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Avian Pathology (1992) 21, 3-32

Observations on naturally occurring neoplasms in birds
in the state of Victoria, Australia

R. L. REECE1

Department of Agriculture and Rural Affairs, Veterinary Research Institute2, Park Drive,
Parkville, Victoria 3052, Australia

SUMMARY

Forty-five types of naturally occurring neoplasms (383 cases) were identified in 69 avian species
(excluding domestic fowl), belonging to 25 Families from 13 Orders. The most prevalent
tumours were lymphomas (63 cases in 25 species), fibromas and fibrosarcomas (62 cases in 15
species), and lipomas and liposarcomas (56 cases in 16 species). There were mesenchymal
tumours of the foot-pad in 13 Anseriformes, and a variety of tumours involving the reproductive
tract of many species. Brief descriptions of the different neoplasms are given.

INTRODUCTION

Text-books dealing with diseases of birds usually include a section on non-viral neo-
plasms (for example Arnall & Keymer, 1975; Campbell, 1982; Choudary, 1987; Fredrick-
son & Helmboldt, 1991) and there are many reports of neoplasms in various avian
species, including compilations by type of bird such as Anatidae (Rigdon, 1972),
budgerigars (Melopsittacus undulatus) (Neumann et ah, 1986) and domestic pigeons
(Columba livia) (Coletti et al., 1988). However, the most comprehensive description of
neoplasms in any avian species is that of Campbell (1969) which deals with the domestic
fowl (Gallus gallus domesticus). This paper provides information on naturally occurring
neoplasms encountered in a variety of avian species, excluding domestic fowls. Some of
these neoplasms have not been previously reported from some of these species.

MATERIALS AND METHODS

Sources of specimens

More than 10,000 birds were submitted to this laboratory from commercial game-bird,
turkey, duck and utility pigeon flocks, pigeon lofts, aviaries, household cage birds,
zoological and ornithological collections, and free-living flocks by veterinarians, owners,
company employees, Government officers, and other interested persons, for necropsy,
and the diagnosis and/or investigation of diseases during the 10 years to September 1987.
Some formalin-fixed tumours were also referred for diagnosis.

The identification of Australian species was by reference to Slater (1970, 1974), with

Received 20 June 1990; accepted 16 September 1991.
1 Present address: AFRC Institute for Animal Health, Houghton Laboratory, Houghton, Huntingdon, Cambs

PE17 2DA, England.
2 Now transferred to: Mickelham Road, Attwood, Victoria 3049, Australia.
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Table 1. Details of birds found to have naturally occuring neoplasms (Victoria, 1977-87)

Order

Anseriformes

Caprimulgiformes
Casuariiformes

Charadriiformes

Ciconiiformes

Columbiformes

Coraciiformes
Galliformes

Family

Anatidae

Fodaigidae
Casuariidae
Dromaiidae
Lariidae

Ardeidae
Plataleidae
Columbidae

Alcedinidae
Phasianiidae

Genus and species

Anas castanea
A. novaehollandiae
A. platyrhynchos

A. superciliosa
Anser anser
Cereopsis novaehollandiae
Cygnus atratus

C. olor
Oxyura australis
Tadoma radjah

T. variegata
Podargus strigoides

Casuarius casarius johnsonii
Dromaius novaehollandiae
Larus novaehollandiae

L. pacificus
Nycticorax caledonicus
Pelgadis falcinellus

Chalcophaps indica
Columba livia

Geopelia cuneata
G. humeralis
G. placida

Phaps chalcoptera
Dacelo novaeguinea
Alectoris gracea
Cortumix australis

C. chinensis
C. cortumix japonica

Ginnaeus swinhoii
Phasianus colchicus

Turnix melangaster
Species not specified

Common name

Chestnut teal
New Zealand scaup
Mallard
Domestic duck
Pacific black duck
Domestic goose
Cape barren goose
Black swan
Mute swan
Blue-billed duck
Radjah shelduck
Paradise shelduck
Tawny frogmouth
Southern cassowary
Emu
Silver gull
Pacific gull
Rufous night heron
Glossy ibis
Emerald dove
Domestic pigeon
Racing pigeon
Utility pigeon
Diamond dove
Bar-shouldered dove
Peaceful dove
Common-bronze-wing
Laughing kookaburra
Chukar partridge
Brown quail
King quail
Japanese quail
Swinhoe's pheasant
Ring-necked pheasant or

common pheasant
Black-breasted quail
Quail

Number

2
1
2

12
2
2
1
2
1
1
1
1
1
1
1
1
2
1
1
1
1

29
13
1
1
1
1
2
2
1
3
3
1

4
1
3
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Passeriformes

Pelicaniiformes
Psittaciformes

Sphenisciformes
Struthioformes

Corcoracidae
Cracticidae

Fringillidae
Maluridae
Paraisaediae
Passeridae
Ploceidae

Anhingidae
Cacatuidae

Loriidae

Platycercidae

Polytelitidae

Psittacidae

Spheniscidae
Struthionidae

Struthidea cinerea
Gymnorhina tibicin
Strepera spp.
Serinus canaria
Malurus cyaneus
Ailuroedus crassirostris
Passer domesticus
Emblema temporalis
Erythrura gouldiae
Lonchura castaneolhorax
Neochmia ruficauda
Padda oryzivora
Species not defined
Anhinga novaehollandiae
Cacatua galerita

C. leadbeateri
C. roseicapilla
C. sanguined

Callocephalon fimbriatum
Calyptorhynchus baudinii
Trichoglossus chloroepidotus

T. rubritorquis
Species not specified
Bamardius bamardii

B. zonarius
Melopsittacus undulatus
Neophema pulchella
Northiella haematogaster
Platycercus elegans

P. eximinus
Psephotus varius
Alisterus scapularis
Nympkicus hollandicus
Polytelis sioainsonii
Agapomis lilianae

A. roseicollis
Cyanoramphus novaezelandia
Species not given
Eudyptula minor
Struthio camelus

Apostlebird
Australian magpie
Currawong
Canary
Superb fairy-wren
Green catbird
House sparrow
Red-browed flretail
Gouldian finch
Chestnut-breasted mannikin
Star finch
Java sparrow
Finch
Darter
Sulphur-crested cockatoo
Pink cockatoo
Galah
Little corella
Gang-gang cockatoo
White-tailed black cockatoo
Scaley-breasted lorikeet
Red-collared lorikeet
Lorikeet
Mallee ring-neck
Port Lincoln parrot
Budgerigar
Turquoise parrot
Blue bonnet
Crimson rosella
Eastern rosella
Mulga parrot
Australian king parrot
Cockatiel
Superb parrot
Nyasa lovebird
Peach-faced lovebird
Red-fronted parakeet
Parrot
Little penguin
Ostrich

