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ENVIRONMENTAL CONTAM INANTS I SU RROGATE BIRDS AN D 
INSECTS INHABITING SOL'THWESTE RN W ILLOW FLYCATCHER 
HABITAT IN ARIZONA 

Ml(;\ 11 A. MoR \. J ''11s Rm RKI. S1 s '~ J. S1 ERR,\, ,\!\D KtRKI Kt'\G 

\/HllCld .Se,cral <lch>rnwd South\\C,tcrn \\din\\ Fl)Catchl'r' t/ 1111•idmu11 trail/ii <' \11111111 ) \\1'rl' 11· 
p.111ed rn Arr,rona <lurrng tile 1.1" le" )C.tr, . Emironmcnt.il u>nt.1111111,rnt- . p.1nrcularl) per't'l<'lll llu>.tl" 
<UmJlatt\C pollutanh, haH' Ileen a"oc1a1eJ \\rth <leforrnrtrc' 1n otha llrrd' lrom dr\cr'c .1rl'.1' ••I thC' 
l n1te<l \late'. One ••llJClll\C of th" 'tu<l~ ''a' to dt•tcrmin,· 11 cm m•mnental <"Olllamrn.mi- «•uld be 
hnkcd to del11m1111c' ••I the S•>llth,,c,tcrn \\ 1110\\ H~c.1td1cr rn ,\ru11na. \\c me;i-im:d le\ ch 111 
'Clc<·tcJ morganr,· and org.rm< contam111:rnh rn [l(llcntral '"'''ll pie) ol the Wrllo'' Fl)c:.11chcr .tml 1n 
.t\ tan 'urrngate 'J'<!•IC' .it 'elc..ted 'Ile' \\tthrn the S.rn Pedro RI\ er .mJ 111 Ro<N!\eh Lah• ()f)f• .111d 
f>Clh \\ere the onl} org.1nod1lonnc <nmpoumb quamilicd .tho\l' detec:tu>n ltmtt' in all .. ample, . !'one 
ol th1· mean conecntr .1tion' ol Dl>l: and PCB' in egg ... nc,thng~. or .1dult bird' \\Crc near or .tho\ c 
the thrc,hold for pllte1111.1l 1ktrn11ental eth:u .. on the bmh tht•nt,eh l'' or on predator' that ma) Iced 
on thern. Abo. none ol the 1·011cerllr.Hin11' of metab an<l 11wtalloilh in egg,. nc,tling,, a11<l aduli- \h'll' 

.11 lc\t:I' 1-nown to aflcc:t rcprndlKlron or that ha\C hcen .1"11<.·1at.·d \\1th <lcfnrmitic,. Selenium \\,t, 

rdat11cl) elc'<lled 111 h1rd ,,1111pk' (lip to 5.8 µg/g dr) ma"l ho11c\et. thc'e lc1el' \\crc ,1111 h1•hl\\ 
1h1he that ha1 e t>ccn a"11<.·1.11cd w tth Jcform1t1c' rn hint... \\1· 1kteueJ high 1:1m.:entratwn' ol Sr (up 
l•• 450 µgig dr) 111.1") 111 \\hole e gg' nf Yellcm -nre.t,tc.'d Ch.th (l..i, 11<1 1frtm) th.II ..-ould .tlle.:t 
q;g ,hdl 'trength. hut nwr« r<'>.c.tn·h r' 1ecdeJ. 0\ erall , the 1:011t.1111rri.tnh rcponcd in tht' i.tuJ1 .trl' 
not lrkcl) to be 1mphc.1tl'd rn the dl'lormr11c' ob,cned 111 Smllh\\C,t<'lll \\1llow H)~.ikhcri; 111 the 
I 1mer S.m Pedro R1\\'r .rnd ROl"C'clt I al..c. 

l\n ll11n/\ ,\n1ona, <llnt:tm111.111h, DDI·. f111p1dmuu trm/111, 1111111/\ , 111orgamc clement-. 111'c"tt' 
oroii- t>m1'. PCB,. Soutll\\l''tem \\ 1lhl\\ Fl)C<1h:hcr. 

Th1: llmc1 'Ian Pedro R1vc1, 111dudint• au1a1.:cnt 
unwm.trc<1111 rcachc!> of Lhe (ltl.1 Riv1:1 {~an Pe
dro (iila ri1cr-.) and Roo,e1el1 I a~L' 111 Aruona 
prl\\ ii.le important ne ... ting hah11a1 for man) pa .. -
-.cr 111c hmJ .... 111duuing. the lcdcr.1lly 1:ndangcrcd 
\outh1\.c,tl'nl \\ i llm1 f'l)eatd11·1 (/. 11111iclona.\ 

trwl/11 1•1t111111') Em ironnwnt.11 co11t.1111in.1111' 
.. uch ,1, pol) chlorinated hiphcn) J, 1 PCB'). po
l) chlorinated uiht:n10-dio'111'. pol) t.:hluri11.1tcd 
d1lx·n,ro lur.mo;, aml 'ct.:nium h.t\C he~ n .1"1>ei
.1kd 1111h do.:!1111111111:,, m h11J, lrnm d1\Lr'L .111...1' 
ol till' 1 ' rutcd St.He' (Ohlcndorl ct .11 llJ:S6 (11e
"> l'l .11. I 99~) Some or the mo .. l Ullllllll>ll Ul'· 
frn miuc, arc cros ... cd bill'>. "11,111 or nw .. smg 
t:)es. and dubbed feet. but othL·r I} Jk'' of dl'for
mi1ii: ... a l..,n occur (Gilhcrtson cl .ti 1991 I \). 
1hough fi,h eating hiru" and h11ds .1t lhL· top of 
the food chain an: u-.ually the most .1tfrctcd h) 
per '''tent hmaccumulati\ c to"c.1nh (Ho fl man 
ct .ti 199()). m"_·cti\ orou-. bird-. 111.1y .1ho be af
fCdl'U C\kCart) and Secord 2000>. lcrrc,trial 
.1ml cmcrgrng aquatic 111 ... ect' 111 the )m\cr San 
Pi:uro Rn er and Roo'c' ch I ak1• m:t) .tel umu
la11; 1o"c.111h from agnLL1hural pc'>tic1dcs. 111111 -

