
98

Journal of Avian Medicine and Surgery 19(2):98–106, 2005
q 2005 by the Association of Avian Veterinarians

Mortality Due to Aspergillosis in Wild Swans in
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Abstract: During the winters of 2000–01 and 2001–02, 400 trumpeter (Cygnus buccinator; n 5
365) and tundra (Cygnus columbianus columbianus; n 5 35) swans died in northwest Washington
State. The carcasses were collected and frozen for necropsy, completed in May 2001 (n 5 172)
and May 2002 (n 5 228). Although most swans died of lead poisoning, 64 (16%) swans had gross
pathologic lesions consistent with aspergillosis (trumpeter swan, n 5 62; tundra swan, n 5 2). Mild
fungal infections consisted of small, nonobstructive lesions in the air sacs, trachea, or lungs, with
lesions isolated to 1 area. Severe fungal infections consisted of large, extensive infiltrating lesions
in the respiratory tract, with 68% of lesions in more than 1 area (lungs, air sacs, or trachea) and
many with complete fibrinous casts within air sacs or trachea. Male swans were twice as likely as
females to have fungal lesions, although there was no difference in the ratio of males and females
with mild or severe infections. Juvenile swans (,1 year of age) were twice as likely as adults and
subadults to have fungal lesions and were also more likely to develop severe versus mild aspergil-
losis infections (n 5 19, n 5 1, respectively). Although the number of swans with concurrent lead
poisoning and aspergillosis was nearly 30% higher than that of swans with aspergillosis only, when
compared with the total number of swans submitted for necropsy, swans with lead poisoning were
75% less likely to have fungal lesions than non-lead–poisoned swans, possibly because of rapid
death from lead poisoning.
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Introduction

Spores of Aspergillus species are ubiquitous in
our environment and are found on every continent.1

Environmental conditions favoring spore formation
include decaying or wet food, bedding, and other
organic material.1,2 Aspergillus infections are com-
mon in birds and have been described in numerous
avian species.1–8 Development of avian aspergillosis
is through inhalation of spores during feeding, nest
building, and other activities in which the spores
can be aerosolized. Lesions are usually localized in
the respiratory system1–8 but may also be distributed
to other organs, including kidneys and liver.9,10 Le-
sions have also been reported in the eyes and
throughout the central nervous system, although
these sites are uncommon.11 Granulomas of varying
color (grey to yellow-green) and size are common.
Aspergillus fumigatus is commonly reported in
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birds, but other species, including Aspergillus fla-
vus, Aspergillus glaucus, and Aspergillus niger have
also been reported.4

Reports of infection usually focus on captive or
wild, recently captured animals. Few reports have
examined the occurrence of aspergillosis in wild
populations of birds. Aspergillosis was reported in
17% of trumpeter (Cygnus buccinator, n 5 21/115)
and tundra (Cygnus columbianus columbianus, n 5
2/21) swans submitted for necropsy over a 6-year
period in Washington state.12 Although infection
rates for separate years in the 6-year period were
not reported, the authors stated that a large number
of the aspergillosis cases occurred in 1 year of the
examined period, possibly because of contaminated
feed. In a Minnesota study, aspergillosis was re-
ported in 15.5% of trumpeter swans (n 5 18/116)
presented for necropsy over a 2½-year period.13 In
another recent study, 13 species of wild waterbirds
in Spain were surveyed by immunodiffusion of se-
rum samples to determine the prevalence of anti-
bodies to Aspergillus.14 Results showed infection
rates ranging from 0.9%–2.5% in 3 species of wa-
terfowl tested (pochard [Aythya ferina], n 5 109;



99SOUZA AND DEGERNES—MORTALITY DUE TO ASPERGILLOSIS IN WILD SWANS

Table 1. Distribution and severity of lesions in the respiratory tract of 63 wild swans with aspergillosis that died in
Washington State during a 2-year period (2000–02).