I
3
1

39

1
2
3
1

12
1
8
2
3
1
1
1
4
2
1

157
1
2
2
1
1
2
2
1
2
8
1
9
1
1
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6 R. L. REECE

some standardization of nomenclature in accordance with Schodde et al. (1978). Where
possible, the nomenclature of non-Australian birds has been conformed to that of Howard
& Moore (1980). Naturally occurring neoplasms were identified in those avian species
given in Table 1.

Method of examination

Live birds were killed by cervical dislocation. All birds were given a thorough necropsy
examination, and tissues relevant to the presenting signs and/or the gross findings were
fixed in 10% buffered formal-saline, embedded in paraffin wax, and 4 to 6 fivn sections
were routinely stained with haemotoxylin and eosin for microscopic examination. Other
strains such as alcian blue, Gordon and Sweet's reticulin strain, Masson's trichrome, oil
red 0, periodic acid-Schiff, and Van Gieson, were also used following standard procedues.

Identification and nomenclature of neoplasms

The neoplasms were identified, often after consultation with texts describing neoplasms
in domestic fowl (Campbell, 1968), humans (Ashley, 1978) and/or other domestic
animals (Jubb et al., 1985), and were classified according to a histiogenic system.

RESULTS

The incidences of naturally occurring neoplasms in the various avian species are given in
Table 2. Further details are set out below.

Fibromas and fibrosarcomas

These were hard, solitary or multifocal nodules which tended to be well encapsulated
(Figure 1). In many cases interlacing whorls and bundles could be seen on the cut
surface. The neoplastic cells varied from fusiform fibrocyte-like cells to plump fibro-
blasts; with mitotic figures being plentiful or sparse. In some cases there were islands of
poorly differentiated fibrocytes between drifts and bundles of fibroblastic-like cells. In a
few cases there were a variety of cell types including very large cells with bizarre nuclei
and multinucleate cells, as well as islands of fibroblasts. These latter types frequently
contained foci of necrosis and were poorly encapsulated. Some also contained a few
histiocytes and macrophages, but those were not considered prevalent enough to warrant
the term histiocytic sarcoma.

Some of the superficial tumours had ulcerations, haemorrhage and/or bacterial infec-
tion. Four visceral fibrosarcomas involved more than one organ system (Swinhoe's
pheasant 1, sulphur-crested cockatoo 1, budgerigar 1, parrot 1) and there were seven
metastatic abdominal fibrosarcomas (sulphur-crested cockatoo 1, budgerigar 6). There
were also fibromas or fibrosarcomas of the spleen (budgerigar 2), lung (canary 1,
budgerigar 1), tongue (peach-faced lovebird 1), proventricular wall (budgerigar 1), liver
(Japanese quail 1), testes (budgerigar 1), ovary (racing pigeon 1) and in the pelvis (gang-
gang cockatoo 1, budgerigar 1).

Myxomas and myxofibromas

There were single nodules composed of spindle-shaped or fusiform cells in a loose
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Table 2. The incidence of naturally occurring neoplasms in the various avion species

Type of neoplasm Number Species affected (number)

Fibromas and fibrosarcomas
integument and/or skeletal muscle 40

visceral

Myxomas and myxofibromas

Lipomas
subcutaneous

intra-abdominal

Liposarcomas

Chondromas

Osteomas

Osteosarcomas

Rhabdomyoma

Leiomyomas and leiomyofibromas

Haemangiomas

Papilliform mesotheliosarcomas

Myelocytomas
myeloblastic sarcomas
myelocytic sarcomas

Lymphomas
fibrifying reticulum cell sarcoma
lymphoblastic sarcomas

22

8

15

38

3

13

3

4

1

5

9

2

2
15

1
17

Domestic pigeon (1), racing pigeon (1), utility pigeon (2), king quail (1), quail (1), Australian magpie
(1), canary (2), budgerigar (26), Nyasa lovebird (1), peach-faced lovebird (22), mulga parrot (1),
parrot (1)
Racing pigeon (1), Japanese quail (1), Swinhoe's pheasant (1), canary (1), sulphur-crested cockatoo (2),
Gang-gang cockatoo (1), budgerigar (13), peach-faced lovebird (1), parrot (1)

Pacific black duck (1), black swan (2), mute swan (1), canary (1), star finch (1), budgerigar (2)

Racing pigeon (1), brown quail (1), sulphur-crested cockatoo (1), galah (5), peach-face lovebird (1),
budgerigar (5) parrot (1)
Domestic duck (1), tawny frogmouth (1), racing pigeon (2), utility pigeon (2), laughing kookburra (1),
sulphur-crested cockatoo (5), galah (2), little corella (1), lorikeet (1), peach-faced lovebird (1), red-
fronted parakeet (1), budgerigar (19), parrot (1)

Utility pigeon (1), chukar partridge (1), cockatiel (1)

Domestic goose (2), domestic duck (5), mallard (2), pacific gull (1), canary (3)

Domestic duck (2), budgerigar (1)

Bar-shouldered dove (1), Japanese quail (1), sulphur-crested cockatoo (1), gang-gang cockatoo (1)

Racing pigeon (1)

Racing pigeon (1), diamond dove (1), peaceful dove (1), canary (1), budgerigar (1)

Darter (1), quail (1), budgerigar (6), parrot (1)

Southern cassowary (1), ostrich (1)

Australian magpie (1), white-tailed black cockatoo (1)
Pacific gull (1), rufous night heron (1), racing pigeon (6), utility pigeon (2), green catbird (1),
budgerigar (4)

Budgerigar (1)
Domestic duck (1), racing pigeon (3), utility pigeon (1), common pheasant (1), canary (3), sulphur-
crested cockatoo (1), little corella (1), mallee ring-neck (1), budgerigar (3), peach-faced lovebird (1),
parrot (1)

Continued
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Table 2.—Com.

