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ABSTRACT: The goshawk Accipiter gentilis has recently been reintroduced into parts of Great

Britain. During the course of a study of one population, lesions of stomatitis were observed in 14
young from five broods and all the affected birds died. Postmortem examination of three birds
revealed live Trichomonas gallinae in exudate from one, and histological findings consistent with
a diagnosis of trichomoniasis were made in this and one other bird. It is suggested that tnichomoniasis
may be a significant mortality factor in goshawks from Britain.
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INTRODUCTION

The goshawk Accipiter gentilis stopped

breeding in Great Britain before the end

of the last century. Bannerman and Lodge

(1956) believed that goshawks last nested

at Rohallion in Perthshire, Scotland in 1883.

Even in the century prior to this the gos-

hawk was scarce, suggesting that the

species’ demise was associated with the ex-

tensive deforestation that left much of

Britain without tree cover by the early 19th

century (Godwin, 1975). Subsequently, the

few birds that remained in some of the

larger forest remnants were easily exter-

minated by Victorian bird and egg collec-

tors and/or gamekeepers.

Releases by falconers since the mid-

1960’s resulted in the successful reintro-

duction of goshawks in many parts of

Britain (Marquiss and Newton, 1982). Gos-

hawks have successfully re-established in

some of Britain’s largest forests, which have

been created during the last 50 yr. Here,

these birds are sheltered from pressures

such as those that resulted in their decline

during the last century and which are still

preventing them from expanding their

range to include many of the richer, but

lightly wooded areas in the lowlands (Mar-

quiss and Newton, 1982).

Tnichomoniasis is caused by a flagellate

protozoan parasite, Trichomonas gallinae,

of the upper digestive system in birds, par-

ticularly the Columbiformes (Stabler,

1954). Stabler (1969) considered that most

wild and almost all domestic pigeons are

infected with T. gallinae. There are dif-

ferent strains of T. gallinae; some cause

no clinical signs and may provide immu-

nity against a highly pathogenic strain.

However, in a non-immune bird this par-

asite can cause severe lesions, usually a

stomatitis that may obstruct the buccal

cavity and pharynx. In some cases, more

extensive lesions are found elsewhere in

the body. Death usually results from star-

vation, secondary bacterial infection or,

possibly, toxemia.

There are surprisingly few records of

trichomoniasis in free-living raptors. In-

cidental reports from North America in-

clude bald eagles (Haliaeetus leucoceph-

alus) (Stone and Nye, 1981), a brood of

two grey hawks (Buteo nitidus) (Stensrude,

1965), and four of 10 fledgling golden ea-

gles (Aquila chrysaetos) (Beecham and

Kochert, 1975). There are no published

records of tnichomoniasis in accipiters from

Great Britain, and Ratcliffe (1980) did not

report it from wild peregrine falcons (Fal-

co peregrinus) in Britain, where their main

prey were domestic pigeons (Columba liv-

ia).

In this paper we report the diagnosis of

trichomoniasis in free-living goshawks

from Britain and quantify the effect of this
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disease on reproductive output. We then

discuss how this might affect the growth

of an expanding population.

Study area

MATERIALS AND METHODS

The study was undertaken in an upland lo-

cation in Britain, where extensive areas of forests

were interspersed with open moorland and both
arable and improved grassland. Because gos-
hawks are rare in Great Britain, the exact lo-

cation of the study area is not disclosed. The
forests were man-made and were composed of

exotic conifers, mostly Sitka spruce Picea sit-
chensis and Norway spruce Picea aMes, grown
on short rotations of 45-55 yr. Planting com-
menced in the 1930’s, peaked in the 1950’s and

1960’s and diminished thereafter. Clear-cutting
and the establishment of second generation for-
ests commenced in 1968, thereby breaking up
the even-aged structure of the older blocks of

forest.

History and origin of the goshawk population

Goshawks were introduced into the study area
in the late 1960’s or early 1970’s. The number

and origin of these pioneers were not known.
Measurements of primary feathers from molt-
ing females corresponded closely to those given
by Marquiss (1981) for Finnish birds, many of
which were imported into Britain. Breeding was
first recorded in 1972, and until 1976 all known

nesting attempts failed to produce young.
Breeding was first successful in 1977, and from

1979 the number of breeding pairs increased
annually to 20 in 1985. The close relationship
between successful breeding and the population
increase, and the known distribution of gos-
hawks in Britain, suggest that this population is
at present self contained.