mg h} product-.. and \\astc11a1cr ttcatment crtlu
cnl. rhcrcforc, in,,cctivomu-. bird ... hrccdtng on 
ripanan corridor'> in both regions may m.:cumu
lalc to"cant.., from feeui ng. on tn'cct-. or other 
diet, , 

lk111i:cn 1996 and 2000. 12 adult. one llcug
ling .• mu t1\l1 ne,tling. \\11lm1 l •l)L-.tteher ... \\.ere 

found \\Ith h1JI or C)C uefon111t1e-. 111 J\11/lllla, 
Colmadn. and Ne\\. Mc\ll"O (Sogge and P:"ton 
200()) The mandible anJ bcaJ... Jcfmm1tic' wcrL' 
\;ha1.1cteri ... 11c of tho,e oh ... erveu in fi,h eating 
bird' fiom the Ci1c.11 Ltl-c'. "'hich ha\l' hc1•n 
attrihull·u pnmanly to dto,in-. and PCB, 1Gic') 
ct al 1994) lkc,m'e c111 ironmental cont.11111 
nan ts ma~ he allccung the \\ ill<m l ·I) <'ottd1er 
and other wildlrk ot the l<l\\er SJn J>1·dm Rl\er. 
It i.., 11nport.tnt tn c\ .1luate en\ rronmcntal L"Oll· 
1.1m111an\\ 111 lklct t111nc 11 there '' a \·onn<'l't11111 
\\llh fl) 1..ttd1cr Jcto11111tte' m J\n/\m.1 

The nhjl'l'll\c' of th!' ... 1ud) \ver1· to dc1c1111111c 
lcvcb ot 'elc\'t1•d 111orgn111c and org;m r<.: L'Olllall1 
inants m potential rn ... cct prey ot the Southwc'l 
crn \Vilhm H\cateher and in ,1\.ian -.urrogatc 
.,pelics al potcnt1.1ll} impacted ..,lie' 1\ 11h111 the 
San Pc<lro RI\ u rip.ui.tn 1onc and Roo-.c\clt 
Lal-c Spcul1< .• tll). \\c <lctermmeu conccntra 
lions ol per-.1,tcnt en\ 1nmmcmal co111.1111in;tnh 
to pro\.1de u,t:f ul 111'1gh1-. tor C\ alua1111g c.1u,c-. 
of dcformitic-. 111 \\1lhm H)Catchcr., in Ari1ona 
\\'c ,Ciel tcd 'unog.ate 'pccic.., that O<.'cup)' the 
same hahitat and ha\c u1c1' 'imilar to tho'c of 
the Will<l\\ I l)c.ttchcr in Ari1ona <Drml <'I al. 
1998. Yard 1998). Therefore. \\c expected 1ha1 
cont:tmirrnnl burden ... 111 adult~. nc~Lling .... and 
egg-. of .. urrogatc 'pcc1e' \hould reflect 1how nf 
the Willo\\ l·l)catchcr We anal)tcd tor conlalll· 
inanl., in a<lult,, nc..,1l111g. .... egg' and 111":l0 h in 
order to c .. 1.1hJi,h the chermcal d)nam1L' Imm 
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I l<1URI• I l.o.:a11011 ol nm1,1111111an1 'ampling 'ii<'' .iloni.> the l.o\\CI S.111 l'nlm·G1J.1 rl\cs- np.111.111 1one and 
Roo,1'\l·lt I ah'. An1011a 

the pol<'llllal lood -.0111t"C tn adult .... eggs •• 111d 
) oung .111d to di-.ccrn \\ h<•thcr contaminants Y.crc 
111or< Iii..:!~ 10 t"OlllC' from 11,cal or mi gr ahH) 

1 ouh.'" 

1\1 \II RI ·\IS A '\D MF I llODS 

~ ll I>\ AKI \S \'>D S \\11'1 I ('11111 < 11<>'> 

\'I< ..:olledcu 6~ "1111ph.'s •·11n'i'ting ol 111,c..:i-. «II 

<a"e~ •• ind egg' ot 'urrogat.· hard 'pcc1c' 111 1hc ~um 
mer llJ'J<J Imm 'C\cr.il \'lallo" Fl>cat..:hcr nc,t111g lo
..:.111ori... \\ uhin the np.in.111 /OIW .11 the Sau Pedro (i1la 
rl\ < n. ( 1'111al Counl~ ) •• ind I 111111 Roo'e' cit Lake (G1 J,1 
Count)) 1n centr.il Ari11>n.1 (hg. I. Tahlc 11. We l'.1p 
tu red .1dult Yellm• W,1rhkr' U>c11clrmca pt1nl11u ), 
Ycllm<-hrea~tcd Chah (/,I< 1w 1·ir1'/I.\). and C-0111111011 

'lello\\lhroat~ 1c;to1'1/1p15 1ncht1') \\1th 1111s1 ncl' ;.inu 
cu1han11ed 1hcm 1mmcd1ald) I>) cen 11.:al d1\locat1on 
'c:,thngs \1crc 1e1110\ed from the nc't und euth:m11cd 
al"• h) cc1' 1~.11 tlislocauon. \duh .met 1w,1hng ..:.ir 
c.1"e' \\Cre \\C1ghcd. "rapp..·J 1•1 1l1111unum toil. 
,ll,retl in pl.I'll<' h.1g,. and kept 1>n K<' 111111 J 1.11..cn 11> 
1he lal:mratory 1111 'torage at 20 C Yel11m·hrea.,1cd 
Chat q.:g' \H'IC c1>llc<·1ed Imm 11e'" (lllo-.tly lull 
dutche,), \\ r .1pp<.·d 111 alummum 1011. .ind 'ttm:tl in .1 
c1>mmcrual retr1g.·rator until furth~r pn1<:c"111g home 
broken <'J;i;' \\ere s11>reJ 111 gla" Jars .11 20 C) . 

