.00 
0.00 
0.14 
3.32 
2.35 
0.41 
0.83 
3.73 
0.69 
0.00 

25.43 
4.42 
0.14 

11 .89 
.43 

0.00 
0.00 
1.3 
2.35 
0.2 
0.00 
4.15 
8.71 

84.31 
I. I I 
4.98 
0.00 
l.11 
0.14 
0.00 
0.14 
0.00 
6.77 
1.52 

Fall 

0.00 
0.00 
0.00 
0.09 
0.17 
0.34 
_b 

0.09 
0.09 
0.00 
0.00 
3.36 
0.00 
0.34 
0.95 
0.17 
0.34 
0.00 
0.17 
0.09 
0.00 
0. 17 
1.89 
0.09 
0.52 
0.17 
0.09 
0.86 
0.43 
0.09 
0.00 
0.43 
0.52 

12.49 
0.43 
0.00 

10.34 
14.47 
0.09 
0.43 
0.34 
0.09 
0.00 
0. 17 
2.15 
5.51 
3.96 
0.00 
0.17 
0.09 
2.30 
0.17 
0.26 
0.00 
0.09 
0.09 
1.38 

tatus" 

R 
M 
M 
M 
R 
R 
RIM 
M 
R 
M 
M 
M 
M 
M 
R 
R 
M 
M 
R 
M 
M 
M 
R 
R 
R 
R 
R 
M 
M 
R 
M 
M 
R 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
RIM 
M 
M 
M 
M 
R 
M 
M 
M 
RIM 
R 
M 
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APPE DIX. CONTINUED 

Species 

Swamp Spa1Tow (M. georgiana) 
Gambel's White-crowned Sparrow (Zonotrichia leucop/11ys gambelii) 
Mountain White-crowned Sparrow (Z. !. oriantha) 
Oregon Junco (Junco hyemalis oreganos) 
Black-headed Gro 'beak (Plzeucticus melanocephalus) 
Blue Gro beak (Guiraca caerulea) 
Lazuli Bunting (Passerina amoena) 
Red-winged Blackbird (Agelaius phoeniceus) 
Brown-headed Cowbird (Molothrus ater) 
Hooded Oriole (lcterus cucullatus) 
Bullock 's Oriole (/. bullockii) 
House Finch (Carpodacus mexicanus) 
Lesser Goldfinch (Carduelis psaltria) 
House Sparrow (Passer domesticus) 

a R = resident, M migrant. RIM = resident and migrant. 
h Unhanded '>pccics not di'>tingui'>hablc to individual. 

Spnng 

0.14 
0.69 
0.28 
0.00 
0.55 
0.41 
0.97 
0.00 
0.83 
0.00 
0.55 
0.28 
0.14 
0.00 

115 

Fall Status" 

0.00 M 
5.08 M 
0.43 M 
0.26 M 
0.00 M 
0.34 M 
0.00 M 
0.34 R 
0.00 R 
0.09 M 
0.00 M 
0.26 R 
0.00 R 
0.09 R 
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DENSITY AND ABUNDANCE OF BURROWING OWLS IN THE 
AGRICULTURAL MATRIX OF THE IMPERIAL VALLEY, 
CALIFORNIA 

DAVID F. DESA TE, ERi D. RUHLE 'A DD 

Abstract. In concert with conver ion of onoran de ert habitat of the Imperial Valley, alifornia, 
to inten ive agri ulture, Burrowing Owl (Athene cunicularia) population dramatically in rea ed in 
abundance. To quantify the abundance of breeding owls in the agricultural matrix of the Imperial 

alley, we conducted urvey in randomly (N = 6) and non-randomly (N = 9) elected 25-km2 block 
during 1992 and 1993. Ba ed on count of pair ob erved in rand m block , we e timated a den ity 
of 2.1 :!: 0.6 pair /km 2 in 1992 and 2.0 :!: 0.4 pairs/km2 in 1993. Total variation ( ampling and . patial) 
wa high; e timated den itie ranged from 0- 7.4 pair /km2 among all 15 block sampled. Ba ed on 
the randomly elected block , we e timated a total population size of 5600 (95 % confidence interval: 
3405-7795) owl pair within the agricultural matrix of the Imperial Valley, indicating one of the 
large t concentrations of the Burrowing Owl in it entire range. Becau e the owl nest almost entirely 
along irrigation drain and canals, this populati n remains vulnerable t change in method · of water 
conveyance. 

Key Words: agroecosystems; Athene cunicularia; Burrowing Owl; California; Imperial Valley; Son
oran desert. 

D NSIDAD Y ABUNDANCIA DEL T OLOTE LLANERO ,N L MATRIZ AGRICOL DEL 
ALL IMP RIAL, ALIFORNIA 

Reswnen. De acuerdo con lo cambio del habitat de de ierto onoren e del Valle Imperial en al
ifornia, a agricultura intensiva, la abundancia de la poblaciones del Tecolote Llanero (Athene cuni
c11/aria) han incrementado dramaticamente. Para cuantificar la abundancia d tecolotes repr ductores 
en la matriz agrfcola del Valle Imperial, llevamos a cabo censos en bloques de 25-km2 sele c1onados 
al azar (N = 6) y sistematicamente (N = 9) durante 1992 y 1993. Con ba e en el conteo de parejas 

bservadas en lo bloques al azar, estimamos una densidad de 2 . 1 :!:: 0 .6 parejas/km2 en 1992 y 2.0 
:!:: 0.4 parejas/km2 en J 993. La variaci6n total (mue tra y espacial) lue alta; Ia den<;idad estimada 
vari6 de 0- 7.4 parejas/km2 entr los 15 bloques mue treados. on base en lo bloques seleccionad s 
al azar, estimamos un tamaiio poblacional total d 5600 (95% de intervalo de confian/a: 3405- 7795) 
parejas de tecolotes dentro de la matri.t agrfcola del Valle Imperial, indicando una de las mayore 
c ncentraciones de Tee lotes Llaneros. n todo su rang . Debido a que casi todos los tecolotes anidan 
a lo largo de I s drenaje'i y canales de riego, esta poblaci6n permanece vulnerable a Im, cambio en 
lo . metodos de conducci6n del agua. 

Palahras clave: grc ecosi tema : Athene cunicularia: Calif rnia: desierto onorense: Tecolote la-
nero; Valle Imperial. 

The W . tern Burrowing Owl (Athene cuni ·ula
ria hypugaea) wa once wide pread and fairly 
comm n ver we tern North America, but it 
di tributi n and abundance ha changed mark
edly during the 20th century. Although many 
population have declin d in abundance (James 
and E pi 1997), ome to the point of at least 
temporar) local extirpati n (e.g., John on 1997), 
other have increa ed in e European occupa
tion. owhere i thi clearer than in the Imperial 
Valley of outhea tern alifornia. 

Hi torically, Burrowing Owl pre umably oc
curred within the Imp rial Valley in low densi
tie , simil r to tho e in the undi turbed portion 
of the onoran De ert in which the Imperial Val
ley i embedded (Garrett and Dunn 1981 ). In 
re pon e to the inten ification of agriculture in 
the early 1900 (Cleming 1996), the Burrowing 

Owl population within th Imp rial Vall y be
came one of th larg st and mo t d n e p pu
lation of this ·p cie · in California (e.g., ou
lombe 1971, Ro enberg and Haley thi volume) 
and probably throughout it range. Under tand
ing thi peci s' cology in apparently thriving 
population may lead to greater in ight in man
aging declining population . A a fir t t p in 
addres ing thi , we conducted a large- cale ur
v y of the agricultural habitat within the Im
perial Valley in 1992 and 1993 to quantify den-
ity. Here we report the re ult of that urvey, 

compare den itie of Burrowing Owl in the Im
perial Valley to tho e el ewhere in California, 
and di cu the potential importance of the Va
lley's population in light of declines el ewhere 
in California (DeSante et al. 1997, John on 
1997, Trulio 1998). 

116 
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METHODS 

This survey was conducted as part of a larger survey 
of Burrowing Owls in all of California west of the 
Great Basin and desert area (DeSante et al. 1997; D. 
DeSante et al., unpubl. data) . For this tudy, we divid
ed the lmperial Valley into J 83 5 x 5 km blocks, of 
which I l 2 blocks comprised a strata defined a the 
agricultural matrix of the Imperial Valley. We random
ly selected 6% ( = 7) of the e 1 12 blocks and dis
tributed copies of these seven block taken from 1: 
24,000 USGS topographic maps to colleague at the 
Sony Bono Salton Sea National Wildlife refuge and 
the Imperial Irrigation Di trict for surveying. Because 
of time and logi tic constraints, only six of the even 
randomly elected block were urveyed in at lea tone 
year (Fig. 1). In addition , we surveyed nine other 5 X 

5 km blocks in the agricultural matrix strata of the 
Imperial Valley. These block were elected opportu
ni tically. These block were di tributed over much of 
the agricultural areas of the Imperial Valley (Fig. 1 ). 

Survey were carried out by local ornithologists and 
by agency biologi ts following training provided to fa
cilitate standardization of survey method . Ob erver 
surveyed each block between dawn and I 0:00 and/or 
between 16:00 and dusk between 15 May and 15 July, 
during both 1992 and 1993. We computed density a 
number of pair counted/km2 for each year and am
pling trategy (random or nonrandom). Ob ervers 
searched blocks for owl for an av rage of approxi
mately 10 hr /block. We estimated the number of 
breeding pair of Burrowing Owl (defined as in 
DeSante et al. J 997) by multiplying th area of the 
sampled region by the estimated m an density. We as
sumed that if an owl was pre ent within the block it 
would be detected. Because this assumption was un
likely met, our estimated numbers are likely negatively 
biased. 

Habitat within the study area wa. characteri7ed by 
agricultural fields, framed by a system of concrete ir
rigation delivery ditches, irrigation canals, and earthen 
drain. managed by the Imperial Irrigation District and 
landowners. This characteri.1:ation was maJe at th 
scale o1 the 5 X 5 km sample blocks, as most of the 
area sampled was comprised of this agricultural ma
trix. All pair observed were found along the system 
of irrigati n ditches, canab, and drains immediately 
bordering the agricultural fields . 

RESULTS 

We e timated an average density of approxi
mately two owl pair /km 2 during 1992 and 1993 
within the randomly elected blocks (Table 1 ). 
E timated den ities were on average >25% 
higher in the non-randomly selected block , al
though low preci ion re. ulted in overlapping 
95% confidence interval (Table 1). Estimated 
densitie in both the random and non-random 
block varied con iderably, ranging from 0-7 .4 
pair /km 2 . The variation between years wa 
mall relative to the variation among block (Ta

ble 1). However, ampling variation that re ulted 
from detection probabilities of < 1.0 and which 
were likely variable among blocks was partially 

responsible for th ob erved vanatlon (sensu 
White 2000). Counts conducted in both years 
within a block often differed by > 80% (Fig. 1). 
The large variance contributed to impreci e e -
timate of density, and hence estimated popula
tion ize. Ba ed on count within the randomly 
selected blocks during 1993, the year all six 
blocks were sampled, we estimated a total pop
ulation size of 5600 pairs (95% confidence in
terval: 3405-7795). The high densitie in the 
non-random block give further support to such 
high densitie and the large population ize as 
estimated from the mall number of random 
blocks. 

DISCUSSION 

Based on qualitative as e sment , California 
has one of the largest population of both resi
dent and wintering Burrowing Owl (Jame and 
Ethier 1989, Sheffield 1997). Den ity estimate 
from this survey and other surveys conducted in 
a irnilar manner elsewhere in California (De
Sante et al. 1997; D. DeSante et al., unpubl. 
data), suggest that a majority (approximately 
70%) of the California breeding population of 
the Burrowing Owl (excluding the Great Ba in, 
Mojave, and Colorado de erts, and Colorado 
River valley portion of California) nest within 
the Imperial Valley. Although the small number 
of randomly elected block ampled and the un
known detection probability le ens the . trength 
of the e re ult , particularly for the comparison 
of relative abundance among regi n , it i clear 
that the den ity and abundance of Burrowing 
Owl i exc ptionally high within the Imperial 
Valley. 

h d nsitie. reported h re ar likely among 
th highe t throughout the BuITowing Owl' 
range, especially when considering the large ar
eal extent of the lowland area of the Imperial 
Valley (approximately 2810 km 2). Similarly high 
den ities (3 .3 pairs/km2) were estimated within 
the Imperial Valley by Coulombe ( 197 L) within 
an -km2 area during the breeding easons of 
1965- 1967. More recently, Ro enberg and Ha
ley (this volume) e timated 8.3 pairs/km2 within 
an approximately l 2-km2 study area. These lo
calized result. provide additional evidence to 
support the high den itie e timated from thi 
tudy. The only oth r estimate of such high den
ities over a reasonably large area (35.9 km2) 

that we are aware of wa Mill ap and Bear's 
(2000) e timate of 6.9 pair /km2 for the ubspe
cies A. c. floridana in southern Florida. What i 
extraordinary about our finding , however, is the 
apparently large areal extent of high densities. 
Given this large area, the estimated densities, 
and that detection probability was < 1.0 (i.e., a 
higher number existed than was counted), more 
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TABLE I. E TIMATED B RROWI G OWL DENSITIE (OWL PAIRS/KM2) l 25-KM2 BLO KS SAMPLED WlTHI THE 
AGR1CUL T RAL MATRIX OF THE IMP RIAL VALLEY, CALIFORNI , D RlNG MA Y-J LY 1992 A D 1993 

1992 1993 

Number Owl 
Estimated density 

umber Owl 
E timated density 

Block type of blocks pairs Mean SE Range of blocks pairs Mean SE Range 

Random 4 206 2.1 0.6 0.3-3.0 6 296 2.0 0.4 0.3-2.8 
Non-random 7 467 2.7 0.7 0.1-4.4 9 695 3.1 0.8 0.0-7.4 
All 11 673 2.5 0.5 0.0-4.4 15 991 2.6 0.5 0.0-7.4 

than 11,000 (95% confidence interval: 6810-
15,590) adult Burrowing Owl inhabited the ag
ricultural ecosystems of the Imperial Valley dur
ing the surveys. 

Although such a large population of a specie 
considered to be declining in parts of its range 
(James and Espie 1997) could, at least theoreti
cally, serve a an important ource population 
for future management strategies, its current val
ue for per istence of declining populations else
where in California may not be great. Potential 
di persal from the Imperial Valley population to 
declining populations may be limited by unsuit
able intervening habitat and by the dispersal 
characteristics of the re ident Tmperial Valley 
population it elf, although juvenile di per al re
main unknown (Ro enberg and Haley this vol
ume). Given the wide distribution of Burrowing 
Owls aero s their range in California, the value 
of a large but localized potential source popu
lation to regional per i tence may not be great. 
However, given the rapid development of much 
of the gras land and de ert region of alifornia, 

the apparent extirpation of the specie in the 
Coachella Valley immediately north of the Im
perial Valley, the reduction in numbers in other 
parts of California (DeSante et al. 1997, Johnson 
1997, Trulio 1998), and the lack of a tatewide 
conservation strategy, the importance of the Im
perial Valley population may increase. 
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FIGURE I. Di tribution of 5 X 5 km blocks in which Burrowing Owls were counted in 1992 and/or 1993 in 
the Imperial Valley, CA. Shaded areas represent portions of the Imperial Valley above ea level and without a 
major agricultural matrix. Non-shaded areas repre ent agricultural matrix of the Imperial Valley and include the 
l 12 bl cks from which a random ample of even block were selected. Numbers embedded in the blocks are 
the number of Burrowing Owl pairs counted in 1992 (upper right) and I 993 (lower right). The cros -hatched 
block was randomly selected but was not surveyed. The numbers outside of the blocks refer to the southwest 
corner of the 5 X 5 km block referenced by the Univer al Transverse Mercator system of the block. The UTM 
values hown are I 0 - 3 of the given value. 
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THE ECOLOGY OF BURROWING OWLS IN THE 
AGROECOSYSTEM OF THE IMPERIAL VALLEY, CALIFORNIA 

DA IEL K. ROSE BERG D KATHERIN L. H LEY 

Ab tract. Burrowing Owl (Athene cunicularia) are common in some agree o y tem , yet their ecol
ogy in the e en ironment i poorly known. To addres thi , we collected demographic and ·pace-u e 
data on the Burrowing Owl in the Imperial Valley of outhea tern alifornia during the breeding 
ea on, 1997-2000. Within our 11.7 km 2 study area, we e timated a very high den ity of Burrowing 

Owl (8.3 pair /km 2) which remained relatively con tant during the study. Owl nested predominately 
on the edges of con tructed drain and canal that bordered agricultural field . Clutch ize ranged from 
4- 8 (mean = 6.7) eggs/clutch and varied little among year . Productivity averaged 2.5 young/nest 
and varied con iderably among individuals and years. Adult annual survival rate for males (0.65) 
and females (0.62) were similar or higher than reported for other Burrowing Owl populations. We 
ob er ed high nest- ite fidelity for adults, with 85% remaining within 400 m of the previ us year's 
ne t. Female moved greater di tance than male between breeding ea on ; di tance · wer greater 
~ r owl who e ne t failed. Few juvenile (20 of 124, 16%) were sub. equently observed as adult . 
Thi , together with a lack of a declining di persal function, uggested juveniles frequently emigrated 
f m the tudy area. Ba ed one ti mates of nocturnal movement · of males, wee timated low sel ction 
f r the type of crops in which they foraged. They foraged primarily (> 80%) within 600 m of their 
ne t, but long-distance movement (2-3 km) often re ulted in large e timate (113.7 ± 30.4 ha) of 
the area traver ed (minimum convex polygon method) and the area used (45.3 ± 18.2 ha; fixed kernel 
method). Becau e of the high den ities of owls, home ranges overlapped con iderably. Our estimate 
of demographic parameter and the space-use propertie of Burrowing Owl contrast with those re
p rted from n n-agri ultural area . ur re. ult uggest agricultural area. can provide high quality 
habitat if burrows are available, which in our tudy area was determined by the farmers tolerance of 
burrow along the canal · and drain bordering their property. 

Key Words: agroecosy terns; Athene cunicu/aria; Burrowing Owl; alifornia; dispersal; Imperial 
·alley; reproductive rates; survival rate . . 

L OLOGfA D T COLOTES LLAN RO EN LOS AGRO I T MAS DEL VALL IMPE-
RIAL, CALI ORNIA 

Resumen. Los Tecolot s Llaneros (Athene cunicu/aria) . on comunes en algunos agroecosistemas, no 
o stante su ecologfa en esto. ambientes s poco conocida. Con este prop6sito, durante las tcmporadas 
reproductivas d 1997- 2000 se colect6 informaci6n sobre lad mograffa y el uso espa ial del Tecolote 
Llanero en I Valle Imperial d I ure ·t de alifornia. Dentro del area de estudio (11.7 km 2) se cstim6 
una densidad muy alta de tecol te (8.3 parejas/km2 ) la cual permaneci6 relati amente constante 
d rante el estudio. s tecolotes anidaron pred minantemente en los bordes de los drenajes y canale 
q e rodean a las parcelas. I tamano prom dio de las nidadas fue d 4 - 8 huevos por nido (media = 
6.7) y vari6 p c entre anos. I pr medio n la productividad fue de 2.5 juveniles/ni<lo y vari6 
c n iderabl m nt entre individu y anos . Las tasa anuales de supervivencia en machos adultos 
(0.65) y hembra. adulta · (0.62) fueron similares o mas altas que las reportada para otras poblaciones 
d Tecol te Llaneros . e observ tambien que los adultos mu stran una alta fidelidad al siti de 
anidaci 'n, c n el 859r p rmaneciendo dentr de una di tancia de 400 m del nid utilit:ado el ano 
anteri r. La hembras se movieron a mayores distancias que los machos entre temporadas reproduc
tiva , las di tan ias fu ron mayore para aquello · tecol tes cuyos nidos fraca. aron. Po oc.; juvenil s 
(~0 de 124, 1671:) fueron ob er ados po ·teriormente como adu It s. st , junto con Ia ausencia de una 
funci6n de di ·p r i6n disminuida, sugiri6 que los juvenile emigraron del area de estudio. on ba e 
e e timacione de movimientos nocturno de los tecolotes machos, se estim6 que hubo poca . elec i6n 
por el tipo de co echa en la cual e alimentaron. llos forrajearon principalmente (>80%) dentro de 
un distancia de 600 m de su nido, aunque I . m vimientos a mayores di tancias (2-3 km) a menudo 
resultaron en estimaci ne. mayore ( 113.7 ± 30.4 ha) del area atravesada (metodo del polfgono 
mfnimo convexo) y del area utilizada (45.3 ± 18.2 ha, metodo fijo kernel). Debido a la alta densidad 
de tecolote , la. araes utilizada e tra laparon con. iderablem nt . Nue tra e timacion s cl lo pa
r.imetro demograficos y de la propiedad s del u o del espacio de lo Tecolote Llaneros contra tan 
c n aquella reportada. para area no agrfcola . ue tros resultados ugieren que la areas agrfcola 

ueden proporcionar un habitat de alta calidad . i hay madriguera. disponible , lo cual en nuestra area 
de e tudio e tu o determinado por la tolerancia de lo agri ultore a Ia presencia de la madriguera 
a lo largo de los canales y drenaje que rodean a u propiedade . 

Palabras c/aves: Agroeco istemas; Athene cunicularia; California; disper ion; tasa reproductiva; tasa 
upervivencia; Tecolote Llanero; Valle Imperial. 
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The Burrowing Owl (Athene rnnicularia) is a 
burrow-ne ting owl charact ri ·tic of grassland 
and deserts throughout western North America, 
Florida, and entral and South America (Haug 
et al. 1993). The Western Burrowing Owl (A. c. 
hypugaea) wa once wide pread and fairly com
mon over w tern North America. Population 
declines led to listing of the Burrowing Owl a 
endangered, threatened, or a pecie of concern 
in Canada, Mexico, and in a number of U.S. 
tates (James and E pie 1997). Declines likely 

reflect eradication or control of fo orial mam
mals, inten ive pesticide u e, and conver ion of 
gra land · to agriculture and re idential or com
mercial development (Haug et al. 1993, Trulio 
1997, Desmond et al. 2000, G rvai et al. 2000). 

