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Abstract-Wc cxant incd sclcniurn.  organophosphorus,  ancl  organochlor inc pcst ic ide residucs in cgg,  l ixr twash, and f 'eathersanrplcs
l ronr bt t r r t twing owls in thrcc populat ions in ccntra l  and southcrn Cal i l i r rn ia.  Eggs lnrrn a l l  s i tes containcd dctectable lcvcls of '
7r ,p ' -c l ichlorodiphcnyld ichloroethylcnc.  wi th thc San . loaclu in Val lcy s i te contain ing up to 33 pg/g (gcomotr ic  mcan, i  -  7. -521.  Only
l ow  l c ve l s  o l ' po l ych lo r i na t cc l  b i phcny l s  wc rc  t l c t cc t cd .  howevc r  ( goon rc t r i c  me rn  i  -  1 . 9u .  n  -  2 ) .  Sc l enu in r  conecn t r t t i ( ) ns  wc ru
low in a l f  sarnplcs (gcomctr ic  mcan.\ -  -  0. ;12(r ,  a ,  20).  Eggshcl ls  col lcctcd in 1996 wcre 22%, th inncr than eggs col lcctcd pr ior
to 1937. In at l t l i t ion,  l ia thcr  santplcs containcd low levels o l ' t l ich lorocl iphcnyld ichlo locthylcnc.  ancl  l i rotwash sarnplcs indicatcd
cxpost l rc to thc pcst ic idc chlorpyr i l i rs .  Pest ic ic le-use records indicatcd that  onc populat ion rn ight  a lsr l  hc at  r isk l 'nrm appl icat i0ns
o1'a ld icarb ncar ncsts t lur inu thc brcct l ins scason.
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INl 'RODUCTION

Westcrn burrowing owls (Athene cunicularia hvpugea, for-
merly genus Speotyto) were once common and widespread in
the western United States and Canada but recently have been
dec l in ing  over  much o l ' the i r  range l l l .  They  are  now l i s ted
as endangered in Canada and considered endangered or threat
ened in a numbcr o1'states and provinces l l ,2l .  They are cur-
rently a species of '  special concern in Cali lbrnia [3],  where
breeding populat ions are mainly ncar or adjacent to areas of
intensive agriculture (D.F DeSante, E.D. Ruhlen, and D.K.
Rosenberg, unpublished data). One hypothesis l i rr  decl ining
burrowing owl populat ions is that agricultural chemical ex-
posure impairs their reproduction and survival.

Many of the pesticides both currently in use and previously
used in the southern San Joaquin and Imperial Val leys have
been found as contaminants in many specics ol 'wi ldl i fe and
have been documented to have detr imental el ' fects. Organo-
chlorine compounds in particular are notorious for their effects
on the survival and reproduction of birds, causing eggshell
thinning and embryo toxicity [4,5], impaired development

I6,71, and impaired nervous system lunction [81. Both DDT
and its analogs continue to be detected in the soils of California

[9] and remain widespread as contaminants in wildlife, es-
pecial ly birds [0-131. The contaminant concentrat ion at
which the reproduction and survival of many species are af-
fected is not known, but in any case the concentrations found
may bioaccumulate to dangerous levels in accipiters, falcons,
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and owls  I  l4 -161.  Contaminat ion  by  d ich lo rod ipheny ld ich lo -
roethylenc (DDE) has been documented in Canadian burrow-
i n g  o w l s  [ 7 ] .

Organophosphorus and carbamate compounds have been
implicated in the direct mortal i ty ol a number ol 'wi ldl i fe spe-
c ies  [8 ,191,  inc lud ing  bur rowing  owls  120,21 ] .

Although selenium is a natural ly occurring trace element,
not an agricultural pcsticide, i t  leaches l iom soi ls with irr i-
gation and can bioaccumulate and cause wildl i l 'e mortal i ty

1221. Because i t  is capable of injuring wildl i fe in both aquatic
and terrestr ial food webs t22-241, i t  also has the potential to
impact burrowing owl populat ions.