Field methods

Coshawks have large over-lapping home
ranges and within their home range a pair will
have one or more nesting areas (Cramp and

Simmons, 1980). Nesting areas were located by
systematically searching suitable stands and areas
where goshawks had been seen repeatedly. A
home range was counted as occupied by a pair

once an existing nest had been refurbished or a
new one built. Once an occupied nest was found,
visits were made to count clutch size, brood size

at hatching and fledging and the number of

young leaving a nesting area. On each visit,
chicks were measured, the buccal cavity and
pharynx checked for lesions or swelling and oth-

er abnormalities recorded. Chicks were banded
before they fledged.

Goshawk prey were identified from food re-

TABLE 1. Productivity data from 46 goshawk nests
in the study area from 1973 to 1985.

Parameter Total
Mean (SD)

(n = 46)

% of

maxi-
mum

produc-
tion

Eggs laid 173 3.76 (0.79) 100

Unhatched eggs 39 0.85 23

Chicks hatching 134 2.91 (1.50) 78

Chicks dying in nest 30 0.65 17

Chicks fledging 104 2.26 (1.36) 60

Juveniles dying after

fledging 9 0.20 5
Juveniles leaving

nesting area 95 2.06 (1.41) 55

mains found in occupied nesting areas or by

locating kills in the forest. For avian prey, the
sternum was used to count and identify prey
items and for mammals the skull was used. We
used a reference collection of sterna and skulls
(S. J. Petty, pers. collection).

Postmortem and clinical methods

Three dead birds were examined; particular
attention was paid to external examination, es-
pecially of the buccal cavity and pharynx, where
swabs were taken. Whole body radiography was
done on two birds. Subsequent postmortem in-
vestigation involved the gross examination of
internal organs and the selection of tissues for
histopathology and parasitology as outlined by

Cooper (1978, 1987). Organ samples were fixed
in buffered formol-saline, embedded in paraffin
wax, cut in 6-.tm sections and then stained with

either hematoxylin and eosin, Gram stain, per-
iodic acid-Schiff (PAS) or Giemsa. Parasitolog-

ical examination of the gastrointestinal tract,
including the buccal cavity, was of wet prepa-

rations in warm saline. Tissues were frozen for

subsequent toxicological investigation.
One live goshawk was examined clinically on

arrival in the laboratory. Blood samples were
collected from the basilic vein and placed in
EDTA for hematological investigations. Blood
smears were fixed with 90% methanol and
stained with Giemsa. The bird was observed
daily and its weight, food intake and behavior
were monitored.

Goshawk productivity

RESULTS

In 76 breeding attempts from 1972 to

1985, the complete histories of 46 nests

were known (Table 1). Potential repro-
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TABLE 2. Time of death for goshawk chicks dying
from stomatitis and other natural causes.

Number of chicks dying

(%) from:

Other
natural

Age of chicks Stomatitis causes

0-17 days (early nestling

stage) 0(0) 16(73)

18-35 days (late nestling

stage) 12(86) 2(9)

35-50 (lays (postfledging) 2 (14) 4 (18)’

Total 14 (100) 22 (100)

, Excludes one brood of three chicks, which was shot soon after

fledging.

ductive output was reduced through a va-

riety of losses. These were greatest during

incubation, less during the nestling stage

and least in the postfledging period. These

combined losses resulted in 55% of the 173

eggs producing independent juveniles.

Incidence of trichomoniasis

Lesions of stomatitis were recorded in

14 chicks from five broods in the years

1981, 1983, and 1985. Once present, the

lesions developed until they completely

blocked the pharynx and prevented the

chicks from feeding, resulting in a slow

loss of weight and death, usually among

an abundance of uneaten food. Charac-

teristic flecks of dried food accumulated

on the feathers around the beak, as the

chicks repeatedly shook food from side to

side, in an attempt to swallow it. All 14

chicks that developed these clinical signs

eventually died, but at a later stage than

chicks dying from other causes (Table 2).

When death occurred before fledging (Ta-

ble 2), plucked remains and bands were

found in the nest, suggesting that the dead

nestling had been eaten by the adults, their

siblings, or both. In two broods, clinical

signs first occurred in one “runt” chick.

After their remains were found in the nest,

stomatitis developed in the remaining

chicks. In three further broods, where

chicks with stomatitis and lesions were re-

moved before they were eaten, the other

chicks remained unaffected. Death asso-

ciated with stomatitis was responsible for

39% of the mortality between hatching and

independence.

Postmortem and clinical findings

Bird 1 was a male from a brood of three

in 1981. It was in good body condition but

the head was swollen with a dark raised

mass in the buccal cavity. The bird showed

signs of postmortem decomposition and

there were dipterous larvae, later identi-

fled as first instar Lucilia sp., around the

orifices of the head. Internal organs ap-

peared normal macroscopically but inter-

pretation was marred by freezing. Wet

preparations did not reveal any protozoan

or helminth parasites. Histological exam-

ination of the buccal lesion showed it con-

sisted of cellular debris and blood clots.

