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ABSTRACT.—We studied the causes of raptor admissions to the only wildlife rehabilitation center on the
largest island of the Canarian Archipelago (Tenerife) over ten years (1998–2007). A total of 2611 birds of
prey, belonging to nine falconiform diurnal raptor and four strigiform species, were admitted. The Eur-
asian Kestrel (Falco tinnunculus) and the Long-eared Owl (Asio otus) were the species most commonly
admitted and jointly made up 85.6% of admissions. The most frequent causes of admission to the wildlife
rehabilitation center were collisions (with cars, high-voltage electric transmission towers, etc.; 42.2%),
starvation (5.1%) and entanglement in glue traps intended for rodents (4.7%). Poisoning and shooting
were recorded for 2.4 and 1.5% of the birds admitted, respectively. Only collisions increased during the
study period. A total of 1010 birds (44.4% of the total) were released to the wild following rehabilitation.
We recommend more financial support for rehabilitation centers to develop detailed analytical diagnoses
and rehabilitation services.

KEY WORDS: Eurasian Kestrel; Falco tinnunculus; Long-eared Owl; Asio otus; Canary Islands; conservation;
mortality; raptor; wildlife rehabilitation center.

CAUSAS DE ADMISIÓN DE AVES RAPACES A UN CENTRO DE RECUPERACIÓN EN TENERIFE,
ISLAS CANARIAS

RESUMEN.—Estudiamos las causas de ingreso de rapaces al único centro de recuperación de fauna silvestre
de Tenerife, la isla con mayor superficie del archipiélago canario, durante diez años (1998–2007). Un total
de 2.611 aves de presa, pertenecientes a nueve especies de Falconiformes y a cuatro de Strigiformes, fueron
ingresadas. Las especies Falco tinnunculus y Asio otus constituyeron las especies más asiduas, sumando el
85.6% del total de ingresos. Las causas más frecuentes de ingreso al centro de recuperación de fauna
silvestre fueron las colisiones (con coches, lı́neas eléctricas, etc., 42.2%), la inanición (5.1%) y la adhe-
rencia al pegamento usado en las trampas para roedores (4.7%). El envenenamiento y las heridas por
disparos se registraron en el 2.4 y el 1.5% de los casos, respectivamente. De todas las causas de ingreso, sólo
las colisiones aumentaron durante el periodo estudiado. Un total de 1.010 aves (44.4% de todas las
ingresadas) fueron liberadas después de su rehabilitación. Recomendamos aumentar el presupuesto de
los centros de recuperación, lo que resultarı́a en diagnósticos analı́ticos más precisos y mejores servicios de
rehabilitación.
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Anthropogenic causes of avian mortality include
poisoning, collisions (road traffic, power lines, etc.),
commercial fishing, predation by introduced species,
and hunting (Harden 2002). In raptors, environmen-
tal contaminants (Pain and Amiard-Triquet 1993, Ló-
pez et al. 2001, Hernández and Margalida 2008),
powerline collisions (Bevanger 1998) and direct hu-
man persecution (Elliot and Avery 1991, Margalida et
al. 2008) may also be factors affecting population dy-
namics. Detailed knowledge of the spatial and tempo-
ral variation of mortality causes may be useful for
developing effective conservation measures, as they
are an essential component of demographic studies
(Cooper 2004, González et al. 2007).

Due to their particular life-history traits, insular
bird populations are usually more vulnerable to ex-
tirpation than their mainland relatives (Duncan and
Blackburn 2007), especially on islands where habi-
tats have been greatly altered by humans. Raptors
living on islands with high densities of human pop-
ulation may be more likely to be extirpated (Doná-
zar et al. 2005). This is the case in the Canarian
archipelago, an area in which some vulnerable spe-
cies, such as some seabirds, steppe birds, and large
raptors, are seriously threatened (Madroño et al.
2004). As urban development and human popula-
tions are gradually increasing, threats for these spe-
cies are still growing.