We undertook this study to explore the potcntial for :rgri-
cultural contaminants to cause decl ines in burrowing owl pop-
ulat ions in Cali fornia, USA. We sampled owls breeding in
areas of large-scale industr ial agriculture in the southern San
Joaquin and Imperial Valleys; these regions are among the
most intensively farmed agricultural lands in the United States

[251. The lmperial and San Joaquin Valleys also include the
breeding ranges of over 9oo/o of the burrowing owls in Cali-
fornia (D.E DeSante, E.D. Ruhlen, and D.K. Rosenberg, un-
published data). ln both areas, owls commonly nest within I
km of agricultural f ields receiving substantial chemical input

[26]. We also collected reference samples from owls in the
Carrizo Plain Natural Area southwest of the San Joaquin Val-
ley. This site once supported agriculture of a much lower in-
tensity and has not been farmed since the early 1980s.

MATERIALS AND METHODS

Study sites

We sampled owls from two sites in the San Joaquin Valley,
from a single site in the Imperial Valley, and from within the
Carrizo Plain. Naval Air Station Lemoore (NAS Lemoore),
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located 50 km southeast of Fresno, Cali fbrnia. USA' was cho-

sen to represent the San Joaquin Valley. The majori ty of the

land on the base is leased to surrounding farms' and the owls

nest in small .  grassy areas surrounded by intensively farmed

fields. Cotton is the rna.ior crop grown both on the base and

within the region I261, and the birds forirgc in the l ields and

along drainage ditches. A second San Joaquin Valley study

site near the Pixley National Wildl i fe Refuge (NWR)' 10 km

southwcst ol '  Pixley, Cali fornia. USA, was sampled in 1998

fbl lowing i inalysis of the 1996 NAS Lemoore samples. The

crops grown in the rcgion surrounding this second site include

allalfa and winter whcat 1261. The samples l ' rom the Imperial

Val ley were obtaincd frorn owls breeding at the Salton Sea

National Wildl i l 'e Ref'uge,40 km north ol EI Centro' Cali lornia,

USA. Much of ' the ref 'uge is also undcr agricultural production,

although pcsticicle use is rcstr ictcd on thc rel lgc i tsel l ' .  ' fhe

lands surrouticl ing thc rcl 'uge are intcnsively f  arrned with a

var ie ty  o f ' c rops .  inc lu i l ing  ca f ro ts ,  l c t tuce .  t t te lons ,  and su

garbeets  1261.  
' l ' he  owls  use  ar t i l i c ia l  nes t  bur rows p laced on

thc roadsides and l irragc in thc surrounding agricultLrral l ields

both on and ol ' l ' the rel 'uge . Thc Carrizo Plain Natural Area is

a  73 .000-ha reserve  loca tcd  100 k rn  wcs t  o l 'Bakers { ie ld ,  CA '

USA. Carrizt) oncc supported nttnirr igated grain production

but has not been f 'armed l i tr  nearly two decadcs (A. Kuritsubo.

pcrsona l  co tnr t tun ica t ion) .  I t  sc rved as  our  n ( )nag l i cu l tu r t l  rc l -

crencc slte.

Sutrt 1t I L' ct t I I e cl i tt tt

We locatcd ncsts by walking transects in l ikely arers antl

{ lushing owls l ionr burrow cntranccs. We used a Christcnscn

Des igns  (Mantcca ,  CA.  USA)  in f l -a rcd  v idco  camcra  ( loca t ion)

prohc l i t  cxarnine burrt lw contcnts i incl rct lroved cggs by dig-

ging access holes into the burrow tunnel ncar thc nest chamber.

Wc col lccted eggs l iorrt  art i f ic ial ncst burrows within the rel 'uge

by  renrov ing  thc  tops  o l ' the  ncs l  b t l xcs  aud rcnrov ing  onc  c38.

