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ABSTRACT.—We studied necropsy results from carcasses of 163 red-tailed hawks (Buteo jamaicensis)
submitted to the National Wildlife Health Center from 1975 through 1992. The most frequent post-
mortem finding was emaciation of unknown etiology, diagnosed in 33 (20%) carcasses. Proportionally
more juveniles than adults were emaciated. Evidence of non-gunshot trauma, often suggestive of collision
with vehicles or structures near roadways, was found in 29 (18%) birds. Of 25 (15%) toxicoses, 20 were
attributed to agricultural pesticides, including famphur (4), fenthion (3), carbofuran (2), phosphamidon
(2), endrin (1), and unidentified organophosphorus compounds (8). Lead and strychnine poisoning were
diagnosed in two birds each, and selenium poisoning in one. Diseases, including aspergillosis, tuberculosis,
pasteurellosis, and pox, were found in 21 (13%) hawks. Gunshot and electrocution were each diagnosed
in six (4%) birds, one (0.6%) was trapped, miscellaneous conditions were found in 10 (6%), and no
diagnosis could be determined for 32 (19%) of the carcasses.
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Un estudio retrospectivo de encuentros postmortem en Buteo jamaicensis

RESUMEN.—Estudiamos los resultados de la necropsia de restos de 163 individuos de la especie Buteo
Jjamaicensis sometidos al National Wildlife Health Center desde 1975 hasta 1992. El encuentro post-
mortem mas frecuente fue adelgazamiento de etiologia desconocida, diagnosticado en 33 (20%) restos.
Proporcionalmente, méas juveniles que adultos estaban adelgazados. Traumas no causados por armas de
fuego, sino que por posibles colisiones con vehiculos o estructuras cerca de las carreteras, fueron encontrados
en 29 (18%) aves. De 25 (15%) individuos intoxicados, 20 fueron atribuidos a pesticidas de uso agricola,
incluyendo “famphur” (4), “fenthion” (3), “carbofuran” (2), “phosphamidon” (2), “endrin” (1) y com-
puestos organofosforados no identificados (8). Envenenamiento por plomo y estricnina fueron diagnos-
ticados en dos aves, respectivamente, envenenamiento por selenio, sélo en una. Enfermedades, incluyendo
aspergilosis, tuberculosis, pasteurelosis y viruela, fueron encontradas en 21 individuos (13%). Disparos
y electrocucién como causa de muerte fue diagnosticada en seis aves (4%), una fue atrapada, condiciones
miscelaneas fueron encontradas en 10 (6%). No se pudo emitir un diagndstico para 32 (19%) restos.
[Traduccion de Ivan Lazo]

The red-tailed hawk (Buteo jamaicensis) is a fre-
quent breeder in North America and the most abun-
dant hawk in the United States and southern Canada
during cold-weather months (Johnsgard 1990). De-
spite its wide range and abundance, little is known
about factors that influence the health of the red-
tailed hawk. Occasional case reports of diagnostic
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findings, primarily infectious diseases and toxicoses,
have been published but most of these accounts in-
volve only one or several birds. Some of the diseases
previously reported from individual sick and dead
red-tailed hawks include avian pox (Halliwell 1972,
Fitzner et al. 1985, Chubb 1987, Rosskopf et al.
1987,), tuberculosis (Sykes 1982, Mollhofl 1983,
Clark 1986), erysipelas (Pace et al. 1987), and oral
capillariasis (Santiago et al. 1985). Poisonings doc-
umented in red-tailed hawks have often been the
result of their exposure to pest-control chemicals.
Henny et al. (1985, 1987) reported mortality in red-
tailed hawks from exposure to famphur, an insec-
ticide topically applied to livestock for parasite con-
trol, and Hooper et al. (1989) described intoxication
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Table 1. Postmortem findings in 163 red-tailed hawks.
CATEGORY N %

Emaciation 33 20
Undetermined? 32 19
Trauma 29 18
Toxicoses 25 15
Diseases 21 13
Miscellaneous® 10 6
Gunshot 6 4
Electrocution 6 4
Trapped 1 <1