Near the end of the twentieth century, the Red
Kite (Milvus milvus) disappeared from the Canary
Islands, while the Egyptian Vulture (Neophron perc-

nopterus majorensis) was extirpated from several is-
lands (Martı́n and Lorenzo 2001), apparently due
to human-induced causes (Donázar et al. 2002).
Currently, nine raptor species (including two owls)
breed in this archipelago; some are endemic sub-
species and/or endangered or threatened (Madro-
ño et al. 2004, Table 1). Furthermore, at least 33
migratory raptor species have been sighted in the
Canaries (Martı́n and Lorenzo 2001). However, few
quantitative data have been published on the direct
and indirect causes of mortality of local breeding
species (see Carrillo and Delgado 1991, Donázar
et al. 2002, Madroño et al. 2004, Palacios 2004,
Gangoso et al. 2009), and almost nothing on the
subject for migrants.

The purpose of our study was to examine the
primary causes of human-caused mortality for rap-
tor species (both resident and migratory) on the
largest of the Canary Islands (Tenerife), using infor-
mation on admissions to a wildlife rehabilitation
center as an index to causes of mortality.

METHODS

Study Area. The Canary Islands comprise a volca-
nic archipelago located 100 km off the Atlantic
coast of northwest Africa (27u379–29u259N and
13u209–18u199W) and include seven major islands
with some small islets and rocks. The study was con-
ducted on Tenerife, which is the largest island
(2034 km2 and 3718 m asl at its highest point),
and is located in the central part of the archipelago.

Table 1. Distribution, estimated numbers (taken from Lorenzo 2007), and IUCN threat category (Madroño et al. 2004)
of the breeding raptors of the Canary Islands (L 5 Lanzarote including the northern islets, F 5 Fuerteventura, Gc 5

Gran Canaria, T 5 Tenerife, P 5 La Palma, G 5 La Gomera, H 5 El Hierro, Ce 5 Canarian endemism, Me 5

Macaronesian endemism, CE 5 Critically Endangered, EN 5 Endangered, VU 5 Vulnerable, NT 5 Near Threatened).

SPECIES

ISLAND

DISTRIBUTION

BIOGEOGRAPHICAL

RANGE

IUCN
CATEGORY

BREEDING PAIRS IN

CANARY

ISLANDS TENERIFE

Egyptian Vulture (Neophron percnopterus majorensis) L,F Ce CE 25 Extirpated
Eurasian Sparrowhawk (Accipiter nisus granti) Gc,T,P,G,H Me VU 150 75
Eurasian Buzzard (Buteo buteo insularum) All except L Ce NT 430–445 170–180
Osprey (Pandion haliaetus) L,T,G,H - CE 18 4–5
Eurasian Kestrel (Falco tinnunculus canariensis) Gc,T,P,G,H Me - 7110–8820 1100–1300
Eurasian Kestrel (Falco tinnunculus dacotiae) L,F Ce VU 286–387 -
Eleonora’s Falcon (Falco eleonorae) L - NT 200 -
Barbary Falcon (Falco peregrinus pelegrinoides) All - EN 85–116 26
Barn Owl (Tyto alba) Gc,T,P,G,H - - 400–500 150
Barn Owl (Tyto alba gracilirostris) L,F Ce EN 80–105 -
Long-eared Owl (Asio otus canariensis) All except L Ce - .2000 ?
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Although about 48.6% of the land is protected un-
der the local nature protection laws, urbanization
and the construction of infrastructure have in-
creased considerably during the last 40 yr, and such
areas now cover more than 5.7% of total land sur-
face (Cabildo Insular de Tenerife 2009). Since 1996,
human population has increased 30% annually,
reaching more than 865 000 inhabitants in 2007
(mean density 425.3 inhabitant/km2), the majority
of whom live along the coast (Morales and Pérez
2000, National Statistic Institute of Spain 2009).
Of all the raptors that breed in the Canarian archi-
pelago (Table 1), on Tenerife only the Egyptian
Vulture (recently extirpated) and Eleonora’s Falcon
(Falco eleonorae) are absent. The Canarian raptor
community is completed by migratory species, some
of them regularly sighted and others considered
vagrant (Martı́n and Lorenzo 2001).