IJggs wcrc storcd unl ioze n on ice or rc{ i igeralcd unti l  de l ivcrcd

to the lahoratory l i rr  storage. processing, and subsequcnt anit l-

y s l s .
We capturecl adult t twls to col lcct I 'ootwash and leathcr

samplcs with a conrbination of 'onc way door i tnt l  totnahawk

traps sct at thc entrance to tht:  ncst burrow 1271. Owls were

held in lraps l i rr  no luoro than 2 h, and capturc<l owls in the

trap camc into contact with only the soi l  at thc cntrunees o{ '

their burrows.
Wc washcd the I 'cet ol 'cach captured owl using a solut ion

ol '95o/() ethanol and i l  solvent-r insed toothbrush and col lected

the r inse solut ion in :rn acetone-rinsed' prclabelcd glass jar that

we placed on ice immediatcly a{ter samplc col lect ion. 1'he t ips

ol '  30 bocly f-eathcrs werc removed frorn the breast '  sides' and

back of each owl. We stored feerther samples in acetone-rinscd.

prc lahc lcd  g luss  ja rs  P laced on  ice .

We col lected regurgitated pel lets and noted prcy remains

for each burrow during each visi t :  pel lets were later examined

for prey spccies composit ion. Pel lets were col lected l ioni bur-

rows at the Salton Sea National Wildl i f 'e Rcfuge in 1997.

Sumple anal,-sis

All  chemical analyses were perfbrmed by the Cali fbrnia

Diagnostic Veterinary Laboratory in Davis. Cali fornia, USA.

A l ist of the analytes tested for and the detection l imits are

l isted in the Appendix; ful l  detai ls of laboratory methods are

given elsewhere 1281. Whole eggs and f 'eather samples were

homogenized prior to laboratory analysis. A11 sample matrices

J.A. Cicrvais et al.

were analyzed similarly. For organophosphate compounds.

samples were cxtracted with 5%, ethanol in ethyl acetate and

cleaned up using automated gel permutation chromatography
(model 10024, Autoprep GPC. ABC Laboratories' Colurnbia,

MO, USA). Samplcs were then analyzed using gas chroma-

tography with f lame photomelr ic detcctor (Hewlett-Packard

Model -5890. Hewlett-Packard, Avondale. PA. USA). For or-

ganochlorine contaminant determination, including polychlor-

inated biphenyls. samples were again cxtracted with -5%' eth-

anol in ethyl acetatc and cleaned up using automatcd gel per-

mutation chromatography. Gas chromatography was then used

with an electron capture detcctor (Perkin-Elmer Model Sigma

2000, Perkin-Elmer, Norwalk. CT, USA). Al l  confirmatiorts

were done using mass speclrornetry. Selenium in cgg sarnples

was i inalyzed by digesting satnples in nitr ic acid, l i r l lowed by

oxiclal ion using pcrchloric acid. Samplcs wcre thcn analyzed

us ing  induc t ive ly  coup lcd  p lasrn : t  m iss ion  spcc t ro lnc t ry  (Ap

plied Rcsearch Laboratories. Austin. l 'X. USA) with a hydridc

generation systcm. For al l  sarnple matrices' cvery l i rurth satn-

ple was duplicated. and ir l l  satnple runs wcrc bracketed with

control solut ions with known itnalytc concentr:t t ions. Spikc

rccoverics l i rr  analytes ranged l ' rom 70 to I l0%'

Res iduc  leve ls  in  sevcn o l ' thc  20  egg samplcs  co l l cc ted  in

1996 and al l  f ive egg sanrplcs col lccted in l99lt  wcre c()n-

l i rrned. Al l  l i rotwash and scvcn ol '  l5 lcathcr satt lples with

init ial  pesticidc contantination dctccl ions werc cott l i rnlcd.