Lesion distribution

Mild
aspergillosis

(n 5 13)

Severe
aspergillosisa

(n 5 50)

All swans with
aspergillosisa

(N 5 63)

Air sacs only
Trachea only
Lungs only
Lungs and air sacs

5
7
1

—b

8
5
3

16

13
12
4

16
Lungs, air sacs, and trachea
Lungs and trachea
Air sacs and trachea

—
—
—

12
3
3

12
3
3

a Lesion location was not reported for 1 swan with severe aspergillosis.
b Multiple organs were unaffected in birds with mild aspergillosis.

Figure 1. A wild trumpeter swan that died with lesions
consistent with aspergillosis. Small, gray-green, umbili-
cated fungal granulomas are located throughout the left
caudal thoracic air sac (arrows).

mallard duck [Anas platyrhynchos], n 5 151; green-
winged teal [Anas crecca], n 5 40).

During the winters of 2000–01 and 2001–02,
many trumpeter and tundra swans died in northwest
Washington State. While most of these birds died
of lead poisoning, many also had mild to severe
fungal respiratory infection consistent with asper-
gillosis. The purpose of this study was to examine
the distribution of pathologic lesions in swans that
died and to determine possible risk factors associ-
ated with aspergillosis infections in swans, such as
sex, age, and concurrent lead poisoning.

Materials and Methods

A total of 400 swan carcasses (trumpeter, n 5
365; tundra, n 5 35) were collected over 2 winters
(2000–01 and 2001–02). All necropsies were done
in May 2001 (n 5 172) and May 2002 (n 5 228)

by a team of veterinarians and veterinary students,
with 1 veterinarian (L.A.D.) overseeing the evalu-
ation of lesions. Cytologic examinations were per-
formed on select cases to confirm the presence of
fungal conidia; fungal cultures and histopathologic
examinations were not performed. For each carcass,
the sex, age category, lead-exposure status, and se-
verity of fungal lesions were evaluated and recorded
(Table 1). Clinical cases of lead poisoning were de-
fined as those with lead levels in liver tissue greater
than 20 ppm dry weight (DW); those with tissue
levels of 8–19.9 ppm DW in liver were categorized
as subclinical; and those with ,8 ppm DW were
considered negative.15 Additional evidence of lead
poisoning included the number of lead shot re-
moved from the ventriculus and gross lesions con-
sistent with lead poisoning (proventricular impac-
tion, green liver, green-stained koilin lining of the
ventriculus, and weight loss).16,17 Clinical and sub-
clinical cases of lead poisoning were combined for
analysis. For age, swans were categorized as juve-
nile (,1 year of age), subadult (1–3 years of age),
and adult (.3 years of age).18 Adult and subadult
swans were combined for analysis. Because of the
small number of tundra swans (n 5 2), tundra and
trumpeter swans were combined for analysis.

For swans with aspergillosis, severity of infection
was subjectively defined as mild or severe, based
on the number, size, and distribution of fungal le-
sions observed grossly at necropsy. Mild infections
were those where only a few small lesions (pinpoint
to less than 1-cm diameter) were located in the air
sacs, trachea, or lungs (Table 1; Figs 1 and 2). Lung
lesions were considered mild if lesions were walled
off, smaller than 0.5-cm diameter, or numbered less
than 3. We assumed that mild aspergillosis lesions
did not contribute to morbidity or mortality in af-
fected birds. Severe infections were those where
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Figure 2. A trumpeter swan that died with lesions con-
sistent with aspergillosis. The trachea is cut open, and a
gray, nonobstructive fungal granuloma is located in the
dorsal tracheal loop (see tip of the hemostat).

Figure 3. The dorsal surface of the keel in a trumpeter
swan that died with lesions consistent with aspergillosis,
showing both the caudal and dorsal loops of the trachea
(see also Fig 5). A gray-green, fibrinous, obstructive fun-
gal lesion fills the caudal loop of the trachea (portions of
the keel and trachea have been cut away; see tip of he-
mostat). A smaller, gray fungal granuloma fills the dorsal
loop of the trachea (trachea cut open; arrow).