Apprm;i111,1t~I) 2 S g ot in,eci... (1111: .... h<'c,, \\ a'P'· 
true l>ug,, Jc.1lhl•Jlrc• '· .111J Jragonlltcs, .11n11nl! othc~ I 
\<ere collcc.:ted trom Cook' Lal..e, lnd1.111 li1l1'. anti 
Kearn) 111 the llmcr S.111 Pcuro Rl\c1 ;md Imm Roo
'"'clt J..11..c. \\llh malai,e trapo, t"onta1n111g a l..1llmg .1a1 
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TABLI I. '11 ' ' DDI::. "-1> PClh (µ ( ,/(, W1 I ... 1 \SS ) " Ee;(, ... '"() C\R( '"'' 0 1 ""' sn l'G ASD A l>l I I h'>H"• 
11\0R!ll s Bums ~S!J ISSFC I\ I Rll\I ,\RI/I lS \ , 1999 ( R \ SGf I' P \RI s 1111 SI') 

('1,1 Spr1.ac ... I (k:3IU)f\ ' l .J !>Ill I'\ H• 

Adult' Yello\.\-brea,tcd Chat Cook' Lake 00'\4 0.016 
(() 0 19 (). 05 I ) (().014 0 .018) 

Indian Hills 7 () 126 0.021 
C0.020 0.250) (0012 0050) 

Kearn) 0021 ()().l() 

Roo,evdt 5 0.0.11 0.012 
10017 ()()(l] ) (0 006 0.02 I l 

Ycllo\.\ \\ arolcr Cook' Lake 2 () 090 0.019 
(0.055 O. I 2'i) l () 016--0.0:::!2) 

Indian Hall' 0 056 0039 
Kearn) x 0 .143 () 141 

I 0 024 0 .269) <0.037 0 .311) 
Common Ycllo\\.thrnat Cook' Lake 0 .125 0.025 

(()073 0 .215) (0.020 0.03 I) 
Nc,1l111g' Ycllow-on:a,tcu Chat Cook\ Lake () 016 () 014 

Indian Hilb 2 () 0 .14 0.0 11 
(0 025 0.()44) (0.008 ·0017) 

Roosevelt 2 0 .017 0007 
(0014 0.020) (0.001 0.0121 

YellO\\ Warolcr Cook' Lake 0 IXO 0.022 
Kearn) 2 0.05S 0 161 

(() 051 O.OM J (0119011\11 
l·gg ... Yclln"' -brea,ll·d Ch.it Cool..- Lake 0.0.14 0.01 7 

11101;111 Hilh 0 . l(l'\ CUHJ 
10019 0355) 10.010 0 067 ) 

Duule} 'ilk o.cns o.o.n 
(0()19 0 060) (0015 0.()64) 

GRS 12 0.084 0.0'2 
(().078 () 093) (0.021 0 048) 

I'/ Ranch ().099 () 186 
(() (149 0. 161 ) (0.024 CUlJ I J 

ROO\C\Clt () 0.027 0.026 
W. 0 17 Cl.04 I ) (().(II I 0 056) 

ln,cd' Sc, er.ii Cook- L akc 0.02(1 0.224 
Indian Halh 0 .102 0 187 
Ke.irn) 0.024 0 .237 
Kearn) ()()()1 0.026 
Roo'c'ch on.ii 0 .2.'i8 

w11h a doth 'nakcu 111 acctonc .11 lhl· lop ' I he trap' 
were p laced nca1 the si te' when: till' h11t1' \\Crc col· 
lcc1cd and ''en: Jell for one or mun.' day' until enough 
111,cct hmma" '"" gathered Aller collcl'lion, thc 111 
'ccl' \\.ere tr.111,lcrrcd 10 ehcmk.111) dcam:u gl'"' 1ar... 
and kepi .1t 20 C until chemical .mal)'" 

en11.a1mn. about 2 g ol ,,unple were used for each anal · 
Y'''· l hc 'arnplcs \\ cr.: ana ly.tcd at 1he Geochemical 
and hm 1rnnmcn1al Rc,carch Group (GERG>. [c\a' 
A&M l,ila\crslly 

C'lll'll< \I ,\S\l\SIS 

Bard \.•,tr\."•"'c'. eggs. and 111,ed' \\ere .mal} /CU h>r 
orga1111<:hl1>r111c contaminants and 111org.m11: clement'. 
TI1c ~·ar~·a"e' \\ere obtained b) pluck111g leather,, rc
mm mg hcau, le)!s. bcal.;. and '10mad1 cont.-nh Egg' 
\\.Crc <anal)ted \.\hole (including cgg,hcll\J bccau'e 
'omc Cg!'' were broken and frcl/cn pnor Ill 'cparation 
nl the egg,hells. This occurred bctausc ,·ggs had lo be 
carried uround for several hours whale 'carchang for 
more nests We also anal) /Cu the \\ hoh: egg to de1cr
m111e total depurat1011 of contaminants Imm 1he adult 
female lo the egg Contaminanl l"<>ncentration' \\Crc 
not auju,tcd tor p<.1"1blc moi,turc lo" Alter homog-

OR(oAS<X 111 OKISI Co,ttut S(>' 

\Ve .111.tl)J'eu the lollow111g organochlorine com 
J'<)unJ,: pol)chlonn.ateu b1phenyh 1PCBsl, hc:>;achlo· 
roben1cnc (HCB), hc,,u:hloroc)clohc\ane (n. J3, y. 
and li-HCHJ d1loruane (tr and y isomers). cl\ nonaeh· 
lor. Iran\ nonadJ1111, Jaclurin. Cndrin. heptachlor cpo\ · 
iue. mire,, t1'\)d1lnrd;mc. toxaphene. DD r (I. I. I 
trichloro-2.2· h"( p chlorophenyllethanc I. DD!- (I. I 
uichloro-:!.2 hl'(p·chlnrophenyl)cthylencl. and [)[)!) 

f I. l -u1chloro 2.:> h1,(p-chlorophen} l)ethane ( Approx 
i mately 2 !-' nl sample homogenate were mixed w 11h 
anhyurou' S<X.hum sulfate and extracted \\.1th hc>..mc. 
The 'ample' were C)(tracted following the NOAA 'la· 
tu' and trend' method ('\,1cLeod et al. 1985) '~ith 'nmc 
mochlic,111on' <Bn•ol.' et al 1989). The C'ltrai:t' \.\Cre 
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punhcJ h) 'thL'.t/;1lumina n>lumn .:hrnmah•graph) .uni 
\\ llh llPI (' Kc,1d11c' \\ere quanlllall•d h) g,1, ..:hm 
m.11ogr.1ph) .1111J ch:ctron capturc 1lclt'l°ln1. (1C'· I·( [) 
t• Ntl 111 '(lhlic" mo<.k. \\llh a DB-5 ( 'O 'XO . .!~ mm 
11>1 fu,cd · ,ihl.t c.1p11lar) column (Scrtl·.11111 L'I al 
I '190) ' kn pt'fCt'lll ot the 'i.lnlplc:' \\cte cont11mc1l h) 
'L"L·ond trltcL"l1<111 on a DB-17 capillar} l'olumn or h) 
(;('. MS. Spil..t• fl'l'O\CrtC\ \ICre .1ho\e 80', Ill .tll l\l'C'; 
'.1ria1u111 hL'l\1 t'<"ll c.luplil"ah:' rem.nnl."d '' 1111111 I.'>',. 
The lo"c'I dt'h:dion hmn tor org.1mx hlrn tnt• cnm 
poun1h \\II' .1ppr1•\1111atcl) I ng/g ''<'I Illa"(\\\\) 