Al l  eggshells in this study wcre tncasured by thc sanrc

inves t iga tor  us ing  a  S tar rc t t  d ig i t iL l  th ickncss  ind ica tor  (Mor lc l

2-500. Athol, MA. t . lsn ) ntountccl on a l icderal bench cotn-

parator. I l ive mcasurerl)cnts wcre tnadc art lund t lrc ccluators ol '

the col lectcd shel ls. and thc nrean o[ ' thcsc t l ]easurcl l lcnts l i ) l '

each egg was uscd in the analyscs. 
' l i r  cxit t t l inc the degree to

wh ich  burnrw ing  owl  eggshe l ls  have th inned s ince  thc  i tdvent

ol ' the widesprcad use ol 'synthctic pesticides' wc also tncastttct l

142 archived burrowing owl cggs l l 'onl i t  total ol '45 clutches

th:rt  had becn col lectcd l iorn San L)icgo' Riversidc' Frcsno.

San Luis Ohispo, and lrnpcrial Clounties' Cali l i rrnia, USA,

betwecn l t t78 and 1936. Thesc eggs are now at the Wcstern

l ioundation ol '  Vertebratc Zoology in Canrari l lo '  Cal i l i rrnia.
' l 'he archived cggshells were also mcasured along thc ccluator,

bu t  the  t iny  s ize  o l ' the  s ing le  b lowho le  in  each cgg prcvcnted

measurernenls lrom being taken at rnt lre than onc pt l int.  I t  als<r

prcvented us front delerrnining whether tnenlbranes had sep

arated I ' rotn the cggshells. Thrcc rneasurements ol '  this point

on each egg were taken. and thesc were avcraged. We nlcasured

at least two eggs l iom each ol ' the 45 clutches; the nlcans ol '

the eggs rneasurcd l iom each clutch wcre uscd l 'ot analysis.

We scored the col lectcd burrowing owl pel lets on the oc

currence of prey species or upper taxonomic levels on the basis

of a l ist generated l ' ronr al l  pel lets cornbined. A satnplc was

considered to be the col lect ion ol 'pel lets made on u ccrtuin

date at a specif ic burrow. We identi f ied vertebrates l ' ()  speclcs

when possible, but invertebrates were identi l ied only to order

with ir  l 'ew exceptions.
Records ol '  1996 pesticidc use (br Kings and I iresno Coun-

ties were obtained liom the California Department of Pesticide

Regulat ion [26]. From these da1a, we summarized which conr-

pounds were applicd within I  km ol '  act ive burrowing owl

nests at NAS Lemoore al ier January l ,  1996.

Data analy'sis

For stat ist ical analyses, half  the minimum detectable l imit

value was assigned to samples fal l ing below the detection l imit.
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When more than one sample was taken from the same indi-
vidual. the average value was used.

We ad.iusted contaminant concentrations in eggs to reflect
Iresh-wet concentrat ions [29] by estimating egg volume with
the  equat ion  K X L  X Br ,  where  K is  ad imens ion lesscons tan t
0.0005 I and I- and B are length and width of the egg in
mi l l imeters .  respcet ivc ly .

We tested for difl-erences in selenium and pesticide con-
centrat ions in cggs and eggshell  thicknesses among sites using
one-way analysis ol '  variance. Selenium and p,p'-dichlorodi-
phenyldichloroethylene (7;,7r- '  DDE) data were log-transfirrmed
to meet assumptions of normali ty and equali ty ol '  variances
prior to analysis. Wc also per' l i rrmed a regression analysis using
eggshcl l  thickness as the dependent variable and the log-trans-
l irrmed concentrat ions of p,7r '-DDE as the independent vari-
ablc. ' l -he 

eggshell  rne asurements ol ' thc eggs laid prior to 1937
and those col lected for this study were compared using a t
tcst.  Most ol ' the archived cggs were trom ncsts in San Diego
County; we comparcd these eggs to archived eggs l ' rom other
counties using a / tcst to ensure that they did not rel lect any
geographic di l ' lerences.