Figure 4. An adult trumpeter swan that died with le-
sions consistent with aspergillosis. Bilateral yellow, fibri-
nous casts fill the cranial and caudal thoracic air sacs
(between both thumbs and fingers). Fungal lesions are
also present in the intraclavicular air sac (arrow). The
heart (H), liver (L), and small intestines (SI) are visible.

multiple lesions were present throughout the respi-
ratory tract (Table 1). Lesions included numerous
small white to gray granulomas throughout the lung
parenchyma; large grey to yellow-green granulomas
throughout the air sacs and trachea (Fig 3); and fi-
brinous casts within the trachea or air sacs (Fig 4).
We assumed that severe aspergillosis lesions were
associated with morbidity, mortality, or both in af-
fected birds.

Data were analyzed for statistical significance by
a commercially available software program
(SigmaStat Statistical Software, Version 2.0, SPSS
Inc, Chicago, IL, USA). Swans with and without
aspergillosis were compared by sex, age category,
and lead-exposure status. Severity of infection (mild
versus severe) was also evaluated for association
with each of these variables. A x2 test was used to
calculate odds ratios (OR) and 95% confidence in-
tervals (CI) for compared groups. Fisher exact test
was used when group numbers were less than 5.
Results were considered significant at P , .05.

Results

Gross lesions consistent with aspergillosis were
found in 64 of 400 swans (16%; 62 trumpeter and
2 tundra swans; Table 2). Lesions were located in
the trachea, lungs, and air sacs; no gross fungal le-
sions were observed outside of the respiratory tract
(Table 1). Of the 64 swans, 37 had concurrent as-
pergillosis and lead poisoning and 27 had aspergil-
losis only (liver lead levels were negative in 25 and

were not documented in 2 swans with severe as-
pergillosis). In these 27 swans, aspergillosis was
considered the cause of mortality. In the 37 swans
with concurrent disease, the lack of antemortem
clinical information precluded us from determining
if aspergillosis or lead poisoning was the actual
cause of death. Of the remaining 336 swans, 285
swans died of lead poisoning, 38 died from trau-
matic injuries (eg, powerline strikes, gunshot, etc)
and 13 died of unknown or miscellaneous causes.
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Table 2. Severity of fungal lesions by sex, age, and lead exposure in 64 swans with aspergillosis. Swans with aspergillosis
were part of a larger group of swans (N 5 400) that were submitted for necropsy in Washington State during a 2-year
period (2000–02).

Swans with
mild

aspergillosis
(n 5 13)

Swans with
severe

aspergillosis
(n 5 51)

All swans
with

aspergillosis
(n 5 64)

All swans
without

aspergillosisa

(n 5 336)

Total
swans

(N 5 400)

Sexb

Malec

Female
9
4

33
16

42
20

164
164

206
184

Age

Adult/subadult
Juveniled

12
1

32
19

44
20

274
62

318
82

Lead exposure

Not lead poisoned (,8 ppm dry
weight liver lead)

Lead poisonedf ($8 ppm dry
weight liver lead)

0

13

27e

24

27

37

51

285

78

322

a Includes lead poisoning, trauma, and other or unknown causes of death.
b Sex was missing for 2 swans with severe aspergillosis and 8 swans without aspergillosis.
c Males were more likely than females to have aspergillosis (P 5 .015).
d Juveniles were more likely than adult and subadult swans to have aspergillosis (P 5 .02).
e Includes 2 swans in which liver lead levels were not available.
f Combined clinical and subclinical cases of lead poisoning. All swans had clinical lead poisoning ($20 ppm dry weight liver lead)
except for 10 swans with subclinical lead poisoning (8–19.9 ppm dry weight liver lead), including 1 swan with mild aspergillosis,
3 swans with severe aspergillosis, and 6 swans without aspergillosis.

