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ABSTRACT.—Causes of admission to rehabilitation centers can provide valuable information about factors that
cause mortality in the wild. We studied causes of admission to a rehabilitation center for 108 Andean Condors
(Vultur gryphus) in Chile. Seventy-nine, 28, and one condor came from central, south, and northern Chile,
respectively. From central Chile, an area with high human population, the majority of condors received
were adults. The most frequent causes of admission to the rehabilitation center were poisoning (52%) and
collisions with power lines (13%). Seventy-two percent of the radiographed birds showed ammunition in
their bodies. Almost all the condors (85%) were received during the wintering period, when condors use
the lowlands, thus increasing the probability of interaction with humans. The condors admitted from
southern Chile, an area with low human pressure, were mainly juveniles. The most frequently admitted
birds in the south were young birds that were trapped just after fledging (68%), which made up only 4%
of the cases in central Chile. There were no poisonings or collisions with power lines. Only 25% of the
radiographed birds were positive for ammunition. No seasonal variation in admissions was observed,
indicating that risk factors in the southern zone did not operate on a seasonal basis. The sample of birds
admitted from central Chile had similar sex and age structure as the wild population, with some bias
toward juveniles, in contrast with the sample from southern Chile, in which young birds dominated. In
conclusion, we observed an important anthropogenic effect on causal and temporal patterns of admissions
to a rehabilitation center for Andean Condors; for the segment of the population in central Chile, the
mortality pressure is apparently higher than expected under natural conditions, which could promote a
demographic sink in this region.
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CAUSAS DE INGRESO DE VULTUR GRYPHUS A UN CENTRO DE REHABILITACIÓN EN CHILE

RESUMEN.—Las causas de ingreso a centros de rehabilitación pueden aportar valiosa información sobre los
factores de mortalidad de la fauna silvestre. Se determinaron las causas de ingreso de 108 individuos de
Vultur gryphus a un centro de rehabilitación en Chile. Setenta y nueve individuos provinieron del centro,
28 del sur y uno del norte de Chile. Para el centro de Chile, un área densamente poblada, la mayoría
de los cóndores recibidos fueron adultos. Las causas más frecuentes de entrada fueron intoxicaciones
(52%) y colisiones con líneas eléctricas (13%). El 72% de las aves radiografiadas presentaron
municiones en su cuerpo. Casi todos los cóndores (85%) fueron recibidos durante el invierno, cuando
los cóndores usan tierras bajas lo que aumenta la probabilidad de interacción con los humanos. Los
cóndores ingresados provenientes del sur de Chile, un área con baja densidad de población humana,
fueron mayormente ejemplares juveniles. La causa más frecuente de entrada fue la captura de aves
jóvenes luego de abandonar el nido (68%). En el centro de Chile esta causa constituyó solo el 4% de
los casos. No hubo intoxicaciones ni colisiones con líneas eléctricas. Sólo el 25% de las aves
radiografiadas presentaron municiones en el cuerpo. No se observó una variación estacional en el
ingreso al centro de rehabilitación, indicando que los factores de riesgo en la zona sur no estarían
operando de forma estacional. La muestra de Chile central tuvo una estructura de sexos y edades
parecida a la población silvestre, con algún sesgo hacia los juveniles, en contraste con la muestra del
sur en la cual las aves jóvenes fueron dominantes. En conclusión, observamos un importante efecto
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antrópico sobre los patrones causales y temporales de los factores de ingreso de V. gryphus a un centro de
rehabilitación. En Chile central la presión de mortalidad sería mayor a la esperada en condiciones
naturales, lo cual podría dar lugar a una situación de sumidero demográfico en esta región.