RFtSIl t , ' t 's

No sanrplecl nests showed signs o1'subsequent disturbance
or abandonnrcnt. and al l  br"rt  three ncsts produced at least onc
crnergent chick. Subsequent sitc visi ts included observations
ol '  chicks prescnt abuve ground, but we did not .r t tempt to
dcternrine f)cdging success.

Although rnany chemicals wcre applied in 1996 to agri
cultural f ie lds surnrunding our study site at Lemoore NAS, the
two conlpounds most relevant to the work prcscnted here in
tcrms ol '  usagc and potential hazard to wildl i lc wcre aldicarb
and chlorpyri l i rs. Aldicarb was applied to l ields within I  km
ol  ac t i ve  nes t  bur rows on  l -5  occas ions  in  1996 and w i th in  3
weeks prior to our samplc col lect ing on l i rur occasions. Clhlor-
pyri l i rs was not used unti l  al ier the ncsting season but was
app l icd  n ine  t imcs  w i th in  I  knr  o f 'ac t i ve  burnrws in  Ju ly  and
August .

We col lected whole eggs l l 'urn nine nesls and an eggshell
l ' rom a lOth nest al Lemoore NAS ernd l i rureggs l iorn Carrizcr
Plain. Fivc cggs were col lccted I ' rom near Pixley NWR in l998.
At Salton Sea NWR, sevcn ncsts had onc l iesh egg rentovcd,
and an abandoned nest had two eggs col lectcd. Six lresh eggs
and one of ' thc addlcd eggs were used f iu contarninant analyses.
Al l  eggshells cxcept the 1998 eggs lrorn Pixley were measurcd.

We col lccted l ix)twash santples l iorn l7 owls; lbur wcre
recaptured and resantpled, result ing in a total ol '21 lbotwash
samples ( l  -5 owls l iom Lcnroore NAS, f irur l ' rom Carrizo). We
also col lected l 'eather samples l ' rom 2l owls (17 l iom Lemoore,
lbur I ' rom Carrizo). Blood samples were col lected I ' rom the
tibiotarsal joint ol '21 owls, but these samples were lost when
a treezer ntalfunctioned and thus were never analyzed. Most
of the owls captured were I 'emales because of the type of ' trap
used. Because l 'emale owls spend rnuch of the incubation pe-
riod underground, f'eather and fbotwash testing fbr external
contaminants probably rcprcsents a c()n\ervative estimate of
cxposure fbr male owls.

'Ihe 
most frequently detected contaminant within the egg

samples was p,p'-DDE, a rnetabolic product of DDT. Al l  eggs
col lected I ' rom Lemoore NAS, Pixley, and Salton Sea NWR
had detectable levels of p,p'-DDE. Two ol ' the four eggs from
Carrizo Plain had no detectable p,p'-DDE, and the remaining
two had low levels (Table I ). Hexachlorobenzene was detected
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Tabf e L 1t ,p '  -DDE and sclenium conccntrat ions (  pg/g f rcsh r l .  r - ight)
ancl  eggshcl l  th icknesscs (nrrn)  o1'burrowing owl eggs, ,