HICA\\ i\1111\l.S \'-0 \.1ITTALLOll>' 

\\'e y11.1m1hcd thc tulltl\\ ing hca\) flll"l.1ls .1110 met 
all11ic.ls .• 1l11n1111u1n (1\ll ar"~nic (,\,), e.1<1111111111 (C:JI. 
chrommm IC"r> • ..:1•ppcr (Clll. rnerllH} t I lg 1. 111d.cl 
(Nil. kad 1Ph1 'clemum 1Sc1. anc.1 "ronuum <S1).1\p 
pnl\111i.1h:h 0.5 g ot ,,unple \\a' Jtgl''tec.I \\llh 1111nc 
and pt•n.:hlot 1L· ac11h. ·1 he c.lige'l "a' analy 1cd 101 1111"1 
clcmerll' with a Perl.in Elmer. Model l ·I AN 'iOIX). 111 · 
Jue Ii\ l'I) n1upkd pla,ma-ma'' 'Pe<.:tro1111•11•1 ( ICP 
MSI \r,e1111· ;me.I Sc wcrc anal)ted \\llh .1 V.m.111 
V<iA 7h h)d11dc genaallon accc"or) mounted to un 
a1orn11· .1hsorp11n11 'l>Cl·trophotonu:ll't. \1\ l'crk1n l•I 
mer. \.1odcl 1030 \.tcr..:ur) "·" an.11);11•.t h) lh<" ,t.m· 
d.trtl '"Id \Upor .110011..: ah,t•rpllon method Ilic ltmc'I 
dcrn ru•n hmll' tor tract." t."lt."mcnh \ .111ed hct\\ ccn 
I) 006 µgig ti\\ for Cd and 1 µgig c.I\\ for Al Percent 
rc.i1\crtl'!> of "Pll-cc.I 'ample' .md cenih,J rclc1cn<C 
m;ucrt.tl' \\<"rt• .1txnc 9oc, in 111<>-l L':i'cs \lean rcla 
11\C p1•rtcn1 d1llcn•ntc' hcl\\ccn dupltt'alt•s \\t'IC 

I 0'' 

s" r r~ 111 \r """ "r s 

Yt'lh"' hrt".t,lt'c.I Ch.ll' wcr..: tht• m.11n 'Jll't 1c' cnl 
l1·1·1ed l1om n11"1 h><.•.111orh: thcrclt•rc. 1111"1 t'o111p.111 
"'n' llmong lo<:.tl11mo; <H'rc perh•rrncd onl) \\1th c-h.il 
c.l.11.1 \\t' used !ht• <II M pro..:,·<h111• on ranked d 11.1 

I.SAS lr"111U1e 19871 10 lc't lnr 1hllcr,·nn"s in mean 
... 011.-cntmtrons of org.111ic and 1norg.1mc clemcn1, 
.m1ung .111 "IC' \\\tlhl!l s.m Pe<ln> .md l{(J(lSC\Ch) Ilic 
I ukc) nn1l11plc tomp.onsuri- proc«durc ".Js usc-d to c.lc 
krn1111c \\.hlth means \\crt· '1gmhc.1111\) l111tercnt \\c 
1:omp.11c.t t<1lltCntr.111on' ol organod1lurn1c .ind lllt•r 
g.1111 ... cu111pound' 111 .tduh chats '' llh d;11.1 lrwn lhr1·c 
lot.111u11' .md m egg' \lilh c.la1.1 lrn111 lt\t' hK".1111111,. \Vc 
,·urnp.uc.t ilh>1f.111i1· clt•mcm 1:lll1Lcn11.11tm1' .11111111g 
.1tluli-. 1w,1l111g' Jrl<I egg' w11h dala 11<>111 Ruu,o:vell 
anc.I lmh,111 11 di s .111c.I all lo..:a1io11' cotnhllll'd \h· ,11'<1 
nunp.uctl <"11' • 1111,1111111' ol lll••rgantt· cl1·mcn1s 111nong 
'flC<IC' \\llh C<•!llhllll'd data fnr ,rc.luh' ltom ,,t',cml lu 
ca11011' \\ ,. 1cs1ed 101 d11l1·rencc' 111 mc.111 conccntrn 
lion' ol organochh•rrncs hct\\ecn lcxallon' (Sun Pedro 
H Knosl'\dl) nnd bcl\\een 'flC<IC' (d1.11s \s \\amlcrsl 
h) l\\I> s;11npk comp.in,on proc,-durcs fhc lc\cl ol 
'lg1111t,.tllCC \\US 'el ti flrlOrt :ti p 0.05 

1\1 l \II 11\llll:-; I /\t IOR~ l{ll< l\lf::'fAI' l\'ll 

Ml I \11011>' 

\Ve c,11111,111·d the ptoponion ol 1n11rgan1t' <=11tlla1111 
nanh that hinb acquired through 1hc diet .• 1"11111111~· 
1ha1 lhc) \\Cit' lcedm~· on in,cch 'lflll lar II> lhtl\C 'am 
pied 1r1 1H11 'lmlv Wc t1'etl mean 1nrngan1.: clc111cr11 
n11K·cn1m1 ton' t mm Y..:llo\\-hrca,lctl Chah hum 'IX'· 
.:1hc l11c.Jllon' (h cJ Jn Hilb ,111J R1><"<=H'h) .111.t lrom 

