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Avenue, University of Minnesota, St. Paul, Minnesota 55108, USA. 

M. R. FULLER, El Department of Ecology and Behavioral Biology, 318 Church Street S.E., University of 
Minnesota, Minneapolis, Minnesota 55455, USA. 

D. L. EVANS, Department of Zoology, North Dakota State University, Fargo, North Dakota 58102, USA. 

Abstract: During the fall migration, of 1972 and 1973 unusually large numbers of 
goshawks (Accipiter gentilis atricapillus) were counted at Hawk Ridge in Duluth, 
Minnesota. These birds were sampled for prevalence of fungi of the genus Aspergillus. 
Fungi of this genus were recovered from 26 of 49 birds (53%) in 1972 and 4 of 45 (7%) 
birds in 1973. Aspergillosis was confirmed at necropsy in three wild goshawks in 1972, 
but none in 1973. The disease was further confirmed at necropsy in 8 of 12 (67%) 
goshawks trapped in the fall and retained for falconry in 1972 and in 2 of 17 (12%) such 
birds in 1973. We suggest tha t the stress of intraspecific agonistic behavior in 
conjunction with a high density of goshawks and greatly reduced prey base may 
increase the susceptibility of these hawks to aspergillosis. 

INTRODUCTION 
Pulmonary aspergillosis has been rec

ognized as a disease of avian species 
sinee early 1800.1!) The disease is caused 
by species of fungi in the genus 
Aspergillus. A. fumigatus appears to be 
the most pathogenic species and is most 
frequently isolated from clinical cases."1 

Aspergillosis commonly is reported in 
both wild and domestic^ captive birds, in 
wild birds recently captured/ and among 
free-living birds of the anseriform, larid, 
g a l l i n a c e o u s , a n d p a s s e r i f o r m 
groups l f i '1H 'al (see Beer1 for a detailed 
review). Zinkl2M reported a large outbreak 
that killed about 1500 crows (Coruus 
brachyrhynchos) in Nebraska, and 
Adrian et al.1 reported an epornitic in 
mallards (Anas platyrhynchos) in which 
387 birds were found dead. 

References to the occurrence of 
aspergillosis in free-living raptors are 
few. The species in which the disease has 
been reported include the barn owl (Tyto 

alba),19 g o l d e n e a g l e (Aquila 
chrysaetos),2* sparrow hawk (Accipiter 
nisus),14 mart ial eagle (Polematus 
bellicosus),7 tawny owl (Strix aluco),':' 
and bald eagle (Haliaeetus leuco-
cephalus).ti 

A c u t e a n d c h r o n i c f o r m s of 
aspergillosis, each having a unique 
pathogenesis, are reported in the 
literature. The acute form arises when 
birds are exposed to an overwhelming 
dose of spores from a point source that 
produces miliary granulomas through
out the lungs and air sacs. ' ' " 'The clinical 
course is only a few days long, birds die in 
good flesh, and there is usually no 
evidence of other concurrent unusual 
circumstance such as disease, injury or 
capture. The chronic form is manifested 
by large granulomas in the lungs, free 
growing, sporulating mold in the air sacs 
and airways of the lung, and emaciation. 
The clinical course may extend over 3 
weeks and the disease often accompanies 
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capture, injury, or other stressful 
factors. 2'l,':!7'-9 Profound immunosup
pression appears to play a major role in 
the pathogenesis of the chronic form2 '26 

thus allowing the low level background 
levels of this ubiquitous organism to 
become pathogenic. 

The objectives of this paper are to 
report the recovery of Aspergillus sp. 
from free-living goshawks and to docu
ment AspergiUus-associated mortality 
found in these raptors during migration. 

M A T E R I A L S A N D M E T H O D S 

The prevalence of Aspergillus spp. in 
free-living goshawks was determined by 
sampling trapped goshawks as they 
moved through the Duluth, Minnesota 
region in the fall of 1972 and 1973. The 
areas now included in the Hawk Ridge 
Na ture Reserve in Duluth are an historic 
concentration area for migrat ing rap
tors.11 This concentration allows a large 
sample size to be obtained in a short 
period of time and the annual hawk 
counts conducted at Hawk Ridge provide 
a da ta "base for comparing the sample 
size t» an estimate of the total number of 
goshawks passing over the area. Excep
tionally large flights of goshawks oc
curred over Hawk Ridge in the fall of 
1972 (5,152) and 1973 (3,517). *<>" 

C u l t u r e t t e s a were used to swab the 
inside of the t rachea and Sabouraud 's ^ 
agar was used as the culture media. 
Plates were streaked in the laboratory 
within 48 h of sampling and then in
cubated for 48 h a t 37 C. Aspergillus spp. 
were microscopically examined and iden
tified to genus and species using keys by 
Raper and Fennel.20 The goshawks were 
banded and released. 