Type of neoplasm Number Species affected (number)

lymphocytic sarcomas and mixed-cell
lymphomas

Plasmacytomas

45

18

Round cell sarcoma

Dermal squamous cell carcinomas

Basal cell tumours

Intracutaneous keratinizing epitheliomas

Feather folliculomas

Uropygial adenomas

Bronchiolar adenoma

Oesophageal papilloma

Crop epithelioma

Proventricular adenocarcinomas

Hepatocellular carcinomas

Cholangiomas

Pancreatic adenocarcinomas

Renal adenocarcinomas

Seminomas

Sertoli cell tumours

Leydig cell tumour

Ovarian adenocarcinoma

1

7

3

2

7

2

1

1

1

3

5

7

2

28

5

6

1

1

Chestnut teal (1), silver gull (2), racing pigeon (3), utility pigeon (3), Japanese quail (1), common
pheasant (2), Australian magpie (1), currawong (1), canary (13), superb fairy-wren (1), house sparrow
(1), chestnut-breasted mannikin (1), Java sparrow (1), sulphur-crested cockatoo (2), lorikeet (1),
budgerigar (6), turquoise parrot (1), crimson rosella (1), eastern rosella (1), peach-faced lovebird (1),
parrot (1), little penguin (1)

Cape Barren goose (1), paradise shelduck (1), racing pigeon (1), apostle bird (1), canary (4), gang-gang
cockatoo (1), Port Lincoln parrot (1), budgerigar (3), blue bonnet (2), crimson rosella (1), Australian
king parrot (1), superb parrot (1)

Parrot (1)

New Zealand scaup (1), common bronze-wing (1), canary (1), pink cockatoo (1), budgerigar (3)

Utility pigeon (3)

Glossy ibis (1), canary (1)

Canary (4), budgerigar (3)

Canary (1), budgerigar (1)

Parrot (1)

Red-browed firetail (1)

Racing pigeon (1)

Canary (1), budgerigar (2)

King quail (1), canary (1), lorikeet (1), peach-faced lovebird (1), parrot (1)

Blue-billed duck (1), racing pigeon (2), laughing kookburra (1), Japanese quail (1), chukar partridge
(1), budgerigar (1)

Emu (1), scaley-breasted lorikeet (1)

Racing pigeon (1), ring-necked pheasant (1), budgerigar (25), cockatiel (1)

Domestic duck (1), king quail (1), budgerigar (3)

Budgerigar (5), Nyasa lovebird (1)

Budgerigar (1)

Budgerigar (1)

B
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Granulosa cell tumours

Oviduct adenomas

Metastatic abdominal adenocarcinomas

Adrencortical adenomas

Pituitary adenoma

Thyroid adenomas

Thyroid mixed-cell tumour

Ultimobranchial cyst

Astrocytoma

Pinealoma

Neurofibroma

Neurilemmoma

Melanosarcoma

4

3

16

5
1

3

1

1

1

1

1

1

1

Sulphur-crested cockatoo (1), galah (1), budgerigar (2)

Radjah shelduck (1), budgerigar (2)

Chestnut teal (1), mallard (1), racing pigeon (1), king quail (2), black-breasted quail (2), Java sparrow
(1), lorikeet (1), budgerigar (7), parrot (1)

Gouldian finch (1), finch (1), canary (1), budgerigar (2)

Canary (1)

Finch (1), budgerigar (2)

Budgerigar (1)

Red-collared lorikeet (1)

Domestic duck (1)

Emerald dove (1)

Budgerigar (1)

Peach-faced lovebird (1)

Pacific black duck (1)
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10 R. L. REECE

*: \̂? a*. ^

Figure 1. Multiple fibrosarcomas on the caudodorsal aspect of the left wing and dorsum (arrows) of
an adult king quail. These neoplasms extended into the underlying muscle and related tissues, and
some had considerable surface ulceration and haemorrhage (large arrows).

network of collagen and alcian blue-positive ground substance. Mitotic figures were not
common and there was usually a thin fibrous capsule. They were found at the commissure
of the beak (star finch 1), attached to the cranium (canary 1, budgerigar 1), involving the
foot-pad (black swan 2, mute swan 1), in the thoracic cavity (budgerigar 1) and in the
kidney (pacific black duck 1).

Lipomas

These were usually single well-encapsulated fatty nodules. Some of those in a subcutane-
ous location had superficial haemorrhage, ulceration and/or infection.

Liposarcomas

These were multifocal poorly demarcated fatty nodules in the abdominal cavity, with
similar foci in the liver.

Chondromas

Multifocal well-encapsulated cartilaginous neoplasms were found on the plantar surface
of the foot-pad of nine Anseriformes (Figure 2). The tumours were composed of lobules
of cartilage separated by trabeculae (Figure 3). The larger nodules had superficial
ulcerations and haemorrhage. The mallards were wild birds from two separate flocks with
a reported prevalence of approximately 10%. Single nodular chondromas were found on
the proximal humerus of a pacific gull and attached to the cranium of three canaries.
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NATURALLY OCCURRING NEOPLASMS 11

Figure 2. Multifocal chondromas on the plantar aspect of the foot-pad of a 12-week-old domestic
goose. There was a small solitary nodule (A), a small nodule with surface ulceration (small arrow),
and several large ulcerated nodules (large arrows) separated from each other by fibrous tissue.

Figure 3. Multifocal chondroma of the foot-pad of a 12-week-old domestic goose showing lobules of
cartilage (C) separated by fibrovascular trabeculae (T). H and E stain; bar=100 fim.
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12 R. L. REECE

Osteomas

These were single small well-encapsulated nodules containing disorganized bony trabecu-
lae. There were some multinucleated osteoclasts. One of the osteomas in the domestic
ducks was on The plantar aspect of the foot-pad, and the other was attached to the
tarsometatarsus; that in the budgerigar was attached to cranium.

Osteosarcomas

These contained foci of disorganized bone, as well as islands of cartilaginous, fibrous and
alcian blue-positive myxomatous tissue (Figure 4). They involved the humerus of a bar-
shouldered dove (1), the coccyx of gang-gang cockatoo (2), the tibiotarsus of a Japanese
quail (1) and the tarsometatarsus of a sulphur-crested cockatoo (1).