2 Postmortem examination revealed no cause of death or significant
findings. ’

b Peritonitis, visceral gout, parasitism, hepatitis, endocarditis, and
other nonspecific infections based on gross observations only, eti-
ologies unknown.

of red-tailed hawks by organophosphorus pesticides
applied to orchards. Cyclodiene organochlorine in-
secticides persistent in soil in urban and suburban
areas have been implicated in recent poisonings of
red-tailed hawks (Okoniewski and Novesky 1993).
In an effort to evaluate the scope of the causes of
illness and death in red-tailed hawks, we studied
diagnostic findings from 163 carcasses examined at
the National Wildlife Health Center (NWHC) over
nearly 20 yr. Because of the nonrandom nature of
carcass collection and submission, this summary does
not necessarily reflect the actual proportional dis-
tribution of causes of illness and mortality in the
red-tailed hawk population as a whole. However,
our findings identify some of the major factors that
cause or contribute to the death of these hawks.

METHODS

We reviewed and summarized records of 163 red-tailed
hawk carcasses that were submitted for cause of death
determination to the NWHC, a U.S. Department of In-
terior facility that provides diagnostic services to natural
resource managers throughout the United States and its
territories. Most of these birds had been found dead in the
field and were collected in 26 states from 1975 through
1992. Some birds were captured alive and later died or
were euthanized because of the extent of their injuries or
illness at the time of capture, but no birds undergoing
extended rehabilitation were included in the review. A
gross examination, including a description of wounds and
abnormalities and an evaluation of overall body condition
with respect to fat reserves and pectoral muscular devel-
opment, was conducted on each carcass. Samples of organs
were tested for a variety of microorganisms, parasites, and
toxins as indicated by gross findings and field information
provided by the collector. Tissues for histopathology were
fixed in 10% buffered formalin, embedded in paraffin,
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sectioned for light microscopy and stained with hematox-
ylin and eosin for routine examination, Ziehl-Neelsen acid-
fast for mycobacteria, and/or Grocott silver for fungi. Bac-
teria were isolated by inoculation of tissues onto 5% sheep
red-blood agar and eosin-methylene blue plates (DIFCO
Laboratories, Detroit, MI U.S.A.), incubated at 37° C for
72 hr, and then characterized with the API-20E system
(Analytab Products, Plainview, NY U.S.A.). Tissues for
virus isolation attempts were processed according to Doch-
erty and Slota (1988) and Senne (1989).

When agricultural pesticide poisoning was suspected by
those who submitted the carcasses, or when the pathologist
found stomach contents of animal remains consistent with
possible secondary poisoning, brains were screened for
cholinesterase activity. Cholinesterase assays were accord-
ing to Ellman et al. (1961) and as later modified by Dieter
and Ludke (1975) and Hill and Fleming (1982), including
incubation (18 hr at 37°C) and retesting of samples with
initially low enzyme activities. Cholinesterase inhibition
was calculated by comparison with normal published val-
ues (Hill 1988) or control values determined by the NWHC
(Smith et al. 1995). In most cases where inhibition of brain
cholinesterase activity was noted, stomach contents were
analyzed at the Patuxent Wildlife Research Center, Lau-
rel, Maryland for 24 organophosphorus and six carbamate
compounds according to Belisle and Swineford (1988) (Pa-
tuxent Analytical Control Facility standard operating pro-
cedure 0-25.00). Brains were analyzed for residues of
chlorinated hydrocarbons by gas-liquid chromatography
(Cromartie et al. 1975, Blus et al. 1989), liver lead residues
were determined according to Boyer (1984), and methods
for selenium analysis of liver followed Krynitsky (1987).
Analysis of stomach contents for strychnine was according
to Feldstein (1960). Animal material found in esophagi
and stomachs of the hawks were described, but not iden-
tified to species. Chi-square and analysis of variance (Zar
1984) were used for age and gender comparisons of di-
agnostic findings.