.111 locat111n, 11111h1.11n .1n·u111ul,mnn ratio' ln•m 111,cl'I' 
In ilUUlh anJ nc,lhng, .• tdull' to egg .... and C!!S' 111 
nc,1l111g, , The .1,·,11111111.1111>11 lal'lnr rcpre,1.'nh the ratio 
of the .:on..:cn1r.11mn HI,, gl\en cnmpanmelll Ce.g. ,·ar 
ca" I di\ 1111.'d h) lht• t'l>r1n•n1ra1ion 111 anuthl.'1 u1111 
panmcnt (c.g .. llh<"t:hl I hc .tl'l"umul.111on t.1l'tnr iml1 
<:ales "hc1hcr ;1 l'll!ltam11ia111 ingc,tcd in the food 1' 
potcntiall) •• ,., unml.111·tl 111 at.lulh, thc pruponwn 1ha1 
j, dcpuratcd h) 1lw kmai<: thmugh the egg (tndut.ling 
c.lcpo'->llon 111 1h1• «gphcll ), anc.I a.:cumulauon in nc,. 
1hng,. 1\ ra1io "' I suggc'h no h1o:iccumula110n, 
\\here:" a r.1110 I 111d1,·a1c' ht<•a«'Umulation 

Rl:SLL TS 

OR< ''()( ltl >Rl\;I s 

DOE and PClh were the only organochlminc 
compounds dcict:tcJ in all sample' (Table I>. 
DOE conccn1 r.11ion.., were low (range 0.003 
0 355 µg/g W\\) hut \\.Crc \omcwhat higher in 
adult bird' and egg' th.in 1n 111\ech and nc.., . 
clings. Pol}t·hlonnatcd hiphcn) I concen1ra11ons 
al-.o \\ cr.: Im' < r.1ngc 0.006 0.491 µgig -... w ); 
hm\c,cr. PClh -...c1.: lughe1 in insect ... and mu..:h 
111-...cr in adult' .mJ nl'sthng,. Then~ \\Cre no ''g 
n1liumt diffrrcncl'' ({ii \1 of ranked data. P 
0.05> in c11n<.:.:ntr.11i1111' ol ODF~ and PCB-. 
among adult dwh lrnm Coob Lake. Indian 
Hills. anJ Ruo..,c\clt I akc. DDE and PCB um· 
ccntratmn ... aJ,11 \\ell' n111 -..ign 1flcan1ly d1tterl'nt 
!GLM ol ranked d.na. P O.O'i) amnng d1at 
egg!> from Dudley\ Ille. Indian Hill .... GRS I? Chy 
CB Cro,,1111!) .ind P/ Ranch, in the In-... er <ian 
Pl·dn..i RiH:r, .ind Rm 1w\ ch Lake. DDF and 
PCB!- \\<.:re n111 '1gniht11ntl) dilkrent (1-1e .. 1. I' 
> 0.Cl5) b..:1" ecn ch.11 L'!:!S' or l'.m.·a,,e, I rnm the 
hmer S.m Pl'dro R1,cr and Roose\ch I .1kl· . 
DOE l·on<.:cnlr.111011' .ilso \\ere 'imilar lt-lc-..t. P 

O.O'i hc:t\\ Cl'll c.m. ·•"cs of adult ch.11 ... anJ 
'frill•\\ \\ trhll·rs lrom the lo\\cr San Pl•dro RI\ · 
er. ho\\e\cr, concu111.i1ions nf PCB' \\crt' ... 1g 
nili.:antl) grc.11<:1 (I tc~t. P 0.0 I) in Yclllm 
Warhlcr ... than Ill chars Imm lhc same location ... 

Ml lAI s \II:() Ml IAl l lllll'i 

Jn,cct-. had p111pot111111all) higher .:oncen11.i 

IH>n' ol Cr. "'· Cd. 11nd Ni than bird carcnssc' 
and egg' ( lfihle .:?) \k.111 u>nccnrration' ol Cr, 
J\,. CJ, N1. Sr. and Al \\Crl' 'imilar IGL.\.1 of 
ranked da1.1. P 0115) Ill .1duh <.:hah from Cook, 
lake. Indian llillo;, and Roo\c\ell Lake. Ho-... 
C\er. cun..:cnrr.111011' 111 Ph and Se \\.Crc ... ign11t
cantl) higher (Cil.J\1 ol r.mkcd data. P < O.O'i) 
in adult chat' 110111 Indian I !ills than in adult, 
from Rot1'C\ ch I akc hut \\ere "milar IO diah 
from Cook' I akl· Copper concc111ration' were 
'ignifkanll) hightr <(ii \1 ol rank.:d data. P < 
0.05> in aduh di:th Imm Conk' Lake than in 
lho'e from Indian 111 11.., and Roosevelt LakL'. 
C1mccr11ra1ion' of I lg '' l'rc "gn1ficantl) higher 
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( P < 0.05 J in adult chat-. from Roo,cH~lt than 
in tho'c from lntlian Hill' and Cook' l .akl' 

Conccn1rat10n' of Cr \, Cd , Ph. Sc. Cu. '\1. 
anti Al \\ere 'im1lar Ill lhat egg' trom ll\c lo 
C<ltion' in the lo\\CI Sar Pedro Rl\cr and Roo 
'c' cit Lake ( GL'\1 ot 1,111!..cd dat.1. P 0.05 J. 
Conccntrauon ... ol Sr. ho\\C\cr. \\Crl' '1g111hl".lllt· 
I) higher (GL\I of ranl\cd dat.1 I' 0.05 l in 
chat egg;. from Dudle)' Ille and P/ Rand1 Ill the 
lower San Pedro Ri\er than in Roo'c"clt I akc. 
"v1ercur} \\a' near detcdion limrh Ill chat e1't'' 

Conccntratmn ... of Cr \,, CJ. Ph. Sc. 11!!. '\1. 
and Sr V\,Cre -,imilar bct\\ccn adult.., and nc ... 1l111g 
chab but differed 'ignilicantl) from conccntm· 
lion .. in egg-, <GLM ot rnnkcd daw. 'cc he low). 
Concentrations of A .... Sc. N1. ,md ~r \\ere ,jg. 
nificantly higher CGLM of rnnkcd data. P < 
0.05) in whole egg.., than in adult'> 01 nc,tltng 
chah: however. concentration' of Cr. Cd. Ph, 
and Hg were ;.ign1llLantl) l1mcr (UI M ol 
ranked data. P < 0.0.S) Corpcr t·onc.:L'ntrat1on' 
were '>ignificantl) higher m ne'>tling ... than in 
adult.., or egg-. <GLM nl r.1111\ed d.ua P 0 .05>. 