Figure 4. Osteoblastic sarcoma involving the tarsometatarsus of a sulphur-crested cockatoo. There
were irregular osteoid trabeculae (T) and large islands of myxomatous tissue (M), as well as adjacent
foci of cartilage and dense sheets of fibrous tissue (not shown). H and E stain; bar=l mm.

Rhabdomyoma

The affected upper eyelid of this racing pigeon had several small nodules of abnormal
muscle fibres.

Leiomyomas and leiomyofibromas

These neoplasms were all single nodules composed of interlacing whorls and bundles of
smooth muscle cells, with a variable component of fibrous tissue. The larger tumours
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NATURALLY OCCURRING NEOPLASMS 13

were very vascular. All three cases in Columbiformes were attached to the pancreas
(Figure 5), whereas the other cases were in the ventral ligament of the oviduct.

Figure 5. Cut surface of a leiomyoma attached to the dorsal aspect of the pancreas of a diamond dove
showing the interlacing bundles of smooth muscle. Bar=l cm.

Figure 6. Cut surface of a massively enlarged spleen in an adult budgerigar. The spleen is
predominantly composed of cavernous spaces typical of an haemangioma and there are large areas of
necrosis (arrows). Heart (H); bar=l cm.
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14 R. L. REECE

Haemangiomas

These were solid red vascular masses in the liver (quail 1) or spleen (darter 1, budgerigar
4; Figure 6), and or were raised bleeding nodules on the wing (budgerigar 2, parrot 1).
Histologic'ally, they were composed of cavernous spaces with papillae-like projections into
the lumen or a lattice-like network, and dense fibrous trabeculae. They were lined by
cuboidal to squamous endothelial cells with large vesicular nuclei and prominent nucleoli
(Figure 7). Mitotic figures were not common. Free erythrocytes were found in the
lumens and haemorrhage was common.

Figure 7. An haemangioma of the spleen of a budgerigar, showing a lattice-like network of pale
staining endothelial cells. The lumens of capillaries contain many erythrocytes. H and E stain;
bar=50 fim.

Papilliform mesotheliosarcomas

Both affected birds were aged female Rarities with inactive ovaries. They had a small
amount of yellowish fluid and flecks of fibrinoid material in their abdominal cavities.
There were multiple small grey nodules on the serosal surface of the abdominal walls, the
mesentery and the duodenal loops. Cuboidal epithelium covered the nodules and also
lined alveolar-like structures within the nodules. Many of these epithelial cells had large
cytoplasmic vacuoles, and they were multilayered in some areas (Figure 8). The cores
of the nodules contained dense or loose sheets of fibrocyte-like cells with common
mitotic figures. Some of these cells had very large bizarre nuclei. The centres of some
of the dense areas were necrotic, and in these fibrinoid material and heterophils were
common.
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NATURALLY OCCURRING NEOPLASMS 15

Figure 8. Nodular papillary mesotheliosarcoma on the serosal surface of the abdominal wall of an
adult female ostrich, showing cuboidal epithelial cells with large cytoplasmic vacuoles (solid arrows).
The cores of some nodules contain lakes offibrinoid material (F) whereas others have many fibrocyte-
like cells (open arrow). H and E stain; bar=S0 fim.

Figure 9. Multiple discrete foci of proliferating myelocytes in the liver of a racing pigeon with a
myelocytoma. H and E stain; bar—100 fim.
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16 R. L. REECE

Myelocytomas

Affected birds had infiltration of neoplastic cells into the liver, kidney and other viscera
(Figure 9); several also had involvement of the bone marrow or the eye. The cells had
granular cytoplasm typical of heterophil granulocytes. Only primitive blast cells were
observed in the case of the myeloblastic sarcomas whereas in myelocytic sarcomas the
cells were more differentiated.

Lymphomas

Some of these were small solitary nodules which did not appear to be directly related to
the cause of death (Figure 10); others were multifocal diffuse infiltrating lesions probably
associated with severe weight loss and/or death (Figure 11). The lymphoblastic sarcomas
were characterised by focal accumulations of more-or-less homogenous populations of
lymphoblastic cells. The lymphocytic sarcomas (or mixed-cell lymphomas) had a variety
of cell types ranging from small lymphocytes through to primitive reticuloendothelial-like
cells, and even within the one bird they varied from area-to-area.

,.., Tm7TTTr]mFjimjim|inij

1 ' / r7/5

Figure 10. Lymphocytoma involving the right thymus (arrow) of a juvenile Java sparrow.

The fibrifying reticulum cell sarcoma was characterized by multiple foci in the liver
and spleen of small dense cells often apparently joined together, embedded in a dense
reticulin network, and with a well-developed fibrous stroma.

Plasmacytomas

All the affected birds had grossly enlarged spleens and in most the livers were also
enlarged (Figure 12). There were dense sheets of medium-sized cells with round
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NATURALLY OCCURRING NEOPLASMS 17

eccentric nuclei and abundant basophilic or amorphophilic cytoplasm resembling plasma
cells. Some mitotic figures were noted.

M *

I)

Figure 11. Diffuse enlargement and mottling of the right lobe of the liver, and also spleen and kidney
(not shown) due to a lymphoblastic sarcoma in a juvenile utility pigeon.

Figure 12. The liver and spleen (not shown) of this canary were enlarged and mottled due to
infiltration with proliferating plasma cells. Heart =(H); bar=5 mm.
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18 R. L. REECE

Round cell sarcoma

This was a multifocal visceral tumour composed of small round neoplastic cells with little
resemblance to any common cell type. The cells were presumed to be of mesenchymal
origin.

Dermal squamous cell carcinoma

The tumours were multiple raised masses, frequently with central craters. They consisted
of cords of epithelial cells extending into the dermis, and apparent separation to form
small islands. Their outermost cells were squamous, and the centres of some cords
contained discrete 'pearls' of laminated keratin.

Basal cell tumours

These three birds were from one large flock of utility pigeons, but were submitted over
several years. They each had a nodule on one upper eyelid composed of cords of
undifferentiated cutaneous epithelial cells.