S i t c

Var iablc Lcmoorr- Sa l t on  Sca  Ca r r i zo  P la i n  P i x l ey

I) t) Il

Mean  1 .52
Rangc  1 .50 -33 . (X )
n 9

Sc l cn ium

Mcan 0.,10'1
Rangc 0.335 0.1t .10
r r 9

Eggshc l  l s

Mcan  O .  169
SH 0.(X): t
Rangc O. I  50 ' -0.  I  l t3
l  l o

0.62
0.20-3 .40

7

0.365
O.. l  l9-0..176

1

o.  I t i3
o.(x)-1

o. | 70 -.0. | 9.1
9

o .  l 0  t . t 9
0.09-0.30 0.70 2.112

'l 5

0.r12l
0. .1t i3-0. :1| t7

.1

0 .  I t t l
0 . (x) l

o . I 7 5  0 . I 8 7
.l

" ( icor) lctr ic nlcuns arc t iven l i rr  contlrr) l inxnls. antl  thc ari thnrct ic
rncan is  g iv r :n  l i r l  shc l l  th ickncss .  Thc  r l i r r i r r rum detcc tab lc  l cvc l  o l '
7 r .7 r ' [ )DE and sc lcn iu l r t  r i , c rc  0 .1  and 0 . (X)5  pg / r  l ' r csh  wc igh t .  rc -
spcctively. l iggs col lcctct l  I ' rrrrrr Pixlcy \!crc not l l ralyzcd l i rr  sclc
n i r r rn .  anc l  cggshc l l s  wcrc  n ( ) t  n tcasr r rcd .  Sc lcn iu r l  l cvc ls  th l l t  wcrc
consit lcrct l  norrrral rangcd l irnr 0.2 to | .-5 pg/g $ct ucighl.

al 0. l l  pg/g in one egg l iom Lcmoore. and polychlorinated
biphenyls were deteclcd in two eggs l iom Lernoorc (1.4 pg/g
and 2 .8  pg /g) .  ' l ' hcse  same cggs  conta incd  32 .82  pg /g .  4 .16
pg/g, and 4.-33 pg/g 1t,1t '-DDI:,  rcspectivcly. Seleniurn was
dctected in al l  cggs but in srnal l  quanti t ics ( ' l 'able l) .  Sites did
not di l ' f 'er in scleniunr conccntrat ions (1" - 0.54. p - 0..59).
No organophosphate compounds were detectcd in eggs.

Mcan eggshell  thicknesses varicd among sitcs ( ' l ' i rble l) .
Sites dif ' f 'ered in both eggshell  thicknesses (f '  -  -5. l ] ,  p :

0 .02)  and p ,p ' -DDE conccnt ra t ions  (1"  -  24 .94 ,  p  <  0 .01) .
Eggshell  thickness was negatively rclated to 7.r,7r '-DDIJ con-
centrat ions ( p - 0.03), but DDE, conccntrat ions cxplained only
22.1%,  o | the  var iancc  in  eggshe l l  th icknesses  ( I r ig .  l ) .  Eggs
col lected l ' rom Lemoore NAS had the thinnest shcl ls and con-
tained the highest concentrat ions o1' 7r,7r '- [)DH,.

Eggshells col lecled in 1996 were, on avcrage, 22.61o thin'
ncr  than those co l lec ted  pr io r  to  1937 (a r i t l tn te t i c  n tcan, , \  -

0 .  1 7 7  r n m .  S I - : 0 . 0 0 2 6 ,  r a n g c : 0 . 1 5 0  0 .  1 9 8  m m ,  n : 2 3 ,
a n d . t : 0 . 2 2 9  m m ,  S E  -  0 . 0 0 2 7 ,  r a n g e  -  0 .  1 7 1 , 0 . 2 6 - 5  m m ,

- 2 - 1 0 1 2

Log p,p 'DDE (ppm)

Fig.  l .  Relat ionship bctween p,p ' -DDE concentrat ion and cggshel l
th ickness.  r '  -  0.2394. 2 -  0.02.
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Table 2.  Prey i tcms most f rcquent ly ident i l ied in burrowing owl
pel lets"

l tem Carr izo Lcrnoore Sal ton Sea

Tab le  3 .  Leve l s  o f  DDE
in

J .A .  Gc rva i s  c t  a l .

in eggs impl icated in impaired reproduct ion
var ious bi rd spccics

Spccics

Fresh weight
concentratlon

(pg /g ) Cbmmcnts SourccColeopterii
Orthoptera
Rodent ia

Mit ntltt.t
P/M/Ph
Thomontl'.s
Diyxktnn.s

Arancac (spidcrs. t
Amph ib ra
Rep t i l i a
Sol  i  fugac
I l i rds
Scorpions
Rocks
Sand ancl  vcgct i l t ion
P las t i c
Dcrmaptcra
Ch i l opoda
Aquat ic orgi rn isnrs '