[Traducción de los autores editada]

The distribution of the Andean Condor (Vultur
gryphus), the largest raptor in the world, encom-
passes the entire range of the Andes Mountains,
from Venezuela to Tierra del Fuego, in South Amer-
ica (del Hoyo et al. 1994). Once dependent on the
wild camelids that roamed throughout most of the
Andes, this carrion-eating species now relies mostly
on domestic livestock (Pavez 2004, Lambertucci et al.
2009). In the northern part of its range (Venezuela,
Colombia, and Ecuador), the condor is very rare.
In Bolivia and Perú, the population is larger, but
Chile and Argentina host the largest proportion of
the world’s population of the species (Fig. 1).
According to BirdLife International (2009), the spe-
cies is globally near-threatened and declining. The
Andean Condor has exceptionally low natural mor-
tality and reproductive output, with one of the high-
est survival rates among birds (Ricklefs 1973) and is
therefore very vulnerable to human persecution
(Houston 1994). Most known threats to Andean
Condors are anthropogenic, and it has been sug-
gested that mortality rates are directly correlated
with the frequency of contact with humans (Temple
and Wallace 1989). Under the best conditions, con-
dors breed every two years, although this frequency
is often lower, depending on the region and food
supply (Wallace and Temple 1988, Lambertucci
2007). Furthermore, the first fertile egg-laying does
not occur before 8 yr of age (Amadon 1964, del
Hoyo et al. 1994). Therefore, given the low and ir‐
regular reproductive rate, any increases in the factors
that may cause mortality may pose a serious problem
for the persistence of Andean Condor populations
(Wallace et al. 1983).

Populations of raptors are regulated by both exter-
nal (environmental) and internal (demographic)
factors, which can interact with each other and
change across time and space (Newton 1998).
Among demographic factors, mortality is likely the
most difficult to assess correctly because most deaths
are not easily detectable and most recorded cases are
associated with human activities (Newton 1980). In
addition, raptors dying near centers of human popu-
lations are more likely to be detected than those that
die in remote areas (McIntyre 2012). This makes it
particularly difficult to accurately assess mortality

over large areas and long periods of time (Kalpakis
et al. 2009).

The study of raptors received in rehabilitation
centers can provide important information on the
mortality and morbidity sources for their popula‐
tions (Wendell et al. 2002), helping to identify the
natural and anthropogenic risk factors to which they
are exposed (Molina-López and Darwich 2011).
Admitted animals may come from a wide area and
admission data may have been collected over an
extended period of time, representing a valuable
source of information for the establishment and eval‐
uation of priorities and ecological risks (Interna-
tional Wildlife Rehabilitation Council 2007). The
quantitative assessment of these risk factors might
allow managers to improve their approaches to the
conservation of wildlife and their habitats (Leston
et al. 2006, Sullivan et al. 2006), and may help garner
support from governments and organizations who
value objective information (Johnson et al. 2005,
Mishra et al. 2006). Alternative sources of informa-
tion on mortality, such as radiotelemetry, can be
logistically infeasible in a rugged landscape and for
species with large home ranges, such as the Andean
Condor (De Martino et al. 2011, Lambertucci et al.
2014). Satellite-tracking, on the other hand, is a
very effective, but expensive, technique.

Based on a group of Andean Condors admitted to
a rehabilitation center, we characterized the main
potential mortality sources for the species in two
broad geographical regions of Chile, which differed
significantly in terms of human influence. Our study
is the first to quantitatively determine potential
causes of death in the species.

METHODS

Between 1993 and 2014, we recorded all the wild
Andean Condors admitted to a rehabilitation center
for raptors run by the Chilean Ornithologists’ Union
and the Ministry of Agriculture, located 35 km SW of
Santiago. It is the only rehabilitation center in Chile
that specializes in raptors and most, if not all,
injured condors treated in the country during the
study period were received at this center. All ana-
lyzed birds were badly injured or in poor condition
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Figure 1. Origin of the condors admitted to the rehabilitation center. The black dots represent the sites of origin of
condors. (A) Complete study area, showing the northern, central, and southern regions. (B) Area where a large number of
condors were found, including those poisoned in a sanitary landfill (left) and poisoned with bait (center and right). (C)
Andean Condor distributional range (gray; adapted from BirdLife International and NatureServe 2014) and the location
of the study area (rectangle).
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and would have likely died had not they been res-
cued and treated.

