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Lead Poisoning and the Reintroduction of the California
Condor in Northern Arizona
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Abstract: Silrce 1996, The Peregrine Fund has released Califomia condors (G,Irflaog_r.2.r
califurnianus) in the crand canyon region of northem Ariiona with the goal of establishing a
self-sustaining population, disjunct from other released populations in Califomia and Baja
California. A free-ranging population of more than 60 individuals now ranges within northem
Anzona and southem utah and has produced 9 wild young. The most frequent cause ofdeath is
lead poisoning from the ingestion of lead bulet fragments and shotgun pe ets in the remains of
gun-killed animals. In response, the Arizona Game and Fish Department has efrectively reduced
lead occurrence within the foraging range of the condors through hunter education and the
promotion ofnonlsad ammunition. Most hunlers have participated in the program. Throughout
the course of the reintroduction effbrt, veterinary science and applicarion have played essential
roles in diagnosing fatalities and treating lead-exposed condors, i ipecies with such a low natural
reproductive rate that every adult is signilicant to the populalion.
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There are few endangered species whose road
to recovery is more intimately linked to veterinary
science and to the skills of veterinarians than th€
California condor (Gymnogltps californianns)-
Condor restoration has come to include a variety
of velerinary projects integrated within the fabric
of adaptive wildlife management. The veterinary
connection arose first from the need to identify
the agents responsible for deaths among free-
rangrng condors, then to assist with condor
propagation, and most recently from the necessity
of saving condor lives in free-ranging populations
that contain individuals of high demographic and
genetic significance. The central importance of
minimizing mortality derives from the naturally
low reproductive potential of condors. Condors
usually do not breed before 8 years of age, and
successful pairs tend to lay a single egg every
other year. Under the best conditions, population

From the Percg.ine Fund, 5668 West Flying Hawk Lane,
Boise. ldaho 83709, USA (Hunt. parjsh); and The phoenix
Zoo,455 North Calvin Parkway, phoenix. Arizona g5fi)8.
USA (Orr, Aguilar).

sustainability requires an annual adult survival
rale of 9OVo-959o.1.2

Condors are obligate scavengers, and their
early decline corresponded with the loss of the
Pleistocene megafauna some l0 000 years ago.
This event reduced the range of condors from
what may have been the whole of temperate
North America to its western coastal resion.l
Lewis and Clark found condors at the mouth of
the Columbia River in 1805, but subsequent
reductions in wild ungulates, marine mammals,
and anadromous fish diminished condor food
supplies. Although livestock production buffer€d
those losrs to some degree, by the early 1900s.
condors were rarely reported outside southern
Califomia. Meanwhile, industrial society brought
a variety of human-related mortality factors from
which remaining condors had no natural defens-
es. Many condors were shot during the age when
predators and predator look-alikes were consid-
ered undesirablet condors and their eggs were
collected as specimens, and still others succumbed
to predator poisons, wire strikes, and electrocu-
tions.
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Some of the agents that impacted condor
demography, however, were less obvious. Con-
dors simply disappeared, their carcasses unavail-
able for necropsy. The solution was to radio tag
and track free-ranging condors, a technique that
increased the likelihood of recovering fatalities for
diagnostic testing. In the mid-1980s, when con-
dors had all but disappeared, lead poisoning was
identified as the cause of death in 3 of 5
necropsies.o However, with no direct evidence
about the pathway of lead contamination to
condors, there was no achievable way of curtail-
ing it. Soon thereafter, the US Fish and Wildlife
Service removed the remaining population of 22
individuals to captiv€ breeding centers.

Several hundred young condors produced at 4
facilities have since given rise to release projects in
California, Baja California, and Arizona, with the
ultimate goal of self-sustaining populations. The
release project in Arizona emanated from a
provision within the condor recovery plan that
called for the establishment of a population
disjunct from those in California. The Peregrine
Fund initiated its project with the creation of a
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captive breeding facility at its headquarters in
Boise, ldaho. and was soon producing young

condors for release to the wild- In 1996. the
Peregrine Fund began its experimental releases in
the Grand Canyon country of northern Arizona.
The region was chosen because of its remoteness,
rugged terrain offering rising air currents favor-
able for soaring, numerous ctiffs for nesting, and
food supplies in the form of livestock and wild
ungulates. There are now about 65 free-flying
condors in Arizona and southern Utah. and the
population is augmented each year with addition-
al releases ofcaptive-bred individuals (Fig I ). The
first wild condor pair reproduced in Arizona in
2003, and 5 additional pairs have since increased
the total to 9 young. of which 8 survive.