California ha one of the large t populations 
of both resident and wintering Burrowing Owl 
(Jame and Ethier 1989). Particularly high num
bers and den itie occur in the Imperial Valley, 
located in outheastern Calif rnia (Coulombe 
1971 · DeSante et al. this volume). Hi torically, 
Burrowing Owl were pre ent within the Impe
rial Valley in low den iti imilar to those in 
undisturbed habitat of the , urrounding Colorado 
(Sonoran) d ert (DeSante t al. thi volume). 
Intensificati n of agriculture in the 1900 (Cle
mi ng. 1996) nabled Burrowing Owl popula
tion of the Valley to increa e greatly. Increasing 
development and changing pattern of water 
conveyance in , outhern alifornia (e.g., Cle
ming 1996) may have major impacts on the di -
tribution and abundanc of Burrowing Owl in 
the r gion . 

Despite the large population of Burrowing 
Owls in the Imperial Valley, th r hav been few 
inv stigations of their ecology. Coulombe 
( 1971) and De ant t al. (this 1•0/ume) docu
mented th concentrati 11 of Burrowing Owls 
al ng the vari u. watercours s. Although their 
research provided a framework for und rstand
ing th s issues, a quantitative approach to the 
demography and pace-use ecology of this pe
cies is needed to devel p cientifically credible 
management strategie . 

To address thi need, we initiated studies of 
the owl' demography and space-use patterns 
within the agroecosystem of the Imperial Valley. 
In thi paper, we examine ( 1) pattern f distri
bution of Burrowing Owl ; (2) rate of and fac
tor affecting urvivaL reproduction, and be
tween-year movement; and (3) pattern of pace
u e of individual . We explor factor that affect 
individuals and how thi may ultimately affect 
the dynamics of the population. 

STUDY AREA 

The tudy area was at the southern rim of the Salton 
Sea, 40 km north of El Centro, California (Fig. I). We 

divided the study area into several subareas. We cap
tured and marked Burrowing Owl only in the Inten
sive Study Area (ISA), which total d I 175 ha (Fig. I). 
The second subarea (Area B; ig. 1) extended 0.8 km 
beyond the ISA. Together, these two areas repre ented 
the Demography Study rea (D A). The third ubarea 
( rea ; Fig . I) extended 0.8 km ( 1999) or 1.6 km 
(2000) beyond the DSA. Mo ·t (81 %) of the ISA con-
isted of privately owned agricultural field . The re

mainder encompassed a segment of the Sonny Bono 
Salton Sea ational Wildlife Refuge (hereafter, Ref
uge; Fig. I). The Refuge maintained a set of 35 ne t 
boxe ituated between roads and fields. De ign of nest 
boxe were similar to those described by Trulio (1995). 

The tudy area was characterized by agricultural 
field framed by a sy tern of concrete water-delivery 
ditche and canal and earthen drains. Drains were 
deep (up to 8-9 m). dredged waterway maintained by 
the Imperial Irrigation Di trict. Within thi agricultural 
matrix Burrowing Owls nested almo t entirely within 
or along drains, ditches, and canals. Fields were inten
sively managed for year-round production of vegeta
bles and cattle feed. Primary crop were Sudan gra s 
( orglwm bicolor), Bermuda gra ( Cynodon dacty
/011), alfalfa (Medicago sativa), nions (Alliurn cepa), 
and corn (Zea mays). 

M THODS 

D SITY ESTIMAT!O 

To estimate the density of Burrowing Owl we fir t 
estimated the probability of detecting nesting pairs or 
BurTowing Owls within the l . We di ided the . tudy 
area into approximately 20 00-m block , and ·ur
vey d each alternating block outside of the Refuge ( 
= 7) from 14 to 30 April 1998. We surveyed all road. 
and watercourse that bordered fields thre tim s, two 
by ehicl and on on foot. We conducted ur ey. at 

ehi ·le speeds ~I 0 km/hr with two obs rvers during 
the morning (30 min before . unrise to 4 hr · after) and 

v ning (3 hrs before sunset until sum.et) when wind 
speeds were < 15 km/hr. We useJ b >th behavioral anJ 
ph_ sical evidence of nesting to det rmine if a pair oc
cupied a given burrow (e.g., Millsap and Bear 1997). 
To -.timat the probability of detecting nesting owls, 
we applied the remo al m )dcl of Zippin ( 1958), which 
estimates population si1.e as a functi n of the number 
of new individuals, or nests as in this study, that are 
encountered on each survey (Otis t al. 1978:2 ). 

DIE:.T 

W estimated the diet compos1t1on of Burrowing 
wls from regurgitated pellets. We collected pellets 

from randomly elected ne. ts (2000) and from nest 
boxe within the Refuge ( 1998 and 2000) . All pellets 
from a given ne t and year were treated as a , ingle 
sample. We e timated th relative frequency of con
. umption by recording the oc urrence of each taxo
nomic order. Because earlier obser ation indicated 
that the frequency of rodents in the diet may strongly 
influence productivity (D. Rosenberg et al., unpubl. 
data), we computed an index of rodent consumption. 

keletal remains were counted to e timate the mini
mum number of rodents consumed. The index was 
computed for each ample a · the rati of the minimum 
number of rodent consumed/number of pellets. We 
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Imperial County A 
FIGURE 1. Study area in the Imperial Valley of outhea tern California. Owls were banded within the Intensive 
Study Area (ISA) and resighted with equal effort in both the ISA and Subarea B, collectively termed the 
Demography Study Area. In addition, we attempted to re ight owls in Subarea C, but with lower effort. All 
area with owl ne t within the Refuge were included in the ISA. 

e timated the relative degree of variation of the index 
between years as the coefficient of variation ( tandard 
deviation/mean X I 00). 

APTUR A D REOB RVATIO 

We attempted to captur and mark a large , egment 
of the populati n within the lSA. We captured Bur
rowing Owl during May 1997 and April-July 1998-
2000. We captured adult wls u ing pring-net trap 
baited with a caged mou e, and two-way burrow trap 
(Bothelo and Arrowwood 1995). We captured young 
with a one-way trap, modified from that described in 
Banuelo ( 1997). We rem ved young from ne t boxes 
by hand. We marked young and adult Burrowing Owl 
with an aluminum alpha-numeric color band (Acraft 

ign and Nameplate Co., Ltd., Edmonton, Alberta, Ca
nada) and a non-locking o. 4 U.S. Fi hand Wildlife 
Service band. We a igned ex based on pre ence/ab
ence of brood patch, plumage coloration, and behav

ioral ob ervation (Haug et al. 1993). 
Within the DSA (Fig. 1) we attempted to identify 

all marked individuals and locate their nest . Re ight
ing efforts involved two vehicular urveys, as de-
cribed above (see DE SITY ESTIMATIO ), upplement

ed by sighting made incidental to the urveys. We 
conducted a single vehicular survey for marked owl 
in ubarea C (Fig. l ). Becau e of the lower effort and 
pre umably lower re ighting rates, we did not include 

observation of marked wl from this uter ar a for 
survival estimation but included these data for esti
mation of m vement pattern and emigration rates. 

PRODUCTIVITY A D BREED! G PHE OLOGY 

To e timate produ tivity, we randomly selected 30 
ne t from privately-owned agricultural land within the 
ISA (I 999 and 2000) and all occupied ne ·t bo es with
in the Refuge n l subject t experimental feeding from 
a concurrent Ludy (1998, N = 13; 1999, N = 6; 2000, 
N = 7; Haley 2002) within the Refuge. We u ed the 
same criteria a de cribed above (DE SITY E TIMATJON) 
to determine if a pair occupied a given burrow; only 
occupied ne t were in luded for productivity e tima
tion. Nest for which we could note timate productiv
ity due to limited vi ibility of ne t or an inability to 
determine whether or not the ne t wa ucce ful were 
excluded from analy e , re ulting in sample ize of 
23-29 ne ts out ide of the Refuge each year. 

We defined productivity a the maximum number of 
21-28-d-old young een imultaneously at a ne t dur
ing a series of five 30-min watche , each eparated by 
at least 6 hr (Gorman et al. 2003). We aged young via 
visual techniques described by Haug et al (1993) and 
Prie t (1997). Ob ervations were made from a vehicle 
at a di tance of 80-200 m, using either binoculars or 
20-60X spotting scopes during the morning or even
ing a defined previou ly. We examined the influence 
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of diel (rodent index), intra pecific compellt1on, and 
year on productivity from the randomly selecled nests 
in 1999 and 2000. We u ed lhe minimum nearest
neighbor distance (log-transformed) and number or 
nests within 600 m (radius of foraging concentration; 
ee RESULTS) a, an index of intraspecific competi

tion. We used a generalized linear model with a neg
ative binomial response probability di tribution and a 
log-link function (SAS Institute 1993). We chose this 
regression model because count data, such as the num
ber of young, often conforms to a negative binomial 
distribution, and becau e lhis model, when lhe data are 
o distributed, provides a more powerful approach with 

fewer assumptions than other methods (White and 
Bennetts 1996). 

Wee timated Burrowing Owl reproductive biology 
by examining ne t boxe within the Refuge and the 
Refuge headquarters, approximately I 0 km east of the 
ISA. In 1999 and 2000, we evaluated date of first lay
ing, clutch completion, and hatching, and measured 
clutch size and nest success. We monitored all nest 
boxes with evidence of owl use weekly until eggs were 
een. During each visit, we used an infrared probe 

(Sandpiper Technologie , Manteca, CA) to observe 
nest contents. Once eggs were seen, we visited nests 
at 3 to 4-d interval to estimate clutch completion 
dates. A clutch was defined as complete when the 
number of eggs did not increase by more than one egg/ 
72 hr (Haley 2002). We estimated hatch success as the 
percent of eggs that hatched/nest. 

BETWEE -YEAR Mo MENTS 

To estimate movement patterns, we used data from 
owl marked in 1998- 1999 and resighted in 1999-
2000. We estimated movements or both ju eniles and 
adults. However, we evaluated movem nt functions 
and factors as, ociated with movements only for adults 
becau. e we likely und restimated movement rates f'or 
juveniles (see R ULT ). 

We did not attempt to differentiate between adults 
undergoing breeding uispersal (<.,ensu Gr"enwoou 
1980) and tho<.,e mo ing I.' di-;tance from their ne t the 
previous year. Rather. we simply modeled distances 
moved between years under lhe notion that, based on 
movement data alone, there is no exact dil>tance that 
can be considered fundamentally different than any 
other. We compared two functions, a haa1rd rate and 
a negativ exponential. The harnrd rate model has 
properties similar to those of the exponential but al 
lows for a " houlder" (i.e., a distance interval at which 
the probability to mo e remains constant) near Lero 
di tance. We explored the two functional f rms be
cause based on lheory. a decreasing probability of 
movement as distance increa e · should exist and there 
were ampling and biological reasons (e.g., Olson and 
Yan Horne 1998) to expect a ·boulder near Lero dis
tance. In uch ca es, the hazard-rate function is often 
useful (e.g., Buckland et al. 1993). The hazard-rate 
function we used wa of the form Pr(x) = I - exp 
(-[x/cr] h) and the negative exponential function was 
ex pre sed a Pr(x) = exp( - x/A.) (Buckland et al. 
1993). To describe the probability density function, we 
re caled the function by c, where c was the value of 
the integration of the function evaluated from zero to 
the furthe t distance an owl was observed to move 

belween years. We selected the mosl appropriale func
lion wilh Akaike 's Information Criterion, adju led for 
small -sample size (AICc; Burnham and Anderson 
1998) for adults with exes and years pooled, and then 
used AICc lo compare models fil as sex, year, or sex
and year-speci fie. 

The size and geometry of the area in which move
ments can be detected may result in the appearance of 
underlying movement funclions that fil models such as 
the exponential (Porter and Dooley 1993) or hazard
rate. We evaluated lhis by recreating a et of move
menls with a uniform probability for which di tances 
from zero to the maximum movement distance we ob
served (3065 m) all had equal probabilities of occur
ring. We assigned each owl located in 1998 and relo
cated in 1999 with a new location for 1999 based on 
a random direction of movement and a random di -
tance that followed a uniform di tribution. Only those 
individuals that would have been within the DSA (and 
thus detected) were considered relocated. We fit the e 
dala to the same function that was selected for the 
observed distribution of movements. We graphically 
approximated the point at which the probability of 
moving declined from the expected uniform pattern. 
Similar dispersal patterns between the simulated and 
the observed distances would suggest that observed 
movement patterns were affected by the size and ge
ometry of the study area. 

We developed ten a priori modf'IS to e plore factors 
that may affect the distance adults moved between 
years. We examin d each model with multiple regre -
sion and used AICc as a basis for model selection. The 
response variable was th log-transformed distance an 
adult owl moved between years and explanatory fac
tors included a combination of year. distance to the 
nearest nest, and whether or not the owl's mate was 
still present on the study area. The simplest model on
sid red wa<; a no-effects model in which only an in
tercept term (representing average distance moved) 
wa<> estimated. For !hos individuals for which we es
timated productivity and 111 wcment, we included a ' a 
parameter in th model whether or not their nest was 
successful in the previous year. We compaied nine a 
priori models for thi.., smaller data -,et. In both sets of 
analyses, we used data only from individuals thal were 
<;een in two successive years and for which both mem
ber<., of the pair wer initially banded. 

RVI AL 

We used mark-recapture analysis to estimate appar
ent (i.e., we assumed no emigration from study area 
occurred) survival rate. of Burrowing Owls first cap
tured as adults. We excluded individuals first captured 
as young because we determined sex of only 17 of 242 
marked young, and these were unlikely representative 
of the population. We fitted modified Jolly-Seber-Cor
mack models to the mark-recapture data u ing Pro
gram MARK (White and Burnham 1999). We devel
oped ten a priori models to estimate , urvival rate, . We 
used AlCc weights (w) to compare the relative likeli
hood of each model. We u ed the e weight to estimate 
an average survival rate from all models considered. 
Model averaging allows inference to be based on all 
models considered, thus increasing the inferential va
lidity over that of a single model approach (Burnham 
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and nder on J 998). We asse ed goodnes -of-fit for 
the global model u ing 1000 bo t trap imulation to 
evaluate the likeliho d of th ob erved deviance 
(White and Burnham 1999). 

pparent urvival rate reAect both mortality and 
emigration; howe er, we were intere ted in e timating 
"true'' ( en u Franklin et al. 1996) urvival rate . . ~ 
allow e timation of ur ival, wee timated emigration 
rates of adult Burrowing wl from ob erved mo e
ments of individual between 1998-1999. We then e. -
timated urvival a 

s =Cf>+£ 
where S, Cf>, and E are the e timated probabilitie of 
annual survival, apparent urvival, and emigration of 
individual from the D A, re pecti ely (Burnham et 
al. 1996). To implify e timation, we a urned owl 
emigrated just before nesting and thu experienced no 
mortality between emigration and the time of resight
ing. Becau e the probability of emigration is a functi n 
of the location of an individual from the boundary of 
a tudy area (e.g., Barrow laugh 1978), we random
ized ob erved di tance among owl and randomly se
lected an angle of movement to e timate a new loca
tion. We did this separately for males and females be
cau e of the differences in ob erved movement pat
tern (see RESULTS). Wee timated the probability of 
emigration a : 

i ~ (~ n*ln) / R, 

where 11* was the number of adults with e timated lo
cation outside of the study area, n wa the number of 
marked owls in year t that survived and were relocated 
in year I + I, and R was th number of replicall ns 
of the rand m pr cess f recreating movement pat
terns. We used R = I 000 rep I ication and used the 
mean of E as our best estimate of emigration. This 
method of e timating emigration as ume. that the ob
served distances reflect the true di tribution of dis
tances moved, such that individual that moved outside 

f the tudy area and were n t detected had m ement 
patterns imilar to those owls that were detected. This 
assumption wa upported by the rapidly declining dis
per al function (see R LT ), . imilar patterns of 
movement for owl. located in the center of the study 
area a for tho e lo ated throughout (D. Ro. nberg, 
unpubl. data), and a relati ely uniform en ironment 
within the tudy area (horn geneity a umption or 
Z ng and Brown 1987). 

PA EU 

In May 1998, we radio-tracked ix male owls to gain 
quantitative in ight int the owl ' pace-use patterns. 
We u ed necklace-design radio tran mitter (4.5 g) 
with a 20-cm antennae (H lohil y tern , Ltd., arp, 
Ontario, Canada). We captured owl that ne ted within 
a 0.4 X 0.8 km area along the edge of the road and 
field within the Refuge. We attempted to track wl 
each night from 2000 to 0400 hr from 5 June-I 3 July. 
The receiving antenna as mbly con isted of two H
configured antennae (Telonic , Me a, AZ) eparated by 
a cro boom and connected to a null combiner, mount
ed to a 2-m rotating tower with a fixed compa s. The 
tower wa ecured in the bed of a truck, making the 

antennae height approximately 3 m above ground, fol
lowing method de cribed in Gervais et al. (2003). 

We establi hed a grid y tern of tations at approx
imately 400 m interval to obtain biangulati n data. 

hi allowed a f rmal . earch method to negate the 
potential bia of observer returning to known ite of 
occurrence, uch a nest (Ro enberg and McKelvey 
1999). We attempted to obtain location of a given owl 
every 15 min. Only location computed from estimates 
of the angle of the owl from two station within 5 min 
were included in analy es. We omitted all ob ervations 
that led to location greater than 1 km from the telem
etry station becau e of their greater expected error 
(Gervai et al. 2003). 

We estimated home range to e timate the area u ed 
(kernel method and the area traver ed (minimum 
convex polygon, M P). We u ed a fixed kernel e ti
mator with Jea t quares cro validation (LS V) and 
also an adaptive kernel to estimate area u ed (Worton 
1989). To e timate home range size we used program 
KERNELHR (fixed kernel; Seaman et al. J 998), 
HomeRanger (adaptive kernel; Hovey 1999), and Te
lem (MCP; K. McKelvey, per . comm.). 

We evaluated factor that potentially affected the 
owl ' likelihood of u e. We e aluated di tan e of owl 
location to field edge, di tance to ne. t, and within 
each field the crop type, dominant crop height, and 
percent bare ground. Th data tructure consi ted of a 
sample of cells (30-m 2 pixel ) in which th individual 
wa located by radio telemetry and a sampl of ran
domly selected cells (De ign III of Manly et al. 1993). 
Random cells were sampled from within a circl with 
a radius equal to the maximum di tance an individual 
wa located from its nest (Rosenberg and McKelv y 
1999). The binary respons variable was coded I if an 
individual was located in a particular cell, 0 if rand m. 
We u ed logistic regressi n t e timat selection as the 
l dds ratio or use (Hosmer and Lemeshow 1989:40), 
Proc Logistic ( A Institute 1994) to obtain parameter 
estimate , and I c weights to evaluate the relative 
likelihood of a given model as being the best among 
those we considered (Burnham and Anderson 1998). 

We de eloped seven a priori models to estimate 
habitat sel ction. We evaluated di tanc t the nest a-, 
either a log-function or a 3rd-order polynomial. We 
categorized crop. using tw pooling regimes based n 
den ity of vegetation: (I) crops with cl sed canopy 
structure during the study period (hay, wheat [Triticwn 
aestivum], Sudan gras., Bermuda grass, alfalfa, and 
corn) or an pen canopy structure (no crops, onion , 
and cotton) and (2) simply whether r not standing 
crops exist d. I though cotton become den. e near 
maturity, it wa relatively open during the study. For 
each field, we estimat d average crop height and per-
ent of bar gr und during the mid-point f th pa e

u e study. We . ubjectively pooled crop types int sim
ple cla e that we exp cted would inAuenc owl for
aging behavior to accommodate the mall number of 
ob ervation /owl and the large number of different 
crop type . We expe ted a negative relati nship of for
aging with increasing d n ity of vegetation, and based 
on central place foraging behavior of the owls, a strong 
decrea e of u e with di lance from the ne t. Although 
w were intere. ted in investigating the election for 
edge habitat, we were unable to do so be au. e of the 
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TABLE I. E REST El llBOR 0JSTA CES (M) 01-

B RROWJ G OWL NESTS WJTlll THE I TENSIVE ST DY 

AREA, IMP RIAL VALLEY, C , 1998-2000 

Year Range Mean ~· Median 

1998 106 13-760 125.4 11.2 98.6 
1999 93 8-818 149.1 15 .2 I 01. I 
2000 94 7-806 165.9 15 .9 121.5 

confounding effect of di tance from the nest given all 
nest were located in edge habitat. 

RESULTS 

N - T D SITY A D DI TRIB TIO 

Based on the number of new ne ts found in 
the three urveys (37, 8, 0 nest ), we estimated 
a 0.85/ urvey detection probability under the 
Zippin model. Thi very high detection/survey 
re ult in counting mo t of the Burrowing Owl 
within the tudy area from two (98%) or three 
(99.9o/t:) urvey . Thu , our e timate of den ity 
ba ed on count hould have negligible bia . 

Den ity of nesting pair of Burrowing Owls 
remained fairly constant during the three years 
of the urvey within the ISA. In ach year, we 
located approximately J 00 n ting pairs (199 : 
106; 1999: 93; 2000: 94). rom th .e count, we 
e timated an a erage crud (entir ar a) density 
of 8.3 pair /km2 and an a erag linear occur
renc of 2.9 pair /km of ne t (edge) habitat. 
N ting pairs of owl were xc ptionally den 
along drains and canals, resulting in an average 
neare. t neighb r distance ranging from 125- 166 
m across years (Table J ). N ts, excluding those 
in ne t box . , were locat d primarily along 
drains (43%), d Ii ery ditches (43 :Ve), and canals 
( 11 ~ ), with little variation among y ars. 