Intracutaneous keratinizing epithelioma

The canary had a rapidly growing mass on its wing composed of large cystic spaces
containing lamellated keratinized debris. It was lined by stratified squamous epithelium
with many mitotic figures. The glossy ibis had multiple cutaneous nodules on the
ventrum. There was marked thickening of the dermis due to dense collagen deposition
and amongst that there were large cystic spaces similar to the above, and occasional foci
of lymphocytes and macrophages.

Feather folliculomas

The affected birds had multiple cutaneous nodules, some of which had superficial
ulceration and/or haemorrhage. These nodules each had a lumen containing keratinized
debris and partially formed feather-like structures. They were lined by many layers of
cuboidal to squamous epithelial cells, and keratinization was abrupt. There were many
areas which resembled disorganized barb ridges of developing feather epidermis, and there
were short cords of basal-like cells (Figure 13). Many of these nodules were surrounded
by a variable amount of fibrous tissue, and accumulations of heterophils and lymphocytes.

Uropygial adenomas

Both these birds had haemorrhagic ulcerated nodules on the dorsum of the sacrum in the
region of uropygial gland. Histologically, there were lobules of adenomatous tissue.
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NATURALLY OCCURRING NEOPLASMS 19

Figure 13. Portion of a feather folliculoma in a budgerigar showing dysplastic feather barb ridges
(open arrows), short cords of basal-like cells (B), and the lumen (L) was lined by stratified cuboidal
to squamous epithelium with abrupt keratinization. H and E stain; bar=50 fim.

Bronchiolar adenoma

This parrot had a large lobulated adenomatous nodule involving a major bronchus. There
was no evidence of similar tumours elsewhere.

Oesophageal papilloma

There was a small nodule on the oesophageal wall which was a focal papillae covered by
thick squamous epithelium.

Crop epithelioma

The crop of this bird had several thickened plaques composed of hyperplastic epithelial
cells. The superficial layers were squamous, and there was no evidence of fungal
infection.

Proventricular adenocarcinomas

Both birds died in poor condition with an enlarged and ulcerated proventriculus. There
were foci of tubule-like structures lined by medium sized cuboidal or squamous cells with
eosinophilic cytoplasm and vesicular nuclei. Mitotic figures were common and some cells
had bizarre nuclei. There was a dense fibrous stroma. The tumour in the budgerigar had
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20 R. L. REECE

penetrated deep into the muscularis, and there were metastases in the spleen and liver in
the canary.

Pancreatic adenocarcinomas

Both birds died in poor condition, but had other serious problems. Each pancreas
contained a focal nodule of adenomatous tubule-like structures lined by cuboidal
epithelial cells with large vesicular nuclei and occasional mitotic figures, separated by
sparse trabeculae. There was no evidence of metastases.

Hepatocellular carcinomas

All the affected birds were in poor condition and had enlargement of one lobe of the liver.
The neoplastic areas were composed of irregular cords of hepatocyte-like cells with a loss
of normal architecture. There were mitotic figures, occasional bizarre cells and multi-
nucleated cells.

Cholangiomas

The blue-billed duck and chukar partridge each had a well-demarkated focus of epithelial
lined tubule-like structures with a dense fibrous stroma, and these were considered to be
bile duct adenomas. The other five birds were in poor condition and/or died as a
consequence of bile duct carcinoma. In these there was a variable amount of ascites and
multiple foci of adenomatous epithelial lined tubules in a dense stroma, and there were
some associated sheets of poorly differentiated epithelial cells.

Renal adenocarcinomas

Many of the affected budgerigars were presented with a history of unilateral lameness, leg
weakness or leg paralysis. The affected kidneys contained large, pale and lobulated
tumours composed of well encapsulated adenomatous tissue in a rich fibrous stroma. A
few multinucleated cells were scattered throughout some of these tumours, and mitotic
figures were common. There were no structures resembling glomeruli.

Ovarian adenocarcinoma

The budgerigar had an enlarged ovary with multiple nodules on the surface. These were
composed of adenomatous tubules lined by cuboidal epithelium with occasional mitotic
figures. There were no metastases to other organs.

Seminomas

In each case one testes was enlarged, white or grey in colour and firm. The domestic duck
(Pekin breed) was about 1-year-old and had right-sided lameness. The affected right
testes weighed 400 g. The king quail was in poor condition, but it also had a hepatocellu-
lar carcinoma. The other affected birds did not have clinical signs related to the tumours.
The seminomas were composed of islands of large cells with pale nuclei and acidophilic
cytoplasm in a well developed stroma (Figure 14), although deeper in the large tumours
there were sheets of cells. Mitotic figures were common and there were a few syncytia.
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NATURALLY OCCURRING NEOPLASMS

Figure 14. Seminoma from a king quail showing poorly defined cords separated by trabeculae (T).
The neoplastic cells are polyhedral and have slightly eosinophilic cytoplasm: the nuclei are large and
have a prominent chromatin network (open arrows). Mitotic figures are present (small arrows). H
and E stain; bar=50 fim.

Sertoli cell tumours

One budgerigar and the Nyasa lovebird were presented with vague clinical histories
suggestive of feminization, but as both birds were used for breeding this was probably
demasculinization due to the loss of male characteristics. Each affected bird had one
testes replaced by a large pale nodular mass, some of which had a pink tinge due to
central necrosis and haemorrhage (Figure 15). The Nyasa lovebird and another budgeri-
gar had nodular metastases involving the serosa of the adjacent viscera. The tumours were
composed of sheets, lobules and/or small islands of cells with large dense nuclei and a
high mitotic rate. The stroma varied from delicate to dense with a rich capillary network
and there were other areas of tubule-like structures lined by epithelial cells with a
tendency to palisade (Figure 16). Two of the budgerigars has discrete areas where the
neoplastic cells had large cytoplasmic vacuoles (Figure 17).

Leydig cell tumour

This budgerigar had one apparently normal testes. The other was enlarged and fleshy
with a dense fibrovascular network which divided the neoplasm into large lobules. The
cells were large with pale eccentrically placed vesicular nuclei, eosinophilic cytoplasm and
many cells contained large cytoplasmic vacuoles.
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22 R. L. REECE

\

Figure 15. Sertoli cell tumour of the left testis of a Nyasa lovebird submitted with a vague clinical
history suggestive of demasculinization. The abdominal and thoracic viscera have been removed. The
right testis and adrenal are visible (open arrow). The tumour mass is composed of numerous nodules
of various sizes; some are pale (small arrow) whereas others are dark due to central necrosis and/or
haemorrhage (large arrow).