Birds from central (Coquimbo, Valparaiso, Metro-
politana, O’Higgins, and Maule regions) and south-
ern Chile (from Biobío region to the southern
border) were analyzed separately, as these two
regions represent significantly different situations
relative to human population density. Central Chile
(95 people/km2, Instituto Nacional de Estadística
2010) contains most of the urban and industrial cen-
ters in the country, which are continuously expand-
ing, competing for land with agricultural and cattle
ranching. The southern portion is lightly populated
(12 people/km2, Instituto Nacional de Estadística
2010) and is dominated by natural ecosystems, agri-
cultural land, and cattle ranches. Northern Chile
(from the northern limit to the Atacama region)
was not included in the analysis because only one
condor was received from this region during the 22
yr of the study.

All admitted birds were classified to age and sex.
Age classes were: juvenile (between 1–4 yr old),
subadult (5–6 yr) and adult (7 or more yr old). In
addition, the probable cause of admission was deter-
mined for all admitted birds. A specialized team of
veterinarians from Chile’s National Zoo examined
each bird and assessed body condition, and possible
injuries and their causes. Data on the place and cir-
cumstances under which each bird was rescued
were also recorded. Twenty-nine birds were X-rayed,
particularly those that were thought to have
been shot.

Because the proportion of ages and sexes in the
wild population could influence the type of indi‐
viduals admitted for rehabilitation, we compared
the ages and sexes of birds received with the propor-
tions of age and sex in a sample of 226 condors
observed in the wild in Chile. The latter observations
were made from 757 high points with wide visibility
(Reynolds et al. 1980), distributed throughout Chile,
between 2002 and 2011. At each point, we recorded
the number, sex, and age of each condor observed
flying during a 10-min period.

We used chi-square and Fisher’s exact tests to
look for differences in the causes of admission to
the rehabilitation center among age classes, sexes,
and geographic regions. To conduct pair-wise pro-
portion comparisons for age classes and sexes of
birds admitted compared to those in the wild, we
built confidence intervals through randomiza‐
tion (Manly 1997). All statistical analyses were

performed with the R statistical software (R Devel-
opment Core Team 2008).

RESULTS

A total of 108 wild Andean Condors were admitted
during the study period. Among these birds, one
came from northern Chile, 79 came from central
Chile and 28 from southern (Fig. 1, Table 1).
Twenty-five percent were adult males, 18% were
adult females, 3% were subadult males, 2% were sub-
adult females, 26% were juvenile males, and 26%
were juvenile females. The main cause of admission
was poisoning (38%). These birds were usually
unable to fly and lacked coordination. Most of these
had been found in four groups (20, 9, 4, and 3 birds)
near poisoned carcasses. All poisoning cases were
confirmed through laboratory analyses.

Other birds admitted were young birds captured
by humans shortly after having left the nest (20%).
Minor causes of admission included collisions
with power lines (9%), possible starvation (8%),
shooting (7%), unspecific trauma (6%), taken from
a nest (4%), entanglement (1%), falling into tailings
pond (1%), falling into lake (1%), hit by a motor
vehicle (1%), and undetermined (3%). Fifty percent
of the admitted condors were rehabilitated and
released.
Central Chile. Of 79 condors coming from central

Chile, most were adult males (33%, n 5 26), fol-
lowed by juvenile females (27%, n 5 21), and adult
females (22%, n 5 17; Table 1). Birds of ages 1 yr,
2 yr, 3 yr, 4 yr, 5 yr, and 6 yr old made up 13%,
16%, 8%, 3%, 1%, 5%, respectively. For both sexes,
the number of adult birds admitted was significantly
fewer than expected by chance (P 5 0.004, Table
2), whereas the juveniles were significantly more fre-
quent (P , 0.001, Table 2).