Conccntrauon' ol Cr. A .... I lg. '\1, and Al \\Crc 
'1nlllar among can.:a"c' 11! chah \\.trhlcr-., .ind 
)ellO\\throats IGL \1 111 ranked data. P ll.<l5J. 
Cadmwm and Sr \\ere '1gn1hL' ,111tl) higher 
<GU\1 of ranked d.ua. P 0 .051 111 chat l'.1r
c.:a,,e, than rn other I\\ o 'Pc~· r c ... . Copp( 1 .md I lg 
\\ere ... igrnfic.:antl) higher <GI \1 ol r.lllkcd dat.1 . 
P < 0.05 I rn Ycllm\ \\',1rbkr' th.111 111 d1,1h, hut 
\\ere ..,1r1il.ir to Common Ycllo\\ 1hn1,1i... 

:\.1FTAL "'D '\11 f\l.LOID Acct \11 l \110:-1 l • \nO({\ 

Table 3 pnl\ rdc' mc.tn .lll'Ufllul.11ion lai:tor' 
of met at... anti me1,tllo1d' I rom ir1'e" h to h11 d,, 
ne-.tling .... and egg ... . The .1c1.·u11111l.11ion tac1111 
\\a... I in the loll1m in~ l'•"c': lr11m in..,c1.•1.., to 
,1c.lulh for Sc. llg. and Sr . lrom .1d11lt' 10 egg' 
tor A,. Sc. Ni, anu Sr. from i11'L'Lh 111 nc ... tling' 
for Sc, I lg. Cu. ()r and \I: ,111d Imm egg., 111 
nc..,tlings fo1 C1. Cd, Ph I lg. Cu. ,111d Al. 

DISCUSSION 
CONT\\111\\'\I P\111 ({'\<;\Nil lf\/\l{I) 

ASSl·S\\11 NT 

DOE n•ncc111r:.t111n-. 111 h11ds trom Ari111na 
V\,Cre ... nnilar 10 tho..,c lound 111 other in,ccll\O· 
mu ... ..,pccic' collected rci.:cntl) 111 B1~ Bend Na
tional Park. but \\Cre aoout 30 11111e' lll\\CI than 
the DDE re..,idue.., lound 111 Clrtl S\\ allm" ( /'1 • 
rrm helu/011 pyrrlumore1) collc1.1<:u .1long thl' Rio 
Grande near El Pa-.o. 'JC\,i.. dur ng the ,,unc 
) ear ( ~1. Mora. unpubl. 0:11,11 !\one ol the me;m 
ODE concentra1ion ... in egg' ni:,tlrng-.. and ,1dult 
bird.., "ere near or aO<l\ e 1hi: thri:,hold for po· 
1cntial de1rimen1al clkl'b on till' hird.., 1hL'lll· 
-.cl,·e, or on predator.., that ma) le1.•d on them . 
Ba..,ed on a\ ailahk 'llld1c". the Bnm n Pi:lican 
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( Pe/1•c1111111 occulenta/1') ha' hccn one ol the 
most scn"tive bird 'pecies to the eggshell th111 
ning cllc1:h of DOE: lc\cl' of approximately 1 
µg/g \\,\\ Ill eggs rn1.-rca,1.·d ci•g breakage and 
deerea,ed produCll\ll). I lo\\1.'\ er. there b mud1 
\ an.1t111n in -..en ... iti\ it) tn DD! .11nong -..p.:cie-.. 
(Siu-.. 19%). The lo\\. lc\e), of DDI:. in ,1dult 
bird-... nc,tling-... and in,cch 'ugge..,ted little. 11 
an). accu111ula11on along m1grato1 )' routes: rath 
er. they 1mhcate prn.,iblc accu111ulation from lo 
c<.11 SOllrl"Cs, 

Pol)l"hlorinatcd biphcnyl concentrations aJ,o 
\\Crc \Cr) lo\\ PCB-.. \\Cle higher in insect.. and 
much l<m er 111 adult ... and nc,tllllg'-. al\o sug
gesting h1c,1l 'oun..e-, rather than acquisiuo1 dur 
ing m1gr.1t111n or in '' 1nt1.•1 mg ground-... PCB' 
were gn:ate1 111 warhlca.., than rn chah from 
Kearny prnbahly becau-.c warbler.., \I.ere fecd111g 
do<,er to the Kearny sewage ponds. the 1110-..1 

likel) 'oun..c of res, in the area. The IO'>l<Cst 
conccntr.11io11' of PCB' that h,l\c been a--..oc1-
ated \\.1th dctorm111e' 111 bird' arc approximate!) 
J.5 µgig \\ \\ 111 egg-. ol Douhlc-crc-..ted Cm
moranh ( l'lwhKrocor<1 \ 111111111 \. Yama'>hlla ct 
<11. 199Jl. All PCB \aluc' 111 egg-... nc-.tlmg,. and 
<1dult hard' collected in Antona were !e's th.111 
I µg/g W\\." thus. it i.., unli"cly that PCBs arc 
a ..... ociated '"'th dcfor1111111.'' that have appeared 
in fl}t',1tc.:hcr' rn the area 

\fo,t concentration ... ol met.ii' and mctallo1d' 
in egg' ,111d carca ...... c-.. of the th1ce bird specie ... 
abo wcrt• 1101 ot com:crn Im hmlogic<.1! cffech 
\uch ,..., dclor111111cs Ill bi1ds None of the con 
cent1at1nn-.. of Cr, A,, Cd, Ph. I lg, Cu. N1. anti 
Al in egg-... nc,tlings. anti adult' were at level' 
kno\\.n to alku 1cprodt11.•t111n or that h<.1\C hct·n 
<h'>O<: i.ttcd \\.Ith defornut i1.·-. (I k1n1 1979: 1:1'lcr 
1985.1. 1986, 1987. 1988, I 998: \\ hit\\.onh ct al 
1991. ~lilc' cl al. 1993. Mdl\\;en ,mJ ~cgu-.anu 
I 99~ I. ,\dd1ti1m<1!1). -.omc inorganic e!emcni... 
\\,ere rc1,11ncd an the cgg ... hc!I '1111.:l' the egg' amt 
eggsllL'!I, were ana!ytl'd ltlgl'lht:r: therelorc. 
...ome clcmc111 ... were le" likely to affect the cn1-
bryo... Recent analy-.e-.. 1ndit·.11c that except for 
Cu. \111 Sc ,111d /.n. cmK·cnt1.1tion.., of inorganit• 
clem1.•nt, \\,CIC ~ 35 time ... g1c.1ter m eggshell' 
than in egl:'' ( \,lora in pre"). I hi,,e,er. Burger 
( 199-1 J found that conccntr.11ion-. of Pb and Cr 
were h1ghc1 an egg contenh than an eggshell' ol 
Herring (iull' (u1nt\ argC'11tcllll\) and Roseate 
Tern\ (.'H<'nlll clougallii). I hu'>, ..,peciel> d1ffc1 
cncc' in deposition of inmg<1n1c dcmenh 111 
egg.., and cgg-..hc!ls need to he con'>idcred. 