KfcSOr , 1 , - -»t,-MjA » v i . , . i

Figure 16. Sertoli cell tumour in the testes of a budgerigar. The tumour cells were arranged as tubule-
like structures with a tendency for the lining cells to be two layers deep (arrows) or as lobules (L). H
and E stain; bar=S0 fl.
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NATURALLY OCCURRING NEOPLASMS 23

Figure 17. Testis from a budgerigar submitted with a vague history of demasculinization. Most of the
tumour was typical of a Sertoli cell tumour, but in this area there was possible luteinization with
islands of vacuolated (lipoid-laden) cells separated by dense trabeuculae. H and E stain; bar =100
fim.

frrfm i jn Trfti i i fn 1111 fTTj

DATC

Figure 18. Metastatic abdominal adenocardnoma in an adult female king quail. Nodules are present
on the serosal surface of the abdominal viscera including the gizzard (G), duodenal loop (D), ovary
(O), and the kidneys and oviduct (arrow).
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Oviduct adenomas

R. L. REECE

These were single large pale polypoid adenomatous masses which protruded into the
lumen of the oviduct. There were no apparent metastases.

Metastatic abdominal adenocarcinomas

The affected birds were in poor bodily condition and had pendulous abdomens with
serous or seromucinous ascites. The abdominal viscera, particularly the duodenal loop,
had small pale nodules on the serosal surface (Figure 18). There was gross involvement
of both the ovary and oviduct of all cases. Histologically, these tumours varied even
within the same bird, being composed of sheets of anaplastic epithelial-like cells, well
formed epithelial lined tubules, or large epithelial lined cysts. The metastatic serosal
implants were surrounded by dense fibrous tissue. Emboli of adenomatous tissue were
found in some associated blood vessels.

fT".

Figure 19. Gut surface of a granulosa cell tumour replacing the ovary of a galah. There was a large
area of necrosis and haemorrhage (large arrows); some of the septa dividing this tumour into lobules
can be discerned (small arrows).

Granulosa cell tumours

The affected sulphur-crested cockatoo and galah were presented with a vague clinical
history of virilism: as these are both monomorphic species it is probable that the birds had
not laid eggs recently, rather than that they had undergone sex-reversal. The tumours
were large pale nodular masses. The centres of many of the nodules were necrotic and/or
haemorrhagic, and in such cases the tumours were pink (Figure 19). The arrangement
and type of cells in these tumours varied greatly, even within the same bird. There were
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NATURALLY OCCURRING NEOPLASMS 25

islands of epithelial-like cells with well-developed trabeculae (Figure 20) and/or tubule-
like structures with delicate stroma, and palisading of cells around blood vessels.
Epithelial rosettes were not common. Many of the neoplastic cells contained cytoplasmic
vacuoles, and there were many plump theca-like cells scattered throughout these tumours.

9

•i - ' . - * *' lit v

'1

Figure 20. Granulosa cell tumour from a galah showing islands of epithelial cells separated by
trabecula (T), There are areas of degeneration in the islands (arrows), and some mitotic figures (small
arrows). H and E stain; bar=100 fim.

Adrenocortical adenomas

None of the affected birds had clinical signs which could be attributed to an adrenal
tumour. They were all in good bodily condition and had died from other causes. The
affected adrenals were replaced by a lobulated mass of acinous or tubular-like tissue. The
epithelial cells were pale with foamy cytoplasm and centrally placed nuclei, and mitotic
figures were not common.

Pituitary adenoma

This canary was presented with vague nervous signs. There was a large pale lobulated
mass replacing the pituitary.

Thyroid adenomas

All threcbirds had bilaterally enlarged, thyroids and were diagnosed,as having goitre.
Throughout the thyroids there was a lack of colloid, and there were large cyst-like spaces
and foci of closely packed small acini. Marcophages containing haemosiderin and foci of
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26 R. L. REECE

fibrosis were common. The follicular epithelium was hyperplastic and dysplastic. In one
budgerigar there was also an area where there were sheets of epithelial-like cells with
many mitotic figures, and large cysts with papillary projections lined by low cuboidal to
squamous epithelium with common mitotic figures. These papillae had delicate but
vascular trabeculae and so it was considered to be a papillary cyst adenoma. The other
two birds had a small lobulated mass in the thyroid which contained many small tubule-
like structures lined by multilayered cuboidal epithelium. There were occasional mitotic
figures.

Thyroid mixed cell tumour

The affected budgerigar had parenchymatous goitre. One thyroid also had an area
containing adenomatous tissue, islands of cartilage, and foci of proliferating bizarre
fibroblast-like cells (Figure 21).

Figure 21. Thyroid from a budgerigar with parenchymatous goitre. There was one area which
contained adenomatous tissue (A), foci of cartilage (C) and fibroblasts (F) typical of a mixed-cell
tumour. H and E stain; bar=100 fim.

Ultimobranchial cyst

The red-collared lorikeet was an adult female in a good bodily condition which had a
large cyst in the lower neck near to and displacing the thyroid. The cyst was lined by
squamous epithelium, and contained lamellated keratinized material and desquamated
cells.
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NATURALLY OCCURRING NEOPLASMS 27

Astro cytoma

The domestic duck was 4 years old when presented with a clinical history of nervous
signs, particularly circling. In the base of the cerebellum was an unencapsulated lobulated
mass of large globular cells in a fibrillar network.

Pinealoma

The emerald dove was found dead with severe contusion of the cranium: the tumour was
revealed when the head was sectioned to determine the extent of haemorrhage (Figure
22). This tumour was a well-encapsulated lobulated nodule containing epithelial-like cells
with large vesicular nuclei. Some groups of these cells were arranged as radiating rosettes.

Figure 22. Sagittal section of the head of an adult emerald dove showing a pineal body tumour
(arrow). This bird died with severe contusion to the cranium (open arrow) and the neoplasm was

found when the head was sectioned to determine the extent of haemorrhage.