Bacteria were visible on the surface. Stains

failed to demonstrate either protozoan or

metazoan parasites. Other tissues showed

no significant lesions.

Bird 2 was a male from a brood of four

in 1985. It was in moderate body condi-

tion. The left mandible was swollen (Fig.

1) and caseous material was visible within

the buccal cavity (Fig. 2). The internal

organs showed no gross lesions. The stom-

ach was empty and it and the small intes-

tine were bile-stained. Wet preparations

from the buccal lesion showed small num-

bers of mobile flagellate organisms which,

on the basis of their size and morphology,

were identified as Trichomonas gallinae.

Intestinal parasites were not detected. His-

tological examination of the buccal lesions

showed cellular debris similar to that seen

in Bird 1 but preservation was better and,

with Giemsa stain, occasional organisms

were visible which appeared to be tricho-

monads. The lung showed a moderate

granulocytic infiltrate of the interstitium

and an excess of granulocytes in the lumina

of blood vessels. There were scattered foci

of inflammatory cells, mainly granulo-

cytes, in the liver and kidney. Wholebody

radiography of the carcass revealed no

skeletal lesions.
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FICUHF: 1. Male goshawk showing swelling of the left mandibular region, associated with trichomoniasis.
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Bird 3 was a female from a brood of

four in 1985. It was in moderate body con-

dition but the right side of the bird’s head

was swollen, especially around the tem-

pero-mandibular joint and caseous mate-

rial was visible in the buccal cavity. Internal

organs showed no gross abnormalities. Wet

preparations from the buccal cavity and

intestine did not reveal any parasites. His-

tological examination of the buccal lesions

showed changes similar to those in Bird 2.

Other tissues were congested. The lung

showed a minimal degree of edema and

the sinusoids of the liver were dilated and

edematous. There was a slight excess of

granuloc�tes in the spleen. Whole body

radiography of the carcass revealed no

skeletal lesions.

A live male goshawk, from the same

brood as Bird 3, appeared active and in

good general condition. The bird showed

no clear evidence of stomatitis other than

a possible excess of saliva in the buccal

cavity. Wet preparations of the latter failed

to reveal any parasites, but a course of oral

metronidazole (Flagyl, May and Baker

Ltd., Dagenham, Essex RM1O 7XS, En-

gland) (100 mg/day) was started and con-

tinued for 10 days. Over the next week

the bird’s weight dropped from 717 g to

460 g and a hematocrit (PCV) estimation

showed a value of 27-28%. The bird was

given an oral vitamin/mineral supplement

(SA 37, Intervet Laboratories Ltd., Science

Park, Milton Road, Cambridge CB4 4BT,

England) and supplementary feeding was

introduced. Seven days later (14 days after

arrival) the bird’s weight was 730 g, the

PCV was 42% and the serum protein was

3 g/dl. Fecal cultures showed only Esch-

erichia coli and Proteus sp. and there was

no evidence of parasites. The goshawk was

successfully fostered into a similar sized

brood.

Pigeons as goshawk prey

Pigeons were an important part of the

goshawks’ diet. Of 1,389 prey items that

were identified between 1977 and 1983,

466(34%) were feral pigeons and 320(23%)
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FIGURE 2. Male goshawk with beak opened. Note the caseous debris caused by Trichomonas gallinae

infection.
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were woodpigeons (Columba palumbus).

There was little annual variation in the

percentage of pigeons taken, ranging from

51% in 1983 to 67% in 1979 (annual

mean ± 1 SD = 57.6 ± 6.0). Prey samples

were not evenly distributed throughout the

year but they were heavily biased towards

the spring and summer. However, they

were collected in a consistent manner each

year and these percentages do provide an

index of annual variation in pigeon prey.

There were seasonal variations also in the

number of pigeons taken, the highest per-

centage being in June and July (Table 3).

This coincided with the period when large

goshawk chicks were present in nests.

Fledging of young spanned the period 19

June to 18 July.

DISCUSSION

This is the first published report of

trichomoniasis in free-living raptors in

Britain. The absence of any previous re-

ports in goshawks is not surprising since

this bird has only recently been reintro-

duced and become the subject of research

(Marquiss and Newton, 1982). The appar-

ent absence of records of trichomoniasis in

free-living raptors from Britain may not

reflect the actual incidence of the condi-

tion, for two reasons. First, most people

involved in field studies on birds of prey

in Britain are concerned with population

dynamics, rather than disease, and it is

possible that mouth lesions in birds may

have been missed. Secondly, as this study

has shown, the demonstration of Tricho-

monas gallinae is not easy, especially in

postmortem material. Therefore, specific

diagnoses may have proved impossible.