A concentration of 0. -l µg/g d\\. total Hg in 
the d1c1 of ti'>h-eating bird-.. h ..... been suggc ... tcd 
a' the thrc,hold \alue at \\.h1ch no negative cf
lech arc kn1mn to occur (!·i,Jcr 1987). The 
mc<111 concentration of toul I lg Ill insect'> 111 tht' 
Lower San Pedro River and Roo,evclt Dam wa-. 
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bclmi.. 0.15 µgig dw. ahout 113 the ma"mum 
recommended level to protect wi ldlife 111 ... cl'l' 
from the ">ame area abo had Cu leveh ranging 
from 27 -15 µgig d\\., No data on toxicity ol ('u 
w \\.ildlifc arc a\a1lahlc: ho\\l'\Cr. poultr} -.tud-
1c... 1n<l1catc that adH:r ... e died' could Ol:cur 
"hen chid.en ... an.· led diet' containing 150 µg/ 
g , .. .,.. Cu for 25 da)' (I ~i,lcr J l)l)8 ). Of the IC\\ 
'tud1e' wnh Ni. Outndgc .md Scheuhammcr 
( 1991) ohi-crved that a dict of 300 µgig wv. 
cau ... ed reduce<l growth 111 m:wly hau.:he<l chid;-
cn .... Nicl-.cl concentrat111n' in in,ect<. from An-
tona \\.ere all belo'' 11 µgig d\\, Aluminum 
concentrations in in,cch .mu 111.: ... tlings from Ar-
11ona \\ere ..,ome.,.,h,11 high: ho\\evcr. <l1ctar~ 

com:cnt1a11ons of Al 111 200. IOOO. and 5000 µg/ 
g ww admmistcrcd to I .urnpean Star) mg' ( S111r 

11111 l'lllgari\) did not affect their growth. n:pro 
duction, or ... unival (Mill's ct al 1991) 

Seknium. derived piimaril) from irrigation 
dr;.unarc of area-. "11h m.11111c 'cdimcnta1) rock ... 
of Late Crcta1:eou ... ugc (Sl•1lc:r 14.)97). ''a' rel.1-
ti,cly ekvated in bml '1mplc' tup to S l'i µgig 
u\\ l: hm\C\cr. the ... c k\ch "'etc ,ulJ belo\\ tho'c 
that have been a''lK 1 1tcd \\1th <lefrn m111c' 111 
h1rd' ( 11 2-1 µ.gig dw. Sl-.01 upa and Oh lcndorl 
199 I). Although Sc may not hc lethal or tcra 
togcn1L <ll ... uch level' diL't,11) conccnlrallon' ol 
'>c •J µgig u\\ ma) h.l\c ncgati\e l'lkct' on 
h'h anti "il<llifc ( Lcmh 19{)6). Concc1111 ;11111n' 
of Sc "i µgig d\\ in till' dll't of a<lult Sc1l'cd1 
Owb (0fll.\ tnio) rcsultl'd in 11'.idati\e 'trc" 111 

their nc,tlings (\\il'llll')e1 .1ml Holtman 1996). 
rhus. r,1ptena! hird ... fced11l~' ·111 ... ongh1rJ, \ll in
se.:tl\'Oll' species <1 lo11g the San Pedro Ri"L'r and 
the Roosevelt Lake .uca c.:ould he alfcc.:IL'd h) 
high conccntra11on' ol Sc 111 thcir pre). 

Onl' 1111porta111 hn<ling ol thi, ... rutl) \\!Is the 
ck\aled le\eb 11 ~r 1 p lo 4Sll µgig <lw) 111 eggs 
of chats Imm l\\O lo~:.111ons on the San Pedro 
River fhc unu-.uall) h1<>h n1ncentration' ol Sr, 
however, were prc,ent mostly Ill the 1:gg ... hc.:'1 I 
( Mor;1 111 pie~') '" ith little plllcntial fot as...ill·iu
tion with dcformitic' in hirt!..., Nutwith,tand1ng, 
Sr mohili1a11on ;... clo,cl) a'sociate<l \\1th C,1 
mct.1holism: thu,. it 1-. po"ihlc that a l11gh de 
j1{1'ition ol Sr in the eggsh.:11 1.:ould aflel'l l'gg 
shl'll suength and 1111:rc.1sc C)!g hreak.1ge t Mr.11 
Cl al. 19671. but this dc,c1\es further doc.:llllll'll· 
tation The d1stnhut10n of S1 111 the e1nmmmcnt 
is a">sociatcd with potw.,1um or calc.:1u111-iid1 
rocb. Some area' 111 Antona south ol the '!lid) 
area ha' c been repo1 ted \\ ith high L·on1:c111ra
tion ... ol Sr rn 'tream 'edimenh IThcohald ,111d 
Barton 1988). Our finding-.. pomt out the p11ten
tial for accumulation ot high conccmrauon' ol 
Sr 111 eggshclb of pa.....,ennc bird' nc-..ting 111 
some regions of An1011". 

bx1:cpt for Sr, which 'howcd -.ume georraph1c 

d1 fferences 111 c.:onL·cmration-. among -.am pies 
Imm the San Pedro Ri,e1. co11ccn1ration~ or 
mo\t inorga11IL' clements , .. ere '11llllar between 
the lower S<lll Pedro River ,111d Roo..,C\Clt Lake 
rhi ...... u)!gl''h thal the -.ourcc ... of inorganic con
tammant-. arc lh-..tnbuted -.rnm:'' hat uniform!) 
lhroughnut till' llL'sting habnat 11 lhc ... e t~o re 
gion-.. Thi' " at...o 'upported h) ... umlar concen 
1rations ol C 1. A,, Hg. Ni, and Al among the 
three bird -.pccic-.. from the lower San Pedro Riv
er Add1t10mtl L'ollectiun of 'ample-. from other 
WillO\\. H)L.1td1cr locauon' \\ould ;tllm .. for in
crca!>cd .,ample 'i'c' anti more whu.,t compari
... on.., to better detcm1ine contamin,1111 pattern' 
and potcnllal impach on nc,ting 111,cctnorous 
bird-.. 