The occurrence of clinical disease in 
the population sampled as opposed to 
simple recovery of the organism was 

partially confirmed by data collected 
from goshawks found disabled in the 
wild or trapped for falconry and subse
quently submitted to a raptor research 
and rehabili tation program at the Uni
versity of Minnesota." 

R E S U L T S 

There was a significant difference 
between the number of positive cultures 
in 1972 (53%) and number of positive 
cultures in 1973 (7%) (see Table 1). A. 
fumigatus was present in all positive 
cultures, while A. terreus and A. niger 
were found in mixed culture with A. 
fumigatus in 4 plates in 1972 and 3 plates 
in 1973. 

Three case histories confirmed the oc
currence of aspergillosis in free-living 
goshawks in 1972: 

1. On 22 October 1972, an adult female 
goshawk was submitted with a gun
shot wound received the previous day. 
She died tha t evening and asper
gillosis was confirmed at necropsy. 

2. On 26 October 1972, an adult female 
goshawk was presented with multiple 
injuries from a gunshot wound re
ceived the previous day. On 27 October 
she showed signs of respiratory dif
ficulty. Intravenous therapy with 
Amphotericin B ffl was ineffective and 
the bird died on 29 October. Chronic 
aspergillosis was confirmed by gross 
and microscopic examination at 
necropsy. 

3. An adult female goshawk was found 
perched close to the ground during the 
last week of October, 1972, and 
al though not injured, she was unable 
to fly and died 6 days later. Chronic 
aspergillosis was confirmed at necrop
sy. 

No similar cases were received during the 
fall of 1973. 

HI 

Culturette": Scientific Products, 1430 Waukegan Rd., McGaw Park, Illinois 60085, USA. 

Sabouraud's agar, Difco Laboratories, Detroit, Michigan 48232, USA. 

Fungizone, E. R. Squibb Co., Princeton, New Jersey 08540, USA. 
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TABLE 1. The Recovery Rate of Aspergillus sp. in Goshawks trapped a t Duluth, 
Minnesota, Fall , 1972, 1973. 

Total No. and 
(%) Trapped in No. of Samples 

Age Each Age Class Total No. and and (%) of 
Class for the Season (%) Sampled sample Positive 

Hatching 59 (15.1) 9 (18.4) 3 (33) 
Year 

Second 165(42.2) 22(44.9) 13(59) 

Year 

1972 

After 
Second 167 (42.7) 18 (36.7) 10 (55) 
Year 

Total 391 (100) 49 (100) 26 (53) 

Hatching 41 (6.3) 5 (8.9) 0 
Year 

Second 37(5.7) 11(19.6) 2(18) 

Year 

1973 

After 
Second 572(88.0) 40(71.4) 2(5) 
Year 

Total 650(100) 56 (100) 4(7) 

Aspergillosis was not encountered in 
goshawks during the winter of 1972-73. 
An adult goshawk was captured at the 
Cedar Creek Natura l History Area and 
its movements monitored by automatic 
radio-telemetry from 22 February 1973 to 
16 March 1973. The bird was recaptured 
and examined; no clinical signs of 
aspergillosis were evident. The goshawk 
weighed only 12 g less than at the time of 
first capture. Another adult goshawk 
was captured on 14 March 1973, and held 
for 13 days for t reatment of an injured 
wing. No clinical signs of disease were 
observed while the bird was in captivity. 
It was released and tracked by radio-
telemetry for seven days before moving 
out of tracking range. The fall and winter 
of 1973-74 yielded no further encounters 
wi th a s p e r g i l l o s i s in free- l iving 
goshawks. 

Severa l g o s h a w k s c a p t u r e d for 
falconry purposes in Minnesota were 
submitted for examination or t reatment 
in 1972 and 1973. The prevalence of 
aspergillosis-related mortality occurring 
within six weeks of capture was notably 
different in the two years. In 1972, twelve 
goshawks were presented for examina
tion. Eight died and all eight were diag
nosed as cases of aspergillosis a t necrop
sy. In 1973, seventeen goshawks were 
examined. Four died within a few weeks 
of capture and in only two cases was 
aspergillosis confirmed. A. fumigatus 
was identified in all 10 cases. 

In the three wild goshawks and the 10 
captive goshawks examined the gross 
and microscopic lesions were consistent 
with chronic aspergillosis. Furthermore, 
the clinical course of the disease among 
the 10 captive birds was characterized by 
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severe emaciation and pronounced 
respiratory distress. 