The most frequent causes of admission were poi-
sonings and collisions with power lines. There were
also cases in which the only symptoms were extreme
weakness and cachexia, suggesting starvation, and
seven birds were admitted with evident gunshot
wounds (Table 1). Of 25 birds (19 adults and six juve-
niles, including the above seven) for which X-rays
were taken, 18 (72%, 16 adults and two juveniles)
had non-ingested ammunition in their bodies, indi-
cating they had been shot at some point during their
life. The proportion of adults shot (16/43) by ranch‐
ers and/or hunters was significantly higher (Fisher’s
exact test, P , 0.0001) than that of young birds
(2/36). Most condors (95%) were found between
May and November (Fig. 2), coinciding with the
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wintering period for livestock, with a peak (51%) of
cases in August.
Southern Chile. Of 28 condors coming from the

southern region, the most common birds were juve-
nile males (61%, n 5 17) and juvenile females
(25%, n 5 7; Table 1). Birds 1 yr old, 2 yr old, and
adults made up 75% (n 5 21), 11% (n 5 3), and
14% (n 5 4), respectively. As in the central Chile,
adults were less frequent than expected (P , 0.001,
Table 2) and the opposite was true for juveniles
(P , 0.001–0.007, Table 2).

The most commonly admitted were young birds
that had been captured by humans shortly after hav-
ing left the nest (68%, n 5 19). There were also con-
dors with unspecific trauma and symptoms of
starvation (Table 1). Of four radiographed birds,
only one had ammunition in its body. Condors
were admitted from southern Chile from March–
December, with no discernible peaks in temporal dis-
tribution, likely because of the small sample size
(Fig. 2).

Although in both regions the numbers of
admitted adults were lower than expected by chance,
and the number of juveniles higher, the proportion
of adults/nonadults in central Chile (43/36) was sig-
nificantly higher (chi-square, P , 0.001) than that in
the south (4/24). The birds admitted from central
Chile showed a significantly higher proportion of
poisonings than those admitted from southern Chile
(52% vs. 0%, chi-square, P, 0.001). Although the fre‐
quency of collisions with power lines was also higher
in central Chile (13% vs. 0%), this difference was not
statistically significant (Fisher’s exact test, P 5 0.10).
The proportion of radiographed birds with ammuni-
tion in their bodies (72% in the central vs. 25% in
the south), did not differ statistically (Fisher’s exact
test, P 5 0.11), probably because of small sample
sizes (25 birds radiographed from central vs. 4 from
southern Chile).

DISCUSSION

Reports on wild animals admitted to rehabilitation
centers are an important source of information on
the threats that wildlife face in modern landscapes
(Sleeman and Clark 2003, Mazaris et al. 2008,
Molina-López and Darwich 2011). These datasets
may include cases distributed over large regions and
long periods of time, allowing for comprehensive
analyses that are useful for assessing and prioritizing
ecological risks (International Wildlife Rehabilitation
Council 2007). However, an intrinsic caveat of this
type of information is its potential bias towardT
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anthropogenic factors, because animals that are
directly or indirectly hurt by humans are more likely
to be found by people and brought to rehabilitation
centers (Newton 1979, 2002, Spalding and Forrester
1993, Real et al. 2001, Molina-López and Darwich
2011). In our study, most Andean Condors came
from areas with high population density of both con-
dors and humans (i.e., around the capital, Santiago,
Fig. 1). To account for such biases, studies that com-
pare the prevalence of different threat sources in

areas with differing amounts of human influence
may be particularly useful (Brown and Sleeman 2002).

Our study is the first quantitative characterization
of factors causing admission of Andean Condors to
rehabilitation centers, and thus of likely causes of
mortality for this species. It is based on data collected
over a long period of time (22 yr) and over a large
proportion of the country’s territory, including two
areas with contrasting human population densities.
Despite potential biases in our data set, we believe

Table 2. Number of Andean Condors admitted to the Chilean Rehabilitation Center for Birds of Prey and recorded in
observations of flying birds in the wild (Reynolds et al. 1980), by sex and age.