All individuals wear standard, patagial-mount-
ed or tail-mounted VHF (very high frequency)
tracking radios and are intensively monitored by
a team of biologists throuehout the year.s
Beginning in 2003, a moderate proponion of the
population has also carried satellite-reporting
GPS (global positioning system)-equipped trans-
mitters, which offer precise hourly location fixes

Figure l- Adult Califomia condor al the Grand Canyon in northern Arizona.



l { r , N T  L f  A L  i :  . ;

Figrrrc 2.  I {adiograph. sholv i r l l  I l l l l l lcro l ls  f i l lc-btr l l ! - t  l l - i !gnlct l ts  l r l

s tandrfd l t i ld  basr-d r i i l -  bLr l lc l  iD c i r l ihef  l i0  winchc\ lcr '

drrring clall ight hottrs. I ' l lerq has bee'tr t lo itrcLca-

tion that cither 1)'pe ol'transr-nittct has l ' t i tc1 alrl

t lctrintcDtal cflect on the colldols: cilch tr{l lsl l l i t-

ter is rtpproriu.ti l lel\ 0.7'a ol 'b()dy \tcight'
' fhere' s irs I itt le cr iclerlce ol' lci ld c\postlre I l ' t  t hc

call l ycars oi ' thc releasc l-)roqt am ll l  Ar!zol]i l
(  1996 1999) .  *hcn  co t t t io rs  n l t iu l r  t c l i c t l  o t r  l t r l

arti l icial suppll ol- t l i t ir l '-calf cat cilsscs contirluall j

n ra i l l t i t i ned  i i t  t l re  rc lease s i1e .  Wi th  i t t c tcas ing

tic-pcndcnce on rri ld l i l t lcls- ho\\evcr. condol-s

bcgan encounteL ing  leac l .  An  cp is i l t i c  o l ' I cac l

shotgutl ltellct i l tgcsliolt b) rt lcast l3 condofs Il l

2 (X)0  p lo t lucc t l  I  4  ta ta l i t ies :  9  ind i r id t ta ls  re -

qu i red  c l rc la t ion  t l le raP) . r  Th is  e ren t .  a l thor tgh

|cga[dccl its anotllalous. !]ave rlsc 1(] a leguli l l

progran-t of blood lcitcl ntotritorit lg oi the cntirc

conclnr l lock at Icast t\\ ' icc per ) 'ci lr. i ts nlade

1-rossib)c b1 1hc Ilcclt lcnt rclLlrl l  01'colldors to l l lc

re leasc  s l te . "
As condor bclrar iot devcloped ln \\ i l \ s morc

tl,picul ol ' a \\ ' i ld population an<l l lock n'lo\ cnlerrts

becuDte Irote erpansire. t ltc it lcreltsit ' tg role ol-

t he  sp i r t a l  r c t r t a i ns  r r l  i i  ( l c c r  k i l l c ( l  w l l l l

lctd as a It- t t l r tal i t l  l i !ctof \ \as apparcrl t  ' ' \  high

irtciclettcc cl l  lc l ld c\ l l () \Lrl-c in 1hc l i l l i  () l-  2(X)l

cort esl- lottdetl  r l i lh iucrcascd col l( lor \ lsl t i l t lol l  to

decr hLtnt ir tg lrrei ls ol l  t l -re Kaibab l ' l i l lcaLl '  a

r c l l r l r ( ' r l : l l l l )  I I l . l t  j ' ' l l l i l l t l a , l  i l l  - t l h \ c q u c l l l  \ ( ' l l \ '
- fo 

l i t r thc'r tcst the h) Pothcsjs that gr ' i rr-ki l lcd dccr

rcmail ls \ \ 'cre thc s()t lrct () l_ lei ld L' \ [rosLtrc durl l lg

thc htLlt t ing seasotr. l -he I 'crcgrine Ful ld con' i t tc{-

ed i i  |aci iographic stud) that ct l t l l 'Ltnlecl lh' l t  l l lost

dcer ki l let l  u. i th stanclart l  leacl-basccl r i l lc brt l lcts'