Recovery of Injured Birds. A recovery program
for injured wildlife species at the Wildlife Rehabili-
tation Center ‘‘La Tahonilla’’ (hereafter WRC) is
managed by the ‘‘Cabildo Insular de Tenerife.’’
The public, local authorities, and different organi-
zations report injured wildlife to the WRC, and an-
imals (all from the island of Tenerife) are collected
by its staff, identified, and examined. Injured birds
are held for rehabilitation or euthanized; rehabili-
tated birds are banded and released back to the
wild. Whenever possible, locality, date, age class,
and date and location of release are recorded for
each bird. Here, we report on data from raptor
admissions during the period 1998–2007. Reasons
for admission were classified in nine categories: (1)
shooting, (2) collision, (3) disease, (4) poisoning,
(5) glue-trapping, (6) starvation, (7) poaching, (8)
other, and (9) unknown. In general, to assign these
categories we used (1) direct evidence obtained by
inspection of the location where the bird was found,
(2) information from the people that recovered
the bird and (3) other diagnostic symptoms. For
example, to detect shooting, open wounds were
inspected for shot or, in some cases (e.g., for rare
or threatened species), X-rays were taken. In the
collision category we included all the birds admitted
as a result of collisions with fences, power lines,
wind turbines, or vehicles, and also all the birds
presenting fractures or broken limbs of unknown
origin. Diseased birds were those presenting para-
sites or lesions in vital organs, and many of them
were emaciated. Poisoned birds were identified us-
ing external symptoms (incapacity to fly, dribble of
fluids from the bill or cloacae, stiffness of neck,

dilated pupil and gut damage). Birds with low
weight, wasted muscles (especially in the breast)
and without body fat, and without other symptoms
of the previous categories, were classified as starv-
ing. Some Long-eared Owls (Asio otus), Barn Owls
(Tyto alba) and Eurasian Kestrels (Falco tinnunculus)
were admitted with plumage damage or inability to
fly due to entanglement in the plant burr bristle-
grass (Setaria adhaerens; see Rodrı́guez et al. 2009),
and were included in the (8) other category. A small
fraction of the birds officially admitted to the WRC
were already dead when collected by WRC staff or
died before arrival at the WRC, but were recorded as
admitted nonetheless; these birds were included in
our study. Individuals of captive origin (e.g., falcon-
ry birds) were excluded from our analysis. For the
purpose of this study, we assumed that all admitted
birds would have died had they not been reported
to WCR, although this assumption could not be
tested and likely was not entirely correct.

Population Size. To examine the relationship be-
tween admission rate for various species and local
population sizes for those species, we used popula-
tion data from 1997–2003 from the recently
published Atlas of Breeding Birds of the Canarian Ar-
chipelago (Lorenzo 2007, see Table 1).

Data Analysis. We used G - tests to evaluate differ-
ences among years in the number of individuals of
each species, and in the frequency distributions of
the causes of mortality. Pearson and Spearman rank
correlations were used to evaluate the relationship
between population size and the number of admit-
ted birds of each species, and to investigate the var-
iation in the number of birds admitted annually
during the study period. Because injured birds were
more prone to be found in populated areas and the
precise location of the injured bird was usually un-
known, we did not attempt any spatial analysis. Sta-
tistical analyses were conducted using SPSS v.15.

RESULTS

Numbers and Species of Raptors Admitted. A to-
tal of 2611 raptors, belonging to nine diurnal raptor
and four owl species, were admitted to the WRC dur-
ing 1998–2007 (Table 2). The majority of individuals
(85.6%) were two resident breeding species, the Eur-
asian Kestrel and Long-eared Owl, and migratory
species were admitted in low numbers (Table 2).
We found a positive correlation between estimated
population size (Table 1) and the number of injured
individuals (variables log-transformed, r 5 0.95; n 5

7; P 5 0.001). The number of raptors admitted in-
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creased through the years of the study period (rs 5

0.89; n 5 10; P 5 0.001; Table 2). Admissions of the
most abundant breeding species peaked during
those species’ fledging periods (Fig. 1).

Causes of Admission to the Rehabilitation Center.
Collisions were the primary cause of admission to
the WRC, representing 42.2% of the total admis-
sions (Table 3). Excluding rare species (fewer than

Figure 1. Monthly admissions to the Wildlife Rehabilitation Center ‘‘La Tahonilla’’ (Tenerife, Canary Islands) of the
most abundant raptors during 1998–2007. The area shaded gray shows the period of first flight of juveniles for all species
(combined according to Martı́n and Lorenzo 2001).