DIET 

Based on frequency or occurrence in pellet 
amples, the diet wa dominated by arthropods, 

particularly Orthoptera (grasshopp p, and crick
ets), oleoptera (beetles), and Dermapt ra (ear
wig.; ig. 2). mall mammals (primarily hous 
mouse [Mus musculusJ, pocket mouse [Perog
nathus pp.], deer mou e [Peromyscus spp.], and 
Botta's pocket gopher [Thornomys bottae]) were 
the dominant vertebrate prey, though bird were 
frequent in 2000. The av rage number of ro
dent /pellet wa imilar in 1998 (0.10 :±: 0.04; 
CV = 148o/t:) to 2000 (0.13 :±: 0.03; CV = 
115%). 

BR EDI G PH OLOGY A D PRODU TIVITY 

Burrowing Owl in the Refuge generally ini
tiated breeding in April and May and extended 
into late ummer. Egg-laying began a early as 
24 April in J 999 and prior to our fir t observa-
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FIGURE 2. Diet of Burrowing Owls based on the 11( 

frequency of taxa within pellet amples, Imperial Val
ley, CA, 1997-2000. Taxa included Coleoptera (Col, 
beetle ). Orthoptera (Orth. grasshoppers and crickets). 
Dermaptera (Derm, earwig<;), Hemiptera (Hem, true 
bugs), Araneae (Aran, spiders), corpionida (Scor, 
scorpions). olpugida ( oli, wind scorpions), Crusta
ceans ( rus). Reptiles (Rep). Amphibians (Amp), 
Birds (Bird), and Rodents (Rod). Th sample size for 
each year is the number of nests from which pellets 
were collect d. 

tion on 7 April in 2000. lutch s wer com
pl t d as early as 30 April ( 1999 and 9 April 
(2000), but average date were 14 May ( 1::. = 
4.2 d, = 6 nest.) and 29 April (SE = 3.5 d, N 
= 17 ne. ts), re pectively. Pairs with early s ason 
nest failures that relaid did so as late as mid
July in 1999 and 2000. Clutch si/e was similar 
between years ( 1999: 6.5 :±: 0.2, N = 17; 2000: 
6.9 :±: 0.3, N = 19), ranging from 4-8 eggs/n st 
attempt. Y ung hatched within 1-6 (3.3 2:: I. I, 
N = 4) da s of one another in 1999 and 3-7 
(4.3 + 0.6, N = 9) days in 2000, resulting in 
large si/ variation among siblings (Haley 
2002). Base<l on this large variation of hatch 
date within a clutch, females apparently began 
incubation prior to clutch completi n. Hatching 
success in 1999 (70.5 :Vo :±: 14.8, N = 6) was 
similar to 2000 (84.4% :±: 6.9, N = 8) in 2000. 
Dates of newly hatch d young ranged from 13 
May-20 June in 1999 (mean 3 June :±: 3.6 d, N 
= 10) and 30 April- June 22 in 2000 (mean 16 
May :±: 3.4 d, N = 16). 

Productivity varied dramatically among nests 
and years within the I A . e:.t failure ranged 
from 0 to 50o/t: among years and location (Table 
2). Productivity, as e:timated for all nesting at
tempts and for only those that were succe ful, 
wa imilar between ne t on private (natural 
nests) and Refuge (nest boxes) lands. Productiv
ity averaged 2.5 :±: 0.2 young/nest with a max
imum of 7 young ob erved. We failed to find 
explanatory factor related to productivity other 
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T BL 2. COMP RI 0 OF B RROWI G OWL PROD CTIVITY, lMPERI A VALLEY, 1998- 2000 

Location• Year Range en- fail ed Range 

Pri ate Land 1999 23 J.8 ± 0.3 0- 4 26.1 17 2.5 ± 0.3 1- 4 
2000 29 3.0 ± 0.3 0- 5 10.3 26 3.4 ± 0.3 1- 5 

Refuge Lands 1998 13 2.3 ± 0.6 0-7 30.8 9 3.3 ± 0.6 1-7 
1999 6 J.O ± 0.5 0- 3 50.0 3 2.0 ± 0.6 1-3 
2000 7 3.9 ± 0.6 1-6 0 7 3.6 ± 0.6 1- 5 

NOie : Productivity was defined as the maximum number of young 14 21 d old observed during li ve 30-min observations (Private) or a., the number 
observed within nest boxes (Refuge). 
• ests within pnvate lands were selected randomly from all nests located withrn the I A excluding the Refuge. Nest within the Refuge were from 
all active nest b xes, e eluding those randomly selected to recei,·e experimental manipulation. 

than year. In 2000, the only year that we had 
e timate of both productivity and rodent con-
umption for an adequate sample of ne t , pro

ductivity wa unrelated to the rodent index (N 
= 28 ne t , 13 = - 1.3 :±: 1.0). Although ther 
wa high variability in neare t-neighbor distanc
e (7-596 m) and number of neighboring nest 
( 1-19), neither neare t-neighbor distance (N = 
52, 13 = -0.04 :±: 0.11) nor number of n t 
within 600 m (N = 52, 13 = 0.01 :±: 0.03) were 
related to productivity ba ed on the regre ion 
model with year and eith r the neare t-neighbor 
di tance or number of ne t a explanatory fac
tor . So although productivity varied by year, we 
were unable to i olat fact r as ociated with in
dividual variation f productivity. 

B TWE - YEAR MOVEM T 

Adult Burrowing wls exhibited trong fidel
ity to their n sit s and their mates. Of adult 
Burrowing Owl of known sex observed in two 
. ucce sive year (N = 91 [ 1998-1999] and 83 
[ l 999- 2000]), ov r 85% nested within 400 m of 
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FIGURE 3. Frequency histogram of between-year 
movement distance of adult (N = 174) and juvenile 
(N = 20) Burrowing Owl from the Inten ive tudy 
Area, Impenal Valley, CA, 1998- 2000. The percent of 
indi iduals located in two con ecutive year i~ hown 
within 400-m di tance inter al , . tarting at :5400 m. 

their previous year' ne t (Fig. 3). Ba ed on data 
from nest boxe (known nest chamber), 48% (11 
of 23) and 65~ ( 11 of 17) of nest had at lea t 
one member of the pair nesting in the ame box 
between 1998-1999 and 1999-2000, re pecti ve-
1 y. The trong ne t- ite fidelity corre p nded 
well with mate fidelity: > 80% of pair for which 
both member wer banded and found in a uc
ce sive year remained with the ame mate 
(l 998-1999: 19 of 22 pair , 86.4~; 1999-2000: 
16 of 20 pairs, o~ ). 

The hazard-rate function wa cl arly a more 
appropriate model than the exponential (w = 
J .0) and dem nstrated a rapidly declining like
lihood t mov long-di tance (Fig. 4 ). There 
was strong evid nee that the hazard-rate func
ti n was , ex and year specific (w = 1.0) and fit 
the data (P > 0 .05 for each ex and y ar). Male 
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FIGURE 4. We described movement data by the haz
ard-rate model, f(x) = I - exp ( - [x/a] h), fit to dis
tance data of adult female and male Burrowing Owls, 
199 -2000. The y-axis is the probability of an indi
vidual moving to a ne t location x distance (m) from 
their pre ious year's nest site. "Study Area Effects" 
how the estimated dispersal di tance at which neg

ative bia occurs given a uniform di tribution of move
ments with a maximum of 3 km. 
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TABLE . COMPARISO OF MODELS OF FACTOR AFFECT! G BETWEE -YEAR MOVEME T DISTA CES OF AD LT 

BURROWING OWLS, IMPERIAL VALLEY, CA, 1998-2000 

Models3 

A. 1998-2000, without nest ucce s data 
Year, gone, neighbor, neighbor X year 
Year, gone, log(neighbor), log(neighbor) X year 
Year, gone, neighbor 
Year, gone 
Gone, neighbor 
Year, neighbor, neighbor X year 
Gone 
Neighbor 
Year 
No effects (intercept only) 

B. 1999, with nest success data 
Gone, neighbor, ucces 
Gone, log(neighbor), success 
Gone, success 
Gone, neighbor 
Neighbor, success 
Gone 
Neighbor 
Succe 
No effects (intercept only) 

~AICch 

Males (N = 80) Females (N = 60) 
0.03 6.2 0.02 0.03 l J .8 0.01 
0.03 11.7 0.01 0.02 12.6 0.0 I 
0.03 8.0 0.0 J 0.02 9 .3 0.0 I 
0.02 4.4 0.06 0.01 6. I 0.03 
0.01 5.7 0.03 0.0 I 6.1 0.03 
0.03 8.0 0.01 0.03 8.5 0.0 I 
0.01 3.5 0.09 0.01 3.0 0.12 
0.0 I 3.5 0.09 0.01 3.0 0.12 
0.02 2.] 0. J 8 0.01 3.0 0.12 
0.00 0.0 0.52 0.00 0.0 0.56 

Males (N = 25) Female (N = 14) 

0. J 7 6.0 0.02 0.50 6.5 0.01 
0.16 6.6 0.01 0.49 6.9 0.01 
0.16 2.4 0.12 0.48 0.7 0.22 
0.10 3.9 0.05 0.11 8.2 0.01 
0.07 4.9 0.03 0.33 4.3 0.04 
0.10 0.0 0.38 0.10 3.3 0.06 
0.01 2.6 0.11 0.02 4.4 0.04 
0.07 J .1 0.23 0.30 0.0 0.33 
0.0 4.4 0.04 0.0 0.2 0.29 

"Factors in the models may include whether or not the mate was observed within study area ( " gone"), distance to the nearest neighboring nest 
( " neighbor") or its log-transformed value, the year before the movement event ("year" ). and whether or not the nest was successful ("success"). 
h The difference in !Cc from the model with the lowest value (Burnham and Ander<,on 1998). 
0 The relative likelihood of the model. based on A l c (Burnham and Anderson 1998). 

had a more rapidly declining function than fe
males ( ig. 4) in both 1998- 1999 (male : a = 
14.9 ± 7.2, b = 1.2 ± 0.1; female : a = 30.9 
± 12.1 , b = 1.5 ± 0.2) and 1999-2000 (males: 
a = 6.6 ± 2.9, b = I. I ± 0.2; female : a = 
36.5 ± 17.6, b = 1.3 ± 0.2). We ob erved long 
distance movem nt of >3 km for female (N 
= 3) and n ver b erved males moving > 1.5 
km. The. e re ults demonstrate the higher like
lihood of male to remain near their previou 
year's ne t and the mall, but higher likelihood 
for females to move greater than e eral hun
dred m. In contra t, the estimated di persal func
tions for the owls with simulated distance fol
lowed the expected uniform probability until ap
proximately 1.2 km, at which point the declining 
lope resembled a negative exponential function 

(Fig. 4). The very different distance at which the 
simulated movement showed a declining prob
ability of movement relative to the owl data pro
vided trong evidence that the estimated move
ment pattern were not negatively bia ed due to 
tudy area constraint (Fig. 4), and thu allowed 

us to evaluate biological factors responsible for 
the observed patterns. 

Individuals had a unique propensity for move
ment: distance individuals moved between 
1998-1999 was positively correlated (r = 0.67, 
P < 0.001 , N = 45) with distance moved be
tween 1999-2000. However, we identified few 

factors associated with how far individuals 
moved. Based on data for which both member 
of a pair were banded (N = 66 l 1998- 1999], N 
= 68 [ 1999-2000] pair ), we found little evi
dence that year, whether or not the mate of the 
owl was presumed dead (i.e., ne er se n again), 
or distan e to th neare t ne t were associated 
with distance moved (Table 3a). Based on a. ub
set of the data for which nest ucces was 
known, there was some evidence that both nest 
succes and whether or not an owl' mate was 
pre ' urned dead were a . ociated with distance 
moved (Table 3b). Distance moved by male and 
fem ales wa , associated weakly with nest success 
and the pre ence of their mate the following year 
(Table 3b). For both s xe , distance moved tend
ed to be much greater for individuals whose 
nests failed, though e timate lacked precision 
(Tabl 4). 

A expected, di per al distance of juvenile 
owls was much greater than between-year move
ment of adult (Fig. 3). There was no evidence 
of a decline in the disper al functions of juvenile 
owls as di tance increased from the natal nest. 
That finding, in addition to only 20 of 124 
(16.1%) juveniles that were banded and reob-
erved in a following year, ugge ts that a large 

proportion of the young emigrated from the 
tudy area ( ensu Turchin 1998). Some juvenile 

did remain near their natal ne t (Fig. 3). Of five 
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young banded at ne t boxe that were r located 
the following year, one ne ted in its natal nest 
with a non-parent mate. 

SURVIVAL 

The large sample of marked owl and their 
high recapture probabilities resulted in precise 
e timate of survival. From 1997-1999, a total 
of 239 adult were marked and relea ed during 
1997-1999; only 11 were marked during 1997. 
During 1998-2000, we identified over 140 
marked adult each year, with irnilar numbers 
of males (N = 147) and female (N = 148). The 
global model, Model { <l>g•i, Pg 1}, fit the data (P 
= 0.08). The model with the highest likelihoods 
were those that allowed recapture probabilitie 
to vary by sex and constrained survival rates to 
be equivalent among years (Table 5). High es
timated recapture probabilities for male ( 1.0 ± 
0) and female (0.91 ± 0.06) uggested most 
marked owls were reobserved if present in the 
tudy area. There wa little evidence that appar

ent urvival rate varied appreciably among 
year ; 95% confidence intervals overlapped for 
weighted annual estimate for both exes. There 
was weak evidence that males had higher ap
parent survival rates than female . Based on e -
timates weighted from all model and u ing the 
interval from l 998-1999 for comparative pur
poses, apparent survival rates of male (0.64 ± 
0.04) were marginally higher than tho e of fe
males (0.58 ± 0.05; Table 5), but 95~ confi
dence interval overlapped. 

To allow estimation of actual urvival rather 
than appar nt survival, we timated the likeli
hood for an adult to dispeL e from the DSA. W 
estimat d an emigration rate of 0.01 and 0.04 
for ma! s and females, resp ctiv ly. Using these 
estimates of emigration and the apparent urviv
al rate from the weighted averag , wee. timated 
an annual survival probability of 0.65 and 0.62 
for male and females, respectively. Thi ug
ge t that the difference in apparent urvival 
rates b tween male and female wa partially 
due to differential emigration, con i tent with 
the differences in the movement patterns be
tween exe 

SPAC Us 

Owl used area neare t their nest mo t inten
sively, but included a relatively large area in 
their home range . On average > 80% of forag
ing location were within 600 m of their ne t 
(Fig. 5). The area traver ed averaged 113.7 ± 
30.4 ha (Table 6), with high (33.7 ± 3.4%) over
lap among owl . E timates of the mean area 
u ed varied from 45.3 ± 18.2 ha (fixed kernel) 
to 184.5 ± 65.1 (adaptive kernel; Table 6). The 
difference between estimates from the fixed and 



TABLE 5. MODEL DESCRlPTlON AND RESULTS OF SURVIVAL ANALYSES OF ADULT BURROWING OWLS, IMPERIAL VALLEY, CA, 

Model Descript1<m k" :i.AICch 

<!>(s), P(s) Survival and recapture probability allowed to vary by sex 4 0.0 
<!>(-), P(s) Common survival but recapture probability allowed to vary 3 0.2 

by sex 
<!>(s + t) , P(s) Survival allowed to vary among time similarly between 6 0.9 

sexes; recapture probability allowed to vary by sex 
<!>(s), P(-) Survival allowed to vary by se.\. but common recapture prob- 3 1.9 

ability 
<!>(t), P(s) Survival allowed to vary by time and recapture probability 5 3.5 

by sex 
<!>(-). P(-) Common survival and recapture probability among all in- 2 4.7 

dividuals 
<!> (s x t) , P(s) Survival allowed to vary by sex and time; recapture proba- 8 6.5 

bility allowed to vary by sex 
<!>(t), P(s x t) Survival allowed to vary by time; recapture probability al- 8 7.3 

lowed to vary by sex and time 
<!>(s X t), P(t) Survival allowed to vary by sex and time; recapture proba- 8 10.J 

bility allowed to vary by time 
<!>(s x t), P(s x t) Survival and recapture probability allowed to vary by sex 10 10.2 

and time 

a Number of parameters in the model. 
b Difference in small-sample .,i7e corrected AlC (A ICcl from model "'ith the lo...,est AICc; 'mailer values indicate a more desirable model. 
c Aikaike"s weights. an estimate of the likelihood of the model '-"llhin the set of model' con.,1dered (Burnham and Anderson 1998). 
<l Estimate for year effect models is based on survival between 1998-1999. 
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TABLE 6. 
o Y Bo 

STIMAT D HOM E R A GE SIZE OR I RADIO-TAGGED MALE 8 RROWI G OWL N STI G WITHI THE 

ALTO EA N ATIO L WILDLIFE R EF GE, IMPERIAL VALLEY, A, M AY- J LY 1998 

o. telemetry 
Owl location'> IOOo/C M P" 

A 71 158 
B 17 68 

55 247 
D 77 80 
E 29 63 
F 52 66 
Mean (SE) 113.7 (30.4) 

• Minimum cor ex polygon . 

adaptive kernel were often large becau e of the 
different levels of mo thing in area farthe t 
from the ne t, where data were par e. The 
fixed-kernvl e timate probably undere timated 
the area u'ed because of the high concentration 
of locations near the nest, wherea the adaptive 
kernel pr bably overestimated area becau e of 
the few di tant location,. 

Habitat election pattern varied among owl . 
The tronge t ingle effect wa imply di tance 
from the r.e t (Table 7, Fig. 5). The model with 
only di ta;ice had similar weights to mod l that 
also included whether or not cover exi ted . Al
though cover may have been a factor in foraging 
habitat se.ection for ome owls (Table 7), e. ti 
mate were imprecise (regres ion co ffici nt for 
c ver, 13, f r log(di stance) model : - 0.31 ::!:: 0.1 ; 
for polyn mial (di tance) model: - 0 .35 ::!:: 0.58). 
Although mall ample size. made in~ rences 
fr m finer- cale analyse weak, . everal er p 
type we u ed more than others, r lative to 
availability. el ction, h w ver, vari d with dis
tance fror:1 the n st (Fig. 6). At lo ations near 
th ne. t, dge and fields without crops ("bar ") 
had the =>reate. t u. e relative to a ailability, 
wherea at di tanc > 600 m election wa 
greate t for hay field , ( ig. 6). The large aria
ti n arnorg owl· (Fig. 6) wa probably du to 
di tance f-orn th n t, maturity of the crop (i .. , 

Area e.,tim:ue (ha) 

95% adapuve 95 o/C fhed 
kernel kernel 

191 13 
187 8 
491 122 

73 65 
85 53 
80 11 

184.5 (65.1) 45.3 ( 18.2) 

acce ibility), and management of a particular 
field, as well a individual pattern of habitat 
election. 

DISCUSSION 

N ET DE SITY D DISTRIB TION 

The Burrowing Owl population in the Impe
rial Valley of California i perhap the large t 
continuou population throughout the pecie ' 
range and ur ly one of the mo t den. popu
lation over uch a large area (DeSante t al. this 
volume). Coulombe ( 1971 :Table 2) e ti mated 3.3 
pair /km2 within an -km2 area of the Imp rial 
Valley during the breeding ea on of 1966-
1967. In south rn Florida, MilL ap and Bear 
(2000) report d a d n ity of 6.9 pair /km2 for 
the Florida ub p cie (A. c. fl.oridana), which 
they e timat d from a relatively large ar a (35.9 
km2) relativ to mo t other tudie,. ur estimate 
of 8.3 pairs/km2 i on of the highe t r ported. 

E timat of den ity are en itive to the ar a 
con idered; mall areas delineated by th xi -
tence f individual. may re ult in v ry high den-
itie . For exampl , D , mond et al. ( 19 5) re

ported 2:::20 pairs/km2 of owl in black-tailed 
prairie dog ( ynomys Ludovicianu ) colonie · 
within ar a of <35 ha. The patial variability 
of owl den ities within our study site wa due 

TABLE 7. COMPARI 0 OF HABITAT S ELECTIO MODEL OF MALE B RROWI 

A, M AY-I LY 1998 
WL (N = 6), IMPERIAL VA L Y, 

Log (di.,tance) 3rd-order polynomial (d1.,tance) 

VI ode I" Wh Range (w)< Wh Range (w)< 

Di s tance, op type 0.06 0-0.20 0.07 0-0.24 
Distance, op co er 0.20 0-0.87 0.26 0-0.77 
Di . tance 0.20 0-0.67 0.20 0 .54 
No effects ( intercept only) 0.00 0 0.00 0 

a actors in thr m dels may include distance from the ne.,t as ei ther a log effect or as a 3rd-order polynomial, and two different schemes of pooling 
different habiUL types: ( I ) whether or not the field contained crops with dense cover ("crop type .. ) or (2) whether or not the field had cover by a 
crop 
h The rnean o the relati e likelihood of the model, based on Al c (Burnham and nderson 199 ) 
c The range of 11· among owls. 
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FIGURE 5. Frequency distribution of percent of lo
cations (X ± SE) of six male Burrowing Owls radio
tracked in the Imperial Valley, CA (June- July 1998). 

in part to the scarcity of burrows in some areas. 
High patial variation in nest di tribution is char
acteri tic of Burrowing Owl populations (Des
mond et al. 1995, Trulio 1997,Mill apandBear 
2000), and results in high variation of neare t
neighbor distances. 

Burrowing Owls often live in close proximity 
to c.:on pec.:ific.:s, but defend the immediate area 
near their ne t (Coulomb 1971; D. Rosenberg, 
pers. ob .). We found pairs ne ting as clo e as 7 
m to each other, with an average nearest-neigh
bor di tance of 147 m. In a tudy area about 
twice the ize of ours, Mill ap and B ar (2000) 
reported mean nearest-neighbor di tance. of 176 
m. There have been few studies investigating 
whether a benefit is gained by their clustered 
distribution, which often re. embles a colonial 
ne ting pattern . Green and Anthony (1989) 
found ne t ucces was low r for owls that ne t
ed within 110 m of another pair, . uggesting 
competition for resource .. Although we found 
high variability in ne. t densities, we failed to 
find evidence, based on number of young/fe
male, that competition drive ne t distribution. 

urther investigation into the costs and benefits 
of the clustered distribution of nests will provide 
in ight into the proximate and ultimate cau es of 
the spatial di tribution of Burrowing Owl nest . 