MrT·\l o, ~ \1'11< s AMo:-;G Bto11c 
C'0\1PAR t \ll·N IS 

Analy-.i ... 111' the aL'c.:umulation la1:tnr' 'uggesh 
that ol 111 thl' 111organic elemcnh, 11111) Se. Hg. 
.rnd Sr I rat in I I bioaccumulatc<l I rom msects 
to adults I hme,er, the prc ... enl'c ol high con
ccntra1ion ... ol mctals in in .. eLh ... ugge ... ted acqui
... 111on of other met.ti' thruugh the J1l't fhe ac
cumulation f,1l1ors al..,u indi1:atc that adult bird-. 
deposited grca1c1 conccntrat1011-. ol \.,, <ie. Ni. 
aml Sr than other 111ct.1ls in egg,, rclati\c Ill their 
hod) hur\lcll' hum 1m.cc1-. w .1d11li... .md then 
from .r<lult., 111 egg... b1oacLu111ul 1t10n lacwr-. 
\\l're l'.:?.S lor Sc.:•, .111d ~3 2 Im<.; J:rhk 31 A' 
mdieatcd car her 11111,t Sr i-. ul'p•>-..ited 111 the egg
'hell. "'hl'n:.1' 1110,t Se ab...i1rhs di1e<..tly in the 
egg cnmcnh (Mora m prc~q Th" 'tuJ) docu
ment-.. the ..,1g11ihL.111le of the C£!''1u.:11 for dc
pmiuon 1>f 'ii h) the la) ing km.tie The accu
mulatmn h1L·tor' 111 meta!... I mm lll'>l'<- h to ne">
tling' \\ere q111t<.." '1111il,1r to tho-.c hom 111 ... ects to 
aJult-. .. uggc-,11ng that the po"1hk· .... iurcc ol in-
01ga111c u1ntan1111.111h '"a' loc,tl rather than from 
,I di<,tallt S(lllfl.'l'. rhC'>e C\lllS!dCf,llilln ... as ... UITII: 

that the 111'cct ,,1111ple-. anal} 1cd 1 cpre-.cnl the 
lood smir1:c tor the bird' colil'L·fL•d in the area 
.rnd th.it till' rnct.d Cl'llc.:cntrat1ons olhL'ncd were 
a'emgl' Cl>11c.:e111r.111on~ for the are.1. 

CO:\CLUSIO:-.IS t\ 'D 
REC0:\1:\1l~N D \ r 10\JS 

Overall. DDI · PCB .... me1,1b, ,111J metalloid 
conccntrauon' rqmrted in tlm. -,tud) are not 
likely to he imphcatecl in the dl'lmm1t1es oh 
-.ene<l m ...,,nllhwc.:•!'.tcrn Will!>\\ I ly1:atcher... in 
the Lm~cr '\,m Pl'dm Ri,er and Roo._c,eh Lake. 
l ocal \\ti hm I I) catcher deforn11ue-. may be due 
to other fadors or to cxpo,urc to other contam
inant-. to \\ h1ch thl' ... urrogate 'pc<..·rcs \~.:re not 
cxpo.,c<l or that \\ere not detected 1n our analy
"' Snutll\\.L''tcrn W1!10\\ Flycatc.:hcr deformities 
appear 10 he m:curnng throughout their breeding 
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range <Sog).!c anc.J Paxton ::?OO()): thcn:fore. -.am
piing ol 'urrol!ate 'l'lCdc' lrom other area' in 
Ari1on,1 ;mc.J °'JC\\ \k'\lco 'houlc.J he eonc.Juc.:ted 
to determine c.Jlfkrcnl.'c' anc.J 'imilant1c' 111 c.:on
taminanh .1mong 'itc-. l·m.iwnmcnt.11 c.:ontam1-
nanh 'uc.:h a' met.ti,, organoehlonne'. anc.J other 
p..:r'i'tcnt c.:hcn111:.1h "oulc.J he cxp..:c.:tec.J to exen 
their toxic anc.J tcratogcnu .. · dlech on the de' el
oprng cmhr)o or )Oung r.11hcr than on ac.Julh: 
therefore. \\e -.hould he .1hle to c.Jocumcnt mor
talit) rate' .md c.Jetorr111t1c' 111 )Oung to hetter 
"'"c'' expo,ure and elkch of l'Ontammanh on 
the Southwc ... tcrn \\'illm.1. l· l)c.:atc.:hcr Addit1on
all). the eltcc.:h of high concentration ... of Sr on 

cgg ... hell ... trength and potential inc.:rca'e in egg 
breat..age in in,cc.:th rnou' hirc.J, ,1muld he 111,e..,
tigated 

ACK '.0\\.1 F D(j \11 " IS 

Thi' pn, 1e.:t " .. , .1H·omph,hl'<l "uh 'uppon from 
the L <; Bure.1u ol Red.1m.11wn. lkp.1rtment nl lme· 
nnr Thi' \\or!.: \\oul<l h.1,e not Ileen po"1hlc \\llhnut 
the help and .:ontnhurum ol m.111) ix·opk, Ill p.1r11cul.1r 
R. Da\ jJ,on. C . P.1r.1<l/lc J.. •• 111d other pcr,onncl Imm 
the Ari.rona G.1me .rn<l I 1,h Dcp.1rtmcnt. Jll<l D. \lu,. 
quit an<l :'1.1 . Ati.:k111,11n Imm k'a' \&1'1.1 l 111\cr,1t) 
A<l<l111nnal log1,11.:' 'uppon from S Hud.cll .111<l J H,
'te111 or the Nature Cnn,en .UK} I' g1.:.1tl) apprei.:iate<l. 
Thi' manu,cript h.1, Ileen grc•atl) rmpmH'd h) nun 
mcnh from '.irinu' re'\ ic-"cr' 