A description of pathologic lesions associated with
lead poisoning and other causes of mortality will be
reported elsewhere.

Thirteen birds (all trumpeter swans) had mild as-
pergillosis and 51 swans (trumpeter, n 5 49; tundra,
n 5 2) had severe infections (Table 2). Overall,
males (n 5 42) were twice as likely as females (n
5 20) to have fungal lesions (OR, 2.1; 95% CI, 1.1–
3.9; P 5 .015; no sex was reported for 2 birds). No
significant difference was found between males and
females in severity of infection (mild or severe).
Juvenile swans were twice as likely as subadult and
adult swans to have aspergillosis (OR, 2.0; 95% CI,
1.1–3.8; P 5 .02) (Table 2). Juvenile swans were
also more likely than adult and subadult swans to
have severe versus mild aspergillosis (OR, 7.1; 95%
CI, 0.9–59.2; P 5 .042). However, juvenile male
and female swans were no more likely to develop
aspergillosis than adult and subadult male and fe-
male swans, respectively.

All 13 swans with mild infections had high lead
levels in liver (1 subclinical and 12 clinical cases).
Of the 51 swans with severe aspergillosis, 24 had
high levels of lead in liver tissue (3 subclinical and
21 clinical cases). High lead levels (combined sub-
clinical and clinical cases) were found in 29 adult
and subadult swans compared with 8 juvenile

swans. Although there were nearly 30% more birds
with concurrent aspergillosis and lead exposure,
compared with birds with aspergillosis only, when
these groups were compared with the larger group
of noninfected swans, lead exposure was not a risk
factor for the development of aspergillosis. In fact,
swans with lead poisoning were 75% less likely
than swans without lead poisoning to have fungal
lesions (OR, 0.25; 95% CI, 0.131–0.46; P , .001).
Non-lead–poisoned swans with aspergillosis were
significantly more likely than lead-poisoned swans
to develop severe versus mild infection (P , .001).

Fungal lesions were widely distributed through-
out the respiratory system in infected birds, includ-
ing the trachea, lungs, and air sacs (Table 1). Gross
lesions were confined to a single area (trachea,
lungs, or air sac) in all birds with mild aspergillosis
but were widely distributed to multiple areas in two
thirds (34 of 50) of swans with severe aspergillosis.
Severe tracheal occlusion of 1 or both loops of the
trachea within the keel was reported in 5 birds (all
subadult or adult trumpeter swans; n 5 4 males, n
5 1 female). Air sac lesions (alone or in combina-
tion with lesions in other locations) were present in
44 swans; lung lesions were present in 35 swans;
and tracheal lesions were present in 30 swans.
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Discussion

Over a 2-year period, aspergillosis was diagnosed
in 16% of 400 trumpeter and tundra swans submit-
ted for necropsy in northwestern Washington State.
In this population, all fungal lesions were confined
to the respiratory system, and multiple sites (lungs,
trachea, and air sacs) were involved in 68% of
swans with severe aspergillosis. Male swans were
twice as likely as females and juvenile swans were
twice as likely as adult and subadult swans to have
fungal disease. Surprisingly, lead poisoning was not
a risk factor for concurrent aspergillosis; in fact,
lead-poisoned swans were less likely than non-lead–
poisoned swans to have aspergillosis. It is likely that
most lead-poisoned birds died acutely or subacutely
before aspergillosis infections could become estab-
lished in these compromised birds. Birds with mild
aspergillosis and concurrent lead poisoning were
unlikely to have had clinical respiratory disease,
and we assumed that the infection probably did not
contribute to the bird’s death. However, if these
birds had not died from another cause (eg, lead poi-
soning), the mild aspergillosis would likely have
progressed to severe disease. Birds with severe in-
fections most likely had clinical respiratory disease
that contributed to their deaths. The actual cause of
death in birds with concurrent aspergillosis and lead
poisoning could not be determined retrospectively
because no antemortem clinical information was
available.