RESULTS AND DISCUSSION

General Findings. Ninety-seven (60%) of the 163
red-tailed hawks were females, 59 (36%) were males,
and seven (4%) were of undetermined gender. The
age distribution was 83 (51%) juveniles, 74 (45%)
adults, and 6 (4%) undetermined. The gender dis-
tribution by age, of the 155 birds for which both
were determined, was 51 juvenile females, 31 ju-
venile males, 46 adult females, and 27 adult males.
The most frequent state of origin was California (N
= 54, 33%), followed by Wisconsin (N = 27, 16%)
and Illinois (N = 17, 10%). Factors contributing to
or directly causing the death of the bird were deter-
mined for 131 carcasses. The most frequent findings
were emaciation, trauma, toxicoses, and diseases
(Table 1). Less common causes of death included
gunshot, electrocution, trapping, and a variety of
miscellaneous conditions. We found no differences
in the proportional distribution of gender or age
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among the various categories of diagnostic findings.
However, there was a significant (x? = 5.26, df =
1, P = 0.02) difference in the distribution of juveniles
and adults when emaciated birds were compared
with all other groups combined. Proportionally more
juveniles than adults were emaciated.

Because a diagnosis of emaciation was applied
subjectively, based on visual observation of fat re-
serves and muscle mass, we sought to verify this
determination by comparing the mass of emaciated
red-tailed hawks with the mass of birds diagnosed
with gunshot, other trauma, and electrocution. The
latter three groups were selected for comparison be-
cause we expected hawks that died such acute deaths
would have body mass representative of the normal
population. In fact, the mass of birds in this acute
death group (Table 2) agreed closely with those
reported by Dunning (1984). Regardless of gender
or age, the average mass of emaciated birds was
significantly (F = 78.21, df = 1,46, P = 0.0001) less
than birds in other mortality categories (Table 2).

Emaciation. Diagnosed in 33 birds, emaciation
was the most frequent finding, but examination of
the carcasses failed to reveal its causes in individual
birds or an explanation for the high rate of occur-
rence. These hawks may have died of starvation
because of scarcity of prey or perhaps had unap-
parent injuries or diseases that led to their emaciated
condition. However, chronic poisonings cannot be
ruled out because tissues were not analyzed for the
presence of toxins. As for the finding that more ju-
veniles than adults suffered from emaciation, we
speculate that juveniles, because of their more re-
stricted diet (Craighead and Craighead 1956), may
be less successful in obtaining food during periods
of adverse environmental conditions, reduced prey
populations, or dispersal into new territories.

Trauma. Trauma, exclusive of gunshot, was the
second most commonly identified finding and was
noted in 29 red-tailed hawk carcasses. Frequent
traumatic injuries included fractures of long bones,
vertebrae, and of the skull. These injuries and the
evaluation of information, when provided, regarding
the locations where the carcasses were found sug-
gested that at least 10 of these birds probably collided
with vehicles or structures near roadways. The fact
that human observers spend a great deal of time on
or near roadways may have contributed to the high
frequency of traumatic injuries found among the
hawks that were submitted.

Gunshot trauma was diagnosed in six birds. The
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Table 2. Mass (g) of emaciated red-tailed hawks and of
those that died acute deaths.

MEAN Mass (SD, N)

SEX EMACIATION ACUTE DEATH?
Male
Adult 680 (94, 6)b 1031 (72, 4)
Juvenile 747 (118, 7) 1025 (167, 3)
Female
Adult 1040 (85, 2) 1236 (173, 11)
Juvenile 777 (105, 12) 1192 (131, 9)

2 Trauma, gunshot, and electrocution.

b Regardless of sex or age, weights of emaciated hawks were sig-
nificantly (F = 78.21, df = 1,46, P = 0.0001) less than weights of
birds in the acute death category.

appearance of the wounds and characteristics of pro-
jectiles, or portions thereof, that were recovered led
pathologists to conclude that four of the hawks were
shot with rifles and two with shotguns.