Table 2. Number of raptors admitted to the Wildlife Rehabilitation Center ‘‘La Tahonilla’’ (Tenerife, Canary Islands)
during 1998–2007.

SPECIES

YEAR

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 TOTAL

Residents

Accipiter nisus 9 8 8 8 10 13 9 12 5 10 92
Buteo buteo 7 5 8 9 6 6 10 6 5 3 65
Pandion haliaetus - 3 - - 2 1 1 2 - - 9
Falco tinnunculus 82 82 110 90 111 127 113 151 204 184 1254
Falco p. pelegrinoides 1 - 1 - 1 1 4 3 4 5 20
Tyto alba 16 10 19 10 23 30 18 15 21 19 181
Asio otus 87 62 64 64 79 131 110 146 136 102 981

Migratory species

Circus macrourus - - - - - - - 1 - - 1
Hieraaetus pennatus - - - - - - - 1 - 1 2
Falco vespertinus - - - - 1 - - - - - 1
Falco eleonorae - - 1 - - - - - - - 1
Otus scops - - - - - - - - 2 - 2
Asio flammeus - - - - - - - - - 2 2

Total 202 170 211 181 233 309 265 337 377 326 2611
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10 individuals), collisions were the most important
cause of admission for many species, ranging from
60% in Barbary Falcon (Falco peregrinus pelegrinoides)
to 35.4% in the Eurasian Buzzard (Buteo buteo; Ta-
ble 3). Less important causes of mortality were star-
vation (5.1%) and glue-trapping (4.7%). Shooting
was also a cause of admission for all the breeding
species, ranging from 12.3% in the Eurasian Buzzard
to 0.6% in the Barn Owl. Shot birds were admitted

primarily during the hunting season, but also outside
of this period (Fig. 2). Poisoning was confirmed in
only four common breeding species (Eurasian Buz-
zard, Eurasian Kestrel, Barn Owl, and Long-eared
Owl) but in all cases in low numbers. Migratory
species, with only nine admissions, were affected pri-
marily by collisions and starvation (Table 3).

Most causes of admission varied significantly
among years (all G-values . 23.76, all P , 0.005,

Figure 2. Monthly admissions to the Wildlife Rehabilitation Center ‘‘La Tahonilla’’ (Tenerife, Canary Islands) for
raptors that had been shot. The area shaded gray indicates the official hunting season during 1998–2007.

Table 3. Causes of injury and percentage of raptors released to the wild after being admitted to the Wildlife Rehabilitation
Center ‘‘La Tahonilla’’ (Tenerife, Canary Islands) during 1998–2007.

SPECIES SHOOTING COLLISION DISEASE POISONING GLUE STARVATION POACHING OTHER UNKNOWN RELEASED (%)

Residents

Accipiter nisus 2 51 3 0 2 5 0 2 27 29.3
Buteo buteo 8 23 1 9 0 2 2 6 14 52.3
Pandion haliaetus 1 1 1 0 0 1 0 2 3 33.3
Falco tinnunculus 18 423 18 47 40 91 29 101 487 38.9
Falco p. pelegrinoides 1 12 3 0 0 0 1 0 3 15.0
Tyto alba 1 113 2 3 9 2 0 16 35 29.3
Asio otus 7 474 9 3 72 28 2 101 285 40.5

Migratory species

Circus macrourus 0 0 0 0 0 1 0 0 0 100
Hieraaetus pennatus 0 1 0 0 0 1 0 0 0 0
Falco vespertinus 0 1 0 0 0 0 0 0 0 100
Falco eleonorae 0 0 0 0 0 0 0 0 1 100
Otus scops 0 1 0 0 0 1 0 0 0 50.0
Asio flammeus 0 1 0 0 0 0 0 0 1 50.0

Total 38 1101 37 62 123 132 34 228 856 44.4
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df 5 9; Fig. 3), but poisoning, glue-trapping, poach-
ing, and other causes did not (all G-values , 20.75,
all P . 0.14, df 5 9). An increase in the admission
rate due to collisions was observed during the study
period (Fig. 3).