One potential weakness of this study was the lack
of microbiologic or histopathologic confirmation of
aspergillosis. Cytologic examination of selected le-
sions demonstrated fungal hyphae, but the specific
etiologic agent was not confirmed as Aspergillus
species nor specifically identified. Cultures were not
done because of sampling costs, and histopathologic
examinations were not done because of freezing ar-
tifacts and variable postmortem changes found in
the carcasses.

Birds with aspergillosis infections typically do
not show clinical signs of illness until the disease
is in advanced stages.1,11 Clinical signs of aspergil-
losis can be nonspecific or specific, depending on
the location and extent of the lesions. Clinical signs
can include dyspnea, tail bobbing, exercise intoler-
ance, and changes or cessation of vocalization, as
well as other nonspecific signs of illness such as
weakness, anorexia, and weight loss.19,20 Unfortu-
nately, antemortem diagnosis of avian aspergillosis
can be very challenging because none of the avail-
able tests are highly sensitive or specific. A battery
of diagnostic tests can be used to arrive at a diag-
nosis, including hematologic testing, serum protein

electrophoresis, aspergillus enzyme-linked immu-
nosorbent assay (ELISA), survey radiographs, en-
doscopy, and fungal culture and isolation.2,19

Aspergillosis typically occurs in 3 forms: acute/
disseminated, chronic/disseminated, and chronic/lo-
calized.2,19,20 Lack of antemortem information relat-
ed to clinical signs and progression of illness pre-
vented us from categorizing the birds in this study
into 1 of the 3 forms. The acute/disseminated form
typically occurs in birds that are immune suppressed
or incompetent or in birds that inhale large numbers
of spores. Respiratory disease and death are rapid.
The chronic/disseminated form is reportedly the
most common. In this form, the lungs, trachea, or
air sacs are extensively infiltrated with fungal or-
ganisms, eventually leading to clinical disease, re-
spiratory obstruction, and death. Numerous factors
can affect the clinical expression of chronic/dissem-
inated disease, including immune function, concur-
rent disease, stress, and spore exposure. The chron-
ic/localized form of aspergillosis is typically isolat-
ed to the trachea, syrinx, or air sacs, and lesions are
usually not clinically significant.

Fungal lesions are most common in the syrinx
and cranial portions of the abdominal air sacs.2 In
one study, 20% of psittacine birds with aspergillosis
had histologic lesions in the trachea, although it was
not clear that aspergillosis was the cause of death
in all birds examined.21 By comparison, 48% of the
swans with aspergillosis in this study had tracheal
lesions. One possible explanation for the increased
percentage of tracheal lesions in swans is the com-
plex anatomy of the trumpeter swan trachea (Fig
5).22 In trumpeter swans, a caudal and a dorsal loop
form two 1808 curves in the section of trachea em-
bedded within the keel. A third loop is formed upon
exiting the keel and curving toward the syrinx,
bronchi, and lungs. Tundra swans have a similar
tracheal arrangement embedded within the keel ex-
cept for the absence of the dorsal extension. The
increased tracheal length combined with the nu-
merous loops in the trachea of the trumpeter swan
may alter airflow and allow fungal spores to settle
out in the loops or at the narrowed syrinx. Juvenile
trumpeter swans have a short extension of the tra-
chea embedded in the keel, and as they mature into
adults, the tracheal length and width of loops in-
creases within the keel,22 possibly predisposing ma-
ture birds to more severe tracheal lesions. The tra-
cheal occlusion with aspergillosis we found in 5
trumpeter swans was similar to that described in a
report of tracheal occlusion in 1 of 5 trumpeter
swans diagnosed with aspergillosis.19