DI T 

The diet of Burrowing Owl in our study area, 
dominated numerically by invertebrates, i prob
ably typical of populations within intensive ag
ricultural ecosystems. The very broad diet we 
observed is characteristic of Burrowing Owl 
(Haug et al. 1993). During the breeding season, 
their diet likely represent opportuni tic foraging 
near the ne. t site, con istent with central place 
foraging theory (e.g., Orians and Pear on 1979). 
In many populations, there is a seasonal shift in 
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FIGURE 6. Compari on of the percent use among 
foraging habitat by six male Burrowing Owl , Impe
rial Valley, CA, Jun -July 1998. The error bar repre
<;ent the E among the owl . The percent u e and 
availability of each type differed ba ed n lo ation 
near (A) and far (B) from the nest. Estimates are ba ed 
on locations gathered from nocturnal telemetry (owl 
use) or % composition of habitat within a circle with 
a radius equal to the maximum distance an owl was 
located from it nest (availability). 

diet, with an increa. e in consumption of verte
brates during the non-breeding eason (reviewed 
in Haug et al. 1993; Silva et al. 1995). Thi may 
not be the case in the inten ive agroeco. ystem 
of the Imperial Valley, where York et al. (2002) 
found dominance by Orthoptera in both the 
breeding and non-breeding season. Given thee -
timate of 14 individual Orthoptera/stomach 
(York et al. 2002) and a suming a pellet egestion 
rate of 24 hr (Haug et al. 1993), an adult owl 
con ume. about 5000 Orthoptera/yr. Ba ed on 
an e timate of 13,000 adult owls in the Imperial 
Valley (DeSante et al. thi volume), Burrowing 
Owls consume >65 million Orthoptera/yr. Al
though the effect of Burrowing Owl predation 
on crop pest remains unknown, the owl ' high 
den ity and heavy predation of pest species ug
gest it may be important. 

Analy i of pellet samples in our study area 
and of stomach contents (York et al. 2002) sug-
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ge ted very low consumption of rodent in the 
Imperial Valley relative to other populations in 
California (D. R senberg et al., unpubl. data). 
The rodent inde wa. highly variable am ng 
ne t and was lik ly influenced by field-specific 
crop management. For example, after a fi Id 
burn we observed greater number of rodent re
main around owl bu1Tow (K. Haley, pers. 

b .). The flood method of irrigation may limit 
rodent population . York et al. (2002) hypothe
sized that Burrowing Owl elect mall rodents 
over arthropods and that the low frequency of 
rodents in their diet in the Imperial Valley wa 
due to low abundance and availability, con is
tent with findings of strong election for rod nt 
for a Chilean Burrowing Owl population ( ilva 
et al. 1995). 

Bird were another primary vertebrate con
. urned. They were much more frequent in the 
diet of owls in the Imp rial Valley than in other 
ar a of California (D. Ro enberg et al., unpubl. 
data). Prey included both maJJ pa erines, . uch 
a Wilson' Warbler (Wi/sonia pusilla), as well 
a. larger birds that were apparently cavenged, 
such as American cet (Recurvirostra ame
ricana). Bird may be an important component 
or the diet, e pecially during the breeding seas n 
when energetic demands are high. 

BREEDING PHE OL GY AN! PRODU TIVITY 

The owls' nesting s ason is longer than else
wh re in California (D. Rosenberg et al., unpubl. 
data), with egg-laying xtending into July, usu
ally following nest failure . Indeed, a nest with 
10- 14 d old young was found during December 
(J. Govan, p rs. comm.), giving further support 
to our hypoth sis that year-round food avail
ability may be greater in the Valley than else
wh re in the subspecies' range. The only other 
record of late-season breeding by Burro ing 

wls was in lorida in an area also with high 
densitie of owls (Millsap and Bear 1990). De
spite the pot ntial for an extended breeding sea
son and frequent renesting following nest failur 
(D. Catlin and D. Rosenberg, unpubl. data), we 
did not ob erve doubl -brooding, which has 
been infrequently obs rved eL ewhere (Millsap 
and Bear 1990, Gervais and Ro enberg 1999). 

Clutch ize within a pecie is belie ed to be 
a re pon to variati n in protein and energy 
availability (William · 1996, Nager et al. 1997 . 
Burrowing Owl pr du e large clutches (up to 
11 egg-; Haug et al. 1993), u ually a ociated 
with high rodent abundance (D. Ro. nberg, 
per . obs.). In the Imperial Valley, we have n v
er ob erved clutch siz.e > 8 during our study pe
riod; of these, few individuals typically fledge. 
Although an average of six egg. were laid per 

clutch, an average of only 2.5 young urvived 
to 21-28 d old. 

We failed to identify factor oth r than year 
a ociated with individual variation in pr duc
tivity. We expl red only two component of 
tho e often po tuJated to be a sociated with in
dividual variation of productivity in birds: qual
ity of diet and competition for food resource 
(Newton 1998). We failed to find that our index 
of rodent con umption or the pre ence of n igh
boring owl were related to productivity. Al
though it i likely that our finding of a year ef
fect on productivity wa related to food re ourc
e , our index, which e timated the abundance of 
only one of the many prey re ource , wa not 
indicative of individual variability in productiv
ity. How well our e timate provid d a reliable 
index to rodent con umption at the indi idual 
nest level i unknown. Unlike other ite in Cal
ifornia (D. Ro enberg, unpubl. data), bird were 
a common component of the diet, and indeed 
may be more important than rodent c n umption 
for providing ufficient energy and nutrient for 
a large bro d. 0th r factor affecting individual 
variation in pr ductivity that may be op rative 
for Burrowing Owl include vulnerability to pre
dation, parental condition, age of adult., and 
previou reproductive history. The ·e fa tor · re
main to be explored with our data and future 
experimental , tudies. 

That food supply limit clutch ·ize and the 
number of fledglings of many bird ·pecies ha 
been well d mon trated (Newton I 998: 145). In
deed, Haley (2002) found an increas in pro
ductivity of fo d-supplemented Burrowing wls 
in the Imperial Valley. We hypothesize that 
clutch size of Burrowing Owl in th Imp rial 
Valley is limit d primarily b nutri nt and n
ergy availability. W further p ulate that th 
m chani , m of r du ing brood ize c ur 
through infanticide (Wellicome 2000) and in
crea ed predation through expo ·ure f y ung at 
the burrow (Bot lh 1996), both of which are 
influenced by fo d . upply. Determining the ep
arate role f nutrient and energy limitation in 
clutch iz (e.g., Nag r et al. 1997) and factor 
cau ing mortality of ne tling will require care
ful ob ervation and experimentation. 

BETWEE -YEAR M EME TS 

Burrowing Owl typically remained with their 
mate in ucces iv br eding ea on . Our find
ing of greater than 80o/c mate retention i imiJar 
to the high (92o/c) rate Millsap and Bear (1997) 
reported in Fl rida. However, high annual mor
tality meant that only approximately 40% f the 
pair would have both members alive by the fol
lowing breeding sea on. Following lo f ma
te , through divorce, emigration, or death, new 
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pairs were formed; ome owls moved consider
able distances (e.g., >3 km) before new ne t 
pair were formed. 

Our finding on between-year m vement are 
in gen ral agreement with prior studies through
out the owl' North American range. Our re ult 
are imilar to the high ne t- ite fidelity of adult 
reported for the Florida u b pecie. by Mill ap 
and Bear ( 1997) and for a migratory population 
ne ting in Canada (Wellicome et al. 1997). Lutz 
and Plumpton ( 1999) reported lower rates for a 
migratory population in Colorado. Adult be
tween- or within-year movement distance of 
over 40 km have been detected for both resident 
(1. Ro ier et al., unpubl. data) and migratory 
(Wellicome et al. 1997) population . The size of 
our tudy area, however, was too small to detect 
movement. >4 km using only mark-recapture 
methods. 

Adult Burrowing Owl , parti ularly females, 
will ne t in location distant from their previous 
year' ne t, consistent with avian di persal pat
terns (Greenwood 1980). We found su h move
ment ften followed ne t failure, ·imilar to re-
ult from Col rado (Lutz and Plumpton 1997) 

and gra lands in California (J. Ro ier et al., un
publ. data). Millsap and Bear ( 1997 found that 
longer-distance movements were a. sociated with 
lo s of a mat . We found vid nee for this as 
well, but our data provided stronger support for 
ne t failure as the predominant factor a. sociated 
with mov ment . 

Natal dispersal pattern. are poorly understood 
and di ·tanc distribution · ar typically undere -
timated for mo. t bird species (Barrowclough 
1978, K cnig t al. 2000). Natal dispersal pat
terns in Burrowing Owls ar no exception. From 
the non-d lining dispersal function (s nsu Tur
chin 1998), it wa · dear that our study area was 
to . mall to properly e timate this important pa
rameter. Natal di per al di . tance or up to 300 km 
wa rep rted by Wellicome et al. ( 1997) from a 
migratory population. Millsap and Bear ( 1997) 
reported a median natal dis per ·al distance of be
tween 0.4-1.1 km; our median distance was 
imilar ( 1.5 km), and we uspect it wa. severely 

undere timated. Careful attention to the prob
lem· of e timating di persal, particularly natal 
di per. al (e.g., Koenig et al. 2000), will be re
quired to provide a better under randing of the 
population ecology of thi p cie ,. 

SURVIVAL 

It was intere ting, but not , urpri ing, that adult 
survival rate were similar betwe n male and fe
male . We u pect that cau. e of mortality differ 
between exes, though annual mortality is imilar. 
Co t of reproduction are likely higher for fe
male , particularly if nutrient requir d for repro-

duction are limiting. Predation within the burrow 
by fossorial mammals and snake. may be an im
portant mortality factor. If so, this hould affect 
adult females more than males because only fe
males incubate eggs and brood young (Haug et 
al. 1993). Alternatively, the male'. high visibility 
and the greater amount of time spent foraging 
during the breeding season may make male 
more vulnerable to other predator and vehicles. 
Few accounts of cau e-specific mortality exist. 
Clayton and Schmutz ( 1997) quantified cause
specific mortality for two Canadian populations; 
vehicle collisions were the predominate mortality 
factor for adult in fragm nted environments, 
wherea. predation by raptors and mammal pre
dominated in the larger grassland eco y terns. 
Millsap (2002), in an urban nvironment in Fl r
ida, found vehicle colli ions responsible for 70% 
of banded owls found dead. A deeper under rand
ing of cau e- pecific mortality is needed to more 
fully understand factor affecting Burrowmg Owl 
population . 

Our e timate of survi al rat , of Burrowing 
Owls i , one of the few n t based on return rates, 
which typically und restimate survival. Lutz and 
Plumpton ( 1997) reported adult survival rate: 
that vari d between 0. 17 to 0. 71 among year , 
within a migratory population in Colorado. In 
Canada, Clayton and Schmutz (I 997) e. ti mated 
adult urvival rates ba. ed on known fate data 
(radio tel m try) and generally f und low rates, 
although they aried fr m 0.38-1.0 for a 4-m 
period. In a , tudy de:ign similar to our , Millsap 
and B ar (I 997) found annual survival rates of 
r males generally lower (0.52- 0.69) than males 
(0.62- 0.81 ), and in areas of moderate housing 
de clopment they t nded to b . imilar to our 
estimates (Millsap 2002). 

Bas •d on th natural history of Burrowing 
wls, it i. likely that population dynamics are 

more sensitive to juvenile than adult survival 
(e.g., mien and Pikitch 1989). Indeed, that few 
adults but many juveniles moved long di . tances 
and that mortality rates or adults are high, sug
gest that ex-situ recruitment of young into the 
breeding population i. an essential feature of the 
dynamics of the relatively stable population we 
studied. Martin et al. (2000) reported similar 
findings f r White-tailed Ptarmigan (Lagopus 
/eucurus) and uggested that recruitment from 

ternal populations may b an important and 
common feature of avian population dynamic . 
In the Imperial Valley, the Burrowing Owl pop
ulation i probably structured as a continuou 
population rather than a. a , et of distinct "ex
ternal" populations. Inde d, genetic data ugge. t 
high mixing of individual throughout central 
and southern California (Korfanta 200 l ). 

Because of the high emigration rate of juve-
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nil from our tudy area, as evidenced by the 
non-declining movement function we ob erved 
(Fig. 3), e timate of juvenile survivor hip 
would have been verely underestimated from 
our data. Preci e and unbia ed e timate of ju
venile survivor hip wilJ be important in order to 
model the dynamics of thi population, a well 
as to explore how en itive the dynamics of the 
population are to juvenile urvivor hip. 

SPACE USE 

Burrowing Owl tend to remain near their ne t 
ite during nocturnal foraging. Similar to our re
ult , >80o/c of the nocturnal telemetry locations 

were within 600 m of the nest during the breed
ing ea on in the agricultural matrix of the Cen
tral Valley, California, and Sa katchewan, Ca
nada (Haug and Oliphant 1990, Gervai et al. 
2003). Haug and Oliphant (1990) reported male 
Burrowing Owl selected gra -forb area and 
avoided agricultural field during nocturnal for
aging. However, their e timates of election did 
not take into account di tance from the ne t. B -
cau e nest sites wer all located within gra s
forb areas (Haug and Oliphant 1990), distance 
alone may explain the apparent pattern of hab
itat election they reported. Our re ult and tho e 
of Gervais et al. (2003) demonstrate that agri
cultural field are often u ed by Burrowing 
Owl . Indeed, the high owl densitie. in the Im
perial Valley, predominated by crop , ugg st 
agricultural field. can provide quality foraging 
habitat. Th tructure of vegetation within an ag
ricultural field is dynamic and changes through
out the growing . eason likely affect owl selec
tion. Some crops, such a · alfalfa, are grown 
without cultivation for s veral year , ometim s 
as long a six years (A. Kalin, per . comm.). In 

uch ca e , rodent population may incr as 
with a parallel in r a in electi n by f raging 
Burrowing Owl . 

Home range ize of adult Burrowing Owls i 
highly variable. E timat (M P m thod) 
ranged from 14- 480 ha (X = 240 ha) in a ma
trix of grazed pastures and cereal crop. in a
nada (Haug and Oliphant 1990) and averaged 
189 ha in the Central Valley of California (G r
vai et al. 2003). We found imilarly high vari
ation, regardle of the e. timator used. Variation 
in home range ize i likely due to availability 
of prey, reproductive ucce s (i.e., energy de
mand), and characteri tic of the land cape that 
affect the di tribution of resource (Newt n 
1979, Kenward 19 2, Haug and Oliphant 1990, 
Carey et al. 1992). Management practice that 
affect prey availability, uch a field burning and 
harvest, were al o likely re pon ible for the in
dividual variation we ob erved in pattern. f 
pace use. Sampling variation may be re ponsi-

ble for much of the observed difference in e -
timated home rang ize· this de erv further 
attention for estimation of home range in gen
eral (White and Garrot 1990). 

MANAGEME T CON ER 

In the Imperial Valley, the availability of bur
rows is largely dependent on the management 
practice of private landowner and the Imperial 
Irrigation Distri t. Mo t of the burrow in our 
tudy ite likely re uJted from water eepage, 

mu krats ( Ondatra ::.ibethicu ; Coulombe 1971 ), 
and gopher . When gopher reach the concrete 
lining, they often burrow to the urface (A. Ka
lin, pers. comm.), creating an initial tunnel the 
owls can nlarge. We al o found ne t within 
burrows initially created by the round-tailed 
ground quirrel (Citellu tereticaudus), a did 
Coulombe (1971). Within the agroecosy tern of 
the Imperial Valley, the abundance of the e pe
cies and their ability to provide burr w that the 
owl can modify a nest are determined largely 
by local farming practice and methods of water 
conveyance. 

The ingle largest management concern for 
the Burrowing Owl population in the agroe
co y tern of the Imp rial Valley i. how the ir
rigation ystem is managed. Dredging of drain 
and grading of road. has the potential to d stroy 
nests (Coulomb 1971; thi study). Indeed, sev
eral adults and their nest were buried during 
r ad grading operations (D. Catlin and D. Ro
senberg, unpubl. data) . Flooding from ov rflow 
of delivery ditches also cause nest destruction 
and death of young (K. Haley, pers. obs.). A 
potential problem is the growth or tall vegetation 
along drains, which prevents owls from n sting; 
however, current management practic s g ner
ally reduc or eliminate vegetati n along drains. 
Collaboration among the Imperial Irrigation Dis
trict, tate and fed ral agencies, and landowner , 
uch as local farm r ·, will be in. trumental in 

de eloping strategies to allow maintenance of 
the irrigation system while minirniLing destruc
tion tone ts. Burrowing Owls and th ir ne t are 
protected under both state and federal law. but 
uch protection in inten ively managed ecosy -

terns is difficult. Re earch on developing f a i
ble method to reduce the likelihood of de troy
ing ne t or entrapping adult owl will b 
tial in developin 0 con ervation trat gie . 

Another issue that may affect Burrowing Owl 
population in the Imperial Valley i the pre -
ence of contaminant re idue from current and 
former agricultural practices. Previou findings 
ugge t low level. of contamination by organo

chlorine ; p,p'DD , the only organochlorine de
tected in eggs, wa relatively low in the Imperial 
Valley (Gervais et al. 2000). Specie that con-
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sume a large proportion of their diet from aquat
ic environments have been reported with high 
levels of p,p'DD and elenium within the Im
perial Valley (Setmire et al. 1990, 1993). The 
predominance of terrestrial-ha ed prey resource 
in the diet, particularly Orthoptera, may be re-
pon ible for the relatively low levels of both 

p,p'DDE and elenium reported by Gervais et 
al. (2000). The results of Gervai et al. (2000) 
were ba ed on a mall ample from within the 
Refuge and from only a ingle year; however, 
Gervais and Catlin (in pre s) found imilar lev
els of p,p'DDE within and adjacent to the Ref
uge in 2002. Although we did not evaluate con
taminate re idue , the relatively high rates of 
adult survival and the proportion of nesting at
tempt that produced young do not currently in
dicate a problem. However, effects could occur 
if current pattern of pe ticide use change or if 
natural stressors interact with pesticide exposure 
(Gervais and Anthony 2003). 

The large numbers of Burrowing Owl in the 
agricultural matrix of the Imperial Valley remain 
vulnerable to changes in land u e (e.g., urbani
zation) and water di tribution. Although the con
centration of Burrowing Owl within the Impe
rial Valley i clearly due to farming practices, 
pre umably a large but . par e population existed 
prior to agricultural development. The few areas 
of native habitat that remain in the Imperial Val
ley may be important for the per i tcnce of Bur
rowing Owl in the Imperial Valley if changes 
in agricultural practices prevent ne ting along 
the irrigation y tern. Succe ful conservation 
, trategie for Burrowing Owls in the Imperial 

Valley will require both a thoughtful con ider
ation of how future change in agricultural prac
tices may affect populations and an evaluation 
of the role of native habitat for population per-
i tence. 

ACKNOWLEDGMENTS 

We thank R. Balzer, C. Fau tino, A. Felty, K. 
Hughes, R. Jansen, P. Phelps, and M . York for dedi
cated field assistance, J. Rosier and H. Packard for 
preparation of data and analysis of pellet , J . Gervais 
fore timating home range ize, S. Wood for a sistance 
with GIS data, and L. Gorman for preparation of Fig
ure 1. We are indebted to K. Sturm and the Sonny 
Bono Salton Sea National Wildlife Refuge for helping 
us initiate the project and for logi tic support through
out the study. Local farmer , particularly A. Kalin, fa
cilitated our work on private lands. The manu cript 
wa improved through the constructive criticisms of D. 
Shuford, J. Gervai , B. Millsap, H. Ober, and K. 
Sturm. We are grateful to the U.S. Fi h and Wildlife 
Service (Non-Game Bird Program), CalEnergy, South
ern Gas, and the citizens of California (tax-check off 
fund through California Department of Fi h and 
Game) for financial upport. The enior author thank 
J. and M. Nydigger for providing a wonderful place to 
work on this manuscript. This project wa conducted 
as part of the Burrowing Owl Re earch Program, a 
collaborative research program including The Institute 
for Bird Population , Oregon Stat University, San 
Jo State University, Utah State Uni er ity, and the 
Oregon Cooperative Fish and Wildlife Re earch Unit. 
Cooperators of the Oregon Cooperative Wildlife Re-
earch Unit included U .. Fish and Wildlife ervice, 

Oregon State University, Oregon Department of Fish 
and Wildlife, Wildlife Management Institute, and the 
Biological Resources Division of the U.S . Geological 
Survey. This is publ1cati n no. 153 of The Institute for 
Bird Population . 



tudies in Avian Bi I gy No. 27: 136-140, 2004. 

TYPE C BOTULISM IN PELICANS AND OTHER FISH-EATING 
BIRDS AT THE SALTON SEA 

To IE E. Roe KE, P u E N oL, CH RL s P uzz , A o K K. ST RM 

Abstract. In 1996, type C avian botulism killed over 10,000 pelicans and nearly I 0,000 other fish
eating bird at the Salton Sea in outh rn alifornia. Although botuli . m had been previously docu
mented in waterbirds at the Sea, thi die-off wa unusual in that it involved primarily fi h-eating bird . 
The American White Pelican (Pelecanu erythrorynchos) wa the specie with the greatest mortality 
in 1996. Since 1996, mortality has recurred every year but losse have declined ( <2000 birds/year), 
with relatively more Brown Pelicans (P. occidentalis) than White Peli ans afflicted. In 2000, morbidity 
and mortality of Brown Pelican with typ C botuli m ( J 31 I) approached the number afflicted in 
1996 (2034). In recent year , mortality reached a peak earlier in the ummer, July and ugu t, in 
contra t to 1996 when mortality rea hed a peak in September. n exotic fish pecies, ti lapia (Oreo
chromis mo sambicus), ha been implicated a the source of toxin for birds at Salton Sea, but the 
source of toxin for fi h i unknown. 