Barn ou' l

[3rown pel ican

[3ald eaglc
Osprcy

l ( )

3

5
1.1

Pcrcgr inc l i r lcon 20

Prair ic  fa lcon 2
Mc r l i n  6
[J lack-crowncd l i

n i gh t -hc ron
Wh i t c - l accd  i b i s  I
l l lack duck 6

1.i l3I
l'11t I
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tr :  45, respectively; t  :  12.06. p < 0.001. df - 66 adjusted
fbr unequal variances). Because the Lemoore NAS eggs were
thinner than those col lected from Carrizo Plain and Salton Sca
NWR, we also compared the recent eggs excluding the Le-
moore samples with archived eggs. The results were very sim-
i lar indicating that they were not dependent solely on eggshell
thinning f iom Lemoore (recent eggs without Lemtrore, . [  :

0 . 1 8 3  m m ,  S I 1  -  0 . ( X ) 2 9 ,  r a n g e  : 0 .  1 6 0  0 . 1 9 8  r n m ,  r r  :  1 3 ;
1  -  |  f .41 ,2  <  0  001,Qf :56  ad jus ted  f i r r  unequa l  var iances) .
We also randomly subsampled the archivcd eggshell  mea-
surements to perl irrm al l  analyses with cqual sample sizes; the
results were unchanged. The archived eggs did not dif l 'er in
measurements among counties (F: 1.03, p :  0.40), so the
sampling bias toward San Diego County did not al ' f 'ec[ the
results.

Organophosphorus insecticides were not detected in f 'cather
samples in amounts greater than the minimum detectable lev-
els. Most of '  the samples l iom Lemoore NAS had traces of
p,p'DDE (geometric mean ,f  :  0.211 ppm, range 0.05-1.02
ppm, r:r : 17), but no traces were found in the Carrizo l'eather
samples. The only compound detected in the lootwash samples
was chlorpyri fos, in samples f iom Lemoore (geometric meun
.t :  24.39 ng/bird, 12.5-35 ng/bird, n :  l5).

' Io 
evaluate burrowing owl diet,  we col lected a total of 175

samples comprised of over 1,100 pel lets. Owls at al l  si tes
appeared to rely heavily on grasshoppers, crickets, beetles, and
small rodents (Table 2). Owls at Lemoore NAS commonly
consumed toads, which appeared to be abundant in the spring
and persisted in drainage ditches throughout the spring and
summer. Owls at the Salton Sea NWR frequently captured
organisms from the irrigation canals, including bivalves,
snails, and scavenged fish carcass (Table 2).

t ) rsct issroN

C)nly a very l 'cw pcsticidcs wcrc dctected in our samples,
and total polychlorinated biphenyls in eggs werc not elevated
in associat ion with 7r,7r '-DDE. However, the most signi l icant
{ ind ing  is  the  h igh  concen l ra t ions  01 '1 ) ,p ' -DDE in  the  owls '
eggs. Despite a quarter-century ban on i ts use in the United
States, DD'l '  and i ts metaboli tes remain avai lable 1'or uptake
and bioaccurnulat ion in wildl i l 'e species in parts ol the San
Joaquin Valley. Burrowing owls appear to he lcss sensit ivc
than other birds studied previously to the eff ects oI '  p,p'-DDl:
on repKrductive success, as the levels of 'DDIr dctccted in the
eggs ol ' this study would causc rcproductivc 1:r i lure in many
other species o1'birds (Table - l) .  Because wc wcrc unable to
closely l i r l low reproductivc \ucccss, wc cannot dctermine
whether the contamination levels we detectcd rnight bc as-
sociated with lowered repmductive rates; however, given thc
2O.6%t overal l  eggshell  thinning since 1937 (but see l30l l i rr
other pre-1945 eggshell  measurements) and thc lact that the
levels ol '  p,p'-DDE we lound have caused decrcascd repro-
duction in other raptors, i t  seenrs plausiblc that at least some
owl pairs are being adversely al ' t 'ected.