D I S C U S S I O N 

We suggest t ha t the prevalence of A. 
fumigatus and related fungi in 53% of the 
invading goshawks captured, the detec
tion of aspergillosis in 3 dead wild birds, 
and aspergillosis-associated mortality in 
67% of the recently captured goshawks 
examined in 1972, compared to the 1973 
results of a 7% recovery in migrat ing 
birds, no wild birds found dead or dying 
of aspergillosis and only 2 of 17 recently 
captured goshawks dying of asper
gillosis, provides direct evidence for an 
epizootic of aspergillosis in goshawks in 
1972. 

Beer4 reported the results of a similar 
survey among various species of wild
fowl. The recovery rate ranged from 7% to 
15% over a 3 year period in which the oral 
pha rynx of 1188 pink-footed geese was 
sampled. He observed no clinical in
dications of disease in any of the birds he 
sampled. Our in t ra t racheal recovery rate 
of 7% in 1973, in which sample there was 
ve ry l i t t l e ' ev idence of c l in ica l 
a s p e r g i l l o s i s even a m o n g those 
goshawks subjected to the rigors of 
handl ing for falconry purposes, com
pares favorably with the background 
level reported by Beer4 among the 
vegetation-feeding geese. Thus the 53% of 
recovery ra te among wild goshawks in 
1972 and the mortality rate of 67% among 
birds retained for falconry, for whom the 
stresses of capture and handl ing were 
essentially similar to the goshawks re
tained in 1973, becomes highly signifi
cant. Simply stated, if the goshawk has 
clinical aspergillosis the growth of the 
mold in the airways greatly increases the 
chances of recovering spores from the 
t rachea. Our opinion, based on the high 
rate of recovery of A. fumigatus, is tha t a 
large number of goshawks migrat ing in 
1972 had clinical aspergillosis. 

In all goshawks upon which post
mortem examinat ion was conducted, the 

lesions were characteristic of chronic 
aspergillosis. Clues to the stresses tha t 
led to the development of aspergillosis in 
1972 and to the difference in recovery 
rate of Aspergillus spp. during the two 
years of the study are found in the 
circumstances surrounding the periodic 
invasions of goshawks. 

Goshawk invasions appear to coincide 
with and may be caused by reduced 
numbers of prey (especially snowshoe 
ha re and ruffed grouse) in the breeding 
range of the hawks . Prey levels fluctuate 
from high to low over a ten year 
period.12'l:,,1!:i Trapping results for both 
years show a greater proportion of "sec
ond year" and "after second year" 
(adults) goshawks in the invading pop
ulation than would be expected if the age 
structure was representative of a normal
ly producing population in which a ma
jority of first year birds would be 
predicted.19 '2" 

S i n c e a l l a n i m a l s , i n c l u d i n g 
goshawks, are continually exposed to the 
ubiquitous Aspergillus spp. spores,2 we 
believe the stress of agonistic interac
tions, reduced prey availability, and 
migration may have increased the 
susceptibility of the birds to infection. 
Malnutrit ion has been a suspected con
t r i b u t i n g fac tor in o u t b r e a k s of 
aspergillosis in wild birds2"1 and von 
Faber2l i h a s reviewed a wide variety of 
stressors such as muscular fatigue, cold, 
heat, restraint , crowding, and social 
r ank t ha t are capable of rapidly altering 
the normal physiologic s tate of a bird 
and potentially compromising its 
defense mechanisms. 

Not all of the invading goshawks 
would be likely to succumb. Those birds 
with greater genetic resistance to 
aspergillosis, ' greater tolerance of social 
strife, and greater ability to capture prey 
would survive the fall and winter and 
return to the breeding range.1" These 
migration survivors and the goshawks 
which remained on the breeding range 
formed the majority of the1973 breeding 
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population. The continued lack of prey-- previous year. Some had probably 
apparently resulted in very low nest migrated. We suggest these "proven" 
success which was reflected in the small individuals were more resistant to the 
proportion of juveniles in the 1973 fall rigors which stressed the 1972 birds and 
migration and a generally smaller inva- caused increased susceptibility to 
sion than in 1972.' 7>21 aspergillosis. Thus the incidence of the 

Eighty-eight percent of the goshawks disease was lower in the 1973 migrants 
trapped in 1973, and about 75% of those which was reflected by a lower 
trapped by Mueller et al.ui were "after aspergillosis-associated mortality in 
second year" birds. These birds had recently captured birds and by a lower 
already survived the social stress recovery rate of the organism from the 
brought about by the low prey of the sampled population of goshawks. 
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