ADMITTED BIRDS

CENTRAL SOUTH POPULATIONa

SEX AGE n Pb n P n %

Males Adults 26 0.004 (-) 1 ,0.001 (-) 114 50.4
Subadults 3 0.031 (+) 0 0.779 2 0.9
Juveniles 10 ,0.001 (+) 17 ,0.001 (+) 6 2.7

Females Adults 17 0.004 (-) 3 ,0.001 (-) 81 35.8
Subadults 2 0.148 0 0.613 4 1.8
Juveniles 21 ,0.001 (+) 7 0.007 (+) 19 8.4

Total 79 28 226 100

a Obtained from a sample of flying birds.
b Significance and sign of deviation from expected number (comparison within lines: admitted birds in each region vs. wild population).
Based on confidence intervals built through randomization.

Figure 2. Monthly distribution of admission of condors from central Chile (Coquimbo to Maule regions, gray bars, n = 79
cases) and southern Chile (Biobío to Aysén regions, black bars, n = 28 cases) to a rehabilitation center, between 1993 and
2014.
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that our results give some valuable insight into the
threats that these long-lived birds face in Chile.

Almost all mortality sources affecting Andean Con-
dors reported in the literature are more or less
related to human activities. Among the most fre-
quently cited are hunting and capture (Castellanos
1923, McGahan 1972), and poisoning with poisoned
baits used for predator control (Beltrán 1992, Cuesta
2000, Ferguson-Lees and Christie 2001, Lambertucci
2007) or lead ammunition (Locke et al. 1969, Cuesta
2000, Lambertucci et al. 2011). Accidents are usually
associated with collisions with power lines (Pavez
2001) or collisions with vehicles when condors use
roads to feed on road-killed animals (Cuesta 2000,
Speziale et al. 2008), as was the case with the single
condor received from northern Chile. Finally, there
are risks associated with the use of certain anti-
inflammatory drugs in cattle that might be passed
to condors and other carrion-eating birds (Oaks et al.
2004). Our results also point to a strong effect of
anthropogenic factors on the mortality of Andean
Condors in central Chile, with poisonings and colli-
sions with power lines causing most cases of condors
being admitted to rehabilitation centers (.65%).

Condor poisonings in central Chile occur in two
contexts. First, birds can accidentally ingest poisoned
carcasses (usually sheep or goats) placed in the field
by ranchers mainly to control feral dogs, particularly
during the calving season for cattle (Ministerio de
Agricultura 2010). In our study, 28 condors were poi-
soned in this way (making up 35% of all cases from
central Chile). The second way condors may be poi-
soned is by ingesting toxic products in landfills. We
found nine condors in August 2005, three in Octo-
ber 2009, and one in July 2014, with signs of organo-
phosphate poisoning after feeding in a landfill
located north of Santiago de Chile (E. Pavez unpubl.
data). The fact that all these poisonings seemed to be
with similar products suggests that the condors may
have eaten baits laced with organophosphate-based
products purposely deployed to kill scavengers at
the landfill, although this activity is illegal in Chile
because all the birds of prey are protected by law.

Collision with power lines was a common cause of
injuries for condors in central Chile (13% of cases),
likely associated with the high concentration of peo-
ple and density of power lines in this region, with
more than 480 km of high-voltage power lines in
mountainous areas frequented by condors (Pavez
2012). The rapid development of new mining and
hydropower projects in the Andean region of central

Chile suggests that the importance of this type of
threat may increase in the near future in this region.

Most admittance of birds from central Chile
occurred during the cold season (Fig. 2), when con-
dors move to the lowlands (Pavez 2012) and, there-
fore, are more exposed to people and infrastructure
(Pennycuick and Scholey 1984, Mundy et al. 1992).
For southern Chile, there was no temporal con‐
centration of cases (Fig. 2), and neither were there
cases of poisoning or collisions with power lines
(Table 1), the two most important factors for central
Chile.