Recovery Rate. A total of 335 (12.8% of total ad-
missions) individuals were already dead when ad-
mitted to the WRC. Lethality varied among causes
of admission (G 5 32.32; df 5 6, P , 0.001). For
example, a higher proportion of birds affected by
glue-trapping were successfully released than birds
admitted for all other reasons (Fig. 4). A total of
1010 birds (44.4% of admitted birds excluding
those that were dead when reported to the WRC)
were successfully released to the wild following
rehabilitation, and the rest were considered untreat-
able after diagnosis (Table 3) and were either eu-
thanized or maintained in captivity for education,
conservation, or scientific purposes.

DISCUSSION

Although radiotracking using conventional radio-
transmitters or PTTs provides more precise mortality
data (Kenward 1993), the analysis of carcasses or in-
jured individuals admitted to rehabilitation centers
has been commonly used as an index to causes of

mortality (Work and Hale 1996, Newton et al. 1997
and 1999, Wendell et al. 2002, Martı́nez et al. 2006,
Kelly and Bland 2006, González et al. 2007, Margalida
et al. 2008) because it is inexpensive, efficient, pro-
vides large sample sizes, and covers large geographi-
cal areas. However, biases from such data can affect
results in different ways. Data collected over a long
period may suffer from observer bias or observer
drift, or be biased because sick or injured birds are
more likely to be brought to the center than carcass-
es. This may explain the fact that no birds were ad-
mitted to the WRC in Tenerife presenting symptoms
of electrocutions (e.g., electric burns), as these vic-
tims often die immediately (Wendell et al. 2002).
Furthermore, the number of deaths and injuries re-
lated to collisions with human-made structures may
be overestimated, whereas other causes of injury such
as poisoning may be underestimated because birds
die in remote places (Cooper 2004, Margalida et al.
2008). Gun-shot raptors are usually thought to be
underestimated in retrospective analyses of injured
or dead birds, because shooting victims are difficult
to find and are often hidden or destroyed by hunters
(González et al. 2007).

Feeding habits and body shape in raptors may
promote differences in the incidence of different

Figure 3. Annual variation in causes of admission of raptors to Tenerife (Canary Islands) Wildlife Rehabilitation Center
‘‘La Tahonilla’’ during 1998–2007.
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mortality factors (Kerlinger and Ross 1988, Masse-
min and Handrich 1997, Wendell et al. 2002). Thus,
scavengers may be more susceptible to poisoning
(Miller et al. 2002, Hernández and Margalida 2008
and 2009), large soaring birds are more likely to be
injured by electrocution on power lines (Janss 2000)
and owl species may be more affected by vehicle
collisions (Keran 1981, Lodé 2000, Erritzøe et al.
2003).

In many studies, trauma and injuries caused by
different collisions, especially with human-made
structures, have been reported as important sources
of nonnatural mortality in raptors (Keran 1981,
Newton 1986, Wendell et al. 2002, Erritzøe et al.
2003, Krone et al. 2003, Kelly and Bland 2006, Har-
ris and Sleeman 2007). Our results suggest that col-
lisions (including vehicle collisions, collisions with
high-voltage transmission towers, etc.) are an impor-
tant mortality cause on Tenerife. The number of
collisions (together with the number of total admis-
sions) may be increasing in a landscape subject to
increasing development. Roads, traffic, construc-
tion, transmission towers, and other urban land-

scape features have all been rapidly increasing in
the Canary Islands during the last four decades (Bel-
trán 2001). Similar threats have been reported for
other raptorial birds in continental areas (Fajardo
2001, Margalida et al. 2008).

Glue-traps are a type of nonlethal or restraining
trap commonly used for domestic rodent control in
the Canary Islands (B. Rodrı́guez unpubl. data). We
documented a relatively high number of birds ad-
mitted to the WRC with plumage damage due to
contact with the adhesive used in these traps. In
these cases, it seems that raptors contacted the ad-
hesive material when they attempted to capture ro-
dents or reptiles that were already caught in these
traps. This admission category yielded the highest
percentage of birds released to the wild (see Fig. 4),
likely because the majority of such birds presented
only relatively minor plumage damage, with no bro-
ken bones or severe injuries when admitted (WRC
pers. comm.). Also, birds injured by glue-traps were
often detected, because the traps are monitored by
people. However, these traps have only rarely been
reported in the literature as a cause of mortality or

Figure 4. Outcome of admission (%) relative to cause of admission for raptors at the Wildlife Rehabilitation Center
‘‘La Tahonilla’’ (Tenerife, Canary Islands) during 1998–2007.
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admission to rehabilitation centers (Harden 2002,
Burton and Doblar 2004). For this reason, regula-
tion of these popular products and educational
campaigns, focusing on their pernicious effects,
should be developed in the Canary Islands to re-
duce the number of raptor injuries.