Key Words: avian botulism; Clostridium botulinwn type C; fish-eating birds; pelican ; Salton Sea; 
tilapia. 

BOTULI MO TYPO C EN PELI A 0 Y OTRAS AVES PT lVORAS EN EL MAR ALTON 

Resumen. n 1996, el botuli mo aviar ti po C mat6 a ma de I 0,000 pelfcano y c rca de I 0,000 
ave p1sc1 oras en el Mar Salton en el sur de California. Aunque el botuli mo se ha documentado 
previamente en aves acucitica marinas, esta mortandad fue inusual e involucr6 principalmente a las 
ave p1sc1voras. 1 Pelfcano Blanco (Pelecanus erythrorynchos) fue la e pecie con mayor m rtandad 
en 1996. Desde 1996, la mortandad se ha repetido aiio con aiio pero ha disminuido ( < 2000 aves/aiio); 
lo Pelfcanos Pardos (P. occidentalis) fuer n relativamente mas afectados que lo Pelfcanos Blancas. 
En el 2000, la m rbide7 y mortandad de Pelfcanos Pardo con botulismo ti po C ( 1311) se aproxim6 
al numero de las afectados en 1996 (2034). n aiios recientes, la mortalidad alcanz6 el maximo a 
principios del verano, Julio y Ago to, en contraste a 1996 cuando la mortalidad alcan/'6 el maxima 
en Septiembre. n pe7 ex6tico, la Tilapia (Oreochrornis mossambicus), ha sido implicado coma la 
fuente de toxina para las aves del Mar alton, sin embargo la fuente de la toxina para I s peces se 
desconoce. 

Pa/abras c/m•es: Aves piscfvoras ; botuli"mo aviar; Clostridiwn hotulinum tipo ; Mar alton; pe
lfcano ; Tilapia. 

In l 996, nearly 20,000 pelicans and oth r fish 
eating bird at the alton ea becam . ick or 
died in a large utbreak f type C avian b tuli<..,m 
( riend 2002). The American White Pelican (Pe
lecanus erythrorhynchos) wa the pecie most 
affti ted, with los es of approximately 000 
bird . Over 2000 endangered California Br wn 
P lican (Pelecanus occidentalis californicus) 
w re also affected, although many of the. e 
(>500) were taken to rehabilitation centers, 
treated, and ultimately released. Sixty other avi
an pecie wer f und dead during thi outbreak, 
totaling nearly 4500 bird . Among the e were 

nowy Egret (Egretta thula; N = 779), Ring
Billed Gull (Larn delawarensis; = 612), 
Great Egret (A rdea alba; N = 270), We tern 

andpiper (Ca/idris mauri· N = 190), Great 
Blue Heron (Ardea herodias; N = 172), Black

rowned Night-heron (Nycticorax nycticorax; 
N = 169), Eared Grebes (Podicep nigricollis; 

= 143), Black-n eked Stilt (Himanoptus me
xicanus; N = 125), and American Avocet (Re
curvirostra americana· N = 107) ( .S. Fi hand 

Wildlife Service ( W ), unpubl. data). Over 
half a million dollars were pent on carcass col
lection and r habilitation eff rts during this c;;in
gle epizo tic (U FW 1997). 

Botuli m was first documented at th alt n 
Sea in 1917, and large-scale outbreaks in wat r
fowl and horebirds in the Sea and urr unding 
wetland recurr d frequently . ince that time 
(Friend 2002). H we er, in the 1990 ', b tuli m 
outbreak in waterfowl at the Sea generally de
clined. Th 1996 outbreak wa unusual in ev-

ral re pects. Pri r to thi event, large die-offs 
of fi h-eating birds were not typically as o iated 
with type C botuli m; mo t previou reported 
botulism outbr ak that involved mainly fi h
eating bird were cau ed by type E toxin (Rocke 
and Friend 1999). Type C botuli m mortality in 
fi h-eating bird ha generally been documented 
a an incidental finding related to outbreak in 
waterfowl (National Wildlife Health Center 
(NWHC), unpubl. data). Fi h, pecifically tilapia 
(Oreochromi mossarnbicus) were immediately 
u pected to be the ource of toxin for the bird , 
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although peru. al of available literature failed to 
reveal a previously e tabli hed a. sociation be
tween fish and type C botulism in bird . Tilapia 
are exotic to the U.S. and were introduced in the 
Salton Sea and its drain in the 1960 , pre um
ably to control vegetation (Co ta-Pierce and 
Doyle 1997). By the 1970 tilapia were the mo t 
abundant fish in the Sea in term of bioma 
(Dill and Cordone 1997); the population peak of 
1996 wa e timated to be approximately 20 mil
lion (R. Riedel, pers. comm.). 

The 1996 botuli m outbreak at the Salton Sea 
resulted in the largest die-off f pelican e er 
reported from any cause. Smaller die-off of pel
ican occurred at the Salton Sea in I 994 (N = 
108) and 1995 ( = 10), and everal were di
agno ed with type C botulism, but until the large 
outbreak in 1996 the ri k of type C botuli m in 
pelicans wa not recognized. Here we document 
losse of pelican and other fi h-eating bird 
from type C botulism at th Salton Sea from 
1994 to 2001 and de cribe the investigation of 
the larger outbreak in 1996. 

MATERI LS AND METHOD 

J VE Tl TIO OF A IA MORTALITY 

Sick and dead birds al the alton ea were recov
ered primarily with airboat · and other boats, and oc
casionally affected bird were found by walking shore
line . everely moribund birds were euthani1:ed by cer
vical disl cation, although most of the moribund 
Brown Pelicans were taken to r habilitation centers 
( FW , unpubl. data) . Blood samples were drawn 
from select d sick bird by jugular enipuncture, al
l wed to clot, and centrifuged to co llect serum. The 
. erum samples w r placed at 20 and shipped fro
zen to NWH fort :ting. elected carca ses' ere ub
m1tted to WH for necropsy: the remainder wa. in
cin rated rn-sit . During necrop1., . a gro1.,1., e amina
tion. including mass and other measurements. a de
scription ol wounds and abnormalities, and an 
evaluation of ov rail b dy condition with re'>pect to fat 
reserves and pectoral muscle development, was con
ducted on each carcass. Samples of rgans were te ted 
for a variety f microbes. parasit s, and toxin as in
dicated by gross finding. and fi Id information provid
ed by the submitter. 

Tissues for histopathology were fixed in 10% buff
ered formalin , embedded in paraffin, sectioned for 
light microscopy, and stained with hematoxylin and 
eo in for routine examination, Ziehl- eelsen acid-fast 
for mycobacteria. and/or Grocott silver for fungi. Bac
teria were isolated by inoculation of ti . sues onto 5% 
heep red-blood agar and eo in-methylene blue plate · 

(DIF 0 laboratories, Detroit, Ml), incubated at 37°C 
for 72 hr, and then characterized with the API-20E 
system (Analytab Product . Plainview, NY). Tis ues 
for virus isolation attempt were pro ess d according 
to Docherty and Slota (1988) and enne ( 1989). The 
presence of botulinum toxin in heart blood or erum 
was evaluated u ing either the mouse neutralization 
te t (Quortrup and Sudheimer I 943) or the enzyme-

linked immunsorbent assay (Rocke et al. I 998). The 
remains of fish found in the proventriculus of ome 
carcasses or those regurgitated by sick bird were like
wise tested for botulinum toxin . 

When exposure to organophosphoru or carbamate 
agricultural pesticide was suspected, brain were 
screened for choline tera e activity. Choline tera ea -
says were performed according to llman et al. (1961) 
as later modified by Dieter and Ludke ( 1975) and Hill 
and Fleming ( 1982), including incubation ( 18 hr at 
37°C) and rete ting of samples with initially low en-
1:yme activities. Choline. terase inhibition was calcu
lated by compari on with normal publi hed value 
(Hill 19 8) or control value determined by NWHC 
(Smith et al. 1995). Liver lead re idue were deter
mined according to Boyer ( 1984). 

To determine whether any change had occurred in 
temporal patterns of sick and dead pelican recovery 
from 1994-2001, we summarized available data that 
had been ollected each year by staff of the Sonny Bono 

alton ea National Wildlife Refuge (SBSSNWR) dur
ing botulism outbreak . 

Fl H 1 VE TIGA TIO 

In mid- ugu t and mid- eptember f 1996, during 
the peak mortality in birds, w collected 80 dead ti
lapia, ten from eight different locations in the ea and 
along the shoreline. Only fresh carca ses, with pink to 
bright red gills, were sele ted. From a few location in 
mid-August and mid- eptember. we also collected 41 
m ribund tilapia that wer sluggi h, exhibited poor 
fright response, and were easily caught with a dip net. 
In addition. in mid- ept mb r we collected 58 appar
ently healthy tilapia near the d ltas of the Alam , ew, 
and Whitewater rivers using gill nets or minnow traps 
with assistance of personn 1 from the California De
partment of ish and Garn . All fish collected were 
imm diatel placed on i e in the field and either ne ·
ropsied th same day or frozen as soon as possible for 
lat r necropsies. ampled fish averaged 73 g in ma'>s 
and most ranged from 12 to 15 cm in total body 1 ngth . 

In the laboratory, hsh carcasses were rin ed and in 

testinal tracts were removed from all those collected 
and ground with a mortar and pestle with minimal 
amounts of sterile saline added if necessary. The sam
ples were placed at 4° overnight for toxin e traction, 
and then centrifuged at 3000 rpm in a orvall Rl6000 
(Global Medical Instrumentation Inc ., Clearwater, 
MN) to <,eparate Auid from the sediment. The fluid was 
tested for type C botulinum toxin by USA and/or by 
mouse test. We al o tested 30 of the healthy fish cap
tured for the pre ence of . botulinum pore · by in
oculating intestinal contents into ooked Meat Medi 
um (Difeo) in an anaerobic hood and incubating for 
five d at 37°C. Culture upern:itants were then t sted 
for the pre ence of type botulinum toxin by ELISA. 

amples from sick fi . h, including inte tinal content. 
and fluid from the peritoneal cavity, were al o cultured 
for bacteria by inoculating the material into everal 
tubes of brain heart infu. ion broth (Difeo) with 3% 
added NaCl and incubating at 20°C and 37°C for 24 
hr. Broth cultures were treaked onto thiosulfate-cit
rate-bile sucrose agar (Bekton Dick on, Sparks, MD): 
colonies were ubcultured on blood agar plate (Bek-
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FIGURE l. E tirnated number of pelican and total 
fish-eating ' ird (if available) affected by avian botu
li m at the alton Sea, 1994-2001. 

ton Dick on) for 24 hr incubation and then identified 
using the API-20E . y tern . 

RESULT 

AVIA DlAG 0 TIC 1994-2001 

Every ~ear in e 1994, type C botulism ha 
been diagnosed a th cau e of death of p I ican 
ubmitted to NWH from the Salton Sea, and 

numerous pelican were picked up ick or dead 
(Fig. 1). During 1996, 22 of 41 carca es/ti sue 
of fish-eating bird 'ent from the Salton ea to 
th NWHC betwe n 21 Augu t and 18 S ptem
ber te ted po. itive for type botulinum toxin 
by mou e test and/ r LI A. Heart blood am
ple from four of I I White Pelican and eight 
of 13 Brown Pelican. submitted forte ting wer 
found to contain typ botulinum to in. Other 
speci ·u mitted that t sted po itive for typ 
botulinum toxin during thi time were ingl in
dividual of the Great Blue Heron, Black
crowned Night-h ron, Snowy Egr t, ared 
Grebe, N rthern hoveler, and Gr en-wing d 
Teal, and three individuals of th Great gr t. 
Fish remain reco er d from the Gr at Blue 
Heron al te ted p sitive for type C to in. Thir
ty-two carca se te ·ted wer negative for type 
botulinum toxin . ight carca e were te ted for 
the pre nee of choline tera e inhibition and 
were found to have n rmal level . Two wer 
te. ted for lead poisoning and were al o negative. 
N ne of the bird examined had any ignificant 
gros or i tologic le ions, and no ignifi.cant 
pathogen were found by microbial analy 

In ub quent years, ' pecimen were ent to 
the NWHC in late , pring and early ummer to 
confirm the on. et of utbreak . Once th diag
no i of type C botuli m wa confirmed, ick 
and dead pelican and other fish-eating bird 
were doc mented a having the di ease based on 

b ervati n of clinical ign . These include bi
lateral pare i or paraly i of leg, neck, and wing 
mu cle , which are manife. ted in the bird ' in
ability to lift their head , ambulate, or fly, a 

TABLE 1. p LI AN FFECTED BY B T LI M AT THE 
SAL TO S ·A, 1994-200 1 a 

White Pelicans Brown Pelicans 
Total 

Year Sid;h Dead i kh Dead affected 

1994 - c 89 19 108 
1995 7 3 10 
1996 300 8539d 905 1129 10,873 
1997 181 304 143 234 862 
1998 24 94 133 121 372 
1999 23 54 444 203 724 
2000 103 88 994 317 1502 
2001 69 45 342 110 566 

a U FWS. SS WR unpubl. data. 
b When possible. sick birds were sent to rehabilitati n centers. 
c Data unavailable. 
d umber include~ birds that were euthanized. 

well as paraly is of the mct1tating membrane 
(Rocke and Friend 1999). Estimates of botulism 
mortality by p lican pecie and year are includ
ed in Table 1. 

TEMPORAL PATTER OF BOTULISM 0 TBREAKS, 

1996-2001 

During 1996, th first di ea e-strick n peli
cans were detected on 15 August. It wa e ti
mated the outbreak had begun within the prior 
two wk . Ninety-five percent of the total affect
ed pelican that year were detected during the 
month of August and eptember, when 4234 
and 5897 individuals were collected resp ctive
ly. Colle tion rat s dropped ignificantly to 537 
total birds in 0 tober and 16 in November when 
the outbreak . ubsided. 

The August/ eptember peak in the number of 
bird afflicted with botuli m continued in 1997, 
1998, and I 999, wh n 75%, 87o/c, and 88 ~, re
. p ctiv ly, of total aff cted bird w re det ted 
in tho e month , although mortaliti wer first 
detected in May 199 and in July 1999 and con
tinued through ovem ber. In 2000 and 2001, 
botuli m outbreaks at the ea reached a peak in 
July and August and ub ided in eptemb r. 
During 2000, 72o/c. f affected birds were col
lect d in July and August and only 13% in ep
tember. Collection, of total affected bird during 
2001 reached a peak in Augu tat 45 %, wherea 
collection in Jun , July, and September t taled 
14%, 18%, and 15 o/c, re pectively. No data were 
available in BS NWR record to ompare tem
poral pattern of mortality in pelican for 1994 
and 1995. 

TILAPIA S MPLI G, 1996 

Type C b tulinum toxin wa detected in the 
ga trointe tinal tract of both sick and dead ti
lapia at variou ite around the Sea. The highe t 
percent of fi h with toxin (50-60%) were found 
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FIGURE 2. Percentage of dead tilapia collected in 
1996 that were positive for type C botulinum toxin. 

dead in or near the delta of the New, Alamo, 
and Whitewater rivers (7-38% at other areas; 
Fig. 2). In mid-Augu t, only five moribund fi h 
were collected (Salton Sea State Recreation 
Area (SRA) 2, Wi ter I, and Bombay Beach I), 
but three (60%) of the e were found to contain 
type C botulinum toxin. Despite attempt to cul
ture other bacteria from their intestinal contents, 
no significant growth was det cted. During a 
collection in mid-September, 36 moribund fish 
were caught (Salton Sea SRA l I, Bombay 
Beach 25), but only three (8~) were found to 
contain type C b tulinum toxin. Mo t of the fi h 
in the second collection had gross external signs 
of bacterial septicemia, including hemorrhage of 
th skin and ba. e of fins and e tensiv ascite . 
Aeromonas spp., Pseudomona.s spp., and Vibrio 
spp. were i. olat d from most of the moribund 
fish. Of the 58 apparently healthy tilapid tested 
in mid- eptember, none were found to contain 
type C botulinum toxin in their intestinal con
tents. Two of ten foh collected at the New River 
wer culture positive for C. botulinum typ 
although none of the 20 fish collected at the Al
amo and Whitewater River deltas were culture 
positive. 

DISCUSSION 

Prior to the botuli m outbreak at the Salton 
Sea in 1996, type C botulism in fish-eating birds 
was con idered infrequent (Rocke and Friend 
1999). Pelican were diagnosed with the disease 
in 1994 and 1995 at Salton Sea and occasionally 
elsewhere in North America, but rarely in num
bers exceeding 100, and often fewer than ten 
(NWHC, unpubl. data). Botulism wa not con
sidered a major threat to pelican populations. 
However, it has been estimated that White Pel
icans lo t to botuli m in 1996 represented nearly 
15% of the we tern population of that specie 

(US WS 1997). Additional die-offs of thi mag
nitude could be detrimental to thi population. 
Fortunately, since 1996 the die-offs have been 
considerably smaller, both in the severity and in 
the number of specie afflicted. However, botu
li . m outbreaks vary from year to year, most like
ly depending on local environmental conditions 
(Rocke and Friend 1999). 

Interestingly, comparative mortality rate in 
Brown and White pelicans have changed over 
the period covered by thi review. From J 994 to 
1997, losses from type C botulism in White Pel
icans were greater than in Brown Pelican . This 
trend rever ed in the last four years ( 1998-
2001 ), with lo ses in Brown Pelicans higher than 
White Pelicans (Table 1 ). The reason for this 
trend i unknown. It might reflect difference in 
feeding behavior between the two pelican pe
cie a fi h communitie in the Sea change, or 
it might reflect difference in toxin availability 
as a result of year-to-year variation in environ
mental conditions. In 1996 large number of ti
lapia were available and pelicans could readily 
choose between healthy, sick, and dead fish, 
both specie most likely preferring the ea ily 
caught sick, yet still live fi h. A tilapia popu
lations declined over the la t few years (Riedel 
et al. 2002), pelicans may have been forced to 
settle for dead prey with increasing frequency, a 
behavior perhaps more readily adopted by 
Brown Pelican . Alternatively, pelican migration 
and u e pattern may al o re ult in difference 
in populations at ri k for ea h pecies from bot
ulism each year. The e differences may be re
ft cted in the apparent temporal , hift in botulism 
outbreak at the Sea. From 1996-1999, the peak 
in numbers of affli ted birds at the ea occurred 
during August and eptemb r, r gardles of the 
date of onset. In 2000-200 I, outbreak appear 
to have begun in May and June and reached a 
p ak in July and Augu t, a month or so earlier 
than they had in previous years. Brown Pelican. 
may have been the specie at greate t ri k for 
botuli m intoxication during these pa t few 
year , a mo. t White Pelicans tend to arrive at 
the Sea lat r in the eason (USFWS, unpubl. 
data). Unfortunately, there are few data available 
to calculate populations at risk during botuli m 
outbreaks for either . pecie of pelican, and a 
number of unknown interacting factors may 
have been responsible for the trends observed. 
Currently the California Brown Pelican popula
tion remain stable (D. Anderson, per . comm.), 
and los e from botuli m to date have been in
significant in relation to the total population. 

Fi h have previously not been documented in 
the literature a a primary source of type C bot
ulinum toxin for bird . However, the presence of 
type C toxin in freshly dead and sick tilapia i 
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strong evidenc that these fi sh are the s urce of 
toxin for sh-eating bird in the Salton Sea. Un
fortunate]), it i unknown how tilapia acquire 
the toxin. One possibility i that fi h con, ume 
invertebrates or som other food ource that 
contain pre-formed toxin. Laboratory , tudie, 
have shov.n that tilapia are sen itive to type C 
botulinum toxin (Lalitha and Gopakumar 2001; 
T. Rocke, npubl. data). Another po, ible e pla
nation is at tilapia acquire toxin when botuli
num spore in their gut germinate and the bac
teria proliferate and produce botulinum toxin. 
Toxic infe tion uch as this occur in animal 
that are tres ed or otherwise compromi ed from 
di ea e or nutriti nal factor , and a a re ult, 
th ir intestinal environment become conducive 
for pore germination and anaerobic bacterial 
growth. The e type of infection have been 
documented in human infants (Midura and Ar
non 1979 , hor e (Swerczek 1980), and other 
animal (Minervin 1967). Bacterial and parasitic 
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infections, high temp ratures, and reduced oxy
g n level are likely important tre r for ti
lapia in the Salton Sea (Kuperman and Matey 
J 999, Riedel et al. 2002; NWHC, unpubl. data). 
Studie are ongoing to evaluate the role of tila
pia in the initiation of outbreak in fi h-eating 
birds. A gr ater understanding of the dynamic 
of this di ea e may help manager pr vent an
other large utbreak from happening at the Sal
ton Sea and will aid re earch and management 
in other part of the continent where botuli m 
occur in fish-eating birds. 
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INVESTIGATION OF A LARGE-SCALE EARED GREBE 
(PODICEPS NIGRJCOLLIS) DIE-OFF AT THE SALTON SEA, 
CALIFORNIA, IN 1992 

CAROL U. METEYER, DA IEL J. AUDET, To rn E. RocKE, WILLIAM RADKE, 

LYNN H. CREEKMORE, AND RUTH DUNCAN 

Abstract. An estimated 150,000 Eared Grebes (Podiceps nigricollis) died at the Salton Sea between 
16 December 1991 and 21 April 1992. This represented the largest documented mortality event of 
Eared Grebes at the time and approximately 6% of the North American population. During the die
off, grebes exhibited several uncharacteristic behaviors, such as congregating at freshwater tributaries, 
repeatedly gulping freshwater, preening excessively, moving onto land, and allowing close approach 
and/or capture. A vi an cholera wa diagnosed in Eared Grebe collected along the north and west 
shoreline of the Sea late in the die-off but not from the majority of the Eared Grebe dying along the 
outh hore. Gro s and histological examinations and diagno tic te ting for viru es, bacteria, and 

parasites did not identify the cau e of mortality in the majority of Eared Grebes examined from the 
south shore of the Sea. Liver concentrations of ar enic, chromium, DDE, mercury, selenium, and zinc 
were elevated in ome Eared Grebe , but none of these contaminant exceeded known threshold for 
independent lethality. Poisoning by heavy metals, organochlorine, organophosphoru , or carbamate 
pe ticides, avian botulism, and salt were ruled out a the cause of mortality. Hypotheses for the die
off are interactive effect ' of contaminants, immuno uppre ·ion , a yet unidentified biotoxin or pathogen 
pre. ent in the Salton Sea, impairment of feather waterproofing leading to hypothermia, or a unique 
manife tation of avian cholera that evade laboratory detection. 