Toxicoses. Of the 25 poisoning cases in red-tailed
hawks, 20 were attributed to agricultural pesticides.
A single case of poisoning by endrin, a chlorinated
hydrocarbon pesticide, was diagnosed in a bird of
very poor body condition collected in 1982. This
hawk was among 11 species of Falconiformes that
died of endrin poisoning in or near orchards in cen-
tral Washington (Blus et al. 1989). Organophos-
phorus or carbamate compounds were responsible
for the remaining 19 agricultural chemical poison-
ings, collected from 1987 through 1992, based on
brain cholinesterase activity or analytical identifi-
cation of a pesticide in stomach contents. Carbo-
furan, phosphamidon, fenthion, and famphur were
responsible for 11 of the mortalities (Table 3). Stom-
ach contents in 10 of these hawks were of avian
origin and the other contained the remains of a small
mammal, consistent with secondary pesticide poi-
soning from consuming intoxicated prey (Stone et
al. 1984, Henny et al. 1985, 1987, Hunt et al. 1992).
Brain cholinesterase activity was inhibited by 77-
97%, except for one case of carbofuran poisoning in
which the initial activity was inhibited by only 39%,
probably because of partial postmortem reactivation
(Hill and Fleming 1982). After incubation and re-
testing, the cholinesterase activity of this sample in-
creased to 113% of normal, a characteristic response
to carbamate exposure (Smith et al. 1995) and the
carbofuran concentration in stomach contents was
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Table 3. Organophosphorus and carbamate pesticide
poisonings in 11 red-tailed hawks.

CONCEN-  BRAIN
TRATION IN ChEP
STATE STOMACH INHIBI-
PESTICIDE YEAR (V) CONTENTS? TION (%)
Carbofuran MD, 1988 (1) 150 39
MD, 1988 (1) 38 87
Phosphamidon KS, 1990 (2) 3.5,9.7 94, 97
Fenthion IL, 1992 (2) 0.5, 2.8 83, 87
MO, 1992 (1) 13 96
Famphur UT, 1987 (1) 0.2 84
UT, 1991 (2) 0.9,0.5 78, 77
WA, 1989 (1) 1.5 . 89

2 ppm, wet weight; stomach contents consisted of avian remains in
all instances, except that parts of a small mammal were found in
the first carbofuran (150 ppm) case listed.

b Cholinesterase.

150 ppm wet weight. The relatively low level of
brain cholinesterase inhibition, but high carbofuran
residues, are in agreement with Greig-Smith (1991)
who reported that a correlation between brain cho-
linesterase activity and carbamate pesticide residues
is lacking.

In eight birds, brain cholinesterase activity was
inhibited by 48-99%, without reversal after incu-
bation of the sample, but chemical analysis of stom-
ach contents was not done (V = 5) or failed to reveal
the presence of any of the compounds included in
the assay (N = 3). The magnitude of cholinesterase
inhibition and the lack of reversal is consistent with
exposure to an organophosphorus compound (Ludke
et al. 1975, Hill and Fleming 1982, Smith et al.
1995), and we describe these as cases of suspected
poisoning by an organophosphorus compound. In
fact, three of these birds were found during mortality
events where stomach contents from other red-tailed
hawks were positive for famphur or phosphamidon.
At least three possible explanations exist for the
situation in which brain cholinesterase results and
field circumstances point to organophosphate poi-
soning, but analytical results from stomach contents
are negative: (1) Brain cholinesterase activity can
remain inhibited several days after exposure to or-
ganophosphorus pesticides (Fleming and Bradbury
1981), and it is possible that by the time these birds
died the concentration of the responsible chemical in
stomach contents was below detectable limits as a
result of degradation, absorption, or regurgitation;
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(2) A loss of brain cholinesterase activity might result
from advanced decomposition, although Prijono and
Leighton (1991) found this enzyme to be quite stable
for up to 8 d at 25°C; or, (3) The birds may have
been poisoned by a compound not included in the
testing procedure.

The earliest of the organophosphorus and car-
bamate poisonings in this group of birds occurred
in 1987, well after secondary famphur poisoning was
documented in a red-tailed hawk in 1982 (Henny
et al. 1985). This may reflect nonrandom sample
bias, expressed by an increased interest in these types
of poisonings during the mid-1980s, and the fact
that screening for brain cholinesterase activity was
not common practice at the National Wildlife Health
Center until about 1985. Our finding of a 12% (19
of 163) frequency of organophosphorus and carba-
mate poisonings in red-tailed hawks is similar to
that (17%) reported in a 1975-88 survey in The
Netherlands of eight raptor species (Lumeij et al.
1993), but higher than that found in some other
studies. A 30-yr summary of over 4300 bald eagle
(Haliaeetus leucocephalus) and golden eagle (Aquila
chrysaetos) mortalities that began in the early 1960s
indicated an overall frequency of anticholinesterase
poisonings of about 3% (Franson et al. 1995). Most
of those cases occurred after the early 1980s. Grem-
illion-Smith and Woolf (1993) tested brain cholin-
esterase activity of 105 raptor carcasses of five species
collected in Illinois in 1985-87, and reported that
6% were anticholinesterase poisoning suspects.