Neurilemmoma

This peach-faced lovebird was approximately 9 months old and had a history of
incoordination} loss of balance and intermittent convulsive seizures. It had neuronal
ceroid lipofuscinosis as reported elsewhere (Reece & MacWhirter, 1988). At the base of
the brain stem, involving one of the cranial nerves, was a small nodule composed of
streaming round to fusiform cells with large pale nuclei. Mitotic figures were common.

Neurofibromas

This budgerigar had a nodular mass in the sciatic plexus with involvement of the adjacent
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28 R. L. REECE

kidney. It was composed of concentric whorls of spindle-shaped cells with small central
nuclei.

Melanosarcoma

The pacific black duck had massive enlargement of the liver and consolidation of the lung
due to infiltration by proliferating melanocytes.

Multiple tumours

A king quail had both a seminoma and a hepatocellular carcinoma.

DISCUSSION

These cases were encountered as part of a routine diagnostic service where the major
emphasis was on the control and prevention of flock disease. Although specific immuno-
histological stains are frequently used to identify cell types in human neoplasms there
were neither the reagents, resources nor impetus to apply such techniques to any of these
tissues. It is beyond the scope of this paper to cite all the reports of avian neoplasms
which have been identified previously. However, some comment does need to be made
regarding some particular neoplasms, and also some of the species affected.

There were 13 mesenchymal tumours on the plantar aspects of the foot-pads of
Anseriformes, and in two flocks of wild Mallards approximately 10% of the birds had
lesions, probably chondromas, on their foot-pads. Guillet et al. (1987) noted a high
incidence of lesions on the foot-pads of ducks which resembled verrucous papillomas in
having parakeratotic tips and slight vacuolation of the epithelial cells, quite different to
what was seen in these cases. It is known that some papillomaviruses may cause
mesodermal as well as epidermal proliferation (Yager & Scott, 1985) so it is possible that
these may have been caused by the transforming effect of a papillomavirus. Alternatively,
these tumours may have arisen after contact with some environmental carcinogen or due
to some other factor. Further investigation into this condition may be warranted.

The osteosarcomas contained myxomatous, fibrous, cartilagenous and osseous tissue,
and in that respect rsembled multipotent mesenchymal tumours of humans (Aho & Aho,
1982).

Differentiation of lymphoid hyperplasia from lymphomas and extramedullary myelopo-
iesis from myelocytomas was often difficult. Lymphoid tumours have been reported from
many avian species (for example Wadsworth et al., 1981; Loupal, 1984). They have been
described as Marek's disease or lymphoid leukosis on morphological grounds, but the
causative viruses have not been isolated from them. In order to avoid confusion it would
be preferable to describe such neoplasms in morphological terms rather than ascribing a
name to them which denotes aetiology. Reticulum cells are considered to be transformed
lymphocytes (Ashley, 1990) and, therefore, the reticulum cell sarcoma was classified as a
type of lymphoma; furthermore, Campbell (1969) described a fibrifying reticulum cell
sarcoma which this case resembled.

The skin nodules in the canaries and budgerigars were referred to as feather folliculo-
mas (Wheeldon & Culbertson, 1982) rather than feather cysts because keratinization was
relatively abrupt, there were areas which resembled specialized feather forming epithel-
ium such as disorganized barb ridge-like structures, and there were short cords of basal-
like cells. They had much in common with benign hair follicle tumours of dogs (Yager &
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NATURALLY OCCURRING NEOPLASMS 29

Scott, 1985). 'Feather cysts' are common in Norwich strain canaries, and other birds
(Pass, 1989), and although considered benign, they tend to recur following surgical
excision (Choudary, 1987).

Chronic hepatotoxicity characterized by bile duct proliferation, portal fibrosis and
megalocytosis of hepatocytes was found in many birds necropsied at the VRI during
1977-1987 (14/541 racing pigeons, 10/282 canaries, 46/616 budgerigars and 65/1006 other
Psittacidae; R. L. Reece, unpublished data). Cholangiomas were differentiated from the
above by the focal nature of the adenomatous lesions and the relative lack of other changes.
Metastatic implants of abdominal tumours tended to be confined to the surface of the liver.

The classification of gonadal tumours is both complex and controversial (Gregson et
ah, 1984), particularly in avian species: Blackmore (1966) suggested that avian gonadal
tumours should not be defined among the lines of mammalian tumours until more was
known about them. However, there were good descriptions of gonadal tumours of
domestic fowl (Campbell, 1969; Fredrickson, 1987) which were not too dissimilar from
those of other domestic animals (Jubb et a/., 1985) or humans (Ashley, 1978, 1990).
Thus, the tumours reported in this paper could be named using those terminologies.

Sex reversal (virilism) in domestic fowl has been recognized since ancient times
(Frankenhuis, 1987). Affected birds usually have an arrhenoma or arrhenoblastoma
(Campbell, 1969). It has also been reported in pheasants (Harrison, 1932) and pigeons
(Chalmers, 1986), although the latter report must be treated with caution as pigeons are
monomorphic. Fredrickson (1987) found that granulosa cell tumours in domestic fowl
produce oestrogen and were not associated with virilism. There were two female birds
with granulosa cell tumours which were submitted with vague clinical histories implicat-
ing virilism, but as both were monomorphic species that has to be treated with caution.
Feminization appears to be extremely rare in birds. Beach (1962) mentions change in cere
colour (an indication of demasculinization) of budgerigars with both seminomas and
Sertoli cell tumours. Unfortunately, the case notes of the budgerigar with a clinical
history suggestive of feminization associated with a Sertoli cell tumour did not specifi-
cally mention cere colour, the only distinguishing feature between females with active
ovaries (brown) and other females and males (blue) (Forshaw, 1970). Nyasa lovebirds
are a monomorphic species so the clinical history of feminization in one with a Sertoli cell
tumour must also be treated with caution. Siller (1956) described a case of feminization
in a caponized domestic fowl with a Sertoli cell tumour but, as Campbell (1969) pointed
out, that bird must have been incompletely castrated. In mammals Sertoli cell tumours
are sometimes associated with feminization due to oestrogen production (Ladds, 1985).
The Sertoli cell tumours grossly and histologically closely resembled granulosa cell
tumours: even to the extent that two cases had areas which were probably luteinized. One
of the important differences between mammals and birds is that in birds the neutral sex is
the homogametous male (ZZ) whereas in mammals the neutral sex is the homogametous
female (YY) (Ottinger et ah, 1984). Therefore, virilism in birds may not require the same
degree of excess production of male hormones as required in mammal, but the situation is
probably reversed for feminization.