Nevertheless, if the disease were at all

prevalent some records of stomatitis would

have been expected even if the etiology

was obscure; particularly as in this study,

death occurred among well grown nest-

lings and juveniles, in contrast to other

causes of mortality which were mainly in

younger chicks (Table 2).
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In only one bird in the present study

were trichomonads demonstrated. Failure

to observe living organisms does not, how- � � �
. . . -� cDc�_

ever, preclude a diagnosis of trichomo- � � � ;
niasis. The causal organisms die rapidly �.‘ � � �

and often cannot be detected if a bird has

been dead for more than a few hours. In

postmortem cases histological examination �. � �
cc If)

can play a part in making, or confirming, � � �

a diagnosis. The oral lesions in Birds 2 and � cc �

3 resembled those described by Mesa et al.

(1961) and organisms, believed to be tn-

chomonads, were observed also. Never- � � � �

theless, distinguishing these protozoa in � g� � �

histological sections is difficult and should

not be relied upon when making a diag-

nosis. Trichomoniasis was not confirmed � � _

. . .

in the live goshawk examined; however, � � �
. 1� 1 1 . . 1 1 .

its nistory suggestea tnat it mignt De in- � � �

fected and there appeared to be a clinical

response to oral metronidazole.

The source of T. gallinae in the gos- � � � � �

hawks in this study was probably feral pi- � .�, � � �
geons, although we cannnot exclude the � � c’� 00

possibility that woodpigeons were infected

also. According to Stabler (1969) T. gal- �

linae is present in an asymptomatic form -� >. � � �

in approximately 75% of “wild common � � � � �

pigeons’ ‘ and some of these may harbor

virulent strains which can infect their own

young or predators which devour them. It � � �

is unclear why the goshawks in this study � �. � �

appear to have been affected particularly ‘� � � �

by trichomoniasis. Peregrines also capture ‘S

and eat substantial numbers of pigeons and � �

yet no reports have been located of the � -� �

disease in this species. It is possible that a � �‘ � �‘

particularly virulent strain of the organism Z

may be present in the area in which the

goshawks have succumbed, or that these ‘�

birds were particularly susceptible. Weak -� -�

or debilitated captive birds are particular- ‘�

ly liable to show clinical signs of disease

(Emanuelson, 1983). In two broods, sto- -� -�

matitis was first detected in ‘runt’ chicks. �. �

Their remains were found later in the nest, >.

suggesting that the female had eaten them c’3 .� .� �,

or fed them to the remaining chicks, there- �

by passing on the disease. Removing in-

fected chicks prior to death may prevent
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the loss of the rest of the brood. So far,

only young hawks have been found in-

fected with trichomoniasis. Sick or dead

adult birds are less likely to be located than

are nestlings and therefore one can only

speculate as to whether some adult hawks

also are affected clinically. It is possible

that the latter are harboring the organism,

in which case the young may be infected

from their parents rather than by ingesting

organisms from pigeons. A survey of in-

fections in adult goshawks and prey species

in the study area is planned.

In this study, stomatitis was the single

most important cause of chick mortality.

It occurred later than other causes of nat-

ural deaths (Table 2), at an age when most

chicks could be expected to leave the nest-

ing area successfully. If those chicks that

died of the disease had survived, then 109

rather than 95 juvenile hawks would have

reached independence, a 15% increase over

the present number. Although this did not

prevent the expansion of the goshawk pop-

ulation, it may have slowed it.

There could be a genetic explanation for

the susceptibility of this population of gos-

hawks to the disease. The entire population

may be derived from the one pair of birds,

which first successfully bred in 1977. This

limited gene pool may in some way pre-

dispose the birds to trichomoniasis; an in-

creased susceptibility to disease has been

reported in other small (presumably

inbred) populations of birds (Cooper et al.,

1981). Biometrics suggest that the gos-

hawks originated from Finland, where they

are dependent on tetraonid populations for

food and they rarely take pigeons (Huhtala

and Sulkava, 1981; Wikman and Linden,

1981). Therefore, there may have been no

selection for birds with a degree of resis-

tance to trichomoniasis as might have been

the case in other goshawk populations

which eat pigeons in quantity, and in other

pigeon-eating raptors such as peregrines.

Stabler (1969) wrote of T. gallinae; “It

is the writer’s opinion that this parasite has

not in the past, nor will in the future, have

any appreciable effect on the survival,

either generally or locally, of any of the

pigeon and dove-eating populations of fe-

ral hawks.” Our results suggest that T. gal-

linae may locally affect the reproductive

potential of goshawks and that it might be

one factor affecting the population dy-

namics of this species. This would support

the view of Newton (1979) who, while ex-

pressing doubt over the role of disease in

the control of raptor populations, stressed

the need for more research on this topic.
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