Lead toxicosis was diagnosed in one red-tailed
hawk collected in Illinois in 1981 and one found in
California in 1985. Both birds were emaciated and
the liver-lead concentrations were 4.3 and 10 ppm
wet weight, respectively, but no ingested lead was
found. In raptors, liver-lead residues of 2-4 ppm
wet weight indicate unusual exposure to lead, while
residues greater than 5 ppm wet weight are com-
patible with death when pathology consistent with
lead poisoning is present (Franson 1996). The liver-
lead concentration of 4.3 ppm wet weight in the first
hawk reflects lead exposure in the toxic range but,
because emaciation was the only lesion noted, this
concentration is not itself conclusive for a definitive
diagnosis of fatal lead poisoning. We can merely
infer that this bird was affected by lead toxicosis.
The liver-lead concentration of 10 ppm wet weight
and the emaciated condition of the second hawk are
compatible with a lead-poisoning diagnosis. This
second case is complicated by the presence of pas-
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teurellosis (Pasteurella multocida) and aspergillosis
(Aspergillus fumigatus) in the bird’s respiratory tract.
Debilitation and immunosuppression, subsequent to
lead exposure, may have facilitated the invasion of
these organisms. Immunosuppressive effects of lead
are well-known from studies of laboratory animals
but less understood in wildlife (Franson 1986),
although reduced numbers of immunologic cells in
mallards (Anas platyrhynchos) exposed to lead has
been reported (Rocke and Samuel 1991).

One hawk found in Minnesota in 1983 and an-
other in California in 1990 died of strychnine poi-
soning, with concentrations of strychnine in stomach
contents of 16 and 330 ppm wet weight, respectively.
The death of a hawk collected in 1987, from an area
in California with a previous history of selenium
contamination (Ohlendorf et al. 1990, Schuler et al.
1990), was attributed to selenium toxicosis. The car-
cass was emaciated and had selenium residues of 19
ppm wet weight in its liver. Background residues of
selenium in avian liver are generally less than about
5 ppm wet weight (White et al. 1980, Hutton 1981).
Mallard ducklings that died after experimental se-
lenium exposure had liver selenium residues of 7
and 18 ppm wet weight (Heinz et al. 1988). Eastern
screech-owls (Otus asio) euthanized after receiving
selenomethionine in their diet for more than 3 mo
were thin and had a mean liver selenium concen-
tration of 17 ppm wet weight (S.N. Wiemeyer pers.
comm.).

Diseases. Evidence of infectious disease was the
primary finding in 21 of the red-tailed hawk car-
casses. Aspergillosis was the most frequent of these,
occurring in nine birds. Gross observations were
consistent with chronic disease, characterized by the
presence of fungal mats, caseous nodules, or plaques
within the respiratory system, and Aspergillus fu-
migatus was isolated from tissues. Aspergillosis is
frequently associated with other conditions that
weaken birds and predispose them to infection
(O’Meara and Witter 1971). Concurrent diseases,
two cases of pasteurellosis and one of mycobacteriosis
(Mycobacterium sp.) were found in three of these
hawks, but no other infectious agents or contributory
causes were identified in the other six birds with
aspergillosis. Aspergillosis is also common in birds
undergoing rehabilitation, but four of the hawks
were found dead in the field and the others were in
captivity for less than 7 d.