Direct human persecution is an important factor
in population trends of many raptor species (Elliot
and Avery 1991, Real et al. 2001, Martı́nez et al.
2006, González et al. 2007, Margalida et al. 2008).
Although raptors are legally protected, shooting still
affects large birds in Europe and the Canary Islands,
even outside the hunting season (Fig. 2). This cause
of admission was not as important as other factors
such as collision, and it also decreased over the
study period. However, especially for some rare or
threatened insular species (not necessarily only rap-
tors), shooting must be eliminated to ensure the
long-term viability of vulnerable populations. Other
raptors such as the Barbary Falcon have undergone
an important recovery in Tenerife during the last
two decades, and conflicts with hunters and espe-
cially with pigeon fanciers have increased (Rodrı́-
guez et al. 2007). Awareness campaigns involving
hunters and pigeon-fanciers’ associations could
minimize human persecution of this species.

According to our data, poisoning is not an impor-
tant cause of nonnatural mortality in birds on Te-
nerife, at least currently. However in the 1950s,
DDT was heavily used in the Canary Islands to fight
eruptions of desert locusts (Schistocerca gregaria)
from Africa (Del Cañizo 1954). The use of this pes-
ticide, together with direct human persecution, like-
ly caused the extirpation of the Red Kite and the
retreat of the Egyptian Vulture to the eastern islands
(Palacios 2004). Recent analyses of tissues from
Egyptian Vultures of Fuerteventura and from Eur-
asian Kestrels of Tenerife have revealed that they
still contain the highest concentrations of DDT for
these raptor species in Spain (Mateo et al. 2000,
Gomara et al. 2004), although they are now below
the levels considered toxic. Furthermore, some peo-
ple living in the Canary Islands have a high DDT/
DDE ratio, due to chronic exposure to DDT (Zum-
bado et al. 2005). This suggests that contaminant
studies should be performed to evaluate the effects
of current and past use of pesticides on the Canar-
ian wildlife.

Finally, analyses of the type presented here can
provide insight into population trends and the con-
servation status of threatened species (González et
al. 2007, Margalida et al. 2008). Monitoring causes

of mortality in wild raptor populations is difficult, so
analyses of injured or dead birds can provide indi-
rect data for raising social awareness and for moni-
toring or formulating hypotheses about population
trends, and large-scale landscape changes (Fajardo
2001, Wendell et al. 2002). Wildlife rehabilitation
centers can also reduce human-related mortality in
raptor populations and provide information on the
biology of different species (Wendell et al. 2002,
Cooper 2004, Margalida et al. 2008). The propor-
tion of injured raptors that are subsequently re-
leased to the wild varied among species and sites.
However, detailed studies on the life expectancy
and fate of these birds, based on radiotelemetry
and band-recovery data, are urgently needed to
ameliorate the efficiency of the rehabilitation pro-
cess, especially in the Canaries, where knowledge on
such aspects is minimal (Fajardo et al. 2000, Kelly
and Bland 2006, present study). Furthermore, pre-
cise clinical and contaminant analyses are necessary
to assess the population health of raptors (Gangoso
et al. 2009). For this, complete necropsies may help
detect adverse effects of contaminants and poisons
on body condition both in the wild and in rehabil-
itated individuals (Lemus et al. 2008, Bataglia et al.
2005, Gangoso et al. 2009). Finally, more funding is
needed to improve the functioning of WRC and also
to perform parallel field studies on causes of raptor
mortality in the Canary Islands.
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GONZÁLEZ. 2004. Levels of polychlorinated biphenyls
and organochlorine pesticides in serum samples of
Egyptian Vulture (Neophron percnopterus) from Spain.
Chemosphere 55:577–583.
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