r s  \ \ c l l  as  dee r  o l l j r l .  co t l t i t i ncd  l l L l n l e r ( ) t t s  ( o l l c l l

se rc l t l  hunc l t ed )  s r l a l l  bu l l c t  l l ' i l g l l l c l l t s  Lh i t t

racl iatcd uiclel l  l l -()rrr l l le \ \ound chlnnel

(  F i g  2 ) . ' Thcse  scp i l l  a l e  l i ncs  ( ) l ' c r  i c l e : r cc  l ogc the - t

$ i t h  t ha l  ( ) f  i s ( ) t op i c  cons i s t cnc )  o l - l cad  usec l  i r l

thc pr '()dLtct iorl  oi- i tmnlut l i t ion rr i th that t-ctr ic-r cci

t torr sick or t lci ld conclots. '  strcngthettcd thc

h1 'po thes i s  l l l a t  t l l c  i ngcs t i on  r ) l '  i l l r n l t t l l l t l on

f lagrrncnts in -sttn-ki l lcd rtnit l rals hacl treetl  r t

1-l t inciplc l 'aclor in the col ld()r dccl l l lc

l - cac l  po i so t t i r t g  r c l l ' l i l i n s  l l l e  l cad i t l g  c ' t t r ' ;  . ' 1 '

c l ca th  t t l _  c r ' r l t do t s  i n  A t l z< r t r e .  i l l l d  r c !L l l ' l I  i ' i I 1 l I !



I -r8 JOURNAL OF  AV IAN MID IC INE  AND SUR( ;LRY

Figure 3. Peregrine Fund biologists taking a blood sample for lead analysis from a young free-ranging condor at the
Vermilion Clills release site in nonhem Arizona-

continues to show exposure each lall and winter.
Fortunately, the birds still regularly return to the
cliff-top release site, where they are routinely
captured and tested (Fig 3). Those showing high
lead levels undergo chelation therapy that consists
of intramuscular injections of Ca EDTA (calcium
edetate) twice daily for 5 days, a procedure that
usually produces a rapid decrease in blood lead
levels.ro Lethargic and dehydrated condors are
given oral or subcutaneous fluid (lactated Ring-
er's solution). Condors that show these and other
obvious physical signs of poisoning in conjunc-
tion with rising blood lead levels are radiographed
to search for metal presence (lead and copper) in
the digestive system (Fig 4)." Condors so diag-
nosed are placed in the care of veterinarians at the
Phoenix Zoo who retain them until they pass the
lead bodies, a process sometimes facilitated by
purging with psyllium fiber or by surgery in
extreme cases. Phoenix Zoo veterinarians also
care for condors sick or injured from olher
causes. Dead condors obtainsd from the field
are quickly transported to the Wildlife Diseases
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Laboratory al the San Dicgo Wild Animal Park
(San Diego, CA, USA) for necropsy.

Despite these eflorls, however, lead exposure
continues. In 2006. for example. 54 of 57 condors
(957o) tested in Arizona showed bloodlead levels
indicative of lead exposure, 4O (1O4o) required
lrcatment, and at least 3 died of lead poisoning. lf
the condor population in Arizona is to become
self-sustaining. and with veterinarians no longer
needed, then it will be necessary to reduce the
prevalence of lead in gun-killed animals. ln 2005,
the Arizona Game and Fish Department began
an innovative program, now in its fourth year, to
reduce condor lead exposure through hunter
education and by offering free nonlead ammuni-
tion to hunters drawing deer permils in the
condor range." ' '  Most hunters have accepted
the ofler each year, with the result of demonstra-
bly less lead in the environment and fewer
fatalit ies.' '  A recent detailed analysis of the
incidence and severity of lead exposure, together
with dala on condor movements, suggcsts that the
condor population might become sclf-sustaining
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Figure 4. Radiograph of Califomia condor with lead bullet fragments visible in the digestivc system.

i f  the State of Utah were to institute a lead-
reduction program like that in Arizona and
obtain similar rates of hunter participation.rr'r r
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