Healthy adult birds with normal immune function
probably do not develop aspergillosis except when
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Figure 5. The trachea of an adult trumpeter swan, with a cut-away view of the trachea within the keel, demonstrating
the extensive portion of the trachea embedded within the keel. 1) Proximal trachea originating in the oral cavity; 2)
cranial-ventral portion of the keel; 3) caudal loop of trachea embedded within the keel; 4) dorsal loop of trachea
embedded within the keel; 5) location of the syrinx, just cranial to the large, bilateral syringeal bullae (cut off at the
junction of the primary bronchi. (Photo courtesy of JE Smallwood.)

exposed to overwhelming numbers of spores. Birds
with compromised or immature immune function
may be at greater risk for developing aspergillosis,
including immature birds, birds with concurrent ill-
ness or injuries, or birds that are stressed by captiv-
ity or other environmental changes.2,19,21 In this
study, immaturity (juvenile age category) was as-
sociated with aspergillosis compared with subadult
and adult birds. Age classes of birds with lead poi-
soning or aspergillosis were not reported in other
studies of swan mortality.12,13 However, in one re-
port of the diagnosis and treatment of aspergillosis
in trumpeter swans, 4 of 5 infected swans were ju-
veniles and the fifth swan was a 1.5-year-old sub-
adult.19 Research in other species has also shown
that immature animals have reduced immune func-
tion and may be more susceptible to disease.23–25

Additionally, research in poultry has examined
methods to accelerate the development of the
chick’s immune system in an attempt to reduce mor-
tality rates.26

Because no information was known about feed-
ing habits and locations of the birds in this study,
the sources of aspergillosis infection in these birds
could not be determined. Environmental sources
such as moldy food, field corn, or other organic
material are likely.12 The higher proportion of males
compared with female swans that were infected
with aspergillosis was an unexpected finding, al-

though there were similar findings in another report
in which 4 of 5 swans that died of aspergillosis were
males.19 Additionally, in a retrospective study of as-
pergillosis in psittacine birds, 71% of the infected
birds were males.21 Adult swans form lifetime pair
bonds and bonded pairs stay together year round,
including during the winter season off the breeding
territories.18 Juvenile offspring stay with their par-
ents through their first winter after hatching, includ-
ing fall and spring migration. Winter feeding strat-
egies for swans of different ages and genders are
similar, and one would expect equal exposure to
Aspergillus spores during feeding.12,18 Possibly, the
immune system of male swans is more compro-
mised than that of female swans during the winter
months. However, determining immune competency
prospectively or retrospectively would be very dif-
ficult, if not impossible, in these birds.

The proportion of swans with aspergillosis in this
study was similar to that reported by others.12–13 In
2 other studies of swan mortality, lead poisoning
was the leading cause of mortality, followed by as-
pergillosis and trauma. In another study of trum-
peter swans, a lower proportionate mortality of 2%
aspergillosis was reported, but lead poisoning was
still the most common cause of mortality.27 Whether
or not birds with aspergillosis had concurrent lead
poisoning was not reported in these studies.12–13,27 In
our study, although 58% of the birds with aspergil-
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losis also had lead poisoning, we found that lead-
poisoned swans were significantly less likely to
have aspergillosis than non-lead–poisoned swans.
This was an unexpected finding, as numerous stud-
ies have shown that lead exposure can alter immune
function and increase susceptibility to disease.28–31

In a study in mallard ducks, birds given lead shot
had reduced antibody production after exposure to
sheep red-blood cells.32 Although we were unable
to measure antemortem immune function in any of
the birds in this study, lead-poisoned swans may
have been immune compromised. However, lead-
poisoned swans most likely died too quickly for re-
duced immune function to play a role in the devel-
opment of aspergillosis.