The primary route of exposurc to DDT and i ts metaboli tes
lbr burrowing owls is l ikely to bc through the lbod chain.
Owls sampled in this study took a wide variety ol 'prcy, which
in turn occupy many dif ferent trophic levels. Both DDT and
its metaboli tes rcmain widely distr ibuted in the agricultural
soi ls ol '  Cal i lbrnia statewide , and concentrat ions up to 3,750
ppb have been l irund in the San Joaquin Valley [9].  Our results
suggest that the residues are patchi ly distr ibuted; at the least,
uptake by organisms is occurring at dif'ferent rates at different
sites within the same region. This pattern is f  urther compound-
ed by the variat ions in the owls' diets among sites.

Organophosphate and carbamate compounds pose a threat
to wildl i fe through direct mortal i ty and nonlethal impacts de-
spite their lack of environmental persistence [8,31,32]. Or-
ganophosphorus pesticide exposure has been shown to alter
avian behavior, making them more susceptible to predation or
leading to neglect of their young [33,34]. The incidence of
chlorpyrifbs in the footwash samples of burrowing owls at
Lemoore NAS and the documented use of aldicarb near active
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nest burrows indicate that this population is at risk ofexposure
to organophosphate and carbamate insecticides applied to the
local farm fields. Although other work has examined footwash
contamination in relat ion to exposure [35], we fbund no data
l inking speci i ic residue levels to physiological or behavioral
elTects. Rather, t'eather and footwash samples simply indicate
that the bird was recently exposed to vegetation or soil with
surface residues of the pesticides. The exception is the
p,p'DDE found within the feather samples; p,p'DDE most
l ikely was ingested in the form of contaminated prey, and
f'eather loads probably represent excretion of the compound
through the uropygial gland 1361, f iom which i t  would be
spread over the f-eathers during preening. Further research into
owls' use o1' agricultural f ields and whether use shif ts with
spraying activi ty wi l l  help clari fy the r isk to krcal owl pop-
ulat ions. Sampling done in conjunction with habitat use studies
and t imed to coincide with spray schedules wil l  be necessary
to assess the exposure r isk of owls l iving near f ields where
organophosphorus compounds are appl ied, as behavior pat-
terns inf luence the r isk of exposure 137,381.

The r isk posed by selenium is also di l ' f icult  to assess di-
rect ly. Selenium concentral ions vary in the lmperial Val ley,
although concentrat ions potential ly harmful to wildl i f 'e have
been lbund in both sediments and hiota 1391. Selenium levels
avai lable f irr  biological uptake arc variable through t ime, de-
pending on a number ol 'environmental I 'actors, including soi l
pro{i le .  temperature, rainf 'al l ,  and pH l4O-421. Given thar rhe
burrowing owls in the Salton Sea NWR include many aquaric
organisms in thcir diet,  they might be at r isk from elevaled
sclcnium levcls at various t imes of '  the year when more se-
lenium is mobil ized and avai lable l i rr  uptake.

In  conc lus ion ,  bur rowing  owls  l i v ing  in  a t  leas t  one s i te  in
the San Joaquin Valley are exposed to high levels of p,p'-DDE
and may sul ' f 'er impaired reproduction or survival as a result.
In addit ion, the current load ol '2,p'-DDE may make the birds
more susceptible to debi l i tat ing effects o1' pesticides st i l l  in
use, such as chlorpyri l i rs and aldicarb, i l 'exposure to thesc
pesticide s occurs when owls with high body burde ns ct l  p,p'-
f)DE are alrcady compromised by mobil izing lat stores in
response to strcssors, such as breeding e{ ' tbrts. I jurther research
on burrowing owl demography, combined with studies of hab-
itat use and pesticide exposure, should prove helpful in de-
termining whether the results presented here reprcsent a sub-
stantial threat to the long-ternt survival ol ' the species.
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