Key Words: avian cholera; biotoxin; contaminant; Eared Grebe; mortality; Podiceps nigricollis; Sal
ton Sea. 

lNVESTIGAClON SOBRE UNA MORTANDAD A GRAN ESCALA DEL ZAMBULLIDOR ORE-
JUDO (PODICEPS NIGRICOLLIS) EN EL MAR SALTON, CALIFORNI N 1992 

Re umen. Un estimado de 150,000 Zambullidores Orejudo ' (Podiceps nigricollis) murieron en el 
Mar Salton entre el 16 de Diciembre de 1991 y el 21 de bril de 1992. Esto represent6 el evento de 
mortandad ma grande qu e haya documentado para el Zambullidor Orejudo en nue tro tiempo y 
aproximadamente 6 % de la poblaci6n de Norteamerica. Durante el evento los zambullidore exhibieron 
un comp rtamiento fuera de lo comun, tal como congregarse en los tributaries de agua dulce, tomar 
agua dul e repetidamente, limpiarse exce. ivamente las plumas, mover e hacia ti rra y permitir la 
proximidad e inclu. o la captura. S !es diagno tic6 c6lera aviar a los zambullidores colectados a lo 
largo de la playa norte y o ste del Mar alton hacia el fin de! event pero no para la mayorfa c.le los 
zambullidore , que murieron a lo largo de la pla a ur. Examenes brutos e hL tol6gicos y las prueba. 
para diagnosticar viru. , bacterias y para itos no id ntificaron la causa de la mortalidad en la mayoria 
de los Lambullidores examinad s provenientes de la playa sur del Mar Salton . Las concentraciones 
de Arsenico, Cromo, DOE, Mercurio, Selenio y Zinc en el hfgado d los zambullid res fueron e levadas 
en algunos individuos, pero ninguno de esos contaminantes excedi6 los niveles conocidos como letale . 

I envenenamient por metales pesados, organoclorados, organofosforados o pesticidas, botulismo 
aviar y la salinidad fueron descartados como la causa de la mortandad. Las hip6tesis para explicar la 
mortandad foe que hubo una interacc16n entre e l efecto de los contaminantes, inmunosupresi ' n en las 
ave , una biot6xina o algun agente pat6geno aun no identificado pre ente en el Mar alton, el deterioro 
en la im1 ermeabi lidad de las plumas lo que llev6 a hipotermia, o una manifestaci6n s ingu lar de c61era 
aviar que no foe detectada por la pruebas d laboratorio. 

Palabras cloves: c6lera aviar; biotoxina; contaminante; Mar Salton; mortandad; Podiceps nigricollis; 
Zambullidor Orejudo. 

From December 1991 through April 1992, thou
ands of dead Eared Grebes (Podiceps nigrico

llis) accumulated along the shoreline of the Sal
ton Sea, California. During this die-off, many 
grebe and fewer Ruddy Duck (Oxyura jamai
censis) exhibited uncharacteri tic behavior , 
uch as congregating in large number at fresh 

water tributaries, repeatedly gulping freshwater, 
preening excessively, and moving onto land al-

141 

lowing clo e approach and/or capture. Sick bird 
became increasingly lethargic and then died 
without evidence of paraly i or other neurolog
ic impairment. The magnitude of the die-off at
tracted extensive media and scientific interest 
and much speculation as to cause. 

The majority of North American Eared 
Grebes migrate through the Salton Sea area, 
numbering between the hundreds of thousands 
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to over one million in several years (Jehl 1996, 
Jehl and McKernan 2002). The grebes arrive at 
Salton Sea after food supplies have become de
pleted at fall molting/staging areas such a 
Mono Lake and Great Salt Lake (Storer and Jehl 
1985, Jehl 1988). Some overwinter at the Salton 
Sea (number vary greatly annually), whereas 
others continue south to winter in the Gulf of 
California, Mexico. The Salton Sea population 
of grebes normally reaches a peak during Feb
ruary when birds return from Mexico and con
gregate before departing in March or April for 
northern breeding grounds. Wintering grebes at 
Salton Sea consume vast quantities of aquatic 
invertebrates, primarily pileworms (Niantlzes 
succinea), water boatmen (Corixidae), and am
phipod (Jehl and McKernan 2002). 

Mortality events of Eared Grebe along the 
Pacific Flyway have been previously document
ed in Gulf of California, Mexico (Ni hikawa et 
al. 1984, Jehl et al. 2002), Great Salt Lake, Utah 
(Jensen and Cotter 1976), and Mono Lake and 
the Salton Sea, California (Jehl 1988, 1996). Al
though none were of the magnitude that oc
curred at Salton Sea during the winter of 1991-
1992, beached-bird count for a grebe die-off at 
Salton Sea from January to March I 989 were 
extrapolated to 39,600 grebes and may have 
been much higher (Jehl 1996). Most pr vious 
Eared Grebe die-offs involved < 10,000 individ
uals. Jehl (1988) estimates an average mortality 
of ared Grebes at Mono Lake at 1370 to 3628 
bird. /yr. Many die-offs were attributed to severe 
weather (Jehl and Bond 1983, Ryser 1985, Jehl 
1988), avian cholera (National Wildlife Health 
Center (NWH ), unpubl. data), or food short
ages (Jehl I 988, Jehl et al. 2002). Jensen and 

tter ( 1976) repo11ed 5000 ared Grebes died 
or bacterial infection (Erysipelothrix rhusiopat
hiae) in Great Salt Lake, Utah, in 1975. The 
cause, for many mortality event involving 
grebe, remain undiagnosed (Nishikawa et al. 
19 4, Jehl 1988) or were never investigated 
(J hi 1996). This paper rep rts the size of th 
grebe die-off in 1991-1992 and the extensive 
investigation to determine the potential role of 
various disease agents, contaminants, or bioto
xins. 

M THODS 

TIMATIO OF NUMBER OF D AD EARED GREBES 

Biologist from the Salton Sea National Wildlife 
Refuge picked up a red Grebes along 169 km or Sal
ton Sea shoreline plus 40 km of shoreline associated 
with freshwater drains and wetlands adjacent to the 
Sea. Dead birds were collected between 16 December 
1991 and 21 April 1992. Biologist. felt this encom
passed three peak. in mortality : the fir t began 16 De
cember 1991, the econd 19 January 1992, and the 
more major event that occurred 19 February through 
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FIGURE I. Distribution of bird collected and ub
mitted to the National Wildlife Health Center during 
the 1992 Eared Grebe die-off at the Salton Sea, Cali
fornia. The numbers inside the ymbols indicate the 
number of birds with that diagnosis submitted from 
that site. 

April 1992. However, low-level ongoing mortality may 
have also been occurring without detection during this 
time. Aerial and shoreline surveys documented that all 
beaches contained dead birds in approximate propor
tion to the number of live grebes concentrated off
shore. While it was not po. sible to pick up carcasses 
from the entire area, carcasses were col lected from 
complete surveys during February and March 1992 
that covered 64 km (31 %) of the most acces ible 
shoreline (Fig. I). An estimate of the total Eared Grebe 
mortality was then calculated by extrapolating the 
number of carcasses picked up in the area thoroughly 
surveyed to the total shoreline where the carcasses 
were documented. arcasses were either saved for nec
ropsy, frozen for later chemical analysis, or incinerat
ed. 

DIAGNos·11c VAL ATIO 

Gross e_\·a11111wtio11 

ifty Eared Grebes, six Ruddy Ducks ( Oxyum ja
maicensis), two Herring Gulls (Larus argenwrus), and 
single specimens of the American Widgeon (Anas ame
ricana), Ross's Goose (Chen rossii), Ring-billed Gull 
(Larus delawarensis), American Coot (Fulica america
na), hort-billed Dowitcher (Limnodromus griseus), 
Western Sandpiper (Calidris mauri), and American 
White Pelican (Pelecanus erythroryhnchos) were 
shipped chilled to the NWHC. Within 48 hrs of collec
tion, 23 carcasses were necrop ied and 42 carcas es 
were frozen. Nineteen birds were euthanized; the others 
were found dead. Collection date and location were re
corded as well as sex, age, phy ical condition , and body 
mass (four decapitated gr bes were not weighed). Birds 
were categoriLed as immature if the gonads were un
developed and thymu or bur. a were detectable at nec
ropsy. Birds classified as emaciated had no obvious ub
cutaneou , pericardia), or intra-abdominal fat; birds in 
poor to fair condition had trace body fat; bird in good 
body condition had moderate to abundant fat. amples 
were collected for routine bacterial culture, virus isola
tion, histology, parasitology, and toxicology. 
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Histopathology 

Twenty-four different tissues were sampled from 44 
eared grebes (a total of 420 tissues), and fixed in I 0% 
neutral buffered formalin. Tis ues were processed a. 
previously described (Meteyer et al. 1997). No hi to
pathology wa performed on other species. 

Routine bacteriology 

Sample of liver (63) and a orted tis ues (24) were 
cultured for aerobic bacteria and almonella ( 12) a 
previously described (Meteyer et al. 1997). Identity of 
bacterial isolates was determined using the API-20E 
sy tern (bioMerieux Vitek, Inc, Hazelwood, MO). Pas
teurel/a multocida isolates from seven ared Grebes 
and five other specie were sent to the National Vet
erinary Services Laboratories (NVSL) in Ames, Iowa, 
for serotyping (Rhoades et al. 1989) and DNA analy i 
(Wilson et al. 1992). The same 12 P. multocida isolates 
were sent to the National Animal Disease Center 
(NADC) to test for pre ence of dermonecrotizing toxin 
u ing a colony-blot a say de cribed by Magyar and 
Rimler ( 1991) and Ackerman et al. ( 1994). The air ac 
from one American White Pelican was cultured for 
fungi using Sabauraud's dextrose agar (Remel, Lenexa, 
KS). Trachea and lungs from even grebes were cul
tured for mycoplasma u ing culture and identification 
methods de cribed by Goldberg et al. ( 1995). 

Intensive P. multocida assays 

In addition to routine culture on blood agar, culture 
attempts using P. multocida selective broth (PMSB) 
and agar (PMSA; Moore et al. 1994) were performed 
on heart (8), blood ( J 2), intestine ( 13), brain (2), lung 
(8), liver (6) and trachea (3) collected from 26 grebes 
and frozen after necropsy. xtracts from these same 
frozen tissue were inoculated intraperitoneally into 
mice. Livers from mice that subsequently died (22) 
were cultured for aerobic bacteria and for P. multocida 
using PMSA, and isolates were identified as d scribed 
above. 

Tests .for Clostridium botulinum types C and E toxim 

Thirty-four grebes were tested for types and 
avian b tulism. everal positive or <,uspect samples for 
type C toxin were further tested to determine if type 

- I or C-2 toxin was present. The tests were per
formed on centrifuged heart blood collected at necrop
sy or serum from blood collected prior to euthanasia 
using the mouse protection test (Quortrup and Sudhei
mer 1943) and antitoxin· specific for botulinwn neu
rotoxin types C-1, C- J and C-2 combined, and . The 
mice were observed for clinical signs for five to seven 
consecutive days . 

Assay for cyanobacterial toxins 

Liver samples from five grebes and the contents of 
gizzard and intestines from five more grebes were an
alyzed for cyanobacterial microcystin toxins using en
zyme-linked immunosorbent a say (Chu et al. 1989 as 
modified in An and Charmichael 1994) and a protein 
phosphata e 2A inhibition assay (Lee 1992). 

Virology 

Viru isolation was attempted on 91 tissues from 33 
grebes, two Ruddy Ducks, and one American Coot. 

Tis ue homogenates were centrifuged and inoculated 
into duck embryo fibroblast cell culture or the allantoic 
ca ity of I 0-day-o ld chick embryos as previously de
scribed by Docherty and Slota ( 1988) and Senne 
( 1989). 

Parasitology 

Standard para itological procedures were used to ex
amine the small intestine from ten grebes and one 
Short-billed Dowitcher, and the gizzard from two 
grebe . The mucosa and serosa of intestinal ection 
were examined gro sly; the mucosa was craped, and 
the craped material was sedimented using a standard 
edimentation glass. Wet mount of the sediment were 

examined under a dis ecting micro cope. Section of 
kin from the back, neck, and wing area of five grebes 

were also examined for parasites using a di secting 
scope. ln addition, feathers pulled from these skin ec
tions were di ected, and the feather and feather 
sheaths were examined directly u ing a dissecting mi
cro cope. The remainder of the para ·itological infor
mation was obtained from examination of hi ·tologic 
sections of intestinal tract, skin, adrenal gland , liver, 
and skeletal muscle. 

TISSUE A D ENYIRO ME TAL TOXICOLOGY 

Tests and methodology are summarized in Table I. 
Brieny, liver was analyzed for lead, and brain was 
measured for cholinesterase (Ch ) activity to as, e. s 
potential expo ure to organophosphate or carbamate. 
Brain was also analy?ed for odium to rule out the 
possibility of sodium poisoning in the highly saline 
Sea. 

An additional 38 ared Grebes (five dead, fi e dy
ing, five healthy ; nine re ently dead from the north and 
nine from the ·outh of Salton Sea; six reference ared 
Grebes from amp Pendleton Marine orp. Base, an 
Diego, C ) were collected by gunshot, euthanized by 
cervical dislocation, or pi ked-up within 24 hrs of 
death to analyLe liver for contaminants and hea y met
als; further diagnostic information was not coll cled 
from these grebes. Ten Ruddy Ducks co-mingling ith 
Eared Grebes at the alton Sea and showing clinical 
signs similar to the sick grebes, as described above, 
were subsequently found dead, and liver from these 
birds was also collected for analysis. In addition, liver 
samples from Eared Grebes were collected in 1993 
from staging or stopover areas in th Great Basin re
gion (Iron Mountain , Mono Lake, Snow Summit, 
Great alt Lake) for similar contaminant analyses 
(Rattner and Jehl J 997) to provide further comparison 
to ared Grebes sampled at the Salton Sea in 1992. 
After removal from carca:ses, all liver samples were 
immediately frozen in 8-oz chemically clean jars and 
sent to USFWS's Patuxent Analytical Control Facility 
(PACF) in Laurel, Maryland, where they were ana
lyzed for heavy metals and organochlorine compounds 
(Table 1 ). 

Sediment sampling 

On 27-28 February 1992, sediment amples were 
collected in chemically clean jars for organochlorine, 
heavy metal, and Microtox testing using a petit ponar 
dredge from areas where grebes were congregating. 
Surface water ample. were also collected for Micro-
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tox te ting in 50-ml polypropylene conical centrifuge 
tubes from three major inflows to the Sea from 27- 28 
February 1992 and 3- 13 March 1992 to evaluate po
tential effects of local rain event . Water samples were 
centrifuged for I 0 min in prepara1ion for te ting. Sed
iment amples were collected and immediately put on 
ice. Only sediment not in contact with the dredge ur
face were analyzed. Thirty samples of pileworm , am
phipods, and corixids were collected with light traps 
or hand-held nets and compo ited by pecies into 10-
g amples. These invertebrate ample, repre ented 
food items of the bird and were analyzed for concen
tration of metal , 17 organochlor.nes, 12 organophos
phates and carbamate , and 40 additional agricultural 
pe ticide . 

A Microtox olid phase test wa performed on ed
iment, and a l 00% Microtox te t wa performed on 
undiluted water sample using a Microbics Model 500 
Microtox (R) unit with procedure' and EC50 calcula
tions by Microbic Manual and Software, Microbic , 
Inc. (l 991 ). 

Statistics 
Contaminant concentrations in tis ue were com

pared between grebe collected from the north 
(SSN92) and outh ends of the ea (SSS92). These 
data sets were initially separated ecause previous re
sults (Setmire et al. 1993) ugge ted ubstantial differ
ences in baseline contaminant le,els in ediment and 
aquatic life between these area-.. The SSN92 and 
SS 92 data sets were also compared to data from Rud
dy Ducks collected simultaneou ly at the Sea (RD92), 
pre-die-off data collected from alton Sea grebes in 
1989 (SS89; Setmire et al. 1993), and gr bes collected 
from Camp Pendleton in 1992 (CP92). Geometric 
means were calculated for all data sets with < 50% 
non-detect results; a value of one-half the det ction 
limit was used in the calculation for non-detect values . 
Th data were not normally distributed so non-para
metric statisti al tests were used. The Mann-Whitney 
test was used to determine when data sets c uld be 
combined for specific contaminants and to test be
tween reference and alt n ea data set . 

ontaminant concentration · were also compared be
tween Eared Grebes collected at the a lton Sea and 

amp Pendl ton in 1992, and th se collected at other 
topover or staging I cation. in 1993 (Rattner and Jehl 

1997). These ample were grouped by locations re
gardle s of date of collection. alton Sea birds were 
separated into two groups, those that were dead or clin
ically ill (symptomatic) and tho e that were apparently 
healthy (a ymptomatic). The Kruskal-Wallis test wa 
used to look for significant differences between 
groups. To identify pair-wise significant differences, an 
ANOVA wa conducted followed by a Tukey multiple 
compari on test. Results were con idered only if the 
re ult of the ANOV A agreed with the re ults of the 
Kru kal-Wallis test. All tati tical tests were run on 
STATGRAPHICS Version 5.0 (Manugi tic , Inl;. 
1994) and the P-value was et at < 0.05/number of 
comparison . 

RESULTS 
ESTIMATIO S OF MORTALITY IN EARED GREBES 

A total of 46,040 dead birds were picked up 
over 64 km of horeline. The e repre ented 47 
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different species, including 42,587 Eared 
Grebe . By extrapolation to the 209 km of 
shoreline on which carcas e were deposited, we 
estimated that about 150,000 Eared Grebes died 
at the Salton Sea during the mortality event of 
1991-1992. 

DIAGNOSTIC EVALUATIO 

Necropsy findings 

Necropsy findings were variable in the 50 
Eared Grebes examined (25 female, 24 male, 
ex undetermined in one; nine immature, 41 

adult). Wet and dishevel d feather were a com
mon ob ervation made by field biologists and 
pre ent in 7/36 Eared Grebes ubmitted to the 
NWHC; all tho e were from the outh end of 
the Sea without a diagnosed cause of death. 
Grebe varied in body condition: 19 were ema
ciated (mean 212 g, range 151-290 g); 12 were 
poor to fair (mean 265 g, range 230-320 g), and 
19 were good (mean 321 g, range 230-450 g). 
The mean mass of Eared Grebe dying from avi
an cholera wa 298 g ver u 242 g for tho e 
dying from an undetermined cau e. Gulls at
tacked weakened grebes, which appear to ex
plain the bruising over the back of the head, 
neck, and ·boulder een in 17 Eared Grebe 
dying from both avian cholera and an undiag
nos d cause. No external le ions were seen in 
26 grebes. Urate material wa een on the feath
er around th vent of 11 grebe but no signifi
cant chang w re een in the kidneys micro-
copically. Liv r were swollen and conge ted 

in 2 J grebe , one grebe had liver fracture with 
hemon-hage, and two grebe had livers with 
white sp t · (on was ultimately diagnosed with 
avian cholera) . Lungs were conge ted and firm 
in 3 l grebes ~ 13 of these sank in formalin. sug
gesting s vere edema with possible hemorrhage. 
Spleen. were enlarged and friable in four grebe . 
Of the ten b ne marrows evaluated, thr e were 
very pale. The ventriculus of normal gr be con
tain , a large, moist, loose feather pellet; in ten 
grebe from the Salton Sea, thi feather pellet 
wa. very dry and compact, ugge ting dehydra
tion. Re ult from micro copic examination of 
tissue were inconsistent and inconclu ive in the 
grebes that di d without a diagno i . Kupffer 
cell in the liver and phagocytic cells in the 
pleen contained tructure, that resembled red 

cell fragments in seven greb s and moderate he
mosiderin was common in both organs (23 
grebe ). Small vacuoles were often een in he
patocytes (32 grebe ). All of the e are non pe
cific change and their ignificance remains un
known. Eared Grebes (15) and other pecie (14) 
with P. multocida isolated had both gross and 
micro copic lesions consistent with avian chol-

era (Friend 1999), although the le ion were 
more subtle in the grebes. 

Pulmonary edema wa pre ent in 18 grebes. 
Bacteria were seen in ection of lung in ten of 
these grebes and P. multocida was isolated from 
nine of them. Micro copic inflammation was 
een in the kin of even grebe , four of which 

had trauma (gull predation) noted at necrop y. 
Inflammation wa not a sociated with mite een 
in the keratin layer of five grebes. The four 
grebes with bacteria in the subcutaneous tissue 
died of avian cholera. Schistosomes were seen 
in the venous channels of adrenal glands from 
15 of 28 grebes, often a sociated with amyloid. 
Although mild lymphocytic inflammation wa 
seen along the adrenal periphery of four grebe , 
thi inflammation did not seem directly associ
ated with schi tosome or amyloid and the ig
nificance of the adrenal change i unknown. 

The American White Pelican wa emaciated, 
had tan nodule in the lung and evere airsac
culitis with heets of fruiting fungal organi m 
con istent with aspergillo is. 