One pituitary tumour was found in a canary, but none in budgerigars. Budgerigars with
pituitary chromophobe tumours were obtained from throughout the USA by Schlumber-
ger (1956). Although 50 affected birds were studied, the prevalance of that tumour in the
population from which they were derived was unknown, but probably very low. This
author was aware of two cases in budgerigars in Victoria during 1977-1987, but they were
not submitted to the VRI for diagnosis, and there was one other budgerigar case in
archival material held at the VRI.
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30 R. L. REECE

Parenchymatous goitre was commonly diagnosed in budgerigars submitted to the VRI
during this period (35/616: 6%—R. L. Reece, unpublished data). Affected thyroids were
bilaterally enlarged and frequently has areas of necrosis, haemorrhage and fibrosis, and
the thyroid follicular epithelium was hyperplastic and often dysplastic (Blackmore, 1963).
However, in the case of these thyroid adenomas there were also discrete area of neoplastic
adenomatous tissue. The mixed-cell tumour of the thyroid was similar to the description
of that type of tumour in dogs (Capen, 1985).

Primary neoplasia of nervous tissue in the brain was rare. The discovery of the
pinealoma in the emerald dove was a fortuitous finding. Some neoplasms of the neural
tissue may have escaped diagnosis, although the brains of birds submitted with a clinical
history of nervous signs were examined histologically.

Metastatic abdominal tumours such as adenocarcinomas, fibrosarcomas, mesotheliosar-
comas and some of the lymphomas, had a very similar distribution throughout the
abdominal cavity with marked involvement of the serosal surface of the duodenal loop.
Therefore, it was likely that they had a common method of spread in the coelomic cavity
(Kajigaya et al., 1987). Metastatic granulosa cell and Sertoli cell tumours on the other
hand tended to affect only the serosa of the adjacent organs, particularly the gizzard and
proventriculus.

Ratcliffe (1933) reported a very low incidence of neoplasia (less than 1%) in
Passeriformes which were necropsied at- the Philadelphia Zoological Gardens, but histolo-
gical examination of tissue from small birds may reveal a higher incidence than
anticipated (Middleton & Julian, 1983). In this series there were many neoplasms in
Passeriformes, particularly canaries.

There were 157 budgerigar cases in this series, and others have noted that this species
has a relatively high incidence of tumours (Ratcliffe, 1933; Loupal & Reifinger, 1986).
Many of the neoplasms reported in budgerigars are similar to the manifestations of avian
leukosis virus (ALV) infection of domestic fowl. Circulating group specific ALV antigen
has been found in budgerigars, but it was not directly related to the presence of neoplasia
(Neumann & Kummerfield, 1983), and Gardner et al. (1981) did not observe retrovirus
particles in spontaneous tumours. Kidney tumours are common in budgerigars (Black-
more, 1966; Neumann & Kummerfield, 1983), but in this series fibromas and fibrosar-
comas were more prevalent (39 vs. 25).

Many of the birds were submitted to determine the cause of death. Therefore, it was
not surprising to find serious neoplasms such as lymphomas in many different species.
That is not to say that these were the most common neoplasms in the population as a
whole. Neumann et al. (1986) noted that the spectrum of tumours in budgerigars from
one area varied depending upon whether birds were submitted for clinical or necropsy
examination.
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RESUME

Observations sur l'apparition naturelle de néoplasmes chez des oiseaux de l'Etat
de Victoria (Australie).

Quarante-cinq types de néoplasmes apparus naturellement (383 cas) ont été identifiés dans 69 espèces d'oiseaux
(excluant la volaille domestique), appartenant à 25 familles et 13 ordres. Les tumeurs les plus prévalentes étaient des
lymphomes (63 cas chez 25 espèces), des fibromes et des fibro-sarcomes (62 cas chez 15 espèces) et des lipomes ainsi
que des lipo-sarcomes (56 cas chez 16 espèces). Il a été observé également des tumeurs mésenchymateuses dans le
coussinet plantaire de 13 antisériformes et des tumeurs variées concernant l'appareil reproducteur dans de nombreuses
espèces. Une brève description de ces différents néoplasmes est donnée ainsi que des commentaires sur certains types
particuliers.

ZUSAMMENFASSUNG

Beobachtungen über natürlich vorkommende Neoplasmen bei Vögeln in Staat
Victoria in Australien

Fünfundvierzig Arten natürlich vorkommender Neoplasmen (383 Fälle) wurden bei 69 Vogelarten (ohne das
Haushuhn), die zu 25 Familien von 13 Ordnungen gehören, festgestellt. Die häufigsten Tumoren waren Lymphome (63
Fälle bei 25 Arten), Fibrome und Fibrosarkome (62 Fälle bei 15 Arten) und Lipome und Liposarkome (56 Fälle bei 16
Arten). Es gab mesenchymale Tumoren im Fußballen bei 13 Anseriformes und eine Vielfalt von Tumoren im
Reproduktionstrakt vieler Vogelarten. Es werden kurze Beschreibungen der unterschiedlichen Neoplasmen gegeben.

RESUMEN

Estudios sobre la aparición espontánea de neoplasias en las aves del estado de
Victoria, Australia

Se identificaron 45 tipos de neoplasias espontáneas (383 cosos) en un total de 69 especies aviares (excluyendo la gallina
doméstica) que pertenecían a 25 familias de 13 ódenes diferentes. Los tumores mâs frecuentes fueron los linfomas (63
casos en 25 especies), los fibromas y fibrosarcomas (62 casos en 15 especies) y los lipomas y liposarcomas (56 casos en
16 especies). Hubo también tumores mesenquimatosos de la almohadilla plantar en 13 anseriformes y un conjunto de
neoplasias afectando al aparato reproductor en numerosas especies. Se presentan descripciones breves de las distintas
neoplasias, haciendo hincapié en algunos tipos particulares.
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