In the study by Astorga et al,14 a 0.9%–2.5% se-
roprevalence for aspergillosis in 3 species of water-
fowl was reported. The population studied was ap-
parently healthy (no clinical signs or disease prob-
lems were reported), age ranges were not reported,
and blood lead levels were not measured. Diagnosis
of aspergillosis was by immunodiffusion that de-
tected antibodies to A fumigatus. While A fumigatus
is the most common cause of aspergillosis, it is not
the only etiologic agent. Additionally, antibody de-
tection determines exposure but does not necessar-
ily prove that a bird is currently infected. Immu-
nodiffusion may not detect antibodies in an animal
that does not mount an appropriate immune re-
sponse. In a recent study, the use of an indirect
ELISA for detecting serum antibodies to A. fumi-
gatus was examined in captive penguins.33 Al-
though 93% of the samples were seropositive, there
was no correlation with clinical disease, and the se-
rologic results varied between species sampled.
Whether the results of serologic surveys using im-
munodiffusion or indirect ELISA to detect antibod-
ies can be compared with the results of necropsy or
culture is questionable. Antemortem diagnosis of
aspergillosis is difficult, and fungal culture, histo-
pathologic examination, or both must be done to
confirm an active infection.34 Recent research in hu-
mans has examined the use of antigen detection (As-
pergillus galactomannan) in serum for antemortem
diagnosis of invasive aspergillosis.35 In that study,
the ELISA used to detect galactomannan provided
a sensitivity of 91% and a specificity of 94%. Ad-
ditionally, a study in 2 species of waterfowl found
that the detection of an Aspergillus species antigen
had a high early predictive value for invasive as-
pergillosis.36 Future research may examine Asper-
gillus antibody titers based on immunodiffusion or
ELISA and serum antigen levels in birds experi-
mentally exposed to lead, with confirmation of in-

fection based on fungal culture and histopathologic
examination.

During the 2 years of our study, at least 232 other
swan deaths were documented, including swan car-
casses collected for necropsy in Canada, those too
scavenged by predators for useful necropsy, and
those submitted to other agencies for scientific pur-
poses.37 Our study started 1 year after at least 87
swans died in western Washington State during the
winter of 1999–2000 (M. Jordan, unpublished data,
February 2001). Some of those that were submitted
for necropsy were lead poisoned, but a collective
effort to document individual causes of mortality in
this group of swans was not done, nor was the num-
ber of aspergillosis cases documented. Before 1999,
Wilson et al27 reported mortality of 186 trumpeter
swans collected over an 18-year-period in British
Columbia, with 42 swans documented as the single
highest number in 1 year. Lagerquist et al12 reported
mortality of 136 trumpeter and tundra swans col-
lected between 1986 and 1992 in Washington State,
with an annual high of 27 swan mortalities docu-
mented in 1991. Trumpeter and tundra swans win-
tering in Washington State and British Columbia are
part of the Pacific Coast population and primarily
forage on agricultural fields.38,39 Aerial population
surveys are done every 5 years in the US. An aerial
survey conducted during the summer of 2000 in
Alaska documented over 17 000 trumpeter swans,
representing a 624% increase in this population
since surveys were first conducted in 1968.40 Winter
surveys conducted on the Fraser River Delta and
lower valley in southwestern British Columbia,
Canada (areas just across the border, where swan
carcasses were also recovered during our study pe-
riod), documented 2411 birds in 1998, representing
an increase of 539% since surveys started in 1987.38

Midwinter population estimates of trumpeter swans
in western Washington State in 2000–01 and 2001–
02 were estimated at 3605 and 4206 swans, respec-
tively (D. Kraege, unpublished data, June 2004).
The average annual trumpeter swan mortality rate
from all causes during this 2-year period was ap-
proximately 5%. The annual estimated trumpeter
swan mortality rate from aspergillosis (,0.4%),
while higher than historically documented in swans
in this region, is unlikely to impact the population,
particularly because juvenile swans were dispropor-
tionately affected and less critical to the breeding
population.18 An international, multiagency investi-
gation into sources of lead shot has been ongoing
since 2001, and it is currently unknown whether
swan mortalities from lead poisoning will impact
this population of swans.41
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