Bacteriology 

No bacteria were isolated from the liver of 27 
of 48 Eared Grebe . P. mu/ tocida erotype l, the 
causative agent of avian cholera, wa i olated 
from 15 Eared Grebe , 14 grebes using tandard 
culturing procedures. Of the 15 grebe with iso
lation of P. muftocida, 13 were collected dead 
and nine were from the we t or north hore of 
the Sea. Avian cholera usually kill ' qui kly 
without chronic loss of mas , which i consistent 
with our findings. The mean mas of the greb 
dying of avian cholera was 298 g whereas the 
mean ma s of grcb s without P. mu/to ·ida i o
lated was 242 g. Analy es of 12 P. multocida 
isolates for unique Di or potential dermone
crotizing toxin production was negative. The 
following additional bacteria were i olated from 
only 1- 3 grebe and were not considered ignif
icant to the mortality: Staphylococcus pp., Vib
rio parahemolyticus, Vibrio alginofyticus, Ae
romonas hydrophila, Escheri ·hia coli, Pseudo
monas putrifaciens, Pseudomonas p., Entero
coccus feacafis , Serratia marcescens, Proteus 
p., and Hafnia alveii. 

Pasteurella multocida was isolated from liver 
by routine culture in 14 of 15 non-grebe species 
ubmitted. Of these, the only one without P. 

multocida wa the American White Pelican, 
which had gro and microscopic lesions of e·
vere aspergillosi in the lung and air sac from 
which Aspergillus fumigatus wa isolated. 

Intensive P multocida assays 

Culture attempts using selective media 
(PMSB and PMSA) did not yield additional i o-
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TABLE 2. PRELIMI ARY C REE S (µG/G, G EOM ETRI M EA ) FROM COMPO ITED 0 AD, 

DYi GA D H E ALTO S A, ALIFOR IA, I 1992 

Arse nic Cadmium Chromium Mercury Nicke l Lead e lenium Zinc p,p'- DDE 

Dead (N = 5) 1.4 2.3 6.7 16 1.8 1.6 47 140 5.7 
Dying (N = 5) 2.1 2.1 1.9 7.7 < 0.64 < 0.64 34 160 1.5 
Healthy (N = 5) 0 .26 1.9 1.7 14 0.8 < 0.77 44 97 < 0.019 

Note: o ncemnti on arc in dry mass for trace e lements and wet mass for DOE. 

lation of P. multocida from Eared Grebe . Of 
49 ti ue cultured fr m 26 grebes, P. multocida 
wa only i olated from ti ue of three grebes 
(lung, blood, and inte tine), all of which had 
been previou ly confirmed by routine culture. 
Inoculatio:i. of mice wa lightly more uccess
ful. One :nouse inoculated with blood from a 
grebe wittout isolation of P. multocida died one 
day after inoculation, and P. multocida wa iso
lated frorr. the liver of this mouse. 

Tests for Clo tridium botulinum type C and 
E toxin 

The te.t result fr m only 24 of 34 grebe 
blood sarrple te ted f r avian botulinum toxin 
could b i:iterpret d. Of the e, two amples were 
positive ~ r botulism - l toxin but the e were 
from greb~ that were mod rately autolyzed, and 
the presence of C- 1 toxin likely repre ents post
mortem t xin formation. The other ten samples 
were frorr. greb s that died from avian cholera, 
and it wa determined that the inoculated mice 
died from P. multocida infection that was sub
sequently isolated from their livers. No lostrid-
ium toxin type C-2 or was detect d . 

Virology 

An env loped RNA virus was i. olated from 
th lung f on ar d Grebe and from the tra
chea of ar:other using Mu · ovy duck embryo fi
brobla. t c II culture. These viru. es were n t em
bryo-lethal and were not further chara teri1. d. 

Mycopla :na cu/tu.res 

A Myc(lpfa ma p. was is lated from the Jung 
of one of ·even greb . , but was untypable u. ing 
conventio,al meth ds and wa considered an in
cidental finding . 

Parasitol gy 

Ce tode were identified in the inte tine of 
nine of te:i. grebe . Acuaria p. wa identified in 
both of tte gizzard ubmitted for parasitologic 
examinati n. Demoglyphic quill mite (Paralge 
p.) wer found within the heaths of new 

emerging contour feather of the neck and/or 
wing of four of ix grebes and in histologic ec
tion of · n from four other . Mites were not 
a. ociate with inflammation micro copically 

and they were not con idered to be the cau e of 
the excessive preening in the grebes. Lice (Pseu
domenopon insolens) were seen in four grebe . 
The inte tine of the Short-billed Dowitcher con
tained fluke (Galactosomum sp.), and nema
todes (Contracaecum p. and Capillaria p.). 

TISSUE AND E YIRONMENTAL Tox1 OLOGY 

Tissue analysis 

Lead was not d tected in liver of bird tested. 
No inhibition of brain choline tera e activity 
was detected in the JI Eared Grebe and two 
Ruddy Duck tested (median 17.4 :±: 0.6 micro
mole /min/g and J 3.7 :±: 0.2 micromole /min/g 
re pectively). Brain sodium level in six ared 
Grebes and two Ruddy Duck were within the 
normal range with respective mean of I 675 and 
J 295 ppm wet mass. 

Concentrations of s lected contaminant in 
liver from dead, dying, and apparently healthy 
grebes collected late F bruary 2002 are pre nt-
d in Table 2 . The. e data were collect d as a 

preliminary . creen to determine if contaminant. 
were potentiaJly implicated in the cau e of the 
die-off. Bas d n elevated levels of arsenic, 
chromium, mercury, selenium. and zinc ( hlen
dorf et al. 19 8; isl r 2000a- e) in ti. sue sam
pl , further sampling wa ju tificd. Although 
Linc levels in dead and dying bird , were about 
two-fold higher than in healthy birds and the 
p,p' -DD cone ntration ' in Ii ver . ugg ' ted a 
trend of increase in DD from healthy t sick 
to dead gr b s, th concentration w re below 
lethal thre hold: known for bird ( tickel et al. 
1970, Blus 1996, isl r 2000c). 

The re ult , of further analy i of ared 
Grebe and Ruddy Duck were not in the lethal 
range for any metal or contaminant (Tabl 3). 
There were no ignificant differ nces between 
re ults for the n rth and outh 1992 alton Sea 
Eared Grebe for ar. enic, cadmium, chromium, 
mercury, elenium or zinc. There were no ig
nificant difference between the Salton Sea 1989 
and Camp Pendelton 1992 reference et for 
cadmium, mercury, or elenium, and there were 
no ignificant differ nces between the e refer
ence data and th r suit for cadmium, chromi
um, or mercury in bird dying at Salton Sea in 



TABLE 3. COMPARISON OF GEOMETRIC MEAN (RANGE) OF LIVER CONTAMINANT CONCENTRATIONS (µ,G/Ga) lN LIVER FROM EARED GREBES, RUDDY DUCKS, AND FOOD 
ITEMS OF EARED GREBES FROM THE SALTON SEA AND LIVFR FROM REFERENCE EARED GREBES COLLECTED FROM STAGING OR STOPOVER LOCATIONS 

Collection 
Location Species year N Arsenic Cadmium Chromium Mercury Sele111um Zinc p.p'-DDE 

North Salton Sea Eared 1992 9 1.0 2.2 1.6 6.1 27 150 
Grebeb (<0.29-37) ( l.3-12) (< 1.1-11) (0.9-17) (2 l-46) (110-170) 

South Salton Sea Eared 1992 8 0.98 2.5 1.3 8.9 30 140 
Grebeb (<0.29-2.6) (0.89-11) ( < 0.59-6. I) (4.2-15) ( 17-53) (74-170) 

)> 
Salton Sea Eared 1989 5 ndd 2.5 nd 5.1 13 97 ;;o 

Grebec.f (<0.1-0. l) ( 1.4-6.7) (< l-1) (l.0-13) (2.7-35) (75.6-116) rn 
Camp Pendleton Eared 1992 4 nd nd nd 3.15 7.01 64.3 0.0814 u 

Grebec (<0.295) (<0.221-1.44) (2.64-5.41) (0.933-5.48) (3.65-12.1) (49.9-72.2) (0.0157-382) 0 
Great Salt Lake Eared 1988 15 nd 1.20 10.4 4.47 6.42 77.9 0.0192 ;;o 

['Tl 
Grebec.c ( <0.230-2.22) ( < 0.327-3.20) (3.08-48.6) (0.757-9.34) (2.61-1 1.0) (53.8-124) ( <0.0 1- 0. I 00) t:O 

Iron Mountain Eared 1988 5 nd 1.31 3.48 8.57 17.2 96.4 0.0460 rn 
Grebec.e (<0.305) (<0.783-3.8 1) ( 1.30-7.29) (5.80-1 1.3) ( 12.3-2 1.3) (61.6-140) ( <0.01 - 0.296) $'. 

Mono Lake Eared 1988 18 0.376 1.59 6.35 6.21 12.8 85.7 0.0211 0 
Grebec.e ( <0. 187-958) <0.778-4.36) (2.14-18.7) ( l.50-17.5) (6.42-35.7) (53.0-198) (<0.01-0.263) 

;:o 
-l 

Snow Summit Eared 1988 3 nd 3.33 7.64 14.3 27.7 138 )> 

Grebec.e (<0.302) (2.53-4.09) (6.33-9.15) ( l I. 8-1 7. 2) (20.5-35.7) (111-190) r 
Salton Sea Eared 1992 29 l.04 1.63 10.7 7.27 29.0 133 0.0761 =3 

~ Grebeb (<0.297- 10.4) (0.83 1-4.23) ( 1.90-39.0) <0.184-19.8) ( 17.1 - 56.2) (86.5-210) (<0.01-2.31) 
I Salton Sea Eared 1992 26 1.56 1.44 7.77 7.57 22.9 137 0.0870 ~ Grebec (<0.297-6,..l.1) (0.819-11.3) ( l.27-23.5) (l.26-17.4) (12.0-38. l) (80.9-204) (<0.0 1-1.93) !'I) 

Salton Sea Ruddy 1992 10 nd 0.91 2.8 0.22 12 150 ~ 
'-< 

Duck (<0.3 1-0...+8) ( <0.36-2.0) (<0.70-10) ( < 0.08-1.0) (9.2-24) ( 100-230) !'I) 
"'; 

Salton Sea Water 1988-1989 4 0.80 1.0 nd 2.2 105 ~ 
boatmenf (0.30-2.0) (<0.40-2.47) (<0.10-0.12) ( l.4-3.3) (90.4-121) 

~ Salton Sea Water 1991-1992 14 0.49 nd nd 2.9 127 0.028 
boatmen (0.16-3.J) (<2.5-7.5) (<0.72) (1.2-11) (61-253) (0.01-0.09) 

Salton Sea Pile- 1988-1989 6 5. l 7.5 nd 3.1 58 
worm sf (2.9-22) ( 1.7-27) (<0.38) (0.82-12.1) (32-164) 

Salton Sea Pile- 1991-1992 6 3.9 3.2 nd 6.6 85 0.13 
worms ( 1.9-5. l) (2.6-5.9) (<0.46) (4.7-12) (47-122) (0.05-0.3 l) 

• Concentrallons arc in dry mass for trace elements and \\Ct mass for DDE. 
h Symptomatic (sicl./dead birds). 
< Asymptomauc (healthy birds). 
d ncl = 2'50'7c of samples had non-detectable concentration. 
< Data from Rauner and Jeh I ( J 997 ). 
1 Data from Setmirc et al. ( 1991) +:>. 

-..l 
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1992. Selenium concentration were ignificant
ly higher Z = 1.9842, N = 27, P = 0.047) in 
grebe liver ti sues collected during the die-off 
versu the reference data set, but were lower 
than selenium value in Ruddy Duck collected 
earlier from the Salton Sea (Koranda et al. 1979, 
Setmire et al. 1990). 

Zinc concentrations in the Eared Grebe liver 
ti ues were ignificantly higher in Eared Grebe 
collected during the die-off in 1992 ver u either 
reference or pre die-off re ult but were com
parable to levels of elenium in normal Eared 
Grebe at variou tage of their migration/ tag
ing (6.42-35.65 ug/g; Rattner and Jehl 1997). 
The e level are not in a range that would be 
considered toxic (Ei ler 2000c). 

Contaminant concentrations in grebes varied 
among additional sample from asymptomatic 
grebes in 1992 and from bird at taging (Mono 
Lake and Salton Sea, California) and topover 
point (Iron Mountain and Snow Summit, Cali
fornia) in 1993 (Table 3). No significant differ
ences were found among the various groups in 
cadmium and p,p' -DDE concentrations. Ar enic 
values were ignificantly different among group 
in both the Kru kal-Walli te t (H = 25.9, P < 
0.001) and ANOVA ( = 3.88, P = 0.012). In 
the pairwi e compari on, the Mono Lake group 
had significantly lower arsenic concentrations 
than each of the Salton Sea group . The other 
groups lacked adequate data for comparison. 

Selenium concentrations also were ignifi
cantly different among sample groups (Kruskal
Walli te t H = 70, P < 0.001; ANOVA F = 
27, P < 0.001). Selenium values of the Camp 
Pendleton. Great alt Lake, and Mono Lake 
amples were all ignificantly lower than tho e 

of the Snow Summit, Salton Sea symptomatic, 
and alton Sea a ympt matic group . amples 
for Iron Mountain and the alton S a a ymp
tomatic group were each ignificantly lower in 
selenium than that of the Salton Sea ymptom
atic group; however, there wa no ignificant dif
ference in elenium concentration between Sal
ton Sea ymptomatic group and Snow Summit 
ample. 

Zinc concentrations al o were ignificantly 
different among sample group for both the 
Kruskal-Walli te t (H = 53, P < 0.001) and 
ANOVA (F = 14, P < 0.001). The Camp Pen
dleton, Great Salt Lake, and Mono Lake ample, 
were ignificantly lower in zinc than those of the 
Salton Se ymptomatic and Salton Sea a yrnp
tomatic group . However, there was no ignifi
cant difference in zinc concentration betw en 
the Salton Sea and Snow Summit amples. 

Microtox assays 
Multiple repetition of the 100% Microtox 

test for ~ ater were inconclusive with an indi-

cation of high nutrient input or low level toxicity 
(B. Walburn and M. Henry, per . comm.) ba ed 
on an increa e in light output (enhancement) of 
the test bacteria for all locations. No EC50 could 
be determined with increased light output. 

Sediment chemical analysis 

The only organochlorine found above detec
tion limits wa p,p' -DDE with all value below 
0.1 ug/g (dry mass). The highest concentration 
(0.098 ug/g), from the Alamo River outlet, wa 
higher than that previously reported (0.064 ug/ 
g) from the same location (Setrnire et al. 1990). 
The median p,p' -DDE concentration (0.04 ug/g) 
was al o higher than a previous calculated me
dian (0.014 ug/g) for the Salton Sea reported in 
(Setrnire et al. 1990). 

Cadmium, molybdenum, tin, and beryllium 
were below detection limits for all locations. 
Concentration of ar enic, barium, boron, chro
mium, copper, manganese, nickel, lead, vanadi
um, and zinc were all well within the baseline 
range for soil in the we tern United State 
(Shacklette and Boerngen 1984, Severson et al. 
1987). Concentrations of arsenic, barium, chro
mium, copper, nickel , lead, selenium, vanadium, 
and zinc were lower than previously reported 
values for the Salton Sea (Setmire et al. 1990). 
Selenium concentrations from the Whitewater 
and Alamo river outlets were very imilar to 
previous level , whereas the New River outlet 
·ample wa well below previous levels (Setmire 
et al. 1990). 

Aquatic invertebrate analysis 

There were no difference in ar enic (Z = 
0.7 82, P = 0.43 I), · lenium (Z = - 0.1214, P 
= 0.903), or zinc (Z = - 1.173, P = 0.203) be
tween corixid sample collected in 1988-1989 
and tho e in 1991-1992 collected during the 
Eared Grebe die-off. Similarly, ther were no 
ignificant difference in the pil worm data et 

for chromium (Z = 1.1726, P = 0.241), eleni
um (Z = - 1.8412, P = 0.066), or zinc (Z = 
0.0001, P = 0.999). However, sample ize were 
small and somewhat variable in both case , and 
mean values for pileworm and corixid collect
ed during the 1992 die-off were higher than one 
collected in 1989 (Table 3). 

Organochlorine, p,p'-DDE, wa found in trace 
amounts in all invertebrate amples (N = 7), and 
trace amount of all parent and metabolite com
pounds of DDT were found in one pileworm 
ample collected at the Alamo River delta. No 

other organochlorine, organopho phate, or car
bamate pe ticide compounds were detected. 
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DISCUSSION 

The estimated 150,000 Eared Grebes that died 
at the Salton Sea in 1992 represented about 6% 
of the North American population of approxi
mately 2.5 million bird (Jehl 1996). We pec
ulate that thi mortality estimate i conservative. 
Low-level aerial surveys of the Salton Sea 
throughout the die-off documented many dead 
grebes floating at ea. Some of the e carcasse 
would likely have become waterlogged and sunk 
before reaching the shoreline. Some carcasses 
that reached the hore were de troyed by wave 
action along the rocky shore and others were 
likely buried by and or cru hed barnacle . Pre
dation and cavenging of ick and dead grebe 
was also widespread, with coyotes and gulls ob
served feeding on carca es. 

Gaps in the data make it difficult to e timate 
the percent of Eared Grebe that were killed by 
avian cholera or died from an undetermined 
cause. Biologists did not collect Eared Grebe 
from the north end of the Sea during the smaller 
die-offs in December 1991 and January 1992. 
When grebe were collected from the north and 
we t shore of the Sea in March 1992 toward 
the end of the die-off, th y were diagno ed with 
avian cholera. Although biologi t felt that 
ymptoms in grebe from th north were imilar 

to those from the south and that the same un
diagno ed yndrome wa · occurring throughout 
the Sea from December through April, data were 
unavailable to confirm this hypothesi . From th 
last week in February through April 1992 the 
cau, e of mortality in the majority of grebe, (26/ 
32) from the , outhern end of the Salton Sea con
tinued to be undetermined even though other 
species picked up from similar southern and 
northern location were positive for avian chol
era (Fig. 1 ). 

Large epornitics in waterbird caused by P. 
multocida have been ummarized by Friend 
(1999). For example, during an avian cholera 
die-off in Chesapeake Bay 31,295 carca e, 
were picked up. The carca e were e timated to 
repre ent 10-80% of actual mortality and con-
isted primarily of Long-tailed Ducks (Clangula 

hyemalis), but also included Horned Grebes (Po
diceps auritus; Montgomery et al. 1979). An e -
timated 32,000 from a population of 150,000 
Eared Grebes died from avian cholera at the 
Great Salt Lake in 1998 (NWHC, unpubl. data). 
Mo t avian cholera mortality event , including 
the grebe die-off at both the Salton Sea in 1992 
and Great Salt Lake in 1998, are due to Pasteu
rella multocida serotype 1 (Wil on et al. 1995). 
A notable difference in the Che apeake Bay 
event was the i olation of P. multocida serotype 

3 a the cause of mortality, which is unu ual in 
waterfowl. 

Avian cholera wa not the cau e of all Eared 
Grebe mortality at the Salton Sea in 1992, and, 
despite the u e of elective and enrichment me
dia and mouse bioassays, P. multocida was not 
isolated from 35 grebes collected at the south 
end. Furthermore, the i olates of P. multocida 
from thi event were not serotypically or genet
ically unique (all were serotype 1), and a ay 
for dermonecrotoxins, produced by some of the 
other pathogenic serotypes of P. multocida, were 
not detected, suggesting that the P. multocida 
isolates were not uniquely pathogenic. For 35 
birds, no cause of death could be determined. 

Salt toxico is was considered a potential 
cau e of the illness becau e grebe were congre
gating and appeared to be drinking at the fre h
water inflow . Brain odium levels, however, did 
not confirm toxicity. Furthermore, Eared Grebes 
have been found to tolerate high alinity levels 
at Mono Lake, California (Mahoney and Jehl 
1985), a well as alinity as high as 160,000 mg/ 
L at Great Salt Lake, Utah (Jehl 1988), which i 
four time greater than the alinity of the Salton 
Sea during the 1992 mortality. 

Concentration of elenium and zinc were sig
nificantly higher in liver of dead grebe from 
1992 than in healthy grebe collected along the 
California coast, but water, ediment, and inver
tebrate ample from the Salton Sea did not have 
ignificant concentrations of either of the e in

organic con tituent , suggest ing no biological 
pathway for expo ur at the Sea. Ohlendorf ct 
al. ( 1988) and Ohlendorf and Marni ( 1990) 
found Eared Grebes had the greate t lev I of ~ -
lenium bioaccumulation compar d to many oth
er waterbirds. Rattner and Jehl ( 1997) found 
higher sel nium c ncentrations in livers from 
normal ared Grebes collected at Mono Lake 
compared to Salton Sea, and elenium level 
from gr be at Snow Summit were nearly as 
high a tho e of grebes that died at the Salton 
Sea. 

Even though the liver concentration of zinc 
in dead grebe from the Salton Sea were among 
the highest reported for grebes (J. Skorupa, per ' . 
comm.), zinc dietary concentration were within 
acceptable range and below any known mor
tality threshold (>2000 mg/kg) for birds (Ga-
away and Bu 1972, Ei ler 2000c), and liver 

level were elevated but below the toxic range 
for dome tic poultry (200-700 ppm; Puls 1988). 
Eisler (2000c) ugge ted that zinc concentra
tions in field-collected ample are highly vari
able and difficult to interpret as interaction of 
zinc with many chemicals (including cadmium, 
chromium, mercury, and elenium) may alter 
patterns of accumulation, metabolism, and tox-
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1c1ty. Rattn r and Jehl ( 1997) how d that the 
body condition of Eared Grebes can greatly in
fluence the ize of the liver; bird in poor body 
condition have higher concentrations of some el
ements due to liver atrophy. Body condition can 
fluctuate dramatically in Eared Grebes as part of 
their normal annual cycle (Jehl 1997). More se
vere reduction in body condition can occur as a 
re ult of decreased food supply (Jehl et al. 2002) 
or illness. Many of the grebe that were necrop
sied were emaciated with a ociated liver atro
phy, which might have increa ed the concentra
tions of zinc and other element in this study. 
Even o, levels of the e element were not in the 
range known to be toxic. Intere tingly, Morris et 
al. ( 1986) and Hudson et al. (1984) reported ex
ce ive drinking in birds a a sign of zinc toxi
co is, and some of the pathology in the Eared 
Grebes, uch a red cell fragments and h mosid
erin in the pleen and liver have al o been re
po11ed in zinc toxicosis (Droual et al. 1991 ). 