Pasteurellosis was found in five of these red-tailed
hawks, including two cases where it was the primary
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finding, one case associated with lead poisoning and
aspergillosis, and two concurrent with aspergillosis
only. Of the two birds with primary pasteurellosis,
one had a swollen foot and yellow fibrinous material
in the pericardial sac, both of which yielded cultures
of P. multocida. The only lesion seen in the second
hawk was congestion of the lungs, but P. multocida
was isolated from liver, lung, and heart. No lesions
suggestive of pasteurellosis were seen in the lead-
poisoned hawk, but P. multocida was isolated from
air sacs. Gross lesions in the birds with concurrent
aspergillosis/pasteurellosis included thickened air
sacs and fibrinous adhesions within the body cavity,
and P. multocida was isolated from the lungs and air
sacs. All five carcasses were collected in California,
one each in January and November of 1978, two in
January of 1985, and one in January of 1988. Pas-
teurellosis, or avian cholera, is an endemic disease
of wintering waterfowl in California, where yearly
losses of ducks and geese numbering in the tens of
thousands are commonplace (Botzler 1991). Pasteu-
rellosis was reported from a red-tailed hawk col-
lected in California in 1982 (Brogden and Rhoades
1983). Reports in raptors are infrequent, although
they are often exposed to the organism when scav-
enging on carcasses of waterfowl that have died of
avian cholera.

Mycobacteriosis (tuberculosis) was diagnosed in
four hawks, including three in which tuberculosis
was the primary finding. Tuberculosis is caused by
bacteria of the genus Mycobacterium, including sev-
eral species with a predilection for birds. The disease
can be acquired by carnivorous birds that ingest the
bacteria in tissues of infected prey, or may be spread
among ground-feeding birds through fecal contam-
ination of soil or food. The characteristic lesions of
avian tuberculosis are nodules located along the gas-
trointestinal tract or in various organs. The affected
red-tailed hawks were found in Wisconsin in 1976
and 1978, Illinois in 1977, and California in 1985.
Typical nodular lesions were found in liver and lung,
liver, spleen, and sternum; liver and spleen; and
proventriculus, respectively. In all cases, character-
istic acid-fast bacteria were seen on histopathology
and in two cases tissues were sent to the National
Veterinary Services Laboratories, Ames, Iowa, where
Mycobacterium avium was isolated.

Avian pox, characterized by proliferative lesions
on unfeathered skin of the feet and face, was noted
in three birds. These hawks were found in Wisconsin
in 1985, in Utah in 1987, and in Nebraska in 1988.



12 FRANSON ET AL.

Intracytoplasmic inclusions consistent with pox were
seen in tissues of all three hawks, and pox virus was
isolated from lesions of one bird. Viral enteritis was
diagnosed in one bird and protozoal enteritis in an-
other by histologic examination of tissues, but at-
tempts to further characterize these agents were un-
successful. One hawk had splenitis and severe pneu-
monia, with consolidation of part of one lung and
thickening of the air sacs. Klebsiella pneumoniae was
isolated from the spleen and Pseudomonas sp. was
isolated from the spleen, liver, and air sac.

Other Diagnoses. Electrocution was diagnosed
in six carcasses with burn marks on feathers or skin,
four of which were found in close proximity to utility
lines. One red-tailed hawk had injuries to a foot and
wing as the result of having been caught in a leg-
hold trap. Miscellaneous conditions (N = 10) of
uncertain etiology included visceral gout (2), peri-
tonitis (2), verminous enteritis (2), pneumonia (1),
sinus abscess (1), and air sacculitis (1). These di-
agnoses were based on gross observations only. His-
topathology revealed hepatitis of unknown origin in
one bird.

Summary. Because of biases inherent in the non-
random collection and submission of carcasses, the
true relative significance of these causes of mortality
on red-tailed hawk populations cannot be deter-
mined. However, these cumulative findings provide
baseline data on a variety of factors that cause mor-
tality in red-tailed hawks, against which future di-
agnostic surveillance can be compared. Of the 131
carcasses for which diagnoses were determined, 39
(30%) died as a result of anthropogenic causes (tox-
icoses, gunshot, electrocution, and trapping). In ad-
dition, a portion of the 29 trauma cases were ap-
parently the result of collisions with man-made
structures. Steps can be taken to reduce these mor-
talities by providing education to increase public
awareness of the impact of human activities on red-
tailed hawks. Future research might be designed to
identify significant temporal and geographic pat-
terns of anthropogenic causes of mortality in red-
tailed hawks, monitor pesticide poisonings, identify
causes of undetermined mortality and emaciation,
and to evaluate population effects of all mortality
factors.
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