Although not all birds were radiographed, we
found that at least 22.8% (18/79) of the birds from
the central part of the country had been shot. This
is likely due to the old and deep-rooted belief among
many ranchers that condors are a threat for their
livestock. This myth was assumed true even by some
early naturalists in the 19th century who depicted
condors attacking cattle calves (Gay 1854).

Under natural conditions, the mortality rate of
Andean Condors is extremely low, and lower in
adults than juveniles. A study from Peru reported
estimated annual mortality rates of 40% and 25%
for nestlings and 1-yr-old birds, respectively, and 5%
for adults (Temple and Wallace 1989). A theoreti-
cally stable population of California Condors had
15% annual mortality among 2-yr-old birds and
only 5–7% in adults (Verner 1978, Meretsky et al.
2000). During the most critical period for the Cali-
fornia Condor (1982–1985), human-caused mortal-
ity rate reached 27% for adults and 22% for
juveniles, suggesting age-independence of mortality
factors of human origin (Meretsky et al. 2000). This
point is relevant to our study, considering the differ-
ences in human influence between central and
southern Chile. In the south, condors arriving at
rehabilitation centers were juveniles, and the major-
ity of these were ,1 yr old. In most of these cases,
people found the recently fledged birds, thinking
that they were injured. Like other vultures, condor
fledglings may fall to the ground and stay there sev-
eral days without regaining a higher position. During
this time, the parent birds feed them normally, but
they are extremely vulnerable to predation and other
threats.

Compared to the proportions of different age
classes in the wild, juvenile condors in central and
southern Chile were admitted more frequently than
adults in the rehabilitation center (Table 2). How-
ever, in the central part of the country, the per‐
centage of adults was significantly higher than that
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of the south, suggesting that in central Chile, condor
admission causes probably represent more age-inde-
pendent factors (e.g., hunting, poisoning, collisions
with power lines, etc.), which tend to affect adults
and juveniles equally.

Female condors are behaviorally subordinate to
males (Donázar et al. 1999, Donázar and Feijóo
2002), suggesting that they may be forced to forage
further into anthropic landscapes, thus reducing
their survival. This seems to be confirmed by several
researchers who have observed that Andean Condor
populations of Chile (Sarno et al. 2000), Argentina
(Donázar et al. 1999, Feijóo 1999, Alcaide et al.
2010, Lambertucci et al. 2012), and Bolivia (Ríos-
Uzeda and Wallace 2007) have a greater proportion
of males at older ages, implying a higher mortality
rate among females (Lambertucci et al. 2012). Our
results, however, did not support this hypothesis, as
admittances of adult males did not differ from those
of females when compared to the proportion of
sexes in the wild (27/114 vs. 20/81, chi-square, P 5

0.89, Table 2).
Although we do not have information regarding

absolute mortality rates, the strong predominance
of anthropogenic, age-independent threat factors in
central Chile suggests that this population may have
higher mortality rates than what would be expected
under natural conditions. In long-lived species,
high mortality among adults may have catastrophic
effects, as these species are especially sensitive to
adult losses (Saether and Bakke 2000, García-
Ripollés and López-López 2011), due to an addi-
tional negative effect on reproduction. More
research is needed to understand whether these fac-
tors imply additive or compensatory mortality (Long-
core and Smith 2013), and the extent to which they
might be creating a demographic sink (Pulliam
1988) for Andean Condors in central Chile, a popu-
lation that represents .20% of the total population
in the country (Pavez 2012). Our results showed
that causes of admission to a rehabilitation center
with anthropogenic origin seem to be common in
central Chile, and include deliberate and accidental
persecution, as well as collisions with human-made
infrastructures. Although we do not yet have
unbiased estimates of the real effect of these factors,
we recommend that immediate action should be
taken to reduce the negative perception of ranchers
toward condors and to reduce the exposure of these
birds to toxic baits. Although not quantified, evi-
dence suggests that power lines are an important
threat to condors and, therefore, corrective

measures should be explored to reduce such a risk.
Failure to do so may be catastrophic for the Andean
Condor population in central Chile.
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