The liver p,p'-DDE levels found in the initial 
screen of gr be tissue had an ascending trend 
from healthy to sick to dead birds. However, lev
els found in d ad grebes were well below any 
toxic thresholds for DOE (Stickel et al. I 970, 
Ohlendorf and Miller 1984, Bl us J 996). Median 
cone ntrations of ar enic, chromium, and mer
cury in grebe Ii ers wer not at levels known to 
cause independent lethality (Eisler 2000a,b,d). 

Th Salton Sea is a nutrient-rich body of wa
ter receiving exten ive agricultural C rtilizers 
from the Imperial and oachella valleys and 
waste inflow. from Mexico entering through the 
New River. These high nutrient loads in asso
ciation with warm temp ratur s promote algal 
blooms with the potential to produce associated 
biotoxins. Analysis for cyanobacterial toxins in 
livers and upp r gastrointestinal ntents of 
grebes were diffi ult t interpret becaus of a 
Jack of clinical and lethal threshold concentra
tions for microcystins in wild birds. Biotoxins 
as ociated with algal blooms in a saline ink 
uch as the Salton Sea are not well documented. 

Prior to and in the early stage of the mortality 
event, the Salton Sea area receiv d an abnor
mally high amount of rain. However, without 
proper water sampling prior to, during, and fol
lowing major rain event , pulses of nutrients or 
other contaminants that might be a ociated with 
heavy rains cannot be estimated. 

It i intere ting to note that the outflow of the 
New River, which flows north from Mexico, i 
at the south end of the Salton Sea where the 
undiagnosed grebe mortality occurred. During a 
1963 die-off at a sewage lagoon in Canada 
(Nero 1968), four species of grebes became wet 
hortly after landing, pre umably from contact 

with waste detergent , and pent almost all of 

their time on hore preening. Thi description of 
lo s of water-proofing and ob essive preening is 
very imilar to the activity seen in grebe at the 
Salton Sea. Los of water-proofing can compro
mi e buoyancy and lead to hypothermia (Nero 
J 968). Obsessive preening and lo s of buoyancy 
might interfere with the grebes' ability to ac
quire adequate food. Water intake for Eared 
Grebes is usually via water content in prey (J. 
Jehl, per . comm.), and inadequate food con-
umption could lead to dehydration as well a 

poor body condition. Unfortunately, deaths as
sociated with hypothermia, poor nutrition, and 
dehydration are difficult to definitively diagnose, 
although Eared Grebe that were killed by avian 
cholera during this die-off (usually a very hort 
clinical course before death) had an average 
ma of 298 g while the average ma s Eared 
Grebe that died from an undetermined cau e 
was only 242 g. 

In summary, avian cholera killed numerou 
grebes and other waterbirds at Salton Sea in 
1992, particularly at th northern end of the Sea, 
but did not appear to be involved in the death 
of the majority of the Eared Grebes from the 
southern end of the Sea. Contaminant concen
tration in the liver of Eared Grebe (Table 2, 
3) were below acute mortality (Ohlendorf and 
Miller 1984; isler 2000a-e). Selenium level 
measured in Salton Sea grebe were in the range 
reported to potentially cau e reproductive prob
lems (Hein7 et al. 19 8, I 989; Ohlendorf et al. 
1988, 1989; Ohlendorf and Maroi 1990) but not 
mortality ( isler 2000e). Tests for avian botu
lism, salmonella, viral infections, and salt toxi
cosis w re also n gati ve. Potential cau es of the 
undiagno. ed mortality may have b en related to 
interactive effects of an a yet unid ntified bio-
toxin, ntaminant., or contaminant-r lated im 
munosuppression (Fairbrother and Fowles 1990, 
Whiteley and Yuill 1991) that might make the 
gr bes vulnerable to a pathogen at concentra
tions below detection, a difficult to i olate man
ifestation of avian cholera, or hypothermia and 
poor nutrition a a con. equence of lo of feath
er waterproofing. Studie at the alton Sea con
tinu and have expanded to include investiga
tion of the role of microbial toxins and factor 
that could lead to hypothermia as potential cau -
e for the die-offs. Until one or more specific 
etiologie are identified, it i difficult to devi e 
method to reduce los es in grebe . Although 
, maller die-offs of Eared Grebe are not unu ual 
in winter, a die-off of the magnitude seen in 
1992 has not recurred. 
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THE SALTON SEA: A CONSERVATION CONUNDRUM OR 
PARADIGM FOR SUCCESS? 

W. DAVID SHUFORD A o KATHY C. Mou A 

Abstract. Despite current broad support for improving the ecological health of the Salton Sea, the 
outcome of propo ed plan , if adopted, is uncertain. History tell u that the depth of scientific knowl
edge of an area is not nece sarily an accurate predictor of the success of con ervation efforts. While 
the opportunity is ripe for adaptive management to en ure healthy bird and fish populations at the 
Salton Sea, many challenges must be met to accommodate various, perhap mutually exclu ive, re -
toration objectives, including providing water of sufficient quality in an arid state with a large and 
rapidly expanding human population, maintaining the Sea as a repository for agricultural and urban 
wa tewater, controlling alinity, reducing eutrophication, and enhancing recreation and economic op
portunitie . It will be particularly difficult to return the ecosystem to a elf-maintaining tate, a 
intensive long-term management appear to be necessary. Salton Sea restoration hould be part of a 
binational effort to re tore lost and degraded wetland, riparian, and terrestrial habitats throughout the 
entire Colorado River Delta region. For effective management, cientific advancement at the Salton 
Sea mu t be coupled with bridging the ocial and natural ciences via cientific engagement in the 
political and regulatory proce se . Long-term and broadscale con ervation of waterbird populations 
in we tern North America must involve training of scienti t in landscape-level thinking and the ability 
to apply political solutions and management knowledge to real world problem . Such efforts will be 
enhanced by addres ing the root problems of our environmental cri i -overpopulation and overcon
sumption. Major paradigm hifts are needed in the scientific community's willingness to directly 
engage in ocietal problem solving and in the public's appreciation for intact natural ecosystems as 
well a highly managed one that provide alternative habitat for wildlife. 

Key Words: adaptive management; connectivity; conservation training; paradigm hift; self-main
taining proce ses; ocietal engagement. 

EL MAR SALTON: l NIGMA DE ONS RVACION 0 PARADIGMA DEL EXITO? 

Resumen. A pesar del amplio apoyo actual en favor de mejorar la salud ecol6gica del Mar Salton, 
es incierto el re ultado que tendran los plane propue to si e<>tos se adoptan. La historia nos dice que 
la profundidad d I conocimiento cientffico de un area no permite necesariamente predecir acertada
mente el exito de los esfuerzos de conservaci6n. A pesar de que existe una buena oportunidacl para 
un manejo adaptativo que asegure la presencia de poblaciones saludables de aves y peces en el Mar 
Salton, deben superarse muchos desaffos que implican consensuar multiples objetivos de restauraci6n, 
tal vez mutuamente excluyentes. Estos incluycn la provision de agua de buena calidad en un stado 
arido con una gran y creciente poblaci6n humana, el mantcnimiento de! mar como un sumidero de 
agua de desecho de las actividades urbanas y de la agricultura, el control de la salinidad, la reducci6n 
de la eutrofizaci6n y la mejora de las oportunidades econ6micas y de recreaci6n. Sera particularmente 
diff ii ret rnar \ cosist ma a un estad de auto-mantenimiento, dado que parece necesario desarrollar 
un intenso plan de manejo a largo plaza. La restauraci6n d I Mar alton deberfa ser parte de un 
esfuerzo binacional para re taurar los humedales, las areas riparias y lo · ambientes terrestres perdidos 
y degradados en toda la region del d lta d I Rfo Colorado. Para un manejo eficiente, el progre ·o 
cientffi o en el Mar alton debe combinarse con la interac i6n de las ciencias sociales y naturales a 
traves de la participaci6n cientffica en los procesos politicos y regulatorios. La conservaci6n a largo 
plazo y en gran escala de la poblaciones de aves acuatica en el oeste de America del Norte debe 
involucrar el entrenamiento de las cientfficos en pensar a nive\ de paisaje y en la habilidad de aplicar 
oluciones polfticas y conocimientos de manejo a las problema del mundo real. Estos esfuerzos se 

veran beneficiado i e refieren a las problema de rafz de nuestra crisis ambiental: obrepoblaci6n 
y consumo de medido. Se nece itan cambio importantes de paradigma en la predi posici6n de la 
comunidad cientffica a involucrar e directamente en resolver problemas sociales yen el aprecio publico 
par ecosi temas naturale intactos y istemas manejado que provean ambiente alternativo para la 
vida sil e, tre. 

Palabras clave: cambio de paradigma; compromi o ocial; conectividad; entrenamiento en conser
vaci6n; manejo adaptativo· proce o de auto-mantenimiento. 

Within the Colorado River Delta region (Figure 
1 in Patten and McCaskie this volume) there ha 
been exten ive loss and degradation of wetland, 
riparian, and terre trial habitat on both side of 
the U.S.-Mexico border, particularly in the Sal-

ton Sink (Patten et al. 2003) and the Delta it elf 
(Ander on et al. 2003, Cohen et al. 2003). Thi 
dimini hment of wetland and riparian habitat 
stems mainly from water diver ion and d vel
opment to meet the agricultural and urban need 
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of ongoing human population expansion in the 
outhwe tern United States, northwe tern Mex

ico, and the coa ta] plain of southern California 
(Cohen et al. 2003). Overallocation of water ha 
left remaining wetland and riparian habitat in 
the lower Colorado River region dependent on 
wa tewater return or iITegular relea es of flood
water that exceed upstream diversion capaci
ties. Beyond inadequate water supplies and di
rect habitat destruction, known and potential 
threat to the region's bird and habitats include 
salinization, eutrophication, contamination, in
troductions of exotic plants and animal , elevat
ed occurrence of disea es, and human distur
bance (Anderson et al. 2003, Cohen et al. 2003, 
Mora et al. 2003, Rocke and Friend 2003). Be
cau e the water upply and threats to wildlife 
transcend international border , there is a rec
ognized need for binational management and 
conservation planning to re tore wildlife habitat 
in the Colorado River Delta region (Anderson et 
al. 2003, Cohen et al. 2003). Although to date 
such binational cooperation has been limited, the 
opportunitie for it are great, and ome progre 
i being made at the local and regional level on 
both ides of the border. 

A series of events in the 1990 , including 
large- 'Cale bird die-off that arou ed exten ive 
media attention coupled with the death of a con
gres. man championing environmental cleanup 
and economic de elopment, catalyzed renewed 
intere t in re toration of the Salton Sea (Garrett 
et al. this volume, Molina and Shuford this vol
ume). Regardle s of whether people considered 
the Salton Sea a natural ecosystem or an artifi
cial one maintained by agricultural wastewater 
(Patten and Smith-Patten tlzi volume) but s rv
ing as de facto mitigation fore tensi e wetland 
lo ~ and degradation in the region, there soon 
d veloped widespr ad support for managing this 
eco ystem to counteract increa ing 'alinity, eu
trophication, large-scale bird die-offs from dis
ea es and unknown cause , and potential ri ks 
fr m contaminants of agricultural and urban run
off (Tetra Tech 2000). The blueprint for uc
cessful management, howev r, is still being de
veloped. Becau e of the massive cale of pro
posed projects and competing re toration goals, 
it remain unclear if efforts at the Salton Sea wiJI 
serve a a model for ucce sful restoration 
throughout the Colorado River Delta region or 
whether becau e of the ecological and political 
complexitie it will remain an unsolvable con-
ervation conundrum. 

HISTORICAL PERSPECTIVE 

Historically, there wa limited knowledge of 
the statu of birds at the Salton Sea (Patten et 
al. 2003, Garrett et al. this volume). Jehl (1994) 

concluded from a review of avifaunal changes 
at eight saline or alkaline lake in we tern North 
America, including the Salton Sea, that canty 
historical record precluded detailed analy e of 
faunal changes, and even if data existed they 
would be poor indice of changes at the popu
lation or pecies level. In California, it i clear 
that historical efforts to document the tatu of 
the state's avifauna by Grinnell and others did 
not focus on large inland lakes. Of the various 
avifaunal monographs produced in the fir t half 
of the 20th century (e.g., Tyler 1913, Grinnell 
1923) none dealt pecifically with the waterbird 
fauna of any of the state's large inland lakes, 
uch a Lower Klamath Lake, Tu le Lake, Goose 

Lake, Honey Lake, Eagle Lake, Lake Tahoe, 
Mono Lake, Owens Lake, Tulare Lake, or the 
Salton Sea. For the ite mo t everely degrad
ed-Tulare Lake and Owen Lake-we do not 
even really know what was lo t. Of tho e that 
remain, the avifauna of many is till either poor
ly known or poorly documented in the literature. 
Given the wide variation in the extent of deg
radation of California' large lake , history sug
gests that prior scientific knowledge alone i not 
a good mea ure of the likelihood of con erva
tion ucce , a ocietal or political realitie may 
trump faunal or ecological und r tanding. 

OPPORTUNITIES AND CHALLENGES AT 
THE SALTON SEA 

Unlike many contentiou en ironmental i -
sue , ther currently i a broad con en u for the 
need to improve the health and su tainability of 
the Salton Sea ecosy tern on behalf of its bird 
populations while enhancing opportunitie. f r 
human recreation and economic development. 
Th challenge, given the great lo s of historic 
wetlands 111 alifornia and adjacent Mexico, is 
to manage habitats such as the Salton a that 
rely on wa&tewater so in the long term they can 
su 'tain avian population and diver ity. Al 
though many important ecological questions will 
remain unanswerable in the short term, particu
larly the ecosy tern-level remedie for di ea e 
events and tran mission, the que t for sustain
ability mu t rely on action rather than waiting 
for re earch to olve problems (Cairns 1999). 
Key problems at the Salton Sea are caused by 
increa. ing alinity-from up tream diver ion of 
the Colorado Ri er, agricultural u e in the Im
perial Valley, and, particularly, by evaporation 
in the Sea itself-and by eutrophication from in
flow of nutrient. from agricultural and urban 
source (Tetra Tech 2000, Holdren and Montano 
2002, Schroeder et al. 2002). Although the role 
of increasing alinity and eutrophication in 
large-scale bird die-offs at the Salton Sea are 
unknown, the recent drastic increa e in bird 
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mortality there appears to reflect an ecosy tern 
in evere stress (Rocke and Friend 2003). Cur
rent initiatives to transfer water from the Impe
rial Valley to meet increa ing demands in urban 
center throughout outhern California, if real
ized, will les en the inflow of fresh water to the 
Sea, thereby exacerbating the difficultie of re
ducing its salinity (CH2M HILL 2002). Reduc
tion of salinity will likely require innovative 
technological and engineering solutions at the 
Sea and the continued importation of fresh wa
ter. Providing additional water of sufficient qual
ity to the Salton Sea will be especially challeng
ing in a tate with a large and rapidly expanding 
human population and a federal mandate to re
duce its reliance on Colorado River water. Se
vere impacts on bird reproduction from concen
trations of selenium and heavy metals from ag
ricultural drain waters at Ke terson National 
Wildlife Refuge and agricultural evaporation 
ponds in the San Joaquin Valley (Skorupa and 
Ohlendorf 1991) provide cautionary tale of the 
difficultie of dealing with imported and degrad
ed water in enclo ed water sy terns in arid re
gions with high evaporation rates. Although 
contaminants are not known to have caused 
large-scale reproductive harm to birds nesting at 
the Salton Sea, potential impacts hould be mon
itored periodically, given that ODE, selenium, 
and boron occur in levels of concern in birds 
foraging in the Salton S a and the Imperial Val
ley (Setmire et al. 1993). Such monitoring 
should be conducted on a regional scale encom
passing the entire Colorado River Delta eco. y. -
tern (Mora et al. 2003). 

The Salton Sea's setting- alternately tark, 
seasonally very har h, at times odiferous, and far 
from a large con<>ervation con tituency-is an 
additional impediment to be overcome to in
crease public upport for re toration. Although 

ff ort to increa e recreation at the Salton ea 
hould provide economic benefit and broaden 
upport for restoration, advanced planning i 

needed to avoid increa ed human disturbance at 
i olated river mouth and other site where large 
number of bird or en itive pecies concentrate 
(Shuford et al. 2000, 2002b). 

One of the desirable attribute of an eco y -
tern is the ability to maintain natural proce es, 
. uch as succe sion, energy flow, and nutrient cy
cling, without constant management intervention 
(Cairns 1999). Proposed alternatives to maintain 
or reduce the alinity of the Salton Sea currently 
all call for large engineering projects and inten
sive Jong-term management (Tetra Tech 2000). 
It i likely that a self-maintaining ystem at the 
Salton Sea will not be po ible unless salinities 
are allowed to increa e to the point where the 
food chain will be devoid of fish and dominated 

by brine hrimp (Artemia pp.) and brine flies 
(Ephydra spp.). Although such a sy tern might 
not serve the highest biological diver ity, it 
might in the long term be the nly viable alter
native given ecological, financial, and political 
con traint . 

CONSERVATION SUCCESS STORIES 

Mono Lake serve as a con ervation uccess 
story (Hart 1996), yet knowled.::>e of it avifauna 
was poor when activists began to rai e con
sciousness about it plight. Expansion of scien
tific knowledge clo ely paralleled increa ing ac
tivism, contention, and education about the la
ke's important wildlife and ae thetic value ; the 
latter proved crucial in building broad public 
support. From a cientific tandpoint, the recipe 
for success at a ingle ite inv Ives a combina
tion of ongoing data collection, analysi , and 
publication, a willingnes to work with con er
vation group , and the dedication to engage in 
political, judicial, and regulatory proce ses. 

At the Salton Sea, science has begun to make 
great stride via funding of reconnai ance tud
ie and research and monitoring of disease 
events, and by providing a trong voice in the 
Salton Sea Re toration Project via the Salton Sea 
Science Office. It remains to be een, though, 
whether scientists will engage extensively over 
the long haul in all crucial step in the proces . 

CONNECTIVITY AND 
LONG-TERM sue SS 

There i an increa ing understanding of the 
need to con erve the exten i\e and often dis
junct wetland systems upon which waterbirds 
depend, wetlands that may pan exten ive areas 
of one or more continents (Haig et al. 1998). 
Protection of Eared Grebe (Podiceps nigrico
llis) at one sit , such as Mono Lake, will not 
uffice if tens of thousand die at the Salton Sea 

or elsewhere. on equently, we need to under
stand the uite of sites needed, linkage among 
ite , and the ecology of individual ite . Thi i 

particularly so in the arid We t where fluctuating 
climate condition can hrink or expand wet
lands in short time frame . Survey effort will 
have to encompass the entire range of key ites, 
as decline or increa e at particular ite may 
just reflect geographic hift of relatively table 
population (e.g., interior Snowy Pl ver , Cha
rad rius alexandrinus; Page et al. I 991). Simi
larl y, ecological proce es that u tain popula
tion may vary greatly among ite . 

In the long run, land cape-level thinking will 
have to be upported by both land ' cape-Jevel 
training and active engagement in conservation 
i ue . No (1996, 1997) bemoaned both the 
lo s of naturalists and the failure of univer itie 
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to produce con ervation biologL ts. These prob
lems stem from increasing scientific reliance on 
computers and statistics, at the expense of ex
ten ive field knowledge, and on insistence in 
training in academic paradigms when what may 
be needed is the ability to apply political olu
tions and management knowledge to real world 
problems. Our point is that even if we are will
ing to get into the trenches in con ervation bat
tles we may be ill-equipped for succes . Cairns 
(1999) discu sed the importance of the coming 
together of the ocial and natural 'Ciences de
spite the often bitter fragmentation of human 
society and i olation of disciplines in education
al institution . While thi may sound utopian, he 
empha ized that vi ion of a better future can be 
very powerful and produce major paradigm 
shifts. Likewi , e, further education is needed to 
increase the public's appreciation both for intact 
natural ecosystems and highly managed ones 
that provide alternative habitat for wildlife. 

Another key avenue for scientists to enhance 
chance for long-term conservation succe s i to 
speak out on the root problems of our environ
mental crisis-overpopulation and overcon
sumption. Some leading scienti t~ are outspoken 
in thi arena (e.g., Ehrlich and Ehrlich 1990), 
wherea many others, urely very aware of the 
problems, are silent. To sp ak out one must be 
willing to take the heat. For example, the lead 
author of a poster on the relation of populati n 
growth to the possibility of Salton ea restora-

tion , presented at another recent symposium, 
was quickly labeled a racist for bringing up the 
i ue of immigration. Scientists need to define 
the biological ba is for solutions even if at first 
these prove unpopular. 

CONCLUSIONS 
Whether the Salton Sea proves to be an in

tractable environmental issue because of greater 
value placed on other human need or de ires, 
or a model for con ervation succe, will depend 
in part upon whether scientists continue to add 
needed knowledge via research and, ju t a im
portantly, engage environmentali t , bureau
crats, managers, politicians, and the public in de
vising creative solutions to improving the 
ecosystem', health. A failure to do so will not 
bode well for the long-term conservation of wa
terbird communities in western North America. 
Decades ago, Linsdale (1930) noted the pa sive 
approach of ornithologists to bird conservation 
in California. Will we cientists sit by and 
chronicle the demise of the bird life of the vast 
and highly-productive eco y tern. of the Salton 
Sea region without actively promoting conser
vation efforts? We hope not. 
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